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Abstract
The REFRESH project aims to help design cost-effective adaptation and mitigation strategies for
freshwaters to comply with the Water Framework (WFD) and Habitats Directives (HD). Task 6.4 is at
the core of the project and is specifically concerned with undertaking the Cost-Effective Analysis
(CEA) of remediating strategies to achieve compliance. Moreover, Task 6.4 is concerned with
assessing the (dis)proportionality of compliance costs and exploring the differences in the behaviour
and views of different land and water management actors within the same catchment in this respect.
This report presents the outcomes of Task 6.4 for the Thame sub-catchment, in the north-eastern part
of the Thames Basin (United Kingdom)1.
The analysis focuses on Phosphorous reduction from agriculture (arable and livestock) and sewage
treatment works, which has been identified as the main pressures for the achievement of WFD and
HD targets in the sub-catchment. Results indicate that the most cost-effective combination of
measures to tackle Phosphorous pollution includes establishing ten metre width riparian buffer strips,
20 % P fertilizer reduction across all crop land, adoption of minimum tillage systems (over 50% of
combinable crops), and establishment and maintenance of constructed wetlands and winter cover
crops. Costs of implementation of these measures (including foregone benefits from agriculture) are
outweighed by significant non-market benefits identified through existing stated preferences data,
suggesting that the improvement of water quality can be achieved in a proportionate way from an
economic viewpoint. Local stakeholders consulted throughout the project share this vision of
proportionality, but acknowledge that a significant burden is placed upon farmers, while it is the
public more generally who benefits from improved water quality. To address these distributional
effects, it would be necessary to widen the decision criterion beyond purely cost-effectiveness,
stimulating compensation mechanisms, increasing environmental regulation flexibility and awareness
raising.
It should be noted that REFRESH being a research project this represents foremost a methodological
exercise that explores and provide analytical resources adapted to a wide range of socio-ecological
conditions, as well as analytical capacities. In this respect, the analysis of the Thame sub-catchment
has used existing effectiveness data (rather than modeling results) for the cost-optimization in the
Cost-Effectiveness Analysis. The economic analysis has been accompanied by an in-depth and
sustained engagement process with local stakeholders, whose input has fed into the design of the
analysis (e.g. by selecting the measures to be modeled) and also offers a way of contrasting scientific
prescriptions with local perceptions. The result is step forwards towards a co-constructed
understanding of how water quality problems can be addressed at the sub-catchment level in an
economically efficient and more socially acceptable way.

1

In earlier REFRESH phases the Lambourn sub-catchment was also explored for consideration in WP6 (MartinOrtega et al. 2011 Interim Report for Deliverable 6.3). It was decided that a CEA of the Thames basin as a
whole should be prioritized instead for strategic reasons. In the Second General REFRESH meeting (Aberdeen,
3-7th April, 2011) it was agreed that an example of WP6-WP5 integration should be run in advance to serve as
illustration and guidance for the rest of demonstration catchments, to test the proposed 8 steps WP6-WP5
integration procedure. Modelling at the Thames basin was the only one advanced enough at that time to be able
to serve these purposes and was prioritized over yet another UK example (i.e. the Lambourn). CEA of the
Thames (Whitehead et al. 2013) was presented in the Third General REFRESH Meeting (Sitges, 19-23rd April,
2012) and proved critical to the development of the rest of the project. All REFRESH General Project meetings
minutes are available at: www.refresh.ucl.ac.uk.
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General introduction
The REFRESH project aims to help design cost-effective adaptation and mitigation strategies for
freshwaters to comply with the Water Framework and Habitats Directives. Task 6.4 is at the core of
the project and is specifically concerned with undertaking the Cost-Effective Analysis (CEA) of
remediating strategies to achieve compliance. Moreover, Task 6.4 is concerned with assessing the
(dis)proportionality of compliance costs and exploring the differences in the behaviour and views of
different land and water management actors within the same catchment in this respect.
This report presents the outcomes of Task 6.4 for the Thame sub-catchment, in the north-eastern part
of the Thames Basin (United Kingdom). The sub-catchment is predominantly under agricultural land
use, with the highest proportion as grassland (45%) and arable farming (39%). The catchment geology
consists of sandstones and clays, with alluviums and gravels, resulting in high sediment loads of silt
and clay, combined with agricultural inputs such as fertilisers in the water body. There are two sites
designated as Special Areas of Conservation (SAC), and several Sites of Special Scientific Interest
(SSSI), the majority of which relate to woodland and are well away from the main water bodies. The
Chilterns Area of Outstanding Natural Beauty (AONB) is in the south-east. The sub-catchment's
largest urban settlement is Aylesbury. There are also numerous other settlements, particularly
concentrated in the east of the catchment. There has been significant growth in the urban centres,
driven by the proximity to London and commuter demand and major development pressures continue.
There is also one major minerals working site, manufacturing cement, and a modest gravel extraction
site. The water quality is generally good, but there are high phosphate concentrations and high risk
levels from diffuse pollution (agricultural and urban) and point source pollution (sewage treatment
works and septic tanks). The work presented here focuses on Phosphorous reduction from agriculture
(arable and livestock) and sewage treatment works, with an established target of 0.12mg/l.
The CEA and the disproportionality analysis represent the culmination of all previous tasks of Workpackage 6. This work links to other areas of work within the REFRESH project in several ways:
 It is based on previous WP6 findings on identification and sources of pressures at the subcatchment level based on desk-based analysis (Martin-Ortega et al. 2011 Interim Report for
Deliverable 6.3) and stakeholder consultation (Martin-Ortega et al. 2012a).
 The measures analysed here were selected through the collaborative scoping of solutions
through stakeholder participatory engagement undertaken in Task 6.3 (Deliverable 6.18;
Martin-Ortega et al. 2012a, Workshop proceedings on collaborative scoping of solutions).
 It uses the conceptualization of cost-effectiveness analysis presented and discussed in WP6’s
discussion paper Cost-Effectiveness Analysis of Environmental Compliance: Review of
Methods and Applications (Balana et al. 2010) and it follows the Guidance Note on
Approaches to Implement CEA at the Demonstration Sub-catchments agreed in WP6 (Balana,
2011).
 CEA results are discussed in the context of local stakeholders’ perceptions gathered in the
Scoping collaborative solutions workshop (Martin-Ortega et al. 2012a).
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 It uses 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 type of costs and benefits involved as well as the cost bearers and beneficiaries were
identified through the stakeholder engagement process (Task 6.4 & 6.5 Interim Report;
Martin-Ortega et al. 2012b). This process also included gathering stakeholder views on
disproportionality on the light of which the results of the disproportionality analysis are
discussed.
 This work complements that of the analysis of cost-effectiveness of measures to improve
water quality in the Thames basin as a whole (Whitehead et al. 2013).
 The disproportionality outputs of Task 6.4 will be discussed in the context of Task 6.5 for the
Flagging the wider benefits to ecosystem services (Deliverable D6.17).
It should be mentioned that the WFD is innovative in the way it prescribes the adoption of economic
principles (such as cost-effectiveness and cost-disproportionality) to the achievement of its economic
targets. This represents a significant change in relation to other environmental legislation, such as the
Habitat Directive which is also addressed by REFRESH. This is why the economic analysis presented
here follows WFD economic prescriptions. Results are then also discussed in the context of the
Habitat Directive.
Part I of this report describes in detail the cost-effectiveness analysis of measures to improve water
quality in the Thame sub-catchment, while Part II is dedicated to the analysis of (dis)proportionality.
Part III concludes with a discussion on the methodological learning and policy conclusions.
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PART I: Cost-effectiveness analysis
1.1

The CEA approach adopted

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 of four broad 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 applied CEA study.
The choice/selection of mitigation measures for the Thame case study was based on: (1) survey of a
wide range of literature, particularly relevant studies in UK, and (2) results of stakeholders’ workshop
(Martin-Ortega et al. 2012a). 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’ workshops.
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 a nine-step tasks of CEA, aimed at ensuring consistency among the case studies across
the REFRESH project demonstration catchments and facilitating the integration between WP5
modelling work and WP6 economic analysis. Though the nine steps have been implemented, the CEA
of the Thame sub-catchment was based on existing effectiveness data (rather than WP5 modelling
results) 2 . For a full integration of the WP5 modelling results and WP6 economic cost data, we
recommend reading Deliverable 6.11, which includes a CEA of measures to improve water quality in
two sub-catchments of the River Dee in Scotland.

1.2

The CEA steps – description and implementation

Based on the CEA Guidance Note (Balana, 2011), the implementation of the CEA steps for Thame
sub-catchment is presented as follows.
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 from the
Thames catchment and Thame sub-catchment profiling document produced earlier in the
project (Balana et al. 2010 (Deliverable 6.1) and Martin-Ortega et al. 2011 (Deliverable 6.3))
According to the river basin management plan (RBMP) document, phosphate is the single
2

Decision made in WP6 Methodological meeting that took place in Patras in October 2012 (Patras, 8-10th October 2012).
Meeting minutes available at: www.refresh.ucl.ac.uk. The same reasons than expressed in footnote 1 apply.
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most important pollutant that compromises WFD standard in the River Thame catchment
(Environment Agency, 2009). The Thame has high phosphate concentrations and is at high
risk from both diffuse and point source pollution. Phosphates are also a problem for the rest of
the catchment with most water bodies currently at risk of failing. Out of the 37 river reaches
identified in the Thame RBMP, except one river reach that has passed the phosphate threshold
standard for ‘good’ status, all were classified as either bad or poor or moderate (3 bad, 18
poor, 9 moderate, 1 good, 5 not assessed). Thus, the Thame catchment CEA work focuses
exclusively on P mitigation measures.
2. Identify sources of pressures: Where do the pressures come from? Do they arise from diffuse
sources such as agriculture or point sources? Knowing the sources helps us identify potential
mitigation/adaptation options appropriate to the source. The land use, settlement, etc.
information from the Thame sub-catchment characterization document (Martin-Ortega et al.
2011, Interim Report for Deliverable 6.3) help us in identifying the key sources where
pollutants come from, which are then confirmed through stakeholder consultation (MartinOrtega et al. 2012a). In the Thame, diffuse agriculture - inorganic fertilizers, animal manure
and pesticides; waste water treatment plants (WWTPs) and septic tanks; diffuse pollution
from urban centres; physical changes to rivers including weirs/dams; dry climate and a high
level of competing demands for water resources including drinking water, agriculture and the
environment were identified as the key sources of pressures. Taking the relative importance
into account and the focus on Phosphorous pollution only, our CEA work focuses on
agricultural sources and WWTPs, as the major sources of pressure in this context. Table 1
summarizes the key characteristics of Thame sub-catchment including the major pressures
and sources of pressures.
Table 1. Summary of the key characteristics of the Thame catchment
Major land use/cover

key attributes

Major pressures

Sources of pressures

Predominantly
under
agricultural land use, with
the highest proportion as
grassland (45%): dominant
ruminant livestock (42,686
cattle and 88,201 sheep:
2004 Agr. census); 39%
arable
farming
(cereal
dominant);
forests=8%;
Urban fabric=8%; wetland
(negligible); shrub heath
(negligible); no natural
lakes.

Catchment area=720 sq.km;
River Thame 66 km long;
37 river water bodies and
15 main tributaries; two
sites of Special Areas of
conservation (SAC); several
SSSIs (all major SSSIs
relate to woodland); many
weirs for impounding water
to power watermills. Soils:
slowly
permeable
seasonally wet base-rich
loamy and clayey soils3.

High
Phosphate
concentration (from both
diffuse and point sources);
Other diffuse pollutants
(sediments,
chemicals,
etc.); Physical modification
to water bodies degrading
habitats; Excessive water
abstraction producing water
shortages.

Diffuse
agriculture
inorganic fertilizers, animal
manure and pesticides;
Waste water treatment
plants; Diffuse pollution
from
urban
centres;
Physical changes to rivers
including weirs/dams; Dry
climate and a high level of
competing demands for
water resources including
drinking water, agriculture
and the environment.

3. Determine environmental targets: What is our environmental target/standard 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). Here we follow the target identified

3

https://www.landis.org.uk/soilscapes/
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by Whitehead et al. (2013) for the Thames catchment (0.12mg/l based on the alkalinity levels and
according to UKTAG, 2008).
4. Identify measures: What mitigation/adaptation measures do we need to tackle the problem? The
type of measures depends on the major pressures identified in (see step 1 above) and the source(s)
identified in (see step 2 above). Identification of mitigation measures for the Thame subcatchments was based partly on previous work (e.g. Defra, 2003; Cuttle et al., 2007); partly
through expert consultation; and partly through Thame stakeholders inputs (Martin-Ortega et al.,
2012a). 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 proposed set of measures. These measures were further discussed and revised in the
stakeholders workshop held in September 2012. A total of 10 broad mitigation/adaptation
measures which further broken down into 19 sub/specific measures were considered for costseffectiveness analysis (See table 2). These measures were assessed against three major sources of
pressures: Arable, livestock (beef), livestock (dairy), livestock (sheep) and WWTPs.
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 Thame CEA, for all measures except the WWTPs measures,
both effects and cost estimates were made at per hectare of land area for different land uses and
then up-scaled to the catchment scale for applicable areas. Cost and effectiveness estimates for
measures related to the WWTPs were based on the population size served by the WWTPs in
Thame.
6. Assessment of the (likely) effectiveness of various measures/actions: (see Table 2 for the
summary and section 2 for detailed information).
7. Cost estimates of the various measures/actions: (see Table 2 for the summary and section 2 for
detailed information).
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Table 2. Effectiveness and cost estimates of the measures‡ used in the CEA
Measures

Effectiveness (Kg P
reduction/ha)

Convert arable to extensive grassland

20% change to extensive grassland- with no livestock

20% change to extensive grassland- with low stocking rate
Minimum tillage

Adopt minimum tillage systems (50% combinable crops)
Establish cover crops
Reduce stocking rates

Reduce stocking density - dairy (25%)

Reduce 25% overall stocking rate-beef

Reduce stocking density -sheep (25%)
Reduce fertiliser application rates

Reduce 20% P fertilizer reduction applied across all crop land
Manure/slurry management

Increase the capacity of farm manure (slurry) stores-dairy
Fence off streams from livestock

Dairy

Beef

Sheep
Establish riparian buffer strips (10m width or 5% of all arable land)
Establish and maintain constructed wetlands

Constructed wetlands/sediment ponds (10% all arable)

Constructed wetlands/sediment ponds (10% all grassland - dairy)

Cost (£/ha)

1.16
0.93

420
290

1.10
1.18

50
67.5

1.00
0.20
0.20

400
100
95

0.76

20

0.49

68

0.28
0.20
0.18

97.5
97.5
97.5

1.62

15

1.52
0.88

73.58
76.5

Effectiveness and cost estimates for the two waste water treatment plants (WWTPs) measures were on catchment scale i.e. Kg
P reduced per catchment and total cost per catchment (see Whitehead et al., 2012)
P reduction per
Total cost
catchment
(£/catchment)
Measures related to WWTPs
2490
609552

Phosphorus reduction-1 (PR1): P removal at WWTPs to meet a discharge
concentration of P of 1mg/l total P
3169
1,026,621

Phosphorus reduction-2 (PR2 : P removal at WWTPs to meet a discharge
concentration of P of 0.3mg/l total P
‡ Texts in bold are main measures and in italic are specific sub-measures

8. Combine (integrate) cost and effectiveness data: various approaches can be pursued to integrate
economic and effectiveness data. For the Thame, the effects and costs estimates were integrated
using (i) Simple spread-sheet approach and (ii) Optimization (cost-minimization) approach.
Approach (ii) has been implemented using a simple optimization technique where the objective
function being minimized is the aggregate cost of measures at sub-catchment scale to achieve an
exogenously determined P load reduction. This can be presented as an optimization problem
(equation 1 ):

Min. C  
m



m,s

C m,s

s

subject to :

  ( EQ
m

s

s

 R m,s ) )   m,s





 Q 
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And the following constraints hold.


m

m, s

 1,  s and  m, s [0,1],  s, 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 P load reduction in £/year; EQ s the export
of P emission load for the reference state; Rm is the efficiency of measure ‘m’ in reducing P load;
and Q denotes the P load beyond which the water body fails to achieve the WFD ‘good status’.

9. Rank measures: Determine the least cost way to reach the environmental objective(s) based on the
ranking of measures (see section 3).

2

Estimation of effectiveness and costs
Descriptions of specific measures and key assumptions on which estimates of costs and effectiveness
were based are presented below.
1. Convert arable to grassland – This method is applicable to all forms of arable land. Based
on Defra (2003) and Cuttle et al. (2007), this method can result in an overall of 50% in the
loss of P in the absence of grazing and 42% reduction under extensive grazing. Two
specifications under this measure are:



20% change to extensive grassland- with low stocking rate
20% change to extensive grassland- with no livestock

2. Minimum tillage: this method involves use of discs or tines to cultivate the surface as a
primary cultivation in seedbed preparation or direct drill into stubbles instead of ploughing.
This is one of the best ways to maintain organic matter and good soil structure. It results in
improved infiltration and retention of water thereby reducing loss of P and sediments. Based
on Cuttle et al (2007), this method is applicable to all fields on clay loam soil which was the
case in the Thame catchment. Adoption of minimum tillage in 50% combinable crop field
was assumed for the CEA.
3. Establish cover crops – cover crops reduce P loss through sediment transport in surface runoff. It has been assumed that a cover crops, e.g. a mixture of species such as grazing rye with
vetch, phacelia with vetch and winter beans with mustard, would be sown in the autumn to
protect the soil over the winter (Cuttle et al., 2007).
4. Reduce stocking rates – reducing the stocking density of livestock, particularly dairy cows,
will make a substantial difference to the P loss, but the economic loss of the enterprise is also
high. Based on Defra (2003) a 25% reduction in head for each livestock type (Dairy, beef and
sheep) are considered. Accordingly, cost and effectiveness estimates were obtained for the
specific measures:
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Reduce stocking rate by 25%- dairy
Reduce stocking rate by 25%-beef
Reduce stocking rate by 25% -sheep

5. Reduce fertiliser application rates – a 20% P fertilizer reduction applied across all crop land
(Cuttle et al., 2007; Defra, 2003).
6. Manure/slurry management – an increase the capacity of farm manure (slurry) stores-dairy.
The specification of this measure is based on Cuttle et al. (2007) and Defra (2003). This is an
expansion of facilities for collection and storage of slurry and dirty water in farms where there
is currently limited storage capacity.
7. Fence off rivers and streams from livestock – This is assumed to be implemented for all
livestock type. Cost and effectiveness estimates were based on 10% of the grassland area
(Cuttle et al., 2007).
8. Establish riparian buffer strips – Buffer strips adjacent to arable land (5% of all arable) – a
buffer strip of 10 m width across the streams. This covers about 5% of the arable fields
(Cuttle et al., 2007; Defra, 2003).
9. Establish and maintain constructed wetlands – Constructed wetlands/sediment ponds.
Defra (2003) description was adapted for cost estimates. It has been assumed that 0.5 ha area
would be needed as sedimentation ponds per 200ha of the arable and grassland to which it
applies (10% of arable and grassland).
10. Measures related to WWTPs
Two measures related to wastewater treatment plants (WWTPs) were identified. The
speciation of these measures was based on the recent cost-effectiveness work for the whole
Thames catchment (Whitehead et al., 2013). It was reported that the UK Water Companies
have a 5 year cycle of planning which is agreed with the UK Water regulator OFWAT. As
part of this planning cycle, which results in 5 year water company Asset Management Plans
(AMP), water resources strategies such as the Thames Reservoir are discussed, as well as
phosphorus reduction strategies at WWTPs. Whitehead et al. considered 2 levels of treatment,
namely Phosphorus Reduction level-1 (PR1) with effluent discharge concentrations down to
1mg/l and Phosphorus Reduction level-2 (PR-2) with effluent concentrations at 0.3 mg/l.

2.1

Methodology of effectiveness estimates

As mentioned, we focus on mitigation/adaptation measures aimed at reducing Phosphorus pollution
from agriculture and sewage treatment works.
Generally, data for effectiveness of measures may come from survey of relevant literature,
experimental measurements, modelling works, and expert estimates. Similarly, estimates of costs of
various measures can be obtained from literature sources; farm management manuals, interviews,
empirical estimates based on material costs, economic models, etc. (see Balana, 2011 for the general
guidance). Depending on the nature of the environmental problem, the specific mitigation/adaptation
measures identified, and the scale of analysis various sources can be explored to obtain both
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effectiveness and cost data. As mentioned, for the case of the Thame sub-catchment effectiveness data
are obtained from the literature (for a full integration of modelling effectiveness and economic data,
we recommend reading Deliverable 6.11 for the case of the river Dee in Scotland).
Table 2 summarizes the mitigation/adaptation measures, the effectiveness and cost estimates. The
numerical estimates from the original sources were adapted and adjusted to the specific conditions of
the sub-catchment. The following are the major sources of the data (see the reference section for full
referencing):


Defra (2003). Cost curve assessment of phosphorus mitigation options relevant to the UK
agriculture (Defra Project code P0203 – main report and the appendices);



Cuttle et al. (2007). An inventory of methods to control diffuse pollution from agriculture;



Defra (2005). The cost-effectiveness of integrated diffuse pollution mitigation measures. Defra
Project ES0203;



Cardenas et al. (2010). Cost effectiveness of Nitrate leaching mitigation measures for grassland
livestock systems at locations in England and Wales;



Whitehead et al (2013). A Cost Effectiveness Analysis of Water security and Water Quality:
Impacts of Climate and Land Use Change on the River Thames System;



Scottish Rural Development Programme (SRDP) payment rates document;



Balana et al (2011). Integrating economic and biophysical data in assessing cost-effectiveness of
buffer strip placement;



Martin-Ortega et al. (2012a). Workshop proceedings on collaborative scoping of solutions,
Thames catchment;



Environment Agency (2012). Review of best practice in treatment and reuse/recycling of
phosphorus at wastewater treatment works. Report number SCHO0812BUSK-E-E;



Balana, B. (2011). A Guidance Note on Approaches to Implement CEA at the Demonstration
Sub-catchments. Technical Note;



Experts judgments (Pers. Comm.: B. Slee, A.Vinten, S. Dunn, A. Ibiyemi, from The James
Hutton Institute);



Vinten et al (2012).Costs of reducing phosphorus pollution in lakes;



Nix (2009-2012). Farm Management Pocket Book;



SAC ( 2007-2011). The Farm Management Handbook; and



Cranfield University online material: https://www.landis.org.uk/soilscapes/

Regarding waste water treatment works, the measurement of effectiveness follows the procedure
proposed by Whitehead et al. (2013). As reported in Whitehead et al. (2013) PR1 and PR2 strategy
would result in 17.64% and 22.45% reduction of P concentration respectively from the baseline. As
the effectiveness of all other measures was expressed in terms of P load reduction to the water body,
to keep consistency, reduction in P concentration as a result of measures in WWTPs, needs to be
converted into the ‘P load reduction’ equivalent. Here we assumed that these measures would result in
a similar i.e. 17.64% and 22.45% P load reduction to the baseline as that of the P concentration
reduction. The baseline P emission from WWPTs was based on the number of persons being served
by the main WWTPs on the Thame River (estimates based on Whitehead et al. 2013). Balana et al.
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(2011) reported a per capita emission 0.44 kg P/person/year. So, multiplying the number of persons
being served by the main WWTPs by the per capita p emission per year would give us the total
baseline P export from the WWTPS in the catchment.

2.2

Cost estimates of measures

1. Convert arable to grassland - two specifications: 20% change to extensive grassland- with
low stocking rate; 20% change to extensive grassland- with no livestock). Cost estimate was
based on lost gross margin (SAC, Nix)
2. Minimum tillage: Adoption of minimum tillage in 50% combinable crop field – cost was
estimated by Cuttle et al. 2007)
3. Establish cover crops –cover crop would be sown in the autumn to protect the soil over the
winter. Cost was based on seed and establishment costs. The assumptions were that two cover
crops grown in the 6-course crop rotation. Cost of cover crop establishment=£27/ha.
4. Reduce stocking rates – three specific measures (Reduce stocking rate by 25% (dairy);
Reduce stocking rate by 25% (beef); and Reduce stocking rate by 25% (sheep). Cost estimates
were based on lost gross margin (Defra, 2033; Cuttle et al., 2007)
5. Reduce fertiliser application rates – a 20% P fertilizer reduction applied across all crop land.
Cost was based on yield loss based on Nix and SAC figures (see citations of these references
in section 2.1).
6. Manure/slurry management – an increase the capacity of farm manure (slurry) stores-dairy.
Cost estimate is based on Defra’S (2003) method i.e. “the cost assessment has assumed
additional 30 days slurry storage for a herd of 200 cows. Slurry storage varies between lagoons
and above ground stores with an average cost of £25m3. For a 200 cow herd, the cost would be
£25 x 1.2 x 200 = £6,000, but £6,800 including an allowance for rainwater, this would cost
£68/ha.”
7. Fence off rivers and streams from livestock – cost was on fencing material capital cost and
labour time.
8. Establish riparian ten meters buffer strips –Cost estimate was based on lost gross margin.
9. Establish and maintain constructed wetlands – Based on ADAS recent estimate.
Excavation costs would be £2.30 m3, plus fencing cost assuming a 10m x 500m excavation.
For arable, this would cost £3,216, a total of £14,716 per 200 ha or £73.58/ha. For dairy, the
fencing costs would be a little higher at £3,800, a total of £15,300 per 200 ha or £76.5/ha.
10. Measures related to WWTPs - two measures related to wastewater treatment plants
(WWTPs) were identified.
 PR-1 strategy: P removal at WWTPs to meet a discharge concentration of P of 1mg/l
total P
 PR-2 strategy: P removal at WWTPs to meet a discharge concentration of P of
0.3mg/l total P
The costs of the WWTPs P removal have been calculated from Water Industry cost estimates of £19
per person per year to meet the 1mg/l standard and £32 per person per year to meet 0.3 mg/l standard
(EA, 2012). Based on Whitehead et al. (2013) a population of 717,000 people being served by the
main WWTPs on the Thames River. This is equivalent to 16% of the estimated 4.5 million human
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population in the non-tidal Thames (the latter figure was based on the UK population census of 2001).
We assume the same 16% of the total population of the Thame sub-catchment (based on UK
population census of 2001 Thame population is about 200,512 people) are being served by the main
WWTPs on the Thame river i.e., 32 081 people). This generates an annual cost of £609,552 per year
for the 1mg/l standard and £1.02 million per year for the higher standard.
All costs estimates have been adjusted to 2007 (baseline year).

3

Results: cost-effectiveness analysis

A total of 10 phosphorus emission mitigation measures which were further broken down into 19
specific measures were considered in the CEA. These measures were assessed against three major
pressure sources: The arable sector, livestock sector (dairy, beef and sheep), and WWTPs. The cost
and effectiveness estimates for the arable and dairy sectors were initially calculated on per hectare
basis and then scaled-up to the catchment based on the size of the area applicable to each sector. Cost
and effectiveness of measures related to WWTPs were estimated at catchment level; because these
measures are not targeting a specific area of land in the catchment but phosphorus removal from
WWTPs to meet a certain P reduction target in the water body.

3.1

Effectiveness

The baseline catchment level P loss estimate from the major sources described above is about 177,661
kg P/year. Source apportionment of this loss indicates that arable (cereals), dairy, beef, sheep, and
WWTPs sectors respectively export 60%, 10.3%, 17.5%, 4% and 8% of the total catchment P loss.
So, clearly arable land sector is the highest contributor.
Examining at the overall effectiveness of individual measures, adoption of certain measures such as
minimum tillage and reduction of fertilizer application rates appear to be highly effective measures in
the Thame catchment. These two measures alone result in nearly 30% P loss reduction. Given the
relative easiness, practicality and potential for application of these methods, this result seems
reasonable. This implies that for up to 30% P loss reduction, implementation of these two measures
can achieve the environmental target. Generally, arable measures are more effective in terms of
reducing P losses than measures targeted livestock sectors of waste water treatment plants (see Figure
1). However, this is a partial assessment in the sense that costs of implementing these measures were
not taken into account.
Figure 1. Catchment level effectiveness of measures
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Total P reduction (kg
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35000
30000
25000
20000
15000
10000
5000

3.2

WWTP_2

WWTP_1

Wetland_Dairy

Wetland_Arable

Buffer_trips

Fencing_sheep

Fencing_Beef

Fencing_Dairy

Manure_store

Fertilizer_R

Stock_R_sheep

Stock_R_beef

Stock_R_dairy

Cover_crops

Min_tillage

AR_Covresion2

AR_Covresion1

0

Costs

Catchment scale total costs, cost of each measure per hectare, and cost per kg P reduced were
obtained for all measures applicable to arable and livestock sectors. However, as cost per hectare is
not relevant to WWTPs measures, catchment level total cost of measure and unit cost (£/kg P
removed) were calculated. As shown in Figure 2, overall livestock measures appear to be more costly
compared to arable measures. However, the more stringent arable measures, most notably, ‘arable
conversion to grassland’ is a highly expensive measure to implement.
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Figure 2. Total costs of measures at catchment scale
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3.3

Cost-effectiveness

If we implement all measures suggested or identified for Thame in this study we can mitigate about
65% P loss to the water course. The total cost would be about £16.2million.

cost (£/kg P reduced)

Figure 3. Cost effectiveness of measures ranked (in ascending £/kg N reduced)
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Figure 4. Cumulative effectiveness of measures (lower to higher cost-effect ratio)
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Table 3 shows the cost-effectiveness ratios of all measures under consideration. Measures have been
ranked according to these ratios.

Table 3. Ranking of costs-effectiveness ratios of measures to improve water quality in the Thame subcatchment
CEA
Rank

Measures

Effectiveness
(Kg P
reduction/ha)

Cost (£/ha)

CE/ratios

1

Establish riparian buffer strips (10 m width or 5%
of all arable land)

1.62

15

9.26

2

Reduce 20% P fertilizer reduction applied across all
crop land

0.76

20

26.32

Adopt minimum tillage systems (50% combinable
crops)
Constructed wetlands/sediment ponds (10% all
arable)
Establish cover crops during winter

1.1

50

45.45

1.52

73.58

48.41

1.18

67.5

57.20

6

Constructed wetlands/sediment ponds (10% all
grassland - dairy)

0.88

76.5

86.93

7

Increase the capacity of farm manure (slurry)
stores-dairy

0.49

68

138.78

2490

609552

244.80

0.93

290

311.83

3169

1,026,621

323.96

1.16

420

362.07

1

400

400.00

3
4
5

8
9

Phosphorus reduction-1 (PR1) : P removal at
WWTPs to meet a discharge concentration of P of
1mg/l total P
20% change to extensive grassland- with low
stocking rate

12

Phosphorus reduction-2 (PR2) : P removal at
WWTPs to meet a discharge concentration of P of
0.3mg/l total P
20% change to extensive grassland- with no
livestock
Reduce stocking density - dairy (25%)

13

Reduce stocking density -sheep (25%)

0.2

95

475.00

14

Fence off streams from livestock - Dairy

0.28

97.5

487.50

15

Fence off streams from livestock - Beef

0.2

97.5

487.50

16

Reduce 25% overall stocking rate-beef

0.2

100

500.00

17

Fence off streams from livestock Sheep

0.18

97.5

541.67

10
11

As specified before, we use a 0.12 mg/l concentration of soluble Reactive Phosphorus (SRP) as our
target for improved water quality. Whitehead et al. (2013) have reported that the current concentration
of SRP in whole of the Thames basin is 0.18mg/l (i.e. failing to meet the GES for Phosphorus). The
authors estimated that a 50% reduction in SRP is required to meet the WFD standard. Assuming
proportionate changes in P concentration and load and the current condition in Thame is slightly
better than the Thames average of 0.18mg/l; we assume that a 40% P reduction from the baseline
would meet the WFD target for P in 2015. To achieve this target, the top five measures in
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Table 3 should suffice. This is, the most cost-effective combination of measures to achieve water
quality targets in the Thame sub-catchment is:








Establishing riparian 10 meters buffer strips along strips;
20 % P fertilizer reduction across all crop land;
Adoption of minimum tillage systems (50% combinable crops):
Establishment and maintenance of constructed wetlands (10% for all arable);
Winter cover crops.

Table 4. Cost-effective combination of measures for Phosphorus reduction target in Thame
Rank

Measures

1
2
3
4
5

Establish 10 m riparian buffer strips along streams (5% all arable)
Reduce 20% P fertilizer reduction applied across all crop land
Adopt minimum tillage systems (50% combinable crops)
Establish and maintain constructed wetlands (10% for all arable)
Winter cover crops

CE ratio (£/kg
P reduced)
9.29
26.31
45.45
48.41
57.20

Cumulative % P
Reduction
3
15
33
38
40

The analyses thus far indicate that agricultural related measures result in the most cost-effective
combination of measures to improve water quality in the Thame sub-catchment. This is coherent with
the results of the local stakeholder consultation process that had identified individual farmers as the
main cost-bearers of improving water quality (Martin-Ortega et al. 2012b Tasks 6.4 & 6.5 Interim
Report). Workshops participants had also identified Thames Water as the other main cost bearer. It
can be observed in
Table 3 that measures related to the waste water treatment plants rank 8 th and 9th in terms of cost
effectiveness. Distributional effects across different actors in the sub-catchment are further discussed
in Part II of this document.

3.4

Summary of Thames catchment scale CEA results

Further to the Thame sub-catchment level CEA, as part of the WP6 work in the English demonstration
catchment (i.e., Thames Catchment) a cost-effectiveness study was conducted at the entire Thames
catchment level (Whitehead et al., 2013). This study includes scenario analysis in order to assess the
impacts of climate change, land use change and water resource issues. This study that covers the
entire Thames catchment was undertaken using the five broad P mitigation measures and under seven
alternative scenarios. The broad measures considered in the Thames CEA were: (1) Reducing P
fertilizer applications by 20%; (2) P removal at WWTPs to meet a discharge concentration of P of
1mg/l, referred to here as the AMP5 strategy; (3) P removal at WWTPs to meet a discharge
concentration of P of 0.3mg/l, referred to here as the AMP6 strategy; (4) A combined mitigation
strategy of reducing fertilisers by 20% plus P removal at WWTPs to meet 0.3 mg/l; and (5)
Introducing riparian wetlands along the river system.
These measures were analysed under seven scenarios, viz. (1) Baseline (i.e. current ) conditions; (2)
Future Climate for the period 2030-2060; (3) Future climate plus a future land use under the Food
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Security scenario (LU1 as described by Crossman et al, 2012); (4) Future climate and a more extreme
projection of future land use under the Food Security Scenario (LU1 as described by Crossman et al,
2012); (5)Thames Water Resource Strategy ( i.e. a new reservoir at Abingdon) under Future Climate
for the period 2030-2060; (6) Thames Water Resource Strategy ( i.e. a new reservoir) under Future
climate plus the future land use (LU1); and (7) Thames Water Resource Strategy ( i.e. a new
reservoir) under Future climate plus the future land use (LU2).
Effectiveness of measures was estimated using INCA-P model. A comprehensive process based
dynamic model INCA (Whitehead et al , 1998a, 1998b, Wade et al., 2002) has been set up for the
whole of the Thames Catchment in order to investigate changes in land use and climate on flow, water
quality and ecology.
Cost estimates for measures related to the agricultural sector were mainly based on costs which occur
at the sectors or agents directly affected by the mitigation or adaptation measures and public
investment costs on environmental and water infrastructure. Accordingly, costs for agricultural
measures represent the whole farm costs for fertiliser reduction. These estimates were collated from
exiting literature sources (Defra, 2003; Bateman et al., 2008; Cuttle et al, 2007) and scaled up to the
whole Thames. The costs of the WWTPs P removal have been calculated from Water Industry cost
estimates. The reservoir costs are estimated based on the Thames Water Resources Plans, assuming a
smaller reservoir is built to gain planning approval.
The CEA summary of this study is as follows (details can be read from Whitehead et al. 2013). The
results indicate that the riparian zones are the least effective whereas the combined strategy of
fertiliser reduction and AMP 6 is the most cost effective strategy. Scenario results also show
increasing trends in cost through the scenarios and into the future due to the deleterious effects of
firstly climate change, then land use change and then the cost of the reservoir. It is also clear that the
reservoir development ramps up the costs significantly, but this high cost is justified by Thames
Water from a water scarcity point of view, rather than any water quality advantage. The next most
costly measures are the AMP5 and AMP6 phosphorus removal strategies at the WWTPs. The
fertiliser reductions are a very cost efficient and are a relatively low cost per percentage reduction in
SRP. However, the combined strategy of both reducing fertilisers and implementing AMP6 has by far
the biggest impact on SRP concentrations. Only these two combined mitigation measures will actually
meet the WFD compliance target of 0.12mg/l. They are also the most reasonable in terms of cost
effectiveness.
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PART II: Disproportionality Analysis

4

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 Thame sub-catchment followed a combination of desk-based analysis
(including a literature review, economic analysis and expert consultation) and a stakeholder
workshop, held in Whitchurch, Oxfordshire, on September 2012. 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 Thame sub-catchment (Task 6.4 & 6.5 Interim Report, Martin-Ortega et al. 2012b).

4.1

Justification of disproportionality analysis

Article 4 of the WFD allows the derogation of environmental 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 objective4. This requires proving that the costs of the Program
of Measures (PoM) which achieve GES are higher than the associated expected benefits (European
Commission, 2003a).
According to the Methodological approach to Disproportionality Analysis agreed in WP6 (MartinOrtega and Skuras, 2012), the first step is to establish clear arguments why an analysis of
disproportionality is needed. In principle, disproportionality analysis is an expensive exercise with
political public consequences and thus it must be justified a-priori. In the UK, the Department of
Environment, Food and Rural Affairs (Defra) produced in 2007 an Overall Impact Assessment (IA)
for the WFD (Defra, 2007). The IA covers all costs and benefits of implementing the WFD in
England and Wales, updating the 2003 Regulatory Impact Assessment (RIA). The IA provides two
illustrative packages of measures or ‘options’ to implement the WFD in comparison to a reference
case in which no action is taken. Option 1 includes all technically feasible measures with the aim of
meeting the WFD’s good ecological objectives by 2015, while Option 2 (or ‘Phased’) includes phased
implementation to ensure a long term approach meeting all WFD by 2027. As stressed in the IA itself,
these figures “should only be considered illustrative”. More importantly, “the actual costs and benefits
will depend on the programmes of measures implemented within each UK administration, river basin
district or water body”. As an indication, the National Impact Assessment suggested that £2.4 billion
4

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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per year were necessary to deliver all WFD objectives in the first planning cycle, but it was uncertain
whether that the expenditure was necessary or that it would be effective. As a follow up, in November
2009 the Environment Agency (EA) produced a Final Impact Assessment of River Basin
Management Plans, including one for the whole of the Thames basin. The equivalent annual costs for
the Thames River Basin Plan were estimated in £1.5m, while non-market benefits were estimated at
£1.9m – suggesting that the Plan would be, in the overall, proportionate (Environment Agency, 2009).
There has not yet been a disproportionality analysis at the sub-catchment level in England5.
The stakeholder workshop on Social and economic effects of improving water quality in the Thame
Basin allowed researchers to gather local views and perceptions on the issue of disproportionality at
this level for this sub-catchment (Task 6.4 & Task 6.5 Interim Report, Martin-Ortega et al. 2012b).
The costs of improving water quality were generally considered to be short term and to some extent,
easier to estimate, while benefits were thought to be longer term, more difficult to grasp and therefore
are often overlooked. Workshop participants considered that, generally, the benefits of improving
water quality justify the costs, although these are difficult to assess in monetary terms.
Following the REFRESH principle to establish the sub-catchment level as the appropriate unit of
analysis and taking into account local stakeholder considerations as presented above, it seemed
necessary to undertake a disproportionality analysis for the Thame sub-catchment, 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
Thame sub-catchment for the analysis of (dis)proportionality.

4.2

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

The identification of benefits of improved water quality by the measures was undertaken in three
steps:
 A first screening of potential benefits was elaborated by the researchers.
 A wider expert consultation via survey to scientists from a range of disciplines at the James
Hutton Institute and to project members in the University of Reading and Oxford University
(the two ‘local’ universities in the REFRESH Project) was undertaken to expand the
preliminary identification in the area.
 This consultation produced an initial list of benefits and beneficiaries which 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 benefit/beneficiary was missing; or if
some of the ones included in the list were actually not relevant to this area). Secondly, 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

At the moment of writing up of this report, authors were informed that the Environment Agency is starting to develop a
methodology for the assessment of disproportionality at the sub-catchment level. Contact with the Environment Agency has
been established so that the REFRESH methodology is used to inform that process.
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4.3

Identification of cost-bearers and beneficiaries

Participants to the workshop were introduced to the idea that improving water quality would bring
benefits to society, but would also entails costs (costs of the mitigation actions). They were divided
into two break-out groups and were asked to consider the potential costs, costs-bearers, benefits and
beneficiaries as a result of water quality mitigation measures in this particular basin. The measures
discussed were those which had been previously identified as relevant for this sub-catchment in the
first stakeholder workshop on the collaborative scoping of solutions (Deliverable 6.18, Martin-Ortega
et al. 2012a). Break-out groups contained a mix of stakeholder types. An initial list of cost bearers and
beneficiaries previously prepared by the researchers 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 this area). Secondly, each of the costs and
benefits were discussed in detail and participants’ views and knowledge were recorded.
Workshop participants highlighted that farmers would be major cost-bearers of improving the water
quality. However, it was also suggested that for certain measures, if practices were changed in a costeffective way, the costs to farmers may not be that extensive and that farmers would also benefit from
improved water quality and foregone cots (e.g. reduced fertilization costs).
Thames Water was identified as another key cost-bearer due to increased treatment and compliance
costs. These increased costs are expected to translate into an increase of water tariffs, in which case
they would be passed onto households. However, it was also noted that regulations control the
proportion of costs which can be passed onto the tax payer for Thames Water activities.
The Environment Agency was highlighted as a third important cost bearer, whose costs would end up
being borne by the general tax-payer. For example, to improve monitoring and introduce compulsory
registration of septic tanks has resource implications for the EA, such as the staff time and money
required to call people up, gather information and conduct inspections. Monitoring water quality is
also an expensive activity.
Local councils were suggested by workshop participants as a fourth important cost-bearer.
Participants felt that the costs of Sustainable Urban Drainage Systems (SUDS) enforcement, general
monitoring and reducing road and housing run-off would be borne mostly by local councils, with
knock-on effects for the local community and council tax (and the general taxpayer who also
contribute to local authority expenditure via block grant).
In summary, individual farmers, Thames Water, the Environment Agency, local authorities, private
households and building developers were identified as incurring the greatest costs to improve water
quality through those measures. From, these, and as explained in Part I of this document, we focus on
increased farm costs (including foregone benefits) and increased sewage treatment costs to Thames
Water as the main costs (the burden over other cost bearers is discussed in Section 7 of this report in
relation to distributional effects considerations). The need to include septic tanks 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).
Moreover, the number of people not connected to the sewage treatment works in is quite small in this
area in comparison to those that are connected.
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In relation to benefits and beneficiaries, workshop participants considered that the general public
would gain from improved water quality. Recreation was highlighted as a major potential benefit of
improved water quality, ranging from benefits to walkers and nature enthusiasts, to the better mental
and physical health of the general public. It was suggested that local businesses and the community
would also benefit from a more attractive environment overall and more paths around the river. Nonuse benefits related existence value associated to biodiversity and wildlife were also highlighted by
local stakeholders. From the perspective of local anglers, it was argued that increased fish
populations, which may accompany water quality improvements, would increase the overall quality of
fishing, potentially bringing further benefits to the local community (as fishermen pay a fee to the EA
and might spend more money locally).
Conversations with Thames Water representatives after the workshops showed that there are also
benefits associated to the improvement of the quality of water supplied to West London (outside the
sub-catchment area) and therefore reduced treatment costs of the water utility. According to these
representatives, these concern essentially pesticides and metaldehyde 6 (rather than Phosphorous,
which is the focus of analysis here), and would anyway be very difficult to disentangle from other
costs (i.e. to separate the additional costs from the full set of costs). These benefits are therefore not
included in the analysis, but discussed in the broader discussion of disproportionality and
distributional effects (section 7).

4.4

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. in press). 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 (Martin-Ortega et al.
in press). The methodological guidelines for disproportionality elaborated for REFRESH (MartinOrtega 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. It should be noted that, as explained in Part I of this document, a CEA for
the whole of the Thames was carried out at the catchment level for illustration purposes. Implications
of catchment and sub-catchment scales applications are discussed in Part III.
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
6

Metaldehyde is a selective pesticide used by farmers and gardeners to control slugs and snails in a wide variety of crops
(technically it is known as a ‘molluscicide’). The issue of metaldehyde is out of the scope of this report which focuses on
Phosphorous reduction, but it is still worth-noticing that, according to Thames Waters representatives consulted for this
study, new treatment processes to deal with it are estimated on the billion pounds and that, in consequence, Thames Waters
is focusing on solving the metaldehyde issue by using a catchment management approach rather than technological
solutions. The REFRESH model could serve as inspiration in this catchment based cost reduction approach (i.e.
identification of cost-effective land management measures to reduce pollution).
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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 improving 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 has been 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
REFRESH methodological guidelines for disproportionality (Martin-Ortega and Skuras, 2012) that all
partners will undertake the disproportionality analysis by 2015, plus each partner will run further
analysis at different time scales according to national policy criteria. For England and Wales, the
Environment Agency contemplates two time horizons: 2021 and 2027, corresponding to the ‘default’
and ‘phased’ options established by the Overall Impact Assessment for the WFD (Environment
Agency, 2013). For the Thame sub-catchment we undertake the analysis of (dis)proportionality at
three time scales: 2015, 2021 and 2027 to meet REFRESH ‘academic’ (cross-country comparison)
and policy needs.

4.5

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).
For the estimation of the non-market benefits, the methodological approach established for
REFRESEH is that of using existing estimates from the literature, since there is no budget in
REFRESH 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 on the
stated preferences literature on the monetary assessment of the benefits of achieving WFD’s good
ecological status in the UK revealed that the most appropriate source of non-market benefit data to be
applied in the Thame sub-catchment is that of the study elaborated for Defra aimed at estimating the
benefits of improving water quality in England and Wales as consequence of WFD and other water
regulations (NERA and Accent, 2007). This study includes a national survey consisting in 1,487 faceto-face interviews in 50 different locations.
Regarding market benefits, a report elaborated by Entec (2008) for Defra identifies the potential
market benefits of the WFD in England and Wales, but it does not provide an actual quantification of
these benefits. Market benefits related to businesses providing goods and services to recreational
water users (angling, boating and other non-contact water sports) are expected to result from changes
in consumer preferences and are likely to be captured within the estimates of willingness to pay such
as the National Water Environmental Benefits survey mentioned above (NERA and Accent, 2007).
Changes in recreation may impact local economies, particularly in rural areas (e.g. new potential
fisheries, demand for accommodation, among others). To estimate these, it would be necessary to
obtain more accurate information about other factors that influence fish populations such as bank
management and cover, depth and ripple need for spawning. The expert consultation and stakeholder
engagement process for the Thame sub-catchment showed how this sort of information is not
available, and therefore cannot be included in the analysis, but the implications for
(dis)proportionality considerations are discussed in the conclusions of this report (Part III).
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5

Economic efficiency assessment
5.1

Benefit assessment

Mean WTP values
As explained above, non-market benefits of improving water quality in the Thame sub-catchment
were obtained from the Report on The Benefits of Water Framework Directive Programmes of
Measures in England and Wales commissioned by Defra (NERA and Accent, 2007). This report
estimates, via a stated preferences survey, households’ willingness to pay (WTP) to improve water
bodies in England and Wales from current status to the good ecological status as prescribed by the
WFD7. The current status corresponds to that of the baseline year when the survey was done (2007),
which coincides with the baseline year used for the estimation of the costs of the measures in our
study (see Part I of this report). Several different mean WTP values are reported in this study,
according to different valuation scenarios and elicitation methods. The choice of the most appropriate
value for the purpose of our study requires some explanation:


Improvement level: The survey allowed eliciting values for a set of scenarios according to the
level of improvement, measured in percentage of the area improved to different levels of
water quality (low, medium and high), to be achieved by 2015 and 2027. The values of
interest for our study are those related to full compliance, this is (in this specific study) 95%
improvement of the area reaching good ecological status8. Benefits derived from the GES as
defined in the Defra study are presented in Table 5. These benefits reflect well those
identified by the local stakeholders for the Thame catchment as described in Section 5.3.

Table 5. Benefits derived from the improvement of the ecological status of water bodies estimated by the stated
preference survey

Current
benefits

user

Direct use

In Stream

Indirect
Use

Near
Stream

Potential
use

Option

No use

Existence

Intrinsic benefits

Recreational – fishing, swimming, boating, rafting, etc.
Recreational – hiking, picnicking, bird watching, photography
Relaxation – viewing
Aesthetic – enhancement of adjoining site amenities
Near-term potential use
Long-term potential use
Stewardship - maintaining a good environment for everyone to enjoy
(including future family use-bequest)
Vicarious consumption - enjoyment from the knowledge that others are
using the resource.

Source: NERA and Accent (2007)

7

The WTP question was formulated as follows: “What amount [….] is the most (you/your household) would be willing to
pay, through increased water bills and other household payments every year, on top of the payment to stop the water
environment getting worse, to have the improvements shown in Option […]?” (NERA and Accent, 2007).
8
The survey also elicited WTP values for a 75% improvement of the ecological status with respect to the baseline. Here we
focus on the 95% scenario only because we are checking disproportionality of compliance (i.e. all water bodies reach GES).
As in other water valuation studies, 100% improvement is not considered realistic in the design of valuation scenarios. Also
as frequently done in WFD valuation studies, GES is referred to the public as ‘high’ water quality (Glenk et al. 2011). In the
Defra study high water quality was defined in the survey as a situation in which: “there will be a diverse and natural range
of plants, insects, fish, birds and other animals. Water will generally have the right degree of clarity, no noticeable pollution,
and generally be suitable for contact activities.” (NERA and Accent, 2007).
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WTP values at different scales. With the support of maps, respondents to the Defra study were
asked about their WTP to improve the water status in at two different scales: i) in their local
area and; ii) for the whole of England and Wales. The local area is established at 30 miles
around the location of residence of the respondent9. These scale distinction is done since the
literature has shown that improvements at the local level are expected to generate greater
marginal welfare improvements (Brouwer et al. 2010). Following the REFRESH subcatchment approach, WTP values at the local scale are the appropriate ones for our analysis.



Targeted population. Values were calculated per river basin, which makes available to us
average benefit estimations (£ per household per year) of a sample of the population of the
Thames basin for the improvement of the ecological status in the local area. We consider that
these are the most appropriate figures for the estimations of benefits in the Thame subcatchment.



Elicitation format. The Defra survey was based on two different contingent valuation
elicitation techniques - a payment card question (PCCV), a dichotomous choice question
(DCCV) - and a choice experiment (CE). PCCV methods are known theoretically and
empirically as likely to lead to conservative estimates, possibly downwardly biased, while the
DCCV method used in the research may yield upwardly biased estimates. This leads authors
of the NERA report to conclude that the ‘real’ WTP is probably in the range between PCCV
and DCCV results and proposes the PCCV as the conservative approach to be used for policymaking purposes.

Taking into account all the above, the mean WTP value extracted from NERA and Accent (2007) and
used in the disproportionality analysis of the Thame sub-catchment is 49.6 £/hh/yr.

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 the sub-catchment level. We therefore, aggregate
WTP values to the population of the sub-catchment. This is a total of 200,512 individuals 10 .
Considering an average of 2.36 persons per household (ONS, 2011), this represents 84,963
households.
The aggregated annual benefits calculated in this manner add up to 4,214,150.5 GBP. It should be
noted, though, that this is to be considered a conservative figure. The economic jurisdiction, this is all
those who hold economic values regarding the improvement of water quality, can extend beyond
administrative and hydrological boundaries (Hanley et al. 2003; Bateman et al. 2006). The
stakeholder consultation clearly showed how non-market benefits spill beyond the boundaries of the
sub-catchment (Martin-Ortega et al. 2012b), and therefore it is likely that residents outside of the subcatchment boundaries also hold values for improving its ecological status. Due to the impossibility of
9

The selection of a 30-mile radius as the boundary of the local area for the maps was made after testing both 10 mile and 50
mile radius maps in focus groups and cognitive interviews (NERA and Accent, 2007).
10
The population size on this area has been calculated using information from the Office for National Statistics, 2011 Census
Population and household estimates for Wards and Output Areas in England and Wales
(http://www.ons.gov.uk/ons/rel/census/2011-census/population-and-household-estimates-for-england-and-wales/index.html).
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estimating a distance decay curve for the Thame sub-catchment we retain this conservative figure as a
lower bound of the annual benefits.

5.2

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 with the benefits it provides. 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 Thame subcatchment relate to non-market benefits. Disproportionality assessment in this case requires therefore
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 be applied to represent higher society’s preference for consumption in the present than in
the future (Martin-Ortega et al. in press). There is an intense debate about which is the most
appropriate discounting scheme, since different options can have significant impact in 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 and non-well known 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).
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Before estimating the NPV indicator, cost data have been adapted to CBA requirements. Table 6
shows the initial investment costs, annual costs and lifetime of each measure that should be undertook
to reach the GES in Thame sub-catchment. Initial investment costs are applicable only the first time
that the measures are implemented, and annual costs are those related to operational and maintenance
actions that take place every year. In this case, all the measures have to be implemented yearly, with
the exception of the measure consisted in establishing and maintaining constructed wetlands that have
to be completely replaced each ten years.
Table 6. Costs and lifetime of measures that achieve GES in Thame sub-catchment
Measure
Establish riparian buffer strips (10 meters width)
Reduce 20% P fertilizer reduction applied across all crop
land
Adopt minimum tillage systems (50% combinable crops)
Establish and maintain constructed wetlands (10% of all
arable and grassland)
Establish winter cover crops

Initial investment costs
(GBP in year 0)
-

Annual costs
(GBP per year)
54,000

Lifetime
(years)
Continuous

-

561,600

Continuous

-

1,404,000

Continuous

992,200

313,365

10

-

473,850

Continuous

Table 7 shows the NPV for the measures under consideration for the three time horizons.

Table 7. Profitability indicators of water quality improvement in the Thame sub-catchment (GBP).

Aggregated cumulative
costs
Aggregated cumulative
benefits
NPV

2015

2021

2027

19,133,243

29,172,756

36,368,221

33,182,034

50,234,867

64,107,357

14,048,791

21,062,111

27,739,136

The NPV for each scenario shown in Table 7 indicates that the benefits of improving water quality in
the Thame sub-catchment outweigh the costs of the measures analysed here. These results confirm
that the evaluated Programme of Measures is economically profitable even with a lower beneficiary
population.
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 that are discussed next.

6

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 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 borne by land managers in rural
areas, while benefits are likely to be higher for urban residents (Bateman 2011), leading to
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distributional 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. in press).
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 income, average income per capita and income of a group 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 consultation11. Following up on the consensus over cost-bearers and beneficiaries of
measures to improve the water quality in the Thame sub-catchment, 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).

Distribution of costs and benefits
As mentioned before, the stakeholder consultation process identified individual farmers, Thames
Water, the Environment Agency, local authorities, private households and building developers as the
main cost-bearers of improving water quality in the Thame sub-catchment. The CEA has shown that
the most cost-effective way of reaching the target for Phosphorous reduction is by means of changes
in agricultural practice, placing the burden in farmers only. On the other hand, it is the public
generally who would benefit from the improved environment, with some specific groups like
recreational users and anglers benefiting particularly.
Workshop participants considered that, overall benefits of improving water quality outweigh the
costs, although these are difficult to assess in monetary terms. It was acknowledged that there is an
uneven distribution of costs and benefits: costs were thought to be concentrated in certain sectors,
while benefits reach the general public, even beyond the sub-catchment boundaries (e.g. water supply
to West London). It should be noted, however, that with the exception of costs to farmers, participants
had previously agreed that costs are likely to be transferred (at least partly) to the general tax payer.
Interestingly, stakeholders highlighted the ‘opt-in’ nature of benefits (local actors can choose to enjoy
the improved water environment) versus the compulsory nature of costs (those who have to pay are
11

REFRESH WP6 Meeting, Patras (8-10th October 2012). Meeting minutes available at: www.refresh.ucl.ac.uk
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not given an option). This would suggest that local actors could choose to enjoy the improved water
environment, but those who have to pay for those improvements are not given an option. Furthermore,
stakeholders realized that the costs and benefits might not be borne by the same people, creating a
‘mismatch’ for incentivising water quality improvement measures. As a result of this, cost-bearers
may also be ‘blamed’ for their impact on the water-environment, generating counter-productive
rounds of ‘blame-games’. Workshop participants agreed that this must be avoided to develop a
collaborative and effective water quality improvement strategy.
Regarding the nature of the benefits and costs, participants perceived costs as more short term and
concentrated among specific sectors, while benefits were described as more long term, dispersed and
difficult to grasp. As one participant explained, the long term benefits “of an all-round healthy
environment radiate outwards, but are often overlooked”. A participant described the issue as similar
to the climate change discussion, discussing the balance between ‘mitigation’ (i.e. reducing nutrient
and chemical levels) versus ‘adaptation’ measures, and the time-scale implications of each. Another
stakeholder also posed the question ‘what is the end point?’, suggesting that a ‘pristine environment’
was an unrealistic goal, and excessively demanding for cost-bearers. It was thus suggested that a more
balanced approach was necessary. It was also noted that schemes such as agricultural subsidies were
already in place to balance the costs better and reduce cost concentrations on individual actors (see
next section on affordability). Therefore, overall, this group of stakeholder generally felt that the
benefits did outweigh the costs in the long term, and therefore that water quality improvement
measures were justified. As one participant summarized, “the cost of doing nothing is far higher”. The
different measures were generally perceived to have numerous wider benefits beyond the benefits
strictly related to aquatic ecologic (from reduced erosion, climate change mitigation and flood
reduction, to awareness raising and education, among other). Wider benefits of improved water
quality in the Thame sub-catchment are discussed at length in the workshop proceedings (MartinOrtega et al. 2012b Tasks 6.4 & 6.5 Interim Report) and in Deliverable 6.17.

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. 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 (Martin-Ortega, 2012). In this
case, the WFD allows Member States certain flexibility in adopting a sector-specific 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. in press). In England and Wales, the Impact Assessment for
the Water Framework Directive (Defra, 2007) highlighted that one of the main affordability concerns
(at the national scale) related to the impact on household water bills of increased investments by water
companies. Costs incurred efficiently by the water industry would be passed on to their customer base
(households and business) and may give rise to affordability issues in different groups/sectors. The
Water Services Regulation Authority in England and Wales (Ofwat) estimated an annual average
median bill increase of £12 for additional P treatment. Regarding the agricultural sector, this same
Defra report recognises that there is concern over the affordability of some measures for some farmers
in England. The analysis estimated that the farm level costs of Option 1 would amount to 6% of farm
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business profit (FBP) on average, or 5% FBP and off-farm income12. The greatest impact would be on
cereal and general cropping farms, where the costs of Option 1 are estimated to be 12% and 11% of
FBP, respectively. In agriculture there may be a more limited ability to pass on costs to consumers
given international competition but some pass through will occur to land owners (diminished rents)
and input suppliers. Aside from the water industry and agriculture the costs attributed to other sectors
were not considered by Defra to have a significant impact on affordability at a national scale.
The economic analysis undertaken for the Thame does not allow in-depth discussion of affordability
issues at the sub-catchment level, but some considerations can be made. Among the two main cost
bearers identified by local stakeholders, Thames Water and local farmers, it would be expectable that
Thames Water dealt with any affordability issue by transferring its additional costs to the final
customer through increased water bills. It should be noted, though, that Thames Water is limited by
regulation in relation to how much water bills can be increased.
Regarding farmers’ capacity to deal with additional costs, it is of interest to look at the ratio of the
annual costs and net farm income. Table 8 shows this ratio for each of the measures under
consideration in the Thame case study. The ratios have been calculated using average farm income
and farm size figures from England, but we believe that it can still provide a reasonable illustration for
discussion purposes. For the most cost-effective measures (shadowed in the Table), annual costs range
from around 2% to 10% over net farm income. Other (less cost-effective) measures carry much
greater weight. Conversion of arable to grassland or reducing dairy stock density can add up to more
than 50% of the farm net income, representing very significant affordability problems.

Table 8. Ratio of annual costs and net farm income of measures to improve water quality in the Thame subcatchment (year 2007-2008)
Measures

Annual costs
(£/h)

Annual costs
(£/farm)*

Annual cost/net farm
income Ratio**

· 20% change to extensive grassland- with no livestock

420

21,000

54.55%

· 20% change to extensive grassland- with low stocking rate

290

14,500

37.66%

· Adopt minimum tillage systems (50% combinable crops)
Establish cover crops in winter

50
67.5

2,500
3,375

6.49%
8.77%

Reduce stocking rates
· Reduce stocking density - dairy (25%)

400

20,000

51.95%

· Reduce 25% overall stocking rate-beef

100

5,000

12.99%

· Reduce stocking density -sheep (25%)

95

4,750

12.34%

· Reduce 20% P fertilizer applied across all crop land

20

1,000

2.60%

Manure/slurry management
· Increase the capacity of farm manure (slurry) stores-dairy

68

3,400

8.83%

97.5

4,875

12.66%

Convert arable to extensive grassland

Minimum tillage

Reduce fertiliser application rates

Fence off streams from livestock

12

As mentioned Option 1 includes all technically feasible measures (as considered in Overall Impact
Assessment) with the aim of meeting the WFD´s good ecological objectives by 2015, while Option 2 (or
‘Phased’) includes phased implementation to ensure a long term approach meeting all WFD by 2027 (Defra,
2007).
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Establish riparian buffer strips (10 m width or 5% of all
arable land)
Establish and maintain constructed wetlands
· Constructed wetlands/sediment ponds (10% all arable)
· Constructed wetlands/sediment ponds (10% all grassland dairy)

15

750

1.95%

73.58

3,679

9.56%

68

3,400

8.83%

* Average farm size for England: 50 hectares per farm; ** Average net farm income for England: £38,500 (average for all types of
activities at current prices). Source: https://www.gov.uk/government/organisations/department-for-environment-food-ruralaffairs/series/farm-business-survey

Farmers are more limited to than other industries in their capacity of transferring their costs to the
wider public because food and agricultural markets have a global dimension out of the control of the
farmer. But funding for land management exists in England, among which the Environmental
Stewardship, an agri-environmental scheme open to all farmers in England funded by the UK
Government and the European Union13. Table 9 lists the relevant Entry Level Stewardship (ELS) and
Higher Level Stewardship (HLS)14 options covering the measures that have been identified as most
cost-effective for the Thame demonstration sub-catchment. It should be noted that Natural England is
not able to offer new Environmental Stewardship agreements from the end of this year until the
replacement of the Rural Development Programme for England (RDPE), which ends this year, is
launched in January 2015 (personal communication from Natural England representative). Policy
implications in the context of European CAP reform are discussed in Part III.

Table 9. Environmental Stewardship options available to farmers

Measures
Establish riparian buffer strips
along streams

Reduce 20% P fertilizer
reduction applied across all
crop land
Adopt minimum tillage
systems
Establish and maintain
constructed wetlands

Environmental Stewardship options
ELS: EE1, EE2, EE3, EE4, EE5, EE6, EE9, EE10, EJ9 (these are all buffer strip options)
HLS: HE10 (arable margin with wildflowers)
HJ3, HJ4 (arable reversion to grassland to prevent erosion/run-off)
HJ6 (strips to prevent erosion on intensively managed grassland)
Not specifically. But the following ‘low input’ options are available for arable land:
HLS: HG7

This option is only available to protect known archaeology
ELS: ED3
HLS: HK9, HK10, HK11, HK12, HK13, HK14 – for creation/restoration of wet
grassland for waders plus capital works eg SCR (creation of scrapes), S1, S2, S3 (sluices)
HQ3, HQ4, HQ5 (creation/restoration of reedbeds)
HQ6, HQ7, HQ8 (creation/restoration of fens)
HK19 (raised water levels supplement)
Winter cover crops
ELS: EJ13
Source: Entry Level Stewardship. Environmental Stewardship Handbook 4th Edition, January 2013. Natural England:
http://www.naturalengland.org.uk/ourwork/farming/funding/es/els/default.aspx (last accessed July 2013).

13

For full details of programmes available in England see:
http://www.naturalengland.org.uk/ourwork/farming/funding/default.aspx
14
The ELS is the simplest level in the programme. The HLS is more demanding for the farmer.
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PART III: Conclusions: policy implications and methodological
challenges
7

Policy implications and recommendations

This report has presented the outcomes of a cost-effectiveness analysis of measures to improve water
quality in the Thame sub-catchment including an analysis of disproportionality. The process has been
supported by a sustained stakeholder consultation process to gather views of different land and water
management actors within the area. The analysis has focused on Phosphorous reduction from diffuse
pollution from agriculture (arable and livestock) and sewage treatment works, which have been
identified as the main pressures for the achievement of WFD and HD targets in this particular region.
Results indicate that the most cost-effective combination of measures to tackle Phosphorous pollution
in the sub-catchment includes establishing ten metre wide riparian buffer strips along streams, 20 % P
fertilizer reduction across all crop land, adoption of minimum tillage systems (50% combinable
crops), establishment and maintenance of constructed wetlands (10% of all arable land); and winter
cover crops.
The comparison of costs and benefits clearly suggests that improving water quality of the Thame subcatchment (on the basis of Phosphorous reduction) would be proportionate and economically justified,
taking into consideration the very substantial non-market benefits that it delivers within the subcatchment. An important number of assumptions have been made and results should be taken with
care. The work presented here is foremost a methodological exercise aimed at bridging to the extent
of possible the different strands of knowledge necessary to tackle complex socio-ecological problems
such as the improvement of water quality through catchment management. The next section discusses
the methodological challenges in detail. Still, from a policy perspective, and taking into account that
throughout all the steps of this process the most conservative estimates (of benefits) have been used,
there is significant room for considering that the studied interventions are likely to be proportionate
from an economic viewpoint. As a reminder the following issues support the idea that the benefits
used for comparison with the costs are a lower bound:
1) Market benefits arising from improvements of water quality (e.g. regarding angling and
knock on effects in local business) have not been included.
2) The most conservative WTP values elicitation format has been used.
3) Non-market benefits of population living outside the sub-catchment have not been included.
4) Foregone treatment costs of improved water supply to West London (serving an approximate
population of 9 million customers) have also not been included.
5) There is evidence of the existence of wider benefits associated with measures to improve
water quality (for example, buffer strips can contribute to accumulation of organic matter and
soil fertility, timber production, capture of atmospheric CO2 and improvement of the
population perception of the naturalness of area).
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Whether the cost estimates are to be considered also a lower bound is less straightforward. Only costs
associated with Phosphorous reduction have been considered15. Still, according to the sub-catchment
characterization, Phosphorous represents the major component of water pollution in the area and the
main impediment to attaining WFD’s target.
Considering the Habitat Directive as well, it should be noted that it sets targets of Favourable
Conditions (FC) for species and habitats in Special Areas of Conservation (SAC), which depending
on the context can be more restringing than WFD’s GES. There are two SACs (Aston Rowant and
Chilterns Beechwoods) as well as several Sites of Special Scientific Interest (SSSI) in Thame subcatchment (Martin-Ortega et al. 2011 Interim Report for Deliverable 6.3). All the major SSSIs relate
to woodland. Consultation to expert ecologists indicated that FC for these SAC will not be
significantly determined by the Phosphorous targets considered here, and therefore cost-effectiveness
and disproportionality considerations remain as specified in accordance with WFD principles.
Derogation of ecological objectives 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 to (market) costs and (non-market) benefits (see Table 7), but also it allows sectors to prepare
and adapt budget planning to new measures (moreover, reaching the target by 2015 might just simply
be technically infeasible). Moreover, local stakeholders also perceive that the benefits outweigh the
costs in the long terms, and therefore that water quality improvement measures are justified.
Distributional effects and affordability considerations are also important in this context. The study has
confirmed that farmers carry the greatest burden for the improvement of water quality in the Thame
sub-catchment, while benefits are enjoyable by the general public, and particularly by recreational
users and anglers. 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 farmers in this burden. It should be noted, though, that there is a mismatch between
the ‘opt-in’ nature of benefits (local actors can choose to enjoy the improved water environment)
versus the compulsory nature of costs (those who have to pay are not given an option). Distributional
effects of costs and benefits call the attention over the need of widening the decision criteria for the
selection of measures beyond the cost-effective criterion only. Furthermore, stakeholders realized that
the costs and benefits might not be borne by the same people, creating a ‘mismatch’ for incentivising
water quality improvement measures. As a result of this, cost-bearers may also be ‘blamed’ for their
impact on the water-environment, generating counter-productive rounds of ‘blame-games’. Workshop
participants agreed that this must be avoided to develop a collaborative and effective water quality
improvement strategy. In this respect, measures in relation to reducing phosphorus loads from
wastewater treatment plants, and road and housing round off, can help distribute the burden across
sectors; but much more needs to be investigated about the actual effectiveness of these measures.
Additionally, the analysis has shown how the most cost-effective measures to reduce Phosphorous
loads represent (individually) between 2 and 10% of net farm income. While being significant figures,
15

A different picture would be if costs of metaldehyde removal were to be included in the analysis. Metaldehydes might be
an issue under the WFD, as it includes water affected under drinking water regulations. According to WATER UK (2012),
traces of metaldehyde have been detected in trace concentrations in the rivers or reservoirs used for drinking water at levels
above the European and UK standards set for drinking water. However, as mentioned, Thames Water is also looking at
addressing this issue through catchment management, rather than introducing costly treatment costs in sewage plants.
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there is room for considering that affordability might be possible if the right mechanisms are in place.
This might eventually mean moving from a ‘polluter pays principle’ to more flexible approaches, such
as Payments for Ecosystem Services16, in which beneficiaries (e.g. recreational users and anglers)
might contribute to compensate farmers costs. PES initiatives are already in place in the UK and
Defra has published an Action Plan for developing PES potential in England (Defra, 2013a) and a
Best Practice Guide (2013b). Still, the appropriateness and effectiveness of this kind of schemes still
need be to be solidly proven.
Putting this in the wider context of the CAP, post 2013 Pillar 2 discussions indicate that support for
water quality improvement is high in the agenda (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 (as mentioned
Environmental Stewardships agreements will stop at the end of this year until new agri-environmental
schemes are designed in 2015). Moreover, the current economic climate might have negative impacts
on this. Still, the institutional context in England seems predisposed towards it. Natural England, the
Environment Agency and Defra have stimulated initiatives for collaborative ventures between
partners and catchment level partnerships to improve water quality, such as the Sensitive Catchment
Farming programmehttp://www.naturalengland.org.uk/ourwork/farming/csf/contacts.aspx) and the
Demonstration Tests Catchments (http://www.lwec.org.uk/activities/demonstration-test-catchments).
Another important aspect is how the measures are implemented. Stakeholders clearly stated that
flexibility and regional adaptation of regulations; and awareness raising for land managers and
farmers concerning water quality are very important issues. There is a significant amount of research
evidence now on barriers and opportunities for improving implementation and increasing uptake of
measures among land managers. Martin-Ortega and Holstead (2013) provide a review of recent
research. Key messages of that review include:









Financial aspects are a critical barrier for implementing water quality measures but it is not all
about money. Access to funds and condition of funding, complexity and paper work, time and
labour are important .
Cultural and social barriers are also important, for example, resistance to change, differing
world views from different stakeholders, lack of perception of the source of problem, etc.
Farmer to farmer communication and community engagement is important to promote
cultural changes, helping removing some of the barriers for implementation.
Lack of scientific evidence on the effectiveness of measures, time lags and scepticism is also
a major problem. Demonstration farms can be useful to help mitigating this.
There is a clear need for advice to help with the uptake of the measures. This advice should be
easy to access, systematic, and preferably one to one. Focus farms can help with this
Consistency across regulations and throughout time is very important.
Support for initiatives needs to be promoted/facilitated by locally trusted facilitator and
organisations.

Finally, stakeholder engagement has proved critical in the case of the Thame sub-catchment.
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
16

PES schemes are economic instruments aimed at reaching mutually beneficial agreements between providers and
beneficiaries of ecosystem services, entailing a reward mechanism for ecosystem managers for maintaining or improving the
provision of the services valued by beneficiaries (Wunder et al. 2008; Engel et al. 2008).
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collaborative scoping of the measures to address the pressures. At the same time it has served to
assess the outcomes of the economic modelling, 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.
There was also a great enthusiasm from the part of the workshop participants, and REFRESH seems
to have represented a key opportunity for opening a forum of dialogue. While far from been perfect or
fully accomplished, this represents at least one step forward a co-constructed understanding of the
complex reality of the system. In the particular case of the Thame sub-catchment, this has, moreover,
represented an opportunity for establishing a platform for further dialogue. Workshop participants
expressed their interest on continuing engaging in further activities. They requested their contact
details to be shared and to be kept informed of further activities in relation to this topic17. At the time
of writing the report, the REFRESH research team is in conversations with the Environment Agency
to explore how the Thame sub-catchment experience can support the new appraisal process for
assessing costs and benefits for river basin management planning, including stakeholder participation
as a core aspect (Environment Agency, 2013).

8

Methodological challenges ahead

REFRESH is aimed at exploring new ways of addressing the complex socio-ecological problem of
achieving ambitious aquatic ecological targets in heavily ‘humanized’ landscapes, with significant
pressures over water and land resources. Straightforward mono-disciplinary solutions are no longer
considered viable approaches to respond to critical policy questions in this respect (Martin-Ortega,
2012). Transdisciplinary approaches such as the one tested in REFRESH are critical for the opening
of new avenues in this respect, by bringing together different scientific disciplines, as well as other
strands of knowledge through stakeholder engagement. For that purpose, WP6 has tested a common
approach of cost-effectiveness and disproportionality analysis of measures to improve water quality in
a number of demonstration catchments across several European countries. Relevant policy
recommendations can be drawn from the analysis (see previous section). However, REFRESH
represents foremost a methodological exercise that tries to explore and provide analytical resources
adapted to a wide range of socio-ecological conditions, as well as analytical capacities. In this respect,
the analysis of the Thame sub-catchment has used existing effectiveness data (rather than modeling
results) for the cost-optimization in the Cost-Effectiveness Analysis, reflecting a situation in which
less modeling capacity is available. The economic analysis has been accompanied by an in-depth and
sustained engagement process with local stakeholders, whose input has fed into the design of the
analysis (e.g. by selecting the measures to be modeled) and also offers a way of contrasting scientific
prescriptions with local perceptions.
A number of methodological lessons have been learnt, identifying a number of challenges ahead that
should serve as a basis for future research:


17

Improving targeting indicators (chemical versus ecological status). Effectiveness of measures
has been measured through reduction of Phosphorous concentrations while the WFD and HD
set ecological targets. The UKTAG (UK Technical Advisory Group for the WFD) developed

As evidence of this, the Environment Agency organized an stakeholder meeting on environmental legislation for reducing
sediment and phosphate pollution (27th of March, 2013), inviting all REFRESH workshop participants.
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a set of standards based on a combined set of biological, chemical and hydro-morphological
elements that together might be required to deliver good ecological status. In their words
“Ecological status is an expression of the quality of the structure and functioning of surface
water ecosystems as indicated by the condition of a number of 'quality elements'. The
Directive uses the term "quality elements" to refer to the different indicators of ecological
quality comprising its ecological status classification schemes”18. Thus chemical indicators
which have been assigned thresholds by UKTAG, such as Phosphorous, form one part of the
assessment methodology for classifying rivers and lakes, but there are many other
components which relate to direct ecological assessment. To fully assess implications for the
WFD and Habitat Directive a greater range (and combination of) chemical and ecological
parameters should be investigated.

18



Addressing multiple-stressors: The analysis presented here is focused exclusively in
Phosphorus reduction. This has been identified as the key pollutant for not achieving water
quality targets. However, local stakeholder consultation signaled that there are other pressures
over the aquatic environment that also affects the ecological status in the sub-catchment (e.g.
physical modification). 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 multiplestressors 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, it was 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.



Modeling climate change effects: At the core of REFRESH is the aim of supporting the design
of ‘future proof’ solutions for water management. In addition to any mitigation measures, the
longer term changes imposed on the catchment by external factors, such as climate change
and land use change must be considered. In the case of land use change, it is predicted that
world food prices will increase rapidly in future years as a response to both global food
scarcity and dwindling natural resources of phosphate fertilizer. Farmers are likely to respond
to these changing prices by altering the mix of crops grown and by also increasing crop area
(Whitehead et al. 2013). On the climate change issue, there is now a consensus amongst

http://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Recommendatio
ns%20on%20surface%20water%20status%20classification_Final_010609.pdf.
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scientists and policy makers that human induced climate change is occurring (IPCC, 2007)
and that regardless of future greenhouse gas emission reductions, substantial climate change
is unavoidable. One of the most significant effects of climate change will be on the UK
hydrological cycle (UK Climate Projections 2009, Murphy et al., 2009). The non-modelling
approach to estimating effectiveness of measures taken in the Thame sub-catchment hampers
the possibility of future proofing the measures selection process, i.e. effectiveness is
introduced in the cost-effectiveness analysis as a deterministic indicator based on current
conditions. Integration of WP5 effectiveness modeling under several climate and land use
changes scenarios have been tested in the Dee sub-catchments in Scotland (Deliverable 6.11).


Scale of analysis: catchment vs. sub-catchment: 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. A CEA exercise at the
catchment level was also carried out for the whole of the Thames catchment (see section 3.4
of Part I of this report for a summary and Whitehead et al. 2013 for full details). Results
indicate that fertilizer reduction is a cost-effective measure both at the catchment and subcatchment. However, discrepancies of results also occur. Notably, riparian buffer strips along
streams appear as favourable in the sub-catchment analysis, while the catchment analysis
discards them as non-cost-effective. We advocate for the sub-catchment level as the middleway 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 and can exclude
significant amount of beneficiaries. Also the sub-catchment scale also facilitates the
stakeholder engagement process.

As a final overall reflection, one can wonder if setting ecological objectives defined on the basis of
pristine (‘un-touched’) conditions to humanized environments is a realistic goal at all, condemning
any programme of measures to failure. Water management will remain a ‘wicked problem’ for which
tackling strategies, rather than ‘solutions’ are to be sought through effective collaboration between
scientists, land managers, policy-makers and the public.
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