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Mapping deficit areas for adaptation planning 

Climate change is reducing ecosystems’ ability to mitigate its impacts and help people adapt 

to it, calling for strengthening an integrated climate action while ensuring the protection of 

biodiversity and working to restore degraded ecosystems. One promising approach is to use 

ecosystem services (ES) to redesign and foster the resilience of cities and territories. 

However, in the planning domain, the integration of ES into plans and tools is still slow and 

partial. It seems thus necessary to systematically promote and communicate effective 

solutions for the better use and management of land resources. To this end, this study aims 

to produce outputs that adopt a ‘language’ that is understandable for planners, policy- and 

decision makers by adopting an ES-based approach. A three-step, cross-sectoral and 

multiscalar GIS-based methodology is developed to support decision-makers in identifying 

areas with a deficit of ES in response to flooding, i.e. where ES supply does not meet the 

demand. Moreover, it supports the integration of ecosystem-based actions intro adaptation 

planning for flood mitigation at the regional level. 

 

Keywords: adaptation planning, ecosystem-based approach, flood protection, socio-

ecological contexts 

 

Mappatura delle aree deficitarie per la pianificazione dell’adattamento 

Il cambiamento climatico sta riducendo la capacità degli ecosistemi di mitigarne gli impatti 

e di aiutare le persone ad adattarvisi, chiedendo di rafforzare un’azione integrata sul clima, 

garantire la protezione della biodiversità e ripristinare gli ecosistemi degradati. Un approccio 

promettente è quello di usare i servizi ecosistemici (SE) per riprogettare e promuovere la 

resilienza di città e territori. Tuttavia, nell’ambito della pianificazione, l’integrazione dei SE 

negli strumenti è ancora lenta e parziale. Appare quindi necessario promuovere e comunicare 

in modo sistemico soluzioni efficaci per un migliore uso e gestione delle risorse territoriali. 

Questo studio mira a produrre risultati che adottino un “linguaggio” comprensibile per i 

pianificatori, i responsabili delle politiche e delle decisioni adottando un approccio basato sui 

SE. Viene sviluppata una metodologia in tre fasi, intersettoriale e multiscalare basata su GIS 

per supportare i decisori nell’identificazione di aree con un deficit di SE in risposta alle 

inondazioni, ovvero dove l’offerta di SE non ne soddisfa la domanda. Inoltre, la metodologia 

supporta l’integrazione di azioni basate sugli ecosistemi nella pianificazione 

dell’adattamento per la mitigazione delle inondazioni a livello regionale. 

 

Parole chiave: pianificazione adattiva, approccio basato sugli ecosistemi, protezione dalle 

inondazioni, contesti socio-ecologici 

 

a University Iuav of Venice, 

Department of Architecture and Arts, 
Italy 

 

 
* Corresponding author 

email: alongo@iuav.it 

Copyright (c) 2025 BDC 

 

 

 

This work is licensed under a 
Creative Commons Attribution 
4.0 International License. 



BDC 25, 1/2025 Mapping deficit areas for adaptation planning 
……………………………………………………………………………………………….……………………………………………………………………….. 

…………………………..…………….. ……………………………………………………..……………………………………………………………..…… 

36 

1. Introduction 

The increase of climate and non-climate threats (IPBES, 2019), including land-use 

change, species exploitation, habitat fragmentation, pollution, and their interaction, 

leads to cumulative impacts that reduce the ability of ecosystems to mitigate climate 

change and help people adapt to it (Isbell et al., 2017; Pörtner et al., 2021). Moreover, 

the complexity of this interaction makes it challenging to understand biological 

responses to climate change and may lead to an underestimation of impacts on 

ecosystems themselves (IPCC, 2022). Conversely, a better understanding of the 

ecological dynamics of climate impacts can help identify vulnerability and resilience 

hotspots (Lavorel et al., 2015; Malhi et al., 2020). 

There is an urgent need to strengthen climate action and promote more effective and 

integrated mitigation and adaptation measures, the first to reduce the effects of 

human activities and the second to adjust to actual and expected changing climate 

(IPCC, 2023) while ensuring the protection of biodiversity and working to restore 

degraded ecosystems (Gann et al., 2019; Hessen & Vandvik, 2022). In particular, 

adaptation planning is an iterative dynamic process of risk management (IPCC, 

2022) based on awareness of this change in conditions, whether already occurring or 

future, and recognises the importance of taking action to revert to, maintain, or reach 

a desired state. Hence, adaptation planning can improve ecosystems’ adaptive and 

response capacity to the stresses exacerbated by climate change (Arneth et al., 2020; 

IPBES, 2019; Morecroft et al., 2019), especially in anticipation of increasingly 

frequent and severe extreme weather events, including floods, heat waves, wildfires, 

and droughts. Indeed, ‘The global goal on adaptation features three core components: 

enhancing adaptive capacity, strengthening resilience, and reducing vulnerability to 

climate change’ (UNFCCC, 2021, p. 5). It is a process that takes proactive measures 

and involves changes in structures, practices, behaviour, and knowledge (UNEP, 

2022b). Therefore, adaptation planning should be closely related to the local context 

to be successful (IPCC, 2022). 

According to the ‘Adaptation Gap Report 2023’ of the United Nations Environment 

Programme (UNEP, 2023), 85% of countries currently have at least one national 

adaptation planning tool in force. On the implementation side, 67% of countries have 

allocated national funds to implement adaptation priorities. From the perspective of 

implemented adaptation actions, in 2022, most of the projects financed by the 

Adaptation Fund, the Green Climate Fund and the Global Environment Facility 

concerned the agricultural sector or flood and storm protection (UNEP, 2023). 

Despite the steps forward, the Report registers a global slowdown in progress from 

the financial, planning, and implementation side of adaptation when, on the contrary, 

acceleration would be needed in response to the increasing severity of climate risks 

and their cumulative effects, partly due to their composite, cascading, and 

transboundary nature (Anisimov & Magnan, 2023). In fact, for the implementation 

of adaptation, which often takes a long time, countries need technical and financial 

support, especially in relation to the availability and mobilization of resources, as 

well as strengthening capacity building. For this reason, a flexible and systemic local 

approach is required for effectively advancing adaptation (Botequilha-Leitão & 

Díaz-Varela, 2020).  

However, there are several shortcomings that may slow down or reduce the 

effectiveness of the adaptation process, including a lack of coherent and up-to-date 

knowledge frameworks; a sectoral, fragmented, small-scale approach focused on 

planning rather than implementation; the voluntary nature of adaptation initiatives; 

a prioritisation of short-term risk reduction accompanied by a failure to consider 

future climate risks that hinder transformative adaptation; a planning and 
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implementation pace that is too slow compared to existing targets; and many gaps 

on funding, knowledge, and practices for effective implementation, monitoring, and 

evaluation (IPCC, 2023; UNEP, 2022c). Moreover, there is still little evidence of the 

effectiveness of actions taken (IPCC, 2022; Runhaar et al., 2018), measured in terms 

of climate risk reduction and improved human and ecological well-being (Owen, 

2020). 

One promising approach that may support more effective adaptation planning is to 

use ecosystem services (ES) to redesign and foster the resilience of cities and 

territories. The ES concept refers to the benefits people derive directly or indirectly 

from natural ecosystems and their functions (Burkhard & Maes, 2017; Costanza et 

al., 1997; Daily, 1997; MA, 2003). It is an inclusive and interdisciplinary approach 

that considers different values, perspectives, goals, and knowledge domains. 

Maintaining the health of ecosystems is of paramount importance in the provision of 

ES essential to human well-being (Daily, 1997; Haines-Young & Potschin, 2018; 

Millennium Ecosystem Assessment, 2005), in ensuring ecosystems’ proper 

organisation and resilience to external pressures (Rendon et al., 2019) and is crucial 

to a resilient society and sustainable economy (Hernández‐Blanco et al., 2022). 

However, as already mentioned, the impacts of climate change on ecosystems are 

compromising their ability to provide these services (EEA, 2024a; IPBES, 2019; 

IPCC, 2022a; Pörtner et al., 2021; UNDRR, 2023). Furthermore, in the planning 

domain, particularly the urban one, the integration of ES into plans and tools is still 

slow and partial, limiting effective climate adaptation progress (Cortinovis & 

Geneletti, 2018; de Luca et al., 2021; Georgia et al., 2022; Longato et al., 2021). On 

the one hand, ES knowledge is often produced for purely academic purposes and 

lacks reference to the decision-making contexts in which it can be used (Bitoun et 

al., 2022). Consequently, this leads to a misalignment with its consequent use and is 

therefore very specific on certain aspects, e.g., a greater focus on the supply side at 

the expense of the demand side of ES (Dworczyk & Burkhard, 2023), which is 

instead indispensable for understanding where the benefits are (more) required and, 

consequently, for supporting decisions about where to locate adaptation 

interventions (Longato et al., 2023; Verhagen et al., 2017; Zhou & Wu, 2023). On 

the other hand, the concept of ES itself often appears difficult for decision- and 

policy-makers to understand, making its application more complicated (Ronchi, 

2021). 

It seems thus necessary to reduce the gap between the language of planning and the 

one of ES science to operationalise ES for climate change actions in the planning 

practice. The relationships between climate change and ES and, more generally, the 

complex links in socio-ecological systems should be explicitly depicted by adopting 

a systemic approach to promote and communicate integrated solutions for the better 

use and management of land resources (Schirpke & Tasser, 2024). Therefore, it 

would be beneficial to develop understandable methods of producing such 

knowledge to inform and support anyone involved in decision-making and planning 

processes (Batty & Yang, 2022; Riffat et al., 2023). Aim of such methodology is to 

produce outputs that adopt a ‘language’ that is understandable for planners, policy- 

and decision-makers, in order to facilitate their integration in adaptation and 

planning process. 

In Europe floods represent the most significant natural hazard in terms of economic 

losses and the second in terms of casualties, after extreme temperatures (Dottori et 

al., 2020; Paprotny et al., 2023). For example, the flooding events occurred in July 

2021 in Germany, Belgium, Luxembourg, and the Netherlands were recorded as the 

most expensive natural disasters in the region and demonstrated a significant gap in 
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flood protection (Aouragh et al., 2023). In 2023 alone, severe floods were recorded 

in Emilia-Romagna (Italy), Greece, Bulgaria, Turkey, and Slovenia. Climate change 

and increased anthropogenic pressures including land consumption will exacerbate 

their effects, increasing their severity and frequency and leading to cumulative 

impacts such as climate migration, health risks, and habitat destruction (EEA, 

2024b). 

Several studies are already present in the literature dealing with flood risk reduction 

through the analysis of ES or using nature-based approaches (OECD, 2020; Rey, 

2021; Wübbelmann et al., 2022). Many interesting studies have made progress in 

this type of assessment, but the use of planner language in the results still has room 

for improvement. For example, in the book by Geneletti et al. (2020), there are 

several suggestions for linking the science of ES with planning practice and decision-

making. Nevertheless, the use of planning language for formulating solutions is 

lacking. Moreover, the scale of observation and application of such methodologies 

is predominantly micro (city or neighbourhood). In contrast, in our study, an effort 

is made to construct a language in this sense, and a larger scale of observation, i.e. 

regional level, is used. 

To support the integration of ES into adaptation planning and implementation to 

reduce flood risks and impacts, this study (i) examines the ES supporting flood 

protection (Haines-Young & Potschin, 2013) in the affected case study of Friuli 

Venezia Giulia coastline, Italy, to define priority areas for action, and (ii) provides 

an overview of ecosystem-based actions that can be implemented to reduce risk and 

increase adaptive capacity in different priority areas (e.g., Zhou et al., 2024). 

To this aim, a multi-scalar GIS-based methodology is developed to support decision-

makers in identifying (i) areas with an ES deficit in response to flooding, i.e., where 

ES supply does not meet demand, and (ii) the most appropriate set of solutions that 

can maximize flood resilience by reintroducing required ES. The research questions 

that guided the construction of the methodology are: 

1. How can the relationship between ES supply and demand be assessed? 

2. What are the practical implications of identifying deficit areas in adaptive 

planning? 

3. How can ES knowledge be effectively conveyed to help decision-makers? 

The remainder of the paper is organised in four main sections. Section 2 presents the 

case study area. Section 3 provides the methodological steps of the proposed 

approach, and the input data used. Section 4 presents the results, including sample 

ES maps produced, summary statistics and graphics, and an overview of solutions 

that can be applied to adapt to flood. Finally, section 5 discusses the results and main 

aspects of the approach in light of supporting planning decisions, while providing 

the conclusions of the study. 

 

 

2. Case study 

The Friuli Venezia Giulia (FVG) Region is one of the smallest regions in Italy in 

terms of population and size, with a population of 1.2 million inhabitants, 

corresponding to 2 per cent of Italian residents, an area of about 8,000 km2 and a 

coastline of about 160 km. It is located in the northeast, on the border with Austria 

(north), Slovenia (east) and the Adriatic Sea (south). 

The climate is moderately continental, with high rainfall and humidity in the high 

plain and pre-alpine areas. The region is also subject to intense thunderstorms, 

occasionally associated with hail episodes that, especially in summer, affect the 

central-southern area. Average annual temperatures vary from the north (winter 
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minimum of -5 °C in the Alpine area) to the south (summer maximum of 25 °C 

towards the coastal zone), with an average of about 12-13 °C. Notably, it is among 

the Italian regions with the highest share of flood-prone areas due to coastal and river 

flooding (Longato et al., 2024). 

In this study, a particular focus is placed on the coastal strip (Figure 1) in the south 

which is characterised by a lagoon landscape that is among the most fragile 

environments in the region due to the exposure to natural and anthropic pressures, 

such as coastal erosion, subsidence, storm surges, hydraulic risk, saline wedge 

intrusion, water pollution, sea level rise, and a growing proposal for urban expansion 

for tourism purposes. 

The FVG region has undertaken a process of revision and updating of the regional 

planning instrument, where to propose the inclusion of the climate adaptation and 

ES topics that are therefore currently not dealt with. The present research is set within 

this context and takes the opportunity to examine the issue of flooding in more depth, 

given its relevance to the case study. An investigation of the potential ecosystem 

service supply capacity of the case study has already been published by Longo et al. 

(2024b) to support this integration. For further information, see the results of section 

4.3 of the cited study. 

 

Figure 1. Geographical framing of the case study analysed 

 

Source: Authors’ elaboration 

 

 

3. Materials and methods 

A method is developed to support identifying priority areas for adaptation actions 

through mapping and assessing ES demand and supply for flood mitigation. Such a 

block is then followed by recognising a set of EbA to enhance flood adaptation where 

the needed ES are not already provided. 

The ArcGIS Desktop 10.8.2 software in combination with QGIS 3.26 Buenos Aires 

is used for the processing and creation of geographical information. 

 

3.1 Mapping of flood protection deficit areas 

In this first methodological section, the assumption is that through a spatial 

comparison, deficit situations can be identified where a specific ES is absent (i.e., 

not supplied) in an area where it is demanded, which are therefore called ‘deficit 

areas’. The flood protection ES supply and demand are mapped and assessed based 

on a methodology developed in previous works (Longo et al. 2024a, 2024b). That 

allows the identification of deficit areas according to different impacted sectors in 
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the illustrative case study of the coastal and lagoon area of the FVG region. The term 

‘impacted sectors’ refers to 16 themes among terrestrial ecosystems and 

socioeconomic sectors (e.g., hydrogeological instability, health, forest, energy) that 

have been recognised at national level by the Climate Change Adaptation Strategy 

(Castellari et al., 2014) and taken up at local level by the Regional Agency for 

Environmental Protection of Friuli Venezia Giulia (ARPA FVG) to organize 

information on current and projected climate change impacts (ARPA FVG, 2018). 

Further details on the individual impacted sectors’ descriptions can be found in these 

two reference documents. 

The spatial comparison of supply and demand to identify deficit areas is performed 

in a GIS environment. More specifically, the demand areas correspond to the extent 

of the impacted sectors on the Friulian lagoon and coastline case study. From each 

of these areas, the flood protection service area is subtracted and, according to an in 

situ spatial relationship for which the ES supplied and demanded are located in the 

same place (Dworczyk & Burkhard, 2021), we obtained a benefit where there is 

overlap and a deficit where there is no overlap. In other words, ES demand is met 

when it spatially coincides with the supply and, therefore, the benefitting area 

corresponds to the supply area. 

The input data are taken from previous works, particularly Longo et al. (2024a) for 

the ES demand assessment and Longo et al. (2024b) for the supply side. Getting into 

details of the methodologies these two works developed, the first one defines a 

cartographic level to assign a spatial dimension to the 16 impacted sectors (see Table 

5.1 of the cited study for further information). That is because they are thematic and 

require mapping for comparison with the supply. The second one considers supply 

as the capacity of different land covers to provide flood protection-related ES. This 

capacity assessment is based on Bordt & Saner (2019), who reviewed literature about 

ecosystems’ relevance for providing specific ES and classified it according to a so-

called ‘consensus level’ emerging from the analysed studies. Longo et al. (2024b) 

use a high-resolution regional land cover map, reclassified according to the Corine 

Land Cover (CLC) 2018 third-level classification, and consider only medium and 

high consensus levels, corresponding to levels from 3 to 5 and 6-7 in Bordt & Saner 

(2019), respectively. 

In summary, impacted sectors and land covers represent the main indicators of 

demand and supply. 

Once the spatial overlap is performed, the deficit level of each impacted sector is 

defined according to the percentage of land occupied by the deficit out of the total 

demand area. The deficit level is then classified as follows: medium-low (<50%) and 

medium-high (≥50%). 

 

3.2 Cluster of impacted sectors with flood protection deficits 

The results of deficit areas assessment for each impacted sector are analysed and 

divided into homogeneous clusters of deficit areas in order to group those sectors 

where the deficit occurs with similar characteristics. Clusters are formed based on 

two criteria, namely deficit level and land cover similarity. The former considers the 

two levels of deficit identified in section 3.1, i.e., medium-low and medium-high. 

The land cover similarity criterion accounts for the land cover type(s) responsible 

for the deficit, based on the land cover patches that are included in the demand area 

but do not supply the flood protection ES (see Longo et al., 2024b for more details 

on the method used). Specifically, land covers are grouped into the urban or 

agricultural macro-category, so that the land cover similarity can be found for those 

impacted sectors whose deficit is caused by urban, agricultural, or both categories.  
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By applying these two criteria, the impacted sectors are grouped in homogeneous 

clusters, which bring together impacted sectors with similar deficit-related (i.e., 

deficit level and land cover similarity) characteristics. 

 

3.3 Ecosystem-based actions for flood protection in adaptation planning 

For each cluster identified in section 3.2, ecosystem-based interventions to support 

adaptation planning and implementation are defined and proposed. The documents 

of UNEP (2022b) and ‘Ecosystem-based Adaptation Briefing Note Series: 

Protecting Nature To Protect People’ jointly prepared by UNEP and the UNEP-

World Conservation Monitoring Centre are adopted as they contains a list of possible 

ecosystem-based actions in different socio-ecological contexts. In particular, the first 

document proposes illustrative measures with case studies for urban areas, 

agricultural areas, forest landscapes, mountains, inland waters, and marine and 

coastal areas. The second consists of 11 notes aimed at facilitating the understanding 

of the Ecosystem-based Adaptation (EbA) concept and the implementation of 

strategies in urban, coastal, forest ecosystems, and agricultural systems. Of these 

notes, 8 and 11 are examined, which relate to urban and agricultural contexts, 

respectively (UNEP, 2022a, 2022d). 

Given the focus of the present study and in light of the results of section 3.2, a content 

analysis of the identified documents is conducted, and information on actions to 

counter flooding in urban and agricultural ecosystems is selected. The result is a 

classification that collects the different actions, re-articulated and merged where 

there is repetition between documents. Actions are categorised by ecosystem type, 

and for each one, the following are indicated: the intervention type, the co-benefit(s) 

the action helps to provide, and the relevant cluster group, i.e., the impacted sectors 

for which it can be applied to address flood risks/impacts. Intervention types are 

attributed by the authors based on the content of individual actions. The benefits are 

extracted from the described purposes of the actions. Clusters are attributed to the 

two macro-categories of EbA actions corresponding to the deficient ecosystem found 

in the impacted sectors. 

 

 

4. Results 

4.1 Mapping of flood protection deficit areas 

Results from section 3.1 are presented through a set of maps where deficit areas are 

identified and quantified. Figure 2 shows the process to produce the deficit areas’ 

maps for just three samples of the 16 impacted sectors. It emerges that 13 of the 16 

sectors examined are characterised by deficit areas. The sectors of water resources, 

inland and transitional water ecosystems, and forests have no deficit areas since the 

extent of the demand and supply areas coincide. 

Figure 3 shows, for each impacted sector, the percentage of land occupied by the 

deficit over the total demand area. In the health, agriculture, energy, and urban 

settlements sectors, demand and supply areas do not overlap at any point, thus 

generating a deficit of 100%. The majority of the impacted sectors considered, i.e. 

about 70% (n = 9), show a deficit of more than 50% of the demand area, thus 

equivalent to a medium-high deficit level. An imbalance emerges between these and 

the aquaculture and cultural heritage sectors, whose deficit is less than 10%. In the 

middle (48%) are the tourism and coastal areas sectors, whose deficit area’s extent 

corresponds as they have the same demand area. Consequently, the medium-low 
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deficit level is found in about 30% (n = 4) of the impacted sectors. 

 

Figure 2. Procedure for mapping deficit areas 

 

Source: Authors’ elaboration 

 

 

Figure 3. Quantification of the deficit area in each impacted sector 

 

Source: Authors’ elaboration 
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4.2 Cluster of impacted sectors with flood protection deficits 

Figure 4 summarises the clusters emerging from combining the two criteria 

developed in section 3.2 (i.e., deficit level and land cover similarity in ecosystem 

type(s)). The diagram consists of the impacted sectors on the left and the clusters on 

the right. For three sectors, namely quantity and quality of water resources, inland 

and transitional water ecosystems, and forests (green), ES demand is satisfied, 

making the deficit equal to zero. Among the others, four clusters emerge. Clusters 

A, B and D present a medium-high deficit level and are characterised by agricultural 

land, urban ecosystems and both, respectively, representing the result of land cover 

similarity criterion analysis. Only for cluster C, the deficit level is medium-low and 

consists of both ecosystems. Below the graph, the composition of the clusters is 

shown in table format to help read the connections. 

 

Figure 4. Categorisation in clusters of the impacted sectors. 

 

Source: Authors’ elaboration 
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More in detail, cluster A comprises three sectors, namely desertification, terrestrial 

ecosystems and agriculture. Cluster B includes the health, energy, and urban 

settlements sectors. Getting back to the results of section 3.2, three of the four sectors 

with 100% of the demand area occupied by the deficit are found in this cluster. In 

cluster C, there are four sectors, namely aquaculture, coastal areas, tourism, and 

cultural heritage. Finally, cluster D consists of hydrogeological instability, transport, 

and dangerous industries sectors. 

 

4.3 Ecosystem-based actions for flood protection in adaptation planning 

From the content analysis conducted in the three reference documents, i.e., UNEP 

(2022a, 2022b, 2022d) and presented in section 3.3, a total of 19 EbA actions to 

enhance flood protection are found: 9 for the urban context and 10 for agriculture. 

By combining the actions that were repeated in the different documents, thus 

presenting similar characteristics, the number dropped to 16, equally divided 

between the urban and agricultural ecosystem types (Figure 5). The content analysis 

also revealed a recurrence among the intervention types, summarised as EbA actions 

to protect, manage, restore, and create. In urban areas, the management prevails with 

5 out of 8 actions (62.5%), followed by creation (37.5%, n = 3). Management is the 

prevailing type of intervention even in agricultural areas (50%, n = 4), followed by 

protection actions (37.5%, n = 3). 

 

Figure 5. Classification of EbA actions by ecosystem type 

Source: Authors’ elaboration 
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Concerning benefits, six main categories are identified: infiltration, capture and 

storage, aquifer recharge, drainage, management/regulation of water flows, and soil 

erosion. It should be noted that only water-related benefits are reported, although 

individual EbA actions can also reduce impacts other than flooding. For example, 

introducing green and blue spaces in cities can reduce heat stress, mitigate flooding, 

and absorb rainwater (UNEP, 2022d). Similarly, agroforestry helps buffer the 

impacts of extreme weather, heavy rainfall, drought, and high temperatures on crops 

and livestock (UNEP, 2022b). 

Overall, almost all actions present at least one co-benefit (about 94%, n = 15), except 

for action EbA 6, specifically addressing flood risk in cities. About 38% (n = 6) have 

two or more co-benefits. In the group of EbA actions for urban contexts, the co-

benefits of capture and storage and management/regulation of water flows prevail 

(37.5%, n = 3), while for agriculture, the latter prevails (62.5%, n = 5). The co-benefit 

of aquifer recharge appears only once in action EbA 3. 

Finally, according to the associations between the EbA socio-ecological context and 

the deficient ecosystem of each cluster, clusters C and D are present in both macro-

categories, while clusters A (agricultural) and B (urban) are in the ecosystem that 

characterises them. 

 

 

5. Discussion and conclusions 

This study aimed to propose an ES-based approach to support the integration of EbA 

into adaptation planning for flood mitigation at the regional level. The study 

developed a methodology providing results that can be used to support spatial 

planners, policy-makers and decision-makers due to its format linking the ES 

knowledge with the planning lexicon. 

Thus, the methodology provides a new ‘brick’ in the attempt to bridge scientific 

knowledge and planning practice. In particular, it enables practitioners to visualise 

areas presenting a deficit in the ES provisioning for flood mitigation in their territory, 

as well as having a set of EbA that can respond to such deficit. The proposed EbA 

are categorised by land cover macro-areas (urban areas and agricultural areas) and 

by intervention type (protect, manage, restore, and create). Despite providing fewer 

details on the land covers responsible for the deficit, using such broad macro-

categories allows for reducing the complexity of the information to be processed and 

facilitates reading the results. 

Section 3.1 and its results (Section 4.1) focus on assessing, for each impacted sector 

within the study area, the proportion of the demand area (i.e., area demanding ES) 

that does not benefit from any supply area (i.e., area supplying ES), meaning there 

is a deficit of flood protection ES. This information can be already used by decision-

makers, as it indicates which sectors will be the most impacted in terms of spatial 

extent due to the lack of ES provision, possibly leading to prioritising decisions 

towards them. In particular, having identified the largest deficits in the health, 

agriculture, energy, and urban settlements sectors (100%), compared to other sectors 

with smaller (e.g. tourism and coastal areas) or absent (e.g., forestry, inland and 

transitional water ecosystems, and water resources) deficits, may allow decision-

makers to formulate decisions that promote cross-sectoral synergistic effects and 

with different degrees of priority. The proposed mapping approach is easily 

replicable in the case study adopted to assess also other ES that address different 

challenges (e.g., local temperature regulation for reducing heatwave’s impacts) 

given that the selection of relevant ES providing units based on land covers, as well 

as the demanding areas/sectors, can be adjusted depending on the single service to 
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investigate. For example, introducing green and blue spaces in cities can reduce heat 

stress, mitigate flooding, and absorb rainwater (UNEP, 2022d). Similarly, 

agroforestry helps buffer the impacts of extreme weather, heavy rainfall, drought, 

and high temperatures on crops and livestock (UNEP, 2022b). Consequently, the 

method can be applied to identify ES deficit areas for several other services, as 

proposed in other similar approaches using land cover data to map supply, demand, 

and mismatches (e.g., Burkhard et al., 2012; 2014). 

Section 4.2 is key for planners. The analysis of the land cover similarity criterion 

applied to the case study brings to a macro-categorisation into two ecosystem types: 

urban and agricultural areas. That is due to the nature and use of land covers 

associated with these ecosystem types, for which they produce specific ES (e.g. food 

production) at the expense of others (e.g. flood protection), thus generating a critical 

trade-off. The introduction of the land cover similarity criterion in the analysis 

represents an easy-to-understand element for those involved in spatial governance 

and a potential bridge between disciplines and uses, reducing, in this sense, the 

language gap highlighted in the introduction section. That makes it possible to link 

ES to socio-ecological systems, i.e., impacted sectors (socio), land covers (eco) and 

deficits (interactions). In the case study analysed, the classification into clusters 

(Figure 4) constitutes an additional level of synthesis. In this way, information can 

be more easily included into complex planning processes and tools. Clusters were 

designed to represent ready-to-use products for supporting adaptation planning 

choices: they represent different groups of areas that deserve specific decisions and 

considerations in terms of both prioritisation strategies and typologies of adaptation 

solutions that are most suitable to address the flood risk problem. 

Finally, this study proposes a set of adaptation solutions (specifically, EbA actions) 

that can be deployed to prevent or reduce flood risk while linking each one to the 

clusters identified. There are many guidelines for designing and implementing 

ecosystem-based approaches for climate adaptation. In particular, several 

frameworks have been developed over the last decade, including coupling with other 

concepts (Green-Gray Community of Practice, 2020; CBD, 2019; UNEP, 2021), 

dealing with specific ecosystem typologies (Miralles-Wilhelm, 2021; Pörtner et al., 

2021; UNEP, 2022b) or specific climate impacts (OECD, 2019; Sonneveld et al., 

2018) and, increasingly, within urban contexts (Babí Almenar et al., 2021). 

However, indications for their design and implementation tend to be too general and 

preclude their inclusion in planning. To overcome this gap, the aim of this piece of 

research was to suggest what actions are best suited to be implemented in the 

different clusters of deficit areas. We built on existing knowledge and simply 

classified actions based on their possible implementation to support decision-makers 

in the spatial allocation and typological selection of EbA actions based on the 

location and characteristics of deficit areas. A further step contributing to the 

synthesis of knowledge to support decision-makers is the attribution of intervention 

types and co-benefits to each EbA action. 

Overall, the application of the methodology to the case study presents some 

limitations. The reduced focus on land covers related to urban and agricultural 

contexts leaves several territories (e.g., coastal areas, mountainous areas) without 

data. The need for synthesis has led us to focus on those areas where the human 

presence is most marked - and so are the demands that arise - but future studies 

should also integrate the others, thus perhaps opening up opportunities that this work 

has not yet managed to see. Moreover, again, in an attempt to produce concise and 

immediate information to be included in a planning process, the final clusters lose 

the complexity of information that built them. It is relevant that the planners also 
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receive the disaggregated information that enabled the cluster construction. Finally, 

the content analysis to link EbA to application clusters may have left room for 

interpretation. 

In addition to the application to the case study itself and the consequent results, we 

consider the methodology to be the main output of this work. Indeed, the 

methodology lends itself to being replicated in other regional contexts in Europe. In 

Italy, replication is straightforward because the impacted sectors refer to data 

available for the entire country. It should be emphasised that impacted sectors and 

land-cover data are the two main types of data to be used when applying the 

methodology to a region. While land cover is retrievable for any region in Europe, 

impacted sectors outside Italy need to be supported by proxy data. The ease of 

replication in Italy also opens the door to a possible application on a national scale, 

which would allow reading similar situations across regions and disregard regional 

data, thus identifying trans-regional problems and solutions and activating mutual 

learning mechanisms. 

The two general shortcomings of the metonym to date are the focus on a single 

‘challenge’ (flood mitigation) and the list of proposed EbA. Regarding the 

challenges considered, focusing on flood mitigation implies the loss of mapping and 

knowledge related to trade-offs and possible synergies between ecosystem services. 

A natural continuation of this work could be expanding the analysis to other 

challenges (e.g., heat waves, landslides, salinisation, and drought) so that a synoptic 

reading can be set up at a regional scale to include ecosystem services in adaptation 

planning. Regarding the list of proposed EbA, only a first step of categorisation has 

now been taken to help planners and practitioners more easily identify which actions 

respond to urban or agricultural applications and to focus on what co-benefits and 

types of intervention each action represents, in summary. However, it should be 

noted that the adaptation solutions proposed (in Figure 5) are generic EbA actions 

that decision-makers should further tailor according to the local context. For this 

reason, once the most suited typologies of solutions are identified from the list, other 

evaluations and adjustments (e.g., assessing cost-benefits to select the most effective 

action(s) if more options are available/desired; analysing the space required by the 

interventions compared to the available space; defining in detail the management 

practices and transformative measures needed, etc.) are necessary to convert them 

into practical and more specific interventions, including the definition of what 

planning or policy instruments should be adopted to secure their implementation 

(e.g., Longato et al., 2024). More effort is needed to further systematise this part, 

especially in terms of the degree of effectiveness of the actions (thus creating a 

prioritisation system). 

The novelty of this study mostly lies in its capacity to bridge the world of ecosystem 

services and its methods, lexicon and opportunities with the planning practice, with 

particular attention to climate adaptation. The methodology proposed provides 

results, summarised in the similarity criterion, that can become a tool for assessing 

spatial needs for EbA through land cover (above all where there is a deficit of flood 

protection ES) and simultaneously indicates potential EbA for a response. 

Overall, testing the method on a case study made it possible to understand which 

elements are valuable in building knowledge on ES for climate action, i.e., the area 

of demand, supply, and deficit of ES, the land covers involved, the clustering onto 

different sectors, the synergies arising between them, and the solutions that can be 

implemented in the areas of each cluster. It would be interesting to further replicate 

the method in a different case study to investigate which elements persist, how they 

may change, and which may be worth planning. 
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Finally, it is worth noting that the methodology, applied to the case study and, if 

possible, to other regional contexts, would (i) build a new piece of knowledge 

through the production of comparable data for the integration of EbA and ecosystem 

services in planning for flood adaptation; (ii) benefit from the feedback by 

practitioners and be further updated and fine-tuned to be even more accessible and 

useful. We wish this piece of work to be a valuable contribution to promoting 

dialogue and cooperation across policy sectors, scales, and expertise. 
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