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м LƴǘǊƻŘǳŎǝƻƴ  

1.1 The Context 

Food production, and the intensification of farming practices to meet rising demand from a growing 

population, has led to the export of a range of pollutants to both the atmosphere and adjacent freshwater 

in farming landscapes. These include nutrients (nitrogen and phosphorus), sediment, microbes, and both 

pesticides and herbicides. These have contributed to a decline in water quality in the majority of water 

bodies across England and Wales and the loss of biodiversity and key services that these aquatic 

ecosystems provide to society. 

 

Lƴ ƻǊŘŜǊ ǘƻ ƳŜŜǘ ǘƘŜ ²C5 ǿŀǘŜǊ ōƻŘȅ ǘƘǊŜǎƘƻƭŘǎ ŦƻǊ ΨƎƻƻŘ ŜŎƻƭƻƎƛŎŀƭ ǎǘŀǘǳǎΩ ƛƴ ǘƘŜ ¦YΣ ƛǘ ǿƛƭƭ ōŜ ƴŜŎŜǎǎŀǊȅ 

to target a reduction in the delivery of nitrogen, phosphorus and sediment to water bodies in places where 

agricultural land management is a significant contributory source and where the magnitude of such losses 

from farming poses challenges to meeting compliance targets. Achieving reductions in agricultural pollutant 

emissions will require a combination of changes to the way that land is managed and the implementation 

of pollution mitigation measures to tackle the principal reasons for failure. But, a major constraint on the 

design of effective pollution mitigation strategies at the landscape scale, is the lack of robust empirical 

evidence on the efficacy of combinations of on-farm interventions and the specifics in terms of density of 

measures, spatial extŜƴǘ ŀƴŘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ ΨǘǊŜŀǘƳŜƴǘ-ǘǊŀƛƴǎΩ ƻǊ ƻǘƘŜǊǿƛǎŜΦ ¢ƘŜ ƳƛȄ ƻŦ ƻƴ-farm 

interventions must be flexible enough to accommodate the contrasting physiographic settings, farm types 

and practices across the country, yet still deliver effective and sustained mitigation. 

 

Plot-scale experimental studies have helped us to understand the mobilisation of pollutants, and to test 

mitigation measures at this reductionist scale. The science emerging from these studies has been used in 

developing statistical and process-based models for policy support at the national scale and predicting the 

potential, or technically feasible, effectiveness of on-farm mitigation measures for improving water quality 

and aquatic ecology. However, these modelling approaches are frequently highly generalised and 

uncertain, particularly when applied at the scale of small water bodies (<20-25 km2) or indeed at the farm 

scale where daily decisions are made. As we become better able to conceptualise this complexity, we 

should manage and balance ecosystem services by effective interventions that are more integrated. It 

becomes increasingly important that we understand how the river, the land and the dependent ecosystems 

function together, within their socio-economic setting, at least sufficiently well to recognise the 

dependencies. Hence, we can ensure that management solutions are cost-effective and beneficial to both 

society and the environment.  

 

The Demonstration Test Catchments (DTC) programme is part of the jigsaw of science-led policy initiatives 

to help address the challenges for steering rural economic and environmental policy. It is specifically 

focused on improving water quality and aquatic ecology impacted by diffuse agricultural pollution in 

contrasting sentinel catchments across England.  

 

1.2 The Challenge 

The ways in which pollutants are mobilised from sources within the landscape and delivered to freshwater 

are complex, and current understanding of these processes is uncertain. The gaps in our knowledge and 

understanding, particularly at the larger scales at which we assess and manage the environment (water 

bodies, river catchments and drainage basins) need an improved evidence base. The Demonstration Test 

Catchments programme was commissioned by Defra in December 2009 to fill these gaps. It brought 
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together multi-disciplinary teams of researchers, practitioners and policymakers, and integrated their skill 

sets to determine how catchments responded to on-farm mitigation measures. Techniques employed 

included the use of novel and state of the art monitoring of water chemistry and aquatic ecology in 

manipulated and control sub-catchments, combined with local knowledge and expertise and socio-

economic research on farming practices. The process is iterative, and allows hypotheses, assumptions and 

expert judgements to be tested against, and refined using, more detailed observations. 

 

The major gap in our evidence base is robust empirical evidence regarding the effectiveness of on-farm 

mitigation measures for improving water quality and aquatic ecology at the catchment or landscape scale. 

The highly episodic nature of agricultural diffuse pollution means that regular, but infrequent, conventional 

monitoring carried out by national agencies is not sufficient on its own to understand fully the processes 

involved, nor detect improvements in a statistically robust manner, particularly those that result from the 

implementation of targeted on-farm mitigation measures. Research that focuses on the smaller scale of 

experimental test sub-catchments (typically up to ~10 km2) is needed to: 

¶ test the impacts of combinations of on-farm mitigation measures on water quality and aquatic 

ecology at landscape scale; 

¶ understand the spatial coverage, targeting and formulation of on-farm mitigation measures 

required to achieve WFD goals; 

¶ predict the length of time that water quality recovery will take following the implementation of on-

farm mitigation measures. This varies significantly between catchments on the basis of key controls 

including groundwater inputs, base flow indices and pollutant source proportions; 

¶ develop approaches to work with farmers and other stakeholders to target mitigation measures 

(on-farm and elsewhere) within a catchment (taking account of knock-on effects on agricultural 

production and wider environmental factors).  

 

Addressing these challenges urgently has required:  

¶ joining up the research community to deliver multi- and interdisciplinary evidence at the 

appropriate scales; 

¶ building closer working relationships between researchers, policy makers and practitioners so that 

research is more focused on the policy and operational questions and facilitating wider access to 

the evolving evidence base (including relevant knowledge gleaned from across the 

national/international research community); 

¶ setting in place studies to understand and detect long-term environmental changes that may take 

years or decades to become evident. 

 

Defra research on diffuse water pollution from agriculture has historically consisted, largely, of individual 

research projects commissioned using a variety of separate contractors and undertaken in diverse and 

separate locations. The establishment of the DTC programme entailed a reallocation of resources away 

from the multiple plot- or field-scale, single-issue research projects, to a strategic initiative that aims to put 

water quality, aquatic ecology and catchment science into a real-world context. A major objective of DTCs 

was to establish a mechanism to bring researchers and Defra, policy delivery bodies and wider stakeholders 

into closer dialogue.  
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1.3 Demonstration Test Catchments 

By setting up a platform with a community of researchers working closely with local stakeholders 

(practitioners and policy-delivery agents) and policy-makers, DTCs are addressing the challenges described 

above. DTC has three main roles:  

 

1. As a programme of linked and co-ordinated research projects: to provide underpinning research, 

from farm to catchment scale, that informs policy and practical approaches for the reduction of 

agricultural diffuse pollution and the improvement of ecological status in freshwaters, whilst 

maintaining economically viable food production.  

2. As a research platform: to host longer-term collaborative research on diffuse pollution from 

agriculture, funded by multiple organisations. It has also developed a community of researchers 

and stakeholders enabling short and longer-term policy-relevant research questions to be 

answered, steering research and translating science into practice.  

3. As a demonstration activity: To demonstrate scientifically robust approaches to diffuse pollution 

mitigation and explore ways to bring science into stakeholder-led catchment management.  

 

Initially, the project comprised five component parts with interfaces as shown in Figure 1.1 below: 

1. Design and implementation of the monitoring approach for each catchment including development 

of the catchment conceptual model 

2. Implementation of measures (let as a separate project WQ0225 which runs to May 2017) 

3. Knowledge exchange and knowledge transfer  

4. Development of infrastructure for data management and dissemination  

5. Predictive modelling and Decision Support Systems  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Demonstration Test Catchment (DTC) project component parts and interfaces 
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Components 1, 2, 3 and 4 were let as separate commissioned projects, while Component 5 was subsumed 

into a joint initiative with the NERC Macronutrients Programme, UKWIR and the Scottish Government. 

Components 1 and 2 are closely linked in their technical content. Component 3 ran for 2 years, reporting 

separately in 2012, with the knowledge exchange aspects of DTC now being incorporated into the 2nd phase 

of Component 1. Component 4 involves the construction of a data archive in co-ordination with the Defra 

national GHG Inventory platform. 

 

DTC has established a nationally coordinated programme of research focused on four sentinel study 

catchments, which are representative of >80% of UK soil/ rainfall combinations and the major farm types 

across England and Wales. These are the Eden (Cumbria), Wensum (Norfolk), Avon (Hampshire) and Tamar 

(Devon/Cornwall). Monitoring programmes, communities of researchers and suites of mitigation measures, 

applied experimentally, have been established in each catchment to provide evidence on the trajectory for 

water quality and aquatic ecology improvements towards WFD targets.  

 

The research communities, monitoring infrastructure and data generated by the core DTC projects support 

a number of satellite projects, funded by Defra and other organisations, to test mitigation measures and 

further understand the physical, ecological and social functioning of river catchments (Appendix 1.1). By 

adopting the platform/community of practice approach the research undertaken by the academics can be 

more rapidly applied in practice, whilst the practitioners in the community can test the more practical 

questions.  

 

The first five years of the DTC programme have been spent establishing the platform (building stakeholder 

relationships, designing experiments, finding sites and installing equipment) and undertaking baseline 

monitoring. The scientific findings that are beginning to emerge from DTC are detailed in the pages that 

follow. The mitigation measures that are being tested in the core target sub-catchments are being 

implemented through Component 2 (WQ0225).  

 

Integrated catchment scale research requires longer-term investment than the more traditional approach 

of individual research projects. The first funding phase of Component 1 (characterisation and monitoring) 

ended on 31st March 2014 with a second phase to 2017 being procured to monitor the effectiveness of the 

experimental on-farm measures and achieve its original aims (Figure 1.2). Beyond 2017, Defra funding will 

need to be reviewed, but it is envisaged that on-going research activities funded by others should maintain 

the research activity within the DTC catchments. 
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Figure 1.2: Timelines for the Demonstration Test Catchments 

 

1.4 Beneficiaries and Impacts  

DTC provides benefits to a range of parties at different stages of the policy cycle including: (1) those 

developing policy; (2) those delivering policy (government agencies and NGOs); (3) stakeholders on the 

receiving end of policy; and (4) those undertaking and funding research to inform policy. 

 

1.4.1 Informing and Supporting Policy 

DTC provides independent, scientifically robust, peer reviewed and internationally recognised research to 

improve the credibility of our evidence base on integrated catchment management for agricultural diffuse 

pollution mitigation to stakeholder and policy audiences, including the European Commission. 

 

1.4.2 Supporting Policy Delivery 

DTC provides a strategic resource for a rapidly growing community of practitioners and stakeholders from 

local to catchment scales and above. These groups require evidence and guidance on the effectiveness of 

on-farm management options to combat pollution and the processes to target them most effectively. 

Stakeholder groups have provided DTC researchers with opportunities for new research to test mitigation 

options.  

 

1.4.3 Demonstrating to Industry and Stakeholders 

DTC provides four regional demonstration hubs to show how farming can be carried out in ways that help 

reduce diffuse pollution. Each is well networked with local stakeholder groups (agricultural colleges, rivers 

trusts, local farming groups, NGOs, etc.) who contribute to DTC and draw on its emerging findings. Strong 

stakeholder relations have been established. The direct involvement of farmers in the research adds a 

sense of reality and credibility to the findings for both local and national level stakeholders.  

 

2009 2010 2011 2012 2013 2014 2015 2016 2017 
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Scoping Monitor
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Socio-economic research 

Knowledge Exchange, demonstration and sounding-board function 

 Installation & testing of measures (through 
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 Interpretation & up-scaling to other catchments 
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1.4.4 Researchers and Research Funders 

DTC is helping improve the national capacity for translational (policy-relevant) research on land/catchment 

management and also helping to consolidate a previously fragmented UK catchment science community. 

By bringing them together with policy makers, delivery bodies, and local and national stakeholders, it 

allows researchers a more direct route to influence policy and practice (thereby increasing their impact). 

Currently hosting c. £7.5M of additional research funded by the Research Councils UK (RC-UK), the British 

Geological Survey, UK Water Industry Research (UKWIR) and the Environment Agency, DTC has helped 

strengthen linkages between Defra and other funders of research, especially providing the research 

councils with a vehicle of translation to improve the impact of the work they fund. The DTC data archive 

will make the data generated by DTC freely available to any researchers requiring it and the high-resolution 

data will support research on catchment processes and modelling into the future. 

 

н ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ LǎǎǳŜǎ 

2.1 Introduction 

This section of the DTC pƘŀǎŜм ǊŜǇƻǊǘ ŦƻŎǳǎŜǎ ƻƴ Ψ¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘŜ LǎǎǳŜǎΩΦ Lǘ ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ ŦƻǳǊ 5¢/ 

focus catchments, discusses their characteristics, briefly describes the approach taken to monitoring in 

each of the catchments, presents the main results, and interprets and synthesises these in order to 

highlight the nature of the diffuse pollution problem and provide the context for effective mitigation. 

 

2.2 Catchment Characteristics 

This section describes the background to the selection of the DTC focus catchments and justifies their 

inclusion in the project. It then describes the characteristics of the DTC focus and study sub-catchments. 

In 2009, three initial DTCs were selected from a shortlist of nine catchments undergoing enhanced 

monitoring under the England Catchment Sensitive Farming Delivery Initiative (CSF; Defra, 2012), where 

intensive efforts are being made to engage farmers in priority areas through targeted one-to-one advice, 

clinics and capital grant funding for on-farm remedial measures. The three initial DTC focus catchments 

were chosen to maximise national coverage and representation of different physical and socio-economic 

factors influencing diffuse pollution. The level of stakeholder engagement through CSF and other initiatives 

and level of previous research investment in terms of infrastructure, existing knowledge and existing 

datasets was also considered (Table 2.1). 

In autumn 2011, the Tamar catchment was adopted as a DTC focus catchment, providing an opportunity to 

assess the water quality and freshwater responses to mitigation strategies funded by South West Water 

(SWW) via the Payment for Ecosystem Services schemes being implemented by the Westcountry Rivers 

Trust (WRT). 

The location of the four DTC study catchments is shown in Figure 2.1. Detailed catchment summary 

characteristics are shown in Table 2.2.  

 

 

Table 2.1: Factors considered for selection of three initial DTC focus catchments. BFI = Base Flow Index 

http://www.wrt.org.uk/index.html
http://www.wrt.org.uk/index.html
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Factors Considered for Selection Hampshire Avon Eden Wensum 

Pressures 
Nitrate,  

Pesticides 

Sediment 
Phosphorus, 

Nitrate 

Sediment, 
Phosphorus 

Region South North West East 

Rainfall Moderate High Low 

Geology Chalk, Clay 

Calcareous limestone, 
New Red Sandstone 

(Major Aquifer), 
Igneous 

Chalk, Clay,  
Quaternary sediments 

Elevation Lowland Lowland to Upland Lowland 

Flow characteristics (BFI) High Low Moderate 

Land-use and farm types Arable 
Dairy, Sheep,  
Beef, Arable 

Arable, Poultry,  
Pigs 

Engagement and investment High High High 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Location of the four DTC focus catchments 

 

 

 

 

 

 

Table 2.2: Summary characteristics of the DTC study catchments ς Land use from LCM2007 *Mayes et al. 2006 
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Characteristic Hampshire Avon Tamar Eden Wensum 

Area (km
2
) 1750 1800 2,288 677 

River Length (km) 96 80 145 71 

Rainfall Range (mm) 714-937 1000-2000 637-3359 624-675 

Altitude Range (m A.S.L) 2-294 3-579 1-947 0-103 

Slopes (°) 

<3
 
(57%) 

3-7
 
(32%) 

7-11
 
(8%)  

11-15
 
(2%)  

>15
 
(1%) 

<3
 
(14%) 

3-7
 
(69%) 

7-11
 
(16%)  

11-15
 
(1%)  

>15
 
(0%) 

<3(39%) 
3-7

 
(34%)  

7-11
 
(13%) 

11-15
 
(6%) 

>15(9%) 

<3(91%)  
3-7

 
(7%) 

7-11
 
(1%)  

11-15
 
(0.4%) 

>15(0.4%) 

Geology 

Chalk, 
Greensand, 

Clay, 
Gravels 

Granite, 
Sandstones 
Mudstones 

Sandstone, 
Limestone 

Mudstone with some 
igneous. 

Overlain with till. 

Chalk, 
Gravels, 

Overlain with till 

Soil Types 

Heavy, 
Medium, 

Sandy and light silty, 
Chalk and limestone 

Heavy, 
Medium, 

Peaty 

Heavy, 
Medium, 

Sandy and light silty, 
Chalk and limestone, 

Peaty 

Medium, 
Sandy and light silty 

Land Use (%)     

Arable 37
a
 9

a
 10

b
 62

b
 

Improved Pasture 29
 a
 65

a
 37

b
 19

b
 

Rough Grazing 11
 a
 7

a
 29

b
 4

b
 

Woodland 12
 a
 14

a
 10

b
 9

b
 

Urban 11
 a
 5

a
 2

b
 5

b
 

Average Farm Size (ha)
c
 94 62 96 117

b
 

a 
based on the ADAS land use database for reference year 2010 (cf. Comber et al., 2008).

 b 
Based on CEH Land Cover 

data 2007, for Eden includes 12% of other land covers including heather, bogs and montane habitats.
 c 

From 2012 June 
Census data for relevant administrative areas.  

 

2.2.1 Hampshire Avon 

The Hampshire Avon rises in Wiltshire as two separate rivers: the West Avon and the East Avon rising just 

east of Pewsey, both of which drain the Vale of Pewsey (Figure 2.2). The two tributaries converge at 

Upavon, then flow south across Salisbury Plain and into the English Channel at Mudeford, Christchurch, in 

Dorset. The Hampshire Avon is a groundwater-dominated river catchment, with around 85% of main river 

flow supplied by the Cretaceous chalk and Upper greensand aquifers. The upper reaches of parts of the 

River Avon flow through chalk, where headwaters are drained by winterbournes ς streams reliant on 

winter rain to flow which may dry up completely in summer. The western headwaters flow across clays, 

while Tertiary sands and gravels dominate the lower catchment. Base flow indices (BFIs) are typically >0.7 

and as high as >0.95 in some parts of the catchment (Marsh and Hanaford, 2008). Topographical features 

such as open chalk downlands with steep scarp slopes, sheltered valleys, chalk hills, ridges and limestone 

plateaux are typical of the catchment. Land use mainly comprises arable land, improved pasture and 

woodland (Table 2.2), with the exception of the River Bourne tributary which is dominated by urban areas, 

fisheries management, historic milling and water meadow agricultural systems (EA, 2009a, 2010). 

Approximately 85% of the Hampshire Avon DTC is designated as a Nitrate Vulnerable Zone (NVZ; 

(81/676/EEC). Enhanced phosphorus, nitrate and sediment pressures from agricultural land are believed to 

have contributed to nutrient enrichment (Jarvie et al., 2005), siltation issues (Walling et al., 2008) and the 

occurrence of so-ŎŀƭƭŜŘ ΨŎƘŀƭƪ ǎǘǊŜŀƳ ƳŀƭŀƛǎŜΩ ό¦Y .ƛƻŘƛǾŜǊǎƛǘȅ !Ŏǘƛƻƴ tƭŀƴ {ǘŜŜǊƛƴƎ DǊƻǳǇ ŦƻǊ /Ƙŀƭƪ wƛǾŜǊǎΣ 

2004). Only 24% of river length and 37% of local freshwater bodies achieve good ecological status under 

the WFD.  

 

file:///C:/Users/qgnt37/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/IPWYGG13/Final%20Report%20phase%201%20Issues_draft2_CD%20ALC%20Nov%2014.docx%23_ENREF_11
file:///C:/Users/qgnt37/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/IPWYGG13/Final%20Report%20phase%201%20Issues_draft2_CD%20ALC%20Nov%2014.docx%23_ENREF_13
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Figure 2.2: The location of the Hampshire Avon DTC focus catchment and study sub-catchments, showing 

the location of the DTC Monitoring sites in relation to available EA and CSF monitoring.  

 

2.2.2 Tamar 

The River Tamar is located in the South West of England and flows through the counties of Cornwall and 

Devon (Figure 2.3). It originates near Bude on the north Cornwall coast, runs south into the estuarine 

stretch of the tidal River Tamar at Plymouth (known as the Hamoaze), and enters the sea at Plymouth 

Sound in south-west Devon (Figure 2.3). The upper catchment is predominantly granite with the lower 

areas comprising of sandstones and mudstones overlain with alluvial silts and clays. Its catchment includes 

the upland areas of west Dartmoor and east Bodmin Moor, and is characterised by rolling farmland, valleys 

and heaths. Tributaries of the river include the rivers Inny, Ottery, Kensey and Lynher on the Cornish side, 

and the Deer and Tavy on the Devon side. Together, the Tamar, Tavy and Lynher are a designated Area of 

Outstanding Natural Beauty (AONB). The Tamar-Tavy estuary is a Site of Special Scientific Interest (SSSI) 

because of the habitat and wildlife found there. The River Tamar was adopted as a DTC focus catchment in 

autumn 2011, providing an opportunity to assess the water quality and freshwater responses to mitigation 

strategies funded by South West Water (SWW) via the Payment for Ecosystem Services schemes being 

implemented by the Westcountry Rivers Trust (WRT). 

 

http://www.wrt.org.uk/index.html
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Figure 2.3: The location of the Tamar DTC focus catchment and study sub-catchments, showing the location 
of the DTC Monitoring sites in relation to available EA and CSF monitoring.  

 

2.2.3 Eden  

The Eden in Cumbria, in the Solway Tweed River Basin District, rises in Mallerstang and flows north to the 

Solway Firth and into the Irish Sea (Figure 2.4). The catchment has a considerable elevation range, as it 

drains part of the edge of the Lake District to the east, and the North Pennines to the west. The range of 

slope within the catchment is from 0-30°, with the steepest slopes associated with the surrounding fells 

(highest elevation is at Cross Fell at 882 m), whilst the valley floor is characterised by gentle undulating 

slopes. Common grazing land in the uplands plays an important role within the catchment, but lowland 

agriculture is also important, with areas of intensive farming in the River Eden valley. Soil texture is mainly 

clay loam with large areas of sandy loam soils adjacent to the River Eden. On higher ground, the soil texture 

is a mixture of peat and peaty loams. The geology in the Eden varies greatly, underlain by sandstone, 

siltstone and mudstone in the northern part of the catchment, hard-rock dominated by Borrowdale 

Volcanics to the west (Allen et al., 2010), and Carboniferous limestone, shales and sandstones to the south. 

The major aquifers (groundwater stores) in the Eden catchment are the Permo-Triassic sandstones which 

underlie the valley floor in the Vale of Eden basin. The Carboniferous represents a smaller aquifer which 

can support minor abstractions or may discharge water to surface waters. The River Eden gains along most 

of its length within the Vale of Eden due to discharge from the underlying sandstone aquifers (Allen et al. 

2012).  

 

Substantial abstraction from Eden sources supports public water supply and industrial and small farm uses. 

Groundwater resources in the Eden are at risk from increasing nitrate concentration in recharge water due 

to previous agricultural intensification in the catchment (Butcher et al., 2008; 2003). Around 11% of the 
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catchment is located within an NVZ, and a very small portion of land is designated a groundwater safeguard 

zone for further protection of drinking water supplies. About 20 million litres per day is abstracted from the 

River Eden at Cumwhinton and the River Gelt (via the Castle Carrock reservoir) to service the Carlisle area. 

The Eden upstream of the abstraction point is now designated a surface water safeguard zone, with action 

targeted in these zones to address pollution so that extra treatment of raw water for pesticides and colour 

can be avoided. Haweswater, located in the west of the catchment, supports the water needs of the wider 

region, supplying 400 million litres a day to areas including the greater Manchester conurbation. The Eden 

is a largely rural catchment, dominated by farming ς there are over 2000 farm holdings in the catchment 

representing 30% of Eden Valley businesses ς and as a result pressures from phosphates and sediment are 

widespread. The River Eden is designated a Special Area of Conservation (SAC) under the EU Habitats 

Directive, and of the 39 units in the River Eden SAC only 23% are in favourable condition. Overall, only 41% 

of the 98 water bodies in the Eden achieve good status under the WFD. For more detail on the Eden 

catchment and understanding catchment scale issues see the Saving Eden Manifesto (ERT, 2014).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: The location of the Eden DTC focus catchment and study sub-catchments, showing the location 

of the DTC Monitoring sites in relation to available EA and CSF monitoring.  

 

2.2.4 Wensum 

The River Wensum in East Anglia flows from its source between the villages of Colkirk and Whissonsett to 

Norwich via Taverham, and on to its confluence with the River Yare at Whitlingham, before joining the sea 

at Great Yarmouth (Figure 2.5). The Cretaceous White Chalk bedrock underlying the catchment is exposed 

along the river valley close to Norwich and also in the upper catchment where the overlying deposits are 

thin or absent. To the east of the catchment the chalk is overlain by sands and gravels, while chalky, flint-

rich boulder clays are interspersed with sands and gravels over much of the rest of the catchment, overlain 

with silty loess deposits and alluvium and river terrace deposits. The juxtaposition of glacial deposits is a 

significant control on hydrological processes in East Anglia and is typified by conditions found in the 
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Wensum catchment. The base-flow index of 0.74 for the downstream gauging station at Costessey Mill 

highlights the influence of the underlying Chalk aquifer in supporting river flow in the Wensum. Discharge 

of groundwater occurs in the valley bottoms where the river has cut through the overlying Quaternary 

deposits leading to a greater hydraulic connection between the Chalk and surface runoff. Extensive study of 

soil types has been undertaken (Hiscock et al., 1993, 1996; Lewis, 2011; Rawlins, 2011). Soils vary across 

the catchment, reflecting the complex geological history of the area, and are characterised by rich loams, 

silts and sandy peats. River valley soils are generally low permeability loams overlying clay, while soils on 

the valley slopes tend to be highly permeable and highly fertile sandy loams. The clay loam and sandy loam 

soils have a high potential for arable agriculture, with soils further improved by field drainage and through 

widening, straightening and deepening of tributaries and parts of main river channels. The main arable 

crops are barley, sugar beet, beans, potatoes, oil seed rape and maize.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.5: The location of the Wensum DTC focus catchment and study sub-catchments, showing the 
location of the DTC Monitoring sites in relation to available EA and CSF monitoring 



19 
 

The River Wensum is an important chalk river habitat with over 100 plant species and a rich invertebrate 

ŦŀǳƴŀΣ ŀƴŘ ƛǎ ŘŜǎƛƎƴŀǘŜŘ ŀ {{{L ŀƴŘ {!/Φ hŦ ǘƘŜ фм ƘŜŎǘŀǊŜǎ ƻŦ ΨwƛǾŜǊ ŀƴŘ {ǘǊŜŀƳΩ Ƙŀōƛǘŀǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 

SSSI, 99% ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ƛƴ ŀƴ ΨǳƴŦŀǾƻǳǊŀōƭŜ ŀƴŘ ŘŜŎƭƛƴƛƴƎΩ ǎǘŀǘŜ ǳƴŘŜǊ ǘƘŜ ²C5Σ primarily due to 

excessive sediment and nutrient loadings (Sear et al., 2006). ¢ƘŜ Ƴŀƛƴ ǊƛǾŜǊ ŎƘŀƴƴŜƭ ŎǳǊǊŜƴǘƭȅ Ƙŀǎ ΨǇƻƻǊΩ 

ecological status and 40% of water bodies in the catchment are at risk of failing drinking water quality 

standards for nitrate. The Wensum is a CSF priority catchment.  

 

2.3 Catchment Monitoring 

This section describes the sub-catchment approach taken within each focus catchment and presents the 

design implemented in order to gather baseline monitoring data and determine the effects of subsequent 

mitigation of diffuse pollution. It then briefly describes the hydrological and water quality monitoring and 

the ecological monitoring undertaken across all the DTC focus catchments. Finally, it introduces a number 

of other monitoring approaches which have been used within single or multiple DTC catchments in addition 

ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘ ƳƻƴƛǘƻǊƛƴƎ ƛƴ ƻǊŘŜǊ ǘƻ Ψ¦ƴŘŜǊǎǘŀƴŘ ǘƘŜ LǎǎǳŜǎΩΦ  

 

2.3.1 Sub-Catchment Approach 

Existing data on chemical quality elements for determining WFD status and water quality pressures within 

catchments rely on EA monitoring at monthly or bi-weekly intervals, supplemented by more detailed CSF 

monitoring data (generally weekly and event samples, up to twice-weekly for pesticides in the Wensum) in 

target catchments across a network of sites (Figures 2.2-5). Although these data provide information on the 

spatial differences between locations, the monitoring network is coarse by necessity, and the coverage is 

generally too patchy to be able to pick up the effects of recent water status improvements in response to 

mitigation of diffuse water pollution from agriculture. Within each DTC catchment therefore, a number of 

smaller study sub-catchments were selected as focus sites for high resolution monitoring at which the 

effects of improvements in water quality and ecology would be able to be assessed in relation to 

mitigation.  

Each of the three DTC consortia adopted a broadly similar approach for the selection and design of DTC 

study sub-catchments, although the number of sites and specific placement and specification of monitoring 

stations was determined independently by each consortium in response to local needs and pressures. The 

focus was on small streams of approximately 10 km2, an area over which mitigation measures could be 

trialled and assessed intensively, with monitoring equipment installed immediately downstream of 

manipulated areas to capture the effects. The experimental approach used for assessing mitigation was the 

Ψ.ŜŦƻǊŜ-After Control-LƳǇŀŎǘΩ ό.!/Lύ ŀǇǇǊƻŀŎƘ όCƛƎǳǊŜ 2.6), which uses pre-mitigation instream data to 

provide a baseline against which to compare post-mitigation instream conditions, and also compares a 

ΨƳŀƴƛǇǳƭŀǘŜŘΩ όƳƛǘƛƎŀǘŜŘύ ǎǘǊŜŀƳ ǿƛǘƘ ŀ Ψƴƻƴ-ƳŀƴƛǇǳƭŀǘŜŘΩ όŎƻƴǘǊƻƭύ ǎǘǊŜŀƳΦ ¢ǿƻ .!/L ŘŜǎƛƎƴǎ ǿŜǊŜ ǳǎŜŘΥ 

BACI1, where a separate control stream provides additional spatial reference to account for the 

confounding effects of factors such as changes in land use, rainfall and flow; and BACI2 where a monitoring 

point upstream of the mitigation area is used to isolate a control area.  
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Figure 2.6: Conceptual diagrams of designs used in DTC for establishing control and mitigation sub-
catchments; a) BACI1, and b) BACI2 

 

Prerequisites for selecting DTC sub-catchments included accessibility, perennial (year round) flows, 

representative farm type and land use, bedrock and soils of the wider catchment, and access either to 

mains power for larger monitoring kiosks or compatibility with solar panels for smaller monitoring kiosks at 

the catchment monitoring point. Most important of all was engagement with land owners who were happy 

to host equipment and trial measures, as it was essential that these were carried out on working farms so 

that the implications on the farm business could be assessed simultaneously. Farm liaison officers with a 

thorough understanding of local issues were employed in each catchment, and these individuals were 

instrumental in building successful relationships between researchers and land owners. A risk matrix 

developed by the EA was used as the basis for sub catchment prioritisation within each DTC catchment, 

together with local knowledge and research data availability. Details of the study sub-catchment selection 

procedures and the designs used for each are provided here.  

a) 

b) 
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2.3.1.1 Hampshire Avon 

A total of 18 candidate sub-catchments were identified by the EA on the basis of a risk matrix and a further 

two catchments were proposed by the Hampshire Avon consortium based on previous research from the 

ΨPhosphorus from Agriculture: Riverine Impacts StudyΩ (PARIS) project. The list was narrowed down to five 

sub-catchments at the first local stakeholder group meeting. The consortium then aligned with local and 

regional EA officers and the local CSF team for an intensive process of field reconnaissance and farmer 

liaison to select the final Hampshire Avon DTC sub-catchments (Table 2.3).  

Table 2.3: Summary characteristics of the Hampshire Avon DTC study sub-catchments.  

Characteristic Sem Ebble Wylye 

Monitored location 
/ƻƻƭΩǎ 

Cottage 
ST901 297 

Priors 
Farm 

ST891 284  

Ebbesbourne 
Wake 

ST 990 243 

Kingston 
Deverill 

ST 841 371 

Brixton 
Deverill  

ST 868 401 

Area (km
2
) 2.6 4.6 16.7 25.2 50.2 

Average rainfall (mm) 897 863 912 980 886-909 

Base Flow Index (BFI) 0.5 0.2 1.0 0.9 0.93 

Monitored elevation  
(m A.S.L) 

163 126 165 190 189 

Average slope (°) 7 2 7 5 5 

Geology 
Clays, 

Greensand 
Clays, 

Limestone 
Chalk, 

Greensand 
Chalk 

Cretaceous 
Chalk, Upper 
Greensand 

Soil types 
Heavy, 

medium 
Heavy Heavy, medium, chalk and limestone 

Dominant land use Livestock Livestock Mixed Mixed Mixed 

Arable (%)
a
 14 0 20 40 49 

Improved pasture (%)
a
 37 77 52 36 30 

Rough grazing (%)
a
 9 14 11 12 11 

Woodland (%)
a
 38 6 5 4 3 

Urban (%)
a
 2 3 12 8 7 

Notable features   
Constructed 

Wetland 
  

Overall WFD Classification  
(2012) 

Moderate Moderate Poor Poor Moderate 

a 
based on the ADAS land use database and for reference year 2010 (cf. Comber et al., 2008). 

 

Three sub-catchments were chosen for the Hampshire Avon experimental design (Figure 2.2). These cover 

all the principle geological outcrops of the catchment, and all are located within CSF priority areas:  

¶ The Sem is representative of a typical clay sub-catchment with dairy and lowland grazing livestock. The 

sub-catchment suffers from typical problems associated with livestock enterprises, including manure 

and slurry management, poaching of river margins, poor track management and efficient delivery of 

organic and artificial fertiliser applications to the watercourse via the land drainage network, which 

combines both agricultural and former mƛƭƛǘŀǊȅ ƛƴǎǘŀƭƭŀǘƛƻƴǎΦ /ƻƻƭǎΩǎ /ƻǘǘŀƎŜ ŀƴŘ tǊƛƻǊǎ CŀǊƳ ŀǊŜ ǘƘŜ 

sub-catchment monitoring points for the BACI1 design. 

¶ The Ebble is a predominantly lowland grazing livestock and mixed farm catchment, with steep-sided 

chalk valley slopes, purely underlain by chalk. The principal issues in this sub-catchment include elevated 

nutrient and sediment inputs to the watercourse associated with arable and livestock farming. Two 

monitoring points at Ebblesbourne Wake are used for the BACI 2 design. 

¶ The Wylye flows through areas of both greensand and chalk, all of which are underlain by a clay layer 

with steep sided chalk valley slopes. Farming systems in this sub-catchment tend to be mixed, suffering 
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from nutrient and sediment pressures associated with both livestock and arable enterprises, with 

tramlines running up and down the slope. Monitoring points at Kingston Deverill and Brixton Deverill are 

used for the BACI2 design. 

 

The Hampshire Avon study areas involve 98 landowners across the three sub-catchments. 

 

2.3.1.2 Tamar 

The Westcountry Rivers Trust advised the Hampshire Avon consortium on potential target sub-catchments 

in the Tamar catchment and a series of intensive field walks were undertaken to assess appropriate 

monitoring sites. The Caudworthy Ford sub-catchment of the Caudworthy Water (Figure 2.3) was selected 

as being representative of the River Tamar, with good seasonal flows, and is located in the priority area for 

ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ƳƛǘƛƎŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ŦǳƴŘŜŘ ōȅ ǘƘŜ {²² t9{ ǎŎƘŜƳŜ ǳƴŘŜǊ ǘƘŜ Ψ¦ǇǎǘǊŜŀƳ ¢ƘƛƴƪƛƴƎΩ 

programme. Within this catchment, monitoring at Winnacott Bridge provided the BACI2 design, while a 

control catchment outside the Tamar in the Neet catchment monitored at Burracott Bridge provided a 

control catchment for the BACI1 design. (It was not possible to find a suitable control catchment in the 

Tamar because of the implementation of measures under SWW funding). The Caudworthy Water and Neet 

sub-catchments have a combination of slowly permeable clay soils and non-alluvial loamy soils, are drained 

by flashy streams, and are dominated by lowland intensive mixed livestock farming with problems arising 

from manure/slurry management and high sediment loadings, and pressures associated with the 

production of crops such as cereals and maize (Table 2.4). 

 

Table 2.4: Summary characteristics of the Tamar DTC study sub-catchments 

Characteristic Neet  Caudworthy Water  

Monitored location  
Burracot 

 SS228 005 
Winnacott 
 SX247 926 

Caudworthy Ford 
SX267 888 

Monitored elevation  
(m A.S.L) 

108 139 131 

Area (km
2
) 10.9 18.0 26.0 

Average Rainfall (mm) 1067 1137 1146 

Base Flow Index (BFI) 0.4 0.4 0.4 

Average Slope (°) 6 3 4 

Geology Mudstones 

Soil Types Heavy, Medium 

Dominant Land Use Mixed 

Arable (%)
a
 11

a
 13

a
 

Improved Pasture (%)
a
 77

a
 73

a
 

Rough Grazing (%)
a
 0

a
 0

a
 

Woodland (%)
a
 10

a
 10

a
 

Urban (%)
a
 2

a
 4

a
 

Notable features    

Overall WFD Classification  
(2012)  

Moderate Moderate Moderate 

a 
based on the ADAS land use database and for reference year 2010 (cf. Comber et al., 2008). 

 

2.3.1.3 Eden  

Priority areas identified through CSF in the Eden were added to the same risk matrix developed by the EA, 

which was used to select three sub-catchments. The involvement of the Eden Rivers Trust, which has long-

standing relations with many stakeholders in the area in terms of negotiating access with land owners and 

having invaluable local in-depth knowledge of issues, was instrumental in the final site selection of the Eden 
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sub-catchments. Data from the Catchment Hydrology and Sustainable Management (CHASM) project in the 

Eden were also used in the site selection process. 

Three sub-catchments were selected which are representative of the varied underlying geology and the 

different land use types in the Eden catchment, as well as areas where specific water quality issues had 

been identified (Figure 2.4). 

 

¶ Morland is a sub-catchment of the Lyvennet, containing the upper reaches of Newby Beck, which flows 

into Morland Beck near Morland village. It is predominantly improved grassland over Calcareous 

limestone bedrock, encompassing a mixture of dairy and beef production with associated livestock 

grazing pressures. There are 44 separate land holdings in the catchment, with 14 participating farms. 

The dominant pollution pressures are from sediment and phosphorus. The Lyvennet is a CSF priority 

area; 

¶ Pow is drained by the upper reach of Pow Beck, a tributary of the Caldew, which flows into the Eden at 

Carlisle, and is located in the north of the Eden catchment south of Carlisle. The area is mainly grassland, 

over Calcareous limestone bedrock. It is the most intensively farmed of the three sub-catchments with a 

patchwork landscape of intensive dairy, beef, sheep, pig and poultry farming, and also contains a waste 

recycling facility and landfill site. There are 32 separate landholdings within this catchment, with 15 

participating in DTC. It is currently failing WFD standards due to phosphorus, suffering from soil erosion 

associated with cultivation;  

¶ Dacre is drained by Thackthwaite Beck which lies within the Lake District National Park, and is a tributary 

of Dacre Beck which flows into the Eamont at Dalemain near Stainton in the west of the Eden north of 

Ullswater. The Dacre catchment drains to an outlet at Nabend, between Great Mell Fell (537 m) and 

Little Mell Fell (505 m), and is the highest altitude of the DTC sub-catchments. The area is dominated by 

improved grassland, over Siliceous (sandstone) bedrock. It has flashy flows responsive to rainfall, and is 

subject to soil erosion and associated phosphorus losses, and runoff from fertiliser and manure. This 

catchment contains 41 separate land holdings, with large areas managed by farmers resident outside 

the catchment, six of whom are participating in DTC.  

The BACI 1 design has been implemented across all three sub-catchments in the Eden, with two further 

sub-catchments (Mitigation ς Sub_M, and Control ς Sub_C) identified within each DTC sub-catchment. The 

characteristics of these sub-catchments are very similar to those of the wider sub-catchments (Table 2.5), 

so no further detail about these is provided here.  
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Table 2.5: Summary characteristics of the Eden DTC study sub-catchments 

Characteristic 
Morland 

at Newby Beck 
Pow Beck 
at Nabend 

Dacre 
at Thackthwaite Beck 

Monitored location NY 600 213 NY 386 501 NY 412 259 

Monitored elevation  
(m A.S.L) 

151 60 256 

Area (km
2
) 12.5 10.5 10.2 

Average Rainfall (mm)
a
  1147 811 1570

 

Base Flow Index (BFI) 0.39 0.38 0.40 

Average Slope (°) 4 2 9 

Geology 
Glacial till over 

Carboniferous limestone 
Sandstone, Siltstone, 

Mudstone 
Borrowdale  
Volcanics 

Soil Types 
Clay loam,  

Sandy clay loam 
Loam,  
Clay 

Loam,  
Clay 

Dominant Land Use Lowland livestock Dairy Upland livestock 

Arable (%)
b
 6 37  6 

Improved Pasture (%)
b
 76 46 35 

Rough Grazing (%)
b
 14 12 34 

Woodland (%)
b
  2  6  16 

Urban (%)
b
  0.7 0.4  0.1 

Notable features 
Nested sub-catchments: 

Sub_M = 1.6 km
2
 

Sub_C = 3.6 km
2
 

Waste recycling site 
Landfill site 

Nested sub-catchments: 
Sub_M = 1.9 km

2
 

Sub_C = 2.0 km
2
 

ALFA site 
Common grazing land 

Nested sub-catchments: 
Sub_M = 1.7 km

2
 

Sub_C =1.3 km
2
 

Overall WFD Classification  
(2012) 

Moderate Bad Good 

a
Based on Met Office long term average data for 5 km grid (Perry and Hollis, 2005). 

b
Based on CEH Land Cover Map 

2007. Other land covers include heathland and bog (14% land area for Dacre).  
 

2.3.1.4 Wensum 

The EA risk matrix was used to identify sub-catchments in the Wensum at risk from diffuse pollution and 

located within CSF priority areas. The web-ǘƻƻƭ ΨbŀǘǳǊŜ ƻƴ ǘƘŜ aŀǇΩ (NE, 2012), which allows maps of agri-

environment scheme uptake across England to be viewed, was then used to identify suitable farms. The 

Wensum farm liaison officer worked with the National Institute of Agricultural Botany and The Arable 

Group (NIAB-TAG, 2013) to engage the farm managers of two large estates in the Blackwater Drain sub-

catchment near the village of Reepham. This resulted in farmer participation across four first order streams, 

which enabled a nested monitoring approach focused on one headwater sub-catchment of the Wensum. A 

combination of BACI1 and BACI2 designs is used in this catchment (Figure 2.7). This approach is different to 

that used in the other DTCs but is well suited to the Wensum due to the consistency in bedrock and 

topography throughout the catchment, and the fact that large estates are common in Norfolk, often 

farming areas larger than 1000 hectares.  

 

In the Blackwater Drain tributary, the thickness of glacial till, sands and gravels can exceed 20 m and act to 

limit vertical recharge to the Chalk aquifer, so protecting the deeper groundwater from surface-derived 

contaminants. Variations in the composition of the glacial deposits means that vertical drainage is limited in 

headwater mini-catchments A and B where clay loam soils are developed on glacial tills, in contrast to the 

greater infiltration experienced in mini-catchments C and D which contain a greater extent of sandy loam 

soils developed on glacial sands and gravels. Hence, surface runoff in mini-catchments A and B tends to be 

flashier in response to rainfall events compared to the role of groundwater storage in reducing flood peaks  
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Figure 2.7: Response of nitrate, turbidity total phosphorus (TP) and total reactive phosphorus (TRP) to 
rainfall for the Wensum-Blackwater Drain sub-catchment in a) March 2013, showing a typical post-
fertilisation nitrate peak, and b) August 2013, showing typical summer dilution of nitrate followed by a 
delayed peak 
 

in mini-catchments C and D. Although the Chalk does not outcrop in the Blackwater Drain sub-catchment, 

the combination of sand-rich deposits of less than 10 m thickness and the presence of an upward 

groundwater hydraulic gradient leads to saturated ground conditions at kiosk F at the outlet of the 

experimental study area. Chalk borehole records in the vicinity of kiosk F show overflowing artesian 

groundwater conditions in this vicinity. Hence, the role of groundwater in the Blackwater depends on the 

ōύ 

ŀύ 
















































































































































































































































































































































































































































































