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Abstract

Urban biodiversity, although often underestimated, plays a key role in providing vital ecosystem services such as climate reg-
ulation, air purification and others. However, anthropogenic pressures, including rapid urbanization and land use changes, ex-
acerbate the effects of climate change, and seriously threaten these services. This bibliometric review aims to analyze research
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conducted between 1990 and 2024 on urban biodiversity assessment and management, ecosystem services, and the impacts
of climate change. The Publish or Perish 8 (PoPe) software is used because of its information and its flexibility of use for the
different analyses, which are processed with the Excel 2013 software. Out of 1,644 publications with PoPe, 345 are select after
clearance and subsequently analyze. The year 2017 marks the most prolific year of publication of articles for the mixing of
concepts: “biodiversity”, “ecosystem services”, “urban dynamics” and “climate change”. From 1990 to 1996, we noted a low
rate of articles according to these concepts throughout the world and it was in 2019 and 2020 that scientific research gained
momentum in the Asian continent (128 publications) and more precisely in China (22.33 %) and India (7.86 %). Through these
publications (articles, books, conferences and others), the publisher having been cited the most is Elsevier (17,359 citations).
From the sampled publications, researchers in the assessment and management of biodiversity (33.41 %), the mapping and mod-
eling of ecosystem services (27.27 %) as well as the dynamics of land use in urban areas (21.13 %) and the impacts of climate
change (18.19 %) used various methods. These different methodological approaches were chosen based on the objective and
year of the research, the availability of resources and the reliability of the results. This review has a capital importance in the
sense that it provides a range of information regarding urban ecology.

Keywords: urban biodiversity, bibliometric review, ecosystem services, dynamics, Togo

BIOROZNORODNOSC MIEJSKA, USLUGI EKOSYSTEMOW
I SKUTKI ZMIAN KLIMATU W SRODOWISKACH MIEJSKICH:
PRZEGLAD BIBLIOMETRYCZNY

Abstrakt

Miejska réznorodnos$¢ biologiczna, cho¢ cz¢sto niedoceniana, odgrywa kluczowa role w zapewnianiu istotnych ustug ekosyste-
mowych, takich jak regulacja klimatu, oczyszczanie powietrza i inne. Jednak presja antropogeniczna, w tym szybka urbanizacja
i zmiany uzytkowania gruntéw, nasilaja skutki zmian klimatu i powaznie zagrazaja tym uslugom. Niniejszy przeglad biblio-
metryczny ma na celu analiz¢ badan przeprowadzonych w latach 1990-2024 w zakresie oceny i zarzadzania réznorodnos$cia
biologiczng w miastach, ustug ekosystemowych oraz wptywu zmian klimatu. Oprogramowanie Publish or Perish 8 (PoPe)
zostalo wykorzystane ze wzgledu na swoje mozliwosci analityczne i elastycznos$¢, a dane przetwarzano przy uzyciu programu
Excel 2013. Sposrod 1644 publikacji z PoPe, 345 zostato wybranych po sprawdzeniu, a nastepnie poddanych dalszej analizie.
Rok 2017 okazat si¢ najbardziej obfity pod wzgledem publikacji artykutéw dotyczacych mieszania pojec: ,,ro6znorodnosc¢ bio-
logiczna”, ,,ustugi ekosystemowe”, ,,dynamika miejska” i ,,zmiany klimatu”. W latach 1990-1996 odnotowano niski wskaznik
artykutéw dotyczacych tych zagadnien na calym $wiecie, a dopiero w 2019 i 2020 r. badania naukowe nabraly tempa na kon-
tynencie azjatyckim (128 publikacji), szczegolnie w Chinach (22,33 %) i Indiach (7,86 %). Wsrdd tych publikacji (artykuty,
ksigzki, konferencje i inne) najczgsciej cytowanym wydawca byt Elsevier (17 359 cytowan). Sposréd wybranych publika-
cji badacze zajmujacy si¢ oceng i zarzadzaniem réznorodnoscia biologiczng (33,41 %), mapowaniem i modelowaniem ustug
ekosystemowych (27,27 %), a takze dynamika uzytkowania gruntow na obszarach miejskich (21,13 %) oraz wptywem zmian
klimatu (18,19 %) stosowali réznorodne metody. Te rézne podejscia metodologiczne zostaly wybrane w zaleznosci od celu
i roku badan, dostepnos$ci zasobow i1 wiarygodnosci wynikow. Niniejszy przeglad ma istotne znaczenie, dostarczajac cennych
informacji dotyczacych ekologii miejskiej.

Stowa kluczowe: roznorodno$¢ miejska, przeglad bibliometryczny, ustugi ekosystemow, dynamika, Togo

1. INTRODUCTION

Biodiversity and ecosystem services play a crucial
role in maintaining the health and well-being of urban
populations [1, 2]. Urban ecosystems, although often
perceived as environments dominated by human activ-
ity, support a significant diversity of flora and fauna that
contribute to a multitude of ecosystem services [3, 4].
These services, ranging from climate regulation to wa-

ter purification [5], are essential for the resilience and
sustainability of cities in the face of the growing chal-
lenges posed by climate change [6, 7]. However, uncon-
trolled urbanization and land use changes place consid-
erable pressure on these natural systems, altering their
capacity to provide vital services [8].

Indeed, urban dynamics have profoundly trans-
formed natural landscapes, leading to fragmentation
of habitats and a loss of biodiversity [9]. These chang-
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es have direct impacts on ecosystem services, such as
temperature regulation, air and water quality, and natu-
ral hazard management [10, 11]. Furthermore, climate
change amplifies these impacts by altering temperature
and precipitation regimes, thereby influencing the dis-
tribution and functioning of urban species [12]. It is
therefore essential to fully understand the links between
biodiversity, ecosystem services and climate change for
the implementation of adaptation and impact reduction
strategies that are truly effective in urban areas follow-
ing research. A key driver of innovation and economic
development is scientific research. Thus, understanding
the dynamics of production and dissemination of scien-
tific knowledge is crucial for decision-makers, research-
ers and academic institutions [13, 14]. In this regard,
bibliometric studies provide valuable tools to evaluate
and analyze research trends and impact [15, 16]. Bib-
liometric is defined as the discipline that applies quan-
titative methods to the study of scientific publications
allowing the measurement of various aspects of scien-
tific production, such as the number of publications,
citations, co-author networks and institutional collab-
orations [17—19]. By analyzing publication trends, col-
laborative networks, and emerging research themes,
these studies help identify research gaps and future pri-
orities [20]. With the exponential increase in scientific
publications over the past decades, it is essential to have
up-to-date analyzes to identify recent developments and
future research directions. In addition, it offers a syn-
thetic and critical vision of the current state of research
providing valuable information for researchers and de-
cision-makers [21, 22].

The objective of this article is to bring together
knowledge from research about assessment of urban
biodiversity, ecosystem services and effects of climate
change in urban environments. More specifically, the
research method used in this specific case is the bib-
liometric analysis of the work carried out on assess-
ment methods and management strategies for species
and ecosystem diversity, as well as on the ecosystem
services provided by urban biodiversity and the impacts
of climate change in urban areas. In addition, the tem-
poral trends in the number of articles published, number
of citations, on this subject matter, the regional distri-
bution, the most influential researchers and publishing
house have been determined or outlined. In order to bet-
ter carry out this review, several research questions were
asked, as follows:

1) What are the temporal and spatial trends in publica-
tions on urban biodiversity, dynamics and Ecosys-
tem services?

2) Which methods dominate the assessment and man-
agement of urban biodiversity?

3) What techniques are prevalent in evaluating, map-
ping, and modeling urban Ecosystem Services?

4) How has research on climate change impacts in ur-
ban areas evolved?

2. MATERIALS AND METHODS

This bibliometric review is based on scientific arti-
cles published between 1990 and 2024 with keywords
such as “biodiversity”, “ecosystem services”, “urban dy-
namics” and “climate change”. To make this research
more relevant, a methodology of three (03) steps is ad-
opted. The first step is to make combinations between
the keywords using “and” with “or”. Thus, the results
were obtained through the software Publish or Perish 8
(PoPe) whose search engines used are Google scholar (),
Semantic scholar () and Crossref (). This application has
the facility to provide information on the number of ci-
tations, the author(s), the year of publication, the source,
the publisher, etc., the summary of the article [23]. In the
second step, it is a matter of combining the research re-
sults generated by PoPe (a total of 1644 publications)
in an Excel sheet while taking care to eliminate dupli-
cates of articles, books, conferences... and purify the data
(a total of 345 publications are obtained). These are fil-
tered according to their link with the keywords and ac-
cording to their degree of relevance (number of citations,
original value, quality of production, etc.). In the third
step, the statistical software Excel 2013 is used to record
the data from the selected articles. In particular, articles
relevant to the research objectives and methodologies
employed were extracted to conduct a spatio-temporal
trend analysis of the publications, assess the limitations
of the methods used, and highlight advancements in the
field of urban ecology (Fig. 1).

3. RESULTS AND DISCUSSIONS

3.1. Spatio-temporal analysis

The number of publications in relation to the year
of publication shows that the highest number of arti-
cles published is observed in 2017 (n=176) (Fig. 2).
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Ryec. 2. Rozktad liczby publikacji w poszczegdlnych latach

The year 2013 (n=167) marks the second year with the
most publication of articles referring to the key words
(“biodiversity”, “ecosystem services”, “urban dynam-
ics” and “climate change”); showing then the value of

urban ecology.

Concomitantly, the number of authors who pub-
lished in 2017 (527 authors) was greater than in 2013
(425 authors) and are the highest. The lowest number of
articles and authors were observed in years 1991, 1992
and 1995 (one article and one author).
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Overall, between 1990 and 1996 on the five (05)
continents (Africa, America, Asia, Europe and Ocea-
nia), the low number of publications relating to the dif-
ferent concepts is not significant (Fig. 4). In addition,
the publication of articles, books, etc. of studies carried
out in Asian countries progressed over time with peak
number of published articles on these concepts record-
ed in 2019 and 2020. This is the result of favorable gov-
ernment policies, massive investments in research and
development (China spent approximately 2.23 % of its
GDP in 2019, compared to 1.5 % in 2000 [24]), the ex-
pansion of higher education, a large young population,
technological innovation and international collabora-
tion [25, 26]. These factors combine to create an envi-
ronment conducive to abundant and high-quality scien-
tific production. In Europe, the flow of publications is
more noted between 2014 and 2016; for Africa, these
publications cover the period 2014-2023. Researchers
from the American continent formed by South America
and North America countries carried out more research
addressing the concepts of this journal in 2014. The rate
of articles in Oceania compared to this research over the
period 1990-2024 is very low (Fig. 3).

According to Fig. 4, the majority of cited publica-
tions were published by Elsevier (17,358 citations) fol-
lowed by the Wiley Online Library (5,120 citations).
Publishers like Wiley Online Library (5,120 citations),
journals.sagepub.com (4,201 citations), books.google.
com (2,036 citations), and JSTOR (1,683 citations) have
publications that have been cited by multiple research-

ers. This is because it is the result of a combination of
very rigorous scientific quality, the value of the journals,
wide dissemination, effective promotion strategies, and
technological innovation. These elements combine to
make published research more visible, influential and
recognized.

The majority of publications (79.44 %) is a general
or regional manner because it relates on the one hand to
a continent or to a group of countries on a continent and
on the other hand to only one country. Roughly, 20.56 %
of publications come from studies carried out in cities,
towns, provinces, regions, etc. of a country (Fig. 5).
These different publications linked to this bibliometric
review work are unevenly distributed around the world.
Articles, books, etc. from the Asian continent occupy
a significant portion (128); then comes Europe and Af-
rica with 84 and 69 publications respectively and final-
ly Oceania with 4 publications relating to work (Fig. 6).
Subsequently, studies carried out in China (22.33 %),
India (7.86 %) and the United States (7.86 %) are the
most represented. Those of the first two (02) countries
cited above (China and India) represent a high rate for
Asian countries; then in France and Spain for Europe
and finally those of South Africa, Ethiopia, and Sene-
gal for Africa.

In Togo, publications addressing the different con-
cepts exist but considering those combined in this re-
view, they are largely weak, hence the need for a long
and broad exploration for better sustainable cities on
a national level.

Publications
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Fig. 3. Evolution of publications according to continent and by year
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3.2. Thematic analysis according to review

From the analysis of the various publications fol-
lowing a rigorous reading, it emerges the dispatching
in four (04) different themes including: assessment and
management of urban biodiversity (33.41 %); evalu-
ation, mapping and modeling of ecosystem services
(27.27%); landuse dynamics in urban areas (21.13 %)
and climate changes in urban areas effects (18.19 %).

Fig. 5. Scope of publications
Ryec. 5. Zakres publikacji

3.2.1. Assessment and management of urban
biodiversity

Assessing urban biodiversity relies on a wide range
of methodological approaches, from direct field ob-
servations to advanced spatial analyses and integrated
modeling frameworks. The following table (Table 1)
summarizes the main categories of methods used in the
literature, along with their purposes and key references.
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It highlights the dominance of field-based assessments,
complemented by remote sensing and GIS techniques,
as well as various biodiversity indices and models that
help evaluate ecological dynamics, habitat quality, and
human impacts within urban environments.

From all publications, 147 addressed urban biodi-
versity and the systematic analysis identified three (03)

Table 1. Methods for assessing and managing urban biodiversity

main assessments method (Table 1) such as field—based
assessments; remote sensing and GIS; biodiversity in-
dices and models.

For the first assessment method, it provides essen-
tial baseline data required for further analytical, mod-
eling, and comparative approaches. The second one al-
lows large-scale assessment without extensive ground

Tabela 1. Metody oceny i zarzadzania roznorodno$cig biologiczng obszaréw miejskich

. Methods, Indices .

Categories or Models Descriptions References
Field-Based Itinerant survey Used to identify plant species in urban environments through [27-29]
Assessments species listing and collection of abundance and distribution data.

%. n=
(65.31%, n=96) Dendrometric Measurement of tree diameter at breast height and geographic
measurements parameters to assess forest structure, health, and spatial distri- [28, 30]
(DBH > 10 cm) bution.
Diversity indices Field data used to compute diversity indices and classify species
and phytogeographic/ | by biological forms and phytogeographic affinity. [28, 30]
biological type ’
classification
Inventory of exotic Identification of exotic plants in urban green spaces to assess nat- [31]
species uralization risks and ecological impacts.
Remote Sens- Remote sensing and Integration of satellite imagery and spatial datasets with the CBI
ing and GIS the City Biodiversity | to assess 23 indicators grouped into biological diversity, ecosys- [32]
(25.85%, n=38) | Index (CBI) tem services, and governance/management.
Spatial mapping Enables mapping of biodiversity patterns, detecting changes over
and monitoring time, and identifying priority conservation areas. (32]
Biodiversity Biodiversity Projection of future biodiversity changes based on climate
. . . . [33]
Indices and scenarios change, land-use/land-cover changes, or combined scenarios.
l\g(;iiis 13 GLOBIO 3 Model estimating short- and medium-term biodiversity change us- [34]
(8.84%, n=13) ing mean species abundance relative to undisturbed ecosystems.
Natural Capital Index | Quantifies biodiversity richness and ecosystem service provision [35]
(NCD of natural ecosystems.
Biological Integrity Assesses drivers affecting biodiversity using criteria from the
Index (BII — Southern | Convention on Biological Diversity. [36]
Africa)
Nature Index (NI — Integrates ecological characteristics, conservation data, and ex-
Norway) pert knowledge into a set of biodiversity indicators; used as a pol- [37]
icy-support tool.
Environmental Adapts GCI, EPI, and CBI frameworks; uses 20 indicators across
Sustainable Cities four categories (indigenous biodiversity, living environment, [38]
Index (ESCI — Korea) | ecosystem services and governance).
City Biodiversity Adopted at CBD COP-9 (2008); applied in Japan, India, Sri Lan-
Index (CBI/ ka, Moscow, and elsewhere to evaluate urban biodiversity and [39-43]
Singapore Index) conservation efforts.
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surveys; complements field-based methods. For the
last one, it provides standardized tools for biodiver-
sity evaluation, comparison, and policy development,
though still limited by data availability and integration
into planning.

All these indices and models collectively enable
standardized evaluation, projection, and management
of urban biodiversity, facilitating comparisons and pol-
icy development across diverse regions. Field methods
remain prevalent due to their precision, but remote sens-

Table 2. Ecosystem service assessment methods and models
Tabela 2. Metody i modele oceny ustug ekosystemowych

ing is rising for cost-effectiveness. For CBI index, it is
underutilized due to data sources available, while man-
agement strategies need better integration with urban
planning to overcome governance barriers.

3.2.2. Evaluation, mapping and modeling of ES

Evaluating ecosystem services in urban environ-
ments requires a combination of biophysical, econom-
ic, socio-ecological, and modelling approaches. Table 2

Categories Methods or Tools Descriptions References
Biophysical MEA & TEEB classifica- | Ecosystem services categorized as provisioning, regulating, [44, 45]
Assessments tion cultural, and supporting, adapted to urban environments. ’

Y =
(40%, n=48) Biophysical ecosystem Uses ecological and natural science methods to describe [46, 47]

service assessment ecological conditions, environmental change, and conse- ’
quences of management.
Biomass estimation using | GEDI LiDAR + optical remote sensing to estimate above- 48]
remote sensing ground biomass and carbon storage.
Global/continental ES Mapping ES supply at global and continental scales to 49, 50]
supply mapping evaluate spatial distribution. ’
Multi-scale ES mapping Uses remote sensing and spatial associations to map ES at [51]
multiple scales.
Landscape connectivity Use of PANDORA 3.0 (QGIS plugin) for urban ecological [52]
tools connectivity planning.
Economic Payments for ecosystem Assigns monetary values to ES; considers PES as a key [53, 54]
Valuation services (PES) innovation in biodiversity conservation. ’
% n=
(30.83%, n=37) Contingent valuation Surveys assessing willingness to pay (WTP) or willingness
to accept (WTA) for changes in ES, particularly cultural [55—-57]
and supporting services.
Replacement cost Economic valuation by calculating the cost of replacing [58]
valuation natural ES with human-made alternatives.
Integrated ecological- Combines ecological conditions and economic metrics for
. : [59, 60]
-economic frameworks monetary valuation of ES.
Socio-Ecological | Surveys & interviews Used to capture local perceptions and contextual knowl-
Methods edge of ES. Includes ethnobotanical approaches and expert [61-65]
(16.67%, n=23) consultation.
Participatory mapping Engages communities to map cultural ES and understand [66]
local values.
Socio-ecological ES Mapping ES supply and demand using socio-ecological in- (67, 68]
mapping dicators (Vacant land in NYC). ’
Data extrapolation Uses primary data extrapolated to entire study areas for ES [69]
valuation.
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Categories Methods or Tools Descriptions References
Integrated ES InVEST (Integrated Valua- | Widely used flexible tool quantifying natural capital, mod- (71, 72]
Modelling tion of Ecosystem Services | elling trade-offs, and supporting conservation and develop- ’
(10%, n=12) and Tradeoffs) ment decisions.

OLS regression Non-spatial regression identifying global associations be-
tween drivers and ES; provides statistical screening of sig- [73, 74]
nificant factors.
Quantitative TUEMS platform (China) Online ES modelling platform (climate regulation, carbon
Models for ES sequestration, recreation) using 30 m resolution grids; ac- [75, 79]
Assessment cessibility restricted to Chinese users.
GWR (Geographically Spatial regression modelling local variations and spatial (77, 78]
Weighted Regression) heterogeneity; useful for planning and policy applications. ’
Location entropy Measures ES distribution and abundance at grid scale; [75]
evaluates local ES concentration.
Gini coefficient Measures spatial equity in ES distribution across concen- (75, 76]
tric zones in cities. ’

provides an overview of the main methods and tools
used in the literature, detailing their functions and cor-
responding references. The strong representation of bio-
physical assessments, followed by economic valuation
techniques and socio-ecological methods, is highlight-
ed. All of this underscores the growing role of integrat-
ed ecosystem service models and advanced quantitative
tools for spatial analysis and decision support in future
urban planning.

In this analysis, 120 publications (26.84 %) focused
on ES is categorized in different group (Table 2) such
as biophysical assessments, economic valuation and in-
tegrated modeling.

Ecosystem services derived from biodiversity con-
stitute essential components of ecological functioning
and human well-being, and they provide a robust basis
for communicating the significance of nature to a wide
range of stakeholders. Biophysical assessment meth-
ods supply the foundational ecological information re-
quired for the quantification, spatial characterization,
and modelling of ecosystem services. These approaches
are complemented by socio-ecological methods, which
capture perceptual, cultural, and contextual dimensions
and thereby enhance the comprehensiveness of ecosys-
tem service valuation.

Economic valuation techniques further extend this
analytical framework by assigning monetary values to
ecosystem services, highlighting their direct and indi-
rect benefits, and reinforcing the critical role of biodi-

versity conservation in policy formulation and sustain-
able development planning.

Modelling tools also play a central role in ecosys-
tem service assessment. IN'VEST model offers a co-
herent family of models that quantify natural capital
in a transparent and operational manner, enabling de-
cision-makers to evaluate trade-offs among alternative
land-use scenarios and integrate conservation principles
into development strategies. The IUEMS platform pro-
vides additional modelling capacities focused on cli-
mate regulation, carbon sequestration, and recreational
services at fine spatial resolution. Ensuring the robust-
ness of outputs from these tools requires the use of com-
plementary indicators such as location entropy and the
Gini coefficient, which characterize the spatial distri-
bution and equity of ecosystem services [75]. Howev-
er, access to IUEMS remains restricted, as registration
is limited to users operating within Chinese territory.

3.2.3. Land use dynamics in urban areas

Understanding landuse and landcover dynamics re-
quires a wide array of analytical tools that capture how
cities expand, transform, and reorganize over time.
This table brings together the major approaches used
in contemporary LULC research, ranging from classi-
cal remote-sensing techniques to advanced modelling
frameworks. It also outlines the data sources, indices,
and spatial metrics commonly applied to monitor ur-
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ban change, as well as the simulation models used to
predict future growth patterns (Table 3). Collectively,
these methods form a comprehensive toolkit for exam-
ining urbanization processes, assessing landscape trans-
formations, and supporting evidence-based planning in
rapidly evolving urban environments.

This section examines research based on land use
dynamics in urban areas with all methods commonly
used. Thus, 93 publications representing approximate-
ly 27.27 % of the total dataset were obtained (Table 3).

Urban dynamic models play a crucial role in simu-
lating both current and future patterns of urban devel-
opment, thereby providing essential support for sustain-
able planning initiatives [125]. The selection of satellite

imagery for such analyses (Landsat, Sentinel, SPOT, or
other multispectral datasets) depends on the research
period, specific objectives, and data accessibility. In this
context, modelling has become a central component of
urban ecology, enabling the exploration of spatial trans-
formations and long-term development trajectories.
Several urban growth models that are freely acces-
sible or publicly available have been widely adopted in
scientific research. These include agent-based simula-
tion models (ABMs) such as UrbanSim (Urban Sim-
ulation), OBEUS (Object-Based Environmental Ur-
ban Simulation); cellular automata (CA) models such
as SLEUTH (Slope, Land cover, Exclusion, Urbaniza-
tion, Transportation, and Hillshade), CLUE (Conver-

Table 3. Land-use dynamics assessment methods in urban areas
Tabela 3. Metody oceny dynamiki uzytkowania gruntdw na obszarach miejskich

Categories Methods or Tools or Data Descriptions References
General Scope Urban land-use and land- Study of how urban land is developed, transformed, or rede-
of Land-Use cover change (LULC) veloped (residential, industrial, commercial, green spaces).
Dynamics analysis Influenced by demographic growth, planning policies, eco- [80, 89]
Research nomic development, technology, and environmental factors.
Spatio-temporal landscape | Identification of landscape units, temporal changes, and [90]
variation spatial dynamics to understand urban growth.
Remote Aerial photographs and Used for detailed land-use classification and detecting fine- [91,92]
Sensing for high-resolution imagery scale changes. ’
LULC Change SPOT images Medium-resolution imagery used to monitor vegetation (93]
and urban expansion.
DMSP-OLS nighttime Detects urban expansion through luminosity patterns; use- [94]
lights ful for economic activity proxies.
ASTER images Applied for land-surface temperature, geology, and land- [95-97]
cover mapping.
Sentinel images Widely used for vegetation, built-up area detection, and 98, 99]
spatio-temporal LULC monitoring. ’
Landsat images Long-term monitoring of urbanization and land-cover tran- | [85, 100,
sitions; most common dataset used. 101]
Remote NDVI (Normalized Differ- | Quantifies vegetation abundance and health.
) . . [102, 104]
Sensing Indices | ence Vegetation Index)
i?r Iljrb.an NDBI (Normalized Differ- | Detects built-up areas. [105]
nalysts ence Built-up Index)
UI (Urban Index) Identifies urban surfaces using multispectral data. [106]
NDBal (Normalized Differ- | Measures soil or bare land exposure.
[107, 108]
ence Bareness Index)
EBBI (Enhanced Built-up Separates built-up from bare areas using multispectral bands. [109]
and Bareness Index)
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Categories Methods or Tools or Data Descriptions References
Spatial Metrics Landscape metrics (frag- Quantify spatial characteristics of landscapes, including
(Landscape mentation, dominance, structure, heterogeneity, and patterns of urbanization. [110-115]
Analysis) connectivity, diversity)
FRAGSTATS software Computes landscape fragmentation and structural metrics. [116]
LecoS plugin (QGIS) Python-based tool for automated landscape ecology analysis. [117]
Patch Analyst (ArcGIS) Quantifies fragmentation and landscape patterns. [118-120]
Urban Dynamics | Cellular Automata (CA) Simulate urban growth using transition rules; implemented [121-124]
Modelling models in TerrSet or combined with gravity models.
Urban Growth CLUE Series / General Models land-use conversion and environmental effects. [126, 127]
Models (Free category
or publlcly DINAMICA EGO / Forest | Simulation of landscape change, especially forest dynamics.
available) [128]
category
GeoSOS / Urban category | Provides urban sustainability decision-making modules. [129]
OBEUS / Urban category Object-based simulation of urban environments. [130]
SLEUTH / Forest category | Widely used CA-based urban growth model (slope, land [131]
cover, exclusion, urbanization, transportation, hillshade).
UrbanSim / Urban category | Agent-based urban simulation platform. [132]

sion of Land Use and its Effects), and DINAMICA (En-
vironment for Geoprocessing Objects). There are hybrid
models that combine features of both approaches, such
as GeoSOS (Geographical Simulation and Optimization
Systems) and OBEUS. Notably, GeoSOS offers multi-
ple modules designed to support decision-making for
sustainable urban development, providing a versatile
platform for simulating urban expansion and assessing
planning alternatives.

3.2.4. Climate change in urban areas effects

Cities are increasingly at the front line of climate
change, and researchers use a diverse set of tools to un-
derstand how urban areas are being reshaped by rising
temperatures, shifting rainfall patterns, and growing en-
vironmental risks. The table below (Table 4) highlights
the main approaches found in climate-impact studies,
spanning physical measurements from satellite data,
statistical analyses of long-term climate trends, and sur-
veys that capture how people perceive these changes.
Together, these methods provide a multifaceted picture
of how climate change unfolds in urban settings and
how communities respond to its challenges.

This section analyzes methods for studying climate
change effects in urban environments. Out of publica-

tions, 80 focused on climate change impacts, account-
ing for approximately 18.18 % of datasets (Table 4).

Most of methods focus on urban heat island effects
and precipitation patterns, reflecting their prominence
in climate impact studies by using LST (Land Surface
Temperature) and SPEI (Standardized Precipitation
Evapotranspiration Index).

Surveys and perceptions on climate change in city
were also used to capture local experiences, provide
a socio-ecological context, but quantitative details are
sometimes lacking. In the context of simulating future
climate scenarios, models and projections have been
used, but these were limited by data availability and
technical requirements.

4. CONCLUSION

This bibliometric synthesis provides an integrated
overview of the evolution of research on urban biodiver-
sity, ecosystem services, land-use dynamics, and climate
change impacts from 1990 to 2024, based on 345 publi-
cations. Clear temporal and spatial trends emerge that sci-
entific production has accelerated since the early 2000s,
peaking in 2017, with Asia (China and India) becom-
ing the principal contributor, while Europe, Africa, and
the Americas show variable yet substantial engagement.
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Table 4. Methods for assessing climate change effects in urban environments
Tabela 4. Metody oceny skutkéw zmian klimatu w srodowiskach miejskich

Methods or Tools ..

Category or Indicators Descriptions References
General Scope Urban climate impact Examines environmental, social, and economic impacts of [133-141]
of Climate Change | assessment climate change on cities, including rising temperatures, ex-

Impact Studies treme weather, and sea-level rise.
Urban heat island (UHI) | Focus on temperature amplification in cities, linked to in-
. . . . [136-138]
analysis creased energy demand, air pollution, and health risks.
Urban flooding and Studies effects of intense precipitation, rising water levels, [139, 140]
precipitation impacts and impacts on infrastructure and essential services. ’
Remote Sensing— | LST (Land Surface Key index for studying urban heat island intensity; used to
. [146, 147]
Based Indicators Temperature) analyze surface—atmosphere energy exchanges.
SPEI (Standardized Used to assess drought, precipitation variability, and climate
Precipitation Evapo- anomalies. [144]
transpiration Index)
Quantitative Statistical precipitation | Includes Buishand’s test, Hubert segmentation, linear regres-
Climate Analysis analysis sion, and Mann—Kendall slope analysis to detect trends in pre- [144]
Methods cipitation.
Temperature trend Uses meteorological data to calculate statistical indices and [145]
diagnosis analyze temperature changes over specific periods.
Socio-Ecological | Surveys on climate Random sampling and survey questionnaires to capture local [142]
Methods change perception perceptions of climate change; analyzed using binary logis- [143]
tic regression (STATA® 13.1).

Regarding urban biodiversity, field-based assess-
ments remain dominant, although the use of remote
sensing and biodiversity indices has expanded due to
their ability to provide standardized and spatially explicit
data. Persistent methodological fragmentation and weak
integration of biodiversity indicators into urban plan-
ning still limit progress. Research on ecosystem services
demonstrates diversified methodological approaches,
combining biophysical, economic, and socio-ecological
assessments, with integrated modelling tools such as In-
VEST increasingly used for spatialization and scenario
analysis. Yet, harmonized methodologies and systemat-
ic uncertainty evaluation remain insufficient.

Studies addressing climate change impacts in urban
areas have increased considerably, increasingly com-
bining thermal indices, climate indicators, land-use dy-
namics, and socio-economic factors. However, predic-
tive and operational tools to support local adaptation are
still underdeveloped.

Overall, research has shifted from isolated themat-
ic studies to interdisciplinary, multi-scalar approaches

integrating ecological, climatic, and socio-spatial di-
mensions. Current trends highlight the growing impor-
tance of resilience-oriented planning, equity in ecosys-
tem service provision, and nature-based solutions. Key
challenges ahead include improving data accessibility,
standardizing methods, and strengthening science-pol-
icy interfaces to support sustainable and resilient urban
development.
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