
1 
 

 

This document reflects only the author's view. The Agency and the Commission 

are not responsible for any use that may be made of the information it contains. 

 

 

 

 

Cost-benefit analysis of mitigation and adaptation 

measures 

Document authors: Thijs Dekker (UoL), Jingyuan Di (UoL) 

Document contributors: Martin Dallimer (ICL), Julia Martin-Ortega (UoL), 
Lisette de Senerpont Domis (NIOO-KNAW) 

 

Abstract 

This deliverable relates to the economic assessment of adaptation and mitigation measures aimed at 

limiting the challenges posed by climate change in Drying River Networks (DRNs). Specifically, we 

present a lower bound estimate of the net present value of the benefits to society from achieving 

climate scenario SSP126 as opposed to SSP370 in three specific DRNs (Genal, Bükkosdi, and 

Lepsämänjoki). Due to limitations in available data and robust forecasting of how climate change 

affects delivery of relevant ecosystem services, this benefit assessment should be treated as illustrative 

and is restricted to the quantification of how a less severe climate scenario may result in reductions in 

i) the average number of drying days across reaches per year, ii) the duration of the drying period at 

the DRN level, and iii) changes in carbon emissions over the 2021-2050 period. The focus on articulating 

the monetary benefits of these alternative climate scenarios is driven by the lack of quantifiable dose-

response relationships articulating how spatially targeted Nature-Based Solutions (NBS) may influence 

the delivery of ecosystem services and related attributes of DRNs, and accordingly how local 

populations may benefit from these Nature-Based Solutions specifically. From survey data, we do find 

that local populations would prefer NBS aimed at planting native trees and wider forest management, 

and that they show less support for NBS that would reintroducing meandering in rivers and streams.      
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1. Introduction 

This deliverable relates to the economic assessment of adaptation and mitigation measures aimed at 

limiting the challenges posed by climate change in Drying River Networks (DRNs). As per D4.3, climate 

change is forecasted to induce a welfare loss to society due to intensified drying. Some rivers are 

expected to shift from being fully perennial to having reaches experiencing flow intermittence, and 

drying patterns are expected to intensify, becoming longer, more frequent, and starting earlier in rivers 

already experiencing flow intermittence (e.g. Mimeau et al., 2024). Alongside this intensified drying, 

the increase in variability of weather patterns is also expected amplify flood risks during periods of 

extreme rainfall (e.g. Madsen et al., 2014). Such fundamental changes to the state and functioning of 

DRNs inevitably influences the extent to which local populations and society interact with DRNs and 

thereby the extent to which they benefit from the delivery of Ecosystem Services (ES) and related 

attributes by DRNs (e.g. Datry et al., 2018, Pastor et al., 2022).  

Even though changes in drying patterns may improve the delivery of certain existing ES or allow the 

delivery of new ES (e.g. new or increased recreational opportunities in dry riverbeds such as hiking), 

the overall expectation is that intensified drying will leave DRNs in a ‘degraded state’, where the overall 

annual flow of ES be lower than in the current state (e.g. Pérez-Silos et al., 2025). Accordingly, our 

working assumption is that climate change is associated with a welfare loss to society. 

Building on this working assumption, a case can be made to implement adaptation and mitigation 

measures limiting the societal impacts of climate change. The economic benefits from implementing 

measures arise in the form of ‘prevented climate damages’, i.e. limiting the impacts of reductions in 

the delivery of ES and related attributes in DRNs. Since many benefits associated with adaptation and 

mitigation measures are not directly observable in markets, D4.3 implemented non-market valuation 

methods to express the benefits such measures bring to society in monetary terms (Ozdemiroglu and 

Hails, 2016).  

From an economic point of view, a central question is the extent to which the benefits from 

implementing adaptation and mitigation measures outweigh the costs, and cost-benefit analysis (CBA) 

is a common tool to answer this question (Hurst, 2019, Glenk et al., 2014). In effect, CBA exercises 

articulate whether implementing adaptation and mitigation measures can be considered as ‘value for 

money’. Additionally, CBA enables the contrasting of different policy scenarios, including the decision 

to take no action – labelled in Section 2 as the do-nothing scenario -, to decide on the best course of 

action. The comparability of the different policy scenarios rests on the assumption that all impacts of 

different policy interventions can be monetarily valued (Hanley and Barbier, 2009).    

Despite having a general understanding of the challenges climate change poses to the functioning of 

DRNs, little is known about the effectiveness of spatially targeted interventions in limiting the impacts 

climate change has on the functioning of DRNs. DRYvER was by and large not designed to address this 

knowledge gap. Pengal (2025) provides a catalogue of nature-based solutions (NBS) which potentially 

have an adaptive and (or) mitigating capacity in relation to drying. A quantitative underpinning on the 

effectiveness of such solutions is, however, not provided because of the limited quantitative data 

available for establishing causal links between restoration measures, hydrological indicators, but also 

biodiversity metrics and flow intermittence indicators (see also Senerpont Domis et al., 2025) .   

The systematic literature review conducted by Senerpont Domis et al. (2025) underlines the articulated 

knowledge gap. Namely, the dose-response relationships of interest for their Bayesian Belief Network 

are either unstudied or based on limited and sometimes even conflicting evidence. Overall, the 

Bayesian Belief Network thereby illustrates the large amount of uncertainty associated with studying 
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the dose-response relationships of interest. In effect, this is a significant barrier to establishing credible 

‘do something’ scenarios, i.e. alternative policy scenarios targeting different NBS, which can be 

evaluated and contrasted in CBA.          

In the absence of quantifiable information regarding the effectiveness of NBS on the delivery of specific 

ecosystem services and related attributes, we have taken an alternative approach in this deliverable 

to describe an illustrative ‘do something’ scenario using information available in DRYvER. Namely, 

projections are available on how alternative climate scenarios affect drying patterns in the DRNs and 

subsequently a set of ecosystem services and related attributes. In this context, Section 2 defines 

climate scenario SSP370 as the ‘do-nothing’ scenario. Without larger climate action, this ‘regional 

rivalry’ scenario is probably the most likely scenario in which the world, and thus specific DRNs will end 

up in. If effective climate action is taken soon and persist over the next decades, i.e. very loosely 

interpreted as the ‘do something’ scenario here, then the DRNs maybe subject to a lesser extent of 

drying. Note that these reductions in emissions are not the result of locally implemented NBS, thus 

rendering a cost assessment of such measures somewhat obsolete.     

Accordingly, we contrast the benefits for a restricted set of benefit categories where robust climate 

projections are available for that may arise at the DRN level from being able to restrict climate change 

to the more positive SSP126 scenario as opposed to the SSP370 scenario. These benefits are then used 

to identify ‘break-even’ points for the costs of potential interventions (i.e. the maximum costs that 

such interventions would have to be so that the interventions start generating net benefits to society). 

This is done for the three DRNs for which primary data on benefits from ES and related attributes have 

been gathered in DRYvER; namely: Genal in Spain, Bükkosdi in Hungary, and Lepsämänjoki in Finland).       

The deliverable is structured in the following way: Section 2 defines SSP370 as the do-nothing (i.e. 

business as usual) scenario where no interventions are implemented. Section 3 presents the benefit 

assessment associated with the more positive climate scenario SSP126, which can be interpreted a 

scenario where (local) adaptation and mitigation measures have been put in place and therefore the 

negative effects of climate change are lower. Section 4 reflects on the type of NBS considered to be 

relevant at the DRN level based on social perceptions by the local population. Finally, Section 5 reflects 

on the existing knowledge gaps. 

2. Definition of the do-nothing scenario (SSP370) 

Hurst (2019) highlights the importance of setting the baseline in CBA. The baseline, or the ‘do nothing’ 

scenario articulates what might happen if the intended policy intervention(s) do not go ahead. All 

potential policy solutions which are under consideration are generally contrasted against the ‘do 

nothing’ scenario, and the outcome of a CBA describes how well each policy solution performs relative 

to this scenario. 

In the context of DRYvER, the ‘do nothing’ (DN) scenario corresponds to the projected degraded state 

of the DRN under climate change, as referred to in Section 1. It is important to associate the 

degradation of the functioning of DRNs with a notion of time, because the impacts of climate change 

are not happening overnight. Throughout DRYvER different climate scenarios have been considered 

(respectively SSP126, SSP370, and SSP585)3 over the 2015-2100 period. We consider it likely that some 

climate action will be taken soon, thereby ruling out SSP585 as the relevant DN scenarios. Similarly, it 

 
3 https://www.dkrz.de/en/communication/climate-simulations/cmip6-en/the-ssp-scenarios  

https://www.dkrz.de/en/communication/climate-simulations/cmip6-en/the-ssp-scenarios
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is unlikely that the SSP126 “green pathway” scenario is the most likely outcome to materialise. 

Accordingly, we treat SSP370 “regional rivalry” as the relevant scenario describing the DN scenario.  

Inherently future projections are associated with a large degree of uncertainty and these uncertainties 

are becoming increasingly large the further projections are made into the future. The projections of 

changes in flow intermittence under alternative climate scenarios produced by WP1 (see Mimeau et 

al. (2023) and Mimeau et al. (2024)), are directly accessible through the interactive DRYvER Hydro 

application.4  WP1 thereby provides projections averaged over two distinct periods, respectively 2041-

2070 and 2071-2100. The averaging of the intermittence scenarios over these time periods is advised 

due to the aforementioned uncertainties. Due to the propagation of uncertainty over time we select 

the 2041-2070 period and assume this scenario materialises by 2050. Moreover, the DRYvER hydro 

app describes the present situation over the period 1960-2021, and for consistency with the averaging 

period of 30 years, we describe the present flow intermittence conditions for 2021 by taking the 

average over the period 1992-2021. In other words, by examining the 2021-2050 period we adopt a 

30-year time horizon during which the impacts of climate change, and benefits (and costs) of any policy 

interventions, on the functioning of DRNs materialise. 

The emerging flow intermittence projections from WP1 articulate that the spatial extent and intensity 

of drying is increasing with the severity of the climate scenario evaluated. The severest impacts of 

climate change on flow intermittence are anticipated in the smaller tributaries of the DRNs, whereas 

many perennial reaches are likely to remain perennial. The maps presented in the Spanish and 

Hungarian non-market valuation surveys in D4.3 to elicit the benefits of the provisioning of ES and 

related attributes, articulate this spatial extent of increased drying under the SSP370 climate change 

scenario by 2050 (See Figure 1, and for more detail Figure 2 - Figure 4). Notably, the expected number 

of additional drying days is much higher in the Bükkosdi than in the Genal, but even in the Bükkosdi 

certain reaches of the river are predicted to remain perennial. For the third DRN, the Lepsämänjoki in 

Finland, the projected changes in drying patterns are much less sever, but Figure 1 again confirms that 

the larges impacts are anticipated in the smaller tributaries.  It is these smaller tributaries where wet- 

and dry-phases that support an abundance of biodiversity, and changes in the length and intensity of 

these dry (and wet) phases may have significant impacts on the ecological system (e.g. Bunting et al., 

2021, Sánchez-Montoya et al., 2022).         

 
4 https://dryver-hydro.sk8.inrae.fr/  

https://dryver-hydro.sk8.inrae.fr/
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Genal (352 reaches) Bükkosdi (208 reaches) Lepsämanjöki (363 reaches) 

Figure 1: Presentation of the drying scenarios under climate change (SSP370) by 2050. 
 Flow intermittence metric: ConD (additional number of drying days per year)  

Even though projections of flow intermittence are available at the reach level, the level of uncertainty 

associated with these future projections is substantive and the advice given by WP1 is not to focus on 

absolute changes in flow intermittence but on relative changes (i.e. the direction and categorical 

classification of, for example, weak and strong effects). For the purposes of CBA, it is however desirable 

to work with exact numbers where possible to quantify the impacts of climate change. We therefore 

acknowledge the described level of uncertainty in the flow intermittence projections at the reach level, 

and all the subsequent calculations should therefore be interpreted as illustrative.5 At the reach level, 

the number of projected drying (or flowing) days, respectively described by the variables ConD and 

conF, are available at the annual and monthly level (Mimeau et al., 2024). In this deliverable we work 

with ConD as our preferred measure of flow intermittence because this was also the unit of 

measurement in the non-market valuation surveys in D4.3 and the Bayesian Belief Network in D5.6.  

Figure 2 describes the present number of drying days in the three primary DRN case study areas 

considered in WP4, respectively Genal, Bükkosdi, and Lepsämanjöki. At first sight, present drying 

patterns are remarkably different across the three DRNs. Where in the Genal, most reaches are dry for 

the whole months of July and August, current drying patterns are less severe in the Bükkosdi, and 

sporadic in Lepsämanjöki. The consistent pattern is, however, that the summer months are at present 

associated with the highest levels of drying in all three DRNs. Figure 3 shows that under the SSP370 

DN scenario the number of drying days per reach increases, with the increase being most notable in 

the Bükkosdi and Lepsämanjöki DRNs.6 This is not surprising due to the high current levels of drying in 

the Genal. Figure 4 provides a clearer picture by looking into the additional number of drying days, 

where for the Genal it becomes evident that the drying period is extending beyond the summer 

months. That is months like May and October are now becoming increasingly dry. For the Bükkosdi, 

the average number of drying days increases drastically over the summer months and the height of 

the drying period can be experienced between June and October, perhaps even stretching into 

November. Table 1 presents the average number of drying days across the reaches per DRN by 2050 

 
5 An alternative approach would have been to work at the DRN (i.e. network) level. The most relevant flow 

intermittence indicator available at the DRN level is the “Proportion of river length with intermittent conditions 

[%]” (RelInt). A downside of using a network indicator is that the spatial relation between NBS and their potential 

effects cannot be identified.  
6 The climate scenarios are average across five global climate models.  
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under SSP370. Having defined the degree of flow intermittence at the start and the end of the 2021-

2050 period, we need to make specific assumptions about the pace at which these changes will 

manifest themselves in the DRN. In the absence of reliable information over short time periods, we 

assume this relationship to be linear.  

Table 1: Increase in the number of drying days per year until 20250 (SSP370) 

DRN Expected additional drying days averaged across reaches by 2050 
(SSP370) 

Genal 18.76 days 
Bükkosdi 98.31 days 
Lepsämänjoki 05.02 days 

 

Since the spatial extent of drying differs, potential welfare losses due to increased drying will be 

experienced differently in different parts of the DRNs. Unfortunately, due to the small sample sizes 

and complexity of the nature of drying we haven’t been able to identify a spatial relationship between 

willingness-to-pay (WTP) for reducing the number of drying days in given reaches of the river and the 

extent to which different parts of the population benefit from flowing (or drying) days in different 

reaches. As such, we can only assume that the local populations make equal use of each reach and 

therefore working with averages at the DRN level suffices for illustrative purposes in this deliverable. 

The spatial relationship between where respondents live and where they benefit from specific ES in 

DRNs remains an interesting topic for future research, whereas this has been studied in other contexts 

(e.g. Czajkowski et al., 2017, Toledo-Gallegos et al., 2021).  
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Genal (352 reaches) Bükkosdi (208 reaches) Lepsämanjöki (363 reaches)  

Figure 2: Average number of drying days (ConD) by reach by month between 1992-2021 
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Genal (352 reaches) Bükkosdi (208 reaches) Lepsämanjöki (363 reaches)  

Figure 3: Average number of drying days (ConD) by reach by month between 2041-2070 under SSP370 
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Genal (352 reaches) Bükkosdi (208 reaches) Lepsämanjöki (363 reaches)  

Figure 4: Increase in average number of drying days (ConD) by reach by month between 2041-2070 (SSP370) and present (1992-2021). 
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In relation to biodiversity, Escobar-Camacho et al. (2025) established, using a dataset of 43 aquatic 

invertebrate metacommunities from drying river networks in Europe and South America, that in non-

perennial reaches in Europe alpha-diversity (i.e. species richness and evenness) is lower than in 

perennial reaches, whereas beta-diversity (i.e. difference in species composition between different 

habitats ) is higher in non-perennial than perennial reaches. The decline in alpha diversity with 

increased if further confirmed by Datry et al. (2014) who show that 1 family is lost for every 10% 

increase in flow intermittence, where flow intermittence is measured as the proportion of the year 

without surface water.  Foulquier et al. (2024) furthermore, state that direct factors, such as nutrient 

and carbon availability, and indirect factors such as climate influence the local biodiversity of most taxa 

in non-perennial rivers. Specifically, limited resource availability and prolonged dry phases favour 

oligotrophic microbial taxa. Co-variation among taxa, particularly Bacteria, Fungi, Algae and Protozoa, 

explain more spatial variation in community composition than dispersal or environmental gradients. 

These finding suggests that biotic interactions or unmeasured ecological and evolutionary factors may 

strongly influence communities during dry phases, altering biodiversity responses to global changes. 

Jacquet et al. (2022) find that loss of patch connectivity decreases community recovery. Where local 

communities of flying organisms recovered more efficiently from drying events than organisms with 

strictly aquatic dispersal due to the capacity of the former group to overcome hydrological connectivity 

loss.  

The evidence base for the biodiversity relationships established above largely relies on a space-for-

time approach, where the intended relationships are based on geographical differences in biodiversity 

and flow intermittence hampering robust future projections as to how changes in intertemporal flow 

intermittence due to climate change affect biodiversity. Nevertheless, Chalmandrier and Munoz (2025) 

project biodiversity change for the six DRNs under future scenarios of changing environmental 

conditions. Macroinvertebrate and biofilm bacteria communities exhibit the most significant shifts 

under high and very high emission scenarios compared to low emission scenarios, and specifically the 

Bükkosdi is expected to experience the largest degree of biological community shifts. The main drivers 

of the decline in macroinvertebrate are increased drying frequency and decreased river discharge.  

Moreover, the modelling of Safe Operating Spaces (SOS) suggests that the Spanish and Hungarian DRN 

are particularly vulnerable to future climatic conditions. Due to the delay in developing these future 

projections, the impacts of increased flow intermittence under climate change could not be considered 

in this deliverable. 

Rivers also play an important role in the processing of carbon and nitrogen, and associated fluxes of 

greenhouse gases (GHGs) both locally, and at the river network scale. Silverthorn et al. (2024), for 

example, find that positive temporal (time since rewetting) and spatial (presence of non-perennial 

reaches upstream) relationships exist between drying and particularly CO2 and N2O emissions. In a 

meta-analysis, Sepp et al. (2024a) identify that drying enhanced gross primary production (GPP) (under 

low flows) and CH4 emissions, and decreased CO2 and N2O emissions but that desiccation (i.e. complete 

drying of streams) increased CO2 emissions. However, the directional effect of drying was found to be 

inconsistent across climate zones, except for the Mediterranean climate zone where drying was 

showing a negative effect on both metabolism and GHG emissions. López-Rojo et al. (2024) find across 

the six DRNs considered in DRYvER that the annual contribution of dry riverbeds to total CO2 emissions 

exceeded 50% in three of the six DRNs.  

Broader evidence on the impact of (changes in) flow intermittence on ecosystem functioning has been 

identified in WP3, including the ability of streams to decompose leaf litter, have been identified, and 

ultimately these functions influence water quality and related metrics relevant to the Water 

Framework Directive (Sepp et al., 2024b). In this deliverable, our focus is restricted to changes in GHG 
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emission under climate changes as these are a direct measure of the regulating functions of a DRN and 

thereby represent an ecosystem service.     

Sepp et al. (2024b) present patterns of carbon cycling-related ecosystem functions in the DRNs for 

present conditions and under climate change scenarios up to the year 2100. Consistent with the above 

evidence from the literature, the report highlights that with projected increases in drying intensity due 

to climate change, cumulative carbon emissions from DRNs are anticipated to increase as DRNs emit 

more during the drying phase – which according to WP1 are projected to increase in length and 

intensity over time. Consultations with the WP3 researchers deriving these estimates, again, indicate 

a low level of confidence in these projections due to the propagation of significant uncertainty in the 

WP1 drying projections.7 For illustrative purposes we make use of Tables 2 and 3 from Sepp et al. 

(2024b) describing total carbon emissions (t-C-CO2) for the present conditions and averaged over the 

2021-2060 period, respectively. The levels of emission are separated by the pre-drying, drying and 

post-drying phases and are studied at a smaller geographical resolution (see Figures 6-10 in the 

respective report), but to measure the impact of additional CO2 emissions on society it does not matter 

when and where these emissions occur. Namely, carbon emissions are considered as a global 

externality where the negative impacts are experienced across the world irrespective of the location 

of emissions due to the cumulative nature of CO2 in the atmosphere (Aldy et al., 2021).  It should be 

noted that the CO2 emissions associated with DRNs relative to anthropogenic emissions are very small 

and hence DRNs are only fractionally contributing to climate change.  

Table 2 describes the current estimated carbon emissions per DRN (t-C-CO2) and Table 3 summarises 

the same projections for the 2021-2060 period under the SSP370 scenario. The final column in Table 3 

highlights that in the Genal and the Bükkosdi the annual emission levels are increasing by respectively 

15.47 and 20.08 t-C-CO2. For the Lepsämänjoki projections with respect to the impact of climate 

change on carbon emissions are unavailable. For reference, in 2021 total GHG emission, of which CO2 

accounts for roughly 80%, generated by economic activities of EU residents were a staggering 3.6 

billion tonnes of CO2-equivalent again highlighting the minor role these emissions play in the greater 

scheme of things (Eurostat, 2021).  

Table 2: Cumulative carbon emissions (t C-CO2) during each of the selected hydrological phases for each DRN (total river 
length) considering both the emissions from flowing water (flow) and dry riverbed (dry) – Source: D3.9 

 Pre-dry phase Dry phase Post dry phase Overall 

DRN Total Flow Dry Total Flow Dry Total Flow Dry Total 

Genal 123.04 69.37 53.67 120.35 17.46 102.89 56.54 32.83 23.7 299.93 

Bükkösdi 58.82 23.56 35.26 107.82 13.17 94.65 52.68 14.77 37.91 219.32 

Lepsämänjoki 162.3 151.38 10.92 143.48 96.26 47.23 210.47 192.64 17.83 516.25 

 

 
7 The understanding of current GHG emissions from DRNs is considered to be highly accurate.  
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Table 3: Cumulative carbon emissions (t C-CO2) during each of the selected hydrological phases for each DRN (total river 
length) considering both the emissions from flowing water (flow) and dry riverbed (dry) for SSP370 and averaged for period 

2021–2060. 

 Pre-dry phase Dry phase Post dry phase Overall 

DRN Total Flow Dry Total Flow Dry Total Flow Dry Total Difference 

Genal 117.9 57.5 60.4 122.1 17.1 104.9 75.4 56.4 19 315.4 15.47 

Bükkösdi 55.5 19.9 35.6 128.8 8.1 120.7 55.1 10.4 44.6 239.4 20.08 

Lepsämänjoki NA NA NA NA NA NA NA NA NA NA NA 

 

As part of this economic assessment, changes in carbon emissions will be converted into monetary 

values. To this end, we make use of the market price for carbon in the EU ETS (and its associated 

forecasts) – see Section 3.2.2.8 The market price for carbon emissions is measured in t/CO2e and not in 

t/C-CO2. To bring these metrics in the same unit of measurement, we multiply the amount of carbon 

(i.e. the final columns of Table 2 and Table 3) with 3.67. Again, we assume that the increases in carbon 

emissions over time will emerge at a constant rate. 

We have covered the climate change projections for the number of additional drying days, the duration 

of the drying period, and the implications for biodiversity and climate change. Where relevant and 

possible, these projections are based on the WP1-WP3 projections. As alluded to by Senerpont Domis 

et al. (2025), the limitations of the harmonisation of data across work packages hampers the uptake 

of ecosystem functions from WP3, and ecosystem services from WP4. A further complication with the 

uptake of climate projections regarding ecosystem services from D4.1 in this economic assessment, is 

the focus on the main physical and ecological dynamics that structure the ES provision in river networks 

and their catchments. That is, the presented models describe how and where the DRNs provide specific 

ecosystem services (such as water provisioning, and flood regulation), but there is no translation 

between the service providing areas and service benefiting areas. Establishing these relationships is 

extremely difficult in the studied DRNs, because they are characterised by low population densities 

limiting the ability to establish meaningful spatial relationship between service providing areas and 

which parts of the population (and visitors) benefit where from these ecosystem services (Fezzi et al., 

2023).    

3. Analysis of benefits of achieving SSP126 

In this section, the alternative climate scenario SSP126 is treated as the ‘do-nothing’ scenario as an 

illustrative example of the monetary benefits which may arise from preventing the focal DRNs from 

reaching the degraded state associated with the ‘do-nothing’ scenario SSP370. As articulated in Section 

11, climate scenario SSP126 is the only available scenario where changes in flow intermittence are 

projected due to the lack of credible dose-response functions between NBS, flow intermittence and 

subsequent impacts on biodiversity, ecosystems functioning, ecosystem services and related 

attributes. These illustrative benefit calculations are done at the level of the three primary DRNs in the 

Genal, Bükkosdi, and Lepsämänjoki.  

To avoid confusion, we only make use of projections made in the DRYvER project and connect those 

to values for which monetary estimates have been obtained in D4.3. These projections cover 

respectively, (i) changes in the number of drying days; (ii) changes in the drying period, and for which 

there is available benefit information (iii) changes in carbon emissions.     

 
8 https://www.enerdata.net/publications/executive-briefing/carbon-price-projections-eu-ets.html  

https://www.enerdata.net/publications/executive-briefing/carbon-price-projections-eu-ets.html
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To establish the monetary benefits of achieving climate scenario SSP126 relative to SSP370 we need 

to make several assumptions over the 2021-2050 period in relation to the changes in the three 

attributes of interest, and their corresponding values. These are explained next. 

3.1 Changes in drying days, drying period and carbon emissions 

Under the assumption that climate scenario SSP126 is the relevant climate scenario as opposed to 

SSP370, we can revisit the WP1 projections as presented in Section 2.  

3.1.1 Genal 

Figure 5 highlights that even under this improved climate scenario, drying remains prominent in the 

Genal during the summer months and particularly between June and August the forecasted number 

of drying days (ConD) by month by reach remains high. The largest differences are observed in April 

and May where these spring months are projected to be less dry. On average, across the reaches and 

across the year, climate scenario is projected to increase the number of drying days relative to the 

present day by 11.60 days by 2050. Contrasting this with the SSP370 scenario, this implies that in the 

DRN the average number of additional drying days across the reaches per year is decreasing from 18.76 

to 11.60, i.e. the improved climate scenario reduces the average number of drying days by 7.16 days 

by 2050, and we assume this happens at a constant rate of 0.247 days per year per reach between 

2022 and 2050. In total that means that during this period on average 107.4 less drying days will occur.     

Additionally, we can assume that by 2050 under SSP126 the drying period is 2 months shorter than 

under SSP370. This means that on an annual basis the drying period will be increasing 0.069 months 

(roughly 2 days) per year quicker under SSP370 than under SSP126 starting from 2021. Accordingly, 

over the 2022-2050 period SSP126 will have 30 months of drying less than SSP370. 

  
Figure 5: Projections for ConD SSP126 in the Genal (left) and difference with SSP370 (right) 

For the difference in projections with respect to carbon emissions we make use of D3.9 projections 

where Table 4 below reveals that by 2050 carbon emissions under SSP126 will be higher relative to the 

current situation and relative to the SSP370. This is likely the result of uncertainty associated with the 

calculations arriving at these estimates for carbon emissions. The overall picture is that projected 

changes in carbon emissions will be relatively small in the grant scheme. Extrapolating these 
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relationships to the 2022-2050 period, this shows that carbon emissions grow annually by 0.886 t/CO2 

(or 0.24 t/C-CO2) quicker under SSP126 than under SSP370. Overall, the extra emissions over the 2022-

2050 period are therefore 385.35 t/CO2 higher than under SSP370. 

Table 4: Carbon emissions now vs SSP370 and SSP126 (avg over 2021-2060) in the Genal 

 Pre-dry phase  Dry phase Post dry phase Total Difference 

 Total Flow Dry Total Flow Dry Total Flow Dry Total Vs. current Vs. SSP370 

Now 123.04 69.37 53.67 120.35 17.46 102.89 56.54 32.83 23.7 299.93   

SSP370 117.9 57.5 60.4 122.1 17.1 104.9 75.4 56.4 19 315.4 15.47  

SSP16 119.7 62.5 57.2 122.7 18 104.7 80 62.6 17.5 322.4 22.47 7 

 

3.1.2 Bükkosdi 

Figure 6 highlights that even under this improved climate scenario, drying remains prominent in the 

Bükkosdi during the summer months and particularly between June and September the forecasted 

number of drying days (ConD) by month by reach remains high. The largest differences are observed 

between October and December where these autumn months are projected to be less dry. On average, 

across the reaches and across the year, the SSP126 climate scenario projects an increase in the number 

of drying days relative to the present day by 77.51 days by 2050. Contrasting this with the SSP370 

scenario, this implies that in the DRN the average number of additional drying days across the reaches 

per year is decreasing from 98.31 to 77.51, i.e. the improved climate scenario reduces the average 

number of drying days by 20.80 days by 2050, and we assume this happens at a constant rate of 0.717 

days per year per reach between 2022 and 2050. In total that means that during this period on average 

312 less drying days will occur.     

Additionally, we can assume that by 2050 under SSP126 the drying period is 3 months shorter than 

under SSP370. This means that on an annual basis the drying period will be increasing 0.103 months 

(roughly 3 days) per year quicker under SSP370 than under SSP126 starting from 2021. Accordingly, 

over the 2022-2050 period SSP126 will have 45 months of drying less than SSP370. 
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Figure 6: Projections for ConD SSP126 in the Bukkosdi (left) and difference with SSP370 (right)  

For the difference in projections with respect to carbon emissions we make use of D3.9 projections 

where Table 5 below reveals that by 2050 carbon emissions under SSP126 will be higher relative to the 

current situation and relative lower to the SSP370. Again, the overall picture is that projected changes 

in carbon emissions will be relatively small in the grant scheme. Extrapolating these relationships to 

the 2022-2050 period, this shows that carbon emissions grow annually by 0.202 t/CO2 (or 0.055 t/C-

CO2) quicker under SSP370 than under SSP126. Overall, the extra emissions over the 2022-2050 period 

are therefore 88.08 t/CO2 higher than under SSP370. 

Table 5: Carbon emissions now vs SSP370 and SSP126 (avg over 2021-2060) in the Bükosdi 

 Pre-dry phase  Dry phase Post dry phase Total Difference 

 Total Flow Dry Total Flow Dry Total Flow Dry Total Vs. current Vs. SSP370 

Now 58.82 23.56 35.26 107.82 13.17 94.65 52.68 14.77 37.91 219.32   

SSP370 55.50 19.90 35.60 128.80 8.10 120.70 55.10 10.40 44.60 239.40 20.08  

SSP16 56.80 22.10 34.60 126.10 9.50 116.60 54.90 12.00 42.90 237.80 18.48 -1.60 

 

3.1.3 Lepsämänjoki 

Figure 7 highlights that also under this improved climate scenario, drying projections are not sever in 

the Lepsämänjoki during the summer months and drying – if any - is large taking place during June to 

August. The largest differences are observed in June and July where these summer months are 

projected to be less dry relative to SSP370. On average, across the reaches and across the year, the 

SSP126 climate scenario projects an increase in the number of drying days relative to the present day 

by 3.39 days by 2050. Contrasting this with the SSP370 scenario, this implies that in the DRN the 

average number of additional drying days across the reaches per year is decreasing from 5.02 to 3.39, 

i.e. the improved climate scenario reduces the average number of drying days by 1.63 days by 2050, 

and we assume this happens at a constant rate of 0.056 days per year per reach between 2022 and 

2050. In total that means that during this period on average 24.45 less drying days will occur.     

Additionally, we can assume that by 2050 under SSP126 the drying period is 1 month shorter than 

under SSP370. This means that on an annual basis the drying period will be increasing 0.034 months 
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(roughly 1 day) per year quicker under SSP370 than under SSP126 starting from 2021. Accordingly, 

over the 2022-2050 period SSP126 will have 15 months of drying less than SSP370. 

No projections for changes in carbon emissions are available for Lepsämänjoki under SSP126 nor under 

SSP370 and hence this is not considered in the remainder of this deliverable. 

  

  
Figure 7: Projections for ConD SSP126 in the Lepsämanjoki (left) and difference with SSP370 (right) 

 

3.2 Economic benefits over time and discounting 

We now shift our attention to connecting these changes in the average number of drying days, length 

of the drying period, and changes in carbon emissions with the extent to which local populations 

benefit from the changes in the functioning of the DRNs over time. As explained, for that we use the 

values calculated for the first two attributes (drying days and drying period) in D4.3 via willingness-to-

pay (WTP) estimates for the public surveys, and carbon prices for carbon emissions.  

3.2.1 Changes in WTP for drying days and drying period over time  

For the monetary value of reducing the average number of drying days and the length of the drying 

period in the three DRNs, we refer to Table 23 in D4.3. The non-market valuation surveys conducted 

in these three DRNs reveals that in 2024 the local population is willing to pay €1.39 (Genal), €0.74 

(Bükkosdi), and €2.75 (Lepsämänjoki) per household per year for each drying day saved each year. 

Similarly, they are willing to pay respectively €7.28 (Genal), €3.91 (Bükkosdi), and €14,45 

(Lepsämänjoki) per household per year to reduce the length of the drying period by one month. These 

WTP estimates apply to 2024, but value estimates over the considered time horizon are required. 

Economic theory establishes that WTP estimates increase as income increases. In D4.3 this same 

relationship is used in transferring WTP values across DRNs. Specifically, an income elasticity of WTP 

of 1.5 was used in that deliverable, also in the estimation of the joint model across the three case 

studies which resulted in the referred Table 23 above. Hence, we stick to that assumption in this 

deliverable. Moreover, we assume long term income growth rates of 2% per year, such that WTP grows 
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at a rate of 1.03 per year. We use this factor to re-calibrate WTP estimates to 2021, i.e. the start of our 

period of analysis. 

3.2.2 Forecasting the market price of carbon emissions over time 

For the value of changes in carbon emissions we refer to forecasts of the EU ETS market prices. For the 

period 2021-2024 we make use of observed EU ETS market prices obtained from the Worldbank9 and 

convert these from USD$ to € using Eurostat’s Euro/ECU annual exchange rates for the respective 

period.10 Beyond the 2024 period we make use of carbon price forecast by Enerdata11, which predict 

the market price for carbon to be around €70 per t/CO2 in 2030, and to rise to €130  per t/CO2 in 2030 

before quickly rising to €500 per t/CO2 in 2044 due to the phasing out of permits in the EU ETS. 

Forecasts beyond that date are not available and hence we keep the price fixed at €500 per t/CO2 until 

2050. Figure 8 displays our approximations of the forecasts in the EU-ETS market price for carbon.  

 

 

Figure 8: Assumed carbon price over the 2021-2050 period  

3.2.3 Discounting 

Whilst willingness to pay values and carbon prices are forecasted to increase over time, economic 

theory also dictates to express the value of future benefits (i.e. less days of drying, shorter drying 

periods, and lower carbon emissions) in terms of the value of today’s money. That is, economists 

assume that it is worth having money today than in the future, because future generations are 

assumed to be richer, and people are impatient. In other words, we prefer benefits taking place today 

rather than next year because the same benefits next year are worth less this year. The process of 

transforming future benefits into today’s money is also known as discounting (Groom et al., 2022). To 

arrive at our discount rate, we make use of the well-known Ramsey equation defining the discount 

rate by: 

𝑆𝐷𝑅 = 𝛿 + 𝜂 ⋅ 𝑔 

 
9 https://carbonpricingdashboard.worldbank.org/compliance/price   
10 https://ec.europa.eu/eurostat/databrowser/product/page/ERT_BIL_EUR_A__custom_822192  
11 https://www.enerdata.net/publications/executive-briefing/carbon-price-forecast-under-eu-ets.pdf  

https://carbonpricingdashboard.worldbank.org/compliance/price
https://ec.europa.eu/eurostat/databrowser/product/page/ERT_BIL_EUR_A__custom_822192
https://www.enerdata.net/publications/executive-briefing/carbon-price-forecast-under-eu-ets.pdf
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where 𝛿 defines the rate om impatience and we follow the value assumed for this in the UK (i.e. 𝛿 =

1.5). 𝜂 refers to the income elasticity which for the purposes of consistency we equate to the income 

elasticity of WTP (𝜂 = 1.5), and g refers to the rate of income (or consumption) growth which we again 

make consistent with Section 3.2.1, i.e. 𝑔 = 2. Accordingly, an overall discount rate of 4.5% is used in 

our analysis. Since the discount factor grows at a quicker pace than the growth in WTP with income, 

the net present value of reducing the number of drying days and reducing the length of the drying 

period declines at a rate of 
1.045

1.03015
≈ 1.015, such that effectively only our rate of time preferences is 

relevant in the changes in WTP over time. In other words, the assumptions imposed imply that on 

average reducing the number of drying days per year in the DRN by one year is value more than next 

year or in 2050. 

3.3 Deriving the overall benefits of SSP126 relative to SSP370 

To express the overall benefits of being able to restrict to climate scenario SSP126 as opposed to 

SSP370 requires to aggregate the intertemporal benefits by DRN. The equation below makes the net 

present value of these benefits explicit. 

𝐵𝑗 = ∑
𝑃𝑟𝑖𝑐𝑒𝑡

𝐶 ⋅ Δ𝐶𝑎𝑟𝑏𝑜𝑛𝑗𝑡 + 𝑁𝑗𝑡 ⋅ ( 𝑊𝑇𝑃𝑗𝑡
𝑑𝑎𝑦𝑠 

⋅ Δ𝐷𝑎𝑦𝑠𝑗𝑡 + 𝑁𝑗𝑡 ⋅ 𝑊𝑇𝑃𝑗𝑡
𝑙𝑒𝑛𝑔𝑡ℎ

⋅ Δ𝑙𝑒𝑛𝑔𝑡ℎ𝑗𝑡  )

(1 +
𝑆𝐷𝑅
100 )

𝑡−2021

𝑇=2025

𝑡=2021

  

    In the above,  

- 𝑃𝑟𝑖𝑐𝑒𝑡
𝐶 describes the carbon price in year t in t/CO2  

- Δ𝐶𝑎𝑟𝑏𝑜𝑛𝑗𝑡 describes the amount of carbon saved in year t in DRN j 

- 𝑁𝑗𝑡  describes the number of households living in DRN j in year t 

- 𝑊𝑇𝑃𝑗𝑡
𝑑𝑎𝑦𝑠 

 describes the marginal WTP for reducing the average number of drying days by one 

in DRN j in year t. 

- Δ𝐷𝑎𝑦𝑠𝑗𝑡 describes the projected number of reduced drying days under SSP126 relative to 

SSP370 in year t in DRN j 

- 𝑊𝑇𝑃𝑗𝑡
𝑙𝑒𝑛𝑔𝑡ℎ 

 describes the marginal WTP for reducing the length of the drying period by one 

month in DRN j in year t. 

- Δ𝐷𝑎𝑦𝑠𝑗𝑡 describes the projected reduction in the length of the drying period under SSP126 

relative to SSP370 in year t in DRN j   

- SDR – refers to the social discount rate which is assumed to be 4.5% 

An essential difference between the treatment of carbon and changes in the number of drying days is 

the multiplication by the number of households in each DRN, since the later have been estimated using 

WTP per household in the valuation surveys (see D4.3). For changes in the drying conditions this 

multiplication is appropriate because the benefits arise at the household level because interactions 

with the river and its related attributes changes. In contrast, carbon emissions are considered a global 

externality where the market price is assumed to reflect the negative impacts this has on the entire 

population (Aldy et al., 2021). In other words, the market price already reflects the benefits to society 

of reducing carbon emissions because it does not matter where these emissions occur. 

To establish the relevant populations in the three DRNs we start off with the most recent estimates of 

the number of households in the three DRNs. In Genal, the population of the Genal Valley in 2024 is 

7,091 (Spanish office for national statistics, 2024). In Bükkosdi, the population of the Szentlorinc district 

is reported in the 2022 census at 13,901, and in Lepsämänjoki D4.3 reports the population at 18,237 

in 2023.  Average household sizes are reported in D4.3 as respectively 2.61 (Genal), 2.2 (Bükkosdi) 2.49 
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(Lepsämänjoki). After rounding this provides us with an expectation of the number of households of 

respectively 2,717 (Genal), 6,319 (Bükkosdi), and 7324 (Lepsämänjoki). We then make use of the 

population growth statistics for 2023 from the Worldbank12, which reveal the population in Spain is 

increasing at a rate of 1.2% per year, in Hungary declining by 0.5% per year, and in Finland increases 

by 0.5% per year. Assuming the average household size does not change over time allows us to have 

an estimate of the number of households per DRN over the considered period. 

Table 6 presents the net present value of the benefits as per the above equation at the DRN level and 

splits these across the three benefit categories. Most of the benefits arise from the reduction in drying 

days and the changes in carbon emissions only account for a small portion of the benefits. It is not 

surprising that the overall benefits are highest in the Bükkosdi because the projected changes in drying 

patterns are largest.     

These net present values are useful in terms of the economic assessments of potential interventions. 

These essentially represent ‘break-even’ points for the costs of NBS (e.g. Glenk and Martin-Ortega, 

2018), that is: the maximum costs that any intervention or ensemble of interventions would have to 

be for them to be economically efficient, i.e. for the interventions start generating net benefits to 

society, in relation to these specific attributes (drying duration, drying period and carbon emissions).  

Table 6: Net present value of monetary benefits of achieving SSP126 instead of SSP370 

 Drying days saved Shorter drying period Lower carbon emissions Total Benefits 

Genal   €            354,077.31   €                    98,904.28  €                          - 38,945.16   €       414,036.42  

Bükkosdi  €            921,048.65   €                  132,843.56   €                              8,901.75   €   1,062,793.96  

Lepsamanjoki  €            375,779.06   €                  230,539.30   NA   €       606,318.36  

 

Note that the benefit estimates presented in Table 6 should be considered as a lower bound because 

only a limited amount of ecosystem services (e.g. carbon sequestration) and benefit generating 

attributes are considered. Indeed, the non-market valuation surveys in D4.3 indicate that other sources 

of benefit arise from changes in biodiversity, changes in flood risks and the risks of wildfires, and 

recreational services. We, however, have insufficient scientific evidence to project the developments 

of these ES and related attributes into the future and accordingly the benefits associated with limiting 

the challenges climate change poses to the functioning of the DRNs are not presented as explained in 

Section 2. In similar vein, we do not present benefit estimates for the other DRNs due to the significant 

errors that will emerge as part of the benefit transfer exercise as articulated by D4.3.       

  

 
12 https://databank.worldbank.org/reports.aspx?source=2&series=SP.POP.GROW&country=  

https://databank.worldbank.org/reports.aspx?source=2&series=SP.POP.GROW&country=
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4. Perceptions of Nature-Based Solutions 

4.1 Identification of potential NBS measures 

During the co-creating workshops in WP5 the Nature Futures Framework  (NFF - Kim et al., 2023) was 

operationalised allowing stakeholders to express current pressures experienced in the DRNs and 

identify desirable future states, including potential solutions (not limited to NBS). Across the DRNs 

various key pressures were identified ranging from water abstraction, point and diffuse pollution, 

modification of the river channels causing challenges with flash floods, but also (lack of) forest 

management was mentioned, increasing the risk of wildfires.  

Whilst in most DRNs the discussions settled on improving management structures to address a diverse 

range of pressures, as opposed to the identification of specific NBS solutions addressing specific 

challenges, some measures where nevertheless identified. These were used to inform the selection of 

a set of NBS included in the surveys in D4.3 with the aim of eliciting perceptions relating to their 

implementation. This initial list of NBS measures was subsequently revised based on comments and 

suggestions from the pilot surveys and local experts. Table 7 presents the final list of NBS, and in each 

DRN eight to ten NBS solutions were evaluated. For consistency with D5.6 the final column in Table 7 

links the NBS to the three potential categories of NBS included in the BBN, respectively drainage wing, 

river reach, and riparian buffer restoration measures.  

4.2 Preferences for the implementation of NBS 

Preferences for the implementation of distinct NBS were elicited by means of the following questions. 

In the Genal and Bükkosdi, respondents were asked to rank their preferred NBS from most preferred 

(value = 1) to least preferred (value = 8 (Genal); 10 (Bükkosdi)), and they were also asked to identify 

which NBS were considered as unacceptable (binary variable). In Lepsämänjoki respondents were 

asked to identify their (up to) three most preferred NBS. Additionally, in Lepsämänjoki a Likert scale 

question was also included inquiring the extent to which respondents would like to see an increase in 

the implementation of each NBS (1 – Current level is enough; 3 – this needs to be implemented a lot 

more). Finally, in the Genal and Bükkosdi respondents were asked to identify the extent to which they 

believed each NBS to be effective on a five-point Likert scale (1- not effective at all; 5 – very effective). 

4.2.1 Genal 

The ranking exercise indicates that the top three most preferred NBS measures are the planting of 

native tree species; replacing current crops with other requiring less water; and forest management 

(see Table 8). In other words, they prefer measures taking place in the drainage wing. Improving water 

infiltration, for example, by recovering ancient agricultural practices such as leaking dams comes in as 

a close fourth, whereas planting trees along the riverbank to increase shade. is on average the lowest 

ranked option. Moreover, the most preferred measure is interpreted by most respondents (93.9%). 

Overall, levels of acceptability are high, but more controversial NBS such as replacing existing crops 

and restoring natural flows through dam management are associated with the lowest levels of 

acceptability. In terms of effectiveness, all NBS score high with an average just over four, with five 

denoting very effective.  
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Table 7: Detailed NBS measurements of the three cases 

NBS Measures Genal Bükkösdi Lepsämänjoki Classification 

Avoiding drainage of commercial forests   x Drainage wing 

Avoiding over-fertilization on fields   x Drainage wing 

Floodplain channels along agricultural watercourses   x Drainage wing 

Forest management x x  Drainage wing 

Improve vegetation on the margins of crop fields. x x  Drainage wing 

Improve water infiltration, for example, by recovering 

ancient agricultural practices such as leaking dams 
x x 

 
River reach 

Plant trees along the riverbank to increase shade. x x  Riparian buffer 

Planting native tree species x x  Riparian buffer 

Reintroduce river meandering to allow the river to 

curve with a low speed of flow 
 

x x River reach 

Reintroduction of ecosystem engineer species that 

promote water retention (e.g. Eurasian beaver). 
 

x 
 

River reach 

Removing migration barriers from watercourses   x River reach 

Replace some current crops (mangos, avocados) with 

others that require less water 
x x 

 
Drainage wing 

Restoration of natural flows through dam 

management 
x x 

 
River reach 

Restoring small wet reservoirs, such as ponds x x  Riparian buffer 

Wetlands for retaining water, nutrients, and 

sediments   
x Riparian buffer 

Wider and more wooded buffer zones along 

watercourses 
  

x Riparian buffer 

Winter cover and/or reduced tillage on fields   x Drainage wing 

Total 8 10 8  

Note: ‘x’ marks inclusion of the NBS in the respective non-market valuation survey 

4.2.2 Bükkosdi 

In the Bükkosdi the planting of native tree species also comes out as the highest ranked NBS, with 

forest management, and the restoration of small wet reservoirs, lakes and wetlands coming 

respectively as second and third ranked NBS (see Table 9). At the other end of the ranking, the 

reintroduction of beavers and other ecosystem engineers, and reintroducing the meandering of the 

river are ranked as the least preferred options by respondents. This picture is thus overall, consistent 

with the Genal. Levels of acceptability are high across all ten NBS with the reintroduction of beavers 

being ranked lowest at 89.8% acceptability. This is also considered the least effective option to address 

drying, whereas the restoration of small wet reservoirs, lakes and wetlands is considered most 

effective.   
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Table 8: Preferences for NBS implementation in the Genal 

NBS Ranking Acceptability Effectiveness 

 

Avg. 
rank Std. Ranking % of sample Mean Std. 

Planting native tree species 3.72 2.28 1 93.94% 4.16 0.78 
Replace some current crops 
(mangos, avocados) with others 
that require less water 4.06 2.54 2 72.53% 4.1 0.97 

Forest management 4.44 2.4 3 88% 4.26 0.75 
Improve water infiltration, for 
example, by recovering ancient 
agricultural practices such as 
leaking dams 4.47 2.21 4 85.66% 4.15 0.86 
Restoring small wet reservoirs, 
such as ponds 4.72 2.07 5 85.45% 4.18 0.77 
Improve vegetation on the margins 
of crop fields. 4.74 2.16 6 87.07% 4.16 0.8 
Restoration of natural flows 
through dam management 4.76 2.25 7 79.19% 4.14 0.82 
Plant trees along the riverbank to 
increase shade. 5.09 2.13 8 83.03% 4.08 0.86 

 

Table 9: Preferences for NBS implementation in the Bükkosdi 

NBS Ranking Acceptability Effectiveness 

 

Avg. 
rank Std. Ranking % of sample Mean Std. 

Planting native tree species 4.63 2.92 1 96.9% 4.16 0.93 

Forest management 4.73 3.21 2 96.6% 4.29 0.84 

Restoring small wet reservoirs, 
lakes and wetlands.  

5.22 2.84 3 92.5% 4.41 0.80 

Replace some current crops with 
others that require less water 

5.25 2.89 4 93.0% 4.18 1.01 

Restoration of natural flows 
through dam management 

5.37 2.64 5 95.2% 4.2 0.96 

Improve vegetation on the margins 
of crop fields 

5.65 2.85 6 92.9% 4.1 1.03 

Plant trees along the riverbank to 
increase shade 

5.72 2.74 7 93.7% 4.13 0.96 

Improve water infiltration, for 
example, by recovering ancient 
agricultural practices such as 
leaking dams or artificial beaver 
dams. 

5.79 2.88 8 92.7% 4.18 0.89 

Reintroduction of ecosystem 
engineer species that promote 
water retention (e.g. Eurasian 
beaver). 

6.29 2.72 9 89.8% 3.74 1.33 

Reintroduce river meandering to 
allow the river to curve with a low 
speed of flow 

6.34 2.47 10 92.9% 4.01 1.06 
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4.2.3 Lepsämänjoki  

In the case of Lepsämänjoki, ‘Avoiding over-fertilization on fields’ and ‘Wetlands for retaining water, 

nutrients, and sediment’ are most frequently (63%, and 47%) included in the most preferred set of 

NBS. ‘Avoiding the drainage of commercial forest’ comes in as the third most preferred option. Also, 

in the case of Lepsämänjoki there appears to be an aversion to the increasing the meandering of 

streams, which is only included in the set of most preferred NBS 8% of the times (see Table 10). The 

responses to the alternative question where respondents are asked to indicate if they wish to see each 

measure implemented more often (1- no; 2-yes; 3- a lot more) provides a consistent picture with the 

emerging ranking of the NBS. Respondents prefer to see the most preferred options to be 

implemented more often than those they rank lowest.  Note that the mean of the Likert scale cannot 

be contrasted against the other two case studies because it is only measured here on a three-point as 

opposed to a five-point Likert scale in the other two case studies.   

Table 10 Results of NBS preference of the Lepsämänjoki case 

  

Frequency of 

implementation Included in preferred NBS 

  Mean St.D. Mean St.D. Rank 

Avoiding over-fertilization on fields  2.5 0.75 0.63 0.48 1 

Wetlands for retaining water, nutrients, and sediments  2.32 0.66 0.47 0.50 2 

Avoiding drainage of commercial forests  2.26 0.84 0.32 0.47 3 

Wider and more wooded buffer zones along watercourses  2.27 0.74 0.29 0.45 4 

Removing migration barriers from watercourses 2.32 0.75 0.25 0.43 5 

Floodplain channels along agricultural watercourses  2.15 0.67 0.23 0.42 6 

Winter cover and/or reduced tillage on fields  2.16 0.75 0.20 0.40 7 

Increasing the meandering of streams  1.93 0.79 0.08 0.28 8 

 

The results reveal a consistent focus on forest management across both the Genal and Bükkösdi case 

studies, establishing it as a common solution to the drying. Additionally, both the Bükkösdi and 

Lepsämänjoki cases reveal a shared concern for the management of small wet reservoirs. Across the 

three case studies there is, however, a consistent aversion to reintroducing natural flows (i.e. 

meandering) of streams and rivers. 

5. Reflections 

We set out this deliverable with the intention of conducting cost-benefit analyses (CBA) contrasting 

the extent to which the benefits generated by the implementation of spatially targeted NBS outweigh 

their implementation costs. We have been able to identify through non-market valuation surveys the 

kind of NBS preferred by local populations. Not unsurprisingly, the preferred measures are specific to 

the local DRNs, but some consistent patterns emerge. A clear preference is expressed across the case 

studies for making changes in the drainage wing through planting native tree species, and forest 

management, whereas the reintroduction of meandering streams is considered amongst the least 

preferred NBS.  
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Ideally, we would have evaluated the effectiveness and impacts of implementing such measures on 

flow intermittence, biodiversity, and the wider functioning of the ecosystems in DRNs, ultimately 

affecting the way in which local populations benefit from interacting with their local DRN – also known 

as ecosystem services. CBA is an ideal tool for bringing all these benefits together and expressing them 

in a common unit (i.e. money), allowing the comparison of alternative policy solutions mitigating the 

effects of climate change in DRNs against each other, and against the ‘do nothing’ scenario.  

For CBA exercises to be meaningful in these kinds of contexts many things need to come together. To 

make this more explicit, the modelling components developed in large scale projects like DRYvER need 

to be integrated such that all the generated transdisciplinary insights can be brought together. This 

challenge is not new, and Martin-Ortega et al. (2015) already flag that “research agendas should be 

driven by attempts to address the challenges of the integrated approach, rather than (or rather than 

only) on improving the sophistication of the individual methods that might end up bringing them further 

apart”. Whilst cross-work package consultations have taken place throughout the DRYvER project 

aiming to ensure knowledge integration where possible, the desired level of integration has not been 

established.  

This deliverable has articulated major knowledge gaps regarding key aspects, specifically in the form 

of robust dose-response functions, still exist and thereby limit the ability of undertaking 

comprehensive CBA tailored to specific NBS at the DRN level. Without dose-response functions 

capturing the effectiveness of spatially targeted adaptation and mitigation measures in the form of 

NBS on flow intermittence and subsequent changes in the provisioning of ecosystem services proved 

challenging. Namely, it is that extent of the intervention (e.g. size, coverage, locations) that determines 

the costs of interventions and the potential for generating benefits to society. We therefore had to 

resort to a second-best strategy evaluating alternative climate scenarios and interpreting this ‘as if’ a 

bundle of NBS could be equally effective.  

This presented analysis illustrates, for the limited set of attributes for which information was available 

in a way that could be in-putted into an economic assessment, how ‘break-even’ points for the costs 

of NBS can be identified. While limited, this can serve as first stepping stone in guiding policy makers 

as per the maximum costs that the NBS would have to be so that net benefits to society are generated 

from NBS implementation.  

The evidence generated by DRYvER, although not (yet) perfectly aligning with the informational needs 

of a full-fledged CBA to support a business case to implement adaptation and mitigation measures, 

postulates that the impacts of climate change on flow intermittence can be significant, especially in 

the Hungarian DRN. Subsequent impacts on local biodiversity can be substantive and may put certain 

macroinvertebrates at risk due to conditions falling beyond Safe Operating Spaces. With such drastic 

changes in the functioning of ecosystems in DRNs and the corresponding risk posed on the delivery of 

ecosystem services, there is a clear need to rapidly develop evidence as to how relevant NBS may 

effectively limit such welfare losses to society.     

Future research should look into reducing the uncertainty in the future projections of drying patterns 

and the modelling of related ES and attributes, and the modelling of specific NBS in given territories, 

so these can be connected with the outputs that are possible to obtain from monetary valuation 

techniques. 
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