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ABSTRACT 

Cities are the drivers of economic growth but pollute the environment and deplete 

natural resources. Nature-based Solutions (NbS) and Ecosystem-based Adaptation (EbA) offer 

many answers to mitigate and adapt to climate change. Without understanding the threats 

associated with these solutions, bringing nature back to the city might cause undesired side 

effects such as introducing and proliferating invasive species. Contemporary literature on 

invasive species evolves from the urban ecology discipline. The paper explores contemporary 

literature to highlight the gap between ecologists and design professionals. We found that 

research published between 2017-2021 and indexed on Scopus that dealt with urban issues and 

invasive species yielded 4,556 publications, of which only 88 publications that design 

professionals prepared to indicate a gap between urban ecologists and design professionals 

explaining the persistence of the problem and concerns that ecologists raise. We conducted a 

bibliometric analysis. Results indicate three clusters: (1) Pressures such as climate change; (2) 

State urban ecosystems; and (3) Responses in the form of land use plans and urban designs. 

NbS and EbA are instrumental in responding to climate change. Planners must design and build 

cities to minimize the adverse effects of urbanization while maximizing the ecological 

processes by allowing nature conservation actions within urban environments. One of the 

criteria for evaluating design and planning alternatives is to check for the risk of introducing 

invasive species. Design experts must be aware of the risks of invasive species, which require 

research to update present guidelines and introduce the topic in the architectural and planning 

curricula. 
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 الغازية الأنواعبدون للمدينة إعادة الطبيعة 

 الملخص

لمدنستت،،ت ستتل المدن هل المدنك للدمونالمتصلدتت  معلانكل دلنلا ول للمابلمد، وتنلالو،نبلنول لت امدلمد ا وت
امدلك ولمدحت وللعم لمدو ت لل (NbS) لغ   لمدنوت ،نلالستتتتلواولمدنام  لمدة، ن تتعللحت للمدكماالمدحت ونتتلعم لمدة، نتتد

لإجت ،ت دلدمليف ولنهللغ  لمدنوت ،لامدلك ولننتمنل،نت لاال دتللاعت  علمدة، نتتلاد لمدنت  وتتعلمدنت  ت لنهلم (EbA) ملإ كاداجا
دكهل،ت اهلالللمدللت  ت مدلمدن ل،ةتتل،لت للمدكماانلات هلاعت  علمدة، نتتلاد لمدنت  وتتلصت للستتتت،تيل مت  ملجت و، تتلت  لن تايلا لت ل

عمن ءلمد، وتلمدكضتتت  اهل، دماللعم لمدن  وتلاالا ي الاوشتتت لملأوامعل جنكلملأوامعلمدغ ا تعللللاوشتتت للا ي اللاعم ل أستتتل 
مدغ ا تلعم لشتتكالو، ل دلاك امو دلاد لمدنلوا  دلامدك موالمدستتكو تلمدي دتتتعلالشتت  لملأ ،  دلمدنلنمحتل، لأوامعلمدغ ا تل

دفجاعل، هلعمن ءلمد، وتللل  لمد، وتلادتتكتل،شتت عللستتلكشتتولمدا صتلملأ ،  دلمدنن دتت علدلستتم ةلمدضتتاءلعم لملاول اد لل
ية ةلمدكضتتت معل، ستتتلي مللستتتخستتتال،كبلنيلمفتنلاج و لأهلملأ،ك بلمدنوشتتتا عللللامدن نم هلاالنج تدلمدلدتتتن للامد

للدتتتالمدا Scopus امدنفل ستتتتلعم ل2021-2017، هلع نالامدي دتتتتل،حضتتت   لمد، وتلمدكضتتت  تلاملأوامعلمدغ ا تلل
اد لاجا لاجاعل، هلعمن ءلمد، وتلل شت  نوشتا ملاحةلنن للل88كضت  اهللنوشتا م،نلوشت لمدنيةةاهلامدندتنناهلمدلل4,556

علالشتت  لمدول وإلاد لاجا لمخبل،،م انل مدح لأيضتتنو لمدنوشتتا مدلدملكم اللل.عهللية ةلمدن  وتللامدنستتلاد همدكضتت  تلل
م دمتل المتستلج ، دلاالنجناع د:لأاتنلمدضتغاةلمدلال ست،،ل للغ  لمدنو ،ولام و  نلك دتلمدو للملإ كاداج تلمدكضت  تنلامد

 ا لان الاالمتستلج ،تلدلغ  لمدنو ،علللEbAالNbSنهلللدكاللشتكالنيةة دلمستلي من دلملأ مضتالامدلدت ن للمدكضت  تع

mailto:ahmed.elkholei@sh-eng.menofia.edu.eg
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د دلل جيلعم لمدنيةة هللدتن للا،و ءلمدن هلدلحم المثم  لمدضت  علدملكضت لنكللن  للمدننم  دلمد، و تلنهليخالمدستن  ل
 نتل ميالمد، و دلمدكضتتت  تعلنهلنن    للح  لل، موالمدلدتتتن للامدلية ةل المدلكحالنهلية لل، ج مءمدلمدكف  لعم لمدة،ل

ا ي الملأوامعلمدغ ا تعل جيلأهل كاهلي، مءلمدلدتن للمدكضت ملعم ل  م تل،ني ة لملأوامعلمدغ ا تنلامدلالللةميلاج مءلل
 دننن   تلامدلية ة تعأ،ك بلدلك  بلمدن،  ئلمدلاج ل تلمدك د تلاا ي المدناضاعلاالمدنو  إلم

ل

 الكلمات الدالة:

 عولمدلدن للمدكض موللية ةلمدن هلامد،م مدد ي متولملأوامعلملوس المدنامصكلومدلواعلمد، اداجا

ل

INTRODUCTION 

Cities have evolved into the cradle of innovation and the site of production since 

the industrial revolution. They are hubs for production and consumption. For example, 

the State of New York’s gross domestic product is greater than that of Spain or South 

Korea. (Tavares, 2016). Cities occupy about 2% of the Earth’s surface; nevertheless, 

they cause and face many environmental challenges, including environmental 

degradation and climate change impacts. For instance, cities emit up to 70% of 

Greenhouse Gases (GHGs)1 that contribute to climate change (World bank, 2010; UN-

HABITAT, 2011). One of the recent moves to mitigate and adapt to climate change is 

to bring nature back to the city through Nature-based Solutions (NbS) and Ecosystem-

based Adaptation (EbA),2 which include replacing grey infrastructures3 with green and 

blue ones. 4  The urban environmental crisis needs better town and city planning 

practices. 

 

1 IMPACTS OF URBANIZATION ON THE ENVIRONMENT 

Urban environmental effects go beyond climate change, thus undermining the 

attempts for sustainable urban development. Adverse impacts of urbanization include 

modifying land cover and uses, besides altering waterways. Cities are the locality for 

trade and shipping. Consequently, cities are where the illegal wildlife trade takes place. 

It is a multibillion-dollar industry involving the illegal harvesting and trade of live 

animals, plants, parts, and products derived from them World bank, 2019; UNODC, 

2016). 

Urbanization drives global biodiversity decline (Gaertner, Wilson, et al., 2017; 

Gao et al., 2021). It causes biodiversity losses through fragmentation, degradation, 

destruction of habitats, and biotic homogenization (Bar-Massada et al., 2014; Hansen 

et al., 2005; Kühn & Klotz, 2006; McKinney, 2006). Research indicates that 

urbanization frequently increases the biodiversity of non-native species while 

decreasing the biodiversity of native species, thus decreasing overall species richness5 

and an increase in total biomass6 and species abundance.7 Besides, cities’ environment 

is conducive to alien species spread that can become invasive under proper 

circumstances. For instance, exotic plants dominated the landscape structure of some 

cities around the World (Dehnen-Schmutz, 2011; Gavier-Pizarro et al., 2010; Naghavi 

et al., 2015). 

Cities are the hub for trade and shipping. Therefore, they are responsible for 

spreading invasive species.8 For example, ports and harbours introduce invasive species 

into native marine environments and freshwater bodies (Berlingieri, 2016). Ballast 

water is fresh, or saltwater stored in ships’ ballast tanks to provide stability and 

manoeuvrability when vessels are not carrying cargo. Ballast water often includes 

invasive species. 
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The heat island phenomenon is an attribute of cities (Al Blooshi et al., 2018; 

Nwakaire et al., 2020). It occurs when the city’s central areas have higher mean 

temperatures than the hinterlands due partly to the ability of a surface to reflect light 

and the increased surface area of buildings to absorb solar radiation. In urban areas, 

concrete, cement, and metal surfaces absorb heat energy rather than reflect it, 

contributing to higher urban temperatures. 

The current environmental crisis is both a symptom and an outcome of 

capitalism’s consumerism culture. It results from neoliberal policies that weaken 

governments’ ability to control national economies. Neoliberalism changed the 

geographies of production by globalizing markets and establishing free trade 

agreements, which resulted in relocating manufacturing plants to cities of developing 

countries, which will continue to grow, thus exacerbating urban environmental 

problems. 

Climate change and biosphere integrity are two planetary boundaries that 

anthropogenic activities are driving and altering how Earth Systems work. Cities are 

the location of anthropogenic activities. Transgression of planetary boundaries 

jeopardizes and undermines the status of Earth Systems, in which modern societies have 

evolved (Steffen et al., 2015).  

In the wake of the twentieth century, the evils of the industrial revolution were 

obvious and required attention. Howard (1902) introduced the garden city as a model 

to bring nature into the city. Frederick Law Olmsted and Calvert Vaux prepared the 

designs for several urban parks, including Central Park, New York City, to improve the 

living conditions of city residents (Blodgett, 1976). However, these efforts fell short of 

protecting urban ecosystems and the environment, as Carson (1962) proved. 

Attempting to assess progress in protecting the environment, Tolba and El-Kholy 

(1992) concluded that issues and problems discussed in the Environment and Humanity 

Conference9 are the same and have gone worse. 

There have been efforts to face contemporary urban environmental challenges. 

Professionally, in 1990-91, UN-HABITAT and UNEP established the Sustainable 

Cities Programme and implemented projects in many cities worldwide to foster 

environmentally sustainable urban development (UN-HABITAT, n.d.). Cities 

Alliance10 devised a four-step participatory planning tool to prepare City Development 

Strategy (CDS) to alleviate urban poverty (Cities Alliance, 2016). Sustaining the 

environment is central to CDS preparation and implementation. However, the attention 

of these institutions shifted to more specific environmental topics, such as energy 

efficiency, climate change adaptation and mitigation measures, and disaster risk 

reduction, besides transportation and mobility. Focusing on specific challenges left 

other urban environmental problems barely addressed, such as maintaining biodiversity 

richness (Dodman et al., 2013). 

Meanwhile, scholars generated and shared research findings for sustainable 

urban development. Haughton and Hunter (1996) discussed the impacts of urbanization 

on water resources and air quality, then outlined principles for a sustainable city. 

Haughton (1997) outlined models for city-environment interaction. 

NbS is one of the initiatives to bring nature back into the city. Mata et al. (2020) 

argued that design professionals11 responsible for constructing the built environment 

could illustrate the importance of green and blue infrastructures in bringing nature back 

into the city. Faivre et al. (2017) showed that the European Commission (EC) started 

in 2013 to implement initiatives to employ NbS to bring nature back into the city and 

resolve environmental problems. After surveying citizens’ opinions on NbS projects, 
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the EC formulated a research agenda and called for improving the executing capacities 

to deploy more NbS projects. 

EbA applies NbS to mitigate and adapt to climate change. Today the UN 

Environment and the Global Environment Facility promote applying NbS and EbA 

projects in urban environments. In 2014, both institutions sponsored EbA projects in El 

Salvador, Jamaica, and Mexico over 48 months of advocating EbA. The projects aimed 

to incorporate EbA into medium- and long-term urban planning and strengthen the 

climate change resilience of susceptible urban communities living in three medium-

sized12 Latin American and Caribbean cities (UNEP, 2014). Both institutions sponsored 

activities of CityAdapt 13  in Pacific-Asia to mainstream NbS within planning by 

offering tools to help local governments plan for climate change adaptation while also 

reducing greenhouse gas emissions from their cities by maintaining their ecosystems 

(CityAdapt, 2017, 2021). 

Many scholars focused on bringing nature back to the city to ease environmental 

problems and assure sustainable urban development. McIntosh and Pontius (2017) 

provided an account of anthropogenic activities on the global landscape. Others 

considered nature a healer for human illness (Barakat et al., 2019; Marcus & Barnes, 

1999). Walsh et al. (2015) evaluated mitigation and adaptation measures in cities. 

Citizen participation continued to be central to planning sustainable urban development 

(Giddings et al., 2015). 

Besides those resulting from a design perspective, another set of research 

findings emerges from urban ecologists. Turner, Nakamura, and Dinetti (2004) found 

that most people live in low-biodiversity communities in cities worldwide. These 

discoveries have a terrible and rarely discussed effect as humanity becomes 

increasingly urbanized. Hundreds of millions of people may miss out on the benefits of 

nature or the opportunity to acquire an appreciation for it. 

The literature map, 14  Figure (1, indicates drivers and pressures (blue 

rectangles), the state of the urban environment (rectangle at the center of the diagram), 

and the responses (rectangle in green). Drivers and pressures include climate change 

(Blekking et al., 2022; Kaykhosravi et al., 2020; Bastin et al., 2019; Majumder et al., 

2018). Air pollution and energy are other drivers of urban environmental crises (Chien 

et al., 2022; Zhang et al., 2022; Liu et al., 2015). Bansal et al. (2022) and Lawson et al.  

(2021) highlighted linkages between human settlements and water resources. Zaninotto 

& Dajoz (2022) and Apostolopoulou (2020) highlighted the adverse impacts of 

urbanization on biodiversity. Invasive species affect biodiversity richness and 

abundance, and without proper urban management, the likelihood of spreading invasive 

species increases (Le Louarn et al., 2018; Mehraj et al., 2021; Oertli et al., 2018; 

Santana Marques et al., 2020; Shiferaw et al., 2019). Zhou and Chen (2018) emphasized 

the role of land use and cover changes in degrading the built environment. Responses 

came in research that Kumar et al. (2021), Elder and Gerlak (2019), and Palomo et al. 

(2013) provided. 
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Figure (1) Literature map (Source: The authors) 

 

In brief, Figure (2 is a schematic diagram that summarizes the arguments and 

results of urban ecologists’ research. Globalization and neoliberal policies accelerated 

urban growth, leading to land use and cover changes. These changes, as mentioned 

earlier, have a profound impact on the spread of alien and invasive species, thus 

resulting in biodiversity loss. Unfortunately, a limited number of their 

recommendations transformed into design guidelines for planners, urban designers, and 

landscape architects to follow. Consequently, the issue of biodiversity loss continues to 

persist. 

 

 
Figure (2) Schematic diagram summarizing the issue from urban ecologists’ view 

(Source: The authors) 
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2 THE RESEARCH PROBLEM 

Employing NbS and urban EbA requires maintaining natural ecosystems within 

and around the city. Bringing nature back to the city requires cautiously designing and 

managing human-made open spaces, parks, and infrastructures to contribute to 

biodiversity richness. However, without a fundamental understanding of the linkages 

between urban planning and design on one hand and biodiversity richness and 

abundance, the introduction of invasive species is a risk that could have profound 

economic, social, and environmental losses. 

Santiago-Alarcon & MacGregor-Fors (Santiago-Alarcon & MacGregor-Fors, 

2020), Yigitcanlar & Teriman (2015), and Wu (2014) represent scholars from both 

sides. They agreed on the need for cross-disciplinary research methods. Kuhn (1970) 

proposed an episodic model in which periods of conceptual continuity and cumulative 

advancement, which he referred to as normal science, were broken up by periods of 

revolutionary research. During scientific revolutions, scholars discover anomalies, 

which lead to new paradigms. New research directives change, and new paradigms ask 

new questions using existing data, moving beyond the prior paradigm’s puzzle-solving 

techniques. Juxtaposing Kuhn’s view with those of Santiago-Alarcon & MacGregor-

Fors (2020), Yigitcanlar & Teriman (2015), and Wu (2014), besides reports indicating 

modest progress in achieving targets of SDG 11 suggest anomalies in the field of the 

urban environment that hinder realizing sustainable urban development. 

It seems that those who belong to the stream of design professionals have not 

paid attention to issues of biodiversity loss in urban areas as the results of the urban 

ecologists suggest. There is an apparent knowledge gap between knowledge and work 

where professionals’ designs and practices deviate from urban ecologists’ results. Many 

scholars from the design and planning disciplines did not cover the issues of 

biodiversity loss in urban areas. 

As explained by the results of urban environmental research, the continuing 

problem of biodiversity in the city suffers from the concern of planners and designers 

on other critical environmental issues such as energy and resource use but did not 

include vital loss issues. Parizi (n.d.) argued for introducing steps by 2020 to prevent 

the introduction and considerably decrease the effect of invasive alien species on 

terrestrial and aquatic ecosystems, and to manage or destroy priority species. showing 

the importance of considering the issue of invasive species in landscape architecture 

projects. 

There is a need to provide the design professionals with an integrated, holistic 

view of the importance of addressing the issue of invasive species in urban settlements. 

The problem is that risks are probably equal to those associated with climate change. 

For example, Kumar Rai and Singh (2020) argued that Invasive Alien Plant Species 

(IAPS) are among the most important drivers of biodiversity loss, affecting ecological 

services and socio-economic conditions through various methods. IAPS compound the 

impact of climatic and land-use changes. IAPS management is necessary for biosecurity 

and risk assessment, requiring integrated transdisciplinary research. 

It is essential to differentiate between alien or naturalized and invasive species. 

Alien species are non-native but established species. Those threatening native species 

and biodiversity ecologists generally refer to invasive species.15 A species must quickly 

adapt to its new environment to be invasive. It must proliferate rapidly, harming 

property, the economy, or the region’s native plants and animals. Humans mistakenly 
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introduce many invasive species to new regions. In general, prior work on invasive 

species is limited to the contribution of urban ecologists. 

This paper aims to point out the gap between knowledge and professional 

practices. Because of the knowledge gap, practices overlook research findings and 

aspects of the city’s biodiversity that urban researchers do not address. The paper 

addresses the following research questions: 

1. What are the current efforts to address the issue, and how effective are 

they? 

2. Where is the research community moving? 

 

3 MATERIALS AND METHODS 

The conceptual framework for inquiry adopts the Drivers and Pressures, State, 

Impact, and Response (DPSIR) to examine the interconnectedness between human 

activities and the urban environment (European Environment Agency, 1995). Figure (3 

depicts the DPSIR and the keywords then used for data gathering. 

 

 
Figure (3) Conceptual model for analysis (Source: adapted from Jäger, J. (2008) 

 

We adopted a qualitative research methodology to answer the two research 

questions. We focused on contemporary published literature, searching for meanings, 

concepts, definitions, characteristics, metaphors, and symbols. We wanted to capture 

the issues addressed, the research methods employed, the conclusions and implications, 

and then investigate where the research community is heading. 

Scopus combines authoritative, full-text scientific, technical, and health 

journals with intelligent, simple capabilities to help users stay informed and perform 

more effectively and efficiently in their professions. We used Scopus because it is a 

huge, multidisciplinary database that provides access to scholarly research in the 

following fields: Physical Sciences and Engineering, including Chemical Engineering, 

Chemistry, Computer Science, Engineering, and Materials Science. Elsevier, the firm 
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that owns Scopus, is reputable and publishes some of the top journals, such as Journal 

of Urban Management, Regional Science and Urban Economics, Journal of Urban 

Economics, and Cities, which are peer-reviewed. 

We searched published research between 2017-2021 that Scopus16 indexed. We 

used the following strings to search the database: ‘urban OR urbanization OR city;’ 

‘invasive species;’ ‘biodiversity OR biological;’ ‘risk AND spatial analysis.’ We used 

the following string’ urban AND NbS AND landscape AND blue OR green’ to extract 

the references that death with bringing nature back to the city. 

We downloaded the results as files in Research Information Systems (RIS) 

format,17 which we imported into Mendeley,18 to cite the references in this paper. We 

used VOSViewer to visualize the data and conduct cluster analysis19 to determine the 

different groups of published research. It is a program that allows researchers to develop 

and visualize bibliometric networks. Citation, bibliographic coupling, co-citation, or 

co-authorship relationships are elements used to build these networks, including 

journals, researchers, or individual articles. VOSviewer also includes text mining 

capabilities to build and envision co-occurrence linkages of relevant phrases retrieved 

from a group of scientific articles (van Eck & Waltman, 2020). 

Using the DPSIR framework, we selected 145 published research based on 

titles, keywords, and abstracts, i.e., about 3.2% of the entire dataset. The sample size is 

not an issue in qualitative research. It is the purpose that matters.  

Atlas.ti comes with various features to help conduct a thorough, methodical 

examination of the papers they acquired. We imported the 145 RIS files into Atlas.ti to 

develop a network using the DPSIR framework. The software makes it simple to 

generate networks that show correlations between codes based on their combined 

frequency of quotations. The software also generates a code co-occurrence table, which 

includes the joint frequencies of each pair of codes, showing a relationship between 

them—a c-coefficient is a number that goes from zero to one.20 We compute it using 

Error! Reference source not found.. 

Equation 1 

𝑐 =
𝑛1−2

(𝑛1 + 𝑛2) −  𝑛1−2
 

where: 

c is a coefficient for each shared presence between two symbols. 

n1-2 is the joint quotations that two codes share. 

n1 is the number of quotations in Code 1. 

n2 is the number of quotations in Code 2. 

 

The research technique we used is a three-step method, Noticing-Collecting-

Thinking  (Friese, 2019; Seidel, 1998). The first step, i.e., Noticing, is to investigate the 

data by reading the 145 abstracts thoroughly. The second step is to code the data. 

Coding is locating a passage in a text, looking for and recognizing concepts, and 

discovering relationships among them. The results of the VOSViewer guided the 

coding process, where we collected and sorted the words in the data into the following 

five codes: (a) Drivers and Pressures; (b) Impacts; (c) Research Methods; (d) 

Responses; and (e) State. The coding process is like a puzzle analogy, where a person 

sorts the bits and pieces of information to solve the puzzle. We generated word clouds21 

to assure accuracy and precision before coding. The last step is thinking about the facts 

and bits and pieces of information the researchers elicit from the data. It is an iterative 

process where the researchers re-coded, merged, and deleted codes. For a deeper 
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understanding of the landscape of contemporary literature, we calculated the co-

occurrence coefficient  

The data consist of 4,556 references, Table (1, of which three were not in 

English. It is crucial to point out that Scopus index only original articles from refereed 

journals because Scopus publishes high-quality refereed research.22 A journal article 

reports the results of an original inquiry. Its format is appropriate for various fields and 

diverse studies, explaining why many research institutions use published journal 

articles as a primary criterion when considering promoting a candidate to a 

professorship.  

 

Table (1) Data stratified by item  

Item Count % 

Journal articles 4,524 99.30 

Conference articles 18 0.40 

Books and Book Sections 8 0.18 

Miscellaneous 6 0.13 

Total 4,556 100.00 

Only 88 of the 4,556 references dealt with NbS, EbA, landscape, and blue and 

green infrastructures. Table (2 exhibits the publications stratified by type. 

 

Table (2) Publication type (The authors) 

 Publication Type Number 

1 Journal Article 71 

 Conference Proceedings 1 

2 Books and Book Section 14 

3 Generic 1 

4 Miscellaneous  1 

 Total 88 
Source: (The authors) 

 

4 RESULTS 

Tables 1 and 2 show that approximately 2.0% of the published work indexed in 

Scopus dealt with NbS, EbA, landscape, and blue and green infrastructures. It indicates 

that the area of NbS and EbA is relatively novel, requiring more attention from 

ecologists and scholars who belong to the design profession. 

 

4.1 Findings from Abstracts and Keywords 

The following result indicates that urban ecologists do most published work. 

Scholars and journals seldom include researchers from the humanities and social 

sciences. Our results show that thirty scholars, who belong to the design profession, 

published around 543 publications, i.e., approximately 12% of the indexed publications 

dealing with invasive species. Thirty journals aiming for urban ecology published about 

51% of the articles. Atop of them is Ecology and Evolution and Biological Invasions, 

published 307 and 198 articles, respectively. 

Based on the affiliation of the scholars, it seems that research institutions in the 

USA were the most active by publishing 1,121 articles in the past five years. China, the 

United Kingdom, and Australia came second, third, and fourth on the list with 350, 300, 
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and 196 publications, respectively, Figure (4. Unfortunately, the data showed no recent 

publications on the issue in the Arab World. 

 
Figure (4) Published research stratified by country, 2017-2021 (Source: The authors) 

 

Based on our review of the abstracts, there is no accepted universal list of 

invasive species. IUCN’s Global Invasive Species Database is the only available 

database at the country level, though it lacks scientific validation. Furthermore, 

ambiguous terminologies on the invasion ecology regarding clarity of theories, 

hypotheses, and terminologies still exist. Hence, whatever species in a country or a 

region is invasive might not be the case in another place, thus explaining the variation 

in the number of published papers among countries. Colautti and MacIsaac (2004) 

proposed a naming system based on biogeography rather than taxonomy to prevent the 

confusing, subjective, and negative terminology that often plagues the debate on 

invasive species, even in scholarly literature.  

The driver to examine invasive species is the share of the agricultural production 

in the national economy and the damage that invasive species cause. The USA has the 

highest number of published papers (1,121) and identified invasive species (6,221) (US 

Department of Agriculture, n.d.). However, according to the per capita share of 

published papers, New Zealand, Australia, and Portugal lead other countries with 15.40, 

7.63, and 6.96 published papers per capita. The share of the agricultural sector in the 

GDP of these three countries is 5.81% (New Zealand), 2.09% (Australia), and 2.07% 

(Portugal) (World Bank, 2021). 

Based on the top one thousand keywords, 130 mentioned a species that belongs 

to the animal kingdom, such as bats and the cane toad. Bees, arthropods, arthropods, 

and other insects constituted about 13 keywords. Another 98 keywords belong to the 

plant kingdom, including acacia (Acacia spp.) and garlic mustard (Alliaria petiolate). 

Finally, the keyword ecosystem, such as salt marsh, rivers, and streams, occurred 108 

times. 

Figure (5 is a network exhibiting the main clusters of one thousand keywords 

with the highest occurrences in the literature. The circle area illustrates the occurrences 

of the keyword in the indexed papers. Its color indicates to which cluster the keyword 

belongs. The location of the circle and links indicate its association and strength of 

linkages with other keywords. 
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Figure (5) Network of the main clusters of one thousand keywords (Source: The 

authors). 

 

Consequently, keywords fall into at least three main clusters, Figure (5. The first 

is invasive species, i.e., the red circle, including keywords, such as population 

dynamics, urban, and pest management. The second notable cluster is climate change 

which includes maxent software biogeography. Keywords in the green circles, such as 

restoration, drought, biotic resistance, and biomass, belong to impacts and responses. 

Finally, keywords in blue circles, such as biological invasions and risk assessment and 

analysis, fit into another cluster indicating research methods and techniques. However, 

the figure does not exhibit linkages between the urban environment and invasive 

species. 

Results suggest that 83 keywords indicate commonly used research methods, 

techniques, and tools. They include camera trap, citizen science, decision support 

model, distribution modeling, expert knowledge, remote sensing, geographic 

information system, modeling, non-invasive sampling, vegetation classification, and 

species distribution models. 

There seems to be limited attention to the connections between the urban 

environment and invasive species. The overlay of the analysis, Figure 6, suggests dates 
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when the keywords emerged in the literature. As the legend indicates, climate change, 

threatened species, and water quality were keywords linked to invasive species that 

emerged in the literature in 2020, indicating the linkages between the various 

environmental issues in a city. 

 

 
Figure (6) Overlay of keywords (Source: The authors) 

 

However, the use of keywords is not enough. The researchers subjected 

abstracts of references with complete bibliographic information to a query to generate 

a word cloud of words with the highest occurrence. Word clouds are statistical measures 

of word frequency. They give words that appear more frequently in abstracts subject to 

analysis more emphasis. The bolder the word, the more frequently it appeared in the 

text subjected to the analysis. 

The keyword invasive species fall at the crux of the literature, as the generated 

word cloud, Figure (7, suggests. The upper group of words consists of two clusters 

where the term invasive is at the center. The figure includes habitat, biodiversity, 

community, management, and wildlife on the upper right hand. Distribution, 

experiment, sampling, temperature, climate, assessment, effects, methods, analysis, 

spatial, and scale are words that fell on the top left hand and freshwater and lake. Some 

words with no significant importance, such as many, data, and including, appeared in 

the word cloud. They are like outliers in a regression analysis. Removing them is 

tampering with the data.  
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Figure (7) Word cloud of keywords (Source: The authors) 

 

Figure (8 depicts keywords with the highest occurrence and total link strength. 

They include invasive species, climate change, biodiversity, biological invasions, and 

alien species. Conversely, keywords such as urban vegetation, urban habitats, the urban 

environment, spatial analysis, and road ecology occurred only nine times each, and 

urban areas occurred ten times, implying they have the least occurrence and total link 

strength. 
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Figure (8) Keywords with the highest occurrence and total link strength (Source: The 

authors) 

4.2 Research Topics and Methods 

 

Most keywords indicate the state of the urban environments, such as migration 

and land-use change, and responses, such as restoration and control, followed by 

pressures, such as human activities and habitat alteration, Figure (9. Few publications 

dealt with impacts, such as trophic cascade and invasion risk. Fewer scholars addressed 

drivers, such as stakeholders and wildlife trade. 
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Figure (9) Keywords stratified by DPSIR categories (Source: The authors). 

 

Scholars used research methods to investigate the State, Responses, and 

Impacts, Figure (10. There are 3,685 quotations grounded in the code Research 

Methods, of which 1,655 are jointly grounded in the code State. The co-occurrence 

coefficient is 0.18. Despite being low yet suggests that most researchers focus on 

investigating the state of an ecosystem. As the figure suggests, few researchers 

investigated Driving Forces and Pressures, including institutional framework, urban 

planning, and urban design.  

 

 
Figure (10) Research methods focus on State (Source: The authors) 

 

In addition, applied research methods, such as remote sensing and citizen 

science, examine drivers and pressures, impact, and the state of an ecosystem. Based 

on inspecting the selected papers, Driving Forces and Pressures are the cause of the 

impacts and are associated with the state of an ecosystem, as Figure 11 depicts. 

Therefore, recommended responses address the Driving Forces and Pressures, impacts, 

and ecosystem state. 
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Figure (11) Conceptual model of relationships among interrogated research topics 

(Source: The authors) 

 

Results from the co-occurrence analysis, Table (3, show that State has the 

highest number of grounded quotations reaching 7,273; Impacts come next with 4,339 

grounded quotations. The result suggests a relationship between state and impact in the 

examined papers, where the joint count reached 2,233, and the c-coefficient was 0.24.  
 

Table (3) Results of code co-occurrence analysis  

  Drivers & 

Pressures 

Count 

Impacts 

Count 

Research 

Methods 

Count 

Responses 

Count 

State 

Count 

  GR=1,298 Gr=4,339 Gr=3,685 Gr=3,685 Gr=7,273 

Drivers & 

Pressures 

Gr=1,298 

Count 0     

 Coefficient 0.00    

Impacts 

Gr=4,339 

Count 199 0    

 Coefficient 0.04 0.00   

Research 

Methods 

Gr=3,685 

Count 130 373 0   

 Coefficient 0.03 0.05 0.00  

Responses 

Gr=3,685 

Count 156 404 589 0  

 Coefficient 0.04 0.06 0.10 0.00  

State 

Count 

Gr=7,273 

Count 571 2,233 1,655 813 0 

 Coefficient 0.07 0.24 0.18 0.09 0.00 

(Source: The authors)  

4.3 Publications on Bringing Nature Back 

The results show three clusters of publications that dealt with issues regarding 

the urban environment and bringing nature back to the city using NbS, Table (4. The 

first cluster is climate change includes the keywords adaptation, climate change, global 
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warming, and greenhouse gases. These keywords address the drivers that affect the 

urban environment. Responses are the second cluster, consisting of the following 

keywords: development, land uses, urban, and urbanization. Finally, the last cluster of 

keywords is about the state of the urban environment represented by biodiversity, 

ecosystem services, and sustainability. The table suggests that climate change is the 

keyword with the highest total link strength in the 88 publications used in the analysis.  

 

Table (4) Keywords in the literature on bringing nature back (Source: The authors) 

  

Keywords Occurrences Total 

Link 

Strength 

Cluster 1: State -- Environmental Science and Management 

 biodiversity 3 1 

 ecosystem services 3 2 

  sustainability 3 1 

Cluster 2: Drivers and Pressures -- Climate Change 

 adaptation 3 3 

 climate change 11 6 

 global warming 3 3 

  greenhouse gases 3 2 

Cluster 3: Response -- Urban design and planning 

 development 3 2 

 land-use 3 3 

 urban 3 2 

  urbanization 7 3 

(Source: The authors) 

 

Figure (12 shows the network depicting the linkages among the three clusters 

and their keyword. The figure suggests that land use links climate change and 

urbanization. Urban transformations in both demographic and economic terms bring 

spatial changes that require demand for energy, which contributes to emitting GHGs, 

i.e., the cause of climate change and global warming. 

Despite those three words that belong to the third cluster having similar 

occurrences, the keyword sustainability does not seem bold and clear in the figure as it 

was on the screen, indicating a lightweight. Located on the far-right side of the figure 

and with no linkages to the first cluster in red, there is little association between these 

two clusters in the examined literature without linkages. 

Association between urbanization and sustainability attracted the attention of 

researchers in 2015. Figure 13 overlays the three clusters and the keywords spread 

between 2005-2020. The figure suggests that attention to linkages between urbanization 

and climate change started between 2010 and 2015. A quick review of the abstract of 

the 88 documents suggests that researchers focused on issues such as blue and green 

infrastructures as measures for mitigating drivers of climate change and adapting to its 

outcome. However, almost none of them paid attention to invasive species. 
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Figure (12) Network of keywords in the literature on bringing nature back (Source: The 

authors) 

 

 
Figure (13) Overlay of keywords in the literature on bringing nature back (Source: The 

authors) 

5 DISCUSSION 

The city continues to be the reason for many environmental issues. As cities 

remain the driver of economic growth, they continue to pollute natural resources with 

all sorts of waste besides depleting them through exploitative use. The research interest 

of scholars who belong to humanities and social sciences include, but are not limited 

to, water resources (Bao & Fang, 2012; Chang et al., 2020; Rodriguez & Delpla, 2017). 

Urban air quality (Agarwal et al., 2020; Kerimray et al., 2020) is another area of 

research. Buccolieri et al. (2018) and Rasidi et al. (2012) discussed greening cities, and 

Sahar et al. (2018) examined waste-to-energy. Graells et al. (2021), Papatheochari & 

Coccossis (2019), and Keyvanfar et al. (2018) investigated coastal zone management. 

Urbanization has severe impacts on ecosystems. Scholars who belong to life 

sciences argue that cities play a pivotal role in introducing and spreading invasive 

species (Hui, Richardson and Visser, 2017; Padayachee et al., 2017). Accordingly, 

some scholars proposed means for managing and controlling invasive species, such as 



Faculty of Urban & Regional Planning, Cairo University Journal of Urban Research, Vol. 46, Oct 2022 

 

121 

 

 

 

Gaertner et al. (2017). They offered a decision-making framework for controlling 

invasive species in urban environments in Cape Town. 

Results suggest interest in NbS, EbA, landscape, and blue and green 

infrastructures as measures to mitigate the reasons for climate change and adapt to it. 

Without a constructive dialogue and mainstreaming of the issues of invasive species in 

the planning education and practices, the likelihood of biodiversity will continue and 

cause economic, social, and environmental losses. Accordingly, there is a need to 

develop design guidelines to assure the successful implementation of NbS and EbA 

initiatives without enabling the spread of invasive species.  

Relationships between invasive species and the urban environment require 

attention. Our investigation shows a gap between scholars from life sciences and those 

who belong to the design profession responsible for developing the urban environment. 

Scholars from both groups must work together to understand the driving forces, 

pressures, and impacts and thus propose solutions regarding land-use planning, zoning, 

and urban design, among other things that could curb the proliferation of invasive 

species. 

The results also suggest no universally adopted criterion for determining what 

constitutes an invasive species. Determining whether a species is invasive depends on 

its harm to the economy, humans’ health, and the environment. Hence, a species might 

be invasive in one region but not in another. 

Localizing the SDGs enables nations to attain SDG-specific targets (Budalamah 

et al., 2019). Target 15.8.23  Unlike most SDG targets scheduled by 2030, Target 15.8 

must be met by 2020. Only six of the Aichi objectives for 2020 have been partially met, 

according to a UN report released in September 2020. In the past decade, the world has 

failed to accomplish a single goal to halt the loss of animals and life-sustaining 

ecosystems (Greenfield, 2020). Planning and managing metropolitan areas are 

measures to limit the spread of invasive species and their impacts on the environment 

(Ritchie & Mispy, 2018). Without paying attention to the impacts of urbanization on 

biodiversity, there is no hope for protecting life-supporting ecosystems. 

Meanwhile, because natural scientists, including urban ecologists, ignore 

critical human aspects in setting plans for protecting the environment, their schemes 

usually fail short of achieving their aims. Krauss (2022) wrote, “[t]here has been little 

critical social-science analysis of how SDG 15,24 its targets and indicators understand 

conservation….The article argues that SDG 15, its targets and indicators thus 

perpetuate ideas of conservation which exacerbate inequalities and prevent 

transforming our world.” Krauss affirms Parizi’s argument mentioned earlier. 

The analysis shows the need to generate information to support proper planning 

and management. Unfortunately, at the moment, the SDG-Tracker website lack any 

data for Target 15.8 indicator (Ritchie & Mispy, 2018). Lacking a precise criterion for 

defining what an invasive species is might be the reason for this situation. However, 

many developed countries, such as the USA and Western European countries, identified 

invasive species from their perspective. Then again, the problem is more complex in 

many developing nations, such as the case of the Arab region. Therefore, lacking a 

nationally determined definition of invasive species and the city’s part in enabling the 

introduction and establishment of invasive species could have profound economic, 

environmental, social, and health implications. 

Recent research indicates linkages between the outbreak of COVID-19 and 

invasive species. Changes in human behavior that the COVID-19 pandemic brought 

can have various implications on biodiversity, but nothing is known about how this 

would affect invasive alien species (IAS). Measures taken by society to combat the 
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spread of COVID-19 can have short- and long-term effects on IAS. Reduced human 

interference in natural ecosystems can boost IAS activity and speed up their spread in 

the short run. Furthermore, management agencies have lowered control actions, 

allowing IAS to thrive in some cases, and continuous monitoring systems have been 

disrupted, making detecting, and managing biological invaders more difficult. Because 

of the fear of zoonotic illnesses, long-term effects could include global changes to 

wildlife commerce, increasing releases of captive-bred species, and heightened public 

awareness of the risks of infections spreading among animal populations. Modifying 

IAS management during and after lockdowns requires long-term data collecting and 

sharing (Lo Parrino et al., 2021). 

 

6 CONCLUSION 

Urbanization continues to be the reason for many environmental challenges. 

Cities remain to be the engine of economic expansion. However, they also continue to 

harm the environment with various types of waste and pollution and deplete natural 

resources via unsustainable use.  

An integrated, holistic understanding of the necessity of addressing the issue of 

invasive species in urban settlements is required for design professionals. It is a 

situation that poses hazards that are likely to be comparable to those posed by climate 

change. 

The available literature on invasive species and the planning of built-up 

environments is minimal. Cities are critical in introducing and spreading invasive 

species. Some academics offered a decision-making framework for controlling invasive 

species in urban environments to manage and control invasive species. This proposal is 

at the heart of urban planning and management. However, how would urban planners, 

landscape architects, and other design professionals mainstream such proposals if they 

do not acknowledge the issue? 

Recently, many scholars and practitioners called for bringing nature back to the 

city. It is a plea that rests on the concept of Nature-based Solutions. They aim to mitigate 

the causes of climate change and adapt to its adverse impacts. However, NbS should 

also be sensitive to the issue of introducing invasive species through blue and green 

infrastructures.  

Planners must plan cities to minimize the adverse impacts of urbanization while 

maximizing ecological activities by enabling conservation action within urban 

landscapes. Pursuing conservation outcomes for species whose global distribution that 

a human-modified landscape contains is most pronounced through green infrastructure, 

thus transforming urban areas into more wildlife-friendly environments. Many policies 

are concerned with community benefits and mitigating the adverse effects of urban 

development. Urban greening policies are critical for revitalizing communities, 

lowering healthcare costs, and improving quality of life. 

One of the challenges of addressing the issue of invasive species in the urban 

environment is lacking a criterion for deciding whether a species is invasive. The 

impact of a species on the economy, human health, and the environment determines if 

it is invasive. As a result, a species may be invasive in one area but not another.  

Design professionals responsible for designing and managing a human 

settlement use their technical knowledge in analytical activities to elaborate schemes to 

ensure their city’s sustainability. One of the sources of this technical knowledge is 

understanding urban ecology, as it encourages the coexistence of humans and wildlife 

in urban spaces that are resilient and sustainable. When properly integrated, urban 
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ecology can support reducing air and water pollution while enabling city residents’ food 

production, transportation, and housing. We recommend including an urban ecologist 

in the planning team and considering the urban ecology issues when conducting 

environmental impact assessments when reviewing new urban developments before 

construction. 

 

ENDNOTES 

1 These are gases in the atmosphere that affect the energy balance of the planet. They are responsible for 

the so-called greenhouse effect. Carbon dioxide (CO2), methane, and nitrous oxide, the most well-known 

greenhouse gases, can all be present in low concentrations in the environment. 
2 Ecosystem-based adaptation refers to a variety of climate change adaptation strategies. They all entail 

the management of ecosystems and their services to lessen human communities' vulnerability to the 

effects of climate change. 
3 Roads, sewerage, and other urban structures are known as grey infrastructure. 
4 Trees, lawns, hedgerows, parks, fields, and woods are examples of green infrastructure. Rivers, canals, 

ponds, wetlands, floodplains, and water treatment facilities are examples of blue infrastructure.  
5 The number of species in a community. 
6 The total mass of living material measured over a specific area is known as biomass. 
7 The number of individuals per species. 
8 An invasive species is a newly introduced organism that overpopulates and negatively impacts its new 

environment. 
9 The first UN Conference on environment held in Stockholm, Sweden in 1972. 
10 A global partnership fighting urban poverty and supporting cities to deliver sustainable development 
11 Civil engineers, landscape architects, urban designers, architects, and urban planners 
12 According to World Population Review, a medium city has a population of 100,000 to 300,000 people 

and offers a wide range of services, but not all. 
13 CityAdapt is a Global Environment Facility and UN Environment joint project. It provides tools to 

help local governments plan for climate change adaptation while also reducing greenhouse gas emissions 

from their cities by maintaining their ecosystems. 
14 It is a graphical layout or a diagrammatic depiction of the research issue. It enables researchers to 

identify and organize the vast number of arguments in the context of their studies. 
15 Alien species are known in Arabic as الدخيلة while invasive are called الغازية 
16 Scopus is an abstract and citation database created by Elsevier in 2004. Scopus has roughly 36,377 

titles from 11,678 publishers, including 34,346 peer-reviewed journals in the top-level topic fields of 

biological sciences, social sciences, physical sciences, and health sciences. 
17 An RIS file is a bibliographic citation made up of a sequence of lines separated by two-character codes 

and a value. 
18 A free web and desktop reference management solution that allows them to store, organize, and search 

all of references in one place. 
19 Cluster Analysis in Data Mining refers to the process of identifying a group of objects that are like one 

another but distinct from those in other groups. 
20 The c-coefficient is a number that varies from 0 to 1. When the coefficient is zero, there is complete 

independence between the two codes; when it equals one, there is perfect linkage. 
21 These are graphical visualization of qualitative data, such as open-ended response, documents, and the 

like. Word clouds enable researchers to figure out what the common subjects are across the interrogated 

data by enlarging the most used words. 
22  Elsevier, the owner of Scopus and ScienceDirect, is a legitimate publisher. The boycotts and 

unfavorable reviews are due to company's reported excessive costs, not the quality of the publication. 
23 It states that "by 2020, countries must implement steps to prevent the introduction of invasive alien 

species and considerably minimize their impact on land and aquatic ecosystems, and control or destroy 

priority species". 
24 SDG 15 is about "Life on land." 
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