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Received: 28 November 2020

Accepted: 25 January 2021

Published: 1 February 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Chair of Hydrology and River Basin Management, Technical University of Munich, Arcisstrasse 21,
80333 Munich, Germany; veronika.zwirglmaier@tum.de (V.Z.); leonardo.arias@tum.de (L.F.A.-R.);
markus.disse@tum.de (M.D.)

2 Aueninstitut Neuburg, Katholische Universität Eichstätt-Ingolstadt, Schloss Grünau,
86633 Neuburg an der Donau, Germany; Marion.Gelhaus@ku.de (M.G.); Bernd.Cyffka@ku.de (B.C.)

3 Chair for Strategic Landscape Planning and Management, Technical University of Munich,
Emil-Ramann-Str. 6, 85354 Freising, Germany; aude.zingraff-hamed@tum.de

* Correspondence: francesca.perosa@tum.de

Abstract: Floodplain restoration measures are among the most well-known nature-based solutions for
flood risk reduction but practitioners see their limitations in comparison to technical measures when
considering both their effectiveness and profitability. The aim of this study is to show the co-benefits
(besides flood risk reduction) of floodplain restoration and handle them in terms of monetized
ecosystem services (ES). Our work focused on six ES groups for three study areas in the Danube
catchment along the Krka, Morava, and Danube rivers. ES mapping through stakeholder engagement
is also considered. We applied the methodologies suggested in the Toolkit for Ecosystem Service
Site-Based Assessment (TESSA) complemented with alternative methodologies (e.g., questionnaires
on social media). Results show annual combined benefits of floodplain restoration in a range from
237,000 USD2019 at Krka to 3.1 million USD2019 at Morava, suggesting the utility of ES assessment. The
combination of stakeholder workshops and the TESSA guidelines, as well as the newly developed
methods, were all central tools to provide decision-makers with arguments to use nature-based
solutions for an integrated and holistic riparian land use management.

Keywords: Nature-Based Solutions (NBS); floodplain restoration; ecosystem services; TESSA; stake-
holder participation; Danube River Basin

1. Introduction

Floodplains are of great value for humanity and ecology but are worldwide disap-
pearing. In Europe, the World Wide Fund compared the current floodplain areas size with
the 19th Century and showed that less than 20% of the former floodplain area remains in
the entire Danube River Basin (DRB) [1]. Yet, floodplains cover many functions, such as
playing a crucial role in flooding water retention. The International Union for Conservation
of Nature (IUCN) defines nature-based solutions (NBS) as “actions to protect, sustainably
manage, and restore natural or modified ecosystems, that address societal challenges ef-
fectively and adaptively, simultaneously providing human well-being and biodiversity
benefits” [2]. In this context, floodplain restoration is an increasingly popular NBS that con-
sists in different soft engineering approaches combining the preservation or improvement
of biodiversity and the increase of flood risk resilience. Examples of restoration measures
include re-meandering of the main river channel, increasing the floodplain width, and
removing artificial dykes or other obstructions to flood flows [3].

Floodplain restoration is often seen as a win-win NBS. For example, in flood risk
management, the technical measures used in the last century to protect us against extreme
flood events have proved to be not resilient for two reasons. In some cases, the possibility
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to further raise dykes has been depleted, a problem, which might get relevant in the future
due to climate change; in other cases, grey infrastructure solutions, i.e., hard engineering
structures, deal with the flood risk problem in an isolated and unilateral manner, for
example by neglecting ecological and societal aspects [4]. Differently, floodplain restoration
might modify the relation of humans to floodplains, and how the former can benefit from
the latter, i.e., floodplain restoration can improve various floodplains’ ecosystem services
(ES). For example, potential ES of floodplain reconnection are flood depths reduction,
which can reduce flood risk, or a better river-floodplain connection, which enhances ES,
such as water quantity and quality regulation [5]. Floodplain restoration is a solution
with great potential but these NBS are difficult to finance because, when compared to
technical measures, they require a wider land usage and a more case-specific approach
to maintain comparable risk reduction and local economical expenses [6]. Therefore, we
need to consider the benefits of this NBS, namely the various ES provided, to have a more
integrative picture on the effects of floodplain restoration measures. We want to address
the problem that the concept of ES is for now poorly integrated in ecosystem management
and flood risk decision-making in countries of the DRB [7]. ES quantification could help in
implementing integrated planning strategies and improving regional policy making [7].
These steps should also be implemented by including stakeholders’ consultation.

Some studies analyzed the ES values of floodplains at the Danube catchment level [8,9].
However, the results of the qualitative studies on floodplain restoration and their ES were
conducted for specific sections or tributaries of the Danube, and single or few ES. For
example, Petz et al. [7], Derts and Koncsos [10], and Grover and Krantzberg [4] show
dominance of food provisioning ES in the floodplain areas of the biggest Danube’s tributary,
the Tisza river.

Guida et al. [5] only focused on the hydrodynamic consequences of floodplain restora-
tion at the Tisza and call for estimation of additional potential benefits of floodplain
reconnection (such as water quality regulation) with stakeholder perspectives, since the
stakeholder involvement paradigm plays a minor role in the Tisza Basin [11].

Various tools exist to estimate the benefits of NBS, such as ARIES [12] or InVEST [13],
which usually apply to national or regional scales. While these tools do not explicitly
include stakeholder engagement in their analysis, other guidelines actively suggest consid-
ering stakeholders in the planning of NBS and ES estimation. The Toolkit for ES Site-based
assessment (TESSA) [14] is a PDF-based platform that aims at enhancing stakeholders’
engagement in decisional processes and has the advantage of a shorter application time,
the accessibility to local non-specialists [15], and its suitability for local scale applications.
In addition, this tool is designed for applications at the local scale. TESSA was applied so
far only once at the DRB to analyze agricultural ES and payment schemes [16]. We found
three studies that recently used TESSA to examine floodplain restoration measures and
recommended its future application. Fazaa et al. [17] analyzed a floodplain in Southern
Iraq and Merriman et al. [18] applied TESSA for the estimation of five wetland ES in Nepal,
namely three provisioning ES, greenhouse gases sequestration, and nature-based recreation.
A local, rapid analysis of a wetland restoration in the UK was conducted by Peh et al. [19]
and represents the only European application on the topic.

One of the major challenges of methods and tools, as TESSA, to assess floodplain val-
ues is the comprehensive integration of the large spectrum of ES. Existing studies focused
mainly on provisioning and regulating ES, neglecting the cultural and supporting ES. For
example, the value of biodiversity is missing from TESSA’s applications on floodplains
and the local climate regulation is missing from Merriman [18]. This led to a global overex-
ploitation of provisioning services in the recent past [20] and an unbalanced consideration
of ES for the planning and management of ecosystems [10]. In order to fill this research
gap, we included six ES in our evaluation methods. Although this allows a more ES-aware
decision-making, we recognize that “not all ES can be maximized simultaneously” [21].

A major challenge to estimate benefits of floodplain restoration is a still missing sys-
tematic method to be applied. One reason for that is the need of more application examples.
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In fact, the fourth step for flood management developing in the direction of integrated
approaches is to test innovative flood management strategies in pilot projects [11]. This
paper is aimed at filling this research gap, by also testing the same methodology to three
pilot areas at the same time.

Our research objective is to develop a systematic method to evaluate ES of restored
floodplains based on the well-established TESSA approach. More specifically, we address
questions, such as the following:

• What are the main benefits of a floodplain restoration scenario?
• Does the same method apply for different (but spatially not too far) case studies?
• What are alternatives to TESSA’s missing methodologies for some ES?

For three cases in the DRB, we tested our approach providing in-depth analysis on
relevant ES (carbon storage, greenhouse gases sequestration, flood protection, nutrients
retention, cultivated goods, and nature-based recreation) for future riparian land use plan-
ning and management. The research provides a new application of TESSA’s Version 2.0,
especially considering the stakeholder consultation enabling to formulate recommenda-
tions for further methodological improvement in times of increasing digitalization and
social distancing.

2. Materials and Methods

To support decision-making processes, we developed a method to assess the potential
ES availability of planned but not yet implemented restoration projects. We used the
version 2 of TESSA [14] as theoretical background for ES estimation and in some cases
for ES valuation. All steps were implemented in a Python code that can be run from
QGIS3 [22]. The code and illustrative input data are available on GitHub [23]. For the
ES assessment, a consistent quantity of input data was necessary, such as agricultural
yields, the population density, or emission factors of greenhouse gases. When lack of data
characterized the study areas, we used publicly available data from different institutions
and databases (e.g., the Intergovernmental Panel on Climate Change (IPCC) reports [24,25],
FAOSTAT [26], EUROSTAT [27,28], and EarthStat [29]). Moreover, the maps resulting
from stakeholder workshops were used as input data for the estimation of global climate
regulation and cultivated goods ES. In order to evidence potential changes, we applied
the methods for both prior restoration state, namely the current scenario (CS) and the
restoration scenario (RS).

2.1. Study Areas and Restoration Measures

This research is a direct outcome of the Interreg Danube Floodplain project [30] and the
methodological approach has been applied to three study sites within the DRB (Figure 1).
Begecka Jama (394 hectares) is located at the Serbian Danube, upstream from the City of
Novi Sad; the Krka study area (4115 hectares) in Slovenia includes the town of Kostanjevica
na Krki, the Krakovski forest, and the Krka river; the Morava study area (17,068 hectares)
is located at the border between Czech Republic and Slovakia, and it comprises the area
between the Morava and the Thaya rivers, as well as the Morava river itself.

The floodplain restoration measures considered in the RS scenario consist of modifying
the water regime to affect the flow conditions and the water supply in the floodplain areas
throughout the year. In all study areas, these modifications have the goals of improving
flood risk management, protecting the ecosystems, increasing biodiversity, improving
habitat quality (terrestrial and aquatic, e.g., spawning areas or better conditions for fish
migration), and increasing the diversity and quality of ecosystem services.
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Figure 1. Location of the study areas analyzed in this paper. The green point indicates the Morava study area, located at 
the Morava river at the border between Czech Republic and Slovakia; the orange point indicates the study area at the Krka 
river in Kostanjevica na Krki, Slovenia; the blue point indicates the Begecka Jama study area at the Serbian Danube. 
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proving flood risk management, protecting the ecosystems, increasing biodiversity, im-
proving habitat quality (terrestrial and aquatic, e.g., spawning areas or better conditions for 
fish migration), and increasing the diversity and quality of ecosystem services. 

2.1.1. Floodplain Restoration in the Begecka Jama Study Area 
Begecka Jama’s wetland habitats and hydrological regime have worsened due to for-

estry activities, pollution from the arable land, flood protection measures, and intensive 
land use [31]. According to the Danube River Basin Management Plan (DRBMP) update 
of 2015 [32], this Danube section is a heavily modified water body (HMWB) and its chem-
ical status is “poor”, where the standardized scale used within the Water Framework Di-
rective (WFD) of the European Parliament [33] rates as “good” the chemical status of sur-
face waters, whose concentrations of all priority substances do not exceed those permitted 
by the Environmental Quality Standards Directive 2008/105/EC [34,35]. The area’s ecolog-
ical potential is “moderate” (also derived from the WFD [33], as expressed by biological 
quality elements, hydromorphological, and physico-chemical parameters [34]). The po-
tential restoration measures analyzed in this study would include a weir reconstruction 
and diversifying the river morphology and cross profiles (e.g., cleaning and widening the 
connecting channel between the river and the lake, deepening the existing oxbows and 
channels, excavating new channels between the deepened oxbows). These measures 
should have the effect of creating new fish spawning areas, improving fish migration con-
ditions and increasing consequently biodiversity, as well as enabling inflow and outflow 

Figure 1. Location of the study areas analyzed in this paper. The green point indicates the Morava study area, located at the
Morava river at the border between Czech Republic and Slovakia; the orange point indicates the study area at the Krka
river in Kostanjevica na Krki, Slovenia; the blue point indicates the Begecka Jama study area at the Serbian Danube.

2.1.1. Floodplain Restoration in the Begecka Jama Study Area

Begecka Jama’s wetland habitats and hydrological regime have worsened due to
forestry activities, pollution from the arable land, flood protection measures, and intensive
land use [31]. According to the Danube River Basin Management Plan (DRBMP) update of
2015 [32], this Danube section is a heavily modified water body (HMWB) and its chemical
status is “poor”, where the standardized scale used within the Water Framework Directive
(WFD) of the European Parliament [33] rates as “good” the chemical status of surface
waters, whose concentrations of all priority substances do not exceed those permitted by
the Environmental Quality Standards Directive 2008/105/EC [34,35]. The area’s ecological
potential is “moderate” (also derived from the WFD [33], as expressed by biological quality
elements, hydromorphological, and physico-chemical parameters [34]). The potential
restoration measures analyzed in this study would include a weir reconstruction and
diversifying the river morphology and cross profiles (e.g., cleaning and widening the
connecting channel between the river and the lake, deepening the existing oxbows and
channels, excavating new channels between the deepened oxbows). These measures should
have the effect of creating new fish spawning areas, improving fish migration conditions
and increasing consequently biodiversity, as well as enabling inflow and outflow from the
floodplain system. Begecka Jama study area is investigated by the Jaroslav Cerni Water
Institute [36].
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2.1.2. Floodplain Restoration in the Krka Study Area

The Krka area is protected under the Habitat and Bird Directives, Natura2000, and
the International Union for the Conservation of Nature and Natural Resources Red List,
also due to the Krakovski forest, which represents the largest lowland floodplain forest
in Slovenia [31]. Its overall ecological status was classified as “good” [32]. However, the
forest suffers from droughts throughout the year due to the floodplain’s disconnection.
To solve this problem and improve flood risk management for the Kostanjevica na Krki
town, the local authorities [37] hypothesized a combination of measures to increase water
conductivity in the river bed, with actions like river bed deepening and the excavation of
three corridors to enable floodplain activation [31]. The Krka study area is investigated by
the Slovenian Water Agency [37].

2.1.3. Floodplain Restoration in the Morava Study Area

The Morava river faced in the past channel straightening and the interruption of
longitudinal continuity by weirs and sills [31]. The river is now an HMWB, with ecological
status of class “moderate” and hydro-morphological quality of class “poor” [32]. A restora-
tion scenario was planned, in which certain levees and barriers are removed or adjusted,
flood dykes are relocated, river meanders are restored, and oxbows are reconnected to the
main Morava channel [38]. The Morava study area is investigated by the Czech Morava
River Basin Authority [38] and the Water Research Institute of Slovakia [39].

2.2. Stakeholders’ Consultation

The stakeholder workshops took place in the study areas between January and Febru-
ary 2019. During the meetings, between 17 (Krka), 37 (Begecka Jama), and 41 (Morava)
stakeholders from various interest groups first attended a presentation regarding the state
of the floodplains and the potential restoration measures. The stakeholders belonged to
different interest groups and went from local to international level. Therefore, it was not
possible to differentiate them into groups belonging to the floodplain’s upstream and
downstream areas. In a second step, the participants were divided into multiple mixed
groups and discussed, identified, and marked the locations and intensity of use (on a scale
from 1 to 5, where one stands for “Missing to very low” intensity and five stands for “Very
high” intensity) of different ecosystems in the current state scenario of the pilot areas. In a
third step, the stakeholder groups were asked to repeat the second step, but for a potential
floodplain restoration scenario; in this case, the intensity of ecosystem services had to be
only recognized as increasing, decreasing, or stable. As a result of the meetings, Table 1
reports the ES that were recognized by the stakeholders in the study areas [40]. A summary
of the corresponding potential TESSA methods used for each ES sub-group in this paper
can be seen in the last column of Table 1.

2.3. Global Climate Regulation

The ES of global climate regulation refers to the storage of carbon and the exchange of
carbon dioxide (CO2) and other greenhouse gases (GHGs) between the atmosphere and
the plants, the animals and soil within ecosystems. As suggested in TESSA, these were esti-
mated following the Tier 1 methodology of the Intergovernmental Panel on Climate Change
(IPPC) reports [24,25] and taking the estimates of rates for CO2 flux, methane (CH4) flux
and nitrous oxide (N2O) flux of various habitat types from the above-mentioned sources or
from Anderson-Teixeira and DeLucia [42] (Table S1 of the Supplementary Materials).
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Table 1. Summary of the ecosystem services (ES) identified by stakeholders and the corresponding potential methodology
to estimate ES within the Toolkit for Ecosystem Service Site-Based Assessment (TESSA) framework.

ES According to Stakeholders

ES Group ES Sub-Group Begecka Jama Krka Morava ES Estimate Method

Greenhouse gases sequestration X Tier 1 of IPCC 1

Flood retention X X X Not available in TESSA

Flood protection X X X
Hydrodynamic modeling and

damage functions [41]
Water quality:

Nutrients retention X X
Statistical analysis of nutrients in

DRB
Local climate regulation X X X Not available in TESSA

Noise regulation X Not available in TESSA

Provisioning of
cultivated goods

Crops X X
Mixture of TESSA and publicly

available information
Livestock and bees X X X

Aquaculture X X

Provisioning of
harvested wild

goods

Wood X X X Available in TESSA, neglected due to
high data requirementFish X X

Game meat X

Nature-based
recreation

and tourism

Recreational ES X X X Online questionnaires and individual
travel cost method

(adapted from TESSA)
Tourism X X X

Education X X X

Habitat
provisioning

Terrestrial habitats X X X
Not available in TESSASpawning areas X X X

1 IPCC stands for “Intergovernmental Panel on Climate Change”.

2.3.1. Carbon Storage

We calculated the total carbon stocks as the sum of the carbon stocks of the above-
ground biomass (ABG), the below-ground biomass (BGB), the litter biomass (LB), the dead
wood biomass (DWB), and the soil organic carbon (SOC). For Begecka Jama and Krka, we
estimated the SOC assuming to have only mineral soil and using IPCC’s Tier 1 method. For
Morava, due to the presence of organic soil (Luvic Chernozem) as reported in the Food and
Agriculture Organization (FAO) Soil Map of the World [43], we extracted the SOC value
from a global soil organic carbon map (GSOCmap, v1.5.0) [44]. This makes the process
different than TESSA’s recommendations.

2.3.2. Greenhouse Gases Flux

We estimated carbon sequestration (i.e., increase of carbon stocks) by assuming that
the carbon stock change is taking place only in tree-dominated areas. Differently than
what is suggested in TESSA in the Decision tree C6, we calculated the growth of carbon
stocks using the growing rates of planted trees, i.e., the Mean Annual Increment (MAI)
expressed in annual cubic meters per hectare and taken from the Planted Forests Database
(PFDB) [45].

We estimated the losses from the carbon stocks as suggested in TESSA in the Deci-
sion tree C7 and in Climate Method M8, i.e., we assumed that carbon losses are derived
from disturbances that can come from wood removals, fuelwood collection and charcoal
removals, or other disturbances (e.g., illnesses, fires, etc.). The “Forestry Production and
Trade” section of the FAOSTAT database [26] provides data on the national level on an-
nual roundwood removals, annual fuelwood removals, and annual charcoal removals in
m3/year. We then scaled the country-level data from the country values to the study area
size. The values used for the reference year 2017 (default year) can be seen in Table S2 of
the Supplementary Materials. For Krka and Morava, disturbances (such as illnesses and
fires) could not be estimated and were therefore neglected. For Begecka Jama, we used
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disturbance values from personal communication [46] and assumed that the area in which
the disturbance takes place is equal to the whole harvest area.

To estimate the quantity of GHGs emitted/sequestered to/from the atmosphere,
we followed the steps suggested in TESSA for CO2 emissions from drained soils, CH4
emissions from grazing animals, CH4 emissions from wetlands (besides for Begecka Jama,
for which we had no wetland description), and N2O emissions from agriculture. We then
calculated their corresponding CO2 equivalent and overall GHGs flux.

2.3.3. Monetary Value of Carbon Storage and GHGs Flux

We calculated the corresponding monetary value of the stored carbon and of the GHGs
flux by multiplying the estimated CO2 equivalents times the values of the CO2 emissions
taxation systems documented in the report of the World Bank [47]. The Slovenian Carbon
tax rounded up to the nearest integer is 19 USD2020 per metric tons of carbon dioxide
equivalent (tCO2e) [47], as well as the European Union (EU) Emissions Trading System
(ETS), for year 2020 [48]. In the previous years, the EU ETS values were 16 USD2020 per
tCO2e in 2018 and 25 USD2020 per tCO2e in 2019 [48]. Since the overarching framework
of the international carbon market remains unclear and decisions for future prices in the
EU are postponed to 2021 [47], we used the values from 2018 and 2019 to estimate error
calculations of the values of stored carbon and GHGs flux services.

2.4. Water-Related Services: Flood Protection

The reduction of flood risk was originally one of the main goals of the floodplain
restoration NBS and of the Danube Floodplain project [30]. We therefore put particular
attention in the estimation of this ES. First, we collected three water depth maps for each
study area, resulting from the 2D hydrodynamic modeling of the three return period (RP)
groups of high probability (RP 2 to 5 years), medium probability (RP 10 to 20 years), and
low probability (RP 100 years). The modeling was conducted under the framework of
the Danube Floodplain project [30] for both CS and RS scenarios. Secondly, we applied
the Joint Research Centre (JRC) damage functions [41,49] to all scenarios and land uses to
estimate the flood-caused damage in our study areas. The damage curves can be observed
in the Supplementary Materials. Finally, we applied the trapezoidal method for flood risk
(expected annual damage, EAD) estimation [50], as shown in the following function:

EAD =
1
2

n

∑
i=1

[

(
1
Ti

− 1
Ti+1

)
(Di + Di+1)] +

Dn

Tn
, (1)

where n = 3 is the number of return periods, T is the return period in years (shown in detail
for each study area in the Supplementary Materials, together with their corresponding
lower and upper uncertainty boundaries), and D is the corresponding damage.

2.5. Water Related Services: Nutrients Retention

Although some steps overlap with the guidelines, the estimation of the nutrients
retention by the floodplains did not follow TESSA because we did not have access to
measured data of water quality upstream and downstream of the studied floodplain
areas. Instead, we analyzed the data from the DanubeGIS [51] of total nitrogen (TN)
measurements at the Danube and its tributaries and combined them with our knowledge on
the presence of active floodplains in the DRB [30]. We analyzed comparable measurements
(5 days of buffer) between upstream and downstream of the floodplains and obtained an
average value of TN retention of floodplains as 1.51 mg N/L and of 1.69·10−4 mg N/L/ha
(Figure 2).
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To understand the TN retention of the whole floodplain, i.e., to scale the value in
mg N/l/ha to a total value of retained kg TN, we needed the volume of water filtered
by the floodplain per year. Therefore, we took the floodplains’ activated volume that
we simulated for extreme flood events (HQ2 to HQ5, HQ10 to HQ20, and HQ100) and
calculated the expected annual retention volume (EARV) with the trapezoid method, as
shown in the following function:

EARV =
1
2

n

∑
i=1

[

(
1
Ti

− 1
Ti+1

)
(RVi + RVi+1)] +

RVn

RVn
, (2)

where n = 3 is the number of return periods, T is the return period in years, and RV
is the corresponding retention volume. The specific values of T (together with their
corresponding lower and upper uncertainty boundaries) and RV for each study area can
be found in the Supplementary Materials. The estimation is valid under the assumption
that the volume that is additionally retained by the restored floodplain in comparison to
the CS scenario is also the volume that is additionally filtered by the floodplain.

To attribute a monetary value to the TN retention of the floodplain, we applied the
benefit transfer (BT) method by using the database of floodplains’ ES values in the DRB
and its intersecting countries [9]. We used only the values expressed in USD2018/kg N and
applied their average of 7.27 USD2018/kg N (Figure 2) to the estimated annual quantity
of retained TN for each study area. To estimate the corresponding errors, we applied the
values 3.75 USD2018/kg N and 10.79 USD2018/kg N, being these the first and third quartiles
of the benefit transfer values, respectively.

2.6. Cultivated Goods

The cultivated goods provisioning ES includes three types of goods: crops, live-
stock, and aquaculture. These ES were calculated using a combination of interviews to
local authorities and publicly available data, such as FAOSTAT tables for agriculture and
livestock [26] and EUROSTAT tables for aquaculture [28]. The crops goods estimation ad-
ditionally required the EarthStat maps of harvested areas and yield for each crop type [29].
With this information, it was possible to calculate the annual total yield of each listed
crop type for the selected areas. The knowledge on the crops, livestock, and fish species
present in the study areas was provided by the interviews [46,52,53] and is shown in
Table S7 of the Supplementary Materials. The spatial extension of the production areas
was given instead by the stakeholder workshops ES maps. The national data were scaled
according to the size of the area. The cultivated goods ES values were estimated with
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market prices. The data used were statistics from 2017 of the “Trade-Crops and livestock
products” section of the FAOSTAT database [26], which provides the producer prices per
unit, or the EUROSTAT, which provides the prices at first sale for human consumption in
EUR/year [28]. To estimate the results’ uncertainty boundaries, we used the minimum and
maximum national statistics values of primary production (for livestock goods), producer
prices (for agricultural goods) or both (for aquaculture goods) in the periods 2014 to 2018
(for agricultural and livestock goods) or 2008 to 2017 (for aquaculture goods).

2.7. Nature-Based Recreation

To assess the nature-based recreation (e.g., exercising, experiencing nature, etc.) pro-
vided by the floodplain areas and their restoration, we applied the individual travel cost
method (ITCM). As a response to the COVID-19 pandemic and its consequent travel restric-
tions [54–56], this method was based on interviews that were conducted online through
LimeSurvey [57] from 7 August 2020 to 1 September 2020. We used Facebook events [58]
and Instagram [59] posts (with hashtags related to the study areas) to advertise the survey
(in locations with a radius of 20 km around Begecka Jama, 20 km around Kostanjevica na
Krki, and 40 km around Lanzhot for Morava). To retrieve data on the restoration scenario,
the interviews included a section in which the respondents described their potential reac-
tion to a hypothetical floodplain restoration. A template of the interviews can be found in
the Supplementary Materials. The ITCM requires as input data the count of the visits of an
individual to a site in a year, the corresponding travel cost (TC) to the site (sum of cost to
get to the site with fuel prices for each country from the European Commission [60] and
additional expenses), and can include other characteristics (e.g., age, education level, etc.).
As described for example in Hanauer et al. (2017) [61] or Borzykowski et al. (2017) [62],
each respondent was represented by applying the following function:

number of visits per year = α + β × TC + γ × age, (3)

where α is the intercept, and β and γ are the coefficients estimates. Based on the fitted
Poisson model, the consumer surplus per visit was calculated as the negative inverse of
the constant (−1/β) of the TC variable. Herein, the consumer surplus is defined as the
difference between the total travel costs sustained by a visitor to a recreational site and
the maximum amount the visitor is willing to pay to make a visit to that site. Multiplying
the consumer surplus by the total number of visits gave a total consumer surplus for the
site [63]. To estimate the results’ uncertainty boundaries, we propagated the lower and
upper boundaries derived from the standard error of the β coefficients. The total number
of visits was retrieved from additional e-mail conducted interviews [64–67] and personal
communication with local authorities [53].

3. Results
3.1. Stakeholders’ Consultation

The combination of the stakeholder workshops and of an expert-based analysis of
land uses [68,69] resulted in six digital maps, one for the current state scenario and one for
the restoration scenario in three study areas. These are in shapefile format and include in
their attribute tables the corresponding ES types and intensities. The maps are shown in
the Supplementary Materials.

3.2. Global Climate Regulation

The results of carbon storage are presented in the first part of Table 2. For all three
study sites and for both scenarios, the largest carbon stock is represented by soil organic
matter and the smallest by either BGB or litter and dead wood carbon. As a result of
forest- or grass-dominated area conversion as alternative to crop-dominated areas, carbon
storage would increase by 12.5%, 1.8%, and 2.9% for the Begecka Jama, Krka, and Morava
areas, respectively. This would lead to a win of stock monetary value in the area of 0.4 (for
Begecka Jama) to 4.0 (for Morava) million USD2020 as a total static value (not annual).
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Table 2. Carbon storage and greenhouse gases flux results for the three study areas (negative net values indicate equivalent
CO2 emissions; positive net values indicate equivalent CO2 sequestration). The total carbon stocks are calculated as the sum
of above-ground biomass (ABG), below-ground biomass (BGB), litter biomass (LB), dead wood biomass (DWB), and soil
organic carbon (SOC).

Carbon Stocks
Begecka Jama Krka Morava

CS RS CS RS CS RS

AGB [ton C] 7334 10,608 151,883 155,175 491,909 530,037
BGB [ton C] 1985 2220 47,471 46,467 154,727 165,638

LB + DWB [ton C] 2806 3132 18,708 19,762 122,896 131,320
SOC [ton C] 37,417 39,769 337,059 343,898 1,217,660 1,218,105

Total Carbon Stocks [ton C] 49,541 55,730 555,121 565302 1,987,192 2,045,100
RS-CS [ton C] 6189 10,181 57,908

RS-CS [ton CO2eq] 22,693 37,330 212,330
ES value of the RS [USD2020] 431,167 709,276 4,034,264

GHGs flux

Carbon Stock Increment [ton CO2/yr] +5104 +4237 +32,259 +30,584 +104,985 113.219
Carbon Stock Losses [ton CO2/yr] −45,577 −38,694 −786,634 −786,636 −107,853 −107.853

CO2 Em. [ton CO2/yr] 0 0 0 −221 −6966 −6.731
CH4 Em. [ton CO2/yr] −9.38 −9.38 −437 −423 −1,127,132 −1.045.185
N2O Em. [ton CO2/yr] −8.89 −8.74 −1013 −989 −5715 −5.252

GHGs flux [ton CO2/yr] −40,493 −34,477 −755,826 −757,683 −1,142,681 −1,051,802
RS-CS [ton CO2/yr] +6016 −1857 +90,879

ES value of the RS [USD2020/yr] 114,304 −35,284 +1,726,694

The second part of Table 2 shows the net GHGs fluxes in the current and restoration
scenarios, where the negative values represent equivalent CO2 emissions and positive
values represent equivalent CO2 sequestration. The results are dominated by CO2 emis-
sions due to the carbon stock losses, if the tree-dominated areas would be considered to
be harvested or affected by other disturbances. Emissions of N2O and CH4 also show
substantial effects on the overall GHGs balance in both states. In the restoration compared
to the current scenarios of Begecka Jama, the corresponding increase of sequestration of
equivalent CO2 is 14.9%. On the contrary, the additional presence of wetlands in Krka
causes an increase in CO2 emissions and decreases the presence of forests, which conse-
quently decreases the carbon stock increment in RS, resulting in the end with a negative
effect of the RS on equivalent CO2 emissions with an increase by 2.1%. In the Morava area,
the sequestration of equivalent CO2 increases by 8.0% for the restoration scenario due to
an increase of carbon stock and a decrease of methane emissions.

3.3. Water Related Services: Flood Protection

In terms of flood protection, the NBS tested in the three study areas show inhomo-
geneous results. As Table 3 shows, at Begecka Jama the annual value of flood protection
provided by the NBS within the 2D model zone was estimated to decrease by 0.07%, a value
that could have also been affected by the accuracy of the estimation itself. The modelled
flood risk benefits of flood storage resulting from floodplain restorations in Krka and
Morava are instead positive (respectively, by 2.16% and 43.67%), though merely affected by
the small difference in water level. The floodplain’s ES flood protection is shown in terms
of the expected annual flood-caused damage, i.e., not in terms of ES benefits.
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Table 3. Results of flood risk estimation for the three study areas.

Flood Risk Reduction
Begecka Jama Krka Morava

CS RS CS RS CS RS

Expected annual flood-caused
damage [USD2019/yr] 1,859,484 1,860,714 4,283,218 4,190,682 1,429,825 805,436

CS-RS
[USD2019/yr] −1231 92,535 624,389

3.4. Water Related Services: Nutrients Retention

The results on ES value of total nitrogen (TN) retention (Table 4) depend on the amount
of filtered volume and on the flooded area size. For Begecka Jama and Krka, where either
the filtered volume or the flooded area of tree-, grass-, and wetland-dominated areas is
increasing after implementing the potential NBS, the ES value is also increasing (by 6.2%
and 9.7%, respectively), while the flooded area is decreasing in Morava with the NBS, and
its corresponding ES value decreases by 8.0%.

Table 4. Results of nutrients retention ES value for the three study areas.

Nutrients Retention
Begecka Jama Krka Morava

CS RS CS RS CS RS

Retained and filtered water volume [m3] 14,864,416 15,694,581 5,371,641 5,364,732 15,504,891 15,664,573
Flooded area [ha] 106.15 106.81 252.64 277.41 1475.67 1343.49

ES value [USD2019/yr] 1973.79 2096.84 1697.55 1861.63 28,620.47 26,325.19
RS-CS

[USD2019/yr] 123.05 164.08 −2295.28

3.5. Cultivated Goods

The results of cultivated goods’ provisioning ES value for crops, livestock, and aqua-
culture are reported in Table 5. Both scenarios of Begecka Jama include no cropland nor
aquaculture, while the livestock products provisioning value would decrease by 2668
USD2017/yr, in case of the floodplain restoration measures. In Krka, we estimated that
the mean annual net benefit from this type of provisioning ES would decrease by 5384
USD2017/yr, due to the substitution of a part of the area’s cropland and grasslands with
wetlands. In Morava, the tree-dominated areas would increase and would cause a lower
presence of livestock with its consequent lower revenue (by 458,309 USD2017/yr) for the
study area’s cultivated goods ES value.

Table 5. Results of cultivated goods provisioning ES value for the three study areas.

Cultivated Goods
Begecka Jama Krka Morava

CS
[USD2017/yr]

RS
[USD2017/yr]

CS
[USD2017/yr]

RS
[USD2017/yr]

CS
[USD2017/yr]

RS
[USD2017/yr]

Crops 0 0 203,577 201,686 373,192 356,923
Livestock 16,305 13,637 1,617,430 1,613,937 15,283,932 14,827,595

Aquaculture 0 0 3398 3398 110,248 124,546

SUM 16,305 13,637 1,824,405 1,819,021 15,767,372 15,309,064
RS-CS −2668 −5384 -458,309
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3.6. Nature-Based Recreation

The precision level was calculated as suggested by TESSA [14], by considering the
results of the first ten surveys for each study area. The resulting precision level is approx-
imately 80% for Begecka Jama, 65% for Krka, and 55% for Morava. This corresponds to
sample sizes of 134 for Begecka Jama, 47 for Krka, and 50 for Morava. Based on the inter-
views for the census of visitors to the area, we used as number of visitors per year to each
study area of 10,000 for Begecka Jama (only given value), 25,000 for Krka (average of two
values), and 100,000 for Morava (median of three values). Table 6 shows the corresponding
results. All three study areas show an increase of the recreational ES value in case the NBS
would take place because the visit numbers would increase, since we kept the consumer
surplus the same for CS and RS. The benefits from recreation would increase by 102%,
5%, and 20% for Begecka Jama, Krka, and Morava, respectively. A representation of the
respondents’ age is shown in Figure 3, where we can see all generations represented.

Table 6. Results of nature-based recreation ES value for the three study areas, based on the estimation of the consumer
surplus, as indicated in Section 2.7.

Begecka Jama Krka Morava

Consumers surplus [EUR2019/visit] 122.70 128.09 55.27

CS RS CS RS CS RS
Nature based recreation [EUR2019/yr] 1,227,040 2,478,123 3,202,233 3,367,349 5,527,168 6,630,320

Area [ha] 393.86 393.86 4114.80 4114.80 17,067.63 17,067.63
Nature based recreation per unit [EUR2019/ha·yr] 3115.42 6291.89 778.22 818.35 323.84 388.47

RS-CS [EUR2019/yr] 1,251,083 165,115 1,103,152
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3.7. Sum of All ES

The total absolute value of the ES benefits (i.e., the sum of RS-CS in the above Ta-
bles) of the three floodplain restoration measures (without considering the gains in car-
bon stocks) was estimated at approximately 1.5 million USD2019/yr in Begecka Jama,
237,000 USD2019/yr in Krka, and 3.1 million USD2019/yr in Morava. This sum does not
include the carbon storage values because these are not expressed in monetary value per
year, but only in static monetary value.

However, the total added value of the NBS in terms of ES is not homogeneously
distributed among the ES types. Figure 4 displays the annually added ES values of the
floodplain restoration for all three pilot areas according to ES type, where we can observe
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how ES types contribute in terms of annual monetary values in the three study areas. While
the most affecting ES types (flood protection, GHGs flux regulation, cultivated goods,
and nature-based recreation) are not constant among study area, nutrients retention is
constantly the least contributing ES to the sum of benefits (i.e., the sum of RS-CS in the
above Tables).
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Figure 5a–c shows for the three study areas the resulting maps of added ES value,
as direct impact of the hypothetical restoration measures, where carbon storage values
were excluded here, as well. From all three maps, we observe that the regions with the
highest increase in ES value per unit area are the ones directly affected by the floodplain
restoration.

The bar plot in Figure 5d also displays the NBS added value per unit area. Krka and
Morava show comparable trends, in which the added ES value are of the same order of
magnitude for flood protection (1) and nature-based recreation (2). The latter has instead
the highest value per area unit for Begecka Jama, which is also mainly profiting from the
RS in terms of GHGs sequestration and nutrients retention.
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4. Discussion
4.1. Analysis of Singular ES Groups

In terms of carbon storage, all three study areas benefit from the restoration measures,
mainly due to increase of carbon biomass above ground and from organic soil. We observed
that the larger the study area’s size, the higher the absolute value of this ES. However, we
consider carbon storage ES value as an expression of the natural capital, and not as an ES,
from which beneficiaries can get annual revenue from the floodplain. Therefore, we did
not include this value in the total added ES value of the NBS.

In terms of GHGs fluxes, results are heterogeneous among the study areas. The
estimation of the disturbances in tree-dominated areas in Krka has a strong negative effect
on the total. In general, the assumptions made for carbon stock losses have a great influence
on the total GHGs balance. The uncertainty in tree disturbances are added to the ones of
the IPCC Tier 1 method, which is a standard and very useful tool but which is also highly
sensitive to the input data chosen. Therefore, in case time and resources would be available,
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we would have chosen a more accurate method (e.g., including field measurements), as
suggested by TESSA.

The value of the NBS in terms of flood risk protection is noticeable for all three pilot
areas mainly in the absolute value. The results are comparable to the results of Peh et al.
(2014) [19], who found the net flood protection of a wetland restoration of 23,075 USD/yr.
However, when looking at the avoided flood risk maps, these differences are low (if not
even negligible) because the difference in water level (used as input data) is smaller than
one meter. In addition, the flood risk estimation is highly affected by the stepwise damage
function chosen for the estimation and by which land uses are recognized as damage-prone
by the damage function type itself (e.g., the Begecka Jama study area did not include any
residential land uses). As a result, the higher value for Morava is shown to be a factor of
the size of the study area, more than the effectiveness of the measure itself.

The output of cultivated goods added ES value are always negative, as expected since
in all three study areas the area available for agriculture or livestock would decrease in in
case of a floodplain restoration. In comparison to other studies [18,19,21,70–73], the losses
of cultivated goods values due to land use change are much smaller because the decrease
in agriculture or livestock suitable area is also quite low. This is an encouraging output of
the presented NBS because stakeholders, especially in European countries, often associate
floodplain with high losses in terms of agricultural production.

The accuracy on the estimations of cultivated goods depends on the quality of the
data on crop land area and yields provided by the EarthStat dataset [29]. This has a cell
grid resolution of 0.0833 degrees, corresponding to a minimum two and maximum nine
cell grids. The availability of local data, e.g., through interviews, could probably increase
the accuracy of this estimation. However, for a rapid assessment for decision-makers, we
consider sufficient the mixed approach used in this study. In fact, we used input from the
stakeholders to derive the most important crop types and input from publicly available
sources, to get the market prices, which are country-specific.

Regarding nature-based recreation services, we found the results on the consumer
surplus to be reliable and comparable to previous studies of nature-based recreation [18,
19,21,63,70,72–74], where the net value of restoration was found to be between around
60,000 USD/yr [73] and more than 4 million USD/yr. In our case, the highest value was
found for the Krka area, which could be explained by the high range of nature-based
activities offered in the area and including the city Kostanjevica na Krki, a main Slovenian
tourist attraction close to the capital city Ljubljana. Similarly, Begecka Jama is located
in a strategic position, reachable in less than two hours’ drive from two big cities (Novi
Sad and Belgrade), and its surplus value is almost as high as Krka’s. The lowest value
of the consumer surplus in Morava might have been affected by the presence of so many
other touristic attractions in proximity that could compete with each other. However, these
values were calculated without considering the potential increase of mosquitos’ presence,
which could reduce the recreational amusement in the summer months. Additionally, our
study assumed that the areas would remain easily accessible after the restoration measure
would be implemented.

The final ES value of nature-based recreation is strongly influenced by the number of
visits that take place annually, a value which is difficult to estimate, since areas in proximity
are also natural areas. Nevertheless, the interviewed people showed a higher visitation
rate, in case the NBS would be implemented. In addition, to increase the precision level,
the number of interviews might be increased, although, according to some methods (e.g.,
published tables in Israel [75]), even for a population size higher than 100,000, the sample
size for 10% precision would be still 100. We consider the online interviews valuable for
our purposes. In fact, the age range of the responses shown in the histogram of Figure 3
proves that the use of online surveys did not necessarily exclude older generations because
Facebook and Instagram are not anymore only an instrument of younger generations. The
Pew Research Center (2019) [76] showed that U.S. Boomers (born 1946–64) and Silents
(born 1945 and earlier) have both increased their Facebook use between 2015 and 2019 from
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43% to 60% and from 22% to 37%, respectively. However, we are aware that real-person
interviews might have given different results.

4.2. Main Outputs

Taking into account six ES, floodplain restoration is bringing added monetary value
for all three study areas that we considered. A surprising result is that the total increase
of ES of the Krka study area is much smaller in comparison to Begecka Jama and Morava.
This can be explained by the fact that the used study area had already a much higher ES
level in the current situation.

It is also interesting to note that, as expected, the restoration projects have a different
impact to different types of ecosystem services. The provisioning ES (here represented by
the cultivated goods) are decreasing in all study areas, while the regulating and cultural ser-
vices are increasing in a much more complex spectrum of services. These results are in line
with previous results from floodplain restoration analyses in Nepal by Merriman et al. [18]
and in the U.K. by Peh et al. [19]. As an initial approach for ES-based evaluation of NBS
at the Danube and its tributaries, the results can be the basis for a further analysis of the
interaction among ES, such as the nexus analysis approach suggested by Fürst et al. [77] and
Babí Almenar et al. [78]. This could help us better understand the cause-effect relationship
of benefitting from one ES group (e.g., provisioning) to the availability of other ES groups
(e.g., regulating or cultural).

The information acquired during the stakeholder workshops was of great help to
collect the necessary information about the areas and to map the ES. The results of these
workshops were used as input data for the ES assessment with TESSA’s methodologies.
Although we did not specifically differentiate between the floodplain area’s upstream or
downstream stakeholders (who would, e.g., benefit from the flow of water services), we
were able to bring together different views because the stakeholders’ representation was a
mixture of local and national public authorities, sectoral agencies, NGOs, and international
organizations, and in the case of Krka even the general public. Nevertheless, a broader
consultation may have described and judged the ES differently [18].

Looking at the effect of the singular ES types into the sum of benefits, the most affecting
ES type varies according to the study area. In Begecka Jama and in Krka, the most affecting
ES is recreation, namely the nature-based recreational activities, while in Morava, GHGs
flux sequestration has the highest weight, followed by nature-based recreation benefits.
This behavior is probably due to the fact that, on the one hand, GHGs sequestration
was estimated based on the surface area, which is the highest for Morava. Nature-based
recreation ES values are site-specific and depend on social behaviors rather than the size
of the study area and are therefore not necessarily proportional. On the other hand, the
nutrients retention services showed the lowest effect of this NBS’s benefits in all study
areas. This could be affected by the ES value transfer or by the approximate method used to
estimate the amount of retained nitrogen. To our knowledge, no other publications reported
the results on nutrients retention with TESSA. In our case, the floodplain restoration NBS
cannot be justified for merely flood risk purposes, especially in Begecka Jama, where the
flood protection service is slightly decreasing due to the restoration measure. However,
flood protection still brings Krka’s second and Morava’s third highest benefit contribution
to the total services’ improvement.

4.3. Quality of the Methodological Approach

Geographic information capacity plays a significant role in understanding ES pro-
cesses [79] and in finding the potential ES hotspots and lowspots of restoration projects.
Therefore, general actions to improve the ES assessment at the local level might involve
creating a standardized GIS version of the TESSA models, to represent its results spatially.
These could be refined for specific regions, e.g., by using local community knowledge. We
considered the implementation of the TESSA methodology on a python script written for
QGIS as crucial. Once the script was finally written, this choice allowed including input
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data from freely available sources, but it also decreased the execution time of TESSA tasks.
Our technique shows a clear advantage both over the mere mapping of the floodplain’s
services and over other more time-demanding (e.g., InVEST) software.

TESSA is a helpful tool. The guidelines gave a clear overview of the necessary steps to
follow for a quick ES estimation in the study areas. Although the steps are clear and easily
implementable, the collection of the big amount of input data is highly time intensive and
requires many resources and contacts to local authorities. On the one hand, we encourage
the utilization of TESSA for the further evaluation of other kinds of NBS. On the other
hand, we invite TESSA’s developers to complement methodologies of ES assessment, e.g.,
by adding guidelines for online interviews or by adding the possibility of using social
media, not only for data collection, but also for the design of NBS.

Although we consider the results of TESSA’s application useful for a preliminary
evaluation of NBS, we found some points of potential improvement. Firstly, in our results,
we show the need for TESSA to add more ES within the tool, specifically concerning
habitat services.

Secondly, as also recognized by Merriman et al. (2018) [18], the nature of the tool
makes TESSA prone to represent mainly those ES that are the easiest to monetarize. Without
straightforward methods, the other ES are therefore in danger of being overlooked and
under-represented. Accordingly, our results include all ES for which we found readily
available methods to estimate their monetary values because we wanted to use a common
unit of measure for comparing the scenario and the study areas. This means that we
neglected other ES, for which no available methods or data existed, such as noise regulation
or local climate regulation. We also encountered difficulties in estimating harvested wild
goods, due to a high demand of data. We decided to exclude these ES from our estimation,
also reinforced by the assumption that the floodplain restoration would have a low impact
on the mentioned ES. In fact, noise regulation and local climate regulation are two ES,
which would most likely be affected in urban areas but not by much in our rural study
sites. However, stakeholders recognized noise regulation as a floodplain service during the
workshop in the Morava study area. In addition, the change in the amount of harvestable
goods is very unpredictable for the relatively small changes in our study areas, proven by
the fact that stakeholders had heterogeneous and weak opinions on the consequences of
the RS with regards to harvested wild goods.

Moreover, we agree with Merriman et al. (2018) [18], who judged the methods sug-
gested by TESSA to assess water quality as too coarse or too time consuming. Nevertheless,
we do not want to undermine the importance of investing time and resources in a proper
estimation of ES, and we recognize that sometimes an easy and quick solution is not
possible to understand complex phenomena.

ES values corresponding to nutrient retention have the lowest effect on the total ES
valuation. The methodology used is a new suggestion for the TESSA toolkit, in case
no available measurement data and no modelling resources would be available. Data
from other studies could also be used as source of information. For example, Doll et al.
(2020) [80] found out that for their urban stream restoration project, on average 9% to
15% of the total annual streamflow volume accessed the floodplain, but the percentage of
annual streamflow volume that was potentially treated ranged from 1.0% to 5.1%.

As for other studies conducted with TESSA [19], the missing ES quantitative estima-
tions lead to a more conservative result. On one hand, the inclusion of stakeholders in the
estimation process allows to include the qualitatively indicated ES in the decision-making
process. On the other hand, a bigger picture including all non-monetized ES would be
preferable. As an example, the added value of cultural ES and of pollination ES were
not included in the estimation, due to difficulties in monetarization for the former, and
challenges in knowing about pollinators in the areas for the latter. These factors could
potentially be included by a higher engagement of stakeholders, as done by Pugliese et al.
(2020) [6].
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We also want to underline that the scale of the estimation is highly affecting the
accuracy of the results. In contrast to other river-related disciplines (e.g., hydrological
modeling, hydrodynamic modeling), the estimation of ES at the local scale is made more
difficult the smaller the study area gets and remains a task with high complexity. The
biggest difficulties were encountered by the data collection. For example, the application
of the FAOSTAT data at the national level would be more appropriate for catchment scales,
other than for floodplain scales. In addition, in another example, i.e., flood-caused damage
estimation, national-level data were used in form of the flood-damage functions, which
could have been more accurate, if local damage or exposure data would have been available.
In this respect, it should be considered that our findings are based on a limited amount of
local-specific data.

Besides the above-mentioned phenomena, several other steps of our work are af-
fected by uncertainty, such as the application of the benefit-transfer function, the fit of
the Poisson distribution to estimate the visitation rates as a function of the travel costs,
and the timeframe used for the monetary values. Herein, we presented a first attempt of
error estimation. However, dealing with many variables for different ES, there are even
more input variables that should be considered to provide a meaningful error estimation.
To fulfill this task, we should to put up a new system to consider all possible sources of
uncertainty of the ES estimations, e.g., by using a Monte Carlo simulation. Moreover, most
of this uncertainty does not affect the overall results which present the percentage change
for each ecosystem service between the two states. For each metric, the error should be
similar for both the current state (CS) and restoration state (RS) [21].

Moreover, to describe the uncertainty associated with our ES estimates, we followed
TESSA’s recommendations and categorized the confidence of the results, choosing among
“high”, “medium” or “low”. Based on these standards given by TESSA, we rated the
estimation confidence level of flood protection ES and nature-based recreation ES as “high”,
that of carbon storage and the GHGs flux services as “moderate”, and the confidence level
of cultivated goods and nutrients retention services as “low”. Therefore, decision-makers
should remember the presence of uncertainty, when using these results for decision-making.

5. Conclusions

We estimated the benefits of floodplain restoration in terms of monetized ecosystem
services (ES) in three study areas of the Danube catchment, by also including stakeholder
engagement. The conclusions of the research are threefold. We estimated the added value
of the benefits of river and floodplain restoration to test the quality and effectiveness of the
NBS. We showed that the planning of NBS for flood risk management should not only use
standard methods (e.g., hydrodynamic modeling) to support decision-making, but also
assess ES for a more holistic picture of the potential consequences of the potential NBS. We
provided an example with a mixed application of TESSA and alternative methods, which
could be considered by TESSA developers to be included in a new version of the toolkit.

We estimated a total gain of ES in the three pilot areas of approximately 1.5 million
USD2019/yr in Begecka Jama, 237,000 USD2019/yr in Krka, and 3.1 million USD2019/yr
in Morava. The results are mainly affected by GHG fluxes and changes in nature-based
recreation. However, we have shown that the tested NBS will only weakly affect the
retention of nutrients. We also observed a diverse effect of the NBS on flood protection
among the case studies. Although we did not find that floodplain restoration NBS can
be justified for flood protection only, we recall that this output is only valid for these
specific study areas and that NBS remain a flexible and resilient way to address natural
hazards [81,82].

In this way, we brought further evidence in favor of floodplain restoration measures
to be implemented for a general benefit of the communities. In fact, without considering
the benefits of NBS, floodplain restoration measures would have much lower chances of
being accepted by decision-makers and stakeholders.
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ES assessment can be useful for decision-makers to locate where to build or restore
ecosystems [79]. Policymakers and researchers should give stakeholders a greater role in the
design of floodplain restoration measures and in their evaluation, including ES assessment
and monetarization. At the same time, researchers should develop new methodologies
to rapidly evaluate the missing ES types, which are not included in commonly used ES
assessment guidelines (TESSA) or software (InVEST, ARIES, etc.). Moreover, scientists
should study the effects of upscaling local-scale methods to the national (or river basin)
extent, especially in case more floodplain restoration measures would be implemented at
the same time (e.g., nature-based recreation). We suggest that monitoring is done, in case
restoration measures would be implemented, to confirm or discard the ES assessment’s
results. In fact, a high number of factors influence the floodplain ecosystem and the
phenomena taking place in it. Therefore, we should make sure that the assumptions used
do not invalidate the ES assessments.

Although some progress has been made using our methodology, this approach, being
based on a toolkit for rapid execution, assesses only a part of all ES potentially provided by
floodplains. In addition, an improvement of the interpretation of the results might be given
by analyzing the results’ uncertainties. Further, more modeling could be implemented to
get a more detailed estimation of some ES (e.g., of water quality).

We finally call for a better inclusion of ES assessment in the Danube River Basin Man-
agement Plans, for not only improving ES themselves but also because ES improvement
intersects with the achievement and monitoring of the Sustainable Development Goals. ES
assessment would act for different purposes, such as to encourage a sustained, inclusive,
and sustainable economic growth (Goal 8) and to facilitate a sustainable management of
water (Goal 6) and terrestrial ecosystems (Goal 15) [83].
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53. Čechová, A. Characteristics of the Morava Pilot Area; E-mail; 2020.
54. Süddeutsche Zeitung. Massive Ausgangsbeschränkungen für ganz Bayern ab Samstag [Online]. 20 March 2020. Available on-

line: https://www.sueddeutsche.de/gesundheit/gesundheit-muenchen-massive-ausgangsbeschraenkungen-fuer-ganz-bayern-
ab-samstag-dpa.urn-newsml-dpa-com-20090101-200320-99-404727 (accessed on 2 September 2020).

55. Föderl-Schmid, A.; Großmann, V. Coronavirus: Staaten wollen auf Nummer sicher gehen [Online]. 4 February 2020. Available
online: https://www.sueddeutsche.de/politik/coronavirus-china-reiseverkehr-1.4784215 (accessed on 2 September 2020).

56. Linka, K.; Peirlinck, M.; Sahli Costabal, F.; Kuhl, E. Outbreak dynamics of COVID-19 in Europe and the effect of travel restrictions.
Comput. Methods Biomech. Biomed. Eng. 2020, 23, 710–717. [CrossRef] [PubMed]

57. LimeSurvey GmbH. LimeSurvey; Limesurvey GmbH: Hamburg, Germany, 2009.

https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
http://doi.org/10.1029/2007GB002947
http://www.interreg-danube.eu/approved-projects/danube-floodplain/outputs?page=1
http://www.interreg-danube.eu/approved-projects/danube-floodplain/outputs?page=1
http://www.interreg-danube.eu/approved-projects/danube-floodplain/outputs
https://www.icpdr.org/main/activities-projects/river-basin-management-plan-update-2015
http://www.interreg-danube.eu/approved-projects/danube-floodplain/outputs
http://www.interreg-danube.eu/approved-projects/danube-floodplain/outputs
http://www.fao.org/3/I8891EN/i8891en.pdf
http://www.fao.org/3/I8891EN/i8891en.pdf
http://www.fao.org/3/y9933e/y9933e00.htm
https://openknowledge.worldbank.org/bitstream/handle/10986/33809/9781464815867.pdf?sequence=4&isAllowed=y
https://openknowledge.worldbank.org/bitstream/handle/10986/33809/9781464815867.pdf?sequence=4&isAllowed=y
https://carbonpricingdashboard.worldbank.org/map_data
https://carbonpricingdashboard.worldbank.org/map_data
publications.jrc.ec.europa.eu/repository/bitstream/JRC105688/copy_of_global_flood_depth-damage_functions__30102017.xlsx
publications.jrc.ec.europa.eu/repository/bitstream/JRC105688/copy_of_global_flood_depth-damage_functions__30102017.xlsx
http://doi.org/10.3390/w7010255
http://www.icpdr.org/wq-db/
https://www.sueddeutsche.de/gesundheit/gesundheit-muenchen-massive-ausgangsbeschraenkungen-fuer-ganz-bayern-ab-samstag-dpa.urn-newsml-dpa-com-20090101-200320-99-404727
https://www.sueddeutsche.de/gesundheit/gesundheit-muenchen-massive-ausgangsbeschraenkungen-fuer-ganz-bayern-ab-samstag-dpa.urn-newsml-dpa-com-20090101-200320-99-404727
https://www.sueddeutsche.de/politik/coronavirus-china-reiseverkehr-1.4784215
http://doi.org/10.1080/10255842.2020.1759560
http://www.ncbi.nlm.nih.gov/pubmed/32367739


Sustainability 2021, 13, 1482 22 of 22

58. Facebook Inc. Facebook. Available online: https://www.facebook.com (accessed on 2 September 2020).
59. Facebook Inc. Instagram. Available online: https://www.instagram.com/ (accessed on 2 September 2020).
60. European Union. Oil Bulletin Prices History. 2020. Available online: ec.europa.eu/energy/observatory/reports/Oil_Bulletin_

Prices_History.xlsx (accessed on 8 September 2020).
61. Hanauer, M.M.; Reid, J. Valuing urban open space using the travel-cost method and the implications of measurement error. J.

Environ. Manag. 2017, 198, 50–65. [CrossRef]
62. Borzykowski, N.; Baranzini, A.; Maradan, D. A travel cost assessment of the demand for recreation in Swiss forests. Rev. Agric.

Food Environ. Stud. 2017, 98, 149–171. [CrossRef]
63. Soe Zin, W.; Suzuki, A.; Peh, K.S.-H.; Gasparatos, A. Economic Value of Cultural Ecosystem Services from Recreation in Popa

Mountain National Park, Myanmar: A Comparison of Two Rapid Valuation Techniques. Land 2019, 8, 194. [CrossRef]
64. Nisavic, J. Nature Park Begecka Jama; E-mail; 2020.
65. Krhin, M. Questions on the Nature-Based Recreation around the Krka River; E-mail; 2020.
66. Bártek, V. Questions on the Nature-Based Recreation around the Morava River; E-mail; 2020.
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