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Abstract

This paper examines the implications of adoptirtgloaent scale approaches for the
sustainable management of land and water systerawiyy on the findings of an
interdisciplinary study examining how farm managatr@actices impact on the loss of
faecal indicator organisms (FIOs) and potentiahpgéns from land to water, the paper
argues that the overwhelming focus on integratidhecatchment level may risk ignoring

the sub-catchment as an equally appropriate umyadfological analysis. Further the paper
suggests that many of the management decisionsargleo water quality are made by land
occupiers and, therefore, that the identificatibretevant socio-spatial units — the ‘private
spaces’ of land holdings - may be as important arenmmportant to the effective management

and planning of water resources as catchment-f@aahing.
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1. Introduction

The size and appropriateness of defined spati& €ori regulatory and management purposes
is an issue that has long exercised the attentbbomly of geographers but also of political
scientists, economists, planners and environmeniahtists. For geographers and policy
scientists there has been a growing interest imaébealing of statehood and associated
regulatory and institutional arrangements as nagtates find new ways of partitioning
territory (Brenner 2004; Bulkeley 2005). This igk®d up in economics and planning in more
normative discussions of the appropriate levekewoftorial jurisdiction for different public
functions, often known as fiscal federalism (Besdeg Coates 2003; Oates 2005); and in
biogeography and environmental science in notidrisatural areas’ (Gray 2001), ‘river
basins’ (Blackstock, 2009) or ‘catchments’ (Kertal., 2007). Thus the ‘spatial turn’ has
impacted on a number of different disciplines sggtung to develop analysis of issues of space
and scale. In geography there is a lively deblateiascale (Bloschl and Sivapalan, 1995;
Brazieret al., 2005; Couper 2007; Marston et al., 2005; Parstas, 2006; Slaymaker,

2006; Sivapalan, 2003). For example, Moore (20@8)exposed a conceptual confusion
surrounding scale as a result of the failure tovdaeclear distinction between scale as an
empirical or analytical category: “in adopting scak a category of analysis geographers tend
to reify it as a fundamental ontological entityetéby treating a social category employed in
the practice of sociospatial politics as a ceritrabretical tool” (p203).

In this paper we wish to consider the implicatiforspolicy delivery and environmental
management on the ground of adopting a specifiascategory, in this case the catchment
approach. We do so in part because of the washioh the ‘spatial turn’ has been taken up
so enthusiastically by policy makers, most expligierhaps in the notion of water
catchments. Thus the 2000 EU Water Framework Dwe¢WWFD) 2000/60/EC (CEC, 2000)

requires integration of jurisdiction within and Wween catchments in the form of integrated



river basin management (IRBM). Here integrated rgangent plans are drafted at the river
basin scale in contrast to plans previously adrteresl at political units of scale, a shift
characterised by Wiering and Immink (2006) as ae@rfoem the old water management to
the new spatial planning. The WFD represents anasehing framework for an integrated
management structure to meet key environmentatobgs. These objectives are linked to
halting further deterioration of water resourced habitats, promoting the use of water in
sustainable ways through the concept of ‘ecosysikeaith’ and improving the protection of
receiving waters (Collins and McGonigle, 2008). Tinplementation of the WFD has led to
an increase in the regulatory drive to protectiamgrove the quality of water bodies in the
UK. The inclusion of associated directives suckthasrevised Bathing Waters Directive
(rBWD) (CEC, 2006) within the WFD in Europe highilig the recognition of the importance
of microbial water quality within this framework.

In this paper, we challenge the new orthodoxy ¢loaent-level planning in two respects.
First, we argue that the overwhelming focus ongrdgon at a catchment level is leading to a
neglect of the importance of the sub-catchmentasgaally appropriate unit of hydrological
analysis (e.g. Buckt al., 2004). Secondly, we suggest that many of theagement
decisions relevant to water quality are made by laccupiers and, therefore, that the
identification of relevant socio-spatial units -e tprivate spaces’ of land holdings - may be as
important or more important to the effective mamaget and planning of water resources as
catchment-level planning. Whilst catchments ammarily presented as natural hydrological
units, their ‘naturalness’ also has political incplions. It is hardly a novel observation that
natural units cut across political and administaboundaries and the primacy given to the
‘natural’ boundaries in the catchment approactorssistent with new cross-cutting forms of
partnership governance (Edwarlsl., 2001). The catchment approach gives rise to both

new modes of political engagement within catchngaviernance (Kalligt al., 2006) and



new partnerships which may also serve to undermieexisting jurisdictions as has been
shown, for example, in the US context by Maddod0®.

To date, the challenges of hydrological manageraedtfarmer behaviour (and of
catchment governance) have been approached iiveaistlation and according to
conventional disciplinary approaches. This pageawing on the findings of a research
project examining how farm management practicesaotpn the loss of faecal indicator
organisms (FIOs) and potential pathogens from tanglater, combines insights from social
and natural scienckdts focus was on the Taw River Catchment in N&évon, UK (see
Figure 1 and 2). The research programme includeadlelé microbial monitoring of water
courses in the catchment; an interview survey diar®ers across the Catchment eliciting
attitudes and practices towards manure, land &edtbck management; and a programme of
public participation and debate in which emergioaigstific evidence was explored in relation
to wider understandings and assessments of envaatahrisk. In all of this, it is important
to emphasise the wide range of inter-disciplinanitglerpinning the research, involving those
with expertise in microbiology, hydrochemistry, Idoydrology, manure management, rural

geography and political science (Chadwetlal., 2008).

2. Rescaling jurisdictions: the catchment approach

The catchment approach derives from a perceivedrgance problem that is both territorial
and political. The territorial jurisdiction of agaes responsible for water quality has not
historically extended to include land and wategitudinally (up-stream) and laterally across
the catchment (Moss, 2004). Politically, thereftem a lack of co-ordination of the many
policy agencies whose actions, or inactions, méyence water quality — planning,

agriculture, conservation, etc. (Moss, 2004). Fewld deny the veracity of these arguments
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and the challenge facing policy makers is readyprehensible. The EU Water Framework
Directive is a bold attempt to tackle these issues.

The Directive provides a rare example of a paitiative that was almost universally
welcomed, if only as a first step (Macleod et 2007), by academics, many of whom had
long championed the cause of holistic and integratdutions to water problems. The
catchment scale approach lends itself to fostgirgic and stakeholder participation and
engagement in decision making responsibilitiesadaption of mitigation strategies, a key
requisite of establishing river basin managemesm$(RBMPSs). The England Catchment
Sensitive Farming Delivery Initiative (ECSFDI) is®@such mechanism whereby partnerships
are developing between farmers and land-ownersgndultural advisors, water companies
and competent bodies (Defra, 2008). This initiahas been adopted in England in an attempt
to minimise diffuse water pollution from agriculeuDWPA) in 40 priority catchments.

Integrated catchment management (ICM) should aidetwer scientific clarity with
regard to catchment management options and tresceded impact at a policy-driven scale.
However, such clarity is difficult to achieve. Thas limited evidence that effects of a change
in land use management can be distinguished iw#ter quality signal of streams draining
agricultural land at large (e.g. > 10km2) catchnsmaties in the face of, for example, climate
change. For example, year on year variation indiggical conditions (a drought year versus
a wet year) can disguise such signals in wateitguaid this is an issue which has plagued
environmental scientists for decades. This is acomfied by the constraints of research
funding mechanisms which tend to only fund 3-5 ymaigrammes of study. Observing real
improvement in water quality over such short timafes in large catchents is therefore
unlikely. A recent initiative in England and Walésnded by the Department for
Environment, Food and Rural Affairs (DEFRA) andited the Demonstration Test

Catchment initiative, is one example of a recengér-term programme seeking to identify



how combinations of mitigation measures in smatcstichments (~10km2) of much larger
catchments can lead to improvements in water qudld be able to detect the improvement
in water quality signal and maintain some degreeootrol and understanding of how and

why improvements may occur a subcatchment appreach as this is essential.

. Integrated catchment or river basin managemest tharefore attempt to assimilate
information about a particular sub-scale of operatirhus, ICM represents an abstraction of
complex processes integrated over space and tim@n{Bet al., 2008; Lanet al., 2006). For
example ICM attempts to account for the compleatr@hships between flora and fauna,
geology and hydrology, soils, the atmosphere, aadynother interacting catchment scale
factors. While such an integrated approach is tadmired in contrast to previous piecemeal
approaches that artificially separate land managéfmem water management, it is fraught
with conceptual and methodological difficulties &Bkstock, 2009), as we will outline below.
As a result, the envisaged scientific clarity sddgbhm ICM may be difficult to achieve.

Land use questions are most often raised at the d¢aterprise level and arguably the farm
level represents the most basic management unitekder, we should exercise caution when
farm enterprises are aggregated into this higheztlecaling of ICM, given the potential for
decision making and land management actions dbda¢ level to be lost in the wider
catchment approach. Scaling-up process-based tadeirsg from molecules through to
management tools is an ongoing challenge in thsipalysciences, so scaling-up
combinations of physical and social processesfiarént sectoral aspects of catchments is
even more demanding (Hodgson and Smith, 2007).tisadilly, an appreciation of inherent
uncertainties encountered when aggregating sitedgpprocess equations that describe local
scale environmental functions to make regionalespatdictions is needed (Standing et al.,

2007). This is because dominant processes willgignaepending on the scale of observation.



While Standing et al (2007) make this statememihéncontext of the scaling-up of microbial
dynamics within the environment, we argue that éhsxsaling issues are equally relevant
when applied to decision making activities at tle&fand farm level scaled through to the
catchment and river basin scale.

Of course, by promoting a river basin approach W seeks to promote a rescaling of
water governance to better match underlying hydyiold realities. Article 3 of the WFD
stipulates that member states (MS) are requireditatify water bodies to River Basin
Districts (RBDs), based on hydrological catchmerta. So the RBD level is the key
geographical unit to which the WFD refers, but thiaot free from complications when
rivers cross national or regional borders. Assalteimproved co-operative approaches of
working between constituent parts of the UK aredeeeto manage rivers by hydrological
rather than political boundaries.

Hodgson and Smith (2007) suggest that the operafitile WFD at larger scales has
brought about increased tensions between catchstekgholders. For example, some believe
that the WFD has missed the opportunity to improe#ution prevention locally.

Management at larger spatial scales does allowra stmategic approach but coarse scale
spatial units accommodate considerable heterogemneitor example, the nature and intensity
of agricultural practice. Strategies designed wrask regional scale implementation of
management approaches arguably translate intotmlgmeffective management regimes

at the ground level and have the potential to Islgand fail to achieve targets in some areas
(Johnes et al2007). So at the river basin scale there ised fiertargeted management. This
essentially requires a multi-scaled methodologfatditate appropriate management at the
farm level focussing on the risks of different famgpractices for contributing agriculturally
derived contaminants to receiving waters. For exapfarming at the mouth of the estuary

close to any regulated monitoring with, potentializiigh impact on bathers, has a greater risk
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than similar farming closer to the head of the lsatent. However, high risk activities may
not be particularly welcome at the head of theloaent either, if that is where drinking water
sources are found-erein lies our argument that sub-catchments &edHul unit of spatial
scale. This is in line with the arguments of tha$® have also advocated the need for a two-
tiered approach to catchment management, combiome regional policies with targeted
management in high risk areas at the catchmentaaindscale (Heathwaite et al., 2000;
Hewett et al., 2009; Johnes et al., 2007).

The argument is strengthened when we considerl&®iof the WFD requiring states to
account for the recovery of costs of water servargto report on the cost-effectiveness of
combinations of measures. RBMPs must thereforadienged by appropriate spatial
targeting of cost-effective control options. Buthhappropriate or feasible is it to gauge cost-
effectiveness of water quality protection measates catchment scale? Combinations of
mitigation will work differently in space and tinfer different farm enterprises and there will
be much predictive uncertainty. Understanding thinoal combination of measures at the
catchment scale is a huge challenge and one tieaitists and policy practitioners have not
yet grasped even at smaller scales with regardtigating microbial pollution from
individual farms.

One clear hindrance to catchment-scale workingag¢liance on assumptions and scaling
rules. For optimised mitigation at the catchmemlesone assumption is that of a wide uptake
of management strategies. Yet if we were to ingesti uptake of measures on a farm-by-
farm basis then such assumptions are likely tont@nsistent with the ground-truthing of
data simply because a diverse subset of socio-euorfactors are likely to dictate farmer
decision making and uptake at the local levelumntit becomes difficult to guarantee that
within a catchment, neighbouring farms will notpaodize microbial water quality at the

expense of the effort of others (Oliver et al., 200We therefore need to know the spatial
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pattern of uptake but the catchment scale maydedarse to represent these patterns in a
meaningful way. This argument has been substadtiaté aWare and Rifai (2006) who
highlight how grazing is generally modelled unifdyrthroughout catchments, and yet
farmers adopt a range of contrasting land managepnacatices. Any assumption of uniform
grazing intensity or application of nutrients tadiais manifestly misplaced. If efficacy of
mitigation is controlled by geographical locatiardaassociated attributes of the landscape
(such as soil type and topography) then there @msiderable uncertainties linked to

catchment scale outputs as a consequence of ifaggmoand the need to scale up.

3. Understanding local water in tackling pollution: the importance of sub-catchments
Certain sub-catchment areas are likely to be memsigve to land management change
relative to others and site specific issues amd\iko be incorrectly represented in larger
aggregate scales (Hatton-Ellis, 2008). A concelatirgy to catchment scale research is that
the significance (and cause) of critical tributarsé poor water quality can be masked by the
catchment approach if spatial units are aggredatadvhole catchment without interrogation
of the contributory sub-catchment components. WiyrlStapleton et al (2008) on the river
Douglas sub-catchment of the Ribble catchmentenuiK has illustrated this point. They
were able to demonstrate that in the 1583Ribble catchment, over half the load of FIOs
discharged were attributed to the relatively smmali-catchment of the River Douglas. By
targeting such critical sub-catchments and theio@ated physical functioning and the
inherent processes driving sub-catchment respoassaw perhaps argue that gains can be
made at the catchment scale. Integrated catchmamagement by its very name assumes the
concept of a whole systems approach but risks igg@maller sub-compartments of areal
units, potentially overlooking the importance ofadlar scale hydrological functioning.
Sub-catchment management has the potential to ey benefits. For example,

managing the peak in concentration of a contamireathing the main tributary of a
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catchment after a storm event could be usefuleggnt all peaks (of flow and associated
contaminants) from a series of lower order streaomyverging at the same time and causing a
critical load that would be of high risk and unguadle with regard to microbial monitoring
standards. So theoretically the successful manageof sub-catchments can result in
positive impacts at the catchment level. Howewvealn;satchment manipulation is logistically
difficult because a suite of factors operate ipatial and temporal sense (e.g. different
rainfall volumes and intensity ranges, different sonditions etc.). Small scale catchment
management can make an impact, but when scalealthp tatchment the bottom-line
evaluation is whether or not we can detect evidémee land management changes made at
the local level (e.g. Wood et al., 2005; Haygatthle 2005).

Small catchment areas or sub-catchments allovh®physical mapping of land use and
other landscape features required for predictivdetimg using field by field surveying
approaches. At larger catchment scales relevahet®/FD such mapping is impossible due
to time constraints and instead nationally avadatdtasets are required which contain
inherent uncertainties and extrapolations. Thusea®ing scale results in lower resolution
data and increased uncertainty in data accuracyeKal (2005) address such issues in their
Ribble (the UKs sentinel WFD catchment) study. ietafield mapping provided a ground-
truthed dataset with which to compare with coalaed cover classes available at 25m
resolution and yielded clear discrepancies betvde¢a sources, particularly with respect to
built up areas, woodland and improved pasture.athiors also observed the
misclassification of the land use dataset (in teoimsoodland and built up areas) with OS
1:50000 map data. The OS and survey data corresdamell providing a mechanism to
modify the errors in the coarse scale land use d#ia clearly highlights difficulties in
obtaining coarse scale data at large catchmergseald that there exists higher reliability

when dealing with smaller compartments of catchsmdibwever, we need to gauge accuracy
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level required in accordance with the intendedaidbe model (Jakeman et al., 2006) and
we need to convey the degree of uncertainty lirtkedodel output so that end-users (e.g.
policy practitioners) can appreciate limitationsl aot partake in inappropriate model use and
abuse.

While the sub-catchment is argued to be equallyngsrtant as the catchment scale, there
are issues at this scale too. The importance lof O sources depends on the timing and
extent of faecal deposition and die-off rates (¥met al., 2008), and land application of
manures in spatially and temporally heterogeneatteims (Scholefield et al., 2007).
Consequently FIO source burdens are spatially amghdrally complex and so understanding
spatial and temporal distributions of faeces ifialift to gauge at larger scales. The most
appropriate scale for understanding and utilisipafial and temporal faecal input data is
arguably the farm scale. This is because specoiestock numbers are known through direct
collaboration with farm enterprises and farmer peration providing unique local detailed
knowledge. At the sub-catchment through to catchreeale the distribution of livestock is
more difficult to ascertain, complexity is incredgbrough aggregation of a number of
farming enterprises. Similarly difficulties exist understanding all manure applications in
space and time. Individual farm surveys can be toresuming when conducted at catchment
and sub-catchment scales and confidentiality issestdct farm by farm details being
released across catchment areas. Thus widespreaskdate farm information is generally
only obtained via the annual Agricultural Survegr(herly Census) which itself is
complicated by the fact that data is collectedhatlével of the farm holding yet the results are
used at various aggregate levels. This translatasseries of potential sources of error in the
Agricultural Survey, whose magnitude it is necegsarappreciate so as to use the data within
acceptable bounds. The key sources of error redaf@ missing data in the form of non-

respondents or farms that were missed from samptiagegy; (ii) erroneous records in the
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register of farms with respect to farm numbers @mcerage due to shifts in farm enterprise
sales and (iii) mismatches in the geo-referencnoggdure whereby farm enterprises are
allocated to a specific geographical location. remtnore, the sampling unit for the
Agricultural Survey is the farm holding, which tself is not a geographical unit, but is
instead a grouping of fields or units that are fadntogether. They are not necessarily
geographically one entity and can be dispersedanandscape across relatively wide areas
(or catchment / sub-catchment boundaries) as estakim the Taw catchment farmer survey.
Survey responses can inform on activities that pdiee on-farm but they do not shed light
with regard to specific locations of activity aristis a limitation which needs to be
completely transparent. Geographical questionsatdmanswered in a definitive manner
because of this caveat.

Geographical estimates can be made as an alternfiivexample within 1 kfgrid areas.
The relevance of such data scaled up to 1 dumids is questionable. Figures 3i and 3ii shows
the Taw catchment overlaid with a 1kagrid typical of spatial aggregated modelling
approaches. If each cell is assigned a land-uss,gdaedominant soil type class and
associated Agricultural Survey data it remains lyigluestionable as to how accurate this
aggregation really is. A dominant soil type in anflgrid may even only account for 40% of
the land area in a spatial grid if for example arothree soil types were present in smaller
proportions of ~ 20%and so it is not always clear how useful it is$eign a predominant
soil type to a grid cell. In Figure 4 it is evidehat farm boundaries do not align conveniently
with grid cell delineations and this raises issugating to the distribution of livestock in
catchment scale models as governed by agricultersus data aggregated to the 1gnd.

Alternatively, Figure 5 shows the result of a maygpexercise conducted with a
participating farmer in the Taw survey. This intg#hae approach allowed for the

representation of farm data in a graphical forrodidtter understand the geographical
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distribution of livestock across a farm boundarg #éme location of manure spreading activity
relative to watercourses and drains. This map foapproach was used as part of the RELU
project to supplement a more structured farm suguestionnaire as an attempt to resolve
some of the issues discussed in terms of idengfgpecific locations of farm activity. Clearly
in the example of the Agricultural Survey, the leveaggregation is of considerable
importance in determining the quality of data agsed with geographical estimates. In
circumstances whereby a few farm holdings are aedlysay at a local level, geographical
estimates can be very poor. In contrast, as agtioegacreases the proportion of the land

that is misspecified reduces.

4. Privatejurisdictions: the farmer still matters

As discussed in the second section of this papechrof the impetus for the catchment
approach derives from the perceived problem oflapeing and competing institutional
jurisdictions. However, in this section we sugghst ‘solving’ that particular problem
merely through the realignment of spatial policxsaagements is to ignore the importance of
spatial units of land management which certainé/rar respecters either of policy or
natural/physical boundaries. Indeed, blanket agpresito management will not work.

Few would argue with the claim that land occupaacgngements are important to
environmental management. Although the amountsdarch on precise relationships
between occupancy and environmental outcomes leasliaited (Winter, 2007), there is a
long history of observations of relationships bedawéenancy and agricultural economic
performance (Higgs, 1972; Hill and Gasson 1985jc&ele, 1941). Occupancy
arrangements may influence the level of investnmepbllution mitigation technologies with
owners or secure tenants more likely to be abievest (c.f. Fish et al., 2009). Tenants on
short-term or insecure leases, especially if agh Fent, are less likely to adopt long term

benign stewardship as one of their management @daider et al., 1990). Occupancy
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change itself — a new tenant or a transfer fromgeresration to the next — has been identified
as a particular trigger for environmental changeiibdn and Marsden, 1991; Potter and
Lobley, 1996). Scales of governance (both spatdltemporal) are not always in-tune with
those of individual farm occupiers or the mainteseaof the ecosystem itself. Here we seek to
build on these insights by looking at the spafyadit occupancy. If units of occupancy (farm
holdings) are critical to variation in environmdnteanagement and management outcomes,
then it follows that the spatial mosaic of holdiragsl the connectivity between them (or not)
is a critical factor that confronts the institutedidiness of the catchment approach. Farm
boundaries may not, indeed almost certainly witl neatch catchment or sub-catchment
boundaries. Figures 2 and 3 exemplify this forThe catchment in North Devon.

In addition, holdings may be spatially fragmented ¢he land use and management
prescriptions on particular fields will be influesttby a whole set of socio-spatial
considerations that cannot easily be read off flleenunderlying physical characteristics. For
example a catchment planning approach may idecgifiain categories of land (for example
free draining and distant from water courses) dnatbest suited to spreading livestock
manure. Such plans may even identify that enouggh imtheoretically present within a
specific catchment for specified numbers of livektoBut the feasibility of this ‘on the
ground’ will depend on farmers’ ability to complytivthe catchment wide plan and this will
be influenced by issues such as ease of acceskgnoafarm track lay-out, presence or
otherwise of barriers such as woods) and the digtan of different categories of land within
a particular farm. Controlling downstream pollutioiwatercourses clearly requires an
understanding of land uses within catchments taat e decision making processes amongst
land managers inhabiting the spatial units. Diffiees in adoption decisions of farmers may
reflect very detailed differences in physical fday-out and land use, as shown in work in

New Zealand on why dairy farmers may or may noseho fence off streams (Beswell et al.,
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2007). But differences are also likely to reflaatider set of decisions, beliefs and attitudes
of farmers operating at the farm enterprise legelall as policy and economic constraints.
Thus decision making is complex and multi-faceted attitudes may be highly diverse
within a catchment and certainly not always conipatwith the dominant norms of spatial
planning. Clear examples can be seen in the qoatatdrawn from our catchment-wide
farmer survey shown in Figure 6.

Understanding watersheds requires more than irttegrdne inherent compartments into
one geographical unit. There needs to be an agpi@tithat understanding catchments in
turn requires an understanding of the values ardsief the people associated with the
catchment (Allan et al., 2008). It is therefore agmt that the success (or failure) of large
scale planning approaches is linked to the exteattive support of those who manage the
land on a day to day basis.

Management can be successful at the local levet befquires clear strategies for
engagement and knowledge exchange often basedcmmogemaking support and guidance
for farmers. At present there are a number of toprdgovernment-led strategies of this kind
aimed at limiting contamination of surface watertha farm scale (e.g. Defra manure
management plan; Defra soil management plan; SERAssessment for manures and
slurries). These strategies are linked to codemotl agricultural practice (Defra, 2009) and
environmental stewardship schemes, and seek ®amiareness of manure spreading
strategies and other farm activities that couleptélly cause pollution of watercourses.
They also help identify land considered most vidbér for contributing towards sediment
and nutrient related watercourse pollution. Theest&@o problems with the current approach.
Firstly, there is relatively little by way of sustad ‘on the ground’ engagement of
advisors/officials — or street-level bureucratgpgky 1980) - with farmers in the manner

that characterised the war-time and post-war faodyction campaign (Self and Storing,
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1962). Secondly, little attention has focused acrofial risk assessment strategies at the
farm level with regard to farm-to-field-to-watertpaays. Attention has been focussed
primarily on farm-to-fork risk (Havelaar et al., @0 because of the direct potential impact on
human health. Making informed decisions at thelfsgdale is crucial because agricultural
land is heterogeneous, and inherent spatial vétiain soils and hydrological flow pathways
influences the loss of pollutants from land to watdten at sub-field scales (Hewett et al.,
2004). So while IRBM involves assessing the biggeture, it risks ignoring the focus of site
specific management issues which can be criticehtohment functioning.

Some examples of critical local differencas be highlighted from the small subset of
farms shown in Figure 7, which are located in, dradn, a sub-catchment of the Taw
catchment. Detailed surveying of these farms recemformation on land, manure and
animal management and this highlighted some crifmeal’ differences between farms
within a relatively small spatial area, and in sarases draining into treame section of
streamreach. For example, of the seven farms identified hieve,of the farms allowed
livestock to both drink from the stream and alsalfilhve stream, allowing for potential direct
defecation of faeces into watercourses. This cgateeany water quality benefits attributed to
those farms which restrict livestock access tostheam. Other disparities also exist. For
example, three of the seven farms admitted to dprgdheir human domestic waste to land
following the emptying of their septic tank systerfikis action is not permitted in the UK,
and human waste can contain pathogenic viruseswaaic be transferred into the receiving
watercourses following rainfall. So the same drgéarea is potentially impacted by the
action of these three specific farm operations@rdimpact on the water quality draining
through farmed land of others. Furthermore, difieenterprises (dairy, beef and sheep, beef
and dairy) are generating different forms of livest manure (slurry versus farmyard manure)

which accommodate differential properties governimgdie-off of microbial contaminants

19



contained within the manures. While one farmer i@g@lurry to land via injection techniques
to limit emissions of odour and ammonia, a neighimgudairy farmer applies slurry via
broadcast methods admitting that ‘I bought up lsmdhat on paper it looked like | had
enough land to increase my herd size while stithgpable to spread the muck at acceptable
rates, but in reality | spread to the most convarields’ and quipping that ‘I get a thrill

when | hear muck splash in the water’. The managéaygproaches adopted on different
farms will in turn impact on the risks associatathveach farm and their vulnerability for
contributing microbial pollutants to water. It istdiled and variegated forms observation and
surveillance that produce insights into such loaal instrumental, differences in attitudes,
capacities and approach, but these are rarely sibtee$o policy makers.

Considering the survey in the context of the wizallehment we expect differences in
management to be even more diverse. Here we ftwat @7 of the 75 farms allowed for
livestock to ford watercourses with ‘dairy & be&irms typically allowing for this at a higher
frequency. Sheep farms did not permit any livestaatess, not because sheep farmers are
better disposed to controlling pollution but be@aasrisk to sheep of being swept away and
drowning during storms. A higher proportion of fars allowed stock to drink from
watercourses, rather than permitting full acce384)7 In total, 69 % of farmers considered
stocking density when grazing fields, with dairynigrs most likely to take this into account
when devising management plans (83%). Arable fesrgave the least consideration to
stocking density of fields used for grazing.

Of those farms surveyed 47 (63%) had made a fakinogmmental record as part of a
stewardship scheme. Lowest uptake of environmeatalrds was for poultry enterprises
(33%) whereas 100% of arable farms had completell swecord. Additionally, 67% (50 of
the 75) had a farm waste management plan for carsgliance, and on a farm type

breakdown, this was found to be significantly higloe dairy farms (89%). Only 31% of
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farmers interviewed had come across the term ‘siffpollution’ with highest recognition of
the term found among dairy farmers. We found tl386 ®f the farmers surveyed were aware
of pollution prevention advice quoted in codes obd agricultural practice (CoGAP). Among
dairy farmers this was well above average at 94%.

In total, 56 of the farms (75%) believed that threanure storage capacity was ‘about
right’, though among dairy farmers this was low&t%). Of the 75 farms, 48% stated that
they had a strategy in place to prevent overflovahmanure storage and 13% stated they
planned to increase storage capacity. Only 54%axe asked said that they inspected their
waste storage facilities. Some 24% of farmers adohihat there were times of the year when
they needed to spread on frozen ground, and thiplemnents the proportions who thought
their storage capacity was too little. Furthermd# spread to poorly drained land and 12%
said they need to spread on steep sloping land. Tkl of dairy farms had over 6 month’s
storage available (the minimum requirement if ayd&rmer was in an NVZ). The most
frequently cited storage capacity was three mombsryingly, 16% of dairy farmers
admitted to spreading their slurry only when itatead capacity in their stores. Of all
surveyed farms, 77% stated that they use buffgrsstiext to streams. The use of such
measures was highest amongst dairy farmers (94édparest among arable farmers (33%).
Dairy farmers also accounted for the highest peaggnof those who spread manure on fields
adjacent to watercourses (83%). Typical spreadatesrfor different farm types varied
considerably (e.g. <3 tha' to >61 nf ha'). This synopsis of farm survey data highlights
clearly the extent to which differing forms of mgeanent — animal, land and manure related

— are taking place within the same catchment area.

5. Conclusions
In this paper we have presented evidence designa@gturb the new orthodoxy surrounding

catchment planning. Our intention is not to sugyest catchment studies and a policy
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emphasis on the catchment are inapproppatese. For many purposes this is the right level
for analysis and action, but not for all. A simif@int has been made by Haygaatial

(2005) in an overview of phosphorus transfer amdsitientific expertise relevant to
understanding the issue in an integrated way. Timglye a plea for multi-scaled science from
the molecule to the catchment. We do not propgadasaliction of the molecule. But we do
suggest that management at the field and farm seadains crucial to water quality
outcomes. That being the case, the emphasis ohngant planning should not be taken as a
reason to avoid a continuing policy emphasis oragament with land occupiers through
regulation, knowledge transfer and participativehmds that include farmers.

Of course, delivering on the WFD requires coordorathat transcends a continuum of
scales. Clearly, multi-scale appreciation is need#dcales are relevant and research and
policy must adopt scale appropriate approacheddeeasing the questions raised. The
catchment approach has emerged as a powerful nkadoxy within environmental
governance. However, despite its pretence to mmderinappropriate political territorial
jurisdictions, it continues to privilege a hieraadmotion of scale. Placing so much
confidence in ‘natural’ delineations of scale, doeseliminate the puzzling issue of
reconciling a range of political territorial juristions with competing notions of ‘natural’
places and spaces. Jurisdictions persist. N theedelineation of a catchment eliminate
the need for knowledge of sub-catchments and cdif wie have termed, private spaces.
Larger scale approaches that align with RBMP fawvoare risk-based strategies to protect
and restore whole ecosystems as dictated by the WEhey are constrained by the
complexity of dealing with dynamic socio-biophydisgstems, what Watson (2004) see as

‘wicked’ and ‘messy’ management problems.
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