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Abstract
The principal objective of WP6 in the REFRESH project is to undertake the cost-effectiveness
analysis (CEA) of various adaptation and mitigation measures for European freshwaters in order to
comply with the Water Framework (WFD) and Habitats Directives’ (HD) targets and assess whether
or not the (dis)proportionality criterion is met whilst attempting to achieve these targets. Taking into
account the relative importance of the nature of pressures to the water environment and sources of
these pressures in the Dee catchment in Scotland, the adaptation and mitigation measures considered
in this report focus mainly on agricultural land use and wastewater treatment works (WWTWs). This
report presents the results of the cost-effectiveness and disproportionality analyses undertaken in two
Scottish sub-catchments (Loch of Skene/Leuchar Burn catchment and Tarland Burn sub-catchments),
both located within the River Dee Catchment in North-East Scotland. Nitrogen (N) in Tarland and
phosphorus (P) Loch of Skene/Leuchar were identified as the key pressures.

The data for the effectiveness of individual measures were generated through modelling works
(REFRESH WP5).STREAM-N and INCA-P models were used to simulate the baseline conditions
and impacts of various measures or scenarios of changing land management or/and land use. Cost
estimates were calculated to reflect farm incomes foregone, capital investments (if applicable to a
particular measure) and additional operating costs as a result of implementing management options.
Costs were estimated based on the gross margin data from Farm Management Handbooks, Scottish
Rural Development Programme (SRDP) payment rates, Agricultural development advisory service
(ADAS)- UK recent cost estimates for diffuse pollution mitigation actions in Scotland and a Defra
report on the ‘cost curves on nitrate and phosphorus mitigation options’.
Findings from the cost-effectiveness analysis indicate that: (1) the identification of key pressure
sources and targeted measures are the best way to achieve cost-effective pollution mitigation, (2)
livestock measures are more costly to implement than arable sector measures (in Tarland), (3)
fertilizer reduction in the arable sector is the most cost-effective measure (in Tarland),(4) conversion
of arable land to grassland is a costly option, (5) WFD targets in Tarland can be achieved at a
relatively low total cost (compared to many other water bodies in Scotland), (6) investment in
WWTWs appears to be the most effective and economically feasible strategy to deal with phosphorus
loading problems, and (7) water quality standards for P can be achieved with modest total costs by
implementing the combined measures of fertilizer input reduction and investment in WWTWs in the
Loch of Skene catchment.
The disproportionality analysis identified various non-market benefits of the improvement of water
quality and the major beneficiaries. Part-II of this report presents detailed analyses of the economic
efficiency, distributional and affordability issues. With the help of an extended CBA tool (using the
NPV decision criterion), the key finding of Part-II is that implementation of WFD measures in the
study area is not disproportionately expensive in terms of comparison of the economic costs and
societal benefits. However, readers of this report and relevant decision-makers should be cautious,
because economic efficiency analysis of mitigation/adaptation measures may not be the only
environmental decision parameter; other non-economic factors and wider benefits may be taken into
consideration in the decision making process.

2

Table of Contents
Abstract ................................................................................................................................................... 1
Acronyms used in the Report .................................................................................................................. 3
List of Tables .......................................................................................................................................... 5
List of Figures ......................................................................................................................................... 5
1 General introduction ....................................................................................................................... 6
2 General CEA approach ................................................................................................................... 7
2.1
The CEA approach adopted and WP5-WP6 integration ......................................................... 7
3

Estimation of effectiveness and costs ........................................................................................... 11
3.1
Methodology of effectiveness estimates ............................................................................... 11
3.1.1

Effectiveness estimates of N mitigation measures in Tarland sub-catchment .............. 11

3.1.2

Effectiveness estimates of P mitigation measures in Loch of Skene sub-catchment .... 12

3.2

4

3.2.1

Tarland (detailed cost estimation method) .................................................................... 12

3.2.2

Loch of Skene (detailed cost estimation method) ......................................................... 14

Results: cost-effectiveness analysis .............................................................................................. 15
4.1
Tarland sub-catchment .......................................................................................................... 15
4.1.1

Effectiveness of measures ............................................................................................. 15

4.1.2

Costs of measures.......................................................................................................... 17

4.1.3

Cost-effectiveness ......................................................................................................... 18

4.1.4

Cost-effective combination of measures for achieving standard in Tarland ................. 19

4.1.5

Summary of Tarland results .......................................................................................... 20

4.1.6

Implications of future scenarios for effectiveness......................................................... 21

4.2

5

6

Cost estimates of measures ................................................................................................... 12

Leuchar Burn/Loch of Skene sub-catchment ........................................................................ 22

4.2.1

Effectiveness of P mitigation measures ........................................................................ 22

4.2.2

Costs of P mitigation measures ..................................................................................... 22

4.2.3

Cost-effectiveness of P mitigation measures ................................................................ 23

4.2.4

Combination of measures.............................................................................................. 25

4.2.5

Summary on Loch of Skene results .............................................................................. 26

Application of methodological approach ...................................................................................... 27
5.1
Justification of disproportionality analysis ........................................................................... 27
5.2

Methodological approach to the identification of main benefits of improved water quality 28

5.3

Identification of cost-bearers and beneficiaries .................................................................... 28

5.4

Identification of spatial and temporal scales for the analysis of disproportionality .............. 31

5.5

Data sources .......................................................................................................................... 32

Economic efficiency assessment ................................................................................................... 33
6.1
Benefit assessment ................................................................................................................ 33

3

7

6.2

Aggregated non-market benefits ........................................................................................... 34

6.3

Comparison of benefits with costs ........................................................................................ 34

Distributional effects and affordability considerations ................................................................. 36
7.1
Distribution of costs and benefits.......................................................................................... 37
7.2

Affordability considerations ................................................................................................. 38

8 Policy implications and recommendations ................................................................................... 42
9 Methodological challenges ahead ................................................................................................. 43
Acknowledgements ............................................................................................................................... 44
References ............................................................................................................................................. 45

4

Acronyms used in the Report
ADAS

Agricultural development advisory service (UK)

CBA

Cost-benefit analysis

CEA

Cost-effectiveness analysis

Defra

Department for environment, food and rural affairs (UK)

DWF

Dry weather flow

EA

Environment Agency (England)

GBP

Great Britain Pound

GBR

General binding rules (Scotland)

GES

Good ecological status

GIS

Geographic information system

HD

Habitat directive (EU)

INCA-P

Integrated CAtchment Model of Phosphorus dynamics

LCM

Land capability mapping

N

Nitrogen

P

Phosphorus

PE

Population equivalent

PoM

Programme of measures

RBMP

River basin management plan

RSPB

Royal Society for the Protection of Birds

SAC

Scottish Agriculture college

SEPA

Scottish environment protection agency

SIACS

Scottish Integrated Administration and Control System

SPA

Special protected area

SRDP

Scottish Rural Development Programme

SRP

Soluble reactive phosphorus

SSSI

Site of special scientific interest

SUDS

Sustainable urban drainage schemes

WATECO

Water Economics (working group on the common implementation strategy of
the WFD – economic and the environment)

WFD

Water framework directive (EU)

WP

Work package

WWTWs

Wastewater treatment works

5

List of Tables
Table 1:Mitigation measures considered in the Tarland sub-catchment ................................................. 9
Table 2: P mitigation measures considered in Loch of Skene sub-catchment ...................................... 10
Table 3.Over all and per ha costs of measures ...................................................................................... 17
Table 4.Cost effective combination of measures for 3 mg N/l and 2.5mg N/l standard ....................... 20
Table 5. Effectiveness of combined measures for Tarland under baseline and future scenarios .......... 21
Table 6.Cost estimates of measures (Loch of Skene) ........................................................................... 22
Table 7.Cost effective combination of measures .................................................................................. 25
Table 8.Non-market benefits of improving ecological status in the Dee sub-catchments .................... 34
Table 9.Costs and lifetime of measures that achieve GES in the Dee sub-catchments ........................ 36
Table 10.Profitability indicators of water quality improvement in the Dee sub-catchments (GBP) .... 36
Table 11.Ratio of annual costs and net farm income of measures to improve water quality in the
Tarland sub-catchment (year 2007-2008) ............................................................................................. 40
Table 12.Ratio of annual costs and net farm income of measures to improve water quality in the Loch
of Skene and Leuchar Burn sub-catchment (year 2007-2008).............................................................. 41

List of Figures
Figure 1. Cost curve for total treatment costs (NPV over 20 years) versus target effluent quality for a
number of different WWTW size categories (source: EA, 2012). ........................................................ 15
Figure 2. Overall effectiveness of measures (Total N reduced per measure – kg N/catch) .................. 16
Figure 3. Effectiveness of measures per ha of applicable areas ............................................................ 16
Figure 4. Cost-effectiveness of mitigation applicable to arable agriculture ......................................... 18
Figure 5. The cost-effectiveness of all measures .................................................................................. 19
Figure 6. Effectiveness of measures at sub-catchment scale ................................................................ 22
Figure 7. Catchment scale cost-effectiveness of measures ................................................................... 24
Figure 8. Ranked measures on the basis of cost-effectiveness ............................................................. 25

6

1 General introduction
The principal purpose of WP6 in the REFRESH project is to undertake the cost-effectiveness analysis
(CEA) of various environmental management/pollution mitigation measures in order to achieve the
WFD and HD targets and assess whether or not the proportionality criterion is met. The previous
consecutive REFRESH-WP6 Tasks (Tasks 1, 2 and 3) dealt with the profiling/characterization of the
demonstration catchments, selection and profiling of sub-catchments within the demonstration
catchments, and identification of WFD compliance problems or pressures and scoping of potential
mitigation/adaptation measures based on literature survey, expert consultation and stakeholders
involvement. In Task 3 we also reviewed evidence on effectiveness and costs of compliance from
grey and published sources to be fed to WP5 modelling work. For the Dee River catchment (Scotland)
these consecutive tasks were finalized and the respective reports were produced in Years 1 & 2 (2010
and 2011) of the REFRSH project (Balana et al., 2010; Balana et al., 2011; Martin-Ortega et al.,2011).
For the purpose of cost-effectiveness and disproportionality analyses, initially three sub-catchments
were selected and characterized within the Dee catchment (Loch of Skene/Leuchar Burn subcatchment, Tarland Burn catchment, and River Gairn catchment (see Balana et al., 2011). This
selection aimed to represent spatial variations (lower, middle and upper reaches of River Dee) and
diverse land uses/economic activities (from lowland moorland dominated to intensive agriculture) and
the extent of pollution pressures along the course of River Dee catchment. However, we found that
the River Gairn sub-catchment in the upper River Dee is in a relative pristine chemical condition. The
key environmental concern however, is the increase in maximum summer temperatures, and
modelling this single parameter was not possible within the framework developed in WP5 of the
REFRESH project. Thus, in consultation with WP5 and WP6 research teams within the James Hutton
Institute, agreement was reached to focus the CEA and disproportionality analysis on the other two
sub-catchments which are experiencing environmental pressures underpinned by nutrient enrichment
Leuchar Burn (Loch of Skene) catchment is typical of the lower reaches of the Dee with a high
proportion of intensive agriculture, but it also includes some woodland, a small component of
heathland/lowland moorland and two large landed estates around. It contains the anthropogenically
enlarged lowland Loch of Skene, which is designated as a Special Protection Area (SPA) and a Site of
Special Scientific Interest (SSSI). Tarland Burn catchment comprises a range of rather intensive land
use types that compromise water quality and wild habitats (Balana et al., 2011). In the context of the
WFD, SEPA has identified the Tarland catchment as being at risk of failing good ecological status
due to pressures from diffuse pollution and morphological change.
Methodologically, both Parts I and Part II of this report pursued the CEA and disproportionality
protocols produced earlierand agreed among WP6 researchers in all the 5 countries undertaking the
CEA and disproportionality works in their respective catchments (the UK, Greece, Finland, Norway
and Czech Republic). As the effectiveness data for both the Tarlandand Loch of Skene subcatchments were based on the modelling work (WP5), the CEA for these two sub-catchments
demonstrates a successful integration of biophysical modelling (WP5)and economic data/analysis
(WP6). However, due to the variation in the sub-catchment specific characteristics (both human and
natural factors) the source and type of pressures do vary between the two sub-catchments – agriculture
is the major source of pressures in Tarland, while both agriculture and waste water treatment plants
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(WWTPs) constitute the main sources of pressures in the Loch of Skene sub-catchment. To test the
degree of ‘future proof’ (climate change and land use change) and the uncertainties on the current set
of cost-effective combination of measures identified through CEA, the modelling work in WP5 have
run various future scenario analysis. A brief summary of scenario modelling results is presented in
section 4.1.6.
The report is organized in two major parts: Part I (Cost-effectiveness analysis) and Part II
(Disproportionality analysis). Both parts have attempted to strike the balance between the details in
the presentation of methods and results, simplicity, clarity, and policy relevance. In the final section,
the report summarizes key findings and policy implications.

PART I: Cost effectiveness
2 General CEA approach
2.1

The CEA approach adopted and WP5-WP6 integration

CEA, in a generic sense, is a technique for identifying the least cost option for meeting a specific
physical policy objective or outcome. In the context of the WFD, where there exist a number of
potential mitigation measures that could be implemented to achieve the Good Ecological Status
(GES), CEA is used as an appraisal technique for assessing and ranking the relative performance of
different measures or combination of measures on the basis of their costs and effectiveness.
Generally, the CEA methodology comprises four general components (Defra, 2005; WATECO,
2003): (i) a review of the likely pressures and impacts and identification of the potential mitigation
options; (ii) prediction of the potential effectiveness of measures (defining base/reference scenario,
scale of analysis, choice of estimation methods, etc.); (iii) estimation of the costs of measures
(identify cost estimation method, data source and level of aggregation, etc.); and (iv) assessment of
the cost-effectiveness of measures. These four broad components can be broken down into various
steps/stages in an applied CEA study.
The choice/selection of mitigation measures for the two Dee case studies was based on: (1) review of
a wide range of literature, particularly those relevant to Scotland and the wider UK, (2) expert
consultation at the James Hutton Institute, and (3) results of stakeholders’ workshop (Martin-Ortega et
al. 2011). In terms of data, CEA requires both biophysical data of ‘effectiveness’ (the actual/likely
effectiveness of measures) and economic data (the actual or likely cost of implementing the
measures). The data and CEA results presented in this report were based on the research protocol
within the REFRESH project WP6 and inputs from stakeholders’ workshop.
In 2011 a general CEA methodological approach document was produced – A Guidance Note on
Approaches to Implement CEA at the Demonstration Sub-catchments (Balana, 2011). This note,
consisting of nine CEA steps, was aimed at ensuring consistency among the case studies across the
REFRSH project demonstration catchments and facilitating the integration between WP5 modelling
work and WP6 economic analysis. A brief summary of these nine steps and how they were
implemented in the Tarland and Loch of Skene is presented below.
1. Identify the major pressures: What are the key water-quality compromising pressures in the
specific sub-catchment under consideration? Answers to this question were obtained in the
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Catchment and Sub-catchment profiling reports produced earlier in the project (Deliverables 6.1
and 6.3 – Balana et al., 2010; 2011).As in many other catchments in the UK, nutrients (P and N)
were found to be the major pressures compromising water quality in the case study subcatchments. For the two case studies (Tarland and Loch of Skene sub-catchments), Nitrogen (N)
and phosphorus (P) respectively were chosen as the main parameters to assess the water quality.
Water quality examinations at the lower end of the Tarland sub-catchment (SEPA, 2010a)
indicated that N loading was one of the significant issues compromising water quality.
2. Identify sources of pressures: Where do the pressures come from? Do they come from diffuse
sources such as agriculture or point sources? Knowing the sources helps us identify potential
mitigation/adaptation options appropriate to the sources. The information on land use, settlement,
etc. in the sub-catchment selection report (part of Deliverable 6.3) facilitated the identification of
key sources where pollutants come from. In Tarland, agricultural activity (i.e. a comparatively
intensive land-use) is the major source of pressures leading to poor water quality. Intensive land
use can also lead to elevated levels of silt and nutrients in surface water run-off. Pollution
resulting from diffuse agricultural sources and inappropriate wastewater drainage within the
catchment lead to increased nitrogen levels in Tarland. For the purpose of this study we
categorized the sources of pressures in Tarland into three: Arable agriculture (mainly cereals);
livestock sector (mainly beef), and household sector (mainly leaching from septic tanks). For the
Loch of Skene, agriculture and WWTPs are the two major sources of pressures (Balana et al.,
2011)
3. Determine environmental targets: What is our environmental target/standard that we aim to
achieve in a specific sub-catchment? Where does this target come from? What is the reference
condition against which the CEA is to be modelled? Environment targets are exogenous/
predetermined policy variables (e.g. aligned with EU or national standards). Targets for both N
and P for the two respective sub-catchments were derived from SEPA River Basin Management
programme (RBMP) water body information sheet for Tarland Burn and Loch of Skene (SEPA,
2010). Details are provided in Section 3 of this report.
4. Identify measures: What mitigation/adaptation measures do we need to tackle the problem? The
type of measures depends on the major pressures identified (see step 1 above) and the source(s)
identified (see step 2 above). Identification of mitigation measures for the Dee sub-catchments
was based partly on the previous works (e.g., Defra, 2004; Cuttle et al., 2007); partly through
expert consultations (S. Dunn, B. Slee, A. Vinten; pers. comm.); and partly through stakeholders’
inputs (Martin-Ortega et al., 2011). The Scottish Rural Development Programme (SRDP 20072013) document was also consulted. The measures identified were further discussed in a meeting
of JHI WP5 and WP6 researchers; sub-catchment specific factors and attributes such as dominant
land use type or farming systems, environmental pressures and sources of pressures were taken
into account for selecting the set of measures. These measures were further discussed and revised
in the stakeholders’ workshop.
Through this iterative and participatory process, a total of 10 broad mitigation/adaptation
measures, further broken down to 24 sub/specific measures, were identified and considered for
costs-effectiveness analysis in the Tarland (Table 1). These measures were assessed against three
major sources of pressures: Arable sector, livestock (beef) sector and household sector.
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Table 1: Mitigation measures considered in the Tarland sub-catchment
Main measures

Sub-measures

Code¶

1. Convert arable land to
extensive grassland

20% change to extensive improved grassland

AR1

50% change to extensive improved grassland

AR2

20% change to rough grazing

AR3

50% change to rough grazing

AR4

Uptake of 20kg/ha through winter

AR5

20% reduction applied across all fields

LS1

50% reduction applied across all fields

LS2

Complete livestock removal from 20% of land

LS3

Complete livestock removal from 50% of land

LS4

For 20% of arable crops (increase fertiliser x 1.3)

FP

For 20% livestock (increase N excess to 47kg/ha)

FP

20% reduction applied across all crop land

AL1

50% reduction applied across all crop land

AL2

Assume this leads to a reduction in 2kg/ha grassland N excess
Assume this leads to a reduction in 5kg/ha grassland N excess
Reduction of 10kg/ha for stream reaches bounded by
grassland

LS*
LS**

2m buffer strips adjacent to arable land, no management

AR6

6m buffer strips adjacent to arable land, no management

AR7

6m buffer strips adjacent to arable land, with management

AR8

10m buffer strips adjacent to arable land, no management

AR9

10m buffer strips adjacent to arable land, with management

AR10

CFW type 1 - yard and field interception, catch area 35.5ha

LS6

CFW for field interception, catch area 47ha

AR11

12.5% efficiency of N removal from septic tanks

HH

2.

Winter cover crops

3. Reduce livestock rates

4. Nutrient management
planning
5. Reduce fertiliser
application rates
6. Increase capacity of farm
manure stores
7. Fence off streams from
livestock*
8. Establish riparian buffer
strips

9. Establish constructed
wetlands
10. Septic tank management
measures

LS5

Source: Authors’ compilation
¶

AR= Arable measures; LS= measures applicable to livestock sector; AL=measures applicable for both arable and livestock
sectors; FP= farm plan measures; HH= household sector measures; LS*, LS**= Livestock measures, but not considered in
the final CEA model.

However, due to lack of consistency and reliability in both cost and effectiveness data, two main
measures (item 4 and 6 in Table 1) with their corresponding 4 sub-measures were not implemented in
the CEA. For septic tanks (measure 10 in Table 1) existing evidence indicates that the overall
contribution of rural households (via septic tanks) in terms of exporting N loads to steams was very
minimal (less than 1% of the total catchment level stream N load delivery). So, even if we remove
100% of N from septic tank sources, its overall effect on N load reduction is less than 1%. Thus, in
contrast to the original conception on septic tanks as one of the major sources of N pollution in
Tarland, its actual contribution seems to be rather minimal. Hence, it was decided not to include septic

10

tank measures in the CEA. Thus, finally 7 main measures (comprising 19 sub-measures) were
considered in the CEA for Tarland sub-catchment i.e. excluding measures 4, 6, and 10).
Table 2 presents the P mitigation measures considered in the Loch of Skene CEA. In addition to
agricultural measures, due to the high relevance of wastewater treatment works (WWTWs) as an
important source of P in this sub-catchment, three specific measures targeting WWTWs were
identified and analysed in the CEA work.
Table 2: P mitigation measures considered in Loch of Skene sub-catchment
No.

Main measures

Sub-measures
20% arable to rough grazing

1

Convert arable land to grassland

50% arable to rough grazing
Reduce effluent concentration to 3mg/l

2

Reduce WWTWs inputs

Reduce effluent concentration to 1mg/l
Remove altogether (piped elsewhere)
20% reduction across improved grassland

3

Reduce manure inputs
50% reduction across improved grassland
20% reduction to arable
50% reduction to arable

4

Reduce fertiliser application
20% reduction to grassland
50% reduction to grassland
Source: Authors’ compilation

5. Determine the scale or unit analysis: At what scale are cost and effectiveness data to be collected
and CEA to be conducted? For the Tarland CEA, both effects and cost estimates were made at per
hectare of land area scale for the different land uses and then up-scaled to the catchment scale for
applicable areas. For the Loch of Skene catchment, estimates for land use related measures were
compiled at per hectare basis and up-scaled to the catchment whereas for the WWTPs estimates
were obtained at individual plant scale.
6. 6. Assess the (likely) effectiveness of various measures/actions :( Details are presented in section
3).
7.

Obtain cost estimates of the various measures/actions: (Details are presented in section 3).

8.

Combine (integrate) cost and effectiveness data: various approaches can be pursued to integrate
economic cost and effectiveness data. For both case study sub-catchments within the River Dee
catchment, the effects and costs data were integrated using ‘Risk Solver Platform’ software (an
optimization approach in excel). This method has been implemented using a simple optimization
technique where the objective function being minimized is the aggregate cost of measures at subcatchment scale to achieve exogenously determined nutrient load reductions. This can be
presented as an optimization problem (equation 1):
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Min. C

m,s
m

C m,s

s

…..............….………………………………………...(1)

subject to :
( EQ s R m , s ) )
m

m,s

Q

s

And the following constraints hold.
1,
s and m, s [0,1],
m, s

s, m

m

where

m, s

is a binary variable taking the value of 1 which selects mitigation measure ‘m’ on

emission source ‘s’ 0 if it is not; C i is the total cost of N or P load reduction in £/year; EQ s the
export of N emission load for the reference state; Rm is the efficiency of measure ‘m’ in reducing
N load; and Q denotes the P or N load beyond which the water body may fail to achieve the
WFD ‘good status’.
9. Rank measures: Determine the least cost way to reach the environmental objectives based on the
ranking of measures (details are presented in section 3).

3 Estimation of effectiveness and costs
3.1

Methodology of effectiveness estimates

Review of literature on effectiveness estimates on diffuse pollution measures indicate that specific
value estimates vary greatly depending on: (a) how the specific measures were defined, (b) the
environmental conditions, (c) scale (both spatial and temporal), (d) baseline information, and (e) land
use types and management practices. Different combinations of these factors results in different
figures of effectiveness and cost estimates.
3.1.1

Effectiveness estimates of N mitigation measures in Tarland sub-catchment

The Dee catchment land use scenarios developed in REFRESH WP1 (Deliverables 1.8 and 1.9) were
used to set the baseline and scenario-specification works (See Castellazzi and Brown 2011a and
2011b for details on scenario development and case study specific applications in the Dee
Catchments). The Scottish Integrated Administration and Control System (SIACS) data were used as
the basic input to establish the baseline land use with missing areas filled in by the Land Capability
Mapping (LCM-2007) dataset. The baseline land use for Tarland identifies the following main land
uses: 10% rough grazing; 27% temporary and permanent grass; 15% arable crops (dominated by
spring barley); 8% heath land and 32% woodland / forest. N leaching, stream N load, and stream N
concentration from each of the baseline systems were calculated using the STREAM-N model.
STREAM-N is a less complex model than INCA-N in terms of its representation of the N cycle, but
includes better spatial delineation, being based on a 100m grid, and also fully integrates the hydrology
of the catchment. The model was then used to simulate the impacts of each of the chosen measures.
The results of this modelling were: N percentage reduction in stream concentration; Catchment N load
reduction (kg N/ha), and N load reduction per hectare of the applicable area or cell (kg N/ha).
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3.1.2

Effectiveness estimates of P mitigation measures in Loch of Skene sub-catchment

INCA-P (Integrated CAtchment Model of Phosphorus dynamics) was used to simulate daily in-stream
mean phosphorus concentrations under baseline conditions and scenarios of changing land
management. INCA-P is a dynamic, process-based model that uses a semi-distributed approach to
simulate the flow of water and nutrients through the terrestrial system to river reaches. INCA-P
requires input time series of precipitation, air temperature, hydrologically effective rainfall and soil
moisture deficit. The last two were derived using a simple hydrological mass balance approach.
Phosphorus inputs to the system include daily application rates from fertilizer, manure spreading,
grazing animals, atmospheric deposition and point inputs to the stream (in this catchment, septic tanks
and sewage treatment works). For each reach in the catchment the model outputs include daily time
series of flow, and concentrations and loads of soluble reactive phosphorus (SRP), total phosphorus,
particulate P and suspended sediment.
Routine stream water monitoring data from the Scottish Environmental Protection Agency (SEPA)
were used to calibrate and test INCA-P. However, this monitoring data is relatively sparse both
spatially and temporally, resulting in greater than usual uncertainties in model output. As such,
interpretation of the modelling results must be carried out with caution

3.2

Cost estimates of measures

Cost estimates were calculated to reflect income foregone and/or additional costs as a result of
implementing management options. The base year chosen for cost estimation was 2007. Cost of the
measures included in this report were estimated using gross margin data from Farm Management
Handbook (SAC, 2008); Farm Management Pocketbook (Nix, 2011); SRDP rural development-rural
priorities payment rates sheet (SRDP, 2008); ADAS recent cost estimates for diffuse pollution
mitigation actions in Scotland; and Defra report on the cost curves on nitrate mitigation options
(Defra, 2004).
3.2.1

Tarland (detailed cost estimation method)

1. Arable reversion to grassland(Data source: SRDP, SAC, Nix) – two specific sub-measures:
(a) Convert arable to extensive grass land - 20%
(b) Convert arable to extensive grass land - 50%
- Winter barley average gross margin= £490
- Interest on capital saved (6.3%) of the £564 (SRDP). So, £564@6.3%= £35.53.
- Standard labour requirement for cereals=20 hrs/annum; hourly wage=£5.35; So, labour
cost=20@£5.35= £107/ha
- Beef suckler gross margin (mainly silage based)= £202 (SAC, 2007)
- Gross margin 75% beef suckler production=£133.49 (SRDP)
- Grass seed= £32.92/ha (SRDP)
- Cost for option 1a= [(1)-(2)- (3)- ((4)-(5))+(6)]=£246/ha
2. Establish cover crops in the autumn (Data source: DWPA manual (i.e. Cuttle et al., 2007; ,
Crabtree et al., 2008 (WAgriCo Report)).
-Seed and establishment costs
-Assumptions: two cover crops grown in the 6-course crop rotation. Cost of cover crop
establishment=£27/ha.
3. Reduce overall stocking rates on livestock farms (Data source: Cardenas et al., 2011; DWPA
(i.e., Cuttle et al.0 2007); SAC, 2008)
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4. Reduce fertilizer application rates
In theory, the cost function for fertilizer reduction is defined as the net revenue lost by reduced use of

pc (( f ( N O )

N: C N

f ( N ))

pN ( N O

N)

Where Pc=price of crop;pN=price of fertilizer; NO=original level of N fertilizer use; N= reduced use of
fertilizer; f(NO) and f(N) are crop response function. We see that fertilizer reduction works in two
ways: (1) lower level of N may reduce crop output which is valued at the crop price and, (2) it
decreases input use by the difference from the original level valued by the price of fertilizer.
The practical challenge is lack of accurate information on yield response to N.
5. Fence off rivers and streams from livestock:
- 22.3 km stream lengths (GIS, WP5 biophysical estimates)
- Each 100m of stream allows access from 1 ha of land from both banks, thus unfenced
area of cattle grazed land adjacent to streams is 446 ha.
- Fencing at a cost of £4/m
- Life time of fencing is assumed to be 5 years
- 7% interest rate (amortization rate)
- Thus cost per ha (only those applicable areas)= ((22300 m@£4)* 2 sides) /446= £400/ha
-

r (1 r ) n
Cost per ha per year= C
=£97.5
(1 r ) n 1

Where C=capital cost; r=interest rate; and n= number of years
6. Establish riparian buffers strips(four specific sub-measures under:
(a) 6 m (without management)
Based on WP5 modelling assumption:
- Applicable area= 130 ha
- Assume that a 100 m by 100 m hectare implying 13000m length of applicable (arable
field) to be buffered
- Arable gross margin (spring Barely)= £490/ha
- Therefore, cost per ha = ((((13000*6)/10000)*490)/130)= £29.4
(b) 6 m (with management)
Cost per ha now includes management cost. Using Iho(2004) yearly maintenance cost for buffer strips
(mowing and transporting) of Euro 17-34; but assuming that maintenance operation is once every two
years. We chose the upper range and consider one-to-one Euro & GBP rate i.e., £34/2=£17. Thus cost
per unit= £29.4 (yield loss)+ £17 (management cost)= £46.4 per ha.
(c) 10 m (without management)
Same cost calculation as for the 6 m: =((((13000*10)/10000)*490)/130)= £49
(d) 10 m (with management)
Same as that of 10 m above, but management cost is added now;
Thus cost= 49+17=£66
7. Establish and maintain constructed wetlands: (source: ADAS estimates; own calculation)
- ADAS cost @£1.44 per sq. metre of constructed wetland
- From the biophysical model settings:35.5 ha; 22 farm holding of >= 50 ha
- Assume each farm holding implement 1 CW of size 1000 sq. m
- Thus, (1000 sq. metre @22@£1.44 per sq. metre@)/781 ha=£40.56/ha
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3.2.2

Loch of Skene (detailed cost estimation method)

As shown in Table 2the P mitigation measures identified for Loch of Skene include measures related
to agricultural sector and WWTWs. Detailed cost estimation methods for agricultural measures is akin
to that of Tarland (see the preceding section3.2.1) and the procedures employed for the Thame subcatchment – a parallel REFRESH WP6 “Deliverable 6.12: “Cost-effectiveness analysis report for the
Thame sub-catchment including analysis of disproportionality”(Martin-Ortega et al., 2013).
Therefore, here we present the cost-estimation methods for WWTWs measures.
Two wastewater treatment works (WWTWs) in two settlements were considered (Dunecht and Lyne
of Skene WWTWs). Population in both settlements are less than 1000 people; which implies that each
WWTW serves a population of less than 1000human inhabitants. The population equivalents
(PE)1estimates for Dunecht and Lyne of Skene are 250 and 60, respectively. Treatment costs seem to
vary depending on the size of the treatment plant (which also depends on the population size served
by the WWTW), treatment technology use, target phosphorus effluent quality and year upon which
costs are based (EA, 2012). According to information from Scottish Water (Bell D., Pers. comm.),
Dunecht WWTW is designed to process up to 3 x Dry Weather Flow (DWF), DWF for site is 12
cubic metres per day. Annual wastewater processing capacities for plants were computed on the basis
of this figure. It was indicated that two biological treatment types are in use –Rotating Biological
Contractor (RBC) and Activated Sludge (AS) for Lyne of Skene and Dunecht plants respectively. A
recent work on treatment potential and costs of various WWTW technologies in UK (EA, 2012)
highlighted the costs of various wastewaters P treatment technologies (see Figure 1).
Based on the population size served by the two WWTWs under consideration, the relevant cost curve
in Figure 1 is the one at the top (dark blue curve). As the population in both settlements are much
lower than the 15,000 population represented by the top dark blue curve, the cost estimate obtained
from this curve is a conservative (lower) estimate for our case study (see Figure 1 top blue curve). On
the basis of figure 1, for the three WWTW-related measures considered in our case study – i.e.,
remove all (reduce effluent concentration to zero), Reduce effluent concentration to 1 mg/l and reduce
effluent concentration 3mg/l) – we used £1.6/m3 treated, £1.2/m3 treated and £1/m3 treated
respectively.

1

Population equivalent(PE), in waste-water treatment is the number expressing the ratio of the sum of the pollution load
produced during 24 hours by industrial facilities and services to the individual pollution load in household sewage produced
by one person in the same time.
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Figure 1.Cost curve for total treatment costs (NPV over 20 years) versus target effluent quality for a number of
different WWTW size categories (source: EA, 2012).

4 Results: cost-effectiveness analysis
4.1
4.1.1

Tarland sub-catchment
Effectiveness of measures

The baseline model shows that the total catchment level baseline N loss is about 122,068 Kg/year.
Source apportionments of the total loading indicate that 52010, 49918, and 22140 kg of N come from
arable crops, improved grasslands, and other land uses respectively. In terms of N leaching per unit
area (i.e., per ha) arable land is the highest contributor with 50.3 kg N/ha/year, followed by 24.7 kg N
/ha/year from improved grass land and only 5.4 kg N/ha/year from other land uses.
Looking at the overall effectiveness of individual measures, adoption of certain single stringent
measures can reduce N loading by more than 10% of the baseline condition. These measures include:
a 50% cut in fertilizer application (with 18% N load reduction); 50% arable land to rough grazing land
conversion (with 16% N load reduction); 50% removal of livestock (with 12.6% N load reduction);
and 50% arable-extensive grazing land conversion (with 11% N load reduction) (see Figure 2). This
implies that for any 10-15% N reduction targets, implementation of one of these individual measures
can achieve the environmental target (see section 4.1.4 on setting these targets). However, this is a
partial assessment in the sense that costs of implementing these measures were not taken into account.

Total N load reduced per measure (kg N/catch)
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Figure 2. Overall effectiveness of measures (Total N reduced per measure – kg N/catch)
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Figure 3.Effectiveness of measures per ha of applicable areas
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Effectiveness of individual measures per ha of applicable areas shows a different story compared to
that of overall effectiveness. In this regard, in general arable measures are more effective in reducing
N per ha area than livestock based measures. AR4, AR3, AR10, AR2 and AR1 are the most effective
measures in terms of per ha N reduction (see Figure 3). This approach, however, has still not taken
into account the cost of individual measures.
4.1.2

Costs of measures

Figure 3 presents estimates of costs of the various measures (the total cost of individual measures
aggregated for areas or sources where specific measures may be applicable and the per hectare cost of
each measure). In general, arable conversion to grassland (AR1, AR2, AR3, and AR4) and reduction
of stocking rates LS2, LS3 and LS4) are costly measures to implement in Tarland. Establishing 2
meter wide buffer strips across water courses is part of a regulatory requirement (General Binding
Rules –GBR) in Scotland. Thus, the 2 meter buffer strip was considered as a baseline (i.e., zero cost is
assumed for 2 meter buffer) for estimating cost of 6 meter and 10 meter wide buffers included in this
study.

Table 3.Over all and per ha costs of measures
Measures

Code

Total
cost (£)

Cost per
ha (£)
200
200
276
276
27

1. Convert arable to extensive grassland
20% change to extensive improved grassland

AR1

50% change to extensive improved grassland

AR2

20% change to rough grazing

AR3

41000
103600
56580

50% change to rough grazing

AR4

142968

AR5

20790

20% reduction applied across all fields

LS1

50% reduction applied across all fields

LS2

Complete livestock removal from 20% of land

LS3

78376
195940
78780

Complete livestock removal from 50% of land

LS4

195940

AL1-arable
AL1-grassL
AL2-arable
AL2-grassL

5480.2
35569.6
29727
90164.8

5. Fence off streams from livestock
6. Establish riparian buffer strips

LS4

21742.5

5.3
34.4
28.75
87.20
97.5

2m buffer strips adjacent to arable land, no management

AR6

0

0

6m buffer strips adjacent to arable land, no management

AR7

3822

29.4

6m buffer strips adjacent to arable land, with management

AR8
AR9

10m buffer strips adjacent to arable land, with management

AR10

6032
6370
8580

46.4

10m buffer strips adjacent to arable land, no management

24742
1384

31.68

2. Winter cover crops
3. Reduce stocking rates

40.4
101
202
202

4. Reduce fertiliser application rates
20% reduction applied – arable crop
20% reduction applied – grass land
50% reduction applied – arable crop
50% reduction applied –grassland

49
66

7. Establish & maintain constructed wetlands
CFW type 1 - yard and field interception, catch area 35.5ha

LS5

CFW for field interception, catch area 47ha

AR11

29.45

18

4.1.3

Cost-effectiveness

As discussed above, the measures considered were identified by taking into account their applicability
to the various sources of pressures (arable, livestock and household sectors, and WWTWs). Figure 4
reports the cost-effectiveness of measures that target arable agriculture in the Tarland sub-catchment.
As can be seen from Figure 4, the most cost-effective mitigation measure in the arable agriculture
sector is reduction of fertilizer application. According to our results, reducing fertilizer application
even up to 50% in the arable sector is more cost-effective than the other arable measures considered in
Tarland. Previous Defra commissioned projects in England and Wales (e.g. Defra, 2004) have found
similar results. Two explanations were commonly provided for this result. On the one hand applying
less fertilizer means saving money that could have been spent on fertilizer and on the other, fertilizer
reduction up to a certain threshold level does have little impact on crop yield. So, the combined
effects resulted in ‘fertilizer reduction’ as a cost-effective measure.
On the contrary, conversion of arable land to grassland appears to be the least cost-effective
mitigation option. Measures such as cover crops and managed buffer strips are moderate in terms of
cost-effectiveness.

Cost-effectiveness (£/kg N/ha reduced)

8
7
6
5
4
3
2
1

AR3

AR1

AR2

AR4

AR9

AR7

AR5

AR8

AR10

AR11

AL2-arable

AL1-arable

0

Arable Measures

Figure 4.Cost-effectiveness of mitigation applicable to arable agriculture (Tarland)

Figure 5 presents the cost-effectiveness of all the measures analysed in the Tarland case study.
Generally, arable measures are more cost-effective than measures applicable to livestock sectors. In
particular, reducing livestock numbers or stocking density is the least cost-effective measure (~£21/
kg N/ha). Reducing the rate of fertilizer application can be implemented in both grassland and arable
systems. However, in relative terms this measure is more cost-effective in arable system (~£1/ kg
N/ha) than in the livestock system (~£4/kg N/ha).
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cots-effectiveness(£/kg N Reduced)
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cost-effect ratio(£/KG N)-Arable

cost-effect ratio(£/kg N)-grassland

Figure 5.The cost-effectiveness of all measures (Tarland)

4.1.4

Cost-effective combination of measures for achieving standard in Tarland

Setting environmental goals for various pollutants and identify cost-effective combination of
mitigation measures to achieve the standard is a key component in the implementation of WFD.
According to the SEPA’s RBMP water body information sheet (SEPA, 2010a), Tarland Burn was
classified as having an overall status of ‘Moderate’ with ‘Medium’ confidence in 2008; with overall
ecological status of ‘Moderate’ and overall chemical status of ‘Pass’. This overall classification of
status is made up of many different tiers of classification data. SEPA have set environmental
objectives for Tarland over future river basin planning cycles in order that sustainable improvements
to its status can be made over time, or alternatively that no deterioration in status occurs.
The overall environmental objectives set for Tarland Burn for the first, second and third RBMP cycles
are as follows:
Year
2008
2015
2021
2027
Status
Moderate
Good
Good
Good
Source: SEPA, 2010a, P.2. RBMP Water body information sheet for water body 23338 in North East
Scotland (Tarland).
With regard to setting a specific standard for N, we reviewed a range of literature and consulted
experts and various documents related to WFD targets. There are slight variations in the interpretation
of WFD implementation in various member countries. For example, the Flemish (Belgium)
interpretation of WFD standards for total nitrogen and nitrate (Cools et al., 2011) indicates that for N good status=4 mg N/L; Very good Status=3mg N/L and for nitrate good status between 2 & 10 mg
nitrate per litre and very good status ≤ 2 mg nitrate per litre. Through literature sources (both grey and
published) and expert consultation (Dunn S.; Helliwell R.; Jackson-Blake L.; pers. commu.), the cost
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effectiveness calculation for Tarland is based on two standards for N (3 mg N/l) and 2.5 mgN/l).
Accordingly: (1) to achieve a stream concentration of 3.0 mg N/l, approximately a 10% N load
reduction from the baseline is required, and (2) to achieve a stream concentration of 2.5 mg N/l,
approximately a 25% N load reduction from the baseline is needed. Table 3 presents the cost-effective
combinations of measures for the 10% and 25% N reductions.

Table 4.Cost effective combination of measures for 3 mg N/l and 2.5mg N/l standard
10% N reduction target (3 mg N/l)

TC

CE

Measures
20% reduction in applied N fertilizer

Code
AL1-Arable

Rank
1

(£/catch)
5480.2

(£/kgN)
0.61

Constructed field wetland (CFW) area for field interception

AR11

2

1384.15

1.74

10 m buffer strips adjacent to arable land (with management)

AR10

3

8580

2.25

Measures
20% reduction in applied N fertilizer-Arable land

Code
AL1-Arable

Rank
1

5480

0.61

Constructed field wetland (CFW) area for field interception

AR11

2

1384.15

1.74

10 m buffer strips adjacent to arable land (with management)

AR10

3

8580

2.25

Winter cover crops (uptake of 20 kg through winter)

AR5

4

20790

3.82

20% reduction in applied N fertilizer-livestock (grass land)
Arable grassland conversion (20% change of extensive
improved grassland)

AL1-grassland

5

33569.6

3.93

AR1

6

41000

7.38

15% N reduction target (2.5 mg N/l)

TC= total cost; CE=cost-effect ratio
Source: Authors’ compilation
As shown in Figure 4, economically low-cost measures to achieve a 10% N reduction (i.e. for a 3 mg
N/l) are: a 20% N fertilizer reduction, construction of field intercept ion wetlands, and a 10 m buffer
strips (with management). These three measures can achieve the 10% N reduction at a total cost of
about £15,000. However, if we set a more stringent N concentration standard (2.5 mg N/l), adopting
cost-effective measures required to achieve this target costs nearly 4 times (£110,804) to that of the
3.0 mg N/l standard. The 2.5 mg N/l target requires adoption of three more measures (Table 4) in
addition to those measures identified for the 3 mg N/l water quality standard.
4.1.5

Summary of Tarland results

The findings from the Tarland CEA can be summarized as follows:
 Clear identification of pressure sources and targeted measures are the best way to achieve costeffective pollution mitigation.
 Livestock measures are more costly to implement than measures in the arable sector.
 Within arable measures, arable land to grassland conversion is a costly option.
 Fertilizer reduction in the arable sector is the most cost-effective measure.
 Pollution from septic tanks is not significant, as originally thought.
 The WFD target in Tarland can be achieved at a relatively low total cost (compared to many other
water bodies in Scotland or UK) (see Balana et al. 2011; Cardenas et al., 2011).
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4.1.6

Implications of future scenarios for effectiveness

As part of the biophysical modelling study, a set of future climate and land use change scenarios were
applied to the Tarland Burn sub-catchment. The objective of this was to explore how future water
quality might be expected to alter. The analysis involved testing of three different climate model
simulations and four different storylines for future land use. The results of the scenario simulations
identified the “Worst case” future to be characterised by the SMHIRCA climate model simulations in
combination with a “National Enterprise” land use scenario that included a significant increase in the
area of arable land. The “Best case” future was characterised by the KNMI climate model in
combination with the “Global Sustainability” land use scenario. This scenario saw a move away from
agricultural productivity with a significant new area of forestry on previous farmland.
In order to future proof the proposed adaptation measures, the effectiveness of a combined suite of
measures was tested in conjunction with the “Worst case” and “Best case” future scenarios. The
combined measures aimed at achieving a 10% reduction in N (reduction in applied fertiliser, use of
constructed wetlands, and 10 m wide well managed buffer strips) for the Tarland Burn were applied in
this context. The results of this analysis are summarised in Table 5.
Table 5. Effectiveness

Scenarios

Baseline + combined
measures; HadRM3
Worst case scenario
Best case scenario
Worst case + combined
measures
Best case + combined
measures
Climate (HadRM3) +
combined measures

of combined measures for Tarland under baseline and future scenarios
Mean
runoff
mm/y
486.29

Mean
NO3conc
mg/l
2.58

Mean
load
kg/ha/y
12.76

Change
runoff
%
0.00

Change in
NO3conc
%
-10.84

Change in
NO3 load
%
-10.46

508.46
618.69
508.46

3.11
2.17
2.54

16.30
14.11
13.50

-15.06
10.38
-15.06

22.05
-19.80
-0.17

2.62
-9.89
-15.01

618.69

1.96

12.86

10.38

-27.48

-17.90

457.10

2.61

12.15

-6.00

-9.67

-14.74

As expected the combined measures applied to the baseline situation led to a 10% reduction in nitrate
concentrations for the catchment. Under the worst case climate and land use scenario, with no
adaptation measures, future concentrations might be expected to increase by as much as 22%.
However, because this increase is caused primarily by an increased area of arable land and the most
important adaptation change is a reduction in fertiliser usage, the effectiveness of the combined
measures also increases for the future scenario. The net result is that the proposed combined
adaptation measures would cancel out the effect of the increased agriculture leading to overall N
concentrations very similar to the present baseline.
Under the best case scenario, a large decrease in nitrate concentrations of 27% might be expected. The
simulation of future climate without any land use change also gave an effectiveness of the combined
measures of around 10%, highlighting the greater importance of land use changes compared with
climate change effects for this catchment.
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4.2
4.2.1

Leuchar Burn/Loch of Skene sub-catchment
Effectiveness of P mitigation measures

Effectiveness (kg SRP removed/yr

Figure 6 presents the effectiveness of individual measures (in kg soluble reactive phosphorus (SRP)
reduced/catchment/year). As can be seen from the Figure, mitigation measures related to WWTWs
and conversion of arable land to grassland are highly effective in reducing SRP in the Loch of Skene
sub-catchment. For instance, measures targeting the two WWTWs (at Dunecht and Lyne of Skene)
alone can reduce P load up to the maximum of 20% (if the measure removes or recycle P altogether
i.e. zero concentration of SRP in the discharge). This seems highly stringent to achieve (because
100% pollution removal at a particular source is economically very expensive); however less stringent
methods such as P removal at WWTWs to meet effluent concentration to 1 mg/l or 3mg/l may still be
more effective compared to agricultural measures in the Loch of Skene sub-catchment.

80
70
60
50
40
30
20
10
0

Figure 6.Effectiveness of measures at sub-catchment scale (Loch of Skene)

4.2.2

Costs of P mitigation measures

Two of the measures considered (i.e. reduction of fertilizer application to the grassland system by
20% and 50%) resulted in negative costs. This means that implementation of these measures can save
money. At catchment scale the most expensive measure appears to be the conversion of 50% of arable
land to rough grazing followed by adoption of a WWTW measure/technology to zero concentration of
SRP in the discharge. Contrary to a priori high cost expectation of WWTWs measures, the cost
figures we derived for these measures were not hugely expensive (Table 6).The explanation might be
the long life-time of capital investment in WWTW and modest operational costs. Based on EA (2012)
we assumed a 20 year life span of capital investment; so though initial capital investment is high,
spreading it for 20 years (annualization) results in a comparatively modest annual cost figure.

Table 6.Cost estimates of measures (Loch of Skene)
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Measures
20% arable to rough grazing
50% arable to rough grazing

Total cost (£/catchment/year)
42,600
10,6500

Reduce effluent conc.to 3mg/l

29,200

Reduce effluent conc. to 1mg/l

35,040

Remove altogether (piped elsewhere)

46,720

20% stocking reduction

9,020

50% stocking reduction

22,550

Fert_20% reduction to arable

1,874

Fert_50% reduction to arable

1,1715

Fert_20% reduction to grassland

-422

Fert_50% reduction to grassland

-2,637.5

Source: compiled by authors (from various data estimates)

Cost-effectiveness of P mitigation measures
Cost-effectiveness (£/ kg SRP removed/yr)

4.2.3
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Figure 7 and Figure 8 indicate the cost-effectiveness of individual measures. As explained in the
previous section, two of the measures – reduction of fertilizer application to grassland by 20% and
50% - result in savings of money. As a result, the cost figures for these measures appear below zero
(horizontal axes) in both the bar graph (Figure 7) and the curve (Figure 8). Figure 8 depicts ranked
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Cost-effectiveness (£/ kg SRP removed/yr)

measures on the basis of their cost effectiveness values, with reduction of fertilizer application in the
grazing system being the cheapest (in fact cost saving) and conversion of arable land to rough grazing
system being the most expensive measure. Measures related WWTWS are modest in terms of costeffectiveness.
2500

2000

1500

1000

500

0

-500

Figure 7.Catchment scale cost-effectiveness of measures
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cost-effectiveness (£/kg SRP removed/yr)
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Figure 8. Ranked measures on the basis of cost-effectiveness

4.2.4

Combination of measures

According to SEPA Water body classification information sheet (SEPA, 2010b), Loch of Skene was
classified as ‘Poor’ and Kinnernie Burn as ‘Moderate’ in terms of mean annual soluble reactive
phosphorus (SRP concentration. However, when SEPA monitoring data was examined for model
calibration purposes, two large outlying data points were found. When these were removed, the
classification of Kinnernie Burn changed from ‘Moderate’ (mean annual SRP of 0.048 for the period
2005-2009) to ‘Good’ (mean annual SRP of 0.037). The modelling results for the 30-year baseline
condition period (using the calibration parameter set, with land use as in 2007 and fertilizer inputs as
in 2010) confirmed this, with ‘Good’ SRP status simulated in all reaches up-stream of Loch of Skene.
However, target setting for the CEA work in this report is based on SEPA’s classification: this is an
official information source, and even with the revised mean SRP values, the water body is still at the
Good/Moderate boundary. Taking into account SEPA’s ‘Moderate’ classification for the up-stream
reaches of Loch of Skene and modelling output from WP5, we considered a modest (20%) SRP
reduction in order to meet the WFD water quality target in 2015.To achieve this target, the following
three cost-effective combinations of measures were identified:
-

50% reduction of fertilizer application to grassland system,
20% reduction of fertilizer application to arable land; and
Investment in WWTWs to reduce effluent SRP concentration to meet 1mg/l.

So, considering all the reaches up-stream of Loch of Skene (ca. 32.24 km2), the 20% SRP reduction
can be achieved with an annual total cost of just under £40,000/year on the three measures identified.

Table 7.Cost effective combination of measures
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Measures for a 20% SRP reduction target

Rank

50% reduction of fertilizer application to
grassland system
1
20% reduction fertilizer application to arable
land
2
WWTW to reduce effluent SRP concentration to
meet 1mg/l.
3

Total cost
(£/catch)
Cost saving
(zero cost
assumed)

Cumulative
effectiveness*

1874

2.22

35040

18.92

2.02

*The cumulative effectiveness of the three measures slightly falls short of the 20% SRP target assumed. However, taking
into account the uncertainty in SEPA’s classification and the WP5 model out puts, this marginal difference is acceptable.

Source: Results from CEA for Loch of Skene

4.2.5

Summary on Loch of Skene results

Because of the uncertainty in the model output from WP5, and in SEPA’s classification of the water
quality status, high confidence can not be placed in the outputs from the cost effectiveness analysis.
Nonetheless, the main findings were:
 A combination of fertilizer reduction and investment or upgrading of WWTWs can achieve water
quality target with respect to phosphorus in the Loch of Skenec sub-catchment.
 Investment in WWTWs appears to be the most effective and economically feasible strategy to
deal with phosphorus loading problems (at least in the reaches up-stream of Loch of Skene).
 Water quality standards for P can be achieved with modest total cost by implementing the
combined measures identified in this study (fertilizer input reduction and investment in WWTW).
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PART II: Disproportionality Analysis
5 Application of methodological approach
This section is based on the conceptualization of disproportionality presented and discussed in the
REFRESH discussion paper Assessing proportionality/disproportionality of compliance costs:
Conceptual issues, methods, applications (Skuras et al. 2010) and it follows the Methodological
Approach to Disproportionality Analysis agreed in WP6 (Martin-Ortega and Skuras, 2012). The
methodological approach in the Dee sub-catchments followed a combination of desk-based analysis
(including literature review), inputs from the CEA (see Part I of this report, expert consultation and
stakeholder workshops held in Dunecht, Aberdeenshire. The workshop was aimed, among other
things, at gathering local stakeholders’ views on how (dis)proportional and (un)evenly distributed the
costs of measures to improve water quality would be in relation to the benefits they provide in the
sub-catchment (Task 6.4 & 6.5 Interim Report, Martin-Ortega et al. 2012b).

5.1

Justification of disproportionality analysis

Article 4 of the WFD allows the derogation of environmental WFD objectives if meeting them has
disproportionately high costs. In this context, the following types of derogation can be granted
(Finnegan, 2009): i) an extension of the deadline for reaching GES with up to two planning cycles if a
water body requires additional measures that involve disproportionate costs to meet the deadline (if
GES can be achieved after 2015); and ii) the setting of a less ambitious environmental target, i.e.
reaching an acceptable ecological state. The Directive further specifies disproportionately high costs
compared to the benefits of meeting the objective2. This requires proving that the costs of the Program
of Measures (PoM), which achieve GES are higher than the associated expected benefits (European
Commission, 2003).
According to the Methodological approach to Disproportionality Analysis agreed in WP6 (MartinOrtega and Skuras, 2012), the first step was to establish clear arguments why an analysis of
disproportionality is needed in each case study. In principle, disproportionality analysis is an
expensive exercise with political and public consequences and thus it must be justified a-priori.
In Scotland, the approach of the Scottish Environment Protection Agency (SEPA) has been largely to
rely on CEA alone (SEPA, 2005a). This decision was based on the outputs of the Impact Assessment
of the River Basin Management Plan for the Scotland River Basin District commissioned by the
Scottish Government (Entec, 2008), which includes a qualitative assessment of benefits and led the
regulator to assume that mitigation is usually proportionate unless costs seem particularly high or if
concern is raised. This implies that environmental benefits were not estimated quantitatively and costbenefit analysis was not undertaken. In the academic literature, a disproportionality analysis of the
costs of from improving the ecological status of all Scottish lochs (lakes) was undertaken at the
national level in Scotland (Vinten et al., 2012).
2

The Directive also refers to disproportionately high cost as those which exceed the financial ability to pay of
the cost bearers. This relates to affordability (see section 6).
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The REFRESH stakeholder workshop on Social and economic effects of improving water quality in
the Loch of Skene and Leuchar Burn allowed researchers to gather local views and perceptions on the
issue of disproportionality at the sub-catchment level (Task 6.4 & Task 6.5 Interim Report, MartinOrtega et al. 2012b). In general, workshop participants found it difficult to determine whether the cost
of improving water quality were higher or lower than the benefits. It was not possible from the
workshop discussions to come to a definitive conclusion as to whether the benefits of improving water
quality out-weigh the costs at the sub-catchment level. This is mostly due, according to workshop
participants, to the difficulty of quantifying the benefits.
Following the REFRESH project approach to establish the sub-catchment level as the appropriate unit
of analysis and taking into account local stakeholder considerations, it seemed necessary to undertake
a disproportionality analysis for the Dee sub-catchments, in which specific local cost-bearers and
beneficiaries are identified, and spatial considerations in the distribution of benefits are accounted for.
The next sections explain the methodological approach followed in the Dee sub-catchments for the
analysis of (dis)proportionality.

5.2

Methodological approach to the identification of main benefits of
improved water quality

The identification of benefits of improved water quality through the applications of measures
identified in Part I was undertaken in three steps:
1. Screening of potential benefits was elaborated by the researchers.
2. Expert consultation via survey to scientists from a range of disciplines at the James Hutton
Institute was undertaken to expand the preliminary identification. The survey was composed
by two different versions of a questionnaire (one for each of the sub-catchments). The
sectors/actors presented were the same in both questionnaires, but the questions varied
depending on the main economic activities and societal actors that had previously been
identified in the report which profiled the two sub-catchments (Balana et al., 2011).
3. The consultation produced an initial list of benefits and beneficiaries. In the case of the Loch
of Skene/Leuchar Burn, this list was then presented to local stakeholders in a workshop.
Participants were first asked to validate the list (i.e. whether the list was comprehensive or if
any type of benefit/beneficiary was missing; or if some of the ones included in the list were
actually not relevant to them). Then, each of the benefits was discussed in detail and
participants’ views and knowledge were recorded. Further details on the expert consultation
and stakeholder workshop can be found in Task 6.4 & 6.5 Interim Report (Martin-Ortega et
al. 2012b).

5.3

Identification of cost-bearers and beneficiaries

The identification of cost-bearers and beneficiaries was included in the process explained above: i.e.
first screening made by the researchers, expert consultation via survey, and stakeholder consultation
in the workshop. Here we present the results of the workshop. It should be noted that workshops were
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held in the Loch of Skene/Leuchar Burn sub-catchment, not in the Tarland sub-catchment3. However,
previous stakeholder engagement processes in the area make us feel confident that the views and
perceptions of most of the cost-bearers and beneficiaries apply to both sub-catchments. When that was
not the case, it is made explicit in this report.
Participants to the workshop were introduced to the idea that improving water quality would bring
benefits to society, but would also entails costs (i.e. costs of the mitigation actions). Workshop
participants were divided into three break-out groups and asked to consider potential costs, costbearers, benefits and beneficiaries as a result of water quality mitigation measures in the subcatchment. The measures discussed were those which had been previously identified as relevant in the
first stakeholder workshop on the collaborative scoping of solutions (Deliverable 6.5, Martin-Ortega
et al. 2012a). Break-out groups contained a mix of stakeholder types, including farmers and
representatives from the Scottish Environmental Protection Agency (SEPA), Scottish Government,
Scottish Water, Royal Society for the Protection of Birds (RSPB), Dee Catchment Partnership, local
community councils, and local sailing clubs. The initial list of cost bearers and beneficiaries
previously prepared by the researchers (see section 5.1) was presented to participants and discussed in
groups. In the first place, participants were asked to validate the list (i.e. whether the list was
comprehensive or if any type of cost/cost-bearer, benefit/beneficiary was missing; or if some of the
ones included in the list were actually not relevant to the area). Secondly, each of the costs and
benefits were discussed in detail and participants’ views and knowledge were recorded.
Workshop participants validated the list of costs and cost bearers of measures to improve water
quality, but added a few more to the list. A number of issues regarding costs and cost bearers were
discussed in the break-out groups. Regarding costs to farmers, it was considered that a reduction in
chemical fertilizers and pesticides applications would result in a loss of production and revenue in
arable systems. It was considered that this loss of revenue would not be so important for livestock
dominated systems. In this context, soil erosion and loss of productivity (yield and income) was also
not considered by workshops participants as an issue in the Skene sub-catchment. In general, there
was the view that for farmers to meet tight regulations they have to incur in important costs. There
was a debate, however, about whether the implementation of 2-meter buffer strips really had
significant costs for farmers.
Scottish Water was seen as another cost bearer. Whether these costs are to be passed on to the general
public through the increase of the water tariff was an issue of debate (see section 7 on distributional
effects). The additional costs of water treatment in the case of the new housing developments in the
Skene catchment are met in part by the developers, who should instigate Sustainable Urban Drainage
Schemes (SUDS). These costs were expected to be passed on to the prospective residents through
increased property values. Moreover, although the costs of putting in place the SUDS are to be
covered by the developers it is then to Scottish Water to pay for their maintenance.
Regarding costs to other commercial activities, it was signalled that the quarry in the Dunecht Estate
had invested in capturing sediments. Plans about the installation of a local recycling plant, to break
aggregates to sand, were discussed. It was suggested that poor communication among various
departments (planners, the Council and the Environment Protection Agency) was making the process
costly. Costs to forestry activities on the Estates were thought to relate, eventually, to yields and
harvesting loss due to reduce felling by loch side. It was noted that new planting aid grants are

3

No workshops were organized in Tarland due to stakeholder fatigue.
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available through the SRDP to which the Dunecht Estates could apply for new planting in buffer areas
(therefore the cost would be to the general tax payer).
Other costs to private households include water treatment for private water supply from the Estates.
When discussing this issue, it was argued that home owners prefer to pay to the Estates rather than
joining the public system, although it was mentioned that recently the Estates has started moving their
properties to the public water supply system. The costs of removing barriers to fish would also have to
be borne by the owners of the infrastructures, in this case Dunecht Estates as well. However, it was
signalled that the Environmental Protection Agency does provide funds (grant aids) for removing
barriers and returning water courses to a more natural state.
Additional costs relate to the dredging of sediments. The capacity of Loch of Skene and the Leuchar
Burn has been seriously compromised due to the accumulation of sediment and organic matter in the
loch. This, together with the expansion of housing in the area, increases significantly the flood risk.
How much this would cost or who would have to cover for it are issues which were not discussed.
Workshop participants also considered that costs to private households for the maintenance of septic
tanks were high. The need to include septic tank costs (to private households) in the analysis of
disproportionality is debatable since, to start with, household owners should already be complying
with septic tank management measures, and therefore it would not strictly be an added cost
attributable to the WFD (even if they are currently not complying).
In summary, individual farmers, Dunecht Estates and Scottish Water were identified as incurring the
greatest costs to improve water quality in this area through the measures under consideration in the
disproportionality analysis.
In relation to the beneficiaries, participants considered that recreational users would benefit from
improving water quality. In the specific case of the Loch of Skene, it was thought that it would bring
more recreational opportunities to the local population, for example, through uninterrupted sailing
periods. Improved water quality could also attract more users to the loch for open access activities
such as canoeing and windsurfing. However, the potential beneficial knock-on effects of the increase
of recreational activities on the local economy (for example, in shops and pubs) were thought not to
be very significant, since the majority of users are local and often bring their own food and other
supplies. Increased benefits from recreational fishing, which is controlled by Dunecht Estates, were
also not expected by the workshop participants. Regarding salmon specifically, it was suggested that
removal of weirs and dams might increase the salmon population in the streams but not in the loch.
According to some workshop attendees, pike and feroux trout inhabit the loch, and these are very
strong salmon predators that would not allow populations to develop. Even more, dams outside the
sub-catchment would also have to be removed, including the Garlogie Dam, which currently produces
hydropower. All this made it very unlikely that salmon (and its associated fishing benefits) would
develop in the loch4.
Moreover, participants thought that there are positive side effects of improving farm practices.
Nutrient management and more efficient fertilizer use can reduce costs to farmers. Better water

4

For illustration purposes, we direct the interested reader to the cost-benefit analysis of the WFD in Scotland
performed by Hanley and Black (2006), in which increased fishery income per salmon caught was estimated at
£250 per year (in 2006 prices).
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quality in the Burns and livestock fencing was also thought to reduce risk of spreading animal
diseases. Farmers also saw themselves as beneficiaries because they and their families could enjoy the
environmental amenities attributed to improved water quality.
Benefits associated with improved quality of private water supply to the population were not
considered to be significant. Workshop participants considered that private water supplies are tightly
regulated and in general, most of the water supplies currently meet good standard (due to UV filters in
place and recent subsidies), so no additional benefits were expected.
It was considered that improved water quality in the area would contribute to a general ecosystem
improvement, including better habitat and wildlife health, and its associated use and non-use values.
Benefits from this general improvement of the ecological status of the area would include improved
bird watching5. It was widely acknowledged that living in an environment with clean waterways has a
general positive effect on human health and well-being. Increased ecological status of water systems
was seen as to increase the scenic beauty and the general appreciation (by locals and non-locals) of
the area. This was also linked to educational benefits: stakeholders considered that it was beneficial
for children to appreciate an improved water environment and promote pro-environmental behaviour.
Increased community well-being was also discussed: besides health, a sense of local pride and local
participation. This relates to the discussion of the wider benefits of the WFD discussed in
REFRESH’s Deliverable 6.17.
Finally, it was mentioned that better health and wellbeing would not only have local effects but it
would spill beyond the sub-catchment boundaries and it was considered that the asset value of
agricultural land and property also reflects the environmental quality of the area.

5.4

Identification of spatial and temporal scales for the analysis of
disproportionality

The WFD does not specify at what spatial scale disproportionality analysis has to be carried out and
there have been different suggestions across Europe (Martin-Ortega et al. 2013). In principle, the
REFRESH general approach is to establish the sub-catchment level as the middle-way between a
broader catchment scale, where local specificities might be lost, and a lower (water body or even
field) level, which can entail huge assessment costs. Moreover, estimating benefits at lower scales
(e.g. water body) can potentially lead to the exclusion of a great number of beneficiaries of water
quality improvements, and therefore into downward-biased benefit estimations. The methodological
guidelines for disproportionality elaborated for REFRESH(Martin-Ortega and Skuras, 2012)
established therefore the sub-catchment as the level of analysis for disproportionate considerations
and prescribed that if stakeholder consultation demonstrated that there are significant benefits at a
wider scale, these should be incorporated, if not quantitatively, at least in the discussion of the results.
The temporal scale specification (i.e. the period of time over which cost and benefits need to be
compared) is also not straightforward. The WFD imposes its own planning cycles (e.g. 2015, 2021 or

5

Some stakeholders expressed concern about the fact that this might also attract more geese to the loch, which is
seen by part of the stakeholders as a problem and source of water pollution as well (although there is no
consensus in this topic) (see full report: Task 6.4 & 6.5 Interim Report ,Martin-Ortega et al. 2012b).
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2027), which could be assumed as the time-horizon of the evaluation process. However, the costs of
measures and the benefits of achieving the GES do not necessarily occur in accordance with these
deadlines, because costs can extend beyond them and benefits might only arise later on. In some WFD
CBA applications, the time-horizon was equated to the physical or economic life of the measures in
the PoM (Nocker et al. 2007, Martinez-Paz et al. 2013). Moreover, once environmental features have
been restored, benefits do not disappear and therefore contribute to the longer-term (i.e. beyond WFD
deadlines) welfare improvements. For comparability purposes, it was established in the project’s
methodological guidelines for disproportionality (Martin-Ortega and Skuras, 2012) that all REFRESH
WP6 demonstration catchments undertake the disproportionality analysis by 2015, plus each partner
conducts further analysis at different time scales in line with country-specific relevant national
policies. In their analysis of disproportionality of the reduction of Phosphorous loads in Scottish
lochs, Vinten et al. (2012) used the 2015 horizon. For the Dee sub-catchments we undertake the
analysis at three time scales – 2015, 2021 and 2027 to meet REFRESH WP6 cross-country
comparison of findings and policy needs.

5.5

Data sources

According to the Methodological approach to Disproportionality Analysis agreed in WP6 (MartinOrtega and Skuras, 2012), cost data for the disproportionality analysis are obtained from the CEA
previously undertaken (Part I of this report). It should be noted that two sets of costs have been
estimated in the CEA for the Tarland sub-catchment. These correspond to two different target levels:
(1) to achieve a stream concentration of 3.0 mg N/l, and (2) to achieve a stream concentration of 2.5
mg N/l. These two targets were established as a cost sensitivity analysis, since there is not a set N
criterion for the definition of GES. Here we continue with the sensitivity analysis and include the two
sets of costs. But it should be noted that we assume that both targets correspond to GES in terms of
the estimation of benefits (i.e. the most stringent target does not necessarily imply higher ecological
status, and hence no greater benefits).
As shown in section 5.2, the main benefits of improved water quality are non-market benefits
associated with increased recreational opportunities, landscape beauty, individual and community
well-being and improved habitat and wildlife (non-use values). For the estimation of these non-market
benefits, the methodological approach established for REFRESH is that of using existing estimates
from the literature, since there is no budget in the project for primary valuation studies. This process
requires the identification of an appropriate existing study from which estimates can be reasonably
transferred to the study site. A review of the literature revealed that the most appropriate source of
non-market benefit data to be applied in the Dee sub-catchments is a choice experiment study
published by Glenk et al. (2011), in which non-market benefits of improved water quality in all
Scottish lochs and rivers were estimated at the national (Scotland) scale. Details on this study and how
it was used in REFRESH are provided in the next section.
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6
6.1

Economic efficiency assessment
Benefit assessment

Mean willingness to pay (WTP) values
Non-market benefits of improving water quality in the Dee sub-catchments were obtained from a
choice experiment by Glenk et al. (2011). In that study the benefits of improving Scottish lochs and
rivers ecological status to comply with the WFD were estimated at the national level, distinguishing
between the two main Scottish river basins: the Scotland River Basin District and the Solway-Tweed
basin. Three categories of ecological status (many, few and no problems) were defined as a
simplification of the ecological status classification in the WFD. The ‘no problems’ category
corresponded to WFD excellent or good status; while ‘few problems’ corresponded to moderate status
and ‘many problems’ to WFD’s poor or bad status. To capture both use and non-use values, the three
categories were described to respondents both in terms of ecological conditions and implications for
suitable recreational use (i.e. services provided to the public). SEPA’s national water environment
characterization data for Scotland (SEPA, 2005a,b) was used to estimate improvements from baseline
conditions (in 2008) by 2015 and to produce GIS maps of baseline water quality levels for the choice
experiment. Options were expressed in units of % of national loch or river catchment surface under
each category by 2015. The baseline condition was 25% of loch area at GES, and maximum
improvement level was 81% of the area reaching the GES; and for rivers, the baseline condition was
34% and the maximum 83%. In this way, they produce WTP values that the Scottish population holds
for the improvement of lochs and rivers catchments estimated in terms of “£ per household per year
[…] for a 1% improvement in the total area of rivers [catchments] and lochs [surface] classified as
being in GES (or beyond) by 2015” (Glenk et al. 2011, p. 655). The WTP estimates for the Scotland
River Basin District (which is the one of interest here) were £1.81 per household per year for rivers
and £1.2 for lochs.
In this effort, we used these WTP estimates to calculate the value of improving water quality at the
sub-catchment level in our two case studies. Since WTP is expressed as £ per household per year per
1% of area, we can obtain WTP values for reaching the GES in the whole surface of each of the subcatchments6 (Table 8). It should be noted that the Glenk et al. (2011) survey was implemented to a
representative sample of the whole of the Scottish population. The WTP estimate represents the value
that, on average, a Scottish household holds for the improvement of the water status of lochs and
rivers, i.e. it is not specific to the population of the two specific case study locations of this report.
Although values are best estimated at the local level, in the absence of site-specific primary data, the
use of this national average value is not considered worse than values transferred from sites in other
countries. Strictly speaking, this represents then rather a downscaling process (from national to local
scale) than a conventional benefit transfer.
However, the use of national WTP estimates to specific has some caveats. The approach assumes a
uniform unit value of improvement (per hectare) regardless of which specific water body we are

6

Total loch and rivers’ catchment areas in Scotland are obtained from the River Basin Plan of the Scotland
River Basin District (SEPA, 2006); areas for the two cases studies were obtained from GIS information
provided by experts at The James Hutton Institute. Glenk et al. (2011) provide different WTP values for lochs’
area and rivers’ catchment area. It should be noted that for the case of the Loch of Skene and Leuchar Burn case
study, the WTP values is a composite of the value for the loch area plus the rest of the river’s catchment area,
corresponding to the Leuchar Burn.
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studying (i.e. the value of the Loch of Skene would be the same to any other loch of the same size in
Scotland). This is, of course, a simplification of reality. However, any benefit transfer exercise implies
that the value of a certain river or loch is the same (or adjustable to) the value of another river or loch.
So, once again in the absence of a local primary valuation, the use of average loch and river values is
not essentially different (or necessarily worse) than the underlying assumption of benefit transfer.

6.2

Aggregated non-market benefits

Once the WTP per household (per year) is established, it is necessary to aggregate values across the
overall population benefiting from the improvement of water quality at the appropriate scale. As
mentioned, the scale of analysis in REFRESH is at the sub-catchment level. However, for the
aggregation of benefits it is necessary to consider the economic jurisdiction, this is all those who hold
economic values regarding the improvement of water quality, which can extend beyond
administrative and hydrological boundaries (Hanley et al. 2003; Bateman et al. 2006). The
stakeholder consultation showed how non-market benefits spill beyond the boundaries of the subcatchment (Martin-Ortega et al. 2012b). To account for this spill over effects, we have aggregated
values for the overall of the Scotland River Basin District population following the estimates of Glenk
et al. (2011) for this area. Strictly speaking, benefits are likely to decline with distance from the water
bodies and with the existence of substitutes, so people living closer to the rivers or lochs hold higher
values than those living further away. As explained in the preceding paragraphs, we are using average
values for the whole population, so we can aggregate at that level (i.e. diminishing values are included
in the average). We therefore multiply per household WTP values by the total number of households
in the river basin: 2,133,3337. Total non-market benefits for each of the two case studies are presented
in Table 8.
Table 8.Non-market benefits of improving ecological status in the Dee sub-catchments

Sub-catchment
Tarland sub-catchment
Loch of Skene and Leuchar Burn sub-catchment
-Subtotal for Loch of Skene
-Subtotal for Leuchar Burn river’s catchment
Source: Author’s own compilation.

6.3

Non-market benefits (£/year)
427,567
751,916
482,380
269,536

Comparison of benefits with costs

From an economic efficiency viewpoint, the preferred method for the assessment of disproportionality
is the Cost-Benefit Analysis (CBA), in which the costs of the measures to improve water quality are
compared to the benefits provided. Traditionally in water management, CBA has focused only on
market costs and benefits (the so-called private or classic CBA). However, as explained before, the
most substantial benefits expected from the improvement of water quality in the Dee sub-catchments
relate to non-market benefits. Disproportionality assessment in this case therefore requires extended
CBA, in which non-market environmental externalities are also included (Almansa and Calatrava,
2007). In order to compare costs and benefits that are not simultaneous in time, a discount rate must
7

The population of Scotland River Basin District adds up to 4.8 million people (SEPA, 2006). We have used a
ratio of person per household of 2.25 (ONS, 2011).

35

be applied to represent society’s time preference for consumption in the present as compared to the
future (Martin-Ortega et al. 2013). There is an intense debate on the choice of the most appropriate
discount rate(s), since different options can have significant impact on deciding postponement or
lowering of WFD requirements. The European Commission suggests a standard social discount rate
between 3.5 and 5.5 per cent (European Commission, 2008). However, it has been argued that lower
discount rates should be applied to non-market values due to sustainability and intergenerational
solidarity reasons (Roumboutsos 2010, Almansa et al. 2012). This has been addressed by a dual CBA
approach, which applies different discount rates to different kind of benefits (Kula and Evans 2011).
The Green Book of the UK government has recommended applying declining discount rates to
incorporate “the social time preference” principle for evaluating its public policies in the long term
(HM Treasury, 2003). Whereas a discount rate of 3.5% is proposed for periods of 0-30 years, lower
discount rates are commended for longer time horizons (e.g. a 3.0% discount rate for 31-75 years and
2.5% for 76-125 years). Almansa and Martínez-Paz (2011) propose a set of discount rates for different
ranges of time horizons based on the results of an international Delphi survey. They also conclude
that, although this is a novel approach, using lower discount rates for environmental effects is
generally endorsed by experts. Here we use a discount rate of 5.5% for market costs and benefits and
of 3.5% for non-market environmental benefits.
Under the dual CBA approach the Net Present Value (NPV) indicator is expressed as follow:

Bm and Cm correspond to market flows,Be and Ce are the environmental flows, r is the usual discount
rate and re represents the environmental discount rate (in the dual extended CBA, r > re). If NPV(r,re)
≤ 0, the evaluated programme of measures imply disproportionate costs. While if NPV(r,re) > 0, the
benefits of improving water quality outweigh the costs of the measures (Almansa and Martínez-Paz,
2011).
Before estimating the NPV indicator, cost data have been adapted to CBA requirements.
Table 9 shows the initial investment costs, annual costs and lifetime of each measure that should be
undertaken to reach the GES in the Dee sub-catchments. Initial investment costs are applicable only
when the measures are implemented, and annual costs are those related to operational and
maintenance actions that take place every year. In this case, constructed wetlands have been assumed
to have a lifetime of ten years, while investments in WWTW have been considered to last twenty
years.
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Table 9.Costs and lifetime of measures that achieve GES in the Dee sub-catchments

Measure

Investment costs
(GBP in year 0)
Tarland sub-catchment

Annual costs
(GBP per year)

Lifetime
(years)

5,480
0
8,580

Continuous
10
Continuous

5,480
0
8,580
20,790
35,570

Continuous
10
Continuous
Continuous
Continuous

41,000

Continuous

0
1,874
0

Continuous
Continuous
20

10% N reduction target (3 mg N/l)
20% reduction in applied N fertilizer
0
Constructed field wetland (CFW) area for field interception
10,434
10 m buffer strips adjacent to arable land (with management)
0
15% N reduction target (2.5 mg N/l)
20% reduction in applied N fertilizer-Arable land
0
Constructed field wetland (CFW) area for field interception
10,434
10 m buffer strips adjacent to arable land (with management)
0
Winter cover crops (uptake of 20 kg through winter)
0
20% reduction in applied N fertilizer-livestock (grass land)
0
Arable grassland conversion (20% change of extensive
0
improved grassland)

Loch of Skene and Leuchar Burn sub-catchment
20% SRP reduction target
50% reduction of fertilizer application to grassland system
0
20% reduction fertilizer application to arable land
0
35,040
WWTW to reduce effluent SRP concentration to meet 1mg/l.

Source: Authors’ calculations

The NPV for the measures under consideration for the three time horizons are presented in Table 10.
Table 10.Profitability indicators of water quality improvement in the Dee sub-catchments (GBP)

Sub-catchment
(Target)
Tarland
(10% N reduction target – 3 mg N/l)
Tarland
(15% N reduction target – 2.5 mg N/l)
Loch of Skene and Leuchar Burn
(20% SRP reduction target)

2015

Net Present Value (GBP)
2021
2027

3,265,338

4,947,214

6,318,672

2,636,082

3,977,385

5,099,255

5,873,400

8,909,638

11,380,053

Source: Authors’ calculations

The NPV for each scenario shown in Table 10 indicates that the benefits of improving water quality in
the Dee sub-catchments outweigh the costs of the measures analysed here in both sub-catchments and
for the three time horizons. This is the case as well for the most stringent target in Tarland.
However, as mentioned, the disproportionality question is not to be addressed only from an economic
efficiency perspective (costs and benefits), but also requires addressing distributional effects and
affordability considerations. These are discussed in the next section.

7 Distributional effects and affordability considerations
Disproportionality analysis relying only on a cost-benefit analysis can have undesirable social
implications. Whether the cost of achieving a certain environmental target is disproportionate or not,
also depends on the social desirability of the benefits and costs and distribution among different socioeconomic actors. This is particularly important in the context of the WFD, where in large parts of the
UK, the costs of improving water quality are going to be mostly born by land managers in rural areas,
while benefits are likely to be higher for urban residents (Bateman, 2011), leading to distributional
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effects and equity problems. Therefore, the answer regarding disproportionality cannot be found by
analysing a single criterion, but through simultaneously examining a range of criteria assessing
efficiency and distributional aspects of proposed actions (Martin-Ortega et al. 2013).
Some CBA approaches incorporate these distributional effects. The OECD guide on CBA in
environmental policy (Pearce et al., 2006) presents a procedure for calculating relative implicit and
explicit weights for different actors in a CBA as a way of addressing distributional effects. Different
weights associated to different actors can lead to a change in the final decision about a certain action
with respect to non-distributional CBA. Implicit and explicit weights represent different approaches to
dealing with distributional effects. Implicit weights are the result of the estimation of the NPV
obtained for each of the societal actors affected by a policy or programme. These weights provide
information on what is the relative importance that a certain sector should have in society for the final
decision (based on CBA) to change. Explicit weights, on the contrary, are directly allocated by the
analyst and represent a given weight to each of the involved societal actors, which influences the final
outcome of the CBA. These weights can be established in relation to variables such as elasticity of the
marginal utility of income, average income per capita and income of a group or sector. However, both
these approaches are not free of theoretical controversy and practical difficulties (Wegner and
Pascual, 2011). In fact, “we know too little about what values these weights should take” (Atkinson
and Mourato 2008). Moreover, they require significant and very specifically produced data, which
were not available to the REFRESH Project. For these reasons, it was decided in the context of
REFRESH, to approach the issue of equity considerations and distributional effects in a qualitative
way based on the stakeholder consultation 8 . Based on the consensus over cost-bearers and
beneficiaries of measures to improve the water quality in the Dee sub-catchments, workshop
participants were asked in a plenary session whether they thought that costs and benefits were well
balanced across the local community. The next section reflects the outcomes of those discussions (for
further details on workshop design and results see: Tasks 6.4 and 6.5 Interim Report, Martin-Ortega et
al. 2012b).

7.1

Distribution of costs and benefits

The Impact Assessment of the River Basin Management Plan commissioned by the Scottish
Government (Entec, 2008), included a distributional cost assessment for the whole of the Scotland
River Basin District. According to this analysis, agriculture is the sector carrying the largest burden
(from 41 to 57% of the total costs), followed by the water industry (Scottish Water) with 25 to 39% of
the total costs. Manufacturing and energy and hydropower follow with a significantly lower burden
(around 6% each of them). The Impact Assessment report suggests that the fact that one sector carries
a higher share of the cost burden does not necessarily imply an unbalanced distribution of the costs. It
suggests that the ‘polluter pays principle’ should apply.
Looking now at the sub-catchment level, as discussed in section 5.2, Scottish Water and individual
farmers (plus the Dunecht Estates in the case of the Loch of Skene) have been identified as the major
8

REFRESH WP6 Meeting, Patras (8-10th October 2012). Meeting minutes available at: www.refresh.ucl.ac.uk.
Again, workshops only took place in the Loch of Skene and Leuchar burn-subcatchment, but considerations
apply reasonably to Tarland as well.
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cost bearers. In the stakeholder workshop, it was mentioned that funds are available to farmers for the
implementation of this (and other) measures through the Scottish Rural Development Plan (SRDP)
and therefore, these costs could eventually and partly be transferred to the general tax payer (see next
section on affordability considerations)9. Also, if buffer strips are implemented in the less productive
marginal land, some participants suggested that there might even be potential for farm gains.
Participants considered, though, that currently, the uptake for this kind of measures is low in the area.
Costs to farmers regarding the fencing of water courses to livestock was also discussed, including
costs of fencing plus the cost of providing alternative water courses, but it was not seen as a major
issue in the area. Participants found that some farm measures, such as nutrient management, could
lead to actual cost reduction.
In relation to Scottish Water, whether their additional costs are to be passed on to the general public
through the increase of the water tariff was an issue of debate in the stakeholder workshop. The
representative of Scottish Water informed that there has not been a rise in water tariff in the area in
the last three years. This representative also informed that public forums will be organised to consult
the public on whether the money from water tariffs should be spent on.
Workshop participants found it difficult to determine whether the costs of improving water quality
would be higher or lower than the benefits. On the one hand, costs are considered to be more concrete
and short term, while the benefits are considered to be ‘more abstract’ and ‘subjective’ and happening
in the longer term, and therefore being more difficult to estimate. Consequently, they found that
comparing them was challenging. Also, it was considered that to some extent, the beneficiaries are not
only humans, but for example, the River Dee was at large considered to benefit from improvement of
water quality in the Loch of Skene and Leuchar Burn. Interestingly, it was argued that benefits would
occur mostly downstream, while the costs would happen upstream.

7.2

Affordability considerations

Besides disproportionality in terms of high costs in relation to benefits, the WFD also includes
disproportionality in relation to the financial ability to meet targets. This becomes an issue of
affordability or ability to pay. It has been interpreted that this argument only warrants a postponement
of the deadline and does not constitute a justification for setting a less ambitious target (MartinOrtega, 2012). In this case, the WFD allows Member States certain flexibility in adopting a sectorspecific and progressive approach depending on the affected sectors’ ability to pay (Postle et al.
2004).
The issue of affordability has received even less attention than other aspects of (dis)proportionality in
the WFD literature (Martin-Ortega et al. 2013). In Scotland, the Impact Assessment report on the
River Basin Plan of the Scotland River Basin District (Entec, 2008) does not include an assessment of
affordability. It does, though, include a discussion on the adverse effects of costs on vulnerable and
disadvantaged groups. These relate to particular groups of sectors for which there are government
objectives or concerns at the national or regional level. According to that report, from the perspective
of vulnerable and disadvantaged groups, the implementation of the River Basin Management Plan
might result in adverse effects on low-income households (through increased water bills). The report
also considers states that farmers in the area will also bear significant costs.

9

Note that these refer to voluntary actions, i.e. on the top of obligatory actions for CAP compliance.
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In the academic realm, Lago (2009) investigated the impact on profits of achieving different
Phosphorous loads reductions at farm level in Scotland, in order to explore issues on affordability and
ability to pay by the sector. He applied an optimisation model to assess the likely changes to farm
profits as a result of implementing the most cost-effective selection of best management practices
(BMPs) to reduce P loadings. Calculations were done at farm level for Scottish dairy and arable
sectors. Results suggest that for initial levels of P abatement at farm level, the most cost-effective
selection of BMPs would increase farmers' profits. This is because reducing excess inputs (i.e. reduce
fertiliser applications) or protecting livestock access to water courses, for example, can increase
productivity through a more efficient use of farm resources and, subsequently, reduce farm nutrient
losses. However, for greater levels of P abatement, profits would fall dramatically for both arable and
dairy farms. Therefore, it is important for water policy in light of the WFD, to consider the following:
i) where is the optimal level of P abatement and ii) where would the farm's breakeven point be. Lago
studied the optimal levels of abatement and finds variability between different farm systems. For
arable farms, optimal levels of abatement can be found at around 55% P loads reductions from
baseline levels. For dairy farms this level was found to be around 65%. No much variability was
found in optimal levels of P abatement for different sizes of farms and different types of soils.
Furthermore, Lago’s results illustrated breakeven points on average for Scottish arable and dairy
farms to be around 80% of P mitigation levels. Values varied (up to 10% differences) between types
of farms, sizes and different soils, which is relevant if a fixed definition of disproportionate costs is
applied across the sector, as different impacts are to be expected. It is worth mentioning that,
according to Lago’s study, breakeven points for arable farms seem to be lower for larger holdings,
which may well suggest that larger arable farms have greater scope for producing effectively than
smaller ones, as levels of pollution seem to increase with arable productivity.
Turning to our case studies and regarding farmers’ capacity to deal with additional costs of the
measures assessed in our study, it is of interest to look at the ratio of the annual costs and farm
business income measures. Table 11 and Table 12 show the ratios for each of the measures under
consideration in the Dee sub-catchments. The ratios have been calculated using two measures of farm
income: the Net Farm income (NFI) and the Farm Business Income (FBI)(2007/2008). The FBI is a
newer measure generated from farms participating in the Farm Accounts Survey and is argued to have
a number of advantages over the NFI (Scottish Government, 2009). We use average indicators and
average farm sizes for Scotland, but we believe that it can still provide a reasonable illustration for
discussion purposes. It should be noted that these are rough indicators; an accurate analysis would
require financial modelling approaches such as the ones employed by Lago (2009), which are out of
the scope of this study. These are used here as way of detecting potential affordability issues that
would require further investigation.
In the Tarland sub-catchment, we find great variability in the ratios of costs over farm income for the
most cost-effective measures. These range from around 2% in the case of 20% reduction of fertilizer
rates in arable land, to up to more than 50% for converting a 20% of arable land to extensive
grassland. Also quite significant are the cost of 10m buffer strips adjacent to arable land over farm
income (costs around 20% of farm income). In the case of the Loch of Skene and Leuchar Burn, from
the two most cost-effective agricultural measures, the reduction of 20% fertilizer in arable land,
produce costs of just about 3% of farm’s income, while the 50% fertilizer reduction in grasslands
actually produces benefits. Therefore, there are no significant affordability considerations for this subcatchment.
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Table 11.Ratio of annual costs and net farm income of measures to improve water quality in the Tarland subcatchment (year 2007-2008)

Costs data
Annual
Annual Cost
Cost (£/ha)
(£/farm)

Measures

Ratios (farm level)
Annual cost
Annual
/ NFI
cost / FBI

Convert arable to extensive grassland
20% change to extensive improved grassland2

200

20,200

67.7%

51.5%

50% change to extensive improved grassland

200

20,200

67.7%

51.5%

20% change to rough grazing

276

27,876

93.5%

71.1%

50% change to rough grazing

276

27,876

93.5%

71.1%

27

2,727

9.1%

7.0%

20% reduction applied across all fields

40.4

4,080

13.7%

10.4%

50% reduction applied across all fields

101

10,201

34.2%

26.0%

Complete livestock removal from 20% of land

202

20,402

68.4%

52.0%

Complete livestock removal from 50% of land

202

20,402

68.4%

52.0%

5.3

535

1.8%

1.4%

Winter cover crops
Uptake of 20kg/ha through winter2
Reduce stocking rates

Reduce fertiliser application rates
20% reduction applied – arable crop1,2
20% reduction applied – grass land

2

34.4

3,474

11.6%

8.9%

50% reduction applied – arable crop

28.75

2,904

9.7%

7.4%

50% reduction applied –grassland

87.2

8,807

29.5%

22.5%

97.5

9,848

33.0%

25.1%

0

0

0.0%

0.0%

29.4

2,969

10.0%

7.6%

46.4

4,686

15.7%

11.9%

49

4,949

16.6%

12.6%

66

6,666

22.3%

17.0%

31.68

3,200

10.7%

8.2%

29.45

2,974

10.0%

7.6%

Fence off streams from livestock*
Reduction of 10kg/ha for stream reaches
bounded by grassland
Establish riparian buffer strips
2m buffer strips adjacent to arable land, no
management
6m buffer strips adjacent to arable land, no
management
6m buffer strips adjacent to arable land, with
management
10m buffer strips adjacent to arable land, no
management
10m buffer strips adjacent to arable land, with
management1,2
Establish constructed wetlands
CFW type 1 - yard and field interception,
catch area 35.5ha
CFW for field interception, catch area 47ha1,2

Source:
Authors’
calculations.
*Average
Scotland
farm
size:
101
hectares
(Source:
http://www.scotland.gov.uk/Publications/2010/05/05134234/3). **Average farm business income: £39,219 and average Net
Farm Income: £29,828 - average for all types of activities at current prices-.(Source: Farm Business Income in Scotland
2007-2008: http://www.scotland.gov.uk/Resource/Doc/282745/0085530.pdf). 1Measures belonging to the set of cost-effective
measures for 10% N reduction target (3mg N/l); 2 Measures belonging to the set of cost-effective measures for 15% N
reduction target (2.5mg N/l).
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Table 12.Ratio of annual costs and net farm income of measures to improve water quality in the Loch of Skene and
Leuchar Burn sub-catchment (year 2007-2008)

Measures

Costs data
Annual Cost
Annual Cost
(£/ha)
(£/farm)

Ratios (farm level)
Annual cost /
Annual cost /
NFI
FBI

Convert arable to grassland
20% arable to rough grazing

200.00

20,200

67.7%

51.5%

50% arable to rough grazing

200.00

20,200

67.7%

51.5%

Reduce manure inputs
20% stocking density reduction

42.75

4,318

14.5%

11.0%

50% stocking density reduction

106.88

10,794

36.2%

27.5%

8.80

889

3.0%

2.3%

22.00

2,222

7.4%

5.7%

0 (-2)

0

0.0%

0.0%

0 (-5)

0

0.0%

0.0%

Reduce fertiliser application
P fertilizer_20% reduction to
arable
P fertilizer_50% reduction to
arable
P fertilizer_20% reduction to
grassland
P fertilzer_50% reduction to
grassland

Source:
Authors’
calculations.*Average
Scotland
farm
size:
101
hectares
(Source:
http://www.scotland.gov.uk/Publications/2010/05/05134234/3). **Average farm business income: £39,219 and average Net
Farm Income: £29,828 - average for all types of activities at current prices-. (Source: Farm Business Income in Scotland
2007-2008: http://www.scotland.gov.uk/Resource/Doc/282745/0085530.pdf).

Farmers are more limited in their capacity of transferring their costs to the wider public than other
industries, because food and agricultural markets have a global dimension out of the control of the
farmer. But funding for land management exists in Scotland. The Scottish Rural Development
Programme (SRDP) includes a water quality package aimed at reducing diffuse pollution to which
land managers can apply 10 . From the most cost-effective measures identified in this study, the
following are covered by the SRDP diffuse pollution package (conditions and eligibility criteria
apply):
-

-

Arable reversion to grassland.
Water Margins and Enhanced Riparian Buffer Areas. It should be noted, though, that for a
site bordering still water, the water margin must be between 12m and 24m wide (i.e. wider
than the 10m buffer strips identified here).
Constructed farm wetlands.

Nutrient management was formerly included in the package, but is closed now to new applicants since
2010. Farm land in nitrate vulnerable zones (NVZs) is required to be included in manure and fertiliser
plans and is therefore not eligible under this Option. Where part of a farm is in an NVZ and part is
outside, an application may be made on the non- NVZ land.These kinds of subsidies imply that the

10

www.scotland.gov.uk/Topics/farmingrural/SRDP/RuralPriorities/Packages/ReducingDiffusePollution.
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costs are partly transferred to the tax payer.Policy implications in the context of European CAP
reform are discussed in Part III.

PART III: Conclusions and Policy Implications
8 Policy implications and recommendations
From the findings in Part-I of this report the following major conclusions are derived:(1)livestock
measures are more costly to implement than arable sector measures (in Tarland); (2) fertilizer
reduction in arable sector is the most cost-effective measure (in Tarland);(3) conversion of arable land
to grassland is a costly option; (4) WFD target in Tarland can be achieved at a relatively low total cost
(compared to many other water bodies in Scotland); (5) investment in WWTW appears to be the most
effective and economically feasible strategy to deal with Phosphorus loading problems; and (6) water
quality standard for P can be achieved with modest total cost by implementing the combined measures
of fertilizer input reduction and investment in WWTW in Loch of Skene sub-catchment.
On the basis the findings analysed above, two major policy implications can be forwarded: The costeffectiveness analysis indicates that, in general, in the Dee catchment the WFD objectives could be
achieved in a cost-effective way if targeted measures are implemented in the arable agriculture sector
and the wastewater treatment works. On the other hand, measures targeting the livestock sector
involve higher economic costs. Thus, we suggest that policy should focus on an appropriate mix of
mitigation options in the arable agriculture and wastewater treatment sector.
In Part-II of the report, the comparison of costs and benefits clearly suggests that improving water
quality of the Dee sub-catchments (on the basis of Nitrogen and Phosphorous reduction for the
Tarland and Loch of Skene/Leuchar Burn sub-catchments respectively) would be proportionate and
economically justified, taking into consideration the substantial non-market benefits that it delivers
within the sub-catchments. With respect to the Habitat Directive it should be noted that it sets targets
of Favourable Conditions (FC) for species and habitats in Special Areas of Conservation (SAC)which
in certain instances may be more stringent than even theWFD’s GES.
Derogation of ecological objectives (or establishing less stringent environmental targets) remains a
political decision to be taken by Member States. Yet, the results of the economic analysis presented
here clearly indicate that derogation on the basis of disproportionality is not justifiable at any of the
timescales analysed here. It should be noted that extended time scales not only increase economic
profitability due to different discount rates to be applied (see Table 10), but also allows sectors to
prepare and adapt budget planning to new measures (moreover, reaching the target by 2015 might just
simply be technically infeasible).
Distributional effects and affordability considerations are also important in this context. The study has
confirmed that farmers would bear the greatest burden for the improvement of water quality, while
benefits are enjoyable by the general public. Farmers are more limited in their capacity of transferring
the costs to the wider public because food and agricultural markets have a global dimension that is
somehow out of the scope of the farmer, but at the same time, subsidies, ultimately sustained by the
general tax payer, exist to support farm incomes. Distributional effects of costs and benefits call the
attention over the need of widening the decision criteria for the selection of measures beyond the costeffective criterion only.
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Economic and environmental trade-offs obviously tend to increase as a higher level environmental
targets is sought. Higher levels of nutrient abatement for water quality may result in a big fall in farm
income. Therefore, it is important for water policy in light of the WFD, to consider the optimal level
of nutrient abatement and farm's economic loss, as well as farmers’ breakeven points. Our analysis for
the Tarland sub-catchment has suggested that some consideration to affordability needs to be given to
the implementation of some of the measures, notably the conversion of 20% of arable land to
grassland, and the implementation of 10m buffer strips. While being cost-effective, these measures
might represent an affordability problem for individual farmers.
Putting this in the wider context of the CAP, post-2013 Pillar 2 decisions indicate that support for
water quality improvement is high in the agenda (30% of RDP funds must be related to agrienvironment and climate change, see REFRESH policy notes on this topic), as is actions to mitigate
climate change. It is still a prerogative of Member States how to allocate the available funds, and there
is likely to be a delay until new funds are made available. Moreover, the current economic climate
might have negative impacts on this. Still, the institutional context has stimulated initiatives for
collaborative ventures between partners and catchment level partnerships to improve water quality.
Finally, stakeholder engagement has proved critical. Stakeholder participation has, on the one hand,
supported the analytical process by providing sources of information, helping identify key pressures
and sources of pressures, it has allowed for a collaborative scoping of the measures to address the
pressures. At the same time it has served to assess the outcomes of the economic modeling, helping
suggesting options that might be more socially acceptable, for example, in relation to distributional
effects of measures to improve water quality and helping identifying wider benefits.

9 Methodological challenges ahead
REFRESH is aimed at exploring the challenges of the management of freshwaters and habitats in
Europe by applying an interdisciplinary research with potential solutions co-constructed through
stakeholder engagement. The REFRESH project assumed from the very outset that a straightforward
mono-disciplinary solution cannot provide adequate response to critical policy questions. However,
the scientific methodologies of addressing such complex environmental management problems are not
an easy exercise either. In this line, the REFRESH project attempted to test trans-disciplinary
approaches by bringing together different scientific disciplines, as well as other strands of knowledge
through stakeholder engagement. In this respect, the two Dee sub-catchment studies provide
exemplary results as far as integration of catchment modeling outputs and economic analysis are
concerned. As discussed in Part-I of this report, the biophysical data for both the sub-catchments
considered in this study came from modeling. These were integrated with the economic data to
generate the cost-effectiveness analysis result reported in Part-I and feed into the disproportionality
analysis in Part-II. Moreover, the economic analyses have been accompanied by stakeholder
engagement processes with local stakeholders, whose input have fed into the design of the analysis
and also offer a way of contrasting scientific findings with local perceptions.
However, a number of methodological challenges still remain to be dealt with in future research:
Addressing multiple-stressors: The analysis presented here is focused exclusively in
Phosphorus and Nitrogen reduction. This has been identified as the key pollutants for not
achieving water quality targets. However, local stakeholder consultation pointed out that there
are other pressures over the aquatic environment that also affects the ecological status in the
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sub-catchment (e.g. physical modification). Similarly, effects of measures may be more than
one (e.g. less bacteria, increased biodiversity, etc.). The current understanding of the
combined effects of multi-stressors acting on water systems (and species, species interactions
and species-stressor relationships) is extremely limited. This hampers the development of
sound risk assessment and management strategies for water systems. Further research should
address modeling effectiveness of measures to address multiple land and water usages
causing multiple-stressors conditions.
Primary valuation at the local level: The analysis of disproportionality of WP6 has been
hampered by the lack of resources for undertaking primary valuation of benefits of improved
water quality. National scale estimates from pre-existing studies have been downscaled and
adjusted to the local scale, with the associated loss of accuracy. Stakeholder consultation
through workshops has helped in the adjustment at the local level, contributing to the
‘ground-truthing’ of estimates. For example, local views confirmed that disregarding market
benefits at the local level due to knock-on effects of increased angling opportunities would
not represent a critical problem. However, no downscaling or benefit transfer exercise would
ever replace the accuracy of a primary valuation study. Further efforts need to be placed into
the development of cheaper valuation options (possibly through internet surveying) and
improved benefit transfers.
Scale of analysis (catchment vs. sub-catchment vs. farm vs. field scale): The WFD does not
specify at what spatial scale the economic analysis has to be carried out and there have been
different suggestions across Europe. In principle, the REFRESH general approach is to
establish the sub-catchment level for both the cost-effectiveness and dis-proportionality
analysis. Catchment scale CEA was carried out for the whole of the Thames catchment – one
of the REFRESH project demonstration catchments in UK (Whitehead et al. 2013). On the
other hand Balana et al. (2011) conducted cost-effectiveness analysis of riparian buffer
placement at field scale in Scotland. The resulting cost-effective combination mitigation
measures may vary depending on the spatial scale considered. Based on the analysis in this
report we suggest a sub-catchment scale CEA and disproportionality analysis as the middleway between a broader catchment scale where local specificities might be lost or farm or field
level study which can entail huge assessment costs and may also exclude significant amount
of beneficiaries. Assessment at the sub-catchment scale may also exhibit an appropriate scale
for stakeholder engagement process. However, the ultimate choice of spatial scale for CEA
and the analysis of disproportionality need to be based on the local context.
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