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Abstract: A City Biodiversity Index (CBI) has been proposed and applied at the international
level to enable local municipalities and cities to manage biodiversity and ecosystem services
in a sustainable manner. CBI databases are being constructed as global platforms, though the
available dataset is limited. The land-use dataset is one of the datasets that can be utilized to
apply the CBI on the national level in countries including Japan. To demonstrate the importance
and potential of the CBI under the limitation of the available dataset, we attempted to apply
the CBI to the 791 Japanese cities by using available land-use indicators, and categorized
the cities based on the indicators. The focus of the CBI is self-assessment, but we propose
that grouping of cities with similar profiles is possible and can serve as a basis for potential
collaboration. Coordinating policies on various scales is necessary in order to enhance
biodiversity on a global scale; one option is to increase collaboration among cities. As a result,
we found three groups with similar characteristics amongst cities with forests, paddies, and
croplands as major compositions in terms of biodiversity. These findings will contribute to
policy formation and efficient information sharing for ecosystem services management.
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1. Introduction: Biodiversity and Sustainability

Since 2008, more than half of the world’s population has been living in urban areas [1]. Urban
population is estimated to continuously increase to 66% of the world population by 2050 [2]. Until the
end of the 20th century, urbanization had not gained global attention for its impact on the conservation
of natural resources and environment [3—5]. However, since human activities in urban areas influence
the global environment by affecting the circulation of substances between urban and non-urban
areas [3,6,7], urbanization is a critical issue with regard to environmental sustainability.

At present, reduction of biodiversity is considered one of the most urgent global environmental
issues [8]; changes in biodiversity and ecosystem services associated with urbanization is also an
important issue [9]. Biodiversity is the basis for ecosystem services and supports human activities in
various aspects, including provisioning of resources [ 10—12]. Ecosystem services for urban populations
are frequently obtained from outside city boundaries. These services include the regulation of climate,
water, or soil. The primarily benefits are through the trade of resources [3,13—15]. The rapid increase in
urban population might mean that more resources need to be obtained from remote areas, leading to
changes in the landscape in those remote areas [16]. By this process, urbanization brings about reduction
of biodiversity on a global scale.

On the other hand, the Cities and Biodiversity Outlook [9] highlighted that cities could also contribute
to the enhancement of biodiversity. Cities include built-up areas, including residential blocks and paved
roads, which are frequently developed among agriculture lands, forests, and other natural lands. These
developments lead to the formation of complex landscapes involving mosaic of different categories of
land use; in areas with such landscapes, biodiversity is relatively high [17-19]. Moreover, in areas
surrounding cities, some areas are protected for ecosystem development. Therefore, cities and their
surrounding areas can contribute to the enhancement and restoration of biodiversity. However, since recent
rapid urbanization leads to landscape changes in areas that have a high potential of biodiversity [10,20-22],
adequate managements of urbanization is necessary to preserve city biodiversity.

Global environmental communities such as the Convention on Biological Diversity (CBD) have been
increasingly recognizing the loss of biodiversity caused by urbanization as an urgent issue in recent
years, particularly since 2008, when the ninth meeting of Conference of the Parties (COP9) officially
adopted this issue (Decision XI/28). Therefore, conservation and enhancement of biodiversity and
ecosystems in cities are attracting increased attention [5,9,11,23] since they provide environmental as
well as socio-economic benefits that can enhance the amenities and the quality of life for urban
residents [17]. The ecosystems in a city influence the health and safety of urban populations [24], and
can contribute to enhancing resilience against climate changes, natural disasters, or other security issues.
In terms of city sustainability, environment, economy, and society need to be considered as the
baselines [25]. In this respect, enhancement of city biodiversity is a significant task for urban societies
from the viewpoint of sustainability.

Implementation of strategies for enhancement of city biodiversity requires the coordination of local
governments [11,26], and the global agenda needs to be connected to local issues [27]. Therefore,
accurately monitoring city biodiversity and ecosystem services is necessary [5,28]. For such monitoring,
indicators to evaluate city biodiversity and ecosystem services have been developed, such as the city
biodiversity index (CBI).
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Further, coordinating policies at various scales is necessary in order to enhance biodiversity at a global
scale. One such option is increasing collaboration among cities. For example, cities are required to
collaborate, share experiences, and establish a network [5]. However, each individual city needs to
maintain its own cultural, social, and environmental conditions; this might hinder the formation of such
collaborations [29]. The measures and policies used in one city might not be applicable to the others
because of the differences in their environmental conditions. Therefore, understanding the unique or
similar characteristics of biodiversity and ecosystem services among cities is necessary; this requires
comparison of their environmental conditions by using CBI to allow effective exchange of knowledge
and policies among cities. However, few studies have compared the global urban biodiversity and
ecosystem services by using identical indicators for quantitative measurements.

In this study, we used CBI to quantitatively categorize 791 cities in Japan and identified the common
and heterogeneous characters to demonstrate the potential of the CBI by using available land-use
indicators. Thus, we identified the groups of Japanese cities based on the land-use indicators. The cities
in the same groups can become potential collaborators to share the experiences and knowledge of
ecosystem services management, and the collaboration can contribute to the coordination of policies on
different spatial scales.

Herein, we provide information regarding CBI and describe the methodologies used, including the
datasets and quantifying indicators obtained using the CBI. We then characterized each identified
category of cities. We also identified the challenges for urban biodiversity and ecosystem services and
possible urban collaboration required for ensuring sustainability.

2. City Biodiversity Index
2.1. Evaluation of City Biodiversity

We reviewed existing literature on the methods used for evaluating biodiversity and ecosystem
services for their adequate management.

The importance of biodiversity has been indicated globally; however, loss of biodiversity remains an
important issue [30]. Thus, the role of cities in maintaining biodiversity has been emphasized [9].
Some databases allow the evaluation of the impact of human activities on biodiversity and ecosystem services
at the macro-regional scale [31]. However, the database for city biodiversity is not yet available. For each
regional scale, appropriate indicators (or adjustments) need to be designed urgently [26,29]. Definitions and
baseline data, particularly for those related to ecosystem services, are missing for many municipalities.

The research related to the evaluation methods for city biodiversity can contribute to developing
global data platforms [32]. The biodiversity in urban areas has been evaluated in order to enhance the
quality of life [24]. Ecosystem services, excluding cultural services, are likely not active in urban areas
that have a dominant built-up area. However, Larondelle and Haase [33] indicated that services related
to the regulation of climate and air quality are implemented in cities. The target cities of their research
included Berlin, Helsinki, Salzburg, and Stockholm. Regulating services active in urban forests include
reduction of air pollution [34]. Regulation services at forested urban parks might contribute to the
enhancement of ecosystem services [35]. Manes ef al. [36] suggested that tree diversity significantly
affected the stability of regulating services, including tropospheric ozone removal, and indicated that
analyzing the functions of tree diversity for evaluation for ecosystem services in cities is necessary.
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The impacts of urban activities on biodiversity have been investigated in Asian cities [37].
Gomez-Baggethun and Barton [17] indicated the type of ecosystem services that need to be managed
during urban planning to enhance the quality of life and resilience. They provided a list of indicators for
not only cultural services but also other types of ecosystem services.

Collecting and integrating the existing research results and methods for sharing information and
knowledge across cities globally are necessary. Such integration can contribute to efficient and effective
management of city biodiversity and ecosystem services. City sustainable index [38] is another major
environmental indicator. However, this index does not provide direct evaluation of biodiversity [26].
Therefore, CBI is proposed as an adequate global platform [39].

2.2. Three Key Aspects of City Biodiversity Index

The CBI has three key aspects: (1) native biodiversity, (2) ecosystem service, and (3) governance and
management. In all, 23 indicators have been proposed for sustainable management of city biodiversity.
These three aspects are necessary to understand biodiversity in urban areas and to ensure its adequate
management and conservation. First, the different types of biodiversity existing in urban areas need to
be identified (native biodiversity), their importance in terms of ecosystem services needs to be evaluated
(ecosystem service), and then methods for monitoring the present biodiversity situation and policies for
its management need to be developed (governance and management). Indicators related to area of natural
areas and number of native species (vascular plants, birds, and butterflies) are included in the native
biodiversity indicators. Carbon storage and the cooling effect of vegetation, and area of parks with
natural areas are ecosystem service indicators. The amount spent on biodiversity-related administration,
and the status of local biodiversity strategy and action plan are indicators of governance and management.
CBI consists of indicators that are organized by the collaboration of different departments in local
municipalities to facilitate their communication. In addition, continued monitoring activities by CBI can
motivate stakeholders to ensure the conservation of ecosystems. The indicators of CBI can be linked to
targets for urban sustainability, and they can play important roles in monitoring and evaluating the
strategies used by cities [26].

CBI databases are being constructed as global platforms, although they involve technical and
administrative issues [26]. Technical issues include (1) collection of data for indicators, (2) establishment
of spatial territories and definitions of indicators, and (3) elucidation of the different ecological
background of each city. For the first issue, methods need to be developed to easily collect data by using
remote sensing technology and to establish globally shared indicators. Identifying species associated
with biodiversity and investigating the relationships between species and ecosystem services are
essential. The species indicators are included in the CBI; however, the data of those indicators are not
available in the most of the cities, excluding the major cities that have local biodiversity strategies.
In the application of the CBI on the national level in Japan, the land-use indicators are limited available
indicators. For the second and third issues, considering the spatial- and time-scale dependence of
indicators and organizing relevant indicators for each scale are needed. Further, the administrative issues
need to be addressed. Governments in cities need to collect and organize relevant data for calculating
CBI indicators and facilitate policies and actions for ensuring urban sustainability by linking the
indicators to targets. However, capacity shortage of city governments is the main administrative issue.
These issues will be discussed in detail in Section 4.
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CBI does not intend to compare cities, but attempts to evaluate them individually. Nonetheless,
obtaining comparable qualitative data for the indicators of native biodiversity or ecosystem services is
possible. For example, the proportion of natural areas, one of the indicators of native biodiversity, can
be obtained based on remotely sensed data and can be compared globally. In addition, biodiversity and
ecosystem services are strongly related to the proportion of each land use category, including natural
areas and their distribution patterns in urban areas. Kadoya and Washitani [40] suggested a correlation
among land-use mosaic patterns and biodiversity. Thus, the characteristics of land use in urban areas can
be considered the basic information for conserving biodiversity and ecosystem services.

In this study, we attempted to comprehensively identify the characteristics of land use in municipal
areas of Japanese cities, based on the proportion of natural areas and other land use categories;
further, we determined the degree of land-use mixture. Next, we categorized the cities by using the
land-use indicators and identified several types of cities having similar characteristics. Kadoya and
Washitani [40] proposed an index that correlates with biodiversity; this index identified the degree of
land-use mixture calculated based on the number of land-use categories and proportion of each existing
category in a target area. We used this index to evaluate the land-use mixture. This index is mainly used
in non-urban areas, but we will extend the application to urban contexts in this study.

3. Categorization of Cities According to Land-Use Indicators

We performed principal component analysis (PCA) of land-use indicators (Table 1) to determine the
variables for categorization. The proportion of natural areas, including forests, shrubs, and grasslands,
is one of the native biodiversity indicators in CBI. The other native biodiversity indicators are “changes
in the number of native species (vascular plants, birds, and butterflies)”, “proportion of protected areas”,
“proportion of invasive alien species”, “connectivity measures or ecological networks to counter
fragmentation”, and “native biodiversity in built-up areas” [39]. The land-use mixture is related to
biodiversity in urban regions [40]. We considered other land-use indicators (see Table 1) in addition to
those related to CBI, to identify the basis of collaboration among cities with similar ecosystem
characteristics. We analyzed 791 cities in Japan to provide a platform for collaboration among cities by
categorizing them according to the land-use indicators related to biodiversity potentials. The species
indicators are included in the CBI; however, the data of these indicators are not available in the most of
the cities. To demonstrate the importance and potential of the CBI, we attempted to apply CBI to the
cities by using available land-use indicators. Further consideration is given for the use of CBI as the
platform for the collaboration. We used data for the Japanese cities; these cities have an administrative
level called “Shi” [41]. Next, we categorized the cities based on cluster analysis by using the results of
the PCA.
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Table 1. Indicators for categorization of cities.

Indicator Unit

Average of degree of land use mixture -

Proportion of forest areas %

Proportion of natural areas with vegetation excluding forest %
Proportion of paddy fields %

Proportion of cropland and other vegetation mosaic %
Proportion of built-up areas %

3.1. Data

The global land cover data can be used as land-use distribution data. The high-resolution global land
cover data have been developed using recent innovative information technology, and are available freely.
We used the data from GLCNMO [42], since these data have relatively high resolution—135 arc-second;
further, these data have been developed based on the collaboration among institutes across several
countries. In all, 20 land cover categories are included in these data. Of these, five categories each are
for different kinds of forests and natural areas with vegetation excluding forests. Agricultural land covers
three categories that include paddy field, cropland, and agricultural land with other vegetation mosaic.
The overall classification accuracy of GLCNMO is 77.9% by 904 validation points in the world. For the
PCA, we used six indicators that are shown in Table 1. These indicators were calculated for each city by
using GLCNMO. In this preliminary study, we used a forest category that included different types of
forest. We intend to consider the different types of forests, such as broadleaved deciduous species,
broadleaved evergreen species, and conifers in the future to understand the detailed differences among
cities characterized by forests. To identify more detailed categories of cities in the further research, we
will need to consider shrubs and grasslands separately in the land-use category—natural areas with
vegetation excluding forests.

The indicator for land-use mixture was calculated by using the method described by Kadoya and
Washitani [40]. Their index is calculated based on the number of land-use categories and proportion of
each existing category in a target area. It is calculated by each 6 km square grid. Kadoya and Washitani
proposed the grid resolution based on the spatial scale of habitats of the plants and animals. To evaluate
the land-use mixture in each city administrative boundaries, we considered the land-cover categories
except built-up area as categories that enhance the degree of land-use mixture.

3.2. Results of Principal Component Analysis

We performed PCA on the six indicators. We identified two principal components (Table 2) with a
cumulative contribution ratio of 76.7%. The ratio shows that these two principal components can
sufficiently explain the differences in cities.

The first component has a strong positive correlation with the degree of land-use mixture, and a
negative correlation with its proportion of built-up areas. The second component has relatively strong
positive correlation with the proportion of forests and negative correlation with the proportion of
paddy and cropland.
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The results of the PCA showed that the degree of land-use mixture is one of the important indicators
for understanding the characteristics of cities. In addition, the proportions of land-use categories are not
alternatives for land-use mixtures, because the former show quantitative characteristics and the latter
reflect the qualitative ones.

Table 2. The two principal components.

Eigenvalue and Contribution PC1 PC2
Eigenvalue 2.6713  1.9294
Contribution 0.4452  0.3216
Cumulative contribution 0.4452  0.7668
Eigenvector
Landuse mixture 0.5754 -0.1201
Forest 0.3624 0.56
Shrub and Grassland 0.4207 -0.2874
Paddy field —0.1219 -0.5169
Cropland and Other vegetation mosaic  0.1919 —0.5646
Built-up area —0.5558 —0.0583
Factor loading
Landuse mixture 0.9404 -0.1668
Forest 0.5923  0.7778
Shrub and Grassland 0.6876 —0.3993
Paddy field —0.1993 -0.718
Cropland and Other vegetation mosaic  0.3136 —0.7843
Built-up area —0.9084 —0.081

3.3. Result of categorization

Cluster analysis of the two principal components revealed three categories of cities (see Figure 1).
The first principal component values for cities in Category 1 (N = 93) are low. Their average degree of
land-use mixture is the lowest, and the proportion of built-up area is the highest. Category 2 (N = 347)
includes cities that have relatively high degree of land-use mixture and high proportion of forest areas.
The cities in Category 3 (N = 351) have relatively high degree of land-use mixture and high proportion
of farmland. Each category has different characteristics in the component of mosaic land use and degree
of land-use mixture.

3.4. Characteristics of Each Category

To determine the land-use characteristics of each category, we calculated the averages and standard
deviations of the six indicators in each category (see Tables 3 and 4). The quartiles, and minima and
maxima of the indicators are shown in Figure 2. We used the other land-use indicators along with the
ones related to native biodiversity indicators to analyze the land-use characteristics that are related to
ecosystem characteristics of the cities. In the discussion of the characteristics of each category, averages
across all cities in each category were referred to.
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Figure 1. Result of categorization of cities.
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Figure 2. Quartiles and minimums and maximums of the six indicators in each category.

Note: Unit: (original values multiplied by 100): Land-use mixture, (%): proportion of forest,

shrub and grassland, paddy fields, cropland, and other vegetation mosaic, and

built-up area. Horizontal lines in each bar chart show maximum, top 25th percentile, median,

bottom 25th percentile, and minimum values.

Table 3. Averages of the six indicators in each category.

Category  No. of City Landuse Forest Shrub and Paddy Cropland and Other Built-Up
Mixture Grassland Field Vegetation Mosaic Area
- % % % % %
1 93 0.2 2.1 4.6 9.7 3.5 79.3
2 347 0.5 72.3 10.8 5.7 5.9 4.2
3 351 0.6 27.9 16.0 23.2 19.1 12.3
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Table 4. Standard deviations of the six indicators in each category.

Category  No. of City Landuse Forest Shrub and Paddy Cropland and Other Built-Up
Mixture Grassland Field Vegetation Mosaic Area
1 93 0.102 3.9 4.0 8.1 3.9 13.4
2 347 0.097 13.5 4.9 5.7 3.5 7.9
3 351 0.132 20.4 7.2 16.3 11.2 13.5

3.4.1. Category 1

The proportion of built-up areas was 79%, and that of forest areas was 2%. Large cities that held
central administrative units, such as special wards of Tokyo Prefecture and Osaka City, had relatively
high proportion of built-up areas, and they were included in Category 1. Although they had high
proportion of built-up areas, the proportion of farmland was not considerably different from that of
Category 2. However, cities in Category 1 had low proportion of natural land, and the diversity of
land-use category was relatively low. Therefore, the degree of land-use mixture was lower than that of
the other categories.

We focused on the municipal areas of the cities; if a city is situated in the center of a large metropolitan
area consisting of several municipalities, the proportion of built-up areas of the city might be relatively
high. The values of the land-use indicators can be changed depending on the definitions of cities. In the
future, we intend to identify the impacts of the definitions on the values of the indicators.

In terms of degree of land-use mixture and proportion of natural land, cities in Category 1 might have
less biodiversity, and their ecosystem services might be inactive. The conservation of biodiversity in
each land-use category in urban areas is important, as well as the conservation and enhancement of
biodiversity in the surrounding areas. Reducing the impact on ecosystems from agglomeration of
buildings and paved roads and other anthropogenic objects is necessary; cities in Category 1 had high
proportion of built-up areas and might strongly depend on ecosystems in their surrounding areas.

3.4.2. Category 2

The proportion of forest areas was 72%, and that of built-up areas was 4%. The proportion of
farmlands was relatively low (12%), and that of natural lands excluding forest areas was 11%. The
degree of land-use mixture was relatively high, and the land-use mosaic consisted of natural lands rather
than farmlands.

Cities in Category 2 might have high biodiversity and abundant ecosystem services. Cities in
Category 1 required management of biodiversity within the group and their nearby areas via the
cooperation of its surrounding administrative units. However, the main issue of cities in Category 2 was
managing their impact on biodiversity within them.

3.4.3. Category 3

The proportion of forest areas in this category was 28%, paddy fields accounted for 23%, and the
built-up areas were 12%. In this category, the proportion of farmlands was relatively high; however, the
proportion of a specific land-use category was not extremely higher than that in the other categories.
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These cities had diverse land-use categories, and the average of the degree of land-use mixture was the
highest among all the categories.

Cities in Category 3, which have the most diverse land-use, can have higher biodiversity and more
abundant ecosystem services than those in Category 1. However, the built-up areas of cities in Category
3 were surrounded by farmland that could expand easily. Therefore, one of the main issues of these cities
was the conservation of ecosystems that depended on farmlands. Thus, if a city could not implement
adequate management of farmland, they would risk having negative impacts on their ecosystems.

3.4.4. Regional Characteristics of Japan

The regional land-use characteristics of cities in Japan that have wider mountainous areas often
include forest lands with low population density. Even Category 3 cities, which have a high proportion
of farmland, have relatively high proportion of forest lands (>25%).

Japan is a part of monsoonal Asia; the land is mostly covered with paddy fields and has high
population density like other areas in the region. The proportion of paddy fields in Category 1 that has
greater built-up areas was higher than that of cities in Category 2 that have high rates of forest lands.
This suggests that paddy fields can exist in regions adjacent to built-up and densely populated areas.
By considering these regional characteristics, the policy makers, citizens, and business sectors can
implement measures to ensure sustainable management of urban biodiversity and ecosystem services in
Japan. These characteristics might not be common among cities having different climatic zones.

3.4.5. Basic Environmental Characteristics

Highly dense paddy fields and high proportions of forest lands are the regional characteristics and
basic environmental features of Japan. These might not change easily in a short period. However, the
proportion of farmland can change to a great extent, and it can be considered a variable environmental
characteristic. Understanding the difference among these environmental characteristics is needed to
develop adequate management strategies for city biodiversity. Efficient and effective sharing of
knowledge and information can be implemented among cities that have the same basic environmental
characteristics and similar variable features.

4. Issues and Prospects

Biodiversity of a city is associated with the sustainability of the city; biodiversity in urban areas can
contribute to the enhancement of amenities by increasing cultural services and regulating living
environment via regulating services. CBI is the indicator for establishing appropriate managements of
biodiversity and ecosystem services in each city. The issues of CBI need to be addressed to ensure city
sustainability by implementing adequate managements. There are three main technical issues with CBI,
which include (1) collection of data for indicators; (2) establishment of spatial territories and definitions
of indicators; and (3) elucidation of the different ecological backgrounds of each city.

In this study, we suggested potential solutions to improve city biodiversity by using land-use
indicators that are related to native biodiversity indicators in CBI. The land-use indicators are calculated
using global data that can be obtained easily. Thus, the first issue related to data collection can be
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resolved by using remote sensing data. However, indicators to evaluate the quality of biodiversity are
required. We categorized cities based on not only proportions of land-use categories but also degrees of
land-use mixture, which revealed the qualitative aspects of land use. These indicators can be used to
evaluate the qualitative aspects of biodiversity.

Regarding the second issue, we use administrative units for urban areas. It can be expected that each
administrative unit for city government management is different in terms of the amount or nature of
human activities. When we identify the relationships among human activities and biodiversity, it is
necessary to use urban areas detected by the same definition in terms of manpower.

For addressing the third issue, the characteristics of land use that reflect the characteristics of
ecosystems in cities need to be identified. Considering the characteristics of ecosystems that are
estimated using land-use characteristics, indicators of CBI can be developed and evaluated.

The second and third issues are related to the spatial- and temporal-scale dependence of indicators.
Regarding their spatial-scale dependence, geographic information system (GIS) data that were used in
this study cannot be used for analyzing smaller districts in cities; GIS data with greater resolution are
needed to monitor and evaluate the more micro-scale ecosystems. The share of each land-use category
in an administrative area of a city is changing. If time series land-use data would be applied in this
analysis, we might found cities that would move to the other categories from categories to which they
belonged in the previous time. We did not use time series data in this preliminary analysis. In further
research, time series data will be needed to understand temporal trends in land use of cities.

The third part is of particular importance for reviewing cities nationwide. The uniform application of
CBI to cities is likely to result in high scores for cities with green areas, regardless of administrative and
citizen efforts. Such categorization of cities might enable collaboration and comparison with existing
profiles and conditions.

5. Conclusions

The sustainable use of biodiversity and ecosystem services at the urban level is a global issue. We
conducted an empirical study to determine the possibility of CBI application at the national level. To our
knowledge, this is the first empirical investigation at the national level that includes both rural and urban
areas (except Singapore, which is a state). There are issues in application of CBI, including limitation of
available dataset. By using the land-use dataset that can be obtained from remote sensing data, we
proposed the solution for the issues related to the limitation of the dataset.

Our results suggest that the Japanese cities can be categorized into three major groups. The major
biodiversity components were forest, paddy, and cropland. This categorization might serve as a basis
for possible collaboration among Japanese cities that have similar challenges and conditions. The
collaborations among cities are required to coordinate policies on various spatial scales to enhance
biodiversity on a global scale. The categorization that we attempted can be a preliminary step to establish
a method to identify the adequate networks of cities in the world for ecosystem services management.

Many cities have expressed concerns regarding the compilation of data or initiation of their own
evaluation of native biodiversity or ecosystem services. Furthermore, for many cities, obtaining funds
for activities related to biodiversity conservation is difficult. Given the limitations in budgets and human
resources, the simplified and cost-effective measures presented in this study might be useful for the
development and application of biodiversity indicators in Japan in the future.
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