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In the last decades, lowland rivers were forced to drain larger water quantities during ever shorter time
periods. This is mainly caused by current and historic land-use changes (e.g. increase of built area) and
increased intensiﬁcation of agriculture practices (e.g. drainage). River ﬂow, however, is hampered by
human artefacts such as weirs and dams as well as by naturally occurring aquatic vegetation. To avoid
ﬂooding and water related problems, river managers opt to remove aquatic vegetation. According to the
European Water Framework Directive (2000/60/EC), all costs of water management should be charged
for (full cost recovery requirement). This study aims to assess whether or not this is achieved in case of
aquatic vegetation removal. This method is illustrated through a case study of the Nete Catchment,
Belgium. Results show that ﬂood control beneﬁts exceed costs by only a small amount in wet years, but
costs exceed beneﬁts in dry years. If decision makers account for even a few ecosystem services, the costs
of vegetation removal exceed the beneﬁts in both scenarios. Only local stakeholders in ﬂood risk areas
can beneﬁt from aquatic vegetation removal during wet summer seasons.
& 2013 Elsevier B.V. All rights reserved.
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1. Introduction
Since the EU Water Framework Directive (WFD, 2000/60/EC) was
put into practice, integrated water management has become an
important issue, meaning that all construction and management
measures should contribute to the improvement and strengthening
of a broad range of river functions. An important requirement for
integrated water management is full cost recovery, meaning that all
costs of water management should be charged for. For construction
measures, the focus has already changed towards more integrated
projects. In the Schelde estuary (Belgium), for example, the Sigmaplan
project, originally developed to reduce ﬂood risk, became a typical
example of how integrated projects such as the creation of ﬂood
control areas with a controlled reduced tide (FCA-CRT Lippenbroek
and Kruibeke–Bazel–Ruppelmonde) can contribute to both the reduction of ﬂood risk and restoration of natural systems (Cox et al., 2006;
Maris et al., 2007; White et al., 2011; Meire 2012). For the actualised
version of the Sigmaplan, a cost-beneﬁt analysis was performed to
calculate the net beneﬁts of the integrated management plan (Broekx
et al., 2011). For management measures this integrated approach is
however less established and a critical analysis by evaluating external
effects is therefore at least advisable. Only few studies are found
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that evaluate integrated management measures (Currie et al., 2009;
Blignaut et al., 2010; Wang et al., 2010). In this paper, aquatic
vegetation removal is chosen as example to analyse the integrated
effects of a management technique to society and the consequences
regarding the full cost recovery standard. Macrophytes, i.e. different
species of aquatic plants, are essential organisms in natural river
ecosystems: they create a wide range of habitats for many ﬁsh species
(Garner et al., 1996; Grenouillet et al., 2002) and macro-invertebrates
(Malmqvist and Hoffsten, 2000; Harrison et al., 2004). Macrophytes
also play an important role in oxygen production and nutrient uptake
from the water (Cedergreen and Madsen, 2003; Bernot et al., 2006;
Desmet et al., 2011). They also create spatial variation in stream
velocity that leads to geomorphological changes of the river including
changes in bathymetry (Schoelynck et al., 2012; Schoelynck et al.,
2013). Macrophytes are therefore considered as functional hotspots in
lowland river ecosystems (Bal et al., 2011; Schoelynck, 2011). Being so
important in aquatic ecosystems, macrophytes are implemented in the
WFD as one of the quality elements that are used as indicators of the
ecological status (WFD, 2000/60/EC).
Current land-use changes and increased intensiﬁcation of
agriculture practices have changed the hydromorphological conditions of lowland rivers. In Flanders, built-up area has expanded
rapidly from 14% in 1980 to 20% in 2010 (Statbel, 2012), resulting
in the decreasing inﬁltration capacity and consequently increasing
run-off and peak ﬂows (Poelmans et al., 2011). Drainage, however,
is hampered by human artefacts such as weirs and dams as well as
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by naturally occurring aquatic vegetation. Indeed macrophytes
may sometimes cover a large part of the river, thereby strongly
affecting the hydraulic resistance of the river (Manning coefﬁcient), with higher water levels and slower drainage as a result
(Bal and Meire, 2009; De Doncker et al., 2009a). During heavy rain
events in summer this may lead to undesired ﬂoods and higher
groundwater levels in the river valley. Aquatic vegetation removal
is introduced as a management technique to control excessive
growth, reducing water levels and hence ﬂood risk and associated
damage (Vereecken et al., 2006; Bal and Meire, 2009). In addition,
it can also be a technique to remove nutrients from the system,
stored in the macrophytes during growth, thereby improving
water quality (Schoelynck, 2011). However, aquatic vegetation
removal may cause ecological side effects on the short term e.g.
macro-invertebrates drift (Gibbins et al., 2007) and mortality of
species and on the long term frequent mowing leads to a species
shift towards predominantly fast growing macrophytes (Riis et al.,
2000), the loss of shelter for ﬁsh (Iversen et al., 1985, Katende
2004) and disturbance of the entire river ecology including
primary production and nursery function. Furthermore, the reduction in hydraulic resistance and water levels will cause drought
risk in dry summer seasons (decrease in water quantity) and a
reduction in water puriﬁcation due to a reduction in residence
time. The removal of macrophytes will also increase erosion in the
river (Ogunlela and Makanjuola, 2000). Mowing machines, used to
remove aquatic vegetation, require a stretch of 5 m wide at both
sides of managed lowland rivers, diminishing opportunities for
agricultural beneﬁts or natural riparian vegetation at the
riversides.
The concept of ecosystem goods and services (ES) improves the
understanding of socio-economic effects of environmental changes,
hazards and environmental management techniques. In case of
aquatic vegetation removal, many ES are affected, either in positive
or in negative sense as described above and summarised in Table 1.
The integration of the ES-concept in a societal cost-beneﬁt analysis
(SCBA) allows for many external effects, both negative and positive
and direct and indirect to be included in decision making processes
and in the evaluation of integrated management programmes (TEEB,
2010). One important advantage of the integrated ecosystem approach
is that it becomes possible to incorporate social, economic and
ecological aspects in the decision making process (TEEB, 2010). This
helps to indicate synergies and conﬂicts and to support decision
making in the direction of integrated management (Posthumus et al.,
2010). To evaluate the societal beneﬁts of management activities,
many international studies recommend to estimate socio-economic
costs and beneﬁts by the monetary valuation of ecosystem services
(Costanza et al., 1997; MEA, 2005; Daily et al., 2009; De Groot et al.,
2010). Monetary valuation is a widely used approach to convey these
impacts in the same units as many other costs and beneﬁts. As such it
is convenient to compare different impacts against each other, including social and ecological effects. Many studies (of which a few are cited
hereafter) already showed the usefulness of monetary valuation of ES
to inform policy makers and support decision making. This methodology indeed helps to decide if, for example, it is beneﬁcial to restore
an ecosystem or not and which management option is most favourable (Liekens et al., 2010; Posthumus et al., 2010; Westerberg et al.,
2010). Another use is to value speciﬁc changes affecting ecosystems
such as the inﬂuence of invasive alien species (Mwebaze et al., 2010)
or losses from proposed land reclamation projects (Wang et al., 2010).
Other studies also use ES valuation to evaluate speciﬁc management
measures, but this is mostly from a strict economic point of view such
as the effect of alien vegetation clearing on water yield and tourism
(Currie et al., 2009), or restoring and managing natural capital towards
fostering economic development (Blignaut et al., 2010).
Our study addresses the question whether the management
measure achieves full cost recovery (objective 1) and whether an
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integrated evaluation by means of valuing ecosystem services
could contribute to a better insight in the overall consequences
of the management action and hence to an improved decision
making (objective 2). The applied research method makes it
possible to analyse the relevant socio-economic consequences
and value them to balance some of the most important external
costs and beneﬁts. However, the net beneﬁts do not include
information on the distribution of costs and beneﬁts among
various stakeholders and an economic optimum does not necessarily match with a social optimum (Suzuki and Iwasa, 2009). Net
beneﬁts are therefore separately analysed for each stakeholder
(objective 3). This will provide decision makers a better overview
of the social consequences of the measure and expose adaptation
possibilities where needed (e.g. compensation measures).

2. Study area
The study area is the Nete catchment (Fig. 1a,b), a sub-basin of the
Schelde basin and mainly located in the province of Antwerp (the
Northern part of Belgium). The catchment area is 167,330 ha and the
main land uses in the catchment are farmland (49%, of which 47%
cropland and 53% grazing land), residential area (18%), green area
(11%), forestry (8%), industry (4%), others (10%). On average 650,000
residents live in the Nete catchment, this equals to ca. 300,000
households (Statbel. 2010a). The total length of all watercourses in
the catchment is about 2400 km (Agiv, 2011). About 10% of the rivers
are navigable waterways (width approx. 40 m), 6% non-navigable of
category 1 (average width ca. 10 m), 32% non-navigable of category 2
(average width ca. 3 m), 33% non-navigable of category 3 (average
width ca. 1 m), and 21% non-navigable and not-categorised watercourses (category 9). The rivers are only fed by seepage and
rainwater. The total discharge amounts on average at a yearly
basis 389 million m³, with an average discharge of 6 m³/s
(CIW, 2009). The basic discharge is on average almost 30% of the
peak ﬂow. Water quality was moderate to very good according to the
Flemish water quality standards in at least 90% of the 77 measuring
points in the Nete catchment (De Cooman, 2007; Gevrey et al., 2010).
A large biomass of aquatic vegetation is present in many parts of the
rivers (Fig. 1c,d), with ﬂoating-leaved pondweed (Potamogeton
natans), various-leaved water-starwort (Callitriche platycarpa), sago
pondweed (Potamogeton pectinatus) and European bur-reed (Sparganium emersum) as most common species (Meire et al., 2007; Bal
et al., 2009; CIW, 2009; De Doncker et al., 2009b; Desmet et al.,
2011). Aquatic vegetation removal (Fig. 1e) is a standard technique in
the catchment management plan (for category 1 and 2 rivers) that is
performed every year independently of a wet or dry summer season.
Only 10% of the removal activities is on demand if local problems
with macrophytes are expected (Provant, 2010). In category 1 and
2 rivers (with a total length of 900 km), vegetation is removed yearly
over a total length of 788 km, or on 85% of the rivers (NGI, 2007;
Agiv, 2011; Provant, 2011). At most locations vegetation is removed
once per summer season, but due to a fast regrowth (sometimes less
than 6 weeks (Bal et al., 2006)) at one-third of the locations
vegetation removal becomes necessary at least two times per year.
In the analysis, an average removal frequency of 1.33 times per year is
used. Also on category 3 rivers vegetation is removed, but this is left
out of the analysis as it is too difﬁcult to collect information from the
54 municipalities, responsible for the management of category
3 rivers, separately. Navigable waterways (category 0) are normally
not managed for vegetation.
3. Method
The analysis aimed to assess whether or not aquatic vegetation removal in the study area gives full cost recovery. At ﬁrst, the
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Table 1
List of ES, impact from aquatic vegetation removal and methods for quantitative impact assessment and economical valuation.
Ecosystem services

Aquatic vegetation
removal

Quantitative impact
assessment

Economical valuation

Main data sources

TEEB classiﬁcation

Sub-categories

Habitat and supporting
Lifecycle maintenance
Gene pool protection

Lifecycle maintenance
Gene pool protection

(1) Biodiversity and good
ecological status is
disturbed by mowing
machines: societal value of
nature and beautiful rivers
is lost/reduced.

Cost: number of
households that are no
longer willing to pay for
good ecological state.

Willingness-to-pay for a
good ecological state of
water bodies
(€/household/yr).

International
literature and
statistics federal
government Belgium.

Regulating
Disturbance prevention
or moderation

Peak discharge control

Agiv maps: risk zones
for ﬂoods in Flanders,
and Land-use map for
Flanders.

N-retention P-retention

Beneﬁt in wet summer
scenario: area with
reduction in ﬂood risk
(number of units or
hectare).
Beneﬁt: tons N and P
uptake by macrophytes.
Cost: tons N not
removed by
denitriﬁcation
anymore.

avoided damage costs
(€/unit or €/ha).

Waste treatment

(2) Reduction in high
water level and in
combination with heavy
rain (wet summer season),
also reduction in ﬂood risk
(3a) Changes in nutrient
concentrations: nutrient
removal with aquatic
vegetation removal:
beneﬁt if nutrient
concentrations in the river
are too high; (3b) Decrease
in denitriﬁcation efﬁciency
with decreasing residence
time.

Avoided cost method:
shadow price for N and
P removal (€/kg).

International
literature.

(4) Farming in a zone of
5 m along the river is
restricted to enable
mowing machines to
reach the river: loss of
agricultural yield.
(5) Reduction of the
surface water volume
usable for agriculture
(irrigation) and industry
(process and cooling
water): loss in dry
summer seasons with
water scarcity.

Cost: river length
through agricultural
area  2  5 m.

Market price: yield
price (€/ha).

Agiv maps: Flemish
hydrological atlas for
watercourses, and
land-use map for
Flanders.

Cost in dry summer
scenario: volume
decrease of surface
water (for agricultural
and industrial use).

Substitution value of
tap water (€/m³).

Agiv map: Flemish
hydrological atlas for
watercourses.

(6) Value for water nearby
residential buildings is
lost/reduced with
repetitive ﬂood risk:
reduction of satisfaction.

Beneﬁt: number of
households no longer in
ﬂood zones.

Market price: change in
property value (% of
€/unit).

Statistics federal
government Belgium,
and Agiv map Landuse map for Flanders.

Provisioning
Food

Water

Cultural and amenity
Aesthetic information
Recreation and tourism
Inspiration for culture,
art and design
Spiritual experience
Information for
cognitive
development

Crop production
Meat and Dairy
production

Agricultural use water
Industrial use water

Aesthetic information
Recreation and
tourism
Inspiration for
culture, art and
design
Spiritual experience
Information for
cognitive
development

investment cost is compared with the beneﬁt that the water
management authorities consider (namely ﬂood prevention). In
addition a few externalities (indirect effects, see Table 1) are included
in the analysis to assess how an integrated approach in decision
making will affect the conclusions towards the full cost recovery
standard. The ecosystem services concept is used to indicate and
analyse the annual costs and beneﬁts. Different valuation techniques
are used depending on the ES (Table 1 and Sections 4). The impact on
each ES is valued following a conservative approach with a lowerand higher estimate to account for uncertainty, if necessary. Some
effects do not occur at a yearly basis but rather as a one-time event
such as an increase in the purchase price of a house. This effect will
last for the rest of the existence of the house (assuming that the
effect remains constant). In that case, the annuity method is used to

calculate the annual effect. To calculate the annual impact on house
prices the real – inﬂation adjusted – mortgage rate (about 1.12% in
Belgium, data December 2012; nominal rate of 3.66% and inﬂation
rate of 2.54%) and the average duration of mortgage loans for private
houses (18 years in Belgium, 2012) was used (National Bank of
Belgium, 2012; Belgostat, 2013).
The analysis was performed for two extreme scenarios. Scenario
1 is a “wet” summer season with intense rainfall and consequently
high water levels and a high ﬂood risk (ﬂood risk¼100%; drought
risk¼0%). Scenario 2 is a “dry” summer season with low rainfall and
without any ﬂood risk but with a drought risk (ﬂood risk¼0%;
drought risk¼100%). We use this extreme scenario approach to be
able to set the boundaries and hence come up with a conservative
result for any arbitrary year.
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Fig. 1. (a) Location of the Nete Catchment in Belgium (northwest of Europe). (b) A map of the Nete catchment with its river and channel system. Zones with frequent
vegetation removal are indicated. (c) Illustration of a river with a high density of aquatic vegetation. (d) Illustration of high water levels. (e) Illustration of general aquatic
vegetation management practices. Note the legal standard 5 m stretch which cannot be used for any economic purpose.

Data is collected from the website for statistics of the Belgium
federal government (Statbel, 2012), the catchment management
plan for the Nete catchment (CIW, 2009), international literature,
and maps from the Agency for Geographic Information which we
processed with ArcGIS 10. Following input maps are used: Flemish
Hydrological Atlas for Watercourses (Agiv, 2011), Land-use map for
Flanders (Agiv, 2007), Natural ﬂooding areas (natural alluvium) in
Flanders (Agiv, 2000). Recently ﬂooded areas in Flanders (Agiv,
2005) and Risk zones for ﬂoods in Flanders (Agiv, 2006). The latter
map indicates the speciﬁc risk zones and is a combination of both
modelled natural ﬂooding areas and recently ﬂooded areas and is
corrected with the Digital Elevation Model Flanders (DEM).

4. Results and discussion
4.1. Direct costs and beneﬁts of aquatic vegetation removal
4.1.1. Investment cost
In the Nete Catchment, aquatic vegetation removal is a standard
management measure in water management plans with a total cost of
3.3 million euro per year (only for the larger rivers category 1 and 2)
(CIW, 2010). Since aquatic vegetation removal is mainly a standard
procedure, the cost is almost constant over the years and therefore
assumed equal in both scenarios (wet and dry). The average cost for
managed rivers varies between 0.77 and 8.78 €/m/yr (Provant, 2010;
Teugels, 2011; Van Craen, 2011), depending on the width and

accessibility of the rivers, on the management institution and on the
removal frequency.

4.1.2. Regulating services: ﬂood regulation: peak discharge control
The impact of aquatic vegetation removal on ﬂood regulation is
assumed to be positive for the wet scenario and zero for the dry
scenario. Reducing ﬂood risk and high ground water levels in the
ﬂoodplain is the main reason to introduce aquatic vegetation
removal. The relationship between aquatic vegetation and ﬂood
risk is based on the correlation between macrophytes and the
resistance of the river as expressed by the Manning coefﬁcient
(Bal and Meire, 2009). By reducing the resistance signiﬁcantly
during summer periods by aquatic vegetation removal, the ﬂood
risk within the natural alluvium is reduced too. Therefore this
management technique is expected to generate large beneﬁts for
all stakeholders affected by ﬂooding in its absence. Relevant
stakeholders for the case study are mainly farmers (crops and
grazing land) followed by local residents, and industry.
The avoided damage cost method can be used to value this
beneﬁt: number of units in the net reduced ﬂooding area  unit
value in € per unit  damage factor in % per unit (Fig. 2). The net
reduced ﬂooding area is assumed to be the entire “risk zone for
ﬂoods” in the Nete catchment (Agiv, 2000, 2006). This means that
we assume that ﬂood risk could be eliminated by aquatic vegetation removal. This is however an overestimation of the actual ﬂood
regulation impact because ﬂood risk is caused by many more
factors then aquatic vegetation alone.
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The damage cost from ﬂoods on buildings is estimated at 1% of
the purchase price (Vanneuville et al., 2006). According to Deckers
et al. (2008) the damage cost of a ﬂooded cropland is the average
income from the cropland during summer months (damage of the
entire growing season) and the damage cost of a ﬂooded grazing
land is the average income from the grazing land for one ﬂood
event during summer months. For grazing land ten growing
cohorts per year are assumed (Deckers et al., 2008), so a ﬂood
event will damage only one growing period or 10% of the annual
income from the grazing land. The total beneﬁt of about 4 million
€/yr is mainly for the cropland farmers (87%).
4.2. Externalities (indirect costs and beneﬁts) of aquatic vegetation
removal
4.2.1. Habitat services
The impact of aquatic vegetation removal on habitat services is
assumed to be negative and equal for both scenarios. The ecological state of freshwater ecosystems may be negatively affected by
aquatic vegetation removal since water bodies and existing biodiversity are repetitively disturbed (Riis et al., 2000; Morris et al.,
2006; Vereecken et al., 2006; Gibbins et al., 2007; Bickel and Closs,
2009). To support decision making in integrating ecological variables into economic decisions, economists have made signiﬁcant
progress on the valuation of non-marketed goods and services. At
present, the best available and most used methodology is the
contingent valuation method which is a stated preference method.
This method uses surveys to ask individuals to make choices
between different levels of environmental goods at different prices
to reveal their willingness to pay for those goods (Bateman et al.,
2011). The monetary valuation of changes in the habitat service
and biodiversity is however widely criticised and discussed
(Carson et al., 2001; Sauer and Fischer, 2010; Westerberg et al.,
2010; Vander Naald and Cameron, 2011). Nevertheless the contingent valuation method is used because we prefer to include the
impact of the management technique on the habitat service rather
than leaving this aspect completely out as it is done in many other
studies. By doing so it is important to emphasise the shortcomings
of this approach and therefore we will compare the end result
with and without changes in habitat services to analyse the impact
of including this factor in the overall result when evaluating a
management measure.
The contingent valuation method is used to estimate the
magnitude of the habitat degradation as a consequence of aquatic
vegetation removal: willingness-to-pay (WTP) in € per household  number of households ‘no longer’ willing to pay (Fig. 3). In
Net reduced flooding area: total area of “risk
zone or floods” along the rivers where
vegetation is removed: 3.500 ha(1), of which:
• Cropland: 360 ha
• Grazing land: 1615 ha
• Houses: 27 ha (= 270 houses(2))
• Industrial buildings: 4 ha
• Others (forest, green area,...): 1500 ha

×

the framework of this study it was not possible to investigate the
WTP ourselves; therefore a beneﬁt transfer is used. The WTP
values used are derived from a Belgian and a Dutch case study
which studied the non-use value (i.e. existence and inheritance
value) of the good ecological state of water bodies including
biodiversity (Brouwer, 2004; Ruijgrok, 2004; Ruijgrok, 2006). It
was found that 90% of inhabitants, living in an area of 10 km from
the water body, do value non-use of water bodies.
4.2.2. Regulating services: water puriﬁcation: nutrient cycling
The impact of aquatic vegetation removal on water puriﬁcation
is the same in both scenarios, with a positive and negative
component. Good chemical water quality is mainly characterised
by the absence of pollution, low nutrient concentrations and the
presence of high oxygen levels. In relation to aquatic vegetation
only changes in nutrient concentrations are taken into account.
Nutrients built in the organic matrix of the vegetation will be
removed from the water system by taking out the plants (beneﬁt).
However, at the same time, denitriﬁcation capacity in the water
system will decrease as a consequence of a decreased hydrological
resistance and consequently a reduced residence time (cost). The
avoided cost method is used to estimate the cost that is avoided of
taking technical measures for an equivalent nutrient removal. The
valuation method is: net change in N- and P-concentration in
ton  shadow price for N- and P-removal in € per kg (Fig. 4).
Direct effect on N and P concentration: with the removal of
aquatic vegetation, nitrogen (N) and phosphorus (P), stored in
the aquatic vegetation, are removed from the aquatic ecosystem. To estimate the total amount of nutrients stored in the
removed aquatic vegetation in the Nete Catchment, total
biomass removed was multiplied with the average macrophyte
nutrient concentrations and average number of times aquatic
vegetation is removed annually. The calculations are based on
average peak biomass for Belgian lowland rivers during summer months of 300 g m  2, which is comparable to other
countries (Desmet et al., 2011). The value for summer months
is of most interest for this case study because its maximal
nutrient storage potential and the problems related to aquatic
vegetation are highest in this period. At most places, removed
vegetation is however deposited on the river bank at which
nutrients could leach back into the water. Only at 5% of the
locations, vegetation is collected and removed entirely from the
system (Provant, 2010).
Indirect effect on N concentration: since macrophytes have also a
positive effect on river water quality (Schoelynck, 2011),

Damage cost:
• Cropland: 9,632 €/ha(3)
• Grazing land: 80 €/ha(3)
• Houses: 1%(4) × 125,000-150,000 €/house(5)
• Industrial buildings: 1%(4) × 1 M€/ha(4)

=

Benefit from flood
regulation:
• L: 4 M€/y
• H: 4 M€/y

Fig. 2. Data used to calculate the beneﬁt of ﬂood prevention. (L: Lowest estimate; H: highest estimate; M€: million euro).
Sources: (1) (Agiv, 2006, 2007; Pidpa, 2010; Provant, 2011); (2) (Coppens, 2010); (3) (Deckers et al., 2008); (4) (Vanneuville et al., 2006); (5) (Coppens, 2010)

Number of hh ‘no longer’ willing to pay for the nonuse value of good ecological status and biodiversity:
• 90% of all residents(1)
• living in an area of 10 km from the water body(2) =
278,000 hh (Nete catchment)(3)

×

WTP for the non-use value of good ecological
status and biodiversity in river valleys:
• 5(4) – 14(5) €/hh/y

=

Loss in habitat
service:
• L: -3.5 M€/y
• H: -1 M€/y

Fig. 3. Data used to calculate the cost on lost habitat service. (hh: households; WTP: willingness-to-pay; L: lowest estimate; H: highest estimate; M€: million euro).
Sources: (1) (Liekens and De Nocker, 2008; Liekens et al., 2010b; Provant, 2011); (2) (Ruijgrok, 2006); (3) (Statbel, 2010a,b); (4) (Brouwer, 2004; Ruijgrok, 2006); (5) (Ruijgrok,
2004)
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removing them could harm the overall water quality and the
provisioning of drinking water. Denitriﬁcation efﬁciency is calculated with the formula of Seitzinger: 23.4  residence
timemonths\widehat0.204 (Seitzinger et al., 2006). The removal
efﬁciency depends on water residence time, which is the ratio of
the water volume and discharge. Because vegetation is removed
only in parts of the Nete catchment (800 km of 2400 km, or 33%),
only 33% of the discharge is considered to be inﬂuenced. The
water volume is calculated for the managed length of 800 km,
with an average width of 4 m and a depth of 1 m without
vegetation (after removal) and 1.1 to 1.3 m with vegetation
(before removal). An effect between 0.1 m and 0.3 m reduction
in the water level is assumed based on local measurements by
water managers and literature (Bal and Meire, 2009; Veraart and
Deleu, 2013). The residence time decreases by about 10% to 30%,
which is comparable with local measurements (De Doncker et al.,
2006). The result of vegetation removal is a decrease in denitriﬁcation efﬁciency of 0.42–1.17%. With an average water quality
of 3 mg N/l (CIW, 2009) and a discharge of 2 m³/s (relative in the
managed part: 6 m³/s  (800 km/2400 km)), 6 g N/s will pass
along the managed parts. Hence, denitriﬁcation will decrease
with 0.03 to 0.07 g N/s. This loss effect will last for maximal
8 weeks per year, i.e. complete vegetation regrowth after on
average 6 weeks (Bal et al., 2006) multiplied with a removal
frequency of 1.33. The result is a reduction in N removal of about
0.1 to 0.3 t/yr.
Net effect on N concentration: for nitrogen, two opposite effects
occur with N removal as the dominant effect. In total 2 t N will
be removed out of the water system (if 5% of the vegetation is
removed entirely out of the system without leaching effects),
but denitriﬁcation in the water system will decrease by
0.1–0.3 t N. The net effect is a removal of 1.7–1.9 t N/y.
In Flanders, an environmental cost model for water is developed to estimate the shadow prices for N and P (Broekx et al.,
2008; Cools et al., 2011). The shadow price indicates the marginal
cost of the technical measures needed for reaching the water
quality standard. High shadow prices are an indication of the
difﬁculty for reaching the water quality standards in urbanised
areas and the necessity of costly measures to implement. Both
direct and indirect effects are an underestimation because only the
effect in the larger category 1 and 2 rivers is calculated.
4.2.3. Provisioning services: food provisioning
The impact of aquatic vegetation removal on food provisioning
is assumed to be negative and equal for both scenarios. Land use
along the river is restricted within a 5 m zone (Fig. 1e) to allow

vegetation removal machines to reach all watercourses. As a
consequence, a potential amount of food production in this area
is lost every year. To value this opportunity cost, the production
function method is used: lost farmland in the 5-m zone (ha) 
yield in € per ha (Fig. 5). Two types of farmland are distinguished,
cropland and grazing land. The lost area is an opportunity loss for
farmers but with many other positive effects because the 5-m zone
will act as a buffer zone between land and river (Rasmussen et al.,
2011). Besides, to protect the good ecological state of water bodies
any use of pesticides is restricted in a zone of at least 5 m from the
water body (CIW, 2011). Hence, the agricultural cost for the 5-m
zone is not strictly related to aquatic vegetation removal alone.

4.2.4. Provisioning services: water provisioning
The impact of aquatic vegetation removal on water provisioning is assumed to be negative for the dry scenario and zero for the
wet scenario. As aquatic vegetation removal improves drainage,
surface water levels as well as adjacent ground water levels will
also be lower in periods of low discharge (dry summer scenario).
This increases the need for irrigation, but at the same time reduces
the possibility to use surface water for irrigation, cooling purposes
or other uses. With aquatic vegetation removal, the water volume
will decrease with approx. 0.3 to 1 million m³ (Fig. 4). This volume
is lost for potential use by local stakeholders upstream. The value
of lost surface water can be calculated with the substitute cost
method: volume of usable surface water lost in m³  net cost of
tap water in € per m³ (excl. treatment costs) (Fig. 6). The change
in water volume is multiplied with 1.33, the average removal
frequency.

4.2.5. Cultural and amenity services: living quality and recreation
possibilities
The impact of aquatic vegetation removal on the cultural and
amenity service is assumed to be positive for the wet scenario and
zero for the dry scenario. Aquatic vegetation removal contributes
to the living quality of local residents as it reduces ﬂood risk. The
value of living quality in a certain area is reﬂected in the housing
prices. Indeed, the market value of houses no longer threatened by
ﬂoods will increase. The public pricing method is used: surplus
value in % on housing price in € per house  number of houses
affected (Fig. 7). The added amenity value of water bodies near
residential areas is stated in different studies and estimated to be
an extra 1.3–7% above the mean housing price (Liekens and
De Nocker, 2008). In areas with a high ﬂood risk from water
bodies we assume that the added value from the water body is
zero. The exact contribution of aquatic vegetation removal in ﬂood

Direct effect: N- and P-removal by aquatic vegetation removal annually:
2 ton N and 0.25 ton P
= 300 g m-² (1) average peak biomass density (dry weight)
× 3.2 km² (2) total river surface where vegetation is removed
× 28 mg N g-1 and 4 mg P g-1 (3) average nutrient concentration
× 1.33 times per year (4) average removal frequency in the Nete catchment
× 5% vegetation removed entirely out of the system (4)
Indirect effect: reduction of N-removal (denitrification) by lower residence
time: - 0.1 à -0.3 ton N
WITH
WITHOUT
unit
vegetation
vegetation
Water volume
3.5 à 4.2
Residence time
0.68 à 80
Denitrification efficiency 21.62 à 22.37

3.2
0.62
21.21
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×

Shadow prices for
N- and P-removal
(Flanders) (5) :
• N: 53 €/kg N
• P: 800 €/kg P

=

Benefit from
nutrient
removal:
• L: 0.3 M €/y
• H: 0.3 M €/y

million m³/s
months
% removal

Fig. 4. Data used to calculate the beneﬁt of nutrient removal and cost of lower denitriﬁcation. (N: nitrogen; P: phosphorus; L: lowest estimate; H: highest estimate;
M€: million euro).
Sources: (1) (Desmet et al., 2011); (2) (Agiv, 2007; NGI, 2007; Provant, 2010; Teugels, 2011; Van Craen, 2011); (3) (Desmet et al., 2011); (4) (Provant, 2010); (5) (Cools et al.,
2011; Broekx et al., 2008)
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Lost farmland in the 5-m zone along the rivers where
vegetation is removed: 800 ha (= 800 km × 5 m × 2)
• Crop land: 205 ha (1)
• Grazing land: 256 ha (1)
• Other land use (green areas, …): 339 ha

×

Lost agricultural yield(2):
• Crop land: 5,828 €/ha/y
• Grazing land: 800 €/ha/y

=

Loss in food provisioning:
• L: -1.4 M€/y
• H: -1.4 M€/y

Fig. 5. Data used to calculate the cost on food provisioning. (L: lowest estimate; H: highest estimate; M€: million euro).
Sources: (1) (Agiv, 2000, 2007; Provant, 2011); (2) (Deckers et al., 2008)

The total volume of surface water that is lost when aquatic vegetation is
removed
• = 3.2 km² (1) total river surface where aquatic vegetation is removed
• × 0.1 to 0.3 m (2) reduction effect on the water level
• × 1.33 times per year (3) average removal in the Nete catchment

×

Substitute cost:
• Net cost of tap
water: 1,4 €/m³ (4)

=

Loss in water
provisioning:
• L: -1.8 M€/y
• H: -0.6 M€/y

Fig. 6. Data used to calculate the cost on water provisioning. (L: lowest estimate; H: highest estimate; M€: million euro).
Sources: (1) (Agiv, 2007; NGI, 2007; Provant, 2010; Teugels, 2011; Van Craen, 2011); (2) (Bal and Meire, 2009; Veraart and Deleu, 2013); (3) (Provant, 2010); (4) (AWW, 2010;
Pidpa, 2010)

reduction and hence in living quality is unclear and therefore the
lower added amenity value ( þ1.3%) is used.
4.2.6. Ecosystem services that are inﬂuenced by aquatic vegetation
removal but not calculated in this study
In Table 1 the impact of aquatic vegetation removal on ES is
brieﬂy discussed. Due to insufﬁcient data and knowledge only six
categories of ES are calculated in this study. Many other ES (not
mentioned in Table 1) are all potential additional costs of aquatic
vegetation removal, which can negatively inﬂuence the overall net
beneﬁts. For instance, the effect of aquatic vegetation removal on
drought risk could not be calculated reliably. This can cause
additional crop damage during the dry summer scenario. Another
example is the fact that macrophytes in rivers inﬂuence erosion and
sedimentation processes (Schoelynck et al., 2012; Schoelynck et al.,
2013). If macrophytes are removed, erosion increases and sediment
ﬂuxes are enhanced in the direction of large rivers with a possible
risk of obstructing the navigability and as such contributing to
dredging costs. Aquatic vegetation removal also may negatively
affect ﬁshery, both directly by killing the ﬁsh and indirectly by
removing shelter and nursery habitat.
4.3. Net beneﬁts
Full cost recovery means that the beneﬁt of the measure at least
exceeds the investment cost. When comparing the costs and
beneﬁts considered by the water management authorities (i.e.
investment cost and beneﬁt from ﬂood prevention), only in the
wet scenario the standard will be achieved although just narrowly
(net beneﬁt of þ0.6 million €/yr). Indeed, in the dry scenario the
beneﬁt from ﬂood prevention was assumed to be zero (0% ﬂood risk)
resulting in an investment without beneﬁt (net beneﬁt  3.3 million
€/yr). When decision makers would account for even a few
ecosystem services, the full cost recovery standard is not achieved
in both scenarios. The net beneﬁts of aquatic vegetation removal
obviously differ between the wet and dry scenario, because not all
considered effects are equally relevant in both scenarios (Fig. 8). In
case of the wet summer scenario, ﬂood prevention is a large beneﬁt
(4 million €/yr) but external costs on the habitat service and food
provisioning together with the direct management cost are larger
causing an overall negative net beneﬁt ( 1.7 million to  4 million
€/yr) (Fig. 8 left panel), or 2.5 € to  6 € per capita per year in the
Nete catchment. In the dry summer scenario only the direct
management cost and some indirect costs like the habitat service,
food and water provisioning are important, causing a negative net
beneﬁt of  6 million to  10 million €/yr (Fig. 8 right panel), or  10
€ to  15 € per capita per year in the Nete catchment. Hence, taking
into account external costs and beneﬁts inﬂuences signiﬁcantly the

net result as well as the evaluation of the management technique
itself. Even if we would leave out the – often contested – economic
valuation of the habitat service and biodiversity, the annual net
beneﬁts of aquatic vegetation removal in the Nete catchment remain
negative (about  0.5 million €/yr in the wet scenario and  5
to  6 million €/yr in the dry scenario).
The net beneﬁts for each stakeholder category are also calculated for a wet and dry summer scenario (Fig. 9). The broader
society is negatively affected in both scenarios because of the
negative effects on regulating services. The positive effect of
nitrogen and phosphorus extraction out of the system, for
instance, is larger than the loss of denitriﬁcation decrease, but
the net effect is nevertheless quite small in economic value and
insufﬁcient to overcome the costs of a disturbed ecological state.
During the dry summer scenario the harm is enhanced by a
reduction in water provisioning. The net positive beneﬁts for
farmers are the highest among all stakeholders during the wet
summer scenario, since the agricultural beneﬁts from ﬂood prevention easily compensate the costs of lost food provisioning. This
is not the case in the dry summer scenario where only the cost
occurs and net beneﬁts are hence negative. Local residents are the
only group of stakeholders that slightly beneﬁt in both scenarios.
The impact on industrial actors is positive or nil, depending on the
potential ﬂood damage. Water managers (ﬁnanced by tax payers)
organise and ﬁnance aquatic vegetation removal, evidently with a
negative net result. In summary, during the wet summer scenario
(Fig. 9 left panel) the local stakeholders (farmers, local residents
and industry) beneﬁt from aquatic vegetation removal, but losses
occur to the broader society. During the dry summer scenario
(Fig. 9 right panel), only local residents slightly beneﬁt and both
farmers and the broader society are bearing the costs.

5. Overall discussion
Some remarks are appropriate because the obtained methodology has several shortcomings. The calculation of net beneﬁts
from environmental management techniques depends on knowledge of environmental impact and the economic value of ecosystem services. As a consequence, many assumptions had to be made
to calculate the considered effects and the choice of data used in
the calculations will impact the overall result. Therefore, prudent
and conservative calculations were made and discussed for each
ES above. Furthermore, not all effects of the management technique are accounted for. Potential effects that are not calculated are
mostly negative hence this strengthens even more the overall
negative result. Notwithstanding the several shortcomings, the
result is clearly negative for both scenarios and based on both the
lower and higher estimates. Hence, the studied management
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Number of households with reduced flood risk
• Total area of houses in the “risk zone for floods” along
the rivers where vegetation is removed: 27 ha(1) (= 270
houses(2))

×
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Surplus value in % on housing price for
water bodies near residential areas
• 1.3% above the mean housing price(3):
125,000-150,000 €/house (4)

=

Benefit from
amenity:
• L: 0.03 M€/y
• H: 0.03 M€/y

Fig. 7. Data used to calculate the cost of reduced living quality and recreation possibilities. (L: lowest estimate; H: highest estimate; M€: million euro).
Sources: (1) (Agiv, 2006, 2007; Pidpa, 2010; Provant, 2011); (2) (Coppens, 2010); (3) (Liekens and De Nocker, 2008); (4) (Coppens, 2010)
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Fig. 8. Net beneﬁts of aquatic vegetation removal in the Nete catchment. Left panel: wet summer scenario (with beneﬁt from ﬂood prevention, but without cost from water
provisioning); Right panel: dry summer scenario (with cost from water provisioning, but without beneﬁt from ﬂood prevention). The lower estimate for the net beneﬁts
consists of the lowest total beneﬁts minus the highest total costs and the higher estimate for the net beneﬁts is calculated vice versa (highest beneﬁts and lowest costs).
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Fig. 9. Net beneﬁts of aquatic vegetation removal per stakeholder in the Nete catchment. Left panel: wet summer scenario (with beneﬁt from ﬂood prevention, but without
cost from water provisioning); Right panel: dry summer scenario (with cost from water provisioning, but without beneﬁt from ﬂood prevention). The lower estimate for the
net beneﬁts per stakeholder consists of the lowest total beneﬁts minus the highest total costs and the higher estimate is calculated vice versa (highest beneﬁts and lowest
costs).

technique generates an overall loss for the Nete catchment society.
However, there is a large difference between both scenarios' costs
which represents the highest and lowest possible loss for any
arbitrary year.
Management techniques generates effects on different scales:
local, (sub-)basin and global. In literature, no consensus exists about
the most appropriate scale to analyse environmental cases and on
how to deal with the trade-off between data accuracy and covering
a wide range of external effects (Limburg et al., 2002; Vaughan and
Ormerod, 2010; Brantley et al., 2011). In this study, a catchment
wide approach was applied to cover the overall impact of the
management technique. However even on a catchment scale not all
effects are covered. For example: if drainage is enhanced, water
velocity increases which may cause river erosion, downstream
sedimentation and ﬂooding. To cover also this effect the entire
river from source to mouth should be analysed. In contrast, the
effect of vegetation cutting on water provisioning should be
analysed on a small and local scale to calculate the impact related
to changes in water level more accurately.
Local farmers are an important stakeholder group for aquatic
vegetation removal. They are the major beneﬁciaries of ﬂood
prevention and they have a signiﬁcant role in the nutrient and
macrophyte problems. The strong vegetation growth in the Nete
catchment is caused by high nutrient concentrations, with farming

as a major source (CIW, 2009). Farmers are hence themselves
(partly) responsible for the need for vegetation removal, of which
they are the major beneﬁciaries at the expense of the overall
society. Also the beneﬁt from the net nutrient removal of 1.7 t N
and 0.25 t P is minimal compared to the annual nutrient load in
the system of about 600 t N/y and 20 t P/y (CIW, 2009).
In recent years, aquatic vegetation removal in the Nete catchment already changed from removing everything to partially
remove the vegetation in patterns which leaves some vegetation
in the river but ensures sufﬁcient drainage (Bal et al., 2011;
Provant, 2011). This is however not included in our calculations
as the beneﬁts of ﬂood reduction remain the same as well as losses
from reduced food and water provisioning. The effect of pattern
removal on water puriﬁcation is limited: the beneﬁt from nutrient
removal will decline, but also the cost from less denitriﬁcation will
decline. The major effect will however be on the habitat service
and biodiversity. It is stated that weed cutting will stimulate fast
growing species and hence diminish the overall species richness
and diversity (Riis et al., 2000; Franklin et al., 2008). The impact
can however vary with type and timing of cutting (Bal et al., 2006).
It is hence recommended to limit the management frequency in
streams (Baattrup-Pedersen and Riis, 2004).
In the actual management programme of the Nete catchment,
90% of the vegetation removal is a standard procedure and only
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10% is ad hoc based and adapted to locally expected problems with
macrophytes (Provant, 2010). From our results we conclude that
this strategy is however not a sustainable management technique
in the Nete catchment. Some considerations are:

 Aquatic vegetation removal is introduced as management







technique to reduce ﬂood damage costs, mainly for agricultural
land. Infrastructure measures, such as more buffer areas or
ﬂood control areas along rivers, could be however more costefﬁcient because then ﬂoods would not cause high ﬂood
damage costs (VITO, 2004).
Another argument often used in favour of aquatic vegetation
removal is the reduction of nutrients. The ecological mean of
nutrient removal by vegetation removal is however small since
the annual reduction potential is very low compared to the
annual nutrient load in the system (CIW, 2009). Also the
economic value of this treatment is negligible, as was presented in this study.
Vegetation removal in patterns is an improvement for ecological reasons, but it will not change very much the total net
beneﬁts of this management technique. Even without counting
for the loss in habitat services, the net beneﬁts are negative.
Alternatives to reduce the presence of macrophytes are for
instance the introduction of bank vegetation (e.g. trees throwing a shadow on the water) and possibly the combination with
a more extensive and structural organisation of river banks and
buffer zones.

In general, we recommend a shift to an optimisation of ad hoc
management together with more eco-technical measures. A ﬁrst
recommendation is to adapt the management technique to ad hoc
weather predictions and water level monitoring, together with
pattern removal. A second recommendation is the allocation of the
money spent on management to adaption of local conditions for
those stakeholders or compensation of their losses since only
inhabitants in risk zones beneﬁt from this management technique
and only during wet summers. Lastly, we recommend considering
alternative techniques which prepare the alluvium for high peak
discharge and simultaneously store water for persistent drought
summer periods; eg. ﬂood control areas, improved meandering,
maintenance of macrophyte vegetation upstream to hold water
and removal of vegetation overgrowth only when and where they
cause a cost.
Overall, the discussed management technique should be more
embedded in an integrated catchment plan. In the development of
integrated catchment plans, not only infrastructural projects
should be considered but also a complete cost-beneﬁt analysis of
different management forms is essential. The integration of the
ES-concept in the cost-beneﬁt analysis improves the insight of
external effects (De Groot et al., 2010; Pascual et al., 2010). The
integrated evaluation of management measures gets however
little attention in the WFD. The evaluation of management
measures gives also an inside in possible, more cost-efﬁcient,
structural alternatives that reduces the need for management
actions and hence improves the ecosystem and by that the overall
human wellbeing.

6. Conclusion
This study aimed to assess whether or not the required full cost
recovery is achieved for the case study of aquatic vegetation
removal in the Nete catchment (Belgium), whether the conclusion
changes when including ecosystem services in the analyses and
how costs and beneﬁts are distributed among stakeholders. The
results illustrate that ecosystem services valuation is useful to

assess whether a management technique achieves the full cost
recovery standard and that the conclusion will change when
following an integrated approach. From our results, we conclude
that aquatic vegetation removal in the Nete catchment is not
economically efﬁcient, costs and beneﬁts are not equally shared
and the management technique as applied today is not sustainable. However, adaptations could be made by structural alternatives embedded in an integrated water management plan, such as
more extensive river bank infrastructure, with optimisation of ad
hoc management.
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