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The present synthesis document has been developed in the framewor!
DGENV Pilot Project Atmospheric PrecipitaticrProtection and efficient use
Fresh Water: Integration of Natural Water Retention Measures (NWRM) i
basin management. The project aimed at developing a knowledge based
and a community of practice for implementation of NWRM. The knowledge
platform provides three imaypes of elements:

- the NWRM framework with access to definition and catalogue of NW!

- a set of NWRM implementation examples with access to case stt
over Europe,

- and decision support information for NWRM implementation.
For this last, a set a2 key questions linked to the implementation of Ne
Water Retention MeasureNWRM) has been identified, and 12 Synth
Documents (SD) have been developed. The key questions cover three d
deemed important for NWRM implementation: biopalysimpacts, soci
economic aspects and governance, implementation of financing.
They rely on the detailed delineation of WhHRM cover as described$D n°0:
IntroducingWRM. Natural Water Retention Measures (NWRM) -farectioné
measures that & protect water resources and adeledes whsdlenges by res
maintaining ecosystems as well as natural features and characteristics of v
means and processésnces included into these synthesis documenés foam
the case studies collected within this project (see the catalogue of case st
from the individuaNWRM factsheets which are available on the page dedic:
each measure (see catalogue of measures). This information has been corr
with a comprehensive literature review.

More information is available on the project wehsite.eu

Key words:Economic cost, financial cost, capital costs, maintenance and @beost®opportunity
costs, sunk cost, cost per unit of intervention, cost per unit of water retained, foregone benefits.

Pleaseheckthe NWRMglossaryor more information.
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SD5: The cost of NWRM

I. Introduction

Unlike common wisdom, the overall economic cost linked to the implementation of a NWRM (or a
combination of them) is not just its finahaost, but also the-salled opportunity costs and sunk
costs.

A basic distinction should thus be made betweeactireomic costand the financial cost, often
(wrongly) presented as synonyms. The former includes all the resources, foregone spgitunitie
other sacrifices required to implement a given measure, so that any economic cost is an opportunity ¢
in itself. The latter includes all the cash outflows required for both, the setting up of all the
infrastructures and other features requiretthéooperation of the measure once in place.

The financial cost you would incur in the design and implementation of these measures includes:
upfront capital expenditure (the investments in equipment, infrastructures and other assets required
throughout tle lifespan of the NWRMiepreciation allowances(annualised cost of replacing the
accounting value of existing assets in the fututa@)tenance expenditurg(all the financial outflows
required to preserve existing or new assets in good functioning); apdratienal expenditure

(those incurred to keep he NWRM running in an efficient manner on a daily basis).

Yet, despite being of paramount importancandial costs are not all that matters: opportunity costs
and tradeoffs are crucial regarding NWRM implementation.

Opportunity costsare commonly linked t8WRM that consists in changing land use modes and they
result from the deviation from what farmdsesters or other agents consider as their preferred
decision. These opportunity costs or disadvantages are borne by particular individuals or stakehold
(e.g. farmers getting lower yields per hectare, reduced crop areas or incurring in ads)tithral cos
must be identified and factored in, as far as the implementation and the performance of the measu
might depend on the acceptability and the voluntary agreement of those individuals bearing the:
opportunity costs (s&ynthesis Document)11

Despite its namdpregone benefitsare real opportunity costs, or disadvantages resulting from the
implementation of the measubdike, avoided costs are real benefits or advantages@fiseasures
(SeeSynthesis Documenyl4Any particular measure (such as a soil conservation practiceptaiight
opportunity costs (as the reduced yields), and benefits in the form of avoided costs (such as reduc
water and energy requirements due to the higher water retention). However, the distinction betwes
foregone benefits (or costs) and avoided costs (efitbers essential to avoid double counting and
biases in costs and/or benefit assessment. Nevertheless the set of definitions and accounting practi
mentioned in this note are just one of the alternatives available. Many projects do not conside
opporunity costs at all and those thatuallydo may present a net opportunity cost (subtracting the
avoided costs and/or the ancillary benefits). Better and more insightful comparisons would be possib
in the future provided a standardization of definiiodspracticesereagreed.

Besides financial and opportunity costs there might adsmlbeosts These are those expenditures
that, once incurred, cannot be (easily) recovered, since they arise from activities requiring speciali;

1 These benefits (or avoided costs) accrue to the individuals responsible or directly affected by the measure (s
as the avoided noise protection and energy expenditure as well as otheeteinefity a household after the
installation of a green roof).
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assets that may rime easily diverted to other uses. These costs are highly relevant to NWRM since the
are usually higher for innovative alternati@esce these costs are paid, usually before the
implementation of the measure, they do not depend of how well or bad tre pedsrms. Sunk

cosk include all expenditure applied to research and development, consultancy, project design
stakeholdelengagemenbargaining processes and consensus buitmdhey tend todecrease
througtout time as far as more projects@esidered, the uncertainty about the biophysical impacts is
reduced, more experience is gained and smogtgssealongits learning curve. Sunk costs are then
higher forNWRM than for traditional and well established water management alternatives. These cost
are rarely reported.

Il. What are the capital, operation and maintenance costs of NWRM ?

f Ecosystembased approaches are linked to a more varied cost structure \

NWRM are complex natuteased approaches that modify current land use practices in ¢
restore complex ecosystems. Unlike with traditional water management measures, fine
imply the setting up of a variety of actions instead of the instaltatiarse of a single device
infrastructure, the restoration of the ecosystem might result in a plethora of opportunity
sunk costs (as above) might also be significant. The following list adjusted from Escobe
presents a preliminary létcost concepts to be considered for the assessment of urban for
in particular when, as in the case of London, a program is developed to obtain new servii
increased flood storage in addition to the other services already providettybfothets, such ¢
better air quality, reduced stormwateraffiand carbon sequestration. In particular a £3.8
program has been implemented to add river restoration, floodplain improvements and the «
diversified woodland habitatddfieldet 412013, based on Everatchl 2011).

Examples of cost concepts associated to urban forest

Financial costs | Pruning, planting, replacement, removal, transplantsdigeesi

control, irrigationéeé
Opportunity Pest disease contrédregone land use opportunities, increased e
costs use, wildlife/linsects bite, allergenic pollen, fear of crime, safety

from tree fail, displacement of native species, introduction of in
speci esé
Sunk costs Litigation, consultancy, projece s i g n é

o )

Though financial costs of NWRM follow standard andestblished methodologies (similar to those
used for other water measures and, in general, for any investment projectposrbganieen data

from projects (and scientific literature) are challenging due to the lack of standards as per th
assumptions used to estimate costs indicators (such as unit costs), and in particular the differer
between nominal and real prices, theodnt rate, the base year, the lifespan considered, or often the
lack of a clear distinction between costs and benefits.

Additional challenges emerge when assessing a measure (e.g. when the use of incremental cos
required) or a combination of them (e.g. comparison on the basis of unit cost of retaining a unit of wate
0 contribution to water policy objectiveinsteadof cost per unit of intervention), or when cost
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estimates need to be transferred to other locations (as in the case of NWRM benefits these can
heavily biased given their-specificityd e.g. floodplains and wetland restoration).

Kncremental Cost per Square Foot Managed* \

$5.00 The Milwaukee Metropolitan Sewerage

o District(MMSD)collected theest

an information available in order to obtain
benchmarkiumberdor the installation cost:

50 of different urban sustainable drainage
systems.

5200 $1.75

$1.40

e 50.58 “%:2° $0.70
. l $0.07 $0.07 $0.31 l SourceMMSD (2013)

0 Green Rain  Stormwater Bioretention/ ~ Native Soil Porous  RainBanels  Cistems
Roofs Gardens Trees  Bioswales/ Landscaping Amendments Pavement
(reenways
Estimated Annual Operation and Maintenance Costs per Acre

$10,000

M Total
I Conventional
I Inaemental

$8,000

$6,000

$4,000—

$2,000—

S0

-$1,000 . .
Porous Pavement Porous Pavement

(Parking Lots) (Street ROW) Rain Gardens/

\ Greenways MMSDGIP_512_3_MKE j

Traditionally costs are summarised as the cost per unit of interisenthelessvhile informative
about the size of the financial effort required to put the measures into practice, costsoper
transformed areare only the first step in providing the information required for considering the
convenience of implementiNgVRM.

I

Green Roofs ! Native Landscaping " Soil Amendments

les/ S Trees

First of all, in most of the cases, the costs that need to be considered are those that are additional.
other words only thosacremiah costhat can be explained by the implementation of the maasure
compared to baseline shobklconsidered. For example, in new buildings installing green rosefs entail
costs but the decision will actually depend on the excess cost over ingtali@gtianal roof instead.

A different situation arises when retrofitting is the best option (e.g. installing a green roof on top of at
existing building or replacing conventional by porous pavénsems methods might mak&/RM

look dearer than they really are. For new endeavours the relevant financial cost is not the overall but t
incremental one while for adaptation measures the relevant cost is the one of transforming the existi
structure (a roof, the soil, etc.) into a NWWRM

Second, sinddWRM are the means and not the ends of the program of measures, the costs that are
relevant to find the best combination of measures are not those of the measure itself but those of usil
that particular measure to contribute to a comiaoea, hopefully well defined, goal. For instance,
sustainable urban drainage systems (SuDS) could only be compared to each other if all those costs
measured with respect to a common standard (for example, the unit cost of retaining a unit of water).
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Moreover, NWRMosts are still imperfectly known. The cost per unit of intervention is better known
than the more policy relevant cost per watemtion unit For example, a substantial number of
references show the real possibility of obtasubgtantiabavings by choosing different design and
materials (as in the example about green roofs .b&losv)design datdahough,is useless without
reliable information abotibw effective cheaper options (as compared with the more expensive ones)
arein retainng water

@und and comprehensive costs assessments might be useless in the context of a cost benefit%
They are nevertheless a step further in the knowledge M¥VRM

Periet al(2012) provides reference prices for green roofs in the EU by usiogctelifssessment framew

He shows, for example that disposal costs, largely neglected, may amount to a 5% of the total

average green roof. But how much morefleger is retained by the cheap and the expensive green rc

Table 4
Selling price, product and inszallation costs of each green roof component considered in the present study (costs for the whole green roof and for 1 m® of green roof].
Specific selling Amount of Cost for the Product cost Installation cost Amount of product  Total cost per_
price {on average) product whole green (materials cost + labour  for the whole used in 1 m 1 m* [Eurofm?]
used in 82 m*  roof [Eum] for manufacturing) green reof [Euro]  of green roof
Agriterram TVS 173.50 EIJl'l)J'mi 15375 m? 269834 1618.99 W33 013 3335
(substrare)
Igroperlite 1/10 14,070 Eurofpillow 125 1758.8% 105525 T03.50 16 2251
(water storage
layer)
Ecodren 505 7.4 Euro/my* &2 m* G06.8° 364,08 24272 1 74
(drainage layer)
Soiphren H 20 kg 75 Eurojcan 9 cans B75.0° 675 i 1 75
{waterproofing
membrane)
Total - - 57389 37133 23135 - 289

* This cost includes product cost, the transportation from the extraction sitefproduction plant (Lazium) to the constructson site (Falermao, Sicily) and installation cost.

® This cost includes product and installation costs; it doesn't include the transportation from the production plant (Milan, Lombardy) to the construction site {Palermo,
Sicily).

.: This cost includes only the product cost.

\ This cost has been estimated based on the personal communications of the CRA. responsible for the project. /

Third, it can be hypothesised that stiW¢RM costs are site specific and then harder to transfer than
thoseof more conventional water management practices. For instance, with the exception of the lan
acquisition costs and few other easy to control design parameters, the cost of building a water treatm
plant does not vary too much from place to place. tieless the costs of some kindBIWfRM are

site dependent and the results obtained in one site are basically uninformative about the effort requir
to apply the same measure in other places (floodplains and wetland restoration costs are heay
determind by local conditions.
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Ale cost per unit of intervention is not equivalent to the cost per unit of contribution tm
objective of water policy and both may vary from place to place
Sieberet al (2010) offers one of the rare studies allatv cost and effectiveness compar
bet ween measures at different places. A
Environment (SRU), along with technical bodies and water management assaociations, dt
installation of ripaain buffer strips. Wide almost natural riparian strips should be protecte
fertiliser and pesticide applications so to be functional as buffer zones protecting we
against pollutiorthe figure below, built with information obtained ftbenreferred source ma
clear how unitary prices might change among German landers from few euros up to mo
G/ hectare and, may be more interesting,
expensive buffer strips are not neardgsnore effective to reduce pollution or to retain water.

Average cost and cost effectiveness of 3 meters wide buffer strips in Germany
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/ Wetland restoration costs: hard to transfer from site to site \
According to Ockendeat al (2012)the establishment costs for the ten analysed field w
located in the UK ranged from £280 to £3100 per ton of sediment retained and depende
site specific factors, such as fencing and gateways on livestock farms, rather than on we
design. Wetlands with lower trapping rates would also have lower maintenance costs,
would be required less frequently.

Table 2 - Total sediment trapped, trapping rates and construction and maintenance costs for each wetland in first two years after construction. Paired ponds are

described as shallow (S) or deep (D). Construction costs include excavation, drainage, fencing and vegetation.

Site No. Name Method Sediment Sediment t Contrib. Trapping Trapping Construct. Maint.
(2011) trapped rapped area rate rate cost cost
2009/2010 2010/2011 2009/2010 2010/2011 £ £
(tyr?) (tyr™) (ha) (thalyr™)  (thayr) € €
Loddington 1 Upper Ponds Pond 1 (S) Dry mat 0.6 0.09 10 0.07 0.01 £1200 -
Pond 2 (S) Dry mat 0.1 0.02 €1490 -
2 Paradise Pond 1 (D) ‘Wet mat 0.09 0.03 4 0.07 0.02 £1500 -
Pond 2 (S) Wet mat 0.2 0.06 €1870 -
3 Little Owl Dry mat 0.05 0.06 9 001 0.01 £460 -
€570
Crake Trees Manor 4 Bill & Ted Pond 1 (S) ‘Wet mat 0.2 £l 20 0.02 0.2 £1000 -
Pond 2 (S) ‘Wet mat 0.2 0.9 €1240 -
5 ‘William ‘Wet mat 4 0.2 10 04 0.02 £1500 =
€1870
6 India Survey Not built 14 50 - 03 £2700 -
€3360
Whinton Hill 7 Shelduck Pond 1 (D) Survey 23 £l 30 08 0.5 £3100* -
Pond 2 (S) Survey 3 11 €3860° -

8 Yellowhammer Survey Not built 16 20 - 0.8 £500 -
€620
9 Gully Trap Pond 1 (S) Survey Not built 5 15 - 6 £280 £180
Pond 2 (S) Survey 4 €350 €220
Newton Rigg 10 ‘Willow Coppice N/A Not built N/A 1 - - £500 -
€620

# Includes estimate of £1000 (€1240) for fencing, as actual area fenced enclosed much wider area than wetland, at farmer’s request.

"l )

1.  What are the opportunity costs and/or forgone benefits of NWRM ?

Many kinds oNWRM are associated with fundamental gbarin land use and lamk practices. In
essence these measures amount to recovering the natural functions that were passed over in the
(soil formation, infiltration, erosion control, pollutants retention and transformation, etc.). Productivism
maylead to the neglect of these functions (in order, for example, to intensify farming, increase urba
space, or to channelling as much water as possible to families and businesses) and to the neglect o
ecosystems functions in place.

In many cases imphenting a NWRM amounts to reversing these developments with the consequence
of deviating farmers, families and business from what they are actually doing or from what they consic
their preferred course of action. In these dd¥¢BM are associated to semelevant opportunity

costs. They are, for example, foregone benefits derived from giving room to the river in the floodplain:
leaving water and space for intercrop grassland, or leaving the extra yields of applying fertilizers.
These opportunity costsight be significant in size and might be the main barrier for farmers and
households to adopt voluntarily the adoptioR\WIRM even when the installation cost is fully covered

by subsidies.
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/ The opportunity cost of changing current practice might beubstantial \

For instance, Goodast al (2014) collect the opportunity costs of a series of soil cons
practices in dairy and cereal farms in UK. Similar to the analysis of installation costs,
provide information on costs per unit oftab@ent obtained.

Table 6
Impact of mitigation methods on the dairy and cereal farms, expressed as a percentage reduction in whole farm losses for the different pollutants and expenditure per kg of
pollutant saved

Farm Scenario Cost (£) NO3-N P Sed NHz-N CHa N20
Dairy Baseline Loss (kg ha™") - 20 1.8 2778 382 186.9 9.9
Cereal - 284 1 645.7 68 0 6.8
(%) (%) (%) (%) (%) (%)
Dairy All mitigation 550 5 35 5 07 - 249
Dairy Cover crops 430 44 0.9 42 - - -
Dairy Riparian buffer strips 110 0.1 0.1 0.9 o - 0
Dairy Manure & fertiliser integration o 05 25 - 07 - 28
Cereal All mitigation 3290 44 32 5.4 18 - 1.3
Cereal Cover crops 1560 4 1.9 22 - - -
Cereal Riparian buffer strips 1730 04 13 33 18 - 13
Cereal Manure & fertiliser integration 0 - - - - - -
(£ k™) (kg (£kg™h ) (Ekg™") (Eke™))
Dairy All mitigation - 5 85 0.36 21 - 17
Dairy Cover crops - 5 255 0.34 - - -
Dairy Riparian buffer strips - 69 510 0.41 160 - 220
Dairy Manure & fertiliser integration - b . . * - *
Cereal All mitigation - 14 528 0.52 140 - 192
Cereal Cover crops - 7 417 0.61 - - -
Cereal Riparian buffer strips - 84 692 0.46 - - -
Cereal Manure & fertiliser integration - - - - - - -

\ * This method was assumed to be cost-neutral, so a cost-effectiveness value has not been given. /

[ The opportunity cost ofchanging current practice might be substantial (1) \
30 4
Reductions in the use «
25 fertilizers might have
e o substantial impact over yiel
) and revenues. Boriet al
£ (2010) uses this kind ¢
§ 104 information to assess tf
opportunity costs of
*1 mitigation practices.
[v] » T T T T T

850 750 850 950 1050 1150
Gross margin (€ he™ )

Fig. 4. Efficient frontier income-nitrogen for the land use combinations reported
specified in Table 6.
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( The opportunity cost of changing current practice might beubstantial (2) )

400 -

330 1 Other authors such &
= 300 Balaneet al (2012) show
& - how rather than
g constant, unit abateme
5 20 —%=MC (Low P) costs in  agricultur
o . .
T 150 - A MC (Med. P) marginally increase
? —&—MC [High P)
= 100 4

50 A

0 T T T T T
0% 10% 20% 30% 40% 50% 60%
P Reduction

Fig. 4. Marginal abatement cost curves (to achieve a percentage of the mean P loading reduc-
tion target) under the low, medium, and high P input scenarios. )

The opportunity costs associated with changes in land use, while little explored so far, might ha
important effects over the social acceptabilf¥RM and might result in local opposition, principally

from farmers concerned about the loss of agricultural production and associated tax revenues. Examp
from the literature (Bulloak al 2011) highlight the fact that restoration can generate cosisi@hd

other than that at which the restoration takes place.

[*Note on the following bgdx
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/ Opportunity costs do not change proportionally with the scale of intervention \

Siebeket al(2010) shows théite opportunity cost for bufferstips is strongly correlated to loss
income from the arable land being taken out of production, thi comparison between 3, 30 ¢
meters buffer strips in different Geman Landers illustrates how opportunity costdyare larg
determined by local conditions.

k Source: own elaboration based on data from Siedteal. (2010)

)

Another issue is that the costs and benefits of restoration should be distributed equitably in relation 1
the benefits that are provided. This awsphasises the crucial role of property rights and local
institutions in shaping the distribution of benefits. Approaches needed to achieve equitability ar
therefore likely to vary among communities and-socimmic contexts. Analysis of factors infiungn

distribution of the costs and benefits of restoration, and associated ecosystem services, remains
important research priority.













