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Executive Summary

Context and purpose: In many river basinsin England and Wales diffuse pollution from agriculture
is a major pressure that contributes to failuresto meet WFD objectives. There are major policy
challengesinreducing diffuse water pollution from agriculture where thisis known to be anissue.
Increasingly, environmental policies are seeking to use voluntary uptake of good practice by all
land managers across catchments, backed up by incentivesand sanctions. However, know ledge
gaps on the effectiveness and targeting of specificmitigations measures currently constrains the
ability to prioritise and implement many policies.

The Demonstration Test Catchment (DTC) project was commissioned in 2009 through Defra’s
Agriculture and Water Quality team to testthe hypothesisthat ‘it is possible to cost-effectively
reduce the impact of agricultural diffuse water pollution on ecological function while maintaining
food security through the implementation of multiple on-farm mitigation measures’. The project
was established as a research platform infour catchments (Edenin Cumbria, Wensumin Norfolk,
Avon in Hampshire and the Tamar in Devon/Cornwall) where water quality was known to be
compromised by diffuse pollution. These catchments provide good national coverage and
representativeness of different physical and socio-economicfactors relevant to diffuse pollution.

The primary aim of this review is to evaluate the knowledge gained, onintervention effectiveness
for water quality and farmer engagement, from the DTC programme by undertakinga Rapid
Evidence Assessment (REA) of the available, published evidence. Secondary aims were included to
evaluate the broader physical and social science methodologiesthat were adopted and the
approach for generalisingthe findings. These secondary aims allowed aspects of the DTC to be
evaluated (usinga traditional review approach) that would have otherwise been excluded due to
the strict inclusion criteriafor documents under the protocol of the REA. The REA evidence
inclusion and exclusion criteriawere defined for physical science using the PICO (Population,
Intervention, Comparator, Outcome) and the social science using the SPICE (Setting, Perspective,
Intervention, Comparison, Evaluation) frameworks before being discussed and agreed with the
project steering committee. The robustness of physical evidence was assessed with respect to
reporting, modelling/monitoring method and results whereas the robustness of social evidence
was assessed with respect to data collection, analysis and reporting.

Giventhe complexity of the data sources, the draft findings were shared with the Principal
Investigators (PI’s) from the Avon/Tamar, Eden and Wensum to pick up any factual errors and
important points of context. Two Pls responded, and theircomments have informed the results
presented below. Althoughfeedback from PI’s was sought using questionnaires both decided that
it was most appropriate to respond at a higherlevel by documentingtheir feedback.

Supportingreferences are provided using standard citations. DTC material assessed as part of the
rapid evidence assessment are referenced usinga unique identifier, which are listed in Appendix
A, to allow cross-reference to the evidence extraction tables (see Supplementary material 1 and



2). An excelfileisalso provided (see Supplementary material 3) to illustrate the data collected
from each DTC and theircompleteness.

Main findings:

The focus agreed with the Steering Group and funderwas on the efficacy of the agri-environment
interventions on water quality; reflecting the fact that the project was sponsored by the Defra
agriculture and water quality team. However, the DTC process also invested a lot of resourcesinto
understandingthe nature of the problem in each catchment, includingissues of flooding on
ecological status, and in building communities of practice across different sectors and socio-
economic configurations. Pl responses emphasised that reduced funding for on-farm mitigation
measures drove the re-focus of the science to understanding the catchments. The focus of this
review excludes much of these wideractivities. In particular, itis clear from the wealth of
publications arising from the programme and other publications by DTC contractors arising from
work funded through other sources that much valuable insight was gainedin a numberof
fundamental areas that are outside the bounds of the REA as designed. Inthe last 10 years very
substantial insights have arisenin terms of legacy pollution, ecological responses and the strong
influence of storm eventsin controllinghow these are manifested in DTC rivers. The consequence
of identifyingan over-ridinginfluence of flooding has been that it masks evidence for cause and
effectthat might in its absence have beenapparent. It should be stressed that any lack of
evidence arising from the PICO and SPICE analysisis circumstantial and does not in any way imply
neglect of those issues.

Main findings: physical science:

Primary Physical: How effective were DTC agri-environmentinterventionsin DTC catchments for
improvingand maintaining water quality?

The DTC evidence base supports the conclusion that although DTC interventions can resultin an
improvementina range of water quality parameters (reported reductions of >80% sediment, >90%
for specificpesticides, and 75% for nitrate and 50% for phosphorus) their effectiveness dependson
scale and interventiontype. Importantly,in5 of the 24 intervention cases an adverse impacts on
at leastone water quality determinant was reported. In several cases low effects were reported
where interventions were applied to <20% of the upstream catchment. Thus, at the plotscale
examples were found with large effects but at the larger catchment scale effects were often lower.
Very few studies presented effects forindividual years which meant that changes in effect through
time could not be evaluated. No PICO compliant studies reported ecological effects and it is
acknowledged that this may reflectthe possible complex and long term response of ecology.

SP1: Have DTC monitoring methodologiesresultedin robust evidence that enablesthe

effectiveness of a variety of agri-environmentinterventions (in mitigating rural diffuse pollution)
to be assessed at a range of scales from plotto catchment?



Robust DTC monitoring methodologies have allowed the effectiveness of a small range of
interventionsto be assessed at a range of scales. Althoughinmost cases overall methodologies
are robust the majority of studies lacked adequate baseline and post treatment records. Although
the importance of the extent of upstream measures was noted in many instances this was difficult
to quantify as they related to linearfeatures or combinations of measures. Although interventions
cases were included for plot, field and subcatchment scale only one study included all three. PI’s
acknowledgedthe lack of suitable baseline and post intervention monitoring and they described
how funding constraints did not allow for a sufficiently long programme. Further, Pl’s explained
how reduced capital funding for measures meant that fewer could be assessed and focus
necessarily shifted away from landscape scale assessments.

SP2: Have DTC modelling methodologiesresultedin robust evidence that enablesthe
effectiveness of a variety of agri-environmentinterventions (in mitigating rural diffuse pollution)
to be assessed at a range of scales from plotto catchment?

Modelling methodologies have assessed asmall number of interventions at larger sub catchment
and catchment scales (2-1700km2) but not at plot or field scales. In summary, the body of work
comprisesrigorous application of peer reviewed and well-founded models. However, insome
cases time periods of model validation were insufficiently long, whichislikely a consequence of
short monitoring periods. In most but not all cases uncertainties were not explicitly evaluated.

SP4: What models were applied during the DTC programme?

PICO-compliant papers covered use of FARMSCOPER, SWAT, INCA-P and CRAFT. INCA-P and SWAT
have been applied extensively worldwide. Whilst they can be applied elsewhere they require
estimation of parameters not readily measurable which hampers their utility for future prediction.
In contrast FARMSCOPER is readily transferable without calibration but is a simplification of more
detailed underpinning models and accuracy at a locally-specificlevel may be limited. Approaches
such as CRAFT are powerful for interpretation but have detailed monitoring data requirements.

SP5: Are models used to represent future scenarios (climatic conditions and landuse change)
outside the bounds of the DTC dataset?

None of the four PICO-compliant modelling studiesincluded consideration of future climate or
land use change as part of the specified/reported scenarios. However, PICO relevant studies have
made useful contributions and are included in Section 7.

SP6: What evidence isthere from the DTC programme that the effectiveness of agri-environment
interventionsvaried between DTC catchments and was this related to differencesin the design
and/or management of the interventions?

The evidence does not allow a robust assessment of whether the effectiveness of interventions
varies across the catchments and whetheritisrelatedto theirdesignand/or maintenance. In total
the effectiveness of 24 intervention cases was reported (10 from Wensum, 9 from Eden and 5
from the Avon). Given that the interventionsin each of the catchments were diverseitis not



possible to compare theireffectacross the catchments. To enable thisassessmentevidence
would be needed on the effectiveness of aspecificintervention type -design from several studies
in each catchment. As an exception, two model based studies reported different total phosphorus
loses from bufferstrips inthe Eden and Wensum catchments. Furthermore, a non PICO compliant
study used novel magnetic tracing methods to show the relative sedimenttrapping efficiencies of
individual bufferstripsin 3 of the catchments.

SP7: What evidence isthere from DTC data that confoundingfactors (e.g. climate, non agricultural
pollution) may be important in the interpretation of the results?

Robust experimental designs were chosenin all catchments to mitigate the effects of confounding
factors. Although confounding factors are often considered conceptually many of the DTC studies
do not explicitly quantitatively account for them; the difficulty involved in doingthis is
acknowledged. However, it isimportant to note that the effects of several confoundingfactors
(e.g. climatic variability) may have been reduced with longer periods of pre and post intervention
monitoring. Accounting for confoundingfactors is a complex process when considering model
applicationsand in each case the evaluation entails a dependency on the complexity of the model
used. The project has provided both data and models that could potentially be usedin
combinationto produce a novel quantification of the importance of confoundingfactors. Itis
acknowledged that this exercise would have been beyondthe scope of the DTC project.

Main findings: social science:

Primary Social: How effective were DTC engagement processes in fosteringand retaining uptake
of DTC agri-environmental interventions forimproving and maintaining water quality?

The DTC documents illustrated thatthat engagementand awareness raising is necessary but not
sufficient to ensure uptake of measures. However, it is difficult to find evidence of this full chain
(from engagement to sustained uptake) beingimplemented for specificinterventions on specific
farms within the SPICE compliantdocuments. Pls suggested that the focus was more on
understanding the systemand buildinga community of practice to respond to water quality and
floodingissues, ratherthan measuringthe effectiveness of a specificagri-environment
intervention.

SS1: What evidence is there that the DTC engagement methodologies appropriately informed,
consulted and actively involved farmers and other stakeholders to maximise uptake of
interventions?

The DTC programme engaged a range of appropriate stakeholders usingan array of methods to
inform, consult and actively involve these stakeholders. However, there was limited evidence
available about the overall reach of the engagement, and little information about the active
involvementstrategies used when engaging farmers about the specifics of why and how they
decided to implement DTC measures.



S$S2: What evidence does the DTC data provide about non-participants and why they did not
engage in the process?

There isvery little evidence provided about those who did not participate in the full range of DTC

engagementprocesses;and little explanation about why certain stakeholders did not engage with
the project.

SS3: What evidence is there that the DTC considered behavioural factors when engaging farmersin
implementing interventions?

There isevidence that behavioural factors have been taken into account when designingthe
project and planning engagement activities. However, the reporting of these behavioural f actors,
and the evidence that these might have affected uptake of interventions, is limited.

SS4: What evidence is there of engagement and uptake of DTC interventions varying between
catchments?

The evidence was often summarised across catchments, making distinctions between catchments
more difficulttoassess. Engagementdoes not seemto vary between catchments. There are some
differencesin uptake of measures; and intentions to uptake further measures, but these tendto
be related to farming systems and personal attributes rather than anything specificto the
geography of individual catchments, although feedback suggests that the Eden had a different
socio-economiccontext to the other catchments.

SS5: What evidence is presented on the cost effectiveness and benefits of DTC interventions, during
the initiative and for the five-year period beyond the end of the DTC initiative?

There were few specific cost-effectiveness analyses undertaken and only one single cost-benefit
analyses done for a specificintervention (roadside wetlands). There was a reliance on the
FarmScoper model for average costs until later in the project, and a tendency to focus on direct
private costs, with little information onthe wider costs or benefitsof an intervention. Thereis
very little information aboutthe potential for measuresto be sustained beyondthe life of the DTC
project, but some sources suggest that payments were not enough to entice farmers to bear the
costs of mitigation.

§S6: What evidence is provided that the confounding factors (e.g. existing non-DTC activities) were
accounted forwhen reporting on engagement and uptake of DTC interventions?

There was limited evidence to see whetherand how confounding factors were considered for
engagement, behaviourand uptake. These factors were varied and there were no clear patterns
across time or catchments. There was limited evidence illustratingwhere the DTC project ‘added
value’ to otherinitiatives butthe DTC followed good practice by tryingto integrate with existing
farming and stakeholder networks as much as possible.

Broader evaluation of the DTC:
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Evaluation of the monitoring methodologies: The four DTC catchments provide good national
coverage and representativeness of different physical and socio-economicfactors relevantto
diffuse pollution. Experimental designs, selected variablesand equipmentdeployed were
appropriate and scientifically robust. However, a greater emphasis on groundwater quality may
have allowed a fullerevaluation of interventions. Although data coverage was good at most sites
significant gaps were presentat others. Sample data allowed ground truthing of continuous
nutrient data at most sites but not all. Nutrient concentration-flow relationships suggest that
some sub catchments may be affected by point sources inputs of pollutants and further
investigations may help understand their water quality. Novel instrumentation was deployed
including various types of cameras and sediment tracing techniques. Furthermore, PI’s noted that
the infrastructure allowed for rapid scientificresponsesto policy teams and the media.

Evaluation of the modelling methodologies: Withinthe programme a number of studies were
undertaken using widely-applied physics-based models (e.g. SWAT, INCA-P) that describe
catchment diffuse pollution mechanismsandinclude dynamicrepresentation of nutrientand
sedimenttransport in rainfall events. The process-based model CRAFT has also been used.
Applications of another group of modelsincluding FAMRSCOPER, PIT and PSYCHIC provide
stronger emphasis on the integrated outcomes of diffuse pollution. Other models focus on risk
and connectivity (e.g. SCIMAP and DBM). The wide spectrum of model applications applied
provided a valuable description of hydrological and water quality response. Any reporting of

extension of results to address impact of interventions on aquatic ecology howeverwas not found.

A number of other tools were developed forsite-specificanalysis. They represent transferable
concepts, rather than model codes, but if theirdetailed data requirementsare metthey provide
powerful approaches for a wider understanding of nutrient pollution across a range of
environments. Forexample,

(1) substantial work in the Eden has focused on empirical modelling of phosphorus transferand
the importance of storm event control, developed with capability to simulate response to future
change.

(2) High temporal resolution monitoring techniques have been usedin conjunction with molecular
and compound-specificisotope analysis to develop asuite of Bayesian mixing modelsforthe
purposes of apportioning sources of organic matter and stream sediments. Sediment tracing has
beenundertaken, in particularin the Avon and Wensum.

Models of the sub-surface have also been applied (e.g. the Nitrate Time Bomb in the Eden, and
conceptual models for managementsupport in the Wensum),

The off-the-shelf process-based catchment-scale models usedinthe DTC research are potentially
very useful forextrapolating findings to other basins, and are invaluable in quantifying climate
variability, the importance of storm eventsand the influence of confounding factors. They have
beenwidely used elsewhere inthe UK, and given acceptable levels of performance these
applicationstogetherform a pool of evidence from which to consolidate knowledge. Despite their
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physical basis however, representingawide range of interventionsin process modelsisnot
straightforward. Catchment model applications often lack the spatial detail to representsmall -
scale interventionswhichisinstead often captured through pooling of empirical observations,
field scale modelsand expertjudgement. Furthermore, models are typically used to represent
future scenarios under steady-state conditions rather than representing detailed gradual change
of a catchment systemin response to interventions.

Farmer Engagement: The DTC documents illustrate a good understanding of the practical aspects
of engagementand illustrate: the importance of planningengagementto build up trust and social
networks; the move from information provision to active involvement, and the need to embed
farmer discussionsin wider existingfarmerand stakeholder networks. The gaps in the evidence
correspond to how stakeholderanalysis was undertaken, de cisions made about how and where to
focus effort; and the dynamics of stakeholderinteractions within discussion groups, particularly
regarding ‘capture’ by dominantinterests or effects of information asymmetry.

Uptake of Measures: The DTC evidence illustrates thatthe researchers understood the many
dimensions of farmer behaviourin the catchments and how individual decisions are influenced by
others, including trusted advisors. However, there is more evidence around how farmers
understood DWPA and their existing personal circumstances than evidence about decision-making
to take on new mitigation measures, which corresponds to Plfeedback on focussingthe
stakeholderengagement on understandingthe system and building trusted networks. Likewise,
connecting the individual farmer’sidentities to widerinstitutional drivers (both policy and the
supplychain) is important, but the evidence is limited aboutto what extentthese linkages
influenced the outcomes.

Generalisation: Several methods have the potential to aid in the generalisation of findings from
the DTC catchments. The DTC Catchment Matcher tool was found to be well suited. It assesses
the similarity of catchments using >20 variables based on their proximity in ordination space.
However, when considering the transferability of findings and the feasibility of implementing
interventionsitmay be beneficial toinclude additional information such as landscape character
and history. Furthermore, the usability of the tool could be enhanced with the addition of a user
interface including graphing functions.

Pathways to Added Value:

The DTC linked theirwork to CSF and CaBa processes but insights may also be relevantto
landscape partnershipsand to partnerships focussed on natural flood management and
conservation finance or payment for ecosystem services.

Despite beinga ten year programme, more time was neededto identify, agree andimplement
measures and to provide evidence of ongoing uptake and impacts on water quality; and thought is
needed on how to report learningwhen dealing with commercial sensitivities. PI’s described how
at early stages in the project significant effort was invested in knowledge exchange through which
priority catchments were identified and permissions sought for installing infrastructure.



Pl feedback suggested that once resources were invested in monitoring equipment, the

investment remaining for mitigation efforts and scientificanalysis were modestin relationto the

complexity of the socio-ecological systems withinthe catchments. With increased pressure on
fundingthroughout the project support became increasingly limited to collectingand uploading

data.

Although comprehensive datasets were collected from each DTC there is great potential for added

value through further analysis and engagement with current initiatives. Future, monitoring
initiatives (e.g. the NERC Flood and Drought Research Infrastructure scoping project 2020-2021)
should build on the lessonslearntand data collected from the DTC project.

The interaction between DWPA and flooding needs greater attention, as flood events can mask

signalsin monitoring data, and deflect stakeholders’ attention away from the more invisible and

cumulative effects of diffuse pollution.

The costs and benefits of interdisciplinary working are harder to evaluate than physical or social

sciences, but the development of human capital and social networks may be important legacies of
the DTC process. The DTC’s clearly provided a multidisciplinary training platform that facilitated

co-working of leading experts that improved the science and policy support.

Concludingrecommendations can be found in section 12 covering future modellingand
monitoring of interventions; engagement, uptake and setting up transdisciplinary platforms.

Table 1: Acronyms

AES Agri-Environment Scheme NE Natural England

BACI Before-after-control-impact | NFU National Farmers Union

BQE Biological Quality Elements NGO Non-Governmental Organisation

CaBa Catchment Based Approach | PES Paymentfor Ecosystem Services

CAP Common Agricultural Policy | PI Principal Investigator

CBA Cost-Benefit Analysis REA Rapid Evidence Assessment

CEA Cost-Effectiveness Analysis S Satisfactory

CSF Catchment Sensitive Farming | SAC Special Area of Conservation

CSFO Catchment Sensitive Farming | SP Secondary Physical (question)
Officer

DCE Discrete Choice Experiment | SPA Special Protected Area

Defra Department of Environment, | SPICE Setting, Population, Intervention,
Food and Rural Affairs Comparator, Evaluation

DTC Demonstration Test SRP Soluble Reactive Phosphorus
Catchments

DWPA Diffuse Water Pollutionfrom | SS Secondary Social (question)
Agriculture

EA Environment Agency SSed Suspended sediment

E Excellent SSSI Site of Special Scientificlnterest

G Good TN Total Nitrogen

HLS Higher Level Scheme TP Total Phosphorus

ID Identity WEFD Water Framework Directive
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The prefixesforthe documentidentifiers were selected asfollows. Arefersto Academic
publications; AC to documents coveringall catchments; O to documents from Defra
ScienceSearch, AV to documentsregarding the Avon, E to documents regarding the Eden and W
for documents regarding the Wensum catchments. However, these prefixes are not always

reliable —for example there are some with single catchment prefixesthat cover multiple
catchments.
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1 Introduction

1.1 Diffuse pollution from agriculture

Many surface, coastal and ground waters in England are significantly polluted with 78% of
freshwaterbodies failingto meet ‘good’ ecological status as prescribed in the European Water
Framework Directive (WFD) (POSTnote, 2014). Pollutantsimpact water bodies from point(e.g.
sewage treatment work discharges) and diffuse sources (arising from contributions of numerous
small sources distributed across the catchments). Diffuse pollutantsinclude industrial chemicals,
nutrients, microbes, pesticides, herbicides and sediments that originate from a variety of sources
(e.g.urban, industrial and agricultural area) with varying relative importance. Giventhat
agriculture accounts for ~70% of the land area of England, and often higher proportionsin small
headwater catchments, its potential in contributing to diffuse water pollutionis significant with
estimates suggestingit typically accounts for a third (POSTnote, 2014). Therefore, diffuse pollution
from agriculture is one of the major pressures responsible forfailure to meet WFD objectives and
a focus for most of England and Wales’ river basin management plans.

1.2 The policy context

To meetthe WFD water body thresholds for ‘good ecological status’ and thus avoid financial
penaltiesitwill be necessary for policies toreduce diffuse water pollution from agriculture where
this isknown to be a major contributor. This follows the principle of the implementation of Nitrate
vulnerable Zones for meeting waterbody targets for nitrate. Giventhe focus on ecological healtha
holisticapproach to catchment management is required whereby physical, chemical and biological
considerations are taken into account.

There are major policy challengesin reducing diffuse water pollution from agriculture in England
and Wales (see POSTnote, 2014). Policy leverstraditionally consisted of advice, incentivesand
sanctions. In certain circumstances, catchment-scale Paymentsfor Ecosystem Servicesinitiatives
can be effective. For example, SouthWest Water has successfullyimplemented their Upstream
Thinkinginitiative (POSTnote, 2014). This demonstratesa move towards catchment-scale water
managementthat is supported by OFWAT. However, these schemes have only worked in
catchments where benefits have been quantifiable. Areas with specificdesignations (e.g. SSSI’s)
may be eligible foralternative sources of funding for catchment management. Agri-environment
payments have also beenused to helpincentivise water qualityimprovements. In other areas
where the implementation challengesinhibits the PES approach, reliance falls on our obligationto
meet EU legislation and adopt the ‘polluter pays’ principle. However, itis very difficult to prove
the source of pollutionand prosecutionis difficult.

Increasingly, environmental policies are seeking to use voluntary uptake of good practice by all
land managers across catchments, backed up by incentives and sanctions. Defra, Environment
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Agency and Rivers Trusts are now implementing policies (also takinginto account social and
economic considerations) tofacilitate such integrated catchment management. For example, the
Catchment Based Approach (CaBA) and the 25 year environment plan have empowered
partnership working to mitigate pressures at the catchment scale. Similarly, in Wales the Well -
beingand Future Generations Act has drivenintegrated catchment management. However,
knowledge gaps on the effectiveness and targeting of specificmitigations measures currently
constrains the ability to prioritise and implement many policies. To close these gaps Defra
continuesto work in partnership with many organisations and has funded (for example) the
Demonstration Test Catchment projectto advance knowledge onthe effectiveness of measuresto
mitigate DWPA and the Ecological Targeting project (Defra WQ0228) to develop methodsto better
target interventions.

1.3 The Demonstration Catchment Initiative

The Demonstration Test Catchment (DTC) project was commissionedin 2009 by Defra’s
Agriculture and water quality team to test the hypothesisthat ‘it is possible to cost-effectively
reduce the impact of agricultural diffuse water pollution on ecological function while maintaining
food security through the implementation of multiple on-farm mitigation measures’. The DTC
Network was initially established to:

e Investigate approaches to delivering environmental improvements whilst maintaining farm
productivity;

e Answerkey research questionsto support policy formulation;

e Create networks of collaboration and knowledge exchange; and

e Trial an integrated approach to catchment management.

More specifically, the summary report of the first two phases of the DTC project presentpolicy -
relevant questions which are being asked of the DTC research community. These are listedin
Appendix B.

The programme was undertakeninthree phases:Phase 1 (Dec 2009 to Jan 2015) focused on
understandingthe issues, designinginterventions, understanding how to influence farmers,
monitoring water quality outcomes and the role of DTC scientificevidence insupporting
catchment management. Pls noted that it took several months to selectand finalise the sub-
catchments before monitoring could begin. Phase 2 (Jan 2015 to Mar 2018) focused on socio-
economic aspects of catchment management and upscalingand extrapolatingthe work from
Phase 1. Phase 3 (Apr 2018 to Mar 2019) focused on final reportingand further knowledge
exchange. The Pl feedback suggested that the approach evolved overtime, becomingless
focussed on interventions to mitigate DWPA (a response to a more limited implementation of on-
farm measures) and more about understandingand characterising the catchment systems. The

evolution of the project was overseen by a Research Advisory Group and Defra policy officers (Pl
feedback).
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The project was established as a research platform in four catchments (Edenin Cumbria, Wensum
in Norfolk, Avonin Hampshire and the Tamar in Devon/Cornwall) to build on existing
infrastructure, datasets, knowledge and farming contacts all developed through previous
initiatives. These catchments provide good national coverage and representativeness of different
physical and socio-economicfactors relevant to diffuse pollution (see section 10 on generalising
findings for furtherdetail). Furthermore, as the water quality in each of the catchments is
compromised by diffuse pollutionthey provide case study landscapes where there is a needfor
mitigation measures (see below).

1.4 The DTC catchments: Ecological status and pressures

With the exception of the Eden, Dacre subcatchment, all experimental subcatchments are below
the required Good-Moderate boundary based on theirBiological Quality Elements (011; Table 2).
This shows that all catchments (with the exception of the Dacre) can benefit from mitigating
agricultural diffuse pollution. From analysingthe reasons for failure, pressuresfrom fine sediment
and nutrients have beenidentified as the most common issues(Table 2). The identification of
theseissues has informed the adoption of the most appropriate mitigation measuresin each
catchment. Indeed, where waterbodies are classified as having moderate or lower status there is
a legal requirementto put a programme of measuresin place to restore their quality. This really
highlights the important role that the DTC research playsin linking ecological response to
physiochemical drivers at the catchment scale.

Table 2: WFD Classes for Demonstration Test Catchments (Source: 011).

WFD Class
Catchment Sub-catchment Site Issues
2000 | 2011 | 2012 [ 2013
d/s Cool's Farm Control A M P M P Sediment, N, P, Organic
Sem Priors Farm Manipulated M M M M Sediment, N, P, Organic
Donhead Hall Control B P P P P Sediment, N, P
Hampshire Ebble u/s wetland Control P P P N, P
Avon d/s wetland Manipulated P - P N, P
Kingston Deverill Contraol M P M N, P, Flow
Wylye Brixton Deverill Manipulated A M M M P N, P, Flow
Hill Deverill Manipulated B M M M M N, P, Flow
Caudworthy Bridge Manipulated A M M M Sediment, Organic
Caudworthy Water
Tamar Caudworthy Ford Manipulated B M M M Sediment, Organic
Neet Burracott Bridge Contral P M M Sediment, Organic
Eco-control Control Physical habitat, Flow
A P p Physical habitat, Flow, Sediment, N,P
B M p Physical habitat, Flow, Sediment, N,P
Wensum Blackwater c 7 3 . Sediment, N, P
Drain
D M P P P NP
E P P P Physical habitat, Flow, Sediment, N,P
Newby Beck M M M Sediment, P
Morland Dedra Banks Beck M P M Sediment, P
Sleagill Beck M M M Sediment, P
Pow Outlet M - M Sediment, N, P
Eden Paw Tributary A M M M Sediment, N, P
Tributary B M M M Sediment, N, P
Thackthwaite Beck G G G Sediment, P
Dacre Mellfell Beck G G Sediment, P
Lowthwaite Beck M G G Sediment, P

Note: Ecological status of Biological Quality Elements: H=High, G=Good, M=Moderate, P=Poor,
B=Bad. Water Framework Directive is Good or above
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1.5 Aims and objectives of review

The primary aim of this review s to evaluate the knowledge gained, onintervention effectiveness
and farmer engagement, from the DTC programme by undertakinga Rapid Evidence Assessment
(REA) of the available, published evidence. Secondary aims were included to evaluate the broader
physical and social science methodologiesthat were adopted and the approach for generalising
the findings. They wereincludedin our proposed review methodology to meetaspects of the
tenderspecification and to satisfy requirements of the steering committee. These secondary aims
allowed aspects of the DTC to be evaluated that would have otherwise been excluded due to the
strict inclusion criteria for documents under the protocol of the REA. Despite this adaptation to
broaden the REA, Pl feedback emphasises that the focus was much narrower than the original
aims of the DTC platform, and these DTC aims evolved overtime given changing policy and
political priorities.

A REA isan evidence review that provides “an informed conclusion on the volume and
characteristics of an evidence base, a synthesis of what that evidence indicates and a critical
appraisal of that evidence” (Collins etal., 2015). A REA is seento be appropriate for policy and
practice as theyare more systematicand rigorous than a literature review, but more cost-effective
and lesstime-consumingthan a full systematic review. The guidance provided by Collinsetal
(2015) and published by Defra and NERC on how to structure and implementevidence reviews to
support policy making and evaluationsis followed here. The recommended protocol has been
tailored to ensure it fits with the purpose, timetable and required steps outlinedin the invitation
to tender for this project by Defra.

The specificobjectives of this REA were to: assessthe volume and characteristics of the DTC
evidence base; synthesise whatthe DTC evidence base indicates; and to offera critical appraisal of
the DTC evidence base.

The objectives of the DTC and therefore this REA were more complex and wide-ranging than many
evidence reviews. Inthis case we assessed the social science around engagementand uptake of
proposedinterventions; as well as the physical science of whethera suite of interventions has led
to changes in water quality. Many reviews (e.g. Randall et al., 2015) tendto look at one aspect of
these policy questions, not the full suite.

1.6 Identifying end-users and the Steering Group

The end-users of this evidence review are Defra and its associated agencies with an interestin
mitigating diffuse pollution from agriculture and transferring the lessons learnt from the DTC to
current thinking on catchment managementin England and Wales. A broader set of stakeholders
were includedin dissemination stages. The project Steering Group consisted of the
representatives from Defra, Forest Research, Natural England and the Environment Agency.
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2 REA protocol development

The protocol development represented acrucial stepin the REA process with multiple

components. Therefore, considerationis given to defining the conceptual model, primary and
secondary questions, and scope of the work; and their confirmation with the Steering Group.

2.1 Conceptual Model

It was important to have a conceptual model that elaborated the subsequentobjectivesforthe
REA. A schematicrepresentation of the main issuesto look forin the evidence base and how the
aspects link togetherto generate the desired outcomes ensuresthe questionsusedin the
assessmentare relevant and focussed. The conceptual model for this REA is shown in Figure 1.
This does not representthe overall objectives or focus on the DTC programme, but was agreed
withthe REA steeringgroup to guide our narrower focus on mitigation of DWPA through on-farm
measures.

The DTC interventions and adopted methodologies used forassessmentare givenin the orange
ellipse. Orange arrows illustrate the descriptors of the DTC project that affect the catchment land
use and water quality; both represented withinthe green square. The factors that determine the
nature of the descriptorsare given inthe three light blue boxes that overlie the orange arrows.
External confounding factors are givenin the grey rectangular boxes. Primary and secondary
guestions are mapped onto this conceptual model. SP stands for secondary physical science
guestion and SS stands for secondary social science question. These questions are presentedin
section 2.2. We have adapted the original social science conceptual model of policy interventions
and influences on behaviour which influenced the development of the DTC Phase 2 report ( see
Figure 3) to make the model more consistent with the physical science part of the REA and ensure
we have a coherentapproach to the evidence review.
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External Confounding factors (Changes in Regulations/ Markets/Incentives/Information/Support/Technology/policy/
Public Opinion/land use or ownership change)

Stakeholder mapping

Educate, Engage, Exemplify,
Empower, Enforce
Influence of indirect
stakeholders and non-
participants

S Engagement
, e _ Farm Characteristics Behaviour
Interventions ‘ Farmer characteristics
(types, bundles, Perceived/actual cost-benefits
design, Perceived/actual cost-effectiveness
management)
and associated
Socio-economic
and scientific

methodologies

Prior
interventions

Diffuse pollution
(mechanism: Source, pathway, -
receptor & proximity of source Water q uallty
to receptor).

Figure 1: Conce External Confounding factors (climate/legacy/groundwater/non-ag pollution)
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2.2 Primary and Secondary Questions

The primary questions represented an essential part of the REA as they guided what evidence was

extracted and how it was assessed, as well as providing the narrative focus for the synthesis. Two

primary questions were chosen, reflecting the physical and social science aspects of the REA. We

opted to make the primary questions ‘impact’ questions, as we wanted to answer what impact or

effectan intervention has had as recommended by Collinsetal. (2015).

The Physical science question complied with the PICO (Population, Intervention, Control,

Outcome) framework as set out in Table 3.

Table 3: PICO elements defined for the DTC Rapid Evidence Assessment

PICO Element

Included

Excluded

Population

DTC catchments(at various scales)

Studies where results are not explicitly DTC(e.g.
national studies). Exclude methods developed in
DTCs but applied elsewhere.

Intervention

Agri-environment measures.

Measures that reduce water pollution
from agriculture.

Studies where agri-environment measures are
not included

Comparator before and after intervention Studies that do not include water quality or
assessment, sub-catchments with and | biology.
without interventions (control) Studies that do not make a comparison to
identify an effect.
Outcome* Change in water quality (chemical or Studies where an explicit change in water quality

sediment concentration/load/yield or
biology)

or biology is not included.

Exclude studies of sediments (e.g. source
apportionment) or pollutants from land where no
information on resulting water quality impact is
given.

*Although some evidence sources were not PICO compliantthey were labelled as ‘PICO relevant’.

Such sources did not quantify impacts on specificwater quality parameters but enabled strong

water quality inferences. For example, areduction insoil erosion may have been measuredand a

strong water quality inference could be that stream sedimentloads had reduced. In some cases

this was a difficult judgement owingto the limited information available to the reviewer during

theirrapid assessment. The inclusion of ‘PICO relevant’ sources in this reviewis consideredin

Section 3.5.
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The PICO framework was not considered suitable forsocial science so, following good practice, the

social science primary question followed the SPICE (Setting, Perspective, Intervention,

Comparison, Evaluation) framework, as shown in Table 4.

Table 4: SPICE for DTCRapid Evidence Assessment

SPICE Element

Included

Excluded

Setting

The four DTC catchments

Studies where results are not
explicitly DTC (e.g. national studies).
Exclude approaches developed in
DTCs but applied elsewhere.

Perspective

Land based stakeholders

Studies that do not include empirical
data from DTC stakeholders (purely
academic perspective)

Intervention

Uptake of agri-environment measures,
supported by engagement processes

Studies that do not link engagement
processes to specific DTCagri-
environment measures; e.g. studies
about tools or methodological
approaches

Comparison The counterfactual (what might have Material that is not relevant to the
happened in terms of agricultural farming systems of the four DTC
practices without any DTC activities) catchments

Evaluation Extent and quality of researchon farmer | Extentand quality of generalfarmer

engagement that enabled farmer uptake
of DTCagri-environment measures;
extent and quality of research on uptake
of DTCagri-environment measures.

engagement practices; extent and
quality of generalfarmer behavioural
data

Some evidence sources were not SPICE compliant and were not usedin addressingthe primary

aim of the review (see Section 1.5) as our inclusion criteriawere very strict. This meant many

relevant pieces of work were excluded. Forexample, the source discussed engagement of farmers

more generally rather than engaging farmers to take up specificDWPA measuresin the DTC

catchments. Where the sources contained useful information of relevance to the secondary aims

of this study (see Section 1.5), these sources were labelled as ‘SPICE relevant’. The inclusion of

SPICE relevant sources is consideredin Section 3.5. In some cases, judgingwhethersomething

was SPICE compliant or SPICE relevant was difficult, giventhat it may have been possible toinfer

insights for the REA from borderline cases. However, the SPICE criteria were strictly applied and

insights from SPICE compliant (section 5) and SPICE relevant (Sections 8 and 9) sources were

includedin the review.

The primary questions for the REA of the DTC initiative were:




Primary Physical: How effective were DTCagri-environmentinterventionsin DTC catchments for
improving and maintaining water quality?

Primary Social: How effective were DTC engagement processesin fostering and retaining uptake
of DTC agri-environmental interventions forimproving and maintaining water quality?

Secondary (supplementary) questions are often used to tease out the diverse issues underpinning
the primary questions and ensure there is sufficient context and detail to understand the
evidence. Generally, there are only 1-2 secondary questions but here we used more, as our
primary questions (and conceptual model) covered a wide range of interconnectedissues.
Secondary questions are generally non-impact questions and are normally open-ended.

Secondary Physical

SP1. Have DTC monitoring methodologiesresulted inrobust evidence that enables the
effectiveness of a variety of agri-environmentinterventions (in mitigating rural diffuse pollution)
to be assessed at a range of scales from plotto catchment?

SP2. Have DTC modelling methodologies resultedin robust evidence that enablesthe
effectiveness of a variety of agri-environmentinterventions (in mitigating rural diffuse pollution)
to be assessed at a range of scales from plotto catchment?

SP3. Based on DTC evidence how effective are specificagri-environmentinterventions and
combinations of measuresin mitigating diffuse pollution and improving or maintaining ecology?
Are these relevantto or assessed against regulatory standards? Does effectiveness change over
time?

SP4. What models were applied duringthe DTC programme?

SP5. Are models usedto representfuture scenarios (climaticconditions and land use change)
outside the bounds of the DTC dataset?

SP6. What evidence isthere from the DTC programme that the effectiveness of agri-environment

interventionsvaried between DTC catchments and was this related to differencesinthe design
and/or management of the interventions?

SP7. What evidence isthere from DTC data that confounding factors (e.g. climate, non-agricultural
pollution) may be important in the interpretation of the results?
Secondary Social

S$S1. What evidence isthere that the DTC engagement methodologies appropriatelyinformed,
consulted and activelyinvolved farmers and otherstakeholders to maximise uptake of
interventions?
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§S2. What evidenceisthere that the DTC considered behavioural factors when engaging farmers
in theiractivities?

$S3. What evidenceis there of engagementand uptake of DTC interventionsvarying between
catchments?

S$S4. What evidence is presented on the cost effectiveness and benefits of DTC interventions,
during the initiative and forthe five-year period beyond the end of the DTC initiative?

$S5. What evidence is provided that the confounding factors (e.g. existingnon-DTC activities,
influence of non-participating farmers) were accounted for when reportingon engagementand
uptake of DTC interventions?

§$S6. What evidence doesthe DTC data provide about non-participants and why they did not
engage inthe process?

As well as secondary questions, further criteria, derived from the relevantacademic and practice
literature, were used during the evidence extraction and evidence assessment phases, to appraise
the quality and validity of the evidence claims.

2.3 Scope of the work

The evidence usedin this REA has been providedto us and isrestricted to the datasets and

publications produced as part of the DTC initiative (see establish evidence base below). Therefore,

we expectall evidence to meetthe category requirementsinTable 5 below. However, where
there was uncertainty, the criteriabelow were used to decide if evidence was within the scope of
the REA or not.

Table 5: Evidence requirements

Geographical reference 4 DTC catchments (see Figure 2)
Climatic conditions Present day (all)

Language restrictions N/A

Daterestrictions DTC defined 2009 to 2019
Population restrictions DTC defined

Outcome restrictions Farmer engagement and awareness

Uptake of DTC interventions
Water quality

Funder Only work funded by the DTC initiative is
included.
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Wensum
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Tamar

Figure 2: Four Demonstration Test Catchments.

This REA was designed to assess the quality of the DTC evidence base. Therefore, data and
evidence not produced as part of the DTC initiative were beyond scope of the REA. However, the
Steering Group made us aware of non-DTC data and published orunpublished reports funded by
other organisations. Pl feedbackalso drew attention to the fact that the Pls were relyingon
coordination with other projectsto analyse and interpretthe data collected viathe DTC platform,
but these connections did not always materialise. Therefore, future pathways for any external
work to be brought in to contribute to the overall body of evidence are documentedin the
workshop report to capture this learning point.

During January 2020 the protocol was finalised taking account of feedback from the Steering
Group.
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3 Establishing the Evidence Base

All evidence has been provided by Defra in the form of outputs from the DTC initiative. Therefore,
no additional searches were undertaken for evidence; removingthe needfor a protocol to agree
search terms, search scope and search boundaries. Pl feedback highlighted the fact that
documents regarding the DTC archive project were missing, which would explainsome issues
regarding accessibility of monitoring data.

Supporting references are provided using standard citations. DTC material assessed as part of the
rapid evidence assessment are referenced usinga unique identifier, which are listed in Appendix
A, to allow cross-reference to the evidence tables (see Supplementary material 1 and 2).

The outputs were uploaded into the Mendeley reference manager. An Excel master list of
documents was produced and updated following consultation with Defraand the provision of
missinginformation. Missing documents were sought through contacting authors, online searches
and requests to the parallel compendium project (Defra, 2020) WT15116. There were also six
documents identified via Pl feedback, relating to taking a temporal perspective on monitoring
signals, that were not suppliedtothe review. It isunclear if they would have met the criteriafor
PICO or SPICE review.

This resultedin a total of 173 documents making up our evidence base, of which 143 were
assessed for the physical science primary and secondary questions and 77 were assessed for the

social science primary and secondary questions (thisadds up to more than the total, as some
documents contained both physical and social science evidence).

Each document on the excel list was identified as physical, social or both, and assigned a reviewer.
The unique document codes were used to reference evidence sourcesin thisreport and those
cited are included as the DTC evidence reference list. Once a document had beenreviewed this
was flagged on the list with the reviewer’sinitials. The information storedin this excel document
helped the project manager allocate documentsfor review and monitor progress. The draft
evidence review was shared with DTC principal investigators (Pls); and a questionnaire was used to
elicittheirviews on whetherour analysis was factually correct, to draw attentionto any gaps and
to raise issuesthat may explainthe results of the REA. None of the PI’schose to provide feedback
using the questionnaire provided. One Pl responded drawingon comments provided by a further
four researchers, providing a six-page narrative that gave extremely useful contextand
background to the DTC from theirperspective. The bulk of the response drew attentionto where
the focus of the review risked, intheir opinion, obscuringimportant learning points. The remaining
substantive comments regarding our findings were directed to SP5, SP7 and SS4. AnotherPI
provided six pages of feedback on behalf of theirconsortium. This response provided useful
background on the operational details of the platform, which helped explain why certain evidence
was not available. Aswith the other Pl response, the bulk of the material drew attentionto
research findings generated by the DTC programme that were not addressed by the PICO and



SPICE questions. As much of these narratives drew on unpublished or even undocumented
knowledge, this ‘evidence’ would not be suitable to submit to a REA as it is qualitatively different
to formal, published, documents. It has been acknowledged and documentedin the synthesis
process; and missing evidence acknowledged above. This process of primary research has ethical
clearance from the James Hutton Institute (reference 04/2020).

3.1 Screening the Evidence Base

It was agreed with the Steering Group on 21st January 2020 that PowerPoint presentations would
be excluded fromthe review process as they are likelyto duplicate information providedin
reports and papers.

In order to ensure the evidence extraction was efficientit was necessary to screenand
characterise the evidence base to ensure we took account of duplication and redundancy. In terms
of redundancy, multiple outputs may report the same findings from the same data but for
differentaudiences; oran annual report may be subsumedinto a final project report. A single
year of data may also beincluded in the analysis and reporting of a multi-year dataset. Similarly,
there may be duplication where single and then multiple determinants are reported separately
(e.g.one report might only consider effects of interventionson N leaching and another might
considerN as well as P and sediment). Inorder to ensure there was no double counting the most
comprehensive and contemporary document was used, and the ‘duplicates’ screened out. In this
way, the original evidence base was reduced to those appropriate for answeringthe primary and
secondary questions.

Screening of documents was managed and documented in the evidence extractiontable s (see
section 3.2). Where documents are screened out basic information was recorded and the reason
for rejection was noted. Evidence that was relevantbut did not meet the PICO or SPICE inclusion
criteria was identified in the extraction table for inclusioninthe widerdiscussionsections 6-11 of
this final report. Overall, there were 25 PICO compliantdocuments (reducedto 12 when
documents replicatinginformation were removed) and 15 SPICE compliant documents (although
only eight of these 15 had full robustness analysis applied) that were used to generate the findings
reportedin sections4 and 5.

Following good practice, screening undertaken by one researcher was cross-checked by another
member of the project team who screened a subset of the documents. Where there was a
difference of opinion, this was discussed with the Pl for the physical or social research and a final
decision made. All team members were familiar with physical and social questions and they were
briefed to pass on relevant documents to the otherteam where necessary. Pl consultation was
usedto capture any evidence that may have been missed by eitherthe social or physical
researchers.
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3.2 Evidence Extraction

Relevantinformation was extracted from each evidence source and recorded in the Excel
extraction tables (Supplementary material 1and 2).

The first columns of the Excel table gives document information and details regarding whetherthe
evidence meetsinclusion criteriaand whetherit isduplicated evidence. Criteriafor evidence
extraction are given along the rest of the column headers. The criteria allowed us to extract
details of the evidence within each document and record this systematically.

Where appropriate paired columns were used for each criterion — one with pre-set categoriesto
allow us to selecta category for each document. This categorical data can be easily summarised
and used in critical assessment. A standard category for use with all criterion was ‘insufficient
informationto judge’. The other paired column was used for notes to capture information that did
not fit withinthe categories (e.g. if there was some uncertainty about which category or to
capture additional relevantinformation). This allowed for more qualitative judgements that can
help ensure transparency and enrich the narrative commentary in the final synthesis. It was also
used to capture information about when an issue was not addressed and why.

The criterion used for data extraction enabled the physical and social science questionsto be
addressed. The criteria were triangulated with the conceptual model and questions (see section
2.1 above) to ensure that they provided relevant evidence. Three contrasting physical and social
science studieswere used to test and refine the extraction criteria. As with the screeningabove,
individual researchers were allocated a set of documents to review; and met to compare entries
for a sub-set (~10 physical) to ensure consistencyinthe use of categories and capturing of notes.
Further refinements were made to extraction criteriaat this stage.

General, physical and social science criteria

For details of extraction criteria please see the associated Excel templates (Supplementary
material 1 and 2). Fifteengeneral criteriaare included that give detail on the documenttype and
its relevance. Ten criteriaare included to capture information on the geographical context
includinglocation and catchment characteristics. For both the physical and social evidence ~50
additional criteriaare used to extract evidence. Forthe physical science these include information
on the interventions, research design, and conclusions. For the social science these include
information on farm and intervention type, farmerand stakeholder engagement, criteriaon non-
participation, behavioural considerations, cost effectiveness and benefits, and confounding factors
as well as research design. Followingtests by the project team, to maximise consistencyinthe
process of data extraction, predefined classifications of information were used where appropriate
and additional columns included to capture detail.

To enable a critical assessment of the evidence (Sections 4 and 5) it was important to ensure that
the extracted information allowed a number of robustness questionsto be answered and scored.
Thus, prior to evidence extraction, social and physical robustness questions were identified and
checked to see whetherthey could be answered using the extracted information. This led to
several extraction criteria being modified.
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3.3 Critical appraisal of Evidence

A key part of a REA is the critical appraisal of the evidence interms of itsrelevance and
robustness. Thus, the REA does not only answer the primary and secondary questions, but it also
reflects on the confidence we might put in these findings. Each piece of evidenceis evaluated for
its relevance to the question and the robustness of the methods use d. Feedback from the Pls
noted significantinteraction with policy teams in Defra to ensure the DTC was aligned with
emergingpolicy needsin order to maintain relevance. Ingeneral, robustness means both accuracy
and attempts to minimise bias (Collins et al., 2015).

Giventhat asister project (Defra, 2020)! was summarising and consolidating the main findings
from the DTC initiative, this step became even more important to ensure that there was value
added and to illustrate where there may be gaps or contested knowledge.

The REA should tailorthis appraisal to the REA questions, in particular to ensure the evaluation
was appropriate in light of the method used, the target population, interventions and outcomes
measured.

Criteriawere identified to assess the accuracy and robustness of each type of evidence. Inthe
extraction table each document and line of evidence was assigned a category under several
headings (e.g. study design, publication type) to enable the robustness assessment. Aswe
reviewed asample of the documents, these categories were refined and adapted.

Collinsetal (2015) state that all evaluations should considerwhether:

e Specificquestionsand hypothesesare addressed

e Relatedexistingresearch or theoriesare acknowledged

e Sources of fundingand vested interests are declared

e The methodology usedis clearly and transparently presented

e The degree to which the method reduces bias

e The method isappropriate for the research questionand the conclusions reached by the
study

e Assumptionsare specified

e The geography and context of the study is clear, witha discussion of how relevant findings
are to othercontexts

e The methodsused for measurements and analytical techniques are reliable

e Measurements and analytical techniques have been validated and verified

e Conclusionsare backed up by well presented data and findings

e Links betweendescriptions of existing research, data, analysis and conclusions are clear
and logical

1 This Evidence Compendium (WT15116)) covered: summary of the DTC platforms, pollutants, monitoring, catchments
interventions; socialscienceand alist of resources used.
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e Limitationsand quality have beendiscussed.

These were adapted for our study design as outlined below:

Criteria for Relevance and Robustness of Physical Science Evidence

Relevance: Each evidence source was assessed for itsrelevance in relation to the primary physical
question (Y/N) using the PICO criteria (see Table 2).

Robustness: The robustness of physical evidence was assessed by considering 23 questions
focused on the followingfourareas 1) Reporting; 2) Method (Modelling); 3) Method (Monitoring);
and 4) Results. Overall scores were given for each area by averaging component sub scores on a
scale of increasing strength from 1 to 3); produced from answering the specificquestions.
However, the individual sub scores are in many cases extremely importantand were preserved for
use indiscussion. In our evaluation, whilstanindividual sub-score of 1 was typically assigned to
indicate a satisfactory level of robustness, a study with an average close to 1 raised some
provisional concern over its overall robustness. Extraction criteria were carefully chosen to ensure
that all robustness questions could be answered using evidence from the extraction table without
revisitingdocuments. The robustness questionsincludedin each of the four areas (also included
in the evidence extraction table) along with their scores are givenin Appendix C.

Criteria for Relevance and Robustness of Social Science Evidence

Relevance: Each evidence source was assessed for itsrelevance in relation to the primary social
question (Y/N) using the SPICE criteria (see Table 3).

Robustness: The robustness of social evidence was assessed by considering questions focused on
the followingthree areas 1) Data collection; 2) Data analysis; and 3) Reporting, resultingin a total
of 22 questions, although only criteria suitable forthe type of research (qualitative, quantitative or
economic) were applied. Only those documents providinginformation on their methodologies
were assessed for robustness. This differs fromthe physical sections where the lowest score was
given where methods were not presented. Therefore, where robustness scores were not
calculated for the SPICE relevant documents, these could be inferred to be low on the basis of lack
of methodological reporting (see also Appendix D and E).

Overall scores were given for each area by averaging component sub scores (1 to 3); produced
from answeringthe specificquestions. These gave overall judgements of satisfactory, good or
excellent. However, the individual sub scores from each of the areas was preserved for use in
discussion. The robustness questionsincludedineach of the three areas (alsoincludedinthe
evidence extraction table) along with theirscores are givenin Appendix D and the results of the
robustness analysis per document providedin Appendix G.

As well as providing the numeric score, each social science assessmentis accompanied by a text
summary (recorded in excel) describing the reasons for the score for transparency. This
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justification was needed for scoring aspects of the social science as many of the questions will
have less well-defined answers relative to those beingasked of the physical science.

Scoring

As with screeningand extraction, another researcher checked a sample of the work to ensure
consistency of scoring (where time permitted). Collins etal. (2015) advise that these scores are
combined with relevance scores. However, given our REA was only focussed on material from the
DTC initiative, and we screened the evidence base to only retain those of relevance tothe primary
guestions, this step was not required.

This process provided a sense of whetherthe DTC findings were based on robust methodologies
and a sense of whetherthere was more robust evidence in some areas than others. The point of
the evaluation was to improve future research, policy and practice so the assessment was aimed
at illustratingwhere future programmes might need to put more effortto fill research gaps, rather
than criticisingthe existing knowledge base generated by the DTC. Appendix E provides more
reflectionontheseissues.

Summarising the Evidence

Once the evidence extraction had been completed, an initial synthesis of answers to the questions
was made before the critical appraisal was completed.

3.4 Synthesising information

Evidence was synthesised under each question. The extracted information provided the necessary
granularity to structure answers. For example, physical science findings were structured by

intervention type and/or water quality parameter. The objective wasto also give a qualitative
assessment of the robustness of the findings (Satisfactory (S), Good (G), and Excellent (E)).

Similarly, forthe social science appraisal extracted information was also used to structure answers
by questions around engagement type and uptake of differentinterventions. Gapsinknowledge
were summarised and, where possible, acommentary was provided about why these data were
not collected or sufficiently analysed. Suggestions for designing future DTC type platforms were
also included. Cost effectiveness was considered by synthesisinginformati on on cost of
interventionsand theireffectiveness. Areas with ‘insufficientinformation to judge’ were
highlighted.

As this study was a REA a statistical assessment of the results was not appropriate. Findings were
summarisedin a narrative way. For example, we conclude that 80% of high quality evidence
sources reviewed supported Xand Y. The sub scores usedin our evidence quality assessment
were used to enrich the discussion. They helpedidentify the strengths and weaknessesinthe
research and provided useful guidance for future catchment initiatives.
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3.5 Inclusion of non PICO and non SPICE documents

Many documents were screened out of the REA described above (see Section3.1) as the
documents did not specifically provide the information needed toanswer the PICO or SPICE
guestions. However, some of these documents were labelled as ‘relevant’ in the evidence
extraction tables (Supplementary Material 1 and 2) as they contained useful insightsinto the
relevance and robustness of the science undertaken within the three phases of the DTC project.

When addressingthe primary aim of thisreview and evaluating the knowledge gained on
intervention effectiveness for water quality, PICO compliant sources were used to answerthe
primary and secondary questions but where appropriate PICO relevantsources were also
described (note that they were clearly separated from PICO compliant evidence usinga side
heading).

When addressingthe secondary aims of thisreview and evaluatingthe broader physical and social
science methodologies (Sections 6 to 9) and the approach for generalisingthe findings (Section
10), a more traditional approach was adoptedto reviewingthe literature provided and evidence
sources were not limited to the PICO and SPICE compliantdocuments. These sectionswere also
enriched by the inclusion of additional literature sources (identified by the reviewers) and
preliminary analysis of primary data (e.g. Section 6.5.1).

Although PICO and SPICE relevant documents were entered into extraction tables (Supplementary
Material 1 and 2) full data extraction (includingrelevance and robustness criteria) was not
undertaken. However, for many documents researchers captured the main findings,
recommendations and limitations of the studies, along with some characterising features.
Additional information was kept in working files. The data were then qualitatively analysed using
themes generated from the DTC objectives, DTC reviews on the topic and recently published
overviews of the topicinthe literature (Yanow, 2007). Therefore, the focus of these sections is
widerthan the primary and secondary science questions used in the REA, precisely asthe PICO
and SPICE ‘relevant’ papers did not contain the appropriate informationto answer the REA
questions.

3.6 Consulting, confirming and communicating findings

The DTC review dissemination workshop was plannedto be held face-to-face, but was alteredto a
virtual workshop due to COVID-19. The results of the review were presented as an evidence
compendium which synthesisesfindingsinan easily understandable and useable format. This
evidence compendiumis published on Defra ScienceSearch: WT15115. The workshop enableda
discussion of the findings of the REA, the reflections on generalisability and the ‘value-added’.
Attendeesincluded:

e Defra policymakers, analysts and scientists
e Catchment practitioners
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e Members of the Steering Group, and
e Academics whoworked on the DTC catchments

The workshop involved those with an interestin the quality of the evidence base arising from this
initiative and those relevantto thinking of how best to build on the legacy of the DTC programme.
The workshop collated supporting evidence sources that might help to fill any gaps or support a

DTC-like initiative inanother catchment. A full report on this dissemination workshop is provided
in Appendix H.
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4 Rapid Evidence Assessment: Intervention
Effectiveness

In this sectionresponsestoour primary and secondary questions are presented. The results used
are limited tothose generated by the systematic part of the review and thus the evidence
presentedislimitedtothose sourcesthat meetour PICO criteria. However, where appropriate
additional evidenceisincludedin discussion.

Ofthe 177 evidence sources provided 12 passed physical science PICO screening, duplicate
removal and the removal of specificdocumenttypes (e.g. PowerPoint presentations). Please see
associated table of evidence sources (Supplementary material 1). Of these sources 5 were from
the Wensum, 4 were from the Avon and 3 were from the Eden. Four of the studies were model
based, 7 were based on monitoring while one represented acombination. Othersections will
report on other aspects of the review, including: areview of the transferability of the findings; a
review of the monitoringand modelling methods adopted; and a review of the monitoring
infrastructure and data collected. These sections are not constrained by the PICO criteria so they
will draw on all outputs of the programme.

In this sectionthe primary review questionisanswered first by combiningall evidence in summary
form. Distinctionsare not made between intervention types, catchments, scales, study types etc.
Secondary questions are then used to provide contextand clarity on the evidence that underpins
the answerto the primary question. These questions provide importantinformation on whether

evidence forintervention effectiveness depends on factors such as intervention type, water quality

parameter, study method, DTC catchment, and scale.
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4.1 Primary Physical: How effective were DTC agri-
environmentinterventionsin DTC catchments for
improving and maintaining water quality?

The evidence used to answer this questionis presentedin Appendix F (Table F1).

Answer: The DTC evidence base supports the conclusionthat DTC interventions canimprove water

quality (reported reductions of >80% sediment, >90% for specific pesticides, and 75% for nitrate
and 50% for phosphorus) but effectiveness depends onscale and intervention type.

A total number of 12 evidence sources met our PICO criteria and thus provide evidence on
whether DTC interventionsimprove or maintain water quality in DTC catchments (Table F1).
Within these sources, evidence was provided for the effectiveness of 24 intervention cases (10
from the Wensum, 9 from the Eden and 5 from the Avon). In 22 (~90%) of the cases a water
quality benefit was reported in at least one determinant. However, it important to note that in
five of these cases an adverse impact was reportedin at least one other determinant. The
reported water quality effectsincluded sediments, pesticides, and nitrogen and phosphorus
species. It should be noted that no PICO compliant studies reported ecological effects. One
pesticide intervention case showed a reductionin concentration. Of 17 intervention cases that
reported on nitrogen 13 reported a decrease (~2->75%), three an increase (4.7 - 15%) and two no
impact; in some instances reported impacts vary with scale monitored. Of the 22 intervention
cases that reported on phosphorus 17 reported a reduction (~2-50%), two an increase (~4-7%) and
one no change. Of the 13 intervention cases that reported on sediment 11 reported a decrease
(2-82%) and two an increase (8 and 42%). However, a fullerunderstanding of these changes
should take account of the species monitored and the metrics reported (i.e. concentrations or
loads);includedin Table F1. It is also important to note that in many of the cases where low
effectswere reported (e.g. A15, A63) interventionsrelated to <20% coverage of the catchment.
Where studies cover entire catchment areas or plots (e.g. W4, A67) stronger effectswere
reported. Forsediments, smallscale interventions may have a large effectas they treat runoff
from a larger contributingarea (e.g. roadside wetlandin A11 and ponds in A5).

Of the intervention casesreported 10 were modelled and 14 were monitored. Therefore, evidence
supporting water quality benefits of interventionsis based on both modelled and monitored
studiesin relatively equal numbers. Itis interesting to note that two of the modelling cases
reported an increasein N and P (A62). Although outweighed by evidence showingan
improvementin water quality, the evidence provided forthese two cases was scored as robust so
it should not be discounted.

Relevant non PICO study: It is useful to note that a novel study (AC44) used magnetic tracing
methods to measure the sedimenttrappingefficiency of buffersin each of the DTC catchments.
Ten bufferstrips were monitored (4 inthe Avon; 3 in the Wensum; and 3 in the Eden) and all were
foundto trap sediment. A mean trapping efficiency of 39% was reported.
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Robustness of the reported results.

Nine (75%) of the 12 PICO compliant evidence sourcesincludedinthis evaluation are robust with
respect to theirreporting giventhey are peerreviewed articles. The robustness of the results
(Satisfactory (1), Good (2), or Excellent(3)) takes account of the detail presentedto enable an
evaluation of the strength of the findings and their transferability. Of the 24 intervention cases
presented 14 (58%) had Good results with rest having satisfactory results. When thisis considered
alongside the robustness of publicationit is clear that 8 of the 10 with satisfactory results have a
low publication robustness. This reflectsthe fact that they related to lessformal publications that
may include items such as posters and abstracts. Itis not always appropriate to document all
details of the data gained in these types of publications so these satisfactory scores should not be
usedto discountthe work but to flagthat further investigationis needed to obtain the details.
However, the robustness of the results of many studies were scored as low owingto the fact that
very few were assessed against standards and very few present effectivenessforindividual years.

36



4.2 SP1: Have DTC monitoring methodologies resultedin
robust evidence that enables the effectiveness of a variety
of agri-environment interventions (in mitigating rural

diffuse pollution) to be assessed at a range of scales from
plot to catchment?

The evidence usedto answerthis questionis presentedin Appendix F(Table F2).

Answer: Robust DTC monitoring methodologies have allowed the effectiveness of asmall range of
interventionsto be assessed at a range of scales. The majority of studies lacked adequate baseline
and post treatment records.

Intervention effectiveness for water quality was only given for a small subset of potential
measures with some cases reporting effects of unique combinations of measures (e.g. A21).
Although novel observational science was included inthe programme for other interventions (e.g.
bufferstrips in AC44) these results could not be included here as they did not explicitly measure

and report water quality changes. Otherinterventiontypeswereincludedin model based studies
(seeSP 2).

Of the 8 PICO compliant monitoring studies (Table F2) inall but one case overall methodologies
were scored as ‘Good’. It should be noted that the one ‘Satisfactory’ study had a low publication
robustness as it was an abstract (with no full paperavailable)in which you would not expectto
find all the details of the methodology. Itisimportant to note here that monitoring
methodologies were specified in contracts to project partners. Althoughthese overall scores can
be usedto indicate the robustness of the methodologies adopted we acknowledge that it is
important to consider the component scores for a fullerunderstanding. Inall cases the
experimental design was good or excellent with ‘BACl designs’, ‘before and after’ or ‘upstream and
downstream’ experiments beingadopted. Three of the studiesadopted the most robust BACI
experimental design. Furthermore, the location of monitoring with respectto interventions
reportedin the studies was appropriate inall cases. However, we acknowledge that the ability to
detect the effectiveness of measures depended onthe extentto which they were implemented
over the catchments. Where measures were appliedto entire contributing areas effects could be
more easily monitored and detected (Table F2) but where area extent was low (<20%) reported
effectswere lowerand more difficultto detect. In many cases in Table F2 the upstream extent of
measures was not reported as theyrelatedto linearfeaturesor a combination of measure types.
Itis also important to note that the areal extent of some measures may be small but the effectcan
be large where they treat runoff from a large contributing area (e.g. ponds in A5 and wetlandsin
A11). Our main concern is that only 3 of the 8 studiesreported baseline and post intervention
monitoring periods of at leastone year. Of these onlytwo studieshad 2 years or more of baseline
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and post intervention monitoring. Giventhat at least 2 years of monitoring before and after
interventionisrecommended this will constrain the conclusions of the studies. Pl’s
acknowledged thislack of suitable baseline and post intervention monitoringandin their
responses theydescribed how this was discussed in programme meetings but funding constraints
did not allow for a sufficiently long programme.

Hydrological measurements were explicitly considered in some but not all studies. This may have
added additional insightsintothe conclusions drawn. Automated samplingand storm event
sampling was undertakenin some but not all of the studies. In some cases spot samplingis
appropriate but in othercases it may have helpedtoinclude automated measurementsand to
focus on eventsampling. However, this consideration must be evaluated alongside the specific
guestion beingaddressed by the specificstudies. We also confirmed our exp ectation that robust
laboratory analytical procedures were used and reported in most studies. Where these were not
reportedit was due to the nature of the publication.

The PICO compliant evidence relates to studies from plot (part of field), field and sub catchment
scale (~1 — 20 km2). Onlyone study was identified where effects of a specificintervention was
reported for plot, field and sub catchment scale. Whereas the effects of several interventions are
considered at the subcatchment scale there remains a need to report on the effect of specific
interventions at multiple scales. PI’s explained how reduced capital funding for measures meant
that fewercould be assessed and focus necessarily shifted away from landscape scale
assessments.
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4.3 SP2: Have DTC modelling methodologies resulted in robust
evidence that enables the effectiveness of a variety of agri-
environment interventions (in mitigating rural diffuse
pollution) to be assessed at a range of scales from plot to
catchment?

The evidence used to answerthis questionis presentedin Appendix F (Table F3).

Answer: The DTC modelling methodologies have assessed asmall number of interventions at
larger sub catchment and catchment scales (2-1700km2) but not at plot or field scales.

Intervention effectiveness (Table F1) has only been provided using modelling methodologiesfora
small number of intervention types at sub catchment or catchment scales (Table F3). Plresponses
illustrated that in some cases models were specifiedin Defra contracts and the focus was to model
at larger scales (not at the plot or field scale).

Of the 4 PICO compliant studiesin 3 cases (A2, A62, and A67) the overall methodologiesare
scored as ‘Good’. Althoughthese overall scores can be used to indicate the robustness of the
methodologies adopted we acknowledge that it isimportant to considerthe component scores for
a fullerunderstanding.

Two of the studies (A62 and A67) have undertaken validation whereas the other two have not (A2
and A69). Although in each case peer-reviewed and well-founded models were applieditisclear
that there was insufficient datafor robust validation. This relatesto the shortcoming identified
under SP1 with regard to short periods of pre-and/or post- intervention monitoring. Nevertheless,
in two cases (A62 and A67), modelswere run for considerably longer periods under scenario
conditionsto allow for climaticvariability.

Only 1 of the 4 studies (A62) explicitly evaluated uncertainty. Many model applications, especially
those usingmore complex modelsinclude uncertainty analysis as part of the calibration and
testing process. Undertaking uncertainty analysisis therefore a precursor to assessingthe
significance of interventions. This process may or may not have been carried out inthe case s from
the DTC.
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4.4 SP3: Based on DTC evidence how effective are specific agri-
environmentinterventions and combinations of measures
in mitigating diffuse pollution and improving or
maintaining ecology? Are these relevant to or assessed
against regulatory standards? Does effectiveness change
over time?

The evidence used to answer this questionis presentedin Appendix F (Table F4).

Answer: Evidence isavailable fromthe DTC catchments on the effectiveness of specific
interventions onimproving or maintaining water quality (but not ecology) butthese are only
related to quality standardsin a couple of cases and informationis not reported on the
effectiveness of individual years postintervention.

4.4.1 Effectiveness of specific and combinations of interventions

The effectiveness of specificinterventions (Table F4) must be considered with respectto theirareal
extentof implementation (Table F1).

Three studies evaluated the effect of cover cropping on nutrient concentrations (A15, A27 and
A62). Concentrations of N were foundto reduce by 19.6% in A62 and >75% in A15 (where
implementation was 100%). Reductionsin P were only found in A62 where a reduction of 1.6%
was found. Robustness of these results and theirpublication was Good and Excellent, respectively.
However, no changesin dissolved N20 was observedin response to cover cropping (A27).

Three studies (A15, A27 and A62) investigated cultivation practices (notillage and conservation
tillage). Study A15 and A27 found no impact on N and P concentrations, whereas A62 reported N
reductionsof 4.7 to 6.3 % and P reductions 3.8 to 7.2%. Itisimportantto note that studiesA15
and A27 were based on monitored data with 100% intervention coverage whereasthe reported
reductionsin A62 are model based. Robustness of these results and their publication was Good
and Excellent, respectively.

Two studiesinvestigated measuresto manage fertiliserapplication. Study A69 modelled the
effects of a maximum reduction scenario (adopting all measuresin DEFRA userguidance) and
reporteda decreasein N (22-34%), P (53%) and SS (66%). Study A67 modelled the effect of
reducingfertiliserapplication by 30% and found P reductions of ~40%. In both casesthe robustness
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of results was Satisfactory whilst publication was Excellent. The satisfactory results scoresrelated
in part to the lack of details given on the interventionsand the significance of the results.

Two studies (AC21 and A62) reported on combinations of measures. Measures consideredin AC21
included track management, ponds, fencingand roofing whilstthose consideredin A62 included
cover cropping, tillage and drainage. In AC21 although N and P reduced (by 5-26% and 34-50%,
respectively) sediment wasfoundto increase by 8-42%. The increase insediment may have been
caused by the disturbance created by the implementation of the measures. In A62 N was reported
to decreased by 24% and P by 18%. Resultsand publicationrobustnessfor AC21 were Satisfactory
but for A62 they were Good and Excellent, respectively. The robustness of resultsin AC21 were
only satisfactory owingto a lack of detail on the interventions and significance of the results.

Two studies (A63 and A2) investigated the water quality benefits of livestock management. Both
studiesreported a reductionin suspended sediment concentration (2.3and 6.5%) and one of the
studies (A2) reported a reductionin P (4.7%). Both studies were classed as havingresultsand
publication robustness of Good and Excellent, respectively.

Two studies (A62 and A5) investigated field drainage measures (including runoff interception
features and changes to field underdrainage). Both studiesreported reductionsinN and P. Study
A62 reported reductionsin P of ¥32% and N of ~¥60%. In additionto reductionsinN and P study A5
reported reductionsin sediment.. Resultsand publication robustnessfor A5 were Satisfactory but
for A62 they were Good and Excellent, respectively. Although intervention details are givenin A5
the results were still classed as satisfactory.

Two studiesinvestigated wetlands and ponds but only one (A11) presented quantitativedataon
the effect of a roadside wetland (~2.7% of the catchment area). Sedimentwas reportedto reduce

by 14% (concentration) and >80% (load). There was no reductionin P, and N was reported to
increase by 15%. Robustness of results was Good and publication Excellent.

Two studies (A2and A62) considered bufferstrips and field corner management. In both casesP
reductions were reported (2-17%). Study A62 reported N reductions of ~2-5% whilst A2 reported a
reductionin sediment of 3%. Both studies were classed as havingresultsand publication
robustness of Good and Excellent, respectively.

PI’s highlighted the fact that budgetary constraints limited the density and variety of on-farm
mitigation measures.

Relevant non PICO study: It is useful to note that a novel study (AC44) used magnetic tracing
methods to measure the sedimenttrapping efficiency of buffersin each of the DTC catchments. A
high mean trapping efficiency of 39% was reported; providing further support forthe effectiveness
of bufferstrips.
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4.4.2 Are results relevant to or assessed against regulatory standards?

Only three of the 12 evidence sources (A11, A15 and A67) related nitrate, phosphorus and
suspended sedimenttoregulatory standards. When evaluating the effect of a wetland in mitigating
sediment pollution, although study A11 reported reductionsin river sedimentloads and
concentrations, overall they say that there was no improvementin meetingthe WFD (25mg/I)
standard during the first 16 months of operation. Study A15 assessed the effects of cover crops and
tillage practices on nitratesin soil, drainand river water and related these levelstothe EU Drinking
Water Directive (9883/EC ) standard of 11.3 mg N L-1. Cover crops reduced soil waternitrate to
below the standard whilst concentrations under fallow remained above. Noninversiontillage was
not found to reduce nitrate losses in soil water. Both cover croppingand tillage practices were not
foundto reduce river water nitrate concentrations and the standard was exceeded for 4.5% of the
time between September 2012 and August 2015. In the modellingstudy A67, a combination of
agricultural phosphorus reductions together with improved treatme nt at Waste Water Treatment
Plantswould reduce SRP levelsinriversto meet EU WFD requirements.

WEFD classifications of each DTC subcatchment from 2010 to 2013 are presentedinTable 1 (011).
The classifications do not show an improvementin status from 2010 to 2013 for most sites. The
Neet (Tamar) and Dacre (Eden) subcatchments are exceptions where water quality appearsto have
improved. The authors of report 011 suggestthat this may have been due to eitherlarge changes
in waterquality being needed to produce ecological responses or other factors such as physical
habitat constraining ecology. Furthermore, to betterunderstand ecological response to
interventionsthe authors of E14 emphasised the importance of studyingthe impact of short term
events (e.gstorm Desmond) and long term annual variability (A60). PI’s also highlighted additional
publications (notincludedinthis evidence review) that demonstrate ‘legacy’ nutrient behaviour
and the long period of time that may be neededtosee an effect. Thus, the lack DTC evidence of
ecological effects should not be taken as confirmation of no effectbutas representing the complex
and longer term response that may occur.

4.4.3 Does effectiveness change over time?

In all studies changesin effectiveness overtime were not reported as results were not given for
individual years. Withrespectto the monitoringstudiesthis probably related tothe limited length
of record available postintervention. Plfeedbackillustrated how the focus of the project evolved.
Through consultation with the Research Advisory Group, and in response to budgetary constraints
limiting on-farm measure implementation, agreaterfocus was placed on the need for a longer
baseline and thus assessingthe change in effectiveness overtime became more difficult.

With respectto the modelling studies, unlessthey are highly sophisticated, itis unusual for models
to be sensitive tothe build-up of the effect of interventions. Therefore typically results are given as
a comparison between two “steady state” conditions pre-and post- establishment of the
intervention. Often models are applied forlong periods to capture the effects of climaticvariability.
This was the case forthe SWAT and INCA applications meeting the PICO criteria. Model
applicationsin PICO compliant DTC studies were unable to discriminate effects forindividual
sequential years.
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4.5 SP4: What models were applied during the DTC
programme?

List of modelsin PICO-compliant papers:

e FARMSCOPER (A69)

e SWAT (A62)

e CRAFT(A2)

e [INCA-P(A67)
SWAT and INCA-P are process-based models which, in particular in the case of SWAT, have a long-
standing track record of application throughout the world. In principle they are readily applicable
elsewhere butrequire catchment-specificprocesses of calibration and validation. However, many
models of thistype (e.g. SWAT) require estimation of numerous parameters that are not readily
measurable and this can potentially have an adverse effect on predictive uncertainty which
hampers theirutility. In contrast CRAFT is a data driven model. It has powerful potential to be
applicable inspecificcatchments nationwide. This has already been demonstrated to some extent.
However, it is reliant on detailed monitoring data for calibration. Of the models applied, the
FARMSCOPER modelis the most readily transferable and applicable to other contexts in the UK.
This can be achieved without calibration/validation of the model itself, althoughin so doing
reliance is made on the skill and versatility of other more-detailed modelsthat underpinnedits
development. The consequence of this isthat a detrimental effect on accuracy islikelytobe
inevitable relative to that achievable by process-based models whose applications are based on
catchment-specificcalibration and validation.

4.6 SP5: Are models used to represent future scenarios

(climatic conditions and landuse change) outside the
bounds of the DTC dataset?

None of the four PICO-compliant modelling studiesincluded consideration of future climate or
land use change as part of the specified/reported scenarios. However, PICO-relevant studies were
identified that take account of climate change scenarios and these are includedin Section 7.PI
responses also indicated that scenarios were modelled and presented to local stakeholders at local
CaBA partnership meetings.
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4.7 SP6: What evidence isthere from the DTC programme that
the effectiveness of agri-environment interventions varied
between DTC catchments and was this related to

differencesin the design and/or management of the
interventions?

The evidence used to answer this questionis presentedin Appendix F (Table F5).

Answer: The evidence fromthe DTC catchments does not allow a robust assessment of whether
the effectiveness of interventions varies across the catchments and whetheritis related to their
design and/or maintenance.

In total the effectiveness of 24 intervention cases was reported (10 from Wensum, 9 from Eden
and 5 from the Avon). Giventhat the interventionsin each of the catchments are diverseitisnot
possible to compare effect across the catchments (Table F5). To enable thisassessment we would

need evidence on the effectiveness of a specificintervention type /design from several studiesin
each catchment.

As an exception the case of bufferstrip implementation may be investigated tolook at possible
differences between catchments; although only two, modelled-based studies are available (A2 and
A62). Specifically acomparison is possible fortotal phosphoruslossesin the Eden and the
Wensum. In both catchments positive impacts of bufferstrips were simulated. In the Eden a 2%
decrease in total loss was reported whereasin the Wensum a greater decrease (12.2% or 16.9%
for 2m or 6m buffersrespectively) was simulated.

Relevant non PICO study: A novel study (AC44) used magnetic tracing methods to measure the
sediment trapping efficiency of buffersin each of the DTC catchments. Resultswere presented for
the median trapping efficiencies of bm wide buffersinthe Eden (74%), Wensum (12%) and Avon
(16%) catchments. Thus, trapping efficiencies varied acrossthe DTC’s and these estimates were
used with the Catchment Matcher Tool to upscale resultsto other parts of England.

Pl feedback emphasised the difficulty in comparing performance across sites when case studies
represent co-working with framers and the outcome of many diverse decisions, as opposedto a
reductionist experimental design.
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4.8 SP7: What evidence is there from DTC data that
confounding factors (e.g. climate, non agricultural
pollution) may be importantin the interpretation of the
results?

The evidence used to answer this questionis presentedin Appendix F (Table F6).

Answer: The impacts of confoundingfactors are minimised through the adopted experimental
designs. Although confounding factors are often considered conceptually, many of the DTC
studies do not quantitatively account for them.

Confoundingfactors are known to be important in all catchment experiments. The experimental
design adopted by the DTC project was developed to mitigate these as much as possible. BACI1
and BACI2 experimental designs take account of climaticvariations and pre intervention
monitoring periods provide baseline conditions to allow impacts of mitigation to be robustly
assessed. Small headwatersubcatchments are also chosen to avoid confoundingfactors such as
non-agricultural diffuse pollution sources. By focusingon small contributing areas the extentand
impact of interventions should be relatively large in comparison to effects from other activities in
the catchment.

Although confoundingfactors are minimised through the adopted experimental designthey must
always be consideredin interpreting results. Thisis discussed furtherinsection 6 where we
evaluate the monitoring network and the data that was collected. Load apportionment modelling
can be undertakento ensure no unexpected pointsources are presentin each catchment.
Although confoundingfactors are often considered conceptually many of the DTC studies do not
guantitatively account for them (Table F6). We acknowledge the difficulty in quantifying
confoundingfactors. However, it isimportant to note that the effects of several confounding
factors such as climatic variability (e.g. storm Desmond E1;E14) and the disturbance relatingto
construction of interventions may have beenreducedif longerperiods of pre and post
intervention monitoringwere included. The potential importance of confoundingfactors was
identifiedinstudy A15. In this case a reduction in P was observedinthe river drainingthe
Blackwater (Wensum) subcatchment but because a reduction was not seenin the drain flow at the
intervention level this reduction was attributed to another factor.

Accounting for confounding factors isa complex process when considering model applications. In
each case the evaluation entails a dependency on the complexity of the model used. Process-
based modelsimplicitly take many confoundingfactors into account when set up to simulate
entire catchments. This is relevant for the models used in the DTC and the studiesin whichthey
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were applied which met the PICO criteria. For example the SWAT and INCA-P models consider
non-agricultural land uses, point sources from STWs and in-stream (and groundwater) legacy
effects. However, quantification of these confounding factors islessreadily made in reported
studies, largely because it is not straightforward to extract and isolate them in a quantifiable way.
In the other hand simpler models typically considerfeweror no confounding factors in their
structure. These may have been considered external tothe model applicationitself. For example
this was the case inthe application of CRAFT to the Eden where the effect of interventions was
assessedin the context of the characteristics of rainfall storm events.

The DTC project has provided both data and models that could potentially be used in combination
to produce a novel quantification of the importance of confounding factors in agricultural
environments where interventions have been established. We acknowledge that this exercise will
have been beyondthe scope of the DTC project.

46



5 Rapid Evidence Assessment: Farmer engagement
and implementation

In this sectionresponsestoour primary and secondary questions are presented. The results used
were limited to those generated by the systematic part of the review and thus the evidence
presented was limited to those sources that met our SPICE criteria. However, where appropriate
additional evidence wasincludedin sections 8, 9 and 11. Of the 171evidence sources provided 15
passed social science SPICE screening, duplicate removal and the removal of specificdocument
types (e.g. PowerPoint presentations) and eight were subjected to robustness analysis. Further
information onthe methodology appliedforsection5 can be foundin Appendix E.

In this sectionthe primary review question was answered first by combiningall evidence in
summary form. Secondary questions were then used to provide contextand clarity on the
evidence thatunderpinsthe answerto the primary question. These questions provided important
information on whetherevidence for engagementand implementation were robust.
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5.1 Primary Social Question: How effectivewere DTC
engagement processesin fostering and retaining
uptake of DTC agri-environmental interventions for
Improving and maintaining water quality?

The DTC social science documents shared a common approach to fostering uptake of diffuse
pollution mitigation measures. They firstly engaged farmersin a discussion about the issues of
diffuse pollution, and theirrole in mitigation, then behavioural issues around willingness and
ability to make changes to their farming practices. Once these discussions have taken place, a
change to uptake a measure could occur. This approach was reflected in the conceptual model (see
Fig1) that guided our extraction and evaluation analysis. Therefore, to answerth e primary social
science question linking engagement to uptake as agreed by the Steering Group, we needed
documentsthat discussed farmerengagement, farmer behaviour, and then the implementation of
measures that were monitored by the DTC programme.

5.1.1 Relevant Evidence Sources:

The evidence used to answerthis questionis presentedin Appendix G (Table G1). There were two
SPICE compliantdocuments (AC26 and 011).

It proved difficultto answer this question using the SPICE documents as very few (AC26 and 011)
SPICE documents explicitly linked the specific DTC engagement processesto uptake of measures
and no SPICE documents provided an explicitindication of whetherthese measures will be
sustainedin the future. AC15 reported that interviews were carried out with farmers who had
extensive involvementand implementedinterventions, butthe results of these interviews were
not easily identified inthe extraction table. 011 also noted the ‘protracted negotiationsto ensure
buy-infrom farmers’ (p89), includingthe need for planning permission forsome interventions (Pl
Feedback). The feedback confirmed that due to changes in focus and budget constraints, very few
on-farm interventions were funded within the DTC programme.

The documents where the full conceptual approach, and which mitigation measures were
installed, are assessed below. 011 presented information on behaviour surveys and workshops as
well as implementation of measuresin 12 farms in all four catchments, and AC26 discussed
working with a farmer to demonstrate farmyard managementand flow attenuationin Avon, and
Wensum. Note that AC21 discussed DWPA measures monitored in all four catchments but did not
linkthese measuresto stakeholderengagement or widerbehavioural issuesand 011 also
discussed a wetland mitigationintervention onthe RiverEbble but there was no commentary on
how the farmer(s) were engaged. The Physical science data extraction noted additional references
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to interventions onthe Dacre and Pow sub-catchments of the Eden, covering water attenuation
and rural SuDS, soil aeration, riparian fencingand woodland creation, however within documents
011 and AC21 these measures were described as being proposed for implementation during
phase 2 of the project, rather than reportingon what had beenimplemented.

5.1.2 Howrobust are the evidence sources?

011 was analysed for robustness (overall score was satisfactory). As explainedin Section 3.3, only
documents providing methodological information were assessed fortheirrobustness. The table of
robustnessresults can be foundin Appendix G (Table G1).

5.1.3 Summary- How effective were DTC engagement processes in fostering and
retaining uptake of DTC agri-environmental interventions forimproving and
maintaining water quality?

. It was hard to assess to what extent engagementledto and sustained uptake, particularly
without data on non-participants’ uptake of DWPA measures. The REA found DTC used a range of
methods to engage large numbers of stakeholders, drew attention to the importance of active
involvement of farmersin the platform, and suggested the need to supplement farmerdiscussion
groups with effective technical advice. The DTC social science documents were strong on
illustrating the complexity of the relationship orseries of choices farmers make between
becomingaware of DWPA and finallyimplementing changes on theirland. However, it was
difficultto find evidence of the full approach (from engagementto sustained uptake) being
implemented. Therefore, there was insufficient evidence to fully answer this question.

Feedback from Pls on the REA findings critiqued the narrow SPICE focus, arguing that the DTC was
focussed on widerknowledge exchange practices to discuss and understand the nature of the
DWPA problem and to build trusted communities of practice. The Pl feedback also argued that
whenthere are many small farmers working togetherina complex landscape (includingcommons)
it was hard to assessthe link between intervention and catchment outcome. These aspects are
discussedinSections 8, 9 and 11, where we could explore these widerissues beyond the
constraints of the formal REA evidence extraction process.
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5.2 SS1: What evidence is there that the DTC engagement
methodologies appropriately informed, consulted and
activelyinvolved farmers and other stakeholders to
maximise uptake of interventions?

5.2.1 Relevant Evidence Sources:

There were 12 SPICE documents reviewed to answer this question (A35, AV11, W23, AC26, A9, E9,
013, AV8, 011, AC21, AC25, AC15). W42 and W21 did not have any data extracted for SS1. W42
was focussed on workshop messages of what should be done in the future. W21 focussed on
explainingthe approach to CEA using FarmScoper Tool and A1l focussed on CEA of roadside
wetlands, without exploring stakeholderviews.

5.2.2 Which stakeholders were engaged?

Explicit stakeholderanalysis and mapping techniques were mentionedin three documents (A35,
W23, AC15) and could be inferred from 013 which noted the importance of engaging farmers,
scientistsand advisors. The other documentsdid not provide information of whetherand how the
overall stakeholder population was assessed.

All 12 documents discussed engaging farmers. Some farmers actively engagedin implementation
of DTC measures were not typical of their peers. For example, AC26 notes DTC Wensum was
working with Farmers Weekly Farmer of the Year and Arable Farmer of the Year.

Six documents (AC15, AC21, AC25, 011, A9, 013) also discussed engaginga combination of
stakeholdersincluding:

e Farm advisors (AC15, AC21, A9, 011, AC25, 013),

e Catchment Sensitive Farming (CSF)Officers (013, AC21)

e EnvironmentAgency (EA) (013, AC21),

e RiverTrust and other Non-Governmental Organisation staff (AC15, 011, A9, 013),

e Defra (AC25, 013),

e Farm Contractors (013) and

e Utilities (AC15, 013).
011 discussedinformation displaysforthe general publicand how it was essential towork with
EA, Natural England and CSF to develop solutions that work for work for farmers and ‘land-
owners’.

5.2.3 Whatis the reach of the engagement?

Whilst we tried to extract numbers of farmers informed, consulted and activelyinvolved, we could
not find accurate evidence for these numbers. The reason for the difficulty was that sometime
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numbers were not given for attendance at eventsor activities, or at other times, the numbers of
farmers and other stakeholders were reported together. 011 and 013 gave the most
comprehensive overview of the activitiesin the four catchments, suggestingan impressive range
of eventsand engagement. For example, 011 summarised that the eventsin DTC catchments had
been attended by over 500 farmers, 400 other stakeholderrepresentativesand 1500 members of
the general public. However, it was difficultto arrive at a single figure foreach category of
engagement by stakeholdertype. Five documents (AC21, AV8, 013, AC26 and AC15) reportedon
the proportion of farmers informed, consulted or actively involved but the rest did not. One
document reported the overall percentage of farmers in the catchment that were engagedin the
DTC activities (AC15), although others e.g. AC26, AC21 gave total farms engaged but did not
presentthis as a proportion of the overall farmers and land managers. Likewise, two documents
(A35 and W23) stated whether the farmers and farms they were working with were typical of the
catchment and two specified the locationin the catchment (AC26, W21).

In most documents, it was not stated how the farms or farmers were selected. Where it was
stated it was purposive in six documents (A35, W23, AC15, AC26, 011, AC21) and self-selectingin
one case (AC21 Annex farmer survey).

Four spice compliant documents reported working with otherexistingfarmer networks (AC26,
013, 015 and 011). AC26, 013 and 011 mentioned working with CSF, 015 and 011 discussed how
all 4 catchments are part of the Catchment-Based (CaBa) approach and have active CSF processes.
In addition, thisembeddednessinlocal partnerships was important for DTC success (forexample
Upstream thinking Paymentfor Ecosystem Services (PES) in Tamar, Saving the Eden Consortium
etc).

AC15 reported that the widerfarming community were asked about theirawareness of the DTC.
Over half of the survey participants had participated in DTC activities (reported in AC16) with the
most respondents having participated coming from the Eden and leastin the Avon. AC16 also
reported on the effects DTC had on theirbehaviourwith the mean failingbetween ‘alittle’ and ‘a
fairamount’.

5.2.4 Whatis the depth of the engagement?

As notedin O11, there was a trend overtime to more two-way discussions and more active
involvement withinthe catchments. The conceptual model assumed that information provision
will be backed up by consultation with relevant stakeholders onappropriate mitigation measures
and behavioural barriers to uptake as well as confoundingfactors. There would be active
involvement of those stakeholders actually engagingin new mitigationinterventions.

Very few documents provided an explicit explanation of why they chose to engage as theydid
(A35, AC26, 013 and 011) with AC26 and 011 explaining how collaborative approachesin the field
were needed to move beyond information provision to build trust and form networks.
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Overall, the 12 SPICE documents suggested the DTC followed good practice by usinga range of
approaches includinginformation provision viaregular and social media; consultation via
workshops, conferences, meetings, engagement events, farmerevents, research collaboration
events (both DTC badged and presenting at other meetings e.g. CSF etc) and active involvementin
negotiatingand designingthe implementation and maintenance of measures; as well as
monitoring. However, as shown in the answerto the primary question, the degree of active
involvement was limited compared to the information provision and consultation activities.

5.2.5 Howrobust are the evidence sources?

Of the 12 SPICE compliant documentsreviewed, 6 were reviewed for robustness (the other six did
not provide sufficient methodological detail to be rated). These documentsreported on social
science that were a combination of qualitative, quantitative and/orsome economic data (A35,
AC15, 013, 011) and quantitative (AC21, A9, W21) research approaches. Of these seven
documents, three were rated satisfactory (W21, 011 and 013) and four were rated good (AC21,
AC15, A35 and A9). The table of robustnessresults can be foundin Appendix G (Table G2).

5.2.6 Summary: What evidence is there that the DTC engagement methodologies
appropriately informed, consulted and actively involved farmers and other
stakeholders to maximise uptake of interventions?

The DTC programme engaged a range of appropriate stakeholders usingan array of methods to
inform, consult and actively involve these stakeholders. However, there was limited evidence
available about the overall reach of the engagement, and little information about the active
involvement strategies used when engaging farmers about the specifics of why and how they
decided to implement DTC measures.
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5.3 SS2: What evidence does the DTC data provide about non-
participants and why they did not engage in the process?

5.3.1 Relevant Evidence Sources:

A9, AC21, AC26 and 011 providedinformation about non-participantsin their studies. 013
providedinformation on 13 ‘non- participant’ farmer behaviourtypesin relationto adoption of
‘environmental schemes’ butthese were not specificto non-participantsinthe DTC
interventions.AC15noted that as survey “participants were largely drawn from those who had
previous engagement with the DTCs there was no special effortto include non-engaged farmers”
(p12).

5.3.2 Who did not engage?

All four documents focussed on farmers as non-participants, so we do not know a about other
stakeholders (e.g. advisors, contractors, Defra agency staff, water utility staff).

A9 recorded that some farmers in the Eden, Wensum and Avon who responded to the survey
were not currently implementing some of the proposed measuresand were unlikely to adopt
proposedinterventions as part of the baseline survey. This did not tell us anythingabout whether
they changed their minds during the DTC interventions. There was no furtherinformation
provided.

AC21 noted that some farmers in the Eden and Wensumdid not engage but did not provide any
information about why they did not engage.

AC26 noted that some farmers in the Avon did not want to engage for an unspecified ‘range of
reasons’ but also noted that collaborative approachescan ‘bring eventhe most resistantfarmers
on-board’ (p3).

011 described how one farmer did not want to engage in the Eden due to tenancy and succession
issues. 011 noted that many arable farmers in the Wensum, Tamar and Avon were not very willing
to implement bufferstrips, whilst 22% of farmers surveyed were not intending to take up any new
measures. However, no further information was provided that specifically referred toreasons for
theirunwillingness.

5.3.3 Why did they not engage?

One document(011) provided information about reasons not to engage or take up specificDTC
measures, this was a farmer who was unwillingtoimplement DTC measures in the Morland sub
catchment on the Eden due to the likelihood of forthcoming change in tenancy. Note that this
document was scored as the least scientifically robust of the three documents evaluated.
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5.3.4 Did thisinfluence the uptake of DTC interventions in the catchment?

It was unclear why many farmers did not engage, or take up measures, usingSS2 criteria alone,
but further insights can be gleaned from SS3, which reflects on why farmers may not wishto
implement measures to tackle diffuse pollution foragriculture.

5.3.5 Howrobust are the evidence sources?

We were able to evaluate A9 (Good), AC21 (Good) and 011 (Satisfactory). The types of documents
were a peerreviewed paperand two non-reviewed reports. All three reported on a combination
of social and physical sciences and within the social science the types of science covered

gualitative, quantitative and economicresearch. The robustness scores can be found in Appendix
G (Table G3).

5.3.6 Summary: What evidence does the DTC data provide about non-participants
and why they did not engage in the process?

There isvery little evidence provided aboutthose who did not participate in the full range of DTC
processesand little explanation about why certain stakeholders did not engage with the project.
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5.4 SS3: What evidence is there that the DTC considered

behavioural factors when engaging farmers in
implementing interventions?

5.4.1 Relevant Evidence Sources

13 SPICE documents providedinformationfor SS3 (A35, A9, AC15, AC21, AC31, AV11, AVS, E9,
011, W23, W42, W7, W94).

5.4.2 Were behavioural factors considered?

The following conceptual model of policyinterventions andinfluences on behaviour guided the
development of the DTC Phase 2:

Ve
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L Social factors |:‘>[ Intention ]%
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individual (both £ and non-£) society

Figure 3: DTC Phase 2 Conceptual Model (DTC, 2016, 011).

The work reported inthe documents reviewed clearly showed that data had been collected on the
baseline levels of most of the factors influencing behaviour present in this conceptual model. Farm
surveys had beenundertakento collect data on baseline farm characteristics (011), attitudes
(011), and frequency of past behaviour, which had been measured through records of current
(pre-DTC) uptake of interventions. Of the 88 farmers surveyedin baseline Farm Survey across
Eden, Wensum and Avon, 87% were already enrolledin ELS and 40% in HLS (O11). AC21 reported
that the type of farm, land tenancy and enrolmentinan existing AESdid not influence probability
of choosing a new AES (ina stated preferencessurvey).

In reference to attitudes:
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e Two documents reportedthe level of awareness of diffuse pollution from agriculture was
recorded (A35 and AC15). AC15 was the only document that reported changes in the
understanding of diffuse pollution withinthe DTC project.

e Eight documents (A35, AC15, AC21, AC31, AVS, E9, 011, W94) reported farmers’
perception of the efficacy of interventions. While farmers reported mixed perceptions for
most interventions, the documents also highlighted which interventions appear efficient to
farmers (Cultivation and drilling across slopes, Track re-surfacing) and those for which
farmers who were reported as being sceptical about theirefficacy of the following
interventionstoaddress diffuse pollution.

e Two documents reported that farmers’ attitudes to the environmentwere recorded (A35
and AC31).

e Sixdocuments reportedthat farmers’ attitudes to change and innovation were recorded
(A35, AC21, AC31, AV11, AVS, E9).

Regarding frequency of past behaviour:
e three documents reported that farmers’ agri-environment experience was recorded (A9,
AC15, AVS).

Farmers' identities were key to delivery of ecosystem functions by farmers (AC31). Productivist
identities did notalign with ecosystem service provision, as theirfocus was on production of food,
not ecosystem services. There was a need to foster move from a productivistidentity to "multi-
functionalist" identity. A35 also provided evidence thatidentity, beliefs, agency social norms and
social network were potential factors affecting uptake of interventions. AC15 noted that pro-DWP
was not part of social norms.

Other social factors were found in AC31 (preliminary findings) which reported on the importance
of acknowledging agricultural as well as non-agricultural sources of pollutants. Farmers were less
likely to engage if other sources were not acknowledged (see also W23). AC31 highlighted the
importance of neighboursand consumers as influencers of uptake of mitigation measures, as well
as family members and local residents. 011 highlighted the importance of champion farmersand
early adopters.

Studies reporting external factors that might influence uptake mostly focused on the role of
advisors influencingagency (W42, AC15), the importance of demonstration for uptake (W42,
AC31) as local context matters, and on the role of information (AC15). Conflictingadvice could be
a barrier to uptake (AC15, A9 based on literature review).

5.4.3 Is the connection between behavioural factors and engagement, and
subsequent uptake, made?

Less evidence of uptake of interventions was provided in the documents reviewed. The evidence
of uptake at the catchment scale was limited to a few targeted farms involvedin the physical
science research. We could not find evidence that reported diffusion of uptake to other farmersin
the catchments as the DTC project progressed.
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Two documents provided evidence that behavioural characteristics explain engagementin DTC
activities (A35 and AC15), and three documents (A35, AC15 and E9) reported that the
understanding of diffuse pollutioninfluenced uptake of interventions, fora wide range of
interventions.

Most of the evidence linked behavioural factors to the intention to uptake of interventions (e.g.
2014 motivational survey, baseline survey a well as defined choice experiment survey (DCE) (AC21)
- most sources only reported findings from the baseline surveys and few results from the DCE are
reported). For example, AC15 reported on whetherthe farmers’ perception of interventions, in
terms of environmental benefit and, private financial benefits, influencesintentiontoadoptthem
but not whether this perception actually led to an uptake of the intervention norwhether these
benefits were realised.

Differentbehavioural aspects were reported as underlyingthe intention of uptake of different
interventions or past uptake of interventions (W7, 011 and AC15-16). For example, inthe case of
cover crops, W94 reported that farmers who were growing cover crops appeared to be innovative
and willing to experiment, with one commenting ‘It’s going to be trial and error to work out what
is best’. E9 instead reported from the baseline survey that sedimenttraps had the lowest uptake
rate. There were mixed responses regardingintentionsto adopt, and sediment traps were more
popularin areas that are wetan unproductive, with farmers’ being motivated by environmental
(wildlife) and aestheticpreferences as well as by perceived flood risks. W7 assessed eight
behavioural aspects (social/cultural, economics, institutional, environment, demographics,
automatic and reflective motivation, capability) for 11 mitigation options. The main barriers to
uptake were economic (prices of crops) and reflective motivation (waste of land).

Finally, of 21 measures plannedto be introducedin 2012, lessthan half were implemented by
2016 and five of the introduced measures were only partially successful (AC16). Nine farmers

found alternatives orno longerneededto do them and two were not introduced due to financial
constraints. How robust are the evidence sources?

5.4.4 Howrobust are the evidence sources?

Five of the 13 SPICE documents providinginformation for SS3 were assessed for robustness as the
remaining 8 did not provide enoughinformation on the method usedto be assessed. Four
documents were assessed as Good (A9, A35, AC15, AC21), while one was assessed as Satisfactory
(011). Furtherinformationcan be foundin Appendix G (Table G4).
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5.4.5 Summary: What evidence is there that the DTC considered behavioural
factors when engaging farmers in implementing interventions?

There isevidence that behavioural factors were takeninto account when designingthe project
and planning engagementactivities. However, the reporting of these behavioural factors and the
evidence that these might have affected uptake of interventions, was limited.

5.5 SS4: What evidence is there of engagementand uptake of
DTCinterventionsvarying between catchments?

5.5.1 Relevant Evidence Sources:

Of the 15 SPICE documents, nine documents contained data relevant to more than one
catchment:

e Two 011 and AC21 covered all four catchments.

e Four covered the Eden, Wensum and Avon (A35, A9, AC15 and W42)

e One (AV11) coveredthe Avonand Tamar

e One (AC25) coveredthe Eden and Wensum. Note AC21 also covers these two catchments

e E9focussedon the Eden but does provide some comparative data with other DTC
catchments.

However, A9, A35, AC25, AV11, 011, W42 did not present comparative data between catchments.
011 reported some differences between farm types that may give some insightsinto differences
between DTC catchments, giventheir different overall mix of farm types. However, AC21 stated
‘The probability of choosing the status quo or any agri-environmental optionis not significantly
affected by the type of farm, the area of a feature, the land tenancy regime or whetherthey are
enrolledinany agri-environmental scheme’. (p80).

5.5.2 How did engagement processes vary between catchments?
Types of stakeholders
Farmers were engaged in all catchments (011).

Other stakeholders were engagedin the Avon (013, A9, A15); Eden (011, AC25, AC21, A9, A15);
Wensum (AC25, AC21, A9, A15). It isunclear how much interaction with other stakeholders
occurred inthe Tamar although reference is made to the widercatchment activitiese.g. PES
scheme involving otherstakeholders.

Types and depth of engagement

Farmers were engaged by: information provision (011); consultationvia surveys (AC21, AC26,
AVS8, 013, AV11, AC15, E9, AC15); interviews (AV11, AC15, ES, AV11, A9) and workshopsor
discussion groups (AV11, E9, A35); and farm visits (AC25, AC21, 011).
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Farmers were also actively involved in monitoringin the Wensum (using monitoring kits) and Eden

(using farm diaries) (011). A farm (estate) inthe Wensum was used to demonstrate DTC
interventionsto other farmers (AC26).

Other stakeholders were engaged through farm visits and walks as well as across all catchments in

stakeholderworkshops (011). The potential DTC intervention options were often discussed with
advisors and farmers in discussion groups before finalising choices with the individual farmer.

Numbers of engagement

As itisunclear exactly how many farmers were informed, consulted or actively involved across the
DTC programme, it is impossible to be accurate about any differences between catchments. O11
and 013 do give overviews of the entire suite of DTC engagement or Knowledge Exchange
activities but the numbers are not produced for discrete catchments.

Working with farming networks and CSF

011 notesthat all four DTC catchments involve actively coordination with CSF and CaBa processes.

5.5.3 Wasthere a difference in uptake between catchments?

Bufferstrips and Livestock grazing and stocking were taken up in all four catchments. Farmyard
managementand Traffic on fields wastaken up in Avon, Eden and Tamar. They were not taken up
in Wensum although these measures were discussedin more general terms in consultation with
farmers. Wetlands and ponds were not taken up in Tamar and Wensum. Cultivation measures
were not taken up in Avon or Tamar— though these measures were discussedin more general
terms in consultation with farmers. There were many specific‘other’ interventions thatwere
bespoke to a single catchment.

The PS data extraction noted additional referencestointerventions onthe Dacre and Pow sub-
catchments of the Eden, covering water attenuation and rural SuDS, soil aeration, riparian fencing
and woodland creation, howeverwithin documents O11 and AC21 these measures are described
as being proposed for implementation during phase 2 of the project, rather than reportingon
what had beenimplemented. For completeness, the measures have beenadded. A table
illustratinginterventions across the catchments can be found in Appendix G (Table G5).

5.5.4 Were there differences in behavioural aspects?

E9 reported that Eden farmers were the least likely to start sharing machinery, join a discussion
group or develop joint countryside stewardship agreements compared to other DTC areas. AC15
also found that Eden farmers were less likely than farmers from Avon or Wensum catchments to
incorporate manures into soil within 24 hours and Avon farmers particularly stressed financial
constraints and weather (confoundingfactors) as negative impacts on uptake, compared to
practical impacts on farming practices in Wensum (within farmer control). Wensum farmers were
also more likely to undertake joint activities to control DWPA (AC15).

59



011 reported some differencesin current uptake (as of 2012-13) and future attitudesto uptake of
mitigation measures between farm types (arable, lowland livestock, dairy and mixed) that may
give some insightsinto differences between DTC catchments. Arable farmers already have high
uptake (more than 75%) of cultivation, bufferstrips, cover cropping, fertiliserapplication, infield
manure management, traffic on fields and other (plant hedges) types of mitigation measures.
Lowland farmers already had high uptake of livestock grazingand in-field manure management
measures. Dairy farmers shared some existing measures with lowland livestock (livestock grazing
measures) but also used field drainage and fertiliserapplication measures. Finally, mixed farmers
shared common interventions (cultivation, in field manure management, trafficon fields, fertiliser
management, livestock grazing) with the other farming systems. Overall dairy and lowland
livestock farmers had fewerexisting measuresin place. Dairy farmers reported a positive future
attitude to uptake of large range of mitigation measures, compared to arable, mixed and lowland
livestock. The latter is the most noteworthy, given how few measures were already implemented.

AC21 reports that Wensum and Eden differinterms of land use (more arable crops in the
Wensum, Eden dominated by grazing) but broadly speakingthe views of the farmers on the
environmental benefits of DWPM measures were similar. The differencesdiscerned were most
farmers are ignorant of the potential environmental benefits of measuresinthe Eden, in the
Wensum farmers associated DWPM measures more with wildlife benefits and not mitigation of
diffuse pollution. Note that these data do not specify if these mitigation measures are prompted

and installed viathe DTC programme, or general DWPA measures (includingthose installed before
the DTC began).

5.5.5 Howrobust are the evidence sources?

For the five SPICE documents that have robustness scores, two were satisfactory (011, 013) and
three were good (A9, AC15, AC21). The robustnessscores can be foundin Appendix G (Table G6).

5.5.6 Summary: What evidence is there of engagement and uptake of DTC
interventions varying between catchments?

The evidence was often summarised across catchments, making distinctions between catchments
more difficult to assess. Engagement does not seemto vary between catchments. There are some
differencesin uptake of measures and intentions to uptake further measures, but these tendto be
related to farming systems and personal attributesthan beingspecificto the geography of
individual catchments. Pl feedback argues that the Eden differed fromthe other catchmentsin
terms of the complex social landscape of small, often economically challenged, family farms,
increasingthe challenge to connect the effect of an intervention onthe receiving sub-catchment.
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5.6 SS5: What evidence is presented on the cost effectiveness
and benefits of DTC interventions, during the initiative and

for the five-year period beyond the end of the DTC
initiative?

5.6.1 Relevant Evidence Sources:

Nine SPICE documents provided some information on the cost effectiveness of interventions: 1
newsletter (AC25), 3 peer reviewed papers (A9, A11, A35) and 5 reports (AC15, AC21, 011, W7,
w21).

5.6.2 Is Cost-effectiveness or Cost-Benefit analysis undertaken?

Looking at the nine SPICE documents, one provided a full cost benefitanalysis, four provided full
cost-effectiveness analysis (CEA) of interventions, seven some information about the costs and
effectiveness of interventions?, and two provided information on uptake but not on cost-
effectiveness analysis. Most reported the cost effectiveness of several interventions.

It seems, from the documentsreviewed, that duringthe first stages of the DTC projects, CEA relied
on the FARMSCOPER tool to provide estimates of costs from the adoption of interventions (e.g.
A9). Pl feedback highlighted thatthe DTC programme did use research that assessed regional
variationsin measure costs and that using 5-year average costs captured any regional variations. .
In later steps of the project monitored costs from trials on engaged farms are reported (AC21,
011, A11).

The FARMSCOPER tool estimated the average cost of adoption and effectiveness of interventions
for a “standard” representative (at the national level) farm for different production systems. This
meant that the costs reported are not specificto the DTC catchments.

A1l provided a full cost-benefits analysis of roadside wetlands, providinga monetary value to the
reduction of diffuse pollution, whichisthen compared to the costs of the intervention. The
authors concluded that a standard wetland would have a payback time of 8 years, after which the
benefits start compensating the costs. AC21 (2018) provided a full cost effectiveness analysis of
the differentinterventionstrialled on engaged farms on the Eden and Wensum, some assessment
of the costs of the interventions assessed onthe Tamar, while no information on the cost
effectiveness of interventionstrialled on the Avon are reported. O11 provides some estimates of
costs for all four catchments. Pl feedback noted that there were lengthy debates about how to

2 Some documents provide a full CEAfor some of theinterventions while only some assessment of the costs and
effectiveness of other intervention, hence the total number is larger than the number of SPICE documents.
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calculate environmental damage costs, and that usingthe FARMSCOPER values help with
consistency and ability to compare across catchments. Assessmentsfora wide range of
interventions are summarisedin Appendix G (Table G7).

With the exception of Al11, the remainingdocuments did not conclude whetherthe interventions
are cost-effective ornot per se, but did provide assessments of how costly each intervention was
in regard of the environmental improvements achieved —which will be useful to compare
alternative intervention options to achieve diffuse pollution reduction objectives atthe lowest
cost (A9,AC21, 011, W21). For example, A9 concluded that “a 95% implementation of the 29
preferred measures by farmers would lead to a (median) decrease, relative to BAU, of Nitrates by
10.6%, Phosphorus by 15.2%, Sediments by 19.5%, NH4 16%, CH4 10.5% and N20 6.9%, for a
median cost of £3 per hectare, including 27£ of fixed costs and -17£/hectare of variable costs”.
The cost-effectiveness assessments provided by the researchersin the documents will have to be
assessedin the light of the intervention beneficiary’s willingness to pay (benefits) to achieve such
a reductionin diffuse pollution. Othersrelied on qualitative assessments made by farmers on
perceived costs and benefits of differentinterventions, e.g. percentage of farmers who believe d
the adoption of interventions would yield benefits or costs to the farm (AC25, A35, W7, AC15).

5.6.3 Are multiple types of costs and benefits and their distribution across
stakeholders considered?

There was an extensive focus on costs and measures of effectivenessin physical units for different
water pollutants. Looking at the benefits generated by the DTC interventions, one document
mentioned private benefits to farmers (AC15), two mentioned societal benefits (A11, W21), and
three more mentioned both private and societal benefits (A35, AC21 and AC25). Amongst private
benefits tofarmers, financial benefits (farm productivity and economic returns) were mentioned
(AC15, A35) as well as erosion prevention by fencing, which also limited the spread of livestock
diseases (liverfluke), and looking after soil limited weeds and the need for herbicides (AC25). In
regards to societal benefits, only the benefits of improved water quality for the general public was
mentioned. These benefits were not quantified.

There isa much larger breadth of evidence on the costs of the interventions generated by the DTC
interventions. Most documents focus on farmers direct costs (6 documents, A9, A11, 011, W21,
W7, AC21) to get a sense of farmers’ likelihood of uptake, and AC21 reports a combination of
stakeholders bearing the costs of interventions.

Transaction costs are reported as a barrier to agri-environmental scheme uptake inthe literature
(e.g.Franks 2011), but these do not seemto have been assessed as part of the project, probably as
the interventions were notyet implemented undera“scheme” in the DTC project, and hence
these transaction costs could not be assessed.
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5.6.4 Whatis the estimated commitment to the intervention? Were payments
sufficient?

There was very little evidence related to these questions. Asingle document (AC31, newsletter)
provided evidence onthe predicted or estimated commitment to interventions post DTC initiative.
It mentioned that the farmers discussion groups were establishedin the Avon with the objective
that they would last beyond the end of the project but without assessingthe actual duration. Two
documents provided evidence on whetherthe payments offered to adopt DTC interventions were
high enough to cover theirnet perceived costs of adoption (A35 and AC15), concludingthey are
not. A35 highlighted the need for fiscal incentives, publicenvironmental payments and payment
for ecosystem services to financially empowerthose wanting to mitigate DWPA.

5.6.5 Howrobust are the evidence sources?

Six of the nine SPICE documents providing elements of cost-effectiveness analysis were assessed
for robustness (A11, A35, A9, AC15, AC21 and W21). The remainingthree did not provide
information on the methods so could not be assessed for robustness. It is to be noted that AC21
reports CEA for 3 different catchments with different methods used between catchments and
differentdegrees of robustness (from Satisfactory to Excellent). Overall, the robustness of CEA
presentedinthe documentsisgood (1 excellent (A11),4 Good (A9, A35, AC15, AC21), 1
Satisfactory (W21). The inclusion of a discussion to justify the choice of costs and benefits flows
included or excluded discussedis variable amongst the documents assessed. The reasons for not
scoring Excellentare: failingtoreport sources of economic data used to assess costs and
sensitivity analysis not being presented. CEA which rely on a pre-established tool (FARMSCOPER)
tend to score loweras the methodology s likely to be more fully described in other documents
(outside of the DTC remit) so we are not able to judge its robustness within this review. However,
most documents consider flows of costs and benefits overthe lifespan of the intervention, which
is good practice. The robustness scores can be foundin Appendix G (Table G8).

5.6.6 Summary: What evidence is presented on the cost effectiveness and
benefits of DTC interventions, during the initiative and for the five-year
period beyond the end of the DTC initiative?

There were few specific cost-effectiveness analyses undertaken and a single cost-benefit analyses
done for a specificintervention (roadside wetlands). There was a reliance on the FARMSCOPER
model for average costs at the beginning of the project, and a tendencyto focus on direct private
costs, with little information on the wider costs or benefits of an intervention. There was very
little information aboutthe potential for measuresto be sustained beyondthe life of the DTC
project, but some sources suggested that payments were not enoughto entice farmersto bear the
costs of mitigation.
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5.7 $SS6: What evidence is provided that the confounding
factors (e.g. existing non-DTC activities) were accounted for

when reporting on engagement and uptake of DTC
interventions?

5.7.1 Relevant Evidence Sources:

We have taken a broad perspective on confoundingfactors that cover: Changes in Regulations/
Markets/Incentives/Information/Support/Technology/policy/PublicOpinion/land use or
ownership change (see conceptual model, Figure 1). Of the 15 SPICE documents assessed, one
reports limitations and how confoundingfactors affected theirresults. However, most SPICE
documents do discuss the relevance of results to other contexts and propose conclusions that are
backed up by findings.

5.7.2 Were confounding factors affecting engagement considered?

Two of the 15 SPICE compliantdocuments were evaluated to have specifically addressed
confounding factors affectingengagement (AC15, E9), which covered the Eden, Wensum and Avon
catchments. The confoundingfactors affectingengagement were the many demands on farmers’
time and some farmers going out of business between the survey period, which reduced their
ability to engage them in later phases of the research. Strictly speaking, farmers havinginsufficient
time to engage with the DTC project would be a behavioural issue notan external confounding
factor. However, the DTC project personnel were not able to control for other demandson
farmers’ time, and therefore lack of time would affect the ability of the DTC project to engage all
relevantfarmers. Plfeedback draw attention to the impacts of flooding, particularly Storm
Desmond, that refocussed the attention of stakeholders —as our SPICE focus screened out any
focus on water quantity, we did not reflect on the impacts of flooding on the processes of
stakeholderrecruitment, nor farmers willingness to uptake measures.

5.7.3 Were confounding factors affecting behaviour considered?

Seven of the documents were evaluated to have addressed confounding factors affecting farmer
behaviour, whichis a precursor for uptake of the interventions (A35, E9, W23, AC15, A93, AV11,
013, 011, AC 21). Aswith engagement, some confounding factors are not strictly ‘external’ tothe
DTC project: lack of time for farmers to learn about the measures (A35, AC15, 011); issues with
lack of salientinformation and advice on mitigation measures (AC15, A9, AV11, E9, 013, AC21);
lack of evidence of cost-effectiveness of measures (A9,AV11, E9, 013); succession planning (A9);

3 The A9 references were made to wider literature on uptake of measures butdid notreport specificbehaviouraldata
fromthe DTC catchments.
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personal preferences and values (E9, AC15, A9); the farm environment not being perceived as
suitable for some measures (AC15); and resistance to taking responsibility for DIWPA (A9). These
were all central to the overall objectives of the DTC itself.

Traditional external confounding factors were also noted such as market prices that were
focussing farmers on maximising profitability (especially for dairy and pig producers) (A35, W23,
AC15); tenure arrangements affecting decision making (AC15); issueswith accessing HLS funding
streams for the measures (W23); overly rigid management prescriptions associated with funding
schemes (A9) or regulations (013); and some farmers’ perceptionsthat environmental regulations
were not adequately enforced (AC15, A9, 011).

These confounding factors were mainly ‘negative’ influences onthe DTC work, making it more
difficultto persuade farmersto consideruptake of the measures. However, there were also
positive confoundingfactors such as high commodity prices making farmers more able to afford to
innovate (W23) (although conversely 013 found farmers more likely to seek advice on DWPA
measures when profitability decreased); increased availability of grants (013, E9); improving
access to social networks (A9); prior experience of schemes (A9) and increased public concern for
food security (W23).These seemedto increase the farmers’ interestsin learning about potential
DWPA mitigation measures.

5.7.4 Were confounding factors affecting uptake considered?

Six documents (A35, AC15, E9, AV11, AC21 and 011) coveringall four catchments considered
confoundingfactors affecting uptake of interventions.

Weather was cited by two documents (A35, AC15); and the farm ‘environment’ by three
documents (E9 and AV11, AC21). Although Storm Desmond was referencedina number of the
physical science documents, it was not noted as having an impact on the socio-economiccontext
of the farms or influencingactual or proposed uptake of the DTC measuresin the social science
extractiontable. Economicissues were presentedinfive documentssuch as access to finance or
grants where large capital investment (AC13, A9, AV11, 011, AC21). The constraints of CAP and
associated support schemes were mentionedinthree documents (AC15, AV11 011) althoughthe
introduction of Greening measures underthe CAP was positive for uptake of cover crops (011).
Social issuesalso mattered, with the positive influence of PublicOpinionand importance of
protecting environment contrasted with other views around publicignorance of farming practices
(AC15). Asnoted in SS3 and SS4, there were issues regarding tenants being willingorable to take
on mitigation measures (011) due to tenancy agreementtimescales.

As discussedin the engagement (section 5.2) and behaviour (section 5.4), there were also factors
that influenced the social learning associated with implanting measures. These included a high
turnover of CSF staff who were providingadvice and information on measures (AV11) and an
insufficient evidence-based advice about the practical elements of measures for farming practices
(AC15, E9, AV11). Finally, there was reference toa lack of time for farmers to commit to the
implementation of measures (AC15). The transaction costs required to search for, evaluate,

65



oversee and maintain measures were important considerations although rarely reported or
guantified (see section 5.6 above).

There was no explicit mention of technological confounding factors affecting engagement,

behaviouror uptake in the documentsreviewed, although, the cost of advanced technologies
involvedinsome mitigation measures (e.g. subsoiling) isreferred to in terms of economicbarriers.

5.7.5 Is the additionality of DTC activities recorded?

One paper (A9) accounted for measuresthat were already in place at the baseline situation to
measure additional effects compared to current situation. Of the farmers that engagedin the
baseline farm survey across Eden, Wensum and Avon, 87% were already involvedin ELS and 40%
in HLS (011, AC21). Documents did provide a baseline of mitigation measures already in use when
the DTC proposed further interventions (AV8, O11) but there was not any later explicitreporting
of additional uptake or effects compared to this baseline. The documents did not explicitly

whetherattitudinal change and uptake of measures would have happened with or without the
DTC.

Some documents (AC15, 011 and non-SPICErelevant AC12) discussed an evaluation of the
Catchment Based Approach inthe DTC catchments. However, there was no explicitlink made
between the roll out of the CaBa approach and the influence on engaging farmers in DTC activities
or uptake of DTC interventions.. Likewise there are a number of documents that mentionthe
Catchment Sensitive Farming Initiative (CSF) e.g. (AC26, 011, AC21), but these schemes were not
explicitly considered when reporting on results. The role of CSF was also discussedin SPICE
relevantdocuments (AC6a, 6b W12, A64, W32, W41). These schemes were confoundingfactors
for the DTC as they will have affected the DTC results.

It was difficultto disentangle the DTC funded activities from other complementary Defra projects
e.g. WQ0225 (AC21), WQ0127, WQ201 and WQ0106 (011). 011 also notesthat the DTC built on
evidence fromresearch undertaken as part of previous studiesin the catchments (e.g. PARIS inthe
Avon and CHASM in the Eden). It was also difficultto understand how the DTC added value to the
Upstream Thinking Paymentfor Ecosystem Services Project, beingimplemented by the West
Country Rivers Trust and South West Water in Caudworthy Sub catchment, where it appears that
many proposed measures could be or were funded by this scheme (011).

5.7.6 Howrobust are the evidence sources?

Engagement: One of the documents (E9) was not reviewed forrobustness. The other document
(AC15) scored Good for Robustness.

Behaviour: One of the documents (W23) was not reviewed forrobustness. There were two
satisfactory scores (011, 013) and four good robustness scores (A9, A35, AC15, AC21).
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Interventions: Two of the documents (E9, AV11) were not reviewed forrobustness. There was one

satisfactory robustness score (011) and the remaining three documents were good (A35, AC15,
AC21).

Additionality: The robustness score was good (A9).

The table reporting the details can be foundin Appendix G (Table G9).

5.7.7 Summary: What evidence is provided that the confounding factors (e.g.
existing non-DTC activities) were accounted for when reportingon
engagement and uptake of DTC interventions?

There was limited evidence to see whetherand how confounding factors were considered for
engagement, behaviourand uptake. These factors were varied and there were no clear patterns
across time or catchments. There was limited evidence illustrating where the DTC project ‘added
value’ to other initiatives butthe DTC followed good practice by tryingto integrate with existing
farming and stakeholder networks as much as possible.
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6 Monitoring Methodologies

This section provides an evaluation of the monitoringmethodologies adopted by the DTC
programme. It was includedinrecognition of the value of the monitoringand resultant data.
Evidence was not restricted to PICO compliant sources as many of the datasets and reports
describing the infrastructure did not include analysis of intervention effectiveness orreport on
outcomes. The evaluationfocuseson the monitoring network, monitoring equipment, choice of
determinants, sampling frequency and account of non agricultural pollutants. Preliminary analysis
of primary data isincluded to demonstrate how the data collected provide a second opportunity
to identify the presence of non agricultural pollutants.

6.1 The DTC Monitoring network

The Demonstration Test Catchment (DTC) project was establishedin 2009 to test the hypothesis
that ‘itis possible to cost-effectively reduce the impact of agricultural diffuse water pollution on
ecological function while maintaining food security through the implementation of multiple on-
farm mitigation measures’ (02). The project established monitoring programmesin four
catchments (Eden in Cumbria, Wensum in Norfolk, Avon in Hampshire and the Tamar in
Devon/Cornwall) to build on existinginfrastructure, datasets, knowledge and farming contacts all
developedthrough previousinitiatives. These catchments provide good national coverage and
representativeness of different physical and socio-economicfactors relevant to diffuse pollution
(see section 10 for furtherdetail).

At an early stage reports were commissioned to provide guidance on the experimental designand
monitoring strategy (02) and data management requirements (O5). These reports define the
optimal monitoringinfrastructure against which we can evaluate the DTC; acknowledgingthat the
implemented infrastructure will have reflected acompromise given budgetary constraints.

All catchments sensibly focused on small headwater streams (~10 km?2) with many subcatchments
lessthan 5 km?2 and overall catchment areas lessthan 30 km2 (011). This enabledinterventionsto
be trialled as intensively as possible overa small areas. The monitoring programme was designed
to monitor interventions singularly (often undertaken by specificresearch projects e.g. W4) and in
combination and at scales ranging from plot to catchment scale (e.g.see A15, W4). The
monitoring of small subcatchments and at the plot scale meant that in many cases, following
recommendations, monitoring was immediately downstream of interventions. Robust BACI
experimental designs were usedin all catchments. BACI1 experiments adopted an independent
control site whereas BACI2 experiments used an upstream site as a control. Subcatchments were
carefully selected based on existing knowledge, field reconnaissance, and stakeholder consultation
before being signed off by the project’s Research Advisory Group.

Hampshire Avon DTC: Three subcatchments were chosen. The Sem subcatchment was monitored
at Cool’s cottage (2.6 km2) and Priors farm (4.6 km2) providinga BACI1 design. The Ebble was
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monitored at two points at Ebbesbourne Wake (16.7 km?); providinga BACI2 design. The Wylyle
was monitored at Kingston Deverill (25.2 km2) and Brixton Deverill (50.2 km2) to provide a BACI2
design.

Tamar DTC: Two subcatchments were chosen. The Caudworthy water subcatchment was
monitored at Winnacott (18 km2) and Caudworthy Ford (26 km2); providing a BACI2 design. The
Neet catchment provided a control catchment and this was monitored at Burracot (10.9 km?2)
providinga BACI1 design. The Tamar was added as it included subcatchments with higher densities
of on-farm measures.

Eden DTC: Three subcatchments were chosen. The Moorland subcatchment is monitored at
Newby Beck (12.5 km2) and this contains mitigated (1.6 km2) and control (3.6 km2) subcatchments.
The Pow Beck catchment is monitored at Nabend (10.5 km2) and this contains mitigated (1.9 km?2)
and control (2 km?2) subcatchments. The Dacre subcathcment is monitored at Thackthwaite Beck
(10.2 km2) and this contains mitigated (1.7 km2) and control (1.3 km2) subcatchments. All three
subcatchments have a BACI1 design.

Wensum DTC: A nested monitoring approach was adopted in the Blackwater Drain subcatchment
of the Wensum catchment whereby four first order streams were monitored. A combination of
BACI1 and BACI2 designs were usedin this catchment. The Merrisons site (3.7 km?2) was
monitored as a BACI2 control for the downstream site at Swanhills A (5.3 km2). The Swanhills B
site (1.5 km?2) was monitored as a BACI1 control. A site was also monitored downstream of
Swanhills Aand B at Stinton Hall farm (7.1 km2). Monitoring was also undertaken at Brakehills (3.5

km2) and Black Bridge (6.6 km2). At the catchment outlet monitoringwas undertaken at Park farm
(19.7 km2).

Unfortunately, 2011-12 was very atypical from a hydrological perspective, which compromises the
BACI design (see Figure 4). There was a winterdrought in 2011, followed by summer floodingin
2012. The years followingthe interventions (2013-2014) were more typical in rainfall pattern, but
had very high winterflows. Ideally, projects should have longer “before” and “after” periods, to
ensure that enough data over a full hydrological range is collected.
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River Avon Flows at Amesbury
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Figure 4: River flow for the Avon at Amesbury from 1999 to 2018.

Groundwater monitoring data have not been provided as outputs from the DTC project althoughiit
is clear from 011 that conceptual groundwater models have been produced for each catchment
and water quality data existfrom other initiatives. Thus, although the importance of groundwater
in all catchments has beenappropriately identified the limited dataare likely to have constrained
the full evaluation of interventions. Within both the Hampshire Avonand Wensum DTC, there will
be significant groundwaterinputs, due to the Chalk geology and high base flow index.
Groundwaters in Chalk regions of the UK are usually polluted with nitrate from fertiliserand
manure over-applications overthe last few hundred years. This high background nitrate
enrichment of the study catchments, and how thisinput will naturally vary under different flow
conditions, will make it difficult to detect the impacts of nitrogen mitigationinterventions within
the DTC project.

This problemis compounded in the Hampshire Avon DTC, due to the presence of Greensand
deposits. It is known that Greensands are high in phosphorus, and naturally enrich many of the
headwatersprings in this region. This naturally-high phosphorus needsto be taken into account
when assessing pollution loadings and quantifying sources. It should be noted that no
groundwater monitoringwas fundedin eth Avon DTC.

In the absence of groundwater monitoringin some projects recharge waters were sampled at
depth inthe soil to evaluate impact (e.g. W4 sampled soil water at 90cm depth in evaluatingthe
impact of measuresto mitigate pesticides).

As recommended(02), ineach of the DTC catchments many hydrological, ecological and chemical
samplinglocations were co-located (see Supplementary material 3). This enabled accurate flux
estimation and a fuller understanding of the mechanisms of pressure, impact and response.
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Simple rules have been developedinotherprojects (e.g. WQ0223) to help match sites that may
not be co-located.

6.2 The monitoring equipment
Equipmentand deployment details were specified in DTC contracts.

Water quality: The project adopted the most appropriate field equipmentand used proven kiosk
set-ups. Storm sampling was conducted using ISCO auto-samplers; known for theirreliability.

The kiosks were equipped with YSI 6600 multi-sondes, which have been proven to be accurate and
reliable duringlong-term mass-deployments by the Environment Agency’s National Water Quality
Instrumentation Service (NWQIS). In addition, the DTC project decided to deploy these probes
within NWQIS-style kiosks, ratherthan within the streams themselves, to minimise the risk of
biofouling, impact of freezing, and reduce the risk of theft / vandalism. These kiosks, incorporating
the Phosphax and Nitratax instruments, YSI 6600s with pumping and telemetry systems, have
beensuccessfully demonstratedin 2008 — 2011 withinthe EPSRC-funded LIMPID project (Halliday
et al. 2015; Wade et al.2012). Other existingresearch projects had also demonstrated the Hach
Lange Phosphax to be perhaps the most robust instrument for riverresearch of this type (Jordan
etal. 2012). The 30 minute P data compared well with the grab samples at checked sites, such as
the Pow outlet (Eden), and at Brixton Deverill inthe Hampshire Avon DTC (Figures5and 7).
Uncertainty in some of the sensor data was evaluated through comparisons with grab samples
(O11). Here we observed some discrepancy between the Phosphax TRP data from Brixton Deverill
and the corresponding SRP data from the grab samples, which could indicate eitherthat the
Phosphax was overestimating the dissolved P load, or that the site has significant soluble organic
phosphorus in dissolved unreactive P form. As stated below, total reactive P could have been
determinedonthe grab samplesat these Phosphax sites, so this discrepancy could have been
investigated. There were also significantgaps in the Phosphax data through the summer —
autumn periods at this Brixton Deverill site (64 % of expected TRP data present, Supplementary
material 2). It would be useful foreach DTC to presentthe Phosphax P data alongside the grab
sample data, so that the accuracy of the Phosphax can be assessed by potential users of the data.

There were a number of choices for providingreliable high-frequency monitoringin nitrate, but
the selection of the Hach-Lange Nitratax and YSI Sonde was based on successful applicationsin
previousriverresearch projects. The nitrate data sets checked here show good agreement with
grab sample data, although there appears to be a problem with the Nitratax on the Pow Beck,
which is out of range above 7 mg NOs-N I}, resulting in major nitrate peaks being missed. The
selection of a widercalibration range may have helped (Figure 6).

Novel instrumentation was also used inthe catchments. Web, motion and time lapse cameras
were used inthe Eden catchment to engage stakeholders, identify cattle entering watercourses
(A63), and to observe landscape changes. Although reliability provedtobe an issue these cameras
did add value to the monitoring (011). Sedimentfingerprintingand novel magnetictracing
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techniques were used to identify the relative important of sediment source contributions and the
effectiveness of buffer strips (AC44).
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Figure 5: Total Phosphorus (TP; upper graph) and Total Reactive Phosphorus (TRP; lower graph)
concentrations produced by the Hach Lange Phosphax, from the Eden DTC, Pow Beck outlet sub-
catchment. The blue and red markers are the TP and Soluble Reactive Phosphorus concentrations from
monthly grab samples.
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Figure 6: Nitrate-N concentrations produced by the Hach Lange Nitratax sonde, from the Eden DTC, Pow

Beck outlet sub-catchment. The green markers are the lab-derived nitrate-N concentrations from monthly
grab samples.
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Figure 7: Total reactive Phosphorus (TRP; upper graph) and total Phosphorus (TP; lower graph)
concentrations produced by the Hach Lange Phosphax, from the Avon DTC, Brixton Deverill sub-catchment.
The red and blue markers are the TP and SRP concentrations from daily grab samples.

6.3 The choice of determinants

The biogeochemical parameters collected by the DTC platform were specifiedin the contract and
were extremely comprehensive. The water quality parameters were selected to identify

agricultural diffuse pollutionto waterbodies, particularly nutrients and sediment. Allthree DTCs
have captured the full range of macronutrient chemical species.

Phosphorus

Phosphorusspeciesincluded total P, total dissolved P, total reactive P and soluble reactive P.
These data can be usedto derive specificphosphorus fractions, such as particulate P and dissolved
hydrolysable P (equivalentto dissolved organicP). These chosen analytical determinantsare
standard innutrientresearch. TP and TRP were obtained for selected sub-catchments within all
three DTCs, using the Hach Lange Phosphax auto-analyser. The lab analysis of the grab samples
onlyseemedto be produced by the Eden and Avon DTCs.

In the sub-catchments that contain a Hach Lange Phosphax monitor, it would have been useful to
include total reactive P analysis (SRP analytical method on an unfiltered sample, to mimicthe
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Phosphax method) in the grab sample lab analysis. Thiswould have allowed the 30 minute TRP
data to be more accurately ground truthed, but SRP should provide similarvalues (Figure 7). Itis
unclear how the Wensum were able to ground truth their30 min Phosphax data, as they did not
seemto analyse theirgrab samples for phosphorus.

Nitrogen

A comprehensive range of inorganic nitrogen species were routinely measured across the DTC
platform, comprising of total dissolved nitrogen, total oxidisable nitrogen, nitrate, nitrite and
ammonium. This range of determinantsalso allows for organic N fractions to be derived.

Monthly, or even weekly grab samplingis unlikely to catch the peaks of a representative number
of storms in these small headwater catchments, resultingin underestimation of N export from the
study catchments, but these data were enhanced with storm sampling using automatic water
samplers, which covered some of the storms. The inclusion of this will make the load and diffuse
agricultural input estimations much more robust.

Carbon

The only carbon fraction that was measured by the DTC project was dissolved organiccarbon
(DOC). The Eden measured DOC concentrations from the monthly grab samples (54 —70 %
completeness) and also the storm samples (approximately 4 storms per year). The Avon managed
to measure DOC (termed NPOC) concentrations at daily frequency, with completeness ranging
from 44 to 77 %. The Wensum did not generate any carbon concentration data.

Ecological measurements

Ecological, water quality and hydrology monitoringlocations were closely matched in the
Avon/Tamar and Eden DTC. Macroinvertebrates, diatoms and macrophytes were monitored as
these represent Biological Quality Elements (BQE) that are usedin the WFD and respond to
specificenvironmental pressures.

Other determinands

The DTC project has produced data on a wide range of other determinantsthat could be vital to
detect the impact of the interventions. These include some indirectindicators of ecological status,
such as chlorophyll, dissolved oxygen, dissolved silicon etc. Other determinants measured by the
Eden DTC, such as boron, sodium, potassium etc. could be useful for sewage and fertilisersource
apportionment. Unfortunately, these measurements were not sustained throughout the project.
Alongside the water temperature, flow and weather station data, these complex data sets could
provide a valuable modelling resource to the wideracademic community to produce maximum
benefitfromthe DTC programme. One of the major diffuse agricultural inputs to the river network
will be from pesticides, both from transfer through the soil and through the air during application.
Mitigation measures such as installation of bufferstripsis partially designed to minimise this
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impact. Pesticide analysis was only conducted inthe Wensum catchment, rather than all three
DTCs, would have been a useful addition to the project, but organic analysisis expensive and there
would be cost implications. PI’s confirmed that although this was consideredin other catchments
budgetary constraints meant that it was not possible. Faecal indicatororganisms are anotherkey
parameter of agricultural diffuse pollution, and this was only carried out inthe Eden and Wensum
catchment.

Missing determinants

Metals analysis by ICP-OES and ICP-MS may have beena really useful addition to the project.
Suites of dissolved metals could have provided conservative markers that could have been usedto
identifying changesin pollution sourcesthrough the seasons and individual storm events.
Conservative markers also become essential when trying to detect subtle changes in nutrient
concentrations resulting from agricultural interventions throughout a study period of varying
weatherconditions.

6.4 The sampling frequency

Itis well understood that phosphorus concentrations and chemical forms within streams can
change rapidly, in response to sporadic inputs (due to farming activities and rainfall events). Itis
therefore essential that samplingfrequencyis appropriate to capture these sporadic pulsesin
phosphorus. The storm samplingthat was carried out within each sub-catchment across the
DTCs needto identify the impacts of high-flows and how P concentrations are potentially reduced
by mitigation measures. The use of Hach Phosphax P auto-analysersand Nitratax sondes at the
outlets of each sub-catchment has produced an extremely useful and novel data setthat is
requiredto detect changes in phosphorus dynamics through the seasonsand the series of storm
events.

The three Demonstration Test Catchments adopted differentapproaches to water quality
sampling frequencies. Inthe Eden DTC, grab samplingand lab analysis was carried out monthly.
This provides a useful resource to ground truth the P data from the Hach auto-analysers, but is too
low temporal resolutionto provide any useful insights or system understanding (Bowes et al.
2009). Thisis shown inFigure 5, which demonstratesthat only one phosphorus peak was possibly
captured, but unfortunately this coincided with a period when the Phosphax was not operating
(June 2015). The monthly sampling regime was sustained, and most sites produced data sets that
were between 80 and 100 % complete. Additional storm samplingusing ISCO water samplers was
deployed to provide data from approximately 4 storms per yearin 2012 to 2014.

The Wensum carried out weekly grab sampling, which will capture more storms and provide a
much better quantification of P load exports and understanding of P polluti on sources. This was
supported by additional storm sampling, which captured approximately 4-5 storms per year
between 2011 and 2014. From the supplied datasets, both the storm samplesand weekly grab
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samples did not seemto include any phosphorus analysis, whichis a problem as it means that the
guality of the Phosphax data cannot be fully verified.

The Avon DTC produced daily samples and lab data, which provides a useful, research-quality data
set. Routine storm samplingat this DTC was only undertakenin Phase 1. The daily sampleswere
taken at noon, and include weekends, whichimplies thatthey were taken using an ISCO water
sampler. Itis unclearhow oftenthe sampleswere collected and analysed, which means that there
could be issues of accuracy due to the instability of certain nutrient species, such as SRP,
ammonium and nitrite. The daily data from Brixton Deverill is relatively continuous, with >80% of
days providingdata (Lloyd et al. 2016). At daily sampling frequency, almostall peaks were
captured to some extentthroughout the monitoring period (Figure 7), but itis interestingto note
that even at this high sampling frequency, only one peak was sampled at near to its maximum
concentration (in Feb 2013). This highlights the strength of using automatic phosphorus auto
analyserswhen investigating diffuse pollutionin small, hydrologically-responsive catchments.

The Prior’s Farm and Cool’s Cottage monitoringsitesonly provided nutrient data on 70 and 60% of
days. Data were near-continuous from early and mid-2013, but data is sparse prior to this. The
Ebble site only produced P and N data on 40 to 50 % of days. Gaps in these datasets may be due to
gaps in fundingand samples failing quality control checks.

Ecological monitoringbegan in the Avon/Tamar and Eden DTCs duringspring 2011 (2 years before
most interventions were established- meeting the minimum pre-intervention time required).
Annual macrophyte surveys were undertaken. Macroinvertebrates and diatoms were sampled up
to 3 times per year.

A summary of the parameters measured at each sub-catchment, sampling frequency and
percentage completenessisgivenin Supplementary material 3.

6.5 The presence of non-agricultural inputs

The study catchments and monitoringsites have been carefully selected to avoid non-agricultural

inputs, based on map surveys. The data generated within the project providesa second
opportunity to confirm whetherother sources are present.

6.5.1 Detecting pointsource sewage inputs

One simple technique isto examine the relationship between P concentration and flow, as
developedin DefraWQ0223, “Developinga fieldtool kit for ecological targeting of agricultural
diffuse pollution mitigation measures” (Bowes etal.2014; Naden et al. 2015). Diffuseinputsare
largely mobilised and transported to streams during rainfall events, and so P concentration and
load will increase in response to rainfall (and therefore river flow). In contrast, traditional point
sources from sewage treatment works, industrial inputs and septictank misconnections, will be
relatively constantand independent of rainfall. Therefore, rivers dominated by pointinputs tend
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to exhibita dilution pattern with highest concentrations at low flow. This principal allows the P
concentration and flow relationship of a riverto be used to quantify loadings from these constant
(point) and rain-related (diffuse agricultural) inputs, using Load Apportionment Modelling (LAM)
(Bowes et al. 2010). Many of the data sets produced within the Demonstration Test Catchment
project would be suitable forthis model application.

The P concentration / flow relationships of a few sites were investigated, to determine if (a) there

were other non-diffuse inputs, and (b) if these relationships had changed from the first two years
and the last two years of the project.

The phosphorus —flow relationshipsinthe Pow Beck outlet (based on 30 minute Phosphax data)
shows a strong positive correlation, with both TP and SRP concentrations increasing with
increasing flow (Figure 8). There are some very high TP concentrations at very low flow, and the
highest TRP concentrations of up to 1200 pg |1 actually occur at flows below 0.07 m3 |-1, This
indicates that there are some intermittent, non-rain-related inputs, but the vast majority of data

pointsare at lowest P concentration at lowest flow. This indicatesthat this catchment is diffuse
dominated.

18 Pow Outlet. Eden DTC. TP

TP concentration (mg/l)

Flow (m? s1)

1400 Pow outlet. Eden DTC. SRP

SRP concentration (mg /1)

5 6 7 & 9 10
Flow (m? s-1)

Figure 8: Total Phosphorus (TP) and Total Reactive Phosphorus (TRP) concentration — flow relationships for
the Pow Beck outlet, Eden DTC. Based on 30 minute Phosphax data. Black symbols = 2012, Red symbols =
2013.
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The RiverSem at Cool’s Cottage exhibits the pattern of a diffuse dominated catchment, interms of
phosphorus loads (Figure 9). P concentrations are maintained between 0.15 and 0.25 mg TP |1 as
flow increases, meaningthat an increasing mass of diffuse Pis mobilised and transported to the
river monitoring pointas flowincreases. However, the highest P concentrations occur at low
flows, which could eitherindicate that there are large diffuse inputs occurring in response to
certain small storm events (possibly aftera long dry period), or that there are some non-rain-
relatedintermittent pointinputs. Further investigation of the timing of these data points,
alongside otherdeterminants, could help to increase our understanding of nutrient source
apportionmentand dynamics in this sub-catchment.
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Figure 9: Soluble Reactive Phosphorus and Total Phosphorus concentration — flow relationships for the
River Sem at Cool’s Cottage, Hampshire Avon DTC. Based on daily laboratory data. Black symbols =2011-
12, Red symbols = 2013 — 14.

The RiverSem at Prior’s Farm has a very different P concentration flow relationshi p (Figure 10).
Most of the highest SRP and TP concentrations occur at very low flows, indicating that there is a
relatively persistentinput of P into the river that is independent of rainfall. Thissuggests that
there could be some significantinputs from septictank misconnections or farming practises that
were producing very regular and long-sustained P inputs during low-flow periods. Atlow flow, SRP
concentrations at Prior’s Farm are an order of magnitude higherthan at the adjacent catchment at
Cool’s Cottage, which neverexceeds0.16 mg SRP |-1. The Prior’s Farm site was monitored during
the Defra PARIS project, and had an average boron concentration of 110 pg/I (range 40 — 255 pg I
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1), whichis very high for such a small stream. (In contrast, the Pow Beck had an average boron
concentration of 24 pg |-t within this project). As boron isa constituent of household detergents,
this suggests that the high P loadings are caused by sewage inputs, which may preventthis DTC
project from detectingthe impacts of theirinterventions.
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Figure 10: Soluble Reactive Phosphorus and Total Phosphorus concentration — flow relationships for the
River Sem at Prior’s Farm, Hampshire Avon DTC. Based on daily laboratory data. Black symbols = 2011-12,
Red symbols = 2013 — 14.

Itis sometimesdifficulttoidentifyimprovementsinawater quality timeseries followingan
intervention, due tovariations in the river hydrology from year to year. This simple approach could
be useful to identify any reductionsin nutrient concentrations, corrected to river flow. For
instance, Figure 8 shows that the P concentration / flow relationshipin 2012 and 2013 is similar,
but there doesseemto be higher TP and SRP concentrations relating to storms between 0.3 and 3
m3 st (with TP concentrations regularly >1 mg|-1), whereasin 2013, TP concentrations within this
flow range neverexceeded 0.9 pgI-1. More investigation would be needed (especially as 2012 was

particularly atypical in terms of hydrology with a winterdrought and summer floods), but this
could indicate some success from the DTC interventions.
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7 Modelling methodologies

This section provides an evaluation of the models developed and applied in DTC projects.
This part of the review is not restricted to PICO compliant documents and includes other
relevant sources identified by the reviewers (e.g. model reviews and case studies). This
wider review of DTC modelling was needed as not all modelling focused on the
assessment of DTC intervention effectiveness.

7.1 Named models

As part of the DTC programme a number of “off-the-shelf” models were used. Of these a number
of studies were undertaken using widely-applied physics-based models that describe catchment
diffuse pollution mechanisms andinclude dynamic representation of nutrientand sediment
transport in rainfall events. SWAT (applied by UEA and University of Newcastle/Lancasterin
Wensum and Eden respectively) (e.g. A62; A32) and INCA-P (applied by University of Oxfordin
Avon) (A67) represent catchment hydrology and nutrient dynamics inan integrated manner using
sub-catchment units. The Wensum has also been modelled using INCA-P (Whitehead et al., 2015)
but not as part of DTC activity. In the case of SWAT spatial sub-catchmentunits are delineated as
unique combinations of soil land use and topography which can make for definition of end -
members that can be a useful option of a basis for transferability. CRAFTis also a process based
model representing hydrology and diffuse pollution and has been newly developed by University
of Newcastle and appliedinthe Eden (A3; A2). In some modelsthe representation of nutrient
pollution transferto rivers requires coupling with a rainfall-runoff model. The INCA model has
beenlinked with HYPE in thisrespect, and HYPE has been used within DTC programme.

Applications of the PIT and PSYCHIC models have been undertakento provide stronger emphasis
on representingintegrated outcomes of diffuse pollution. These typically operate onregular grids.
The FARMSCOPER tool usesa number of underpinning models including PSYCHIC to summarise
response diffuse pollution losses across farm types at a national level. PSYCHICand PIT have been
appliedinthe Eden by University of Durham (A24). FARMSCOPER has been applied by Rothamsted
(A69) and UEA inthe Avon and Wensum respectively.

Other tools have beendevelopedand applied to assess riskand connectivity, and of these SCIMAP
(University of Durham) is a risk assessmenttool appliedin the Eden (A24) for DTC but also to date
appliedina number of other catchments. Similarlythe DBM model has been applied by Lancaster
University across all DTCs (A48). It constitutes a databased mechanisticdriven approach
(structurally site specific) accounting for local catchment propertiesto relate rainfall to aggregated
P loads.

The use of modellingtoolsin combination for improving process understanding, for exploring
sensitivity toland use and land management and for quantifying effects of interventions has been
describedin detail by DTC investigators (AC44). Reference should be made to this work, although



it should be noted that the report did not include discussion of INCA-P, PIT or HYPE, and only
makes passing mention of PSYCHIC.

The model applications made for DTC focused on hydrological and water quality response. We did
not find reporting of extension of results to address impact of interventions on aquatic ecology.
Whitehead et al. (2014a) mentionthat INCA-P was calibrated using plant growth and uptake from
the water column, although biomass is not reported in the results.

7.2 Other modelling tools developedin DTC

A number of other analysistools are described as “models” in DTC documentation. A brief
narrative of these is provided below. The tools were developed forsite -specificanalysis. They
representtransferable concepts, rather than model codes, but if their detailed data requirements
are met they provide powerful approachesfor a widerunderstanding of nutrient pollution across
a range of environments.

A substantial body of work in the Eden has focused on empirical modelling phosphorus transfer
and the importance of storm eventcontrol. These have worked in close concert with research
using CRAFT. A site-specificempirical model is presented (A46), relating rainfall intensity to P load,
which isthen usedto look at future trends in eventrainfall intensity. Amodel developed by
Hollaway et al in source A31 was used for quality control of continuous monitoring data with the
objective of identifying betterrating curves for improved estimate of phosphorus loads.

High temporal resolution monitoring techniques have been usedin conjunction with molecular
and compound specificisotope analysis to develop a suite of Bayesian mixing modelsforthe
purposes of apportioning sources of organic matter and stream sediments (A21; A18; 2015b).
Other sedimentand phosphorus tracing techniques have been reported. A means of estimating
geochemical properties from SPM data from autosamplers inthe Wensum is reportedin A20.
Likewiseinthe Wensum and Avon, empirical sedimentfingerprintingmodels have assisted the
process of sedimentsource apportionment (A10; AC44). Althoughitis acknowledged here that
source apportionment modellingyields highly relevantinformation the results are not included in
our evidence review asthe impacts on water quality are not explicitly reported.

Models with a specificfocus on the sub-surface have also beenapplied during the DTC. The Nitrate
Time Bomb approach issuited to large scale assessments but has been appliedinthe Eden (AC44).

A set of hydrogeological site-specificconceptual qualitative models supportand inform
managementin the Wensum (A16).

7.3 Summary of capability of model packages

The off-the-shelf process-based catchment-scale models used inthe DTC research (e.g. SWAT and
INCA-P) are potentially very useful for extrapolating findings to other basins. They are invaluable in
guantifying climate variability, the importance of storm eventsand the influence of confounding
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factors. These are all aspects that are difficultto cover using other methods. There is considerable
knowledge containedin other applications of these modelsin the UK. A search of journal
publications revealsthe SWAT model to have been appliedinfive case studies: West Wales WFD
district (Holderet al., 2019), Axe (Glavan et al., 2011), Bedfordshire catchments (Kannaet al.,
2007), Great Ouse (Grizzetti et al., 2004) and Yorkshire Ouse (Boorman 2003; Bouraoui et al.,
2002). Applications of the INCA model are reportedin journal publications for 13 case studies:
Trent (Bussiand Whitehead 2020), Herefordshore Wye (Bussi et al., 2018), Conwy (Bussi et al.,
2017), Thames (numerous applicationsincluding many on sub-catchments such as the Kennetand
Lambourn of whichthe latestis reported in Bussi et al. (2017)), Weaver-Dane (Hankin et al., 2016),
Lugg (Lazar et al., 2010; Dean et al., 2009), Twyi, Tamar, Tame and Tweed (Whitehead etal., 2009),
Plynlimon and Great Ouse (Whitehead etal., 2014b) and Tillingbourne (whitehead etal., 2002).
However, undertaking model applicationsin other basinsis heavily resource dependent. Itis
recommended that knowledge is pooled from the other existing studies with due consideration to
model skill. Criteria of expectation for model performance (e.g. Moriasi et al., 2015) should be
met. Report AC44 outlines how these models can be summarised (meta-modelling) and then used
in conjunction with nationwide tools such as Farmscoper and Catchment Matcher.

Despite their physical basis, representinga wide range of interventionsin process modelsis not
straightforward. Catchment model applications often lack the spatial detail to representsmall -
scale interventions. Instead thisis often captured through pooling of empirical observations, field
scale models and expert judgement(e.g. Cuttle et al., 2006). Furthermore models are typically
used to representfuture scenarios within a catchment system in steady state. This is particularly
the case in representing the changes to soil nutrient cycling arising from change in management
practice. Development of someinterventions are more readily represented (e.g. establishment of
riparian canopies) and they have greater capability to representgradual development of future
climate. These challenges are reflected in the modellingundertakeninthe DTC projects.
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8 General Insights regarding farmer engagement
methodology

With regard to engagement, the DTC programme aimed to:

e |nvestigate approaches to maintainfarm productivity whilst deliveringimproved water
guality outcomes; which required negotiating with farmersto implementinterventions;
and

e Create networksfor collaboration and knowledge exchange between researchers, farmers
and other stakeholders

Good practice in the academic and practice literature (see Burbi et al., 2016; EC 2018, OECD 2015,
Sumane, 2018, WATERLife, 2016) suggests that the followingstepsare important to have
successful engagement with farmers and otherstakeholders about agri-environmental

interventions. Some of the DTC documents were also revie ws of good practice in engagement
(A44, AC4).

e Undertake stakeholderanalysisfor all those with a stake or affected by the proposed
activitiesinorder to understand the existing responsibilities, motivations and interactions
withinthese groups including ‘new’ and ‘under-represented’ groups

e Ensure all sectors involvedintheissue are involved, and the shared responsibility fora
problemand the solutionis recognised

e Raise awareness of the issuesto engage the stakeholdersand howitis linkingto their
concerns

e Stress the benefits of change, in language that is relevantto the differentactors, paying
attentionto what matters to whom

e Use a variety of approaches, and tailor or adapt to local circumstances

e Group learningand demonstrationis important building onlocal knowledge; allow two-
way learning between scientificand other actors

e Avoid consultation fatigue by working others on common messages and approaches

e Celebrate and share results so that benefits of changes are understood

e Support long-termrelationships as environmental outcomes might take time to show up

e Pay attentionto challengessuchas consultation fatigue; absence of leadership; lack of
resources; consultation capture; resistance to change; information asymmetry

o Use feedbackfrom engagementin widerinstitutional and governance processes with the
brief of DTC

These principles were used to develop the extraction protocol reported in Section 3.2. There was
also a great deal of evidence in SPICE relevant, but not compliant, documents evaluated for this
project. Therefore, thissectionillustrates the additional evidence thatthe DTC documents
provided on how theyimplemented good practice in engagement. Where relevant, SPICE
documents have also beenincluded, so that the entire evidence base was summarised. This
section complements material answeringthe Primary Social Science Question “How effective were
DTC engagement processes in fosteringand retaining uptake of DTC agri-environmental



interventions forimproving and maintaining water quality?”(see Section 5.1); SS1 on DTC
engagement processes (see Section 5.2); and SS2 on provision of information on non-participants
(see Section 5.3). The objective of this sectionis to capture the widerinsights from the DTC
evidence base on whetherthe methodologies usedinfarmer engagementfollowed good practice;
and to capture the additional insights from SPICE compliant documents for the overall
recommendations.

8.1 Stakeholder analysis

Many documents stated who they engaged with but there was very little explicit discussion of how
stakeholders were selected and whetherthe interests, motivations, interactions and potential
conflicts between these stakeholders were mapped or recorded. W33 and 015 were some of the
exceptionsthat provides thisinformation — 015 identified communities; farmers; investor
organisationsand planners/politicians as the four main audiences forthe DTC information. There
was a “low base in terms of community engagement with catchment managementissues”in the
Wensum in 2010 for example (014).

In some ways, the stakeholders of relevance to the DTC were self-explanatory, butas observedin
the SPICE analysis, it isunclear how many of these were engaged. Information on the overall
farming population was givenin some SPICE relevantdocuments (e.g. 015 within the three Eden
DTC sub catchments there were over 100 landowners and over 60 active commercial farm
businesses), butthe proportion of these who were engaged and in which ways was not easily
established. There was limited reference toland tenure in many of the documents, yet as 015
observed, implementation of measures needed to take account of influences such as the extent of
common grazings in upland catchments. AC6b noted that further DTC research should provide
information on why some farmers do not engage; how much time should be spentapproaching
disengaged farmers and the benefits are of gettingthem involved butthis does not seemto have
beenaddressedin the documents reviewed.

It might be useful to consider ‘under-represented’ categories e.g. gender, age and potentially
other intersectional issues when engaging farmers. The OECD 2015 category of new stakeholders
was also pertinent, giventhe importance of water companies and property developmentinsome
catchments; and the policy importance of investingin natural capital. 015 reported on a two-day
workshop involving OFFWAT and water utilities. In light of comments about diffuse pollution from
roads, rural septictanks and urban development, it wasinterestingthat the DTC did not engage
local authoritiesintheir research networks. Riverkeepers were also suggested as important
stakeholders (013) but itis unclear if they were engagedin the later phases.

Use of ‘champions’ and knowledge brokers were identified in several documents (e.g. A44, 011) -
The Wensum DTC hired a farm liaison officerto help with farmer engagement (014). ACéb
encouraged formal research on farmers who are innovative and early adopters of new
ideas/techniquesin phase 2. However, it was not clear how this process worked in later reports.
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The farmer in Wensum was identified asa champion but this choice was viewed as problematicby
some stakeholders as he was atypical of arable farmers inthe catchment (W42).

8.2 Cross-sector networks

Buildingthe networks of researchers, agencies, advisors and farmers was important to improve
knowledge, pool resources and connect land management and environmental outcomes (A45,
011). Many documents stated the importance of engagement with multiple actors, beyond
farmers (A64, W12, AC10, AV9). The establishment of an entity (The Wensum Alliance) (W32,
W41, 014) was evidence of the commitmentto network developmentand this Alliance was active
throughout the three stages of the DTC project and contained over 180 members. 015 also
reported on how the Eden DTC nests into the wider Save the Eden Coalition, which was also a
large cross-sectoral partnership.

This wider engagement was important as farmers perceived that diffuse pollution was not only
caused by farming, but also by the water industry and the way that roads are managed (W23,
W41, AC16, AC31). Furthermore, some documents recognised that non-farming stakeholders
might help ‘nudge’ farmers towards voluntary uptake of measurese.g. AC31 discussed the
influence of neighbours and customers. The supply chain was highlighted as an important type of
actor in catchment networks (AC15, AC5, AC4) althoughit was unclear how far downthe supply
chain the engagementactually went. This is perhaps what was meant by the recommendation to
have 'both end' solutionsin O11.

Building cross-sector networks was not simple. There was a challenge of the optimal scale, given
that networks need to build on ‘local expertise’ and be context sensitive (A64, W12, 011) leading
AC 15 to recommend setting up sub-catchment discussion groups. As discussed further in section
9.5 on advice and section 9.6 on governance, workingacross sectors required aligning messages
and approaches, and/or investingin deliberative spacesto discuss differences (A64, W12).

8.3 Crafting the message

Information provision and raising awareness of the need for action was recognised as an
important part of engagementas both monitoringand interventions required the permission of
landowners (A45). Some documents were developedto build awarenessand encourage
participationin co-designingthe measures (e.g.W41); and the DTC project was premised on early
and active engagementthat built ownership of both the DWPA problem, and the potential
solutions (013). The needto tailor the approaches to the local setting was well recognisedinthe
DTC documents (e.g. 013, 011).

Discussions needed to be based on both increasing understanding of DWPA (sources, pathways,
treatment trains) and farmers’ evaluations of the mitigation measures. Discussion of interventions
considered how these interventions fitted with theirfarming practices and budgets (A35, AC10,
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AV9). The DTC research contained reflections on how to use tools like FARMSCOPER with farmers
and advisors, concludingthe tool is useful for discussion and awareness raising but as it cannot

replicate the details of the specificfarm, it cannot be used for bespoke farm planningor 1-to-1
advice (A26; A35, AV9).

8.4 Variety of approaches

As highlighted in SPICE documents (013, 011) the DTC used a range of approaches to provide
passive information e.g. websites and apps, printed materials, press articles as well as activities
and events (015, 014). There was information about digital methodsfor sharing data on flood risk
in the Eden found in A43; on engaging the wider publicin catchment management W30 ; and
findings from a workshop on how go about utilising data and findings from the DTC platformto
influence the messages put across to farmers (AC27). The documents included a 2 minute 30
second animation covering what diffuse pollutionis, what are the sources, the pollution pathway,
the treatmenttrain and costs to farmer of loss of fertiliser and costs to environmentand wider
society (AC32), illustrating good practice in using visual methods to engage ‘hard-to-reach’

audiences. A66 recommended more research on usingvisualisations (e.g. word clouds) to share
messages with stakeholders e.g. advisors and farmers.

Surveys provided good baseline and behavioural data but these were not a sufficient substitute for
discussion groups and active citizen science engagement, which also took up time and resources.
There were several farm eventsand visitsin the Eden, Avon and Wensum catchments (014, 015).
AC4 concluded that demonstrations were more successful than providinginformation, echoedin
AC31 and W94. The DTC ran demonstration eventsin the Eden (0O15), Avonand Wensum
catchments (011); the Eden Rivers Trust also worked with local further education colleges to
demonstration resources (015). The ability for farmers to see a demonstration of the techniques
on conventional commercial farms was very important (015, AC4).

As AC25 suggested, demonstration was not just about technology - field visits allowed informal
knowledge exchange and differencesinviewsto be explored. The approach allowed farmers to
express concerns and shared knowledge, reducinginformation asymmetries (AC5). The ‘bustour’
approach usedin the Eden in 2012 was useful to not only raise awareness of the differentissues
and interventions, butto break down barriers between farmers, the Defra family of agencies, and
utilities. Itisunclear if this approach was repeatedin other catchments, orin later phases of the
project.

8.5 Group Learning

Several documents noted the importance of local farmer discussion groups to stimulate ‘double
loop’ social learning (A35; E9; W94). Social learning had potential to make environmental
stewardship more acceptable amongst farmers (AV11), particularly when farmers feltable to

openlydiscussissuesand solutions. The best way to achieve that was insmall groups that were
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farmer dominated (AC4) and ran over a period (W94), which required resourcingand an external
facilitator (AC15). This approach was differentfromthe recommendationto set up cross-sector
networks— these are complementary.

Two-way exchange of information overtime with scientificresults presented or sharing of
experience between peers was highly valued (W94, 013, AC15). Recognition of local knowledge
held by farmers was recognised from the start of the project (A45, W32, 013, AV9, W41, 014).
There were examples of the DTC researchers using local knowledge toidentify both the issuesand
the particularities of how an intervention mightfitin the landscape and farming system (e.g. O11).
This knowledge was used to improve the DTC modelling capacity (e.g. on field drainage practices
in A70); improve the application of the Farmscoper tool (A26), improve mass balance calculations
(AC10) and generate scenarios for modelling (A47). 014 discussed recommendations to make data
more accessible to other users.

8.6 Working with others

Coordination between organisations was important for good engagement (A44, W32, AC4, 011).
Many documents referred to working with Catchment Sensitive Farming (CSF), Catchment Based
Approach and other initiatives e.g. Upstream Thinking (e.g. AC9, AC6b). The needto ensure that
the DTC was seen as complementary and not competition or duplicationto these projects was
recognisedin A45; W41, 011, O14. AC6b highlighted how information and evidence isneeded by
CSF Officersand recommended 2-way communication between DTC and CSFOs to share
informationin future phases, although again it was unclear to what degree this information
sharing occurred. W12 found that the CSFOs made a broad range of recommendationsthat
differed betweenregions, thatthe CSFO had theirown niche compared to other organisations,
and were adapting theirapproaches to the local context as appropriate. The CSFOs were most
likely torecommendedyard infrastructural changes funded by CSF grants.

015, for example, stated that the Eden DTC’s role was to provide evidence to Saving Eden
Catchment Plan (Evidence and Impacts Forum). In the Eden, the engagement was explicitly led by
the Eden Rivers Trust (015), but even here they worked with others (e.g. NFU) when they did not
have strong existing networks (015). 014 reported on how the Wensum DTC moved from DTC-led
events, to participatingin activities led by others.,. There was an important collaboration between
CSF and Avon DTC to look at Phosphorous mitigation measures (AC25) although the outcome of
this partnership was not explicitly identified in our research. This coordination is good practice,
AC4 recommended using existing mechanisms as farmers are busy. Around 40% of survey
respondents recalled hearingabout the DTC from other farming events, with highest numbersin
the Wensum and lowestinthe Eden (AC16).

As shown in AC30 and 011, these widernetworks were not only important to gain access to the
widerfarming community; help withinformation exchange and share learningabout effective
interventions; butalso as important sources of grant funding for measures being monitored as
part of the DTC project. AC30 highlighted the importance of the Upstream Thinking programme
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that provided £2.2million grants and an average cost saving per farmer of £20k whilst providing
30% less DOC and better summer water levels. There were also references to working with
Environmental Virtual Observatory (A43); WQ0106 (A26); WQ202012 (AV4); Defra funded
Sustainable Intensification Platform project - May 2014-2017 (AC 26); and ALFA (Adaptive Land
use for Flood Alleviation) Interreglll B funded project (015).

8.7 Celebrate and Share

The DTC aimedto provide accessible and digestible knowledge to users rather than prioritising
publicationsinlearned journals (A45). AC15 reported how farmers in discussion groups were keen
to learn more about the local research beingdone in the catchment. The DTC consortia reflected
on their findings and took stock of learning, sharinginsights with other stakeholders (e.g. W42)
although these types of eventstendedto be attended by stakeholders from research
organisations, publicbodies and NGOs rather than land managers. They were useful processes but
other ways to feedback information to farmers were also required. It was not clear to whom, and
how, the DTC newsletters and briefings were distributed. The website and mediainteractions
reportedin 011, 014 and 015 will have helped.

A44 (also AC24) highlighted the need for monitoring of progress, evaluation of progress and
revision of required actions; and Appendix E notes that the methodology was adaptive and
responsive tolocal enthusiasm (A45, AC5) rather than rigidly experimental. The learning from
these adaptive and iterative approaches was not easily captured from the extraction table or
summaries of the DTC documents, but there have been some taking stock workshops and
conferences (e.g. W42).There was alsoa ‘mini evaluation’ carries out on the DTC project (AC5) but
it was unclear how the findings from this evaluation were shared and with whom.

8.8 Long-termrelationships

Several documents drew attentionto the need for sustained engagement overa periodto time to
maintain uptake of voluntary DWPA measures (e.g. A35, AC4). This allowed the development of
mutual trust and respect (AV9) and continuity of tailored advice (AC15) that builton shared history
and relationships (A66). This was not only about stakeholders. One of the added benefits of the
DTC programme is the wealth of expertise contained within the personnel, which would be useful
in ongoing knowledge exchange in these catchments (AC6b). Plans for ongoing discussion groups
and sharing future monitoringresults were not easily detectedinthe documents reviewed. Pls
noted one achievement of the DTC was to develop co-operative working relationships between
previously competing consortia, which improved theirscience and support to policy. They also
highlighted how the DTC provided a useful training programme, exposingyoungresearchers to a
wide range of stakeholders and real-world science-policy interactions. These researchers now
occupy policy and industry positions.
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8.9 Challenges

There was very little information extracted on consultation fatigue; absence of leadership;

consultation capture orinformationasymmetry, although these are well documented challenges
to engagement.

8.10 Summary

The DTC body of evidence clearlyillustrated agood understanding of the practical aspects of
engagementand advanced the knowledge in this field academically. The material was strong on
the importance of: planning engagementto build up trust and social networks, moving move from
information provision to active involvement, and the embedding farmer discussionsin wider
existingfarmerand stakeholdernetworks. The gaps inthe evidence corresponded to how
stakeholderanalysis was undertaken, and decisions made about how and where to focus effort.
The dynamics of stakeholderinteractions within discussion groups, particularly regarding ‘capture’
by dominant interests or effects of information asymmetry, could have had more attention.
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9 GeneralInsights regarding uptake of measures by
farmers

With regard to uptake, the DTC programme aimed to:

Investigate approaches to maintain farm productivity whilst deliveringimproved water quality
outcomes; which required negotiating with farmersto implementinterventions;and

AC35 showed that the DTC project was structured on the Theory of Change in order to:

Understand the nature of the problem;
Designimprovedinterventions;
Understand barriers to uptake;and

P wNeE

Improve research and monitoring capacity.

In the literature, Mills etal. (2017) summarize and apply several conceptual models of behaviour,
the Theory of Planned Behaviourand the Value-Belief-Norm theory, to the adoption of pro-
environmental behaviours by farmers. They summarize the factors affectingfarmers’
environmental decision making (and hence uptake of interve ntions) by the following figure.

Public advisors Farmer networks
\l ‘ / Local
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Private advisors \ Farmer gstructures
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Perceived ) Human
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Figure 11: Factors influencing farmer environmental decision-making.

This section builds on the DTC planning (AC35) and Mills et al. (2017) to considerhow the DTC
documents addressed:

e To what extentfarmers understood and felt responsible for DWPA (underlying their
willingnessto adopt interventions)

o To what extent personal attributes affected their decisionto adopt interventions

e To what extentfarmersfeltable to adopt interventions



e Influence of Advice on farmer choices
e How farmers decidedto act at the individual level, given theirability, willingness and level
of engagement

e Impact of Governance and wider catchment processes (buildingon farmers' engagementin
Figure above) on uptake of interventions

These principles were used to develop the extraction protocol reported inSection 3.2. There was
also a great deal of evidence in SPICE relevant, but not compliant, documents evaluated for this
project. Therefore, this sectionillustrates the additional evidence thatthe DTC documents
provided on how the DTC implemented good practice in promoting uptake. Where relevant, SPICE
documents have also beenincluded, so that the entire evidence base was summarised. This
section complements material answeringthe Primary Social Science Question “How effective were
DTC engagement processes in fosteringand retaining uptake of DTC agri-environmental
interventions forimproving and maintaining water quality?”(see Section 5.1); SS3 on behaviour
factors (see Section 5.4) and SS5 on costs and benefits (see Section 5.6). The objective of this
sectionis to capture the widerinsights from the DTC evidence base on whetherthe
methodologies usedin understanding farmer uptake of DWPA measuresfollowed good practice;
and to capture the additional insights from SPICE compliant documents for the overall
recommendations.

9.1 Understanding of the problems

The overall premise of the DTC was to raise awareness of DWPA to encourage farmers to
voluntarily take up mitigation measures. A11 reported that monitoringand reporting data on the
state of catchments improves engagement (see also W94, W32). W41 provided a good example of
DTC attempts to provide farmers with Information on current state of water qualityin the
catchment, sources of diffuse pollution, how diffuse pollutionis related to food production, and
how it harms the aquatic ecosystem. There was some attempt to practice ‘citizenscience’in
catchments (e.g.farmer diariesin Eden (AC6b) and water quality testingin the Wensum, (AC30,
014) to build awareness. 015 noted that the increased access to smartphonesduring the project
meant that farmers could capture storm and other events more easily. A35 stressed that double
loop learningrequired farmersto beinvolvedin evaluating diffuse pollution measuresfor
themselves.

As notedin SS3, there were some changes in understanding (see also AC28). However, as AC15
notes, whilst 95% of the respondents agreed diffuse water pollution from agriculture (DWPA) was
an important environmental issue and 82% agreed there was a link between farm activitiesand
DWP, there remained confusion over scale and severity, source and probability of interventions
making a difference. A70 also found that farmers had believed land drainage to be betterthan it
was. AC15-16 illustrated the level of environmental improvement perceived by farmersas a
results of putting in measures. As well as considerable heterogeneity across the catchments; it
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appeared that the measure with most improvement was cultivating compacted tillage soils, with
more mixed results for cover crops or excluding livestock from watercourses. AC21 alsofound that
farmers were more aware of wildlife benefits from DWPA mitigation measures, than any impact
on diffuse pollution.

W23 highlighted that many farmersdid want to see improved water quality and accepted that
farm activities are polluters. However, they argued that DWP does not only arise from agriculture,
but wastewatertreatment and road run-off were perceived as important contributors (see also
A67 and A11). AC15-16 also noted differencesin perceptions of agriculture’s contribution to DWP
with public highways being seen by survey respondents as the highest contributor and farming
onlya medium contributor.

A66 argued that the link between DWPA and cost savings needed more work to be convincing,
echoing E9 which recommended that the benefits of mitigation to farm business needs to be
conveyedto farmers. AC25 advised that these links are betterachieved when there are multiple
benefits (e.g. reduce liver fluke viariparian fencing) and these are pointed out to farmers. AC10
suggested that further work is required to help characterise the damage costs of water pollutionin
order that economicassessments for cost-benefitare more reliable. This affected advice (see
below). A66 recognised that farmers need advice on new managementtechniquesand
infrastructure adjustments (e.g. cover crops, subsoiling, bio beds) and this advice needs to include
costs, impacts on whole farm plans, and benefits forthe business.

These findings explained why AV9 (and others e.g. A35) highlighted that not only do farmers need
to understand DWPA but there is alsoa need for scientists to understand farming systems,
farming practices and how the mitigation measuresimpact on profitability. This was an objective
of the DTC but seemsto have remained challenging forthe project teams. Feedback from Pls
notes that the DTC aimed to develop open discussion and assessment of evidence by multiple
users, not just farmers.

9.2 Personal attributes

There were references to co-design of measures being undertaken with farmers in the first phase
of the project (A45) which ensured the measures are adapted to suit the individual circumstances.
The DTC project recognised the importance of understanding personal preferences, attributes and
valueswhen engaging farmers - DTC baseline surveys have collected a range of data in behaviour
and attitudes (AC10). This information was alsointended to help understand when and why
individuals mightresist participation in agri-environmental schemes (e.g. 013 suggests 13 types of
non-participants). The DTC documents highlighted some ingrained resistance to change (013),
where negative attitude towards some measures and taking action to protect environmentwere
key barriers to the uptake of measures. Barriers expressed by farmer quotes included: ‘Waste of
time’, ‘Not convinced it works’ and ‘Damages drains’ etc (AV11). This was despite the survey
sample beingbiased towards farmers who were engaged with DWPA and had existing
environmental concerns (AC15-16). This is contrary to the findingsin AC21, where farmers were
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more concerned with economic benefits of measures and less concerned about environmental
impacts (see also A70). Findingsreportedin AV8show that the majority of farmers indicated that
they would never “establish permanent woodlands”, or “allow drainage systems to deteriorate”.
The majority of farmers also indicated that they were unlikely to carry out “arable reversionto low
input extensive grazing”, “grow biomass crops”, or “irrigate crops to achieve maximumyield”, as
these would all reduce food production and/or increase their costs. Therefore, as noted in several
document, increasing uptake of DWPA requires a shiftin identities and behavioural beliefs
includingideas about farmers’ rolesin society includinga shift from productivist to multi-
functionalist (A 35, AC15, A9, AC31).

9.3 Ability to Act

AC10 highlighted the diversity within the DTC farming population — “Farm businesses and farmers
are not alike; leavingaside both the physical differencesinfarm type and locationand the
consequentcultural differences, thereisa huge range of capabilities, resources and infrastructure.
This resultsin differing motivators and responses to requirements to change to address the
pollution problem” (p6). AV3 also highlighted the importance of the social and economic context
for measure uptake. W7 summarised these contextual issues usinga spiderdiagram of multiple
barriers to uptake (Capability, Social/cultural, Economics, Institutional, Environment,
Demographics, Automatic Motivation, Reflective Motivation), providinginformation about
agreementor strength of feelingabout barriers. These documents illustrate d that whilst economic
barriers are important (e.g. W23 reports that some farmers want easieraccess to HLS fundingto
help pay for mitigation measures), constraints might not be solely about finance but also but
succession and choices about the long term future of the farm (015, AC16). Indeed, 013 found
that reduced profit margins might stimulate farmers to seek advice on changing farming practices
(including takingup DWPA measures). Furthermore, it was important to understand the impact of
collective or individualisticapproaches within a catchments — for example 015 noted the diversity
of land ownershipinthe Eden (owneroccupied farms, institutional and private estates with a
mixture of tenants and tenancy agreements, and a large number of actively grazed commons
which have an implication fordownstream land use).

9.4 Decisionto Act

The documents suggested that measuresrequiringland use change were less likely than measures
that address farm infrastructure, and measures most likely to be adoptedin future were those
that decreased costs and demonstrate compliance with regulations (W11, 011, AC10, 013). For
example, measures with the highest current or future planned uptake across Avon, Eden and
Wensum were all concerned with fertiliser ormanure managementand form part of the cross-
compliance requirements for the receipt of CAP Pillar 1 Single Farm Payment (AC10). Also,
sedimenttraps were more popularin areas that were already wet and unproductive, where they
could improve wildlife habitat, aesthetics and manage flood risks (E9). A47 found that farmers
tendedto be more likely to uptake measuresthat are already establishedin area/farming systems
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(e.g.soil conservation measures). There were no obvious differencesin the uptake of measures
that address source management, pathway interception or receptor protection (AC10). AC15
recommended havingtailoredinterventions, using multi-step process that means starting with
simple interventions to build trust and building up to more complex measures that mightrequire
land use change. There was limited information on why individual farmers did adopt DWPA
mitigation measures, although some documents (e.g. AC5) recommended later stages of the DTC
shouldlook at tweaking existing measures and designing measures focussed on behavioural
change variables. The relatively low uptake rates reportedin section 5.4 echo those found by
Burbi et al (2016) where only half the farmers adopted changes in farm management: the main
obstaclesto innovation were limited financial capital, lack of trust in governmentaction and
confusion over the effectiveness of farmadvice on mitigation. Althoughthe DTC objective was
focussed on farm productivity, our review did not pick up much evidence of quantified impacts on
farm productivity or benefits realised through adopting mitigation measures.

9.5 Importance of Advice

Many documents reflected on the importance of advice as part of the connection between
engaging farmers and seeingfarmers taking up and sustaining DIWPA measures. It was clear from
the material that trusted individuals providing tailored information were useful to supplementand
extendthe peer learningand collaborative relationships developed through the DTC (AC4, O11).
Discussions needed to be complemented by 1-to-1 advice to get from interest to actual uptake
(A35, AC15, AV11). Advisors could illustrate multiple benefits and potential cost-savings for
farmers (AC4, AV11). It was important to understand the connection between message and
messenger, which means that the DTC needed to considernot only which mitigation measures,
but also which organisations and individuals were best placed to deliverthe advice (A64, W12,
AC4, E9). For example, A66 recommends environmental organisations promote themselves to
farmers by emphasisingtheirlocal knowledge and evidence to encourage uptake of advice.

Whilst most farmer respondents used an advisor and felt well informed (013), DTC documents
illustrated that there were skills gapsin the provision of DWPA advice to farmers on the benefits
of implementing measures orhow the measures might fit with theirfarming system (A35, A65,
A64, AC15, AV11, E9, W94) that need addressing. These seemed to vary geographically (A64,
W12). AV11 recommended that multiple agencies need to communicate the same messages to
reduce farmer apathy or confusion. For example, more information was needed on soil
management and the benefits of cover crops in the Wensum; and the lack of continuity of advisors
was noted (W94). There were areas that were farmers sought advice on issues not covered by the
DTC objectivesslug control, rainwater harvesting, and accessing agri-environmental grants (AC15)
and these were passed onto CSF and other advisory networks. CSF officers feltthat there was
oftenan overload of information available tothem and they needed current scientificdata
synthesisedinto key messages (AC6b).
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9.6 Governance and fit with policy

Although many documents contextualised the work of the DTC withinthe needto meet Water
Framework Directive targets, the DTC engagement processes were not part of a statutory process
like River Basin Management Planning. Informal mechanisms are generally more open and flexible
which can improve the quality of deliberation and attract more participants. However, they often
lack a pathway from these deliberations to final decisions and require follow-up work to turn
concerns into final decisions (OECD, 2015). AC24 and A44 also noted that adaptive management at
a catchment scale was also likely to require institutional change. It was unclear from the
documents to what extent DTC researchers were able to use the feedback from engagingfarmers
in widerinstitutional and governance change processes, beyond presentingtheirfindings to
steering groups compromised of Defra and relevantagencies. However, there were several
documents that do consider how the research had implications for wideragri-environmental and
water quality policies. Pl feedback explained how the researchers had regular discussions with
policy teams, providing potential pathways for change.

The needfor the DTC approach to fit with wider policy mechanisms such as regulatory guidance,
agri-environmental schemes and general advice was mentionedin A64 and W23, although there
was no discussion of whetheror how the DTC evidence mightbe usedto adapt and improve these
mechanisms. Often newsletterslinked DTC activities to wider policy processes such as measures
for WFD or the importance of SAC and SSSI designations (e.g. W41). AC5 notedthat approaches
needed to adopt more realistictimescales regardingwhen environmental benefits might accrue.
The DTC documents drew attention to the need to show farmers what WFD meant for theirsector
(015). There was also mention of CAP payments and the coordination of agri-environment
paymentsto support WFD outcomesand fund mitigation measures (e.g. AC23, 015). Some
documents highlighted problems with the current payment systems (A35, AC10 013). It was not
only the amount of payments that mattered; given the heterogeneity of farmers and farming
systems, 015 and 013 recommended that voluntary and incentive type mechanisms must be
given greater flexibility to take account of these varied circumstances.

Indeed, AC10 summarised how the Upstream Thinkinginitiative in the Tamar DTC “illustratesthe
level of capital investment (approaching £1 millioninan area of ~25 km2) required to support
significant uptake of farm infrastructure measures”. Although increased payments might help
uptake particularly when recommending expensive machinery or farm infrastructure (W11, AV11,
W94, W23, E9), these documents noted that financial support neededto be combined with
changes in regulation (W11) or more demonstration and advice (AV11, AC15). The needto
resource the human capital as well as built or technological capital required for catchment
management of DWPA, via coordinators, demonstrators, advisors or facilitators for farming
discussion groups, was a recurrent theme (013, AC15, AC24, W94). This fundingneededto be
long-termto attract and secure skilled staff who could build relationships of trust with farmers
(W94, AC24). However, tweaks to the regulatory approach were also highlighted —farmer
participants in DTC workshops argued that a ‘big stick’ is needed when other approaches have
been exhausted (013) in order to address 'free riding' by other farmers (AC15). These farmers
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argued that motivation to adopt mitigation measures would increase if other farmers were unable
to continue to pollute without sanctions.

9.7 Summary

The DTC evidence illustrated thatthe researchers understood theories of behavioural change and
invested time inunderstanding the many dimensions of farmer behaviourin the catchments.
Recognising that individual decisions are influenced by others, including trusted advisors, was also
in keeping with current social science perspectives. However, there was more evidence around
how farmers understood DWPA and theirexisting personal circumstances than evidence about
why and who made a decision to take on new mitigation measures. Likewise, connecting
individual farmer’sidentities to widerinstitutional drivers (both policy and the supply chain) was
important. However, the evidence was limited about to what extent these linkagesinfluenced the

outcomes, and with the liaison with CaBa and CSF processesin the later phases of the DTC project.
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10 Methodology for generalising physical science
findings

10.1 Generalising findings

There are many existing methods for categorisingland in GB, based on environmental, physical
and social variables. Such methods have the potential to aid in assessingthe representativeness
or the DTCs and the probable transferability of specificenvironmental interventions. Three
methods of particular interest are the existing WFD catchment typology, the Sustainable

Intensification Research Platform Landscape Typology tool and DTC Catchment Matcher tool
(Lovettetal., 2018).

The EU WFD system A catchment typologyis based on a comparatively limited subset of
categorical factors (ecoregion, altitude, geology, area). The various factorial combinations of
these categoriesthen drivesthe typology. In England and Walesthere are around 24 possible
catchment types (all GB catchments falling withinthe same ecoregion). However, because these
typologies are designed at European scale, much of England and Walesis dominated by
comparatively few types (Fig. 11), so using these data to make assessments on the similarity of the
DTCs to other catchments would be inadvisable without substantial additional data on other

factors affecting catchment characteristics, although they do at least show that DTCs are not
highly exceptional intheirtypology (Fig. 11).
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Figure 12: Proportion by area of WFD System A catchment types in England and Wales, and in each of the
four DTCs. Catchments are typed by combinations of altitude (LOW = lowland, <200m, MID = moderate,

200-800m), geology (CA = calcareous, Sl = siliceous, OR = organic) and catchment size (S = small, 10 - 100
km?2, M= medium, 100 - 1000 km?, L = large 1000 - 10,000 km?).

The Sustainable Intensification Research Platform (SIP) Landscape Typology Tool was funded by
Defra and Welsh Government, with the aim of exploringrisks and opportunities for sustainable
intensification of agriculture (i.e. increasing farm output whilst simultaneously maintaining or
increasing other environmental and social outcomes). Whilstthe SIP tool explicitly includes goals
around water quality and flood managementit has several limitationsin the context of assessing
the representativeness of the DTCs. First of theseis a matter of spatial scale, as the SIP tool runs
at 10km x 10km grid resolution rather than discrete catchments, so making direct comparisons
between catchments becomes challenging. Secondly, the aim of the SIP tool is to identify areas of
land that provide greatest opportunity for specificsustainable intensification goals at national to
regional scales. Whist it is possible toidentify areas with a similarlevel of suitability fora given
objective to those cells withinthe DTCs, the factors driving this suitability are complex (such that
areas may be equally suitable for differentreasons) and the ability of the SIP tool to alter the
weightings of multiple goals makes the maps difficulttointerpretin terms of assessing
transferability.

The Catchment Matcher tool was funded under the DTC programme specifically toaddress the
challenge of extrapolating evaluationsin trial areas to regional or national scales (Lovettet al.
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2018). The tool assesses catchment typology and similarity on the basis of over 20 variables,
broadly divisible into physical environmental variables (e.g. soils, topography), land coverand use
(e.g.forestextent, crop types) and policy designations (e.g. nitrate vulnerable zones, designation
as AONB). The tool works at the scale of WFD Cycle 2 Operational Catchments, which corresponds
well to the DTCs and the spatial resolution of the input datasets. The tool uses principal
components analysis to reduce dimensionality amongst variables across the three broad
groupings. The componentscores from these analysis thenform the basis of clusteringalgorithms
to group catchments into clusters of similartype and of the assessments of catchment similarity
based on their proximityin ordination space. This latter use allows assessment of pairwise
similarity of each DTC to each other catchment and of average pairwise similarity to all other
catchments (a measure of general ‘representativeness’). The tool can be usedto map the
similarity of other catchments to each DTC (Fig. 12) or to assess the general degree of
representativeness of the DTCs (i.e. proportion of green vs yellow catchmentsin Fig. 12). Results
for these assessments are presentedin Lovett et al. (2018), with the general conclusion that the
DTCs are representative of a wide range of catchments in England and Wales with the ex ception of
highly urbanised catchments in the South East and upland-dominated catchmentsin Wales (as
demonstrated by the fact that these areas have high distance scores across all plotsin Fig. 12). In
the DTC report on upscalingand extrapolation (AC44) the Catchment Matcher Tool was
successfully used to extrapolate to the national scale the efficiencies of buffer stripsin mitigating
fine sediment pollution. National estimates of fine sedimentloads from agricultural (from Defra
project WQ0223) were usedin conjunction with bufferstrip efficiencies to estimate potential
reductionsin sedimentyields.
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Figure 13: Similarity to each DTC catchment (or sub-catchment) of all WFD Cycle 2 Operational Catchments
in England and Wales. A higher component score distance indicates a lower similarity.

The Catchment Matcher tool currently consists of a series of Excel worksheets givingthe
calculated principal components scores and clusters. Whilst this givesthe raw information
requiredto assess catchment similarityina number of ways, it is not necessarily intuitive fora
decision maker to use, and graphical outputs must be created manually by appending summary
data to catchment GIS files. Asimple user interface for the tool (for example allowinginteractive
selection of a catchment and visualization of relative similarity to all other catchments as defined
by a user-selected subset of variables) would greatly increase its usability.

As with any decision supporttool, the Catchment Matcher tool has a number of limitations.
Analyses based on ordination space can be potentially misleading. A high degree of average
pairwise similarity will be best obtained by a catchment with intermediate values of all variables,
rather than one showing extremes. However, if the majority of catchments show extreme values
of one sort or another, a catchment with intermediate values may be atypical eventhoughitis the
best compromise. Examining similarity over national scales may also mask important differences.
For example whilstthe Hampshire Avon and South Chilterns are relatively close in ordination (and
physical) space, when compared to all other catchments in England and Wales, the way the
landscapes have historically been managed isvery different, with the former being characterised
by extensive grassland and large areas of arable agriculture, and the latter by more mixed
agriculture and woodland, with complex field boundaries. Therefore care should be taken when
using the Catchment Matcher scores that comparisons are made within a sufficiently restricted set
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of candidate catchments (e.g. those inthe same Catchment Matcher clusters) to make meaningful
assessments of similarity. It may also be possible toincorporate additional variables which are
important in driving the transferability of findings from the DTCs and feasibility of implementing
specificinterventions, including additional information on landscape character and history. This
may be an importantdriver of the willingness of stakeholders to take up specificintervention
options, evenifthe physical and political characteristics of a catchment show a high degree of
similarity to situations where these options has proven effective. Forexample, the modification of
traditionally open landscapes with tree planting may be unpalatable to land owners or
recreational stakeholders. The current Catchment Matcher tool also does not take into account
other activities which may limitthe feasibility of environmental interventions such as existing
modification of the river channel. The need to maintain particularly levels of flow in order to meet
the needs of abstraction for drinking water, hydropower, industrial or irrigation purposes may also
constrain the transferability of findings from the DTCs beyond the environmental constraints
currently inthe tool.

As acknowledged by Lovett et al. (2018), the current tool usesonly a single year of cropping data
from CROME. Longer time-series of crop data (e.g. the CEH Land Cover Plus: Crops datasets) may
help elucidate rotations and degree of agricultural intensity. Other data on agricultural intensity
exist, including estimated loadings of pesticidesandfertilisers (e.g.Jarvisetal. 2019), although
these may show strong correlations with other indictors of agricultural intensity (e.g. robust farm
type) already inthe tool.

10.2 Extending DTC model applications to provide
nationwide guidance

The DTC research community has provided detailed and valuable guidance regarding the wider
applicability of models applied at DTC sites (WQ0225 WP4: approaches to extrapolate and upscale
DTC outputs, 2017). Notably the report highlights the utility of summarising the process models
that were applied (citing SWAT CRAFT and PIM) at catchment level to provide a library of export
coefficientsthat can then be linked to FARMSCOPER. This isvaluable in many respects, three main
capabilities being (i) tolook at broad scale sensitivity of water quality to land cover as for example
studiedin the Eden using SWAT by Yumei Huang (PhD study — as referredto in the WP4 WQ0225
2017 report) (ii) to further provide quantified evidence of the benefits of interventions directly
from their representationin process modelsand (iii) tolink with the wide range of measures
represented in FARMSCOPER to build in detail of how effectivenessis sensitiveto climatic
variability in particular the occurrence of extreme events. It isrecommended that these types of
activities be pursued, and due consideration given to accounting for model uncertainty and
performance.

Conceptually, the Catchment Matcher tool providesa valuable meansto facilitate extension of
model resultsto a nationwide level. Analysis of results from the tool demonstrate that with some
exceptions (inupland Wales and peri-urban southeast England) the DTC catchments are
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sufficiently representative of the majority of England and Wales. However, currently the evidence
base from DTC is insufficientto interpolate the quantified effects of all the interventions
consideredin DTC to other catchments. This can be done partly. Capability to do this more
comprehensively would require two activities: (i) runningall interventions through model
applicationsin all DTCs, (ii) collating outputs from the modelsusedin DTC in othercatchments in
England and Wales, and appraising model outcomes and performance. This would require
literature review and/or contacting lead authors for summary results. Brief details of other
England/Wales applications of off-the-shelf models used in DTC are providedin Section 7

Empirical modelsdevelopedin DTC using continuous monitoring data or detailed field/laboratory
analysisare also potentially useful forextrapolation in conjunction with other tools such as
Catchment Matcher and FARMSCOPER. However, the capability of this approach is restricted by
the unique and detailed nature of the DTC monitoring and experimental work which has not been
widely repeated elsewhere.
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11 Pathwaysto added value

The social science review has provided some insights for widerintegrated catchment management
processessuch as the Catchment Sensitive Farming processes (reviewedin AC6b) and the
Catchment Based Approach (reviewedin AC12); both of which were established to support the
delivery of the Water Framework Directive and associated environmental legislation (EU Natura
2000 SACs and SPAs and National designations like SSSIs). The findings are also relevant for other
forms of landscape level partnerships (AC9, A45), which are increasingly importantin England and
Wales, and often overlap or explicitly interact with catchment partnerships (such as the links
between the Hampshire Avon Catchment Partnership, and livinglandscape initiativesin Dorset,
Green Space initiativesin Wiltshire and protected habitat initiativesin the New Forest). Despite
the selection of the Tamar for its participationin a PES scheme, the documentsreviewed provided
little commentary on the utility of PES schemesfor national level adoption of DIWPA mitigation
measures. This is something that could be furtherdevelopedin future, giventhe increasing
interestin harnessing private sector funding for environmental improvements. There were also
limitedreferencestointegrating WFD with the Floods Directive or combining diffuse pollution
mitigation with natural flood management measures (see A43, E9, 015 and W19 for exceptions).
However, we believe many of the engagementand behavioural aspects coveredin the DTC
assessmentwould be relevant for such processes (Waylen et al., 2018). Pl feedback suggeststhat
there was considerable attention to the interaction between floodingand DWPA, although these
insights were mainly focussed on how flooding distorts the signal when trying to monitor pollutant
delivery pathways.

The CSF and CaBa reviewsillustrated the need for investment of time and resourcesinto
coordination, relationships and longitudinal engagement (see also A45) . This combines
deliberation with action, working with stakeholdersto demonstrate measures, trying them and
adapting them where needed. Despite the ten-year DTC project, the documents suggested that
there was insufficient time towork through multiple adaptive management cycles — by the time
the social relationships were established, and measuresimplemented, the monitoring processes
were winding up. Feedback from Pls notes that the size of budgetand time available was not
realisticto develop evidence toreduce DWPA at the sub-catchment scale. The DTC demonstrated
the catch-22 that farmers wanted evidence of cost-effective mitigation methods before they
would agree to trial them, yetthe DTC needed mitigation methodsto be implemented onfarmsto
provide cost-effectiveness data, hence the reliance on FARMSCOPER data. Once farmers were
convinced, it took more time to identify, apply and negotiate the blended funding mechanisms
required, and even more time to implementthe measures, where unforeseen practical issues
(floods, drought, issues with contractors) created further delays. Pl feedback suggests more
resource and time is needed if trying to address pollutant pathways in catchments with multiple
small farms. Therefore, the data envisaged during phase 2 was only sparsely available, and there
were no documented plansto re-survey farmersto track ongoing changes in attitudes or their
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experiences with measures. Thiswould be a valuable addition to supplementthe missing data for
SS5 (section 5.6) about likelihood that measures are being sustained post-DTC support. It would be
useful to know how the DTC engagement processes were wound down or passed onto other,
ongoing, networks. Considering how to ‘exit’ somethinglike the Wensum Alliance, or how to
evolve the consortium post-project funding, is somethingfor all partnershipsto consider in future.

Overall, although the DTC has been, and will continue to be, evaluated, it would be useful to
explicitly consider evaluation approaches as part of the overall project design for future research
platforms. There are vigorous debates about which type of evaluationto adopt, based on the
purpose of the evaluation and beliefs aboutthe need for experimental rigour or more
interpretivist approaches that prioritise learning (Patton, 2018). For example, Castano et al (2019)
argue for counterfactual modelling methodologies when assessing wide program mes of public
investment, and the use of indicators selected partially based on agricultural and environmental
data already collected. Although integration with existing data sets on farm production and
economics was raised by AC5, only the annex of AC21 research seemed to explicitly engage with
these data; but this could be builtinto future project designs. An experimental approach would
require monitoring (baseline and follow up) with both participantsand non-participantsin the DTC
catchments as well as outside the DTC catchment areas — ideally by randomly allocating farmers to
a control or a treated group. This may not always be possible, as participationin research is
voluntary and it may be difficult, ortoo resource intensive, torecruit the ideal sample. We have
shown (SS1, section 5.2 and SS2, section 5.3) that it is not clear how representative the DTC
farming sample was. The limited attention to counterfactual aspects of the research (SS6, section
5.7) wouldrestrict the generalisability of the findings despite the fact the arguments are
theoretically grounded and the catchments were selected on the basis of national robust farm
types. There was no discussion of social research ethicsin our extraction table. Some of the
farmers implementing DTC measures were named (e.g. the Salle Estate manager) but others were
not. One assumes that individuals chose to waive anonymity given they took on the role of
champion to demonstrate measuresto their peers. However, not all research participants will be
willingto do so, which might limitthe ability to provide the detail about specificfarm intervention
uptake processes. This should be considered and potentially these specificlessons learnt might be
shared on a restrictive basis to inform policy but not made publicly available. Thisneedto learn
lessons whilst understanding stakeholder sensitivity can be inferred from the Pl feedback.

There was a tendency for the, data collection and analysis to be either physical or social (whichis
also reflected in our approach to the REA) rather than an approach that emphasised an explicit
interdisciplinary approach. Indeed, AC5 observed that there was more effort spent on monitoring
the physical environmentthan invested infarm economics, agricultural regulation and links to the
widerinstitutional context. Our evaluation of the DTC data records illustrated that they are
comprehensive. Theyare clearly a valuable resource for use in testing/driving catchment water
guality models, supporting studies that link hydrochemistry to ecology and evaluating the effect of
extreme events. Plfeedback suggestedthat there was insufficientbudgetto allow the multi-
disciplinary consortiumto pursue in-depth analysis across all disciplines and study sites. The
lessonslearntfrom this initiative will be takeninto account during the current NERC scopingstudy
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over plans for investingina Flood and Drought Research Infrastructure. In Section6.5 the
potential value in further analysis of the data was highlighted. Furthermore, thereisa clear
opportunity to publicise datafor use in otherinitiatives such as the NERC Strategic Priority Fund
project AGLAND where ecosystem services are being modelled and validated. There isa growing
literature on the additional demands that interdisciplinary and transdisciplinary research place on
researchers (e.g. Lynch et al., 2015). The benefits of the DTC platform such as poolingresources
and investingin networks of policy makers, supply chain actors, farmers and researchers (A45) are
best realised if challengesin building and sustaininginter- and transdisciplinary research teams are
acknowledged; and sufficienttime and resources are dedicated to these issues. Projects such as
the DTC shape researchers and enrich theirscience through exposingthemto the practicalities of
farming systems and the politics of a crowded institutional landscape; generatingunique social
capital and personal expertise. These attributes are invisible in project outputs but often make
valuable contributions to project outcomes — exploring how these networks persist beyond the
DTC may also yield useful information when planning future platforms.

Finally, a couple of practical observations. Many databases (e.g. Huddle and Mendeley) do not
allow titles of more than a certain length, which can introduce inconsistenciesin these databases,
particularly where there may be multiple similartitles orcitations. It might be useful to use a
unique identifierforall material help keeptrack of documents and make avoiding
gaps/duplications easier. Secondly, not all reports had executive summaries, which was surprising
giventhe policy and stakeholderaudience. Whilst there were many useful summaries developed
for these audiences, it would be good practice to include both policy and technical summaries for
long reports; and provide information of how the longer reports related to complementary
outputs such as academic publications or briefings. Thisinformation may well have been available
on the DTC project website butit is always useful to have it repeated within documents, given that
project website are not always sustained when the project ends.

Summary: The DTC linked theirwork to CSF and CaBa processes but insights may also be relevant
to landscape partnerships; partnerships focussed on natural flood managementand conservation
finance or paymentfor ecosystem services projects. Despite beinga ten year programme, more
time was neededto identify, agree and implement measures and to provide evidence of ongoing
uptake and impacts on water quality. Thought is needed how to report learning when dealing with
commercial sensitivities. The costs and benefits of interdisciplinary working are hard to evaluate
but the development of human capital and social networks may be important legacies of the DTC
process. The DTC has clearly resulted inthe collection of a comprehensive datasetand there is
great potential for further insightsif the data are publicised forfurtheranalysis.
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12 Concluding Recommendations

The overall aim of the review was to evaluate the knowledge gained on intervention effectiveness
and farmer engagementfrom the DTC programme. The specificobjectives of the REA were to
assess the volume and characteristics of the DTC evidence base; synthesise whatthe DTC evide nce
base indicates; and to offer a critical appraisal of the DTC evidence base. The sections below
provide some recommendations based on the knowledge gained, and the gaps identified, from
the REA and insights from the widerevaluation of the PICO and SPICE relevant documents.

12.1 Recommendations arising from reviewing the physical
science aspects of the DTC

The breadth of understanding gained across a wide range of interventionsisundeniably valuable
but much more important isto build on this activity to understand how the significance of their
environmental effectisinfluenced by confounding factors such as downstream dilution and
climatic variability. From the range and volume of published outputs, many of them not falling
withinthe constrained remit of the PICO analysis, it is clear the knowledge arising from the course
of the DTC programme providesa uniquely strong foundation towards a better understanding of
theseissues. The following recommendations are made, which would involve acombination of
monitoring and modelling:

e Continue assessments of waterbodies affected by interventions (and comparable control
sites) to better characterise temporal variability and the progressive establishment of
effects of the interventions (See Sections 4.2, 4.4.3 and 6.1).

e Undertake further analysis of the existing high quality comprehensive datasets that have
been collectedinthe DTC catchments to investigate the effects of the measuresthat were
implemented (See Section 6).

e Continueto strive for integrated assessments of ecological impacts alongside those of
water quality response (See Section 4.4 and 7.1). Thisis important for future focusing of
effortas itis likely thatany ecological response to interventions will be prolonged and
delayed.

e Assessthe extentto whichthe signatures of interventionsare seento persistdownstream
to provide better understanding of the significance of processesacting on pollutants such
dilution and attenuation (See Section 4.2).

e Inthe study catchments assess effectiveness of DTC interventionsin the context of
improvementsin point source treatment or changes in pointsource pollutionload (See
Sections 4.8 and 6.5).

e Make effortsto assess interventiontypesacross all DTC catchments to improve between-
DTC comparisons (See Sections 4.7 and 10). This will help enable a more-comprehensive
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extrapolation of findings to other catchments on a national scale, as the catchment
matcher tool and otherapproaches are showing promise for this purpose.

e Some of the modelsused inthe DTC programme have beenappliedinother non-DTC
catchments. To widen the context of programme findings, where possible it would be
valuable to extend these non-DTC applicationsto include the interventions assessed within
the DTC (See Section 7).

12.2 Recommendations arising from reviewing social and
economic aspect of the DTC:

12.2.1 Robust Engagement Evidence

The recommendations below are based on what was learnt about the DTC evidence onfarmer
engagement. The recommendations reinforce the positive findingsinthe DTC documents but also
considerhow to design future research projects to provide evidence where the REA struggledto
identify clearanswers to the questions posed.

Record the resource, the specificinteractions required to get engagement from individual
landowners (or chain of landowners coveringintervention to monitoring stations) to access sites
for monitoringand possible interventions, which may be time-consumingyet difficulttoreport on
in scientificpublications (see Section 11).

Provide clear information on stakeholderanalysis and participant sampling protocols, to allow
judgements about generalisability and reach of activities (see Section 5.2).

Ensure that data on non-traditional farmingvoices (new entrants, institutional landowners,
women in farming) is captured (see Section 5.2).

Collectdata on common challenges (e.g. consultation fatigue, consultation capture, information
asymmetry) and whethergood design processes could mitigate these (see Section 8.9).

Investtime and resourcesto collectdata on non-participation (as far as possible) (see Section 5.3).

Evaluate the benefits of a diversity of methods throughout the project, allowingtime for networks
to emerge and evolve butrecognisingthat not all farmers enjoy collective interaction (see section
5.2 and 8.5).

Collectdata on the social dynamics of farmer-only safe spaces, cross-sector networks; and the
opportunities forthese different networks to interact (see Section 8.5).
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Plan for, and adapt to, opportunities offered by interacting with other networks and landscape
scale interventions (see Section 8.6).

Illustrate how the project is adding value to previousinitiatives and respectingthe input of prior
participants (see Section 8.8).

Collectdata on the financial and other resources needed to coordinate and support these
networks (see Section 8.4).

Considerwhen and how scientists end partnerships, or exitthe field, whenfundingends, including
buildingintime to setup post-projectarrangements within the project funding period (see Section
11.

12.2.2 Robust Uptake of Measures Evidence

The recommendations below are based on what was learnt about the DTC evidence onfarmer
uptake of interventions or measures. The recommendations reinforce the positive findingsinthe
DTC documents but also consider how to design future research projectsto provide evidence
where the REA struggled to identify clearanswers to the questions posed

Ensure that sufficientresource isbudgeted to understand changes to the baseline, including plans
to resample after the formal project has ended (this may need careful planningin terms of ethical
and GDPR agreement) (see Section 5.4).

Collate evidence, and capture the time investedin discussing said evidence with the participants.
Plan to work through raising awareness, agreeingthe problem framing, agreeing possible solutions
and empowering participants to enact the solutions. This may take several years. Capture the time
that this process takes to inform future projects (see Section 9.1).

Invest not only in monitoring the biophysical parameters in specificsites, butalso the socio-
economic parameters for the individual landowner. This may involve sharing sensitive personal
and commercial information, requiring delicate negotiation and data sharing agreements, and may
not be possible to share the data or outcomes publicly due to the difficulty of anonymising the
material. This should be recognised and innovative ways to share learning whilst protecting
participants should be considered at the start of the project (see Section 5.6 and 11).

Collectdata on monetised costs and benefitstothe farm business, but also collect evidence of

how measuresimpact on farming practices, beyond the final productivity and profitability
calculations (see Section 5.6 and 9.4).

Collectdata on the full range of costs (including transaction costs of setting up and participatingin
fundingschemes) and the distribution of these costs, as well as the distribution of benefits (see
Section 5.6).
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It may be better to trial fewer measures, over more farms with different farming practices or
preferences, toallow more complete socio-economiccomparisons (see Section 5.5 and 5.7).

Understand, and allow for, confoundingfactors that affect the research but are outside the
researchers’ control and capture these influencestoallow for robust interpretation of results. As
noted, this suggests an adaptive management approach using social learning rather than strictly
experimental research design. Alternatively, considerusingan explicitly counterfactual research
design, usingindicators from ongoingtime series data that pre-and post-date the research; and
cover a suitable control population (see Section 5.7 and Section 11)

12.2.3 Developing Robust Transdisciplinary Platforms

The recommendations below are based on what was learnt about the operationalisation of the
DTC platform form the DTC documentation and Pl feedback. The recommendations reinforce the
positive findingsinthe DTC documents but also consider how to design future research projects in
light of the considerable experience gained across the three consortia.

Understand the complexity of sampling processes that try to combine the heterogeneity of
biophysical catchments, farming systems and socio-economictypologies of land managers, and
recognise that due to the voluntary nature of participation, there are likely to be gaps. Allowing
redundanciesand duplication at the start may be useful given the potential for participants to
drop out over time (see Section 5.1 and Section 5.5).

Citizen Science approaches need to be approached with a clear vision of their purp ose — to raise
awareness and/or to expand data pointsand/or to empowerfarmers to self-evaluate their
practices — each requires a different strategy and will achieve different, though equally valid,
outcomes (see Section 9.1).

Considerhow the research will feed into the wider institutional landscape in which it sits —
academics increasingly develop pathways to impact as part of proposals, but the pathway also
dependson non-academicpartners, who are not alwaysinvolvedin planningthese pathways, or
able/willingto engage in developing the implications of the research. This may be particularly true
of commercial partners, who are not funded to participate in public good science. Changing policy
and stakeholder priorities can be challengingto manage overa ten year period (see Section 1.5
and 9.6).
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Appendix B: DTC policy-relevant questions

Al.1Phasel

The following 15 policy-relevant questions, being asked of the DTC researcher community, were
presentedinthe Phase 1 summary report:

1) Which parts of the country are currently failing WFD targets due to agriculture and what
are the main reasons for failure to achieve good water quality and ecological status?

2) How does ecology respond to seasonal pollutant fluxes? How important are short term
pollution concentration ‘spikes’ and seasonal trends (i.e. pollutantlosses during winter when little
is growing compared withthe, more biologically active, summer)?

3) How long does it take for pollutants to travel from their source to their point of impact?
How will this affect our chances of meeting WFD targets for different catchments? This includes:

nutrient cycling (interactions with biota), sedimentation and remobilisation, attenuation, and
transformations (e.g. denitrification).

4) To what extent are pollutants removed from the environmente.g. by burial in sediment,
lossto the atmosphere or chemical breakdown (e.g. of pesticides)?

5) How important are storm eventsin affecting water quality in different parts of the
country?

6) What are the most cost-effective measuresfora given catchment?

7) How can measures be effectively targeted within acatchment?

8) Which combinations of measures work bestand how do theyinteract?

9) What is the attitude of farmers towards acceptance of different measures? What would

motivate farmers to undertake such measures and what are the main things likely to put them
off?

10) What support do they require (financial, technical, guidance) to undertake such work to
protect the environment?

11) What effects doesincreasing self-monitoring have on farmers’ attitudesto taking up
measures?

12) Which are the most cost-effective monitoring technologies and investigative techniques?

13) How can we make monitoringand modellingapproaches easierto use by catchment
managers?
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14) What tools are required by the new generation of catchment managers, what is available
and what technical skill is required to use them?

15) How can we make betteruse of emergingknowledge toinform decisions by policy makers,
catchment managers and farmers?

Al1.2 Phase 2

The specification for Phase 2 of the DTC project specifies the following questions organised under
4 workpackages:

Work package 1: Understanding the nature of the problem (catchment function and response)
1.1 Sources: Identification and quantification of agriculture pollution sources

What are the main agricultural sources that bring potential polluting substances into the
catchments (nutrients, FIOs, sediment, [pesticides])

1.2 Mobilisation: Identification of solubilisation, detachment and incidental mobilisation from the
soil

How can we best assess the risk of solubilisation, detachment and incidental mobilisation fromthe
soils in the DTCs?

Can we determine the conceptual basis upon which these are scaled up, to other catchments and
soils?

1.3 Delivery: Pollutant transport pathways and transformations

What are the most important pathways of pollutant transfer from agricultural sources to water
bodies and how can they be identified?

What is the effect of natural physical, chemical and biological processes on the timing of pollutant
delivery to water bodies and the overall impact of diffuse pollution?

What are the main diffuse pollution risk factors and how do they vary spatially and temporally in
terms of the likelihood of pollutant loss from farming?

How can the key pollution hot-spots (often called critical source areas or CSAs) be identified within
catchments and how are they spatially distributed?
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1.4 Impacts: Water body (receptor) response and other socio economic impacts

What is the contribution of different agricultural pollution sources on water quality in surface and
subsurface water bodies?

What is the ecological response to such pollutant inputs in receiving surface water bodies? (this
should take into account interactions with other factors, such as the morphology of the river
channel)

How resilient are water quality and ecological response of water bodies to temporal variations in
pollution losses (from storm-event to seasonal trends)?

What is the social and economic cost of diffuse agricultural pollution for individual water bodies in
the sub-catchment?

1.5 Extrapolating to the widercatchment and nationally

How much diffuse agricultural pollution in the DTC headwater catchment impact the overall
economic cost of not achieving good water body status at the river basin scale?

What is the economic cost of the transfer of pollutants from the DTC headwater catchments
further down gradient ?

What is the relevance of DTC findings to other catchments and how can they be applied?

Work Package 2 - Planningand implementing mitigationinterventions
2.1 Measure cost, design and maintenance

What is the lifespan of, and what are the maintenance requirements for, different mitigation
measures?

What are the direct and indirect costs of measures, including implementation, maintenance,
impact on productivity/ profitability and savings due to more effective resource management, and
to whom do these costs fall?

2.2 Environmental outcomes of mitigation

How can you extrapolate mitigation efficacy from a single measure to a series of interconnected
measures?

How much of an improvement in terms of receptors can we attain by implementing mitigation?
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To what extent does targeting only part of the anthropogenic pressures on water bodies allow us
to achieve significant improvement in status?

How long will it take for mitigation interventions to: (i) meet a set pollutant threshold (WFD related
targets) at a given point in a catchment and (ii) achieve an ecological response?

2.3 Cost-effectiveness of mitigation measures

What is the benefit:cost ratio forthe various measures applied in the DTC catchments? (This should
account for all downstream benefits of improved water quality from improvements in the DTC
headwater study areas)

What is the comparative cost-effectiveness of implementing measures on a targeted basis
compared with blanket implementation? (i.e. how does benefit:cost ratio vary spatially for
different measures?)

What is the scale of land use and land management change that is needed to achieve EU-WFD
targets of good water body status at the DTC catchment scale?

How might such improvements contribute to achieving good water body status and reduce
environmental damage costs at the river basin scale?

2.4 Designingan agricultural pollution mitigation strategy at the catchment scale

What are the logical steps to identify pressures and plan a programme of measures within a
catchment? (Developing a treatment-train approach)

How can you determine the level of measure coverage needed to achieve EU-WFD objectives in
different catchments?

How can you optimize cost-effectiveness when implementing measures (i) at the catchment scale,
(i) at the river basin scale and (iii) nationally?

Work Package 3 - Working with Stakeholders and Influencing Behaviour Change
3.1 Current Practices

What is the current baseline level of practice in terms of diffuse pollution mitigation?

3.2 Behaviour/Attitudes, Supportand Collaboration
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What are farmers’ current attitudes towards diffuse pollution measures and how likely are they to
adoptthem?

Which factors motivate farmers to adopt measures and what are the main things likely to put them

off?

What are the practical constraints to implementing measures within the context of a farm
business?

What consequences such patterns have for policy levers?

Subsidiary questions:
What level of technical supportdo land managers require to adopt measures?
What level of financial supportdo farmers need to implement different types of measure?

Which policy interventions are best adapted to encourage the uptake of different types of
measures?

How can farmers be encouraged to collaborate to implement measures strategically at a
catchment or sub-catchmentscale?

3.3 Developing catchment scale stakeholdergroups

What governance arrangements are needed to implement a catchment-based approach?

DTC Work package 4: Developingimproved monitoring and research techniquesto inform,
monitor and evaluate policy and extend DTC outcomes to other catchments

4.1 Improving focus and approaches to monitorand quantify agricultural diffuse pollution and
impact on water bodies

What best knowledge exchange frameworks and models allow for ensuring research answers
policy and other catchment manager key needs?

Which are the most cost-effective monitoring technologies and investigative techniques for (i)
identifying pressures in a catchment, (ii) undertaking source apportionment, and (iii) detecting the
effects of pollution mitigation?

129



How can monitoring be optimally deployed, and whatis the minimum amount of data needed to

detect a reduction in diffuse pollution and an ecological response at given spatial and tem poral
resolutions?

How can monitoring and modelling tools be practically used in combination to build ‘weight of
evidence’ to inform catchment management?

4.2 Developingapproaches to up-scale and extrapolate DTC outputs

How can results of plot-scale research be reliably up-scaled and applied to inform decision making
in heterogeneous landscapes?

How can we infer impact of processes monitored in headwater catchments to those occurring
downstream (i.e. integrating mid-catchment and lowland areas)?

How can we translate outputs of catchment-specific studies to other catchments nationally?
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Appendix C: Scoring robustness of physical science

Reporting:
R1_What type of publicationis usedto report results?

Score Criteria

3 (Excel) | Peer reviewed

2 (Good) | Report with signed off

1 (Satis) | Other: Not peer reviewed or signed off

Method (Modelling) Mo:

Mol _Has uncertainty beenreported?

Score Criteria

3 (Yes) Yes

2

1 (No) No consideration of uncertainty

Mo2_Have authors undertaken calibration and or validation?

Score Criteria

3 (Excel) Model not calibrated but validated

2 (Good) Model calibrated and validated

1 (Satis) Model not validated but may or may not be calibrated

Mo3_lIs there peerreviewed evidence forthe validity of the model outside of the DTC?

Score Criteria
3 (Yes) Yes

2

1 (No) No

Mo4 _|s the model time step sufficiently fineto representkey processes?

Score Criteria

3 (Excel) Hourly or less
2 (Good) Hourly — Daily
1 (Satis) >daily

Mo5 _Is the testing period of sufficientduration?

Score Criteria

3 (Excel) >2.5years

2 (Good) 1.5-2.5years
1 (Satis) <1.5years

Mo6 _lIs the period of scenario simulation of sufficientduration?
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Score Criteria

3 (Excel) >2.5years

2 (Good) | 1.5-2.5

1 (Satis) <1.5years

Method (Monitoring)_M:

M1_Are hydrological measurements consideredin conclusions?

Score Criteria

3 (Excel) Yes and co-located

2 (Good) Yes but not co-located

1 (Satis) Not considered

M2_Is automated monitoringused and is itground truthed (at least 2 weekly)?

Score Criteria

3 (Excel) Yes and ground truthed 2 weekly or more frequent

2 (Good) Yes but ground truthed less frequently than 2 weekly or not specified

1 (Satis) Yes but not ground truthed/ automated monitoring not used / ground truthing not mentioned

M3_Are laboratory analytical procedures used and reported?

Score Criteria

3 (Excel) Yes and reported

2 (Good) | Yes but not reported

1 (Satis) No - only field determinations used

M4 _Is regular monitoring of sufficienttemporal resolution?

Score Criteria

3 (Excel) hourly or less

2 (Good) daily to weekly

1 (Satis) more than weekly

M5_Does samplingtarget storm events?

Score Criteria

3 (Excel) Yes with autosamplers

2 (Good) Yes but manually

1 (Satis) No

M6_Have baseline conditions beenadequately characterised?

Score Criteria

3 (Yes) thereis >1yr of baseline monitoring
2

1 (No) thereis <1yr of baseline monitoring

M7_Replicated used?

Score Criteria
3 (Yes) Yes
2
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[ 1(No)

|No

M8 _ Sufficientlength of intervention period (atleast years)?

Score Criteria

3 (Excel) More than 2 years
2 (Good) 1-2years

1 (Satis) Lessthan 1 yr

M9 _Is intervention close to monitoring location?

Score Criteria

3 (Excel) Yes lower catchment or catchment wide
2 (Good) Middle catchment or mixed locations

1 (Satis) No upper catchment or not specified

M10_What experimental designisadopted?

Score Criteria

3 (Excel) BACI1 or BACI2 design

2 (Good) With and without intervention

1 (Satis) Paired catchment or trend at impacted site
Results_Re:

Rel_lIs interventiondesignreported?

Score Criteria
3 (Yes) Yes

2

1 (No) No

Re2_lIs intervention managementreported?

Score Criteria
3 (Yes) Yes

2

1 (No) No

Re3_Are confoundingfactors taken into account?

Score Criteria

3 (Excel) Stated that there are none or they are identified and quantified
2 (Good) Identified but only taken into account conceptually

1 (Satis) Not mentioned or mentioned and not taken into account

Re4 Is the significance of the results reported?

Score Criteria
3 (Yes) Yes

2

1 (No) No
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Re5_Are results relevantto or related to environmental quality standards?

Score Criteria

3 (Excel) Results are related to environmental quality standards
2 (Good) Results are relevant to EQS

1 (Satis) Results are not relevant or relatedto EQS

Re6_Are results givenfor individual years postintervention?

Score Criteria

3 (Excel) Yes

2 (Good) A multi year trend is identified
1 (Satis) No — 1 year or less
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Appendix D: Scoring robustness of social science

Alltypes
Is the methodology(ies) clearly described and could it/they be repeated?

1. Notdescribed

2. Describedbut insufficient detail to replicate

3. Described with sufficient detail (caninclude references to further documents for more
information)

Data Collection: Were the data-collection methods appropriate for
studying engagement, behavioural change and/or cost-effectiveness of
agricultural practices?

Qualitative® data collection
Free text descriptive column of what the research method(s) was includingwhetherone -off or
timeseries

Is the sample size and structure suitable forthe aims and questions?
1. Nocommentonsampletype orsize
2. Sample type and size described but no comment on saturation®
3. Sampletype and size described and saturation claimed

Does the data collection follow good practice®?
1. No evidence forhow implemented provided
2. Evidence provided but does not follow good practice
3. Data collectionfollows good practice

Quantitative’ (not related to cost-benefit/effectiveness analysis) data collection

Free text descriptive column of what the research method(s) wasincludingwhetherone-offor
timeseries

4 Qualitative research covers a family of data collection and analysisapproaches thatfocus on non-numerical data and
interprets meaning to patterns of these data.

5 Saturation means thattheresearchers feel they have sufficient material to understand and explainthe patternsin
their data

6 There might be a widerange of qualitative research methods including interviews, participant observation, focus
groups or workshops, participatory mapping, video etc. Good practice varies but the shared characteristics is that the
method has been used before or if aninnovation, has been piloted first, thatthe protocol for data collection is
available (interview guide, workshop plan), andactual process of data collection is recorded, including where the
approach was adapted to respond to s pecific circumstances.

7 Quantitative research collects countable (normallynumeric) data thatis analysedfor statistical patterns (including
descriptive statistics)
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Are the instruments used for data collection appropriately tested?
1. No pilotingor testing
2. Limited pilotingand testing
3. Cleardescription of pilotingand testing
4. Piloting/ testing not relevantto method (e.g. secondary data analysis)

Is the sample size and structure suitable forthe aims and questions?
1. Nocomment onsampletype orsize
2. Sample type and size described but no comment on suitability for statistical analysis
selected
3. Sampletype and size described and appropriate for statistical analysis used

Does the instrumentimplementation follow good practice8?
1. Noevidence forhow implemented provided
2. Evidence oninstrumentimplementation provided but does not follow good practice
3. Instrumentimplementation follows good practice
o Notrelevant(e.g.secondary data analysis)

Cost-Effectiveness and cost benefits data collection

Free text descriptive column of what the research method(s) was, includingwhether one -off or
timeseries; physical or monetary units used

Choice of costs and benefitflowsincluded /excluded discussed
1. Nojustification of Costs and benefitsincluded
2. Some justification
3. All potential costs and benefits are mapped, and inclusion / exclusionis fully justified

Costs benefits / effectiveness measures:
1. Nosource of data mentioned
2. Valuation of costs or benefits using secondary sources or qualitative assessment
3. Primary data collection to provide monetary values of costs and benefits (e.g. stated
preferences approachesfor non-market costs and benefits)

If primary data collection, need to use evaluation criteriafrom “quantitative research”

If secondary data used:

8 Good practice would cover the protocol for data collectionis available (questionnaire) and recording details of actual
process of data collection (e.g. was the questionnaire online or by phone, how manyfollow-ups were attempted etc)
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1. Nodiscussion of the relevance of source of the secondary data to the case studied
Source of secondary data isacknowledged but reliesonfew and orirrelevant other case
studies

3. Source of secondary data acknowledged, usingrelevant data or data adjusted to case study
of interest (e.g. benefittransferrelyingon meta-analysisand WTP adjusted to local
characteristics)

Data Analysis: Werethereportedresultsbased on appropriate
analytical approaches for studying engagement, behavioural change
and/or cost-effectiveness of agricultural practices?

All types
Does the study provide information limitations and confounding factors influencing results?
1. Noinformationprovided
2. Limitationsand confoundingfactors noted but not connectedto findings
3. Limitationsand confoundingfactors impact on findings acknowledged (and quantified
where appropriate)

Qualitative® data analysis
Do the results cover both majority and minority views; and illustrate the range of opinions?

1. Resultsdo not distinguish between participants views
2. Resultsnot differencesin passingbut do not discuss
3. Resultsclearly present differentviewsand a full range of opinions

Is theory used to analyse the data?
1. Themesare describedbut not usedto testor build theory
2. Themesare described and generally linked torelevantliterature but not theory buildingor
testing
3. Themesare usedto build new theory or challenge/confirm existingtheory

Quantitative (not CBA or CEA) data analysis

Data analysis assessed by:

Does the analysis clearly relate to the starting theoretical framework/hypothesis?
1. Resultsare describedbut not related to any hypothesis
2. Resultsused to test starting theory/hypothesis

Are the correct statistical tests selected (e.g. non-parametricfor non-normal distribution of data)
1. No description of tests provided

9 Qualitative analysis focusses on making sense of datain terms of patterns or themes and relatingthem to theoretical
frameworks or concepts.
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2. Description of tests provided but not explained
3. Selectionof tests explained andjustified
o Oforwhentests are not appropriate for method

Are confidence levels and strength of association provided?
1. No confidence levels orassociation provided
2. Confidence levelsandassociation provided but does not meetgood practice (e.g.
confidence below 90%; or association very weak)
3. Confidence levelsandassociation provided that meet good practice

CBA or CEA data analysis
Has a sensitivity analysis beenimplemented?
1. Nocomment on sensitivity of results to assumptions made
2. Some discussion of the sensitivity of results to assumptions made
3. Full sensitivity analysis done forkey parameters of the Cost benefit Analysis

Does the CBA/CE include flows of costs and benefits overthe lifespan of the intervention?
1. The CBA/CEis based on a single yearassessmentand does not account for future flows
2. The CBA/CE partially accounts for future flows/ discusses potential future flows.
3. The CBA/CE accounts for all expected flows of costs and benefits, presentand future

If CBA over multiple years, how are future flows of costs and benefits discounted?
1. Nodiscounting
2. Adiscount rate is used but its choice is not justified
3. Discount rate used, justified and follows good practice (HM Treasury’s Green Book
guidance is 3.5% in real terms, and then declining discount rate over time after 30 years)

Reporting - All types

Means of publication
1. Unreviewed Reportor other
2. Peerreviewedreport(wentout to external reviewers butnot publishedinjournal)
3. PeerreviewedScientificPaper

Discussion of how relevantfindings are to other contexts
1. Nodiscussion of relevance to otherplaces
2. Some general recommendations but unclear why/how relevantto other places
3. Explicitcomments on relevance to other places provided

Conclusions are backed up by well presented data and findings
1. Unclear how conclusions were drawn
2. Limitedrelationship between findings/dataand conclusions drawn
3. Clearrelationship explicitly stated between data/findings and conclusions drawn

Confidence Score
1. Verydifficultdocumentto evaluate quality of science and scores were hard to assign
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2. Reasonablelevel of detail but still found it difficultto decide scores in some cases
3. Easy to assign scores based on clear detail inthe document
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Appendix E: Social Science Methodology Applied

Overall ‘Population’ of Documents

Of the 173 documents provided 77 were submitted to the Hutton team for analysis to answer the
social science questions (having previously excluded PowerPoint presentations and documents
describingthe tenders for the research). Documents were givena unique identifier (ID) to
distinguish them, given that there were often multiple similarcitations (e.g. all the newsletters).
Full citations are providedin Appendix B, whilst the report text usesthe IDs to reference the
documents.

Followingthe protocol, around 20% of all documents were checked by a second researcher, and
where any divergenceiin classification occurred, a discussion took place and the entries updated if
required. Furthermore, the Pls of the DTC projects are beinggiventhe opportunity to respondto
draft findings and identify missingdocuments or amend extraction or robustness classifications.
Whilstthese steps will improve the quality of the review, we cannot claim to have complete
coverage of all DTC outputs — we have reviewed all evidence made available to us withinthe time
constraints of the project.

Researchers did not review the DTC Evidence Compendium (Defra, 2020) WT15116 prior to the

evidence analysis process to avoid bias. A cross-check of the evidence presented by the DTC
consortia with our findings was completed as part of the process of peerreview described above.

TableE 1: Overall number of documents broken into categories®:

SPICE documents Relevant Documents Replicates Discarded
A35 A45 A55 Al

A9 A26 AC10 A57

Al11 A43 AC13 A71

AC15 Ad44 AC14 A72

AC21 A47 AC16 AC11
AC25 A64 AC19 AC20
AC26 A66 AC28 AC22
AvVil A70 AC29 AC24

10 Appendix B provides a list of all documents with their unique IDS.




AV8 A74 AC31 AC34
E9 AC1 AC6a AC36
013 AC12 016 W 18
011 AC5 012 w19
w21 AC4 014 W35
w23 AC23 w4
W42 AC27 W13

AC28 W16

AC32 W7

AC6b W94

AC30

AV2

AC9

AV3

Av4

AV9

015

W11

W12

W30

W32

W33

w41
Total=15 Total=31 Total=18 Total=13

The DTC project was organisedin three phases: Phase 1 (December2009 — January 2015); Phase 2
(January 2015 — March 2018) and Phase 3 (April 2018 to March 2019). One might expectthe
results of relevance to the SPICE question “How effective were DTC engagement processesin DTC
catchments in fosteringand retaining uptake of DTC agri-environmental interventions for
improving and maintaining water quality?” to be mainly containedin the documents from the
later phases. Currently there are only four documentsin the dataset dated 2018 or 2019; and 27
from phase 2 (2015-2018). Of these post-2015 documents, only eight are SPICE documents (see
next page). This means that there is low coverage of results coming out of phase three;and given
the lag in academic publication, many of the later journal publications referto evidence collected
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in phase 1 and phase 2 only. The cut -off for our evidence was all documents held by Defra in July
2019.

Documentsremaining after screening for SPICE relevance

We assessed documents for SPICE relevance (providing evidence allowing us to answer the
guestion “How effective were DTC engagement processesin DTC catchments in fosteringand
retaining uptake of DTC agri-environmental interventions forimproving and maintaining water
quality?”) - 29 documents were deemed SPICE compliant, but of these, 14 contained replicate
information from other reports, leaving 15 documentsto be reviewed forrelevant evidence and
robustness of their science. Many documents have multiple entriesforinthe spreadsheet, to
allow differentiation between catchment, Diffuse Water Pollution (DWP ) mitigation measures or
other factors, as shown below.

Table E 2: Number of rows in extraction table per document

Row Labels | Count of Article reference
A35 5
A9 36
All 1
AC15 17
AC21 14
AC25 2
AC26 4
AV11 1
AV8 1
ES 3
013 7
011 34
w21 4
W23 1
W42 1
Grand Total | 131
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Documentswith robustnessanalysis

Robustness could only have been performed on those 15 documents that were SPICE compliant.

Robustness was evaluated based on good practice for data collection, data analysisand data
reporting. However, different criteriawere used dependenton whetherthe methodology was
qualitative, quantitative oreconomic as it is important to compare the robustness of the science
by appropriate criteria —for example the behavioural component does not have a quantitative
design (AC5) so quantitative criteriawould be inappropriate. Documents often used a mixture of
approaches in which case a combination of criteriawere applied.

However, only eight documents were assessed for robustness as shown below. The other
documents did not have sufficient methodological information to permit robustness analysis.
Those withoutrobustness analysis were: AC25 (newsletter), AC26 (newsletter), AV11, AV8, W23,
E9 (short 1 or 2 page summaries) and W42 (conference proceedings).
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Table E 3: Results of Robustness Analysis

Types of Science Confidence
ID Type vp Overall Robustness
levels

Non- Economic Low
w21 reviewed Satisfactory

Report

Non- Qualitative, Medium
011 reviewed Quantitative & Satisfactory

Report Economic

Non- Qualitativeand Medium
013 reviewed Quantitative Satisfactory

Report

Non- Quantitative and High
AC21 reviewed Economic Good

Report

Non- Qualitative and Medium
AC15 reviewed Quantitative Good

Report

Peer Qualitativeand Medium
A35 Reviewed Quantitative Good

Paper

Peer Quantitative and High
A9 Reviewed Economic Good

Paper

Peer Economic High
All Reviewed

Paper Excellent

Average data collection Robustness score: Good. Weaker scores were for not providing
information on the questionnaire piloting ortesting; failingto give information on sampling
strategy, size or representativeness, and limited detail on how data collection was carried out
during the discussion groups etc. In some cases, e.g. 011 or 013, there was very little
methodological information providedinthe reports so low scores were assigned to most criteria,
eventhough the content was extremely useful.

Average data analysis robustness score: Satisfactory. Weaker scores were for not providing
information on limitations or confounding factors, insufficient use of theory or statistics to
generalise results, lack of information on statistical or economictests and inappropriate
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timescales for economicassessments. However, as with data collection, the insights from the
analysiswere often useful andinteresting, but the document lacked evidence that good practice
had beenimplemented.

Average data reporting robustness score: Good. Weaker scores were for not publishingthe report
in a peer-reviewed publication, not discussing the relevance of the material to other contexts and
failingto clearly relate the findings to the overall conclusions or recommendations of the
document. Of course, non-reviewed shortreports with short or no discussion sections will have
scored poorly inthis category, but maybe very useful documents for non-scientificaudiences.

Overall Average robustness score: Good. The overall confidence score was 1.89 —in most cases
the reviewerwasfairly confidentin theirability to assess the document evidence (score two), and
in a couple of cases, very confidentbut equally there were a couple of cases were the reviewer
had low confidence in the ability to judge the robustness due to lack of information. The protocol
for robustness scoring has been provided as a technical annex 2.

We also considered whetherthe documentsrecorded any ‘confounding factors’ influencing the
implementation of the DTC research activities and none of the documents with robustness
analysis actually reflected on this. AC26 did highlight the extension of phase 1 and change to a
single DTC project in phase 2 during 2014-15, but this was not presented as influencingthe
implementation of the research. Indeed, only A9, AC21 and AC26 explicitly listed limitations to
theirstudy in their conclusions (limitations were also noted by A66, AC5 and AV4 relevant
documents).

These comments do raise a question about robustness scoring for documents that were not
intended forscientificaudiences. For this reason, robustness scores were not allocated to
documents with no methodological material, in order to distinguish between lowerscores where
the information suggested limitations and not absence of any information. The questfor
conciseness and relevance may mean that technical methodological details are omittedin the
reporting but could have been undertakenin practice. Furthermore, journal paper word
restrictions often mean there islimited methodological detail provided in papers as well. Future
projects may wishto provide a technical annex or separate report with more informationto allow
robustness evaluation to be carried out on the full suite of information.

Documents not SPICE but relevant

33 documents were deemed SPICE relevant, of which two are duplicates (AC6a and 014), leaving
31. This meansthat whilstthe documents did not specifically provide information on the SPICE
qguestion, they had relevantinsights for the relevance and robustness of the science undertaken
withinthe three phases of the DTC project. These documents are therefore consideredinsections
Eight and Nine regarding general insights on farmer engagementand uptake of DWP measures.
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Documentsdiscarded and Replicate documents

Steering Group agreedto discard all PowerPoint presentations. Another 13 papers were
considered neither SPICE compliant nor SPICE relevant for the following reasons:

e Conference Abstract — Al (nofurther paper could be found — no results reportedin
abstract)

e 3 newsletters(AC24, 22 and W18) that contained no social science engagement, uptake or
cost-effectivenessresults

e 3 scientificpublications (A57,A72 and A71) — A57, A71, A72 did not report on specificDTC
findings but rather reported on mitigation at the national UK scale.

e 6 reports (W19, AC36, W35, AC4, AC11, AC34) — AC4 isa list of useful resources; AC11 is a
listof emergingresearch questions but no findings; AC34 provides a plan for phase 2 of the
DTC but no findings; AC36 sets out the objectives of the DTC but does not provide any
empirical findings; W35 sets out list of potential DIWPA measures only; W19 did not report
on specificDTC findings.

There were 18 replicatesintotal (15 were SPICE compliantand 3 were SPICE relevant) but they
were also discarded as the same information could be found in other, more comprehensive,
documents that were reviewed. Itis important to discard replicates to avoid double counting.

General Comments on methodology

This analysisis focussed on whetheran explicitstatement could be found in the documents
reviewed. Lack of a reference does not automatically mean that good practice was not followed, it
means that it was not explicitly stated in the document.

Itis very possible thatthere is evidence available inthe documents reviewed that a reviewerdid
not recognise. Given the size and heterogeneity of the data set, it is quite possible we have missed
something or misunderstood what was presented. Having said that, our protocol requires things
to be explicitly presented, such that noting differentaspectsin differentsections withina
document, or differentdocuments, without a statement linkingthem together, would not be
considered ‘evidence’ inoursense.

This strict approach is necessaryto enable a rigorous review. Itis also important to recognise that
non-academicreaders are unlikely to have the time to piece together evidence; so the main policy
and practice relevant messages needto be clearly stated with an evidence trail to allow an
assessment of robustnessin order to maximise the utility and impact of the research. For
example, very few of the earlierreports had an executive or policy summary. Nine SPICE (A35, A9,
Al1, AC15, AC25, AV11, E9, 013, and 011) documents had recommendations and 12 other
relevant documents contained recommendations; but this is only around half of the documents.

The extraction table was problematicas the questions have differentscalesforanalysis — CEA
needsrows for individual measuresinindividual catchments, or even farms. But often the
engagementor confoundingfactors is reported across all catchments, or generically within the
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catchments. This makes usingthe same spreadsheetfor very differenttypes of scientific
questions, reporting at very different levels of granularity, quite challenging.

The needto be flexible and adaptive was highlightedin A44, whilstthe need to be ‘opportunistic’
was noted in A45 and reinforcedin AC5. AC5 therefore observed that the adaptive approach
meant limited experimental rigour was possible regarding understanding uptake of specific
interventions. AC6b noted that empirical social science research has been modest in scope during
the first phase, and it is possible to conclude the more resources to collect, analyse and report on
the realities of how farmers were willingand able to uptake measures beyond the end of phase
two would have been useful.
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Appendix F: Physical science evidence tables

This appendix contains evidence tables for the primary (Table F1) and secondary (Tables F2 to F6)
physical science questions.
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Table F 1: Primary Physical: How effective were DTC agri-environment interventions in DTC catchments for improving and maintaining water quality?

DTC Intervention Water quality | Effect of intervention? Modelling | Coverage of | Pathway Robustnes | Robustnes | Document
parameter or catchment | assessed s of results | s of ID
monitoring for change | (mean reporting
study? score: Rel | (R1)
to Reb)

Farmyard management | Pesticides Reduced total pesticide Monitoring 100% Surfaceand | S S w4
(Biobed and drainage concentration by >90% at the soil water
field inline) plot scale
Crop type (winter Nitrate, TP Nitrate >75% reduction at field Monitoring 100% Soil water G E A15, A27
oilseed raddish) scale, N,O no impact

Nitrate no change at catchment 20% River

scale

TP no impact at field scale TP 100% Soil water

reduced at catchment scale 20% River

(~33%)
Tillage (direct drilling Nitrate and N,Ono impact at 100% Soil water
and shallow non field scale
inversion tillage) Nitrate no impact at catchment 20% River

scale

TP no change at field scale 100% Soil water

TP reduced at the catchment

scale (~33%) 20% River
Livestock-Animals Suspended Reduced sediment load by 2.3% | Monitoring 98m of river | River water | G E A63
(stopping riparian sediment at subcatchment scale fenced
poaching)
Field drainage (track TN, TP and Annual amounts retained at the | Monitoring ~25% Surface S S A5
runoff sediment intervention scale are reported. runoff

interception_135m2)

Field drainage (modified
ditch system)

Field drainage (track

Absolute reductions in specific
yields (kg/ha/yr) of TP (0.06), TN
(0.16) and sediment (42) given
for the catchment outlet (1.6
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runoff
interception_55m?2)

Field drainage
(attenuating ditch and
overland flow)

Field drainage (trackand

km?).

runoff
interception_80m?2)
Combination (tracks, TN, TP, Mean sediment concentration Monitoring Not River S AC21
ponds, fences) Suspended increased by 8% (50-54mg/I), extracted
sediment total nitrate decreased by 26%
(6.1—4.5mg/l)and total P
decreased by 50% (0.77 —
0.39mg/l).
At subcatchment scale.
Combination (Tracks, Mean sediment concentration Not River
ponds, fences and increased by 42% (50-71mg/I), extracted
roofing) total nitrate decreased by 5%
(6.1 —5.8mg/l)and total P
decreased by 34% (0.77 —
0.51mg/l).
At subcatchment scale.
Wetlands and ponds Turbidity, Decreasesreported in turbidity | Monitoring 2.7% River E Al1l
(roadside wetlands) sediment (14%), suspended sediment
concentration, | concentration(14%), sediment
sediment load, | load (82%). No change reported
total P and in total P.
nitrate Increasein nitrate (15%)
At subcatchment scale
Wetlands and ponds TP Decrease in concentration Monitoring Not River Ex A6
(instream pond and extracted
wetland)
Fertiliser application NO3, TP, SS, Percentage decreasesreported: | Modelling Not Loading to E A69
NH3 22 (NO3), 47 (TP), 66 (SS), 30 extracted river

(NH3)
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Fertiliser application SRP and TP Percentage decreasesreported: | Modelling 100% River A67
37 (SRP), 40 (TP).
Buffer strips and field NO3 and TP Percent decreases reported: Modelling Not River A62
corner management 2m: 2.3(N), 12.2(P); 6m: 4.6 extracted
(2m, 6m) (N), 16.9(P)
Cultivation NO3 and TP Percent increases reported: 4.7 River
(conservation tillage) (N), 3.8(P);
Cultivation (no tillage) Percent increases reported: 6.3 River
(N), 7.2(P)
Field drainage (no tile NO3 and TP Percent decreases reported: River
drain) 58.9(N), 31.6 (P)
Cover cropping (red NO3 and TP Percent decreases reported: River
clover) 19.6(N), 1.6 (P)
Combination of above NO3 and TP Percent decreases reported: River
measures 24.1(N), 17.9 (P)
Livestock SSand TP Percent decreases reported: 6.5 | Modelling 100% River A2
grazing/stocking (SS), 4.7 (P)
(reduced stock density
and avoiding poaching)
Buffer strips and field SS and TP Percent decreases reported: 3.0 10% River
corner management (SS), 2.0(P)
Other: Additional water | SSand TP Percent decreases reported: 4.5 5% River

storage

(SS), 4.0(P)

Note: S=Satisfactory, G=Good, E=Excellent
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Table F 2: SP1: Have DTC monitoring methodologies resulted in robust evidence that enables the effectiveness of a variety of agri-environment interventions (in
mitigating rural diffuse pollution) to be assessed at a range of scales from plot to catchment

A = 2 )
. ~ = [e) 3
s | 2N [ T%(% | w £ |2 g |z s |2
o d £ S ss| € £ L2 v o u“ 2 = S
s (8% |&82|¢s |3 2% | ¢ °5 | 8 S |5
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Farmyard Plot No S G S No Yes No G E E G S w4
Management
Cover crops Plot No S E No No Yes G E(E) G (G) G (G) E(E) A15
Field No (No) E(E) No(No) | No(No) | Yes | G(G) (A27)
(Yes)
Sub- Yes & not S Manual | No No
catchment co-
(7.14km2) located
Tillage Plot No E No Yes Yes
Field No (No) E(E) No Yes (No) | Yes
(No) (Yes)
Subcatchment | Yes & not S Manual | Yes No
(7.14km2) co-
located
Livestock- Subcatchment | Yes & not E Auto No No A63
animals (0.7km2) co-
located
Field Intervention, | No S No No No A5
drainageand | inference




farmyard subcatchment
management | (1.6km2)
Field Subcatchment | Yes & co- No Yes No S A21
drainageand | (4.6km2) located
farmyard
management
Wetlands Subcatchment | Yes & co- No Yes No G All
and ponds (19.7km2) located
Wetlands Subcatchment | Yes & co- No No No E A6
and ponds (4.6 and 8.5 located
km?2)

Note: S=Satisfactory, G=Good, E=Excellent
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Table F 3: SP2: Have DTC modelling methodologies resulted in robust evidence that enables the effectiveness of a variety of agri-environment interventions (in

mitigating rural diffuse pollution) to be assessed at a range of scales from plot to catchment?

2 o
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Fertiliser Catchment | No No Yes S S S S E A69
application (1700km2) validation
Buffer stripsand | Sub Yes Yes both Yes G S E G E A62
field corner catchment
management (19.6km?2)
In field manure
slurry
management
Field drainage
Cover cropping
Combination
Livestock Sub- No No Yes E S S G E A2
grazing/stocking | catchment validation
Buffer stripsand | (2km2)
field corner
management
Additional
water storage
Fertiliser Catchment | No Yes both Yes G G E G E A67
application (>37km?2)

Note: S=Satisfactory, G=Good, E=Excellent
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Table F 4: SP3: Based on DTC evidence how effective are specific agri-environment interventions and combinations of measures in mitigating diffuse pollution and
improving or maintaining ecology? Are these relevant to or assessed against regulatory standards? Does effectiveness change over time?

DTC Intervention Water Magnitude of effect of Effect and Relevant | Is effect Robustness | Robustnes | Document
quality intervention? its or related | reported to of results s of ID
parameter significance | to vary over (mean reporting

(Red) standards | time (Re6)? | score:Rel | (R1)
(Re5)? to Reb)

Farmyard management | Pesticides Reduced total pesticide Not specified | No No but results | S S w4

(Biobed and drainage concentration by >90% at for 2 yrs post

field inline) the plot scale intervention

Crop type (winter Nitrate, P Nitrate >75% reduction at | Reduction: Yes for No G E Al5

oilseed raddish) field scale significant Nitrate at

catchment

Nitrate no change at No change: scale
catchmentscale significant E
P no impact at field scale. No change: No

significant G
P reduction at catchment
scale Reduction: No G

significant

Tillage (direct drilling Nitrate, P Nitrate no impact at field No change: Yes for No G

and shallow non and catchment scale significant Nitrate at

inversion tillage) catchment

scale
P no impact at field scale. No change:
significant No
P reduction at catchment Reduction: No
scale significant
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Livestock-Animals Suspended | Reduced sediment load by | Not No No A63
(stopping riparian sediment 2.3% at subcatchment extracted
poaching) scale
Field drainage (track N,P and Annual amounts retained Not No No A5
runoff sediment at the intervention scale extracted
interception_135m2) arereported.
Field drainage (modified Absolute reductions in
ditch system) specific yields of P, N and
Field drainage (track sediment given for the
runoff catchment outlet.
interception_55m?2)
Field drainage
(attenuating ditch and
overland flow)
Field drainage (track
and runoff
interception_80m?2)
Combination (tracks, N,P,Sedime | Mean sediment Not No No AC21
ponds, fences) nt concentrationincreased by | extracted

8% (50-54), total nitrate

decreased by 26% (6.1 —

4.5) and total P decreased

by 50% (0.77 —0.39).

At subcatchment scale.
Comination (Tracks, N, P, Mean sediment Not No No but two
ponds, fences and Sediment concentrationincreased by | extracted year average
roofing) 42% (50-71), total nitrate given.

decreased by 5% (6.1 —5.8)

and total P decreased by

34% (0.77 —0.51).

At subcatchment scale.
Wetlands and ponds Turbidity, Decreasesreported in Significant Yes for No All
(roadside wetlands) sediment turbidity (14%), suspended | changes suspended

concentrati | sediment concentration apart from sediment
on, (14%), sediment load TP
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sediment

(82%). No changereported

load, total in total P.
Pand Increasein nitrate (15%)
nitrate At subcatchment scale
Wetlands and ponds TP Decreasein concentration | Decrease, No No Ab
(instream pond and significant
wetland)
Fertiliser application NO3, P, SS, | Percentage decreases Decrease, No No A69
NH3 reported: 22 (NO3), 53 (P), | not specified
66 (SS), 34 (NH3)
Fertiliser application SRP and TP | Percentage decreases Decrease, No for TP. No A67
reported: 37 (SRP), 40 (TP), | not specified | Yes for SRP
Buffer strips and field NO3 and TP | Percent decreases Decrease, No No A62
corner management reported: 2m: 2.3 (N), 12.2 | not specified
(2m, 6m) (P); 6m: 4.6 (N), 16.9 (P)
Cultivation NO3 and TP | Percentincreases reported | Increase, not | No No
(conservation tillage) 4.7 (N), 3.8 (P); specified
Cultivation (no tillage) NO3 and TP | Percentincreases reported: | Increase, not | No No
6.3 (N), 7.2 (P) specified
Field drainage (no tile NO3 and TP | Percent decreases Decrease, No No
drain) reported: 58.9 (N), 31.6 (P) | not specified
Cover cropping (red NO3 and TP | Percent decreases Decrease, No No
clover) reported: 19.6 (N), 1.6 (P) not specified
combination NO3 and TP | Percent decreases Decrease, No No
reported: 24.1 (N), 17.9(P) | not specified
Livestock SSand TP Percent decreases Decrease, No No A2
grazing/stocking reported: 6.5 (SS), 4.7 (P) not specified
(reduced stock density
and avoiding poaching)
Buffer strips and field SSand TP Percent decreases Decrease, No
corner management reported: 3.0 (SS), 2.0 (P) not specified
(1)
Other: Additional water | SS and TP Percent decreases Decrease, No

storage

reported: 4.5 (SS), 4.0 (P)

not specified
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| | [0

Note: S=Satisfactory, G=Good, E=Excellent
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Table F 5: SP6: What evidence is there from the DTC programme that the effectiveness of agri-environment interventions varied between DTCcatchmentsand was
this related to differences in the design and/or management of the interventions?

DTC Intervention | Water quality | Magnitude of effect of Effectand its | DTC Intervention design | Intervention | Document
parameter intervention? significance | catchment | detail Management | ID
detail
Farmyard Pesticides Reduced total pesticide Not specified | Wensum 49m2 biobed and Not specified W4
management concentration by >90% at the 200m?2 drainage field
(Biobed and plot/field scale
drainagefield in
line)
Crop type (winter Nitrate, P Nitrate >75% reduction at field Reduction: Wensum 143ha trialin Herbicide and | A15
oilseed raddish) scale significant catchment of 714ha. Molluscicide
Nitrate no change at catchment | No change: added
scale significant
P no impact at field scale. No change:
P reduction at catchment scale | significant
Reduction:
significant
Tillage (direct Nitrate, P Nitrate no impact at field and No change: Not Extracted Not Extracted
drilling and shallow catchment scale significant
non inversion P no impact at field scale. No change:
tillage) significant
P reduction at catchment scale | Reduction:
significant
Livestock-Animals Suspended Reduced sediment load by 2.3% | Not extracted | Eden Impact of a 98m Not managed | A63
(stopping riparian sediment at subcatchment scale unfenced area
poaching) assessed
Field drainage (track | N,P and Annual amounts retained at the | Not extracted | Eden 135m2 Not extracted | A5
runoff sediment intervention scale are reported.

interception_135m2

)

Absolute reductions in specific
yields of P, N and sediment
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Field drainage N,P and given for the catchment outlet. 20m?2 Not extracted
(modified ditch sediment
system_20m?2)
Farmyard N,P and 55m2 Not extracted
management (track | sediment
runoff
interception_55m?2)
Field drainage N,Pand 150m?2 Not extracted
(attenuating ditch sediment
and overland
flow_150m2)
Field drainage (track | N,P and 80m?2 Not extracted
and runoff sediment
interception_80m?2)
Combination(tracks, | TN, TP, Mean sediment concentration Not extracted | Avon Not extracted Not extracted | AC21
ponds, fences) Suspended increased by 8% (50-54 mg/l),
sediment total nitrate decreased by 26%
(6.1—4.5mg/l) and total P
decreased by 50% (0.77 — 0.39
mg/l).
At subcatchment scale.
Combination Mean sediment concentration
(Tracks, ponds, increased by 42% (50-71 mg/l),
fences and roofing) total nitrate decreased by 5%
(6.1-5.8mg/l) and total P
decreased by 34% (0.77 — 0.51
mg/I).
At subcatchment scale.
Wetlands and ponds | Turbidity, Decreasesreported in turbidity | Reductionsin | Wensum Not extracted Not managed | All
(roadside wetlands) | sediment (14%), suspended sediment turbidity and
concentration, | concentration(14%), sediment suspended
sediment load, | load (82%). No change reported | sediment,
total P and in total P. significant.
nitrate Increasein nitrate (15%) Increasein
At subcatchment scale nitrate,
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significant.
No significant
change
reported for
TP.

Wetlands and ponds | Nutrients Decrease in concentration Decrease, Avon Not extracted Not managed | A6
(instream pond and significant
wetland)
Fertiliser application | NO3, P, SS, Percentage decreasesreported: | Decrease, not | Avon No No A69
NH3 22 (NO3), 53 (P), 66 (SS), 34 specified
(NH3)
Fertiliser application | SRP and TP Percentage decreasesreported: | Decrease, Avon No 30% reduction | A67
37 (SRP), 40 (TP), significance in fertiliser

tested applications
Buffer strips and NO3 and TP Percent decreases reported: Decrease, Wensum Width specified Not managed | A62
field corner 2m: 2.3(N), 12.2(P); 6m:4.6 significance
management (2m, (N), 16.9(P) tested
6m)
Cultivation NO3 and TP Percentincreases reported: 4.7 | Increase, No Not managed
(conservation (N), 3.8(P); significance
tillage) tested
Cultivation (no NO3 and TP Percentincreases reported: 6.3 | Increase, No Not managed
tillage) (N), 7.2(P) significance

tested
Field drainage (no NO3 and TP Percent decreases reported: Decrease, No Not managed
tile drain) 58.9(N), 31.6 (P) significance

tested
Cover cropping (red | NO3 and TP Percent decreases reported: Decrease, No Not managed
clover) 19.6(N), 1.6 (P) significance

tested
Combination of NO3 and TP Percent decreases reported: Decrease, No Not managed
above measures 24.1(N), 17.9(P) significance

tested
Livestock SSand TP Percent decreases reported: 6.5 | Decrease, not | Eden Areal extent reported | No A2
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grazing/stocking
(reduced stock
density and avoiding

(SS), 4.7 (P)

poaching)

Buffer strips and SSand TP Percent decreases reported: 3.0
field corner (SS), 2.0(P)

management

Other: Additional SSand TP Percent decreases reported: 4.5
water storage (SS), 4.0(P)

specified
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TableF 6: SP7: What evidence s there from DTC data that confoundingfactors (e.g. climate, non agricultural pollution) may be importantin the interpretation

of theresults?

DTC Intervention Water quality | Magnitude of Account of | What Were How did Document
parameter effect of confounding | confounding confounding confounding ID
intervention? factors factors were factors factors affect
(Re3)? considered? quantified? the results?

Farmyard Pesticides Reduced total S No specified No N/A w4
management (Biobed pesticide
and drainage field) concentration by

>90% at the

plot/field scale
Crop type (winter Nitrate, P Nitrate >75% G Legacy No but Legacy stores A1l5
oilseedraddish) reduction at field pollutionfrom | conceptualised | of nutrientsin

scale past fertiliser soilsand

Nitrate no change additions. sediment will

at catchment scale bufferagainst

P no impact at changes

fieldscale. Rainfall Peaksin TP

P reduction at relatedto

catchment scale rainfall
Tillage (directdrilling | Nitrate, P Nitratenoimpact | G Legacy No but Legacy stores A15

and shallow non
inversiontillage)

at fieldand
catchment scale
P no impact at
fieldscale.

P reduction at

pollutionfrom
past fertiliser
additions

conceptualised

of nutrientsin
soilsand
sediment will
bufferagainst
changes
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catchment scale Rainfall Peaksin TP
relatedto
rainfall.
Livestock-Animals Suspended Reducedsediment | E Rainfall Yes The A63
(stoppingriparian sediment load by 2.3% at importance of
poaching) subcatchment riverflow
scale affecting
sediment
concentration
was takeninto
account.
Field drainage (track N,P and Annual amounts S Not specified No N/A A5
runoff sediment retainedat the
interception_135m2) interventionscale
Field drainage N,P and are reported.
(modified ditch sediment Absolute
system_20m?2) reductionsin
Farmyard N,P and specificyields of P,
management (track sediment N and sediment
runoff givenfor the
interception_55m?2) catchment outlet.
Field drainage N,P and
(attenuatingditchand | sediment
overland flow_150m2)
Field drainage (track N,P and
and runoff sediment
interception_80m?2)
Field drainage (tracks, | N,P,Sediment | Mean sediment Sediment For Conceptualised | Concentrations | AC21
ponds, fences) concentration (G) sediment_Prior have increased
increased by 8% Nutrients(S) | agri- overtimeasa
(50-54), total environment result of works
nitrate decreased schemes that have
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by 26% (6.1 — 4.5)
and total P
decreased by 50%
(0.77 —0.39).

At subcatchment
scale.

Farmyard
management (Tracks,
ponds, fences and
roofing)

N, P, Sediment

Mean sediment
concentration
increased by 42%
(50-71), total
nitrate decreased
by 5% (6.1 —5.8)
and total P
decreased by 34%
(0.77 — 0.51).

At subcatchment
scale.

takenplace.

Wetlands and ponds Turbidity, Decreases Climate Yes Low flows of All
(roadside wetlands) sediment reportedin spring/summer
concentration, | turbidity (14%), 2017 taken
sediment suspended intoaccount.
load, total P sediment
and nitrate concentration
(14%), sediment
load (82%). No
change reported
in total P.
Increasein nitrate
(15%)
At subcatchment
scale
Wetlands and ponds TP Decreasein Not specified No N/A A6
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(instream pond and
wetland)

concentration

Fertiliser application NO3, P, SS, Percentage None Not specified Not specified A69
NH3 decreases reported:
22 (NO3), 53 (P), 66
(SS), 34 (NH3)
Fertiliser application SRP and TP Percentage Not specified Not specified Not specified A67
decreases reported:
37 (SRP), 40 (TP),
Buffer strips and field NO3 and TP Percent decreases Multiple Not specified rating curve A62
corner management reported: 2m: 2.3 uncertainty
(2m, 6m) (N), 12.2(P); 6m: under high-flow
4.6 (N), 16.9 (P) conditions,
difficulties in
modelling
responses to
extreme
conditions,
difficulties in
modelling
antecedent
conditions,
incorrect timing
of management
practices
In field manure slurry NO3 and TP Percentincreases Multiple Not specified As above

management
(conservation tillage, no
tillage)

reported: cons: 4.7
(N), 3.8(P); no: 6.3
(N), 7.2(P)
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Field drainage (no tile NO3 and TP Percent decreases Multiple Not specified As above
drain) reported: 58.9 (N),
31.6 (P)
Cover cropping (red NO3 and TP Percent decreases Multiple Not specified As above
clover) reported: 19.6 (N),
1.6 (P)
combination NO3 and TP Percent decreases Multiple Not specified As above
reported: 24.1 (N),
17.9(P)
Livestock SSand TP Percent decreases Rainfall Quantified or To investigate A2
grazing/stocking reported: 6.5 (SS), stated none the temporal
(reduced stock density 4.7 (P) occur scaling of the
and avoiding poaching) results, three
- . - — large events
Buffer strips and field SSand TP Percent decreases Rainfall Quantified or during a wet 5- A2
corner management reported: 3.0 (SS), stated none L
month period in
2.0 (P) occur 2012 were
Other: Additional water | SS and TP Percent decreases Rainfall Quantified or analysed. A2

storage

reported: 4.5 (SS),
4.0 (P)

stated none
occur

Note: S=Satisfactory, G=Good, E=Excellent
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Appendix G: Social Science tables of robustness and
evidence

The following tables provide more detail to explain the results summarised in section 5 (Rapid Evidence
Assessment: Farmer engagement and implementation)

Table G 1: Robustness Results for PrimarySS Question “How effective were DTC engagement processes in
fostering and retaining uptake of DTCagri-environmental interventions for improving and maintaining

water quality?”

Buffer Strips and field corner 011 Satisfactory (S)

management

Farmyard management AC26, 011 Not Recorded
(NR), S

Traffic on fields 011 S

Other (nutrient management AC26 NR

advice)

Other (mitigation measures for  AC26 NR

tackling Phosphorous losses)

Livestock- grazing andstocking 011 S
Other (reversion maize to grass) 011 S
Other (nutrient management 011 S
advice)

Wetlands and ponds 011 S
Other (integrated manure and 011 S

fertiliser advice)

Cultivation 011 S
Cover Cropping 011 S
Pesticide Use 011 S
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Other (woodland planting) 011 S

Table G 2: Robustness Results for SS1 “What evidence is there that the DTC engagement methodologies

appropriately informed, consulted and actively involved farmers and other stakeholders to maximise

uptake of interventions?”

Farmers 12 2 Satisfactory (013, 011), 4 Good (A35, A9, AC15, AC21) &
6 Not Recorded

Advisors 6 2 Satisfactory (011, 013), 3 Good (AC15, AC21, A9) and 1
Not Recorded

CSFOs 2 1 Good (AC21)

EA 2 1 Satisfactory (013), 1 Good (AC21)

NGOs 4 1 Satisfactory (013), 2 Good (AC15, A9)

Defra 2 1 Satisfactory (013), 1 Not Recorded

Contractors 1 1 Satisfactory (013)

Utilities 2 1 Satisfactory (013), 1 Good (AC15)

Reachof engagement 5 1 Satisfactory (013), 1 Good (AC21) and 3 Not Recorded

Depth of engagement 6 2 Satisfactory (011, 013), 2 Good (A35, AC21) and 2 Not

Informed Recorded

Consulted 11 2 Satisfactory (011, 013), 4 Good (A35, A9, AC21, AC15)
and 5 Not Recorded

Actively Involved 5 1 Satisfactory (013), 2 Good (A35, AC21) and 2 Not

Recorded
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Table G 3: Robustness Scores for SS2 “What evidence does the DTC data provide about non-participants
and why they did not engage in the process?”

Farmer (4
documents)

(1 document)

Tenancy and
succession issues

No information
provided

No details (3
documents)

2 document Good (A9, AC21) 1
documents Satisfactory (011)

1 document Not Reviewed

Table G 4: Robustness for SS3 “What evidence is there that the DTC considered behavioural factorswhen
engaging farmersin implementing interventions?”

Level of awareness of diffuse
pollution

Understanding of diffuse
pollution

Farmers’ perception of

efficacy of intervention

Farmers’ attitudes to the
environment

2 documents report that the level of
awareness of diffuse pollution from
agriculture was recorded

The understanding of diffuse pollution did
influence uptake of interventions, for a
wide range of interventions

Farmers report mixed perceptions for most
interventions

2 documents report that attitudes to the
environment have been recorded

2 Good (AC15,
A35)

2 Good (AC15,
A35)

1 Not Recorded

3 Good (A35,
AC15, AC21)

1 Satisfactory
(011)

4 Not Recorded

1 Good (A35)
1 Not Recorded
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Farmers’ agri-environment 3 documents report that farmers’ agri- 2 Good (A9, AC15)
experience environment experience was recorded. 1 Wai Fegereed

Farmers’ attitudes to change 6 documents report that farmers’ attitudes 2 Good (A35,
and innovation to change and innovation were recorded AC21)

4 Not Recorded

Table G 5: Interventions across Catchments

The social science documents discussed these measures the various catchments. Note this may
differfrom Physical science due to different SPICE documents being used. The plaintextintable
G5 refers to specificDTC measuresimplemented as part of the DTC programme and the italics

referto measuresalready in place or potential measures that farmers might implementthemin
the future.

Buffer strips and field corner AC21, 011

Avon management
Farmyard management AC21, AC26, 011
Traffic on fields AC21, 011
Wetlands and ponds AC21, 013,011

Other (mitigation measures for tackling AC26
Phosphorous losses)

Livestock- grazing and stocking 011
Other (reversion maize to grass) 011
Other (nutrient management advice) 011
Cover Cropping 013
Field drainage 013
In-field manure slurry management 013
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Eden

Tamar

Wensum

Livestock-feeding and diets 013

Total: 8 DTC measures and 4 other measures reported in 4 documents

Buffer strips and field corner AC21
management

Farmyard management AC21, 011
Other (aeration of grassto improve AC21, 011
drainage)

Other (Instream ditch barriers) AC21, 011
Wetlands and ponds AC21, 011
Traffic on fields AC21

Other (integrated manure and fertiliser AC21, 011

advice)

Cultivation 011
In-field Slurry Management E9
Livestock- grazing and stocking 011
Other (woodland creation) 011, AC21

Total: 10 DTC intervention types reported in 3 documents

Buffer strips and field corner AC21
management

Farmyard management 011
Traffic on fields 011
Livestock- grazing and stocking 011

Total: Four intervention types reported in 2 documents

Buffer strips and field corner AC21
management

Cover Cropping AC21, 011
Cultivation AC21, 011
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Pesticide Use

Other (woodland planting)
Fertiliser Application
Plants

Traffic on Fields

011

011, AC21

w21

w21

W23

Total: 5 DTC + 3 other intervention types reported in 4 documents

Avon & Tamar

Avon, Eden and Wensum

Cultivation

Cover Cropping

Cultivation

Livestock -grazing and stocking

Buffer strips and field corner
management

Farmyard management
Fertiliser Application

Field Drainage

In-field Slurry Management
Livestock -Animals

Livestock — feeding and diets
Plants

Traffic on Fields

Cropping

Other (substitute metaldehyde with ferric

phosphate)

AV11

A35, A9, AC15

A35,A9, AC15

A35, A9, AC15

A9

A9, AC15

A9, AC15

A9, AC15

A9, AC15

A9

A9, AC15

A9

A9

AC15

AC15

Total = 12 proposed or non-DTC interventions types in 5 documents
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Table G 6: Robustness Results for SS4 “What evidence is there of engagement and uptake of DTC
interventions varying between catchments?”

Engagement 8 2 Satisfactory (011, 013), 3 Good (A9, AC15, AC21) & 3 Not
Recorded

Behaviour 4 1 Satisfactory (011), 2 Good (AC15, AC21) & 1 Not
Recorded

Intervention 3 1 Satisfactory (011), 1 Good (AC21) & 1 Not Recorded

Table G 7: List of types of intervention assessed for cost-effectiveness in the DTC projects

Buffer strips and field corner management 4
Combination 14
Cover cropping 7
Cropping 1
Cultivation 13
Farmyard management 19
Fertiliser application 7
Field drainage 3
In-field manure slurry management 4
Livestock -animals 1
Livestock- grazing and stocking 11
Livestock-feeding and diets 4
Other 14
Pesticide use 3
Plants 2
Traffic on fields 3
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Wetlands and ponds 9

Grand Total 119

Table G 8: Robustness Results for SS5 “What evidence is presented on the cost effectiveness and benefits
of DTCinterventions, during the initiative and for the five year period beyond the end of the initiative?”

6 documents Direct costs to farmers 1 Excellent(A11), 1 Good (A9), 2 Satisfactory
(W21, 011) and 2 Not Recorded

1 document Costs to other stakeholders 1 Good (AC21)
4 documents Private benefits to farmers 3 Good (AC14, AC21, A35), 1 Not Recorded
5 documents Benefits to society 1 Excellent (A11), 2 Good (A35, AC21), 1

Satisfactory (W21) and 1 Not Recorded

Table G 9: Robustness Results for SS6 “What evidence is provided that confounding factors (e.g. existing
non DTCactivities) were accounted for when reporting engagement and uptake of DT C interventions?”

Engagement 2 1 Good (AC15), 1 Not Recorded

Behaviour 7 2 Satisfactory (011, 013), 4 Good (A35, AC15,
A9, AC21), 1 Not Recorded

Uptake 6 1 Satisfactory (011), 3 Good (A35, AC15,
AC21), 2 Not Recorded

Additionality 1 1 Good (A9)
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Appendix H: Report on Demonstration Test
Catchment (DTC) programme science evaluation
dissemination event

29 June 2020 13:00-14:30

Location

The dissemination eventwas held online using Webex. It was originally planned to occur face-to-
face, but was changed to online due to COVID-19 restrictions.

Attendees

Invitations to the event were sent out to government agencies and people whoworked on the
DTC programme. Eighty people registeredto attend the eventand approximately 50 attended.

Owingto technical difficulties aproportion of those registered could not join. To include those
persons a recording of the eventalongwith a transcript of the written chat was shared by email.

Agenda

1. Introduction to the purpose of the project: (J.Phoenix, Defra).

2. Rapid Evidence Assessment Methodology (G.Old, UKCEH).

3. Physical science findings (including questions of clarification) (G.Old, UKCEH).
4. Social science findings (including questions of clarification) (K.Blackstock, JHI).
5. Additional resources that could be utilised to extend knowledge (participants).
6. Closingcomments and recommendations for future (from participants).

7. Closingremarks and thanks (J.Phoenix, Defra).

Introduction to the purpose of the project: Defra
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Jess Phoenix began by welcoming participants, introducingthe DTC programme and stating the
objectives of the evaluation project. Gareth Old reminded participants of the five discrete outputs
from the projects: 1) full evidence review (report) 2) evidence compendium (available on Defra
ScienceSearch: WT15115), 3) physical evidence table (excel spreadsheet), 4) social evidence tables
(excel spreadsheet), and (5) inventory of datasets (excel spreadsheet).

Rapid Evidence Assessment (REA) Methodology (Compendium
slides4 -7)

Gareth Oldintroduced the REA methodology and the primary aim of the project which was to
evaluate the knowledge gained onintervention effectiveness for water quality and farmer
engagement. The REA was focused on one physical and one social primary question which were
supported with seven secondary physical and six secondary social questions. Secondary project
aims were included to enable an evaluation of the broader physical and social science
methodologies that were adopted and the approach for generalisingthe findings. Itwas
acknowledgedthat the evaluationisfocused on specificquestionsand is not therefore a full
evaluation of the outcomes of the DTC programme.

The primary and secondary physical and social science questions were introduced.

The methodologies usedtoscreen the physical and social evidence sources were described. For
the physical science inclusion and exclusion criteriawere defined usingthe PICO (Population,
Intervention, Comparison, Outcome) framework whereas for the social science the SPICE (Setting,
Perspective, Intervention, Comparison and Evaluation) framework was used. Afterscreeningthe
173 eligible evidence sources provided 12 PICO and 15 SPICE compliantdocuments remained.
However, all evidence sources were includedin the evidence extractiontables.

Physical science findings (compendium slides 8-18)

For the primary and each of the secondary questions the followinginformation was summarised:
1) available evidence sources, 2) key findings from the available evidence including a consideration
of robustness of the findings where appropriate, 3) views from principal investigators, and 4)
recommendations from the evidence assessment.

Findings of the broader evaluation were then presented. This included an evaluation of the
monitoring and modelling methodologies and the approaches to generalising the science.

Social science findings (compendium slides 19-28)
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For the primary and each of the secondary questionsthe followinginformation was summarised:

1) available evidence sources, 2) key findings fromthe available evidence, 3) views from principal
investigators, and 4) recommendations from the evidence assessment.

Further insights from Non-SPICE compliant documents on engagement, behaviourand uptake
were also presented.

Summary of discussion points

This section providesa summary of discussion points, both questions and answers, raised inthe
webinarthrough oral questionsand written chat.

Please further explain the REA methodology

Rapid evidence assessments are useful to get specificanswers to specificquestions. This approach
was chosen due to the specificquestions wanted to be answered by policy colleagues forfuture
policy development, such as Environmental Land Management.

Strict inclusion/exclusion criteriawere agreed and a trial was undertaken by the social and
physical science review team to ensure consistency inthe screening. All evidence provided by
Defra was considered. Itis acknowledged that some documents, or details within them, may have
been missed owingto the rapid review of such a large volume of evidence. To mitigate against this
PI’s were consulted to cross-check the evidence that had beenincluded.

What s the applicability of some of the improvements in water quality?

The applicability of the reported changes in water quality concentrations (i.e. chemicalsand
sediments) to specificflow pathways (e.g. soil water, overland flow, ditch, stream) was
guestioned. Thiswas an important question that reflects the high level questionsand answers
that are being presented herein this project. Some reductionsrelated to small scale in-field
changes whilstother reductions related to changes at the larger scale in stream/river water.
Participants were encouraged to look at the evidence tablesincludedinthe full report to gain a
detailed understanding of the results.

Could the financial cost and time of collecting long term robust databe
disproportionate to the benefits gained?
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Sustainable cost effective environmental managementrequires arobust understanding of the
functioning of catchments and interventions. Important considerationsinclude:

e Targeting monitoringto collectthe right data at optimal locations;

e Adoptingnew technologiesto optimise data collection;

e Collaboration of interested parties to share data and enable joint monitoring;
e Maximisingthe transferability of results; and

o Acknowledgingthe multiple benefits of interventions and including these in monitoring
plans.

The longerterm costs of not monitoring should also be taken into account and these may include:

e Potential for environmental damage costs of poor water quality resulting from ineffective
mitigation;

e Investmentsinsub-optimalinterventionsorinterventionssitedinsub-optimal locations
(with associated maintenance costs); and

e Higher water treatment costs downstream.

Were data on non-agricultural pollutant inputs used in the evaluation?

Understanding the significance of non-agricultural pollutant contributionsis importantin
understanding the effectiveness of interventions. Nitrogen deposition was likely to have been
included in catchment matcher tool and these data may have also been used in models.
Furthermore, load apportionment modelling hasillustrated the importance of point source
(sewage) contributions (consideredin Section 6 of the report). Althoughthese data and
methodologies may complementthe work done within the DTC project, the inclusion of these
data was beyond the scope of this evaluation project.

How was uncertainty accounted for in the REA?

Undertaking a quantitative assessment of the uncertainty in assessments of intervention
effectiveness was beyond the scope of this evaluation project. It is complex to quantitatively
compare uncertainties between studies and this is beyond the scope of an REA; although it could
be appropriate for a full systematicreview (which needs considerably more resources).
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To account for uncertainty, we included in our assessments of robustness whetheror not

uncertainty was quantified/considered eitherin terms of replicationin monitoringor uncertainty
analysisin modelling (see Section 3 and Appendix Cof report).

In utilising model resultsin policy the value of consideringensembles of modelsto account for
uncertainty was emphasised.

How are the findings relevant for catchment management?

This project was aimed at assisting policymakers and government advisors in making use of the
evidence fromthe DTC programme. Alongside this project, Defra will publish an evidence
compendium (WT15116) which compiledfindingsfromthe DTC programme to make the findings
more usable and understandable for those who engage in catchment and farm management.

It was emphasised that farm advisers from different organisations have different priorities (e.g.
economic vs environmental) and the importance of trusted advisers was noted. Giventhe
heterogeneity of farmers (e.g. their economicposition, preference) bespoke advice and targeting
of interventionsislikely to be important (speculation). Further, information on barriers to entry

and the role of advisers in supporting farmer decision making may be found in this compendium
(WT15115).

Additional resources that could be utilised to extend knowledge

Participants were invited to highlight additional datasets or studies that may contribute to the
body of evidence. The followingresources were raised:

1. Attendeessuggestedthat the findingsfrom this project could be transferredto similar
catchment types and farm systemsthrough the NERC funded Natural Flood Management
programmell,

2. Complimentary data are likely to be available for parts of the catchments from the
catchment sensitive farminginitiative.

3. Natural England has synthesised evidence along similarlines and highlighted anumber of
studies. Although these studies are unlikely to provide additional evidence onthe
effectiveness of interventions, they are relevant to assessing the effectiveness of

11 https://nerc.ukri.org/research/funded/programmes/nfm/
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agricultural pollution mitigation measures. Forexample, Catchment Risk Assessment
modelling has been undertakenin the Wensum and Avon catchments using SAGIS and
FARMSCOPER. Although applications of FARMSCOPER were includedin thisreview
(sources W20, W21 and A69), studies applying SAGIS did not feature. Applications of SAGIS
may be usefulinunderstandingagricultural pollutionin the contextof pollutionfromother
sectors. In particular, SAGIS may help quantify confounding factors at larger scales
(~>30km?2).

4. Natural England project NECR222 (May et al., 2016) was also mentioned. Itdevelopeda
risk assessmenttool to evaluate the significance of septic tanks around freshwater SSSls.
This methodology may also be useful in accounting for non-agricultural pollutants that may
mask signals from agricultural activities.

5. Many studies have also brought togetheruseful knowledge on diffuse pollutioninthese
catchments. For example, Diffuse Water Plans have been developed and bring together
catchment characteristics, evidence gaps and actions needed for the Avon, Wensum and
Eden catchmentsi2. Attentionwasalso drawn to the sediment pathways project on the
Somerset Frome where sediment pathways were identified usingfield surveys13. Surveys
of thistypes could be combined with the outputs of the evaluation to identify pollution
sources and contribute to the targeting of mitigation measures.

Reference

MAY, L., DUDLEY, B.J., WOODS, H. & MILES, S. 2016. Developmentof a Risk Assessment Tool to
Evaluate the Significance of SepticTanks Around Freshwater SSSls. Natural England Commissioned
Reports, Number222.

12 https://www.gov.uk/government/publications/nutrient-management-plan-hampshire-avon
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181


https://www.gov.uk/government/publications/nutrient-management-plan-hampshire-avon
https://bristolavonriverstrust.org/somerset-frome-sediment-pathways-project/

