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1. Executive Summary  

Introduction: 

The Eddleston Water project addresses the potential contribution that natural flood management 

can make to alleviate increasing concerns with flooding and habitat degradation. From an initial 

scoping study in 2009, it has developed in to a long-term national research project funded by the 

Scottish Government. To date, it has worked with 20 farmers to re-meander over 2 km of river, 

planted some 200,000 native trees, created 22 ponds, 101 log structures and is on track to restore 

the river from Bad to Good Ecological Status. With the award of an EU Interreg grant in 2016, it has 

core support for further work up to 2020, and the potential to attract further research funding  from 

other sources. This report summarises the work completed to date and initial results.  

The project has three main objectives: 

1. To investigate the potential to reduce the risk of flooding to downstream communities 

through the utilisation of natural flood risk management (NFM) measures; 

2. To improve habitats for wildlife and fish, and raise the ecological  status of the river; and 

3. To work with landowners and farmers in the local community to maximise the benefits of the 

work, whilst sustaining farming livelihoods and practices . 

In seeking to deliver these objectives, the project aims to generate robust evidence of the impact, 

cost and benefits of working with natural processes at a catchment scale. The project took an 

empirical approach from the outset, based on detailed data collection, measurement and monitoring, 

rather than relying solely on models. 

Since its inception, the project has been managed by Tweed Forum and directed by a small Project 

Board chaired by the Scottish Environment Protection Agency (SEPA) and the Scottish Government, 

with the University of Dundee as the main science provider. More recently, the Scottish Borders 

Council (SBC) and British Geological Survey (BGS) have joined this team. This is supported by a wider 

Steering Group, including Scottish Natural Heritage, National Farmers Union of Scotland, Scottish 

Land and Estates, Forestry Commission and the Tweed Foundation. Key partners include the local 

farmers and landowners, and the Eddleston community with whom we work. Funding for the project 

has come from Scottish Government, from SEPA’s Water Environment Fund and the Scottish Rural 

Development Programme, as well as significant contributions from private/charitable sectors . Now 

well-established as a detailed monitored catchment, Eddleston is attracting the involvement of other 
institutions to test their ideas and practices on this unique research platform. 

The Eddleston Water: 

The Eddleston Water is a tributary of the River Tweed in the Scottish Borders, with a catchment of 70 

km2 draining south to join the main river at Peebles. It is typical of rural Scottish catchments of this 

size, with a mix of forestry, rough grazing and improved grassland. It has distinct sources, pathways 

and receptors in terms of flood generation and water movement down the valley, which makes it 

ideal for study. The river was severely straightened at the start of 19th Century to enable the building 

of a toll road to Edinburgh which, together with agricultural intensification, led to improved 

agricultural production. However, in combination with the subsequent building of a railway 

embankment and further changes in land use and forestry, this resulted in increased flood risk 
downstream and habitat loss/degradation. 

Currently, SEPA’s flood risk assessment shows some 582 properties at risk of flooding in Eddleston 

and Peebles under a 1:200 year scenario; the most recent floods being in 2016. The river was 

classified by SEPA as at ‘bad’ ecological status in 2009 (using EU Water Framework Directive (WFD) 
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criteria), largely due to the historical impacts on the physical structure of the channel and a loss of 

aquatic plant cover. Subsequent self-recovery of the physical and ecological condition of the river has 

been limited, but water quality is generally good and it is designated an EU Special Area of 

Conservation (SAC) for its salmon, lampreys, otters and aquatic plants. The most widespread habitats 

in the catchment are improved grassland (40%) and coniferous plantations (13%); both having 
increased significantly since 1946, part of a general increase in intensively managed habitat types . 

Monitoring Strategy: 

The monitoring strategy aims to answer key policy questions, with two main aims: 

a) To assess the impact of specific types of NFM measures to reduce flood risk and improve 

ecological status – using detailed experimental studies of individual interventions, especially 

the re-meandering of straightened reaches with a ‘Before-After, Control-Impact’ study design; 

b) To assess the impact of restoration on flood risk and habitats at a whole catchment scale - by 

assessment of flood risk using flood hydrograph comparisons and monitoring of groundwater 

levels, river flow and rainfall; and by measurements of biology and ‘ecological status’ (WFD). 

In addition, we are investigating costs and benefits of NFM and WFD interventions, including 
additional multiple benefits (ecosystem services) and social and economic barriers to their uptake. 

Project Development: 

The project has three phases: 

1) 2009/10: Scoping study – led by Dundee University, with Cbec Ltd, the report identified a 

wide range of potential NFM and habitat restoration measures that theoretically could be 

introduced in the headwaters and floodplain of the Eddleston; 

2) 2011: Installation of the monitoring network – a detailed surface hydrological monitoring 

network was installed, along with hydro-morphological, meteorological, ecological and 

ground water measurement systems to provide a comprehensive baseline; and 

3) 2012 onwards: Implementation and monitoring of the NFM measures. 

The project is complemented by a range of other studies at Eddleston and elsewhere on Tweed, 

looking at farmers’ attitudes, cost-benefit analyses, income foregone, ecosystem services and flood 
modelling. 

Implementation of measures on the ground: 

Tweed Forum have walked the catchment, seeking opportunities with key farmers and landowners 

for creation or ‘improvement’ of existing habitats . With no obligation to change their land use, this 

has been entirely a voluntary initiative and, whilst many areas of potential for NFM were unavailable 

due to their value to the farm business, Tweed Forum have been successful in bringing landowners 

on board and facilitating the creation of a wide range of measures. So far interventions on 20 

different farms amounting to some £723k of direct costs have been secured. 

Initial Results: 

a) Individual Measures (measured and modelled outcomes): 

Re-meandering the channel: 

It is not expected that significant effects of restoration will be immediately measurable on species 

and habitats, as ecological responses will lag behind physical changes made to channel structure. 

However, initial results to date suggest: 

- An increase in overall physical diversity of habitats within re-meandered sections, and an 

increase in habitat area, both greater where there has been a greater degree of re-meandering 
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- A potential increase in the number and extent of spawning habitats for salmon, as indicated by 

changes in the spatial distribution of favoured micro-habitats for salmonids 

- A rapid recolonization of re-meandered channels by aquatic macroinvertebrates. Species 

richness and diversity increased post-restoration, towards that found in un-impacted reaches 

- However, early changes in species richness do not yet show a strong link with specific aspects of 

channel reconfiguration 

Creating Ponds: 

- Measurements of pond levels show the 22 ponds in the upper catchment can readily store water, 

providing ‘quick wins’, but modelling suggests this will only have a relatively small effect on total 

sub-catchment runoff at this scale 

- Downstream, initial modelling of the potential impact of a series of larger ponds on the 

floodplain suggests that, for a 1.5-year return interval flow event, five such ponds in series could 

locally reduce the discharge peak by some 18-20% and theoretically delay it by up to 6 hours. 

Large woody structures: 

The introduction of large wood flow restrictors in the upper catchment has been found empirically to 

be associated with a delay in time to peak of 30-60 minutes. Models for the same catchment based 

on topographical surveys and HEC-RAS hydraulic software showed: 

- Reduction in peak water level and delays in predicted travel time of flood peaks were shown at 

flows of 1:5 years and above, with higher storage at higher flows, but limited extra gains beyond 

this 

- Increasing the number of leaky dams led to greater additional flood storage, up to the 1 in 25 

year flood return period event 

Forest planting: 

- Two hectares of native woodland was planted in the Burnhead tributary catchment, along with 

the establishment earlier of a small network of water level and flow monitoring points. This has 

established baseline conditions against which future changes in hydrology can be measured. 

- Monitoring of Brown trout numbers has taken place at Burnhead and at the Shiphorns re-

meandering site, where riparian habitat fencing to exclude livestock and tree planting have 

occurred. Annual variability is high due to natural variation, but will reflect local changes in 

population in due course. 

b) Measuring the impact of whole catchment measures: 

Ecology: 

- The ecological condition of the Eddleston Water has improved from ‘Bad’, initially to ‘Poor’ and 

now to ‘Moderate’ status, driven largely by restoration of the physical structure of the channel 

and river banks. The target is to reach ‘Good’ ecological status, but further significant progress 

relies on landowners being willing to change current land use and management practices 

- Re-meandering of 2.2 km of straightened channel has added some 300 m length to the river 

course, and generally widened these areas, as well as creating a greater range of flow patterns. 

This has slowed down the flow and increased the quantity, quality and diversity of habitats. 

- No new site condition monitoring has yet taken place on the Eddleston part of the Tweed SAC, so 

it is not possible to comment on potential improvements to populations of designated species. 

- Electro-fishing surveys of salmonids have been undertaken at sites prior to works beginning and 

will be repeated. Monitoring has focussed on impacts on salmonid habitat with re-meandering 

works. 

Surface Water Hydrology: 

- The hydrometric network (12 stream gauges, 1 weather station, 4 rain gauges) was established in 

2011. 
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- It is too soon to expect the introduction of the various surface NFM measures to be reflected in 

significant changes to the flood hydrograph at a whole catchment level. Initial analyses of 28 

events following re-meandering show no clear impact on timing or a direct relationship to 

magnitude of a flood event as yet. 

- However, comparison of peak flows between streams where flow restrictors have been installed 

and those without show a substantial delay in reaching peak flow, though no overall reduction in 

magnitude. 

- Catchment communities escaped the 2015/16 and late 2016 winter floods, and though the new 

measures helped, local weather conditions were more important. Modelling has shown the 

potential of NFM interventions. 

Groundwater: 

- The three dimensional hydrogeology of part of the Eddleston floodplain has been characterised 

in detail to 15 m depth. Across most of the floodplain, groundwater is more closely coupled to 

river flow than local rainfall, and groundwater levels rise within hours of river level rise, but 

quickly recede after river levels fall. At the edge of the floodplain, groundwater is more closely 

connected to inflows of rainfall running off from adjacent hillslopes. Here, groundwater levels 

rise more slowly following rainfall, and high groundwater levels can be maintained for weeks, 

creating the potential for local groundwater flooding. 

- Floodplain groundwater response to rainfall is strongly influenced by antecedent conditions. 

When the catchment is saturated, floodplain groundwater connectivity with hillslope runoff is 

enhanced and can cause groundwater discharge to the river, reducing the ability of the 

floodplain to function as a buffer between hillslope and river. 

Soil water research 

- Woodland planting is a favoured NFM measure in many locations, and a comparison of runoff 

generation between different forested and grazed areas shows that a strong relationship exists 

between land use and soil permeability. Soils under mature broadleaf woodland have a much 

higher permeability (5 – 8 times) than neighbouring grazed pasture, though soil permeability 

under coniferous forest on predominately gravel soils is not significantly different to adjacent 

grazed pasture. The performance of mature broadleaved woodland is associated with the 

presence of coarse roots, which create conduits for preferential flow to deeper layers, though 

soil permeability is also related to parent geology. 

c) Modelling the impact of whole catchment measures 

A lumped rainfall-runoff model has been developed for the catchment; the model structure being 

related to catchment characteristics (land use, geology, soils), and calibrated to test how well the 

model replicates real-world behaviour of the catchment in response to rainfall. The model was run 

with a ‘design’ rainfall storm volume and intensity for the catchment with present land use, and again 

for the catchment under different scenarios of land use change. 

- The rainfall-runoff model successfully replicated hydrographs from the Eddleston catchment 

gauging network, and the model results can be placed within reasonable confidence bounds for 

the most sensitive parameters (infiltration, percolation and channel/ floodplain roughness). 

- Land use change has been investigated by simulating the effect of, firstly, a change to total forest 

cover across the hillslope catchments, and, secondly the effect on peak flows of an increase in 

floodplain roughness and consequent flow impedance. 

- Results indicate a reduction of peak flow and a delay in the timing of the flow from the upland 

headwater sub-catchments, with floodplain roughness being particularly effective.  

- When combined with a simulated change in land use to total forest cover across the catchment 

(an extreme scenario) and the associated enhanced storage, infiltration and soil moisture 
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reduction, this results in a modelled reduction of peak flows at Eddleston of up to 43%  (20 year 

return period, RP) and 31% (100 year RP). Flood peaks are delayed by 45 minutes (20 year RP) 

and 120 minutes (100 year RP). 

d) Farmers’ attitudes to NFM 

Research and interviews undertaken at Eddleston and extended to other catchments within Tweed 

have shown potential opportunities and barriers to the uptake of NFM. Key points include: 

- Financial incentives for NFM are not always necessary, but are more popular than non-financial 

ones if set at the right level to sustain farm units and attract engagement. Annual payments are 

favoured, with long-term, guaranteed contractual arrangements to deliver focused outcomes. 

- Income forgone may provide an acceptable means of assessing costs of NFM on farm businesses 

- The NFM measure most likely to be considered favourably is planting trees along a watercourse, 

whilst those NFM measures which reduce agricultural yield are least favoured 

- Empirical, local examples of the effectiveness of NFM measures are essential for uptake  

- The use of a ‘Trusted Intermediary’ (Tweed Forum) is important to explore options and promote 

landscape-scale cooperation in a well-informed, non-confrontational and enthusiastic manner 

e) Costs and benefits of the catchment approach to NFM 

The Eddleston project has used both direct measurements and models to assess the potential costs 

and benefits of interventions to reduce flood risk and improve habitats. 

Ecosystem Services and Multiple benefits: 

Early work looked at the theoretical impact on ecosystem services of restoring Eddleston Water’s  

natural meandering stream course and potential afforestation of the whole floodplain. 

- The Eddleston floodplain currently has a high delivery rate for only one of the nine ecosystem 

services evaluated (food provision from agriculture) 

- The theoretical ‘restoration’ of the river course and floodplain led to improvement in seven 

ecosystem services, including forestry, water quality, biodiversity and landscape, alongside the 

targeted service of flood risk reduction, though agricultural production decreased. 

Costs and Benefits 

In addition to recording actual financial costs of implementing each measure, the potential monetary 

benefits of undertaking NFM over a range of future climate change scenarios has  been assessed in 

detail for one measure - planting riparian woodland. 

- Under all climate change scenarios, a positive net present value from NFM planting is shown, 

indicating that the riparian woodland is worth implementing. Annual benefits of c. £80k per year 

were estimated, with a high average benefit-cost ratio for the riparian woodland of 12.5, though 

full benefits will not be realised for some 15 years after implementation. 

- The positive results are mainly driven by improvements to ecosystem services other than flood 

regulation, demonstrating the important multiple benefits delivered through NFM, including 

enhanced water quality, carbon regulation and biodiversity. 

- If only flood reduction benefits are considered, the investment in riparian woodland is still 

positive under some of the flows in 2016, but flood regulation benefits are provided in all climate 

scenarios, and are greater for higher frequency flood events. 

 

Policy Implications and Conclusions: 

The study is still in its early years and with each rainfall event and flood, new data are added to the 

science evidence base for NFM and river restoration. This new information provides evidence that at 

the scale observed: 
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- Restoration of the catchment can be undertaken alongside the continuation of sustainable 

farming and livelihoods, working through a trusted intermediary to identify opportunities and 

support engagement; 

- Different NFM measures can reduce flood risk through both temporarily storing surface waters 

and delaying the peak floods, as well as through increased surface roughness and groundwater 

connectivity; 

- Appreciable flood risk reduction through NFM is likely only to be achievable through the 

widespread application of many types of approach throughout the entire catchment; 

- Collecting empirical data to demonstrate the effects of NFM measures on flood risk at the 

catchment scale will take a long time, but modelling can complement the approach meanwhile; 

- NFM measures to reduce flood risk and habitat enhancement measures to improve ecological 

condition provide a wide range of additional benefits and ecosystem services; 

- Appraisal  of NFM measures show a positive net present value (NPV) from riparian planting; and 

- Economic appraisals should consider benefits for NFM beyond just flood risk reduction to enable 

policy-makers to make decisions reflecting the true NPV of investment in NFM. 
 

2. Introduction 

The Eddleston Water project was established in 2009 to look at the potential contribution that 

natural flood management could make to address increasing concerns of flooding and habitat 

degradation. This focus on a whole catchment approach to sustainable flood risk management 

reflects a fundamental change in how flood management was perceived in Scotland; a change which 

culminated in the revised direction and ethos behind the ground-breaking Flood Risk Management 

(Scotland) Act 2009. This maps out a new approach that seeks to work with natural processes at a 

landscape scale to help reduce the risk of flooding, alongside more traditional structural flood 

defence measures and initiatives to increase awareness, preparedness and resilience of communities 

to flooding. 

 

Placing a greater focus on working with natural processes mirrors the approach now being taken 

across Europe to reduce flood risk through Natural Water Retention Measures (NRWM), earlier calls 

for ‘Making Space for Water’ arising from Defra’s strategy for flood and coastal erosion risk 

management in England, Sir Michael Pitt’s Review of lessons learned from the 2007 floods in England 

and Wales, and the recent House of Commons Environment, Food and Rural Affairs Committee 

Inquiry report on Flooding in November 2016. A further imperative for a new approach can be seen 

from the findings of other reports, such as those by Stern and Foresight, which predict climatic 

change and state that the country can expect more extreme weather, including more frequent 

periods of intensive rainfall. These changes in patterns of precipitation are already being seen in 

Scotland and, together with historical changes to practices of land management, present new levels 

of flood risk both to communities and to the natural environment. 

 

Delivering a risk-based, sustainable and plan-led approach to flood risk management, as required by 

the Flood Risk Management (Scotland) Act 2009 (FRM Act), demands a better understanding of 

where floods are generated (sources) and how they flow through the landscape (pathways). 

Managing sources and pathways will require reinstating natural features of the landscape to help 

slow down and temporarily store flood waters, thus enhancing their function to make it more 

effective, as well as integrating these with flood defence walls, embankments and storage options. 



8 
 

Under the terms of the FRM Act, SEPA are required to identify whether NFM could contribute to the 

management of flood risk (section 20), and to consider NFM when setting objectives and identifying 

actions to manage flood risk in Potentially Vulnerable Areas (section 28). Alongside this strategic 

direction, Local Authorities must include in their Local FRM plans a description of how the actions are 

to be implemented (section 34).  

 

Sustainable flood risk management requires that the ‘natural characteristics’ of a catchment should 

be assessed as to their capacity, costs and benefits to reduce flood risk, thus recognising the value of 

both hard and soft (NFM) flood measures within an integrated approach. As part of their duty to 

identify where NFM could be effective and where more detailed local assessments should be 

undertaken, SEPA published online maps that identify the potential for NFM in Scotland (Dec 2013), 

including assessments of runoff reduction, floodplain storage and sediment management. This 

though raises important questions and highlights the need for better information at the catchment 

scale on the effectiveness of different NFM measures - where best to locate them, the geographical 

scale at which they work, their performance under different rainfall, flood and antecedent 

groundwater conditions, how long they last, the costs of implementation and maintenance, and how 

to integrate NFM within major Flood Defence Schemes. It also raised questions as to how best to 

work with land managers and their willingness to implement NFM; the barriers to adoption, the 

impact on farm businesses and what potential incentives might influence uptake of measures in 

different situations.  

 

Along with a range of other studies initiated by the Scottish Government, SEPA, Tweed Forum and 

others, the Eddleston Water project has been developed to help provide the science evidence base to 

inform future flood risk management policy and practice. And whilst focused primarily on flood risk 

and the potential for NFM, the project also looked to improve the river habitat of the Eddleston 

Water, the ecological status of which, was designated at the outset as being  ‘Bad’ (using the 

classification system of the EU Water Framework Directive (WFD)). Interventions within a catchment 

cannot be seen in isolation and this provided the opportunity to integrate improvements in ecology 

alongside improvements in hydrology, extending the benefits of NFM and river restoration more 

widely. 

 

It was recognised that NFM measures can also potentially deliver a range of other benefits to the 

environment and the communities in which they are implemented; benefits that may even outweigh 

economically those derived from direct flood risk reduction. To this extent, information has also been 

gathered on a range of other ecosystem services  that could be impacted by planned changes to the 

natural characteristics of the catchment. Whilst enhancing flood regulation was the main target, 

other regulating, provisioning, cultural and supporting services might also be expected to be 

impacted to a greater or lesser degree. 

 

From an initial scoping study in 2009, the Eddleston Water project has developed into a long-term 

national research study funded by Scottish Government. To date, it has worked with 20 farmers to re-

meander over 2.2 km of river, removed 900m of flood bank, planted 200,000 native trees, created 22 

ponds, 101 in-channel log structures and is on track to restore the river from ‘Poor’ to ‘Good’ 

Ecological Status (under the WFD classification). With the award of an EU Interreg grant in 2016, it 

has core support for further work up to 2020, and the potential to attract further research funding 

from other sources. This brief report summarises work and initial results to date.  
 



9 
 

3. Aims and Objectives 

The project has three main objectives: 

1. To investigate the potential to reduce the risk of flooding to downstream communities 

through the utilisation of natural flood risk management (NFM) measures; 

2. To improve habitats for wildlife and fish, and raise the ecological condition of the river; and 

3. To work with landowners and farmers in the local community to maximise the benefits of the 

work, whilst sustaining farming livelihoods and practices  

In seeking to deliver these objectives, the project aims to generate robust evidence of the impact, 

cost and benefits of working with natural processes to deliver NFM at a catchment scale. 

 

Alongside these main aims, the project also aims to help demonstrate the multiple benefits that 

could be provided by restoring natural habitats at the catchment scale including, for example the 

potential for such actions to mitigate the effects of climate change. Working on the ground provides 

learning on the opportunities and barriers to changing behaviour and to implementing such 

measures, in particular the effectiveness of farm and woodland grants to bring about implementation 

of specific NFM measures in the desired locations. It is also providing experience as to how the 

government’s River Basin Management Planning process can work in reality alongside the new 

framework for Flood Risk Management. Finally, we seek to realise the opportunity the project 

provides of disseminating the results widely to key audiences, as well as working with local schools 

through the Curriculum for Excellence to raise awareness of flooding in the area and encourage 

pupils and teachers to take an active part in the project and learn about their catchment. 

 

The project took an empirical approach from the outset, with detailed data collection, measurement 

and monitoring, rather than relying solely on models. This was an important early decision and sets it 

aside from many other studies that rely to a greater extent on modelled results, national data sets 

and algorithms, and use of more generic parameters such as those for land use, rainfall and run-off. 

Such data and models can, of course be used on the Eddleston (and are), but in order to demonstrate 

the effectiveness of NFM measures on the ground, it was agreed that an empirical approach, 

combined where possible with carefully designed experimental and control studies , would be 

followed. One consequence of this approach has been while allowance was made for monitoring 

before NFM measures were introduced, only with the arrival of storms and other weather systems 

across the catchment can results be generated. 
 

4. The Project Partnership - Governance and Management 

Since its inception, the project has been managed by Tweed Forum and directed by a small  Project 

Board chaired by the Scottish Environment Protection Agency (SEPA) and the Scottish Government, 

with the University of Dundee as the main Science provider. More recently, the Scottish Borders 

Council (SBC) and British Geological Survey (BGS) have joined this team. This has been supported by a 

wider Steering Group of key stakeholders, including Scottish Natural Heritage, National Farmers 

Union (Scotland), Scottish Land and Estates, Forestry Commission and the Tweed Foundation. 

  

The partnership however extends wider as key partners are the local farmers and landowners in the 

Eddleston valley and the communities with whom we work. Other organisations, including Cbec Ltd., 
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universities, CEMEX, Scottish Power, Forest Carbon and Woodland Trust are important supporters 

and participants also. 

 

Funding for the project has come from Scottish Government, from SEPA’s Water Environment Fund 

and the Scottish Rural Development Programme, as well as significant contributions from many of 

the partners noted above, not least in-kind contributions from the land owners and managers 

themselves. 

 

5. The Eddleston Water Catchment 

The Eddleston Water is a tributary of the River Tweed in the Scottish Borders, with a catchment of 70 

km2 draining south to join the main river at Peebles. Underlain largely by fractured greywacke 

sandstones that have been eroded and partially infilled by subsequent glacial and alluvial processes, 

it is a typical small Scottish rural catchment, with a mix of forestry, rough grazing and improved 

grassland. Mean annual rainfall on the high ground either side of the valley (Moorfoot Hills to the 

east rising to 543 m, Cloich Hills to the west rising to 462 m) exceeds 1500 mm, declining to less than 

850 mm in the valley. In terms of flood generation and water movement down the valley, it has 

distinct sources, pathways and receptors which makes it ideal for study. The two main upland source 

areas show a contrast, with slopes adjacent to the Longcote Burn on the eastern flank locally 

exceeding 30°, compared to slopes adjacent to the Shiplaw Burn and Middle Burn on the western 

side which rarely exceed 10°. 

   
Fig.1 - Eddleston Water topographic and habitat maps, showing settlements, land use and main watercourses 

 

Historical perspective: 
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A series of interventions which have influenced the Eddleston Water have been identified from 

documentary and cartographic sources. Such evidence as has been found suggests that flooding has 

been regular as far back as 1723 and, like other rivers, efforts to constrain the Eddleston Water were 

flimsy prior to the later eighteenth century. Lands liable to regular flooding, along the banks of the 

Eddleston Water, would be managed as meadows, with arable on less vulnerable areas. Throughout 

the Tweed area though, the period from about the 1770s to the 1850s and beyond saw intense 

efforts to improve field drainage with a diversity of technologies, alongside attempts to drain mosses, 

lochs and marshes, as well as attention to the watercourses and embankments themselves. Each 

change to land use will have had effects on catchment hydrology and flooding further downstream, 

though thought of and dealt with as separate issues. 

 

The presence of medieval mills, fish traps and bridges all imply s ome degree of management of the 

watercourse itself from early times. Mills are reported at Auchincloich (c.1412), Culrope (1481) 

Kidston and Eddleston (1507); the latter two surviving until at least the mid nineteenth century. The 

major work on the river though was not undertaken until between about 1770 and 1815, and was 

probably multi-phase, each section undertaken in several stages managed by the adjacent 

landowners in the context of agricultural prosperity and ‘improvement’. Thus Roy’s map (1750s) for 

example shows the Cringletie section as sinuous but Armstrong’s map of 1775 shows this section to 

be much straighter. However, the key to understanding the study area today was the creation of the 

Turnpike Road between Peebles and Edinburgh, mooted in 1770 and with construction well 

underway in 1772, with tollgates at Nether Falla and Eddleston. 

 

An undated map of proposed alterations to the turnpike shows not only a still -sinuous Eddleston 

Water in the Darnhall section but also the ‘proposed new cut’. This plan must post-date the early 

1770s when the Turnpike Trust was formed and predate 1801 when a farm lease refers to the ‘old 

course of the Eddleston Water’. By overlaying this map with the current aerial photograph, and then 

by geo-referencing common points between the two, it has been possible to see how much of the 

original watercourse has been lost. Fig.2 below shows this for the section flowing southwards form 

Waterheads (at the top of the page) down to Eddleston village at the bottom, though to achieve the 

overlay, the old map has had to be turned upside down. It clearly shows the old road running along 

high ground to the west (left) and the meandering course of the old river channel. Critically, 

comparison of this map with today’s watercourse reveals that this led to the loss of some 16% of the 

original 6.5 km channel length along that stretch of the valley bottom. 

 

The map also reveals that a small part of the watercourse, immediately upstream of Eddleston had 

already been straightened and embanked, with five new fields visible in the floodplain. Together with 

similar earlier and subsequent agricultural intensification, this led to improved agricultural 

production. However, in combination with the subsequent building of a railway with associated 

embankments alongside the river in 1855, and further changes in land use and forestry, this has 

resulted in increased flood risk downstream as well as loss of riverine and floodplain habitats.  
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Fig.2 - Map of Eddleston Water showing original and proposed turnpike road, and planned straightening of the 

watercourse (late eighteenth century overlain on 2009 air photograph by Alex Baillie, Tweed Forum). 



13 
 

 

Current characterisation: 

Flooding: - SEPA’s flood risk assessment shows some 582 properties at risk of flooding in Eddleston 

(61) and Peebles (521) under a 1:200 year return period scenario. The most recent floods occurred in 

2012 and 2016. Both communities fall within the wider Eddleston, Peebles, Innerleithen, Selkirk, 

Stow and Galashiels Potentially Vulnerable Area (PVA 13/04) which, taken all together, have risks of 

£6.5 million Annual Average Damages from flooding. 

 

River Hydromorphology: - Historical alterations to the physical structure of the channel and river bed 

continue to have a major impact and the Eddleston was classified as at ‘Bad’ ecological status in 2009 

(according to MiMAS, the tool used by SEPA to characterise a reach’s hydromorphology under the EU 

Water Framework Directive criteria), largely due to these changes to hydromorphology. Subsequent 

self-recovery of the physical and ecological condition of the river has been limited due to the low 

energy and high degree of engineering impact on the channel, but a fluvial geomorphic audit by Cbec 

Ltd in 2009 reported that the main stem was “not as heavily impacted by contemporary engineering 

or agriculture as might be expected of a lowland stream”. This may be due in part to the 200 years 

available for recovery, albeit under a relatively low energy environment (i.e. with limited potential for 

‘geomorphic processes to work’), as well as to ‘protection’ afforded by the subsequent railway 

embankment alongside the river that stops access to the watercourse by cattle from one bank. Even 

in the most impacted reaches, there is some evidence of hydro-geomorphic processes in action and 

associated habitat diversity, including pools and riffles, implying an element of recovery since 

channelisation some 200 years ago. Nevertheless, in general prior to the current restoration project, 

the physical habitat was still significantly degraded, most notably from Waterheads down to 

Cringletie. 

 

River Ecology: - The watercourse is part of the Tweed EU Special Area of Conservation (SAC), 

recognised as a prime example of a ‘whole river system’ and designated for its salmon, lampreys, 

otters and water-crowfoot plant communities. Surveys by Tweed Foundation show that the 

Eddleston Water is a good salmonid river, particularly for trout fry. Trout numbers are excellent 

throughout, with salmon present in higher densities in the lower reaches downstream of Cringletie. 

SEPA’s measurements of aquatic macrophytes for the purpose of WFD classification was rated as only 

‘moderate’ status, probably reflecting the morphological pressures noted above. Water quality is 

generally good, but isolated incidents of diffuse organic pollution and raised nitrate levels have been 

seen in recent decades. 

 

Catchment Land use and Habitats: - The most wide-spread habitats in the catchment are improved 

grassland (40%) and coniferous plantations (13%). These have both increased significantly since 1946 

(from 20% and 1.4% respectively), part of a general increase in intensively managed habitat types, 

while semi-natural habitats such as bogs have decreased (from 21% in 1946 to 6% by 2009). Other 

semi-natural habitats such as acid grassland, marshy grassland, heath and neutral grassland were also 

spatially displaced or interspersed with coniferous woodland plantations by 2009. The area under 

arable land is limited in extent (having decreased from 10% to 2%) and there are also portions of 

mixed and broadleaved woodland plantations within the catchment. In terms of spatial distribution, 

moorland and rough grazing occurs predominately on higher ground on the west, the uplands on the 

east having more coniferous plantations. The valley slopes are mainly improved grassland for grazing 

sheep and cattle, and the valley bottoms improved grassland for grazing and silage production. 
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6. Implementation of Measures 

Project Development: 

The project has had three phases so far: 

1) 2009/10: Scoping study – led by Dundee University, with Cbec Ltd, this produced a detailed 

characterisation of the river and catchment, utilising existing information on land use, ecology and 

hydrology, as well as a new ‘fluvial audit’ field-mapping physical condition through the system. It 

identified a wide range of potential NFM and habitat restoration measures that theoretically could be 

introduced in the headwaters and floodplain of the Eddleston.  

2) 2011: Installation of the monitoring network and identification of potential sites and willing 

landowners – a detailed surface hydrological monitoring network was installed, along with hydro-

morphological, meteorological, ecological and ground water measurement systems to provide a 

comprehensive baseline. At the same time, Tweed Forum began contacting potential landowners to 

identify sites where NFM measures might be acceptable; and 

3) 2012 onwards: Implementation and monitoring of the NFM and WFD measures. 

 

Detailed monitoring has been complemented by a range of other studies on the Eddleston and 

elsewhere on Tweed - looking at farmers’ attitudes, cost-benefit analyses, income foregone, land use 

strategy, ecosystem services and flood modelling. This provides a very important contextual 

framework for understanding the detailed observations on the Eddleston, as also does the linkage to 

SEPA’s work on their three other pilot catchments for river restoration. In addition, the Eddleston is 

attracting the involvement of other institutions to test their ideas and practices on this unique 

research platform, thus building added value to the work on NFM and wider catchment restoration. 

 

Implementation of Measures: 

Using the outputs from the Scoping Study in 2010, it was the task of Tweed Forum to engage with 

landowners in order to promote and facilitate restoration work and land management changes. 

Tweed Forum staff walked the catchment and visited all the key farmers and land managers. As 

expected, many of the prime sites for restoration were unavailable due to the value of the riparian 

land and the impact it would have on farm businesses.  However, given that there was absolutely no 

obligation for land managers to host measures or change their land management, the project has 

been very successful in bringing about a significant portfolio of work.  

 

When doing the farm walkovers, opportunities were sought on two main fronts: creating and 

restoring habitats and features that might help slow down flow and increase flood storage; and those 

that improved the physical condition of the watercourse. The former was NFM focused whilst the 

latter, although often having NFM facets, was focused on improving the ecology and status of the 

designated water body under the WFD. Given the narrowness of the main valley, scope for storing 

water on the floodplain is limited, so NFM measures have tended to be located in the source and 

pathway areas, whilst the WFD driven ecological restoration is focused on the heavily modified main 

stem. 

Woodland planting - 142ha (c 200,000 trees) 

Tree planting is well supported under the Scottish Rural Development Programme (SRDP) and is one 

of the more popular measures with land managers. Planting helps increase landscape roughness, 

slow down overland flow, and increase infiltration. Species included oak, ash, willow, birch, aspen, 

and hazel. The planting falls into the following categories: 



15 
 

 Headwater/gully planting - The main focus has been on recruiting areas for riparian planting 

in the headwater streams where floods are generated. These have varied in size from 

relatively modest linear strips to extensive blocks of up to 47ha. 

 
Fig.3 - headwater planting  

 Floodplain – We have been able to plant bankside areas at Cringletie, Lake Wood, Shiphorns 

and much of the floodplain on the Longcote Burn.  However, floodplains are often some of 

the best land on hill farms so scope for large scale plantings is limited. 

 Transverse strips – On one farm we have trialled the use of transverse hedges, in a similar 

style to those used in the Pontbren project in north Wales to intercept sheet run off on grazed 

fields and to encourage infiltration. 2500m of transverse hedges have been planted to date. 

 
Fig.4 – transverse hedge 

Large woody structures – 101 features 

There are a number of terms used for this type of measure – engineered log jams, flow restrictors, 

leaky dams, run off attenuation features – but all have the same goal of holding back water in high 

flows, encouraging spillage onto the floodplain, inducing in-channel sediment deposition (i.e. 

aggradation) and delaying the flood peak. All structures are located above where migratory 

salmonids can reach and are, in any event, porous and try to mimic fallen trees in a climax woodland 

situation. At Craigburn, a drained upland mire, large root wads and trunks were used and keyed into 

the bank to encourage out of bank flow, raise the water table and induce in-channel storage of fine 

sediments. On the Middle Burn, nearby conifers were felled and pinned across the channel. 
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Fig.5 – Root wads and tree trunks at Craigburn 

 

 

Fig.6 – Large woody flow restrictor on the Middle Burn 

Wetland creation – 22 ponds 

The potential effectiveness of ‘leaky’ ponds has been well documented for small catchments. Each 

has an extensive ‘freeboard’, so they take a while to fill up in high rainfall events thus helping to delay 

and flatten out the flood peak. The 22 ponds already dug are concentrated in the upper catchment 

and vary in size, but exceed 7,000 m3. More are planned, including potentially on the floodplain at 

Kidston. 

 

Fig.7 – New ponds in upper catchment 
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Fig.8 – New ponds in upper catchment 

Re-meandering – 2.2 km 

Re-meandering has taken place on five separate sites on the main stem of the Eddleston Water, 

though the middle three sections have now been joined up. Whilst the NFM benefits of re-

meandering are quickly drowned out in large flood events, increasing channel length and diversity 

will have a role in reducing channel velocities and slowing the flow. The new courses increase the 

existing individual lengths of channel by between 8% -56%, reducing the gradient and adding some 

300 m (approximately 3,000m2) of new in-channel habitat. The associated reinstatement of physical 

processes and associated heterogeneity in channel form/ texture has helped increase ecological 

diversity, of particular value to fisheries. 

 

Fig.9 - Lake Wood re-meander section looking south, downstream, with the old channel on the left 

 

Flood bank removal – 900m removed 

Much of the main stem has been embanked over time to reduce inundation on agricultural land and 

protect the former railway.  Where re-meandering works have taken place the flood banks have been 

removed from both sides of the channel, thus reconnecting the river with its floodplain and 

increasing storage capacity. 

 

In addition the project has also taken out a redundant weir on the main stem that represented a 

blockage to fish passage and impacted on the ecological status of the water body. More detail on the 

individual measures and locations can be found in the table below and the accompanying map. 

Summary of measures - What we did, where, why and when 
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Map no  
and Site 

Date Description of Measures Desired outcome 

1. 
Leadburn 
Community 
Woodland 

2010 
(pre- 
project) 

50ha. Fell ing of ex-Forestry Commission 
conifer woodlands on deep peat saddle 
mire. Now owned by local community 
woodland group. Blocking of ditches in 

deep peat areas, planting of broadleaved 
trees in less deep peat areas, management 
of conifer regeneration, encourage public 

access. 

Re-wetted peat, sphagnum moss re-
growth, restored natural hydrology, 
reduced flashy run-off and reduced 
peat erosion, enhanced water quality.   

2. 
Craigburn 
farm 

2010 
(pre-
project) 

Plant 20ha native riparian woodland with 
FGS and SRDP funding 

 

 2014 Fencing off 200m of headwater stream 
from sheep grazing. Planting 100 native 

trees. 

Allow natural riparian vegetation to 
develop.  Reduce LIR effect on MiMAS 

by c. 1%. Create lightly wooded riparian 
woodland strip c 4m wide.  

 2014 Re-profile 300m of ditched and already 
fenced watercourse, including low 
amplitude re-meandering. Plant 200 native 

trees.  

Restore a more natural morphology. 
Reduce HIR effect on MiMAS by c. 4%. 
Create riparian woodland corridor c 8m 

wide. Re-profil ing allows for more flood 
water storage.  

 2014 Install  34 log jams at 25 m intervals along 
600m of the straightened watercourse to 
restore hydrology to the peaty basin mire. 

Plant 20m wide riparian strip using alder 
and grey willow. Deer control within 
existing native woodland plantation.  

Increased connection of stream with 
floodplain, including natural flushing 
over the mire. Reduce HIR and LIR 

effect on MiMAS by c. 5%. Create 20m 
wide riparian woodland corridor.  
Increased flood water holding capacity. 

 2013 Plant 1000 trees in existing SRDP water 
margins 

 

3. 

Craigburn 
Forest 

2015 Install  10 log jams along 430m of 

straightened watercourse within an 
existing conifer woodland / basin mire. 
Create three ponds of c. 400m2. Plant 500 
native trees. 0.5ha planting. 

Increased connection of stream with 

floodplain, including natural flushing 
over the mire. Reduce HIR and LIR 
effect on MiMAS by c. 5%. Create 20m 
wide riparian woodland corridor.  

Increased flood water holding capacity 

4. 
Shiplaw, 
Nether Falla 

and the 
Burrow 

2012 17.71ha of riparian native woodland 
planted with SRDP contracts.  

Wildlife habitat and riparian woodland 
created. Bank stabilisation. Rainfall 
interception and increased infi ltration.  

5. 
North Cloich 

2014 Construct 5 flood storage and wildlife 
ponds, plant 2ha of wet woodland. 

Measure increased flood storage in 
ponds, wildlife habitat, wet woodland 
creation. 

6. 

Wester 
Deans farm 

2014-

2016 

2,500m of transverse tree lines/transverse 

hedge planted, 5 wildl ife/flood storage 
ponds created. 6ha new native woodland  

Measure increased flood storage in 

ponds, wildlife habitat, wet woodland 
creation. 

7. 
Ruddenleys 
farm 

2013 
and 
2014 

Construct 3 large flood storage and wildlife 
ponds, plant 16.16ha of native woodland 
on wet fields and in gullies. Construct 10 

flow constricting log jams 

Flood storage in ponds, temporary 
storage of rainfall  run-off, wildlife 
habitat created, riverbank stabilisation, 

maintain off-road driving tracks. 

8. 
Cloich FCS 
Forest. 
Middle Burn 

2014 
and 
2015 

Construct 35 high flow restrictors using 
logs. Plant 900 native trees beside the flow 
restrictors. 2ha planting 

Create a measureable delay in flood 
water run-off. Riparian tree planting 
stabilises the structures and renew the 
flow restrictors over time.   

9.  

Shiphorns 
farm.  

2014 Restore a canalised 400m stretch of river. 

Remove 1m high weir.  Remove artificial 
embankments.  Plant 1ha of native trees on 

Remove artificial embankments, 

reconnect the river to the floodplain, 
stabilise river banks. Reduce HIR, Grey 
bank, embankment and impoundment 
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river banks. Protect existing infrastructure 
(silage fields and water pipes) 

effect on MiMAS by 7.52%. Increase 
length of river and naturalise 
morphology 

10.  

Cloich farm 
 

2015 Construct 4 flood storage/ wildlife ponds of 

c. 700m2. Plant 400 native trees in 4ha of 
wetland area 

Increased flood storage, wet woodland 

creation 

11. 
Darnhall 
farm 

2012 1ha of floodplain woodland planted with 
SRDP contracts.  Pond of 1235m2 created.  

Wildlife habitat, ‘roughened’ floodplain 
will store extra floodwater. Pond has 
extra capacity to hold floodwater. 

12. 

Portmore 
Estate and 
Burnhead 

farm. 

2012 7.46ha gully and floodplain woodlands 

planted with SRDP contracts.  

Wildlife habitat, riparian woodland. 

Rainfall interception and increased 
floodplain roughness.  Bank 
stabilisation.  

13. 

Cringletie  

2013 Re-meandering of straightened and 

canalised channel of 900m. Removal of 
artificial banks, native woodland planting 
on 2.1ha.  

River morphological restoration.  Fish 

and wildlife habitat increased and 
improved. Reduce HIR effect on MiMAS 
by c. 3%. Landscape improvement.  

14.  

Wormiston 
farm, Lake 
Wood 

2014 Harvest 1.88ha of mature Sitka spruce. 

Restore 500m of straightened channel 
through the woodland. Replant with native 
trees.  Construct flood storage pond and 
bund to prevent flooding a silage field. 

River morphological restoration.  Fish 

and wildlife habitat increased and 
improved. Reduce HIR effect on MiMAS 
by c. 3%. Landscape improvement. 

15. 

Milkieston 
farm 

2016 Re-meander 300m of straightened 

watercourse. Remove artificial bank on Left 
bank. Plant 1.8ha native riparian woodland. 

Reduce MiMAS impact, create flood 

storage, improve riparian habitat 

16. 
Nether 
Kidston farm 

2015 
and 
2016 

Restore 380m of canalised channel. Plant 
4.7ha new native riparian woodland.  

Reduce HIR effect on MiMAS by 1.73%, 
increase length of river habitat.  

17.  

Violet Bank 

2013 2ha of wetland and wet woodland 

conservation. Agreed as part of new 
housing development. 

Wildlife habitat and flood plain 

woodland.  

18. 
West Loch 
farm 

2016 20 high flow restricting log jams on Scarce 
Rig burn. 47ha native riparian woodland as 
part of new landowner 500ha commercial 

woodland planting 

Native woodland planting. Floodplain 
storage 

19. 
Millennium 
farm 

2008 
(pre- 
project) 

Planting trees beside Eddleston water to 
screen large egg producing sheds. 

Riparian habitat and landscape 
improvement.  Stil l  some LIR and bank 
MiMAS effect of 0.76% 

Table 1 – Measures implemented and desired outcomes (map numbers reference Fig. 10) 

Abbreviations:  MiMAS - Morphological Impact Assessment.  LIR - Low Impact Realignment. HIR - High Impact 
Realignment. SRDP - Scotland Rural Development Programme (2008-2013). EWP - Eddleston Water Project. 
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Fig.10 – Location of Woodland planting, transverse hedges, flow restrictors and new ponds, along with 

hydrometric and groundwater monitoring sites, stream and rain gauges  

Financial summary 

The total cost of physical works amounts to £723k across 20 different landholdings, with the majority 

of that attributed to fencing and planting. The main funder has been Scottish Government but Tweed 

Forum has been successful in securing a very wide range of public and private funding sources. These 

include SRDP, Water Environment Fund, LEADER, Woodland Trust, CEMEX, Forest Carbon and 

Scottish Power. The in-kind contributions of the land managers themselves are also significant.  

 

7. Evaluation – Monitoring 

Monitoring Strategy: 

The monitoring strategy aims to answer the key policy questions posed at the outset, and has two 

main aims: 
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c) To assess the impact of specific types of NFM measures to reduce flood risk and improve 

ecological status – using detailed experimental studies of individual interventions, especially 

the re-meandering of previously straightened reaches, using a ‘Before-After, Control-Impact’ 

(BACI) study design; and 

d) To assess the impact of restoration on flood risk and habitats at a whole catchment scale - by 

assessment of flood risk using flood hydrograph comparisons and monitoring of groundwater 

levels, river flow and rainfall; by modelling rainfall and run-off; and by regular standard 

measurements of ‘ecological status’ (as defined by WFD); and, where possible by site 

condition monitoring of designated features of the Special Area of Conservation (SAC). 

In addition, we look to investigate the costs and benefits of NFM and WFD interventions, including 

additional multiple benefits through wider measures of ecosystem services, and to explore the social 

and economic barriers to uptake of key measures. 

 

8. Initial Results: 

a) Individual Measures (measured and modelled outcomes): 

Re-meandering the channel: 
Introduction - Focus has been directed at measuring the impact of restoring the straightened river 

channel to a meandering course, so far undertaken in five sections totalling over 2 km. Potential 

modelled impacts on flood flows and ecology are noted below, but it is not expected that significant 

effects of restoration will be immediately apparent on species and habitats, as ecological responses 

will lag behind the physical changes made to the channel structure. Nevertheless, the new courses 

increase the existing individual lengths of channel by between 8% -56%, reducing the mean bed 

gradient and adding some 300 m (3,000m2) of new habitat. The associated reinstatement of physical 

processes has helped increase ecological diversity. 

 

The choice of sections where re-meandering occurred was driven by two factors; the straightened 

state of the existing channel and the willingness of the landowner(s) to allow work to be undertaken. 

The former focussed attention on those lengths identified in the Scoping Report and from a review of 

MiMAS scoring where maximum benefit might be gained from improving the hydromorphic status of 

the watercourse. A consequence of the latter was that some potential sections could not be altered 

and even where landowners were willing to participate, the timing and precise extent of re-

meandering was always a balance between ecological and hydrological ‘ideals’ on the one hand and, 

on the other the realities of today’s farming practices. Sections to be re-meandered, even where 

adjacent to each others could not necessarily be done as a ‘single project’, but relied on the timing 

and acceptance of different farmers, meaning that the channel sections were re-profiled as separate 

entities up/down stream, ignoring the longitudinal river processes connecting them. The actual 

amplitude of the meander bends that could be recreated was also a balance, with reference to the 

current energy and sediment regimes of the stream power and course of the original channel 

needing to be factored in alongside landowner willingness to accept any potential new course being 

proposed. 

 

Historically straightened river channels tend to lack morphological diversity, predominantly exhibiting 

a range of morphological units that reflect a lack of the bar forms that force the extremes of 

hydraulic variability. Therefore, well-formed pools and riffles/ chutes tend to be relatively low in 



22 
 

frequency, with runs and glides being more prevalent. This has implications for instream habitats and 

the associated population structure and diversity of biota. A restored or natural channel with a more 

sinuous planform would generally have greater physical diversity reflected in a greater variability of 

morphological units. Providing more diversity within the channel tends to be associated with a more 

diverse range of species and age structure within species. 

 

Methodology - The research set up to examine the impact of re-meandering a straightened channel 

is based on a BACI (Before-After-Control-Impact) design. There are two experimental reaches where 

channel re-configuration has been undertaken (Cringletie and Lake Wood), and two control reaches 

where no interventions have been made (Signal Cottage and Rosetta Bridge (Figure 11). The purpose 

of the control reaches is to understand the degree of changes in hydro-morphology and ecology 

during the study which are not a result of channel re-configuration. The two experimental reaches 

differ slightly in the degree of channel re-configuration. The design at Lake Wood was more 

ambitious and robust, resulting in a more sinuous channel morphology compared to that at 

Cringletie. The two control reaches are slightly different and may account for slightly different 

changes: the upstream control at Signal Cottage is in a heavily engineered, straightened section of 

the river channel; the downstream control, at Rosetta Bridge is in a less impacted section of river 

with less historic channel straightening, although there are still bankside stone revetments along 

much of its length. A third experimental re-meandered reach at Shiphorns was not the main subject 

of study, though was included in some relevant analyses. 

 

Channel re-configuration was completed on 25th July 2013 at Cringletie and on 11th September 2013 

at Lake Wood. Ahead of the works monitoring was undertaken at each site: 

 A fluvial audit type walk-over survey was carried out by Cbec Ltd on the main 12 km length 

between Waterheads and Peebles in summer 2009. This was then repeated for Cringletie and 

Lake Wood (and a third restoration site at Shiphorns), and for the two control reaches in late 

2015/ early 2016, using the same methodology and the same surveyor. Habitat types were 

recorded for each of the reaches. 

 Channel sediment sampling was undertaken at all four sites before and after the re-

meandering took place to measure grain-size distribution, ranging from fine gravel to coarse 

cobble, as classified using the Wentworth Scale. Analyses will look at: how does grain size 

vary pre- and post-restoration for each geomorphic unit type at each of the sites; and how 

does grain size vary for each geomorphic unit before and after restoration? 

 Samples of the macroinvertebrate community were collected using a modified kick sampling 

method by the same surveyor at all four sites. A total of 20 kicks were assigned to each 

sampling occasion at each river reach, the 20 kicks being divided proportionally among five 

possible habitats types (riffle, run, glide, pool and slack) recorded from each river reach. 

Three replicates were collected from each reach on each sampling occasion and samples 

from each habitat type for three replicates preserved separately on site for subsequent 

identification to mixed taxon level in the laboratory. 
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Fig.11 – Schematic representation of the locations of the treatment and control reaches within the Eddleston 

Water Project Area.  Red circles are treatment reaches and blue circles are control reaches 

 

Results 

Hydromorphology – The distribution and extent of habitat types within the two main re-meandered 

reaches has changed. The changes in morphological unit distribution for the Cringletie experimental 

site between pre–restoration in 2009 (474 m channel length) and post-restoration in 2016 (489 m 

channel length); and for the Lake Wood experimental site (266 m channel length in 2009) and post-

restoration (362 m channel length in 2015/6) are shown in the figures below. At both experimental 

sites, the amount of run habitat type was reduced and there was a greater variety of habitat types 

recorded. However, a reduction of run habitat and an increase in glide habitat was also recorded 

from the control sites, so it is unclear at this stage if habitat type changes are due solely to channel 

re-configuration.  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.12 – Changes in morphological unit distribution at Cringletie 
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Fig. 13 – Changes in morphological unit distribution at Lake Wood 

In association with the greatly increased length of the Lakewood reach (i.e. provided through 

increased sinuosity), there is a very marked difference in the proportional distribution of 

morphological units and, therefore, habitat availability. Generally, there is much greater 

morphological diversity through the reach as a result of restoration, the most significant change of 

any of the three treatment sites and, as suggested above, related to the degree of re-meandering (i.e. 

increase in channel length). The glide units decreased from 72.2% to 25.4% in 2009 and 2015/6 

respectively at the Lakewood site.  

 

The changes in morphological unit distribution between pre–restoration (550 m channel length) and 

post-restoration in 2015/6 (574 m channel length) for the Shiphorns section are shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.14 – Changes in morphological unit distribution at Shiphorns 

Post restoration, riffles, runs and glides had all decreased in percentage frequency from the 2009 

channel condition. However, restoration has resulted in a much more diverse channel morphology, 

with all morphological unit types present in 2015/6 compared to only three in 2009. Therefore, the 

loss in proportional extents of certain habitat types is likely more than off-set by the generally 

improved diversity through the site, providing better overall habitat conditions . 
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Measurement of active bar features showed a significant increase in the total amount in restored 

sections compared with control sections. Such changes are important as it is the spatial distribution 

of alluvial bar features that drives patterns/ extents/ variability in morphological unit types. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.15 - Mean total length of active bar features pre-restoration (2009) and post-restoration (2016) for Control 

sites and Restored sites (Cringletie, Lake Wood and Shiphorns). Boxplot details 5, 25, 50, 75 & 95 percentiles  of 

the data 

 

Channel sediment sampling – Detailed analyses of the sediment samples collected is still awaited, 

but initial results can be given to the questions being posed:  

How does grain size vary pre- and post-restoration for each geomorphic unit type for each of the 

sites? In comparing across the sites, early results shows that:  

 Grain-size appears to more far more homogeneous across the units in the control sites with 

each unit exhibiting a greater overall range in grain size (indicating less sorting ) and a higher 

level of overlap between the units. This indicates that they are more similar than would be 

expected.  

 In contrast, following restoration, the overall grain size and variation was seen to decrease, 

with units post restoration being better sorted, and grain sizes more distinctive and specific to 

that geomorphic unit.  

 Both control sites also contained coarser sediments overall in comparison with the restoration 

sites. However, the restoration sites were finer both before and after restoration so that the 

fining could not be demonstrated to be a result of restoration. 

How does grain size vary for each geomorphic unit before and after restoration? 

 This is difficult to determine due to not all units being present pre and post-restoration. The 

exception was for glide geomorphic units. All samples exhibited a decrease in the median 

grain size and variability in the post-restoration sample. However, because this trend was also 

seen in the control samples, it is difficult to attribute this to restoration. 

 Runs units at the control sites had very similar median grain sizes and variability pre and post 

restoration. Cringletie was the only restored site with run samples taken before and after 

restoration, and this showed a significant decrease in median grain size and variability post 

restoration, indicating that the runs had become finer and more sorted.  

 When the average median grain size was compared for each geomorphic unit, it showed a 

continuum whereby grain size increased from slack to glide to run to pool and then to riffle. 
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The identification of pools as being almost as coarse as riffles  illustrates higher energy during 

floods which are needed to scour out the pool, linking bed material back to formative 

processes. 

 Glides were shown to exhibit greater variation in the median grain size, but a smaller range of 

grain sizes present in the samples overall, with a much finer D90 and D75 compared with pools, 

runs and riffles. 

 

 
Fig. 16 - Graph showing the average D50 (median grain size) for each of the geomorphic units, with the 

error bars indicating the standard deviation across the four sites sampled both pre and post 

restoration. The dashed lines indicates the average D10, D25, D75 and D90 for each of the geomorphic 
unit types, to illustrate the variation in the range of grain sizes. 

Does the differences between the armour and sub-armour layers change following restoration? 

Analysis comparing the size of sediment on the surface, with that directly below it was carried out to 

understand whether any ‘armouring’ was present within the sites. 

 This showed that armouring was well established at all sites prior to restoration 

 Following restoration, armouring became less distinct at the restored sites, with the grain size 

of the surface material being more similar to that of the sub-surface. This relationship was 

more pronounced for the Cringletie site than for the Lake Wood site. 

 This shows that once rivers have been ‘disturbed’ it can take time for the bed material to be 

sorted and for these units to re-establish some of the stability that would have existed pre-

restoration. This relationship will be further studied to understanding whether armouring can 

be used to map river restoration recovery.  

The key focus in these and further analyses will be linking the physical changes in grain size, as 

measured using the Wentworth Scale classification, to any changes seen in the populations of aquatic 

invertebrates sampled at the same location, thus making the direct connection between physical 

changes to the channel and ecological (biotic) responses. 
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Ecology – Habitat response to channel re-configuration. Macroinvertebrate community structure 

shows a strong relationship with flow conditions, so using the number of kicks collected from each 

habitat an assessment of the changes in the flow conditions, and thus the change in the macro-

habitats available for macroinvertebrates, could be investigated. At each sampling occasion for each 

river reach the proportion of kicks used to collect macroinvertebrate samples was calculated. This 

showed that habitat type within the two re-configured reaches (Lake Wood and Cringletie) has 

changed.  At both sites in Spring the amount of run habitat type has reduced and the amount of glide 

habitat has increased. During Summer months both re-configured channels showed an increase in the 

proportion of run habitat available and a decrease in the glide habitat (this decrease was greater in 

Lake Wood). However, as noted above a reduction of run habitat and an increase in glide habitat was 

also recorded from the control sites in Spring, and Run habitat type also increased at the natural 

control site Rosetta in Summer, so it is unclear at this early stage whether these changes are a result 

of channel re-configuration. 

 

Ecology - Early changes in the macroinvertebrate community - Species richness and diversity can 

provide a very good indication of the condition of the macroinvertebrate community, so estimates of 

species richness and diversity were calculated for samples collected between spring 2012 and 

autumn 2014.  Changes in species richness and diversity for the whole community and for the 

Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies) show different 

patterns of change associated with channel re-configuration.  Generally, species richness is higher in 

re-configured channels and is more similar to the richness in the “natural” control, compared with 

the control within a straightened river channel.  Species diversity has increased steadily in the newly 

formed re-configured river channels and by 14 months after the physical in-stream work is at a level 

similar to the controls.  The Ephemeroptera did not show a significant response to channel re-

configuration, but the Plecoptera and Trichoptera have shown significant responses to channel re-

configuration, however the patterns of change are complex. 

   

 
  

Fig.17 - Long-term change in the estimated richness of the macroinvertebrate community.  Vertical grey bar 

represents the period during which channel re-configuration was undertaken at Lake Wood and Cringletie. 
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Fig.18 - Long-term change in the diversity of the macroinvertebrate community in the Eddleston study area.  

Vertical grey bar represents the period during which channel re-configuration was undertaken at Lake Wood 

and Cringletie. 

Ecology - responses of salmonid habitat to implemented river restoration works – Whilst no specific 

programme of fishery monitoring was undertaken for the experimental and control sections  (though 

this is occurring in the Burnhead tributary – see later section on Forest planting), an attempt has 

been made to assess what the observed changes in physical habitat type availability might mean for 

three life-stages (parr/ fry, juvenile and spawning) of Atlantic Salmon and Brown Trout subsequent to 

the implementation of restoration works. There is a wealth of literature on salmonid fish habitat 

preferences; their habitat preferences involving a complex combination of appropriate depths, 

velocities, substrates and cover. The habitat assessment was based on a meso-scale analysis of the 

physical structure of the channel (i.e. an assessment of the spatial distribution of morphological units, 

the physical ‘building blocks’ of channel morphology with a close association to the spatial patterns of 

habitat utilisation). The morphological units identified were chutes, riffles, runs, glides, slow gl ides 

and pools which were related to a continuum of increasing flow velocity and decreasing depth.  The 

limitation with this method is that it does not consider other abiotic and biotic parameters such as 

food and light availability or species competition which are important for habitat preferences. 

Furthermore, the assessment only infers these variables for the meso-habitat scale, not the actual 

values that fish are selecting at the micro-habitat scale. However, velocity, depth, and substrate are 

known to be the most important microhabitat variables in determining fish habitat selection. 

 

The implemented restoration measures have likely improved salmonid habitat conditions at all three 

sites, as shown above both in terms of the provision of suitable micro-habitat (i.e. as inferred through 

morphological unit preferences) and overall physical (and, therefore, ecology) diversity. In addition, 

the total area of habitat available has increased at all three sites, owing to an increased channel 

length and width. Furthermore, the increased physical diversity observed post-restoration allows for 

greater potential for important inter-habitat interactions (e.g. close spatial relationships between 

spawning habitat and holding/ adult and rearing habitats) that have the potential to improve 

production in the system. Specific spawning habitat assessments (i.e. both Atlantic salmon and brown 

trout) identified an increase in frequency and area at all three sites; this may be particularly 

important since suitable conditions for spawning, along with absence of deep water pools for adults 

and larger parr life stages, are often a bottleneck for salmonid production in streams that have 

experienced historical engineering pressures such as the Eddleston. 
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Conclusions – Initial results to date suggest: 

 An increase in overall diversity of physical habitats within re-meandered sections, and an 

increase in habitat area; both higher where there has been a greater degree of re-meandering 

 An increase in the potential number and extent of spawning habitat for salmon, as indicated 

by changes in the spatial distribution of riffles and runs coupled with appropriately sized 

substrate, the favoured micro-habitats for spawning salmonids 

 Aquatic macroinvertebrates have shown a rapid recolonization of re-meandered channels, 

with an increase in species richness and diversity compared to pre-restoration, and increasing 

towards richness and diversity levels found in un-impacted reaches 

 However, early changes in species richness, diversity and flow preferences do not yet show a 

strong link with specific aspects of channel reconfiguration 

 

Creating Ponds: 
Introduction – Depending on where they are located within a catchment, ponds may be used to 

temporarily store surface water runoff and slow the release of high flows in the upper catchment, or 

to store floodwaters at times of high flow in the floodplain. In both locations their effectiveness 

depends on the amount of ‘vacant’ space available to store water at the time of flood, the number, 

arrangement and total potential volume. 

 

This first section addresses the following policy–relevant questions relating to ponds in the upper 

catchment where floods are generated (source areas); a second section addresses the potential for 

floods in the floodplain downstream: 

• To what extent does creation of ponds in the upper catchment lead to storage and slow 

release of high flows? 

• On what sort of scale do the ponds need to be created to have a significant impact on flood 

flows downstream? 

• What are the costs and benefits of the pond creation approach in relation to flood risk 

management in the wider catchment? 

A total of 22 ponds and wetlands has so far been created in the upper catchment. This section 

describes the hydrological effect of ponds in the NW part of the catchment. 

 

Methodology – Five ponds were excavated at North Cloich in 2014, the largest being approximately 

1250m2 area. The ponds intercept runoff and resulting flow within ditches established during a 

previous conifer stage of forest planting (now felled). The pond’s normal outflow is a 6 inch pipe 

which is generally able to balance inflows in non-rainfall periods. During high flows, capacity is 

provided for the pond to discharge via two spillways to the burn. Four ponds were also excavated 

close to the Cowieslinn Burn, running through Wester Deans farm to the west. One of these is an 

offline pond catching water from surface runoff, the other three are inline ponds initially taking 

channel spill, transferring water between them in a cascade and then finally discharging into the 

channel. Depth monitoring on the ponds was installed in March 2015 and a full differential GPS and 

bathymetric survey undertaken in 2014-2015. Data were combined with a background digital 

elevation model and a cut/ full analysis was then conducted in ArcGIS 3d analyst, giving an accurate 

assessment of pond storage. 
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Fig. 19 - Example pond survey technique and spatial analysis for pond volume using cut and fill tools in Arc GIS 

spatial analyst for the largest North Cloich Pond. Pond location in the catchment is also shown.  

Results - A number of moderate rainfall events have occurred since monitoring began with the 

largest event in December 2014. Following high rainfall, the pond level hydrograph shows the role of 

the pond in delaying the passage of outflow via the pipe (Fig.20). The red arrows indicate a much 

slower decline in level than would be expected from the tributary burns (which s how a rapid decline 

followed by approximate exponential decay). This results from throttled discharge through the 6-inch 

outflow pipe once spill has ceased due to falling pond levels. 

 

 

Fig.20 - Time series of stage and temperature data from N. Cloich Pond no.1 and the nearby Cowieslinn burn 
2014-2015. Recessionary periods shown with red arrows. 

Full storage/ discharge rating for the ponds (which will allow their incorporation in to the whole 

catchment model described), still awaits further monitoring and analysis across a range of monitored 

events. It is, however, possible at this stage to provide a reasonable estimate of the peak storage 

potential against a range of inflows for all the ponds. These are provided in Tables 2 and 3 below. The 
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rainfall caused a fluctuation in level of the largest pond of between ~0.6 and ~1.1m.  According to the 

survey, the additional flow that was stored from the December 22nd 2014 event was equivalent to 

approximately 300 m3 at this pond. 
 

Pond 
Number 

Normal capacity 
(surveyed) m3 

Estimated Peak 
capacity m3 

Difference m3 

1 609 910 301 
2 376 556 180 

3 80 127 47 
4 123 180 57 

5 50 80 30 

Total m3 1238 1853 615 

Table 2. Capacity Estimates for North Cloich Ponds based on dGPS survey/ GIS analysis of pond depth and 

estimated height at which spillway engaged 
 

Pond 
Number 

Normal capacity 
(surveyed) m3 

Estimated Peak 
capacity  m3 

Difference m3 

1 164 242 79 

2 103 180 77 
3 147 221 74 

‘Top’ 230 380 150 
Total m3 644 1023 380 

Table 3. Capacity Estimates for Wester Deans Ponds, computed as above 

As can be seen in the figure, a smaller monitored rise in level was seen compared with the much 

larger North Cloich Pond during an event shortly after their installation, on 30th March 2015. It is 

suggested the delay between the bottom two ponds may well be attributed to detention/hydraulic 

roughness caused by the vegetation.  The lowest pond (1) was not drained down at that time and so 

shows no apparent attenuating effect. 

 

Relationship of pond storage to runoff attenuation - The rise in ponds is due to an excess of inflow 

over outflow. It is not thought that any of the ponds have yet discharged due to spill, there being 

enough freeboard to account for runoff in the events recorded to date. Taking all the North Cloich 

Ponds and Wester Deans Ponds together, the 995 m3 that could theoretically be stored can be 

compared with the runoff generation over the entire Cowieslinn catchment (assuming no 

infiltration). At 5.6 km2, 1mm of rainfall over the entire catchment would generate 5600 m3 of 

surface runoff. Thus, it can be seen that the ponds may account for approximately 0.18 mm of runoff 

over the catchment. Although this may not seem a substantial figure, the flows are taken from the 

top of the hydrograph, and it should also be noted that only in very saturated conditions will there be 

substantial immediate surface runoff from rain, hence the ponds may have a valuable role in storing 

that component of the rainfall that does runoff after canopy storage and infiltration.  

 

Conclusions - Measurements of pond levels show the 22 ponds in the upper catchment can readily 

store water, providing ‘quick wins’, but modelling suggests this will only have a relatively small effect 

on total sub-catchment runoff at this scale. Ponds in the Cowieslinn catchment show this potential 

for ‘quick wins’ – albeit fairly small ones - in terms of runoff attenuation, with potential storage 

equivalent to around 0.18 mm of effective rainfall. However most of the ponds close to the stream in 

Wester Deans have shown only a small response in terms of storage. Close to the catchment outlet 

appears to be an optimal location for large ponds. Further analysis is suggested to scale up using 
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further ‘virtual’ ponds with equivalent storage performance to the North Cloich ponds to examine the 

effect on event attenuation across the whole catchment. 

  

Downstream Floodplain Ponds: 

The impact of ponds in the floodplain will be different to that in the upper catchment. To assess their 

potential, initial modelling has been undertaken in 2016 by Cbec Ltd of the impact of a single flood 

storage pond in the floodplain at Kidston (currently in planning development) and then, based on this 

the effect of multiple ponds, in series down the Eddleston Water. However, the extent to which such 

floodplain ponds may be compatible with existing land use and farm business needs is unclear at this 

stage. 

 

Methodology - A 2D hydraulic model has been run for a single flood storage pond at Kidston on the 

lower Eddleston Water. The model surface was constructed by topographic survey (for existing 

conditions), LiDAR for the floodplain, and CAD design elevations (for the design). A Digital Elevation 

Model (DEM) was constructed using AutoCAD Civil 3D 2014, including top of embankment/bund tops 

so that the model accurately captured channel, interaction of the channel with the floodplain and the 

flood storage pond. The design pond itself, surrounded on its lower side by a floodwater retention 

bund is only 13,350m2 in extent, and so was expected only to significantly affect the low return 

interval flows. Only 1.5yr and 1 in 5yr return period flows were analysed in this study. Hydrology 

information was obtained from previous modelling work on the Eddleston that approximated (using 

FEH methods) flows at the gauge at March Street in Peebles. To investigate the effect of multiple 

ponds, in series down the Eddleston, this single pond 2D hydraulic model was fed with its 

downstream hydrograph for a number of iterations. A schematic of this approximate multiple pond 

model is shown in the figure below. While this is not an exact model of hydraulics resulting from a 

series of ponds, it is an economical way of estimating the maximum NFM benefit realizable from the 

scheme. 



33 
 

 

Fig.21 - Schematic of Kidston Pond model on the Eddleston Water. Inlet hydrograph (from hydrological analysis 

for a certain return period) passes through 2D existing and design hydraulic model. Floodplain storage (and 

bund creating pond) modifies the hydrograph. A different outlet hydrograph for the downstream receptor 

(Peebles) is produced for existing and design conditions. 

Results: - The 1 in 1.5 year flow is affected more than the 1 in 5 year flow by the small single pond, so 

slightly more detailed results are presented for the former. Overall, the model shows some 

attenuation to the flood hydrograph downstream for low return interval floods (1 in 1.5yr flood), 

whilst for a series of larger interconnected ponds on the floodplain, it suggests that, for a 1.5-year 

return interval flow event, five such ponds in series could locally reduce the discharge peak by some 

20% and delay it by up to 6 hours. 

 

At the peak 1.5yr inundation, the design pond stores 19,600m3 of water, whereas at peak inundation 

for existing conditions, the same area of floodplain stores only 3730m3. The peak for design 

conditions occurs later than for existing conditions by around 1.5h.  Velocities in the pond area are 

very low for design condition (so sediment settling and floodplain deposition of fines should take 

place), while channel velocities largely remain unaffected. 

The figure shows the effect on the downstream hydrograph for existing conditions (dashed line) and 

for design conditions (labelled solid line). Because there is some floodplain flow and storage for 

existing conditions, there is some delay to the rising limb of the hydrograph. For design conditions 

this effect is increased, due to the larger flood storage volume.  

For a series of ponds, this effect will increase, eventually reducing the peak flow of the hydrograph 

downstream of the series of ponds. The approximate model of a series of ponds produces a more and 

more modified hydrograph as extra ponds are added. These results are also shown in Figure 5. Five 

similar ponds are needed to reduce the downstream hydrograph peak by 20%. 
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Fig.22 - 1 in 1.5yr flow. Attenuation of hydrograph from 1-5 ponds. The dashed line shows the effect of the 

existing floodplain; extra attenuation is afforded by one pond, and further attenuation by a series of ponds.  

Modelling the effect of multiple inline ponds can be done crudely using FEH methods. Whilst rather 

crude, the FARL (flood attenuation of reservoirs and lochs) parameter is adjusted using the stored 

area afforded by the ponds to estimate the attenuation in the hydrograph peak. This method 

however, can be used to ‘sense check’ the 2D hydraulic model results. The FARL method also shows 

that around 5 in line ponds are required to reduce the hydrograph peak by 20%. The attenuations 

from the 2D pond series model and the FARL method are shown in the figure below. 

 
Fig.23 - Attenuation afforded by a series of ponds. 2D model results and FARL method shown for comparison.  

These attenuations can be thought of as the maximum possible for a series of similar ponds. Actual 

results would differ slightly according to the exact nature of the local topography, and whether new 
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areas of the floodplain were inundated and extra storage genuinely created. If peak water levels in 

the channel were to reduce after a series of ponds, then the downstream ponds would need to be 

modified to inundate at this lower level. 

 

1 in 5 year results 

To investigate the effect of the ponds at higher floods the 1 in 5 year event was run through the 

model iteratively. In this case, large parts of the floodplain are already inundated for existing 

conditions so the increased flood storage afforded by the ponds is reduced. The ponds affect the 

rising and falling limbs of the downstream hydrograph more than the existing floodplain, and 

produce a slight delay in the hydrograph peak, but there is no change to the downstream peak flow 

even after three ponds. 

 

Large woody material dams 

Introduction – Large woody material dams are a water-permeable mass of logs and branches that 

traverse the water at a designed height, and which can be secured by wiring the logs to bankside 

posts (see photo of one such type of structure). The exact design of individual structures varies, but 

such measures restrict/ attenuate peak channel flow in such a manner as to intercept flow once it 

reaches a certain stage (height above bed), and to be overtopped at a still higher stage level , whilst 

also allowing fish passage at all times. They attempt to replicate the obstructions that form naturally 

in channels under mature woodland. 

 

This looks to answer two questions:  

• How effective are large woody flow restrictors as a natural flood risk management measure 

for upland headwater channels? and 

• What characteristics determine effectiveness of the structures, particularly the channels in 

which they are placed, their ‘leakiness’ and their placement above the stream bed? 
 

 
Fig.24 - One of the 32 woody material structures emplaced in the channel. 

Methodology – Thirty two large woody flow restrictors were constructed on the Middle Burn in two 

phases, in spring 2013 (10 dams) and spring 2015 (22 dams) upstream from a rated gauging station 

that allows their effect to be quantified (figure). Modelling the impact of these 32 (out of 101 now 

constructed) has been undertaken, utilising topographical surveys pre-installation and through 

hydraulic modelling 
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Fig.25 - Location of the woody material dams in the Middle Burn catchment. Pink marks represent dams 

installed spring 2013, green circles dams installed in spring 2015. Background map © 1:50 000 Scale Colour 
Raster Ordnance Survey, Using: EDINA Digimap Ordnance Survey Service. 

The 1.9 km study reach terminates at the Middle Burn gauging station, established in March 2011 as 

part of the hydrometric network, providing channel stage and flow data. A channel survey was 

completed using a combination of differential gps equipment and laser levelling, giving an accuracy of 

+/- 5cm vertical. The catchment area above the gauging station is 2.3 km2 and was formerly covered 

in coniferous forest. Two years of baseline data were available pre-intervention, including a high flow 

event on 22nd June 2012. Such events are rare though and it is necessary to model the effects of 

flood flows hydraulically using HEC-RAS modelling software. For design flows the Flood Estimation 

Handbook Rainfall-Runoff method was applied and flow runs were modelled to examine the potential 

maximum amount of additional storage offered by the dam network, and the dynamic behaviour of 

the dams during design flood events. 

 

Results – With the 10 dam layout, attenuation (reduction in peak stage and flow and delays in the 

predicted travel time of flood peaks) occurs at flows of 1 in 5 year or above, with progressively higher 

storage at higher (1 in 10 year) flows. Thereafter additional storage in higher flows at ra rer return 

periods is minimal. 
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Fig.26 - Model output at maximum stage showing water levels on the lower part of the Middle burn. Woody 

material structures are shown by small vertical lines. The pile-up of water upstream of the dams is evidence of 

enhanced temporary storage. 

 

Increasing the number of dams to 35 increases storage further, but on a diminishing return basis per 

dam, with the highest amount of additional storage over the no-dam configuration noted in the 1 in 

25 year event. At this return period, additional storage due to the presence of the dams is about 100 

cubic metres, equivalent to slightly under 0.5mm of rainfall evenly spread over the catchment. 

 
Fig.27 – Potential storage volume of 10 and 32 leaky dams in relation to flow return period 

 

Forest planting 
Introduction – Forest and woodland can make a major contribution to reducing downstream flooding 

as part of a whole catchment approach through a variety of mechanisms. The greater interception of 

rainfall and use of water by trees compared to grasslands can significantly reduce the amount of 

rainfall leaving a catchment as runoff. The enhanced infiltration found in woodland soils under tree 

cover can delay the transmission of rainfall to a watercourse and, most importantly, woodland 

planting within riparian and floodplain zones can be particularly effective and potentially offer the 
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greatest benefit to flood alleviation by increasing the hydraulic roughness of the ground cover, thus 

impeding overland flow, as well as leading to the formation of woody debris dams. Together, this can 

act to reduce flood velocities, enhance out of bank flows and thereby increase upstream water 

retention on the flood plain. 

 

Work in Eddleston by Forest Research looks to answer the question of how effective woodland 

planting measures actually are in reducing flood risk? 

 

Methodology - In order to monitor and evaluate the effectiveness of woodland planting a small 

network of long term water level and flow monitoring points  were established in 2011 within the 

Longcote Burn catchment. This has established baseline conditions against which future changes in 

hydrology can be measured, as they were placed upstream and downstream of the location of two 

hectares of native woodland planted in the Burnhead tributary catchment (2.5km2) in 2012. Water 

level and flow data is captured at 15-minute time resolution, and a stage-discharge relationship is 

being established for the tributary using an ultrasonic doppler flow meter. 

 

A number of hydrological indicators will be used to compare the hydrological effect of pre- and post-

woodland planting measures. A high pulse count (high pulse defined as 25% above the median flow) 

has been carried out for this period, and the rise and fall rate of the high pulses will be used as 

indicators of the changing hydrological response to land use change within the catchment. It is 

expected that once the woodland planted reaches maturity it should slow down the response of the 

catchment to rainfall, thus decreasing the rising rate and further reducing the fall rate of the 

hydrograph. The advantage of using such indicators is that they can be tracked over time as the 

woodland develops and changes to the hydrological indicators can be observed. 

 
Fig. 28 - Burnhead tributary in relation to the Longcote Burn catchment and location of water level monitoring 

points 
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Results - It is not expected that the woodland planted will have any effect on the hydrology of the 

tributary at such an early stage of development, but this period allows the collection of baseline 

conditions and initial hydrological conditions to be established. Long-term monitoring of catchment 

hydrology and woodland development will be necessary to identify and quantify hydrological 

changes brought about by the planting in the Eddleston catchment over time. 

 

Monitoring of Brown trout has also taken place at Burnhead and at the Shiplaw re-meandering site, 

both locations where riparian habitat fencing to exclude livestock and tree planting have occurred. 

Annual variability is high due to natural variation, but will reflect local changes in population in due 

course. 
 

b) Measuring the impact of whole catchment measures: 

Surface Water Hydrology 

Introduction – A key element underpinning the whole study was the early establishment of a 

comprehensive monitoring network covering surface water hydrology and catchment meteorology. 

This was set up to mirror the physical geography of tributary sub-catchments across the whole 70 

km2 Eddleston catchment so as to be able to monitor individual sub-catchment outflows. The project 

was established with a clear commitment to establishing baseline monitoring  and this set up enables 

any subsequent changes observed to be related to precipitation and upstream conditions, and to the 

introduction of new NFM measures. 

 

Methodology: - The hydrometric network which comprises 12 stream gauges, 1 weather station and 

4 tipping bucket rain gauges was established in 2011 prior to introduction of any of the NFM 

measures. The network also takes advantage of SEPA’s two existing river gauges - at Shiplaw 

established in August 1990 (on the upper main stem, capturing a catchment area of 38km2, at 209m 

elevation), and in Peebles (March Street) established in 2005, which captures 69km2 of the total 

catchment downstream at 161m elevation. Details of the instrumentation are provided on the map 

below, along with the location and details of ponds within the catchment where water levels are 

monitored. The catchment altitudinal range is approximately 160-620 m AOD and the automatic 

weather station at Darnhall Mains records a range of additional parameters; air temperature, relative 

humidity, wind speed and solar radiation. 

 

The flow gauges are established as velocity-area stations, to produce flow time series at 15-minute 

intervals by means of continuously monitored water levels and the use of rating curves derived by 

periodic flow gaugings across the full spectrum of flow conditions. Obtaining good quality rating 

curves for each station has been a priority for the study, as has quality assurance of the network and 

its operation; the whole set-up being the subject of external expert review. The water level recorders 

are Onset Corp Hobo 0-4m unvented pressure-based instruments, each housed in a secure stilling 

well. Two identical Hobo units were maintained for compensation of pressure data. Most sites were 

visited and approved by SEPA before installation work commenced. In smaller channels and in normal 

conditions at all sites, flows are measured by wading, using typically a Flow Tracker acoustic 

instrument or one of a selection of mechanical or electro-magnetic meters.  In high flows on the main 

stem, an Acoustic Doppler Current Profiler has been used, or floats, if required by operational 

constraints. 
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Fig.29 - Hydrometric monitoring network 

 

Results - Due in part to the lack of a natural large flood event to ‘test’ the measures, and the time 

taken for certain types of NFM measures to mature, it is too soon yet to expect the introduction of 

the various surface NFM measures to be reflected in significant changes to the flood hydrograph at a 

whole catchment level. This report meanwhile presents an empirical analysis of travel time changes 
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between selected points on the stream level monitoring network, focusing on the time at which peak 
water levels were recorded at gauges.  

As different NFM and habitat restoration measures have been introduced, it is expected that in 

certain cases travel times may be increased, as a result of measures such as new meanders or flow 

restrictors holding back water and so reducing the speed of flood water travel downstream.  This 

section therefore first examines the empirical data to determine what changes in travel times, if any, 

have been associated with the main stem re-meandering. It then presents an assessment of the 

effect of flow restrictors which have been installed as NFM measures .  Travel times are measured in 

hours, in increments of ¼ hour given the fixed logging interval of the data recorders. It is also to be 

noted that time for flood peaks to travel between two points tends to vary as  a function of flow 

magnitude. Graphs in the figures therefore show travel time as a function of event magnitude. 

Main stem re-meandering (Cringletie and Lake Wood) - Results are presented here to illustrate the 

range of travel times for all events exceeding 0.9 m on the Eddleston Village water level gauge, 

corresponding to approximately 4 m3s-1. Twenty eight events were recorded between February 2011 

and February 2016.  Eddleston Village has been selected for use given its central location. The figure 

shows travel time between Eddleston Village and Nether Kidston as a function of peak magnitude at 

Eddleston Village. Events have been plotted for six periods. In all but one of these, there is a negative 

correlation between travel time and event magnitude.  Sample sizes are small in all cases, between 

two and eight events in each. 

 
Fig.30 - Main stem travel time Eddleston Village > Nether Kidston as a function of peak flow at Eddleston 

Village 

 

There is a notable reduction in travel times over the period of observations, and while an increase in 

travel times may reasonably be expected as a result of the re-meandering which took place in 2013 

and 2014, the reduction appears to be strongly associated with a dramatic storm which took place on 

22 June 2012.  Its peak travel time was just one hour: the peak was measured directly by ADCP at 

Darnhall Mains at 42 m3s-1. The figure shows that between Eddleston Village and Nether Kidston, 

average travel times reduce from over 3 hours before the 22/6/2012 event to less than 1 ½ hours 

after it.  No upward trend in travel times is visible in the data from the years after the re-meandering 

was completed in 2013 and 2014.  This may be a result of the time required for vegetation to re-

establish to levels comparable to the pre-intervention situation, or could be a function of changes in 

the channel bed caused by the June 2012 flood. 
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Main stem re-meandering (Shiphorns) - Results were extracted for the same events to show travel 

times between Earlyvale and Darnhall Mains, to assess the impact of channel restoration at 

Shiphorns Farm in 2014.  While there are differences in mean travel times between the six periods 

defined in the figure, the mean travel time pre-2014 (0.16 hour) is essentially the same as post-2014 

(0.15 hour).  Therefore, there is no identifiable effect on the travel times of the peaks through this 

reach.  No clear relationship between time of travel and event magnitude is evident. 

 
Fig.31 - Main stem travel time Earlyvale > Darnhall Mains as a function of peak flow at Earlyvale 

 

Middle Burn flow restrictors - Some 35 high flow restrictors were installed in the Middle Burn in 

2014 and 2015 using felled tree trunks. These are intended to slow down flow by storing water in the 

channel once levels rise above a threshold value. With three years of pre-intervention data, a 

comparison is presented to examine the timing of peaks emerging from the Middle Burn compared 

with its adjacent control catchment, the Shiplaw Burn. Results are shown below. 

 

 
Fig.32 - Change in relative timing of Middle Burn peaks relative to Shiplaw Burn 

A best-fit line has been fitted to link time delay to the date of individual flow peaks and is found to be 

significant at the 1% level. However, it should be noted that there was already a noticeable upward 

trend in the data even before the intervention began in 2014. The trend may therefore in part be 
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caused by other factors: the presence of the high flow restrictors may be partly or largely responsible 

for the increase in lag time between the Middle Burn and the Shiplaw Burn. That said, the upward 

trend in the data is much stronger with six years data to early 2017 than with only the initial three 

years. No relationship with peak flow magnitude has been identified. 

 

Conclusions - Initial analyses of 28 events following re-meandering at Cringletie and Lake Wood 

(2013) and Shiphorns (2014) show no clear impact on timing or a direct relationship to magnitude of 

a flood event. However, comparison of peak flows between streams where flow restrictors have been 

installed and those without show a substantial delay in reaching peak flow, though no overall 

reduction in magnitude. 
 

Ecology: 

Introduction – The overall ecological status of the Eddleston Water is measured formally using the 

full range of parameters identified in the EU Water Framework Directive (WFD) methodology; a 

combination of different ecological, hydro-morphological and chemical measures. Designated at the 

start of the project as being of ‘Bad’ ecological status, the aim is to restore the river so that it 

eventually reaches ‘Good’ status. It is not expected that this can be achieved immediately but 

through careful measurement, it is possible to identify what measures will deliver the greatest 

improvements in MiMAS (the method used by SEPA to measure hydro-morphological status) and 

where they should be located. As water quality is generally good, the focus has therefore been on 

trying to improve the hydro-morphology through physical alterations to the channel, banks and bed 

of the watercourse in the most degraded sections. This in turn is expected to lead to improvements 

to the aquatic plants, invertebrates and fish populations; improvements that will take longer to 

become established and be measurable.  

 

Methodology – Using the SEPA scoring mechanism that underpins MiMAS, along with the earlier 

fluvial audit undertaken by Cbec, actions to improve hydro-morphology (and through this ecology) 

were targeted at those locations where they would make the most impact. To do this, SEPA 

undertook a field survey in February 2012 which confirmed that the status of the Eddleston Water 

body for morphology under WFD was ‘bad’, with some 76% of available capacity under MiMAS used 

up (the thresholds between the five stages are Bad 100- 75%; Poor 75-50% ; moderate 25-50%; Good 

<25%). Thus even a relatively small amount of restoration would push the classification up to ‘Poor’. 

The capacity used by a given pressure depends partly on river sens itivity and most of the Eddleston 

Water would naturally be a meandering (MiMAS type D) river. Indeed, the Roy Military map (1750s) 

shows that there was a highly sinuous planform in the lower two-thirds of the river, while the upper 

third appears to be straighter and was more likely to have been plane-riffle (MiMAS type C). Field 

observations support these data: processes of meandering occur in some parts of the central and 

lower reaches, and the old sinuous channel line can sometimes be seen in surrounding fields; but 

these features are typically absent from the upper section. 

 

The main causes of failure are high impact (28%) and low impact (18%) channel re-alignment, along 

with embankments and floodwalls (22%), the legacy of historical works to the channel. 

Type of pressure Total length (m) Capacity used (%) 

High impact realignment 4604 27.9 
Low impact realignment 9070 17.7 

Embankments 6378 19.3 

Hard bank protection 2111 3.1 
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Set back embankments 498 0.1 
Riparian vegetation loss 

(from classification result) 

- 8.0 

 Total 76.1 
Table 4 – Causes of failure of hydromorphological status and MiMAS score capacity used up 

After reviewing the possible target areas and doing rough calculations on channel length to be 

restored and embankments removed, it seemed that achieving ‘Poor’ and then ‘Moderate’ status 

might be possible, whist achievement of ‘Good’ more challenging. It should be noted that MiMAS 

scores are not the sole definition of ecological health, but they do provide a standard and widespread 

metric, at least across Scotland. 

Results - Full re-assessment of the MiMAS scores are still awaited from SEPA, but early calculations in 

terms of the extra capacity (%) released by each initial improvement are explored below: 

Eddleston to Cringletie restoration reach 
1.5km of re-meandering     9.1% capacity reduction 
1.7km of embankment removal    5.2% 
Cringletie  
577m re-meandering of realignment u/s of bridge  4.5%  
225m restoration to low impact realignment d/s bridge 1.2% 
Removal of 2 x 580m embankments mostly u/s bridge 4.4% 
Quarry to Signal Cottage 

Possible re-meander of 624m                                        3.8% 
Upper section possibilities 
Mill Farm to Nether Falla (500m re-meandering)  c.4% 
Kingside to Craigburn (1.2km re-meandering)  c.10% 
Cumulative total with all above works:   42.2% 
Present status = 76.1% capacity used up (bad). 
Predicted status with all above improvements (76.1-42.2 = 33.9) or Moderate. 
 

At present, not all of these have been completed, but the current assessment of the watercourse is 

that it has reached ‘Moderate’ ecological status already. As noted, the improvement has been driven 

by restoration of the physical structure of the channel and river banks . The aim is to reach ‘Good’ 

ecological status and it is possible to see how this might be achieved, though further significant 

progress relies on specific landowners being willing to change current land use and management 

practices. 

 

Measurements of aquatic macrophytes have also been undertaken by SEPA at two sites for the 

purpose of WFD classification and currently these are still rated as only ‘moderate’ status, though this 

may improve as the hydro-morphological pressures noted above are removed. Other WFD 

monitoring at the catchment scale for aquatic invertebrates, diatoms and water chemistry is only 

undertaken at the one location right at the downstream end of the Eddleston Water in Peebles itself. 

To date, these have not shown any significant changes. 

 

No new biological site condition monitoring has yet taken place specifically on the Eddleston part of 

the Tweed EU Special Area of Conservation (SAC), so it is not possible yet to comment on potential 

improvements to populations of designated species at the catchment level locally, such as salmon, 

lampreys, otters or water-crowfoot plant communities. Electro-fishing surveys of salmonids however 

have been undertaken at sites prior to works beginning and will be repeated. Monitoring has 
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focussed on impacts of individual measures and changes in salmonid habitat with re-meandering 

works. Re-meandering of 2.2 km of historically straightened channel itself however has added over 

300 m length to the river course, and generally widened these areas, as well as creating a greater 

range of flow patterns. This will have significantly increased the quantity, quality and diversity of 

habitats, as well as slowing down the flow. 

Groundwater  
Introduction - The hydrogeology of the Darnhall floodplain within the Eddleston Water catchment 

has been comprehensively characterised through geophysics, drilling, and geological and 

hydrochemical surveys to produce a three dimensional characterisation of the floodplain to 15 m 

depth.  The Darnhall study site covers 0.2 km2 of floodplain-hillslope, where land cover comprises 

grazed pasture, some arable agriculture and patches of tree cover. Groundwater levels have been 

monitored across the floodplain since 2011 and compared to ongoing monitoring of river flow and 

rainfall. 

The main aim of the research has been a 4D characterisation of the hydrological interactions 

between the river, floodplain and hillslope in order to gather evidence for the processes leading to 

persistent flooding.  The difference between this and previous studies is the ability to look at 

processes deeper within the floodplain, rather than only at the surface. This allows us to answer 

questions about importance of these floodplains aquifers in buffering runoff from the hillslope to the 

river, and the vulnerability of floodplains to persistent groundwater flooding.  

 

 

Main research findings: 

Beneath the floodplain is a highly permeable multi-layered aquifer which is connected to the 

hillslope through highly permeable solifluction deposits and also to the river.  The groundwater 

comprises a significant source of water storage in the catchment, and during a flood event may store 

up to 0.3 cumecs of water per 100 m river length while the river is still in-bank.  The floodplain 

aquifer system contains groundwater of different ages, but generally less than a decade old.  

Groundwater across most of the floodplain, except near its edges, is more closely coupled to river 

flow than local rainfall. Groundwater levels across most of the floodplain rise within minutes to 

hours (depending on distance from river) in relation to river level rise and is therefore, driven by a 

Fig.33 - The 3D hydrogeological model of the Darnhall floodplain and hillslope.  
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‘pressure pulse’ from the river. Groundwater levels quickly recede after river levels fall, usually within 

days. 

Groundwater at the edge of the floodplain is weakly coupled to river flows, but strongly connected 

to rainfall infiltrating on adjacent hillslopes. Rainfall infiltrating on hillslopes flows downslope through 

high permeability superficial deposits that directly connect with the floodplain aquifer. At the 

floodplain edge, hillslope inflow can cause groundwater levels to keep rising for up to 5 days after river 

levels decline, and can maintain high groundwater levels for several weeks, which can cause sustained 

periods of groundwater flooding.  

 

 

 

 

 

 

 

 
Fig.34 - Surface water flooding at Darnhall 22nd June 2012. 

Floodplain groundwater response to rainfall is strongly influenced by antecedent conditions. In wet 

antecedent conditions, floodplain groundwater connectivity with hillslope runoff is enhanced and 

extended across much of the floodplain, and can cause artesian conditions and groundwater 

discharge to river.  In these persistently wet conditions, the ability of the floodplain to function as a 

buffer between hillslope and river is compromised.  

  

Fig.35 - Conceptual model during antecedent saturated soil conditions. 1) dominant groundwater flow  to down 

valley, 2) overland flow from river breaching river bank, 3) flow from river to groundwater, 4) subsurface storm 

flow within hillslope, 5) subsurface flow from hillslope connects to river for a short duration, 6) groundwater 

becomes artesian. 

Policy implications 

1. Groundwater storage and flow within small floodplains should be accounted for in flood risk 

management plans.   
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2. Since groundwater levels respond rapidly (within minutes) to elevated river levels and travel up to 

100 m from the river, floodplains can become flooded even behind surface barriers.  Any buried 

infrastructure can also be flooded. 

3. Particular attention should be paid to land use at the edges of floodplains close to hillslopes which 

are much more susceptible to longer term groundwater flooding which can persist for weeks after 

heavy rainfall. 

Due to a change in the planned river restoration in the Eddleston Catchment it was not possible to 

test the impact of re-meandering or other riparian flood alleviation methods on groundwater.  

Soil water research 
In tandem with the groundwater research at the Darnhall experimental site the relationship between 

soil permeability and land use has also been investigated.  There were two main aspects to this 

research: (1) a systematic survey of soil permeability of paired woodland / grassland sites and (2) 

measuring soil moisture variations over one field season and how this relates to groundwater and 

rainfall. The soil permeability data were then used to develop a model to infer areas on the hillslope 

that generate runoff. 

 

 

 

 

 

 

 

 

Fig.36 - Darnhall hillslope, split into 4 sites. DW is deciduous woodland, G is grassland and FW is floodplain 

woodland 

The main aim of this research was to quantify the differences in runoff generation between forested 

areas and grazed areas, and to investigate whether there were measureable differences between 

different types of woodland.  

Main research findings 

There is a quantifiably strong relationship between soil permeability and land use. 

Soils under mature broadleaf woodland have a much higher permeability (5 – 8 times) than 

neighbouring grazed pasture. This is associated with the presence of coarse roots (>2 mm diameter) 

creating continuous conduits for preferential flow to deeper layers. 

Soil permeability under coniferous forest are not statistically different to adjacent grazed pasture.  

Soil permeability is also related to parent geology, where it is low on silty alluvium and higher on 

more permeable hillslope deposits. 

During a 1 in 10 year rainfall intensity event, rainfall infiltration dominated in the 180-and 500-year-

old mixed and broadleaf woodland, whereas some grassland areas and the floodplain generate 

overland flow. 
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Soil water sensors in the hillslope showed that as soil water content increases and becomes 

saturated, sub-surface flow was observed to occur down slope at 0.35 m depth. 

 

 

 

 

 

 

 

 

 

 

 

Fig.37 - Runoff intensity of woodland areas (dark and mid grey) and grassland areas (light grey). DW is 

deciduous woodland, G is grassland and FW is floodplain woodland.  

Policy implications 

1. These results suggest that established broadleaf woodlands on hillslopes provide areas of increased 

capacity for rainfall infiltration and arrest runoff generation during flood-producing storm events.  

Therefore consideration should be given for protecting established forests in flood risk areas  

2. There is no evidence form this study that coniferous plantations or new broadleaf plantations offer 

the same increase in soil permeability and therefore runoff attenuation.  Further targeted studies 

would be required to provide such evidence.  

3. When soil is saturated, sub-surface flow from the hillslope exacerbates flooding problems in the 

floodplain, therefore flood management mitigation should also take place on the hillslope and not 

only within the floodplain. 

Ongoing research  

Four experiments are continuing in the Eddleston catchment to examine the role of land cover and 

geology in partitioning between groundwater and surface water and the impact on flooding: 

1.  Weekly stable isotopes and alkalinity samples river water at 12 locations are being measured in 

conjunction with flow and rainwater.  This should enable us to distinguish the component of new versus 

old water in different catchments and how this relates to flow, land cover and geology.  This experiment 

runs 2015-2016 

2. Groundwater level measurements continue to be measured on a 15 minute interval in Darnhall 

floodplain. This will continue to build the record of how groundwater levels respond to rainfall and 

river flow in upland floodplains (ongoing) 

3. Two hillslope transects have been instrumented in Cringletie to monitor soil water and groundwater 

response to rainfall in a grassland and grassland with a mature shelterbelt.  Soil moisture, groundwater 

levels are being monitored every 15 minutes and 6 weekly repeat ERT surveys undertaken (2016 – 

2017) 

4. The variation of stable isotopes and alkalinity in rainfall and runoff are being measured in 3 

catchments during large storm events during 2016 and 2017. 
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c) Modelling the impact of whole catchment measures: 
 

Rainfall-runoff modelling of the Eddleston catchment in relation to land use, soils 

and geological properties 

Introduction 

Using the Eddleston dataset, we address 2 key questions for NFM: 

 How much might land use change to (or away from) forest land use in catchments influence 

high flows in the catchment as a whole by ‘slowing the flow’? and 

 How much does water ‘slowing’ (via both hillslope and channel/ floodplain processes) 

influence these flows in terms of both peak timing and attenuation? 

It is of great policy interest to examine specific questions such as ‘what proportion of the catchment 

would need to be subjected to NFM-focussed land use change, say from pasture to forest, to create a 

significant impact on flood flows’. It is not generally possible to wait for flood events of infrequent 

return period, nor to wait for the establishment of new land use changes to have effect, so modelling 

of recorded rainfall to runoff is essential to address such questions . To have confidence in the model 

to provide predictions, it is necessary also to see how well it replicates real monitored data collected 

during the baseline, pre-intervention, period. 

 

Methodology 

Full details of the methodology, the lumped (semi-distributed) rainfall-runoff model developed and 

the software used is provided in the appendix, along with discussion on how the model structure was 

set up and related to catchment characteristics (land use, geology and soils). This also shows the 

degree to which the baseline hydrological measurements of river flow undertaken in the Eddleston 

are replicated by the model, and the effect of land use change (hillslope and floodplain characteristics 

due to afforestation) on the model calibrated against these baseline conditions. Finally, it offers some 

observations on the implications of the results for flood risk management in the context of land use 

change, as well as the limitations of the approach. Fully distributed modelling is also progressing in 

the Eddleston, via use of the modelling program MIKESHE which will be separately reported on. 

 

An aspect of the lumped model that is important to note is that it is deterministic; for a g iven set of 

rainfall input and parameter settings, the model will generate the same result.  In such a model, 

characteristics of the catchment are summarised in an aggregated fashion, usually a physical sub-

catchment defined by a tributary. In the Eddleston Water, data have been collected from the 

monitoring network in exactly such a manner, so it is logical to model the catchment in the same way 

in order to get the best value from the effort of collecting the high-quality, long-term data. The highly 

variable and scale-dependent nature of many catchment processes (for example, infiltration) mean 

that such an approach is an inherent simplification. The software used in the study – HEC-HMS (US 

Army Corps of Engineers) - simulates the transfer of water from rainfall to runoff through various 

stores (fig.38). 
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Fig. 38 - HEC-HMS model structure 

  

 

 

 

 

 

 

 

 

 

Fig.39 - Schematic relation of flows between storage compartments to sub-components of the runoff 
hydrograph; and Fig.40 - Spatial structure of the model as it is applied to the Eddleston catchment 

Results of model runs for a design storm  

Key to analysis of the results of model runs was the initial calibration and uncertainty analysis (see appendix), 

but once these were deemed satisfactory for the baseline condition, the model was run with a design rainfall 

storm volume with an intensity profile as recommended by the Flood Estimation Handbook (FEH). In the 

simulation, a 24 Hour storm occurs over the whole catchment, with an even spatial distribution. Due to the 

uncertainty in the rainfall estimation method, a likelihood estimation was applied, with the lower and upper 

quartiles (25% and 75%) of the rainfall probability distribution applied as inputs to the rainfall runoff model.  

Total rainfall and time distribution of the rainfall represented 5% and 1% annual exceedance probability or AEP 

(1 in 20 year and 1 in 100 year) rainfall return period events. It should be noted that rainfall return periods are 
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not equivalent to flow return periods and the 1% event is a very extreme event indeed in the sense that the 

same intensity of rainfall occurs across the catchment. 

The model was run for the baseline present land use and changed land uses to promote NFM across the 

catchment. In the results, bold figures represent the 75% quartile of the rainfall probability distribution, and 

normal text the 25% quartile. 

i) Catchment as calibrated for present land use.  

-  5% annual exceedance probability (1 in 20 year)  

Location Peak 
Stage m 

Peak flow 
m3.s-1 

Timing (event start @ 
00:00, PEAK 12:00) 

Village 1.42/1.44 33.0/34.7 18:00/18:00 

Kidston Mill 2.54/2.58 43.6/45.9 20.30/20.30 

 

- 1% annual exceedance probability (1 in 100 year) 

Location Peak 
Stage m 

Peak flow 
m3.s-1 

Timing (event start @ 
00:00, PEAK 12:00) 

Village 1.67/1.71 51.7/55.5 17:15/17:15 
Kidston Mill 3.02/3.11 68.4/73.2 20.45/20.45 

 

ii) Catchment land use change scenario  

In this scenario, the model applied ‘forested’ (derived from parameterisation of W650 – Middle Burn) 

parameters for canopy interception, surface soil infiltration, evapotranspiration. Additionally, a roughness 

coefficient of n=0.1 (Manning’s equation) was applied to floodplain to full extent around channel reaches on 

main stem and second order tributaries (all modelled channel reaches). This variation simulates the effect of 

dense mature forest in the floodplain.  

- 5% annual exceedance probability (1 in 20 year) 

Location Peak 
Stage m 

Peak flow 
m3.s-1 

Timing (event start @ 
00:00 PEAK 12:00) 

Village 1.15/1.17 18.9/19.9 18.45/18.45 
Kidston Mill 2.11/2.15 22.4/23.8 26:45/25.30 

 

- 1% annual exceedance probability (1 in 100 year) 

Location Peak 
Stage m 

Peak flow 
m3.s-1 

Timing (event start @ 
00:00 PEAK 12:00) 

Village 1.45/1.50 34.9/38.7 19.30/19.30 
Kidston Mill 2.54/2.64 43.7/48.7 24:00/23.30 

 

The results indicate a substantial effect of varying the land use parameters, with a greater relative effect in the 

5% AEP compared with the 1% AEP event. The main effect of the change is that overall peak stage is lowered, 

by some 26-27 cm at Eddleston Village, and 41-43 cm at Kidston Mill in the 5% AEP event. For the 1% AEP 

event, the reduction in stage was less at Eddleston Village (22-24 cm) but greater at Kidston Mill (44-48 cm), 
compared with the 5% AEP event. 

The effect on flow is substantial due to the sensitivity of flow to stage at higher stages, with a reduction of 

peak flow of up to 43% from the no-intervention runs (0.05 annual probability or 1 in 20 year rainfall return 
period) and 31% (0.01 annual probability or 1 in 100 year rainfall return period) at Eddleston Village. 
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Timing of the peak was also affected by the hillslope measures, with a delay of 45 minutes at Eddleston Village 

and over 6 hours at Kidston Mill compared with the baseline, no-measures run (5% AEP run).  For the 1% AEP 

run, the delay effect was still marked at Eddleston Village (2 h 15 min), but reduced to 3 h 15 min at Kidston 
Mill. 

It should be cautioned that, in addition to the uncertainty of parameter estimation (see Appendix) the 

modelled scenarios are based on full afforestation of the floodplain combined with full coverage of forest in 

the rest of the catchment, providing the type of canopy storage associated with the present coniferous cover 
at the Middle Burn.  

Conclusions 

The rainfall-runoff model has successfully replicated hydrographs from the Eddleston catchment gauging 

network. While no model can ever provide a perfect 1:1 replication of reality, the fact that the HEC-HMS 

model chosen is capable of both accurate modelling of peak flow and timing, based on incident ra infall, gives 

some confidence in its use. Uncertainties remain, mainly model-based, notably those inevitable uncertainties 

related to scaling of processes and parameter estimation. However, model functioning in terms of parameter 

estimation has been quantified to a degree using the uncertainty analysis (see Appendix), so the model results 

can be placed within reasonable confidence bounds for the most sensitive parameters (infiltration, percolation 

and channel/ floodplain roughness characteristics).  

 

To assist future prediction of flows in the catchment, consequent upon the introduction of NFM measures, the 

calibrated model has been used to investigate projected results of land use change. Land use change has been 

investigated by re-parameterising the model to simulate the effect of a change to total forest cover across the 

catchment (using the information provided by the coniferous forested Middle Burn catchment 

parameterisation), and secondly to look at the effect on peak flows of varying degrees of increas e in forest 
cover, floodplain roughness and consequent f low impedance. 

 

9. Catchment Land Use and Ecosystem Services 

Land Use Change 

Historical changes to the river and wider Eddleston Water catchment have been noted already, but as 

a part of the study an analysis was undertaken of the changes in land use and associated ecosystem 

services that have occurred since the end of the Second World War; a period when major changes 

were happening not just to farming and land use, but to society as a whole. 
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Fig.41 - Area occupied by main habitat types in the Eddleston in 1946 and 2009 

 

Analysis of changes in habitat types between 1946 and 2009 in the Eddleston catchment showed that 

there were major changes in land use, changes that will have had a direct impact on flood generation 

and flows across the landscape that are still felt today. In particular, there was an increase in 

intensively managed habitat types while semi-natural habitat types such as bogs decreased in area. In 

1946, improved grassland was the most widespread habitat type (occupying 20% of catchment area) 

and further increased to remain so in 2009 (40% of catchment area). Coniferous woodland was very 

limited in extent in 1946 (1.4% of catchment area), but by 2009 conifer plantations had significantly 

increased to occupy 13% of the area. Alongside this was also the increase in area under mixed 

woodland plantations as riparian woodland along rivers and streams. Such an increase in woodla nd 

plantations, especially in the upland areas and along watercourses have provided opportunities for 

natural flood management in this catchment. 

 

Key Ecosystem services 

Work as part of the Scottish Land Use Strategy (LUS) in the Eddleston catchment mapped six key 

ecosystem services identified by local stakeholders as important and a priority in this catchment. 

These include flood control (NFM), alongside crop, livestock and timber production, vegetation 

carbon resource and water quality regulation. As indicated on the map (Fig.42 left), current areas of 

high importance in flood control include woodland and forestry plantation areas as these slow run off 

and temporarily store floodwaters. The LUS also mapped areas where opportunities exist to 

introduce new NFM measures to improve delivery of this ecosystem service (Fig.42 right).  
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Fig.42 – Flood control ecosystem service maps: left - Current areas; right - Opportunity areas 

Opportunity areas for NFM within the catchment include potential areas for tree planting to reduce 

surface run off and temporarily retain floodwaters , as well as restoration of upland habitats such as 

bogs, which could hold more water. Such NFM opportunities could also lead to multiple ecosystem 

service delivery in the catchment as this could also lead to increased supply of timber, diffuse 

pollution control, carbon storage (both soil and vegetation), recreation activities and biodiversity 
ecosystem services. 

 

10. Evaluating Costs and Benefits 

Parallel to the implementation and measurement of works on the ground, the Eddleston project has 

used both direct measurements and models to begin to assess the potential costs and benefits of 

interventions to reduce flood risk and improve habitats. 

Ecosystem Services and Multiple benefits: 

Early work used the hydraulic model, CityCat to look at the theoretical impact of restoring Eddleston 

Water’s natural meandering stream course with a Constructed Scenario which had maximum delivery 

of NFM through re-meandering and afforestation of the whole floodplain. This examined the 

consequential changes in flood reduction and other ‘ecosystem services’ (multiple benefits) in the 

floodplain. The study estimated that, of the nine ecosystem services evaluated, the Eddleston 

floodplain currently has a relatively high delivery rate only for food provision (agriculture). With the 

theoretical maximum NFM ‘restoration’ of the river course and floodplain, seven ecosystem services, 

including forestry, water quality, biodiversity and landscape would all improve, alongside the 

targeted flood reduction, with a delayed and lowered flood peak, though agricultural production 

would decrease. 
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Fig.43 – Ecosystem service values for the current situation (left) and hypothetical scenario that favours NFM to 

maximise flood risk regulation (right) 

 

Costs and Benefits: 

As noted, NFM schemes provide flood regulation benefits but can also realise co-benefits through 

other eco-system services, for example recreational, biodiversity and climate regulation services. 

Hence the benefit-to-cost ratio (BCR) is potentially much more favourable for these schemes when 

considering their whole range of benefits. Indeed, for many small communities, hard engineering 

measures will never be viable due to a too low benefit cost ratio or limited public budgets, while NFM 

measures may provide a suitable compromise by reducing peak flows at lower cost and can be 

complemented by other flood protection measures. 

  

Methodology: - In this latest work, in addition to recording actual financial costs of implementing 

each measure in the Eddleston catchment, the potential monetary benefits from undertaking NFM 

for flood risk reduction and other ecosystem services have been assessed in detail  for one NFM 

measure - planting riparian woodland - over a range of future climate change scenarios. Using the 

HEC-RAS software to model the hydraulics of water flow through the river system and other 

channels, this work provides insights in to the impact of riparian woodland on flood risk. This was 

combined with the methodology utilised for assessing costs and benefits in the Multi-Coloured 

Handbook from the Flood Hazard Research Centre, allowing avoided damages from flooding for the 

Eddleston village community to be assessed (including Peebles will add significantly greater benefits). 

The case study identifies the monetary benefits for flood alleviation but also includes further eco-

system services (enhanced water quality, carbon regulation and biodiversity) which are provided by 

the afforested areas in the catchment: Shiplaw (17.15ha), Portmore (5.46ha), Cring letie (2ha), 

Lakewood (1.88 ha) and Shiphorns (1ha).  Cringletie and Lake Wood provide some of these additional 

ecosystem services, but have no impact on flood risk in Eddleston itself, as they are downstream of 

the village. The net costs of planting and maintenance of trees are obtained and subtracted from the 

net benefits to obtain a net present value for the afforestation measures. The timeframe for the cost-

benefit analysis is 75 years, discounted at 3.5 % for year 1 to year 30 and 3 % for year 30 to 75. The 

study relied on benefit transfer for eco-system valuations originating from other studies. Costs and 

benefits are in 2012 prices when most riparian woodland was planted. Changes in flood magnitude 

driven by climate change are taken into account using the data of the UKCP09 weather generator. 

 

Results - Under all climate change scenarios, a positive net present value from NFM planting is 

shown, indicating that the riparian woodland is worth implementing, though full benefits will not be 

realised for some 15 years after implementation. Table 5 (below) presents the conclusion of the 

analysis, the net present value (NPV) and benefit-cost ratios of all climate change scenarios (low, 
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central, high) including all monetised benefits (flood regulation and further eco-system services) and 

costs. 

2016 2040 2080 

Low  

(£ per year) 

Central 

 (£ per year) 

High  

(£ per year) 

Low  

(£ per year) 

Central 

 (£ per year) 

High  

(£ per year) 
Low Central High 

TOTAL COST 

 5 034     6 181     7 137     5 034     6 181     7 137  5 034   6 181   7 137    

TOTAL BENEFITS 

 48 206     87 306     124 948     46 131     84 562     123 671     45 901     84 497     125 102    

NET BENEFITS 

 43 173     81 125     117 812     41 098     78 381     116 534     40 867     78 316     117 966    

BENEFIT COST RATIO 

9.6 14.1 17.5 9.2 13.7 17.3 9.1 13.7 17.5 

Table 5: Net benefits of riparian woodland (eco-system services and flood alleviation combined) 

All scenarios in the table show a positive NPV indicating that the riparian woodland was worthwhile 

implementing, with annual benefits ranging from £81,306 per year in 2016 (central value) to  £78,316 

in 2080 (central value). Flood alleviation benefits are lower in the future due to climate change impacts, 

which are projected to lead to increased peak flows and thus reduce the positive impact of woodland 

on flood risk. We observe a high benefit-cost ratio for the riparian woodland with the average being 

12.5. This shows that the benefits relative to the costs for the riparian woodland are significant (i.e. 

12.5 fold). The positive results are mainly driven by ecosystem services other than flood regulation, 

demonstrating the important multiple benefits delivered through NFM, including enhanced water 

quality, carbon regulation and biodiversity. If only flood reduction benefits are considered, the 

investment in riparian woodland is still positive under some of the flows in 2016, but flood regulation 

benefits are provided in all climate scenarios, and are greater for higher frequency flood events.  

 

11. Landowner engagement and perceptions 

Introduction - Natural Flood Management (NFM) is fundamental to achieving the aims of a 

catchment-based, sustainable flood management approach. However, relatively little is known of its 

potential financial impact and economic acceptability to the farming and land management 

community. To support policy development and implementation, empirical data on the business 

impacts of proposed NFM measures is needed, including information on the willingness of farmers to 

introduce different types of NFM measures within different farming systems , and what may influence 

their decision. Research and interviews initially undertaken at Eddleston and then latterly extended 
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to other catchments within Tweed, as part of a CREW project have examined the potential 

opportunities and barriers to the uptake of NFM. 

 

Methodology – The research initially involved a small survey of institutions and key stakeholders 

involved in NFM around Eddleston. This was followed by a larger-scale survey across the Borders of 

farmers’ attitudes to NFM and to the use of potential policy instruments to promote its uptake and 

delivery; and an economic analysis of the impact of different NFM measures under different 

scenarios and different farming systems. 

 

Results - Key points around farmers’ attitudes to NFM measures: 

Whilst direct financial incentives for NFM are not always necessary, they are generally more popular 

than non-financial ones but must be set at the right level to sustain farm units and attract 

engagement. Annual payments are favoured, along with long-term, guaranteed contractual 

arrangements to deliver focused outcomes. Income forgone may provide an acceptable means of 

assessing costs of NFM implementation to farm businesses ; however individual circumstances may 

mean even attractive opportunities for NFM are not seen as acceptable by the land manager 

concerned at that moment, but equally unexpected opportunities may arise and it is essential to take 

these on immediately where possible. 

 

The NFM measure most likely to be considered favourably is planting trees along a watercourse, 

whilst those NFM measures which reduce agricultural yield are least favoured. However, NFM 

measures deliver for flood risk reduction at different scales and those that are not seen as favourable 

by farmers, such as the large-scale creation of areas of sacrificial flood land in arable areas may still 

be very relevant in certain circumstances, such as immediately upstream of vulnerable communities . 

Promoting such options may require other incentives and means through which they can be co-

ordinated and delivered. 

 

Evidence of the effectiveness of NFM measures is essential for uptake; empirical local examples are 

more important and persuasive than models, and a catchment-based approach must be taken to the 

planning, approval, design and implementation of NFM measures . The use of a ‘Trusted Intermediary’ 

(Tweed Forum) is important to help explore options and promote landscape scale cooperation in a 

well-informed, non-confrontational and enthusiastic manner. 

 

 

12. Conclusions 

The study is still in its early years, but with each rainfall event and flood, new data are added to the 

science evidence base for NFM and river restoration. This new information strengthens the empirical 

basis upon which the Eddleston project is founded, as well as providing evidence that at the scale 

observed: 

 Restoration of the catchment can be undertaken alongside the continuation of sustainable 

farming and livelihoods, working through a trusted intermediary to identify opportunities and 

support engagement, though this will take time; 

 Different NFM measures can reduce flood risk through both temporarily storing surface 

waters and delaying the flood peaks, as well as through increased surface roughness and 

groundwater connectivity; 
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 Appreciable flood risk reduction through NFM is likely only to be achievable through the 

widespread application of many types of approach working together through-out the entire 

catchment; 

 The success of NFM measures is predominately to be seen when communities are impacted 

by events of a relatively small magnitude and frequent flood return period; 

 Collecting empirical data to demonstrate the effects of NFM measures on flood risk at the 

catchment scale will take a long time, but modelling can complement the approach 

meanwhile; 

 NFM measures to reduce flood risk and habitat enhancement measures to improve ecological 

condition (including WFD ecological status) provide a wide range of additional benefits and 

ecosystem services; 

 Appraisal of NFM measures show a positive net present value (NPV) from riparian planting, as 

well as the co-delivery of other benefits; and 

 Economic appraisals should consider benefits for NFM beyond just flood risk reduction to 

enable policy-makers to make decisions reflecting the true NPV of investment in NFM 


