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A financing gap is seen as a crucial barrier, hampering the further uptake and upscaling of Nature-based Solu-
tions (NbS). However, it is not always clear what is meant by this, nor is it clear why this barrier exists and
persists. The aim of this paper is to generate an enhanced understanding of financial barriers to NbS. This is
accomplished through first conceptually and theoretically clarifying the difference between funding and
financing and then exploring these through an integrative literature review. We expose three different di-
mensions of financial barriers in NbS projects, namely the occurrence of multiple types of funding gaps, the
occurrence of multiple types of financing gaps, and the particular and complex cost structures of NbS. NbS
funding gaps can be broken down into public funding gaps, private funding gaps, and funding gaps specific for
lifecycle phases, activities, and cost types. Bridging the funding gap is a necessary (although not sufficient)
condition for bridging the finance gap and financing alone cannot solve a funding problem. We further find that
these different dimensions of financial barriers can be explained by the misalignment between the characteristics
of NbS and the characteristics of our existing institutions. These misalignments occur through different insti-
tutional mechanism, including (i) Funders’ preferences, (ii) Revenue generation enablers, (iii) Justification re-
quirements, (iv) Funders’ regimes, (v) Financiers’ preferences and (vi) Finance application processes. All
mechanisms influence the occurrence of public and private funding and financing gaps and they influence the
cost structure of NbS, in particular transaction costs. The results of this analysis suggest that overcoming NbS
funding and financing challenges requires a systemic, multi-level approach as the barriers to project imple-
mentation are not all located within a project’s sphere of influence or control.

1. Introduction Infrastructure (GI), Building with Nature, or Natural Floodrisk Man-

agement [3,4]. Cohen-Shacham et al. et al. [5] distinguish five generic

The United Nations has declared the current decade, 2021-2030, the
Decade of Ecosystem Restoration. This represents an urgent call to action
to speed and scale up the restoration and protection of ecosystems
throughout the world. At the same time, Nature-based Solutions (NbS)
have been gaining traction. The NbS concept emerged towards the end
of the 2000s as a result of a paradigm shift from conserving nature for
nature to conserving nature for humans [1]. NbS are defined by IUCN as
“actions to protect, sustainably manage, and restore natural and modified
ecosystems that address societal challenges effectively and adaptively,
simultaneously benefitting people and nature” [2]. NbS, an umbrella term,
encompasses a variety of other commonly used concepts such as Green

types of NbS approaches, namely i) Ecosystem restoration approaches,
ii) Issue-specific ecosystem-related approaches, iii)
Infrastructure-related approaches, iv) Ecosystem-based management
approaches and v) Ecosystem protection approaches, and in doing so
offer conceptual clarity on the span of the NbS concept. A few examples
of NbS are mangrove reforestation, wetland (re-)construction, green
roofs, rain gardens, coral reef protection, and seagrass restoration [6,7].
The latest IPPC report demonstrates the effectiveness of NbS for miti-
gation and adaptation [8] and as such, NbS are regarded as an essential
component of the necessary global response to climate change.

Despite the potential and growing urgency, investment in NbS
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remains limited. The global level of investments in 2020 in NbS is
estimated to be around USD 133 billion annually [9]. However, if the
world is to meet its biodiversity targets, investments have to triple by
2030 and have to increase four-fold by 2050 [9]. Most NbS projects are
funded through public and philanthropic funds whilst only 14 % comes
from private actors. Increasing public funding alone — a challenge in
itself as public budgets are increasingly under pressure - will not be
sufficient to bridge the gap and as such, scaling up the flow of private
finance for NbS is seen as an essential avenue for the years to come [9].
Although NbS are seemingly more cost-effective than gray infrastructure
alternatives, adoption of NbS remains low [10], and is often limited to
small scale or experimental pilot projects, and not yet part of main-
stream application [11]. Implementing and upscaling NbS faces a
multitude of barriers that have been identified and discussed in prior
studies [12-15]. Amongst this array of barriers the lack of finance has
been recognized as critical in limiting the implementation and upscaling
of NbS.

In response, significant scholarly efforts have been directed at
improving the NbS investment case (justifying that it is a good invest-
ment, and that it achieves the highest value for money). This includes,
but is not limited to, research on the values of ecosystems via the
ecosystem services approach [16-20], valuation studies of specific
ecosystem services or specific species [21], improvements and applica-
tions of valuation methodologies [22], exploring the ‘demand side’ for
ecosystem services [23], and studying NbS from a business model
perspective [24-26]. Furthermore, studies on the financial mechanisms
and instruments that are (potentially) applicable in the context of NbS
and as such facilitate payments for the values generated by NbS or
specific ecosystem services are emerging in the academic literature [21,
27,28]. In this context the implications and trade-offs of such arrange-
ments are being highlighted, particularly their effects on environmental
and social equity [29], and their influence on democratic processes [30,
31]. This illustrates that the development of novel approaches and in-
struments may offer relief on the financial side, but at the same time new
and different challenges become apparent.

Despite the increased attention and research efforts on this topic, the
research remains fragmented and is often approached from different yet
single disciplinary perspectives. This makes it difficult to keep track of
the state of the art and to apply the collective knowledge base in prac-
tice, challenges that are often present in inter- and transdisciplinary
research fields [32]. Studies concerned with NbS implementation bar-
riers utilize demarcated categories - typically technical, political, social,
and economic - yet, researchers acknowledge the interconnectedness of
all these barriers [6,12,33-37]. For instance, a lack of funding for NbS
can be the result of internal competition over public budgets [38], the
short-term orientation in public and private decision-making whereas
NbDS require a longer term perspective [39] or the situation discussed by
Young [40] in which trees are not considered an asset and as such are
subject to funding fluctuations depending on the political winds. Such
examples illustrate that financial barriers may have their origins in
diverse, interconnected domains, and that showcasing the
cost-effectiveness of solutions — a challenge in itself - is not always suf-
ficient for implementation. To the extent of our knowledge, no academic
article currently offers a holistic view of the matter.

The existence of a financing gap for NbS is articulated by both
scholars and practitioners. However, it is not always clear from the
outset what is meant by this, nor is it clear why this situation exists.
“Successful problem solving requires finding the right solution to the right
problem. We fail more often because we solve the wrong problem than
because we get the wrong solution to the right problem™ [41]. In this paper
we therefore take a step back, aiming to analyze and synthesize the
existing collective body of knowledge concerning NbS (financial)
implementation barriers to develop a deeper understanding of what
financial barriers for NbS entail and why they exist and persist. To
achieve this the phenomenon is delineated in two ways. First, a clear
conceptual distinction between funding and financing is made and
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explored. Although these terms are often used interchangeably and are
interconnected, in this problem analysis-oriented study, financing and
funding are considered as distinct barriers. Secondly, by taking a more
holistic perspective we investigate the systemic nature of funding and
financing barriers to NbS and their rooted existence in our social
(institutional), environmental, and technological systems. Accordingly,
following the paths of Schuitmaker (2012), Eisenack et al., (2014) and
Dorst et al.. (2022), we adopt the definition for barriers as project-level
problems that arise from the misalignment between NBS characteristics (e.
g., they are growing, living interventions; they present multi-functional so-
lutions) and existing conditions in our institutional systems [12,42,43].

This paper explores the systemic reasons for the existence and
persistence of financial barriers for NbS, identifying key institutional
mechanisms and their misalignment with specific NbS characteristics.
Such an analysis can provide an effective starting point for both aca-
demics and practitioners in general, and institutional economists in
particular, to study and develop financial arrangements and broader
strategies to scale up NbS. Indeed, in their recent publication Favero and
Hinkel [44] highlight the need to look beyond trying to overcome
financial barriers solely with financial solutions. Similarly, Op de Beeck
et al. (2024) identify that the interplay between policy and financing
serves as a catalyst for investments in NbS [45], underscoring the need
for a systemic perspective in addressing the funding and financing gap
for NbS.

2. Defining funding and financing

The distinction between funding and financing is often not made
explicit. For example, it is common practice to refer to non-return
seeking money as finance (e.g. public finance) or to utilize the term
‘finance’ to encompass both funding and finance. Further, mechanisms
such as the Green Climate Fund, often make use of combined funding
and financing instruments, further clouding the distinction between
these two fundamental concepts. As such, the terms funding and
financing are often used interchangeably. However, they are profoundly
different concepts in economics. Funding is concerned with the question
of who will ultimately pay for the project, whilst financing addresses
the question of who will provide the up-front resources needed to
construct or implement it (and under what conditions) [27,46-48].

Consider for example the construction of a new bridge. The asset
owner or initiator can turn to the capital market and borrow the up-front
money required for the construction — financing — whereas once the
bridge is utilized, the users of the bridge may pay a user fee every time
they cross the bridge, ultimately funding the investment. In this example,
in the end, the users of the bridge actually pay for the bridge, not the
asset owner nor the financier. Revenues generated by projects typically
accumulate over time and tend to be backloaded, meaning that little
revenue is available during the initial construction phase when the
capital needs are high. As it takes time for the revenue streams to
initiate, the required up-front money often needs to be sourced else-
where. The type and stability of project funding primarily determines
the availability and conditions of financing, especially in privately
financed projects. Reliable funding sources are fundamental to make a
debt issuance affordable or an investment attractive, and to ensure the
long-term financial viability of the project. A further consideration for
policy makers is that the choice in funding can influence the eventual
impact of a project; “Tariffs will provide incentives for more efficient use of
water, whereas subsidies generally will not” [49].

Building upon previous academic and practitioners work, we
consider three generic categories of funding, namely Taxes, Tariffs,
and Transfers, also referred to as the “3T’s framework” [46,49-51].
Taxes encompasses government revenues which can be generated in
different ways but mostly originates from levying (a wide range of)
taxes, income from government-owned corporations and the sales of
assets. A distinction can be made between generic national government
revenues and revenues from earmarked taxes (collected and used for a
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designated purpose), and taxes levied at different government levels.
Funding from this category means that public money is used to ulti-
mately pay for the NbS, or alternatively framed, “society pays”.
Although we stick to the framework’s original term Tariff, in this context
this category includes a broad range of potential funders. It reflects the
principles of the “user pays” and “polluter pays” [52] as well as regular
market mechanisms for selling and buying products. Fees or payments
can be either obligatory or voluntary. Funding from this category means
that money from the beneficiaries, consumers, or polluters — directly or
indirectly affected - is used to ultimately pay for the NbS. The third
category, Transfers, reflects contributions from (foreign) donors, i.e.
donors that are not directly related to the project in question or
responsible for the outcomes. This typically includes EU subsidies,
philanthropic donations, corporate donations, and Official Development
Aid (ODA). Funding from this category means that “donors pay” for the
NbS. The first category (taxes) consists of public funding, the second
category (Tariffs) consists of mostly private funding although public
funding is also possible, and the third category (transfers) typically
captures both public and private funding. The above described
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categories are broad, especially Tariffs, and boundaries between the
3T’s are not strictly demarcated, but can rather be seen as a continuum
(Fig. 1).

Regarding finance, one can distinguish between commercial finance
(finance provided above or at market rates usually provided by the
private or financial sectors), concessional finance (finance provided
below market rate or under different conditions than commercial
finance, can originate from public and private sectors) and public
finance (finance provided by the public sector under conditions aligned
with policy objectives). Typically, a commercial financiers’ objective is
to generate revenue through charging interests. Concessional and public
finance tend to come at lower interest rates and under different condi-
tions (i.e. pay-back period, size of loan) with a broader range of objec-
tives, including social and environmental objectives being pursued by
the financier. As such, commercial finance usually comes at a higher cost
than concessional or public finance and arguments such as efficiency
gains or risk sharing are needed for why that type of finance is preferred.
Academic work in this field typically falls under the public private
partnership discourse [53,54]. Further, finance typically comes in the

7 TRANSFERS 8
3 4 TARIFFS 5 6
1 TAXES 2
Society ‘in Specific groups Directly affected/ Indirectly affected/ Donors pay
general’ pays in society pay affecting stakeholders affecting stakeholders
pay pay

\ [ | |
; /- ]\ J

\/ \f \f

! I I

Public funding Mostly private funding Public & private funding

National (ministerial)
infrastructure budgets

2 Water authority tax

Allocation of national government revenues to responsible ministry for
infrastucture maintenance and renovation

Tax charged (by a water authority), which pays for the maintenance of dikes

and waterways, water management, and water purification

Differentiated and

3 Environmental footprint based differentiated tax charged to visiting tourists

earmarked tourist tax

Drinking water utility fee

where revenues are dedicated to mitigating associated environmental impacts.

Fees charged to utility users to compensate for the use and maintenance of

Payments made for NbS by insurance companies who benefit from the risk-

Companies buy carbon credits - representing a fixed amount of carbon emission

reduction achieved by the NbS - to voluntary compensate their carbon emissions

4 utilities, including NBS measures
5 Insurance-based funding
reducing effects of the measure
Carbon credits
6
7 (Corporate) Philantrophy  (Initiators of the) NbS projects recieve donations from philantropic

organisations or corporations.

3 Climate finance grants

Grants provided from multilateral funds {such as Green Climate Fund) to
support action on climate change

Fig. 1. The Funding Continuum, illustrating the generic categories of Taxes, Tariffs and Transfers (the 3T’s [49]), with examples, through which stakeholders ul-

timately pay for (NbS) projects. Source: Authors’ own conceptualization.
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form of debt (borrowing money that needs to be repaid) and/or equity
(selling a portion of the equity in a concern) or a hybrid form.

Thus, both funding and financing can be obtained from public as well
as private sources, or combinations thereof. Following Heijer & Coppens
[27], who categorize financial models based on combinations of public
or private funding and public or private finance, we define public actors
as governments and government-affiliated entities and we consider
private actors as any actor that does not fall into the category of public
actors. In our review, we examine the barriers to funding and financing
for NbS, whether from public or private sources.

Now that we have established that funding and financing are
conceptually different yet interconnected, that there is a range of op-
tions available for both funding and financing, and that both public and
private actors can be the source for funding and financing we move on to
describe the approach adopted to scrutinize the occurrence of funding
and financing barriers in NbS and why securing funding and financing
for NbS is such a persistent challenge.

3. Approach

A systems perspective is adopted in this study. Such a perspective
draws upon the financial and economic, environmental science, infra-
structure development, policy analysis and (multi-level) governance
fields of knowledge to provide a deeper and wider understanding of the
(non-) occurrence of financial barriers to NbS implementation. In doing
so, we go beyond the conventional (bounded, single disciplinary)
manner with which the problem has thus far been studied. Furthermore,
the authors adopt interpretivist—constructivism as the epistemological
basis of the research. The interpretivist—constructivism epistemological
basis of this study regards human interpretation as the starting point for
developing knowledge about the social world [55-57]. This aligns with
the explorative nature of this study and the objective to develop a deeper
understanding of the funding and financing challenges for NbS as a
problem embedded within (a) bigger system(s) [55,56].

A well-conducted literature review can be seen as a research
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methodology in its own right [32,58]. By inventorizing and synthesizing
efforts, review studies are seen as valuable -contributors to
evidence-based practice and can address research questions that single
studies cannot. This is also applicable to a review of review articles,
sometimes referred to as an “umbrella review” or “meta-review”. In such
procedure evidence is compiled from multiple existing reviews. This
type of procedure is especially common in medical science research (see
[59,60] but is also applied in social science research (see [61]) and
engineering research (see [62]). More specifically, in this study, an
integrative literature review (ILR) — “a form of research that reviews,
critiques, and synthesizes representative literature on a topic in an integrated
way such that new frameworks and perspectives on the topic are generated”
[63] - is conducted to shed light on our phenomenon of interest. Inte-
grative reviews are typically applied on mature topics that have expe-
rienced rapid growth and on new and emerging topics, such as the one in
question here, with the purpose of creating initial conceptualizations
and theoretical models or to combine perspectives and insights from
different research fields [32,63].

There is no general format or strict procedure for an ILR, however,
the researcher is required to take systematic approaches that are
consistent and can be reproduced [64]. We make use of the generic steps
presented in Lubbe et al. [65], which in turn have been derived from the
comparison and synthesis of different IRL studies and methodologies,
and are aligned with the generic steps that are taken during primary
research. Within the IRL, we adopt the established method of thematic
analysis through which we enable the process of inductive reasoning
[65,66]. The resulting research design underpinning this study is pre-
sented in Fig. 2.

Thematic analysis is known to be quite flexible and some common
criticisms of this approach include the lack of consistency, or the sus-
ceptibility to biases and “cherry picking” [67]. Nowell et al. [66] pro-
vide means to enhance consistency and cohesion throughout the
different steps of a thematic analysis. Such recommendations have been
integrated into the steps taken in this study and are summarized in
Table 1. Furthermore, accepted conventions for reporting on how the

Study design

Research paradigm

Methodological steps

Outcomes

(1)} REMIEW QUESTION
Problem identification and formulation,
composing review guestions)

Rezearch gaps, clarification of
key concepts

Epistemology:
Constroctivist-

Interpretive

[2) SAMPLING
Scoping search strategy, screening, selection

Sample of articles

Method: Integrative

literature review with -
inductive thematic
znalysis

{3) DATA COLLECTION
Critical oppraisal and extroction of dota
from sampile

Datzbaze of unstructured
gualitative data

Lens: Transdisciplinary,

systems view

(4] DATA ANALYSIS
Coding and development of dotabase,
— thematic analysis, narrgtive onalysis, cross-
cutting analysis amd interpretation

Thematically structured
datzbaze, narratives,
mechznisms

(5] PRESENTATION
Presentation and discussion of findings

Cross-cutting insights,
Conceptuslization, research
agenda

Fig. 2. Study design of Integrative Literature Research (IRL), following the methodological steps for IRL [65,66].
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Table 1

Means of enhancing trustworthiness in the thematic analysis, integrated in
Integrative Literature Review (IRL) study design. R1 = principal researcher, R2
is senior researcher, R3 is senior researcher, X=Entire step conducted, ~ =
partly involved for (sample) verification.

Means of establishing trustworthiness ~ Researchers Integrated in IRL
(after Nowell et al. (2017) involved methodological steps
Rl R2 R3

Prolonged engagement with data and X
triangulation (with experts and
algorithm), experimentation with
various search terms and
exploration of key terms,
documentation of reflective
thoughts, soring search history and
data in will-organized archive

Documenting reflective thoughts, text
fragments selected from sample
reviewed by second researcher for
validation

Team consensus, documenting X X ~
reflective thoughts and alterations,
testing referential adequacy by
returning to raw data, researcher
triangulation and team consensus

Summarizing and reporting on
process, theoretical and
methodological choices made
throughout the study

(2) SAMPLING

X ~ (3) DATA

COLLECTION

(4) DATA ANALYSIS

(5) PRESENTATION

study was conducted are followed, specifically addressing conceptual
structuring of the topic, offering transparency in the search and analysis
process and making the epistemological position that underpins the
study explicit [32,63]. Further details on the steps are provided in the
following sections.

3.1. Review question

This paper aims to develop a deeper understanding of what
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holistic, transdisciplinary perspective.

3.2. Sampling

We draw from the existing literature through a structured search. An
extensive body of literature is concerned with the identification and
discussion of barriers to implementing NbS — amongst which financial
ones. Our approach is to utilize and build on other scholars’ valuable
review efforts — either as part of primary research articles where the
literature review serves as a component of theory building that is
matched to another epistemological approach — or standalone review
articles. This strategy allows us to study a large collection of barriers
identified by different researchers in different contexts. Similar to other
author’s we do not claim to be exhaustive.

The literature search followed a search protocol (Fig. 3). The elec-
tronic databases Scopus and Web of Science - known for their coverage
of interdisciplinary research fields — were used for the search. The search
query can be found in Table 2. The search was not bound to a specific
time period. It was conducted on the 30th of October 2023, and as such
this study only contains publications from before that date. A total of 61

Table 2
Search terms for structured literature search.

Search field Search theme Search Query

Article title - Funding and financing financ* OR fund* OR pay* OR

abstract — invest*
keywords

Article title - Barriers and enabling AND barrier OR enabler OR
abstract — conditions "enabling condition”
keywords

Article title - Nature-based solutions AND "nature based solution" OR
abstract — “nature-based solution” OR
keywords “ecological restoration” OR

"Ecological engineering" OR "Natural
infrastructure” OR "Ecosystem
restoration” OR "Building with
nature" OR "green infrastructure”

X ) 1 it . Article title - Review as part of primary ~ AND Review
financial barriers for NbS entail and why they exist and persist. To abstract — research articles or stand-
achieve this a clear conceptual distinction between funding and keywords alone reviews
financing is made and explored, which in turn are studied from a
= Ry ds identified th. h
o ecoras laen ﬁe‘ roug Records identified through
5 database searching X
5] recommendations from experts
= d algorith,
E Scopus (n=51) an 7 g_o;/) ms e
i Web of Science (n=18) n= L7 Exclusion criteria Y
I, \\
Records (duplicates) f Language:  Non-English ‘§
excluded: (n=17) : !
i i
(T4 i
g Records after removal of duplicates 3 Accessibility: Manuscripts that were not accessible i
9 (n=61) i through university subscriptions. !
e i
A 3 Content: Excluded if one or more of the following |
Records excluded: 3 occurred: '
_ -y i
(n=23) i * Application domain too narrow i
' (e.g. NbS on buildings, Green roofs) |
i i
E Records after review of abstract 3 * Targeted problem too narrow i
o (n=38) ' (e.g. urban heat, residential non-point |
i i
%o ' sources of hydrogen) !
i i
'  Targeted solution too narrow 3
i
Records excluded: o (e.g. substrate stabilization, '
(n=4) 3 electrochemically assisted 3
i remediation) i
3 1 |
o° Records after review of full -text, total H * Focus of review primarily on !
73, articles included in study \\ inventory of solutions/intervention /’
£ (n=34) o types and their performances .-

Fig. 3. Literature search decision flow chart.
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articles were identified. A further 9 articles were added to relevant
literature, based on the recommendations from two experts in the fields
of NbS and environmental economics, and from algorithms in Mende-
ley/ScienceDirect. After both removing duplicates from the search and
from two rounds of screening on the exclusion criteria, 34 articles were
included in the study. The full list of the articles and a sample descrip-
tion can be found in the supplementary materials (Supplementary 1).
Further, an overview of the sample characteristics can also be found in
the supplementary material (Supplementary 2).

3.3. Data collection

The thematic analysis comprised identifying, analyzing, and
reporting on patterns or themes within the data and the steps are derived
from the established method of thematic analysis [66,68]. The selected
literature is treated as unstructured qualitative data and as such
analyzed through the coding and analysis of text fragments. The liter-
ature is considered to be unstructured for two reasons. Firstly, although
each of the articles has an internal structure, yet, as a collective data set
their structures are not consistent as they vary in terminology, domain of
application, and the theoretical or disciplinary perspective taken. Sec-
ondly, the review of financial barriers from a transdisciplinary
perspective whilst accounting for the differences between funding and
financing is novel and does not follow the internal structure found in the
reviewed articles.

From the sample of articles, text fragments which describe either a
barrier or an enabling condition (a condition that was identified to
facilitate the implementation) are highlighted line by line and extracted.
Next each text fragment received an individual code that captured the
essence of the text fragment in a few words or a sentence. Some text
fragments were very generic whilst others were more specific and con-
tained more detail and nuance. As such, some codes are relatively longer
than others. Some text fragments captured multiple barriers, and thus
received more than one code. This coding approach facilitated the
process of inductive reasoning rather than employing a range of initial
pre-defined codes. Text extraction and the coding process were sup-
ported by the Atlas.ti software.

3.4. Data analysis

The coded text fragments were then printed and cut to individual
cards, creating a ‘pile’ of cards. Using inductive reasoning, each card was
read and then categorized into broader themes. The themes emerged,
and were named, during the process of categorizing the pile of cards.
After all the cards had been categorized into initial themes, the cards in
each theme were re-examined. Where appropriate this led to the iden-
tification of sub-themes, while within them recurring topics were
distinguished. Given the transdisciplinary and interpretive nature of the
approach, the positioning and naming of the topics within the different
(sub) themes is debatable. Arguments can be found for the positioning of
a specific topic within more than one (sub-) theme or an alternative
naming of overarching themes. However, the themes remained stable
throughout the process; it was the sub-themes and topics that became
subject to discussion and iterative revision.

The database which captures the outcomes of the data collection,
coding and thematic analysis is available (see 10.4121/178f
73b2-37bd-46f6-b6fe-58e3212ea2cb). An example extract is presented
in Table 3.

The next step in the analysis process involved the development of
coherent accounts (narratives) of the interplay and connections between
the topics per (sub-)theme. This step involved frequently returning to
the original texts to verify the interpretation of the selected fragments
and codes. The narratives then formed the starting point for the subse-
quent interpretive step where we focused on the misalignment between
NBS characteristics and existing conditions in our institutional systems
(see [12]). We refer to these mechanisms as institutional mechanisms.

Table 3
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Extract from database. Example of text fragments, codes, and their categoriza-
tion within topics and (sub-)themes.

D

Quotation content
/ Text fragment

Code

Theme  Sub-
Theme

Topic

22 1

22 2

22 3

City development
for residential,
commercial and
transportation
purposes
contributes to the
disappearance of
green areas.

In many European
cities, urban areas
do not provide
adequate space for
green
infrastructure
Current state of
knowledge
confirms that
measurable effects
of the green roofs
application in
urban areas may be
achieved first of all
when large green
areas located near
one another are
constructed. Due to
that, the
construction of
green roofs in cities
should not be
limited to single
investments
scattered all over
the town.
Biodiversity and its
erosion are not in
the foreground of
our societies. For
example, in the
United States, most
people prioritize
other issues such as
terrorism, health or
the economy

Fear of nature may
relate to the fear of
the unknown
discussed by
Kabisch et al. in the
face of
uncertainties and
risks of
implementing NBS
in cities, as well as
the changes these
may induce in
urban planning.
This fear of nature
can also relate to
real problems
called ecosystem
disservices, such as
the mosquito bites
mentioned
hereabove. Indeed,
ecosystem
disservices are
inconveniences
caused by nature
and they can be
diverse in cities.
We can also have

Other uses of
space prevail over
use as green areas

Limited space to
accommodate GI

Larger green
areas located near
one another are
more effective
than single
scattered projects

People prioritize
other issues over
biodiversity

Fear of nature
related to
unknown

Fear of nature-
related ecosystem
disservices

F F.5 F.5.2

F F.5 F.5.2

F.5.2

D D.0 D.0.1

B.0.1

B.0.1

(continued on next page)
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Table 3 (continued)

D Quotation content Code
/ Text fragment

Theme  Sub- Topic
Theme

complaints because
of pollen and its
associated allergies

Following North [102], institutions are defined as “The humanly devised
constraints that structure political, economic and social interaction. They
consist of both informal constraints (sanctions, taboos, customs, traditions,
and codes of conduct), and formal rules (constitutions, laws, property
rights)”. Further, pursuant to Vermeule [69] and Joseph [70] we define
institutional mechanisms as “small-scale rules and institutional arrange-
ments, within existing institutions, which aim to advance certain normative
goals” [70]. As such, we explain the existence and persistence of NbS
financial barriers in terms of key institutional mechanisms. In Papari
et al. [71] mechanisms are used to explore how the recently imple-
mented EU Green taxonomy might lead to changes in the financing
landscape. Rather, in our study we use the term mechanisms to capture
how the misalignment between NbS characteristics and institutional
conditions plays out and leads to financial barriers for NbS.

3.5. Presentation

The findings are presented in three parts. The first part concerns the
results from the inductive thematic analysis (Section 4.1). In the second
part (Section 4.2) we further detail in narrative form the funding,
financing and costs topics, which came out of the inductive thematic
analysis. Other sub-themes and topics can be found in the supplemen-
tary material (Supplementary 3). Third, we outline key mechanisms
through which financial barriers for NbS manifest.

4. Results
4.1. Overview of themes

In total, 6 overarching themes and 12 sub-themes were identified
inductively (Table 4). Within these themes and sub-themes 65 different
topics were distinguished. The full list of topics can be found in the
supplementary material (Supplementary 3). The main themes are (A)
Financial challenges; (B) (E)valuation difficulties; (C) (Implementation)
Knowledge and capacity gaps; (D) Awareness and sense of urgency; (E)
The political system; and (F) Institutional conditions. Fig. 4 presents an
overview of the relative size of each theme (i.e. how many of the 650
barriers extracted from the sample are contained in the different
themes), with a more detailed specification of sub-themes (A.1) Fund-
ing, (A.2) Financing, (A.3) Costs, and (A.4) Climate Finance.

The most represented themes are A, C, and F comprising 81 % of the
occurrences. For theme A: Financial challenges, funding was the pre-
dominant sub-theme, representing 61 % of the occurrences. This signals
that the problem lies more in securing funding over the lifetime of the
project rather than in financing NbS. Although funding and costs
concern two sides of the same coin, we find that the significant cost and
related uncertainties constitute a barrier in its own right, regardless of
cost effectiveness or cost-benefit performances. Theme C comprises 24
% of the occurrences. This is not surprising given the novelty of NbS and
the focus on small-scale applications. The knowledge gaps exposed in
theme C make a clear mark on Theme A: Financial challenges, specif-
ically in relation to uncertainties and on the processes of (e)valuating
NbS interventions, captured in Theme B. Furthermore, within theme F:
the Institutional conditions, 41 % of the occurrences relate to the
structure of public administration. A major reason is the single-issue
focus of governmental authorities, rather than the integrative
approach necessary for NbS implementation. This may lead to situations
of conflicting interests, limited decision-making and funding mandates,
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Table 4

Themes, sub-themes, and number of topics derived from the inductive thematic
analysis and the number of occurrences in each (sub-)theme. Bold sub-themes
are presented in narrative form in Section 4.2. The narratives of the other
(sub)themes can be found in Supplementary 3.

Theme Sub- Themes Number of Number of
topics within occurrences
each (sub)-
theme

A. Financial challenges A.1 Funding 11 113

A.2 Financing 7 31
A.3 Costs 4 33
A.4 Climate 3 7
finance

B. (E) Valuation No sub-theme 5 67

difficulties

C. (Implementation) C.1 Performance 3 59

Knowledge and C.2 Design 4 52
evidence gaps (process)
C.3 Capacity 2 43
limitations
D. Recognition, No sub-theme 5 39
awareness, and
prioritization

E. The political system No sub-theme 5 22

F. Institutional F.1 Public sector 2 50

conditions structure
F.2 Public sector 5 65
policies
F.3 Market failures 3 21
and provisioning
modes
F.4 Informal 3 6
preferences
F.5 Opportunity 3 38

costs

and fragmented budgets and responsibilities over the lifecycle of NbS.
Themes D, and E, although much smaller in size, both capture the
dimension of long-term and broad societal support for the interventions
(at scale), forming a fundamental boundary condition for commitment
and financial support.

4.2. The narratives of theme A: financial challenges

Funding, Financing, and Costs are detailed below in narrative form.
The narrative descriptions of the other themes, sub-themes and topics
can be found in the supplementary material (Supplementary 3). The
topic codes are presented in Table 5 and are referenced in the narrative
descriptions.

4.2.1. Funding (Sub-theme A.1)

The existence of a funding gap (A.1.1) for NbS is a recurrent issue
discussed amongst almost all of the articles. The lack of public funding is
identified to be a key barrier to implementation [27,34,35,72-74]. This
often coincides with a lack of dedicated (municipal) capacity [12].
Similarly, a lack of funding (both commercial and non-commercial)
from the private sector has also been identified [34,35]. In general,
access to sufficient resources is identified as an important enabler in
sustainability transitions [12]. There are significant implementation
costs for NbS, for example, tree planting is seen as expensive, and such
costs need to be covered by sufficient funding [75]. The lack of funding
extends beyond the initial implementation costs and is also identified for
monitoring and maintenance of the projects [73] (A.1.1). More specif-
ically, sources of private funding for start-up capital, certification and
capacity building are limited [76] and project evaluation is often seen as
low priority and can face resource limitations, particularly on smaller
projects [77] (A.1.1). In some types of NbS, such as the integration of a
more natural environment into the farmed landscape, the lack of
appropriate financial compensation for restoration was identified [34].
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6% 0%
C A =Financial challenges A.1=Funding
24% B = (E)Valuation difficulties A.2 = Financing
C = {Implementation) Knowledge and Capacity gaps A.3 =Costs

D =Awareness and sense of urgency A.4 = Climate finance
E =The political system

F = Institutional conditions

Fig. 4. Relative size of each theme with specification of sub-themes A.1, A.2, and A.3, based on number of codes in each theme.

Table 5
Overview of the topics identified within Theme A: Financial challenges.

Sub-theme Topic

A.1Funding A.l.1 Different types of funding gaps for NbS: public / private /

project phases /activities / cost types

Al1.2 Long(er) term nature of benefits not aligned with political
cycles, budgets, and capacities

Al3 Distribution of responsibilities vis-a-vis budget availability
between local, regional, national, transnational authorities

Al.4 Natural assets not embedded in financial accounting
systems

A1l5 Legal/political priorities typically do not include NbS

Al.6 Risk associated to innovations

Al17 Lack of knowledge about solution space

Al8 Difficulty to generate revenue/capture values from NbS
benefits

A1.9 Reputational value as emerging driver for willingness to
pay /investing in NbS

A.1.10  Impact of funding types

A.1.11  Market conditions for value capture
A2 A21 Financing gap for NbS projects for upfront costs and long-
Financing term maintenance costs
A2.2 (Relatively) Low demand for NbS finance
A23 Financing gap for NbS / green entrepreneurs
A24 Un-attractive risk-return profiles: ratio / funding type /
timescale / asset value / multiple benefits /performance

data

A25 Lack of confidence and awareness

A2.6 Financial sector processes and policies

A27 Financing applications

A.3 Costs A3.1 High (relative) costs of NbS at scale

A3.2 The role of costs in decision making

A33 Key NbS cost items: transaction costs, preparation costs,
maintenance costs, monitoring costs

A.3.4 Complex cost-estimation process

If private lands are needed for restoration activities, accounting and
compensating for loss of land or loss of income will rely heavily on
publicly funded grant schemes [75]. Developing and implementing such
schemes requires extensive consultation, demonstration activities and
policymaking, making it difficult to implement specifically such funding
mechanisms [76] (A.1.1).

Several reasons are discussed why public and private budgets to pay
for NbS, or the services it provides, are limited. NbS outcomes, or

returns, typically occur after a period of time. This timeframe does not
align well with short-term political cycles [77]. This longer time frame
also requires longer-term commitments for which funding and capacity
is restricted [27,78] (A.1.2). Furthermore, responsibilities, and corre-
sponding budgets, have been subject to shifting from national govern-
ments, toward transnational actors — a phenomenon referred to as
“hollowing-out” - leading to a reduction in national public budgets [79].
Similarly, a lack of spending autonomy and lack of fiscal transfers to a
local level has also been identified as a reason for municipal budget
constraints [79] (A.1.3). In general, cities with less financial capacity
also allocate less money to NbS operations and maintenance [29].

Another explanation for the lack of funding arises from the fact that
natural assets are not considered infrastructure in the financial, asset
management systems. This results in natural assets being subject to
politicking, leading to fluctuations in funding, which is not the case for
traditional infrastructure [29]. Since NbS are not registered and
accounted for as an asset, these structures are not systematically
included within maintenance plans [80] (A.1.4). Further, a relatively
small portion of the national budget is currently assigned by govern-
ments to ecosystem restoration, especially compared to the investments
made in other areas, like energy and defense [81]. Governments restrict
their budget allocation to investments related to legal obligations and
political priorities, neither of which traditionally account for NbS [27]
(A.1.5). Also, innovations or novel approaches such as NbS are more
risky, a characteristic that is accompanied by a lack of both public and
private funding (A.1.6). Further, lack of knowledge about NbS is also
seen to play a role, as it was reported that increased awareness of the
range of NbS intervention types could leverage more funding [27,82]
(A.1.7).

Generating revenue streams or capturing the values (A.1.8) from the
multiple benefits delivered by NbS projects is reported as difficult. Five
explanations for this are given; i) many of the benefits, or values, are
difficult to convert into cashflows due to the public good nature of NbS,
ii) the benefits are distributed across several beneficiaries, iii) the sto-
chastic nature of several benefits, and iv) the uncertainty and fluctua-
tions associated to ecosystem service-related revenue streams, v) the
benefits may not always be reflected in markets (for example land or real
estate) [35,36,76,79]. Poor economic returns or lack of financial bene-
fits are often cited barriers [34,77]. On the other side, the reputational
value gained through engagement in NbS has been identified as a driver
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of investments [76] (A.1.9).

Specific types of funding, or funding mechanisms come with ad-
vantages and disadvantages (E.1.10). It was reported by sectors that
rely on donations that they lack, long-term steady funding as the pay-
ments made by their donors are unpredictable and incremental [29].
Funding based on subsidies was also identified as unsustainable to cover
longer-term funding requirements [72]. Relying on volunteers in-
troduces — sometimes too much - uncertainty to fully replace public
sector commitment [29], a challenge discussed in the context of
public-private partnerships. Furthermore, particularly grant schemes
come with a lot of bureaucracy [77]. The type of funding mechanisms
used can influence the type of project or restoration activities carried out
[12] (E.1.10).

When it comes to private, commercial funding opportunities, market
fluctuations play an important role (e.g. in timber production and value)
and can significantly influence the decisions made based on competi-
tiveness of land-use options [77]. For private sector participation in NbS,
for example entrepreneurs with green business models or engineering
firms being contracted for implementation, the availability of public
funding through instruments such as grants and subsidies have been
identified as an enabler. Yet, other enterprises see public funding as a
source of revenue generation as being risky [76]. Lastly within the
context of funding mechanisms, the novelty of markets for ecosystem
services or NbS is challenging. Industry networks and social enterprise
networks are identified as important enablers for the development of
functioning NbS or ecosystem service-related markets and business
(Mcquaid et al. [76]) (A.1.11).

4.2.2. Financing (Sub-theme A.2)

There is a lack of finance (usually credit) available for the poten-
tially high upfront costs and long-term maintenance costs (A.2.1) [74].
However, the demand for NBS-specific finance is quite low relative to
the overall demand for sustainable investment — which also includes
sustainable energy [27]. This suggests competition between sustainable
investment opportunities (A.2.2). Further, a distinction can be made
between the demand for finance for NbS restoration activities and de-
mand for finance for enterprises (or green businesses) operating in or
looking to enter in the NbS environment. A lack of financing for NbS
rather than a lack of financing for nature-based enterprises has been
identified [76] (A.2.3). Nature based enterprises do also report diffi-
culties in gaining access to finance, but this is mostly the result of their
small size or the lack of market awareness from financiers [76].
Furthermore, such entrepreneurs express a preference to rely on
‘cheaper’ sources of financing, such as impact investors or concessional
financing rather than commercial finance. They are more hesitant to rely
on commercial finance due to the dynamic performance of their sector
[76].

The availability of (specific) finance for the implementation of NbS
depends on the project’s risk-return profile (A.2.4). For NbS, typically,
the risks are (relatively) high, and the returns are (relatively) low and as
such, these projects are not attractive for financiers [72]. The type of
returns (type of funding) are also reported to be unattractive because of
a high dependency on sufficient social awareness [83] and an over
reliance on public sector funding with the associated difficulties of
maintaining sufficiently stable policies [27,34,76,84,85]. Further, the
time scales associated to NbS (returns on investments only occur after 20
to 30 years) are not attractive to many investors, especially
non-institutional ones [33,73,77,85] and it is difficult to clarify the
value of the underlying (natural) assets [36]. Finally, the multiple
benefits that are generated by NBS make it less attractive to finance, as
all need to be considered to show the ‘superiority’ of the NBS as an
intervention as opposed to other (grey) infrastructure investments) [76]
whilst there is a lack of credible performance data and uncertainty or
low predictability of profitability in comparison with ‘grey alternatives
[27,86].

Aside from the projections based on modelling, forecasting and
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financial calculations (which typically find their way into the risk-return
profiles) there seems to be a certain level of scepticism about the costs,
performance, and profitability of NbS [12,74], as well as high risk per-
ceptions or low confidence levels amongst financiers [81] which in turn
lead to a lower willing to engage or invest (A.2.5). Further, a lack of
awareness or (technical) understanding of the range of NbS options and
the multiple benefits they deliver is reported as a barrier to investment
or engagement [85] (A.2.5).

On another note, the financial sector has its own set of practices,
including selection processes and routines. These are typically not ac-
commodating for innovations such as NbS [12]. One of these rules re-
lates to the (minimum) investment sizes that financiers require, which
most NbS projects or enterprises do not come close to [76] (E.2.6).
Further, a resistance to alternative investment strategies by the tradi-
tional financial players has been reported [36]. Finally, restoration
projects may not have the expertise required to put together a business
plans for finance applications, and there is a need for preparation sup-
port in this query [35,87] (A.2.7).

4.2.3. Costs (Sub-theme A.3)

Overall, there is a low willingness to implement NbS due to their
costs (A.3.1) [37]. Specifically, implementation at catchment scale re-
quires a substantial investment [72]. Some argue that implementation
and maintenance costs of NbS are higher than compared to grey alter-
natives [88] especially when financial mechanisms, such as flood re-
covery schemes or insurances, do not support taking adaptive measures
[37]. Ex-ante cost estimations play a role in determining the potential
outcome of restoration efforts: a negative correlation was detected be-
tween restoration outcomes and expenditures [89], which was
explained by the restoration of poorer quality lands being more costly,
which in turn led to a situation where lower cost — and often lower
benefit- projects being favored [77] (A.3.2).

Several cost items (A.3.3) have been addressed in the literature that
are said to be typical for NbS projects. Firstly, transaction costs need to
be considered and are said to be high [27]. Different reasons are given
for this, such as the due diligence process being costly as it is more
difficult to measure impact [76], the project complexities and multiple
stakeholders, both at the outset and for the duration of the payment
period [77], and dealing with the complex regulatory environment [87].
Secondly, project preparation costs are high, especially in larger scale
adaptation projects. This could lead to public criticism if large sums of
public money are spent on a project that is not eventually implemented
[79]. Such high preparation costs might lead to pre-financing needs, also
impacting the risk-return balance of the project [27]. Thirdly, mainte-
nance costs concern a long period of time, and thus require long-term
commitment, which is often seen as not desirable [73]. There is uncer-
tainty regarding the long term maintenance costs and a lack of under-
standing of the cost structure of NbS has been reported [73,76]. Fourth,
monitoring costs in NbS can also be significant. For example, monitoring
air pollution levels required costly equipment [74]. For funding mech-
anisms that rely on conditional payments, cost-effective monitoring
methods are essential to verify cash flows and limit transaction costs
[27].

Several factors influence restoration costs, complicating the cost
estimation process (A.3.4). Restoration costs vary for different ecosys-
tems, where coral reefs and seagrass have been identified as the most
expensive [86]. Costs also vary per country: restoration costs were
significantly cheaper in countries with developing economies. Further-
more, restoration projects based on community or volunteer efforts
usually have lower costs. Economies of scale had not occurred in the
projects studied [86].

4.3. Key mechanisms through which financial barriers manifest

Based on the results from the inductive thematic analysis, we
distinguish six mechanisms through which financial barriers to NbS
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(including funding gaps, financing gaps, and cost structure) manifest.
For funding, these mechanisms include:

Mechanism 1: Funders’ preferences. This mechanism entails the
mismatch between multiple NbS characteristics and the preferences that
funders have, resulting in funding gaps for NbS.

e Mechanism 2: Revenue generation enablers. This mechanism en-
tails the conditions through which revenue generation is typically enabled
and how these are misaligned with the characteristics of NbS benefits,
resulting in funding gaps for NbS.

Mechanism 3: Justification Requirements. This mechanism entails
the range of justification requirements that funders have and the char-
acteristics of NbS characteristics give rise to challenges in this matter,
resulting in funding gaps for NbS.

Mechanism 4: Funders’ regimes. This mechanism entails the different
regimes, or processes, apart from justification requirements, that funders
have, which do not accommodate for NbS with their particular charac-
teristics, resulting in funding gaps for NbS.

For financing these mechanisms include:

Mechanism 5: Financiers’ preferences. This mechanism entails the
mismatch between multiple NbS characteristics and the preferences that
financiers or investors have, resulting in financing gaps for NbS.

e Mechanism 6: Finance application process. This mechanism entails
the mismatch between the financial application processes and multiple
NbS characteristics, resulting in financing gaps for NbS.

The cost structure of NbS (in particular the transaction costs) is
influenced directly by the characteristics of the NbS as well as the six
mechanisms leading to funding and financing gaps. These six mecha-
nisms are elaborated the following sections.

4.3.1. Mechanism 1: Funders’ preferences

Table 6 summarizes NbS characteristics and how these are mis-
alligned with funders’ preferences. Both public and private funders have
a preferences for short(er) term results (fast solutions), and short term
responsibilities [73,77,78]. For the case of public funding, such prefer-
ences are rooted in the political system. Electoral cycles and government
planning cycles are short and showcasing results is important for
increasing politicians’ popularity [73,76]. As long as the awareness and
sense of urgency to invest in NbS, and the importance of the long-term
benefits they deliver remains limited (or absent) amongst the general
public (voters), politicians are incentivized to prioritize other objectives
[79]. Recognition of NbS and a sense of urgency for investing in them is
required to be present amongst a broad spectrum of stakeholders. For
example, even if politicians were to have a high perception of risk and as

Table 6
The mismatch between multiple NbS characteristics and the preferences that
funders have resulting in funding gaps for NbS (Mechanism 1).

Funders’ preferences NbS Characteristics Funding affected

Public  Private
Short-term results & Outcomes typically occur after ] )
responsibilities long time period and long project
duration (lifecycle)
Investments that benefit ~ Benefits are typically (local) public @
the majority goods
Certainty in costs, Novel approaches (uncertainty, [ ) [ ]
funding and outcomes  dynamic)
Low (initial) costs High (initial) costs [
Well established and Diversity of solutions, with limited [ (]
known solutions track-record
Small scale Large scale o
Proven, existing, simple Novel arrangements, multiple [ ()

financial
arrangements,

funders and funding types

10
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such be motivated to take action for enhanced coastal protection, such
projects would receive less priority if the public perception of risk is low,
since such investment decisions influence the politician’s popularity
[71]. Further, the dynamics in the political arena (changing adminis-
trations) can lead to the rapid replacement of officials in favor (or not) of
NbS [73,76], whilst for long-term, structural funding and commitment,
political stability is required. Also, NbS often deliver services with local
public good characteristics. As such, they benefit some citizen groups
more than others. Investing in local public goods may therefore not be
favorable for politicians’ popularity and reduces the incentive for (na-
tional and regional) politicians to support NbS [34,73].

Further, political attitudes tend to be risk averse, leading to a pref-
erence for quick results rather than for (more uncertain) long-term
outcomes. Novel approaches, which NbS mostly are, come with more
uncertainty and are thus perceived as riskier. Risk-aversion impedes
commitments from public and private funders. Private actors are more
incentivized to provide standard solutions at reliable profits than to go
for innovative, uncertain, solutions [27,36] and, a strong evidence base
is needed to enable payments, such as utility fees and developer obli-
gations [27]. Additionally, lack of knowledge about NbS is also seen to
play a role. Often only a single type of intervention, such as tree
planting, is known. Increased awareness of the range of NbS interven-
tion types could leverage more funding [27,82]. Also, since project
preparation costs are high, large sums of public money are needed early
on in the project implementation cycle. If these projects are not even-
tually implemented this could lead to public criticism [79]. Further, risk
aversion in the public sector leads to reluctance to commit to innovative
solutions and to commit to large-scale, longer-term investments. A
larger scale is often needed from the outset to achieve impact, but the
public sector tends to favor rolling out smaller (pilots) projects and
gradually scale up [76].

Risk-averse political attitudes tend to favor existing financial ar-
rangements and proven technologies over innovative financing models
[27] whilst alternative financing models tend to be more accepted when
attitudes/ideology are accommodating to privately financing NBS [27].
Also, different funding types have their particular characteristics and
come with conditions. For example, payments from donors are typically
unpredictable and incremental [29] and reliance on volunteer contri-
butions may reduce the funding requirements but introduces capacity
uncertainties [27]. As such, not all funding types are suitable to bridge
all types of funding gaps. Further, the availability of public funding
through instruments such as grants and subsidies is seen to work as both
a barrier (risky source for revenues) and an enabler (secure source for
revenues) for private actors to engage in NbS [76]. As such, not all
funding types seem suitable to combine. Further, tapping into multiple
funding sources requires different organizational forms. For example,
private actor involvement can unlock the possibility to deploy different
payment mechanisms such as levying user charges [27,36] and NGO’s
have the potential to tap into other sources of financial support [80].
Decision-makers may favor the least complex provisioning modes,
rather than most suitable or impactful [77,87].

4.3.2. Mechanism 2: Revenue generation enablers

Table 7 summarizes NbS characteristics and how these are mis-
alligned with the typical conditions for revenue generation. NbS hold
the potential to be funded by different revenue streams derived from
combinations of taxes — tariffs — transfers. In general, the more public the
nature of the economic good is, the higher the share of NbS revenues
that is expected to come via taxes and transfers; and the more private the
nature of the economic good is the higher the share of NbS revenues that
is expected to come via tariffs, sales, and user fees. Revenues that are
generated by the NbS can be used to pay for (fund) the implementation
and management of the NbS, often referred to as cost-recovery. As such
the difficulty to generate revenues for and from NDS is one of the ex-
planations for the occurrence of funding gaps. If the revenues generated
exceed the costs of implementation, one can speak of profits or financial
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Table 7

The conditions through which revenue generation is typically enabled and how
these are misaligned with the characteristics of NbS benefits, leading to funding
gaps for NbS (Mechanism 2).

Revenue generation NbS Characteristics Funding affected

enablers , K
Public  Private

Excludability and /or Mostly (local) public good [ ] )
Rivalrousness benefits

Internalized negative Externalized positive o [
environmental impacts environmental impacts

Few, concentrated Multiple, dispersed beneficiaries ] )
beneficiaries

Unambiguous and certain Stochastic and uncertain benefits o [
benefits

Availability of stable Absence of (stable) markets for ) )

markets (in which
values are reflected)

many benefits, and values not
reflected in market prices

returns.

Revenue generation is commonly associated to commercial activ-
ities, and in that context it refers to the strategies and activities that
businesses undertake to generate income and maximize their profits.
Revenue generation also refers to the public sector, where governments
collect revenues from tax and non-tax sources for two main purposes,
namely, to fund the goods and services they provide to society and to
fulfil their redistributive role [92]. The responsible authority, or initi-
ator for an NbS can be public and/or private (either commercial or
non-commercial). All income generated by the NbS to fund it and to
make profits are considered as revenues.

The potential to generate revenue streams from the ecosystem ser-
vices that are provided by NbS is limited. Many of the benefits generated
by NbS, such as a beautiful scenery, air purification, or a nursery habitat
for juvenile fish, cannot easily be converted into money, or payments.
NbS characteristics, more specifically the characteristics of the benefits
of NbS, are not aligned with the conditions through which revenue
generation is typically enabled.

Firstly, many of the benefits have a public goods character [35,79]
which means that these benefits are non-excludable (people cannot be
prevented from consuming them) and non-rival (individuals can
consume them without affecting their availability to other individuals).
As such, if one actor decides to invest in improving or delivering a public
good, others who pay nothing will also enjoy the benefit of that in-
vestment. This behavior is referred to as “free-riding” which inhibits
funding for NbS [27,79]. Additionally, many of the goods and services
NbS provides are local, meaning the NbS mainly benefits those people in
proximity to where the NbS is located [36] limiting the potential pool of
stakeholders willing to pay. Further, negative environmental effects
from societal (economic) activities are often considered externalities. As
such, there is no market (or demand) for several of the environmental
services delivered by NbS which can offset those externalities giving rise
to a market failure (a situation in which goods and services are not
allocated (pareto) efficiently by the free market), resulting from in-
dividuals’ pursuit of self-interest and leading to a suboptimal situation
from a societal perspective [27,79,90]. Market failures (generally
associated with monopolies, asymmetric information, externalities and
public goods) often justify governments to intervene. Once public in-
vestments are made, they incentivize private actors to engage in
rent-seeking behavior to influence such investment decisions [79].
Rent-seeking, another economic concept, occurs when an entity seeks to
gain wealth without any reciprocal contribution of productivity (e.g. a
company lobbying the government for tariff protection). Diverse lobby
groups were cited as a barrier to restoring degraded lands, and
increasing transparency regarding the public dialogue with lobbyist was
a recommended action to overcome this [87].

Other explanations given for why revenue generation is challenging
are that NbS deliver benefits to multiple beneficiaries (the dispersed
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benefits are said to make revenue generation more difficult [35]), some
NbS benefits are stochastic in nature (for example, the full benefits of
flood protection only occur during extreme high-water level events)
[35] and come with uncertainty (mostly related to climate change and
declining natural resources) [76]. Regarding the former, in fact, one
could think that the characteristic of multiple benefits for multiple
stakeholders could also lead to ample opportunities for revenue gener-
ation from diverse sources. However, there are a number of possible
explanations for why it is difficult to tap into these multiple benefits. For
one, multiple benefits and stakeholders, require joint action, coopera-
tion, and consensus building amongst multiple stakeholders which re-
quires continuous effort and is seen as a logistical challenge and the
capacity — both in time and in knowledge - to do so is not always
available [12,27]. Moreover, multiple benefits and beneficiaries often
comes with dealing with trade-offs between ecosystem services provided
and, as such, alignment is needed [84,91]. Those benefits that do have
the potential to generate revenues are prioritized, and as such influence
the decisions regarding what type of restoration activities are carried out
[12,84]. Further, several funding models are criticized and opposed,
especially those where public responsibilities are transferred to private
parties (raising concerns for democratic legitimacy), where NbS services
are commodified, and where private sector participation and revenue
generation results in social inequity [27,29]. Finally, tapping in to
multiple sources of funding, requires multiple types of (payment)
infrastructure to be present, such as monitoring methods for conditional
payments [27], (eco-)certification [76], or the placement of offices or
counters in natural parks where visitors are charged an entrance fee. As
such, the overall project costs — including transaction costs — may also be
higher when multiple funders are involved.

Finally, revenue generation is typically enabled through (well)
functioning markets. However there are many NbS benefits for which
there is no existing market [77,92]. In those cases where there are
existing markets, benefits may not be reflected in them. For example, the
values of land or real estate do not always / entirely reflect the benefits
of flood risk reduction especially when the awareness of risks posed by
sea-level rise is low [93]. Moreover, when it comes to private (com-
mercial) funding opportunities, market fluctuations play an important
role (e.g. in timber production and value) and can significantly influence
the decisions made based on competitiveness of land-use options [77].
Lastly, the novelty of markets for both ecosystem services and for NbS in
general is challenging. Industry networks are identified as important
enablers for the development of functioning NbS or ecosystem
service-related markets and business, including aspects such the access
to transportation infrastucture and labelling or certification systems [76,
87].

4.3.3. Mechanism 3: Funding justification

Table 8 summarizes NbS characteristics and how these are mis-
alligned with the requirements funders have to justify expenditures.
When it comes to public funding, the justification of expenses is often
anchored in procedures. The ability to prove the positive effects of NbS is

Table 8
Mismatches between the requirements funders have to justify expenditures and
the characteristics of NbS (Mechanism 3).

Funding Justification NbS Characteristics Funding affected

Public  Private
(Comparable) costs and (Uncertain, dynamic, non-linear) () ()
benefits Natural values at varying scales
Short-term mandates Long project duration )
Legal obligations and Responsibilities over natural )

responsibilities
Jurisdictional and

administrative

boundaries
Singular objectives

assets vague/undefined.
Ecological spatial and time scales @

Multiple benefits [
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identified as a legal requirement and in some cases a cost-benefit ratio
and quantitative impact estimation (i.e. number of properties that will
have a lower floodrisk) is a policy requirement [35,73]. Yet, deter-
mining outcomes, costs, and effectiveness of NbS over its lifecycle is a
difficult task [37,77,88,94]. Moreover, there are significant knowledge
and evidence gaps that complicate this process [12,34,80,95]. NbS
typically come with a wide range of social, cultural, economic and
environmental effects which can vary over spatial scales, time scales,
and (groups of) stakeholders. Accounting for NbS outcomes either
quantitatively (sometimes including monetization) or qualitatively re-
quires substantial capacity and is further hampered by the lack of
comparable data on the lifecycle costs and benefits of NbS [72,96] and
by the lack of a single accepted valuation method [94]. Further, NbS are
part of a complex non-linear system and are dynamic. An example of
such system complexities is the situation where the public perception of
floodrisk changes as a result of the intervention, leading to overreliance
on the protection measures with increased exposure and vulnerability as
a result (instead of the desired reduction) [80]. There are many (un-
certain and dynamic) variables to consider related to the performance of
NbDS and the resulting costs and benefits. Further, lifecycle costs are often
unknown [75] and models are often informed by average cost calcula-
tions rather than actual costs incurred, rendering cost-benefit forecasts
inaccurate [27]. Private actors mostly depend on profitability [77], and
as such, face similar challenges as those described above.

Mandates for long-term commitments from public actors are
restricted, and as such, so is funding and capacity [27,78]. Governments
are seen to restrict their budget allocation to investments related to legal
obligations and political priorities, especially under continuous auster-
ity policies, neither of which traditionally account for NbS [27,79]. A
lack of spending autonomy and lack of fiscal transfers to a local level has
also been identified as a reason for municipal budget constraints [79].
Further, the lack of clarity in responsibilities is also seen in the specific
context of climate finance, which has fallen short of what is needed and
what was promised in the Paris Agreement [89]. The specific conditions
under which funding and finance is provided and the tracking meth-
odology for the financial flows are not clear. As such it is difficult to hold
developed countries accountable to meet their funding obligations [89].

Different public organisations, and within them different de-
partments, often have singular societal objectives and are said to operate
in silos. Expenditures on multiple benefits are unauthorized or legally
restricted as mandates are often limited to specific services or objectives.
Contributions to domains outside of their primary objective need to be
justified [94]. Further, if private lands are needed for restoration ac-
tivities, compensating for loss of land or loss of income — often relying on
public funding - is particularly difficult to justify and implement and
requires extensive consultation, demonstration and policymaking [77].
Also, different departments have different responsibilities, leading to
situations where capital expenditures and operating expenditures are
typically separated into distinct budgets [29]. NbS implementation and
management as well as the multiple benefits delivered by NbS often
requires coordination over geographically and ecologically determined
scales, exceeding jurisdictional and administrative boundaries [12,80].
As it is the wide range of benefits delivered by NbS that creates an
interesting business case, organizations’ orientations towards single
objectives render NbS less attractive or they are not even considered [36,
73]. Conflicting interests may arise between public actors operating at
different levels (national vs local) within the institutional system
because of the localized nature of the public goods provided [79] and
public actors with different restoration goals, where biodiversity,
climate change mitigation, and nutrient retention were cited as exam-
ples in which optimization towards singular objectives led to lower
overall outcomes [34].

4.3.4. Mechanism 4: Funders’ regimes
Table 9 summarizes NbS characteristics and how these are mis-
alligned with funders’ regimes (processes). Several of the regimes that
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Table 9
Regimes (processes) that funders have, which do not accommodate for NbS with
their particular characteristics, resulting in funding gaps for NbS.

Funders’ regimes NbS Characteristics Funding affected

Public  Private
Traditional forms of Trans/multi-disciplinary )
administration collaboration and partnerships
needed for delivering, capturing
and sharing multiple values
Grey- infrastructure Natural asset )
asset management
systems
Epistemically locked-in Systemic, integrated approaches ) )
to engineering and guidelines
practices
Predefine problems and ~ Dynamic, requiring reflexivity and )
targets adaptivity
Procurement “delivery” Pre-delivery and post-delivery ® ®
oriented activities

have been identified in the literature have their impact on the avail-
ability of funding for NbS, either directly or indirectly via the associated
complexities and the increased transaction costs. Furthermore, such
processes lead to a preference, or bias, towards more standard, grey
infrastructure solutions and correspondingly budget allocations towards
them.

The ‘business as usual’ way of working, or traditional forms of
administration, within the public sector are not always accommodating
for NbS, which require inter- and transdisciplinary collaboration [34,76,
84,87]. Scaling up restoration efforts also requires a shift in partner-
ships, which should also include owners, engineers, social scientists,
modelers, economists, infrastructure development experts, and project
managers [91]. To enhance collaboration there are emerging roles for
knowledge brokers or intermediaries in establishing appropriate legal
frameworks or agency bodies that can ensure the sharing of benefits
between sectors and agencies [76]. Further, leadership and monitoring
of NbS projects may be hindered by internal governance structures or
staff turnover and it is challenging to integrate knowledge systems
(procedures) within and between different institutions [74,94]. Re-
sponsibilities to design, incentivize, implement and monitor NbS need to
be redistributed [37], which has been done in the case of the Sponge City
program. Here responsibilities were shared between central government
and local government [72].

Matsler (2019), describes an “Epistemological mismatch between
ecological and accounting systems” rendering ecological values unac-
counted for (Matsler, 2019, pg. 167). It is conceptually difficult to
include, as an asset, the value of nature on accounting ledgers. Due to
financial accounting rules and standards, natural components, such as
trees, are not considered as assets and nature as a service provider -
similar to grey infrastructural assets - are not yet embraced. Such
financial asset management standards prohibit the mainstreaming of
natural infrastructure [94]. Since the economic value of natural assets
remain unaccounted for these systems also lead to public divestment
[27].Since natural assets are not typically considered infrastructure in
asset management systems they are not systematically included in
maintenance plans and corresponding funding allocations. This results
in the situation where maintenance and management of natural assets is
subject to fluctuations in funding and politicking, which is not the case
for traditional infrastructure [29,80].

Difficulties arise when transitioning from the existing (knowledge)
capacity to what is needed for NbS, a phenomenon referred to as
epistemic lock-in [37]. Persistent historical practices undermine trust in
new approaches and dominant engineering backgrounds lead to reluc-
tance to change to other approaches [37,80]. For example, the term
“floodplain” has become synonymous with flood safety regulations and
objectives and not with the important contribution of intact floodplains
in supporting thriving ecosystems [97]. Similarly, a preference for the
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known, more convenient and standard hydrological and hydraulic
modelling approaches for flood risk calculations was reported, which are
more accommodating for grey measures and cause biases towards grey
alternatives [80]. Moreover, legacies from the past and trust in ‘engi-
neering’ practices have played a role in the development of codes,
standards, and knowledge paradigms. This legacy leads to the situation
in which engineering-heavy technologies are favoured ‘soft” NBS bene-
fits and performance [12]. Guidelines and standards for NbS are difficult
to develop because the system is alive [74]. Guidance should cover the
development, monitoring and maintenance of interventions [74]. A lack
of such guidance leads to lack of institutional and financial mechanisms
to be tapped into [37]. Further, there seem to be few decision support
models that can be qualified as systemic, integrated approaches, that
account for NbS complexities. Current evaluation approaches are
strongly focused on small scale effects of interventions whilst there is a
need for larger scale impact assessments for NbS [85,92,98]. NbS further
challenges the tendency of both urban planning professionals and
decision-makers to predefine problems and solutions. These in-
terventions require a more reflexive and adaptive approach, allowing for
open-ended and iterative process of learning-by-doing and
doing-by-learning [84].

Lastly, challenges were identified within the domain of (public)
procurement. the process by which public authorities purchase work,
goods, or services from companies. NbS are typically characterized by
pre-delivery activities such as stakeholder engagement and post-
delivery activities such as monitoring and stewardship for which pub-
lic procurement procedures are not designed [76]. Furthermore, pro-
curement processes tend to prioritize financial criteria over other
benefits, specifically environmental criteria. Procurement affects the
market potential for NbS. However, public procurement is associated
with high levels of bureaucracy and long decision-making timeframes
making it difficult, or unattractive for small and medium enterprises to
participate. A lack of competition for public tenders was identified and
discussed [76].

4.3.5. Mechanism 5: Financiers’ preferences

Table 10 summarizes NbS characteristics and how these are mis-
alligned with financiers’ preferences. Firstly, it has been well docu-
mented that NbS have an unattractive risk return profile and that NbS
generate insufficient return on investment [12,33,85]. The high costs (or
additional costs) of NbS are not being matched by high(er) revenues [27,
72]. This had been, for example, the reason why the private sector would
not invest in the Sponge City project in China [99]. One aspect of the
risk-return profile is related to the revenue generation potential of NbS,
discussed under Mechanism 2: Revenue generation enablers. The
limited potential to generate revenue from NbS and their ecosystem

Table 10
The mismatch between multiple NbS characteristics and the preferences that
financiers or investors have, resulting in financing gaps for NbS (Mechanism 5).
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services leads to restricted financial returns and as such, NbS funding
models that rely predominantly on income from taxes and transfers
[100]. In turn, this leaves commercial sources of repayable finance at
bay since such financiers prefer investments where higher profit margins
secure repayments for the costs of finance.

Others explain that the risk-return profile is un-attractive due to the
relatively high initial construction costs, the need to maintain them, and
the dependency on sufficient social awareness for generating returns
[85]. Moreover the type of funding that generates the returns (fees and
tax cuts) and the duration before the initial costs are covered (after
20-30 years) make NbS an unattractive offer for investors [85]. An
overreliance on public sector funding, meaning that revenues are based
mainly on income from (periodical) subsidies or grants, makes NbS less
attractive for private financiers [76]. Further, financing (a pipeline of)
NbDS projects that rely on public sector funding requires a stable policy
environment [27].

Private actors, or entrepreneurs are wary to approach commercial
investors as they are expected to not understand the (dynamic) perfor-
mance of their business. They would rather rely on ‘cheaper’ sources of
financing -such as impact investors or concessional financing [76]. The
longer time scales make it difficult to obtain a (quick) return on in-
vestment and discourage, in particular, non-institutional investors such
as pension funds and insurance companies [73,77]. Further, perfor-
mance data is less credible than for grey alternatives leading to rela-
tively higher risk-profiles [76,86] and there seems to be a degree of
skepticism about the costs, performance, and profitability of NbS [12,
74]. Sceptical attitudes of investors may result from a lack of technical
(construction) knowledge as well as lack of understanding of multiple
benefits [85], resulting in higher perceived risks of the activities
involved [81].

It is difficult to clarify the underlying value of the (natural) assets
[36]. Urban regeneration projects are often perceived by private in-
vestors as high risk due to a lack of information about the underlying
value of assets [36]. Finally, the multiple benefits that are generated by
NBS make it difficult, or less attractive, to finance as it gives rise to
complexities. All benefits need to be considered to show the superiority
of the NBS as an intervention as opposed to other (grey) infrastructure
investments [76]. Measurable benefits are important to trigger finan-
ciers’ interests [99], yet this is a difficult and costly task.

4.3.6. Mechanism 6: Finance application process

Table 11 summarizes NbS characteristics and how these are mis-
alligned with finance application processes. Applying for and gaining
access to credit can be complex, and the required expertise is not always
present amongst NbS initiators and implementors. Indeed, initiators of
restoration projects often lack the expertise to put together business
plans that are aligned with investor requirements [35] and to develop
such plans for a pipeline of projects [27]. A need for preparation support
in this query has been identified [35,77,87]. Even if such expertise is

Financiers’ NbS Characteristics Financing affected Tabel 11
preferences Public  Concess-  Commer- The mismatch between the financial application processes and multiple NbS
ional cial characteristics resulting in financing gaps for NbS (Mechanism 5).
Low risk — high High risk — low o [ o Finance application NbS Characteristics Financing affected
return., ('mc?netary) return, process Public  Concess- Commer-
established limited track-record, . R
ional cial
track-record, long-term costs
short term-costs Requires financial Initiators are ) [ ) [ )
Stable revenue Mostly (local) public () expertise and typically non-
generation good benefits and capacity financial experts
therefor public funding, Large investment size Small investment ()
dynamic performance size
Quick return Long time-scales [ J [ J Selection criteria not Innovative, [}
Clear value of Natural asset with [ [ accommodating for uncertain
underlying asset natural values innovations
Simple Multiple benefits [ ] [} Resistance to change New, innovative [ )
calculations the status quo
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available, stable policy environments are paramount Further, the in-
vestment size that is offered by NbS projects is not adequate for all fi-
nanciers [79].

Green entrepreneurs also reported difficulties in financing due to
their small size, or due to the lack of market awareness amongst finan-
ciers [76]. Also, mainstream selection processes in the financial sector,
such as risk assessment methodologies, can prevent the break-through of
innovations such as NbS. Practices, rules, and routines in the financial
sector are reported be more accommodating for gray, traditional infra-
structure projects rather than for NbS [12]. Finally, resistance from
traditional financial players, such as pension funds, to alternative in-
vestment strategies has been documented as well as the lack of entry of
these players in the NbS market [36].

5. Discussion
5.1. Explaining NbS financial barriers through institutional mechanisms

This study set out to develop a deeper understanding of (i) what
financial barriers for NbS entail and (ii) why they exist and persist. We
summarize and visualize our findings in Fig. 5. Regarding the first part of
the research question, our results expose three related but different di-
mensions of financial barriers in NbS projects, namely the occurrence of
multiple types of funding gaps, the occurrence of multiple types of
financing gaps, and the particular and complex cost structures of NbS.
Funding gaps entail both public and private funding, (inconsistent)
funding for different implementation phases, and funding for specific
activities related to NbS, such as certification and stakeholder engage-
ment. Moreover, some cost items or activities (such as the need to
compensate landowners for the loss of land or income) are particularly
challenging to fund since extensive consultation and policy making is
required for this. Financing gaps are reported particularly in relation to
commercial finance and concessional finance, whilst public finance gaps
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are only discussed within the context of climate finance. Financing gaps
manifest particularly in relation to the preparation and long-term
maintenance of NbS, and in relation to specific activities, such as ca-
pacity building. Although these different aspects of financing gaps are
documented, the demand for NBS-specific finance is quite low relative to
the overall demand for sustainable investment. This suggests competi-
tion between sustainable investment opportunities and a lack of NbS
that are capable of revenue generation beyond cost-recovery. Although
funding and costs concern two sides of the same coin, we find that the
significant costs, the uncertain costs, the complex cost structures, and
specific cost items of NbS constitute a barrier in its own right, regardless
of cost-effectiveness, cost-benefit or risk-return performances of NbS,
which in turn are often anchored in institutional procedures and pref-
erences. As such, one could say that the (high) implementation costs for
NbDS are in itself a reason for decision-makers to not engage (financially)
in NbS, especially under strict austerity conditions or absence of finan-
cial resources in the first place.

Within these three dimensions of financial barriers, funding was the
predominant sub-theme, representing 61 % of the occurrences. This
signals that the problem lies not so much in financing NbS as in securing
funding over the lifetime of the project, which concerns the question
who will ultimately pay for (the goods and services provided by) the
NbS? These findings suggest that a more subtle problem framing is
appropriate, rather than the generic framing of “a financing gap for
NbS”. This aligns with the recent call of an eminent professor of eco-
nomic policy [102] to add more nuance to the ongoing discussions on
Green Finance by explicitly including the issue of funding. Bridging the
funding gap is a necessary (although not sufficient) condition for
bridging the finance gap and financing alone cannot solve a funding
problem.

Regarding the second part of the research question (why do these
financial barriers to NbS exist and persist), we find six institutional
mechanisms that surface the misalignment between the particular

NbS Cost

structure

Funders’ Preferences

‘ Revenue Generation Enablers

NbS Funding
gaps

Funding Justification

Funders’ Regimes

Financiers’ Preferences

NbS Financing

gaps

’/ Ecological time (long) \\\ 4 |
| andspatial scales N '
: large ! b :
i arGe) : Multiple P :
' ) | beneficiaries & | !
i Multiple (local, public, funding sources | ! ;
i stochastic) benefits - p
; Novel ! Transdisciplinary | : ‘
i ' implementation | i :
H i partnerships o !
i Uncertain : P E
; : Integrated methods| ! '
i High (initial) costs Pl E
! Dynamic performance i Novel markets : :

\ Natural Asset

Institutional

!
[ v i
! Secondary (resulting) e 3
' characteristics e h

J h

characteristics |

Dimensions of

financial barriers

financial barriers influences

N
\
Mechanisms leading to i
'
1
i

Fig. 5. The occurence of financial barriers for NbS, explained in terms of six institutional mechanisms that are misaligned with the characteristics of NbS.

14



L.M. Hiisken et al.

characteristics of NbS and our existing public and private sector in-
stitutions. Such conditions are congruent with the findings from Slinger
and Vreugdenhil [3] in their study on the shift from traditional hydraulic
and coastal engineering towards more nature-based approaches. Eco-
systems around the world have been deteriorating, leading to the
ecological crisis we are currently facing and as such the urgent call to
action for ecosystem restoration to redress this declining trend. The
under investment in nature and the undervaluing of ecosystem services,
is indeed said to be the direct result of the economic and institutional
systems in place [18,103]. Our results confirm this and illustrate that
many of the funding, financing and generic implementation barriers
arise from institutional conditions such as standards, procedures, and
organizational structures that are not accommodating to NbS. Further,
novel financial models and provisioning arrangements, such as those
discussed in Heijer and Coppens [27] are not necessarily suitable to
overcome these systemic misalignments. As such, the authors infer that
although financial barriers for NbS can be overcome for small-scale,
pilot, NbS projects in the current playing field (the playing field that
led to the underinvestment in nature in the first place), unlocking
funding and finance to achieve the desired large scale interventions and
restoration outcomes requires a more rigorous and systemic approach to
addressing financial barriers by changing the institutional playing field
(see [100]).

Opportunity costs - the potential benefits or value of the “next best”
alternative, which is foregone when a choice is made - reflect a scarcity
of resources and illustrate the trade-off between competing options.
High opportunity costs are an often-cited barrier, meaning that the “next
best” alternative has a higher (perceived) value than the NbS option on
the table. High opportunity costs play a crucial role in both funding gaps
and financing gaps for NbS and they are embedded in the mechanisms.
These result primarily from competing demands for public budgets, less
attractive risk-return profiles of other investment opportunities (aggra-
vated by perverse or mis-aligned subsidies) and competition between
land-use functions. As such, even if positive benefit-to-cost ratios can be
delivered with confidence, financing and funding NbS are conditioned
by the presence and magnitude of opportunity costs, suggesting that
upscaling restoration efforts or mainstreaming NbS requires tackling the
issue of opportunity costs.

The costs of NbS implementation, especially at catchment scale, are
reported to be substantial and higher than compared to grey alternatives
[88]. This can be explained by the multiple stakeholders that need to be
engaged throughout the long lifecycle, the need to understand and
design for system complexities and embrace adaptive management, and
the costs associated with monitoring, capacity building and knowledge
development [101]. As long as NbS are novel, and not accommodated
within existing procedures, accounting systems, and other institutional
conditions, the implementation costs will remain relatively high and
persist as a barrier for large-scale implementation. Burszta-Adamiak &
Fialkiewicz [85] refer to “secondary motivational tools” which support
NbS implementation by alleviating the initiators from having to cover
the costs of specific activities but are rather funded through another
process. “Such form of support not only allows the investor to save time, but,
first of all, to minimise the risk of an erroneous project and to expedite formal
procedures” [87, p664]. The results of our study suggest there is an
important role to be played for funding mechanisms that facilitate the
transition needed for NbS to move from innovation to mainstream,
similar to transition funds for the energy sector, often referred to as
transition finance. However, even if transaction costs resulting from the
novelty of NbS were to be removed from the equation, high imple-
mentation costs will remain a persistent barrier as long as they are not
considered in the light of the multiple benefits generated over the life-
time of the NbS.

5.2. Avenues for further research

The results of this analysis suggest that overcoming funding and
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financing challenges requires a systemic approach as the barriers to
project implementation are not all located within a project’s sphere of
influence or control. Instead, they may be located within the governing
institutions and market conditions, which determine the playing field
within which a project must operate. Our inventory of barriers, and
specifically their structuring into the three dimensions of financial
barriers and the six institutional mechanisms leading to funding and
financing gaps can serve as a useful framework and diagnostic tool.
These elements may serve as a starting point for the development of
solution strategies to address one or several barriers or, alternatively, to
collect further empirical evidence, by analyzing existing (large-scale)
NbS projects in an effort to understand their cost structures, and not only
what financing and funding has been secured, but also how and why
financing and funding was secured. As such, it may guide future research
on the processes deployed that unlocked the possibility for transactions
and payments and whether these extend over the project lifecycle.
Lastly, the results of this study can also be of use in analyzing the extent
and effectiveness of new and emerging policies or guidelines, such as the
implementation of the EU Taxonomy, to adress funding and financing
gaps for NbS (see [71]).

Further research into whether some barriers are more or less asso-
ciated with particular regions, specific types of ecosystems or specific
NbS could shed light on the enabling conditions for NbS projects with
specific characteristics in a particular institutional playing field. The
articles included in this review were not selected for their ecosystem or
regional representation and so are not suited to answering these ques-
tions. Research on the relation between specific financial barriers and
their occurrence regionally and/or in particular ecosystems or NbS
could prove fruitful.

Studies to formulate and test financial strategies aiming to address
the systemic nature of financing and funding issues will be required to
advance NbS implementation. Solving a single financial problem with a
single financial solution has not proven to be an effective strategy to
overcome (financial) implementation barriers [44,45]. This systems
view can be a useful starting point for researchers and practitioners in
co-designing multi-level governance and funding and financing strate-
gies for envisaged NbS projects and then evaluating their efficacy in
practice. We further emphasize the need to address the challenges in
mainstreaming NbS through interdisciplinary approaches covering the
themes identified in this research. In relation to mainstreaming NbS,
theoretical fields such as transition finance, innovation finance,
multi-level governance, environmental policy and institutional eco-
nomics seem particularly relevant to further articulate the current
institutional playing field and explore how alterations can unlock
financial flows for NbS.

6. Conclusion

The question of what financial barriers for NbS entail and why they
exist and persist is explored in this review study. We do so by first
conceptually and theoretically clarifying the difference between funding
and financing and then exploring this through an integrative literature
review, making use of thematic and narrative analyses. In the inductive
thematic analysis we explore 650 coded barriers identified in a sample of
literature (n = 34) collected through a structured search.

We find that the financial barriers to NbS can be broken down into
three dimensions, namely different funding gaps, different financing
gaps (although a low demand for finance comes from NbS) and the
particular and complex cost structures of NbS. The complex cost struc-
tures and specific cost items of NbS constitute a barrier in its own right,
regardless of cost-effectiveness, cost-benefit or risk-return performances
of NbS. We further find, by adopting a systems perspective, that these
dimensions of financial challenges can be explained by the misalignment
between the characteristics of NbS and our existing institutions — in the
broadest sense of the word, including political, economic, and social as
well as formal and informal institutions [102]. Four mechanisms for
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funding, and two mechanisms for financing through which these mis-
alignments occur were surfaced from the studied literature. These are:
Funders’ preferences (Mechanism 1), Revenue generation enablers
(Mechanism 2), Justification requirements (Mechanism 3), Funders’
regimes (Mechanism 4), Financiers’ preferences (Mechanism 5), and
Finance application process (Mechanism 6). All mechanisms influence
the occurrence of public and private funding and financing gaps and the
cost structure of NbS.

We infer from both the prevalence of barriers and the multiple
mechanisms associated with funding that the problems lie more in
securing funding over the lifetime of NbS project rather than in
financing NbS. Moving towards large scale implementation of NbS
therefore requires addressing the systemic nature of financial barriers
currently faced, the funding gap in particular. We identify and discuss
elements that seem critical in the transformative path towards upscaling
NbS, including transitional support and addressing the pernicious
problem of high opportunity costs.
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