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Deliberating options for nature-based river 1 

development: Insights from a participatory multi-2 

criteria evaluation 3 

Abstract: 4 

To address societal challenges in river landscapes, various options are conceivable that differ 5 

in the degree of adopting nature-based solutions (NBS) and the respective impacts on people 6 

and nature. Multi-criteria evaluation (MCE) can aid participatory deliberations about the 7 

performance and significance of such options. However, little experience and evidence exist 8 

from the application of participatory MCE in planning NBS in river landscapes. This study aims 9 

to expand the understanding of individual and collaborative judgments of agency 10 

representatives about river development options with varying levels of NBS interventions. A 11 

process tracing approach with a rigorous participatory MCE for four alternatives to develop an 12 

exemplary river in Germany is adopted, as well as weighted linear aggregation, descriptive 13 

statistics, principal component analysis, and decision tree modeling for data analysis. The 14 

results reveal a wide agreement among participants on the positive impacts of NBS on 15 

biodiversity and water quality. Participants also tended to judge those ecological dimensions 16 

as more important than non-ecological ones. The rankings of alternatives differed when elicited 17 

individually but seemed to converge during the deliberation process. Overall, the results 18 

indicate a relative preference of participants for medium NBS interventions, but also shed light 19 

on potential implementation hurdles. The study closes by proposing key questions to consider 20 

for MCE of NBS.  21 

 22 

Keywords: Multi-criteria evaluation, Nature-based solutions, Participatory approach, River 23 
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1. Introduction 26 

In Europe and beyond, most riverine landscapes have been substantially altered by human 27 

interventions to allow for multiple uses such as transportation, settlement, and agriculture, with 28 

consequences for the biophysical qualities of river basins and thus the provision of riverine 29 

ecosystem services (Ekka et al., 2020). Hydraulic engineering structures such as dams, dikes, 30 

weirs, locks, and canals disrupt the longitudinal connectivity of rivers and floodplains, thereby 31 

impairing the transport and delivery of sediments and nutrients as well as the migration and 32 

dispersal of aquatic species (Zarfl and Lehner, 2020). The impact of river modifications also 33 

manifests in the fact that 60% of surface water bodies have not yet achieved the good or high 34 

ecological status required by the Water Framework Directive (EEA, 2018). Especially in 35 

Germany, there is still a lot of ground to make up. The latest report on the status of floodplains 36 

for the 79 largest rivers in Germany shows that around 92% of floodplains are significantly to 37 

very severely impaired and only one third of morphological floodplains still serve as natural 38 

flood retention areas (Koenzen and Günther-Diringer, 2021).  39 

 40 

Nature-based solutions (NBS) offer a promising alternative to hydraulic engineering 41 

approaches to advance a future-proof river landscape development for people and nature 42 

(Albert et al., 2021b). NBS are commonly understood as actions or interventions working with 43 

and enhancing nature to address societal challenges such as natural hazards and 44 

simultaneously provide environmental, social, and economic benefits (Cohen-Shacham et al., 45 

2016; European Commission, 2015). More nuanced, interventions in river landscapes must 46 

work to solve problems of societal interest, employ and promote ecosystem processes, and 47 

be practically viable in order to be qualified as NBS (Albert et al., 2019). The degree of 48 

interventions in landscapes that deploy and support ecosystem processes to achieve desired 49 

outcomes can vary from solutions with no or minimal interventions, such as the creation of 50 

protected areas or buffer zones, to profound landscape restructuring, usually by building green 51 

or blue infrastructure (Eggermont et al., 2015). Examples of NBS in river landscapes are 52 

revitalizing floodplains, removing dams, planting riparian forests, or converting fields into 53 

extensive grasslands (Albert et al., 2019; NWRM, 2015). Such NBS have the potential to 54 

enhance the delivery of diverse ecosystem services such as water and nutrient retention, 55 

groundwater recharge, and biodiversity enhancement and thus contribute to alleviating flood 56 

risks, water shortages, and other societal problems. 57 

 58 

To date, however, NBS have rarely been considered in planning and management practices 59 

for river landscapes (Brillinger et al., 2020; ECA, 2018). Their low uptake suggests difficulties 60 

in planning and decision-making. First, NBS typically cross both geographic and sectoral 61 

jurisdictional boundaries and affect diverse interests as they usually occur in a landscape 62 
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context and claim land that is not freely available (Moss, 2007; Nelson et al., 2020; Seddon et 63 

al., 2020). Therefore, the planning of NBS normally involves multiple actors with different views 64 

and interests regarding the purpose, design, location, and costs of intervention, which can lead 65 

to trade-offs and conflicts (Nesshöver et al., 2016). Second, the decision-making context in 66 

many cases, including issues such as path dependency, non-supportive actors, unsuitable 67 

legislation and inadequate financing, is often inappropriate to harness the full potential of NBS 68 

(Schröter et al., 2022). Third, the problem at hand and its solution options may be described 69 

and judged from different perspectives, which may complicate joint decision making for NBS, 70 

e.g., regarding the level of riverine intervention required to support ecosystem processes 71 

(Brillinger et al., 2021; Gómez Martín et al., 2020; Santoro et al., 2019). Fourth, it is difficult to 72 

measure or project the performance of NBS, leading to a high degree of uncertainty regarding 73 

their viability compared to conventional alternatives (Nadim and Tacnet, 2021; Seddon et al., 74 

2020). 75 

 76 

In complex decision-making processes such as the planning of NBS in river landscapes, multi-77 

criteria evaluation (MCE), which integrates participatory and deliberative approaches, has 78 

proven to be an appropriate tool to highlight the potential impacts of decision-options, allowing 79 

for more transparent and informed decision-making (Estévez and Gelcich, 2015; Langemeyer 80 

et al., 2018; Lennox et al., 2011; Messner et al., 2006; Stagl, 2006). In general, MCE methods 81 

aim to compare the alternatives considered for decision-making using a set of criteria by which 82 

the alternatives are ranked, the preferences or weights that actors assign to those criteria, and 83 

an aggregation procedure that combines the criteria-specific rankings into a single rank order, 84 

as a compromise of sorts between the different stakeholders’ preferences (Proctor and 85 

Drechsler, 2003). While there are already numerous MCE applications for water resources 86 

management (Hajkowicz and Collins, 2007), flood risk management (De Brito and Evers, 87 

2016), or freshwater ecosystem services (de Castro-Pardo et al., 2021), participatory and 88 

deliberative MCE studies on NBS options for river landscapes are rare. A number of studies 89 

have begun to use MCE methods that incorporate stakeholder preferences to evaluate the 90 

benefits of NBS interventions and rank them relative to other alternatives for addressing urban 91 

challenges or for hazard mitigation (Croeser et al., 2021; Liquete et al., 2016; Loos and Rogers, 92 

2016; Ruangpan et al., 2020). However, these studies do not examine different nature-based 93 

development pathways of a specific river basin and often only allow stakeholders to weight the 94 

evaluation criteria. A consistent and active involvement of actors with a stake in river landscape 95 

planning across multiple MCE steps, i.e., in defining NBS options, setting criteria, and 96 

evaluating the criteria performance for the NBS options in addition to criteria weighting, has 97 

not been exercised so far. Little evidence remains on how responsible persons and 98 

administrative boards evaluate different NBS options for river development against multiple 99 
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implementation criteria, and how deliberations among those involved can inform joint decisions 100 

on performance scores and criteria weightings for the NBS options. 101 

 102 

The aim of this paper is to shed light on decision-making processes about the uptake of NBS. 103 

We focus on two issues: perceptions of administrators regarding the performance of different 104 

NBS options, and potential effects of group deliberations on such perceptions. We applied a 105 

rigorous MCE approach in a participatory workshop setting to capture both individual and 106 

collaborative judgements. We expected that subsequent data analysis would help us exploring 107 

relations between administrators’ underlying motives, expressed perceptions, and decisions. 108 

Such enhanced understanding could foster NBS uptake, among others by reframing and 109 

evaluating NBS options in ways that more adequately address stakeholders’ knowledge, 110 

views, and mandates. Our paper considers river development options with different degrees 111 

of NBS uptake in a case study in Germany. Specifically, the following questions are examined: 112 

1. How do the agency representatives of the case study judge the performance of river 113 

development options for selected implementation goals and hurdles? 114 

2. How do the agency representatives judge the importance of these selected criteria? 115 

3. What individual rankings of river development options emerge from the performance and 116 

weighting judgments of the agency representatives? 117 

4. What explanatory patterns for the individual rankings can be identified from the individual 118 

judgments? 119 

5. What collaborative judgments about criteria performance and weighting do agency 120 

representatives agree on after deliberating their individual judgments in small groups, and 121 

which group rankings emerge? 122 

2. Case Study 123 

This study was conducted as part of a transdisciplinary collaboration between a research 124 

project on nature-based solutions and a consortium of agency representatives currently 125 

involved in developing a long-term strategy for the sustainable development of a river in 126 

Germany. For reasons of anonymity, this consortium will henceforth be named 127 

FutureRiverProject. The FutureRiverProject aims to improve the ecological health and 128 

connectivity of a German tributary river with reference to the implementation of the WFD and 129 

government’s Blue Ribbon program (Bundesprogamm Blaues Band Deutschland)1, while at 130 

the same time enhancing the well-being of the people living along its floodplains. It involves 131 

agencies from different sectors and levels, including environmental agencies, infrastructure 132 

agencies, and agencies with responsibilities for research and for bundling different sectoral 133 

                                                
1 The central goal of Germany's Blue Belt program is to improve the highly endangered habitats in and along the 
federal waterways and thus to establish a biotope network of national importance. 
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interests. Together, these authorities intend to improve the administrative cooperation, train 134 

staff in water protection and river basin management issues and facilitate a transparent 135 

dialogue with all stakeholders involved. A central product of the FutureRiverProject will be an 136 

integrated concept that considers both the current use of the river as a federal waterway as 137 

well as nature conservation and river ecology. 138 

 139 

The aim of the transdisciplinary collaboration was to creatively discuss strategic development 140 

scenarios for a specific landscape section of this German tributary river together during a series 141 

of workshops and to develop new ideas and approaches to NBS planning and governance. 142 

The tributary under consideration has been significantly altered, affecting the linear continuity, 143 

water regime, and hydrologic functionality of parts of the floodplain. In addition, there still are 144 

discrepancies with WFD objectives to improve the ecological quality of this tributary. Societal 145 

challenges that could ultimately be addressed by NBS interventions include achieving good 146 

ecological status under the WFD while mitigating and adapting to climate change impacts, 147 

such as increased heat stress and flood risks, and addressing multiple stakeholder interests, 148 

including agriculture, hydropower generation, recreational boating, tourism, and nature 149 

conservation. Therefore, the case study presented in this paper seeks to reveal how members 150 

of the FutureRiverProject perceive and evaluate selected river development options along a 151 

NBS gradient to address the above mentioned, possibly contradicting objectives, and to 152 

comparatively discuss the impacts of the suggested NBS options on people and nature. 153 

3. Materials and Methods 154 

3.1. Research design 155 

This study follows a process tracing approach by applying a participatory MCE of different river 156 

development options with the FutureRiverProject, observing the evaluation and deliberation 157 

process simultaneously and then analyzing it systematically. Process tracing as a research 158 

strategy in social science attempts to uncover case-specific patterns of manifestations 159 

between the independent variable and the outcome of the dependent variable - e.g., to explain 160 

a specific (policy) outcome - by examining the underlying (decision) process in detail (Beach 161 

and Pedersen, 2019; Collier, 2011). In the current case, the dependent variable is the final 162 

outcome of the MCE, i.e., the ranking of river development options, which suggests an 163 

individual's or group's possible preference for the respective options. The independent 164 

variables are the subjective judgments of the criteria performances and weightings, the 165 

deliberation process, and the backgrounds of the participating individuals. Data were collected 166 

primarily during a one-day workshop in which the MCE was conducted with group discussions 167 
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and participant observations. Data analysis is based on a weighted linear aggregation (WLA) 168 

model, principal component analysis (PCA), and decision-tree modelling. 169 

3.2. Application of the participatory multi-criteria evaluation 170 

The participatory MCE was divided into three main stages (adapted from Langemeyer et al., 171 

2018): (i) collaborative problem structuring, (ii) deliberative evaluation workshop, and (iii) 172 

reflection. The collaborative problem structuring involved the determination of the study area, 173 

the development of river development options as alternatives and the definition of the 174 

evaluation criteria. The deliberative evaluation workshop comprised individual and group tasks 175 

for scoring the criteria performances and eliciting the criteria weights. The reflection included 176 

a final discussion on the evaluation of the river development options and the participatory MCE 177 

process. 178 

3.2.1. Collaborative problem structuring 179 

The problem structuring was done before the evaluation workshop in collaboration with agency 180 

representatives of the FutureRiverProject. 181 

3.2.1.1. Determination of the study area 182 

The study area for the MCE was selected according to three aspects: First, the study area 183 

should consider a river stretch with a barrage; second, there should be no ongoing 184 

FutureRiverProject activities or plans in the study area, and third, the study area should have 185 

a variety of landscape elements. Consequently, a landscape section of the tributary with a weir 186 

was chosen as the study area, covering an area of about 64 hectares and adjacent to a small 187 

town. The weir has a boat chute and achieves a water level upstream of about 2.10 m, partly 188 

for a sewage treatment plant. The riverbed is straightened, and the riverbanks are mainly 189 

stabilized with rockfill, which are often overgrown with vegetation. The river section has an 190 

urban character. Apart from the sewage treatment plant, there is a gravel plant, a highway 191 

crossing, and other commercial and industrial uses. The floodplain is partly used intensively 192 

for agriculture as arable land and grassland. Moreover, there are some biotopes with high to 193 

very high conservation value, which are statutorily protected. There is also a hiking and biking 194 

trail along the riverbank. However, there are no entry and exit points for boat tourists. The 195 

entire stretch of the river would be affected by a flood with a high probability. 196 

3.2.1.2. Development of river development options 197 

Four river development options were developed as alternatives for the study area, differing in 198 

the level of interventions at the weir, in the riverbed, in riparian structure, and in land use (Fig. 199 
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1). As the MCE did not refer to the ongoing plans of the FutureRiverProject, these alternatives 200 

are of a theoretical nature, but still with a strong practical relevance. The first alternative (A1) 201 

no NBS intervention does not contain any river development measures but pursues the goal 202 

of preserving the river section in its current form. The second alternative (A2) minor NBS 203 

interventions aims at ecological optimization of the existing river course, e.g., by partially 204 

removing the river embankment, creating a small riparian strip and extensification of 205 

agricultural areas near the river embankment. The weir will remain in place. The third 206 

alternative (A3) medium NBS interventions creates a bypass channel around the weir, which 207 

requires structural adjustments to the weir. In addition, a small development corridor for a 208 

riparian forest is created and grassland extensification expanded. The fourth alternative (A4) 209 

major NBS interventions completely removes the weir and rebuilds the historic course of the 210 

river section. In addition, a large development corridor is created in accordance with 211 

Germany´s Blue Ribbon program in which only extensive agriculture is possible. Apart from 212 

the first alternative, the other three alternatives meet the NBS characteristic of ecosystem 213 

processes utilization (Albert et al., 2021a). Thus, the fourth alternative employs and supports 214 

ecosystem processes of blue-green infrastructure to a greater extent than the other 215 

alternatives.216 
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 217 

Fig. 1: River development options (A1 - A4) developed in collaboration with members of the 218 

FutureRiverProject219 
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3.2.1.3. Definition of the evaluation criteria 220 

Nine implementation criteria were set for evaluating the river development options. Six of the 221 

nine criteria refer directly to implementation goals that the FutureRiverProject had developed 222 

as part of a participation and dialogue process with its stakeholders. The goal criteria are flood 223 

protection, sport and leisure boating, biodiversity, recreation, water quality and agricultural use 224 

of the floodplain. They represent key societal challenges that are prevalent on the considered 225 

tributary but also typical for other rivers in Germany and Europe. Therefore, these goal criteria 226 

are attributed to the NBS characteristic of challenge-orientation (Albert et al., 2021a). The other 227 

three evaluation criteria point to possible hurdles for implementing the river development 228 

options and thus relate to the NBS characteristic of practical viability (Albert et al., 2021a). The 229 

criteria on implementation hurdles are implementation costs, effort of decision-making, i.e., the 230 

effort required to reach a decision with the stakeholders involved, and feasibility in terms of 231 

institutional capabilities and public acceptance. 232 

3.2.2. Deliberative evaluation workshop 233 

The evaluation of the river development options according to the nine criteria took place during 234 

a one-day workshop in November 2018. Eleven members of the consortium of the 235 

FutureRiverProject attended the workshop (Table 1). The participants stemmed from 236 

organizations in different sectors (namely environment, infrastructure development, integrated 237 

development, or research) and from various levels of governance. The workshop had two main 238 

working phases and included deliberation in the form of group discussions and time to reflect 239 

on criteria performances and weightings. In the first working phase, each participant 240 

individually scored the performance of the alternatives against each criterion and weighted the 241 

criteria according to their relative importance. For the criteria performance scoring, the 242 

participants were given an impact matrix on which they had to mark a cross on a metric line 243 

from 0 (very negative) to 1 (very positive) for each criterion per alternative (Figure 2A). For the 244 

criteria weighting, they had to allocate 100 points among the nine criteria. In both tasks, the 245 

participants had the opportunity to note their reasons for the choice of performance scores and 246 

weights.  247 

Table 1: Information on the participants of the evaluation workshop 248 

Participant Sectoral orientation Authority level 
Group membership 

at MCE-Workshop 

P1 Environment Upper Blue 

P2 Infrastructure Lower Green 

P3 Infrastructure Supreme Green 

P4 Environment Upper Yellow 

P5 Research Upper Green 

P6 Integrative Intermediate Blue 

P7 Infrastructure Supreme Yellow 
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P8 Infrastructure Lower Blue 

P9 Environment Upper Green 

P10 Integrative Intermediate Yellow 

P11 Infrastructure Upper Yellow 

 249 

In the second working phase, the participants were divided into groups by the researchers. 250 

Based on observations in the previous workshops and interviews with members of the 251 

FutureRiverProject, the participants could be qualitatively characterized according to their 252 

sectoral orientation, project responsibilities, and personal interests to form three inherently 253 

heterogeneous small groups (Table 1). In the small groups, the participants had to present 254 

their individual performance scores and weightings to the other group members and discuss it 255 

with each other (Figure 2A). After the group discussions, participants in a group had to agree 256 

on a shared performance score per criterion for each alternative, as well as on shared weights. 257 

The shared performance scores were noted on a separate impact matrix. For the weighting 258 

task, each group was given 100 game coins to distribute on a pie chart with nine equal parts 259 

representing the evaluation criteria (Figure 2B). 260 

  

Fig. 1: Criteria performance scoring using a metric line from 0 to 1 (A), and criteria weighting using game 261 

coins (B) 262 

During the group discussions, the participants were observed by the researchers. The 263 

researchers were divided among the small groups and each wrote a protocol about the group's 264 

working style, role behavior, and verbal and nonverbal communication. 265 

3.2.3. Reflection 266 

The reflection phase started at the end of the workshop and was continued after the workshop 267 

by questioning the participants individually by telephone. After the three work phases of the 268 

workshop, all participants came back to the plenary and the researchers showed the calculated 269 

rankings of the alternatives (see 3.3.1.) as well as the respective performance scores and 270 

weightings of each group. The participants reflected on the overall MCE outcomes in terms of 271 

lessons learned, linkages between the evaluation criteria or among the alternatives, and 272 

potential opportunities and barriers to implementation. The questioning by telephone focused 273 

A B 
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on the MCE method and its practical usefulness, perceptions on the decision-making process 274 

and weighting, and the development of a shared perspective among the groups. 275 

3.3. Data analysis 276 

3.3.1. Aggregation model 277 

To rank the alternatives regarding their suitability in addressing the criteria, a weighted linear 278 

aggregation (WLA) model was used to calculate the sum of weighted performance scores for 279 

all criteria.  The WLA model is a common aggregation method (Allain et al., 2017) and 280 

particularly suitable for participatory MCE methods due to its simple traceability of the 281 

mathematical calculation, as it is less perceived as a “black box” (Langemeyer et al., 2018). 282 

The rankings in the current case study inform which of the river development options are likely 283 

to be considered the most preferred alternative for river development. 284 

3.3.2. Principal component analysis and decision tree modelling 285 

To identify patterns in subjective performance scoring and stated criteria weights leading to a 286 

certain alternative more closely, methods of statistical learning were employed that build on 287 

the applied MCE procedure. For this purpose, principal component analysis (PCA) was 288 

coupled with hierarchical clustering on principal components and a decision tree model. In 289 

doing so, relevant patterns of the feature space were explored, and their role in determining 290 

participants’ preferred alternative along the gradient of NBS interventions through MCE was 291 

uncovered.  292 

 293 

PCA is a method commonly used for multivariate exploratory analysis that seeks to reduce the 294 

number of (often interrelated) explanatory variables through their projection into a set of 295 

uncorrelated, linear combinations of original features, i.e., principal components, that describe 296 

the principal dimensions of variability (Everitt and Hothorn, 2011; Hastie et al., 2009; Husson 297 

et al., 2017; Jolliffe, 2002). The determination of principal components allows the feature space 298 

to be explored and relevant features to be identified. Moreover, the dimensionality of data is 299 

reduced. This is particularly useful in situations where the number of observations N is low, but 300 

the number of predictor variables p is high. This arguably applies to the context of planning 301 

and decision-making, where a high number of relevant criteria may be evaluated by a 302 

comparatively low number of actors involved (participants). PCA is conducted using the R 303 

statistical software with the FactoMiner package (Lê et al., 2008). PCA features include the 304 

participants' stated performance scores and the stated weights for all nine criteria. Since both 305 

performance scores and weightings are scaled in the range [0, 1], no further normalization of 306 
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feature data has been considered. Subsequently, cases were clustered using hierarchical 307 

clustering on the extracted principal components (Lê et al., 2008). 308 

 309 

A decision tree - also referred to as classification tree - is commonly used to describe patterns 310 

in data as well as for means of data classification and prediction (Govindaraju and Rao, 2000; 311 

Hastie et al., 2009). This is, for example, similar to the application of multiple logistic 312 

regression. However, when compared to logistic regression, a decision tree may arguably 313 

deliver more easily interpretable models, although no information on the statistical significance 314 

of covariates may be revealed. Consequently, through the application of a decision tree, the 315 

structure of the MCE decision process can be described, and relevant features linked to 316 

specific MCE outcomes, i.e., alternatives along the proposed NBS gradient, can be identified. 317 

In this study, the decision tree model was constructed from the principal components, using 318 

the R package rpart (Therneau and Atkinson, 2019). Due to the overall small number of 319 

observations, parameters for tree construction have been chosen as such that, e.g., the 320 

minimum number of observations to attempt splitting and required in terminal leaf nodes is as 321 

low as 1, and a split of observations into a training and validation dataset has been omitted to 322 

explore the complete feature space. However, accuracy of the tree model was validated 323 

against the training set. 324 

4. Results 325 

4.1. Stated criteria performance of the alternatives by participants 326 

In the evaluation workshop, the participants individually judged the performance of the four 327 

river development options (A1 – A4) against the nine implementation criteria (C1 – C9) 328 

compared to the status quo by stating a score between 0 (very negative) and 1 (very positive). 329 

Table 2 presents all scores of each participant as well as the mean and the deviation between 330 

the participants per criterion. On average, the participants anticipated a positive performance 331 

on biodiversity (C3), recreation (C4), and water quality (C5), as well as a negative performance 332 

on agricultural use of the floodplain (C6), the larger the scale of the river development option. 333 

In addition, they stated increasingly negative scores for implementation costs (C7) and effort 334 

of decision-making (C8), suggesting that higher costs and effort were expected as the scale of 335 

the river development options increased. The greatest deviation between the participants' 336 

scores was for sport and leisure boating (C2), implementation costs (C7), and feasibility (C9), 337 

while the lowest was for biodiversity (C3). It suggests that the participants had similar 338 

perceptions of how the alternatives might affect biodiversity, while their judgements diverged 339 

more for costs, navigability, and practical viability. 340 

 341 
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Table 2: Participants' scoring of the performance of the river development option (A1 - A4)) on each 342 

evaluation criterion (C1 to C9). Performances were scored along a metric line from 0 to 1. A numerical 343 

value below 0.2 means very negative (dark red), below 0.4 is negative (light red), between 0.4 and 0.6 344 

is unchanged (white), above 0.6 is positive (light green), and above 0.8 is very positive (dark green). 345 

Evaluation  

criteria 
A

lt
e

rn
a
ti
v
e

s
 

Participants Mean 

score 

SD per 

criteria 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 

C1: 

Flood protection 

A1 0.30 0.30 0.40 0.30 0.34 0.20 0.30 0.40 0.40 0.30 0.40 0.33 

0.14 
A2 0.30 0.35 0.40 0.40 0.19 0.20 0.30 0.38 0.45 0.60 0.35 0.36 

A3 0.80 0.30 0.40 0.50 0.63 0.20 0.50 0.60 0.50 0.70 0.70 0.53 

A4 0.20 0.65 0.70 0.60 0.86 0.30 0.60 0.40 0.70 0.75 0.30 0.55 

C2: 

Sport and leisure 

boating 

A1 0.70 0.40 0.50 0.40 0.93 0.70 0.70 0.60 0.40 0.50 0.60 0.58 

0.17 
A2 0.60 0.50 0.65 0.70 0.25 0.75 0.70 0.40 0.40 0.30 0.65 0.54 

A3 0.50 0.20 0.50 0.50 0.55 0.65 0.30 0.50 0.60 0.10 0.60 0.45 

A4 0.70 0.30 0.40 0.30 0.75 0.35 0.30 0.30 0.80 0.70 0.40 0.48 

C3: 

Biodiversity 

A1 0.40 0.20 0.40 0.20 0.16 0.20 0.40 0.20 0.40 0.50 0.30 0.31 

0.08 
A2 0.65 0.60 0.50 0.45 0.46 0.60 0.40 0.40 0.40 0.60 0.50 0.51 

A3 0.75 0.60 0.80 0.65 0.66 0.70 0.70 0.70 0.50 0.70 0.70 0.68 

A4 0.90 0.80 0.90 0.80 0.83 0.80 0.85 0.80 0.70 0.90 0.90 0.83 

C4: 

Recreation 

A1 0.25 0.70 0.25 0.40 0.39 0.35 0.65 0.60 0.40 0.50 0.40 0.44 

0.13 
A2 0.55 0.70 0.30 0.50 0.37 0.60 0.90 0.60 0.50 0.70 0.70 0.58 

A3 0.70 0.70 0.80 0.70 0.74 0.70 0.70 0.65 0.60 0.80 0.70 0.71 

A4 0.70 0.65 0.70 0.40 0.66 0.80 0.70 0.30 0.70 0.90 0.40 0.63 

C5: 

Water quality 

A1 0.35 0.30 0.30 0.20 0.22 0.30 0.30 0.20 0.40 0.50 0.30 0.31 

0.11 
A2 0.65 0.40 0.60 0.60 0.64 0.55 0.45 0.35 0.40 0.70 0.70 0.55 

A3 0.75 0.25 0.55 0.40 0.71 0.60 0.65 0.45 0.40 0.80 0.45 0.55 

A4 0.85 0.65 0.80 0.80 0.81 0.65 0.70 0.80 0.70 0.90 0.90 0.78 

C6: 

Agricultural use 

of the floodplain 

A1 0.70 0.60 0.80 0.50 0.85 0.35 1.00 0.50 0.60 0.50 0.90 0.66 

0.13 
A2 0.35 0.30 0.65 0.30 0.90 0.35 0.70 0.40 0.50 0.35 0.40 0.47 

A3 0.35 0.30 0.35 0.30 0.35 0.20 0.40 0.30 0.40 0.28 0.40 0.33 

A4 0.20 0.10 0.10 0.10 0.04 0.10 0.20 0.20 0.30 0.05 0.10 0.14 

C7: 

Implementation 

costs 

A1 n/a 0.45 1.00 1.00 0.93 0.50 1.00 1.00 0.50 0.50 0.90 0.78 

0.20 
A2 0.70 0.60 0.90 0.40 0.63 0.40 0.80 0.80 0.60 0.40 0.50 0.61 

A3 0.30 0.35 0.40 0.20 0.39 0.30 0.35 0.50 0.80 0.05 0.30 0.36 

A4 0.10 0.20 0.10 0.10 0.08 0.20 0.10 0.30 0.80 0.03 0.10 0.19 

C8: 

Effort of decision-

making 

A1 n/a 0.50 1.00 1.00 0.98 0.50 0.80 0.50 1.00 0.50 0.70 0.75 

0.15 
A2 0.70 0.65 0.70 0.40 0.66 0.40 0.70 0.70 0.50 0.60 0.30 0.57 

A3 0.30 0.40 0.50 0.20 0.46 0.30 0.25 0.60 0.40 0.30 0.30 0.36 

A4 0.10 0.30 0.05 0.10 0.25 0.20 0.05 0.40 0.20 0.30 0.10 0.19 

C9: 

Feasibility 

A1 n/a 0.50 0.50 0.50 0.99 0.50 0.60 0.30 0.50 0.50 0.50 0.54 

0.17 
A2 0.80 0.70 0.85 0.40 0.90 0.45 0.60 0.60 0.60 0.65 0.80 0.67 

A3 0.80 0.70 0.75 0.30 0.65 0.40 0.30 0.60 0.60 0.40 0.80 0.57 

A4 0.20 0.30 0.50 0.20 0.25 0.25 0.15 0.45 0.70 0.40 0.70 0.37 
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4.2. Weights assigned to the criteria by the participants 346 

Each participant noted how important they considered one evaluation criterion compared to 347 

the others by allocating 100 points to the nine criteria. As shown in Table 3, biodiversity (C3) 348 

and water quality (C5) received the highest weighting score on average, while sport and leisure 349 

boating (C2) and effort of decision-making (C8) predominantly got the lowest scores. Low 350 

standard deviations of criteria weights may indicate a consensual position among participants 351 

about the criteria importance (Garmendia and Gamboa, 2012). In the current study, the 352 

participants set similar scores mostly on the relative importance for sport and leisure boating 353 

(C2) and effort of decision-making (C8). The widest discrepancy between participants in one 354 

criterion is found for biodiversity (C3) and feasibility (C9). Furthermore, the participants 355 

allocated the weightings to varying degrees. For example, participant P7 distributed the 100 356 

points relatively evenly (SD = 2.5), while participant P10 clearly prioritized biodiversity (C3) 357 

and water quality (C5) and weighted four criteria with zero, i.e., rated them as relatively 358 

unimportant compared to the other criteria. 359 

 360 

Table 3: Weightings assigned to each evaluation criteria (C1: Flood protection; C2: Sport and leisure 361 

boating; C3: Biodiversity, C4: Recreation; C5: Water quality, C6: Agricultural use of the floodplain, C7: 362 

Implementation costs, C8: Effort of decision-making, C9: Feasibility) by the participants. Weights were 363 

assigned by allocating a total of 100 points to express the relative importance of one criterion compared 364 

to the others.  365 

Evaluation 

criteria 

Participants 

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 Mean SD 

C1 15 20 2 13 20 10 15 3 10 10 12 11.8 5.6 

C2 10 10 10 5 10 5 8 10 5 0 5 7.1 3.2 

C3 15 20 20 20 20 15 11 20 20 40 12 19.4 7.3 

C4 15 10 15 12 10 10 15 20 10 10 5 12.0 3.8 

C5 15 10 5 20 20 15 10 12 20 30 12 15.4 6.5 

C6 10 10 15 2 10 5 13 7 10 10 5 8.8 3.6 

C7 0 5 15 5 5 15 10 3 10 0 15 7.5 5.5 

C8 5 5 10 8 5 5 8 5 5 0 5 5.5 2.4 

C9 15 10 8 15 0 20 10 20 10 0 29 12.5 8.3 

Mean 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1 11.1     

SD 5.2 5.2 5.3 6.2 7.0 5.2 2.5 6.9 5.2 13.7 7.4     

4.3. The individual rankings of alternatives of the participants 366 

Through the application of the WLA model, two possible preference rankings of the alternatives 367 

were elicited for each participant (Table 4). When all criteria are considered equally important, 368 

i.e., each criterion is given a weighting score of 100/9, the alternative with minor NBS 369 

interventions (A2) received the highest score on average across all participants. For 8 of 11 370 

participants, equal weighting indicated either no (A1) or minor NBS interventions (A2) as the 371 
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highest-ranking option for river development. The alternative with major NBS interventions (A4) 372 

ranked first only for participants P9 and P10. For participants P1, P10, and P11, however, the 373 

total scores for each alternative are very close, making the preference ranking less clear. 374 

Considering the individual weightings of the participants, the elicited preference rankings of 375 

most participants change. In comparison to equal weighting, the alternative with medium NBS 376 

interventions (A3) was identified with the highest mean score. The alternative with medium 377 

(A3) or larger NBS interventions (A4) was the highest scored river development option for most 378 

participants. Less clear-cut was the ranking with individual weights for participants P3 and P11. 379 

 380 

Table 4: Elicited preference rankings of the participants (P1-P11) for the river development options (A1 381 

– A4) based on the overall score per alternative. The overall score is calculated by weighted summation 382 

of the performance and weighting scores. Ranking I is based on equal weights. Ranking II is based on 383 

the individual weights. 384 

  

  

Participants   

  P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 Mean 

Ranking I  

(based on 

equal 

weights) 

A1 0.300 0.439 0.572 0.500 0.643 0.400 0.639 0.478 0.511 0.478 0.556 0.501 

A2 0.589 0.533 0.617 0.461 0.556 0.478 0.617 0.514 0.483 0.544 0.544 0.540 

A3 0.583 0.422 0.561 0.417 0.571 0.450 0.461 0.544 0.533 0.458 0.550 0.505 

A4 0.439 0.439 0.472 0.378 0.503 0.406 0.406 0.439 0.622 0.548 0.433 0.462 

Ranking II  

(based on 

individual 

weights) 

A1 0.335 0.398 0.601 0.402 0.457 0.383 0.627 0.406 0.470 0.480 0.530 0.462 

A2 0.573 0.513 0.619 0.475 0.475 0.478 0.612 0.500 0.470 0.615 0.596 0.538 

A3 0.670 0.433 0.588 0.461 0.607 0.468 0.483 0.578 0.520 0.698 0.599 0.555 

A4 0.523 0.515 0.454 0.506 0.662 0.440 0.438 0.491 0.650 0.800 0.520 0.545 

4.4. Identification of explanatory patterns 385 

By coupling the PCA with a decision tree model, explanatory patterns in the individual 386 

performance scores and weightings were identified to elicit likely motivations that help explain 387 

participants’ preferences towards certain river development options. In a first step, PCA was 388 

conducted on the stated performance scores and weights with respect to the elicited rankings 389 

of alternatives as described above. The resulting principal components (dimensions) explain 390 

44.6%, 14.3%, and 12.8% of variance, respectively (cf. Figure A1). Using the dimdesc 391 

function contained in the FactoMiner package that prints correlation coefficients of predictors 392 

for each dimension, the elicited principal components are subsequently inspected more closely 393 

(cf. Table A2). 394 

 395 

With respect to the stated performance scores of the highest ranked alternatives, the first 396 

dimension is particularly well explained by the criteria flood protection (C1), biodiversity (C3), 397 

water quality (C5), agricultural use of the floodplain (C6), implementation costs (C7), effort of 398 

decision-making (C8), and feasibility (C9). More specifically, higher loadings on the first 399 

principal component correlate positively with performance scores for the criteria agricultural 400 
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use (PC6), implementation cost (PC7), decision-making effort (PC8), and feasibility (PC9) – 401 

i.e., the higher the loading of a participant on the first dimension, the better the perceived 402 

performance of the preferred alternative as guided by the MCE framework. Conversely, lower 403 

loadings on the first principal component are in line with lower scores on these criteria. 404 

However, such lower loadings tend to correlate with higher stated performance scores for the 405 

criteria recreation (PC4), flood protection (PC1), water quality (PC5), and biodiversity (PC3). 406 

A similar pattern emerges for the weights given: Higher loadings on the first principal 407 

component are positively correlated with higher weightings particularly on decision effort 408 

(WC8), implementation costs (WC7), and, to a lower extent, recreational boating (WC2). Lower 409 

loadings on the first dimension appear to be associated with higher weights given to the criteria 410 

biodiversity (WC3), and water quality (WC5). Concerning the second principal component, 411 

higher loadings tend to correlate positively with a higher performance for sport and leisure 412 

boating (PC2). Higher loadings on the second component are also correlated with higher 413 

weights given for the criteria agricultural use of the floodplain (WC6), and, to a lesser extent, 414 

biodiversity (WC3). Lower loadings on the second dimension correlate with a higher 415 

importance of feasibility. 416 

 417 

The subsequent application of hierarchical clustering on principal components allows the 418 

clustering of participants, with four clusters emerging (Figure 3). The first cluster is rather 419 

distant to the remaining clusters, comprises only a single participant (P10), and signifies a high 420 

weight given to biodiversity and water quality, as well as the neglect of sport and leisure boating 421 

and decision-making effort. Similarly distant is the fourth cluster which comprises two members 422 

of the supreme infrastructure agency (P3, P7). The participants of this cluster appear to put a 423 

higher weight and higher performance score to agricultural use of the floodplain and decision-424 

making effort. In addition, the performance regarding implementation costs is perceived as 425 

higher than average. However, the biodiversity performance is considered as lower than 426 

average. The second and third cluster do not differ as clearly. The second cluster comprises 5 427 

participants (P1, P2, P4, P5, P8), and the third cluster 3 participants (P6, P9, P11), with both 428 

clusters separated primarily by implementation costs. The second cluster is characterized by 429 

a lower-than-average importance given to cost, whereas the third cluster is characterized by a 430 

higher-than-average importance given to the implementation cost criterion (cf. Table A3). 431 
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 432 

Fig. 2 Clusters of participants elicited through the hierarchical clustering on principal components 433 

method. 434 

In a next step, a decision tree model was built to elicit explanatory patterns that point to the 435 

preferred alternatives of the participants based on their stated weights and assumed 436 

performances of the criteria as guided by the MCE (cf. Figure A4). The decision tree was 437 

constructed based on the previously identified principal components, allowing a reproduction 438 

of the participatory MCE process with approximately 90% accuracy. Looking at the decision 439 

tree, the first principal component appears to express the MCE-guided preference towards 440 

larger NBS interventions in the river landscape. It can be seen that very low loadings on the 441 

first principal component, associated with a high weighting of biodiversity and water quality, 442 

indicate a preference for the alternative with major NBS interventions (A4). At the same time, 443 

this alternative is perceived to perform comparatively well with respect to these criteria and 444 

additionally with respect to flood protection and recreation. In contrast, higher loadings on the 445 

first dimension, associated with greater emphasis on decision effort and implementation costs, 446 

suggest MCE-guided preferences for alternatives that are less transformative of the river 447 

landscape, while also considering the second principal component. Regarding this second 448 

dimension, as outlined above, lower loadings appear to indicate a stronger focus on feasibility. 449 

If such a focus coincides with a higher weighting for easier decision-making and lower 450 

implementation costs, a tendency towards the alternative with no NBS interventions (A1) can 451 

be identified, with A1 being perceived as having a positive impact on agricultural use of the 452 
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floodplain and sport and leisure boating. The alternatives with minor (A2) and medium NBS 453 

interventions (A3) appear to be chosen with gradually increasing emphasis on renaturation 454 

aspects as indicated by the first principal component, with a preference towards minor NBS 455 

interventions (A1) being associated with a higher loading on this first component and thus a 456 

higher weighting of decision-making efforts and implementation costs. 457 

4.5. Group outcomes after discussing the individual performance scores and weights. 458 

The participants, divided into three heterogeneous groups, discussed their individual 459 

performance scores and weightings with their group members and then agreed on shared 460 

scores and weights for their respective group (Table 5). Overall, it can be seen that the three 461 

groups adopted similar performances per criterion for the alternatives as the individual 462 

participants. The performance of the alternatives in terms of biodiversity (C3) and water quality 463 

(C5) change more positively the greater the NBS interventions in the river section under 464 

consideration. The opposite is assumed for the criterion agricultural use of the floodplain (C6): 465 

The greater the NBS interventions, the more negative the performance in this criterion will be. 466 

Furthermore, the groups expect that the alternatives with no (A1) or minor NBS interventions 467 

(A2) will tend to perform worse in terms of flood protection (C1). In addition, A1 is associated 468 

with lower implementation costs (C7) and a lower decision-making effort (C8). The greatest 469 

difference between the groups in the judgment of the criteria performance is shown in the case 470 

of criterion sport and leisure boating (C2). The standard deviation of the performance scores 471 

per criterion is much lower between the groups than for the individual participants. 472 

 473 

Table 5: The performance scoring and weighting of the evaluation criteria of the small groups after the 474 

first and second round of group discussion. 475 

Evaluation  
criteria 

A
lt
e

rn
a
ti
v
e

s
 Group Green 

(P2, P3, P5, 
P9) 

Group Yellow 
(P4, P7, P10, 

P11) 

Group Blue 
(P1, P6, P8) Mean 

SD  
per criterion 

Perf. Weig. Perf. Weig. Perf. Weig. Perf. Weig. Perf. Weig. 

C1: 
Flood protection 

A1 0.30 

10 

0.30 

20 

0.30 

10 

0.30 

13.3 0.04 4.7 
A2 0.30 0.30 0.30 0.30 

A3 0.55 0.50 0.60 0.55 

A4 0.75 0.55 0.40 0.57 

C2: 
Sport and 

leisure boating 

A1 0.50 

10 

0.40 

5 

0.65 

10 

0.52 

8.3 0.11 2.4 
A2 0.60 0.50 0.60 0.57 

A3 0.70 0.30 0.50 0.50 

A4 0.80 0.30 0.40 0.50 

C3: 
Biodiversity 

A1 0.30 

20 

0.50 

20 

0.20 

15 

0.33 

18.3 0.05 2.4 
A2 0.50 0.60 0.50 0.53 

A3 0.70 0.70 0.70 0.70 

A4 0.80 0.90 0.80 0.83 
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C4: 
Recreation 

A1 0.40 

10 

0.50 

12 

0.40 

15 

0.43 

12.3 0.07 2.1 
A2 0.40 0.80 0.60 0.60 

A3 0.70 0.60 0.70 0.67 

A4 0.70 0.50 0.60 0.60 

C5: 
Water quality 

A1 0.30 

15 

0.30 

20 

0.30 

15 

0.30 

16.7 0.03 2.4 
A2 0.40 0.60 0.40 0.47 

A3 0.50 0.50 0.60 0.53 

A4 0.80 0.80 0.80 0.80 

C6: 
Agricultural use 
of the floodplain 

A1 0.80 

10 

0.70 

6 

0.60 

5 

0.70 

7.0 0.06 2.2 
A2 0.70 0.50 0.40 0.53 

A3 0.30 0.30 0.35 0.32 

A4 0.10 0.10 0.20 0.13 

C7: 
Implementation  

costs 

A1 0.90 

11 

1.00 

4 

1.00 

3 

0.97 

6.0 0.05 3.6 
A2 0.70 0.50 0.80 0.67 

A3 0.40 0.40 0.40 0.40 

A4 0.10 0.10 0.20 0.13 

C8: 
Effort of 

decision-making 

A1 1.00 

6 

0.80 

5 

0.80 

7 

0.87 

6.0 0.06 0.8 
A2 0.60 0.50 0.70 0.60 

A3 0.40 0.50 0.45 0.45 

A4 0.10 0.20 0.20 0.17 

C9: 
Feasibility 

A1 0.50 

8 

0.50 

8 

0.50 

20 

0.50 

12.0 0.07 5.7 
A2 0.70 0.40 0.60 0.57 

A3 0.70 0.40 0.60 0.57 

A4 0.50 0.30 0.40 0.40 

 476 

In terms of criteria weighting, the groups tend to give the highest priority to biodiversity and 477 

water quality. The criteria on implementation hurdles were often weighted rather low. There is 478 

little variation in weights between the groups. One exception is the weighting of Group Blue in 479 

the feasibility criterion. 480 

 481 

Table 6: Elicited preference rankings of the groups for the river development options (A0 - A3) based 482 

on the overall score per alternative. 483 

    

Group Green 

(P2, P3, P5, P9) 

Group Yellow 

(P4, P7, P10, P11) 

Group Blue 

(P1, P6, P8) 

Ranking I  

(based on equal 

weights) 

A1 0.556 0.556 0.528 

A2 0.544 0.522 0.544 

A3 0.550 0.467 0.544 

A4 0.517 0.417 0.444 

Ranking II  

(based on individual 

weights) 

A1 0.504 0.462 0.446 

A2 0.529 0.528 0.528 

A3 0.564 0.518 0.591 

A4 0.572 0.569 0.520 

 484 
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The WLA model indicates that the alternative with major NBS interventions (A4) is the highest 485 

ranked option for river development of the Group Green and Group Yellow (Table 6). However, 486 

when assuming that all criteria should be equally important, no NBS interventions (A1) seem 487 

to be the preferred alternative of Group Green and Group Yellow. For Group Blue, the 488 

alternative with medium NBS interventions (A3) is the best rated, while with equal weighting, 489 

the preference order identified is less clear. 490 

5. Discussion and conclusion 491 

This study used a participatory MCE methodology to assist agency representatives to 492 

deliberate different river development options with varying levels of NBS interventions. This 493 

approach provided insights into how different administrative actors evaluate the performance 494 

of such nature-based options and weight the relative importance of selected implementation 495 

criteria. 496 

 497 

The participants of the current MCE, both individually and collectively in small groups, 498 

expressed relative confidence that the greater the NBS interventions of the alternatives in the 499 

river segment, the more positive the performance of the alternatives with respect to ecological 500 

implementation goals (biodiversity and water quality). This result may have been expected, as 501 

it was anticipated that more ecosystem processes would be utilized, but also supported, with 502 

increasing levels of NBS interventions. It is consistent with empirical evaluations of the 503 

outcomes of river restoration projects, indicating that, in most cases, restoration improves 504 

ecological conditions (Lu et al., 2019). However, whether NBS interventions successfully 505 

improve ecological processes in riverine landscapes should not be a rule of thumb. The 506 

ecological outcome of a river restoration depends on a number of factors, e.g., the design or 507 

type of intervention, the size of the project and river basin, land-use characteristics, and 508 

stakeholder interests (Muhar et al., 2016; Palmer et al., 2014). Therefore, the ecological 509 

performance of NBS interventions should be assessed on a case-by-case basis using agreed-510 

upon evaluation criteria and measurable indicators of ecological integrity to advance the 511 

understanding of trade-offs between the ecological benefits of restoring ecosystem processes 512 

and competing human demands for the goods and services provided by rivers (Beechie et al., 513 

2010; Palmer et al., 2005). 514 

 515 

Furthermore, the participants of the MCE generally expected that the increasing level of NBS 516 

interventions would have a negative impact on implementation costs and decision-making 517 

effort. Large improvements in the ecological performance of the considered river segment were 518 

more likely to be associated with high cost and effort. It appears that the alternative with larger 519 

NBS interventions was perceived to be less cost-effective than the alternatives with medium 520 
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or smaller NBS interventions. Other studies also reported that NBS interventions are perceived 521 

to be costly (Liquete et al., 2016; Sarabi et al., 2020). Surprisingly, many individual participants 522 

as well as the small groups ranked the importance of implementation costs and decision-523 

making effort rather low compared to the other implementation criteria. This includes 524 

participants in clusters 1 to 3 (Fig. 3), that mostly prioritized biodiversity and water quality, and 525 

in some cases other ecosystem services (flood control and recreation). One possible 526 

explanation might be that no cap on public spending was imposed and therefore participants 527 

did not have to decide between options for spending a limited amount of available funding. But 528 

it may also be a further evidence that administrative costs and investments required to plan 529 

such NBS interventions in rivers are not adequately reflected in strategic river basin planning 530 

(Graversgaard et al., 2017). The focus of most participants was rather on satisfying the 531 

(ecological) implementation goals as best as possible (maximizing the NBS criterion challenge-532 

orientation) and, to some extent, on the prospect that a river development option can be 533 

realized within institutional constraints and with public approval. Consequently, as evident in 534 

the calculated rankings of alternatives, these participants, and small groups respectively show 535 

a potential preference for the alternatives with major (A4) or medium (A3) NBS interventions. 536 

While A4 is expected to deliver higher performance gains in ecosystem services, A3 is 537 

perceived as the more feasible river development option and appears to be preferred by 538 

participants in cluster 3 who value ecological improvements but also consider, at least to some 539 

degree, implementation costs or feasibility in terms of institutional capacity and public 540 

acceptance. Accordingly, there seems to be a trade-off among participants between the 541 

promotion of biodiversity and other ecosystem services and the practical viability of NBS 542 

interventions.  543 

 544 

The drawn decision tree model further underlines these findings. It suggests that the potential 545 

preference of the participants for varying levels of NBS interventions for river development was 546 

based on certain considerations. The alternative with major NBS interventions (A4) tends to 547 

be preferred by those (administrators) who would be considered to have a strong ecological or 548 

conservation orientation, as they expected high performance scores in biodiversity and water 549 

quality, gave (very) high weight to these criteria, and tended to pay less attention to 550 

implementation hurdles. The more a participant focused on potential hurdles such as cost and 551 

decision burden, as well as (land) uses that potentially conflict with NBS interventions - e.g., 552 

floodplain agricultural use and boating - the more likely this resulted in an MCE-guided 553 

preference for alternatives with lower NBS interventions (A1 or A2; this accounts for 554 

participants in cluster 4). Likewise, our equal weighting of all criteria in the WLA model shows 555 

that when no (clear) priorities are set for the ecosystem performance criteria, most participants 556 

judge A1 or A2 best. Following Clewell and Aronson (2006), this suggests that the participants 557 
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of the current MCE tended to base their considerations about the river development options 558 

on either biotic (enhance biodiversity), pragmatic (practice-oriented), or technocratic (satisfy 559 

specific institutional missions and mandates) reasoning. 560 

 561 

Several limitations need to be noted regarding the present study. The findings and implications 562 

of this participatory MCE study need to be critically viewed in terms of the influence of 563 

contextual conditions, actor constellations, and the design of our MCE method (Langhans and 564 

Lienert, 2016). Clearly, a different setting, such as focusing on a different study area, involving 565 

other actors, or a different policy context, such as the occurrence of a major flood event as is 566 

currently occurring in Germany, may have a significant impact on participants' responses. The 567 

sample is small and characterized by high heterogeneity, making it difficult to identify patterns 568 

among the stated performance scores and weights for explaining the rankings of the 569 

alternatives. In addition, participants were not asked directly about their preference for a 570 

particular alternative, but instead used the rankings of the alternative calculated from the WLA 571 

model as information for a likely preference order. The WLA model disregards the 572 

consideration of incommensurable values (Munda, 2008), which means that better 573 

performance scores on one criterion can offset poor performance scores on another criterion. 574 

It may therefore be difficult for a participant to assign a higher weight to one criterion by 575 

lowering the weight of another criterion, as it requires careful consideration of the relative 576 

importance of each criterion. Furthermore, it was noticed that the deliberation phase in the 577 

workshop was very short. The lack of time to reflect on performance scores and weights may 578 

be one reason why the MCE outcomes of the small groups slightly differ with individual MCE 579 

outcomes. 580 

 581 

The current findings raise intriguing questions about the planning and decision-making of NBS 582 

interventions in river landscapes: 583 

1) Which of the river development options considered in the current case study meets the 584 

criteria for a NBS, i.e., challenge-orientation, ecosystem process utilization and practical 585 

viability? Looking at the performance scores given by the participants, none of the 586 

alternatives clearly meet all NBS criteria. The alternative with major NBS interventions 587 

(A4) seems to have a positive impact on most implementation goals (more challenge-588 

orientated), but its practical viability regarding the criteria implementation costs, decision-589 

making effort and feasibility is judged negatively. The other alternatives appear to 590 

address fewer goals (less challenge-oriented), i.e., their performance either remained 591 

unchanged or was scored negatively, but their implementability was scored more 592 

positively (more practical viable). It therefore implies that not all river restoration efforts 593 

are necessarily nature-based solutions. 594 
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 595 

2) Which of the performances of the river development options should be decisive? All 596 

participants were relatively certain that NBS interventions would have a positive impact 597 

on biodiversity and water quality and weighted these criteria relatively high. 598 

Nonetheless, it can be stated that biodiversity and water quality were not the deciding 599 

criteria in this case study, but rather the performance judgment and weighting of the 600 

criteria of boating, agricultural use of the floodplain, and feasibility. Participants 601 

appeared to have differing views on these criteria, which consequently affected the 602 

rankings. The evaluators would have needed more empirical information and 603 

methodological support to assess these criteria performances more reliably. For 604 

example, considering the case of flood protection, there is often uncertainty if NBS 605 

provide adequate water flow storage or retention capacities when compared to grey 606 

infrastructure solutions. To address these uncertainties, additional evaluation criteria 607 

and adequate indicators may need to be developed (Nadim and Tacnet, 2021). It also 608 

suggests that the alternative that best enhances the ecological performance and 609 

maximizes synergies between non-ecological goals has the greatest potential to be 610 

preferred as an NBS. However, there is also a need to discuss whether and how the 611 

performance of the NBS criteria should be weighted. Following Munda (2008, p.82), 612 

equal weighting can be justified from both a theoretical and empirical perspective. 613 

Theoretically, because there is a priori no reason why the NBS criteria should have 614 

different priorities - akin to the sustainability dimensions. Pragmatically, because in a 615 

multidisciplinary setting such as NBS planning in riverine landscapes, assuming equal 616 

weighting is equivalent to giving equal importance to the different disciplines involved 617 

in the decision-making process, which may reduce internal conflicts. However, 618 

according to Catrinu-Renström et al. (2013, p. 48), “[equal weighting] violates the 619 

theory of MCDA because impact ranges should be taken into account in determining 620 

weights. Equal weights can lead to situations where small disadvantages are weighted 621 

as much as large benefits.” 622 

 623 

3) Should (administrative) planners prioritize specific NBS criteria, or should stakeholders 624 

legitimize priorities through a deliberative process? The current MCE cannot give a direct 625 

answer to this question, but it shows the meaningfulness of actively involving different 626 

stakeholders in the process of performance evaluation and weighting and giving them 627 

the opportunity to deliberate on evaluation results. The deliberation on individual 628 

performance scores and weightings in the small groups showed that, in the end, the 629 

groups tended to choose similar overall scores and weights, and that that deviations on 630 

most criteria (especially biodiversity) decreased compared to individual judgments. 631 
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Unfortunately, active participation and deliberations in the (multi-criteria) evaluation of 632 

interventions in German river basin planning is not a common practice (Brillinger et al., 633 

2020). 634 

 635 

Overall, the present study contributes to the understanding of how individuals and groups of 636 

administrators make judgments about different NBS interventions for river development. It 637 

provides a starting point for future MCE studies on how to evaluate actions that may qualify as 638 

NBS in a participatory and deliberative manner. Further participatory and deliberative MCE 639 

studies about nature-based river development that better operationalize and include criteria for 640 

a NBS and try different decision and aggregation rules should be conducted. 641 
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