Received: 2 November 2023

Revised: 31 January 2024

W) Check for updates

Accepted: 8 February 2024

DOI: 10.1002/5d.2935

REVIEW ARTICLE

Sustainable 4.
Development ™~

| [

2 ! WILEY

Making a case for nature-based solutions for a sustainable built
environment in Africa

Douglas Aghimien?©® |
Clinton Aigbavboa? |

1School of Art, Design and Architecture,
Faculty of Arts, Design and Humanities, De
Montfort University, Leicester, UK

2SARChi in Sustainable Construction
Management and Leadership in the Built
Environment, Faculty of Engineering and the
Built Environment, University of
Johannesburg, Johannesburg, South Africa

3Institute for Resilient Infrastructure Systems,
College of Engineering, University of Georgia,
Athens, Georgia, USA

“Department of Building and Real Estate, The
Hong Kong Polytechnic University, Kowloon,
Hong Kong

SDepartment of Construction Management
and Quantity Surveying, Faculty of
Engineering and the Built Environment,
University of Johannesburg, Johannesburg,
South Africa

SFaculty of Environmental Sciences, KO
Mbadiwe University, Nigeria

Correspondence

Douglas Aghimien, School of Art, Design and
Architecture, Faculty of Arts, Design and
Humanities, De Montfort University, Leicester,
UK.

Email: aghimiendouglas@gmail.com

1 | INTRODUCTION
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Abstract

The potential of using nature-based solutions to address issues of climate change has
continued to gain momentum, especially in developed nations. However, the same
cannot be said for developing countries, particularly in Africa, where the knowledge
and awareness of natural solutions are low, and research on their application within
the built environment is scant. Using a sciento-metric and narrative review of pub-
lished literature, this paper makes a case for research exploration on nature-based
solutions for a sustainable built environment in Africa. The findings revealed an
opportunity for significant research contributions on nature-based solutions in
addressing flood risk management, climate change and urban planning, water quality
and carbon emission, sustainable development, and green infrastructure and urban
development. These areas are the critical focus of past studies explored. Also, the
findings offer guidance for further studies to be conducted in less explored areas,
such as carbon sequestration, greenhouse gases, energy utilisation, indoor comfort,
and numeric models for using nature-based solutions within the African context. The
findings of the study offer an excellent theoretical background to direct researchers
and practitioners who seek to attain and promote sustainable built environments

through nature-based solutions, especially in Africa.

KEYWORDS
built environment, climate change, disaster management, flood risk, nature-based solutions,
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observation shows that the major disasters on the continent, between

1970 and 2019, were droughts and floods experienced in countries

Similar to other continents, Africa is faced with the adverse effects of
rapid changes in climatic conditions. Increasing cases of natural disas-
ters attributed to climate change are being recorded within the conti-
nent, with approximately 4% of the population of the continent being
severely affected by droughts and floods between 2021 and 2022.
This situation places an encumbrance on people's livelihoods and, by
extension, their survival (Global Centre on Adaptation, 2022). Further

such as Algeria, Chad, Ethiopia, Mozambique, Sierra Leone, Somalia
and Sudan (Statista, 2023). In 2022, Sguazzin (2022) submitted that
approximately 15 million people lost their homes because of disasters
related to weather, with Nigeria, Burkina Faso, Ethiopia, Somalia and
Sudan being the worst affected countries. However, signs of other
forms of disasters are imminent. For instance, in March 2023, the
United Nations Children's Fund (UNICEF) reported that millions of
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children were at risk with the increase in cholera cases in Malawi and
Mozambique following the occurrence of Tropical Cyclone Freddy
(UNICEF, 2023). In June 2023, South Africa experienced an earth
tremor that shocked many residents in the Gauteng Province. In the
same month, severe flooding was experienced in KwaZulu-Natal Prov-
ince that led to the loss of lives and properties (Davies, 2023;
Reuters, 2023). Also, early in September 2023, Morrocco witnessed a
massive earthquake, which left thousands of people dead
(Alsaafin, 2023). These occurrences emphasise the need for strategies
to help to reduce the impact of adverse natural disasters and create
effective adaptation in this era of climate change. Moreover, practi-
tioners in the built environment who play a major role in the provision
of infrastructure, have the responsibility to ensure the delivery of
resilient and sustainable structures that can withstand the impact
of these adverse effects of climate change. One such strategy that
has proven to be effective and efficient in addressing these current
climatic and biodiversity crises is nature-based solutions (NbS).

NbS, as described by the World Bank, encompasses a spectrum
of actions that are centred on protecting, managing sustainably, and
restoring natural ecosystems (World Bank, 2022). This comprehensive
approach is designed to address a multitude of pressing challenges
that societies face today, including, but not limited to, impacts of cli-
mate change, the enhancement of human health and well-being,
ensuring food and water security, and effectively reducing the risks
associated with disasters. Bona et al. (2023) noted that NbS can be
crucial in sectors, such as water management, forestry, agriculture,
urban areas and coastal areas. As such, the built environment and its
allied profession, which are crucial to the development of urban areas,
have the opportunity to deliver sustainable and resilient projects
through implementing NbS. According to Pearlmutter et al. (2020),
NbS can be introduced into built environment projects by using green
building materials, systems, practices and sites. Momentous benefits
lie in the use of natural solutions within the built environment, includ-
ing the attainment of the United Nations (UN) sustainable develop-
ment goals (SDGs), especially SDGs 11 and 13, directed at attaining
sustainable cities and communities, as well as contributing to climate
action (European Commission, 2021). Through the incorporation of
NbS, there is an opportunity in the built environment to enhance the
appreciation of recreation and aesthetics, encourage healthy and
high-quality lifestyles, increase the value of land and properties
through green features, and improve comfort (Bona et al., 2023). Brid-
ges et al. (2021) also noted that policy-makers, practitioners and the
public in most developed countries are increasingly recognising
the efficacy of the NbS concept in achieving the twin engineering
objectives of sustainable development of the built environment and
protection of the natural environment.

Albeit the benefits of NbS mentioned above, there is little evi-
dence to support the utilisation of nature-driven concepts and solu-
tions in delivering built environment projects, particularly in Africa,
where disasters that can be addressed through NbS are becoming
prominent. Diep et al. (2022) noted that, while NbS continues to gain
recognition globally, evidence of its implementation within communi-
ties in Africa is low. Similarly, Dupar et al. (2023) submitted that NbS
is only gradually gaining recognition among African leaders. The

research attention given to the application of NbS for a sustainable
built environment on the continent is slow-paced, considering the cur-
rent adverse impact of climate change on countries within the conti-
nent. The few available NbS-related studies emanating from the
continent have been piece-meal and have placed emphasis on diverse
issues regarding climate change. For instance, Lokidor et al. (2023)
explored NbS from the perspective of sustainable flood management
in East Africa and noted that, despite the increased attention
attracted to this natural solution in the last decade, studies from Africa
have remained limited. In the paper referred to, emphasis was placed
on NbS for flood risk management studies conducted in East Africa
and some success factors required for the effective use of NbS in
managing flood risk in the region were identified. Earlier, Kalantari
et al. (2018) explored NbS in combating flood-drought risk in urban
areas in East Africa. Again, in relation to flood risk management, Enu
et al. (2023) reviewed the potential of NbS to mitigate flood risk in
Sub-Saharan Africa and concluded that the use of NbS within the
region in addressing flood risk was low. Also, Acreman et al. (2021)
explored the effectiveness of NbS in solving Africa's water problems
and observed that, while local knowledge is needed, policy and plan-
ning for NbS are crucial to solving water-related risks in Africa. From
the perspective of urban green spaces, Giombini and Thorn (2022)
explored the opportunities for the use of NbS in the capital city of
Namibia in South-Western Africa, while Thorn et al. (2021) explored
the use of NbS for climate-resilient infrastructure in peri-urban, Sub-
Saharan Africa. From a people's perspective, Diep et al. (2022)
explored the views of individuals regarding NbS used in informal set-
tlements in East Africa with a focus on projects across Nairobi and
Dar es Salaam. It was concluded that there is a need for key partici-
pants involved in NbS projects to support the replication, scaling up
and institutionalisation of NbS. Nykia and Dinka (2022) conducted a
biblio-metric analysis of NbS studies within the African continent that
were published and indexed in Web of Science. Based on the study, it
was concluded that there is a need to overhaul institutions and poli-
cies, while financial assistance should be provided for more research
about NbS to be undertaken by African researchers to supplement
the studies already conducted in developed countries.

One consistent observation within the studies mentioned above
is the need for more studies about NbS within the African continent.
Moreover, it can be observed that the existing studies have been
focused on using NbS to solve specific issues such as flood risk and
water management, urban spaces, and informal settlements, among
others. It has become necessary to view NbS studies from a wider
perspective to identify crucial, unexplored areas and to set the direc-
tion for more NbS studies within the African continent. Moreover, in
the wake of the realisation in diverse countries globally that nature
offers solutions to age-long problems of mankind, and that using
nature-inspired initiatives would lead to more sustainable benefits, it
is timely to make a case for NbS for a sustainable built environment as
a way of mitigating the effects of adverse climatic changes on con-
struction infrastructure within the African continent. To this end, NbS
studies were analysed in this study, using a sciento-metric approach,
to determine scholarly connections, performance and trends within

these studies. Furthermore, in this study, through network
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visualisation and a narrative review, a future direction is delineated
for NbS research within the built environment in African countries
and other developing countries where such studies are deficient. It
was believed that the outcomes of the study would create a clear line
of focus for forward-looking research in the deployment of NbS to
enhance built environment projects undertaken within developing
nations, particularly in Africa. Moreover, the findings could serve as an
excellent platform for wider debate and directing future NbS studies

in the built environment.

2 | OVERVIEW OF NATURE-BASED
SOLUTIONS

Since NbS gained prominence at the beginning of the 21st century,
several definitions and descriptions of the concept have been pro-
posed. NbS was defined by the United Nations Environment Assem-
bly (UNEA, 2020) as encompassing actions that address social,
economic and environmental challenges effectively and adaptively
while, simultaneously, protecting, conserving, restoring and sustain-
ably managing natural or modified terrestrial, freshwater, coastal and
marine ecosystems. These actions provide benefits for human well-
being, ecosystem services, resilience and biodiversity (UNEA, 2020).
The International Union for Conservation of Nature (IUCN, 2020)
described NbS as an innovative approach towards conserving nature
while protecting, managing and restoring the environment and, in the
process, delivering benefits that are tangible and sustainable for
the people. The Federal Emergency Management Agency (FEMA)
characterised NbS as sustainable planning, design, environmental
management and engineering practices that integrate natural features
or processes into the built environment to foster adaptation and resil-
ience (FEMA, 2021). According to Kalantari et al. (2018), NbS is nota-
ble for its adaptive nature, enabling its use to be of benefit to both
human welfare and biodiversity conservation simultaneously. NbS
also embodies the fusion of human innovation with the inherent resil-
ience and functions of ecosystems. According to this philosophy, it is
recognised that ecosystems, from forests and wetlands to coastal
areas and urban green spaces, provide services that are crucial for sus-
taining life on earth (Goodwin et al., 2023). From purifying air and
water to regulating climate and supporting pollinators, these services
underscore the vital link between humanity and the natural world
(Kalantari et al., 2018). By leveraging these attributes of ecosystems,
NbS exemplify an approach that harmonises human needs with eco-
logical imperatives.

According to Pereira et al. (2023), NbS can be understood as
strategies that harmonise human development and environmental
conservation through the strategic integration of nature. These strate-
gies encompass diverse practices, from enhancing natural infrastruc-
ture, such as wetlands and forests, to integrating green spaces within
urban environments. Van Rees et al. (2023) added that the essence of
NbS lies in recognising that nature is not merely a resource to be
exploited, but a foundation upon which sustainable and resilient soci-
eties can be built. By working with, rather than against, nature, these
solutions engender long-term benefits for both people and the

ecosystems that support them. Also, different examples and applica-
tions of NbS have been noted in past studies. These include: marshes,
dunes and reefs that protect coastal property and infrastructure
against storms and chronic erosion (Jordan & Frohle, 2022); forests
and wetlands that store floodwaters, provide wildlife habitat and filter
water for downstream communities (Hovis et al., 2021); and natural
spaces that improve water and air quality, reduce urban heat, store
carbon and provide health benefits in urban environments (Hayes
et al,, 2022). NbS also enhance the resilience of built and natural sys-
tems in a changing environment (e.g., increasing weather and climate
extremes). Unlike conventional “grey” infrastructure that is static in
the environment and designed to optimise a narrow set of functions
and conditions (Sun et al., 2020), natural infrastructure systems can
recover from extreme events, self-adjust to on-going environmental
changes and continuously deliver a wide range of social and economic
benefits (Jordan & Fréhle, 2022). Evidence also indicates that NbS can
be equally as cost-effective as conventional approaches, or more so,
particularly considering the life-cycle costs of projects (Lafortezza
et al, 2018).

3 | METHODOLOGY

An interpretivist philosophical stance was adopted for the study, using
a sciento-metric and narrative review of existing studies, with the unit
of analysis being each publication. This approach is inductive and
rooted in the grounded theory strategy and longitudinal time horizon.
The paucity of works on NbS within the built environment, particu-
larly in the African context, necessitated this approach, which has
gained considerable interest in other aspects of built-environment
research. From an operational perspective, Figure 1 illustrates the spe-
cific details of the sciento-metric review conducted. The sciento-
metric review (a branch of biblio-metrics) is a quantitative approach to
text-mining scientific publications. It is a computer-assisted approach
to reviewing the available body of knowledge to examine core
research or authors and their relationship within a given research field
(De Bellis, 2009). Also, a sciento-metric review provides a visual per-
spective of the structural and dynamic aspects of existing scientific
research contained within a body of knowledge (Olawumi &
Chan, 2018). Sciento-metric review offers the opportunity to identify
leading contributors (authors, countries, funding bodies, sources)
through performance analysis, to examine impactful contributions
(citations, co-authorships, bibliographic coupling) and their areas of
focus and trends through scientific mapping and network visualisa-
tions (Donthu et al, 2021). Furthermore, this approach enables
researchers to identify systematic, literature-related discoveries that
might be overlooked in manual review studies (Zhong et al., 2019).
Thus, a sciento-metric review was adopted to understand the concept
of NbS further from the perspective of past studies and create a clear
direction for future studies within the built environment. Based on
the sciento-metric analysis conducted, a narrative review was further
considered to be necessary to highlight the core discussions from the
identified NbS studies that were extracted. The narrative review
entailed summarising different primary studies and drawing
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FIGURE 1

conclusions from a holistic viewpoint. These conclusions were shaped
mostly by the experience of the researcher and the existing theories
(Dinther et al., 2011).

In conducting the review, the database for bibliographic data
extraction and the ideal key terms for data search were first deter-
mined. The Scopus database was selected because it has attracted sig-
nificant attention among researchers in the field of science.
Moreover, the database overlaps considerably with other databases,
2020; Guz &

Rushchitsky, 2009). Also, selecting the optimal search terms is crucial

such as Web of Science (Aghimien et al,
to the reliability of the outcomes of sciento-metric reviews (Chen &
Xiao, 2016). As a result, three common ways of writing “NbS” in the
studies reviewed in the preliminary investigation were used to search
titles, abstracts and keywords, using two major Boolean operators
(“OR” and “AND”). The search protocol used to gather bibliographic

\d

Performance analyses
- Document per year
- Document per source
- Document and co-authorship
per country

J ,,// R-Studio
!: VOSviewer
\_ MS Excel

Science mapping
- - Most cited publications
Area of research focus
- Trends in existing studies
- Direction for future research

f

data included: Title-Abstract-Keywords: “Nature-based solutions” OR
“Nature-base solutions” OR “Nature base solution” published in the
last 10 years (i.e., 2013 to 2023). The selected 10-year period was
based on the need for recency in the extracted data. This initial search
revealed 3174 documents across diverse fields of study. The next step
was to refine the search to gather documents that were related to the
built environment. In doing this, the subject area was limited to Engi-
neering to gather documents that were more specific to the built envi-
ronment, while the document type was restricted to journals and
conferences. These two document types were selected based on past
submissions that they both have higher rigour in their review process
(Aghimien et al., 2020; Zheng et al., 2016). The language of publica-
tion was also set to English, as this is the preferred language of most
journals. Based on these refined parameters, 358 documents were
found, and their bibliographic data were downloaded onto a comma-
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separated values (CSV) file and a Bibtex format for further review.
The downloaded CSV file was cleaned manually to ensure no overlaps
or missing information before proceeding with the data analyses. This
approach produced usable bibliographic data for 355 publications
(323 journal articles and 32 conference papers).

The analyses of the extracted bibliographic data were conducted
using Microsoft Excel, R-Studio and the visualisation of Similarities
Viewer Software (VOSviewer). To understand the area of focus of
these extracted documents and the trends in these research studies, a
visualisation of the mapped keywords in the documents was con-
ducted using VOSviewer Software. Also, Bibliometrix in R-Studio was
used to determine the word frequency and to create a word cloud of
the significant keywords from the extracted documents. Based on the
analysis conducted, the results were presented in terms of the perfor-
mance analysis (year, country, sources), scientific mapping (top-cited
documents), and network analysis (network visualisation). The narra-
tive review was employed to present the core information in the dif-
ferent areas discovered from the network analysis based on the
extracted data.

4 | FINDINGS AND DISCUSSIONS

4.1 | Performance analysis of NbS studies

41.1 | Documents per year

To understand the interest attracted to this area of research, the doc-
uments per year were evaluated. The results shown in Figure 2
revealed that no documents were extracted for the years 2013 and

2015, with only one for 2014. However, since 2016, there has been a
steady increase in the number of publications in this area of research.
A surge of publications occurred in 2019, with 21 documents com-
pared were the eight documents published in 2018. There has been
significant interest in this area of study during the period from 2020
to 2023. There was a reduced number of publications (n = 78) in
2023 compared with the year 2022 (n = 110) because the search was
conducted in August 2023. It was possible that more papers were
published before the end of the year. Figure 2 also shows the average
total citations (TC) per article in each year. The line graph shows that
the highest average TC per article of 110 and 125.5, was recorded in
2016 and 2017, respectively. It was not surprising to see fewer aver-
age TC per article for publications during the period 2018 to 2023.
The average TC per article in these years will increase as forthcoming

publications cite these documents.

41.2 | Documents per sources

The extracted documents originated from 96 sources. Table 1 shows
the top10 most relevant sources. It is immediately evident from the
table that all top sources were journal outlets, with the first set of arti-
cles published in 2016. This could be attributed to the earlier observa-
tion of there being more journal articles (n = 323) compared with
conference papers (n = 32). This implied that more conference gath-
erings might be needed to promote further awareness of NbS, espe-
cially among built environment experts. The result in the table
showed that the journal, Sustainability, published as an open-access
journal of MDPI, had the highest number of published documents
(nh = 83), followed by the Journal of Cleaner Production (n = 36)
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TABLE 1 Top ten sources.

Sources 2016 2017 2018 2019
Sustainability 1 1 0 2
Journal of Cleaner Production 1 2 2 1
Frontiers in Marine Science 0 0 0 0
Sustainable Cities & Society 0 0 0 1
Sustainable Mediterranean 0 0 0 5
Construction
Water Research 0 0 1 0
Building and Environment 0 0 1 0
Buildings 0 0 0 0
Journal of Flood Risk Management 0 0 0 0
Water Resources Management 0 0 1 0

Abbreviations: n, number of publications; TC, total citations.

published by Elsevier. A careful review of the scope of these journals
showed that they both encourage original research in sustainability
and the environment. Thus, it was reasonable to find more papers
about NbS being published by these journal outlets. This further rein-
forced a strong relationship between NbS and a sustainable built envi-
ronment. Further scrutiny of the most relevant sources based on their
citation counts and Hirsch index (h-index) revealed that the Journal of
(h-index = 17; TC = 1804), Sustainability
(h-index = 11; TC =501), and Sustainable Cities and Society (h-
index = 10; TC = 335) had the highest impact measure. An interest-

ing observation was that, despite having fewer publications than the

Cleaner  Production

Sustainability journal, the Journal of Cleaner Production had the highest
number of citations. This implied the possibility of the latter journal
reaching a much wider audience than others. The high impact factor
of the Journal of Cleaner Production, when compared with others,
could be another indicator for researchers to rely on its output. It is
important to note that the h-index presented in this case was based
on the impact of the extracted documents. This h-index shows the
number of NbS articles (h) published by these journals, which have
been cited in other papers at least h times. Also, the m-index shows
the h-index divided by the number of years since the first NbS-related
publication by the source. This result showed that, for NbS studies
relating to sustainable and resilient infrastructure, the sources identi-
fied would be the best references for researchers.

41.3 | Documentsand co-authorship per country

In understanding the countries from where these studies about NbS
came, and also to identify countries in which the findings of this
research could be most useful, the contributions per country were
assessed. Since it was difficult to distinguish the specific country in
which some of the extracted studies were conducted because of cross-
country and continent collaborations among authors, the countries of
the corresponding authors were explored to gain insight into where the
studies were conducted. The extracted documents came from

h- m-
2020 2021 2022 2023 n TC index index
5 32 31 11 83 501 11 1.375
6 8 10 6 36 1804 17 2.125
0 6 11 5 22 88 5 1.666
5 2 2 17 335 10 2.000
3 2 1 0 11 94 2 0.400
1 2 4 3 11 112 5 0.833
1 0 3 5 10 120 4 0.667
0 0 1 6 7 3 1 0.500
0 1 3 3 7 21 2 0.667
1 2 1 2 7 47 4 0.667

51 countries, and 18 of these countries produced only 1 document. It
was possible that these were once-off collaborations. To be certain that
a country has contributed to the existing NbS discourse, Table 2 shows
the results for countries with a minimum threshold of five documents.
At the top of the list were: China (n = 39, TC = 377), Italy (n = 29,
TC = 328), United Kingdom (n=25 TC=182), Spain (nh=22,
TC = 272), and USA (n = 20, TC = 68). An interesting outcome of this
result was the contribution of African countries to the larger NbS dis-
course in the built environment. The result showed that only four Afri-
can countries (i.e., Algeria, Egypt, Kenya, and South Africa) had authors
who had researched and published studies about NbS, which had been
indexed in the Engineering section of Scopus. In past studies,
South Africa and Kenya were also noted as major contributors to the
NbS discourse (Enu et al., 2023; Nykia & Dinka, 2022). It is emphasised
that, while other studies from the African continent might exist, the
country of affiliation of the corresponding authors might not have been
within the African continent, as in the case of many of the extracted
documents. This might have affected the number of African countries,
which was evident in the result presented.

Table 2 also shows the details of collaborations. For each country
identified, the number of documents with at least one co-author from
a different country is indicated by the figure for multiple countries
publication (MCP). On the other hand, the single country of publica-
tion (SCP) shows the number of documents that were published by
the author(s) from just one country. Thus, the result in the table shows
that all the countries identified had at least one publication that some-
one from a different country co-authored. Leading this pool of collab-
orators were China, Italy and the United Kingdom. The MCP ratio
indicates the strength of international collaboration. The closer the
ratio is to 1, the higher the international collaboration of the country
(Aria & Cuccurullo, 2017). Considering the figures in the MCP-ratio
column, it could be concluded that Ireland, Portugal, China and the
United Kingdom were among the highest international collaborating
countries. However, countries such as the USA, Poland, Canada, and
India could broaden their research activities through international
collaborations.
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Country n SCP MCP MCP ratio
China 39 20 19 0.487
Italy 29 19 10 0.345
United Kingdom 25 13 12 0.480
Spain 22 17 5 0.227
USA 20 17 3 0.150
Germany 19 11 8 0421
Australia 18 13 5 0.278
Poland 12 10 2 0.167
Netherlands 11 7 4 0.364
France 10 8 2 0.200
Portugal 9 4 5 0.556
Brazil 8 3) 5 0.625
Canada 8 7 1 0.125
Greece 8 5 3 0.375
India 6 5 1 0.167
Ireland 5 2 3 0.600

TC
377
328
182
272
68
247
211
16
185
51
36
50
86
&l
48
27

Av. art. Citations TABLE 2 Countries of publications.

9.7
11.3
7.3
124
34
13.0
11.7
1.3
16.8
51
4.0
6.2
10.8
3.9
8.0
54

Abbreviations: MCP, multiple countries publication; n, number of publications; SCP, single country of

publication.
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Further analysis illustrated in Figure 3 showed the co-authorship
relationship between these countries. The Figure shows that the
United Kingdom, which had a total link strength (TLS) of 81, strongly
collaborated with Italy, Germany, France, Greece and Ireland. With a
high TLS of 52, the USA had a strong co-authoring relationship with
China, Australia, Switzerland, Austria, India, Canada, Denmark and the

FIGURE 3 Co-authorship per
country.

belgium
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netherlands
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brazil

nomway

poland e

United Arab Emirates. A co-authoring relationship was also evident
between Spain, Netherlands, Portugal and Belgium and between
Norway, Poland, Sweden, Hungary and Brazil. These results further
reinforced the need for this current study and the opportunity for
researchers to contribute to the NbS discourse from an African per-
spective through international collaboration.
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FIGURE 4 Three-field plot of authors, countries and sources.

414 | Contributing authors

Regarding the contributing authors, the extracted documents had
1354 authors, while only 20 documents had single authorship. Wang,
Y. had the highest number of documents (n = 5) with TC of 39 and h-
index of 4. The first NbS-related paper by this author was published in
2017. Also prominent in terms of number of publications were
Bouma, T.J. (n =4, TC = 58, h-index = 3), Liu, J. (n =4, TC = 84, h-
index = 3), Schittrumpf, H. (n = 4, TC = 24, h-index = 3), and Feng,
Z. (n =4, TC = 26, h-index = 2). Figure 4 shows a three-field plot of
the countries, authors and sources. The statistics show a strong link
between the most published countries, authors and sources.

4.2 | Scientometric mapping of NbS studies

421 | Most cited documents

The citation count of an author or document is regarded as the biblio-
metric performance of the document or author and their impact on
their field of study (Hirsch, 2005). Thus, the result in Table 3 shows
the top cited documents (i.e., documents with at least 50 citations),
their TC, TC per year, and normalised TC. While some of these

documents were mostly about NbS, related areas were addressed in
others, such as green infrastructure, green economy, circular econ-
omy, urban planning, and policy, among others, with NbS being men-
tioned as either part of their keywords or in their abstracts. Studies
with a core focus on NbS as part of their titles were reported by Fink
(2016), La Rosa and Pappalardo (2020), Magliocchetti et al. (2021),
Pontee et al. (2016), Ren et al. (2019) and Wamsler et al. (2020).
These top-cited papers (n = 14) had accumulated 1838 citations with
an average TC per year of 24.4. The work of D'amato et al. (2017), in
which circular economy, green economy and bio-economy were com-
pared, was top of the list. These three aspects of sustainability were
compared and contrasted to promote the concepts of sustainability. It
was discovered that, for issues related to environmental sustainability,
a green economy could be an over-arching concept that encompasses
elements of circular and bio-economy and other ideas, such as NbS.
This document accumulated 525 citations. A review of the green
economy and its related concepts, done by Loiseau et al. (2016), also
gained 362 citations. In the study, the major theories and concepts
relating to green economy were identified and described. In so doing,
the purpose of the study was to contribute to the definitions and rela-
tionships of concepts related to green economy, as a condition for
operationalising green economy. An interesting observation from the

result shown in Table 3 is the methodology adopted by these past
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(Continued)

TABLE 3

Normalised
TC

TC/

year

TC

Approach

Focus

Source

Title

Publication

13.87

28

56

Case study

Sustainable Cities and Society Urban green infrastructure in

Urban heat island mitigation by

Marando et al.

reducing the urban heat island

effect

green infrastructure in European

Functional Urban Areas

(2022)

0.51

56

Review

The role of nature and nature-based

Sustainability (Switzerland)

Human-nature for climate action:

Fink (2016)

solutions in addressing climate

change on a city scale

Nature-based solutions for urban

sustainability

2.74

13

Case study 53

Use of sustainable urban drainage

Sustainable Cities and Society

Planning for spatial equity - A

La Rosa and

systems as a nature-based solution

to address urban issues

performance-based approach for
sustainable urban drainage

systems

Pappalardo
(2020)

2.58

51 10

Case study

The available ratio of water

Journal of Cleaner Production

A nature-based reservoir

Ren et al. (2019)

resources of natural or semi-

optimisation model for resolving

the conflict in human water

natural rivers for ecologically

feasible regions

demand and riverine ecosystem

protection

Development

studies. The result indicates an opportunity for methodological contri-
bution by built environment researchers with a focus on more quanti-
tative methods to provide empirical evidence about NbS for

sustainable built environments.

4.2.2 | Visualisation of research focus of NbS

studies

In order to determine the key areas of focus, first, the top-ten, most
common terms from the extracted bibliographic data were identified,
and a word cloud was created using the 50 most common terms, as
shown in Figure 5. These terms were: climate change (f = 82), nature-
based solution (f = 50), sustainable development (f = 44), sustainabil-
ity (f = 40), urban planning (f = 32), ecosystems (f = 30), urban area
(f = 28), water management (f = 28), floods (f = 27), decision-making
(f = 25). These common terms gave an idea of the area of concentra-
tion of the extracted NbS-related studies.

To map the research focus of the extracted publications further,
VOSviewer was adopted. All the extracted documents revealed 3256
keywords used by authors and journals during indexing. Using VOS-
viewer helped to group this large number of keywords into more
coherent clusters, using a set co-occurrence threshold. Since there is
no rule regarding the minimum threshold to be used (Aghimien
et al., 2022), a minimum co-occurrence threshold was set at eight, as
this gave the best clarity and optimisation of the visualisation map
as suggested by Darko et al. (2020). Based on the set threshold,
78 keywords co-occurred eight times, and these were grouped into
five clusters with a TLS of 3382 and 1376 links, as shown in Figure 6.

Cluster 1, arbitrarily named NbS for flood control, can be seen in
the red nodes. This cluster had 20 co-occurring keywords. Among
these keywords were: flood, flood control, flooding, flood risk man-
agement, runoff, storms, coastal protection, coastal engineering, risk
assessment, risk perception, and sea level. Based on the latent similar-
ities of these keywords, this cluster was named NbS for flood control.
NbS in combating natural disasters, such as floods, has been
highlighted in various studies. Thaler et al. (2023) explored natural
flood management to support sustainable flood risk management. It
was noted that this approach impacted physical conditions, social
interaction, financial resources and institutional settings. Also, Van
Hespen et al. (2023) assessed the role of mangrove forests as NbS in
protecting coastal areas from floods. It was noted that using NbS for
protection from coastal flooding could be both sustainable and cost-
effective. Reaney (2022) explored spatial targeting of NbS for manag-
ing flood risk in river catchments and observed that most NbS for
reducing flood hazard were designed to store and slow the flow
within catchments. For these NbS to be effective as designed, it was
necessary to identify the optimal locations for implementing them.
Also, Basu et al. (2021) proposed a theoretical framework that could
be used to assess the performance of green roofs as NbS for mitigat-
ing flooding within urban areas. It was stated that climate change,
poor soil permeability and infiltration caused by rapid urbanisation

had made many cities susceptible to flooding. Pontee et al. (2016)

35US01 SUOWIWOD) dAIERID 3ot dde auy Aq peusenob aie Sap1e WO B8N JO S3INJ 10} ARIG1T BUIUO AB|IM UO (SUOKPUOD-PLR-SLLLBIWND" A8 1M AR1q 1 BU1|UO//SANY) SUORIPUOD PUe SW L 83 88S " [F202/2T/TT] U0 ARIqIauliuo AB1IM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOM ONOH Ad SE62°PS/200T 0T/10p/Wod™A8| 1M ARe.q1Bul|Uo//SdRY WO papeojumod ‘G ‘7202 ‘6TLTE60T



4696 Sustainable ... B
—LWI LEY— Development = %« ?_

AGHIMIEN ET AL.

urban heat island

adaptive management IFan development wastewater treatment

Watel' mallagemellt cost effectiveness

FIGURE 5 Word cloud of most
common keywords.

"sesiogelation GCOSYSIBMS ‘pianromt

wetlands

green mtrastructures“ Sta I nah l I Itv

air guality
adsorption

slakeholderl i mitigation [ 1IN 0OF
coastal protection anmle cooling

water guality
ﬂ00

nature-hased solution

carhon Isreensnacesmms ec

IIiB cucle

tlevelopment
mouwersnv“ma“ nla““mgﬂood control

land use
flooding

china forestry

cost henefit analysis urhan area rISI(egsSvsslgnssesrmgnt
I IIGGISIUII makl“g sustainable development goal

economic and social effects
climate change adaptation

explored the lessons learnt from NbS applications worldwide, particu-
larly concerning coastal floods and erosion risks. It was observed that,
although created or enhanced by man, NbS adopted tended to mimic
the characteristics of natural features (hence the name). These solu-
tions include beaches, dunes, salt-marshes, mangroves, and sea
grasses, among others, and were designed either to control or to
reduce erosion and flooding. As noted earlier, NbS studies from within
Africa have also placed emphasis on the use of this concept to combat
flood risk, which has become prevalent in the continent (Enu
et al., 2023; Kalantari et al., 2018; Lokidor et al., 2023). From the per-
spective of building resilient cities, Mabrouk et al. (2023) explored the
use of NbS in urban planning in Egypt. Based on the study, it was
found that the use of NbS strategies, such as low-impact development
tools, could be very effective in reducing flood run-off. In Ghana, Yiwo
et al. (2022) also noted the need for the use of NbS to build flood
resilience and effectively manage flood risk. Considering the studies
mentioned above, in which flood risk management, mangrove forests
as NbS, spatial assessment of river catchments as NbS, and green roof
construction as NbS for reducing flooding were explored, it was evi-
dent that NbS played a crucial role in the reduction and management
of flood risk.

Cluster 2, arbitrarily named NbS in climate change and urban plan-
ning, is indicated within the green nodes (Figure 6) and had 19 key-
words. Among these keywords were: nature-based solution, climate
change, climate change adaptation, urban planning, urban growth,
urban design, urban development, adaptation, adaptive management,
and resilience, among others. This cluster was subsequently named
NbS in climate change and urban development. Zikhathile et al. (2023)
noted that the effect of climate change on earth's sustainability is dev-
astating, and this has become a growing concern for countries world-
wide. Ensuring effective planning, particularly in urban areas that are
susceptible to the adverse effects of climate change, has become criti-
cal. Pancewicz et al. (2023), in an effort to strengthen the resilience of

cities to climate change, explored the use of NbS within local

communities in Poland. It was noted that, while cities within the coun-
try were introducing sustainable urban lifestyles through NbS, the full
potential of the opportunities presented by these solutions were not
being utilised. Similarly, Matecka-ziembinska and Janicka (2022) sub-
mitted that NbS was one of the recent means of addressing climate
change through the use of the power of nature to combat the emis-
sions of greenhouse gases. However, NbS had not gained much atten-
tion in Polish municipalities because of the poor awareness and
knowledge of the concept, and this necessitated the need for effec-
tive education about this aspect of addressing climate change in the
country.

Wamsler et al. (2020) viewed NbS and climate change adaptation
from the perspective of the environment and climate policy. How
nature-based approaches were integrated into the planning and gov-
ernance of municipalities in Sweden to address climate change adap-
tation was examined in the study. It was noted that critical planning
for nature-based adaptation could be challenging, as this process
requires trans-disciplinary approaches with interaction among various
stakeholders. However, five strategies for overcoming this challenging
process were proposed, namely: “targeted stakeholder collaboration;
strategic citizen involvement; alteration of internal co-operation struc-
tures; outsourcing; and concealed science policy integration”
(Wamsler et al., 2020: 3). In South Africa, Knight (2023) explored NbS
in building coastal resilience. It was noted that coastal landforms are
green infrastructure that could reduce the impact of climate change,
while providing environmental services as intended. Within the rail-
way sector, Blackwood and Renaud (2022) explored the challenges in
the use of NbS for adaptation to climate change. It was observed that
lack of evidence, safety issues, constraints on land-use, constraints on
time, stakeholder dependencies, uncertainty in climate changes, and
limited cost-benefit analysis were all key challenges. Evidently, NbS
offered solutions to address issues of climate change, and planning
was essential if these solutions were to be incorporated into cities

and societies effectively. Matecka-ziembinska and Janicka (2022)
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FIGURE 6 Network visualisation of co-occurring keywords in NbS-related publications.

mentioned earlier that the green benefits offered by NbS, which could
address the issue of climate change, should be standard in planning of
land-use, particularly in the current human-centred era.

Cluster 3, arbitrarily named NbS in water quality and carbon emis-
sion, is presented in the blue nodes (Figure 6) and had 16 keywords.
Among these keywords, were: nature-based solution, water quality,
water treatment, waste-water treatment, water management, wet-
lands, constructed wetlands, ecosystem, ecology, blue carbon, carbon,
and carbon sequestration. This cluster was subsequently named NbS
in water quality and carbon emission. Tsatsou et al. (2023) noted that
urban centres are faced with the challenges of water management
and scarcity. This has necessitated the need for water circularity and
NbS in urban areas. To this end, a circular water NbS was proposed,
including green roofing, living walls, indoor plants, permeable paving,
rain-garden and bio-swale. To improve water delivery, particularly in

urban areas, Bogatinoska et al. (2022) noted that a participatory

approach that enables all stakeholders to congregate and share ideas
was crucial. However, diverse participatory methods have been used
in designing NbS together with stakeholders. Thus, a step-wise, partic-
ipatory framework, applied in four countries (Netherlands, Belgium,
France, and United Kingdom), was proposed in the study. In Portugal,
Freitas et al. (2021) adopted a multi-disciplinary approach in assessing
NbS for water delivery in urban areas. It was observed that old, under-
ground structures, such as ancestral networks of water sources and
springs, could benefit socio-economic, environmental and heritage
drivers of water delivery. Mufoz Veloza et al. (2022) explored two
NbS, that is, blue-green roofs and rain gardens, as means of increasing
water availability in informal settlements, while mitigating climate
change in the process. Using recycled materials, prototypes for these
two NbS were built in El Pozén, Colombia, and were observed to
improve indoor thermal comfort, while enabling easy storage of rain-

water for domestic use and cultivation of affordable food for people
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in private gardens. Based on the study, it was concluded that NbS
could be a method for dwellers in informal settlements to tackle the
effects of global warming. Also, Acreman et al. (2021), using a system-
atic review, showed that the use of NbS had the capability to improve
water quality in Africa and to address the water shortage in some
parts of the continent.

Xiao et al. (2023) also explored NbS as a means for attaining car-
bon neutrality in resilient buildings and communities. This became
necessary because the building industry has been noted as being a
principal culprit of carbon emissions, accounting for almost 40% of
CO, emissions globally. It was noted that using NbS, such as urban
trees, green roofs and facades, which are urban green infrastructures,
could be a viable means of addressing this negative impact of the
building industry on the environment. Similarly, Xi et al. (2022) noted
that NbS could prove to be effective in regulating urban ecosystems,
particularly through increased green infrastructure. In Canada, Grossi
et al. (2023) noted that urban trees absorb CO, emissions through the
process of photosynthesis. Furthermore, in the study, several parame-
ters for carbon neutrality through sequestration of tree emissions
were presented. Similarly, Xi et al. (2023) noted that transportation
was a principal contributor to urban heat islands and heat waves,
which could increase urban carbon emissions. However, these prob-
lems could be addressed through the effective use of NbS, such as
roadside green belts, which tend to block traffic-related pollutants. In
South Africa, Raw et al. (2023) explored the need for restoration to
enhance carbon sequestration. It was noted that blue carbon systems,
including mangroves, sea-grasses and salt marshes, could help to miti-
gate the impact of climate change because of their efficiency in
sequestering CO, within the atmosphere. Similarly, Masisi et al.
(2022) explored bamboo as an NbS in combating climate change in
Tanzania. The use of bamboo was explored because it is a versatile,
woody grass that can survive in degraded lands. It was concluded that
bamboo “can produce a tradable amount of carbon under carbon off-
setting schemes and serve as an effective strategy for forest land-
scape restoration opportunities” (Masisi et al., 2022: 8). The studies
mentioned above all indicate the immense usefulness of NbS in attain-
ing net zero carbon emission and improving the delivery of high-
quality water.

Cluster 4, arbitrarily named NbS for sustainable development, is
shown in the yellow nodes (Figure 6), with 11 keywords. These key-
words included: sustainability, sustainable development, circular econ-
omy, economic and social effects, life-cycle, urban sustainability,
sustainable development goal, decision-making, urban agriculture, and
economics. This cluster was subsequently named NbS for sustainable
development. Neumann and Hack (2020) noted earlier that NbS were
designed to achieve sustainability through attaining economic, social,
and environmental benefits. Ommer et al. (2022) stated that the use
of NbS had gained popularity because of its ability to provide some
co-benefits in terms of economy, society and the environment. In sup-
port, Ramisio et al. (2022) submitted that NbS takes into consideration
the wellbeing of people, the growth of socio-economic indicators and
rules of governance. Thus, introducing NbS into urban infrastructure

development created a fresh perspective on urban sustainability,

quality of life, and adaptation to climate change. Fink (2016) noted
that using NbS, such as green infrastructure, which is a cost-effective
approach to improving adaptation to climate changes and promoting
human well-being, can be effective in promoting sustainability within
societies.

Considering the economic dimension of sustainability, Loiseau
et al. (2016) explored green economy to identify major theories and
concepts relating to green economy. Based on the study, it was found
that NbS, among other frameworks, was closely related to the attain-
ment of a green economy. Di Cosola et al. (2021) explored NbS and
renewable energies in achieving the agenda of the UN's SDGs in a
quest for urban transition. It was noted that urban centres had
become synonymous with issues of unsustainability such as air
pollution, resource consumption and inequality. Thus, introducing
nature-based technologies that could help to transform these urban
centres and attain sustainable development was essential. Another
essential study was the work of Keesstra et al. (2023), in which NbS
was explored as an opportunity to attain sustainable food systems in
societies. Food production was noted to be germane to societal well-
being and ecological sustainability. To this end, three types of NbS
were observed in the study, namely: intrinsic NbS, which adopts exist-
ing ecosystems; hybrid NbS, which adapts ecosystems; and inspired
NbS, consisting of totally new ecosystems. The use of inspired NbS
was observed to have the highest impact on the attainment of sus-
tainable food production. Considering the impact of NbS on environ-
mental, societal and economic development, it was evident that
careful attention given to solutions drawn from nature could be a pos-
itive step towards achieving the SDGs in countries worldwide.

Cluster 5, arbitrarily named, NbS in green infrastructure and urbani-
sation, is shown in the purple nodes (Figure 6), with 11 keywords.
These keywords included: green infrastructure, urban area, vegeta-
tion, green space, heat island, urban heat island, urbanisation, cooling,
atmospheric temperature, and air quality. This cluster was subse-
quently named NbS in green infrastructure and urbanisation. Frantzes-
kaki et al. (2022) noted the importance of NbS for resilient
infrastructure in cities. Also, Ronchi and Salata (2022) assessed the
role of the design of urban space, using NbS in green infrastructure.
The findings of the study conducted in Italy provided opportunities to
define environmental policies and strategies that could prove to be
effective in the design of urban space and in the decision-making pro-
cess for the attainment of sustainable development goals. In propos-
ing NbS as a viable option for addressing issues of climate change in
Canada, Anderson and Gough (2022) focused on the regulatory envi-
ronmental impact analysis of green infrastructure. Based on the study,
it was noted that using NbS through green infrastructure offered an
approach to achieving the country's build-back better plan and localis-
ing the SDGs, while addressing the various impacts of climate change.
Magliocchetti et al. (2021) attempted to restore landscape ecosystems
that would benefit society significantly. To achieve this, the possibility
of forecasting green and blue infrastructures through NbS to reduce
the hydrological risk caused by climate change was explored in the
study. Based on the study conducted in two small settlements in

Argentina and Italy, a methodological tool was proposed that could
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assist in the identification of a wide range of possible interventions to
mitigate these risks through territorial and urban planning of suitable
“green and blue infrastructures” achieved through different uses of
NbS. In view of these benefits of NbS for infrastructure and urban
development, Bona et al. (2023) noted that a huge opportunity
existed for NbS to be adopted in buildings and the built environment,
but these were not prioritised because of a lack of effective monitor-
ing of the potential successful outcomes of available NbS.

423 | Visualisation of trends and direction for
future studies in NbS research

Figure 7 shows the thematic evolution of common terms within a
three-year range. While terms, such as “coastal engineering”, “biodi-
versity” and “ecology”, were common between 2014 and 2018, “cli-
mate change”, “urban area”, “bio-engineering”, “floods”, “water
management”, “cooling” and “environmental impact” were more
prominent between 2019 and 2021. From 2022 to the present, NbS
became more evident, together with risk assessment, bio-engineering,
adaptive management and water quality. This showed that the term
“NbS” has continued to gain prominence in recent studies.

Figure 8 shows the visualisation map overlay derived from VOS-
viewer. This map shows the trend in the focus of research. The map
shows only keywords that co-occurred eight times, beginning in 2020.

Based on the map, and in affirmation of the results from the thematic
evolution of common terms, it was evident that terms, such as
“floods”, “ecosystems”, “water quality and management”, “climate
change”, “urban area” and “planning”, were all prominent during the
period from 2020 to 2021. However, since 2022, there has been
more focus on: “nature-based solutions”, “adaptation”, “adaptive
management”, “greenhouse gases”, “energy utilisation”, ‘“carbon
sequestration”, and “numerical models”. These keywords are shown
in the yellow nodes of the map.

It has been noted that the closer keywords are to each other, the
higher their co-occurrence (Van Eck & Waltman, 2014). Thus, examin-
ing the occurrence and TLS of the keywords in the yellow nodes
(i.e., the recent area of focus) showed which areas were receiving ade-
quate attention and which could be researched further. Thus, areas
such as adaptation and adaptive management (f = 8, TLS = 21), car-
bon sequestration (f=8, TLS=32), numeric models (f=9,
TLS =29), energy  utilisation (f=9, TLS=40), cooling
(f=29, TLS = 47) and greenhouse gases (f = 10, TLS = 43) were all
current areas but with less attention. Therefore, the emphasis in
future studies within the built environment domain, particularly in
African countries where such studies are scant, could be placed on
these research areas to achieve a sustainable built environment
through NbS. For example, adaptive management, which entails mak-
ing decisions and necessary changes in preparedness for future cir-
cumstances based on new information and changes (United States
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Agency for International Development, 2015) has not gained signifi-
cant traction within the built environment. In construction, for
instance, where projects are unique and dynamic, adaptive manage-
ment could help to prepare and make reasonable decisions to address
unforeseen issues that might result from the delivery of such projects.
Exploring the deployment of NbS within the built environment from
the perspective of adaptive management could serve as a much-
needed solution towards addressing unexpected problems that are
common in construction projects. Also, Hutton (2021) noted that car-
bon sequestration can assist in transforming buildings from net-
negative to net-positive structures. Carbon sequestration entails cap-
turing and storing carbon dioxide from the atmosphere with the aim
of reducing climate change. The built environment has continued to
be identified in studies as a principal culprit of greenhouse gas emis-
sions through day-to-day use of energy for lighting, heating and cool-
ing, as well as the use of energy in material manufacturing,
transportation and construction (Budds, 2019). This has made this
industry unsustainable in many countries around the world. As the
African continent begins to grasp the issue of climate change and sev-
eral agendas for adapting and mitigating its adverse effects (Dupar
et al, 2023), future studies, therefore, could be undertaken within
African countries to explore how the implementation of NbS from the

onset could help to address issues of greenhouse gas emission, pro-
mote energy usage and carbon sequestration to achieve carbon neu-
trality within buildings and society as a whole. This was important
because the findings of the review conducted showed only two stud-
ies (Masisi et al., 2022; Raw et al., 2023) from within Africa, in which
carbon sequestration was explored from the perspective of NbS. Fur-
thermore, since the concept of NbS fairly new within the built envi-
ronment, researchers could focus on developing and refining
numerical models that could provide accurate predictions of the per-
formance of NbS implementations. These models could contribute to
a better understanding of how NbS interacts with various sustainabil-
ity factors. This understanding, in turn, would enable informed
decision-making and the formulation of more effective strategies to
enhance resilience against climate risks in African countries and

beyond.

4.3 | Implication of the findings

The findings of the review of extant literature showed a lack of ade-
quate research about NbS within the built environment in Africa. In
previous NbS-related studies within the continent, the need has also

35US01 SUOWIWOD) dAIERID 3ot dde auy Aq peusenob aie Sap1e WO B8N JO S3INJ 10} ARIG1T BUIUO AB|IM UO (SUOKPUOD-PLR-SLLLBIWND" A8 1M AR1q 1 BU1|UO//SANY) SUORIPUOD PUe SW L 83 88S " [F202/2T/TT] U0 ARIqIauliuo AB1IM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOM ONOH Ad SE62°PS/200T 0T/10p/Wod™A8| 1M ARe.q1Bul|Uo//SdRY WO papeojumod ‘G ‘7202 ‘6TLTE60T



AGHIMIEN ET AL.

Sustainable

Development e ’%ﬂ :LWI ]_.]_:'.YJﬂ

emphasised for more studies that will lead to the improved use of this
beneficial concept and to supplement findings from studies already
conducted in other developed countries (Lokidor et al., 2023; Nykia &
Dinka, 2022). Thus, by exploring past studies from a global perspec-
tive, the findings of the current study offer researchers within the
African continent other areas that can be explored with a view to pro-
moting the NbS discourse and contributing significantly to the attain-
ment of a sustainable built environment. Also, the results showed that
there were limited international collaborations on NbS research from
an African perspective, as developed countries tend to collaborate
with each other to a greater extent. This reflected the limited aware-
ness of NbS on the African continent. To address this trend, there is a
need for researchers to enhance collaborations with other scholars
globally to share ideas, research techniques and cultural orientations
regarding the ways in which NbS could be deployed. Through effec-
tive collaborations, researchers and scholars on the continent could
leverage the distributed intelligence of other leading scholars on best
practices and current trends of NbS in addressing global issues.
Another approach to promote NbS research in Africa would be to
arrange more NbS-related conferences, workshops, technical working
groups, symposiums and seminars constantly to increase the scholarly
and practical discussions about ways to maximise the potential of nat-
ural systems to address climate change and other major challenges.
Through these events, African scholars would be presented with
opportunities to network with leading professionals from academia
and practising professionals, which could encourage the widespread
adoption of NbS knowledge at a continental level in addressing envi-
ronmental, social and economic challenges. Moreover, these opportu-
nities would provide built environment professionals, decision-makers
and communities with information on how and where to apply NbS
and measure their numerous benefits.

Figure 9 shows a summary of the focus of NbS research and sug-
gestions for future studies. By exploring the concept of NbS in the
context of the built environment, from a global perspective, several
implications could be drawn from the various clusters of keywords
identified from past studies. In the first focus area of research, where
NbS for flood control was examined, the potential of incorporating
natural features, such as mangrove forests and green roofs, into flood
risk management was emphasised. Considering the continuous issue
of flooding that has afflicted some African countries, exploring NbS
for effective flood management is crucial. While several studies in
Africa have focused on NbS for flood risk management, as evident
in the first cluster presented, built environment experts should con-
sider holistic management approaches that encompass physical condi-
tions, social interactions, financial resources and institutional settings
that can assist in effectively managing the envisaged risk associated
with flooding and its impact on built infrastructure. The second focus
area of research identified, which entailed climate change and urban
planning, underscored the role of NbS in fostering resilient urbanisa-
tion. Evidently, African countries face similar problems to the rest of
the world in terms of adverse climatic changes. Therefore, there is a
need for decision-makers, policymakers, and urban planners to priori-

tise the integration of NbS strategies to enhance the capacity of cities

to adapt to the impacts of climate. Nykia and Dinka (2022) noted the
need to overhaul institutions and policies to use NbS effectively
within African cities. Moreover, the alignment of sustainability goals
with urban infrastructure signified the potential for NbS to shape
urban landscapes that promote ecological and human well-being.

In the third focus area of research, the potential use of NbS to
improve urban water systems and mitigate carbon emissions by inte-
grating natural systems, such as constructed wetlands and urban
trees, was highlighted. This reinforced the need to make the transition
towards more ecologically conscious and sustainable urban develop-
ment paradigms within the built environment. With the water short-
age and drought being persistent issues among many African
countries (UNICEF, 2023), designs, methods and technologies that are
aligned with nature cannot be overlooked. Practitioners and stake-
holders involved in the delivery of water infrastructure in these coun-
tries could draw firstly from the opportunities in nature to address
their water-related problems even before seeking assistance from
other approaches. These could include encouraging the construction
of blue-green roofs, living walls, indoor plants, and permeable paving,
among others, as observed by Tsatsou et al. (2023). The fourth focus
area of research (i.e., sustainable development) underscored the triple
bottom-line benefits of NbS. The integration of economic, social and
environmental co-benefits suggested that urban development strate-
gies in Africa should prioritise NbS to achieve sustainable and inclu-
sive growth. The fifth focus area of research, in which the potential
use of NbS to mitigate urban heat effects and improve air quality was
highlighted, implied that built environment practitioners could priori-
tise the integration of green infrastructure and vegetated spaces to
counteract heat island effects and enhance urban liveability. The
importance of green infrastructure in the African continent is gradu-
ally gaining recognition, with priority being given to this type of infra-
structure by African leaders with a focus on achieving zero land
degradation and restoring catchment and coastal ecosystems (Dupar
et al., 2023). Thus, built environment experts involved in delivering
infrastructure must also prioritise green properties.

The emergence of these five focus areas of research underlined
the inter-disciplinary nature of existing research about NbS. Thus, to
realise the potential of NbS adequately in the built environment in
Africa, there is a need for effective and efficient collaboration among
ecologists, engineers, policymakers, sociologists, urban planners and
other relevant stakeholders. These cross-disciplinary collaborations
could foster innovative approaches that address the complex chal-
lenges faced by urban environments holistically. This is essential, as
the importance of a participatory and multidisciplinary approach in
developing appropriate NbS to effectively address key climatic and
ecological issues has been noted in past studies (Bogatinoska et al.,
2022; Freitas et al., 2021). The implication of these findings was that
researchers seeking to make more meaningful contributions to the
existing discourse about NbS for a sustainable built environment in
Africa would benefit more from a cross-disciplinary research
approach. Furthermore, these five areas of research offer the oppor-
tunity to consolidate knowledge and its effective transfer. Educational

initiatives targeted at communities, urban planners, local governments
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and other stakeholders within the built environment could be used to
facilitate the dissemination of best practices and lessons learned from
these different areas of research in past studies. These initiatives
could greatly assist in bridging the gap between research outcomes
and practical implementation. Also, these five areas of research, iden-
tified in this study, provide valuable insight into policy formulation
and implementation. Policymakers and other stakeholders within the
built environment could leverage the findings to devise targeted strat-
egies that foster the incorporation of NbS within plans to adapt to cli-
mate, sustainability frameworks and urban planning regulations. In
addition, the areas of research identified in this study provide a robust
foundation for establishing long-term monitoring and evaluation
mechanisms for NbS projects. By categorising projects according to
their clusters, policymakers and researchers could assess the effec-
tiveness and impact of different NbS interventions over time, refining
strategies and maximising potential outcomes.

5 | CONCLUSION AND
RECOMMENDATIONS

The current issues afflicting the African continent, such as devastating
droughts, rising sea levels, population displacements, water scarcity,
and changing weather patterns, among others, are expected to be
exacerbated by climate change in the coming decades. With the popu-
lation of the continent projected to increase by another billion people
by 2050, the adoption of NbS could play a crucial role in mitigating
the impacts of climate change. Additionally, NbS could contribute to
strengthening communities, boosting local economies and ensuring
the preservation of ecosystem services and biodiversity. This impor-
tance of NbS towards combating issues of climate change has led to

an emerging popularity of the concept among researchers in both

NbS in climate
change & urban
2 planning

sustainable
development

Area for
further studies

Summary of NbS research focus and suggestions for future studies.

developed and developing countries. However, it has been noted that
few studies about NbS have emerged within the African continent,
and the need for financial support for researchers to explore this area
has been noted. Thus, exploring existing NbS studies from a global
perspective to provide direction for NbS research that is specific to
Africa and to augment the existing studies emerging from the conti-
nent was deemed to be timely. Therefore, in this study, a case was
made for NbS for a sustainable built environment in Africa by identify-
ing scholarly connections, performance, and trends within past NbS
studies and determining a future direction for research about
NbS within the built environment in African countries.

Based on the findings, it was concluded in this article that litera-
ture regarding the use of NbS within the built environment in Africa is
scant, and there are limited external collaborations about NbS
research from an African perspective. It was also concluded that the
concepts of NbS have been explored from five major perspectives,
namely: flood risk management; climate change and urban planning;
water quality and carbon emission; sustainable development; and
green infrastructure and urban development. These clusters offer
opportunities for more contributions from researchers within the built
environment in Africa. Significant contributions can be made to the
existing NbS discourse by exploring NbS for sustainable built infra-
structure in relation to any of these identified focus areas of research.
Based on the trend in existing studies, it was also concluded that, in
comparison with the other areas of research, less focus has been
placed on carbon sequestration, greenhouse gases, energy utilisation,
indoor comfort and numeric models for the use of NbS. Again, these
areas offer opportunities for researchers within the built environment
to contribute to NbS implementation in Africa.

Practically, the findings of this study lead to key synergistic rec-
ommendations to help to scale up research and the deployment of

NbS throughout the continent, and the need for aggressive action to
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deploy the concept cannot be over-stated. The acceptance and imple-
mentation of NbS require a collective approach because the govern-
ment (federal, state and local), experts, partners and agencies, all have
a role to play. Adequate knowledge and awareness of NbS created
through research would create a future where natural infrastructure
becomes the preferred option to combat climate change, build resilient
infrastructure and create prosperous communities. Thus, there is a
need for more financial support for researchers in the built environ-
ment who are willing to explore NbS within the African continent.
Governments and research institutions in diverse African countries
could champion this by prioritising and investing in research and
development designed to improve the use of NbS. Similarly, built envi-
ronment researchers should explore international collaboration to
broaden their understanding of the concept of NbS and use this
knowledge to explore their local context. To further promote NbS for
a sustainable built environment, there is a need for more conferences,
workshops, technical working groups, symposiums and seminars orga-
nised by organisations and institutions within the continent to explore
NbS for local problems. These programmes would help grow the
scholarly and practical discussions about ways to maximise NbS sys-
tems that would address the turbulent climate problems of the conti-
nent. Theoretically, this study provides a foundation upon which
empirical studies can build to promote the knowledge and deployment
of NbS in Africa. As a limitation, care must be taken in generalising the
results of this study, as the data used were obtained solely from
the Scopus database. Although significant commonalities exist
between Scopus and other platforms, future studies could go further
to deploy other databases to obtain a broader view of NbS research
and provide direction for research about the built environment in
Africa. Future studies could also combine several databases to com-
pare results with this study, thus allowing inferences and theories to
be drawn. Furthermore, the Scopus database is updated regularly,
which means that the number of articles identified might increase

when this article is published.

ORCID

Douglas Aghimien "= https://orcid.org/0000-0002-6661-5679
John Aliu "= https://orcid.org/0000-0001-5651-4009

Daniel W. M. Chan "' https://orcid.org/0000-0001-8297-3006
Clinton Aigbavboa " https://orcid.org/0000-0003-2866-3706
Bankole Awuzie "= https://orcid.org/0000-0003-3371-191X
REFERENCES

Acreman, M., Smith, A., Charters, L, Opperman, J., Acreman, S.,
Edwards, F., Sayers, P., & Chivava, F. (2021). Evidence for the effec-
tiveness of nature-based solutions to water issues in Africa. Environ-
mental Research Letters, 16, 1-18.

Aghimien, D. O., Aigbavboa, C. O., Oke, A. E., Edward, D. J,
Thwala, W. D., & Roberts, C. (2022). Dynamic capabilities for digitalisa-
tion in the AECO sector - A sciento-metric review. Engineering, Con-
struction and Architectural Management, 29(4), 1585-1608.

Aghimien, D. O., Aigbavboa, C. O., Oke, A. E., & Thwala, W. D. (2020).
Mapping out research focus for robotics and automation research in
construction-related studies: A bibliometric approach. Journal of Engi-
neering, Design and Technology, 18(5), 1063-1079.

Sustainable ., "a B 708
Development Y 0 %,y E—WI LEYJ_

Alsaafin, L. (2023). Morocco quake updates: Death toll near 3,000 as rescuers
reach more towns. AlJazeera Available at: https://www.aljazeera.com/
news/liveblog/2023/9/12/morocco-earthquake-live-hope-fades-for-
finding-survivors

Anderson, V., & Gough, W. A. (2022). Enabling nature-based solu-
tions to build back better - An environmental regulatory impact
analysis of green infrastructure in Ontario Canada. Buildings,
12(1), 1-20.

Aria, M., & Cuccurullo, C. (2017). Biblioshiny - Biblio-metrix for non-coders.
Biblioshiny Available Online: https://bibliometrix.org/biblioshiny/
assets/player/KeynoteDHTMLPlayer.html#0

Basu, A. S., Pilla, F., Sannigrahi, S., Gengembre, R., Guilland, A., & Basu, B.
(2021). Theoretical framework to assess green roof performance in
mitigating urban flooding as a potential nature-based solution. Sustain-
ability, 13(23), 1-34.

Blackwood, L., & Renaud, F. G. (2022). Barriers and tools for implementing
nature-based solutions for rail climate change adaptation. Transporta-
tion Research Part D: Transport and Environment, 113, 1-18.

Bogatinoska, B., Lansu, A., Hugé, J., & Dekker, S. C. (2022). Participatory
design of nature-based solutions: Usability of tools for water profes-
sionals. Sustainability, 14(9), 1-19.

Bona, S., Silva-Afonso, A., Gomes, R., Matos, R., & Rodrigues, F. (2023).
Nature-based solutions in urban areas: A European analysis. Applied
Sciences, 13, 1-26.

Bridges, T. S., King, J. K, Simm, J. D., Beck, M. W.,, Collins, G,
Lodder, Q., & Mohan, R. K. (2021). Overview: International guidelines on
natural and nature-based features for flood risk management. Engineer-
ing With Nature. https://doi.org/10.21079/11681/41945

Budds, D. (2019). How do buildings contribute to climate change? Curbed
Available at:  https://archive.curbed.com/2019/9/19/20874234/
buildings-carbon-emissions-climate-change

Chen, G., & Xiao, L. (2016). Selecting publication keywords for domain
analysis in biblio-metrics: A comparison of three methods. Journal of
Informetrics, 10, 212-223.

D'amato, D., Droste, N., Allen, B., Kettunen, M., Lihtinen, K., Korhonen, J.,
Leskinen, P., Matthies, B. D., & Toppinen, A. (2017). Green, circular,
bio economy: A comparative analysis of sustainability avenues. Journal
of Cleaner Production, 168, 716-734.

Darko, A., Chan, A. P. C., Adabre, M. A, Edwards, D. J., Hosseini, M. R., &
Ametwa, E. E. (2020). Artificial intelligence in the AEC industry:
Sciento-metric analysis and visualisation of research activities. Auto-
mation in Construction, 112, 1-19.

Davies, R. (2023). South Africa - Homes destroyed, lives lost after floods in
KwaZulu-Natal province. Floodlist Available at: https://floodlist.com/
africa/south-africa-floods-kwazulu-natal-june-2023#:~:text=Brings%
20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%
20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%
20KwaZulu%2DNatal%20Provinceandtext=Several%20people%
20have%20lost%20their,began%200n%2027%20June%202023

De Bellis, N. (2009). Biblio-metrics and citation analysis: From the science
citation index to cyber-metrics. Scarecrow Press.

Di Cosola, V. O., Olivieri, F., Olivieri, L., & Sanchez-Reséndiz, J. A. (2021).
Towards urban transition: Implementing nature-based solutions and
renewable energies to achieve the sustainable development goals
(SDG). TECHNE, 2, 102-105.

Diep, L., Mulligan, J., Oloo, M. A., Guthmann, L., Raido, M., & Ndezi, T.
(2022). Co-building trust in urban nature: Learning from participatory
design and construction of nature-based solutions in informal settle-
ments in East Africa. Frontiers in Sustainable Cities, 4, 1-20.

Dinther, M., Dochy, F., & Segers, M. (2011). Factors affecting students'
self-efficacy in higher education. Educational Research Review, 6,
95-108.

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M. (2021).
How to conduct a biblio-metric analysis: An overview and guidelines.
Journal of Business Research, 133, 285-296.

35US01 SUOWIWOD) dAIERID 3ot dde auy Aq peusenob aie Sap1e WO B8N JO S3INJ 10} ARIG1T BUIUO AB|IM UO (SUOKPUOD-PLR-SLLLBIWND" A8 1M AR1q 1 BU1|UO//SANY) SUORIPUOD PUe SW L 83 88S " [F202/2T/TT] U0 ARIqIauliuo AB1IM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOM ONOH Ad SE62°PS/200T 0T/10p/Wod™A8| 1M ARe.q1Bul|Uo//SdRY WO papeojumod ‘G ‘7202 ‘6TLTE60T


https://orcid.org/0000-0002-6661-5679
https://orcid.org/0000-0002-6661-5679
https://orcid.org/0000-0001-5651-4009
https://orcid.org/0000-0001-5651-4009
https://orcid.org/0000-0001-8297-3006
https://orcid.org/0000-0001-8297-3006
https://orcid.org/0000-0003-2866-3706
https://orcid.org/0000-0003-2866-3706
https://orcid.org/0000-0003-3371-191X
https://orcid.org/0000-0003-3371-191X
https://www.aljazeera.com/news/liveblog/2023/9/12/morocco-earthquake-live-hope-fades-for-finding-survivors
https://www.aljazeera.com/news/liveblog/2023/9/12/morocco-earthquake-live-hope-fades-for-finding-survivors
https://www.aljazeera.com/news/liveblog/2023/9/12/morocco-earthquake-live-hope-fades-for-finding-survivors
https://bibliometrix.org/biblioshiny/assets/player/KeynoteDHTMLPlayer.html#0
https://bibliometrix.org/biblioshiny/assets/player/KeynoteDHTMLPlayer.html#0
https://doi.org/10.21079/11681/41945
https://archive.curbed.com/2019/9/19/20874234/buildings-carbon-emissions-climate-change
https://archive.curbed.com/2019/9/19/20874234/buildings-carbon-emissions-climate-change
https://floodlist.com/africa/south-africa-floods-kwazulu-natal-june-2023%23:%7e:text=Brings%20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%20KwaZulu%2DNatal%20Provinceandtext=Several%20people%20have%20lost%20their,began%20on%2027%20June%202023
https://floodlist.com/africa/south-africa-floods-kwazulu-natal-june-2023%23:%7e:text=Brings%20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%20KwaZulu%2DNatal%20Provinceandtext=Several%20people%20have%20lost%20their,began%20on%2027%20June%202023
https://floodlist.com/africa/south-africa-floods-kwazulu-natal-june-2023%23:%7e:text=Brings%20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%20KwaZulu%2DNatal%20Provinceandtext=Several%20people%20have%20lost%20their,began%20on%2027%20June%202023
https://floodlist.com/africa/south-africa-floods-kwazulu-natal-june-2023%23:%7e:text=Brings%20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%20KwaZulu%2DNatal%20Provinceandtext=Several%20people%20have%20lost%20their,began%20on%2027%20June%202023
https://floodlist.com/africa/south-africa-floods-kwazulu-natal-june-2023%23:%7e:text=Brings%20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%20KwaZulu%2DNatal%20Provinceandtext=Several%20people%20have%20lost%20their,began%20on%2027%20June%202023
https://floodlist.com/africa/south-africa-floods-kwazulu-natal-june-2023%23:%7e:text=Brings%20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%20KwaZulu%2DNatal%20Provinceandtext=Several%20people%20have%20lost%20their,began%20on%2027%20June%202023
https://floodlist.com/africa/south-africa-floods-kwazulu-natal-june-2023%23:%7e:text=Brings%20Heavy%20Rain-,South%20Africa%20%E2%80%93%20Homes%20Destroyed%2C%20Lives%20Lost%20After,Floods%20in%20KwaZulu%2DNatal%20Provinceandtext=Several%20people%20have%20lost%20their,began%20on%2027%20June%202023

AGHIMIEN ET AL.

4704 Sustainable 4., A H
_l_Wl LEY_ Development N "/)Iﬁ" E

Dupar, M., Henriette, E., & Hubbard, E. (2023). Nature-based green infra-
structure: A review of African experience and potential. ODI Report.

Enu, K. B., Zingraff-Hamed, A., Rahman, M. A,, Stringer, L. C., & Pauleit, S.
(2023). Potential of nature-based solutions to mitigate hydro-
meteorological risks in sub-Saharan Africa. Natural Hazards and Earth
System Sciences, 23(2), 481-505.

European Commission. (2021). Evaluating the impact of nature-based solu-
tions: A handbook for practitioners. Publications Office of the European
Union.

Federal Emergency Management Agency, FEMA. (2021). Building commu-
nity resilience with nature-based solutions: A guide for local officials. Fed-
eral Emergency Management Agency Available at: https://www.fema.
gov/sites/default/files/documents/fema_riskmap-nature-based-
solutions-guide_2021.pdf

Fink, H. S. (2016). Human-nature for climate action: Nature-based solu-
tions for urban sustainability. Sustainability, 8(3), 1-21.

Frantzeskaki, N., Mahmoud, I. H., & Morello, E. (2022). Nature-based solu-
tions for resilient and thriving cities: Opportunities and challenges for
planning future cities. Contemporary Urban Design Thinking Part, F4,
3-17.

Freitas, L., Afonso, M. J. Devy-Vareta, N., Pereira, A. J. S. C,
Carvalho, J. M., Chaminé, H. I. (2021). Groundwater vulnerability
mapping and ancestral systems of water galleries (Porto Urban
Area, NW Portugal): A Design on Nature-Based Solutions. In M.
Abrunhosa, A. Chambel, S. Peppoloni, & H. I. Chaminé (Eds.),
Advances in geoethics and groundwater management : Theory and
practice for a sustainable development. Advances in science, technol-
ogy & innovation. Springer.

Garfi, M., Flores, L., & Ferrer, |. (2017). Life cycle assessment of wastewa-
ter treatment systems for small communities: Activated sludge, con-
structed wetlands and high-rate algal ponds. Journal of Cleaner
Production, 161, 211-219.

Giombini, V., & Thorn, J. P. R. (2022). Urban green spaces in a
post-apartheid city: Challenges and opportunities for nature-based
solutions. In I. Misiune, D. Depellegrin, & L. Egarter Vigl (Eds.), Human-
nature interactions. Springer. https://doi.org/10.1007/978-3-031-
01980-7_17

Global Centre on Adaptation. (2022). State and trends in adaptation report.
Global Centre on Adaptation Available at: https://gca.org/wp-
content/uploads/2023/01/GCA_State-and-Trends-in-Adaptation-
2022 _Climate-Risks-in-Africa.pdf

Goodwin, S., Olazabel, M., Castro, A. J., & Pascual, U. (2023). Global map-
ping of urban nature-based solutions for climate change adaptation.
Nature Sustainability, 6, 458-469.

Grossi, F., Ge, H., Zmeureanu, R., & Baba, F. (2023). Feasibility of planting
trees around buildings as a nature-based solution of carbon
sequestration - An LCA approach using two case studies. Buildings,
13(1), 1-26.

Guz, A. N., & Rushchitsky, J. J. (2009). Scopus: A system for the evaluation
of scientific journals. International Applied Mechanics, 45(4), 351-362.

Hayes, A. T., Jandaghian, Z., Lacasse, M. A., Gaur, A, Lu, H., Laouadi, A.,
Ge, H., & Wang, L. (2022). Nature-based solutions (NBSS) to mitigate
urban heat Island (UHI) effects in Canadian cities. Buildings, 12(7), 925.

Henry, M., Bauwens, T., Hekkert, M., & Kirchherr, J. (2020). A typology
of circular start-ups: Analysis of 128 circular business models. Journal
of Cleaner Production, 245, 1-18.

Hirsch, J. (2005). An index to quantify an individual's scientific research
output. Proceedings of the National Academy of Sciences, 102(46),
16569-16572.

Hovis, M., Hollinger, J. C., Cubbage, F., Shear, T., Doll, B., Kurki-Fox, J. J.,
Line, D., Fox, A., Baldwin, M., Klondike, T., & Lovejoy, M. (2021). Natu-
ral infrastructure practices as potential flood storage and reduction for
farms and rural communities in the North Carolina coastal plain. Sus-
tainability, 13(16), 9309.

Hutton, P. C. (2021). 3 advances in sequestering carbon in the built environ-
ment. Sustainable Brands Available at: https://sustainablebrands.com/
read/product-service-design-innovation/3-advances-in-sequestering-
carbon-in-the-built-environment

International Union for Conservation of Nature, [IUCN. (2020). The IUCN
global standard for nature-based solutions (1st ed.). IUCN Available at:
www.iucn.org/resources/publication/iucn-global-standard-nature-
based-solutions-first-edition

Jordan, P., & Frohle, P. (2022). Bridging the gap between coastal engineering
and nature conservation? Journal of Coastal Conservation, 26(4), 1-39.

Kalantari, Z., Ferreira, C. S. S., Keesstra, S., & Destouni, G. (2018). Nature-
based solutions for flood-drought risk mitigation in vulnerable urbanis-
ing parts of East-Africa. Current Opinion in Environmental Science and
Health, 5, 73-78.

Keesstra, S., Veraart, J., Verhagen, J., Visser, S., Kragt, M., Linderhof, V.,
Appelman, W., van den Berg, J., Deolu-Ajayi, A., & Groot, A. (2023).
Nature-based solutions as building blocks for the transition towards
sustainable climate-resilient food systems. Sustainability, 15(5), 1-20.

Knight, J. (2023). Nature-based solutions for coastal resilience in
South Africa. South African Geographical Journal, 1-30.

La Rosa, D., & Pappalardo, V. (2020). Planning for spatial equity - a
performance-based approach for sustainable urban drainage systems.
Sustainable Cities and Society, 53, 1-14.

Lafortezza, R., Chen, J., Van Den Bosch, C. K., & Randrup, T. B. (2018).
Nature-based solutions for resilient landscapes and cities. Environmen-
tal Research, 165, 431-441.

Lin, Y., Wang, Z., Jim, C. Y., Li, J., Deng, J., & Liu, J. (2020). Water as an
urban heat sink: Blue infrastructure alleviates urban heat Island effect
in mega-city agglomeration. Journal of Cleaner Production, 262, 1-8.

Loiseau, E., Saikku, L., Antikainen, R. Droste, N., Hansjurgens, B.,
Pitkanen, K., Leskinen, P., Kuikman, P., & Thomsen, M. (2016). Green
economy and related concepts: An overview. Journal of Cleaner Pro-
duction, 139, 361-371.

Lokidor, P. L., Taka, M., Lashford, C., & Charlesworth, S. (2023). Nature-
based solutions for sustainable flood management in East Africa. Jour-
nal of Flood Risk Management, 1-14.

Mabrouk, M., Han, H., Fan, C., Abdrabo, K. I, Shen, G., Saber, M.,
Kantoush, S. A, & Sumi, T. (2023). Assessing the effectiveness of
nature-based solutions-strengthened urban planning mechanisms in
forming flood-resilient cities. Journal of Environmental Management,
344,1-18.

Magliocchetti, M., Adinolfi, V., Viccione, G., Grimaldi, M., & Fasolino, I.
(2021). Small rivers and landscape NbS to mitigate flood risk. Sustain-
able Mediterranean Construction, 5, 32-36.

Matecka-ziembinska, E., & Janicka, I. (2022). Nature-based solutions in
Poland against climate change. Energies, 15(1), 1-20.

Marando, F., Heris, M. P., Zulian, G., Udias, A. Mentaschi, L.,
Chrysoulakis, N., Parastatidis, D., & Maes, J. (2022). Urban heat Island
mitigation by green infrastructure in European functional urban areas.
Sustainable Cities and Society, 77, 1-15.

Masisi, B., Zabel, A, Blaser, J., & Augustino, S. (2022). Fighting climate
change with bamboo in Africa: The case of Kyela, Rungwe and Mufindi
districts - Tanzania. Advances in Bamboo, 1, 1-10.

Mufioz Veloza, M. A., Dadati, M. C., Giordano, R., & Savio, L. (2022). Water
security: The "new normality” of informal settlements. Nature-based
solutions as sustainable mitigation and adaptation strategies. Vitruvio,
7(1), 62-77.

Neumann, V. A., & Hack, J. (2020). A methodology of policy assessment at
the municipal level: Costa Rica's readiness for the implementation of
nature-based-solutions for urban stormwater management. Sustain-
ability, 12(1), 1-38.

Nykia, J., & Dinka, M. O. (2022). Integrated approaches to nature-based
solutions in Africa: Insights from a biblio-metric analysis. Nature-Based-
Solutions, 2, 1-11.

35US01 SUOWIWOD) dAIERID 3ot dde auy Aq peusenob aie Sap1e WO B8N JO S3INJ 10} ARIG1T BUIUO AB|IM UO (SUOKPUOD-PLR-SLLLBIWND" A8 1M AR1q 1 BU1|UO//SANY) SUORIPUOD PUe SW L 83 88S " [F202/2T/TT] U0 ARIqIauliuo AB1IM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOM ONOH Ad SE62°PS/200T 0T/10p/Wod™A8| 1M ARe.q1Bul|Uo//SdRY WO papeojumod ‘G ‘7202 ‘6TLTE60T


https://www.fema.gov/sites/default/files/documents/fema_riskmap-nature-based-solutions-guide_2021.pdf
https://www.fema.gov/sites/default/files/documents/fema_riskmap-nature-based-solutions-guide_2021.pdf
https://www.fema.gov/sites/default/files/documents/fema_riskmap-nature-based-solutions-guide_2021.pdf
https://doi.org/10.1007/978-3-031-01980-7_17
https://doi.org/10.1007/978-3-031-01980-7_17
https://gca.org/wp-content/uploads/2023/01/GCA_State-and-Trends-in-Adaptation-2022_Climate-Risks-in-Africa.pdf
https://gca.org/wp-content/uploads/2023/01/GCA_State-and-Trends-in-Adaptation-2022_Climate-Risks-in-Africa.pdf
https://gca.org/wp-content/uploads/2023/01/GCA_State-and-Trends-in-Adaptation-2022_Climate-Risks-in-Africa.pdf
https://sustainablebrands.com/read/product-service-design-innovation/3-advances-in-sequestering-carbon-in-the-built-environment
https://sustainablebrands.com/read/product-service-design-innovation/3-advances-in-sequestering-carbon-in-the-built-environment
https://sustainablebrands.com/read/product-service-design-innovation/3-advances-in-sequestering-carbon-in-the-built-environment
http://www.iucn.org/resources/publication/iucn-global-standard-nature-based-solutions-first-edition
http://www.iucn.org/resources/publication/iucn-global-standard-nature-based-solutions-first-edition

AGHIMIEN ET AL.

Olawumi, T. O., & Chan, D. W. M. (2018). A sciento-metric review of
global research on sustainability and sustainable development. Journal
of Cleaner Production, 183, 231-250.

Ommer, J., Bucchignani, E., Leo, L. S., Kalas, M., Vrani¢, S., Debele, S.,
Kumar, P., Cloke, H. L., & Di Sabatino, S. (2022). Quantifying co-
benefits and disbenefits of nature-based solutions targeting disaster
risk reduction. International Journal of Disaster Risk Reduction, 75(7),
1-10.

Pancewicz, A., Bednarz, D., Drozdz, D., Marszot, M., & Suchy, N. (2023).
The use of nature-based solutions in the adaptation of large polish cit-
ies to climate change and energy transformation: A comparative analy-
sis. Energies, 16(13), 1-18.

Pearlmutter, D., Theochari, D., Nehls, T., Pinho, P., Piro, P., Korolova, A.,
Papaefthimiou, S., Mateo, M. C. G., Calheiros, C., Zluwa, ., Pitha, U.,
Schosseler, P., Florentin, Y., Ouannou, S., Gal, E., Aicher, A., Arnold, K.,
Igondova, E., & Pucher, B. (2020). Enhancing the circular economy
with nature-based solutions in the built urban environment: Green
building materials, systems and sites. Blue-Green Systems, 2(1), 46-72.

Pereira, P., Yin, C., & Hau, T. (2023). Nature-based solutions, ecosystem
services, disservices, and impacts on well-being in urban environ-
ments. Current Opinion in Environmental Science and Health, 33, 1-7.

Pontee, N., Narayan, S., Beck, M. W., & Hosking, A. H. (2016). Nature-
based solutions: Lessons from around the world. Proceedings of the
Institution of Civil Engineers: Maritime Engineering, 169(1), 29-36.

Ramisio, P. J., Brito, R. S., & Beceiro, P. (2022). Accessing synergies and
opportunities between nature-based solutions and urban drainage sys-
tems. Sustainability, 14(24), 1-19.

Raw, J. L., Niekerk, L. N., Chauke, O., Mbatha, H., Riddin, T., & Adams, J. B.
(2023). Blue carbon sinks in South Africa and the need for restoration
to enhance carbon sequestration. Science of the Total Environment,
859,1-12.

Reaney, S. M. (2022). Spatial targeting of nature-based solutions for flood
risk management within river catchments. Journal of Flood Risk Man-
agement, 15(3), 1-12.

Ren, K., Huang, S., Huang, Q., Wang, H., Leng, G., Cheng, L., Fang, W., &
Li, P. (2019). A nature-based reservoir optimisation model for resolving
the conflict in human water demand and riverine ecosystem protec-
tion. Journal of Cleaner Production, 231, 406-418.

Reuters. (2023). South Africa's Johannesburg feels tremors after 5.0 magni-
tude quake. Reuters Available at: https://www.reuters.com/world/
africa/safricas-johannesburg-feels-tremors-after-50-magnitude-
quake-2023-06-11/

Ronchi, S., Arcidiacono, A., & Pogliani, L. (2020). Integrating green infra-
structure into spatial planning regulations to improve the performance
of urban ecosystems. Insights from an lItalian case study. Sustainable
Cities and Society, 53, 1-12.

Ronchi, S., & Salata, S. (2022). Insights for the enhancement of urban bio-
diversity using nature-based solutions: The role of urban spaces in
green infrastructures design. Contemporary Urban Design Thinking Part,
F4,47-68.

Sguazzin, A. (2022). Climate-driven weather disasters across a dozen African
countries to Worsen in 2023. African Briefing Available at: https://
www.businesslive.co.za/bloomberg/news/2022-12-23-climate-
driven-weather-disasters-across-a-dozen-african-countries-to-
worsen-in-2023/

Statista. (2023). Largest natural disasters in Africa between 1970 and 2019,
by number of deaths. Statista Available at: https://www.statista.com/
statistics/1271188/biggest-climate-disasters-in-africa-by-human-loss/

Sun, Y., Deng, L., Pan, S. Y., Chiang, P. C,, Sable, S. S., & Shah, K. J. (2020).
Integration of green and grey infrastructures for sponge city: Water
and energy nexus. Water-Energy Nexus, 3, 29-40.

Taillardat, P., Thompson, B. S., Garneau, M., Trottier, K., & Friess, D. A.
(2020). Climate change mitigation potential of wetlands and the cost-
effectiveness of their restoration. Interface Focus, 10, 1-12.

Sustainable ., "a B 705
Development Y 0 %,y E—WI LEYJ_

Thaler, T., Hudson, P., Viavattene, C., & Green, C. (2023). Natural flood
management: Opportunities to implement nature-based solutions on
privately owned land. Wiley Interdisciplinary Reviews: Water, 10(3),
1-17.

Thorn, J. P. R, Aleu, R B. Wijesinghe, A, Mdongwe, M.,
Marchant, R. A., & Shackleton, S. (2021). Mainstreaming nature-based
solutions for climate resilient infrastructure in peri-urban sub-Saharan
Africa. Landscape and Urban Planning, 216, 1-15.

Tsatsou, A., Frantzeskaki, N., & Malamis, S. (2023). Nature-based solutions
for circular urban water systems: A scoping literature review and a
proposal for urban design and planning. Journal of Cleaner Production,
394,1-13.

United Nations Children's Fund - UNICEF. (2023). Children at risk of chol-
era in aftermath of cyclone Freddy. UNICEF Available at: https://www.
unicef.org/esa/press-releases/children-risk-cholera-aftermath-
cyclone-freddy-unicef

United Nations Environment Assembly - UNEA. (2020). Resolution
adopted by the United Nations environment assembly on 2 march 2022
— Nature-based solutions for supporting sustainable development. UNEA
Available at:  https://wedocs.unep.org/bitstream/handle/20.500.
11822/39752/K2200677%20-%20UNEP-EA.5-Res.5%20-%
20Advance.pdf?sequence=1andisAllowed=y

United States Agency for International Development. (2015). The facilita-
tion approach at USAID: A discussion paper. United States Agency for
International Development Retrieved from https://usaidlearninglab.
org/sites/default

van Eck, N. J., & Waltman, L. (2014). Visualising biblio-metric networks. In
Y. R. Ding Rousseau & D. Wolfram (Eds.), Measuring scholarly impact:
Methods and practice (pp. 285-320). Springer.

van Hespen, R., Hu, Z., Borsje, B., de Dominicis, M., Friess, D. A,
Jevrejeva, S., Kleinhans, M. G., Maza, M,, van Bijsterveldt, C. E. J., van
der Stocken, T., van Wesenbeeck, B., Xie, D., & Bouma, T. J. (2023).
Mangrove forests as a nature-based solution for coastal flood protec-
tion: Biophysical and ecological considerations. Water Science and
Engineering, 16(1), 1-13.

van Rees, C. B., Jumani, S., Abera, L., Rack, L., McKay, K. S., & Wenger, S. J.
(2023). The potential for nature-based solutions to combat the fresh-
water biodiversity crisis. PLoS Water, 2(6), 1-17.

Wamisler, C., Wickenberg, B., Hanson, H., Alkan Olsson, J., Stalhammar, S.,
Bjorn, H., Falck, H., Gerell, D., Oskarsson, T., Simonsson, E.,
Torffvit, F., & Zelmerlow, F. (2020). Environmental and climate policy
integration: Targeted strategies for overcoming barriers to nature-
based solutions and climate change adaptation. Journal of Cleaner Pro-
duction, 247, 1-9.

World Bank. (2022). What you need to know about nature-based solutions
to climate change. World Bank Available online: https://www.
worldbank.org/en/news/feature/2022/05/19/what-you-need-to-
know-about-nature-based-solutions-to-climate-change#:~:text=
Nature%2Dbased%20solutions%20are%20actions,well%2Dbeing%
20and%20biodiversity%20benefits

Xi, C., Ding, J., Wang, J., Feng, Z., & Cao, S.-J. (2022). Nature-based solu-
tion of greenery configuration design by comprehensive benefit evalu-
ation of microclimate environment and carbon sequestration. Energy
and Buildings, 270(11), 1-11.

Xi, C., Ren, C., Zhang, R., Wang, J., Feng, Z., Haghighat, F., & Cao, S.-J.
(2023). Nature-based solution for urban traffic heat mitigation facing
carbon neutrality: Sustainable design of roadside green belts. Applied
Energy, 343(1), 1-22.

Xiao, Z., Ge, H., Lacasse, M. A, Wang, L, & Zmeureanu, R. (2023).
Nature-based solutions for carbon neutral climate resilient buildings
and communities: A review of technical evidence, design guidelines,
and policies. Buildings, 13(6), 1-17.

Yiwo, E., Jato-Espino, D., Carracedo, P. & de Brito, M. M. (2022).
Multi-stakeholder perception on flood management in Ghana:

35US01 SUOWIWOD) dAIERID 3ot dde auy Aq peusenob aie Sap1e WO B8N JO S3INJ 10} ARIG1T BUIUO AB|IM UO (SUOKPUOD-PLR-SLLLBIWND" A8 1M AR1q 1 BU1|UO//SANY) SUORIPUOD PUe SW L 83 88S " [F202/2T/TT] U0 ARIqIauliuo AB1IM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOM ONOH Ad SE62°PS/200T 0T/10p/Wod™A8| 1M ARe.q1Bul|Uo//SdRY WO papeojumod ‘G ‘7202 ‘6TLTE60T


https://www.reuters.com/world/africa/safricas-johannesburg-feels-tremors-after-50-magnitude-quake-2023-06-11/
https://www.reuters.com/world/africa/safricas-johannesburg-feels-tremors-after-50-magnitude-quake-2023-06-11/
https://www.reuters.com/world/africa/safricas-johannesburg-feels-tremors-after-50-magnitude-quake-2023-06-11/
https://www.businesslive.co.za/bloomberg/news/2022-12-23-climate-driven-weather-disasters-across-a-dozen-african-countries-to-worsen-in-2023/
https://www.businesslive.co.za/bloomberg/news/2022-12-23-climate-driven-weather-disasters-across-a-dozen-african-countries-to-worsen-in-2023/
https://www.businesslive.co.za/bloomberg/news/2022-12-23-climate-driven-weather-disasters-across-a-dozen-african-countries-to-worsen-in-2023/
https://www.businesslive.co.za/bloomberg/news/2022-12-23-climate-driven-weather-disasters-across-a-dozen-african-countries-to-worsen-in-2023/
https://www.statista.com/statistics/1271188/biggest-climate-disasters-in-africa-by-human-loss/
https://www.statista.com/statistics/1271188/biggest-climate-disasters-in-africa-by-human-loss/
https://www.unicef.org/esa/press-releases/children-risk-cholera-aftermath-cyclone-freddy-unicef
https://www.unicef.org/esa/press-releases/children-risk-cholera-aftermath-cyclone-freddy-unicef
https://www.unicef.org/esa/press-releases/children-risk-cholera-aftermath-cyclone-freddy-unicef
https://wedocs.unep.org/bitstream/handle/20.500.11822/39752/K2200677%20-%20UNEP-EA.5-Res.5%20-%20Advance.pdf?sequence=1andisAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/39752/K2200677%20-%20UNEP-EA.5-Res.5%20-%20Advance.pdf?sequence=1andisAllowed=y
https://wedocs.unep.org/bitstream/handle/20.500.11822/39752/K2200677%20-%20UNEP-EA.5-Res.5%20-%20Advance.pdf?sequence=1andisAllowed=y
https://usaidlearninglab.org/sites/default
https://usaidlearninglab.org/sites/default
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change%23:%7e:text=Nature%2Dbased%20solutions%20are%20actions,well%2Dbeing%20and%20biodiversity%20benefits
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change%23:%7e:text=Nature%2Dbased%20solutions%20are%20actions,well%2Dbeing%20and%20biodiversity%20benefits
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change%23:%7e:text=Nature%2Dbased%20solutions%20are%20actions,well%2Dbeing%20and%20biodiversity%20benefits
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change%23:%7e:text=Nature%2Dbased%20solutions%20are%20actions,well%2Dbeing%20and%20biodiversity%20benefits
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change%23:%7e:text=Nature%2Dbased%20solutions%20are%20actions,well%2Dbeing%20and%20biodiversity%20benefits
https://www.worldbank.org/en/news/feature/2022/05/19/what-you-need-to-know-about-nature-based-solutions-to-climate-change%23:%7e:text=Nature%2Dbased%20solutions%20are%20actions,well%2Dbeing%20and%20biodiversity%20benefits

AGHIMIEN ET AL.

4706 | Sustainable 4., "o B
Wl LEY— Development = Q‘/” E

Analysis of drivers and potential solutions, with a focus on sur-
face permeability. International Journal of Disaster Risk Reduction,
76, 1-16.

Zheng, X., Le, Y., Chan, A. P. C., Hu, Y., & Li, Y. (2016). Review of the appli-
cation of social network analysis (SNA) in construction project man-
agement research. International Journal of Project Management, 34(7),
1214-1225.

Zhong, B., Wu, H., Li, H., Sepasgozar, S., Luo, H., & He, L. (2019). A
sciento-metric analysis and critical review of construction related
ontology research. Automation in Construction, 101, 17-31.

Zikhathile, T., Aghimien, D., & Atagan, H. (2023). Climate change - An
exacerbator of human health problems in coastal areas. In C. Aigbav-
boa, W. Thwala, & D. Aghimien (Eds.), Towards a sustainable

construction industry: The role of innovation and digitalisation. CIDB
2022 (pp. 487-497). Springer.

How to cite this article: Aghimien, D., Aliu, J., Chan, D. W. M,,
Aigbavboa, C., & Awuzie, B. (2024). Making a case for
nature-based solutions for a sustainable built environment in
Africa. Sustainable Development, 32(5), 4686-4706. https://
doi.org/10.1002/sd.2935

35US01 SUOWIWOD) dAIERID 3ot dde auy Aq peusenob aie Sap1e WO B8N JO S3INJ 10} ARIG1T BUIUO AB|IM UO (SUOKPUOD-PLR-SLLLBIWND" A8 1M AR1q 1 BU1|UO//SANY) SUORIPUOD PUe SW L 83 88S " [F202/2T/TT] U0 ARIqIauliuo AB1IM ‘WOH ON NH ALISYIAINN DINHOILATOd ONOM ONOH Ad SE62°PS/200T 0T/10p/Wod™A8| 1M ARe.q1Bul|Uo//SdRY WO papeojumod ‘G ‘7202 ‘6TLTE60T


https://doi.org/10.1002/sd.2935
https://doi.org/10.1002/sd.2935

	Making a case for nature-based solutions for a sustainable built environment in Africa
	1  INTRODUCTION
	2  OVERVIEW OF NATURE-BASED SOLUTIONS
	3  METHODOLOGY
	4  FINDINGS AND DISCUSSIONS
	4.1  Performance analysis of NbS studies
	4.1.1  Documents per year
	4.1.2  Documents per sources
	4.1.3  Documents and co-authorship per country
	4.1.4  Contributing authors

	4.2  Scientometric mapping of NbS studies
	4.2.1  Most cited documents
	4.2.2  Visualisation of research focus of NbS studies
	4.2.3  Visualisation of trends and direction for future studies in NbS research

	4.3  Implication of the findings

	5  CONCLUSION AND RECOMMENDATIONS
	ORCID
	REFERENCES


