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Abstract 22 

Nature Based Solutions (NBS) are currently gaining importance in the EU policy agenda as a promising ap-23 

proach to mitigate and adapt to environmental and climate change. The main advantage of NBS over other adap-24 

tation strategies is their capability to deliver multiple benefits. They support the resilience of natural processes 25 

and help in reducing adaptation costs. In this paper, we address the current gaps in the literature by providing a 26 

comprehensive, easy-to-use classification scheme focussing on hydrological extreme events. The classification 27 

scheme is presented as a matrix and contains a portfolio of known NBS as well as the important criteria for their 28 

selection. Specifically, we have included disservices/ barriers, and the potential impacts of climate change on 29 

NBS. The matrix provides decision-makers with a tool that will guide them through the first phase of the com-30 

plex process when choosing the most appropriative NBS for a specific challenge. In that way, we aim to support 31 

the spread of NBS in the scientific literature as well as their practical application. 32 

  33 
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1. Introduction 46 

Climate change and environmental degradation are likely to accelerate losses in European GDP by up to 77% by 47 

2030 (IPCC, 2014).  This has boosted the development of new approaches which highlight the role of ecosys-48 

tems in reducing the socio-economic and environmental costs of climate change. The most recent and perhaps 49 

also most promising approach is the concept of Nature Based Solutions (NBS). It is based on the principle that 50 

enhancing and protecting natural processes provides multiple benefits for society, thereby ensuring a sustainable 51 

delivery of ecosystem services (ES) and buffering the adverse impacts of climate change. For example, restoring 52 

or protecting riverine ecosystems can reduce the vulnerability of eroding riverbanks against current and project-53 

ed increases of extreme rainfall, with manifold benefits to the social-ecological system around the watershed 54 

(Anbumozhi et al., 2005). Their main advantage over other adaptation strategies is their capability to deliver 55 

multiple benefits. The implementation of a particular NBS may create bundles of ecosystem services, together 56 

generating various social, economic and environmental co-benefits. For example, restoring or protecting coastal 57 

wetlands can increase resilience against storms by acting as a barrier against natural disasters. In addition, they 58 

provide multiple co-benefits, such as carbon sequestration, fish provision, job creation, or tourism (Woodward 59 

and Wui, 2001; Clarkson et al., 2013). 60 

A number of definitions for NBS have been formulated (e.g. Cohen-Shacham et al., 2016; Maes and Jacobs, 61 

2017; Eggermont et al., 2015). In this article, we use the definition applied by the European Commission which 62 

understands NBS as: “... living solutions inspired by, continuously supported by and using nature, which are 63 

designed to address various societal challenges in a resource-efficient and adaptable manner and to provide sim-64 

ultaneously economic, social, and environmental benefits.1” (Maes and Jacobs, 2017). This definition highlights 65 

                                                           
1

 

 

 � According to this definition, approaches such as biomimicry should be considered as NBS since they 

are solutions inspired by nature. However, this approach is not contemplated in the text as many of the biomim-

icry solutions do not deliver multiple co-benefits as they are often designed to target one specific problem. Bio-

mimicry technology do not necessary look for finding a balance between social, environmental and economic 

targets.  
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the functional role of biodiversity and ecosystem functions and processes as part of an overall adaptation strategy 66 

to adapt and mitigate the impacts of climate change. For example, protecting and managing wetlands to enhance 67 

their water storage capacity is considered to be a NBS. On the contrary, technical adaptation measures to 68 

droughts such as water cisterns installation will not be considered a NBS as they do not use ecosystem functions 69 

to deliver benefits to society. Nature Based Solutions are often used as an umbrella concept, embedding a wide 70 

range of conservation and sustainability measures. Terms such as green infrastructures, ecosystem based adapta-71 

tion, ecosystem based mitigation, hybrid infrastructures, ecosystem restoration or ecosystem protection are all 72 

framed under the NBS concept. For this reason, the NBS definitions found in literature are deliberately vague. 73 

However, all definitions share an emphasis on the need of finding a balance between social, economic and envi-74 

ronmental targets when applying NBS, and highlight the importance of their long-term sustainability. A very 75 

illustrative example are the policies promoting forests as carbon sinks that have been gaining attraction over the 76 

past years. Existing international agreements and initiatives often pursue afforestation targets that are more fo-77 

cused on quantity rather than quality. These projects often use monocultures with non-native species, which can 78 

produce maladaptation to climate change in the long term and negatively impact biodiversity and sustainable 79 

development (Seddon et al., 2019). Despite their use of ‘nature’ to address a societal challenge, such initiatives 80 

fail to find the balance between social, economic and environmental targets, and would therefore not be consid-81 

ered as NBS.   82 

Implementing NBS is not only a way for adapting to environmental change, but generally supports the shift to a 83 

greener economy and a more sustainable society. At the same time, it helps to reduce the costs of adaptation by 84 

simply diminishing the risk in the face of uncertain events.  85 

Baumgärtner and Strunz (2014) argue that the implementation of NBS increases systems capability to cope with 86 

extreme hydrological events (HEE), thereby representing an insurance value against unwanted regime shifts. We 87 

understand insurance value as “reflecting an ecosystem’s capacity to remain in a given regime and retain its ca-88 

pacity to deliver vital ecosystem services in the face of disturbance and change” (Baumgärtner, 2008). The NBS 89 

concept, therefore, enhances the capability of social-ecological systems to cope with risks through exploiting the 90 

intrinsic resilience of natural processes. This makes the concept of NBS very valuable to both public and private 91 

investors that want to reduce their vulnerability to HEE. In addition, it provides an opportunity to capitalize these 92 

services in Natural Assurance Schemes (NAS). When talking about NAS, we refer to strategies aiming at inter-93 

nalizing the insurance value of ecosystems with the objective of improving awareness, valuation and inclusion of 94 
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NBS in HEE (Denjean et al., 2017). Natural Assurance Schemes are very important in terms of re-distribution of 95 

HEE risks and therefore a co-benefit of NBS implementation relevant for different economic sectors, including 96 

the insurance sector. 97 

Despite their great potential, the spread and standardisation of NBS in the scientific literature is limited. As a 98 

result, there is little uptake and implementation of the concept by national and international decision-makers. We 99 

believe that this is caused by the lack of a comprehensive, concise and easy to use classification for NBS. Similar 100 

to the case of the ecosystem services classification by the Millennium Ecosystem Assessment, a simple and 101 

commonly accepted NBS classification would support the transfer of the concept into adaptation and risk mitiga-102 

tion plans.  103 

Existing classifications are mostly descriptive and difficult to understand and use by non-experts (WWAP, 2018, 104 

European Commission, 2015, European Environmental Agency, 2015, Eggermont et al., 2015).  In addition, the 105 

majority of classifications do not mention undesired effects or “disservices” that may arise from malfunctioning 106 

or inefficient ecosystem management (European Commission, 2013, Cohen-Shacham, 2016, Zhang et al., 2007, 107 

Eggermont et al, 2015). For example, the project URBAN greenUP developed an easy-to-use catalogue of NBS 108 

focussing on urban areas, but gives little attention to disservices (GreenUP, 2018). The often cited Eklipse 109 

framework presents a set of indicators and assessment methods to evaluate the effectiveness of NBS projects, but 110 

is unable to assess the effectiveness of NBS for disaster risk reduction (Raymond et al., 2017), or to indicate pos-111 

sible disservices. Furthermore, none of the studies looking at NBS have taken the potential effects of climate 112 

change into account, although it is highly likely that climate change will have significant impacts on ecosystems 113 

in general (Pecl et al., 2017), and consequently on NBS. Any decision-making on a particular NBS requires sci-114 

entifically based and customized information about the potential impacts of climate change (so-called climate 115 

services). To our knowledge, there is presently no classification which gathers all information relevant for mak-116 

ing decisions on implementing NBS. 117 

In response to these gaps, we present a comprehensive and easy-to-use classification scheme as a basis for as-118 

sessing and evaluating NBS under different socio-economic and climatic scenarios. Scientifically validated with 119 

an extensive literature review, our paper contains three substantial contributions to the NBS concept. Firstly, 120 

using the case of HEE as a conceptual focus, we propose a classification of NBS for risks associated with such 121 

events. Secondly, we list the co-benefits and disservices that may potentially arise when implementing NBS. 122 

And thirdly, we discuss the potential impacts of climate change on NBS, which we believe is crucial for their 123 

planning and management. Our classification scheme provides decision-makers with a tool to design cost-124 
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effective adaptation measures able to deliver benefits under different environmental and socio-economic scenar-125 

ios.  126 

 127 

2. Methodological classification framework of NBS 128 

Our framework is organised as a matrix (see figure 1). Following Eggermont et al. (2015), we distinguish be-129 

tween three types of NBS according to the level of human intervention (level of engineering required for enhanc-130 

ing the delivery of ecosystem services):  Type 1, low intervention; Type 2, medium intervention; Type 3, high 131 

intervention. While the classification has correctly been criticized for being too narrow, as well as too difficult 132 

for implementation (Potschin et al., 2016), we found its intervention-based distinction to be a useful starting 133 

point for our work. 134 

An extensive literature review revealed a number of important factors that were not sufficiently considered in 135 

current classification schemes. These factors are: type of risk, area, co-benefits, disservices, impact scale, and the 136 

potential effects of climate change on NBS. For this reason, within each type of NBS, we have defined subtypes. 137 

In the vertical axis are information on the type of risk (HEE) to be considered, the area where the NBS is ap-138 

plied, the possible co-benefits of the NBS, and a column on the possible disservices. We have additionally in-139 

cluded impact scale (local, regional, and global), and finally the potential effects of climate change on the NBS 140 

(see appendices A).   141 

 142 

Figure 1. Synthetized Metrix for the methodological framework. The horizontal axis represents the different 

types of NBS according to the different levels of human intervention. The vertical axis represents key infor-

mation that should be considered before NBS implementation.   
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 143 

2.1 Horizontal considerations of the NBS framework 144 

2.1.1 NBS Type 1: Low human intervention 145 

Some ecosystems play a fundamental role in regulating the hydrological cycle, and in protecting against the oc-146 

currence of flood events and water scarcity (Stürck et al., 2014; Sutton-Grier et al., 2015). The type of NBS that 147 

fall into this group include approaches that aim to preserve the integrity and stability of important ecological 148 

functions from a group of ecosystems and habitats without an intensive management, or an intervention into the 149 

system. The preservation of certain ecosystems can reduce the risks of HEE (World Bank, 2008). For example, 150 

applying conservation measures in wetlands which act as barriers against storms may reduce the vulnerability of 151 

coastal communities (Costanza et al., 2008). Applying measures to protect soil from wind and water erosion 152 

maintains soil stability and structure and is essential to keep an optimal infiltration rate and to preserve soil fertil-153 

ity and productivity (Blanchart et al., 1999).  Strategies focused on maintaining the well-functioning of ecosys-154 

tems are NBS type 1.  155 

2.1.2 NBS Type 2. Medium human intervention 156 

This type of NBS clusters all management approaches that support the enhancement of important ecosystem 157 

services in a sustainable and multifunctional way. Within this group, we have included ecosystem restoration 158 

approaches, and management interventions in agricultural lands, forests, river morphologies, grasslands, pastures 159 

and meadows. 160 

Ecosystem restoration approaches have been defined as “the process of assisting the recovery of an ecosystem 161 

that has been degraded, damaged or destroyed” (SER, 2002). Frequently this degradation is the result of human 162 

activities that have disturbed the ecosystem in a direct or indirect way. Some restoration projects aim to restore 163 

the structure of a given ecosystem to the historic state prior to its disturbance. Others solely seek to re-establish 164 

the ecological processes and functions of a given ecosystem to return to the delivery of targeted ecosystem ser-165 

vices. 166 

Management interventions include a variety of measures for managing natural and man-made ecosystems. Agri-167 

cultural practices such as crop rotation can improve the fertility and structure of soil by increasing the infiltration 168 

capacity. Altering deep-rooted and shallow-rooted plants can increase groundwater levels and contributes to a 169 

range of other services such as pollution removal or CO2 absorption (NWRM, 2014). Other agricultural practic-170 
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es such as intercropping or green covers to protect soil from erosion can also increase the infiltration rate 171 

(Zougmore et al., 2000; NWRM, 2014). Reducing soil surface exposure by maintaining an uninterrupted tree 172 

canopy can also provide a number of hydrological effects such as biodiversity preservation or reduction of water 173 

runoff. The reduction of exposure can be achieved with the appropriate forest management (Farley et al., 2005). 174 

Another example is the establishment and maintenance of grasslands. Semi-natural grasslands buffer water flows 175 

through decreasing water run-off and at the same time attenuating soil erosion. They can also decrease water 176 

stress by increasing water retention capacity (Farley et al., 2005). 177 

 178 

2.1.3 NBS Type 3: Creation of new ecosystems and hybrid solutions 179 

The last group implies higher modification of ecosystems. The creation of new ecosystems that are designed and 180 

managed in a multi-purpose way are also considered type 3. It comprises green (or blue if there are aquatic eco-181 

systems involved) infrastructures which are defined as “a strategically planned network of natural and semi-182 

natural areas with other environmental features designed and managed to deliver a wide range of ecosystem ser-183 

vices” (European Commission, 2013). The combination of nature and grey infrastructure is called a hybrid solu-184 

tion and sometimes involves the creation of new ecosystems. Hybrid structures are especially useful when space 185 

is limited, as is often the case in urban areas.  186 

Green infrastructure and hybrid solutions are being increasingly considered in development planning.  They are 187 

particularly relevant in urban environments, where more than 60% of the European population lives. Measures 188 

such as green roofs, permeable surface channels and rills are wide spread in cities to reduce water runoff and the 189 

heat island effect (European Commission, 2013). Many of these measures have proven to be more cost-effective 190 

when compared with traditional grey approaches such as dikes or levees (Liquete et al., 2016; Schäffler and 191 

Swilling, 2013). For example, green alleys or tree planting have been estimated to be 3-6 times more effective in 192 

managing storm-water and reducing temperatures than conventional methods. The city of Portland invested $8 193 

million in green infrastructure, saving $250 million for hard infrastructure costs (CCAP, 2011, Liquete et al., 194 

2016; Schäffler and Swilling, 2013).  195 

The creation of new ecosystems has been widely used for water retention or coastal protection measures (Piazza 196 

et al., 2005). There is a number of artificial wetlands that have been constructed in seriously degraded areas with 197 

water quality or drainage problems. Another example is the creation of artificial reefs to stabilize shorelines and 198 

protect coasts from wave erosion and flooding (Scyphers et al., 2011). Such new habitats and ecosystems may 199 
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need a long time until they are fully established and able to deliver the intended ecosystem service. Until then, 200 

the ecosystem can be more vulnerable to disturbances and requires protection measures. 201 

 202 

2.2 Vertical considerations of the NBS framework 203 

2.2.1 Type of risk 204 

We identify several types of risks by considering their origin, spatial, and temporal dimensions. Our classifica-205 

tion covers the cases of droughts, floods, and water contamination. This is not intended to be an exhaustive list, 206 

but serves as a descriptive guidance. 207 

We distinguish between five different types of floods: coastal, urban, fluvial, pluvial and flash floods. Each of 208 

them has different effects in terms of impacts, potential damages, and related costs. Additionally, we take into 209 

account water contamination, making a distinction between organic and inorganic contamination. Within 210 

droughts, we distinguish between the following types: meteorological, agricultural, hydrological, and socio-211 

economic (Liu and Kogan, 1996). In this paper, we understand a meteorological drought as the duration of the 212 

dry period in reference to the normal dry period. We talk about an agricultural drought when the soil moisture is 213 

insufficient and results in lack of crop growth and production. Hydrological drought is referred to periods of 214 

shortfalls on surface and groundwater supply. Additionally, we consider socio-economic drought as droughts 215 

associated with the mismanagement of water supply and demand (Wilhite and Glantz, 1985). Depending on the 216 

type of drought, the suitability of NBS varies. For example, to reduce agricultural drought measures focused to 217 

maintain soil moisture will be appropriated, while measures to reduce the impacts of socio-economic droughts 218 

might include the restoration of natural vegetation and control surface flows (Sonneveld et al., 2018).  219 

 220 

2.2.2 Area 221 

Our approach distinguishes between three areas: rural, urban and peri-urban. Depending on the discipline, there 222 

are a number of definitions used for these categories. The categorization of rural and urban spaces depends ex-223 

clusively on arbitrary delimitations, usually based on demographic components (i.e. population size), economic 224 

sectoral components (i.e. percentage of population working in the primary sector) and a socio-psychological 225 

component (i.e. values, attitudes, tastes and behaviours common for urban and rural areas) (Iaquinta and 226 
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Drescher, 2000). These components may vary depending on the area where the NBS is going to be implemented. 227 

The majority of countries have their own, official definition of urban, rural and peri-urban areas.  228 

For the purpose of this paper we have only considered demographic and economic sectoral components to dif-229 

ferentiate between rural and urban areas. Urban areas are densely populated areas with generally more than 230 

10.000 people and with low agricultural activities. Rural areas are low densely populated areas with generally 231 

less than 10.000 and with agriculture as the main economic sector. Peri-urban areas are areas currently in transi-232 

tion from strictly rural to urban.  233 

Distinguishing between these categories is important, because the differences in demographic, economic and 234 

socio-economic factors influence NBS. For example, as explained previously, space restrictions are especially 235 

relevant for urban areas, while rural areas may have other limitations to consider, such as infrastructure access. 236 

For this reason, measures that have proven to be more effective and more easily to implement in certain areas 237 

(rural, urban and peri-urban), should be prioritized.  238 

2.2.3 Co-benefits 239 

One of the key aspects of NBS is their multifunctionality, their ability to provide several ecological, social, cul-240 

tural and economic benefits (Hansen and DeFries, 2007; Kabisch et al., 2017). In our classification, we distin-241 

guish between primary benefits, referring here to the intended HEE risk reduction, and secondary benefits, refer-242 

ring to additional benefits or co-benefits. For example, while the primary benefit of dunes conservation is coastal 243 

flood protection, biodiversity maintenance is one of its potential co-benefits.  244 

Following the Millennium Ecosystem Assessment, we classify co-benefits as provisioning, regulating, support-245 

ing and cultural ecosystem services (MEA, 2005). 246 

2.2.4 Disservices  247 

Taking limiting factors such as structural complexity, required economic investment, or available space to im-248 

plement NBS into account, as well as enabling NBS to adapt to changing conditions and disturbances is key for 249 

success. If the systemic implications of NBS are not adequately considered, intended services and benefits can 250 

turn into disservices. Such unintended negative side effects can potentially lead to the malfunctioning of a NBS 251 

and may cause a number of undesired effects including biodiversity loss, fragmentation, change in flow patterns, 252 

spread of pests and diseases, or changes in local and regional water availability (Zhang et al., 2007). For exam-253 

ple, afforestation projects to control desertification may decrease water availability if non-suitable tree species 254 

are chosen.  A very illustrative example is the Chinese Three Norths Shelter Forest System Project, a large-scale 255 
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afforestation project implemented in arid and semiarid areas to stop desertification. The project ignored key dif-256 

ferences in topography, climate and hydrology, which led to increased environmental degradation and devastat-257 

ing impacts on soil moisture, hydrology and vegetation coverage (Shixiong, 2008). 258 

Identifying potential disservices is also necessary to effectively evaluate the life cycle cost of NBS, including all 259 

cost associated with designing, building and maintaining a functioning NBS. The vast majority of NBS require 260 

ongoing management. For example, parts of urban nature are maintained through trimming, irrigation or collect-261 

ing leaf litter. Lack of funding or inefficient planning causes management failures, potentially resulting in de-262 

creasing ecosystem services delivery, the loss of social acceptance due to accidents, unpleasant views, damages 263 

in infrastructures, and several other issues, with impacts on costs. For example, if urban trees are not well man-264 

aged, infrastructures such as pavements can be damaged by tree roots of fallen limbs, requiring costly repairs. 265 

The relationship between the different ecosystem components and socio-economic factors is complex. For this 266 

reason, being aware of the potential disservices in the prior stages of NBS implementation may help to identify 267 

factors that need to be considered in the design and evaluation the NBS. Consequently, our classification also 268 

includes a column in which the most common disservices and socio-economic factors limiting the success of 269 

NBS implementation are listed. This list is designed to be used in the prior stages of the decision-making pro-270 

cess. It only gives a general idea of the potential disservices that may arise if factors such as budget, maintenance 271 

cost or climate change impact are not considered. The table can be used to narrow down the list of potential dis-272 

services as a check box exercise.  273 

 274 

2.2.5 Impact scale 275 

The co-benefits delivered by NBS can have impacts at different spatial scales. For example, a reforestation pro-276 

ject might have a primary impact at the local scale reducing soil erosion in hillsides and at the same time a global 277 

impact by capturing CO2. However, to facilitate management decisions we only consider, for each NBS, the 278 

scale of the impacts that the primary benefit may have. The definition of the scales depends on the particular 279 

context and should be clearly stated when assessing the impact of NBS. In our framework, we use the scale pro-280 

vided in the Eklipse framework which considers the impacts of NBS at the mesoscale (regional, metropolitan, 281 

urban) and microscale (neighbourhood/street, building) (Raymond et al., 2017). 282 

2.2.6 Climate change impacts 283 
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The impacts of climate change on NBS need special consideration. The latest IPCC report makes specific refer-284 

ence to the impacts of climate change on ecosystem functions due to increasing and/or decreasing climate varia-285 

bility, increase in mean temperature, change in precipitation patterns, increase of extreme events, or sea level 286 

raise (IPCC, 2018). At the same time, an increase in the frequency and intensity of HEE may overwhelm the 287 

capability of NBS to cope with these risks. Changes in rain patterns may also affect water and energy demand 288 

exacerbating social and cultural divisions.  289 

Potential impacts of climate change on NBS have not been adequately addressed in the literature so far (Seddon 290 

2019). However, such considerations are of utmost importance to make sure that the effects of NBS will last, 291 

especially in the long term. There are two relevant aspects: Firstly, the impacts of climate change on the perfor-292 

mance of NBS and their effectiveness. And secondly, the costs that are related to dealing with and adapting to 293 

those impacts. 294 

The effectiveness of NBS to cope with risk can be influenced in many ways. For example, higher-intensity of 295 

rain or flood events may saturate the capability of coastal habitats or green infrastructure to deal with these risks. 296 

Changes in the mean temperature, rain patterns, species distribution, fire patterns or HEE have important impli-297 

cations for practices such as ecological restoration. Future biophysical conditions arising as a result of climate 298 

change as well as other factors such as habitat fragmentation or land use change create novel environmental con-299 

ditions never experienced in ecosystems before (Harris et al., 2006; Tilman and Lehman, 2001). For example, a 300 

number of plants are shifting their distribution ranges to higher elevations and latitudes (Chen et al., 2011). In 301 

some cases, this may challenge the capability of ecosystems to adapt and thus to deliver certain ES. Taking cli-302 

mate change into account is also key in afforestation projects, since droughts, fires, pests and diseases may de-303 

termine long-term effectiveness of the project (Zhu et al., 2011).  304 

Changes in species distribution range can even have implications for human health as human disease vectors 305 

such as mosquitoes are also temperature dependent. Consequently, changes in climate could lead to changes in 306 

the dynamics of diseases transmission (Afrane et al., 2012; Martens et al., 1999). This should be taken into ac-307 

count when it comes to the design of NBS. Areas with high risk of being affected by this phenomenon should 308 

pay more attention to the design and establishment of blue infrastructure since habitats with stagnant water play 309 

an important role in mosquitoes’ life cycle. 310 

The resources and cost of implementing NBS may increase in drier and warmer environments. For example, the 311 

maintenance of urban green infrastructures through irrigation can increase water use, potentially consuming 312 

more water than they infiltrate. The effectiveness of NBS can also be threatened by future development of dis-313 
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services arising from new climatic conditions. For example, blue infrastructures may be more susceptible to algal 314 

blooms with increasing sea surface temperatures. 315 

Considering the potential impacts of climate change in the first stages of NBS development is necessary for iden-316 

tifying factors that influence the delivery of ES and disservices associated with NBS as well as the capability of 317 

NBS to resist, recover or adapt to future conditions. This can help to design connected, heterogeneous and eco-318 

logically diverse NBS able to adapt to new climatic conditions (Seddon et al., 2019).   319 

2.2.7. An example on how to use the methodological framework 320 

In 2011 a climate adaptation plan was adopted by the city Council of Copenhagen in order to address the enor-321 

mous challenges that the ongoing and future rainfall events are causing in the city. The Copenhagen Climate 322 

Adaptation Plan (CCAP) sets the framework for the implementation of climate adaptive measures in the City 323 

Administration area. As part of the CCAP, the Cloudburst Management Plan was developed to reduce the eco-324 

nomic and societal problems caused by extreme flood events. The challenges arising from extreme rainfall could 325 

not be solved by a single initiative, such as upgrading the sewage system. For this reason, combined and coordi-326 

nated actions had to be implemented. The development of projects promoting blue and green infrastructures is 327 

therefore a core aspect of the management plan (City of Copenhagen, 2012). In this section, we use the Copen-328 

hagen case to illustrate how our framework could be used in the first-stages of NBS implementation in an urban 329 

area with extreme rainfall problems.  330 

The first step of the decision-making process is to identify the type of risk that the system is facing. In this case, 331 

the city of Copenhagen faces urban and pluvial flooding. At this stage, it is important to evaluate the probability 332 

of flooding vulnerability of the society in flood-prone areas.  333 

Our table (see appendices a) lists a number of measures that can be applied to reduce flooding in urban areas, 334 

ranging from restoration or conservation of upstream floodplain areas to the installation of hybrid infrastructures 335 

such as vegetated swales, filter strips or tree pits.  336 

Given that NBS are site-specific, the success of any measure is tightly linked with the environmental and socio-337 

economic conditions of the area in which they will be applied. To effectively evaluate the potential co-benefits 338 

and disservices which a NBS can produce, it is necessary to consider hydrological, climatic and socio-economic 339 

studies. The table provides a description with the most commonly delivered co-benefits and disservices of each 340 

NBS. This can serve as a fist analysis of the best approach that should be considered for a deeper assessment. 341 
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For example, pollution and heat waves have been identified as increasing problems in the city of Copenhagen. 342 

This means that NBS delivering co-benefits related to climate regulation are highly likely to be more cost-343 

effective, because they address several problems at the same time. Stream bed re-naturalization is usually a suit-344 

able measure to tackle urban, fluvial and pluvial flooding. However, the high- economic investment and the re-345 

quired ongoing management cost may be a barrier to the successful implementation of this NBS . In addition, 346 

this measure is only suitable if there is enough space. Other low-cost measures such as rain gardens, infiltration 347 

tranches or vegetated filter strips may be more adequate if space and budget are limiting factors.  348 

Once the range of available alternatives have been identified, it is important to assess their long-term effective-349 

ness, also under climate change projections. Our classification provides a first overview of the potential impacts 350 

that climate change may have on NBS. For example, if green roofs have been identified as an effective NBS, 351 

changes in rain patterns and species distribution should be taken into account in order to choose appropriate spe-352 

cies or considering an increase of water demand.  353 

 354 

3. Discussion  355 

Nature Based Solutions are thought to be a promising approach for mitigating and adapting to environmental and 356 

climate change. However, their spread in the scientific literature as well as their practical implementation is cur-357 

rently hampered by the lack of a comprehensive, concise and easy to use classification. Although several classi-358 

fication schemes have been developed, we found that they have three important shortcomings. Firstly, they are 359 

often descriptive, which makes both their understanding by non-experts as well as an easy applicability challeng-360 

ing (WWAP, 2018, European Commission, 2015). Secondly, they do neither account for undesired effects (the 361 

so-called “disservices”), nor do they explicitly take implementation barriers into account. And thirdly, none of 362 

the existing classification schemes does take the potential effects of climate change into account. In light of cur-363 

rent predications on the impacts of climate change on ecosystems and the services which they deliver, we see 364 

this shortcoming as a major limitation with respect to the long-term sustainability of NBS. 365 

We have addressed all three shortcomings by developing a classification scheme which is comprehensive and 366 

clearly arranged. It includes potential disservices/ barriers, and specifically addresses the potential effects of cli-367 

mate change. The classification scheme is organized as a matrix, and provides a suitable and easy-to-use tool 368 

which we hope will both be taken up by the scientific literature as well as be useful for decision-making. 369 
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It is remarkable that despite the importance of NBS in mitigating and adapting to climate change, there are al-370 

most no studies assessing their effectiveness in a climate change context. Like other ecosystems, NBS will also 371 

be affected by the impacts of a changing climate. Our classification scheme provides the criteria needed for de-372 

veloping climate services as an important precondition for NBS implementation. Climate services are scientifi-373 

cally based and customised information about the potential impacts of climate change on a particular system 374 

(Hewitt et al., 2012). Consequently, they need to be taken into account when choosing a NBS, to avoid increas-375 

ing costs in the future or even a potential failure. 376 

Our classification scheme does have two potential limitations which we will shortly discuss here. The first is 377 

some ambiguity in differentiating types of NBS based on the level of intervention required. However, this dis-378 

tinction is not always entirely clear. For example, the conservation of certain ecosystems such as semi-natural 379 

grassland or some types of forests (considered as type 1) requires ongoing management. Consequently, these 380 

NBS could also be included in type 2 (medium human intervention). Similar examples can be found for type 2 381 

and type 3 strategies. For instance, some restoration approaches can be seen as NBS type 3 as they use grey in-382 

frastructures to recover ecosystem functions. A prime example is the use of concrete blocks to allow the estab-383 

lishment of marine life and encourage the growth of new reefs.  384 

A second potential limitation is that our framework does not consider the cost of NBS implementation. We as-385 

sume that in general the management and maintenance cost increase from type 1 to type 3. If the level of engi-386 

neering or management is high, the cost of maintaining the well-functioning such type 3 NBS are also likely to 387 

be high, given that such manufactured Nature Based Solutions lack the self-regulation of a purely ‘natural’ eco-388 

system. In any case, decision-making on what NSB shall be implemented will always require a careful consider-389 

ation of costs, for example in form of a cost-effectiveness analysis.  390 

The primary aim of NBS is the delivery of ecosystem services, which is a basis for obtaining ecosystem benefits 391 

(Schwerdtner Máñez et al. 2014). Generally speaking, all types of NBS 1 and 2 can be expected to deliver a high 392 

amount of ES. These services are related to the inherent functioning of the ecosystem. While NBS type 3 might 393 

deliver fewer ecosystem services, the fact that they are engineered also means that they can be designed to deliv-394 

ery specific services. As a result, they might be more effective in solving particular problems. Such engineered 395 

systems may better fit into environments that do not allow for the establishment of “natural systems”, for exam-396 

ple, because of space restrictions. Hence, type 3 NBS are often found in urban areas, where they serve a particu-397 

lar aim, such as preventing urban floods. 398 
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The proposed classification scheme summarizes available options for NBS to HEE management. It does not only 399 

intend to potentially increase the adoption of NBS measures, but also aims to raise awareness about the added 400 

value of planning with NAS, namely to support the capability of ecosystems in reducing the negative effects of 401 

HEE through enhancing their insurance value.  402 

Proactive involvement at all societal levels is needed to enhance ecosystem resilience, first in order to analyse 403 

the risks, and second to find leverage points for NBS implementation. The need of societal involvement goes far 404 

beyond implementing NBS, as it is also connected to insurance companies as “redistributors” of risk. Insurance 405 

companies have had important roles in the past, for example by supporting the establishment of fire departments 406 

in previous times to reduce the impacts of fire and the possible losses (Chester, 2018). It is time now for them to 407 

support the implementation of NBS, considering their implicit insurance value, to reduce the risks to HEE. We 408 

believe that our approach can facilitate this process. 409 

 410 

4. Conclusions 411 

Our classification scheme is a tool intended to support the spread and implementation of Nature Based Solutions 412 

as efficient measures to mitigate and adapt to environmental and climate change. Using the example of Hydro-413 

logical Extreme Events (HEE) as a conceptual focus, we provide a portfolio of NBS which have proven to be 414 

effective in Disaster Risk Reduction (DRR) and climate change adaptation. Most importantly, we introduce the 415 

relevant criteria for supporting the complex decision-making processes for NBS. This providess decision-makers 416 

with an easy-to-use tool for NBS implementation. This is important not only for public bodies and decision-417 

makers, but also for the private sector, including insurance companies. Given  that insurance companies have an 418 

important role as “risk redistributors”, and considering the inherent insurance value of NBS, we believe it is now 419 

time for insurance companies to get involved in NBS. 420 
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