SEVENTH FRAMEWORK PROGRAMME
THEME 6: Environment (including Climate Change)

Adaptive strategies to Mitigate the Impacts of Climate Change on
European Freshwater Ecosystems
Collaborative Project (large-scale integrating project)
Grant Agreement 244121
Duration: February 1st, 2010 – January 31st, 2014

Deliverable 1.14: Report from workshop in UK to
explore discrepancies between different groups of
stakeholders regarding their perceptions of the
policy implementation issues and the underlying
factors that explain these differences
Lead contractor: The James Hutton Institute (TJHI) (was MLURI)
Other contractors involved: N/A
Due date of deliverable: Month 15
Actual submission date: Month 16
Work package: 1
Contributors: Kerry Waylen & Kirsty Blackstock & Susan Cooksley
Estimated person months: 3

PU
PP
RE
CO

Project co-funded by the European Commission within the Seventh Framework Programme (2007-2013)
Dissemination Level (add X to PU, PP. RE or CO)
Public
Restricted to other programme participants (including the Commission Services)
Restricted to a group specified by the consortium (including the Commission Services)
Confidential, only for members of the consortium (including the Commission Services)

X

Abstract
The River Dee is an iconic Scottish river, with many uses and values. At present more
than one third of its water bodies are classified at ‘good’ or ‘excellent’ ecological
status, but under the Water Framework Directive, the condition of all water bodies
across the catchment should reach good status by 2027. Many actions are required
to achieve this, in particular tackling diffuse-source pollution, and reducing the
impact of morphological changes (e.g. straight walls and instream structures) that
reduce the natural habitats available.
There have been a great many recommendations for activities (measures) that can
help protect and promote the good quality of the Dee’s waters (Annex 1). There has
been much already been much action taken, but much remains, and it is not really
understood what determines why some actions are undertaken, and others are not.
Better understanding of how to encourage action for the water environment is needed
in order to know how best to encourage further action for the water environment. No
one has previously tried to understand what constrains and influences actions to help
the water environment, although theories about other pro-environmental behaviours
provide a guide. To discuss what actually helps or hinder adopting actions for the
water environment, on 16th November 2010, a workshop was held with a small group
of people owning or managing land in the Dee catchment. The key findings from this
workshop reflect on awareness and agreement with recommended actions, problems
or issues faced by those looking to implement actions, and thoughts about how these
issues might change in future.
Despite the numerous recommendations made for the Dee there was good general
awareness of most actions, although concerns about equity and responsibility may
need to be addressed to prevent land-managers feeling they are being unfairly
targeted. However, recommendations relating to drainage and ditch management are
confusing and particularly contentious, so must be checked, clarified and clearly
justified if any changes are expected to these practices.
Key issues affecting whether or not actions were adopted were not only finances and
money, but the related issues of labour and time. Business and environmental
characteristics of an enterprise also strongly affect what actions are suitable or
feasible, with some recommendations and policies to be regarded as inappropriately
inflexible. In future, labour, time and money are expected to become increasingly
scarce. However, in addition to market drivers, environmental and climate changes
are also expected to be a significant if unpredictable force. Recommendations for
changes and interventions by policy-makers, that could encourage future uptake of
actions to help the water environment, are not just focused around financing, but also
about encouraging inclusive ‘joined-up’ thinking.
The results of this and a comparable Greek workshop (deliverable 1.15) inform a
conceptual model of barriers to implementation (deliverable 1.16). This should
inform the actions (measures) considered elsewhere in the REFRESH project.
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1) Summary
The River Dee is an iconic Scottish river, with many uses and values. At present more than one third
of its water bodies are classified at ‘good’ or ‘excellent’ ecological status, but under the Water
Framework Directive, the condition of all water bodies across the catchment should reach good
status by 2027. Many actions are required to achieve this, in particular tackling diffuse-source
pollution, and reducing the impact of morphological changes (e.g. straight walls and instream
structures) that reduce the natural habitats available.
There have been a great many recommendations for activities that can help protect and promote the
good quality of the Dee’s waters (Annex 1). These apply to both public agencies, private
organisations and individuals throughout the catchment. Some actions are the subject of rules and
regulations, some may be promoted by incentive schemes and some may be purely advisory and
voluntary. Much of the guidance, rules and schemes for action have been focused on land-managers
in the catchment. There has been much already been much action taken, but it is not really
understood what determines why some actions are taken, and others are not. However, this
understanding is needed in order to know how best to encourage further action for the water
environment.
Research into this topic by the Macaulay Institute (now The James Hutton Institute) was
commissioned as part of a project called ‘Refresh’ 1.
No one has previously tried to understand what constrains and influences actions to help the water
environment, although theories about other pro-environmental behaviours provide a guide. To
discuss what actually helps or hinder adopting actions for the water environment, on 16th November
2010, a workshop was held with a small group of people owning or managing land in the Dee
catchment. The key findings from this workshop reflect on awareness and agreement with
recommended actions, problems or issues faced by those looking to implement actions, and thoughts
about how these issues might change in future.
Despite the numerous recommendations made for the Dee there was good general awareness of most
actions, although concerns about equity and responsibility may need to be addressed to prevent landmanagers feeling they are being unfairly targeted. However, recommendations relating to drainage
and ditch management are confusing and particularly contentious, so must be checked, clarified and
clearly justified if any changes are expected to these practices.
Key issues affecting whether or not actions were adopted were not only finances and money, but the
related issues of labour and time. Business and environmental characteristics of an enterprise also
strongly affect what actions are suitable or feasible, with some recommendations and policies to be
regarded as inappropriately inflexible. In future, labour, time and money are expected to become
increasingly scarce. However, in addition to market drivers, environmental and climate changes are
also expected to be a significant if unpredictable force. Recommendations for changes and
interventions by policy-makers, that could encourage future uptake of actions to help the water
environment, are not just focused around financing, but also about encouraging inclusive ‘joined-up’
thinking.
These issues and recommendations will not be used only within academia and the Refresh research
project. These findings are publicly available and the researchers write a policy brief targeted at
policy-makers e.g. SEPA, Scottish Government and DEFRA.

1

www.refresh.ucl.ac.uk/ and http://www.macaulay.ac.uk/projects/projectdetails.php?105466
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2) Introduction
This document begins by describing the Dee environment (section 3) and the researchers’ theory
about the key issues helping or hindering actions (section 3e). A brief summary of the workshop’s
activities (section 4), is followed by the main outcomes in three sections. Firstly, the awareness and
ideas of the various actions advised (section 5), then issues affecting whether those recommended
actions might actually be carried out (section 6) and lastly thoughts about how these might change in
future (section 7). The document finishes with key recommendations that will be given to policymakers (section 8).

3) The Dee and its water environment 2
The Dee catchment is the area of land drained by the river Dee and its tributary burns. Since all
running waters are connected, actions in any one part of the catchment can affect environmental
conditions in the whole area.

Figure 1 A general map of the Dee Catchment noting the main population centres. Produced by
Nikki Baggaley. The shaded-green area represents the catchment. The shaded-brown area is the
area of the Cairngorms National Park. Minor and major roads are pink and green lines, respectively.

2

More detail on the Dee catchment is available from a report we made for ‘REFRESH’ earlier in
2010, available from http://www.macaulay.ac.uk/publications/20166.pdf or ask Kerry for a copy.
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a) Land uses and human interest
The river itself famously supports Scotland’s most important Salmon fishery, together with some
other recreational uses (e.g. kayaking). Many visitors come both for this and for the aesthetic value
of the area. However there are a wide range of other activities throughout the catchment. Population
centres are clustered around the river and lowland areas, most obviously the city of Aberdeen (with
over 200,000 people), which create requirements for water supplies and treatment of effluents. By
contrast, the uplands are sparsely populated and mainly managed for forestry and by large estates for
mixed land-uses (normally some combination of sports, forestry, fisheries and hill-farming).
In the lowlands, the soils are generally richer than in the uplands, and the land tends to be more
suitable for intensive agriculture. Arable crops are grown past Banchory, and many farms are mixed,
supporting a combination of cereals, sheep and cattle. There is also some light industry, including a
sawmill at Banchory and whisky distilleries. Nearly all users of the river, or managers of the
catchment’s land, have the potential to positively or negatively influence the quality and quantity of
the Dee’s waters.

b) Environmental interests and legislation
To understand the targets set for Scotland’s waters – including the Dee – the main piece of
legislation to consider is the Water Framework Directive (WFD). It has been in force in Scotland
since 2003, and is intended to act as an umbrella for other regulations and laws. (For example,
waters used for drinking are designated as protected under WFD.) The aim of the WFD is to achieve
good “status” of all water bodies by 2027. In Scotland, plans for how this will be achieved and
broadly what actions (‘measures’ in WFD jargon) are required have recently been published
(http://www.sepa.org.uk/water/river_basin_planning.aspx). For the Dee, this requires improvements
in the condition of 30 out of its 53 water bodies (Figure 2).

Figure 2 The status recorded by SEPA in 2009, for the Dee Catchment’s 53 water bodies 3
3

Water bodies may correspond to a tributary or a loch, or to a section of a large river. For example,
Gormack burn is a water body in the Dee. These are the basis for monitoring where progress is made
in improving the status of waters.
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The main problems identified for the Dee, as for many other rivers, are diffuse pollution (the
combined effects of many small sources of pollution) and morphology (unnatural river banks and
stream structures, that reduce the natural habitats available, as well as sometimes affecting flows).
High nitrate levels are thought to be a significant part of the pollution problem, so under the WFD
the Nitrates Directive establishes action programmes in Nitrate Vulnerable Zones (the lower half of
the Dee, below Banchory, is a NVZ).
The Dee is considered of national and international importance for its populations of Atlantic Salmon
(Salmo salar), the freshwater pearl mussel (Margaritifera margaritifera) and the European Otter
(Lutra lutra). These are all endangered species, and mean that the river is classified as a “Special
Area of Conservation” under the European Habitats Directive (the Salmon are also protected by the
Fisheries Directive). There are also three wetlands of international importance under the Ramsar
Convention. It is Government policy that Ramsar or Natura 2000 sites are also notified under the
national-level designation Site of Special Scientific Interest (SSSI), and so the majority of the Dee
and its tributaries fall within 28 SSSIs, giving them some additional statutory protection. As well as
containing five National Nature Reserves (NNRs), the upper catchment past Aboyne also falls with
the Cairngorms National Park (CNP). All of these designations entail legislative responsibilities for
environmental protection.

c) Tracking changes in the Dee
This information was requested at the meeting on 16th November. Historically, the quality of water
has been assessed on the basis of chemical measurements taken at numerous monitoring points.
However, this meant that a river containing few fish – perhaps due to numerous artificial barriers
from weirs and dams – might still receive a good classification as long as the water was not overly
acidic and did not fail on other chemical measurements, principally dissolved oxygen content,
nitrates, dissolved iron and biological oxygen demand (a measure of bacterial activity and
decomposition).
More information on the previous scheme is available at
http://www.sepa.org.uk/water/monitoring_and_classification/previous_schemes.aspx.
Under this
system, SEPA produced annual reports on water quality, detailing the major improvements or
deteriorations made versus targets set in 2000. In 2008, SEPA produced a report which examined
overall trends in water quality since 2000. This report and the last annual report (2006) are both
available from the above web-link.
In 2007, the Water Framework Directive prompted a big change in how waters were monitored.
Now, when deciding the status of a river, not only chemistry, but also biology and morphology
(changes to the shape and function of water bodies) are considered. Fewer monitoring points are
used but more factors are measured. For example, monitoring includes a range of water plants and
animals as well as environmental conditions necessary for water life: good water quality, good water
flows and levels, good condition of beds, banks and shores and good continuity of rivers for fish
migration. Good or excellent status can only be achieved when all these aspects are satisfactory,
which occurs when there are only very low pressures (few problems) caused by human activity.
The information used in classification and modelling comes from SEPA, SNH, Fishery Boards &
Trusts, Scottish Government scientists, Scottish Water, local authorities and the Drinking Water
Quality Regulator. Each water body receives a separate classification, although problems in one part
of catchment are obviously likely to cause problems elsewhere: for example a single barrier
downstream in the river will make it hard for upstream water bodies to receive a good classification.
Groundwaters are also classified, groundwater flows, levels and quality and, in turn, the condition of
associated surface waters and wetlands with a focus on understanding how abstractions and pollutant
inputs affect This system of monitoring and classifying water bodies has been in place since 2007.
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More details about the current monitoring process are contained in the appendix of Chapter 1 of the
Scotland RBMP - see http://www.sepa.org.uk/water/river_basin_planning.aspx for the link. The
reports of water status collected before and after 2007 are therefore not directly comparable, since
the 2007 scheme incorporates factors not previously measured. However, it is possible to track
changes 1999-2006 using the previous chemical-oriented scheme, and from this year early results of
any changes since 2007 will start to become apparent.
SEPA has kindly provided us with information from its monitoring over the past ten years. This is
presented at the back of this report (annex 3): it paints a positive picture.

d) Actions advised for the Dee’s waters
There are numerous policies, plans, advice and regulations about what should and should not be done
to help the water environment, not least the North East Scotland River Basin Management Plan,
prepared because of the WFD 4. Reports such as the Dee Catchment Management Plan (DCMP 5), the
Middle Dee Project 6 report and the Dee & District Fisheries Management Plan 7 all contain analyses
of problems and solutions most suitable for the environment in the Dee. There are three types of
recommendations: (i) some are for doing new things (for example, creating a new riparian buffer
strip); (ii) some involve maintenance (e.g. sensitively maintaining vegetation in the buffer strip); (iii)
and some are to avoid certain activities (for example not spreading pesticides near watercourses, not
working instream during fish breeding season). All these recommendations are called ‘actions’ in
this document.
To prepare for the workshop in November, the researchers tried to compile all the recommended
actions: the list presented in the workshop is presented in Annex I.
Some actions are mandatory and regulated, whilst others are optional but may be encouraged by
incentives, whilst others are purely voluntary. As regards rules and regulations, the most important
set to be aware of the General Binding Rules (GBRs) which automatically apply to everyone in
Scotland. For farmers, compliance with ‘Good Agricultural and Ecological Conditions (GAECs)’ is
needed to receive the Single Farm Payment (SFP), whilst extra activities, such as extending buffer
strips, may receive more positive reward under part of the SRDP (Scottish Rural Development
Programme). The SRDP also has schemes which non-farmers and rural communities can apply for.

e) Ideas about what issues help or hinder actions 8
From an academic point of view, there is no one theory or study which has been focused on actions
relevant to helping protect and improve the water environment. Any approach must be flexible
enough to encompass the diverse interests of all the groups involved in influencing the environment.
However, there are several theories that may be relevant to predicting what issues that influence
uptake of actions for the environment. In the summer of 2010, we reviewed these theories,
particularly the field of environmental psychology and a literature studying categories (‘typologies’)
of behaviour and attitudes to land-management. We particularly considered a previous research

4

http://www.sepa.org.uk/water/river_basin_planning/area_advisory_groups
http://www.theriverdee.org/
6
http://middledeeproject.org/
7
http://www.riverdee.org.uk/publications~policies/publications.asp
8
More detail on the academic theory we considered is
http://www.macaulay.ac.uk/publications/20166.pdf or ask Kerry for a copy.
5

available
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within

project which KB had been involved in 9, which looked at what influenced farming proenvironmental behaviours in the UK. This project had identified a conceptual model of 7 key issues:
time, labour, finances, markets and incentives, social capital (social networks), human capital (skills
and experience) and land/business characteristics. This conceptual model provided a useful starting
point for us, but we could not really know for sure what were the key issues in the Dee, without
talking to land-managers.
We are also interested to know how this model will perform cross-culturally, by trialling it not only
in a Scottish context (the Dee catchment) but also in Greece (the Louros catchment). Issues can be
more convincing if cross-culturally relevant.

4) The workshop
The workshop involved 15 people who lived and worked throughout in the Dee catchment. Most
participants represented a range of ages from under 30 to over 60, although most were aged 50-65.
Five participants had a farming background, both arable and livestock, all were farmer-owners but
some also rented land. One had links with both farming and a horse livery. Four participants had
particular fishery interests (although one also managed farmland). Two participants were
particularly involved in forestry, together with one representative from the Forestry Commission
Scotland. The remaining two participants were involved in estate management. Also present was
Eilidh Johnstone from SEPA 10, the River Basin Planning Co-ordinator for North-East Scotland.
The meeting was facilitated by Kerry Waylen (KW), Kirsty Blackstock (KB), Susan Cooksley (SC)
and Jill Dunglinson (JD). All are researchers employed by the Macaulay Land Use Research
Institute, and SC is also project officer for the Dee Catchment Partnership 11.
The meeting began at 6.30pm, at the Douglas Arms in Banchory. After a short introduction, the first
part of the meeting was a presentation by SC, about the features of the Dee, and its current status and
trends. This was followed by a question and answer session. The second part of the meeting
involved work in three subgroups, one each for i) farming, ii) fisheries and iii) forestry and estates.
In each subgroup, three main topics were discussed:
i) awareness and perception of various actions that are advised to help the Dee’s waters
ii) issues (or problems) which affect whether or not actions are undertaken
iii) views of any future changes that might affect these issues.
The discussion of actions was focused around a draft list of 34 actions that we had consolidated
beforehand by reviewing various regulatory, advisory and policy documents (Annex 1 to this
document). Issues were raised during this discussion but revisited at the end to check the most
important factors. At this time, as an aid to discussion, we showed a ‘bubble diagram’ of the issues
that we had thought about beforehand.
The meeting ran longer than planned, to about 9.30pm. (Although we wanted to allow a wide
ranging discussion, when we drew up the agenda we had not realised the length of the actions list:
discussing every action in every group was perhaps over-ambitious.) Despite the unfortunate
overrun, to date participant feedback of the evening has been broadly positive: if any similar events
were to be planned, time-keeping and the layout of the room would be areas for improvement.

9

http://randd.defra.gov.uk/Document.aspx?Document=WU0104_6750_FRP.doc
SEPA = Scottish Environment Protection Agency www.sepa.org
11
Dee Catchment Partnership (or DCP) www.theriverdee.org
10
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5) Awareness and perceptions of actions advised for the Dee
The actions list that was discussed in the groups is included in Annex I. This helped the researchers
to understand general awareness and perceptions of all the recommendations. This was a working
list and the meeting participants suggested several useful alterations to it.

a) Awareness of actions
a. There was generally broad awareness of the actions proposed in all group.
b. The details of some actions were sometimes not known, such as the precise details of some
GBRs. For example, not all recall the minimum width of buffer strips, the size of watercourses
allowed to be cleared without registration, or the exact timings of spawning.
c. The farming group were unaware of actions: 20 (moving riparian paths), 23 (installing grassed
ditches), and 26 (moving back flood embankments). Action 22 (regarding field drainage) was
unheard of and contentious (see next section). Actions 13-16 were not seen as relevant to
Deeside farmers.
d. The estates and forestry group was familiar with most recommended actions.
e. Horse liveries may be less likely to be aware of the relevant advice and GBRs.

b) Actions with which there was disagreement.
These recommendations need to be checked and/or more clearly justified if they are to be supported:
a. Septic tank management (action 12) – these were not thought to need regular desludging, if
inputs were appropriate, but this conflicts with the guidance published (e.g.
http://www.theriverdee.org/userfiles/file/Guidance/SepticTanksFINAL.pdf ).
b. Removing natural material from the river bank (action 18) can be needed to keep dams and
hydro plants functioning, and thought needed to maintain flows of water and drainage. Never
removing it would be ‘daft’ and historically it has always been acceptable. Distinguishing
between gravel and silt may help to produce more sensible guidance. Are the negative effects
on flows reduced if disturbed gravel is removed rather than moved in the river bed?
c. Clarification is needed about exactly when and why footpaths may need re-routing (action 20),
since riparian footpaths are good for encouraging access and recreation.
d. Preventing field drains from stopping short of watercourses (action 22) was opposed by the
farmer sub-group, but not seen as problematic bv the two other sub-groups.
e. Recommendations for ditch dredging (action 24) were confusing and contentious. It was argued
that dredging has to be done regularly, particularly on heavy soils, to avoid standing water and
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pollution from sediment runoff. Avoiding ditch dredging is therefore not seen as practical when
fields must be kept dry and productive.
f. When planting bankside woodland (action 22) should native conifers be allowed?
g. Is coppicing (action 30) generally relevant in the Dee, or only in specific situations?

c) Actions which seem to conflict with each other
Doing one action would seem to work against another recommendations. It would be useful to
explain if this is the case (or not) and if so the best course to take:
a. Fencing riverside areas to keep out livestock (action 9) can be problematic if it causes vegetation
to build up that must then be managed (action 29). Should livestock then be allowed back in?
b. Fencing (action 9) had also had the potential to become barriers during spates, trapping debris
and becoming temporary dams (perhaps conflicting with action 21, removing barriers to flows).
c. Not removing material from river beds (action 18) can hinder efforts to use natural materials to
build natural river banks (action 17) or to build set back flood embankments (action 26).
d. If fields are allowed to flood (action 25) this would seem to encourage the movement of organic
material into the river, conflicting with the goal of reducing pollution.
e. Installing riparian woodland (action 29) was seen to potential cause problems for field drainage
(relating to action 22) if roots grew to block drains.
f. Taking action to manage bankside woodland and other vegetation (action 29) may need to
balance the desire to help fish with the need to create havens for other species (e.g. otters).
g. Tackling invasive plant species (action 33) is harder if pesticide use is restricted (action 3).

d) Actions requiring minor modification and clarification.
Suggestions for specific changes. These will be made when revising the original actions list:
a. Action 1 should explicitly reference silage since this organic material can be a major pollutant.
b. Action 8 should be modified since the recommended sizes of buffer strips are larger for forestry
operations than arable farming.
c. Action 10 would benefit from clearly defining what is clean and dirty water.
d. Action 11 should be to manage runoff from roads, not minimise runoff, since roads should not
be covered in standing water.
e. Adding a reservoir was suggested as a useful action for the Dee, especially given future changes,
but as the actions list is for land-managers (not other groups) it will not be included.
f. Action 21 should be to mitigate as well as remove barriers to flow, since adding a fish pass can
negate the negative effects of a weir.
g. Ditches do not have to be grassed, or near vulnerable soils to be useful (action 23). This action
may be considered part of the other actions listed.
h. When managing ditches, removing only 50% or alternate strips of vegetation was not practical,
requiring the job to be done twice as often, so should be only aspirational.
i. Gyrodactylus salaris can be a very problematic parasite of Salmon, and so should be mentioned
amongst the species whose numbers need to be controlled (actions 32 to 33, and action 31).
Clarifying what ‘management’ means can be helpful, for each species. One group suggested
some duck species may be more problematic for the Dee than American mink. Another
suggested Ranunculus spp. (water crowfoot) should be listed as an invasive species requiring
action to help prevent it from forming a blanket. Water crowfoot is native to the UK but not
thought to have previously occured in Northern Scotland. Recommendations for control of
specific species must be locally-tailored and regularly checked for changes.
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6) Issues faced when trying implement actions
Although there was disagreement with some actions, many other actions were known and accepted,
yet not all were implemented (table 1).
Table 1 Uptake of recommended actions. See Annex 1 for details of actions.
Goal
A. Good quality water:
reduce inputs at source
(actions 1-4)
A. Good quality water:
Reduce soil erosion
(actions 5-7)

A. Good quality water:
Prevent inputs from
reaching water
(actions 8-12)
B: Maintaining water
availability
(actions13-16)
C: Natural physical
structure
(actions 17-21)

D: Sustainable field
drainage and ditch
management
(actions 22-24)
E: Sustainable flood
management
(actions 25-27)
F: Protect, enhance and
promote native species
and habitats
(actions 28-33)
G: co-ordinated and
landscape scale action
(action 34)

Uptake of actions
These actions are mainly (though not exclusively) relevant to farmers. Actions
such as safely storing and applying fertilisers, silage and pesticides and sheep dip,
are well known and agreed with. Restrictions such as closed periods may be
particularly difficult to comply with when weather is bad for prolonged periods.
The basic principles of muirburn coded were followed where possible, although
varying weather and land conditions meant it was not always possible to comply
with every detail. Similarly, the need to reduce poaching by livestock was known
and avoided where possible, but animal preferences and welfare needs sometimes
worked against this. For arable farmers, care of overwintering land was
constrained by little access to labour and low prices for winter barley crops: this
favoured early ploughing ready for the spring.
Buffer strips for field and forestry margins were widely adopted, although difficult
on small field sizes. New roads were designed to catch runoff, although existing
road structures could not be controlled. Controlling septic tank inputs was seen as
good practice although it was thought that many households did not know about
this, but desludging tanks was carried out only with evidence of problems.
It was seen as good practice and common sense to avoid excessive use of
abstracted water. However these recommendations were not perceived as that
relevant to the Dee, where plenty of water was available and most farming, forestry
and other land uses do not require irrigation.
Fencing to protect banks from livestock was carried out except where access for
drinking or crossing was needed. Rubbish was removed but could not always be
prevented, especially when it came from visitors or from debris carried during
unusually high flow events. Re-routing footpaths to avoid bank erosion was less
often carried out, especially because it could conflict with access requirements.
Mitigating or removing works or barriers to fish was nearly always only carried out
where there were sufficient incentives to do so. Moving or removing natural
material (silt, gravel) from river beds was carried out to keep dams functioning and
prevent blockages, although sediments were disturbed less often than in the past.
There was a difference between farming and forestry perspectives. Farming field
drains are often designed to discharge directly into water courses, and dredging was
seen to be needed to be done regularly, to ensure sufficient field drainage.
Foresters were more likely to follow the recommendation about drains stopping
short of water courses, and dredge less often. However, working on alternate banks
was widely regarded as very impractical.
Acceptance of occasional flooding would generally occur only if there were
incentives to sacrifice land to this (either commercial or private transactions, or
government incentive schemes).
Riparian woodland planting was generally liked, although planting could be seen to
constrain other activities or future land management options. However, it was
typically only carried out under incentive schemes. The need to tackle invasive
weeds was widely agreed on and carried out. Instream work was generally avoided
near pearl mussels or in salmon spawning season but uncertainty over the
prohibited locations and/or timing may sometimes lead to non-compliance.
Partnership /coordinated action was seen as desirable for land-managers,
particularly for tackling invasives, and some already occurred, facilitated by
existing forums.
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Discussion of actions that were and were not implemented gave us insight into the issues that
influence uptake of recommendations. Figure 3 represents the key issues we think are important,
based on the discussions at the meeting. We had entered the meeting with some ideas of what might
be influential (section 3e, page 5): at the meeting we found that all these were mentioned – with
some (such as money) seemingly particularly important:
1) Markets and incentives. A major driver in all land-use decisions is market prices for
different products, combined with income that could be received from incentive schemes.
2) Business characteristics. Three linked characteristics were mentioned in particular. Firstly,
the size of a land-holding was important, since larger enterprises might have more skills, but
equally greater efficiencies could mean less time to implement environmental actions.
Linked to this was the quality of existing infrastructure. It was thought tenant farmers
without their own land-holdings may have less interest in some practices, whilst age and
planning timescales could affect interest the environmental activities by owners.
3) Finances. Changing practices often incurs costs or requires new infrastructure. Even
practices which are subsidised by incentive schemes may not be taken up if the reward is not
guaranteed, or there is a long lag in payment.
4) Time. Closely linked to labour. Carrying out recommendations takes time, and it is also
required to understand the complexities of policies, or apply for any incentives available.
5) Labour. Most recommended actions require somebody available to do practical work. For
any business, reducing labour can cuts costs, but may also be enforced by reduced availability
of contractors and apprentices. This means there is not time to carry out the actions,
especially if they do not directly benefit the enterprise.
6) Skills and experience (human capital). Formal and informal education, training and
experience can all provide expertise useful for mastering both the practical skills and
paperwork savvy needed to implement some recommendations.
7) Social networks (social capital). Networks between land-managers, perhaps mediated by
particular forums and organisations, can allow for sharing of ideas and experience, and rapid
coordination of new activities.
It also became apparent that some issues – such as lack of time, labour and money – were closely
linked. In addition, some other points seemed key:
1) Environmental context and variability was often mentioned– for example unpredictable
changes in weather during a burning operation limits ability to comply with the muirburn
code
2) Personal interest was suggested by some a key underlying factor all other changes;
3) Paperwork and complexity seemed an emergent theme both from participants comments,
and our own review of the policy documents before the meeting.
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Figure 3 The key issues which can help or hinder uptake of actions recommended for the water
environment in the Dee, based on academic theory and the issues discussed at the workshop on 16th
November.
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7) Future changes
The future is inherently unpredictable! Some issues were expected to change, although it was not
possible to know exactly what those changes would be:
Environmental:
a. Climate was expected to change, perhaps with more extreme events.
b. Related to this, increasing heavy rain fall events and a rising water table were worries.
c. Changes in species distribution, new invasives and biosecurity problems could result.
Policy and politics:
a. CAP reform and possible reducing SRDP subsidies could have a strong influence on landuses and decisions to uptake pro-environmental actions.
b. Changing governments could strongly influence business environments.
c. Climate change was expected to have indirect effects by influencing policies.
Changing markets and demands:
a. Increasing housing developments, could place greater abstraction demands on the Dee.
b. Changing markets for agricultural crops and biofuels would be a strong driver on land-use.
c. Farming and estate operations were expected to become increasingly efficient, with less spare
capacity to undertake non-essential activities for the environment.
Social changes:
a. Changes in social networks and technology were expected to change how land-managers
connect and learn from each other.
b. Increasing leisure time could drive increasing demand for recreation and tourism in the Dee.
c. Increasing interest in learning traditional skills could support the implementation of many of
the small-scale activities which can help the environment.
Many of these changes were interrelated.
When thinking of the future, land-managers reported working to a range of timescales, anything from
6 months to 200 years, depending on both their business characteristics and capital. Despite these
differences, and variation in perspective, most agreed that in the near term the most predictable effect
on the issues was likely to be a generally reduced availability of resources for many business –
finances, time and labour – that enable many pro-environmental actions. In this context, the effects
of market drivers on land-use decisions would become even more important. It was felt increasingly
important to have the preparedness and capacity to react to unpredictable changes and extreme or
events linked to environmental changes.

8) Key points for policy-makers
There is good general awareness of the actions that can help the water environment, although the
detail of some actions is not always known. Therefore, simple ‘awareness-raising’ is unlikely to
produce great changes in action, although for some sectors (such as liveries) this may still be useful.
Some actions – mainly those connected with drainage – are contested and confusing. There is a
strong need to check, clarify and explain recommendations for drainage and ditch management that
are compatible with maintaining productive land. Explanation and clarification is needed where
different actions seem to conflict or contradict each other.
Many other actions are generally accepted, but not carried out. For example, the problem of historic
instream structures is recognised, but removing them may seem an impractical luxury. For these
actions, several issues influential (see Figure 3) but perhaps most important are:
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a. Time and labour are in increasingly short supply. They limit the ability to carry out
recommended actions, and to seek support and money to finance actions. Skills and
experience are also crucial– both practical skills, and skills to understand and navigate the
policy system – since these can save both time and costs.
b. Finances and incentive schemes. It is obvious that most land-managers are strongly
influenced by market prices and incentives, when deciding what actions to take. These issues
are particularly influential where a land-manger has little time or intrinsic interest in carrying
out environmental measures.
c. Environment context, and business characteristics. The natural setting of a farm or other
rural enterprise can strongly affect what actions are deemed useful and feasible. For
example, for a farmer, large buffer strips do not seem practical on small fields, or heavy soil
requires careful drainage to avoid flooding and loss of productivity. Existing built
infrastructure can also prove a key constraint. For a factor, reducing the runoff from roads is
easier on an estate with good existing road network (for example).
In future the shortage of labour money and time is expected to worsen for many, particularly
affecting the uptake of actions such as coppicing which require small-scale interventions. In this
context markets will be a strong driver of land-use decisions. However, environmental changes
linked to climate change are also significant, and may bring new threats, such as new invasive
species. Past experience – e.g. with grey squirrels – shows that tackling these problems will require
rapid and coordinated action.

a) Recommendations for improving uptake of actions
There is a general demand for ‘joined-up’ thinking to underlie both the recommended actions, and
the schemes to regulate, encourage and/or incentivise these actions. This may seem challenging, but
as many of the problems are linked, so are the solutions. Many problems exist due to resource
shortages. However, although the provision of effective incentive schemes is certainly key to
encouraging some actions, other recommendations for tackling the problems are not only about
providing more money via grant of incentive schemes such as SRDP.
Based on the issues already discussed, and direct suggestions for improvements during the meeting,
there are several linked recommendations:
1. Tackling shortages of key resources
a. The shortage of labour and time is a key barrier to uptake of many actions. This is also
expected to become worse in future. Supporting availability of skilled labour may go
some way to reducing the costs and time involved in carrying out some actions: for
example, apprenticeships for farmers, supporting availability of skilled personnel at key
linking organisations (see partnership action below).
b. Maintenance of existing infrastructure and continuation of existing activities can be as
important as resourcing ‘new’ actions and interventions. For example, once a riparian
woodland has been planted, it will require sensitive management and/or coppicing to avoid
over-shading the stream whilst maintaining bank structure. Support provided (be it
financial or other) should be long-term in nature and build on existing good practice.
2. Seek clarity and simplicity
a. There are numerous rules and regulations, incentive schemes, voluntary schemes. Being
aware of all these schemes, let alone how they fit together, is challenging. For example,
summarising the list of actions, as attempted for this meeting, had not been tried before.
More simplicity and cross-references between these documents could aid in
understanding what is recommended and how to resource actions. Context specific
advice could also address this problem (see below).
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b. Some of activities that were once recommended or accepted, are now advised against in
policy documents. Different policies and plans may make different recommendations. This
is particularly true for the case of drainage and ditch dredging which are crucial to
maintaining dry and productive fields. Such mixed messages make for a very confusing
situation, where newly recommended actions are less likely to be to supported, or carried out.
Information must be available as to why an action is recommended and justifying why
it is useful. This is particularly important when advice changes or has been contested.
c. Some actions may seem to conflict each other. For example, pesticides are a potential
pollutant, but pesticides may be required to tackle problematic invasive species. Or, fences
installed to prevent livestock entry may create barriers which trap debris during spates. If
actions seem to potentially conflict, this should be acknowledged and the tradeoffs
explained in guidance about the action.
d. Incentive schemes are less likely to be popular if applications are complex, incentives do not
fully compensate for costs incurred by actions, or are delivered a long time after costs are
incurred. Simplifying application to and delivery of incentives would increase their
popularity. Tailored advice on what are available and suitable schemes could also be
helpful.
3. Context specific information, advice and incentives
a. Some actions are only suitable or sensible in certain situations. For example, soil type will
affect tendency to poaching by livestock. Recommendations that can be sensitive to
context are more credible and more useful. To be useful, any body or individuals
charged to give advice must be informed and intelligent about all local issues, as well as
national regulations and recommendations.
b. Some incentive schemes are inflexible to local situations or changing conditions, or seem to
follow the letter of the law rather than the spirit of the law. Incentive schemes could be
made flexible according to new solutions or local considerations.
There are
acknowledged tensions with the desire for simplicity and equity. However, demonstrating
balanced influences on decision-making (see below) might go some way to tackling this.
c. Some actions will take time – perhaps decades – to see effects. Land-managers who cannot
afford to take such a long-term perspective, may have little expectation and/or interest in such
actions, and in this situation incentives then become more important. The effects may also be
uncertain, for example, efforts to restock fisheries. In these cases, feedback as to the effects
of actions may be useful, and assurance that neighbours are also taking mutually
helpful actions may act as a kind of insurance to reduce uncertainty (see partnership
working).
4. Fair responsibilities and equity
a. Land-managers can sometimes feel unfairly singled out for attention, or an “easy target”
compared to some other private or public sectors whose actions also affect the water
environment. When communicating about actions needed for the water environment, it
may be useful to explicitly highlight if and how other sectors are also expected to take
complementary actions.
b. Tackling historical problems is a particular issue: many problems that downgrade the status
of the water environment relate to existing instream structures (e.g. weirs, dams). These
structures were not installed by present land-managers, and removing the structures brings no
benefit to them. Why should land-managers be responsible for these? Sufficient incentives
(skills and labour or equivalent finance) are needed to remove such structures.
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c. If recommended actions are seen to come from groups which have balanced interests, they
are more likely to be seen as fair and feasible. This supports the importance of participatory
and transparent decision-making (as already mandated by the WFD). Actions will be better
supported if it is clear that interests were balanced and how decisions were reached
(also see above for the need for clear information about the effects of actions).
5. Partnership working
a. Partnership working takes time but is seen as useful for tackling some issues (e.g. to tackle
fast-spreading invasive species). Given the nature of expected future changes, bringing
extreme events and unpredictable changes, it may will become more important in future.
Existing forums and organisations (such as the Dee Fishery Trust) can provide a useful bridge
to enable partnership working. Social networks also provide a useful learning opportunity
and an opportunity share skills and experiences. This in turn can reduce other barriers to
engaging in actions (e.g. time, money). Support partnership working. Supporting
existing forums and organisations which encourage social networking and enable
partnership working may be an efficient way to encourage action for the water
environment.

9) Next steps
This workshop was repeated in Greece on 16th December, for the catchment of the Louros River. As
might be expected this is a very different environment, in a comparatively dry Mediterranean
climate. The Louros also has a very different history of land uses, environmental controls, and
legislation: the main history of water management concerns irrigation and it has not yet published a
RBMP plan. However, many of the same issues were raised in both locations, which strengthens the
arguments made. The report from the Louros workshop should be available on the REFRESH
project website www.refresh.ucl.ac.uk.
We intend to pass on the findings of the workshop to SEPA, SNH and the Scottish Government.
Later in 2011 we will make a policy brief that will be publicly available. Furthermore, in March
2011 we held a meeting with high-level policy-makers (whose representatives for the UK included,
DEFRA, SEPA, and the Environment Agency), and at that meeting this report was distributed.
In Autumn/Winter 2011 it is intended that there will be a meeting to discuss what actions will be
useful and most cost-effective, given future changes, as part of the same project. The authors of this
report will not be leading this workshop but can be contacted for any enquires about future
REFRESH project work in the Dee or elsewhere.
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ANNEX 1: Actions to protect and enhance the water environment in the Dee

This document has been prepared by staff from the Macaulay Land Use Research Institute as the basis for
our evening workshop, as a prompt for discussions about land-managers’ contributions to protecting and
enhancing the water environment, and the issues and obstacles they face.
It is a working document intended as an aid to discussion. Therefore, whilst we hope the list is helpful, we
certainly do not claim that it is definitive. We have deliberately excluded actions that are the exclusive
responsibility of public agencies (for example Scottish Water) since our meeting tonight is not focused on
agencies.
We have grouped the actions by their goal, but many of the actions have multiple benefits. In particular,
many actions have biodiversity benefits but we have not listed them. For example, introducing buffer
zones can mop up pollution in runoff but may also provide habitat for natural grasslands. Grassed ditches
can channel away intermittent run-off from vulnerable soils, can provide valuable wildlife habitat and may
support beneficial predators of crop pests.
To prepare this list we consulted several plans and policy documents. Besides each action we have listed
some of the plans that it is featured in. These plans are also listed on the back page (see back page). For
more information on the details of specific actions please see the related policy documents and/or contact
the Dee Catchment Partnership info@theriverdee.org for help. Please let us know if you think there is a
particularly important action or plan that we have missed or misrepresented.

16th November 2010
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A. Goal: Good quality water
Water should usually be clear (except if from peaty land), contain low concentrations of nutrients, and be free of toxic chemicals.
Reduce inputs at source
1. Safely store fertilisers and organic material (e.g. slurry and manure). Protect stores from
rainwater. Do not store or spread within 50m of a spring, well or borehole, or on very steep
slopes. (If in NVZ greater restrictions incl. a closed period.)
2.

Devise a nutrient budget (fertiliser and manure management plan) and keep a logbook.

3.

Target fertiliser and pesticide application. Use appropriate headland settings on
broadcasters, or full-width spreaders, take account of wind direction. Load sprayers and
spray out washings well away from watercourses or buffer strips.

4.

Dip (and dipped sheep) must not enter watercourse. Don’t site dips within 10m of a
watercourse and within 50m of water supplies. Empty sheep dips within 24 hours.

Reduce soil erosion
5. When managing any vegetation using fire, only burn October-April (dates depend on
altitude)
6. Manage livestock impacts: locate feeding areas 10 m+ from watercourses, reduce poaching
within 5m of access points, prevent overgrazing.

7.

Cultivated land carefully to reduce soil erosion: arable overwintering land could retain
winter stubble (but never create fine seedbed); in windy areas use spring crops to reduce
erosion; prevent or break soil capping where prone.

Prevent inputs from reaching water
8. Create buffer zones of at least 2 m between farmland/forest areas and watercourses.
Create beetlebanks.
Fence off riverside areas to allow vegetation to regenerate naturally and/or convert to
wetlands.
10. Separate clean and dirty water on business premises or farm steadings. Sustainable
drainage of surface waters.
11. Minimise runoff from roads, by design (e.g. avoid steep slopes, add flow interceptors,
catchpits, swales), material (e.g. neutral material not producing metallic or acidic runoff)
and maintenance.
12. Septic tanks should receive correct inputs, be registered with SEPA, and properly
maintained (desludge regularly e.g. every 1-2 years).
9.

GBR 18, NVZ Rules
F&WG, SMR 2, 3, 9
RP-GRA16-17
4-point plan, RBMP
NVZ Rules
LMO3, RP-GRA16-17
4-point plan, RBMP
GBR 18, GBR 23, NVZ
Rules
F&WG, SMR3, GAEC 8
RBMP
GBR 24
SMR 2,
Dee CMP, Sheep dipping
Code of Practice
GAEC 6 (Muirburn code)
DDFMP
GBR 19
GAEC 4, 11
RP-GRA16-17
4-point plan, RBMP,
DDFMP
F&WG, GAEC 1,2,3,5, 8
LMO16, 17
4-point plan, RBMP
GBR 20
F&WG, LMO14, RPGRA20
RBMP, DDFMP, LBAPs
RP-GRA20
RBMP, DDFMP
GBR 10,11,16,21
4-point plan, RBMP
GBR 22
F&WG, 4-point plan,
RBMP, CNPP
SEPA registration
RBMP, LBAPs
DCP Septic Tank Guide

B. Goal: maintaining availability of water
High and steady flows are generally desirable. Sudden drops or low flows are best avoided.
13. Minimise leakage by maintaining equipment in good state of repair
14. Use stored water e.g. rainwater tanks, field reservoirs. Abstract as little as possible.
15. Target watering and irrigation in time and space. (Irrigate in evenings or early morning;
locate rain-guns to precisely target crops; match application rates and droplet sizes to soil
and crop type; use soil moisture monitoring equipment).
16. Co-operate with other farmers in same catchment to try to ensure that burns are not
sucked dry, perhaps by drawing up a rota of irrigation times with neighbours.

GBR2,
RBMP
GBR 2, 3, 4, 15, 17
GAEC 19
RBMP, LBAPs
RBMP
RBMP
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C. Goal: natural physical structure
A good range of habitats will occur if watercourse contain i) variable depth, meanders, relatively stable banks; ii) natural
vegetation growing by banks; iii) adequate light reaching water.
17. Stabilise river banks by encouraging natural vegetation and control of grazing (e.g.
GBR 8,
by creation of fenced buffer strips)
F&WG, LMO10 (rush pasture)
DDFMP, CNPP
18. Avoid removing natural material (gravel and sediment) from riverbed.
GBR 13, 14
F&WG, SMR 5
RBMP, DDFMP
19. Prevent/ remove rubbish dumped in burns.
F&WG, LBAPs
20. Re-route footpaths and access routes away from river banks to help reduce
GBR 6
erosion problems.
F&WG
21. Reduce and remove works (barriers) which affect downstream flows, sediment
GBR 1, GBR 6
movement and fish passage.
F&WG, SEPA restoration fund,
RP-GRA10
RBMP, DDFMP, CNPP
D. Goal: sustainable field drainage and ditch management
22. Underground field drains should stop short of watercourses (to allow water to
percolate, which will provide a buffer zone before the main river channel).
23. New grassed ditches can be useful to channel away intermittent run-off from
vulnerable soils.
24. Carry out dredging infrequently, only when required. Where work in ditches is
necessary, work on a rotational basis leaving 30-50% of vegetation undisturbed,
work on alternate banks to minimise damage, maintain continuity and leave
undisturbed areas.
E. Goal: managed sustainable flood management
25. Accept occasional flooding and to adapt floodplain land-management to allow for
this. Floodplain can revert to grass (for seasonal cutting and/or grazing), spring
cereal cropping if flooded mainly in winter, or planted with woodland.
26. Set back embankments and floodbanks
(perhaps using material from excavation).
27. Create additional flood storage by the excavation of derelict (infilled) oxbows
creating excellent wildlife and game habitat on a flood plain. Excavate sensitively
to ensure that existing good habitats are not lost.

F&WG, GAEC 5
DDFMP
RP-GRA20
GBR 5, 12, 13
F&WG, GAEC 5
RBMP, DDFMP

RBMP, DCMP, CNPP
RP-GRA19-20
RBMP, CNPP
RP-GRA19-20
RBMP

F. Goal: protect, enhance and promote native species and habitats
Many actions listed in the other sections also benefit native species. The River Dee has been designated as a Special Area of
Conservation due to the importance of its populations of freshwater pearl mussel, otter and Atlantic salmon. These must be
protected.
28. Works in and around rivers must not affect freshwater pearl mussels, their
Wildlife and Countryside Act,
habitats or areas for salmon spawning. Consult SEPA and SNH if instream
GBRs 5, 6, 7, 8, 9, 12+ 13
maintenance or bankside engineering works are proposed.
F&WG, SMR 5
RBMP
29. Manage bankside grasslands and woodlands. Create new native small-scale
GAEC 12-16
woodlands. Avoid planting conifers.
LMO18, 19, RP-GRA12, 20
RBMP, DDFMP, LBAPs, CNPP
30. Coppice dense bankside vegetation to allow light through.
GAEC 15-16
LMO19, RP-GRA20
RBMP, DDFMP
31. Manage fishing ponds sustainably, e.g. prevent escapes.
LBAPs, DDFMP, DCMP, CNPP
32. Control American Mink
DCMP, LBAPs
33. Control non-native invasive plants e.g. Himalayan Basalm, giant hogweed,
F&WG, GAEC 18
Japanese knotweed, Ranunculus spp.
RP-GRA11
RBMP, LBAPs , CNPP
G. Goal: co-ordinated and landscape-scale action
34. Partnership working with other land-managers and/or agencies. e.g. in habitat
creation, floodplain management

RP-GRA12
DCM, LBAPs, CNPP

Page 18- Annex 1

Here is a list of some of the regulations, plans and policies that we drew the information from.
We have italicised those we directly reference in the tables above.
Rules and regulations
• NVZ Rules
• GBR

•
•
•
•
•
•
•

Nitrate Vulnerable Zones Rules (applicable to the lower Dee)
General Binding Rules (some GBR breaches are also GAEC breaches). GBRs are part of the
Controlled Activities Regulations, where SEPA enforces 3 types of control on activities posing
potentially risk to the water environment.

Muirburn code
F&WG
Forests and Water Guidelines
Private water supplies regulations
Local Planning Supplementary Guidance – buffer strips for development
Habitat regulations (2004, 2007, 2008a, 2008b)
Nature Conservation (Scotland) Act 2006 (covers management of SSSIs)
Wildlife and Countryside Act 1981 (prevents damage to protected species)

Possible economic penalties and incentives
• SMRs & GAECs
• LMOs
• RP-GRAs

Single Farm Payment Scheme – Statutory Management Requirements and Good Agricultural
and Economic Conditions
Scottish Rural Development Programme (SRDP), Land Manager Options
Scottish Rural Development Programme (SRDP), Regional Priorities, Grampian Region
priorities (water and soils theme)

• SEPA restoration fund
• Farm Assurance schemes

Voluntary and advice
• RBMP& NEAMP
•
•
•
•
•
•

North East Scotland Area Management Plan (Area Plan under the Scotland River Basin
Management Plan)
Dee District Catchment Management Plan
Dee Fishery Management Plan
North East Local Biodiversity Action Plan & Cairngorms Local Biodiversity Action Plan
Cairngorms National Park Plan

DCMP
DDFMP
LBAPs
CNPP
Four Point Plan
Sheep dipping code of practice
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ANNEX 2: The relationship between rainfall, field drainage and
changing flows.
Kirsty Blackstock with inputs from Sarah Dunn; Allan Lilly; Susan Cooksley and
Simon Langan.
The above topic was raised during plenary at the land managers’ workshop on 16th November 2010.
The summary below is a synthesis of published research and expert opinion from Macaulay Land Use
Research Institute Staff.
Information about river flows comes from a combination of empirical data from river gauges and
modelled hydrographs using estimates derived from transferring knowledge about how soil and
water behave in gauged catchments to un-gauged catchments. The historical records from the River
Dee show changes in the overall ‘hydrograph’ of the river through time. There are relatively few
areas of urban impervious surfaces in the Dee catchment in comparison to other land uses (less than
3% of the catchment, compared to around 27% agricultural; 18% woodland; 19% rock or bog and
33% moorland). Therefore it is likely that changes in the hydrograph are related to changes in the
land based industries.
At the heart of the relationship between field drainage and river flows is our ability to understand
and predict how water drains from the surface of land, or through soil, and into the river. The UK
uses the HOST soil classification to group all UK soils into one of 29 classes based on their response
to rainfall. The HOST classification is then used to predict the hydrograph (low flows and flood flows)
in un-gauged catchments. This approach has not been updated for some time.
Since the 1950’s, land based industries (particularly agriculture and forestry) were encouraged,
through incentives and grants, to install field drains to increase the productivity and allow the use of
previously marginal land. There is now an increased interest in how field drains may interact with
soil-water transport processes and help explain changes in flows. Future research at the Macaulay
could explore whether the trends in hydrograph for the Dee correlates with the availability of grants
for field drains post war, especially with the introduction of polyurethane field drains from 1970’s
onwards.
Historically field drainage has been installed to reduce water-logging in soils, through long term
lowering of the water table. This occurs by providing pathways for rapid removal of excess water at
depth, effectively increasing the hydraulic conductivity of natural soils. Where field drainage is
operating correctly the frequency of flooding within the drained fields should be substantially
reduced. Conversely field drains remove water from the land more rapidly than is natural, meaning
that catchment response times to rainfall events are lowered and intense rainfall is more likely to
cause bigger hydrograph peaks, leading to fluvial flooding. Historically many of these fields may have
acted as a natural means of retarding flood water by providing temporary storage. Blocked field
drains can also cause localised flooding, as water is rapidly transported to a blockage point, where it
backs up and the water table is raised in the vicinity.
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Research in the Welsh uplands (the Pont Bren project) has illustrated that land management can
have an impact on the surface run-off and lateral water flow from fields into the river, and therefore
on flooding downstream. The Pontbren catchment possesses a long history of artificial drainage of
its clay soils and intensification of sheep farming. As part of this research, plot and field level
experiments were conducted to understand how rain (or snow) falling onto fields with and without
field drains translated into changes in flows.
This research illustrated that most research on hydrological processes operating within soils is takes
place at small scales (plots of up to 1m2 and even then, it is difficult to predict the exact relationship
due to the combination of different processes and nonlinear responses. However, many of the
questions concerning the flow of water in the catchment, particularly in the context of flood risk, are
looking at the effect of changes happening at a scale of tens to hundreds of metres (the field and
changes within it) over a scale of tens to hundreds of kilometres (the Pontbren catchment, and
higher order catchments it joins). There is a need to find methodologies that can reliably upscale
flood processes. Ongoing research at Pontbren provides a rare opportunity to develop these
(http://www3.imperial.ac.uk/ewre/research/currentresearch/hydrology/floodriskmanagement/).
Results from the Pont Bren experiment demonstrate that careful placement of tree planting can
reduce magnitudes of flood peaks by 40% at the field scale. The research suggests that compaction
by trampling creates increased run off, whilst trees open up the soil and slow the run-off. Another
project is also looking at Farm Integrated Runoff Management (FIRM) Plans to explore the concept
of the storage, slowing, filtering and infiltration of runoff on farms at source and within hours of the
runoff generation. The project is doing practical, in-field experiments to see what measures work to
slow runoff, including the effect of different types of field drains
(http://research.ncl.ac.uk/iq/Firm.html).
A further area of research planned at the Macaulay is to explore effects of local compaction (e.g.
semi-permanent wheel tracks used in arable production systems) on the flood hydrograph. Since
these lines are often the areas of the field that erode, water infiltration much be more limited
causing runoff by overland flow. There is some suggestion that increased mechanisation and the
move to larger, heavier equipment will cause subsoil compaction thus reducing infiltration rates over
larger areas of a field with a consequence for flood flow. Also compacted soils have less pore space
and will retain less water which will affect crop growth in dry periods but also reduce base (or low)
flows in the river itself during a drought.
We will explore these relationships in greater depth within the new RERAD work programme under
WP2.4, where the effectiveness of natural flood management will be assessed. In addition to the
planned demonstration activities, some modelling studies will be undertaken (by new appointee
Sohan Ghimire who has expertise in flood risk assessment).
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ANNEX 3: Monitoring water quality in the Dee
SEPA measures a variety of indicators of water quality. This monitoring system was slightly different before 2006: traditionally SEPA has monitored many
points for chemical indicators of water quality, but since 2006 (due to the WFD), the range of indicators has widened (e.g. to include algae and fish) with a
corresponding decrease in the number of sampling points. SEPA’s website contains further information about the pre-2006 scheme
(http://www.sepa.org.uk/water/monitoring_and_classification/previous_schemes.aspx)
and the scheme used now (http://www.sepa.org.uk/water/monitoring_and_classification/scottish_monitoring_strategy.aspx).
Despite this change, some indicators have always been used in SEPA’s monitoring. The graphs below are based on some of these data from SEPA, over the
last 10 years (2000-2010). We asked for data from four sites in different sections of the Dee. We chart and explain these parameters below, and to keep
things simple we mainly focus on one location in Tarland.
Many of these graphs look very ‘messy’, showing that most indicators of water quality are very variable over time, for a variety of reasons. For example,
changing water flow, changing land-use practices, changing sewage treatment and changing instream microbiological activity could all affect nitrate levels
in water. Because of this, it is possible to use this data to look for trends, but not to detect changes resulting from individual actions.
The good news is that most indicators shown here are at the ‘good’ or ‘excellent’ level!
In addition, over the past 10 years the graphs show improving trends, suggesting that on average water quality is improving in the Dee.
Finally, we present data held by Macaulay, for the year 2002, when sewage treatment was upgraded for Alastrean House in Tarland in the summer of 2002.
By focusing on one area we can more clearly show the positive effect of an intervention on water quality.

Page 22

Comparing dissolved oxygen at four locations
Dissolved oxygen is a good indicator of water quality – the higher the better. Some species, particularly Salmonids, are very sensitive to low oxygen.
Although there is a lot of seasonal variability, the good news is that most sites show an upward trend over the 10 years.

Water of Feugh - Bridge of Feugh
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12
11
10
9
8

Dissolved Oxygen mg/l

Dissolved Oxygen mg/l

River Dee @ B979, Milltimber
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Clunie Water - Braemar
Dissolved Oxygen mg/l

Dissolved Oxygen mg/l

Tarland Burn - Aboyne
17
16
15
14
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11
10
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As water flows downstream, it receives more inputs and influences from land-users and occupants near the river, whilst multiple tributaries join the flow. Therefore it can
be hard to work out the source of any changes in, say, Milltimber without knowing changes in source waters upstream. Note that there are minimum detection limits to
most apparatus, which can cause a lot of data points cluster around a minimum.
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Comparing a range of indicators in one location (Water of Feugh- Bridge of Feugh)
Levels of nitrate– the lower the better. The total level of N permitted
Ammonia levels – the lower the better as it is toxic. . The WFD says that
under the nitrates directive is 50mg/l so, this is overall trend is very good,
levels of ammonium are poor if over 1.1mg/l, moderate over 0.75mg/l,
but any ‘spikes’ (e.g. from a one-off runoff event) need to be avoided.
good if under0.3mg/l, and excellent if under 0.2mg/l. This all looks good!
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Phosphate levels. The WFD says that Soluble Reactive Phosphorus
(practically the same thing as orthophosphate shown in the graph) is poor
if over 0.5mg/l, moderate over 0.15mg/l, good if under0.04mg/l, and
excellent under 0.02mg/l. This shows a good to excellent score!

Suspended solids – again, the lower the better. What is ‘good’ is quite
context-specific. However, as a guide, the Freshwater Fish Directive set a
Guideline Standard of an annual mean of 25 mg/l for suspended solids.
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(These data are recorded about once every month (there are sometimes gaps). This is good for seeing trends, and seasonal variability, but it could miss
spikes corresponding to one-off events, and these would be important as spikes in some substances can be fatal for ecological indicators. )
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Smaller scale study on the effects of septic tanks and buffer strips
This graph shows how interventions can affect water quality – in this case shown by levels of Soluble Reactive Phosphorus (in micrograms per litre [μgL-1]),
and how they change over time. It comes from monitoring carried out by the Macaulay Institute (now the James Hutton Institute) in the Tarland, near the
Alastrean House.
It does often take some time for measures to become effective, particularly in ecological indicators. For example, here we see a quick decrease in
phosphate pollution, but it would be reasonable to expect a bit of a lag before seeing a rise in the number of macroinvertebrates.

The x axis shows the passage of time, whilst the y-axis shows how the stream water’s level of SRP (soluble reactive phosphorus) changed. The level of SRP
is shown as a difference between the study site near Alastrean house, compared to a control site where no new interventions were made.
The interventions were a large septic tank that was replaced in 2002, and wooded buffer strips were installed from 1999 and completed by 2005.
The dashed grey lines indicate the average change in SRP difference before and after interventions.
The septic tank had a large effect on phosphate levels- you can see a steep drop in the graph. The buffer strips have a ‘smoothing’ effect, for example by
mopping up high loads in runoff.
This graph is taken from an academic paper in press with the Journal of Environmental Quality: “Bergfur, Demars, Stutter, Langan & Friberg (2011), The
Tarland catchment initiative and its effect on stream water quality and macroinvertebrate indices”. Please contact kerry.waylen@hutton.ac.uk if you
would like a copy of the paper, which has more detail about the interventions and how they measured water quality.
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