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Nature-based Solutions (NBS) have been increasingly advocated as means of achieving a greener and sustainable
future. Although discussion on the definition, scale and applicability of NBS in country and city-level agendas are
ongoing, NBS have received less attention in terms of them supporting country-level approaches to Disaster Risk
Reduction (DRR). This paper uses a series of indicators reflecting national capability and national necessity for
NBS as a means to support DRR activities. Using both Principal Components Analysis and Cluster Analysis results
show that of a total of 178 countries, two groups emerge; with countries in one group showing high levels of both
national capability and necessity for NBS. Such countries are also found to be around 23 % more likely to be
currently implementing disaster risk reduction actions than countries with lower capability and necessity scores,
showing that NBS are actively supporting DRR activities around the world. Such countries are a mixture of Global
South and North countries while showing no statistical significant differences with respect to socio-economic
characteristics, indicating that NBS can be equitable means of achieving potential synergies between DRR-

reducing NBS and grey infrastructure projects for climate change adaptation measures.

1. Introduction

Nature-based Solutions (NBS) are seeing a surge in the academic and
policy agendas as arguably low-tech solutions to persistent and- often
‘wicked’ (Duckett et al., 2016)- socio-ecological problems (Albert et al.,
2017). There are varying definitions of NBS, but the most ambitious
interpretations entail a radical reappraisal of our way of relating to and
managing our environment, underpinned by a paradigm shift by which
we need to ‘work with nature’ in an effort to maximise society’s welfare
instead of pining the ‘human’ against the ‘natural’ (Bark et al., 2021). As
a concept, NBS can be considered an inheritor of approaches such as
ecological engineering (Odum and Odum, 2003) and ecological resto-
ration (Society of Ecological Restoration SER International Science,
2004) while it has developed alongside Ecosystem-based Adaptation
(EbA) (Faivre et al., 2017). Such approaches dominated the discussion
around the topic of conserving nature in the late 2000 s and NBS were
further clarified in terms of typologies they include in the period
2014-2019 (Cohen-Shacham et al., 2019).
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NBS have most notably gained traction in the policy discourse as
mechanisms for mitigation of and adaptation to climate change. Over
sixty percent of the Nationally Determined Contributions of countries
that signed the Paris Agreement of 2015 identified EbA or NBS measures
as means to achieve climate change adaptation and mitigation (Seddon
et al., 2019). Just four years later, the Green Deal published by the
European Commission explicitly mentions NBS as lasting climate change
adaptation and mitigation measures involving both terrestrial and ma-
rine ecosystems (European Commission, 2020). Similarly, other refer-
ences to NBS’ use to combat climate change and reduce environmental
degradation can be found in high level political agendas in the United
States, as for example in the executive order' signed by President Joe
Bidden shortly after his election or the 2021’s statement? from President
Xi Jinping on China’s intention to reduce carbon emissions. NBS have
also been suggested as an adaptive development mechanisms to
achieving a number of UN Sustainable Development Goals (SDGs)
(United Nations, 2015).

Countries that spearhead the advocacy for transitioning to NBS
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(instead of, or at least alongside, traditional, or so-called “grey”, infra-
structure), do so based on two main arguments. Firstly, NBS are advo-
cated as catalysts in protecting human life and safeguarding its future
(Faivre et al., 2017). This is mainly argued on the basis of the potential
attributed to NBS in enhancing sustainable urbanisation, restoring
degraded ecosystems, developing climate change adaptation and miti-
gation and improving risk management and resilience (DG Environ-
ment, 2015). Secondly, NBS are thought to provide much needed
services and benefits at lower capital costs (The Royal Society, 2014),
helping to fill the infrastructure gap required to achieve a worldwide
carbon-low transition under a 1.5 °C scenario, which has been estimated
by the Intergovernmental Panel on Climate Change (IPCC), 2018 at
between USD1.6 trillion to USD 3.8 trillion for the period 2016-2050.

This policy interest is growing alongside increasing academic de-
bates on NBS according to both regional and global-scale targets
(Cohen-Shacham et al., 2019) and how NBS can or should be categorised
(Eggermont et al., 2015). Despite this promising start as a ‘new’ envi-
ronmental approach, there has so far been in the global conversation on
NBS, little attention paid to what is the potential for them to become
mainstream or if NBS are likely to remain a niche solution to a limited set
of site or infrastructure specific improvements. A rapid rise followed by
a fall would not be new in the environmental and conservation world.
Leisher (2015) actually found that it is common, in the conservation
sphere, to have once prominent approaches abandoned for the “next
new thing” after just one decade. Whether NBS are likely to transition
from ‘just’ being supported in research and policy documents and
adopted scatteredly, to being adopted and implemented widely across
countries and cities as the predominant approach represents the next
environmental research frontier.

A number of investments from non-governmental organisations, in-
vestment banks and governments have been issued to finance projects
that involve NBS. There has been a 37 % increase in NBS-related in-
vestments in 2018 compared to 2013 from public and private actors
combined, totalling USD546 billion (Buchner et al., 2019). Some
countries such as those of the EU, North America and East Asia have
been consistently advancing the use of NBS within city and rural plan-
ning more than other countries (Escobedo et al., 2019). The 2013 EU
strategy on climate change adaptation explicitly linked Disaster Risk
Reduction (DRR) and Climate Change Adaptation (CCA) (European
Commission, 2013) while the EU’s 2017 Action Plan for nature, people
and the economy (European Commission, 2017) advised towards green
infrastructure projects to achieve DRR. Some first inventories in Europe
(Oppla, 2021) record 1000 NBS projects in community, city and
national-scale applications. A growing body of work has been produced
outlining both the requirements for applying NBS and lessons learnt
from early stages of NBS implementation in cities and neighbourhoods
across the world (Monty et al., 2017) and linking NBS with DRR at the
country and city level (Faivre et al., 2018).

We argue that in spite of these investments and the recognised
benefits of NBS, the pace of implementation remains cautious and begs
the question whether there are sufficiently strong drivers for a trans-
formation in the scale of application to achieve global impact. For
example, in July 2020, the UK government announced a £ 5.2 billion
long-term plan to tackle flooding, of which only £ 200 million was
earmarked for local initiatives including NBS (Government, 2021).

This research sidesteps the question of how to direct funding for NBS
implementation and instead attempts to inform the creation of a a)
rational system of resource (natural and financial) allocation and b) a
quantitative framework analysis. Given the complexity of decisions
related to NBS implementation, ranging from differences in biome
availability to cultural perceptions, we frame our analysis in terms of
risk assessment theory that addresses hazards as circumstances with the
potential to cause harm. In particular, we focus on potential harm that
could otherwise be avoided by achieving national progress on DRR
through NBS. We define risk as the scale of damage due to a specific
outcome multiplied by the likelihood of that outcome occurring
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(Schipper and Pelling, 2006; Davidson et al., 2003). We base our defi-
nition for national potential to mainstream NBS as the potential for risk
avoidance, adapting the UN definition of disaster risk reduction more
broadly, paraphrased here as “The concept and practice of reducing risks
through systematic efforts to analyse and manage the causal factors of
damage, including through reduced exposure to hazards, lessened
vulnerability of people and property, wise management of land and the
environment, and improved preparedness for adverse events” (UNISDR,
2009). In our framing, NBS are conceptualized as strategies to manage
the causes of damage, as a contribution to developing national resilience
that captures benefits and manages adverse impacts of future change, by
supporting development of national structures of governance, produc-
tivity and citizen wellbeing.

We focus on national drivers to reduce DRR vulnerability, which
combine risk factors of susceptibility to damage based on geographical
location and the sociocultural environment including state of develop-
ment. Doing so, the focus of this research is coarse and is open to
theoretical and empirical improvements. Nevertheless, we propose that
this potential to mainstream NBS is influenced by the combination of
two categories of development drivers that we refer to as national
capability and national necessity. We define drivers of national necessity
that scale broadly with the level of risk avoidance that occurs by suc-
cessfully implementing NBS, following the suggestion of Schipper et al.
(2016) that disaster risk reduction should put more emphasis on
reducing environmental hazards, e.g., the circumstances with potential
to cause harm. We assume that institutional and management practices
at the country-level affect national adaptation strategies and actions
(Schipper and Pelling, 2006). We consider capability indicators that
demonstrate the existence of mechanisms to enable the adoption of NBS
as adaptation and mitigation actions to prevent harm from the threats
defined by climate change. We consider indicators of necessity that
represent exposure to specific threats, or the vulnerability of a country to
these threats, where NBS are perceived as offering significant protection
against harm. These indicators are explained in detail in the following
section. These indicators also inform SDGs 1, 11 and 13, and particularly
tasks 1.5, 11.b and 13.1. that deal with addressing disaster risk and
increasing climate change resilience and adaptive capacity.

Our approach is rooted in empiricism, using the current knowledge
of factors influencing NBS adoption within countries and case-study
examples and extending it to country-wide indicators of such potential
to achieve DRR. We test our approach by attempting to find similarities
between potential drivers for NBS implementation at the national level
for 177 countries worldwide and in a subset of 80 countries we further
examine whether the conceptualised framework of capability and ne-
cessity has a causal effect on the current level of countries’ adoption of
measures to achieve DRR. We also examine how this extrapolation of
information looks in the country and SDG region-level and critically
evaluate the framework and discuss limitations in the approach and
alternative indicator use. Finally, this paper discusses the need for an
analytical decision-making framework for natural and financial capital
allocation regarding NBS conceptualisation, funding and
implementation.

2. Conceptual approach
2.1. Capability drivers

Reducing disaster risk at the country level is an inherently compli-
cated endeavour, especially when climate change adaptation measures
are considered. Issues of determining the appropriate temporal and
regional scales, all the way to the countries’ knowledge base have shown
that DRR requirements do not always meet climate change adaptation
requirements (Birkmann and von Teichman, 2010). Achieving DRR has
been long advocated to incorporate integrated approaches (Gaillard and
Mercer, 2013), local and scientific knowledge (Mercer et al., 2010;
Hiwasaki et al., 2014) as well as bottom-up and bottom-down actions
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(Gaillard and Mercer, 2013). For such reasons NBS have been promoted
both at the local and regional level as parts of an effective approach to
DRR (Faivre et al., 2018). Past studies have focused on indicator
frameworks incorporating disaster risk (e.g., de Almeida et al., 2016) as
well as exposure and sensitivity (Chang et al., 2018). As such, we
attempt to focus on a select group of robust indicators® and invite further
discussion and research around inclusion and exclusion of indicators
based on climate change adaptation, mitigation and disaster risk
reduction theories, data availability and so on.

We use three indicators to capture national capability drivers: the
percentage of forest area a country has (as percentage of total country
area), the percentage of country area assigned protected status and the
percentage of GDP generated by agriculture, forestry and fisheries. Next
we describe and explain the rationale for each of these.

Forest extent reflects favourable climatic conditions to support a
country’s biome (Cuny et al., 2015) and as such can serve as an indicator
of a country’s inherent capability for biomass production. Forest extent
and appropriate management are considered key components of
implementing and mainstreaming NBS (Maes and Jacobs, 2017) and
countries aiming for climate change mitigation stand to gain more
financially by forests’ primary productivity (Mori et al., 2021). For the
purpose of this illustration, we then consider the bigger the extent of
forests, the higher the capability of a country to implement and adopt
NBS.

We consider the designation of protected status to areas as an indi-
cation of a country’s past and present political resolve to protect and
sustain natural capital. Protected areas have been classified as a type of
EDbA as they provide several ecosystem services whist conserving natural
capital (Cohen-Shacham et al., 2019) since ecosystems in protected
areas are allowed to function without some threats of degradation from
human activities (Dudley et al., 2010). For example, according to UNEP
(2019), Europe, a leader area in pioneering the concept and application
of NBS, has 18 % of its land territory under the Natura 2000 network of
protective status while 10 % of its marine territory is classified as Marine
Protected Areas. Globally, only 4.8 % of the world’s marine area is under
any protected status (Brander et al., 2020). Strict protected status, such
as that required for conservation or no-take-zones is enforced in 3 % of
Europe’s land and in less than 1 % of its marine areas are under strict
protection (European Commission, 2020). In terms of marine protected
areas, only 2.2 % of all marine areas is designated as no-take areas
(Brander et al., 2020). Extent of protected areas is expected to reflect the
capability of a country to implement NBS.

We consider the dependency of a country’s economy to sectors that
themselves rely on natural capital (agriculture, forestry and fisheries) as
an indication of a country’s natural capital contribution to the economy,
captured by their value in commercial markets. Such contribution can
also be seen as an expression of a country’s ability to withstand de-
mographic transformations that reduce agricultural production, rural
land-use changes and growth in agricultural service markets to meet the

3 Reviewing the literature and cross referencing publicly available country-
wide data sources we collected an initial set of 20 indicators reflecting a vari-
ety of potential drivers for NBS implementation such as natural endowments (e.
g., renewable freshwater availability), quality of stakeholder engagement and
sectoral engagement in NBS implementation and participation (e.g., agricul-
tural land ( % of land area)) were considered. PCAs (see Section 4.1) were
carried out for this initial set of indicators and indicators large unexplained
variances were excluded from the sample. This resulted in retaining 10 in-
dicators (apart from the final 7 indicators, “renewable freshwater resources”,
“time to start a business” and “private investment in energy” - all con-
ceptualised as capability indicators and sourced from the World bank datahub)
which were then analysed using cluster analysis (see approach in Section 4.2).
The retained 7 indicators were the maximum number of indicators that allowed
for both variability in the cluster (not having clusters with too many or too few
observations) and for the ability for meaningful interpretation of retained fac-
tors (i.e., allowing for conceptual interpretation).
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growing needs of the industry (Mortimore, 2010). Food production in
the agricultural, forestry and fishing sectors is dependant of NBS (Maes
and Jacobs, 2017) as they support and maintain natural capital flows
and stock such as freshwater quantity and quality (Cohen-Shacham
et al., 2016). Ideally, if natural capital accounts existed for all countries
they would serve as a better indicator for the economic value of natural
capital stocks and flows, instead we need to resort to the contribution of
the primary sectors as a rough (and admittedly deficient) substitute
indicator. NBS also provide job security in these sectors (Faivre et al.,
2017), and consequently their production as they are labour-intensive
where job mobility away from the sector is limited. Therefore, in our
framework, the higher the contribution of these sectors to a country’s
economic output (measured through the country’s Gross Domestic
Product), the higher the country’s capability to capitalise natural re-
sources related to NBS.

2.2. Necessity drivers

Four country-wide indicators were used to capture the national ne-
cessity drivers: the average rate of increase of CO emissions, the per-
centage of population living in urban centres, the percentage of land
under threat of inundation and the average yearly economic costs of
climate change.

Countries with high CO, emissions are considered having higher
economic, social and environmental risk from the impacts of climate
change (Stern, 2007; Faivre et al., 2017). As they usually involve plant
life, NBS have been advocated as tools to combat rising CO2 emissions
(Connop et al., 2016) by taking land under polluting practices and
returning them to low-intensity purposes with re-wilding and vegetation
(Popp et al., 2014). As CO, emissions increase, the necessity of a country
to implement and adopt NBS should also increase.

As the majority of the world’s population lives in urban centres, NBS
implemented in such areas have been found to have multiple benefits,
from protecting health by mitigating heat island effects (van den Bosch
and Sang, 2017), to protecting from climate change-related flooding
(Arnbjerg-Nielsen et al., 2013) and even safeguarding mental well-being
(Mitchell et al., 2015), especially during times of isolation as during the
COVID-19 crisis (European Commission, 2020). Therefore, in our
framework, the higher the urban population in a country, the bigger the
necessity for NBS adoption and implementation.

We consider the percentage of a country with elevation under 5 m as
an indication of necessity for NBS. As sea-level-rise and extreme weather
events intensify with climate change, low-lying areas are under threat of
inundation from flooding which can result in mass migration (McMi-
chael et al., 2020) as up to 10 % of the global population lives in
low-lying coastal zones (McGranahan et al., 2007). NBS can be a solu-
tion as they offer less costly, low-tech coastal resilience benefits by
reducing loss of soil by strengthening the health of coastal ecosystems
(Narayan et al., 2016; Kalantari et al., 2018) or by reducing floods near
waterways (Short et al., 2019). The bigger the extent of such low-lying
areas, the higher the need for mitigation.

Finally, we consider the percentage of a country’s GDP impacted by
climate change events as an indicator of necessity for NBS. NBS have
been advocated as means to reduce risk in economies and their assets
(European Commission, 2018). Such risk reductions are captured either
in the form of avoiding costs for having to restore biodiversity losses or
as pure economic benefits from healthy ecosystems that support food
provision and coastal protection (European Commission, 2020). The
higher the impact, the higher the need for mitigation and adaptation
services.

Following from the above description, in total, seven indicators were
used which reflect a country’s capability to mitigate risk from threats
such as climate change and the country’s necessity to do so given its
exposure to such threats, as per the framework adopted in this research.
As we aim to upscale the empirical information from the case-study level
literature to a country level we conduct an exploratory data analysis,
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Table 1
Indicator description and data sources.
Indicator Description Variable name SDGs it reflects Source
Dependent variable
Score of adoption and DRR_SCORE SDG:1.5.3 Global SDG
implementation of SDG: 11.b.1 Indicators
national DRR strategies SDG: 13.1.2 database
Independent variables Assumed
influence to
NBS adoption
Forest area, as a % of total ~ FOREST AREA 1 % forest, 1 World Bank
country area NBS capability
Terrestrial and marine PR AREA 1 % of PA, 1 World Bank
protected areas, as a % NBS capability
of total country area
% of value added to GDP PRIM_SECT VALUE 1 % of GDP World Bank
from the primary share, t NBS
economic sector (i.e. capability
agriculture, forestry,
and fishing)
CO? emissions (in EMISSIONS 1 rate of World Bank
kilotons) emissions, 1 the
necessity for
NBS
Urban population, as the URB_POP 1 % of urban World Bank
% of the total population, 1
population necessity for
NBS
Land area where elevation =~ LOW_AREA 1 % of low- World Bank
is below 5 m, as a % of laying land, t
total land area necessity for
NBS
Losses per unit GDP due to GDP_LOSSES 1 the costs, 1 the German
climate change necessity for Watch
NBS (2017)
Country-specific variables Source
Gross Domestic Productin ~ GDP_PPP World Bank
Purchasing Power
Parity terms
Land size (in sq. km) LAND World Bank
Percentage of population POVERTY World Bank
living below the poverty
line
Fatalities due to climate CLIM_FATAL German
change Watch
(2017)
Population of country POPUL World Bank

through the use of a Principal Component Analysis (PCA) and Cluster
Analysis (CA) with the final aim to examine the relationship between
drivers for NBS and current adoption of DRR measures.

3. Data and methods

We collected data from public sources, accessible to the both aca-
demics and practicioners, such as the World Bank data hub, the Global
SDG Indicators database and Eckstein et al. (2017) for the period be-
tween 1998 and 2017. The description of the indicators, the rationale
behind their use and their assumed influence on NBS adoption with
respect to supporting DRR is presented in Table 1 below. The score of
adoption and implementation of national DRR strategies (DRR_SCORE)
was selected as the best indicator available that approximates the level
of adoption of DRR at the national level. In line with the Sendai
Framework, this indicator takes values between 0 and 1, with 1 indi-
cating perfect adoption of DRR measures. Data existed only for 88
countries between 2015 and up to 2019 and therefore the latest data
available were used for each country. For the indicators of NBS capa-
bility (FOREST_AREA,4 PR_AREA, PRIM SECT VALUE) and necessity

4 Note that this indicator does not include trees from agricultural production
systems and trees in urban parks and gardens.
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(EMISSIONS, URB_POP, LOW_AREA, GDP_LOSSES) data were available
for more countries. For all independent variables we used data from the
World bank apart for the impact on GDP by climate change
(GDP_LOSSES) where we used data from German Watch (based on data
from the insurance provider MunichRe NatCatSERVICE database) in
Eckstein et al. (2017) who conducted a global calculation per country of
the costs of climate change over a 20-year period, using data from the
insurance company Munich Re’s on the absolute impact of extreme cli-
matic events on a country’s GDP. For these seven suggested indicators
data were collected for the period between 1998 and 2017, for consis-
tency between the World Bank datasets and Eckstein et al. Countries
with missing data or where data were not reported for all seven in-
dicators were eliminated from the analysis. This resulted in having
complete data for 178 countries for all seven indicators. A further group
of country-specific socio-economic variables were also used to deter-
mine whether differences between the results of the cluster analysis
would merit any further examination through a regression analysis.
These variables were also extracted from the World Bank and Eckstein
et al. (2017) and can be seen in the final section of Table 1 and include
the Gross Domestic Product (GDP) in Purchasing Power Parity (PPP)
terms, land size, population size, percentage of a country’s population
living below the poverty line and number of fatalities attributed to
climate change.

Similar to previous studies that aim to identify groupings of typol-
ogies of NBS, we use PCA and CA methods to explore similarities be-
tween suggested NBS indicators identify groupings of similar country
cases (Zingraff-Hamed et al., 2021; Castellar et al., 2021). One of the
common techniques to reduce the complexity of data without reducing
the quality of information they provide while enabling multivariate
analysis is Principal Component Analysis (de Sousa Mendes and Devos
Ganga, 2013). PCA aims to find the maximum variance of the original
data through a combination of original variables, without having an
underlining explanatory model (Lattin et al., 2003). In the context of this
paper this is desirable as we do not know the effect that the suggested
capability and necessity drivers have on NBS adoption.

Using the scoring coefficients of the principal components in a
Cluster Analysis allowed to group countries that have similar charac-
teristics, given their capability and necessity drivers, while maximizing
the differences between different clusters of countries. Employing a CA
after the PCA also allowed to reduce the influence that selection of in-
dependent variables can have on the regression analysis (Chen et al.,
2016) as the suggested framework is inherently dependent on the
quality of the indicators selected. Employing such methods to select
subsets of variables is also commonly used to facilitate regression ana-
lyses (e.g., Abdul-Wahab et al., 2005; Willemen et al., 2007).

In order to determine the appropriate clustering algorithm and
number of clusters, the clValid package (Brock et al., 2011) in R was
used to compare different clustering methods, namely hierarchical
clustering and partitioning such as k-means clustering and partitioning
around medoids (PAM) clustering. These methods were compared as
they are the most common ones with country or region-wide data (e.g.,
Lechner et al., 2016; Gough, 2001). These methods measure the distance
between two observations within a dataset allowing similar observa-
tions to be grouped while allowing observations within a group to be as
different as possible from the observations of other groups (Karmakar
etal., 2019). The minimum shortest point to connect two observations in
multi-dimensional space (called the Euclidean distance and the multi-
dimensional space is defined by the number of variables available). The
algorithm used finds the centre (mean) points of observations in the
Euclidean space for the four components with the number of centres
defined by the optimal scores of three different internal validation
measures. The values for “connectivity” closer to O are preferred while
“silhouette” values close to 1 are considered to group observations well.
Finally, the higher the “Dunn” ratio, the bigger the differences between
observations from different clusters, which is preferred (Brock et al.,
2011).
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Table 2

Descriptive statistics of selected indicators.
Variable name No. of countries Mean Std. Dev. Min Max
DRR SCORE 88 0.62 0.30 0.00 1.00
FOREST AREA 178 12.83 12.03 0.06 56.48
PR AREA 178 3.40 8.69 0.00 55.56
PRIM_SECT_VALUE 178 54.72 23.34 10.09 100.00
EMISSIONS 177 11.76 10.96 0.01 55.08
URB_POP 178 159913 668776 9.49 6544623
LOW_AREA 178 31.69 23.67 0.00 98.48
GDP_LOSSES 178 0.59 1.92 0.00 21.21
GDP_PPP 178 15078 17384 625 109783
LAND 178 729582 1996334 0 17100000
POVERTY 178 24 20 0 72
CLIM_FATAL 178 147 650 0 7049
POPUL 178 15078 17384 625 109783

Table 3

Rotated components for the seven indicators.

Variable Component 1 Component 2 Component 3 Component 4 Unexplained variance
FOREST AREA 0.796 0.1824
PRIM_SECT_VALUE -0.680 0.469

PR AREA 0.494 0.395 -0.310 0.180

EMISSIONS 0.695 0.359

URB_POP 0.681 0.365

LOW_AREA -0.585 0.268

GDP_LOSSES 0.931 0.093

Table 4 Table 5

Full list of countries and the groups with the hierarchical clustering method.

Mean values for the standardised four components with hierarchical clustering.

Countries

Clusters Component 1 Component 2

Component 3

Component 4

Group 1 (89
countries)

Group 2 (89
countries)

Afghanistan* , Albania* , Algeria, Angola* , Antigua and
Barbuda, Argentina* , Armenia* , Australia* , Austria*,
Azerbaijan* , Bahamas, Bahrain, Bangladesh, Barbados* ,
Belgium, Belize, Benin, Bhutan* , Bolivia, Bosnia and
Herzegovina, Botswana* , Brazil, Brunei Darussalam,
Bulgaria* , Burkina Faso* , Burundi* , Cabo Verde, Cambodia,
Cameroon* , Canada, Central African Republic, Chad, Chile* ,
China, Colombia* , Comoros* , Congo, Dem. Rep., Congo, Rep.,
Costa Rica* , Cote d'Ivoire, Croatia, Cyprus, Czech Republic* ,
Denmark* , Djibouti, Dominica, Dominican Republic,
Ecuador* , Egypt, Arab Rep.* , El Salvador, Eritrea, Estonia* ,
Eswatini* , Fiji, France* , Gabon, Gambia* , Georgia* ,
Germany* , Ghana, Greece, Grenada, Guatemala* , Guinea,
Guinea-Bissau, Guyana, Haiti, Hungary, Iraq* , Italy* , Lao
PDR, Madagascar, Mauritania, Mauritius, Morocco* ,
Netherlands* , Nicaragua, Nigeria, Oman, Papua New Guinea,
Qatar* , Saudi Arabia* , Sri Lanka* , Togo* , Tonga, Tunisia,
United Kingdom* , Uruguay* , Zambia*

Belarus* , Ethiopia* , Finland* , Honduras, Iceland, India,
Indonesia* , Iran, Islamic Rep., Ireland* , Israel, Jamaica,
Japan* , Jordan* , Kazakhstan* , Kenya, Kiribati* , Korea, Rep.
*, Kuwait* , Kyrgyz Republic* , Latvia, Lebanon* , Lesotho,
Liberia, Libya, Lithuania, Luxembourg, Malawi* , Malaysia* ,
Maldives* , Mali, Malta, Mexico* , Micronesia, Fed. Sts.,
Moldova, Mongolia* , Mozambique* , Myanmar* , Namibia* ,
Nepal* , New Zealand* , Niger* , North Macedonia, Norway* ,
Pakistan* , Panama, Paraguay* , Peru* , Philippines* , Poland*
Portugal* , Puerto Rico, Romania, Russian Federation* ,
Rwanda, Samoa* , Senegal, Seychelles, Sierra Leone,
Singapore, Slovak Republic* , Slovenia* , Solomon Islands,
South Africa* , South Sudan, Spain, St. Kitts and Nevis, St.
Lucia, St. Vincent and the Grenadines, Sudan* , Suriname,
Sweden* , Switzerland* , Tajikistan* , Tanzania* , Thailand* ,
Timor-Leste, Trinidad and Tobago, Turkey* , Tuvalu, Uganda,
Ukraine, United Arab Emirates, United States* , Uzbekistan,
Vanuatu, Venezuela RB, Vietnam, Yemen, Rep., Zimbabwe*

*Denoting countries reporting a disaster-risk reduction score for SDG indicator

1.5.3
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Table 6
Distribution of the 2 clusters, by SDG geographical areas.

Final clustering (2 clusters) for the group of 178 countries examined.

SDG geographical areas Cluster 1 Cluster 2 Total number of countries
Africa 31 20 51
Americas 21 14 35
Asia 17 27 44
Europe 16 21 37
Oceania 4 7 11
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Table 7 components seem to be explaining most of the variance in the data (see
Regression results. last column of Table 3). The components’ scoring coefficients (see
log (DRR_SCORE) Coef. Std. Err. p-value Table A1 in the Appendix) were then used for the next step of the cluster
analysis.
CLUSTERS 0.2112 0.120 0.082
CONSTANT -0.808 0.194 0
Rosquared 0.038 4.2. Cluster analysis
Observations 80
Using the scoring coefficients from the PCA, a cluster analysis was
carried out, a common technique that reduces the dimensions (number
Tabl.e Al . o . . . of variables) while facilitating the finding of similarities (and maxi-
Scoring coefficients of the 7 indicator variables for orthogonal varimax rotation. .. f e 1. . .
mizing the dissimilarities) between countries (Ding and He, 2004).
Compl Comp2 Comp3 Comp4 From the outputs of clValid, a hierarchical algorithm is suggested by
FOREST AREA -0.6796 -0.016 -0.0095 -0.0695 two of the three measures and an optimal number of 2 clusters in
PRIM_SECT_VALUE 0.2253 -0.1864 -0.5847 -0.1166 Table B1 in the Appendix, according to the “connectivity” and “silhou-
PR AREA 0.681 0.0195 0.0076 -0.0226 ette” scores performs best in each case. When improving the number of
EMISSIONS 0.0977 0.4938 0.3951 -0.3099 lust 11 th deteri te. The D ted a 3
URB POP 01166 -0.2007 0.6952 0.0489 clusters, all three measures deteriorate. The Dunn score suggested a 3-
LOW AREA 0.0032 0.7962 01308 0.1258 cluster hierarchical approach, but the results included only two coun-
GDP_LOSSES 0.02 0.048 0.0389 0.931 tries in the 3rd cluster and therefore was not preferred. The list of
countries and the cluster (group) they belong to can be seen in Table 4
Table B1
Optimal number of clusters according to internal validation measures, in bold showing the optimal cluster solution.
Clusters 2 3 4 5 6 7
hierarchical Connectivity 2.93 6.79 9.86 15.30 21.61 42.32
Dunn 0.57 0.70 0.35 0.23 0.20 0.07
Silhouette 0.74 0.66 0.44 0.41 0.28 0.29
kmeans Connectivity 2.93 6.79 18.93 59.23 58.16 86.22
Dunn 0.57 0.70 0.08 0.04 0.05 0.05
Silhouette 0.74 0.66 0.23 0.31 0.32 0.30
pam Connectivity 47.22 69.53 80.41 89.57 100.94 90.79
Dunn 0.02 0.02 0.03 0.03 0.02 0.02
Silhouette 0.28 0.27 0.23 0.23 0.25 0.25
4. Results below.

The summary statistics for the indicators is presented in Table 2
below. The mean value of the score of adoption of DRR measures is
above 0.5 (0.62) but this can be attributed to self-selection as reporting
of relevant data used to calculate this indicator is done on a voluntary
basis. With respect to the NBS adoption indicators, as data were not
reported for some small and resource-deprived countries it is possible
that the mean estimates are skewed downwards.

4.1. Principal component analysis

All explanatory variables were normalised based on the mean value
and standard deviation, a standard practice when employing methods
such as PCA and CA (Lechner et al., 2016). A PCA was carried out in
Stata (version 15.1) with a varimax rotation to ensure that principal
components are maximally correlated with an individual variable, to
facilitate interpretation of the components. The PCA had four compo-
nents with an Eigen value higher than 1 and the rotated components are
presented in Table 3 below. From the relative size of the factors’ load-
ings, the fourth component contains the impacts of climate change on
GDP indicator (GDP_LOSSES) while the capability indicators are mainly
represented from Components 1 and 2.° The necessity indicators are
mostly represented by components 3 and 4. Overall, the selected

5> We have considered the use of renewable freshwater resources as an indi-
cator instead of forest cover and results were inconclusive. In detail, including
this indicator instead of forest cover results in 2 clusters with good enough
distribution (135 and 43 in Clusters 1 and 2, respectively). Results in the logistic
regression were statistically insignificant, though. Also T-tests and Mann-
Whitney tests showed no statistical differences between sociodemographic
and geographical characteristics and clusters leading to no interpretable results.
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The mean values for the four components after a hierarchical clus-
tering with 2 clusters was carried out are presented in Table 5 below.
The results clearly group countries that score highly in all necessity and
capability indicators in Cluster 2. Ward’s minimum variance clustering
method identifies the strongest clustering structure and the corre-
sponding dendrogram is plotted in Fig. 1 below.

Clustered countries are presented initially in the five broad
geographical areas of the SDGs (Africa, Asia, Americas, Europe and
Oceania) for comparison purposes (see Table 6). For the full list of
countries in the 2 groups, see Table 5. The countries are evenly
distributed both in terms of total number (89 countries each),
geographical location and average land size (countries in both groups
have, on average, around 730k square kilometres) and the clustering
results paint an interesting overall picture.

The first group (Cluster 1) contains more African and Asian countries
than Group 2 but it also includes large countries and economies such as
China, Brazil, Germany, United Kingdom, France, Australia and Italy.
These countries are complemented by several small, landlocked coun-
tries from different continents as well as some coastal states and Small
Island Developing States (SIDS). Such countries have a combination of
limited natural resources, small populations, fewer mitigating policies in
place as well as being the least impacted from climate change. The
average GDP in PPP terms is slightly smaller in this group than Group 2
(USD 14.3k compared to USD15.8k) as is the average population (37.3
million compared to 46.6 million).

Group 2 (Cluster 2) contains large economies such as the US, India,
Russia, Japan and Spain. Also in this group are most of the Scandinavian
countries, the largest Southeast Asian countries (Indonesia, Thailand,
The Philippines and Vietnam and several small and less well-off Euro-
pean and Balkan countries. Overall, this group has more countries from
Asia and Europe than Group 1 (23 % and 10 % more, respectively).



E. Tyllianakis et al.

Group 2 countries have a higher number of annual climate-related fa-
talities than Group 1 (1203 versus 734). Group 2 contains less coastal
countries than Group 1 (67 coastal countries in Group 2 compared to 78
in Group 1) but both groups have almost the same number of island
nations (18 countries in Group 1 and 19 countries in Group 2). Most of
the largest Asian countries are in Group 2, with the exception of China,
as well as the countries with the highest population (from the top-5
highly populated countries, only one (India) belongs to Group 1).

Several t-tests (and a Mann-Whitney U test for the non-normally
distributed GDP_PPP) were carried out with the country-specific socio-
demographic variables of Table 1 and the two clusters to find if there are
any statistical differences between the groups. All the tests were non-
significant, showing that there are no statistical differences between
clusters and socio-economic variables. Conversely, one-way ANOVA
tests between the country-specific sociodemographic variables and the
six SGD geographical areas showed that there are statistical differences
at the 1 % level in GDP (GDP_PPP) and population living below the
poverty line (POVERTY), showing that the clustering of countries based
on their capability and necessity indicators is not driven by geographical
or socio-economic differences between them.

4.3. Differences in DRR adoption

To validate the results of the PCA and the CA, we examined whether
the suggested indicators can provide an indication of whether countries
with similarities in capability and necessity indicators have differences
in the current level of adoption of DRR measures. A binary variable
denoting a country being in Cluster 1 or 2 and the log-transformed DRR
score were used. Only 80 countries were retained for this step from the
initial set of 88 countries as 8 countries had reported a DRR score of zero.
A t-test showed with unequal variances that there are statistical differ-
ences in mean DRR score between clusters, at the 10 % level. A one-way
ANOVA test (F(1,78)= 3.11, p-value= 0.082) showed that the variance
of the mean logarithm of the DRR score of the two groups is also not
equal. Finally, a univariate regression as shown in Table 7, revealed that
a country moving from Cluster 1(37 countries) to Cluster 2 (43 coun-
tries) will increase its mean DRR score by 23.6 %. In other words, Group
2 countries have significant differences from Group 1 countries
regarding the level of current adoption of DRR measures and their
higher scores in the necessity and capability indicators might provide
support to existing DRR initiatives through current or future NBS
implementation. The model fit is poor, indicating that there are more
factors that affect adoption of DRR.

5. Discussion

NBS have seen a rise in application in several advanced economies
and have recently presented as means to achieve disaster risk reduction
(Calliari et al., 2019). Our analysis provides a first look on how a
framework of national capability and necessity indicators of NBS
adoption explain current levels of countries’ implementation of risk
reduction measures while supporting reaching SDG goals 1, 11 and 13.
Overall, our approach is an attempt at finding robust-data driven in-
dicators of NBS capability and necessity that also are connecting with
reducing vulnerability of climate change risk. By doing so we did not
anchor our approach entirely on indicators of reducing risk as means of
climate change adaptation or mitigation as NBS implementation focuses
on policy and action-focused framework (Frantzeskaki et al., 2020).
Further research is therefore required to empirically examine the
appropriateness of such indicators to determine notions of national
capability and necessity for NBS, both in the context of countries
achieving DRR and in the wider context of enhancing biodiversity,
achieving net-zero goals and transitioning towards a circular economy.

Our conceptual approach, underpinned by quantitative results from
data-driven indicators paints an interesting policy picture. Scoring
highly both in capability and necessity indicators of NBS adoption is
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more likely to exist in countries that have higher scores of adoption of
DRR measures. Such countries, represented by Group 2, are a mixture of
large, developed and rich countries small, landlocked European and
Balkan countries, as well as coastal states and SIDS. Our results show
that there is a positive relationship between DRR and possibility of
adoption of NBS, with the mean DRR score being 23 % higher in such
countries than in countries with lower combined capability and neces-
sity indicators (see Table 7). Additionally, several of these countries
have high poverty rates (countries such Mexico, South Sudan and South
Africa and several SIDS) which shows that capability and necessity for
NBS is not to be seen as a ‘luxury’ that only rich and powerful can afford
but conversely a necessity regardless of the size of an economy. The
diverse nature of the countries in that group shows that NBS have indeed
the potential to be implemented globally as several countries appear to
have the necessary components (such as natural resources and policies
to protect the environment) but also the need for the benefits of NBS
(land under threat of inundation, people living in urban centres and
economic losses due to climate change).

The PCA and CA results as well as the inferential statistics showed
that necessity and capability drivers are not dependant on sociodemo-
graphic or geographical characteristics. Overall, countries with large
economies or countries with a past record in promoting NBS do not
appear in one group, such as China, the Netherlands and the US. The
results of this work can incentivise countries such as Group 1 countries
to increase their capability for NBS through increasing protection of and
enhancing the quality of natural resources, through appropriate man-
agement frameworks that enable ecosystem management and conser-
vation (Zingraff-Hamed et al., 2020). This is been previously argued for
through case-study evidence in these areas (e.g. Cohen-Shacham et al.,
2016; Cohen-Shacham et al., 2019) but our analysis offers quantitative
evidence, at the country-level, of how NBS capability-increasing actions
can support reduction in disaster risk. Nevertheless, our analysis ex-
amines the possibility of NBS adoption of countries benefiting from DRR
alone. NBS have been associated with achieving wider benefits such as
safeguarding its future of human life through sustainable urbanisation
and ecosystem restoration (Faivre et al., 2017) and supporting a tran-
sition to a circular economy (Faivre et al., 2018).

The analysis shows that high capability and necessity for NBS for the
use of NBS does not necessarily translate to higher levels of adoption of
DRR measures. Countries such as China and the U.S., as well as Euro-
pean countries do not cluster together. This can be explained by the fact
that DRR measures can refer to policies and actions that do not involve
natural capital use or operate independently of it. Our analysis instead
highlights that both national capability and necessity for NBS (from the
results of the cluster analysis in Table 6) need to be high to facilitate
wider adoption of DRR measures through NBS. In other words, DRR
measures cannot be tied to NBS adoption, instead NBS can facilitate risk
climate change-related DRR but are not the only means to do so. For
example, the UK, that has the higher DRR score of 1 from all countries is
found in Group 1. The UK Government’s Climate Change Committee has
identified 31 priority recommendations to reduce climate change risk,
with only 8 of them referring explicitly to NBS such as peatland resto-
ration and adoption of Sustainable Urban Drainage Systems (SuDS)
(Adaptation Sub-Committee, 2015).

5.1. Recommendations for policy and conceptual frameworks

The empirical literature has highlighted some drivers of NBS po-
tential have not been included in this work. As the approach of this
paper was data-driven (at the global level), indicators used were of a
‘coarse’ nature and did not always reveal the complexity that is associ-
ated with conceptualising and implementing disaster-reducing NBS at
the country level. The spatial and information extent of indicators used
also was coarse, as city-level data should be more informative regarding
drivers for NBS (Kabisch et al., 2016). Land under agricultural practices,
for example, can be and indicator of necessity as proper management
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can reduce CO2 emissions (Girardin et al., 2021) and presence of rivers
and their structure in a country (Chausson et al., 2020) can act as an
indicator of capability but such data tend to exist at the local level (Coles
and Tyllianakis, 2019) and cannot always be upscaled at the country
level. Taking into account other elements of natural capital such as coral
reef and mangrove cover should also be used to explain capability, as
such ecosystems are found to mitigate the economic impacts of climate
change in countries with high concentrations of population in urban
areas by the coastline (Beck et al., 2018; (Kalantari et al., 2018)). Other
potential indicators can refer to measures such as political stability in a
country (to ensure that announced policy reforms will be put into action
in the future), the public’s acceptance of NBS as agents of risk reduction
(Anderson and Renaud, 2021). Finally, indicator use is constrained as
only the current state of the natural environment within countries is
taken into account and not that of the future.

A need for an analysis framework is exacerbated by the amount of
investments made in the area of NBS development. Investment in
research, innovation and applications in NBS has currently been spear-
headed by the European Commission (total funding for the
environment-supporting FP7 programmes in the period 2007-2013 was
€50 billion, European Commission, 2007). In terms of NBS-specific
projects funded, the records of the European Investment Bank projects
report investments of €39.5 million in country-wide and city-wide pro-
jects to support and enhance the environment and combat climate
change. Also, the European Commission has recently pledged that 25 %
of future EU budgets will be devoted to NBS and that it will provide
incentives and lift barriers for businesses to invest in NBS (European
Commission, 2020). By 2020, the European Commission had earmarked
240 million Euros for specifically NBS-related projects (Cohen-Shacham
et al., 2019). Additionally, the Commission is planning for at least €10
billion over the next 10 years to become available for NBS through
public/private blended finance. Despite such financing efforts, the
global mitigation benefits offered from NBS is disproportionate to the
funding they currently receive. NBS are measured to offer around 37 %
of all potential CO» mitigation between the present and 2030 (Griscom
et al., 2017) but receive only 0.8 % of the total available funds in public
and private climate financing (Buchner et al., 2015). Private in-
vestments in NBS are on the rise, with an increasing rate in the last five
years (Buchner et al., 2019) which should encourage an even higher
increase in similar funding in the future, especially in NBS-related sec-
tors where private investment has always been critical such as water
sanitation and provisioning sectors, along with climate resilience.
Finally, what is also required is the development of NBS-related markets
where information, good practices and innovation opportunities support
NBS implementation in the city and regional level (Faivre et al., 2017).

Introducing NBS in policy-making decisions has already been initi-
ated from large entities such as the EU and China. Nevertheless, what
appears to still be lacking is the translation of intentions in high-policy
level into city or community-wide initiatives and actions. For example,
NBS have been found to be more likely to be implemented in a successful
manner when communities and people embrace the concept of NBS and
actively support its implementation (Gulsrud et al., 2018). In order for a
true increase in a country level of adoption for NBS a real paradigm shift
needs to take place were communities and decision-makers alike
embrace and continuously support NBS implementation over time.
Acknowledging that, the European Commission now claims that, since
public authorities represent 14 % of the EU’s GDP, they will be the
drivers for increased demand in NBS (European Commission, 2020).
Whether this will be matched by the public’s acceptance of NBS is more
context and information dependant (Raymond et al., 2016; Young et al.,
2019). Other barriers to increased demand for NBS implementation can
be, apart from the lack of natural resources, institutional and political
obstacles. In the long run, as NBS generally have longer implementation
periods than traditional infrastructure as natural ecosystems take longer
to grow or recover (Monty et al., 2017). More importantly, what is
needed is a paradigm shift where NBS are viewed as vehicles of humans
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working with nature (Bark et al., 2021) instead of nature being simply
the fuel of economic growth in an “extract, use, discard” scenario
(Pearce and Turner, 1990).

6. Conclusions

NBS have been increasingly presented as means to protect and
enhance natural resources while working alongside them to support
livelihoods and reduce disaster risk. The aim of this work is to make a
contribution to the global NBS discussion on how their potential for
mainstreaming could be assessed, and provide outputs based on existing
available data which could (and should) be updated as new and better
data become available. This work aims to present a suggested typology
for indicators allowing to inform policy discussions for resource allo-
cation for disaster-reducing NBS. We conceptualised capability in-
dicators that reflect the existence of mechanisms to enable the adoption
of NBS as adaptation and mitigation actions to prevent harm from the
threats defined by climate change, while indicators of necessity were
selected to reflect exposure to specific threats, or the vulnerability of a
country to these threats, where NBS are perceived as offering significant
protection against harm.

The quantitative analysis illustrated that countries that score higher
in both national capability and necessity indicators are clustered
together, a result not affected by geographical or economic character-
istics. Such countries represent a mixture of large economies, small
European and Balkan countries as well as coastal and island nations from
across the world and appear to have already started to adopt measures to
reduce climate change-related risk. Included in these countries are pi-
oneers of advocating for Ecosystem-based Adaptation and Nature-based
Solutions as means of reducing climate change risk, as well as countries
that have not been known for incorporating NBS in achieving DRR. Our
results show that, higher capability and necessity for NBS might also
explain current adoption of national measures of achieving DRR,
showing potential synergies between DRR-reducing NBS and grey
infrastructure projects. Finally, our work highlights the need for better
data availability to allow for more detailed and appropriate indicators of
capability and necessity for disaster-reducing NBS.
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