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Abstract
This is the third public REFRESH newsletter and has been circulated to a wide range of
stakeholders (including water managers, policy makers and implementers, conservation
organisations and water companies). It will also be distributed at various stakeholder events
during the course of the project and is available for download on the REFRESH web site.
The focus here is on the REFRESH modelling and cost effectiveness analysis case studies.
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REFRESH Catchment case

studies - responding to future change
There are a number of global drivers of change currently acting
on the environment, including climate change, land use change,
changes in water resource requirements and atmospheric
pollution. The extent and impact of these changes are also set to
change over time. In REFRESH we are concerned with what will
happen to freshwater environments between now and 2060 and
what effects this will have, in particular with reaching compliance
with the Water framework Directive. We are also concerned with
what management measures can be taken that will account for
future change and whether the costs incurred are cost effective,
proportionate and have other benefits.

We have six case study catchments where we have undertaken
scenario analysis to see what climate, land use, water resource
demand and pollution pressures may be imposed in future and
how this will affect the chemical and ecological indicators of
representative river basins across the European climate gradient.
These case studies were undertaken using a number of steps
(see below) integrating catchment and lake modelling with socioeconomic assessments. The work undertaken at each of the case
study catchments is briefly summarised in this newsletter.
More details can be found in the results and case study sections
of the REFRESH web site.

www.refresh.ucl.ac.uk

Modelling and cost effective analysis at REFRESH case study catchments - 8 Step Framework
Step 1: Identify non-compliance issues (with WFD) and define problems using monitoring data and consulting national experts and catchmentspecific stakeholders
Step 2: Run models to provide baseline modelled flow and hydrochemistry conditions.
Step 3: Identify a series of management measures to counter non-compliance issue, also through consultation with stakeholders.
Step 4: Collate information (e.g. agronomic data through consulting national experts) outlining the implications of each management measure
for diffuse pollution
Step 5: Assess efficacy of measures identified using the models to check compliance with the WFD and determine the efficiency of the
measures at the catchment scale.
Step 6: Assess the cost effectiveness of mitigation measures which achieve compliance.
Step 7: Run the scenarios through the catchment-scale models without any measures. Compliance with the WFD will be checked using those
ecological indicators identified as relevant for the catchment.
Step 8: Run the models to include the proposed measures found to be effective at step 5 in each of the scenario runs. Compliance with
the WFD will be checked, as will the catchment-scale efficiency of the measures. Comparison of the results from steps 5 and 8 will
determine if the measures, effective at step 5, will be more or less effective under climate change.
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Lake Pyhäjärvi catchment
in SW Finland
Lake Pyhäjärvi is the largest lake in south-western Finland. It is
shallow and mesotrophic and is important for commercial fishing.
Eutrophication, mostly due to agriculture, has been a major
concern since the late 1980s as Cyanobacteria blooms have
become more and more frequent.

The land-use change scenarios seem to have a more
pronounced impact on the lake than climate change scenarios
although the former do incorporate some elements of the
latter, and it is possible that land-use changes are needed to
‘catalyze’ climate change impacts. The interactions and feedback
mechanisms between these changes are highly complex,
however, with numerous changes in hydrological dynamics,
snow/frost conditions in milder winters, catchment and lake
processes, cultivation practices and timings, crop types etc.

The real‐time lake monitoring station was set up on 22 May 2010 in
Lake Pyhäjärvi at the Finnish demonstration site.
Photo: Pia Mattila‐Lonka

Management measures, best and worst
scenarios
Lake Pyhäjärvi with Yläneenjoki river catchment, in SW Finland.

Response of the lake to changing
climate and land use
The ecological response of Lake Pyhäjärvi to future climate and
land use changes has been assessed by combining scenarios
of future change with chained watershed, river and lake models.
Total phosphorus (TP) and chlorophyll a (Chl-a) concentrations
were simulated to detect if changes in air temperature and
precipitation predicted as a result of climate change will enhance
the algal growth in lakes. The effects of management measures
to decrease the algae concentrations are also simulated.
For a range of climate change scenarios, models predicted
increases in both Chl-a and TP which would result in a change
in WFD classification status from Good to Moderate. Four
land-use scenarios were modelled, from intensive agriculture to
environmental ‘green’ scenarios. Intensive agriculture scenarios
changed the status of the lake from Good to Moderate, while
under ‘green’ scenarios it remained in Good status.

Following modelling runs incorporating management measures
we found that increases in winter vegetation (e.g. 40% coverage)
appeared to decrease Chl-a concentration while reductions
in P fertilization did not have a clear impact. The probability
of achieving Good status is higher if P is the target variable.
The effectiveness of measures (e.g. 40% increase in winter
vegetation) was tested with climate change scenarios – worst
and best cases with and without measures. Based on the model
runs the increase in winter vegetation measure seems effective
under future climate change and, indeed, may be more effective.
The cost-effectiveness analysis of water protection measures
in agriculture was assessed, together with possible additional
benefits from improved water quality. We studied costs, effects
and benefits in two different time horizons: until 2015 and until
2027. The lake is presently in Good status, but very close to the
threshold between Good and Moderate and is Moderate half the
time, when problems with eutrophication occur. The measures
are implemented by farmers and thus it is here that the costs of
protection are borne. However, the farmers are compensated for
undertaking mitigation measures, which makes the state and the
tax payers the actual cost-bearer.
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The cost-effectiveness of several combinations of mitigation
measures to increase winter time vegetation coverage were
considered;
1) Increasing the amount of winter cereals
2) Changing from cultivator tillage to direct sowing
3) Increasing the amount of nature management fields
The analysis showed that there are cost-effective combinations
of these measures to reduce nutrient load and at the same time,
may even reduce the costs of farming. A benefit transfer method
was used to quantify the potential benefits that can be gained
from reaching the set protection target.
The study shows that the lake’s Good status is precarious and
increased water protection measures are needed to ensure
it doesn’t shift to Moderate. The analysis of potential benefits
suggests that considerable benefits can be gained from meeting
the protection goal. There is thus a social need to continue
protection of the lake. Comparison of the costs of protection and
potential benefits to be gained indicates that benefits are clearly
higher than the costs.

Vansjø-Hobøl Catchment,
Norway
The Morsa Catchment extends across 690 km2 and includes
eight municipalities. The Vansjø Lake, the basin’s main water
body, provides drinking water for more than 60 000 people
in and around Moss, the largest town in the area. The lake is
an important outdoor recreational area for the region and is
considered of national value to Norway. The sub-catchments
studied in REFRESH are the Hobøl River, the western part
of Lake Vansjø and the Skuterud Creek. Cost Effectivness
Analyses (CEA) have been carried out for the Hobøl River and
the Skuterud Creek.

For further information see
REFRESH reports
Workshop proceedings on collaborative scoping of solutions,
Lake Pyhäjärvi/River Yläneenjoki catchment, Finland http://

www.refresh.ucl.ac.uk/webfm_send/1770
Cost-effectiveness Analysis reports for the Lake Pyhäjärvi/River
Yläneenjoki catchment, including analysis of proportionality/
disproportionality http://www.refresh.ucl.ac.uk/webfm_

send/2210
Pyhäjärvi/Yläneenjoki modelling: final report http://www.

refresh.ucl.ac.uk/webfm_send/2161
Synthesis of work at Lake Pyhäjärvi/River Yläneenjoki catchment

http://www.refresh.ucl.ac.uk/webfm_send/2371

The catchment area of Hobøl River
The Morsa catchment was a pilot catchment for the
implementation of the EU Water Framework Directive in Norway.
Consequently, there have been numerous stakeholder activities,
including workshops, interviews, seminars, and conferences.
Therefore ‘stakeholder fatigue’ was a concern here. Discussions
with local and regional management officials agreed to keep
workshops to a minimum, and ensure that the issues discussed
were of real significance for the stakeholders.
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Analysis in this case study has focused on reduction of total
phosphorus to reduce eutrophication problems. Key results from
this are summarised as follows:
• T
 he most cost-effective combination of measures to tackle
phosphorous pollution included (ranked in order of costeffectiveness); Buffer zones; Sedimentation ponds; Reduced
tilling; Sewage from scattered dwellings; Transfer of sewage
to Municipal Sewage Treatment Plants (MSTPs) outside the
catchment.
• H
 owever, because other concerns were also considered
important (e.g. bioavailability of phosphorus, risks of bacteria
from sewage pollution, as well as wider benefits) policymakers and managers decided to implement the more
expensive sewage measures as well.
• T
 here is considerable uncertainty with the cost-effect figures of
measures to tackle diffuse runoff from agriculture. It may also
take several years before the effects of such measures are
evident in the river waters.
• T
 he disproportionality analysis showed that the reduction of
phosphorus was proportionate and economically justified, but
distributional effects and affordability considerations should be
taken into account. The costs and benefits might not be borne
by the same people, creating a ‘mismatch’ for incentivising
the measures for water quality improvement. Payment for
ecosystem services, where beneficiaries contribute as well as
polluters, may therefore be considered.
• T
 he measures implemented in Vansjø-Hobøl have had wider
benefits than the removal of phosphorus, and such benefits
should also be highlighted to increase the motivation for
stakeholders to carry out the measures.
• T
 he active engagement of stakeholders throughout the whole
WFD planning process is considered as a key factor to ensure
the design of economically efficient and socially acceptable
water-quality improvement action.

Agriculture in the Vansjø-Hobøl catchment Photo: E. Skarbøvik

For further information see
REFRESH reports
Workshop proceedings on collaborative scoping of solutions,
Vansjø-Høbol catchment, Norway http://www.refresh.ucl.

ac.uk/webfm_send/1768
Cost-effectiveness Analysis reports for the Vansjø-Høbol
catchment, Norway, including analysis of proportionality/
disproportionality http://www.refresh.ucl.ac.uk/webfm_

send/2159
Vansjø/Høbol modelling: final report http://www.refresh.ucl.

ac.uk/webfm_send/2209

Key points
• T
 he effects of agricultural measures are not clear – these
have been in place for over a decade yet there is no clear
downward trend of phosphorus in the main river. Are we
seeing a lag in response or are measures not being targeted
appropriately?
• T
 he lake is still at risk despite huge investments in measures.
Therefore motivation to continue the measures needs to be
maintained.
• C
 ost-effectiveness is not always considered as a apriority.
Sewage Treatment plants were prioritised, although these
measures were not recommended by scientists. This was a
political decision.
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Dee catchment,
NE Scotland
The River Dee catchment is a large (ca. 2100 km2), relatively
unspoilt area, famed for its salmon fishing, shooting and hill
walking. The catchment is subject to significant pressures,
including morphological alterations and nutrient inputs
from sewage and agriculture, and the area remains a top
conservation priority.
Two sub-catchments of the Dee were selected for more indepth studies: (1) the Tarland Burn sub-catchment, an area of
mixed land use in the middle reaches of the Dee was classified
as being at ‘Moderate’ ecological status, primarily due to
morphological alterations, namely channel straightening and
resultant loss or degradation of habitat. Water quality is also of
concern, due to diffuse inputs of nutrients and sediments from
agriculture; (2) the Loch of Skene sub-catchment in the lower
reaches of the Dee, a predominantly agricultural catchment, the
main tributary being the Corskie Burn. Both the stream and the
lake were classified as having ‘Poor’ ecological status in 2008,
due to phosphorus loading from sewage treatment works and
diffuse agricultural inputs and barriers to fish migration. High
nutrient inputs lead to annual cyanobacterial blooms within the
lake.

Key findings from the scenario analysis are that:
1.	Between now and 2050, climate change alone is not projected
to be large enough in this region to bring about significant
changes to water quality. Land use change driven by socioeconomic factors and climate could have a more significant
impact.
2.	In the Tarland Burn, simulated changes in suspended
sediment, total phosphorus and nitrate concentrations were
large enough to be significant despite uncertainty in model
output; phosphate concentrations showed less response.
However, the direction of these changes varied, with the
potential for water quality to improve or worsen, depending on
the land use scenario.
3.	In the Skene sub-catchment, projected changes in climate and
land use are very small, leading to little change in simulated
nutrient status in either the stream or the loch between now
and 2050. As such the loch is predicted to remain at ‘Poor’
ecological status (according to the WFD classification).
4.	Predicted ecological response is highly uncertain, but
preliminary findings are that: (i) neither the Tarland nor the
Skene sub-catchments are likely to meet water quality targets
for the freshwater pearl mussel; (ii) macroinvertebrates in the
Tarland Burn are likely to remain in the ‘Clean’ category, with
a shift towards the ‘Clean’/’Doubtful’ boundary under some
scenarios.

Managing change in future
A literature review was carried out to identify a suite of potential
mitigation measures that could be used in the two study subcatchments to reduce nutrient levels and improve water quality.
Workshops were then organised, attended by local farmers,
land managers, agency representatives and other interested
parties. The aim was to discuss key local sources of pollution,
the feasibility of implementing a range of mitigation measures
and their perceived cost-effectiveness. This resulted in a set
of mitigation measures considered relevant for the two subcatchments.

Agricultural practices can lead to problems for water quality

Modelling change in future
A suite of climate, land use and atmospheric nitrogen deposition
scenarios were developed, to allow us to investigate the
impact of potential environmental change on water quality
and ecological status. Three ecological indicators were
identified: freshwater pearl mussel (Margaritifera margaritifera),
macroinvertebrates and macrophytes. To link hydrochemical
model output to ecological impact, relationships were developed
between nutrients and these ecological indicators. Empirical
relationships were used to link nutrient status and macrophyte
and invertebrate response.
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The hydrochemical models were used to predict the catchmentscale effectiveness of measures to reduce stream nitrate
concentrations in the Tarland Burn and stream phosphate
concentrations in the Corskie Burn. Estimates of the costs
of measures were based on losses to farm income, capital
investment (if applicable to a particular measure) and any
additional operating costs resulting from implementing
management options.
Cost and effectiveness data were combined. The result was a
set of the best measures for achieving target nutrient reductions
at minimum economic cost. In the Tarland sub-catchment, results
suggest that the target is most cost-effectively achieved by: (1)
a 20% reduction in applied nitrogen fertilizer to cropland, (2)
constructed farm wetland areas, and (3) managed 10 m buffer
strips adjacent to arable land. In the Corskie Burn, the target
was best achieved by: (1) a reduction in sewage treatment
work effluent phosphate concentration to 1 mg SRP-P l-1, (2) a

SPRING 2014

50% decrease in fertilizer phosphorus application to improved
grassland, and (3) a 20% reduction in fertilizer phosphorus
application to arable land. Of these, sewage-related measures
appear to be the most effective.
The effectiveness of these mitigation measures was then retested under scenarios of future climate and land use, to see
whether they are ‘future-proof’. Under the worst case scenario
of climate and land use change, the measures to reduce nitrate
concentration in the Tarland Burn resulted in similar nitrate
concentrations to the baseline, as the reduction in fertilizer
usage is balanced by the increased area of arable land.
However, under the best case scenario nitrate concentrations
may decrease by up to 30%. In the Corskie Burn, the projected
changes in climate and land use are small enough that the
effectiveness of measures is unlikely to change.
Where the cost of meeting environmental objectives is more
than the resulting benefits, the WFD may allow less stringent
targets to be imposed, or exemption altogether from having to
meet targets. To investigate whether this applied in the study
sub-catchments, the costs of implementing mitigation measures
were compared against non-market benefits resulting from the
achievement of good ecological status. The latter were derived
through the use of stakeholder participatory techniques and
benefit transfer.

distributional effects need considering. Often farmers or water
companies bear the greatest burden in terms of paying for
improvements to water quality, whilst the benefits are enjoyed
by the general public, often in a separate location to where the
measures were put in place.

For further information see
REFRESH reports
Workshop proceedings on collaborative scoping of solutions,
Dee catchment, UK http://www.refresh.ucl.ac.uk/webfm_

send/1821
River Dee modelling, final report http://www.refresh.ucl.ac.uk/

webfm_send/2163
Cost-effectiveness Analysis reports for the Dee catchment, UK,
including analysis of proportionality/disproportionality http://

www.refresh.ucl.ac.uk/webfm_send/2164
Synthesis of work at River Dee catchment, UK http://www.

refresh.ucl.ac.uk/webfm_send/2375
Proceedings of stakeholder workshop for improving water quality
in the Loch of Skene and Leuchar Burn sub-catchments, UK.

http://www.refresh.ucl.ac.uk/node/269
Societal benefits were found to outweigh the costs of meeting
WFD targets. However, some of the measures may not be
affordable for farmers, for example the conversion of arable land
to grassland and the creation of 10 m buffer strips. In addition,

Waylen, K.A., Blackstock, K., Cooksley, S. (2011). Landmanager contributions to protecting the Dee Water Environment.
REFRESH deliverable 1.14, The James Hutton Institute,
Aberdeen, UK. http://refresh.ucl.ac.uk/webfm_send/1590

Cost-effectiveness (£/kg SRP
removed)
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[1a]

20% arable to rough grazing

[1b]

50% arable to rough grazing

[2a]

Reduce effluent conc.to 3mg/l

[2b]

Reduce effluent conc. to 1mg/l

[2c]

Remove SRP altogether

[3a]

20% stocking reduction

[3b]

50% stocking reduction

[4a]

Fert_20% reduction to arable

[4b]

Fert_50% reduction to arable

[4c]

Fert_20% reduce to grassland

[4d]

Fert_50% reduce to grassland

[1a] [1b] [2a] [2b] [2c] [3a] [3b] [4a] [4b] [4c] [4 d]
Measures

A combination of fertilizer reduction and investment/upgrading of waste water treatment works (WWTW) can achieve water
quality target with respect to P in the Loch of Skene catchment. Investment in WWTWs appears to be the most effective and
economically feasible strategy to deal with P loading problems. Water quality standards for P can be achieved with modest total
cost by implementing the combined measures identified in this study (fertilizer input reduction and investment in WWTW).
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River Thames, S. England
(Thame sub-catchment)
The River Thame is a tributary of the Thames flowing through
Oxfordshire and Buckinghamshire in south east England. Around
45% of the catchment is grassland and 39% arable. There are
two Special Areas of Conservation and Sites of Special Scientific
Interest and one Area of Outstanding Natural Beauty. There
has been significant growth in urban centres in recent decades.
Water quality is generally good but there are high phosphorus
concentrations. Diffuse and point source pollution are major
water quality issues.

investment and operational costs as well as reduced benefits
(for example, decrease in crop yields in land set aside for
buffer strips of constructed wetlands). However, if water quality
improves in the River Thame, society will also receive more
benefits, including:
• improved recreation conditions for walkers and nature
enthusiasts
• benefits to local business and the community
• increases in the overall quality of fishing, bringing further
benefits to the local community (increased fees)
• r educed treatment costs of water for human consumption and
lower costs from reduced fertilizer applications.
Research shows that in economic terms, the total benefits of
the improved water quality in the Thame basin are higher than
the costs of the measures needed for improvement over time.
However, qualitative assessment of the socio-economic effects
of such measures shows that benefits and costs are not equally
distributed across society: a significant burden is placed on
farmers (and, to some extent potentially, on Thames Water), while
the public generally is the main beneficiary of improved water
quality. To address these distributional issues, we should not only
focus on cost-effectiveness, but we should also work on improving
compensation mechanisms for fairness as well as increasing
environmental regulation flexibility and awareness raising.

River Thame. Photo by Vera Roberts
Although the water quality in the River Thame is generally good,
scientists and local stakeholders agree that there are problems
related to diffuse pollution (agricultural and urban) and point
source pollution (urban wastewater and septic tanks). Looking
specifically at phosphorous, current research suggests that the
cheapest way to improve water quality in this particular river is to
reduce diffuse pollution from agriculture by applying the following
additional measures:
• establish riparian buffer strips
• r educe phosphorous fertilizer applied
across all crop land by 20%
• adopt minimum tillage systems
• construct wetlands/sediment retention ponds
• establish cover crops during winter.
There are other measures which may also reduce phosphorus
pollution (e.g. reducing stocking density or fencing off riparian
zones), but they are less cost-effective

Results presented here are based on the most up to date
research, but there are methodological challenges that require
further investigation. These include:
Addressing multiple pressures. Local stakeholder consultation
indicated that there are multiple pressures acting on the River
Thame, but this research has only focused on phosphorous.
Further research is required to understand the effects of multiple
pressures acting together.
Estimation of benefits at the local level. Benefits estimations
have been based on the benefit transfer method which brings
with it some errors. Primary local estimations would help improve
estimates.
Climate and land use change effects. The results presented
relate to current climate conditions and land uses, but the
robustness of the measures in the face of changing future
conditions would need to be tested (see other REFRESH case
studies).

For further information see
REFRESH reports
Workshop proceedings on collaborative scoping of solutions,
Thames catchment, UK http://www.refresh.ucl.ac.uk/webfm_

send/1870

In addition to water pollution, there are other pressures affecting
the aquatic environment, such as physical modification of
stream channels. These should also be considered in water
management.

River Thames modelling, final report http://www.refresh.ucl.

The application of mitigation actions implies costs in terms of

send/2146
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ac.uk/webfm_send/2377
Cost-effectiveness Analysis reports for the Thames/
Kennet catchment, UK, including analysis of proportionality/
disproportionality - http://www.refresh.ucl.ac.uk/webfm_
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Synthesis of work at Thames / Kennet catchment, UK http://

In the upper Vltava catchment, N concentrations generally

www.refresh.ucl.ac.uk/webfm_send/2381

comply with the WFD standard, however, the P concentrations

Proceedings of stakeholder workshop for improving water quality
in the Thame sub-catchment, UK. September 2012 http://www.

are high in many parts of the catchment resulting in failure to

refresh.ucl.ac.uk/node/268
‘Improving water Quality in the River Thame - sharing scientific
and local knowledge’ http://www.refresh.ucl.ac.uk/webfm_

send/2146

achieve good ecological status, particularly in reservoirs. This is
a major challenge for mitigation measures.
A model chain system was developed to describe the effects of
land use and climate changes on hydrology and water quality
in the Vltava River catchment and consists of two major model

Vltava catchment,
Czech Republic

components, models for simulations of the precipitation-runoff

The upper River Vltava catchment stretches from the border
mountain range of the Bohemian Forest between the Czech
Republic, Austria, and Germany to the Orlík reservoir situated ca
70 km south of Prague.

ecology of rivers and reservoirs to meet the WFD standards and

process in the catchment and those that model the reservoir
hydrodynamics and water quality. A set of scenarios were
produced for the upper Vltava catchment to evaluate potential
mitigation measures for improvement of water quality and
also to gauge effects of land use change according to storylines
from the IPCC SRES framework. All scenarios were run under
predicted future climate in 2031–2060 using three regional
climate models.

The upper Vltava River catchment with subcatchments and
reservoirs
This landscape is naturally lakeless, but there are numerous
artificial ponds and reservoirs. Most of these water bodies are
shallow and were created in the Middle Ages and early Modern
Ages for fish production. Four large and deep hydropower,
water supply and flood protection reservoirs were constructed
by damming the Vltava River and its tributaries during the
second half of the 20th century The main land use classes are
farmland and forestry with 52% and 42% coverage, respectively.
The population density in the catchment is moderate (ca 60
inhabitants per km2).

The Orlik dam on the River Vltava

Climate Change
In the middle of the 21st century (2031–2060), a temperature
increase of 1–2.2°C was forecast by the climate models resulting
in a lengthening of the growing season. Future precipitation is
also expected to increase moderately. According to model runs
changing climate conditions will affect the hydrology and water

Significant impacts on water quality resulted from the
intensification of agricultural production during the post-war
communist regime in the Czech Republic. More environmentally
friendly management practices were adopted when the Czech
Republic joined the EU with the implementation of the CAP.
Fishpond production of carp is a key feature of the South
Bohemian region and the area of production fishponds in the
upper Vltava catchment covers ca 160 km2. Over the past 50
years these have gradually become a significant source of
diffuse nutrient pollution.

quality of the river network and reservoirs. The mean runoff
from the catchment showed little change in future, however the
seasonal distribution of runoff was significantly modified with
increased winter values, decreased spring and summer values
and large changes in the autumn. These hydrological changes
resulted in an increase in the average TP concentration, mainly
in summer. The increases were associated with low flow
reducing dilution of wastewater inputs into the river system.
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In this study, we assessed mitigation measures in the upper
Vltava catchment to reduce phosphorus concentration in
the inflow into its largest reservoir (Orlík reservoir) to a noneutrophying level, which would meet the WFD TP standard of
0.05 mg l-1. It is apparent that this target will not be achieved
in 2015 when the first planning period of the River Basin
Management Plans (RBMPs) ends, although some mitigation
measures, mainly targeted at point sources, have been
taken. Our goal was to select an optimum cost-effective set of
measures that could reduce the export of phosphorus from the
catchment for the second RBMP (2016–2023). The measures
should cover all three types of major phosphorus sources,
i.e. wastewater discharges, agricultural losses and fisheries,
because only efforts tackling all sources of phosphorus pollution
will result in sufficient reduction in phosphorus concentrations.

Problems of eutrophication in the Orlík reservoir. Photo by Pavol
Kmeto, 2006.

Effects of management measures
Examining the effects of mitigation measures and their optimum
cost-efficient combinations suggest that mitigation measures in
agriculture have a limited capacity to decrease P concentrations
but can markedly decrease nitrate concentrations. The mitigation
measures at fishpond fisheries and wastewater treatment
are much more important for the control of P concentrations.
Compliance with the WFD standards for P can be attained only
through a joint application of combined measures. The optimum
cost-effective combination of measures can achieve WFD
compliance under current climate conditions but not in the future.
The future alternatives for socio-economic development in the
upper Vltava catchment indicate large differences in terms of
their impacts on surface water quality. Only under scenario B1
(Global Sustainability), which is characterized by extensive
agriculture and fisheries, as well as by the highest efficiency
of phosphorus removal from wastewaters (90%), were the P
concentrations in runoff from the catchment and in the Orlík

It is apparent that the cost-optimum set of measures creates
a mismatch between polluters and cost bearers for removal of
pollution. Although more than half of the phosphorus pollution
comes from municipalities and only one fifth from fisheries,
most of the costs for improving water quality is paid by fisheries
(51%) and municipalities cover only 44% of the cost. This is
mainly due to the fact that the construction of new WTTPs
in small municipalities is very expensive but has little effect
on the amount of phosphorus and, on the other hand, the
extensive fishpond fisheries do not pollute but in fact, can absorb
phosphorus from the other sources.
The results were presented and discussed with major
stakeholder groups within the catchment (municipalities,
farmers, fishpond owners, river basin authority, regional
authorities, academic sector) at several workshops. These
workshops showed that representatives of municipalities admit
partial responsibility for phosphorus pollution. However the
implementation of measures at point sources would require
large investments that may be beyond what the municipalities
can afford (especially the smaller ones). Regarding the fisheries,
any voluntary reduction of fish production cannot be expected
without compensation or a stricter regulatory framework because
any reduction means lower profit. The majority of the fishpond
owners and managers disputed the results of research and
argued that the real extent of the pollution and also the potential
for mitigation measures should be further investigated.

For further information see
REFRESH reports
Cost-effectiveness Analysis reports for the Vltava catchment,
Czech Republic, including analysis of proportionality/
disproportionality http://www.refresh.ucl.ac.uk/webfm_

reservoir reduced to levels compliant with WFD.

send/2225

These scenario runs have shown that changes in land use and

Workshop proceedings on collaborative scoping of solutions,
Vltava catchment, Czech Republic http://www.refresh.ucl.

wastewater discharges might have much greater impact than
climate change on nutrient concentrations in runoff from the
catchment, even if the effects of climate change on the nutrient
regime of the catchment are also clearly discernible.
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ac.uk/webfm_send/1818

Synthesis of work at River Vltava catchment http://www.

refresh.ucl.ac.uk/webfm_send/2374 Louros catchment,
Greece
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Louros catchment,
Greece
The Louros catchment is situated in the central-southern part
of the Epirus Water District in Greece. The river flows for 72 km
before it forms a delta where it empties into the Amvrakikos Gulf.
The Amvrakikos Gulf and its wetlands are highly biodiverse and
a unique biogeographical refuge in the migratory route between
Europe and Africa. It is classified as a European Union Special
Protected Area (EU-SPA) under the Wild Birds Directive, a Site
of Community Interest under the Habitats Directive, a Natura
2000 site and since 2008, a Wetlands National Park. The
quantity and quality of Louros water and its capacity to carry
sediments is critical for the ecology of the gulf and its unique
landscape. Thus, Louros river case study provides an example
of the interconnected nature of the Water Framework and the
Habitats Directives and disentangles the potential for synergies
developed on the basis of sustainable management.

surface water, fragmented scientific work shows that the Louros
has been affected in both qualitative and quantitative terms.
Maize, medic (clove) and cotton are the most widespread
irrigated arable cultivations requiring considerable fertilization,
while wheat is mostly rain-fed with minimum fertilization. Citrus
fruits are the most important irrigated perennial cultivation.

Planned Agri-environmental Mitigation
Measures
High concentrations of nutrients (nitrates, ammonium and total
phosphorous) have been observed close to the river estuaries.
Planned agri-environmental measures allow compensation
for farmers if they comply with measures or combinations of
measures including the set aside of land, maximum allowable
fertilization and irrigation per cultivation. Scientists and
stakeholders in the area discussed measures for each of the
major polluting cultivations. In the case of maize, cotton and
clover, four alternative agri-environmental schemes were
considered, mainly combinations of set-aside of irrigated land,
reduced fertilization and crop rotation with N fixing legumes.
The costs of the proposed measures were calculated from
information provided by local stakeholders and the average farm
economic and financial accounts per cultivation in the Louros
catchment. The effectiveness of each measure was assessed in
terms of reduced nutrients applied in the catchment, as well as
reduced concentration of nutrients in the river water. At baseline,
without any mitigation measure in place, the models showed
average annual concentrations of nutrients at critical points close
to the estuarine zone to be at a good status.

Louros and its estuarine zone in the Amvrakikos Gulf.
The Louros has been used as a major source of drinking
water for more than 2000 years and now provides drinking
and industrial water to the three largest urban areas in the
catchment and many smaller towns. Farming, tourism, stock
raising, aquaculture in the uplands and fish farming at the
estuaries are the most important economic activities, directly
or indirectly dependent on the quality and quantity of the water.
At the same time, some of these activities together with illegal
disposal of municipal wastes or individual disposal installations
not connected to waste water treatment plants, present major
threats to the water quality of the Louros. Additonally, the
extensive reclamation works, both irrigation channels and
drainage ditches, have reduced the flow velocity and thus the
capacity of the river to carry sediments to the estuaries.
Farming and stock raising activities, especially pig and poultry
farming, are considered the most polluting in terms of nutrient
enrichment and add further pollution loads from pesticide
application. Farming with high abstraction rates due to intensive
irrigation is also considered responsible for the low discharge
rates. Although there is a lack of systematic environmental
monitoring of the quality and quantity of the surface and sub-

The baseline assessment raises two issues. First, the river is
at a relatively good status in terms of nutrient concentrations
despite the fact that it has been declared as a Nitrate Vulnerable
Zone. This is surprising considering the catchment receives
1,780 tons of nitrogen and 1,160 tons of phosphorous of fertilizer
every year. It may be that excess nitrate is efficiently removed
by soil and in-stream processes in the lowlands and that the
carrying capacity of the river is within the limits set by current
farming practices. The second issue concerns the application of
mitigation measures should it be desirable to lower, even further,
the observed nutrient concentrations. This is related to the future

Cotton crops in the Louros catchment
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For further information see
REFRESH reports
River Louros modelling, final report http://www.refresh.ucl.

ac.uk/webfm_send/2162

Synthesis of work at River Louros catchment, Greece http://

www.refresh.ucl.ac.uk/webfm_send/2227

Workshop proceedings on collaborative scoping of solutions,
Louros catchment, Greece http://www.refresh.ucl.ac.uk/

webfm_send/1820
Maize crops in the Louros catchment
of the catchment under climate change and is an important point
because agri-environmental programmes are multiannual and
frequently extended from one programming period to the other.
Under the worst future scenario for climate change projections
and economic growth, the concentration of nitrates increases
slightly, ammonium decreases slightly and TP and SRP remain
stable. This is due to the fact that, despite land use changes, the
amount of nutrients leaching from the soil decreases due to low
precipitation and runoff, and the amount of nutrients transported
to the estuarine zone is reduced due to lower mean flows.
Thus, in the case of Louros, climate change is not forecasted to
cause significant impacts on nutrient concentrations. Under the
worst climate change scenario, mitigation measures involving a
combination of crop rotation with N-fixing legumes, 5% set-aside
and reductions of N and P fertilizers, remains the most cost
effective option, with no obvious gains in terms of reductions in
nitrogen concentrations and significant gains for TP and SRP
concentrations.
In the Louros, public awareness of the excess application of
fertilizers shapes opinion and farmers become an easy target
for public dissatisfaction about the state of the environment.
Public opinion then pushes policy makers to take action and
adopt programmes against nitrification. Farmers readily accept
these subsidized programmes which have a quantifiable target,
i.e., specific tons of nutrients abated. This may not be the most
appropriate response as the adoption of agri-environmental
policies is at risk of from two fallacies or ‘errors’. First, adopting
a policy which is not really needed (Type 1) and second, not
adopting a policy when it is needed Type 2). For the Louros,
there is a risk of a Type 1 fallacy associated with very high
levels of fertilization application that, due to physical and climatic
factors, fail to produce excessive nutrient concentrations in
the water. A Type 2 fallacy could arise with moderate or low
fertilization application under a low absorbing capacity soilhydrosphere system resulting in elevated nutrient concentrations
in the water. Both cases can be negatively or positively affected
by future climate change. When the fertilizer application period
coincides with reduced precipitation and runoff due to climate
change, even a highly impacted system may show less nutrient
concentration while a moderately impacted system may,
under extreme climate events, present unprecedented nutrient
concentrations
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Cost-effectiveness Analysis reports for the Louros catchment,
Greece, including analysis of proportionality/disproportionality

http://www.refresh.ucl.ac.uk/webfm_send/2226

Report from workshop in Greece to explore discrepancies
between different groups of stakeholders regarding their
perceptions of the policy implementation issues the underlying
factors that explain these differences, REFRESH deliverable
1.15, University of Patras, Greece http://refresh.ucl.ac.uk/

webfm_send/1522

