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Impact of Climate Change
on Frequency of Pollution Events
Executive Summary
The quality of coastal waters may be adversely affected due to increased storm water overflows and
hence lowering of shellfish harvesting water classifications. This study aims to identify the most likely
impact of climate change scenarios on frequency of sporadic pollution events and exceeded discharge
agreements in the UK.
Climate change modelling predictions do show that there is likely to be an increase in more intense
rainfall events especially during the winter. There is a strong regional variation in both intensity and
seasonality with SE England predicted to experience more seasonal variation with potentially reduced
event occurrence in the summer, whereas western areas are likely to experience a large increase in
winter storm intensity and less reduction in the summer. In consequence, there will not be a simple
increase in spill frequencies to all catchments and a corresponding drop in quality to all shellfish areas.
Modelled rainfall predictions have been obtained and input into sewerage model to assess spill
performance. This work has demonstrated that the current system design will be insufficient to
maintain current shellfish waters CSO spill frequency of <10 significant spills/annum. However, it
should be noted that this design criteria is not the basis for consent. Although there is a consent
requirement for CSO monitoring many of the current Event Duration Monitors log spill duration and
frequency with no means of quantifying the number of significant spills. In consequence, an increase
in significant spills will not lead to discharge failure and will not even be possible to determine at many
sites.
Costing of scheme improvements has indicated that £10-15 billion would need to be spent just to
maintain the current design spill frequency for bathing waters and shellfish waters using conventional
engineering solutions in a combined sewerage system. OFWAT has recognised that this level of
resource requirement is unsustainable and that a new approach will be management of the future threat.
Sustainable Urban Drainage Systems (SUDS) offer one potential solution to separate storm waters
from foul sewage, whilst UV trials on CSO discharges have also been conducted. Although there are
moves to incorporate SUDS into future developments retrofitting and adoption of SUDS in existing
catchments is problematic and needs urgent attention from policy makers. This is a priority for many
catchments as urbanisation will amplify climate change impact.
Comprehensive future modelling is required to fully assess the implications of the predicted increase in
spill frequency on what this will mean for shellfish waters. The latest climate change model scenarios
from UKCP09 will provide a basis for the latest weather generator models to create predicted rainfall
timeseries which can then be input into the standard sewerage network models to predict spill
conditions.
The Water Industry is currently undertaking a Periodic Review for 2009 (PR09) which will dictate the
spending framework for 2010-2015. The Environment Agency s National Environment Programme
for PR09 includes a large number of investigations are planned to try and identify the remaining
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pollutant sources. Diffuse catchment microbial sources are thought to be currently compromising
shellfish quality and preventing the full benefit of previous investment. Despite this, recent
improvements have increased value of the shellfisheries and improved public health. These
investments are estimated to have a positive economic impact worth around £1-2.5m/yr. Continued
scheme improvements for shellfish will also benefit some bathing waters, recreational waters and help
meet good ecological quality status for the Water Framework Directive.
The shellfish industry is posed at a cross roads with significant resources expended on one hand in
assessing both catchment loading sources and on the other in reforming shellfish management in terms
of the viral public health risk. Catchment sources such as from some agricultural practices can provide
intermittent first flush pollution events with a high potential to impact on shellfish classification.
Human waste water sources from sewerage systems and intermittent pollution events from CSOs have
a high potential to impact on viral content with human health implications which could impact on
future regulation with the advent of a norovirus standard.
As shellfish requirements fall between both environmental and food sectors there is considerable
overlapping of roles for Food Standards Agency, CEFAS, local authorities, Environment Agency and
OFWAT. A more coherent structure is required between the various agencies to provide a holistic long
term approach.
There is need for a strategic assessment of all shellfish waters to ascertain potential impact and to
focus future investment. Consideration should be given to a more responsive management system to
allow a more proactive management approach to improve both public health and shellfish classification
status.
Climate change is likely to increase the impact of spill events and compromise the value of
shellfisheries in some areas. The significance and magnitude of this impact will need to be assessed on
a catchment basin basis and should be integrated within the Water Framework Directive. It is probable
that the impact of climate change cannot be prevented and adaptation will be necessary.
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Scope of Study

This study has been undertaken on behalf of the Shellfish Industry Development Strategy (SIDS).
The quality of coastal waters may be adversely affected due to increased storm water overflows and
hence lowering of shellfish harvesting water classifications. This study aims to identify the most likely
impact of climate change scenarios on frequency of sporadic pollution events and exceeded discharge
agreements in the UK.
The objectives of this report are to:
Identify weather events causing increase in pollution events
Using predicted climate change weather scenarios determine range of possibilities of
changes in frequency of pollution events in the future.
To estimate potential future costs of climate change scenarios
Review the evidence of need for: establishment of polluter-pays principle ; increase in
water quality; and establishment of a methodology for informing shellfish producers of
pollution events.
To provide an outline scope of the impacts of climate change on shellfisheries as a
potential Phase 2 project.
This report has been prepared in conjunction with an accompanying report on the potential impact of
waste water discharges upon shellfisheries (FitzGerald, 2008a).
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2.

Weather Impact on Pollution Events

2.1

Combined Sewer Overflows

In recent years considerable investment by the UK water industry on improving waste water treatment
and sewerage networks has yielded some benefits to certain shellfish waters. Not all areas have
received a commensurate improvement and significant problems are still present resulting from
catchment diffuse sources and intermittent discharges.
FitzGerald (2008a) provides some case studies from Langstone Harbour, the Teign estuary and Irvine,
Scotland where agriculture and CSO have had variable impacts upon catchment loading.
-In the case of Langstone Harbour with a largely urban catchment CSOs impact has still been
shown to be a source of intermittent pollution events leading to temporary shellfish closures
despite a major waste water scheme to discharge continuous treated effluent offshore.
-Similarly in the Teign estuary major infrastructure improvements and a long sea outfall failed
to prevent periodic high levels of contamination leading to downgrade of shellfish beds. Over
x40 actions on intermittent discharges within AMP3 were needed before bringing all shellfish
beds back to Class B. However, this largely agricultural area still requires a number of
investigations to address ongoing concerns over catchment loading sources.
-The Irvine catchment was the site of a comprehensive loading assessment which showed that
whilst under base flow conditions human derived sources contributed the majority of loading
yet under storm event flows the level of loading massively increased and although the level of
human derived contamination increased (such as from CSOs) the majority of the total load was
dominated by agricultural sources.
Within the UK foul sewerage systems and surface water drainage have traditionally been combined and
conveyed to waste water treatment before discharge. A number of Combined Sewerage Overflows
(CSOs) release intermittent discharges to shellfish waters when surface drainage flows overwhelm the
system. Waste water spills from combined sewerage systems pose a significant threat to shellfish water
quality. Modelling shows that this threat is likely to increase with climate change.
In addition to climate change influence on rainfall intensity increased urbanisation (more roads, roofs
and covered areas) exasperates surface water flow problems also increasing CSO spill rates. The
impact of urbanisation is shown in Figure 2.
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Figure 1: Generalised Diagram of Combined Sewer Overflow (CSO)
Ref. 2004 U.S. Environmental Protection Agency, Washington, D.C. "Report to Congress: Impacts and Control of CSOs
and SSOs." Document No. EPA 833-R-04-001

Figure 2:

Impact of Urbanisation of CSO Spills

Ref: A long-term planning-based approach to sustainable stormwater management. SUDS Conference 2007
Dr Andy Swan & Dr Virginia Stovin, Sheffield University
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Catchment Run-off

Catchment derived pollution can also impact upon shellfish waters in response to weather related
events. Agricultural faecal sources from livestock can be highly susceptible to runoff effects with
massive potential loading upon first flush following a rainfall event. The Environment Agency is
increasingly working with landowners to manage livestock in order to minimise infiltration to
watercourses although this remains a major contaminant source. Catchment Sensitive Farming (CSF)
is a management scheme being promoted in 50 priority catchments in England and Wales to help tackle
diffuse pollution problems to meet the needs of the Water Framework Directive. The scheme is
implemented by catchment officers employed by Natural England.
The Environment Agency produces annual Pollution Reduction Plans (PRPs) for each of the shellfish
harvesting areas in order to meet their responsibilities to monitoring the Shellfish Waters Directive.
These documents provide one of the most comprehensive documents that reviews previous water and
shellfish flesh quality, lists scheme improvements that have been undertaken and sets out plans for
future improvements or investigations. The PRPs produced in 2008 (due for release in November
2008) will inform the proposed plans for improvements within the next round of Water Industry
spending in the Periodic Review 2009 (FitzGerald, 2008a). Although the previous rounds of Water
Industry waste water improvements have generally produced a marked improvement in both water
quality and shellfish quality, many of the PRPs do not reflect this investment. A recent report by the
Environment Agency analysing the trends within both water quality and flesh (Roast and Walsh, 2008)
highlight some of the potential factors which may be influencing observed patterns of contamination.
This report reiterates the contribution of diffuse catchment microbial sources to shellfish quality and
highlights the need to Microbial Source Tracking to apportion faecal loading sources. Catchment
investigations to identify the relative loads of microbial sources are also recommended in the individual
PRPs within 34% of the 124 shellfish waters (Davies 2008)

2.3

In-situ Processes

Resuspension and Algal Blooms

In addition to the direct pollution events due to CSOs and catchment sources, weather related
conditions can lead to indirect pollution events which can also compromise shellfish quality and
classification compliance.
Resuspension of microbes previously settled in sediment can give rise to a drop in water quality and
may give rise to a pollution source in association with storm events. Le Fevre and Lewis (2003)
studied entercocci levels in the vicinity of stream and storm sewer inputs which were shown to be
major loading sources to an urban beach area yet microbial levels in the water column were shown to
be related to wave resuspension. As sediment can provide shielding from UV radiation the viability of
these microbes can be significantly extended on the seabed. Jeng, England and Bradford (2005)
studied a range of faecal indicator organisms in estuarine sediments following a stormwater spill event
and showed that indicator organisms were associated with storm water particles which then settled to
the sediment where survival was prolonged for several days. These studies suggest that CSOs can give
rise a degradation in microbial water quality both directly following a spill and indirectly after a spill
when resuspension can give rise to further contamination of receiving waters.
Algal blooms can occur when optimum phytoplankton growth conditions are provided with elevated
nutrients, sunlight, warm temperatures and adequate hydrodynamic retention within a water body.
Some algal species form Harmful Algal Blooms (HAB s) when such conditions occur and can give rise
to a range of potential human health impacts due to secreted biotoxins. Shellfish are particularly
susceptible either to the direct effects of the HAB s or indirectly by bioaccumulationg toxins which
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may impact upon human health. Amnesic shellfish poisoning (ASP), diarrhetic shellfish poisoning
(DSP), neurotoxic shellfish poisoning (NSP) and paralytic shellfish poisoning (PSP) are the main
human syndromes associated with eating contaminated shellfish.
The United Kingdom Marine Climate Change Impacts Partnership (MCCIP) brings together scientists,
government, its agencies and NGOs to provide co-ordinated advice on climate change impacts around
our the UK. The 2007 2008 Annual Report Card includes an assessment of how climate change might
influence HABs incidence (MCCIP, 2008). HABs have increased in some areas of the north-east
Atlantic over the past 50 years, as the seas around Great Britain and Ireland have become warmer,
especially since the mid-1980s. There is regional variability within this trend and some places, such as
the east coast of Britain, have experienced reduced incidences of HABs. In the future rising
temperatures and reduced mixing of the water column (increased stratification) would favour many
HAB-causing species (MCCIP, 2008). Susceptible regions, such as the eastern Irish Sea and some
estuaries, are also thought to be vulnerable to elevated nutrient concentrations. The direct effects of
storms (decreasing stability, lower light levels) and associated nutrient pulses are less predictable and
may favour some HAB species over others. Storm events may therefore give rise to HAB pollution
problems. It is probable that a more comprehensive assessment of storm data and satellite
phytoplankton monitoring will be needed before this link and the transitory nature of the HAB events
can be better understood.

Resuspension during storm events can also help encourage HAB s both in the release of benthic
nutrients and in the liberation of algal spores (e.g Alexandrium sp.) which can remain inactive within
sediments unless they are released back into the water column (Neale et al, 2007).

2.4

Summary of Weather Impacts on Pollution Loading

As shellfish can rapidly filter feed and bioaccumulate contaminants yet require extended periods to
cleanse themselves even short term events can have a significant impact upon overall shellfish quality
even if water quality pollution events are only transitory.
The preceding sub-sections outline how weather patterns impact on pollution loading from both
anthropogenic point sources and catchment diffuse sources. The balance between human derived and
animal derived contamination and the relative significance of these sources will need to be determined
on a catchment basis.
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3.1

UKCIP02 Model Output

Impact of Climate Change on Frequency of Pollution Events

The UK Climate Impacts Programme (UKCIP) is a Defra funded program to provide a framework for
regional assessments of local climate change impact through a number of regional stakeholder
partnerships. UKCIP helps provides output for applied applications and therefore provides a valuable
interface between local users and global climate change models. The Hadley model HadCM2 provides
the boundary conditions for the smaller regional models (e.g HadRM3).
Figure 3:

50km UKCIP02 Grid for Climate Change Predictions

Appendix A provides some example output from the UKCIP02 model for the four emissions scenarios
for 2080. Colour images with a 50km grid resolution of predicted extreme event occurrence for the UK
are provided using a 90%ile methodology (Figure A1) and on a 1 in 2 yr return period (and (Figure
A2). Model runs utilise 90 years of simulated rainfall data generated from historical data (1961-1990)
which also forms the baseline for the predictions.
These plots both indicate that there is predicted to be a large seasonal variation in the potential for
extreme rainfall events. Generally, the predictions indicate a reduced potential for extreme rainfall
events in the summer and an increased potential in the winter with a net gain overall. However, there is
significant regional variation with marked differences for SE England and Western Scotland in both
intensity of impact and degree of seasonality. Figure A1 shows that for SW Wales and SW Scotland
there is a with a maximum increase of more than 1.5 extra events in an average winter for the MediumHigh Emissions and High Emissions scenarios by the 2080s. This compares to between only 1.0 and
1.5 such events per season in these areas currently, i.e., roughly a doubling of intense precipitation
frequency by the 2080s for these scenarios (UKCIP02, 2002).
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Intense Event Modelling

There are a number of agencies and university departments working on climate impact modeling some
of which have produced output of relevance to rainfall event intensity and sewerage spill rates.
Historical Analysis
Workers at the University of East Anglia have undertaken analysis of extreme rainfall events in the UK
using historical data to assess the pattern of change even observed since 1960 (Ref. Osborn et al, 2000
and Maraun, Rust and Osborn, 2008). Figure 2 below shows a pattern of increasing frequency of
intense winter storm intensity and decreasing frequency of summer intense rainfall events. This
historical trend in extreme rainfall events (90%ile) shows a similar trend as model predictions for the
future (Figure A1). Most regions have demonstrated a change of 5% in the contribution of heavy events
during winter between the 1960s and the recent decade.
Figure 4:

Historical Trends of Intense Storm Periods
Notes:
Trends over the period 1961-2006 in the
contribution (%) made by heavy precipitation
events to total winter (left-hand bars labelled
W ) and summer (right-hand bars labelled
S ) precipitation. For clarity, positive trends
are shown in blue, negative in orange.
(Source: Tim Osborn, CRU, UEA
in Ref. UKCIP02)

reproduced

A further analysis of historical datasets for total rainfall values (rather than extreme events) using a
higher resolution of output was provided in the UKCP09 baseline report (Jenkins, Perry and Prior
(2007)) which is provided in Appendix B.
Weather Generator
The weather generator model EARWIG
(Environment Agency Rainfall and Weather Impacts
Generator) was developed for the Environment Agency by a team of scientists led by the University of
Newcastle upon Tyne. The Weather Generator software is available as a tool and Kilsby et al (2007)
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describes its development for use in climate impact assessments of agricultural and water system
management. The system produces series at a daily time resolution intended for single sites defined
nationally across the UK at a 5 km resolution, but can be generated to be representative across small
catchments (<1000 km2). Scenarios can be generated for the control period (1961 1990) based on
observed data, as well as for the UK Climate Impacts Programme (UKCIP02) scenarios for three time
slices (2020s, 2050s and 2080s).
The system is designed to be readily updated with the advent of new climate change scenarios and as
such is planned to form a principal tool following the release of the UKCP09 output in spring 2009.
The UKCP09 weather generator will provide a statistical expression of future climate at daily and even
hourly time-scales that is consistent with the UKCP09 probabilistic climate projections. The ability to
provide output at this high time resolution will be very useful in modeling the potential for CSO spills
following intense short duration events as the output from the weather generator can then be used as
input for sewerage flow models.
Sewerage Flow Modeling
UKWIR CL10, (2004) provides a comprehensive assessment of the potential impact of climate change
upon shellfish water spill frequency and volume. Five sewer network models from across UK covering
a range of catchment types were run on the 2080 Medium High climate change scenario using present
and predicted rainfall data sets from four UK climate regions.
This analysis of intermittent discharges indicated that generally the annual spill frequency and volume
are likely to increase by varying amounts across the UK in both summer and winter with smaller
increases in spill frequency than spill volume. Although the regional variation in spill frequency is
predicted to be reduced in southern UK the catchment characteristics (e.g degree to which catchment is
urbanised) will have a dominant effect on spill performance. Even in southern England where total
summer rainfall is predicted to decrease there is still a predicted increase in spill frequency and volume
increased intensity of the rainfall events.
Due to the increased volume of CSO spills the UKWIR report states that storage solutions to meet
coastal CSO impact standards show a significant increase to meet the 10 spills per annum standard for
shellfish waters show a 6 fold increase. Spill frequency and volume plots for bathing and shellfish
waters from the UKWIR report are reproduced in Appendix C. The report notes:
The extent of these predicted increases in storage requirements may be alarming to
the UK Water Industry and it must bring into question whether conventional
remedial solutions will be sustainable in the future. It also highlights the potential
economic implications of continuing with the current framework of legislative spill
frequencies as a surrogate for water quality.
The EA in some regions are intending to revisit some of the previously used sewerage
models (Nick Smart pers comm..). This could provide an opportunity to re-run models
using rainfall model output thereby allowing a re-assessment of catchment specific CSO
spill rates. However, it is uncertain what the implications of such predictions will be for
future consent policy. As indicated in FitzGerald (2008a) there is already a deficiency in
the system whereby there is an inability to monitor significant spills from CSOs which are
not enshired within consent conditions. It is quite probable that climate change impacts
may already be apparent with CSO spill rates exceeding the 10 spills/year limit for certain
shellfisheries.
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Future Modelling

The next round climate change modelling (UKCP09) becomes available in the spring of 2009. Unlike
the current UKCIP02 stochastic model at a 50km grid the UKCP09 is a probabilistic model on a finer
25km grid resolution which may provide output better suited for planning using risk assessment
criteria. In addition UKCP09 is more complex than the previous model generation and will also
provide marine predictions.
The UKWIR CL10 study (Section 3.2) presents striking model output which raises the question of
whether the sewerage modelling devised for shellfish water schemes should be revisited to reassess
future potential spill frequency. Such future re-modelling could be conducted following completion of
the UKCP09 predictions using the weather generator to provide input rainfall data series (Section
3.2).
There is a need to develop a modelling protocol that can be applied at a local level which could fit into
stakeholder groups within the Water Framework Directive. A national lead at this stage could avoid
discontinuity between regions particularly where water utility modellers may adopt differing
approaches.

3.4

Summary of Climate Change Modelling

Analysis of historical rainfall events has shown that climate change impacts are already occurring with
regional and seasonal patters of change. Global climate change models have been used to provide
boundary conditions for regional models allowing production of fine scale local output throughout the
UK which can be used by stakeholders to try and incorporate climate change predictions into future
policy and management decisions. These regional models have undergone an increasing level of
sophistication and resolution with UKCIP02 provided in 2002 and the imminent delivery of the next
output in 2009 (UKCP09).
An array of tools have been created which support these regional models such as Weather Generator
models which use historical data and model predictions to provide very high resolution rainfall output
that can be used in catchment or sewerage studies. To date climate change predictions for rainfall
output have been applied to sewerage models to predict CSO spill impact in a range of trial catchments.
The output provided suggests that many catchments are likely to suffer and increased CSO spill
frequency and volume which will impact on both bathing waters and shellfish waters.
A review of previous sewerage models would be beneficial in the light of new climate change rainfall
predictions. A catchment based modelling assessment for all shellfishwaters would be an appropriate
measure to help focus management priorities at a basin level.
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4.

Climate Change Cost Implications

4.1

Water Utilities Cost of Maintaining Spill Frequency

Section 3.2 reviews some of the model output which shows that climate change will produce and
increase in intense rainfall events within the UK and a predicted increase in CSO spill impact.
Following the work of UKWIR on assessing the predicted required storm water storage volumes, the
Environment Agency commissioned an assessment of the likely costs required to meet the increased
storm spill threat (ICF, 2007). This study looked at the cost of implementing conventional storm water
storage throughout England and Wales in order to ensure current CSO spill rates are maintained by
2080. An area breakdown is reproduced in Appendix D. The report concluded that around £15 billion
would be required to maintain the current spill rate, if a conventional engineering approach were
undertaken. It was noted that this massive cost would be unlikely to be affordable and sustainable.
Alternative options such as Sustainable Urban Drainage Systems (SUDS) were highlighted as a
potentially more cost effective solution. SUDS, as outlined in FitzGerald (2008a), aim to help remove
surface water from combined systems using a variety of techniques throughout a catchment. Removal
of surface water from the sewerage system would greatly reduce the potential for CSO spills.
The policy implications to this stark conclusion are considered in greater detail in Section 6.1.

4.2

Degradation of Shellfish Waters

In 2007 the UK shellfish industry was worth an estimated £280M/yr of which £25M/yr (Pickerell, Pers
Comm.) comes from cultivated stocks. The value of the UK shellfish industry is directly influenced by
quality issues, both in the market price and production tonnage.
The proposal to improve classification with the implementation of Long Term Classification (Ref. FSA
2006) made an assessment of the financial impact of the scheme. This document made the point that
the Classification of a shellfish area had a direct bearing on its subsequent value and stated that Class A
areas are often considered to be more valuable as a result of quality issues with some major retailers
preferring to purchase from these sources. FSA economists assessed the value of maintaining Class B
(relative to dropping to Class C) in terms of both health and production costs as just under £50k/yr for
each harvest bed.
Using the FSA financial assessment FitzGerald 2008a factors up the financial impact of the AMP3 and
AMP4 improvements to the value of the UK shellfish industry. A summary is provided below:
Table 1: Summary of Shellfish Class B Value Improvements Resulting from AMP3 and AMP4
Improvements (Ref. FitzGerald 2008a)
Present (Note 1)
Future (Note 2)

Increased Class B Waters
20
50

Value (£m/yr)
0.96
2.45

Value over 25yrs (£m)
24
61

Note 1: 6% improvement in Class B waters from ~84% to 90%
Note 2: If government target of all shellfish bed achieving Class B realised by 2010 ~x30 remain at
Class C.
The total value of shellfish value improvements provided above does not include the increase number
of shellfish beds brought into production over the last few years (~x30 beds) which is likely to be as a
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direct result of improved water quality providing better business prospects. It is therefore likely that
the cost benefits of the shellfish scheme improvements will have covered the Water Industry scheme
costs.
Significant resources have been allocated to environmental improvements and shellfish waters
specifically as shown from the recent AMP3 and AMP4 spending.
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Table 2: AMP3 and AMP4 (2000-2010) Spending in England and Wales
Matthew Pursell (pers comm..)

Bathing Waters Improvements Shellfish Water Improvements
Funding (Note 1) £350m
£75m
Improvements
174 sites
73 sites (intermittent discharges and STWs)
Note 1: 2007-2008 price base
These investments have already yielded an overall significant improvement in shellfish water and flesh
quality (FitzGerald 2008a). Shellfish hygiene improvements have been an increase of ~x30-40 Class B
beds (2002-2007). However, this improvement has not met the UK Governments objective of
achieving Class B for all shellfish waters with a marginal reduction in Class C beds from x50 to ~x3040 beds. Shellfish water quality has on the whole improved with the number of shellfish waters
meeting the faecal coliform guideline standard increasing from 11% to 26% (2001-2007).
Balancing the cost of scheme improvements against the potential benefit to a specific industry does not
take into account the wider benefit to other sectors. Shellfish water improvements have not only
helped the shellfish industry but have yielded water quality improvements to recreational waters (not
already covered by Bathing Waters Directive) and to the wider ecosystem that will help achieve the
good ecological status required by the Water Framework Directive.
In the same fashion if climate change leads to degradation in shellfish quality there will also be
degradation in recreational water quality and the overall health of the ecosystem, this will in turn
influence WFD ecological status. However, more analysis of shellfish water scheme models will be
required to provide a better assessment of the future spill rates (see Section 3.2), and a revised cost
estimate of the scheme requirements (see Section 4.1) to obtain a more cost effective solution to the
predicted problem.

4.3

Summary of Shellfish Waters Value and Costs

Shellfish water improvements in AMP3 and AMP4 cost £75M and although they have delivered
tangible improvements in quality they have not achieved their Class B objective. Despite this the
expected improvements are likely to repay this investment by improved productivity and reduction in
health costs over the design horizon of the schemes.
Climate change has the potential to vastly increase scheme requirement costs with an estimated £1015B to meet existing bathing water and shellfish water CSO spill requirements and are unlikely to
receive backing for public investment. Although there is further work required to better evaluate which
catchments will require further developments to meet this challenge, it is probable that new approaches
(such as SUDS) will be needed to provide a more cost effective solution.
Improved shellfish classification status in the face of climate change impact will be hard to achieve on
a cost-benefit basis using traditional engineering solutions. A more flexible management strategy with
appropriate adaptation may allow cost effective developments.
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5.

Potential for Polluter Pays Approach to Pollution Events

5.1

Legislation

Historically, poor microbial water quality in relation to shellfish waters has been primarily associated
with domestic waste water discharges from point source utility outfalls. After many years of scheme
improvements driven primarily by the Bathing Waters Directive (BWD), the Urban Waste Water
Treatment Directive (UWWTD) and the Shellfish Waters Directive (SWD), these major sources of
microbial contamination have largely been addressed through a series of AMP (Asset Management
Plan) phased scheme improvements.
All continuous discharges are Consented and regulated by the Environment Agency with effluent
standards (usually BOD, suspended solids and ammonia) and flow limits which are set according to the
sensitivity of the receiving waters. Many discharges to shellfish waters also incorporate UV treatment
and have a requirement to provide monitoring data to demonstrate that effluent has received an
effective treatment dose.
Discharge consent requirements for intermittent discharges (EOs and CSOs) are less stringent than for
continuous discharges, and, although some sites might require screening (to remove coarse solids), the
receiving water quality is primarily protected by the design of the sewerage system which aims to
restrict spill events. Consent conditions for CSOs often include a requirement to provide monitoring of
spill frequency and duration . However, there are no quantitative limits on spill events - even though
systems were originally designed to provide storm water retention to <10 significant spills/year. In
consequence, the spill frequency and duration data gathered is of limited value and currently often
poorly utilised other than for assisting with qualitative assessments of reduced shellfish quality within
Local Action Plans.
The Environmental Liability Directive (ELD) 2004/35/EC extends the current polluter pays principal
to apply to environmental damage. Consultation on the ELD closed on 27/5/08 whilst the regulation
will be transposed to UK law by the end of December 2008. The ELD encompasses adverse effects on
Sites of Special Scientific Interest (SSSI s) or EU protected habitats /species outside SSSI s. In theory
some marine habitat features could be negatively affected by pollution events if the oxygen levels are
compromised (e.g by high BOD), or features are smothered by suspended solids, or from toxic effects
(e.g by ammonia). Discharges into sensitive water bodies suffering from hyper-nutrification may also
be negatively impacted. In the cases of continuous discharges consent breaches will be monitored and
enforced by the Environment Agency as the responsible authority. However, other pollutant sources
may be hard to track and attribute as considered in Section 5.2.
Pleasure craft discharges can provide a significant source of microbial loading which can compromise
shellfish waters. Although the Environment Agency provides guidance to both boat and marina
operators there are no regulatory controls to prevent vessel discharge of raw waste water directly into
shellfish waters. The Environmental Code of Practice produced by British Maritime Federation (BMF)
and the Royal Yacht Association /RYA) (BMF 2001) states there is no specific legislation that relates
to sewage discharged from pleasure craft, although this document does point out that local harbour
authority by-laws can be used in tidal and coastal waters. This document is in agreement with the
Environment Agency Pollution Prevention Guideline PPG14 document (2004) which states discharges
from sea toilets are not prohibited, but the use of toilets with storage tanks is recommended in
preference and for operators to check for the proximity of potable water abstraction points and
shellfish beds for human consumption.
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The Recreational Craft Directive (94/25/EC) which came fully into force from 1998 and includes
measures to ensure new vessels are constructed with suitable in-vessel storage capacity. There is no
measure to include older vessels which may have no storage capacity indeed retrofitting of such
system is probably impossible. It is therefore not known how effective this measure has been in
reducing load to the marine environment. However, it is however known that the relatively low
number of coastal pump-out facilities are poorly utilised (FitzGerald, 2007). In contrast, the US
operates both the Clean Vessel Act which aims to encourage marina operators to provide waste water
disposal facilities and No Discharge Zones where vessels discharges are restricted (and enforced)
often to protect shellfish. Planning considerations also restrict marina and shellfish developments in
close proximity to each other.
The Habitats Directive (HD) and the Nitrates Directive (ND) have also provided water quality
improvements to shellfish waters through the reduction in nutrient loading which can lead to toxic algal
blooms. Although these latter directives have addressed catchment wide sources of nutrients and
associated management controls only the Sludge Treatment Directive (implemented as the Sludge (use
in Agriculture) Regulation) has placed an increase level of control to catchment based non-point
microbial sources. The water industry has adopted the Safe Sludge Matrix (ADAS, 2001) which means
that from 2006 untreated sludge should not be applied to agricultural land to grow crops. Treated
sludge (with a 2 log microbial reduction) is allowed for some applications, whilst enhanced treated
sludge (with a 6 log microbial reduction) can be used for a range of crop types. These measures will
help reduce the diffuse microbial load from agricultural catchments.
In summary, there are a number of pieces of primary legislation that have driven waste water scheme
improvements that have improved shellfish quality of recent years through high levels of waste water
treatment. Although the major human waste water discharges are consented and closely monitored a
number of other intermittent and catchment sources are less well regulated.

5.2

Burden of Proof

The key problem with any legislative approach to try and obtain compensation for shellfish degradation
is the burden of proof required to establish a causal link between shellfish quality and any specific
event or contaminant source.
As Section 2 describes how within any one shellfish water there will be a number of human and nonhuman faecal sources which act in concert to provide the resultant water quality in the receiving waters.
Diverse catchment sources include animal sources such as livestock and wild waterfowl as well as
human faecal sources from septic tanks, waste water sludge and pleasure craft - all of which can
provide diffuse sources which are very hard to track.
In addition to the difficulty of trying to ascertain links between specific faecal sources and shellfish
degradation, many of the diverse loads may vary in harmony. For example, a low pressure storm event
could provide sufficient rainfall to increase the faecal load from a CSO spill and an increased flux from
run-off from multiple catchment sources, whilst also giving rise to resuspension resulting from
increased riverine flows and wave action.
To compound difficulties there is a complex causal link between the original pollutant source and a
shellfish downgrade. In theory, increased faecal load will contribute to a drop the water quality which
will in turn, give rise to a drop in shellfish quality. In practice, there is a very poor relationship
between shellfish water quality and shellfish flesh quality (Roast and Walsh, 2008) which is
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compounded by the dynamic nature of shellfish areas with complex tidal influences. For example, a
major discharge of faecal coliforms into a riverine system may not necessarily impact on shellfish flesh
quality in an estuary, partially because saline stratification may prevent contact with shellfish beds, or
because the salinity may be too low to allow effective feeding (and hence bioaccumulation). In
consequence, water column testing alone would be a poor tool to manage shellfisheries.
In summary, in many cases it is unlikely that the data available from mandatory monitoring programs
will be robust enough to provide a sufficiently strong data set to demonstrate that shellfish degradation
is a result of a specific source. However, a scheme of defensive monitoring and possible microbial
source tracking may help provide vital background data and apportion loads. The case for private
monitoring will technically need to be considered on a site specific basis and financially assessed in
terms of the business plan.

5.3

Summary of Litigious Response to Pollution Events

Contaminant sources that act on shellfish waters are varied and multiple. The relationship between
shellfish waters and shellfish flesh is also highly complex. It is therefore extremely hard to provide a
robust burden of proof that can link a particular polluter with a specific drop in shellfish hygiene
quality.
There maybe scope for defensive monitoring and identification of contaminant sources through
Microbial Source Tracking. However, even identification of particular contaminant sources will not
necessarily reflect an offence. CSO operation in particular is problematic with allowance for discharge
in storm events within consent criteria.
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6.

Impacts of Climate Change and Associated Threats

6.1

Pollution Loading

Section 4.1 highlights that climate change impact on CSO spill frequency and duration will cost an
estimated £15 billion to meet existing standards and is unlikely to be affordable. In the absence of
alternative approach to handle storm water there will be an increase in CSO pollution loading which
will decrease shellfish quality in many areas.
Considerable developments have been underway within Defra and OFWAT to try and accommodate
this major problem. Defra has provided guidance to Water companies on increases in storm intensity
as a result of climate change predictions (Defra, 2006). This document highlights the analysis of
increased rainfall intensity considered in Section 3.2 and proposed that an allowance of a 5% increase
in rainfall intensity should be built into future schemes.
OFWAT commissioned Atkins to produce a report which studied how the Water Utilities were
planning to meet the new challenge and to develop new guidance (Atkins, 2008). The report noted
that: Climate change is generally not addressed by the undertakers with only 2 companies noting that
they make adjustments, with one making reference to Defra s guidance and the other adopting longer
return periods as a utilitarian route to providing headroom.
The Atkins report places a big emphasis on Cost Benefit Analysis (CBA) as a principal tool for the
Water Utilities to decide how they will address the future requirements. Although there is limited time
before PR09 to develop full CBA for all potential flooding the report recommends a risk-based
approach to help define least-cost options for high priority flooding areas including environmentally
sensitive sites. The recommendations of the Atkins report were recently released as a guidance note to
Water Utilities and regulators (OFWAT, 2008a)
OFWAT have also recently published their climate change policy (OFWAT 2008b). This report restated that climate change is predicted to lead to more intense rainfall events and these exceedance
flows will occur more frequently and that the principle that combined (foul and surface water)
sewerage systems should accommodate future flows is unsustainable in the long-term context of
climate change. This is because sewerage systems have finite capacity and it would be prohibitively
expensive both financially and environmentally for them to be expanded continually to mirror
rainfall growth. Although the report then goes on to promote SUDS the Water Quality commitments
did not provide definitive guidance in respect to maintaining existing water quality standards with the
statement: We will work with other regulators and stakeholders to influence the debate surrounding
the tension between climate change mitigation and improving local water quality. Communication
with OFWAT revealed that flow policy and water quality issues are not currently closely integrated. It
should be recognised that following the high profile flooding events over the last few years the primary
driver to accommodate the needs of the sewerage network is to prevent the direct impact of flooding.

6.2

Temperature Effects

Beyond pollution events, climate change will impact on sea water temperature which can have a
number of unforeseen impacts on the shellfish industry including disease incidence, summer mortality,
changes in predation and the impact of non-natives.
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Disease incidence may well be increased as a result on increased seawater temperatures. In some cases
pathogens may be more active above a certain temperature as demonstrated by a Vibrio infection which
from 1997 decimated wild abalone (ormer) stocks up the coast of France and as far as Jersey whilst
Guernsey remained largely unaffected. Histological studies demonstrated that the Vibrio was only
deadly above 17ºC and that Guernsey was just that bit cooler than Jersey. Increased temperature may
also increase the incidence of disease because the host shellfish is more stressed and less able to fight
off infection as illustrated by the increased prevalence of Bonamia in native oysters when they are held
in stressed conditions.
Summer mortality events have been recorded for a number of species with spectacular losses in the
cockle and oyster fisheries. 2008 has seen a massive summer mortality event in France with loses
approaching 100% of juvenile stock in some areas. The reasons to summer mortality appear to be
complex and possibly multi-factorial with environmental and genetic components. It is uncertain to
what degree rising sea level temperatures may increase the incidence of such events.
Increased predation can also significantly affect shellfishery recruitment and survival of spat as
demonstrated by the recent failure of the blue mussel in the Waddensea which has been shown to have
resulted from warming winter temperatures which have allowed an early return of green crab to the
shallows in the spring when mussel spat is highly vulnerable. Such complex interactions between
different species are hard to predict or control.
Non-native impact as a result of warming sea temperatures within Europe and the UK are also
becoming apparent. Recent developments in the spread of the slipper limpet (Crepidula fornicata) are
closely related to summer sea temperatures as described in FitzGerald 2004. The slipper limpet has
long been an associated pest upon the native oyster, sub-tidal mussels and the king scallop. The
economically important Pacific oyster (Crassostrea gigas) has also been shown to have changed its
biological performance in relation to increased water temperatures and given rise to concerns relating
to wild settlement and the transformation of impacted areas with the alteration of the marine habitat
(Aquafish Solutions, 2008). This increased wild settlement has given rise to concerns that the Pacific
oyster may be becoming invasive and has led to calls in some agencies for control measures. The
pattern of spread for both species within France and the Waddensea has shown remarkable parallels in
both timing and penetration within the UK.

6.3

Emerging Threats

Much of this reports consideration has been focussed upon the potential implications of climate change
to faecal coliforms levels as the key legislative tool within Shellfish Waters and Hygiene Directives. It
should be noted that FitzGerald, 2008a identified that there is a significant potential for the
development of new norovirus standards in the future once suitable methodological tools have been
developed.
Many of the issues relating to faecal coliform loading from waste water sources and the impact of
climate change will also apply to noroviruses. However, there are notable differences between the E.
coli indicator and pathogenic enteric viruses:
-The level of microbial loading within the raw untreated waste water is much more variable with
the flux dependant on the health of the catchment community. This means when an outbreak
does occur that a much lower quantity of storm spill may have an increased impact on shellfish
especially as the infective dose is so low.
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-Norovirus is known to require an extended depuration duration far beyond that required for E.
coli. It is thought that this difference is a function of the virus entering the gut wall of the
shellfish whilst bacterial gut contents tend to be purged with faeces expulsion. The FAO
guidance (Lee, Lovatelli and Ababouch, 2008) indicates a need for a 5 day depuration period as
opposed to the current 42 hour requirement.
-Enteroviruses are understood to be more resistant than E. coli which makes them harder to kill
with waste water treatment such as UV and can extend their viability in the natural environment
once released in receiving waters.
Ironically, storm events may not only give rise to an increased potential of norovirus loading but are
also more likely to support increased survival in the environment through reduced insolation providing
lower ambient UV and increased turbidity within the water column which can also help shield
enteroviruses.

6.4

Summary of Climate Change Impacts and Emerging Threats

There has been recent recognition by the regulators that climate change presents a significant flooding
problem and guidance has been provided to encourage the Water Utilities to design schemes with
alternative approaches to meet the requirements. It is uncertain at this stage how this guidance will be
implemented in PR09 and the degree to which the risk of future increased CSO spills will be countered.
The coming months as PR09 is developed will be a critical period to monitor how the future regulatory
framework for CSO spills is developed. This potential for increased pollutant loading from waste
water systems must also be viewed in the context of the wider catchment threats to compliance.
Climate change raises the potential for increased pollution threats from both human point discharges
and from diffuse agricultural catchment sources. In addition, new norovirus standards are likely to
change the relative magnitude of contaminant threats from those indicated by conventional faecal
indicators. The impact on shellfisheries will be varied and requires an assessment on a site specific
basis which should be complimentary with the objectives of the Water Framework Directive.
Model predictions indicate that intermittent discharges from CSOs are likely to increase in frequency
and volume and that conventional engineering options will not be cost effective. Storm water drainage
solutions such as SUDS will be part of the solution although it is likely to that changes in shellfish
management will be needed to adapt to climate change.
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Conclusions

A number of key conclusions may be drawn:
1.
Increased high intensity events: Climate change predictions do show that there is likely to be an
increase in more intense rainfall events especially during the winter.
2.
Regional Variation: The climate change modals show a strong regional variation in both
intensity and seasonality. UKCIP02 model output show that overall extreme rainfall events will
increase in intensity, although SE England will experience more seasonal variation with potentially
reduced event occurrence in the summer, whereas western areas are likely to experience a large
increase in winter storm intensity and less reduction in the summer. In consequence, there will not be a
simple increase in spill frequencies to all areas and a corresponding drop in quality to all shellfish
areas.
3.
Increase in CSO Spill Impact: Combining climate change and sewerage modelling has
demonstrated that the current system design will be insufficient to maintain current shellfish waters
CSO spill frequency of <10 significant spills/annum.
4.
Water Industry Costs to Maintain Current System Performance: Initial modelling output shows
that £10-15 billion would need to be spent just to maintain the current design spill frequency for
bathing waters and shellfish waters using conventional engineering solutions in a combined sewerage
system. It has been recognised that this level of resource is unsustainable.
5.
Ongoing Modelling: The next generation of comprehensive climate change modelling UKCP09
is shortly to be released in spring of 2009. There are plans to update the assessment of water quality
impacts and spill assessments which were generated using the output from the last UKCIP02 model.
The new model includes a weather generator which should be a valuable tool in providing catchment
based rainfall output which will provide a much better tool to assess climate change risk for specific
shellfisheries. There is also a move to revisit the original sewerage models used to plan previous
scheme improvement which will then allow a reappraisal of the potential spill frequency and hence
future risk to compliance.
6.
Future Water Industry Development and Mitigation: There is no simple answer to the problem
and OFWAT recognise that the current approach is unsustainable and likely to lead to a reduction in
water quality as a result of climate change. OFWAT propose a more inventive approach by the Water
Utilities to meet their requirements through a Cost-Benefit Analysis which is hoped to encourage the
use of Sustainable Urban Drainage Systems (SUDS). Although SUDS offer many advantages over
conventional approaches to surface water drainage problems they are present a number of challenges
particularly with regards to adoption and retrofitting within existing catchments. It is uncertain
whether comprehensive improvements in all catchments adjacent to shellfish waters will be seen as
cost effective and alternative mitigation options may be sought which could pose a significant threat to
the UK shellfish industry.
7.
Future Shellfish Industry Development: OFWAT and the Water Utilities are currently
undertaking a Periodic Review for 2009 (PR09) which will dictate the spending framework for 2010-
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2015. The Environment Agency has produced their initial National Environment Programme for
inclusion in PR09 and will be submitted in November 2008. This includes work under the Shellfish
Waters Directive to make improvements to assets, carry out further investigations and implement event
duration monitoring. These schemes will be included in the relevant companies' business plans or,
potentially, advanced in to AMP4 using the change protocol process. It is important that shellfishery
issues remain a focus of operations within this program and that proposed spending will yield tangible
results that will allow continued operation of shellfisheries against a backdrop of increased threat.
Shellfish operators may also need a more inventive way to respond to these periodic drops in water
quality and industry representatives could help business in the process of climate adaptation.
8.
Cost-Benefits of Improving Shellfish Waters: The Water Industry has invested £75m on
intermittent discharges and Sewage Treatment Works in order to meet the needs of the Shellfish Water
improvements. The value of these scheme improvements is estimated at around £1-2.5m/yr from
increased value of the shellfisheries and reduced health costs resulting from food borne infections.
There is also an additional cross sector benefit from these environmental improvements to both
recreational waters and the ecosystem which will help meet the needs of the Water Framework
Directive.
9.
Climate Change and Future Threats: In addition to the potential for increased pollution events
in association with CSO spills climate change is likely to present a number of threats to the shellfish
industry including increased pollutant loading from other catchment sources, increased summer
mortality, uncertain spatfall / predator relationships and non-native threats or legislative difficulties.
To date many of these issues have been considered in isolation whereas a strategic review might be
able to provide a regional and species specific overview.
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The Shellfish Industry Development Strategy (SIDS) is a UK industry-led project that aims to develop the UK wild-caught and cultivated
shellfish industries in a manner that fully recognises the need for environmental and social sustainability as well as commercial development.
SIDS was originally initiated by the UK Government when the Prime Minister s Strategy Unit was tasked by Tony Blair to address the
problems faced by the UK fishing industry.
The subsequent Strategy Unit report Net Benefits recognised the importance of our shellfish industry and specifically stated that Government
should focus on support for the development of the inshore/shellfish industry to take advantage of its large growth opportunities. Accordingly
the Department for Environment, Food & Rural Affairs (Defra) recommended that a strategy for the development of the shellfish industry was
essential.
In March 2007 high level discussions between Seafish (the UK seafood trade authority) and the Shellfish Association of Great Britain (SAGB)
(the national body representing British shellfisheries) resulted in Seafish providing the funding for SAGB to facilitate SIDS.
Dr Tom Pickerell
National Shellfish Development Manager
Shellfish Association of Great Britain
Tel: 020 7283 8305
Fax: 020 7929 1389
Mob: 07912 320172
tom@shellfish.org.uk
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Appendix A

UKCIP02 Model Output

Intense Rainfall Model Predictions
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Changes in No. of Intense Rainfall Days (90%ile)
(Ref. UKCIP02)
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UKCIP02 Output 1:2 yr Return Event
(Ref. UKCIP02)
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Changes in Historical Rainfall Patterns

Percentage change in total precipitation amount from 1961-2006 based on a linear trend for a)
spring, b) summer, c) autumn and d) winter
Ref. Jenkins, Perry and Prior (2007)
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Impact of Climate Change on CSO Spills

Comparative % changes in 10year annual and bathing season average CSO spill frequency and
volumes for four climatic locations and two catchments in the present and 2080 Scenarios
Ref. UKWIR CL10 (2004)

Coastal Catchment types:
-PW United Utilities Moderate gradient, Suburban
-LO Anglian Water region, Flat gradient, Rural
(both areas ~30,000 population and a 40-50% separated sewerage system)
Four climate regions: (Greenwich, Elmdon, Ringway and Loch Leven)
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Impact of Climate Change on CSO Scheme Improvements
Ref. ICT (2007)
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