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Abstract: Discussion around anthropogenic climate change has occurred for over 100 years. However,
in recent decades, these discussions have intensified due to increased confidence in scientific research
highlighting adverse effects, increased knowledge breadth in climate science, and heightened public
and political awareness and engagement on the topic. Climate change is now acknowledged as
one of the biggest challenges and threats to modern lifestyles. Nature-based solutions (NBS), as a
mediator and mitigator to adverse climate change effects, is an emerging area of expanding research
collateral and practitioner literacy. To highlight current NBS knowledge, existing knowledge gaps,
and research trends, a Quantitative Systematic Literature Review (QSLR) was undertaken (n = 54).
This QSLR reveals the short temporal span of articles relating to NBS as a response to climate change,
with most articles being of a research style format. NBS research focus areas were found to be
dominated by ecological and infrastructure approaches to climate change mitigation, and ecological
and technical positions were found to be most topical across the current climate change literature.
Multiple knowledge gaps were identified by the review, namely the lack of broader conceptual
approaches and knowledge acquisition regarding climate change responses via NBS, as well as
the psychological relationship humans share with NBS and climate change, adverse or otherwise.
These knowledge gaps highlight where future research inquiry may be directed to increase the value
and completion of this research area. It is hoped that this QSLR will assist in increasing the profile
of NBS in the multidisciplinary and complex response to anthropogenic climate change, as well as
contribute to the growth in investment and implementation of NBS assets for a rigid and resilient
global future.

Keywords: nature-based solutions; NBS; climate change; mitigation; adaptation; systematic review;
PRIMSA,; urban resilience

1. Introduction

The International Panel on Climate Change (IPCC) was formed 30 years ago by the United
Nations Environment Programme (UN Environment). The IPCC has brought together a significant
volume of global literature and research findings pertaining to climate change, anthropogenic or
otherwise. Authoring some 100 documents, and providing critical data publicly available for further
interrogation and interpretation by climate scientists and others, the IPCC is widely known as the peak
body providing information on climate change and the resultant natural, political, economic, social,
and ecological impacts [1].

Greenhouse gas emissions, accepted as the leading cause of anthropogenic climate change [2],
have dramatically increased since the pre-industrial era (circa 1750) [1]. Additional compounding factors
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of anthropogenic climate change are observed as rapid population growth, changes in urbanization
and urban densification, urban lifestyles choices, and individual consumer behaviors [3].

Nature-based solutions already exist and are increasing in implementation at varying degrees
across the planet. Trees are planted at significant rates via programs, initiatives, and as strategically
planned carbon offsets. Desecrated land is actively being revegetated and restored by volunteers,
not-for-profit organizations, large private entities, and others. Ecosystems are being regenerated in
support of providing ecosystem services and increasing biodiversity, and Green Infrastructure (GI)
is increasing in research effort [4] and implementation. Vegetation within water catchment zones is
increasingly being used to trap pollutants and purify water and is receiving additional protection via
legislation and improved statutory rigor, with evidence of this occurring globally. The success of these
assets and installations are relatively well-known and can be seen to transcend decades of research,
however, it is conceded that current rates of nature-based solutions (NBS) are alone insufficient in
achieving a net-zero carbon emission base in most current developed regions which would have a
considerable impact upon the future climate change trajectories.

While ‘nature’-based solutions have always existed, the interest and applicability to mitigating and
mediating the effects of climate change among other current urban challenges, have begun emerging in
substantial numbers over the last decade. As the pressure and urgency of action against climate change
increases, so too does the search for solutions. This being the case, the profile of NBS has suitably been
confirmed as an area of academic and practitioner interest and expansion.

What remains to be seen, is a volume of practical, viable, and quantifiable research which
underpins decision making processes and informs practitioners of implementation gains. This research
gap is observed to hinder NBS from greater rates of investment and implementation. It is for this
reason that the need was identified for a Qualitative Systematic Literature Review (QSLR) to inform
research trends, research gaps and preliminary knowledge, and gather resources for practitioners to
progress the concepts’ implementation, understanding, and status. The authors believe that such a
review would highlight the relevance of NBS in the multi-faceted and cross-disciplinary response to
climate change intervention, as well as inform future targeted research into NBS assets and detailed
aspects for the purpose of climate change mediation and mitigation.

2. Theoretical Foundation from QSLR

2.1. Climate Change

A primary implication of anthropogenic climate change is rapid climate warming [5]. Climate
warming has occurred at an unnatural and unsustainable rate since around 1950 [5]. The current rate
of climate warming has surpassed what has been observable in prior decades [5]. A warming of the
climate has primary, secondary, and passive adverse effects, including those summarized in Table 1.

Extreme Weather Events (EWE) are increasing in frequency [5,6]. EWE’s include large temperature
fluctuations, sea level water surges, unseasonal and unprecedented rainfall events, durations of
increased temperatures (heatwaves) and more [5,6]. As the climate warms, against the backdrop of
pre-industrial carbon dioxide levels, the impacts of EWE’s become increasingly threatening to life and
urban communities.

Global climate warming has caused sea levels to rise [5,7], occurring mainly through thermal
expansion of sea water, as well as the rapid melting of sea ice and permafrost [5,7]. Latest projections,
which have increased substantially in statistical confidence, indicate that between the years 2081 and
2100, a sea level rise of between 0.45 and 0.82 m is expected [5], while other researchers project levels
even higher. Sea level rise will not be uniformly distributed across all regions and coastlines, it is
anticipated that around 70% of global coastlines will experience the projected rise within 20% of the
predicted rates [5]. Similarly, impacts will not be distributed uniformly, this will see some communities
at far greater risk, likely to exacerbate global inequity, impact heavily upon development and prosperity
for developing urban centers and cause widespread adverse health impacts [5].



Sustainability 2020, 12, 7439 30f18

The 2014 IPCC report titled Global Warming of 1.5° [5], demonstrates the severity of impacts
between an increase of 1.5 degrees Celsius and 2 degrees Celsius, employing comparisons to the
pre-industrial era. Analysis of available data indicates that globally we are at a junction whereby
future action will determine the trajectory (emission pathway) of climate warming, and in turn the
viability of humanity over the next century [5]. Beyond this junction (only a few short years), it is likely
that intervention will be unachievable to limit the global warming to 1.5 degrees Celsius [5]. With
significant and widespread innovation, as well as radical changes in human behavior, and industry
approaches to production and consumption, there is some confidence that global climate warming
can be curtailed to 1.5 degrees Celsius [5], noting that even a global climate warming of 1.5 degrees
Celsius will have significant adverse effects. If a ‘Business as Usual” approach is continued, this climate
warming trajectory is expected to increase exponentially with catastrophic results in only a short
duration of time. Table 1, below, summarizes the effects of climate change, and includes examples
suitable for further investigation.

Table 1. Climate change effect examples with references.

Category of Effect Effect Example References
Ciscar et al., 2011 [8];
Glacier, snow, ice melt Arvensen et al., 2011 [9];

Lawrence et al., 2014 [10].

Ciscar et al., 2011 [8];
Rivers and lake floods Arvensen et al., 2011 [9];
Lawrence et al., 2014 [10].

Schindlbacher et al., 2012 [11];

Physical Systems

Droughts Morrongiello et al., 2011 [12].
Coastal Erosion Martin et al., 2017 [13].
Sea level rise Alley et al., 2008 [14].
Schaub et al., 2010 [15];
Ecosystem impact/collapse Rogora et al., 2018 [16];
Knight, 2010 [17].
Biological Systems e Beschta et al., 2013 [18];
Wildfires Sommers and Hardy, 2014 [19].
Marine ecosystem Barron et al., 2012 [20];
impact/collapse Knight, 2010 [17].
Springmann et al., 2016 [21];
Food production van Der Spiegel et al., 2012 [22];
interruption Wheeler et al., 2013 [23];

Hasegawa et al., 2016 [24].

Newth, 2010 [25];
Health impacts Hasegawa et al., 2016 [24];
Huang et al., 2013 [26].

Carleton and Hsiang, 2016 [27];
Huang et al., 2013 [26].

Carleton and Hsiang, 2016 [27];
Economic impacts Huang et al., 2013 [26];
Viguier et al., 2006 [28].

Human and
Managed Systems

Social system impacts

Climate change is acknowledged as one of the biggest challenges and threats to regions,
communities, and the future success of humanity [1-5]. Climate change can, and is, mediated
and mitigated by many techniques, some of which are summarized in Table 2.
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Table 2. Climate change mitigation and meditation techniques with references.

Category of Mitigation and

Mediation Techniques

Strategic

Technique References
. Sharp et al., 2011 [29];
Policy Halsnaes et al., 2014 [30].
Sharp et al., 2011 [29];
Strategy Plugge et al., 2013 [30].
Targets Halsnaes et al., 2014 [31];
& Plugge et al., 2013 [30].
Halsnaes et al., 2014 [31];
Programs

Plugge et al., 2013 [30].

Behavior

Reduction in energy use

Sugiyama et al., 2014 [32];
Nauges and Wheeler, 2017 [33].

Reduction in consumption

Semenza et al., 2008 [34];
Obradovich and Guenther, 2016 [35];
Nauges and Wheeler, 2017 [36].

Reduction in waste
generation

Semenza et al., 2008 [34];
Nauges and Wheeler, 2017 [36].

Increase in conservation

Brugger et al., 2015 [37].

Reduction in Emissions

Renewable energy

Fujimori et al., 2014 [38];
Abdullah et al., 2014 [39].

Alternative industry

Fujimori et al., 2014 [38];
Kesicki and Anandarajah, 2011 [40];
Abdullah et al., 2014 [39].

Changes in progress

Fujimori et al., 2014 [38];
Kesicki and Anandarajah, 2011 [40].

Technology

Carbon sinks

Rottereng, 2018 [41];
Carrion-Prieto et al., 2017 [42];
Szulczewski et al., 2012 [43].

Added efficiency to
existing technology

De Coninck and Puig, 2015 [44].

New technology

Szulczewski et al., 2012 [43].

Carbon trading

Anderson and Bernauer, 2016 [45];
Cadez and Czerny, 2016 [46].

Emissions capping

Barron and Mgjeon, 2015 [47].

2.2. Hierarchical Representation of NBS

40f18

Traditional and foundational means of managing climate change are embedded in NBS.
As described by the International Union for the Conservation of Nature (IUCN) [47], NBS are
actions and assets that manage, restore, and/or protect natural (or modified) ecosystems which
positively affect social, economic, ecological, environmental, and political impacts brought about by
climate change (and other contemporary challenges). NBS is wide ranging and widely applicable

(i.e., Figure 1).

The novel synthesis of Figure 1 presents a structured way of identifying NBS, with examples
relevant in the context of mitigating and mediating climate change.
Figure 1 categorizes and summarizes NBS in a format that is accessible and informative for
land managers, urban planners, and community stakeholders, as well as providing foundational
information that will facilitate improved consistency in current and future NBS research, discussion

and implementation.
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. Trees
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based

management Natural infrastructure
approaches Wetlands
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Integrated water resources management .
Water pollution control

Ecosystem Erosion control
protection Integrated coustal zone management

approaches

Coastal revegetation

Area-based conservation approaches, Fencing and exclusion
including protected area management Feral animal control

Figure 1. Hierarchy of nature-based solutions (NBS) expanded with practical examples.

3. Materials and Methods

3.1. Quantitative Systematic Literature Review

This QSLR follows the approach of a growing number of authors (e.g., Pickering and Byrne [43],
Parker and Zingoni de Baro [4], Parker and Simpson [49]; Parker [50]) and the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [51] (supplementary information
pertaining to this research approach can be accessed via http://prisma-statement.orgy/).

In October 2019, a search was performed utilizing the Proquest Summons database search tool via
Murdoch University. The search criteria stipulated that the words nature-based solutions (also nature
based solutions) as well as climate change, must appear in the article title, and that the articles were
required to be peer-reviewed. No other search restrictions were applied.

Initially, this produced 582 results. The articles were screened for incorrect or broken links,
duplicates, those that were not produced/re-produced in English with the full text online, and articles
with no obvious relevance to this review, after which 44 articles remained.

The abstracts of the 44 articles were carefully screened and it was determined that all were eligible
for inclusion in the review. A further 10 articles were identified through a targeted reference list search.


http://prisma-statement.org/

Sustainability 2020, 12, 7439 6 of 18

At the completion of this process, 54 articles were deemed suitable and therefore formed the content of
this review. This process as described above is captured in graphical form shown below in Figure 2.

c Articles identified in Articles identified in Articles identified
‘% electronic database reference list from other sources
e search, October searches (n=10) (n=0)
=
< 2019 (n=582)
°
3 i I I
Articles proceeding to Screening (n=582)
Articles with broken Duplicate articles Articles of obvious
o links, or incorrect removed (n=4) no relevance
g links removed (n=3) removed (n=531)
g
Q
»
l }
Articles proceeding to Eligibility Check (n=44) |«
Articles that were Articles that did not
Iy found not to meet the meet the
z original search criteria assessment criteria
%‘ removed (n=0) removed (n=0)
Articles proceeding to Inclusion (n=44)
Total articles
° . . . <&
& included in Review <
3
E (n=54)

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) expression
of the systematic literature review.

Information pertaining to the articles were recorded under all applicable categories reported in
Section 3.2 Meta-data. These data were then statistically interrogated to identify trends and relationships
among the data. Approaches of the statistical analysis are outlined in Section 3.3 Data Analysis.

3.2. Meta-Data

The meta-data for the information extracted from the 54 reviewed articles are reported as
supplementary material (Tables S1-55).

The articles were transcribed into a Microsoft Excel workbook, which is provided as a
supplementary file (.xIsx) to this review article. The meta-data collected were separated into four data
set areas; article descriptors (Table S1), geographical data (Table S2), paper type (Table S3), aspects of
NBS covered (Table 54), and aspects of climate change covered (Table S5). The article abstracts were
entered and assessed separately.

The article descriptors (Table S6) were extracted from the individual articles, and directly
transposed into the Microsoft Excel workbook. The geographical data (Table S2) were dependent on
the information being made available by the articles” author/s. Where information was not specified,
this was indicated using the code NS = Not Specified. With respect to the geographical data, countries
and cities were entered as text, where they were made available. Article type (Table S3) was categorized
into four main categories; review articles, research articles, technical articles, or case studies. Articles
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that crossed multiple categories were recorded against each true result. NBS aspects (Table S4)
identified as present among the articles were recorded across five possible categories; ecosystem
restoration approaches, issue-specific ecosystem-related approaches, infrastructure-related approaches,
ecosystem-based management approaches, and ecosystem protection approaches. Climate change
aspects (Table S5) identified as present among the articles were recorded across eight possible categories;
economic, social, ecological, temperature, extreme weather, technical, health, and psychological.
Articles that crossed multiple focus areas were recorded against each true result. Abstracts were
recorded for each of the articles and used for further analysis however have not been reproduced
within this review paper, due to copyright restrictions.

3.3. Data Analyses

The data sets were cleaned and made tidy, according to recognized data tidying frameworks [52];
further data analysis was conducted in line with best practice for statistical analysis [53].

A broad exploration and summarization activities were conducted to observe any anomalies or
large discrepancies in the dataset. Counts of occurrences, size of variation, and changes over time were
produced and analyzed.

The dual stages in data collection, as described in Section 3.3 and shown in Figure 2, yielded
two data groups (Stage 1 n = 44, Stage 2 n = 10). This required a measure of differences between
the groups to identify any statistical difference that may be required to be assessed. An appropriate
test of proportion/means followed by computation of the 95% confidence intervals was undertaken.
These tests measured the difference in aspects of NBS and climate change to ascertain whether it was
appropriate to treat the data as two groups or as a merged dataset. This resulted in the case to merge
the dataset.

The distribution of the geographical meta-data resulted in a graphical representation of publication
spread and frequency of research effort present in figure format within this review.

Correlation analysis was undertaken to reveal relationships not readily observable between
reported NBS and climate change aspects covered by the articles. Since there are numerous categories,
a heat table representation of the correlation coefficients was utilized to assist in this process. As the
sample size is relatively small, goodness of fit tests were used cautiously. That being mentioned, in
conjunction with the awareness of easily emerging skewness, the Chi-Squared test (x?), and various
two-sample t-tests were employed. Further, to measure correlation, the Pearson Coefficient was
used. Statistical analysis and graphics were produced utilizing the statistical computing and analysis
program R.

4. Results of QSLR

4.1. Temporal Trends Across Research

Of all articles (1 = 54) collected within the QSLR, analysis was undertaken to understand the
relationship between calendar year and the associated publication rates highlighting any emerging
trends. It was found that the first article was published in 2012, with a subsequent strong trend showing
a uniformed positively curved increase in research effort for each year thereafter. It is to be noted
that the drop off between 2018 and 2019 is partially (at least) attributed to timing of the searching of
articles and the expected delay in articles becoming discoverable via online database searches after
publication. Figure 3 below, shows both the actual number of publications as well as the cumulative
sum of publications of articles within the review.
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Number Type =#= Number of Publications =#= Cumulative Sum of Publications

Number of Publications

2018

2008 2010 2012 2014 2016
Year of Publication

Figure 3. Temporal publication trends of reviewed articles.

4.2. Geographical Distribution of Research

For the articles that indicated a geographical publishing location; country (n = 27, 50%) and city
(n =22, 40%), heat maps were produced to display the distribution of research effort. Of those articles
that reported geographic location, 81% related to the implementation of NBS as a response to climate
change in urban centers. As can be seen in Figure 4, most articles were published in The Netherlands
(n = 4), Italy (n = 3), and Sweden (n = 3).

As can be seen in Figure 5, city publishing locations were relatively spread with no frequency
greater than two which was true for London and New York City.

Count of publications © 1 O 2 O 3 () 4 Stage of Research e 1 o 2

- . P ASIA
)
NORTH JgOPE
40- AMERICA o
® Atlanti 2
& antic . : J
o Ocean g
® 207 AFRICA
2y ®
o
0 i e e e e e e e T R g e e e e e e e e s S
' SOUTH L
AMERICA
-20+ Indian
Ocean OCH@®NIA
-40- ; . . i . :
/\QQ P Q B S &
Longitude

Figure 4. Publication location of articles by country.
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Figure 5. Publication location of articles by city.

4.3. Data Verification

Following the PRISMA method, the data within this review were collected in two stages
(Stage 1 n = 44, Stage 2 n = 10). Further information can be found in Section 3.1 as well as in Figure 2,
with respect to the staged inclusion and eventual consolidation of articles.

Comparative analysis was undertaken to determine if there was a statistical difference between
the data collected in Stage 1 when compared to the data collected in Stage 2.

A mean value error plot showing each data stage was produced for the aspects recorded as being
present for NBS and then reproduced for the aspects recorded as being present for climate change.
These are provided below as Figures 6 and 7.

As the error bars for each aspect overlap (in most cases substantially), in the figures of both NBS
and climate change, this is evidence that there is no present statistical difference between Stage 1 and
Stage 2 with regards to aspects reported on within the articles. On this basis, and the support in
standard data analysis processing, from this point forward the data were treated as a single data set.
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Figure 6. Aspects of nature-based solutions recorded as present within the included articles with the
data collection stages separated.
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Figure 7. Aspects of climate change recorded as present within the included articles with the data
collection stages separated.

4.4. Article Type

The format of each article was recorded across four possibilities; review style, research article,
technical article, and case study with the dataset combined. The vast majority of articles were identified
as a traditional research article style format (1 = 45, 83%). The remaining options were recorded much
less frequently, each less than 14 times (Figure 8).



Sustainability 2020, 12, 7439 11 of 18

Standard Deviation of Each Article Type 0.0 0.1 02 03 04
0.75-
2 050-
©
[
=
025-
0.00- s
1 1 1 1 1
NS
@ & & S &
@ & ae’(\(\ )
AS S
& P
Article Types

Figure 8. Article type recorded for the included articles with the data collection stages combined.

4.5. Article Coverage

Aspects of NBS (Table S6) and aspects of climate change (Table S7) covered in the reviewed
articles, show differences in the reporting for aspects of NBS and climate change. For NBS,
issue-specific ecosystem-related approaches returned the highest frequency (n = 32, 59%), followed by
infrastructure-related approaches (n = 25, 46%), ecosystem-based management approaches (n = 21,
38.9%). The remaining aspects were reported at lower frequencies (Figure 9).

Ecological and technical aspects returned the highest rate of occurrence among the climate change
content (n = 25, 46%), followed by social (n = 22, 41%), economic (n = 20, 37%), and health (1 = 18,
33%). The remaining aspects were lower in frequency, particularly evident for the psychological aspect
(n=3,55%).
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Figure 9. Aspects of nature-based solutions recorded as present within the included articles with the
data collection stages combined.

4.6. Correlation Analysis

In order to identify underlying relationships between the aspects reported on by the articles for
NBS and climate change, a correlation analysis was undertaken and is shown in full in Table S7.

A strong positive correlation (0.71) between ecosystem restoration approaches and ecosystem
protection approaches suggests that the two aspects of NBS overlap in research, that there is not clear
delineation between these two NBS aspects among the literature, or that both NBS aspects are often
researched in conjunction with a combination providing the correlation.

A very strong negative correlation (—0.82) between the concept (only) of NBS and issue-specific
ecosystem-related approaches shows that as the value of the NBS concept increases, the value of
issue-specific ecosystem-related approaches decreases. This suggests that articles relating to the NBS
concept only (a more broader research approach) do not explore the more detailed aspects of NBS which
indicates this is an area of opportunity for future research focus. This is not only true for issue-specific
ecosystem-related approaches, but also for infrastructure-related approaches (—0.63), ecosystem-based
management approaches (—0.54), and ecosystem protection approaches (—0.40). This provides support
for the approach taken within this review to separate out the ‘concept only” approach to NBS research.
A similar outcome was true for the correlations detected for the ‘concept only” approach to climate
change research (Table S7 full correlation table).

5. Discussion

5.1. Temporal Trends and Confirmation of Concept

The first article identified by the search was published in 2012. Given climate change, and a
concerted drive for action gained traction around the 1960, this can be observed as a very slow research
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uptake. Possible reasons for this slow uptake may be attributed to several things including a lack of
consistency in the use of NBS terminology.

Follow-up reading of earlier literature revealed that a substantial amount of applicable research
exists that does not conform to the concept articulated as NBS, nor uses this terminology. Not only has
this appeared to limit potentially applicable research into true NBS and climate change, it is likely to
have had a limiting effect on the ability of NBS to gain mainstream traction (following the claims of
transition theory) in response to climate change sooner than may have been possible. It is understood
by the authors of this article, that this lack of consistency continues to plague the NBS concept both
in academic literature as well as practitioner literacy. To overcome this issue, it is suggested that a
consensus of definition and concept intent is achieved and demonstrated across disciplines. As such,
cause has been demonstrated for a concept confirmation/articulation article to be drafted.

Based on the upwards trajectory of the research effort of NBS in response to climate change,
and the increasing pressure and threat climate change exerts upon urban communities, it is expected
that this trend will continue for some time yet. While some research may suggest that NBS is not
sufficient as a standalone measure against mediating and mitigating climate change, there is general
consensus that it does, and will continue to, play a vital role [54].

5.2. Geographical Spread of Research

Given the small number of articles included in this review, and even smaller numbers reporting a
single research location (country and/or city), the findings when undertaking the spread of research
effort were largely unremarkable. The large proportion of articles with researchers from multiple
locations is interesting to note. While this hindered the ability to map specific research locations,
this may suggest that there is a tendency for research pertaining to NBS and climate change to be
approached cross-institutionally or from a global standpoint. The reasoning for this may be that
the topic is broad-ranging and may seek contributions from experts globally, rather than providing
case-specific research from a single destination.

5.3. Article Format

As reported in Section 4.4, the vast majority of articles were identified as being of a traditional
research article style (83%), with the other formats being only modestly represented (less than 14%).
This may indicate that the research field is in an infant state with novel development and exploratory
research being progressed in favor of reviewing existing research or undertaking more specific and
refined research such as case studies, or technical articles [4]. Based on the first included article
published in 2012, it would be expected that these proportions would soon begin to change and that
greater balance between article types would emerge. Additional time would be required to determine
if/when this becomes the case.

5.4. Article Coverage NBS and Climate Change

With respect to aspects covered in the NBS articles, this is expanded in a fine grade in Table S4.
In summary, it was found that ecosystem-related approaches (59%), infrastructure-related approaches
(46%), and ecosystem-based management approaches (39%) were the most frequently addressed. It is
evident that ecosystem and infrastructure-based content is dominating the current research. It may
be suggested that ecosystem management is the most researched NBS commodity among traditional
research approaches, and only more recently has focus turned towards more specific interests across
areas of NBS, the functions that can be provided, as well as NBS as a response mechanism to climate
change. As the search parameters returned such a modest number of articles, this may indicate limited
research breadth and depth. The focus area analysis showed that the areas least researched were
ecosystem protection approaches (26%) as well as the NBS concept in relation to climate change on a
conceptual level only (31%). Increasing research in these two areas may assist in reducing some of the
knowledge gaps and increasing the breadth of research in the NBS area.
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Aspects relating to climate change, as recorded across the articles with the highest frequency were
equally of an ecological (46%) and technical nature (46%), followed by social, economic, and health
focus areas (33%-41%). Similar to the NBS aspects, this shows an inclination towards ecological and
technical aspects. What is interesting to note across the aspect areas of climate change among the
articles, is the very low reporting of psychological health considerations as well as that of temperature
regulation. Given the known implications that climate change is likely to have on an individuals’
psychological and emotional wellbeing, this is observed as a large and disconcerting research gap.
Additionally, it is interesting and surprising to detect a low research presence relating to temperature,
given the known current and future implications of a warming climate as well as the known mediating
possibilities that NBS can provide. These two areas are seen to be two large research gaps, and are
suggested to be considered as priorities for future research inquiry.

5.5. Correlation Analysis

The moderate positive correlations (0.53) between the climate change aspects labelled social and
health, as well as social and economic, may in part suggest that there is crossover between different
aspects of climate change-focused research. Interestingly there is no significant correlation to report
for the ecological aspect given the focus of NBS and environmental means of responding to climate
change. This may be observed as a research gap requiring further targeted inquiry.

The correlation analysis confirmed the surprisingly low research interest in psychological aspects
reported in the NBS climate change literature. Given the known adverse psychological impact of
climate change on individuals, as well as the known positive psychological impact of nature on human
psychology and wellbeing, the consistently low-to-middle-range negative correlations are found to
be notable omissions. Each item records a negative correlation ranging between —0.02 and —0.29.
Given the significance of the impact of this finding, this reiterates the finding outlined in Figure 10,
suggesting this to be a significant current research gap.

0.0 02 04

Standard Deviation of Each Aspect of Climate Change
0.1 03 0.5

06-

Means

<

Figure 10. Aspects of climate change recorded as present within the included articles with the data
collection stages combined.

5.6. NBS as Urban Responses to Climate Change

Assets within the category of NBS are varied and plentiful. For those reasons there are many
opportunities, however there is also potential for ineffectiveness and inefficiency. When looking at
a single, although complex, challenge such as climate change assets of any type, blue infrastructure,
green infrastructure, and grey infrastructure all need to be carefully considered. Of relevance to climate
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change, NBS asset examples are trees, public open spaces, green roofs and green walls. Each asset
example shows mediation opportunities towards the impact faced by climate change. Trees show
consistent reductions in local temperatures, reduce temperature fluctuations, slow down the impact of
heavy rainfall, act as wind buffers, and more. Public open spaces create vast expanses of permeable
surfaces, often featuring trees and other vegetation that also play a role in reducing atmospheric carbon
and other pollutants which feed climate change patterns. Green roofs and green walls limit the volume
of surfaces that can reflect and embed heat, which contributes to localized temperature increases and
the Urban Heat Island Effect.

The above examples are those that are somewhat familiar in the literature repertoire, however
this does not reflect all opportunities available through NBS. Preliminary research frequently emerges
with technological advancements which can be applied to many complex challenges, such as intricate
networks of algae formations used to treat water, strip pollutants and contaminants, and create biofuel
options that significantly reduce the volume of emissions. While there is no shortage of ideas, there is
a shortage in terms of how these ideas are verified, validated, and communicated to the masses in
order to gain collective support and increase wide-spread understanding, which are all contributors to
the creation of urgency and demand for action and change.

6. Conclusions

The success of NBS assets is highly dependent on geographical and contextual influence. Climate,
culture, political structures, wealth, population density, industrial influence, and more, are all relevant
when seeking the available options to address challenges. These same challenges may exist globally,
however, the responses may be vastly different in both suitability and applicability. This is a relevant
consideration when presenting research regarding mitigation and mediation opportunities made
available from assets and intervention. It is essential that when researching assets in this space, and the
impacts and implications they may have on certain challenges, the geographical banding and local
context is brought to the forefront.

The breath and focus of research efforts to date, have both progressed and plagued the articulated
understanding, collective confidence, implementation rates, and further targeted research efforts.
The non-standard vocabulary of this research area has seen a loss in traction and progression,
and in some cases may have had the unintended effect of undermining rather than advocating for
implementation of NBS as a response to climate change.

Nonetheless, the research area is maturing, with many expressions of lessons learnt and proactive
ways to move forward with research to fill identified gaps which will influence the value and rates
of implementation.
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