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Executive Summary 

The Humber Estuary and Humberhead Levels are very important for both farming and wildlife. 

However, much of the habitat in the area is heavily degraded and fragmented. The area is at risk 

of flooding from a number of sources, including tidal, river, groundwater and surface water risk. 

Rising sea levels and changing weather patterns as a result of climate change mean that the risk 

of flooding will increase in the future. With limited government funding it may not be possible to 

maintain the current level of protection from flooding across the area, and innovative and 

collaborative solutions are therefore required to address this longstanding problem. 

The Water for Farmers and Wildlife partnership project has been developed to address these 

issues by exploring and assessing the feasibility of various multifunctional wetland habitat 

creation and flood storage techniques. Our aim has been to identify options that could provide 

significant benefits to farming, flood risk management, and wildlife on land around the 

Humberhead Levels and inner Humber Estuary. This has included both the consideration of 

small scale and larger scale techniques such as ‘temporary wetlands’ and biodiversity rich 

storage reservoirs. We have investigated the potential to build these techniques into the core 

business rationale of profitable farming, and assessed the relative costs and benefits for typical 

landholdings in the area. Further to this we have reviewed the potential consents and legislative 

challenges inherent in the application of these techniques.  

We have recommended that further desk and field based research be carried out to fully 

understand the financial costs and constraints of the two most promising techniques, temporary 

wetlands and biodiversity rich storage reservoirs. Further to this, we have modelled the suitability 

of the study area for the implementation of the techniques, highlighting that there are a variety of 

suitable locations where the techniques could be successfully applied. We plan to develop a 

second phase to explore the techniques and their applicability within the Humber area in more 

detail.
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1. Introduction 

1.1. Background to the project 

The Humber Estuary and Humberhead Levels have been identified as key areas to restore and 

create wetland habitats, as they provide internationally and nationally important habitat for a 

large number of breeding and wintering birds, as well as a variety of British mammals, 

amphibians, reptiles and invertebrates. The habitats in the area are highly fragmented and would 

benefit from improved connectivity between protected areas and surrounding areas, including 

farmland. In addition, the area suffers from acute water management issues, which will continue 

to increase with climate change. As the water management issues intensify, so will the demand 

for more efficient flood protection, drainage, and irrigation.  

There is little financial incentive to incorporate wetland habitat as a core part of commercial 

farming, and few funding streams available to help farmers address their water management 

issues; thus, innovative and collaborative solutions are required to address this longstanding 

problem. This project therefore aims to investigate the potential to build wetlands into the core 

business rationale of profitable farming. 

This report seeks to identify and test the feasibility of various theoretical options for creating multi 

functional water storage areas, which deliver benefits to farmers and biodiversity, on agricultural 

farmland around the inner Humber Estuary and Humberhead Levels. Water storage solutions 

may be designed in such a way that reduces flood risk to both local communities and the wider 

area. We therefore aim to develop options that deliver high quality habitats, but in a manner that 

provides benefits to farmers, such that the options are sufficiently desirable for farmers to want 

these schemes on their land. 

1.1.1. Project aims: 

 Identify potential multi-functional water storage and habitat creation techniques that 

provide water management benefits and biodiversity benefits to farmland around the 

inner Humber and Humberhead Levels. 

 Identify economic and financial impacts of techniques (i.e. identify relative costs and 

quantify financial ‘payback’ and risk from techniques), and potential funding streams 

available to landowners. 

 Identify any legislative barriers or constraints for proposed techniques  

 Identify possible trial sites (utilising knowledge/feedback from engagement with local 

farmers, and desk based GIS modelling). 

 Produce a final report detailing the outcomes of the above aims and recommendations 

on how to proceed with the next steps of the project. 

1.2. Wetland habitat 

In simple terms, and as the name suggests, a wetland is an area of land that is saturated with 

water either seasonally, or permanently. They are typically one of the most biologically diverse 

ecosystems, with characteristic vegetation and unique soil conditions distinguishing them from 

other types of habitats. The water found in wetlands can be freshwater, saltwater, or brackish; 

and wetland habitats found in the UK include: blanket bog; fen; lowland raised bog; purple moor 

grass and rush pastures; rivers/ditches; ponds/lakes; reed bed; wet woodland, and coastal and 

floodplain grazing marsh. These are however not to be confused with coastal and estuarine 
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habitats such as mudflat, shingle, sand dunes, salt marsh, and saline lagoons where plant 

communities are dominated by salt tolerant species due to tidal inundation.  

Wetlands support a variety of species, including invertebrates, mammals, amphibians, reptiles, 

and a host of birds. Reports suggest that the world may have around half of its wetlands since 

1900
1
, and in the UK it is believed that only 10% of wetlands present 1000 years ago remain

2
. 

Over recent years both wetland and estuarine habitats have been lost and degraded due to 

development, pollution, over exploitation, intensive agricultural production, and erosion and 

coastal squeeze; consequently impacting species abundance and diversity
3
. 

1.3. The Humber Estuary and Humberhead Levels 

The Humber Estuary is the second largest coastal plain Estuary in the UK, and drains a 

catchment area of around 20% of the total land surface of England. Water flows to the Estuary 

through various rivers and tributaries including the Ouse, Don, Aire, Derwent, and Trent. The 

Estuary is protected under UK, European, and international law due to its important habitats and 

species. Habitats of great value to conservation within the Estuary include the intertidal areas, 

mudflat, sandy beaches, saltmarsh, sand dunes, saline lagoons, and reedbed. These habitats 

provide shelter and food to a multitude of species including internationally important populations 

of seven species listed in Annex 1 of the EU Birds Directive
4
 (marsh harrier, avocet, little tern, 

bittern, hen harrier, golden plover, bar-tailed godwit
5
); the first four of which also breed on the 

Estuary. The Estuary is also an important industrial and agricultural area, with the ports handling 

over 14% of the UKs international trade
6
. There are a number of industrial sites situated along 

the Estuary, including power stations, oil refinery complexes, and chemical works. Due to the 

low-lying flat nature of the land it is at risk from tidal, fluvial, and surface water flooding. 

The Humberhead Levels are an area of low lying land predominantly made up of arable 

farmland, rivers, and wetland. The levels contain several sites of international nature 

conservation importance, including the lowland peatlands at Thorne, Hatfield, and Crowle Moors, 

and wetlands along the lower reaches of the River Derwent. In addition to containing the largest 

extent of remnant raised bogs in England, Thorne and Hatfield Moors are home to populations of 

breeding nightjar and common crane, as well as over 200 other bird species, and rich 

invertebrate populations. Livestock numbers remain relatively low in the area, as farming is 

dominated by high input cereals and root crops. This area in particular faces challenges with 

water availability, and is expected to suffer further with the anticipated effects of climate change.  

This low-lying, artificially drained area is at risk of flooding from a number of different sources. 

The Isle of Axholme Strategy sets out an approach to the management of the rivers Torne and 

Idle which lie at the heart of this heavily engineered and complex drainage system, served by 

more than 60 pumping stations and approximately 160 kilometres of flood defences. Larger 

rivers such as the Don, Ouse and Trent also have their own Strategies for the future 

management of risk. 

                                                   

1
 E. Maltby & T. Barker, The Wetlands Handbook, Wiley Blackwell, 2009, p.690 

2
 C. Hume, Wetlands Vision Technical Document: Overview and reporting of project philosophy and 

technical approach, The Wetland Vision Partnership, 2008, p.6 
3
 E. Maltby & T. Barker, The Wetlands Handbook, Wiley Blackwell, 2009, p.690-695 

4
 Directive 2009/147/EC on the conservation of wild birds 

5
 Marsh harrier (Circus aeruginosus), hen harrier (Circus cyaneus), avocet (Recurvirostra avosetta), little 

tern (Sternula albifrons), bittern (Botaurus stellaris), golden plover (Pluvialis apricaria), bar-tailed godwit 
(Limosa lapponica) 
6
 Humber Nature Partnership, http://www.humbernature.co.uk/estuary/, Accessed 11 January 2016 

http://www.humbernature.co.uk/estuary/
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Figure 1: Map of the project area 
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1.3.1. SSSI, SPA, and SAC habitats and species on the Estuary and HHLs 

Many sites on the Humber Estuary and in the Humberhead Levels are designated as SSSI (Sites 

of Scientific Interest), SPA (Special Protection Areas), and SAC (Special Areas of Conservation). 

SPAs are sites protected specifically under the EU Birds Directive
7
, and implemented in the UK 

through the Conservation of Habitats and Species regulations
8
. They are classified for rare and 

vulnerable birds as listed on Annex 1 of the Directive
9
, as well as regularly occurring migratory 

birds. The Humber Estuary, Lower Derwent, and Thorne and Hatfield Moors are designated as 

SPA. SACs are protected sites designated under the EU Habitats Directive and include habitats 

and species (excluding birds) that are considered most in need of conservation at a European 

level. The Humber Estuary is designated as a SAC for the Estuary’s habitats including its 

mudflats, sandflats, saltmarshes, sand dunes and saline lagoons. Thorne and Hatfield Moors are 

designated for their lowland raised bog.  

SSSI sites are designated under UK policy
10

, and are typically notified for their biological or 

geological interest. Biological sites of interest can be selected for their ecological 

characteristics/landscape (e.g.chalk grassland, fen, heathland), or the taxonomic groups 

identified within the given area (e.g. birds, invertebrates, mammals, reptiles, amphibians). Both 

the Humber Estuary and areas in the Humberhead Levels (i.e. Thorne, Crowle, and Hatfield 

Moors, the Lower Derwent Valley), are designated as SSSI, as well as many other smaller sites. 

  

                                                   

7
 Directive 2009/147/EC on the conservation of wild birds 

8
 The Conservation of Habitats and Species Regulations 2010 

9
 Directive 2009/147/EC on the conservation of wild birds 

10
 Wildlife and Countryside Act 1981 
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Figure 2: Designated sites in the project area 
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1.4. Challenges facing the Humber region 

The Humber Estuary and Humberhead Levels are facing a variety of challenges, most of which 

pose risks nationally. These include issues with water management (both reductions in water 

availability during spring and summer, and increases in winter rainfall), rising sea levels, species 

and habitat loss and degradation, loss of agricultural land, lack of habitat connectivity, climate 

change, and high land costs. These will be discussed in greater detail below: 

1.4.1. Water management 

Flooding 

Tidal flood risk affects the whole of the Upper Humber Estuary from a number of water courses 

including the Rivers Ouse, Trent, Aire, Dutch and Don. These rivers and smaller local 

watercourses and IDB ditches can also experience high water levels as a result of fluvial flows. A 

great deal of the area is also at risk from localised surface and groundwater flooding, though the 

impact of this is insignificant compared to tidal and fluvial flooding. The area is heavily protected 

by flood defences, and there is also a managed realignment/flood storage site at Alkborough 

which reduces in-channel water levels during extreme events. Sea level rises due to climate 

change are expected to result in increased flood risk in the area, with more frequent overtopping 

of the embankments and as drains become ‘tide-locked’ for longer periods, preventing drainage 

into larger water courses. At present the flood defences in this area offer a variable standard of 

protection. 

Water availability 

Contrary to the challenges facing the Estuary, discussions with farmers on the Humberhead 

Levels indicate that water availability, or lack thereof, posses as greater threat as flooding in 

certain areas. At present, the River Torne and Idle is a closed catchment for water abstraction 

(surface water and groundwater) because of low surface water flows and a low water table for 

groundwater. There is therefore no new water availability for irrigation, which is combined with 

high costs to obtain licences for summer abstraction11. Anticipated reductions in rainfall during 

spring and summer months, as well as deficits in soil moisture UK wide, are likely to exacerbate 

this situation (please refer to appendix 1). 

Water quality 

Diffuse pollution from farming practices and urban activities can have a detrimental effect on soil 

fertility, water quality, and ecology, including fish populations. This threat is currently under 

management through UK River Basin Management Plans
12;

 and maintaining good water quality 

as well as the appropriate application of chemicals should be addressed as a key issue for both 

organic and conventional farming. For further information on water quality concerns and WFD 

status in the area please refer to the Catchment Data Explorer
13

. 

  

                                                   

11
 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291404/LIT_5355_d453a5.p
df, Accessed 20 April 2016 
12

 River Basin Management Plans 2015-2021, https://www.gov.uk/government/collections/river-basin-
management-plans-2015, Accessed 05 February 2016 
13

 Catchment Data Explorer, http://environment.data.gov.uk/catchment-planning/, Accessed 05 May 2016 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291404/LIT_5355_d453a5.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291404/LIT_5355_d453a5.pdf
https://www.gov.uk/government/collections/river-basin-management-plans-2015
https://www.gov.uk/government/collections/river-basin-management-plans-2015
http://environment.data.gov.uk/catchment-planning/
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WFD policy  

The Water Framework Directive
14

 is a European directive which stipulates that member states 

must achieve good chemical and ecological status or potential by 2012 or 2027 for all surface 

water, groundwater and coastal water bodies unless it is technically unfeasible. This includes all 

ground and surface water (e.g. lakes, rivers, coastal waters). The status of surface water is 

assessed according to various criteria such as chemical quality (pollutants), biological quality 

(condition of fish, invertebrates, aquatic flora), hydromorphological quality (bank structure, 

silting), and physical-chemical quality (temperature, nutrient conditions). The water body is 

generally classified according to that element with the lowest status. 

1.4.2. Habitat and species loss 

Both the loss of habitat, and declines in species numbers, are issues of global concern. With up 

to one third of all species threatened with extinction globally, and up to 60% of animal and plant 

species in decline in the UK
15

, it is vital that habitats are preserved, restored, and created where 

possible. Internationally and nationally important populations of species on the Humber Estuary 

are under threat due to a number of causes, including but not limited to, loss and degradation of 

habitat, coastal squeeze, erosion, and sea level rises
16

. Likewise, the SAC raised bog at Thorne 

and Hatfield Moors is heavily degraded due to extensive drainage and loss of habitat through 

peat extraction
17

.  

In the local area, the Idle Washlands SSSI is an example of habitat loss and fragmentation with 

resultant loss of designated SSSI features. The washlands are now a shadow of their former 

importance as a regionally and nationally important area for wintering wildfowl, including 

Bewick’s swan, as they have lost 156.1 ha. The size of the SSSI has reduced from 244.6 ha 

down to 88.5 ha since the West Stockwith pumping station was installed and operated in the 

early 1980s, which resulted in the drying out of the washlands, and reduced the frequency and 

scale of winter inundations. This has also resulted in a general drying out of the lower River Idle 

valley and associated non-SSSI wetland areas. 

1.4.3. Ecological connectivity 

The fragmentation of habitats both nationally and in the Humber Estuary/Humberhead Levels is 

likely to continue to be a significant barrier to species recovery. Due to the loss of habitat through 

urban sprawl, and declines in biodiversity through agricultural intensification
18

, many species and 

habitats have been lost over recent years. It is important that habitats are preserved and restored 

where possible, especially in areas which lack corridors for species to travel, and where pockets 

of good habitat are isolated. The ecological connectivity between the Humber Estuary, its 

hinterland and the Humberhead Levels is poor and deteriorating. The intensive agricultural use, 

high agricultural grades of land and resulting prohibitive land costs in the hinterland, makes 

obtaining land for habitat creation extremely challenging, whilst limiting the availability of suitable 

seasonal wetlands for priority bird species. It is therefore crucial from a nature conservation 

perspective that alternative methods such as managing farmland in a more ecologically sensitive 

                                                   

14
 Council Directive 2000/60/EC establishing a framework for Community action in the field of water policy 

(Water Framework Directive) 
15

 Royal Society for the Protection of Birds, State of Nature Report, 2013, p.6 
16

 Hull Biodiversity Action Plan: Estuarine habitats, http://www.hull.ac.uk/HBP/ActionPlan/Estuary.htm, 
Accessed 12 November 2015 
17

 Natural England, Site Improvement Plan : Thorne and Hatfield Moors, 2014 
18

 Donald, P F et al, Further evidence of continent-wide impacts of agricultural intensification on European 
farmland birds, Proc. R. Soc. B, 2009, 268: 25-29 

http://www.hull.ac.uk/HBP/ActionPlan/Estuary.htm
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manner, and creating and restoring wetland on agricultural land are addressed to ensure there is 

no further fragmentation. 

1.4.4. Climate change 

“Warming of the climate system is unequivocal, and since the 1950s, many of the observed 

changes are unprecedented over decades to millennia. The atmosphere and ocean have 

warmed, the amounts of snow and ice have diminished, and sea level has risen. Anthropogenic 

greenhouse gas emissions have led to atmospheric concentrations of carbon dioxide, methane 

and nitrous oxide that are unprecedented in at least the last 800,000 years. It is therefore 

extremely likely that more than half of the observed increase in global average surface 

temperature from 1951 to 2010 was caused by the anthropogenic increase in GHG 

concentrations and other anthropogenic forcings together”
19

.  

In the UK we are currently experiencing the loss and endangerment of many species
20

, range 

shifts of species as temperatures rise
21

, and unusual weather patterns
22

. Water management 

issues across the area will continue to increase with climate change, with projected reductions in 

water availability in late spring and summer in this region and elsewhere in the UK
23

, and 

projected increases in winter rainfall in the UK
24

. Likewise, research indicates that there may be 

a moderately negative economic impact of climate change on the HHL area
25

. As sea levels rise 

the standard of protection of the existing defences will diminish over time, increasing flood risk to 

the land and communities behind the defences. There is limited central government funding 

available to deliver improvements to the existing defences. In future effective solutions to 

manage risk will need to incorporate a wider range of options which may include traditional 

engineered solutions such as raising existing defences, but also considers options such as flood 

storage, increased resilience and preparedness measures. 

1.4.5. Funding  

One source of funding available for creating and restoring habitat is likely to be Countryside 

Stewardship
26

. There are a number of options available depending on the option the farmer 

wishes to implement, and which best suits the land. Given the low lying nature of the Humber 

Estuary and Humberhead Levels, and aims of this project, wetland habitats would be most 

beneficial. These can be funded through various options (i.e. creation of reedbed, creation of wet 

grassland, creation of fen). Wetland habitats including reed bed, inter-tidal habitats, ponds, 

floodplain and grazing marsh, wet woodland, and fen have also been listed as priority habitats for 

Natural England’s Countryside Stewardship programme, and would therefore have a better 

prospect of attracting funding. Capital costs associated with countryside stewardship agreements 

can be paid to supplement options. However, it should be noted that whilst funding is potentially 

available through the CS scheme to supplement the techniques described in this report, CS 

                                                   

19
 IPCC, Climate Change 2014: Synthesis Report, 2014, pp 3-4 

20
 IPCC, Climate Change 2014: Synthesis Report, 2014, p6 

21
 IPCC, Climate Change 2014: Synthesis Report, 2014, p6 

22
 IPCC, Climate Change 2014: Synthesis Report, 2014, p6 

23
 Committee on Climate Change, see Appendix 1 

24
 Met Office, UK Climate Projections, http://ukclimateprojections.metoffice.gov.uk/21708, Accessed 16 

November 2015 
25

 European Environment Agency, Potential environmental and economic impact of climate change maps, 
http://www.eea.europa.eu/data-and-maps/figures/potential-environmental-and-economic-impact, Accessed 
16 November 2015 
26

 Countryside Stewardship Guidance, https://www.gov.uk/government/collections/countryside-stewardship-
get-paid-for-environmental-land-management, Accessed 05 February 2016 

http://ukclimateprojections.metoffice.gov.uk/21708
http://www.eea.europa.eu/data-and-maps/figures/potential-environmental-and-economic-impact
https://www.gov.uk/government/collections/countryside-stewardship-get-paid-for-environmental-land-management
https://www.gov.uk/government/collections/countryside-stewardship-get-paid-for-environmental-land-management


9 
 

funding is not currently available for some of the main techniques, including temporary wetlands, 

and this funding it more likely to support smaller scale changes. For further information on the 

applicability of the scheme to the techniques described, please refer to section 13.5 of this 

document. Additional sources of funding and tax breaks are available, such as RDPE grants, 

National Lottery Funding, flood defence tax relief, and many other smaller pots. However, 

funding has become very competitive, and it is thus vital that the economic benefits and risks of 

the techniques detailed in this document are duly considered if farmers progress without capital 

funding. Funding options will be discussed in more detail in Section 13.5 of this report. 
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2. Multifunctional Flood Storage Areas and Habitat Creation 

Techniques 

This section includes information on the techniques currently identified as having potential to 

deliver multifunctional storage areas and wetland habitats with farming and water management 

benefits, including their advantages/disadvantages (in general terms); and how to implement 

them. 

2.1. Temporary flooding of fields on a rotational basis (aka ‘walking wetlands’) 

2.1.1. Background to walking wetlands 

The concept of rotationally flooding agricultural fields was first devised and tested at Tule Lake 

and the Lower Klamath National Wildlife Refuges
27

, and Washington’s Skagit Valley
28

 in the 

United States of America. This technique involved flooding croplands rotationally using specific 

water management regimes to rapidly restore wetland habitat for the benefit of birds. Rotational 

flooding involved the temporary flooding of fields for specific periods of time, often forming part of 

a typical crop rotation. A number of positive effects were discovered following the implementation 

of this technique. Whilst the experimental walking wetlands only represented 4% of refuge lands, 

they supported 30-90% of some waterbird species. Farming gains included a reduction is pests 

and pathogens, enhanced soil fertility and tilth, reduced farming inputs, and higher quantity and 

quality of yields
28

. Monitoring of the flooded fields found that following wetland cycles of one to 

four years, no soil fumigation was required for pest and disease control, and yields increased up 

to 25%. In addition, the natural wetland soil and pest disease control functions facilitated the 

organic production of crops
27

. Negative findings were not reported for this project; however, the 

financial costs of the scheme were significant. These, and other potential negative effects, will be 

discussed in more detail in section 8 of the report. 

Further research was carried out to explore additional benefits of the walking wetland design in 

Washingtons Skagit Valley between 2006 and 2009. Data indicated that wetland rotations could 

attract a diversity of shorebird and waterfowl species, as well as lead to improvements in soil 

fertility
28

. Farming benefits included a reduction in crop pathogens (specifically black dot, white 

mold, silver scurf, and black scurf), improvements in soil health (more nutrients and organic 

matter in the soil), and ultimately, higher yields
28

. This project will be discussed in further detail 

as a standalone case study in section 6 of this document.  

In addition to the walking wetland programmes described above, there have also been a number 

of positive outcomes from rotational flooding of rice fields in the US. These programmes have 

been found to improve soil fertility, and provide better habitat for species, resulting in greater 

diversity and abundance of wintering and breeding waders and waterfowl
29

. This research has 

also been carried out alongside monitoring research on bird migration, which could be used as a 

method to incorporate science and monitoring into wetland rotation plans
29

. 

                                                   

27 U.S. Fish and Wildlife Services, Walking Wetlands, http://www.fws.gov/refuge/tulelake/walkingwetlands.html, 
Accessed 20 July 2015 
28 The Nature Conservancy, Farming for Wildlife: Creating shorebird habitat on working farms, March 2011 
29 The Nature Conservancy, http://www.conserveca.org/our-stories/all/7-spotlight/132-precision-conservation, 
Accessed 26 January 2016  

http://www.fws.gov/refuge/tulelake/walkingwetlands.html
http://www.conserveca.org/our-stories/all/7-spotlight/132-precision-conservation
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Dunlin flock on a wetland rotation site in the Skagit Valley, USA (Nature Conservancy) 

2.1.2. Nematode management and rotational flooding 

Potato cyst nematodes (PCNs) are a major concern for UK farming, and the control of 

nematodes by flooding has been advocated in certain locations
30

,
31

. As many plant-parasitic 

nematodes are intolerant of oxygen starvation, the anoxic conditions caused by flooding crop 

fields are sufficient to kill the majority
32

. In Cote d’Ivoire, banana fields are flooded for up to 5 

weeks, which is considered sufficient duration to kill the nematodes
33

. Likewise, flooding is used 

in the Netherlands to control nematodes in bulb fields
30

. In the UK, similar flooding methods are 

used to control potato cyst nematodes
34

, and results suggest that this is an effective technique at 

managing PCNs as an alternative to nematicides.  Bulb nematodes most affected by the flooding 

include: Pratylenchus penetrans, Globodera pallida, Globodera rostochiensis, Ditylenchus 

dipsaci, Aphelenchoides subtennis, and Rotylenchus
30

. This shall be discussed further in Section 

6 of this document (case study about temporary flooding on a site in Cambridgeshire). 

2.1.3. Factors to consider when constructing a temporary wetland 

Information has been prepared for this section through a combination of discussions with UK 

farmers utilising this technique
34

, and research from the USA
35

, and Netherlands
30

. To prepare 

for a temporary flooding rotation, a farmer would need to build a low bund around the field 

entering the wetland rotation. Disking the site immediately before flooding is believed to enhance 

the habitat value by creating a muddy substrate for probing birds, however this is optional. 

Likewise, if a suitable cover crop is sown for long enough prior to the flooding, it can be used to 

provide additional seed for wildfowl. Water will then need to be pumped onto the field (or in some 

instances, allowed to passively flood) until it reaches a maximum depth of 4 inches.  

                                                   

30 J. Kos, Mini Paper – Inundation in the cultivation of flower bulbs, 2010 
31 Gowen, S.R. & Quénéhervé, P. 1990. Nematode parasites of bananas, plantains and abaca. In M. Luc, 
R.A. Sikora & J. Bridge, eds. Plant-parasitic nematodes in subtropical and tropical agriculture, p. 431-460. 
Wallingford, UK, CAB International. 
32 R Dufour et al, Alternative Nematode Control: Pest Management Technical Note, Appropriate 
Technology Transfer for Rural Areas, 2003 
33 S. R. Gowen, Alternate strategies for nematode control towards sustainable agriculture, Agriculture and 
Consumer Protection, http://www.fao.org/docrep/v9978e/v9978e0a.htm, Accessed 03 August 2015 
34 A. Palmer, Pers comm, 2015 
35 The Nature Conservancy, Farming for Wildlife: Creating shorebird habitat on working farms, March 2011 

http://www.fao.org/docrep/v9978e/v9978e0a.htm


12 
 

There should ideally be some slightly deeper and shallower areas owing to the topography of the 

land. To gain maximum benefits the field should remain wet throughout the year,  and though a 

short period of drying during the summer months may be necessary, this should be kept to a 

minimum to ensure nematodes are fully destroyed. The field should ideally remain wet for more 

than one season, and farmers could exploit this period when entering into organic farming
36

. 

Water can be pumped in to the field to maintain levels if required, as keeping the field wet during 

the warmer months will provide maximum control of soil borne crop pathogens. The rotation 

schedule can be customised to meet individual farm management needs and changes in local 

climate. In the UK a short term 12 week seasonal flood rotation should either begin in April or 

September to benefit both wildlife and provide farming gains, but a farmer could also maintain 

the water on the land for anything up to 4 years. A one year flood rotation should ideally begin in 

the autumn; this would coincide with higher rainfall during the period where the water would be 

pumped onto the field (reducing fuel and abstraction costs).  

Once the wetland rotation of the field is at its end, the farmer would remove the bund and return 

to farming. To reduce costs the farmer could maintain the bund permanently if the field forms part 

of a rotation of flooding. The land should be drained slowly over a period of weeks to bring it back 

in to an appropriate condition to farm. Planting of crops that take up nitrogen and improve the soil 

structure (e.g. mustard seed or beans) immediately after draining may help to gain full advantage 

of the rotation’s natural fertiliser. It is anticipated that certain crops such as potatoes and beets 

would benefit from flooding, as both potato and beet cyst nematodes are prevalent in the HHL 

region. However, with appropriate management most crops should thrive under the conditions 

through the benefit of fewer weeds, more organic matter, and improved soil health
37

. Clay soil 

will retain water better than sandy or peaty soils, however lighter soils will drain faster at the end 

of the rotation, and allow the farmer to get their land back in to production sooner. It should be 

noted that additional control structures and management practices may be required to retain 

water on sandy or peaty soils during the summer months, should the farmer wish to extend the 

rotation past 1 year. 

  

                                                   

36 Typically conversion to organic farming requires that land remains free of chemicals for a minimum of two 
years. 
37 The Nature Conservancy, Farming for Wildlife: Creating shorebird habitat on working farms, March 2011 
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Example Scheme 1: Temporary inundation of fields in the Netherlands 

Bulb fields in the Netherlands are inundated every summer for around 10 weeks to control 

nematodes. This method is only used on sandy soils, and generally during the summer 

period. Some inundation has been trialled over the winter; however, the water has to be 

maintained on the land for 20 weeks to ensure that nematodes are fully destroyed. 

The water in pumped onto the land from a nearby ditch, and held on with either small bunds 

(approx 0.5m) or sheet piling. The sheet piling is dug in to a depth of approximately 0.5m, 

and this is thought to restrict nematode movement when the fields are flooded, ensuring that 

all nematodes are destroyed. The bunds are created with the sandy soil on site, and are not 

vegetated. They are removed post flood. 

Prior to inundation the field is levelled, and underground drainage is blocked following an 

initial clearing of the system. The standing water is maintained at a shallow depth between 

4cm and 8cm, and additional water is pumped onto the field during the inundation to maintain 

levels. It takes approximately 2 days to prepare an average field (levelling, bunds, drainage), 

and a week to fully inundate it. It can take up to a month before the field is completely drained 

post flood (this is done slowly to ensure normal water levels are restored in the soil), and 

another month before machinery can enter onto it. The land is then prepared for production 

through the application of organic material/compost.  

This method can be used to control nematodes, and figures indicate that a field need only be 

flooded every five years. No nematicides are required with this rotation. The method has also 

been found to suppress certain fungi and weeds, resulting in a reduction in herbicide use 

(approximately 20%). Aquatic invertebrates have been found to colonise the inundated fields 

(such as the larvae of chironomidae and branchiopoda); and number of birds have been seen 

to use the fields, including lapwing, terns, ringed plover, snipe, ruffs, greenshank, and 

sandpipers. The fields are not used for purposes of flood risk management. 

 

Inundated field by Pete Short 
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2.1.4. Warping (the process of naturally allowing tidal water to enter onto agricultural 

land during certain tides) 

Warping
38

  first originated in the early 1700s, and the last known accounts of warping were in the 

mid 1950s at Yokefleet and Blacktoft. Warping was only suitable in flat areas close to tidal rivers 

which rose up to 20 feet and brought in silt with the tide. The surrounding countryside needed to 

be lower than the river by 10 feet when the rise of the tide was 20 feet. With these figures in 

mind, the north bank between Goole and Blacktoft, and the south bank down as far as Crowle 

were the most suitable sites in the area. Warping sites were typically around 50-60 acres, and 

within close proximity to the Estuary.  

Following the decision to warp, a warping drain was constructed, approximately 20 foot deep, 15 

foot wide, and narrowing to 3 foot at the top end.  Drainage doors were placed at the mouth of 

the drain, and in later years these automatically opened on a good tide
39

. As the tide went back 

out the water on the warped fields would force the doors open. Land drains were not used for 

warping to ensure the saline and freshwater did not mix, to maintain appropriate water levels in 

the ditches (could be artificially high otherwise), and to keep silt out of the ditches. High banks 

were built around the fields to hold the water in, and some remnants of these still remain today
40

. 

Water took 9 hours to reach its peak, remained static for a few minutes, and then started to run 

off. Low tide was reached in 3 hours, by which time all water was off the land, apart from small 

areas of pooling. Warping of the land continued for between 18 months to 2 years, and some 

areas accumulated up to 2 foot of silt. Once the land had dried out naturally, a ryegrass was 

sown. The salt washed out of the land within several years, and the land was then suitable for 

any crop. According to descriptions, yields were phenomenal post warp, and by the second year 

the farmer could sow cereals, beet, and potatoes. Excessive yields diminished over time, but no 

artificial fertilisers were required for 10 years post warp. The warping noticeably improved soil 

fertility and warped land is still thought to be the most productive and fertile in the area many 

years on.  

Warping and temporary wetlands share various similarities, and while the objectives and benefits 

of the approaches may differ from a farming perspective, they do share parallels from a FRM 

standpoint.  The report recognises the differences between the two techniques, and would advise 

specific designs tailored to the methods. However, given the similarities, the techniques will be 

used interchangeably throughout the following sections unless otherwise stated. 

2.1.5. Salinity  

Though previous sites within the ‘walking wetlands’ programs have been served by freshwater 

sources, there is the potential to create temporary wetlands with brackish water obtained from 

the Humber. There is evidence to suggest that landholdings located on the inner Humber Estuary 

(and potentially flooded with saline water) could potentially hold water temporarily without it 

having a negative impact on crop growth. Data from between 2008 and 2014 for water salinity 

and soil salinity at Blacktoft indicate that most crop varieties would continue to produce typical 

yields under conditions where the soil is slightly saline (up to 6ds/m). This will be explored in 

more detail in Appendix 2 of this document.  

  

                                                   

38 I. K. Heard, Warping at Blacktoft House: Howden 1950, 1952, Journal of the RASE 
39 Neither high nor low 
40 G.Lister, Pers comm., 13 December 2015 
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2.1.6. Potential benefits and challenges associated with temporary wetlands 

Benefits 

 Water management benefits: Can be used for winter and summer flood storage. Lower 

levels in adjacent ditches. Maintaining primary and secondary bunds post flooding could 

increase storage capacity for major flood events. 

 Benefits for wildlife: Increase in wading bird and wildfowl abundance - provides 

passage, wintering, and potentially breeding habitat for a variety of species. 

 Benefits for farming: Reduction in nematodes and soil-borne pathogens, increase in 

organic matter and nitrogen required for better and bigger yields. Reduction in inputs 

(pesticide and fertiliser) and associated costs. Ideal way to manage land designated for 

organic crop. 

Challenges  

 Water management challenges: An abstraction licence is required to pump water into 

the fields, and some catchments may be closed or restricted. Some sediment and 

anoxic water may be pumped back in to ditches post flooding and this could lead to 

water quality issues. Mitigation may therefore be required to manage this, including 

measures to minimise the impact on receiving water courses when the temporary 

wetlands are drained. This could include simple measures such as hay bales, in ditch 

reed, or booms. For further details on water quality concerns related to this technique 

please refer to Appendix 3 of this document. Additional infrastructure will be required for 

warping to prevent the drain surcharging beyond the designed area to be warped. 

 Challenges for wildlife: Short term summer flooding would only provide passage habitat, 

and foraging would mainly be limited to species that feed on aquatic invertebrates. 

Possible negative impact on soil invertebrates and ‘good’ bacteria. 

 Challenges for farmers: It could take a significant amount of time to get clay fields back 

in to production, and this could prove unprofitable for farmers. Compaction and costs to 

remediate could be significant on clay soils. There is the potential that the effect of the 

flooding will be less effective at controlling nematodes in heavier soils if the anoxic 

water cannot penetrate low enough in the soil to reach the eggs. The flooding may 

introduce other organisms (including nematodes), and could destroy good soil 

organisms. No CS funding is currently available to subsidise the technique. Loss of 

productive land. 

2.2. Flood storage areas (wet grassland and arable washland) 

2.2.1. Background 

Wet grassland and arable washlands are typically areas within a floodplain that are inundated 

during major flood events to provide flood storage; and where used for this purpose, are referred 

to as flood storage areas (FSAs). FSAs offer a way of managing flood risk and achieving a range 

of other benefits such as extensive agriculture, recreation and amenity, and nature conservation. 

These multiple benefits can be designed into new flood storage areas or retro-fitted to existing 

ones. FSAs can be inundated frequently (e.g. at least several times a year), or only during major 

flood events, and are designed primarily for the purpose of reducing flood risk. Reservoirs, 

habitat such as fen and woodland, amenity grassland, and disused quarries also provide flood 

storage in parts of the UK. FSAs can either be natural or man-made, and will vary in their storage 
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capacity
41

. The most common forms of FSAs around the HHLs and Humber Estuary are wet 

grassland and arable land, and this report will therefore focus on the benefits and challenges of 

these two types of FSA.  

Wet grassland for flood storage: The UK has lost most of its wet grassland during the past 

century as a result of agricultural intensification, land drainage, and inappropriate management of 

existing flood defence infrastructure
42

. Wet grassland typically consists of coastal and floodplain 

grazing marsh, but could also includes species rich meadows, both of which are managed 

through cutting, or grazing with sheep or cattle. Where wet grassland acts as a storage reservoir 

for flood management purposes, regulation
43

 and maintenance expectations must be accounted 

for when managing the land, and may impact the associated benefits for waders and waterfowl. 

Due to the nature of wet grassland sites (high water levels, soft damp soil, shallow pools) they 

attract a variety of breeding bird species such as snipe, lapwing, curlew, and redshank; as well 

as provide feeding habitat for songbirds such as tree sparrow and reed bunting. In addition to 

birds, wet grassland provides habitat for various priority plant, invertebrate, amphibian and 

mammal species.  Reference to wet grassland in the following sections of this report will be with 

regards to wet grassland used for the purposes of flood storage. 

Arable washland: Washlands, whilst potentially managed as grazing land, will for the purposes of 

this report be considered as areas that consist of intensively managed arable crop (either cereals 

or horticulture). These are often owned or tenanted by farmers, and the Environment Agency 

manages outfalls, banks, sluices, and other flood management structures. Washlands will usually 

be drained throughout the year and may only be used to store flood waters during major flood 

events. On occasions when floodwater is allowed into the washlands, they will be drained as 

quickly as possible, but in many instances this will be through gravity as opposed to pumps. 

Depending on the frequency of flooding, arable washlands can still be very productive, but where 

the land is inundated regularly, other habitat may be preferable. In Yorkshire washlands are 

typically referred to as ‘Ings’, many of which are still managed through arable farming. 

 

Beckingham Marshes by Colin Wilkinson (rspb-images.com) 

                                                   

41 Environment Agency, Achieving more: operational flood storage areas and biodiversity, 2009 
42 Grassland Management for Species: The management of lowland wet grassland for birds, Wet 
Grassland Handbook, 1999 
43 Reservoirs Act, 1975 
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2.2.2. Factors to consider when creating wet grassland or washland sites 

Where creating washlands or wet grassland, it is important to consider how the area of land 

identified held water historically (e.g. was the area originally a wetland before drainage?). Ideally, 

low lying areas that have flooded previously will offer the greatest opportunities when restoring or 

creating washlands or wet grassland, however this is not a necessity. Knowledge of past 

management will help to identify methods of restoring appropriate drainage to the site. An 

understanding of the geology and soil structure will help inform whether the land can hold water 

for extended periods of time. Topographic information will be required to identify any low lying 

land, as well as topographical variation at a smaller scale Knowledge of the topography of the 

site could help with designing habitat for specific species  (e.g. areas of deeper water for 

wildfowl, and higher land that could remain bare for certain waders). It is important to consider 

how water levels will be managed, and whether it is necessary for land to remain wet throughout 

the whole year (e.g. is the site primarily serving as flood storage, or is the main aim to maintain 

as wet grassland for biodiversity benefits, with the addition of flood storage during the winter?). 

Recent data on annual rainfall, water level tables, and water sources in the local area will assist 

in determining how appropriate the area would be for creating washland or restoring wet 

grassland.  

Once a suitable wet grassland site has been identified, it is important to consider the water 

regime and main purpose of the site. For example, should the farmer maintain a low/high water 

table during winter months; should water levels be allowed to fluctuate; should shallow pools be 

allowed to dry out in the summer months, or should the whole site dry out during summer 

months. Management of the habitat is equally as important, and ideally should vary across the 

site. Best practice might be to include some areas of taller grass, some muddy bare areas, some 

localised areas of reed and rush (but keep the latter to a minimum). The site can either be grazed 

or cut for hay during dry periods outside of the breeding season. Management and creation of 

scrapes will enhance the habitat for various species, and should be incorporated into wet 

grassland where possible. It should be noted that most of the suggestions above are applicable 

only to wet grassland sites that are grazed or cut for hay as opposed to cropped washlands. 

2.2.3. Washlands and wet grassland for the purposes of flood storage 

Washlands maintained for the single purpose of providing storage during major flood events can 

be managed in various ways depending on the farmers’ needs, and do not necessarily need to 

be grazed. For example, washlands that flood infrequently are more typically used to grow crops, 

and those flooded regularly may grow crops that are resistant to inundation, or graze sheep or 

cattle. However, it is important that cropping or grazing activity on site is flexible, as these areas 

may be required to hold flood water at short notice. Washlands can be very large and under 

collective ownership; and local examples such as Cawood Ings can hold up to 13,500,000m3 of 

water when completely full
44

.  

Conversely, wet grassland used flood storage, but with the additional aim to provide wildlife 

benefits, is more likely to be kept wet throughout most of the year, thereby supporting bird and 

invertebrate assemblages. Wet grassland will provide the added benefit of improving water 

quality due to limited or no inputs, and the natural water purifying effects of wetland habitat. Due 

to the high water tables associated with wet grassland, it is unlikely to hold as much water as a 

washland during major flood events, however water can be retained on site for longer assuming 

appropriate management is in place.  

                                                   

44 M. Fuller, Pers comm, 05 August 2015 
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2.2.4. Benefits and challenges associated with wet grassland  

Benefits 

 Water management benefits: Provides water storage during major flood events. 

Wetland vegetation and lack of inputs will improve water quality of site and nearby 

ditches/channels. 

 Benefits for wildlife: Increase in wetland bird, plant, amphibian, and invertebrate 

diversity and abundance - provides wintering, passage, and breeding habitat important 

bird species. 

 Benefits for farmers: Creates flood storage so that crops elsewhere can be protected 

during major flood events (alternatively there may be uncontrolled flooding of farmland 

and major loss of crops). Smaller wet grassland areas may not involve complex 

regulatory processes.  Funding supplied through CS for wet grassland options, and 

potentially through flood alleviation/water quality schemes. 

Challenges 

 Water management challenges: The high water table required to maintain as wet 

grassland may limit the capacity of the site for holding flood water. 

 Challenges for wildlife: Potential loss of species with mismanagement. 

 Challenges for farmers: CS funding unlikely to be as profitable as a good crop off the 

field, however, this will depend on how frequently the land is inundated and how often it 

requires draining. Farmers will need to own and manage stock, which can be costly, 

and is uncommon in the Humber area. Stock farming is also beset by movement 

records, which can be difficult for farmers to manage properly. Wet grassland gives low 

of negative gross margins for livestock farmers. 

2.2.5. Benefits and challenges associated with washlands  

Benefits 

 Water management benefits: Provides water storage during major flood events. A 

network of smaller washlands may provide greater benefits. Possible reduction in the 

management of flood defences (e.g. flood banks). Better flood resilience. 

 Benefits for wildlife: Dependent on management of site. Cereal crops may provide food 

for farmland birds, and during periods where the site is wet, it may offer refuge to 

passage birds. 

 Benefits for farmers: Protects the rest of the farmland from uncontrolled inundation 

during major flood events, and can be used for farming the rest of the year. Deposition 

of silt can enrich agricultural productivity post flooding. If applicable, could graze during 

wetter periods before/after major flooding or take a hay crop. 

Challenges  

 Water management challenges: Need to manage site appropriately to ensure assets 

are in working order (typically a local flood risk management authority such as the 

EA/IDBs). 

 Challenges for wildlife: Intensive farming can reduce opportunities for wildlife and lead 

to issues with water quality, and irregular flooding provides little opportunity for foraging 

or breeding wetland species. Summer flooding could destroy species nests. 
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 Challenges for farmers: Regular flooding may lead to extensive loss of crop and require 

alternative farming methods. Uncertainty over crop loss each year, which is directly 

related to the time and duration of flooding. 

2.3. Biodiversity rich storage reservoirs  

2.3.1. Background 

Conventional storage reservoirs (both for the purposes of flood storage and water for irrigation) 

have traditionally provided few benefits for wildlife. However, recently there has been a greater 

focus on providing small (and some larger) scale wildlife benefits as part of reservoir design, 

which has shown to increase the abundance and diversity of many priority species
45

,
46

. Due to 

water abstraction challenges and shortages in water availability in many parts of the UK, many 

farmers have turned to storing water on-farm to meet their irrigation needs
47

. Recent droughts 

and the long term threat of climate change have only heightened concerns regarding future 

supplies for irrigated agriculture
47

. Research and ongoing projects elsewhere is the UK indicate 

that it is possible to design ground level biodiversity rich storage reservoirs that provide a variety 

of benefits, including supplying water for irrigation, flood water storage, and habitat for wildlife
45

.  

 

2.3.2. Factors to consider when designing a biodiversity rich water storage reservoir 

Many factors need to be considered before building a reservoir, and these will vary depending on 

the main purpose of the reservoir. In the initial stages it is important that the farmer considers 

their water requirements, water availability issues, opportunities to reduce flood risk, the size of 

reservoir they require to meet their needs, and the most appropriate location for the site. It will be 

necessary to acquire permissions (e.g. abstraction license, planning permission, environmental 

approval, archaeological approval) and comply with Reservoir Act regulation (assuming the 

reservoir falls under the act); and these may be one of the more costly elements of the design 

and creation of the reservoir. Finally, design and construction of the reservoir should include the 

following considerations: soil and geology (clay lined reservoirs are more effective at holding 

                                                   

45 Isle of White AONB Partnership, Agricultural Reservoirs Design Guide, 2011 
46 D. Wilding, Pers comm re: Otmoor Nature Reserve, 12 August 2015 
47 Environment Agency & Cranfield University, Thinking about an Irrigation Reservoir? A guide to planning, 
designing, constructing and commissioning a water storage reservoir 

Example Scheme 2: FRM/biodiversity reservoir in Cambridgeshire 

A scheme near to Ely was proposed and later designed and constructed, which included a 

large water storage reservoir of around 250,000m3, designed to hold water for wet grassland 

management. It stores water below ground level so as not to be classed as a reservoir. It is 

designed to fill in the winter (by gravity), partly using water that would otherwise be pumped 

out of the drainage district by the local IDB. The reservoir capacity is such that during storm 

events on record it has been calculated to take around 4-5% of the water that was previously 

being pumped out of the drainage catchment. Water from the reservoir is used to feed the 

adjacent wet grassland, and the owners are looking into the possibility of selling some of the 

remaining water to local farmers as summer abstraction licences aren’t available in the area 

due to drought restrictions. 

The reservoir incorporated some measures for biodiversity such as berms and reed shelves, 

eel mitigation, and a path and viewpoints for visitors. 
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water for extensive periods), lining, design features, safety, and opportunities for recreation or 

sharing of resources. In addition to designing wildlife features at the beginning of a process, it is 

also possible to retrospectively fit certain features to a more conventional reservoir. Designing 

reservoirs for wildlife can be cheap and simple if planned from the offset, and include a variety of 

options as detailed below: 

 Clay reservoirs  can be used to incorporate shallow muddy margins 

 Use on site natural clay where possible 

 Link the reservoir to other wetland habitat nearby (improves connectivity) 

 Plant trees and shrubs on the edges, but ensure there are open areas (tree planting 

should be restricted, as the roots can damage the integrity of the reservoir banks) 

 Sow native wildflower seed on the embankments 

 Graze embankments with sheep and/or cattle (to maintain a varied sward height) 

 Create shallow margins around the edges where reed and rush can take 

 Shape to include shallow and deep areas of water. Where possible use the natural 

topography of the land 

 Allow aquatic plants to colonise margins 

 Establish floating islands using wooden rafts  in deeper areas and cover with shingle or 

vegetation 

 Create scrapes and shallow dips in areas close to the reservoir to provide habitat for 

wading birds 

 Create additional reed, scrub, and wet grassland habitat surrounding/adjoining the 

reservoir if additional land is available 

 

Ouse Fen by Andy Hay (rspb-images.com) 

2.3.3. Salinity 

Data from between 2008 and 2014 for water salinity and soil salinity at Blacktoft and Boothferry 

Bridge indicates that most crop varieties (especially wheat, which is the dominant crop in the 

area) would produce typical yields if grown in slightly saline soils (up to 6 dS/m) such as those 

around the inner Humber Estuary.  Research also indicates that the extent of salinity in the water 

in these locations would not negatively impact soil fertility or structure. It is therefore possible that 

a storage reservoir could be designed to hold brackish water for FRM purposes, as well as 
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occasional irrigation. For further details on crop irrigation and salinity on the Humber Estuary 

please refer to Appendix 2.  

2.3.4. Benefits and challenges associated with biodiversity rich storage reservoirs   

Benefits 

 Water management benefits: Could provide additional localised storage for water during 

major flood events (with appropriate design). Could potentially be utilised to improve 

water quality through inclusion of floating islands, nutrient input from bird faeces, and 

deposition of phosphorous as the sediment drops out (assuming water is abstracted 

from the river). Further investigation will be required to fully understand the water quality 

benefits associated with specific designs. 

 Benefits for wildlife: Small scale improvements to reservoir design can provide 

significant benefits for wildlife with little additional cost. Linking to other wetland habitats 

in the vicinity will improve connectivity. Use of adjacent/surrounding reedbed and/or wet 

grassland could provide additional habitat for ‘dry land’ species, and reduce negative 

effects of agricultural run off. 

 Benefits for farmers: Protects the rest of the farmland from uncontrolled inundation 

during major flood events (if used in this manner), water storage for irrigation (increased 

water security, and cheaper abstraction charges), potential water quality benefits for 

salad farmers if reed bed included within the design), marketing advantage (will 

increase the asset value of the business and could trade water with other local farmers). 

Challenges  

 Water management challenges: An abstraction license is required, and this may not be 

possible in closed or restricted catchments. A Hands off the Flow license could be 

acquired in select catchments for winter abstraction, or during periods when water 

levels are very high.  

 Challenges for wildlife: Ideally methods to improve reservoirs for wildlife should be 

included at the design stage, as these could be more costly or restrictive further on in 

the process. Mismanagement of the reservoir could reduce its wildlife value. 

 Challenges for farmers: Cost implications – reservoirs are very expensive to design and 

build, and will result in a permanent loss of land under production, and as such they are 

long term investments. 

2.4. Creation of constructed wetlands 

2.4.1. Background 

Wetland habitat can provide a variety of ecosystem services, most notably through its water 

purification properties and supply of biomass as raw material. Additional uses include reed for 

thatching, manufacture of cellulose, construction (reed stems used for insulation and interior 

furnishings), and gardening (garden fences)
48

.  In agriculture it can be used for fodder for cattle 

and sheep, and summer harvested reed can be used as a fertiliser or for composting
48

. 

  

                                                   

48 J. F. Kobbing et al, The Utilisation of Reed (Phragmites australis): A Review, Mires and Peats, Volume 
13, 2013 
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2.4.2. Reed for biomass 

 Reed biomass can be used as an energy source either by combustion, biogas production, or 

biofuel production. The reed can be harvested at different times of the year depending on the 

intended production method, and both the stems and leaves can be used regardless of the 

length or diameter
48

. Due to the low density of reed biomass and limited number of commercial 

facilities that can manage unprocessed reed, it is often necessary to compress the material into 

briquettes or pellets to facilitate transport to power plants. Despite the many uses of reed for 

biomass, the associated costs of transport and production must be weighed against the 

anticipated yields and market value of the biomass to ensure the process is economically viable 

for the farmer. For further details on using reed for biomass please refer to the Humberhead 

Levels (HHL) NIA Biofuels project
49

. 

2.4.3. Constructed wetlands to manage water quality 

The use of wetlands for managing diffuse and point pollution is a fairly common technique within 

Britain and Europe, and has been shown to remove various nutrients such as nitrogen, 

potassium, and phosphorous from the water
50

. As nutrient accumulation is a common issue 

within agricultural environments, the use of wetlands and reed for purifying the water can be both 

cost effective (it is often cheaper to maintain reedbed for water purification then treat dirty water 

at a sewage treatment plant) and efficient at removing nutrients through natural processes
50

. In 

the United States, the concept of using wetlands for nutrient removal has evolved into a credit 

system whereby farmers create wetlands and receive credits for the nutrients removed from a 

given watercourse. These credits can then be purchased by cities or industries to meet their 

water quality standards (please refer to Appendix 4 for further details about this concept).  

Removing biomass from the wetland can also lead to a reduction in secondary pollution arising 

from sedimentation and plant decomposition, indicating that careful planning of biomass removal 

would enable the farmer to use the material (in many cases reed) for both biomass and water 

purification. However, combined with the financial benefits gained through water purification, 

biomass production, and water storage, this option could prove economically viable with good 

management. 

Constructed wetlands (including sustainable drainage systems) can be designed and constructed 

in urban or rural areas, and can be used to reduce various sources of pollution, including diffuse 

and point. They can provide habitat for wildlife, and potentially, depending on size and design, 

provide minor FRM benefits. Wetland options can be used to tackle the source of pollution, slow, 

break or re-direct the pathway of a pollutant, or to protect a receptor such as a river, ditch or 

stream.  For the purposes of this report constructed wetlands are defined as wetland features 

that can reduce diffuse and point water pollution from agriculture. These include in-ditch wetland, 

swale, sediment ponds (please see additional detail in section 2.4), and specifically designed 

wetlands to treat diffuse and point source effluent. For further information on constructed 

wetlands for farms, please refer to the Constructed Farm Wetlands Guide
51

. 

  

                                                   

49 N. Melville and P. Short, Humberhead Levels Nature Improvement Area Biofuels Project, 2010 
50 S. M. Mackenzie & C. I. McIlwraith, Constructed Farm Wetlands – treating agricultural water pollution and 
enhancing biodiversity, Wildfowl and Wetlands Trust/Natural England, 2013 
51

 S. M. Mackenzie & C. I. McIlwraith, Constructed Farm Wetlands – treating agricultural water pollution and 
enhancing biodiversity, Wildfowl and Wetlands Trust/Natural England, 2013 
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2.4.4. Benefits and challenges associated with constructed wetlands   

Benefits 

 Water management benefits: Provides small areas for water storage during major flood 

events, though this may be limited. Water quality benefits from a WFD perspective. 

 Benefits for wildlife: Many species breed and forage in reed, depending on the size and 

management, including bittern, marsh harrier, bearded tit, and reed bunting. Water 

voles, daubentons bats, and a variety of invertebrates will also potentially be attracted 

to this habitat.   

 Benefits for farmers: Could protect some of the farmland from uncontrolled inundation 

during major flood events (if used in this manner), water quality benefits locally and 

potential source of income through a ‘nutrient farming’ scheme. Economic benefits 

through production of biomass and capital/revenue through reedbed/wetland options 

under CS schemes. 

Challenges  

 Water management challenges: Relatively little water storage availability, but fairly large 

land requirement. Mismanagement could worsen water quality and in some 

circumstances pollutants may be released. 

 Challenges for wildlife: May not provide enough wetland habitat for certain species (e.g 

bittern), and close proximity to out buildings may deter species such as Marsh Harrier. 

Mismanagement of the constructed wetland may deter other species.  

 Challenges for farmers: Associated costs and contract hire -this is a long term 

investment. Mismanagement or lack of maintenance could result in more costs, and 

periods during which the wastewater treatment is ineffective. Loss of income from more 

profitable crops. 

2.5. Smaller scale improvements:  

There are a number of small scale improvements that could also be made to the farming 

landscape, most of which will help to develop ecological connectivity in the area by providing 

additional habitat or improving that which already exists. Whilst important, these small scale 

changes are not the focus of this project as we hope to identify large scale techniques at a 

catchment scale, that offer significant benefits to both flood risk management and farming. 

However, these enhancements combined with larger scale changes in land management and 

land use could help to improve water quality, develop flood resilience locally, and provide 

additional habitat for wildlife. Modifications could include:  improved embankment and 

watercourse maintenance, riparian buffer strips, and creation of ponds. 

2.5.1. Maintenance of embankments/flood banks 

Most flood banks and embankments are maintained by the Environment Agency (main rivers) 

and local Internal Drainage Boards. The EA has permissive powers in response to flood risk, and 

where they do not own flood banks, they can exercise their powers to maintain the banks if it is 

within the public interest. Typically the Environment Agency (EA) will either mow the banks 3 to 4 

times a year, or local farmers/farmers will graze with cattle or sheep
52

. The IDBs vary significantly 

across regions with their management of embankments, but maintenance typically will involve 

                                                   

52 M. Fuller, Pers comm., 14 Sept 2015 
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mowing or grazing. It is essential that embankments are managed appropriately and inspected 

regularly, as failure of an embankment during a flood event could endanger lives and cost billions 

in damages. Owing to this fact, the EA has a strict maintenance regime to safeguard the 

structural integrity of the embankments. Both regular mowing and grazing are effective ways to 

keep the soil compacted and allow staff to inspect banks for faults or issues.  

However, research indicates that there are wildlife friendly alternatives to the basic grass mixes 

used on embankments (e.g. cocksfoot and perennial rye-grass), and that low growing rhizomatic 

grasses such as fescue are well adapted to resist erosion caused by fast-flowing water, whilst at 

the same time maintaining the stability of the bank
53

. These short fescues could thus reduce 

mowing costs and flood risk, but as they allow space for low-growing wildflowers such as autumn 

hawkbit, harebell, and birds foot trefoil, they would also improve the embankments for wildlife
53

. 

Given this evidence it may be possible to trial alternative grass and wildflower mixes that are 

more beneficial to pollinators, an approach which could be combined with and compliment the 

national pollinator strategy objectives
54

. 

2.5.2. Maintenance of watercourses 

Much like embankments, watercourses are maintained by the EA (main rivers) and the IDBs/lead 

local flood risk authorities (ditches, dikes, birches, becks). Historically large and smaller 

watercourses have been damaged through over abstraction, pollution, drainage, channelling, 

vegetation removal, and deepening
55

. As a result of these activities watercourses and their 

edges offer few advantages to wildlife, and the negative impacts of pollution further exacerbate 

the problem. Whilst many of the processes described above have been utilised to manage 

flooding through conveyance, they often cause greater issues further downstream, and in many 

cases, more intense flooding when it does occur
56

. Appropriate management of watercourses, 

whether large rivers or small becks, is thus paramount to flood risk management and water 

quality challenges anticipated in the future.  

Approaching watercourse management from an ecological perspective will help to alleviate these 

issues and potentially save thousands of pounds. Planting of reed, taller vegetation, and other 

aquatic plants on the edges of watercourses will improve water quality, and strategically placed 

wood debris further upstream will help slow the flow of water, thereby reducing the threat of 

flooding further downstream
57

. In addition, naturalising watercourse layout would provide benefits 

in the longer term by reducing conveyance and subsequently the frequency of flooding
57

. It is 

equally important that ditches are not left to become overgrown thus restricting the movement of 

water through the channel. Management of smaller watercourses through nutrient farming 

schemes have proven effective in the US (see Appendix 4 – Nutrient Farming scheme), and 

similar methods could potentially be employed in the UK via other funding mechanisms.  

2.5.3. Riparian buffer strips 

Riparian buffers provide similar benefits to embankments, though typically the vegetation on 

them is strongly influenced by the presence of water. These strips may be under EA or IDB 

                                                   

53 E. Whitehead, A guide to the use of grass in hydraulic engineering practice, 1976; In Taming the Flood, 
J. Purseglove, 2015, pp233 
54 Department for Environment, Food and Rural Affairs, The National Pollinator Strategy: for bees and other 
pollinators in England, 2014 
55 J. Purseglove, Taming the Flood, 2015 
56 J. Purseglove, Taming the Flood, 2015 
57 Department for Environment, Food and Rural Affairs, Slowing the Flow at Pickering: Final Report, May 
2015 
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control, however often they are likely to remain under the maintenance and ownership of a 

farmer. These strips are very important for maintaining good water quality, and can prevent 

nitrogen, phosphorous, sediment, and other pesticides and pollutants from reaching a stream
58

. 

The strips may consist of native grass and wildflowers, hedges, or trees, and can serve as 

habitat for a variety of invertebrates, mammals, fish, and birds. These buffer strips can also 

provide flood protection by slowing floodwater and allowing it to soak in to the ground, and 

reduce erosion of the banks. Bank width, channel width, choice of vegetation (buffers on land 

with high levels of nutrients may be unable to develop high status plant communities), agricultural 

practices, access for maintenance, and cross compliance requirements in the adjacent land 

should all be taken into consideration when designing and managing a buffer strip.  

2.5.4. Creation of ponds and silt trips 

Ponds can be exceptionally wildlife rich, and provide habitat for a variety of species including 

invertebrates, mammals, amphibians, and birds. Ponds can vary in design depending on the 

aims (e.g. silt trap, flood defence, wildlife haven), and should typically form part of a wetland 

complex if used to their full potential. Ponds fed by groundwater or surface water will tend to be 

cleaner, whilst those connected to rivers and ditches are more likely to be polluted, and may be 

better utilised as silt traps. Creating ponds close to other wetland habitat will help to improve 

connectivity, and designing a complex with various pond designs will further improve the habitat 

(e.g. shallow ponds, deep ponds, reedbed, seasonal ponds, ponds with muddy substrate)
59

. 

Those ponds which fill with floodwater from rivers should be managed regularly as they are likely 

to fill with sediment far quicker than ponds fed with ground and surface water, and may become 

dominated by a few tolerant plant species such as reed sweet grass (Glyceria maxima)
59

. 

However, they do provide refuge for many other species including water voles, otters, birds, and 

fish (especially nurseries). If the aim is to create a pond for wildlife that has purer water then 

ideally these should be located away from a watercourse on high ground with buffer strips 

around them. This will still provide some flood defence benefits through accumulation of surface 

water, but the pond will be cleaner and easier to manage. To improve the potential of such ponds 

for wildlife, it would be beneficial to design a pond with an undulating profile where there are 

deeper sections in the centre, and shallow pond margins. These ponds should be designed so 

that water is present both during the winter and summer months
59

. Ponds are unlikely to be 

under EA or IDB management (and will therefore require strict management by the farmer) and 

should typically form part of a farmland landscape where land is available.  

  

                                                   

58 M. I. Stutter et al, Riparian Buffer Strips as a multifunctional Management Tool in Agricultural 
Landscapes, Journal of Environmental Quality, 2012, 41:297–303 
59 Pond Conservation, Designing Wildlife Ponds in the River Floodplain, Million Ponds Project 
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Summary of Sections 1 & 2 

The main techniques considered include: temporary wetlands, warping, biodiversity rich 

storage areas, agricultural washlands, wet grasslands, and constructed wetlands. 

There are smaller scale techniques that could be incorporated into large scale approaches to 

improve connectivity, including: ponds, maintenance of ditches and banks, and riparian buffer 

strips. 

Temporary wetlands could help to reduce nematode problems in potato and beet crop, 

manage weeds, and improve soil fertility, as well as providing flood storage, and habitat for 

waterbirds. 

Flood storage areas (FSAs) such as agricultural washland and wet grassland could 

significantly reduce flood risk, and provide habitat for wildlife (less so in the case of 

washlands); however farming challenges may limit the success and use of these techniques. 

Biodiversity rich storage areas could provide multifunctional benefits, but there may be 

significant challenges with legislation and abstraction. Developing a design that includes 

space for additional flood water, but that also suits the farmer for irrigation purposes may be 

challenging. 

Constructed wetlands may provide relatively small scale multifunctional benefits, and could 

help to improve water quality issues in the area. However, frequent management and high 

costs may be prohibitive. 
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3. Habitat Requirements of Humber Estuary and Humberhead Levels 

Species 

This section includes details on the habitat requirements of wintering, breeding and passage 

species of the Humber Estuary’s and Humberhead Levels’ nature conservation designations The 

species selected are those for which sites are designated within this project’s study area, or 

those for which the project study area holds regionally important populations. The predominance 

of birds in the list reflects their prevalence in the qualifying features of the study area’s 

designations, as well as their value as ecological indicators. Species are divided into categories 

according to whether they are wintering, breeding, or passage, as this reflects their habitat 

requirements (e.g. whether they require foraging or nesting habitat, what diet they 

maintain).Species are further divided into smaller categories (e.g. wintering wader, reedbed 

specialist) based on their typical requirements and those that they share in common. Information 

on species requirements has been compiled from BirdLife International factsheets, and species 

text from Red Data Birds in Britain
60

.  

3.1. Breeding waders 

 Redshank (Tringa totanus): Redshank breeds mainly on the coast, typically on the 

middle and upper salt marsh and coastal grazing marsh. Inland they will breed on damp 

pastures which are regularly inundated with floodwater, as well as areas of low lying 

land in river valleys. Small numbers will nest on lowland heaths and moorland. They 

favour longer vegetation to nest in, showing a preference for hiding their nest among 

grass or sedge tussocks. Breeding habitat for redshank has been lost through a 

combination of agricultural encroachment, drainage works, mismanagement, 

overgrazing, and flood alleviation works. 

 Curlew (Numenius arquata): Curlew favour rough grassland and upland areas which 

are moist and poorly drained such as moors and wet heaths. They typically nest on the 

ground in tussocks, or on dry grass with good overall visibility. Though they show a 

preference for denser vegetation to conceal their nests, this should not be too dense 

that adults and chicks cannot move around and forage. Breeding habitat for curlew has 

been lost through land-use change (specifically agricultural intensification, changes in 

agricultural practice, and afforestation of lower moorland). 

 Snipe (Gallinago gallinago): Snipe breed on or near soft soil where they can easily 

probe for food. They typically prefer taller vegetation (30cm +) for nest concealment 

(e.g. tussocks of grass, sedge and rush). They favour poorly drained unimproved 

pastures and the marshy edges of water bodies. Snipe will nest up until July, so it is 

important that the ground remains sufficiently soft to accommodate this. They prefer 

extensive wetland areas, and a mosaic of wet habitat within a given landscape would be 

ideal. The main threats to snipe habitat are agricultural intensification and drainage. 

                                                   

60
 L. Batten, P. Clement, C. J. Bibby, G.D. Elliot, & R. F. Porter, Red Data Birds in Britain, Poyser 

Mongraphs, 1990 



28 
 

 

Curlew by Andy Hay (rspb-images.com) 

3.2. Wintering waders 

 Golden Plover (Pluvialis apricaria): Golden plover move south and east during the 

winter, favouring lowland agricultural habitats and estuaries. They will typically feed on 

arable land, and occasionally on permanent pasture with short vegetation; and roost on 

ploughed fields and winter cereals. 

 Lapwing (Vanellus vanellus): Wintering lapwing are attracted to newly ploughed fields, 

grazed pasture, wet grassland, and winter stubble. They favour open fields with good 

visibility, and feed on bare ground or in vegetation less than 15cm high. In winter, their 

diet consists almost entirely of earthworms and leatherjackets.  

 Curlew (Numenius arquata): Most curlews winter in coastal areas of the UK where they 

feed on inter-tidal mudflats, although research has shown the importance of 

surrounding farmland as supplementary feeding habitat. They feed on a variety of 

organisms including commoner bivalve molluscs, polychaete worms and crustaceans 

(intertidal areas), and adult and larval insects and earthworms. 

3.3. Passage waders 

 Dunlin (Calidris alpina): Dunlin feed over all shore levels, but favour the middle shore, 

and tend to roost in nearby fields and saltmarsh. They prefer to feed in shallowly 

covered areas of mud or wet sward.  

 Ruff (Philomachus pugnax):  Wintering and passage ruff are typically found on non-tidal 

wetlands, as well as wet grassland with a high water table.  They feed on invertebrates 

gleaned from the surface of water, mud or vegetation, as well as through probing in 

mud and soil. 

 Whimbrel (Numenius phaeopus): This species forages singly or in small groups, and 

can be found foraging in a variety of locations such as wet moorland, wet grassland, 

farmland, and estuaries. Their diet consists mainly of adult and larval insects, spiders, 

earthworms and snails. Whilst foraging in coastal habitats they feed on crustaceans, 

molluscs, and polychaete worms. 
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 Redshank (Tringa totanus): Three quarters of redshank in the UK winter on estuaries 

and rocky shores, though their feeding range can extend to pasture during high tide. 

Winter food typically consists of estuarine invertebrates, and roosts are often located on 

sparsely vegetated islets, bare arable fields, spits and the banks of pools and creeks. 

 Black-tailed godwit (Limosa limosa): Black-tailed godwits are most likely to feed on 

estuaries and wet grassland that is regularly inundated during their spring or autumn 

passage. They obtain food through probing mud, and typically feed on oligochaete and 

polychaete worms and molluscs. 

 

 

Black-tailed godwit by Gordon Langsbury (rspb-images.com) 

3.4. Wintering/passage/other 

 Hen Harrier (Circus cyaneus)(winter/passage visitor to area): Hen harriers typically 

forage in moorland and grassland, and feed on small birds, grouse and voles. During 

the winter they disperse quite widely throughout the UK, and feed in open areas that are 

relatively undisturbed (both lowland and upland). They will benefit from a mosaic of 

grass, heather and bog, as well as scrubby areas that contain high densities of small 

bird prey.  

 Barn owl (Tyto alba)(breeding species): Barn owls forage over open countryside, 

showing a preference for rough grassland, field margins and woodland edges. Arable 

farms with patches or strips of rough grassland offer the greatest benefits, in addition to 

stubble fields during the winter, and young deciduous plantations. Their main food 

source consist of voles, mice, rats, and shrews; though they are also know to feed on 

bats, moles, rabbits, weasels, birds, amphibians, and invertebrates. Winter roost sites 

will typically offer the barn owl a good source of shelter and be located close to their 

foraging habitat. 

3.5. Breeding other 

 Reed warbler (Acrocephalus scirpaceus): This species nests in between two or three 

reed stems, and is thus found almost exclusively in mature reed bed. The reed bed can 

be located along estuaries, lake shores, ditches and rivers. Less commonly it can be 



30 
 

found breeding and foraging in drier habitats such as scrub, and winters in tall grass, 

bushes, forest edges and garden hedges. It is predominantly insectivorous catching its 

prey on reed stems, in bushes, and on the ground. 

 Grasshopper warbler (Locustella naevia): Grasshopper warbler breeding habitat 

varies across habitats, but they do show a preference for sites with dense vegetation at 

ground level, sparse vegetation above 2m, softer soil, and potential song posts nearby. 

They will typically be found near a water source and nests are hidden in thick vegetation 

such as grass tussocks, reedbed, gorse bushes, scrub, and hedgerows, thus showing 

neither a preference for dry or wet habitat. They will typically forage amongst the 

undergrowth in bushes and dense grass and are predominantly insectivorous.  

 Marsh Harrier (Circus aeruginosus): Marsh harriers usually hunt over open countryside 

dominated by aquatic vegetation (i.e. reedbed, grazing and salt marshes), and where 

this is not possible, hunting takes place over agricultural land. They feed on birds, 

rabbits, and small mammals. They favour brackish or freshwater equally, and do not 

appear to be discouraged by agricultural intensification (either for breeding or feeding). 

Those breeding in the area will create a nest from a pile of reeds, typically hidden in 

dense marsh vegetation. 

3.6. Wintering wildfowl 

 Shelduck (Tadorna tadorna): Shelduck almost exclusively feed in shallow coastal and 

estuarine waters where extensive low tides reveal sand and mudflat, and inland shallow 

water. They can also be found inland on saline and brackish lakes, and may on 

occasion utilise freshwater habitats. Their main source of food consists primarily of 

Hydrobia as well as other aquatic invertebrates. 

 Wigeon (Anas penelope): During the winter wigeon frequent mudflats, coastal flooded 

grassland, saltmarsh pastures, and inland flooded grassland. They are almost entirely 

vegetarian and feed in dense grazing flocks. Their food source varies depending on the 

habitat, and can include eel-grass and seaweed (coastal mudflats), marsh foxtail, flote 

grass, and creeping bent-grass (coastal and inland flooded grassland) and stubble grain 

and sprouting winter wheat (inland arable and grazing habitat). 

 Teal (Anas crecca): Teal frequent areas of shallow water on estuaries, coastal lagoons, 

flooded pasture and ponds, and coastal and inland marshes. They are widely 

distributed both on inland and coastal habitats across the UK. They are a dabbling 

feeder and thus dependent on open water or muddy areas to acquire their food. They 

mainly feed on seeds of aquatic plants, small aquatic invertebrates, and winter stubble. 

 Pochard (Aythya ferina): In winter this species can be found in lowland freshwater 

reservoirs, lakes, ponds and gravel pits. They chiefly feed on plants, crustaceans, 

molluscs, insects, fish, and frogs; consequently feeding in water bodies with a good 

growth of submerged aquatic plants and small animals. They require extensive areas of 

nutrient rich open water less than 6m deep that is uncluttered with floating vegetation.  

 Bewick’s swan (Cygnus columbianus bewickii): Bewick’s swans tend to frequent flat 

lowland areas below 100m, usually near extensive open land. They show a preference 

for damp or flooded grassland or arable farmland free from disturbance, as well as 

lakes, reservoirs, saltmarsh, and rivers. Their food consists of grasses and aquatic 

plants, as well as waste root crops, grain stubbles and winter cereals. 

 Whooper swan (Cygnus cygnus): Whooper swans
 
typically winter on freshwater lakes 

and marshes, estuaries, sheltered coasts, and brackish lagoons. More recently they 

have started wintering on low-lying agricultural land and wet pastures. Their diet 
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consists of leaves, stems and roots of aquatic plants, grasses and sedges, agricultural 

grain, vegetables, and marine and freshwater mussels.  

 Mute swan (Cygnus olor): Wintering mute swans typically occupy lowland freshwater 

wetlands, including reedbed, ponds, shallow lakes, reservoirs, ditches, marshland, and 

clean rivers. They will also graze on grassland and agricultural land, and moulting 

congregations of adults and non-breeders have also shown a preference for brackish 

and saline habitats such as lagoons, estuaries, and sheltered coastal sites. Their diet 

consists of leaves, aquatic plants, grasses, algae, grain, aquatic invertebrates, and on 

occasion, small amphibians. 

3.7. Reedbed specialists 

 Bearded tit  (Panurus biarmicus): Bearded tits are almost exclusively confined to 

reedbed (typically large areas), feeding on seeds obtained from reed, sedge, nettle, and 

willowherb, as well as occasional invertebrates. They can be found near reed in both 

freshwater and brackish habitats including lakes, rivers, and marshes. 

 

Bearded tit by Andy Hay (rspb-images.com) 

3.8. Wet woodland/scrub specialists 

 Willow tit (Poecile montanus): Willow tits typically inhabit damp woodland and mature 

scrub, using standing dead wood to excavate their nest and well developed shrub 

layers for feeding. They feed on invertebrates and seeds, and prefer to forage in shrub 

layer 2 to 4 m high with a preference for willow and birch species, hawthorn, elder, and 

alder. 

 Turtle dove (Streptopelia turtur): Turtle doves breed in arable and woodland areas, and 

typically nest in hedgerows, scrub, woodland, and isolated bushes. Nest can be located 

at just above ground level to 20m high. Outside of nesting, turtle dove habitat consists 

of a mixture of tall, thick, mature hedgerows, shrubby woodland margins, scrub, arable 

farmland, grassland, and open weedy patches. Their diet consists of seeds from crops 

and weeds, and they are often seen feeding where the vegetation is short and sparse. If 

their preferred feeding sites are limited they will forage on weedy rape crop or dumped 

grain. 

 Woodcock (Scolopax rusticola): Woodcock breeding habitat typically consists of large 

unfragmented areas of deciduous or mixed broadleaved and coniferous woodland with 
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dense undergrowth. They prefer a mixture of damp areas for feeding, clearings for 

flight, and dry warm areas of nesting and resting. They forage in soft soils where they 

can probe into the ground, and feed on earthworms, invertebrates, freshwater molluscs, 

and seeds. Typically this species will forage out of sight during the day, and nocturnal 

feeding tends to occur in pasture and hay meadows. 

3.9. Other priority bird species associated with the area 

 Common crane (Grus grus): Cranes need large areas of undisturbed wetlands to 

breed successfully, and will typically be found in reedy wetlands adjacent to farm land. 

Their nests are placed in areas of low marsh adjacent to open areas with good lines of 

sight. It is thought that they may require up to 150ha of wetland per pair, and thus large 

undisturbed areas are likely required for this species to breed successfully. However, 

they are quite adaptable within the wetland environment, exploiting bog, reedbed, mire 

and peat, deciduous and coniferous forest, and arable land. They feed on a wide range 

of vegetable and animal matter including potatoes, grain, grass shoots, invertebrates, 

frogs, and worms.  

 Black-necked grebe (Podiceps nigricollis): The breeding population of black-necked 

grebe in the UK show a preference for lowland eutrophic meres, ponds, patches of 

reed, newly flooded areas, and reservoirs with extensive emergent vegetation. During 

the breeding season they typically inhabit freshwater habitat, but will often winter in 

saline habitats such as estuaries and inshore shallows. They nest in shallow water, and 

hide the nests in dense reed or sedge. Their diet mainly consists of aquatic insects, 

midges, molluscs, crustaceans, amphibians, worms, snails, and  

3.10. Other wetland non-bird priority species 

The species described below have been identified as those most relevant to wetland habitats in 

the area based on local BAP plans and NIA focus species. Seals have not been included, as 

they are typically found on the outer Estuary. 

 Otter (Lutra lutra): Otters exploit both freshwater and saline habitats, and are most 

typically found foraging in shallow areas on rivers, lakes, and streams. Though they live 

on land, they will always remain very close to a water source and can be found in 

marshes, wet woodland, rocky shores and banks of ditches, streams and lakes. They 

utilise a variety of sites to breed, typically revisiting them every year. These include 

man-made areas such as pipes and buildings, as well as densely vegetated wetland 

areas such as woodland, reed bed and scrub. Their diet mainly consists of fish, though 

they will eat crustaceans, amphibians, insects, birds, and small mammals during 

periods when fish is scarce.  

 Water vole (Arvicola amphibius): Water voles can be found inhabiting banks of rivers, 

streams, canals, lakes, and ponds, typically where waters are slow flowing or still. They 

require steep banks so they can create a variety of burrows at different levels, thus 

affording them protection during major flood events. They are predominantly herbivores, 

feeding on grasses, sedges, and reed. It is thus very important that an adequate 

amount of vegetation is available for this species, as they require it both for shelter and 

food. Shading by shrubs and trees should be kept to a minimum. 

 Great crested newt (Triturus cristatus): Great crested newts require both terrestrial and 

aquatic habitat, and will most commonly be found in medium sized ponds with extensive 

vegetation (both submerged and emergent). Ideally some of the pond should be left free 

of vegetation, with a small section lacking shade on the southern margin. They will 



33 
 

inhabit both temporary and permanent ponds, and these should contain an abundance 

of aquatic invertebrates to feed on. On land they forage in grassland and woodland 

habitats, typically where invertebrate prey is abundant. 

 European Eel (Anguilla anguilla): Under natural conditions eels only occur in rivers and 

streams connected to the sea, and are most likely to be found in estuaries, lagoons, 

and coastal waters. As adults they will inhabit freshwater and saline water, but move in 

to marine waters to breed. It is vital that their migration and travel through UK rivers and 

streams is not impeded by barriers such as water pumping stations and screens. Over 

abstraction of rivers and ditches, as well as pollution from run-off will both negatively 

affect this species, and it is therefore important that their habitat is protected through 

appropriate water management practices. 

 Lamprey (Petromyzonidae): River and sea lamprey are anadromous species which 

spawn in freshwater, but complete part of their lifestyle in estuaries or at sea. Estuaries 

are considered important migratory routes with near-shore coastal margins being 

important migratory and feeding grounds. It is important that the characteristic physical 

form and flow dynamics of the estuary are maintained, and that no artificial barriers 

impair adults from reaching spawning grounds, or juveniles from moving downstream. 
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4. Farming and Water Management Requirements on the Inner 

Humber Estuary and Humberhead Levels 

This section includes information on the requirements of farmers in the study area. This 

information has been collated through discussions with local farmers, the Ouse and Humber and 

Shire Group IDBs, and the National Farmers Union (NFU). It includes a brief description of 

general farming requirements and a map detailing the water management challenges in the area. 

4.1. General farming activity 

Farming on the Humber Estuary and Humberhead Levels is typically grade 1 and grade 2 arable, 

with a few select areas of grazing land. Field drainage is managed by local IDBs as the area is 

predominantly below mean sea level and is subject to very wet conditions. Drains divide many of 

the fields, as well as occasional hedgerows and tree canopies. The soil varies across locations 

and within farms, with heavy clay, silt, and loam common nearer the Estuary, and some lighter 

soils (peat, sand, lighter clays) further towards the Isle of Axholme. There is a mixture of owned 

and leased land in the area, and discussions were held with landowners and tenants, as well as 

farmers managing large and small holdings. 

4.2. Pests and pathogens 

The primary pest/pathogen/weed concern in the area is black grass (Alopecurus myosuroides), 

with it affecting the majority of farmers contacted as part of this study. Black grass is resistant to 

herbicides, and 80% of black grass emergence occurs in early autumn, affecting winter cereals 

such as wheat and oil seed rape
61

. Managing black grass outbreaks by ‘stacking’ herbicides has 

proved beneficial in the short term; however, long term approaches are required, and some non 

chemical methods of control have been applied more recently
62

. Other pests and pathogens 

affecting farmers in the area include potato cyst nematodes, flea beetle, and slugs. Potato cyst 

nematodes (Globodera) are thought to be present in around two thirds of potato fields in the UK, 

and cause damage valued at over £50 million every year
63

. They are becoming increasingly 

resistant to nematicides, and current research indicates that warmer temperatures may facilitate 

a second generation of PCN within a growing season
63

, raising more concerns about the 

prevalence of this pest. Slugs are a major threat to UK agriculture; and the total average annual 

cost to the UK industry if not using pesticides to control slugs in wheat and oilseed rape (OSR) is 

estimated to be £43.5 million per year. For OSR, the estimated average annual yield loss caused 

by this pest is 4% of the area affected; and for wheat, the estimated average annual yield loss 

caused by slugs is 5% of the area affected
64

.  The primary molluscicide to manage this pest, 

Metaldehyde, is also heavily implicated in water quality concerns across the UK
65

. 
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4.3. Typical crops for the area 

Landholdings near the Humber Estuary and Trent River are dominated by cereal crops, in 

particular spring and winter wheat. In addition, many of the farms grow barley and oil seed rape 

(OSR), as well as occasional linseed. Break crops typically include potatoes, beans, vining peas, 

and sugar beet. In addition to cereals, other crops such as carrots, brassicas, and salads are 

typically grown further south towards the Isle of Axholme; as well a canary seed, millet, and 

maize. Both willow and grass turf are farmed in the area, but form only a small minority of the 

crops. An example breakdown of crops on one large commercial farm on the Estuary included: 

40% wheat, 20% OSR, 10% vining peas, 10% sugar beet, 10% potatoes, 5% spring beans, and 

5% barley. Only a small percentage of farmers had grazing stock, and these include a 

combination of sheep and cattle. 

 

 

Wheat field by Andy Hay (rspb-images.com) 

4.4. Typical yields 

Details for yields on some of the larger commercial farms near the Humber Estuary and HHLs 

were obtained, and these indicated that the farms were very high yielding, comparing favourably 

against high yield values in the Nix Farm Management Pocketbook
66

. Cereal crops in Yorkshire 

and Lincolnshire have performed very well this year, with several farmers producing the highest 

yields on record in the area
67

. However, some of the mixed crop farms further south towards 

Doncaster were not obtaining such high yields, and were adapting to the market and climate 

change by varying rotations/crops on a more fluid basis. 
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4.5. Cover crops and stewardship 

Many of the farms visited were, or had been, within an Entry Level or Higher Level Stewardship 

scheme, adopting options such as management of ditches, buffer strips, pollen and nectar mixes, 

wild bird seed cover, and field corners. Several had also taken the initiative to sow wild bird seed 

mix at their own cost. Cover and catch crops had been trialled at several farms with varying 

levels of success; on several occasions the seed had been delivered, but harvesting was too late 

to get a good cover crop in on time. These trials were adopted to investigate management of 

black grass issues and deliver improvements to soil quality. Farms that grew maize felt that this 

crop was particularly useful for increasing organic matter, as opposed to the use of cover crops. 

4.6. Water management challenges 

Flood risk and water management challenges varied across farms/locations, and this dictated 

both the requirement for water storage reservoirs, and flood defence schemes. Several farms 

had moist soil and crops that required less water to obtain a good yield, and as such had no 

requirement for storage reservoirs or irrigation. A number of farms also had the facility to irrigate, 

but chose to limit it to specific crops and years that were particularly dry. On a number of 

occasions, farmers chose to grow drought tolerant crops such as millet and maize, thereby 

reducing the need for irrigation/potential loss of crop during dry years. In several instances the 

farmers felt that irrigation was not justifiable for cereals, given their low market value.  

Several farms had experienced issues with surface, tidal and/or fluvial flooding. Most of the 

farmers on the inner Humber Estuary (both north and south banks) had been flooded during 

winter 2013, and several farmers had also experienced surface and fluvial flooding during 

2007/2008. Several of the farmers had land in washlands, which flooded frequently. Where this 

occurred, some has chosen to revert the land to wet grassland and graze/cut for hay where 

possible, and others were continuing to grow crops. All of the farmers spoken to had 

underground drainage on the landholding. Following discussions around the future impacts of 

climate change, many farmers felt that they would like to ‘future proof’ their land against the 

effects, but that the cost implications of the techniques discussed meant it was a long term 

investment that needed due consideration. Water management challenges in the area (based on 

discussions with local farmers and Environment Agency data) have been highlighted on the map 

below, which provides an indication of the concerns that farmers have raised for their local areas.  

4.6.1. Water management challenges in specific regions 

Water management challenges relate to quantity and quality of water. The study area falls into 

two Environment Agency regions. For Yorkshire this includes the land on the north bank of the 

Estuary, west of the M18 and around Goole Moors and Swinefleet pastures. The area around the 

Humber Estuary and Humberhead Levels is at risk of flooding from a number of different 

sources, including tidal, fluvial, groundwater and surface water risk. Rising sea levels and 

changing weather patterns as a result of climate change mean that the risk of flooding will 

increase in the future. Within these areas a number of water bodies are failing WFD standards 

due to contributions from agriculture, physical modifications, and rural diffuse pollution. The 

failure is attributed to Phosphate losses from agricultural activity, and this is likely to be linked 

with the loss of sediment through surface runoff.   

South of the Humber Estuary in the HHLs are the Idle and Torne catchments. The Idle and Torne 

are heavily managed catchments, with both watercourses reliant upon pumping stations to 

discharge into the River Trent. The River Trent is tidal from the north of Newark to its eventual 

outfall into the River Humber, at Alkborough. The channel is heavily embanked by major flood 



37 
 

defences. In 2013 a tidal surge overtopped many of these defences from the Humber to Keadby. 

The challenge is to find a level of management that ensures suitable levels of flood risk 

management in the future, whilst balancing the costs of maintaining the flood risk assets in the 

area. There are a number of water bodies within the area that do not achieve Good WFD Status.  

Rural diffuse pollution is one of the important factors for this, along with water availability, historic 

land management practices, inputs from sewage treatment works, poor fish populations, and 

some low grade habitats. 

 

 

Goole Bend during the 2013 flooding (Environment Agency Geomatics Team)  
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5. Relevant Requirements for Techniques 

This section includes general details on the relevant requirements (natural/landscape/utilities) 

necessary for using the techniques described in section 2 of this document. Further information 

on regulation including reservoirs act and planning permission are detailed in section 11 of this 

report. 

5.1. Requirements for temporary wetlands 

5.1.1. Soil type 

It is vital that soil type is considered when creating temporary wetlands, as this will determine 

whether the wetland can be brought back in to production soon after drainage, and how easily it 

can retain water. Heavy clay soils will hold water well, and require less pumped water into the 

field to maintain levels. However, following the end of the rotation it will take longer to drain the 

soil and get the land back in to production. Lighter porous soils such as loam, peat, and silt will 

require water to be pumped into the field more frequently than clay. Soils which are mainly 

composed of coarse sand or gravel are very porous, and it may be very difficult to retain water in 

these areas. Lighter soils will drain faster at the end of the rotation, and thus land can enter into 

productivity far sooner than with clay soils. 

5.1.2. Topography 

Low lying land or basins may provide a natural area to store water and thus necessitate fewer 

and lower bunds to contain the water. In some instances, large woody debris or log dams could 

be used to create barriers to flow. Land within the floodplain would be appropriate; however 

water tables should be monitored, as fields with a very high water table will have less capacity to 

store water during major flood events. High land would be inappropriate for this technique, and 

temporary wetlands to deliver flood risk management benefits should only be considered in areas 

that are low lying (equal to or below sea level). Some local variation in topography would be 

beneficial to wildlife as this will provide drier and wetter areas during the summer months. 

5.1.3. Infrastructure 

If land is to remain under water for extensive periods of time, access to infrastructure such as 

electric, gas, and rail/road should be considered. If pylons/electrics are in the fields designated 

for rotational wetting, then access to these must be identified, and bunds placed around every 

pylon/unit. In addition, consents and wayleaves will be required (please refer to Section 11of this 

report for more detail on consents). Similar access issues will apply with underground gas 

facilities. Road and rail links within close proximity to the flooded areas must be identified, 

especially if these are not raised above the field level.  

5.1.4. Drainage/watercourses 

Ensuring that the fields designated for flooding are within close proximity to a watercourse is very 

important for this technique. It is likely that most temporary wetlands will need water to be 

pumped from a local drain into the field, so this distance should be as short as possible. Although 

surface water and fluvial flooding may help to keep water levels relatively high in the fields, an 

adequate source of water nearby is essential for drier periods. Water availability calculations 

should be done in consultation with a hydrologist (taking into account factors such as soil type 

and expected losses to evaporation and transpiration), to identify the amount that needs to be 

abstracted (under licence) from the local drain/ditch. It is also important that the local rivers and 
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drains are part of an open catchment, as it may not be possible to abstract water from closed 

catchments. The impact and cost of dealing with compaction and salinity (where appropriate) 

should be assessed. Consents may be required. 

5.1.5. Flood risk management 

The delivery of this technique has the potential to provide flood risk benefits for the landowner 

and local community. Designs which look to control where and how flooding occurs can increase 

resilience, reduce the impact of flooding, and can ensure high priority areas are protected.  

Designs will need to be specific to the needs of each individual farm, nature of flood risk in the 

area, and expected changes in risk as a result of climate change impacts. Permissions will need 

to be sought from the lead local flood authority/EA.  

5.1.6. Location 

Consideration should be given to the proximity of a given field/landholding to airports and their 

protective areas, as wildfowl in flight could pose a risk to aircraft. A full assessment of the field 

parcel should be carried out to ensure the technique does not cause any unnecessary pollution 

risks, or risk to historical structures. 

5.1.7. Countryside and Rights Of Way (CROW) Act -2000 

Under no circumstances can fields with public right of access be flooded unless an agreement 

has been formed with the relevant authority. 

5.1.8. Legislation/Countryside stewardship: 

The CS scheme would not currently support this particular technique in terms of full funding. 

Should the farmer wish to flood land under stewardship, this will need to be discussed with and 

approved by Natural England through derogation or early retirement of the scheme. Therefore, 

land currently outside of countryside stewardship is considered most viable. Likewise, land that is 

designated as SSSI, SPA, or SAC may not be appropriate for rotational flooding; but given the 

nature of this technique (flooding of land in production) it is unlikely that designated sites will be 

an issue. Basic payment scheme payments will be reduced based the area of land taken out of 

production, and this should be discussed with the Rural Payments Agency. 

5.1.9. Presence of woodland 

Fields should not be located within close proximity to woodland patches over 1ha, as this may 

lead to an increase in predation pressure. 

5.2. Requirements for biodiversity rich storage reservoirs 

5.2.1. Soil type 

Although reservoirs can be designed for any location, situating them in areas with clay soil will 

significantly reduce costs and provide better habitat for wildlife. In the event that the soil is not 

clay (or soil elsewhere on the holding),the reservoir will require lining with synthetic material. 

Other soil types (i.e. sand, loam, silt, peat, and chalk) with a clay base may be suitable if the clay 

can be supplemented with additional clay. 
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5.2.2. Topography 

Reservoirs should not be located in areas with high water tables as they may overtop during 

periods of heavy rainfall. However, to reduce costs and time they should be located on flat or 

gently sloping land. 

5.2.3. Infrastructure 

Access to infrastructure such as electric, gas, and rail/road should be considered, as this will be 

a permanent feature. The chosen location should not overlap with any underground electric or 

gas. In addition, it should be placed an acceptable distance from any road or rail, and may 

require shielding (trees/hedgerows) to preserve the character of the area. 

5.2.4. Drainage/watercourses 

Ensuring that the reservoir is within close proximity to a watercourse is very important as it is 

likely that water will need to be pumped from a local drain or river into the reservoir. It is also 

essential that the local rivers and drains are part of an open catchment, as it may not be possible 

to abstract water for irrigation from a closed catchment. The EA typically put conditions on 

licenses that require abstraction to stop or be reduced when a flow or water levels fall below a 

specified point. These are known as Hands off the Flow (HoF) and Hands off Levels (HoL) 

conditions which are set to protect the environment, other water users, and local or larger 

catchment scale features. It should be noted that whilst certain catchments such as the Idle and 

Torne are currently closed to any further abstraction, this situation may change in the future, and 

the farmer should therefore consult with the Environment Agency if they wish to abstract in these 

catchments.  An abstraction license will need to be obtained to abstract water from the local 

source, and the amount of water required (and how much is available to control levels) should be 

calculated by offsetting inputs (groundwater precipitation, rivers/ditches) against outputs 

(seepage, groundwater, evaporation, soil moisture deficit).Consents may be required. 

5.2.5. Flood risk management 

The delivery of this technique has the potential to provide flood risk benefits for the landowner 

and local community. Designs which look to control where and how flooding occurs can increase 

resilience, reduce the impact of flooding, and can ensure high priority areas are protected.  

Designs will be specific to the needs of each individual farm, nature of flood risk in the area, and 

expected changes in risk as a result of climate change impacts. 

5.2.6. Equipment/farm access 

Fields should be accessible so that farmers and utilities companies (where necessary) can 

access the site. It should be possible for large machinery to drive the periphery of the field and a 

location should be available to store fuel/pumps etc. The construction of the reservoir should 

carried out in conjunction with farm visits to review on site infrastructure and pollution pathways. 

5.2.7. Location 

Consideration should be given to the proximity of the reservoir to airports and their protective 

areas, as wildfowl in flight could pose a risk to aircraft. Reservoirs are best placed on land of low 

agricultural value or with a clay base, and as such it is important that this land is also centrally 

located within the holding to ensure as little movement of water as possible (to reduce associated 

irrigation costs).  



41 
 

  



42 
 

5.2.8. CROW (2000) 

The reservoir should not be built on land with a public right of access unless agreed with the 

appropriate authority. 

5.2.9. Legislation/Countryside stewardship 

It is unlikely that land under environmental stewardship can be permanently turned into a 

reservoir without removing it from the agreement and facing fines/penalties. Therefore, land 

currently outside of countryside stewardship is considered most viable. Likewise, land that is 

designated as SSSI, SPA, or SAC is unlikely to be appropriate; and should be avoided unless 

otherwise agreed with Natural England. Sites of archaeological importance and areas of 

outstanding natural beauty should be identified, as these may pose a risk to progress in some 

instances. Basic payment scheme payments will be reduced once the land is permanently out of 

production (based on area of land removed from agricultural production), and this should be 

discussed with the Rural Payments Agency. The Reservoirs Act will be applicable for those 

reservoirs that are above ground and contain more than 25,000 cubic metres. 

5.2.10. Presence of woodland 

Reservoirs should not be located within close proximity to woodland patches over 1ha, as this 

may lead to an increase in predation. 

5.3. Requirements for washlands/wet grassland 

5.3.1. Soil Type 

Wet grassland and washlands will hold water to varying degrees depending on the underlying 

soil type and other factors such as vegetation and topography. Clay soils will retain water better 

than other soils, however typically washlands would only hold flood water for short periods of 

time, and thus soil type may be less relevant in this instance. Saturated softer soils may provide 

greater biodiversity benefits, especially if the site attracts large numbers of waders. However, 

species will vary in their choice of soil (e.g. redshank prefer peat to clay), and therefore 

identifying the objectives of the site and relevant species to the area may provide clarity on the 

ideal soil type. 

5.3.2. Topography 

Low lying land or basins may provide a natural area to store water. Depending on species’ 

requirements (those identified as priority within the area), as well as flood management aims, 

suitable land could be flat or sloping with flood banks providing an assortment of angles and 

gradients. 

5.3.3. Infrastructure 

If land is to remain under water for extensive periods of time (e.g. wet grassland), access to 

infrastructure such as electric, gas, and rail/road should be considered as it may need to be 

moved or protected. If pylons/electrics are in the fields, bunds should placed around every 

pylon/unit and access identified. In addition, consents will likely be required. Similar access 

issues will apply with underground gas facilities. Road and rail links within close proximity to the 

flooded areas must be identified, especially if these are not raised above the field level. It is likely 

that culverts, valves, pumps, and pipes will need to be installed for washland areas, and access 

to these will be required for maintenance. 
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5.3.4. Drainage/Watercourses:  

Ensuring that the wet grassland/washland is within close proximity to a watercourse is very 

important, both with respect to it acting as flood storage (washland), and in the event that the wet 

grassland requires additional water from drains/ditches to maintain water levels during drier 

periods.  Consents may be required. 

5.3.5. Flood risk management 

As a washlands primary purpose is flood storage, their geographical location 

(upstream/downstream of a town or city, proximity to the town/city) is very important for larger 

watercourses.  A network of smaller washlands strategically placed near to a city or town will 

provide the greatest benefits. Wet grassland used as flood storage should also be located in 

areas at risk of flooding where the benefit from flooding achieves risk reduction. 

5.3.6. Land Management 

To maintain wet grassland the farmer will need to ensure the land is grazed or cut for hay and 

should have resources available to manage in this way. Washlands can be cropped during drier 

periods; however, the possibility of sporadic flooding should be taken into account when planning 

crop choices and rotations, as this could result in significant economic losses. 

5.3.7. Location 

Consideration should be given to the proximity of the washland/wet grassland to airports and 

their protective areas, as wildfowl in flight could pose a risk to aircraft. 

5.3.8. CROW (2000) 

If there is public right of access over the land (either wet grassland or washland) provisions may 

be required to ensure that pedestrians can access the land during periods where water levels are 

higher (e.g. embankments). 

5.3.9. Legislation/Countryside stewardship 

Wet grassland can be funded under countryside stewardship, and should the farmer wish to 

manage land in this manner under stewardship, they will need to discuss this with a NE adviser. 

If the land is in stewardship for another option, this will need to be addressed. Land that is 

designated as SSSI, SPA, or SAC (or designated for its historic features) may suit wet grassland 

management depending on the qualifying features of the designations. 

5.3.10. Presence of woodland 

Fields should not be located within close proximity to woodland patches over 1ha, as this may 

lead to an increase in predation pressure. 

5.4. Requirements for constructed wetlands 

5.4.1. Soil 

As standalone reedbeds designed to purify wastewater are lined, the underlying soil type is less 

important. Constructed wetlands designed to treat water quality near ditches/streams may 

require moist soil, and clay or silt soils will be most appropriate. 
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5.4.2. Infrastructure 

There will need to be access to the wetland for management, and provisions may need to be 

made for pumps, electric, tanks, and water control structures. The wetlands should not be placed 

on land that electric or gas companies need to access. 

5.4.3. Drainage/Watercourses 

Ensuring that the constructed wetland is within close proximity to a watercourse is the most 

important element, as the wetland will require a source of water to maintain water levels. 

Reedbed can be maintained as a standalone feature, or in ditches, ponds, and on the edges of 

reservoirs. Water levels will thus differ depending on the purpose and location of the reed, and 

this should be considered in the planning stages. Consents will be required to discharge into the 

local watercourse. 

5.4.4. Wildlife 

Considering the priority species in the area will help in designing constructed wetlands/reedbed, 

as species require different water conditions, levels, vegetation types, and amounts of reed. 

Some species will benefit from a mosaic of habitats in close proximity to the reed (e.g. pools, 

arable land, fen, scrub). For more information on priority species in your area please contact the 

RSPB project officer, Natalie Pagett. 

5.5. Requirements for ponds & silt traps 

5.5.1. Soil 

Clay soil will retain water well, however silt, peat, and loam with underlying clay may also retain 

enough water to ensure that the pond remains under water during the wetter months. 

5.5.2. Topography 

Ponds that are to remain relatively clean should be located on higher land to avoid inundation 

during major flood events. Those designed to take flood waters should be located on low lying 

land where the water will naturally flow to the pond/silt trap. Areas with naturally uneven land 

could be utilised to create ponds with shallow and deeper areas. 

5.5.3. Flood Risk Management 

If ponds are to be used as silt traps or storage for flood waters, they must be located close to a 

river/ditch/drain. Those that will be fed by surface or groundwater should be located farther from 

water courses to ensure they do not get polluted by flood waters. 

5.5.4. Location 

Ideally ponds should form part of a mosaic, where they can be linked to other beneficial habitats 

to wildlife such as woodland, scrub, and wet grassland. However, care should be taken over how 

close they are situated to woodland to avoid unnecessary predation. Where the pond includes 

reedbed, strict management should be applied to ensure the reeds do not dominate the shallow 

water.  Ponds can easily be situated in field corners, naturally damp low lying areas, margins, 

and amidst reed; and it is therefore possible to avoid the loss of productive high grade land. 

However, if ponds are located close to crops, a buffer of at least 1m should be placed around the 

pond to ensure run off from pesticides/fertiliser does not pollute the water. Cross compliance 

should be recognised and adhered to. 
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Summary of Sections 3, 4 & 5 

There are a number of species that breed, winter, and take passage on the Humber Estuary 

and HHLs that would benefit from the techniques described in this report. Developing site 

specific designs with particular species habitat requirements in mind would help to provide 

greater wildlife benefits. 

The Humber Estuary is heavily farmed, with a preponderance of cereals, beans, potatoes, 

and vining peas. Further south towards the Isle of Axholme is also dominated by cereals, but 

with the addition of crops such as carrots and brassicas. 

There are various farming and water management challenges within the area. Black grass 

continues to destroy cereal crops such as wheat and OSR, whilst nematodes are difficult to 

control in potato and beet crops. 

Tidal flood risk is significant around the north and south banks of the Humber Estuary, and 

during 2007 farmers around the HHL suffered as a result of fluvial and surface water flooding. 

Water quality and water availability challenges vary across the region. The Idle and Torne 

catchments are currently closed to further abstraction, which could impact the application of 

both the temporary wetland and storage reservoir techniques. A large proportion of the region 

is failing its WFD objectives, in part due to agricultural practices. 

There are a number of practical requirements that should be considered prior to the 

application of the techniques. Factors such as soil type, typography, hydrology, existing 

infrastructure, location and legislative barriers will all play a role in the successful 

implementation of the methods.  
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6. Case Studies 

This section will include details of case studies relevant to each technique, and how the 

techniques could be applied in the inner Humber Estuary/Humberhead Levels. 

6.1. Case Study 1: Walking Wetlands USA 

Following on from the success of the Walking Wetland program in the Klamath Basin (see 

Section 2.1), the Nature Conservancy and Washington State University commenced a project in 

Washington’s Skagit Valley with the objective of temporarily flooding arable land to provide 

habitat for migrating shorebirds, as well as financial benefits for local arable farmers
68

. The 

project has since been discontinued due to funding difficulties, but results from the period during 

which the pilot study ran (2006-2009) indicate a number of positive benefits for farming and 

wildlife. 

6.1.1. Application of technique 

The farmer constructed bunds, 0.5-2 metres high around a field. Water was then pumped onto 

the field (or water entered the field passively) until it reached a shallow depth suitable for 

shorebirds (ideally a variety of depths less than 4 inches). The field was kept under water 

throughout the year, and up to 4 years in total, but could be drained during the summer if water 

was limited. During the flooding, additional pumping could be required to keep the water at the 

correct depth, especially if the aim was to keep the field under water during the summer.  

Once the flood rotation was complete the land was then returned to production by slowly draining 

the water into the soil and utilising crops that rapidly took up nitrogen to gain the full benefits of 

the technique upon return to production. The rotation schedules were customised to meet 

individual farm management needs.  The results of the project indicated that flooding rotations 

were most effective on fields with clay soils and less than 20% coarse sand content, as these 

retained the water well. As the flooding of fields in the Washington Skagit Valley was primarily 

designed to benefit shorebirds, fields were flooded at the beginning of August to coincide with 

autumn migration, and from mid-April through to mid-May for spring migration. 

6.1.2. Benefits for farmers:  

 Results of the study indicated that temporary flood rotations were successful in reducing 

some potato pathogens under certain soil temperature conditions
69

. These included 

reductions in pathogens such as black dot and white mould, as well as some reductions 

in silver scurf and black scurf. Given these pathogens are known to affect potato yields in 

the UK
70

, the application of this technique may help to reduce them.  

 As black dot and white mould produce airborne spores, it is likely that spores from nearby 

infected fields could re-infect the fields that have been flooded, and it was thus 

recommended (in the US walking wetlands study) that the flood rotation was carried out 

as part of an integrated disease management program.  

 Improved soil fertility due to increased nutrients and organic matter, and a 20% increase 

in crop yields.  

                                                   

68
 The Nature Conservancy, Farming for Wildlife: Creating shorebird habitat on working farms, March 2011 

69
 Data is not available detailing specific temperatures, however, given the climate in lowland Washington 

State, it is anticipated that these would be comparable to the HHLs. 
70

  ADHB, http://potatoes.ahdb.org.uk/media-gallery/detail/13214/2657, Accessed October 10 2015 

http://potatoes.ahdb.org.uk/media-gallery/detail/13214/2657
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 Nitrogen levels increased on the flooded fields, by an average of 18kg per acre, thus 

resulting in a reduction in fertiliser and organic matter post flooding.  

 Research showed that the flooding had no negative effects on soil conditions, including 

soil PH, or bulk density (weight of soil in a given volume)
71

.  

 Sustainable management of land through overall improvements in soil health. 

 

 

It is thought that the increase in nitrogen observed in the soils at the flooded sites may be a result of the extensive algae mats, and that 
the algae and cattail biomass provided substantial amounts of nutrients and organic matter to the soil once the wetland site was 

returned to production (Nature Conservancy) 

6.1.3. Benefits for wildlife 

 The benefits of the temporary flooding for shorebirds were immediate as 15 different 

wading/wildfowl species used the fields (including uncommon species such as Baird’s 

sandpipers (Calidris bairdii), stilt sandpipers (Calidris himantopus), and solitary 

sandpipers (Tringa solitaria) arrived on the fields.  

 Species diversity was far greater on the flooded fields than comparative grazed fields and 

cropped fields nearby.  

 Shorebird abundance was highest during autumn and spring migrations and lower during 

the winter sampling period.  

 Results also suggested that disking the site immediately prior to flooding enhanced the 

habitat for invertebrates (this created a muddy substrate), thereby presenting a rich food 

source for the birds.  

6.1.4. Water management benefits 

 Water management benefits were not addressed as part of this project; however, the 

bunded fields could have provided additional storage for flood water had the requirement 

been there. Further investigation will be required to fully understand the storage capacity 

of temporary wetlands, accounting for specific designs and landholdings. 

  

                                                   

71 Information was not provided on the soil types in the flooded fields. However, the research suggested 
that clay soils are the most appropriate for temporary flooding, and it is therefore assumed that clay soils 
were tested and no negative effects found with regards to soil structure/compaction. 
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6.1.5. Challenges for farmers 

 Though farming challenges were not discussed in any great detail, results of the study 

suggest that one primary issue was a lack of suitable funding to continue the project. 

 Appropriate management of the flooded fields was also identified as a potential farming 

issue, as it was imperative that water levels and vegetation were maintained to provide 

optimal shorebird habitat. 

6.1.6. Challenges for wildlife 

 As above, challenges were not directly addressed, but the data available suggests that 

mismanagement of the land was the greatest risk to the shorebirds. Shorebird numbers 

declined sharply at sites where vegetation was too dense or the water too deep, so it was 

essential that sites were actively managed. 

6.1.7. Water management challenges 

 Again, these were not addressed, though necessary considerations when managing land 

in a similar manner in the UK would be water quality and sedimentation concerns if the 

water is pumped off at the end of the rotation (in the US the land was drained naturally by 

allowing the water to drain back in to the soil). Further investigation is therefore required 

to understand the effects of nutrient rich anoxic water on local water quality, and possible 

mitigation measures. 

 If the water is allowed to drain into the soil naturally, it would likely result in a higher water 

table, and this should be considered in areas where flood risk is a concern. 

6.1.8. Financial costs and benefits 

Economic research conducted as part of this study indicated that the benefits of temporary 

flooding can outweigh the costs under the right conditions (see Appendix 6). Financial benefits to 

farmers included reductions in the use of fertilisers and pesticides, and higher crop yields. In 

addition, many farmers in this study used the rotation to enter into organic status, resulting in 

higher prices for their crops. Costs arose from equipment; materials to set up, maintain, and end 

the rotation; and labour. On average the total cost to create and maintain a rotation was $900 per 

acre per year
72

. The principal cost associated with the technique was pumping the water, and as 

such costs varied substantially between sites. Despite the high costs associated with the wetland 

rotation, initial research indicated that a profit could be made where the rotation resulted in an 

increase in yields, especially where capital costs were kept low (please refer to Appendix 6 for 

further details). 

6.2. Case Study 2: Temporary Arable Wetlands, Cambridgeshire, UK 

A farmer in Cambridgeshire has been flooding his arable fields to control potato cyst nematodes 

(PCN) for 12 years; more recently on his own farm, and previously as an employee of a farming 

company in the West Midlands. He both owns and rents some of the land under the flood 

rotation, and it forms part of his 10 year rotation plan, whereby year 1 involves the initial flooding 

of the fields. A maximum of three fields are flooded per year (typically in blocks) due to high 

capital costs associated with the technique. The farm is approximately 1420ha, some of which 

includes land set aside for solar panels, and a large on farm irrigation reservoir. 

                                                   

72 Current equivalent as of 14.12.2015 = £594.82, where 1 US dollar = 0.6611 British pounds 
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6.2.1. Application of technique 

The farmer dug a trench around the field, and used the peat soil to build bunds (on the outside of 

the trench) of up to 3 foot. The bunds were relatively large in this instance due to the topography 

of the land. However, smaller bunds or approximately 0.5 foot, or sheet piling could be used as 

an alternative if fields are level. Following this, the underground drains were broken at the trench 

to ensure water was not lost. Water was then pumped into the field for approximately 1-2 weeks 

until the field was full and the water depth was approximately 5/6 inches. This could take as little 

as 1 week with 24 hour pumping, or up to 3 weeks in drier conditions and with less frequent 

pumping. The land remained under water for an additional 10 weeks, and was then drained over 

a period of 1/2 weeks. The farmer allowed at least 4 weeks post drainage before any machinery 

was taken onto the land. Water was abstracted from local drains managed by the IDB, and had 

to be pumped into the fields every day to ensure water levels remained stable. However, once 

the land was saturated, pumping was only required infrequently.  

Typically fields are flooded between April/May and Aug/Sept. To bring the soil back in to 

condition once drained, the farmer sowed a winter cover crop (in this case mustard seed), and 

the land was then ready in the spring for sowing a cereal crop. The mustard plant can break 

through a compact pan and allow filtration of water, air, and nutrients; making it a useful cover 

crop for this purpose. The farmer has no close neighbours, property, or roads nearby to consider, 

however some of the flooded land does run adjacent to a train line. A typical 10 year flood 

rotation includes the following:  

 

Year 1 – Flood/Winter cover crop 

Year 2 – Wheat 

Year 3 – Potatoes 

Year 4 – Wheat 

Year 5 – Leeks 

Year 6 – Wheat 

Year 7 – Red Beets  

Year 8 – Wheat 

Year 9 – Celery/Lettuce 

Year 10 – Wheat 
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6.2.2. Benefits for farmers 

 The farmer has found that flooding the fields leads to a marked decrease in PCN and 

beet cyst nematode (BCN) eggs with a >98% reduction on average. Consequently the 

farmer no longer requires nematicides on the land that has been flooded.  

 Additional benefits include weed management (the farmer has been able to reduce 

chemical input to control weeds), including a reduction in weeds such as wild oats.  

 The land is managed more sustainably and rested for a year, resulting in improved soil 

health. 

6.2.3. Benefits for wildlife 

 Temporarily flooding arable fields can benefit waterbirds by providing: Safe roosting and 

loafing sites for wildfowl, waders & gulls. Feeding habitat for waterbirds in autumn & 

winter, mainly wildfowl & waders. Feeding habitat for wildfowl & waders during the 

breeding season. 

 However, the benefits to birds of temporarily flooded arable fields are expected to vary 

considerably, depending on the timing and duration of flooding, as well as the location of 

fields. For full details on how temporary flooding of land can benefit wildlife, please refer 

to Appendix 8. 

 During 2014 when the fields were under water (June 18
th
 – Sept 4

th
) 29 species of birds 

were identified over 7 site visits. For a full species list (including numbers), as well as 

details of birds identified during 2003 at the West Midlands farm, please refer to 

Appendix 5. 

6.2.4. Water management benefits 

 At present this technique is only utilised during summer months on the farm as results 

from previous research at the West Midlands farm indicated that flooding fields during the 

winter did not sufficiently control nematodes
73

. However, major flood events do occur 

during the summer (e.g. 2007 and 2012 on the Humber Estuary/HHLs) and these fields 

may provide storage for flood water during such periods.  

 Longer duration flooding may attract more funding through flood defence schemes and 

tax relief. 

 Secondary defences could be put in place, enabling a scenario where primary defences 

hold in the water during intended temporary rotations, and secondary defences hold in 

the water during extremely high flows.  

 To date no research has been conducted to explore the water holding capacity of 

temporary wetlands; and the volume which they can hold will vary depending on the size 

of the field under water, the height of the bunds, and how many fields are under water at 

any one point. 

6.2.5. Challenges for farmers 

There are several farming challenges associated with this technique, most of which relate to 

application and duration of the method. The correct application of the technique (e.g. timing, 

duration, location, soil type) is thus essential to its success, and will dictate the financial gains 

made.  

                                                   

73
 Due to lower winter temperatures and subsequently higher dissolved oxygen content  
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 Soil type has the potential to cause issues on the Humber Estuary (and potentially the 

HHLs) as the fields in the present case study contained peaty soil, enabling the farmer to 

drain the land within a week and return to production without any negative effects on soil 

matter or structure. However, a lot of arable land around the Estuary is based on heavier 

soil, and this may take longer to drain and get back in to condition. Compaction may 

occur on heavier soils, and this will need to be addressed through the use of cover crops 

and/or cultivation techniques. Further investigation is required to better understand these 

effects. 

 Soils that contain high levels of sodium (from salt water inundation) are likely to have a 

negative impact on many crop varieties. Depending on the soil type, water table, and 

amount of rainfall, salt levels could be reduced to a tolerable level within a year; however, 

it is likely that heavier clay soils would retain the salt for longer. The application of 

gypsum, drainage of ditches, leaving the land fallow, and planting salt tolerant crops are 

all methods to mitigate the effects of salt water inundation on crops
74

. For further 

information on salinity in the inner Humber Estuary please refer to Appendix 2. 

 Timing and duration of flooding is an important consideration with regards to nematode 

control and consequently farming, as research conducted as part of the Midlands trial 

found that winter flooding did not significantly reduce potato cyst nematodes on arable 

farmland post flooding. The US geological survey defines anoxic water as that with a 

dissolved oxygen concentration of less than 0.5 milligrams per litre
75

. Both temperature 

and salinity can directly affect the amount of dissolved oxygen in a body of water, and in 

warmer temperatures dissolved oxygen is reduced resulting in anoxic conditions. The 

anoxic water is thought to destroy the nematode eggs through lack of oxygen and 

eventual drowning
76

. Likewise, longer periods of flooding (10 weeks +) are required to 

eliminate the majority of the nematodes
77

, and it is thus important that the flooding can be 

fitted in to a rotation to allow sufficient time for flooding and drainage.  

 Finding an appropriate location for the temporary wetlands could pose some challenges 

for farmers, as it is important that they do not restrict other farming or commercial 

activities (e.g. fields should not be flooded where access is required for electric/gas). 

Other considerations should include the size and frequency of the flooded fields, and 

whether one large flooded field, or several smaller flooded fields would be more 

beneficial for wildlife, flood mitigation, and farming. 

 Loss of crop during the period where water is held on the land, and additional income 

loss where cover crops are required post flood. 

6.2.6. Challenges for wildlife 

 Winter flooding (or flooding over 1-4 years) would be more beneficial for wildlife 

(wintering and passage habitat, potentially more food availability), and provide greater 

opportunities for flood alleviation than summer flooding. However, both year round and 

winter flooding would still control nematode numbers with correct application of the 

design, and could offer other benefits such as prolonged flood storage.  

 It is important that water levels remain stable, and do not get deeper than 10-12cm over 

any prolonged period of time. Ideally the land under water should be undulating allowing 

                                                   

74
 Cornell University Cooperative Extension, Saltwater Inundation: Implications for Agriculture, 2012 

75
 US Geological Survey, https://water.usgs.gov/nawqa/vocs/national_assessment/report/glossary.html, 

Accessed 17 December 2015 
76

 R Dufour et al, Alternative Nematode Control: Pest Management Technical Note, Appropriate 
Technology Transfer for Rural Areas, 2003 
77 A. Palmer, Pers comm., 06 August 2015 

https://water.usgs.gov/nawqa/vocs/national_assessment/report/glossary.html
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for some drier and some wetter patches, however, it is likely that the farmer will want the 

land as flat as possible, so a balance will have to be found between the two.  

 An eel screen will need to be installed where water is pumped into the fields in large 

quantities during certain periods of the year when eels are very active. 

 

Lapwing by Chris Gomersall (rspb-images.com) 

6.2.7. Water management challenges 

 Ideally sites should be available to hold water during the winter, as it is anticipated that 

there will be greater rainfall and associated flooding during winter months
78

. However, 

summer flooding of fields would still hold flood waters during major events, and enable 

farmers to keep ditch water levels lower during these periods. In addition, bunds could 

potentially be maintained post summer flooding, and these could be utilised as flood 

storage areas during the winter.  

 Water quality and sedimentation should be considered when draining the fields and 

pumping the water back into the ditches. For further details on the risk of polluting the 

watercourses through pumping sediment rich anoxic water back into the 

ditches/channels, please refer to Appendix 3. 

 It is important that the fields are only drained when water levels are low, as this could 

otherwise result in further flood risk management challenges.  

6.2.8. Financial costs and benefits 

It costs approximately £30000 to flood one 15ha field. These costs include labour and machinery 

(£35 p/h for a 360 digger), pump hire (£250p/w for a 6 inch pump), fuel, aggregate (20 tonnes), 

and repair of underground drainage (drainage every 22 yard). Loss of crop and the mustard 

cover crop is not included in this figure. The bunds are removed post flood, significantly 

increasing the labour and machinery costs. The farmer had previously evaluated the cost of 

levelling the fields prior to flooding to reduce the size of the bunds; however, initial figures 

indicated that this would cost more than the construction of 3 foot bunds. As discussed above, 

the farmer is making savings on lower input costs (nematicides, herbicides) and getting a better 

potato yield (in many instances the farmer could not take a crop off the land due to an excess of 
                                                   

78
 Met Office, UK Climate Projections, http://ukclimateprojections.metoffice.gov.uk/21708, Accessed 16 

November 2015 

http://ukclimateprojections.metoffice.gov.uk/21708
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nematodes). The method also holds some value in its sustainability, as it can result in improved 

soil health. In addition to farming benefits, the fields could hold flood water, thus reducing 

associated flooding costs elsewhere on the farm.  

6.3. Case Study 3: Biodiversity rich storage reservoir – Otmoor Nature Reserve 

Otmoor Nature Reserve is a large wetland reserve based to the North East of Oxford. It is 

managed by the RSPB, and consists of large areas of wet grassland, meadow, and reed bed. 

The storage reservoirs are predominantly wet reed, with some areas of dry reed, open water, 

and scrub. The site is designed to attract a variety of breeding, wintering, and passage waders 

and wildfowl, and the reservoirs are used to maintain water levels on the wet grassland and 

meadow. The reservoirs host a variety of wetland and reed bed specialists such as the Wainscot 

moth (Mythimna pallens), otters (Lutra lutra), bearded tits (Panurus biarmicus), marsh harrier 

(Circus aeruginosus), and bittern (Botaurus stellarus).  

 

RSPB Otmoor by Ben Hall (rspb-images.com) 

6.3.1. Application of technique 

The reservoirs were planned and designed in 1999, and took 7 years to reach full completion, 

including maturity of the reed.  They were designed to contain large amounts of water which 

could be retained during the winter, and pumped out during the summer to maintain water levels 

on adjacent land. The first reservoir holds 116,300 cubic metres of water, and the second holds 

120,700 cubic metres, amounting to 22ha of land in total. The reservoirs are rain fed, and during 

drier periods water is pumped in from the River Ray to manage the wet grassland. To identify the 

size and depth of reservoirs required, water availability and requirements were calculated to 

ensure the reservoirs were utilised appropriately. 

The reservoirs required planning permission, and are inspected regularly as per Reservoir Act 

guidelines. An annual abstraction license has been obtained to ensure there is always water 

available to maintain the water levels on the wet grassland. The reservoirs are divided into 

sections of approx 30% open water, approx 50% wet reed, approx 20% dry reed, and approx 3% 

scrub. They have shallow edges that slope to the foreshore, contain islands, and large deep 

ditches and water channels running adjacent. Every year small sections of reed are cut and 

removed to allow younger stems to naturally establish. The water is kept at a maximum depth of 

60cm, and drawdown naturally occurs during the summer period. For further details on the 

design and creation of wildlife habitat in water storage reservoirs please see section 2.3 of this 

document. 
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6.3.2. Benefits for farmers 

 There are a number of associated benefits for farmers, including water security, 

abstraction savings, and resource sharing. The reservoirs discussed in this case study 

are located on a reserve, but the water management benefits (i.e. controlling water levels 

on nearby wet grassland) could be applied to a farm reservoir. 

 There is potential for income through recreational activities such as fishing or nature 

tourism.  

6.3.3. Benefits for wildlife 

 There are a number of benefits for wildlife as this technique is permanent and would 

provide habitat year round. Good design plans, drawn up prior to construction enable the 

creation of a wildlife friendly reservoir at little additional expense. Reservoirs such as the 

ones at Otmoor attract a variety of bird species such as those listed above, as well as a 

diverse range of invertebrates, mammals, and amphibians.  

 In addition to the open water, this design could include scrub, reed, wet grassland, and 

potentially fen; thus providing permanent habitat for species with different nesting and 

foraging requirements. In addition, wet grassland, and in some instances fen and reed, 

could be grazed with cattle or sheep, which would promote a good sward height and 

density. 

6.3.4. Water management benefits 

 The main benefit associated with Otmoor is the control of water levels in the reserve 

through the use of stored water in the reservoir. This water can then be used to maintain 

the wet grassland for wildlife. As suggested above, this method could be applied to water 

storage for irrigation, as water would need to be held in a reservoir over the winter for 

summer irrigation of crops (as opposed to maintain wet grassland). 

 The reservoir could be used to store rain water and water could be abstracted during 

high flows to reduce flood risk. 

6.3.5. Challenges for farmers 

 The cost implications of a storage reservoir should be considered carefully, as depending 

on land availability and soil type, reservoirs can become very expensive. Loss of 

productive land (and therefore annual crop gains) should also be accounted for. 

 Consents and planning permissions should be sought early on in the development, as 

the process of application and permission may cause delays, and in some instances has 

lead to the failure to construct a reservoir, despite considerable expenditure prior to 

construction
79

. Fees and charges that apply to Reservoir Act regulation should be 

considered, as these are ongoing. 

 Monitoring and evaluation of water needs should be thoroughly reviewed prior to 

construction to ensure a reservoir is required, and the size and capacity meets the need 

of the farmer, as well as any flood management objectives.  

6.3.6. Challenges for wildlife 

                                                   

79
 K. Weatherhead et al, Water for agriculture: collaborative approaches and on-farm storage, Cranfield 

University, 2014, p33 



55 
 

 The main challenge for wildlife will come at the design stage, where it is important that 

benefits for wildlife are considered and drawn in to plans. Post construction of wildlife 

benefits will likely be more costly and time consuming. It is important that an appropriate 

area of land is designated for construction at this stage, as it is highly likely that wildlife 

friendly reservoirs would require a larger footprint to create. 

 It is important that the reservoir is placed in the correct location, ideally within close 

proximity to other wetland or wildlife friendly habitat. This process must consider the 

existing wildlife value of the site and account for any potential adverse impacts such as 

the potential loss of breeding habitat for certain farmland bird species. 

6.3.7. Water management challenges 

 It is important to monitor water levels to ensure the reservoir doesn’t fully draw down in 

the summer. Very low water levels could impact biodiversity, as too little water could 

suffocate fish and amphibians, and offer little habitat for birds and invertebrates. Water 

levels should also be monitored as to ensure there is sufficient water available to irrigate 

crops throughout the spring and summer.  

6.4. Case Study 4: Constructed wetlands – Nottinghamshire Wildlife Trust, Lound 

Wetland habitat has been created on this site to strip phosphates and nitrates from the local 

watercourse, whilst providing suitable habitat for wildlife. The wetland was constructed in March 

2014, to the North East of Lound, Isle of Axholme.  As part of a two stage process the Wildlife 

Trust has created a silt pond that will strip phosphate, and an adjacent reedbed that will strip 

nitrate. Once the site is fully established and functional, the trust aims to divert the flow of the 

channel through the wetland (pending approval from relevant bodies). Consent was required 

from the Isle of Axholme and North Nottinghamshire Water Level Management Board to create 

the wetland adjacent to an IDB maintained channel, and Natural England to allow deposit of the 

excavated material to a nearby SSSI.  

The second phase of the project, which is currently not underway, will involve a topographical 

survey of the adjacent drainage channel that transports effluent from Lound STW to the River 

Idle. The result of the survey will influence whether it is possible to install a weir in the channel to 

direct all normal flow (excluding high rainfall events) through the wetland. In addition, Severn 

Trent Water will undertake a period of monitoring (sampling and testing of treated effluent) to 

identify the benefits of the approach on water quality. 
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Creation of wetland habitat to strip nutrients (Nottinghamshire Wildlife Trust) 

Constructed wetlands and reedbed for water filtration have been discussed in more detail in 

Section 2.4 of this report, and for further details on constructed wetlands and their limitations and 

benefits, please refer to the WWT Constructed Farm Wetlands Guide
80

, which covers the design, 

construction and funding streams available for constructed wetlands, including case studies on 

farms across the UK. 

6.5. Case Study 5: Wet grassland and washland (managed realignment) – Alkborough 

Flats, Humber Estuary 

 Alkborough Flats is a managed realignment site, and was designed to both reduce flood and 

provide intertidal habitat for a variety of species. The site is located on the south bank of the 

Humber Estuary, adjacent to the River Trent and River Ouse, where they form the Humber 

Estuary. The total area of the site is 440ha, 170ha of which is habitat compensation, and roughly 

170 ha of which is flood storage. There is also 70ha of foreshore on the seaward side of the flood 

bank, and a further 30ha of small pockets of land elsewhere (this is not included within the main 

flood storage area). There is a 20m wide reinforced breach adjacent to the Estuary and water 

enters through this on approximately 500 tides per year
81

. The area was designed to reduce 

flooding further upstream. A draft assessment of the impact of this site during the surge tide in 

December 2013 estimated that the site reduced the volume of water entering the floodplain by 

7%. The flood defence benefit of the flood storage element of the scheme was calculated to be 

£12.3 million
82

. The site is predominately grassland and reed, with areas of salt marsh, mud flat, 
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and some farmed arable land. The site is managed by North Lincolnshire Council, and owned by 

Natural England, Associated British Ports, and the Environment Agency
62

. Local farmers tenant 

the land for mixed grazing and arable farming
83

.  

 

Alkborough habitat compensation: this includes areas of wet grassland, reed, and saltmarsh, by Nataiie Pagett 

6.5.1. Application of technique 

The flats were breached in 2006, and 170ha of the site is regularly inundated with tidal waters. 

The site is designed to have a 1 in 200 standard of protection and, to date, December 2013 was 

the only period during which the whole site was inundated. The main banks are approximately 

6m high, and along the front of the flats is 1500m of lowered embankment set at two stages. The 

breach is reinforced with rock armour, with a fixed cill with a set invert level. Water levels are 

typically maintained naturally, but there are 2 control structures in one of the wet grassland fields 

that can be used when required. The land is allowed to drain freely post inundation, and some 

areas remain under water throughout the season. A bund was constructed on the southern end 

of the site to divide freshwater and saltwater habitats, and a large freshwater reedbed was 

designed within this area. The reedbed was delivered through the Reservoirs Act due to the 

amount of water needed to deliver the requisite ecological requirements.   

The arable fields are farmed for wheat, barley, rape, and beans, and require no additional 

irrigation. During the 2013 floods many crops were lost, though the land has remained relatively 

dry during other years. The majority of the wet grassland fields on the flats are grazed with cattle 

and sheep. 
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Alkborough Managed Realignment site, by Natalie Pagett 

There is a network of distribution channels which feed into the existing ditches, and these are 

managed when required, with some left to develop naturally. Some scrapes were excavated two 

to three years after the construction of the site, and others were formed naturally in low lying 

areas when arable fields were converted to grassland. The land which is not grazed is currently 

left to develop naturally, although reed was initially planted in the freshwater reedbed to support 

its expansion. The wet grassland, saltmarsh, and mudflat provides habitat for a variety of 

breeding and wintering waders and wildfowl, with 198 species recorded on site since its 

establishment in 2007, including Humber Estuary SPA and SSSI species. In addition, regular 

monitoring on site has revealed 21 species of mammal, 14 species of fish, and a diverse 

community of aquatic invertebrates including 78 species of water beetle. Public engagement 

forms a large part of the success and progress of this site, with the inclusion of hides, public 

footpaths, interpretation boards, and events. The scheme has been funded by various sources 

including DEFRA, Yorkshire Forward, the Heritage Lottery Fund, and the European Union 

(through the Interreg program). 

6.6. Case Study 6: Washlands – Cawood, Wistow, Riccall & Kelfield Ings 

Cawood, Wistow, Riccall and Kelfield Ings are a group of washlands situated next to the River 

Ouse in North Yorkshire. They protect properties in Cawood and the surrounding villages from 

flooding, and are mainly managed as arable farmland with smaller pockets of grazed pasture. 

The ings hold 13,500,000 cubic metres of water when completely full, and since their 

construction in the 1980’s have filled on a number occasions
84

. The properties outside of the ings 

are protected by a large barrier bank which runs the full distance of the ings (5km), and is raised 

to 2.5m high. Routine maintenance (by the Environment Agency) consists of grass cutting and 

wildlife management for all of the banks that aren’t grazed, as well as structure maintenance (i.e. 

pumping stations, sluices). Due to mining subsidence in the area there has been considerable 

                                                   

84 M. Fuller, Pers comm., 02 August 2015 



59 
 

work carried out on the floodbanks in recent years to ensure that the crest level of the banks do 

not drop. During major flood events when the washlands are utilised, water is allowed to freely 

drain once the level on the River Ouse drops low enough for the water to escape through Wistow 

sluices.  

6.6.1. Application of technique 

Washlands require very little agricultural management beyond typical farming practices, though it 

is possible that farmers will turn to alternative ways of managing their land if the site is inundated 

regularly and crops are subsequently lost on a frequent basis. Alternative land management 

practices may include grazing as opposed to arable farming, or possibly farming crops that are 

resistant to inundation. On areas of the Ings that are regularly inundated several farmers have 

turned to other farming practices, such as willow farming, which are profitable in select cases.  

For further information on flood management through land use changes, please see section 2.5 

of this report. 

 

 

Wistow Ings during December 2013 floods (Environment Agency) 

Beyond daily farming practices, washlands typically require regular inspection and maintenance 

(as described above) that in some cases will be managed by the Environment Agency. They are 

rarely funded, and farmers do not always receive compensation post inundation (easements are 

available for freshwater washlands in some instances); so it is important that appropriate 

management (including insurance) is considered, dependent on frequency and duration of 

inundation.  

6.6.2. Benefits for farmers 

 There are no direct benefits to farmers, as it is likely that they will incur a cost (loss of 

crop) during periods where the land floods. In many instances farmers will not receive 
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compensation for crop lost during floods, and cannot insure the land against it (they can 

insure harvested crop). 

6.6.3. Benefits for wildlife 

 There are potential benefits for wildlife where the land is lightly grazed. Riccall Ings has 

an area of grazed pasture alongside the flood bank that is owned and managed by the 

Environment Agency, and this potentially provides habitat for birds. However, its 

proximity to tree canopy, and regular public use (there is a right of way directly through 

the site) has resulted in a decline in bird numbers
85

. Likewise, whilst the site was 

previously managed to attract birds (scrape excavation, low stock densities), a lack of 

continued management has allowed hard rush (Juncus inflexus) to dominate, and the 

scrapes have mainly grassed over and dried.  

 Other areas of the ings are mainly arable and thus offer potential for farmland birds if well 

managed. They could provide short term habitat for passage wild fowl during periods 

where floods have inundated the land.  

 Ditches and banks in the washlands also provide habitat for terrestrial species such as 

badgers, water vole, and otter. 

6.6.4. Water management benefits 

 The main benefit of washlands is their capacity to hold large volumes of water during 

periods when water levels are high in the adjacent rivers. During major flood events the 

washlands can be utilised to store water and protect property within the area, and 

downstream.  

 Potentially their use can also protect farmland outside of the washland, as the water will 

be retained within that specific area.  

6.6.5. Challenges for farmers 

 Farming challenges will typically involve management of the land post flood, and 

ensuring as little crop is lost as possible. The source and volume of flooding has a direct 

impact on recovery. Tidal flooding can often be evacuated via gravity outfalls however it 

can take up to several weeks to drain fluvial washlands. 

 Where the farmers have stock, it important that a protocol for safe removal of them 

during very high water is in place to ensure no stock is lost. Farmers can sign up to a 

flood alert system with the Environment Agency for prior warning. 

 Machinery will have to be used cautiously where land is saturated, and alternative 

methods of cropping may need to be employed where land is regularly inundated 

(resulting in new business plans, short term financial losses, capital losses).  

 Additional costs associated with flooding such as removal of debris, loss of stock and 

associated veterinary bills, fencing/gate repair, and reseeding, will also add to the 

challenges of farming in a washland. 

  

                                                   

85 M. Fuller, Pers comm., 10 Sept 2015 



61 
 

6.6.6. Challenges for wildlife 

 Agricultural intensification is thought to be linked to declines in farmland bird 

populations
86

, so without appropriate management of the habitat for wildlife it is probable 

that this approach would not provide any benefits for wildlife, and could be detrimental. 

 Intensive agriculture and misuse of fertiliser and pesticides will exacerbate current water 

quality issues which will have a negative impact on the ecosystem as a whole. Due to the 

close of proximity of the agricultural land to main rivers, it is important that the land is 

sensitively managed. 

6.6.7. Water management challenges  

 Managing water quality (see above) and ensuring the water is drained promptly (to 

impact farming as little as possible) are the main challenges associated with washlands. 

 Regular maintenance and inspections are also key to their successful functioning.  

6.7. Case Study 7: Wet Grassland – Farmland under HLS in the Upper Thames 

Wet grassland forms part of many farming landscapes, especially in low lying areas that are 

regularly inundated and priority for Countryside Stewardship funding. This farm sits within the old 

Upper Thames Tributaries Environmentally Sensitive Area (ESA) has meadows within the river 

floodplain. The farm is a mixture of arable and grassland, is grazed with sheep, and started a 

second HLS agreement in 2014. Most of the grazing on the farm is outside of the floodplain, but 

the river meadows flood annually in winter (partly or completely) from the river and from internal 

ditches. 

6.7.1. Application of technique 

The fields are managed under the HLS option HK11 restoration of wet grassland for breeding 

waders, particularly targeting lapwing. The aim is to restore and maintain the wet grassland to 

favourable status suitable for breeding waders. The ongoing management includes: 

Management of water levels in the internal ditches using sluices to ensure holding water between 

late March until the end of May/beginning of June. Angle-bend pipe sluices were installed within 

the in-field ditches as part of the HLS agreement, and some scrapes were created in low lying 

areas using the RSPB rotary ditcher to provide extra “wet edge” within one of the fields. Angle-

bend pipe sluices are less expensive than the drop-board sluices, however, on some farms drop-

boards are more appropriate.  

Management of ditch edges to ensure vegetation height on ditch and scrape edges is 4-10cm 

with tussocky vegetation. 

Seasonal grazing, with low level grazing (0.75 livestock units) from April to achieve a mosaic of 

sward heights of 3-10cm with some tussocks of coarser grasses/sedges. 

Topping of vegetation to manage undergrazed areas and to help manage thistles/docks and to 

keep rush to <10% of the fields. 
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Hedge trimming/laying to keep boundary features low (preferably <2m in height) to keep open 

aspect to fields, and to reduce the number of predator perches. Coppicing and pollarding of 

perimeter willow trees to reduce predator pressure. 

Scrape creation – to achieve scrape creation, it is best to establish the lowest points in the field. 

This can be done using Lidar or local knowledge. For this farm, RSPB support was given to 

produce a design which would use the low points of the field and to maximise the amount of wet 

edge suitable for feeding.  

 

Ditch Creation on wet grassland site, by Charlotte Kinnear 

6.7.2. Benefits for farmers 

 The main benefit to the farmer is the payment towards less productive fields. Associated 

works also attracts capital works funding through the HLS agreement (for example the 

sluices) which ensures this work can be undertaken by the farmer. 

6.7.3. Benefits for wildlife 

 The fields with wet areas provide feeding areas for breeding lapwings, as well as 

providing nesting habitat, and the seasonal wet areas provide habitat for aquatic 

invertebrates. By holding water in winter the fields also provide feeding and roosting 

areas for wildfowl. 

6.7.4. Water management benefits 

 No pumps are required to flood the fields – so there is no cost (financial or 

environmental) associated with acquiring water.  

 The fields previously provided flood storage, and the rate of the loss of floodwater has 

been slowed, potentially helping with soil erosion.  
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 The wet grassland could help to reduce sediment loss from adjacent arable land, thus 

improving water quality and reducing flood risk in the local river. 

6.7.5. Challenges for farmers 

 This is a long-term commitment for the farm; however the farm is supported to achieve 

this through the HLS agreement.  Not all fields are suitable to breeding waders, so the 

support received for this farm reflects Natural England’s assessment that this option is 

suitable for the fields. 

 Sluice installation – consent is required from the local council for structures on non-main 

rivers within the floodplain.  

 Sward condition – one field was too dense to be suitable for breeding waders, so 

required more intensive topping and grazing before grazing could be used as the main 

management tool. To aid access for machinery to all parts of the field new culverts were 

built as part of the HLS agreement capital works. 

 Consent was required from the Environment Agency for scrape creation as the fields are 

in the floodplain and spoil is left in the field. The rotary ditcher fires the soil up to 15m 

from the machine which effectively spreads the soil thinly. The spoil generally breaks 

down within 1-2 month of the work, and while the grass is not available for grazing in this 

time, grazing stock can access the field. 

6.7.6. Challenges for wildlife 

 There are no major challenges for wildlife with the use of this technique. All minor 

challenges (e.g. keeping the fields wet, predation, and disturbance) will be assessed as 

part of the HLS agreement and management of the site and should therefore have no 

significant impact on the wildlife present. 

6.7.7. Water management challenges 

 The availability of water is determined by the weather, and the requirement to hold water 

into late spring (late-May/early June) is not necessarily possible in all years. 

6.7.8. Financial costs and benefits 

The majority of costs were included within the capital works (control structures, consents/ 

permissions, excavation/machinery costs) and there are few annual costs beyond general 

maintenance of the site. 380m of linear scrapes each 5m wide and with a maximum depth of 

50cm were created. This work resulted in 1900m
2
 which could be claimed through the HLS 

capital works. The work took six hours, costing £1212 without VAT. Costs include transport of the 

machine and the operator as well as time on site, and depend on soil type and on the design. 

The fee for consent varied from £50 per structure to £50 per application; however some councils 

are prepared to waive the fees as the work is associated with an environmental benefit. 

Maintenance costs include stock for grazing (and all associate costs such as housing, veterinary 

bills etc), topping, and upkeep of control structures. 
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7. Appraisal of Main Techniques against Priority Species 

Requirements 

Rankings for this section are based on conceptual best-practice for each technique, and assume 

that the method utilised would be managed in the most appropriate manner for biodiversity (exc 

washlands). It is assumed that temporary wetlands would be managed at a depth of around 4 

inches for approximately 12/14 weeks and then returned to arable farming. Summer temporary 

wetlands will remain wet between May and Sept, and winter temporary wetlands will remain wet 

between Oct and March. Temporary wetlands with a duration of 1 year or more have not been 

assessed in this section of the report, but are anticipated to provide equal or greater benefits to 

wildlife than the short term options.  

Biodiversity rich storage reservoirs should contain large areas of shallow water and muddy 

substrate, as well as submerged and emergent aquatic vegetation on edges, which should slope 

gently to the fringe. Ideally, areas of reed and wet grassland should be present on the fringes of 

reservoir, and grazed lightly with cattle and/or sheep. Wet grasslands should be managed 

through grazing or hay cutting and remain wet throughout the winter, allowing fluctuating water 

levels during the spring and summer. Washlands are based on an area that is agriculturally 

managed through crop rotations, and it is assumed that they are not managed for biodiversity. 

Constructed wetlands will vary according to the scheme, but the assumption is that they will offer 

a small area of habitat for aquatic species, and substantially improve water quality. They are 

unlikely to take up a significant proportion of farmland. 

7.1. Breeding waders 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Redshank + + + + 

Curlew + + + + 

Snipe + + + + 

 

Other techniques 

 Biodiversity 
rich storage 
reservoir 

Wet grassland Washland Constructed 
wetlands 

Redshank ++ ++ o o 

Curlew ++ ++ o o 

Snipe ++ ++ o o 

++ = provides optimal habitat for species 
+ = provides suboptimal habitat for species 
o = has neither a positive or negative impact on species habitat 
- = leads to degradation of species habitat 
-- = leads to loss of species habitat 
  



65 
 

7.2. Wintering waders 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Golden Plover o + o + 

Lapwing o + o + 

Curlew o ++ o ++ 

 

Other techniques 

 Biodiversity 
rich storage 
reservoir 

Wet grassland Washland Constructed 
wetlands 

Golden Plover + ++ + o 

Lapwing + ++ + o 

Curlew ++ ++ + o 

 

7.3. Passage waders 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Dunlin ++ + + ++ 

Ruff ++ + + ++ 

Whimbrel ++ + + ++ 

Redshank ++ + + ++ 

Black-tailed 
godwit 

++ + + ++ 

 

Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands 

Dunlin ++ ++ o o 

Ruff ++ ++ o o 

Whimbrel ++ ++ o o 

Redshank ++ ++ o o 

Black-tailed 
godwit 

++ ++ o o 

 

7.4. Wintering/passage other 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Hen Harrier o + o + 

Marsh Harrier + + + + 
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Barn owl - - - - 

 

Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands 

Hen Harrier + ++ o o 

Marsh Harrier ++ ++ + o 

Barn owl + ++ + o 

 

7.5. Breeding other 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Reed warbler o o o o 

Grasshopper 
warbler 

o o o o 

 

Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands  

Reed warbler + + o ++ 

Grasshopper 
warbler 

+ ++ o + 

 

7.6. Wintering wildfowl 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Shelduck o + o ++ 

Wigeon o o o o 

Teal o ++ o ++ 

Pochard o + o o 

Bewick swan o + o + 

Whooper swan o + o + 

Mute swan o + o + 

 

Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands 

Shelduck + + o o 

Wigeon + ++ + o 

Teal ++ + + o 

Pochard ++ o o o 
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Bewick swan ++ + + o 

Whooper sawn ++ + + o 

Mute swan ++ + + o 

 

7.7. Reedbed specialists 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Bearded tit o o o o 

 

Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands 

Bearded tit o o o +(+) 

 

7.8. Wet woodland/scrub specialists 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Willow tit o o o o 

Turtle dove - - - - 

Woodcock o o o o 

 

Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands  

Willow tit + + - o 

Turtle dove + + + o 

Woodcock + + + o 

 

7.9. Priority bird species associated with the areas 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Common crane + + + + 

Black-necked grebe ++ + + + 
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Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands  

Common crane + + + o 

Black-necked grebe ++ + o o 

 

7.10. Other wetland priority species (non bird) 

Temporary Wetlands 

 WW (summer 
freshwater) 

WW (winter 
freshwater) 

WW (summer 
saline) 

WW (winter 
saline) 

Otter +* +* +* +* 

Water vole o o o o 

Great crested 
newt 

o o o o 

European eel - - - - 

*Only + if fish present, otherwise neutral 

Other techniques 

 Storage 
reservoir 

Wet grassland Washland Constructed 
wetlands 

Otter ++ + o + 

Water vole + o o o 

Great crested 
newt 

+* +* o + 

European eel o** o** o** o** 

*Only + if within close proximity to existing colony 

** Negative if control structures are not used 
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8. Environmental Impact Assessment 

This section includes information on the potential environmental impacts and benefits of 

temporary wetlands, biodiversity rich storage reservoirs, and reed bed (for purification of water). 

Schedule 3 of the EIA regulations (2011)
87

 was used to identify the main impacts and benefits of 

the techniques. It should be noted that, depending on the purpose and proponent of a scheme, 

different EIA regulations could be applicable. These are most likely to be either the Agricultural 

EIA regulations (2006)
88

 or the Water Resources EIA regulations (2003)
89

. The information 

provided in this section is still likely to be of value in considering a potential project against these 

alternative regulations. However, given the complexity of these matters, it is strongly 

recommended that professional advice should be sought on these matters. The cause of impact 

and its potential effect on the environment have been assessed in tabular format. 

An EIA has not been produced for wet grassland or washland as these techniques were removed 

at the screening stage. Wet grassland is unlikely to have any negative or adverse effects on 

wildlife and would not typically require EIA scoping (assuming a reservoir is not required to 

maintain water levels during the summer – please refer to reservoir EIA if so). In most instances 

washlands are managed as grazing or arable farmland and therefore fall under agricultural 

regulation and practice. 

8.1. Temporary Wetlands 

There are a number of potential negative impacts on the environment through the use of this 

technique, and they include the following: degradation of soil and/or water quality, destruction of 

character landscape, and loss of fauna or flora (particularly eels, fish, and farmland birds) 

through habitat loss or nutrient pollution in watercourses. Wider benefits that the technique may 

provide include: creation of habitat for fauna (bats, wintering and passage birds), improvements 

in soil quality (increase in organic matter and soil fertility), and flood defence (increased storage 

during major flood events).  

Table 1: Potential negative impacts of temporary wetlands on the environment  

Cause of impact 
 

Potential impact on 
environment 

Potential mitigation measures 

Anoxic nutrient rich water 
due to use of fertilisers/ 
pesticides  and stagnant 
water  
 

Flushing of anoxic nutrient 
rich water into local ditches 
may result in localised 
nutrient pollution issues in 
larger watercourses or 
aquifers. This may affect 
habitat quality for fish. 
Potential risk from diffuse 
agricultural pollution. 

Reed in ditches, hay bales, 
possibly booms in some 
instances. Leave the land fallow 
pre flood. Important to monitor 
water quality during and post 
flood to measure effectiveness 
of mitigation. 

Sediment in water due to 
loss of topsoil during 
drainage/ pumping out of 
water 

Draining/pumping water into 
ditches may result in a build 
up of sediment, increasing 
risk of localised flooding 

Sediment traps, buffer strips, 
reed in ditches. Ensure land is 
drained naturally where possible 

Compaction and 
degradation of soil due to 

Greater potential for surface 
water flooding and reduced 

Use of cover crops to break up 
the soil post flood. Subsoiling, 
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prolonged flooding 
 

soil quality. Loss of 
earthworms and other soil 
ecology 

ploughing, and/or disking post 
flood. Ensure land is dry before 
machinery enters on to it. 

High salinity levels in soil 
due to prolonged flooding 
of estuarine water 
 

Reduced soil quality. 
Potential loss of freshwater 
species 

Application of gypsum. Leave 
the land fallow for 1 year post 
flood. Monitor salinity levels to 
measure effectiveness of 
mitigation. 

Creation of bunds to hold 
water 

Temporary or permanent 
bunds may obstruct the line 
of sight and impact the 
character of the landscape 

Build low bunds (approx 0.5m) 
where land is level enough.  

Maintaining arable land 
under water for a 
prolonged period 

Loss of farmland bird 
foraging habitat and nests 
of breeding birds 

Avoid flooding large areas at 
any one time to limit habitat 
loss. Avoid flooding fields where 
birds are known to nest. 

Abstraction of water from 
local ditches 

Restriction on eel/lamprey 
movement, and potential 
death 

Eel screens should be used on 
all pumps – avoid pumping 
water during periods when eels 
and lamprey are very active 

Abstraction of water from 
local ditches 

Reductions in water levels 
and associated impacts on 
water quality (e.g. dissolved 
oxygen) 

Licensing to ensure water is 
only abstracted during certain 
periods. See water quality 
mitigation above. Aerate water 
where possible 

Creation of bunds to hold 
water 

Potential increase in flood 
risk due to change of flow 
paths. 

Construct small bunds, and 
avoid certain locations if 
necessary 

 

8.2. Biodiversity rich storage reservoirs 

Negative environmental impacts that may be associated with the creation and construction of 

storage reservoirs include the following: impacts on the landscape/archaeological features, over 

abstraction of water bodies, soil compaction, noise and light pollution, and loss of habitat and/or 

fauna and flora. Wider benefits would include creation of habitat for fauna (bats, water voles, 

great crested newts, otters, wintering and breeding birds, badgers), flood defence (additional 

storage during major flood events), and improved water sustainability/management. 

Table 2: Potential negative impacts of biodiversity rich storage reservoirs on the 
environment 

Cause of impact 
 

Potential impact on 
environment 

Potential mitigation 
measures 

Over abstraction of water 
from water bodies 

Damage to river system, fish, 
invertebrates, and plants 

Licensing to ensure water is 
only abstracted during certain 
periods 

Soil compaction due to 
works traffic 

Greater potential for surface 
water flooding 

Use of designated paths as 
infrequently as possible. 
Avoid driving vehicles on 
bare soil 

Creation of bunds to hold 
water 

Permanent bunds may 
obstruct the line of sight and 
impact the character of the 
landscape. 

Create below ground 
reservoirs where possible. 
Some use of trees and 
hedges as natural cover 

Construction of reservoir Loss of or damage to historic/ Knowledge of landholding 
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site 
 

archaeological features and archaeological surveys 
prior to construction should 
help to identify any features. 

Works traffic during 
construction of reservoir 

Noise pollution (most likely 
during out of hours work) 

Avoid working out of hours. 
Monitor noise levels. 

Works traffic during 
construction of reservoir 

Light pollution (most likely 
during out of hours work) 

Avoid working out of hours. 
Only use certain lighting 
during night work. 

Works traffic during 
construction of reservoir 

Air pollution due to extent of 
works traffic/heavy machinery 

Use of modern, well 
maintained machinery. 
Monitor emissions rates and 
comply with limits. Use of 
dust abatement techniques 
(e.g cover  storage piles, limit 
operations during very windy 
periods) 

Construction of reservoir 
site 
 

Loss of habitat for farmland 
birds, or potential 
displacement/disturbance of 
protected species if 
construction requires the 
removal of hedgerows/trees or 
modification of banks/ditches. 
Loss of flora. 

Avoid construction where 
protected species or habitats 
are present. If this is not 
possible, mitigation will be 
required for the specific 
species/habitat (e.g 
replacement habitat, 
relocation of species) 

Installation of irrigation 
pipes 
 

Potential 
displacement/disturbance of 
protected species if 
construction requires the 
removal of hedgerows/trees or 
modification of banks/ditches. 

Avoid installing pipes where 
protected species or habitats 
are present. If this is not 
possible, mitigation will be 
required for the specific 
species/habitat (e.g 
replacement habitat, 
relocation of species) 

Construction of vehicle 
access roads/tracks 

Potential habitat loss and 
displacement/disturbance of 
protected species. Loss of 
flora. 

Avoid construction of 
vehicular roads where 
protected species or habitats 
are present. If this is not 
possible, mitigation will be 
required for the specific 
species/habitat (e.g 
replacement habitat, 
relocation of species) 

Mismanagement of 
reservoir post 
construction 

Eutrophication/growth of 
invasive species 

Appropriate management of 
reservoir (oxygenation and 
removal of silt through 
natural processes where 
possible – e.g. floating 
islands). Regular water 
quality monitoring to measure 
effectiveness of mitigation 

Removal of trees and/or 
hedgerows to construct 
reservoir 

Loss of hedges/tree covered 
by regulation such as tree 
preservation orders 

Avoid removal of these 
trees/hedges. Consent to 
remove trees/hedges 
covered under the Tree 
Preservation Order (TPO) 
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8.3. Constructed Wetlands 

Depending on the design, management, and purpose of the wetland, it may present fewer 

impacts and greater benefits, or vice versa. Associated impacts could include an increase in 

disease, degradation of water quality, loss or disturbance of fauna and/or flora, noise and/or air 

pollution, and odour pollution. Benefits could include improved water quality and removal of 

nutrients in an environmentally friendly manner, the creation of habitat for fauna 

(wintering/breeding birds, invertebrates, water vole), and flood defence. 

Table 3: Potential negative impacts of constructed wetlands on the environment 

Cause of impact 
 

Potential impact on 
environment 

Potential mitigation 
measures 

Soil compaction due to 
works traffic 

Greater potential for surface 
water flooding 

Use of designated paths as 
infrequently as possible. 
Avoid driving vehicles on 
bare soil 

Construction of wetland 
 

Loss of or damage to historic/ 
archaeological features 

Knowledge of landholding 
and archaeological surveys 
prior to construction should 
help to identify any features 

Mismanagement of 
wetland post construction 
(irregular or limited cutting 
and cleaning) 

Increase in sediment, organic 
matter, and nutrient rich water. 

Rotate management – cut 
and clear reed fairly 
regularly. Manage water 
regime appropriately where 
possible 

Works traffic during 
construction of wetland 

Noise pollution (most likely 
during out of hours work) 

Avoid working out of hours. 
Monitor noise levels 

Works traffic during 
construction of wetland 

Light and air pollution due to 
extent of works traffic/heavy 
machinery 

Avoid working out of hours. 
Only use certain lighting 
during night work. Monitor 
emissions rates and apply 
limits, and use modern, well 
maintained machinery 

Mismanagement of 
wetland post construction 
(maintenance and 
replacement)  

Odour pollution and 
consequent  health concerns 

Communication with local 
authority re: optimum 
location. Regular cleaning, 
filtering, and replacement of 
gravel/vegetation where 
necessary 

Mismanagement of 
wetland post construction 
(maintenance, 
replacement) 

Potential disease outbreak and 
attraction of undesired species 

Appropriate maintenance – 
regular cleaning. Farmer 
should protect against 
leptospirosis/ hepatitis etc 

Construction of wetland 
 

Loss of habitat or potential 
displacement/disturbance of 
protected species if 
construction requires the 
removal of hedgerows/trees or 
modification of banks/ditches. 
Loss of flora. 

Avoid construction where 
protected species or habitats 
are present. If this is not 
possible, mitigation will be 
required for the specific 
species/habitat (e.g 
replacement habitat, 
relocation of species) 

Construction of vehicle 
access roads/tracks 

Potential habitat loss and 
displacement/disturbance of 
protected species. Loss of 
flora. 

Avoid construction of 
vehicular roads where 
protected species or habitats 
are present. If this is not 
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possible, mitigation will be 
required for the specific 
species/habitat (e.g 
replacement habitat, 
relocation of species) 

Installation of pipes, 
pumps/tanks 

Potential habitat loss and 
displacement/disturbance of 
protected species. Loss of 
flora. 

Avoid installing pipes/pumps 
where protected species or 
habitats are present. If this is 
not possible, mitigation will 
be required for the specific 
species/habitat (e.g 
replacement habitat, 
relocation of species) 

Removal of trees and/or 
hedgerows to construct 
reservoir 

Loss of hedges/tree covered 
by regulation such as tree 
preservation orders 

Avoid removal of these 
trees/hedges where possible. 
Consent to remove 
trees/hedges is covered 
under the Tree Preservation 
Order (TPO) 
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9. Conceptual Benefits of Wetland Habitats  

This section includes details of conceptual benefits associated with the techniques described in 

this report. These particular ecosystem services have been reviewed as they are considered to 

be the most relevant to the techniques, and their economics significance has been assessed in 

later sections.   

9.1. Recreation 

Wetland habitats can offer a variety of recreational activities such as fishing, hiking, photography, 

and bird/wildlife watching.  

In 2005, one million anglers were licensed to fish in England and Wales, with freshwater angling 

supporting £1 billion of household income
90

. Over half of their time is spent fishing on calm 

waters such as lakes and reservoirs, with coarse fishing contributing a GVA (gross value added) 

of £800 million to the economy alone
90

. In addition to the economic benefits associated with 

angling, many individuals report psychological benefits, and in many cases, physical benefits
90

.  

It is believed that around 2.85 million people go bird watching in the UK
91

. Rare species such as 

sea eagles and osprey deliver millions to the economy every year through tours, reserve visits 

and accommodation, with nearly £2 million attributed to sea eagles, and £6 million to ospreys
69

.  

Reserves in Yorkshire attract a significant proportion of visitors every year, with North Cave 

Wetlands attracting approximately 15000-20000 people per annum, and Spurn attracting 25000-

35000 visitors per annum
92

. The visitor numbers recorded at reserves, combined with wildlife 

tours, countless view points, walks and hiking routes, and related technology (cameras, 

camcorders, and binoculars) further highlight the popularity and importance of wildlife and the 

outdoors to society. Watching and studying wildlife, as well as being outdoors, not only helps with 

psychological well being
83

, but also serves as a platform for people from cities and towns to 

connect with nature
93

. Wetland habitats and the species they attract (including access to view 

them) are thus key elements in building the relationship between the society and the environment 

around them. 

9.2. Education and Awareness 

Education and awareness are fundamental to the future of UK wildlife and habitats. 

Environmental charities typically hold a variety of events aimed at educating and inspiring 

younger generations, including membership and activities aimed specifically at younger age 

groups and teens. Many events are also targeted at adults as well as children, ranging from talks 

and walks, boat trips, garden bird watches, species identification days, and coastal clean ups. 

Charities are typically at the forefront of education and awareness events, and in many instances 

derive income from them, which can then be funnelled back in to species conservation and 

awareness.  

More recently, subsidies and funding through Environmental Stewardship Schemes have 

enabled farmers to showcase some of the positive elements of their schemes to local school 
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children, allowing them to connect both with nature and UK farming
94

. Likewise, schools outreach 

programs run by charities provide many opportunities for young children to learn about nature in 

their backyard and beyond
95

. In addition, several farms local to the Humberhead Levels hold 

open days for families to visit the farm, and these can be a good opportunity to teach families 

about the relationship between local farming and biodiversity
96

.  

 

Birdwatchers in public observation tower by Nick Upton (rspb-images.com) 

9.3. Aesthetics/Character 

Wetland habitats are typically very attractive and peaceful places, and their popularity with the 

public is evident through the frequency with which wetland reserves are visited every year. Some 

of the largest and most popular reserves in the UK are wetlands, such as Minsmere, Rutland 

Water, Chapmans Well, WWT London Wetland Centre, and Leighton Moss. Wetlands can also 

form part of the natural character of an area; as for example the Humberhead Levels where 

wetlands and rivers form part of the low lying landscape. Examples of the significance of water 

and its subsequent management in the area, is evident by the density of rivers, ditches, canals, 

disused windmills, and water towers
97

. Although wetlands are no longer common in the 

landscape, their historical significance remains, and often their restoration where possible will be 

most suited to low lying floodplains where they would naturally form part of the landscape’s 

character.  

9.4. Carbon sequestration and storage 

Wetlands play an important role in carbon sequestration and the regulation of greenhouse gas 

(GHG) emissions. Where wetlands are intact and remain saturated for much of the year, they 

typically act as a sink and contain carbon
98

, but where they are degraded (through drainage or 
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burning) or lost all together, they can act as a source and release carbon into the atmosphere. 

Carbon accumulation and storage rates can vary significantly with longitude (continental or 

maritime), latitude, and history, particularly where they are restored as opposed to existing. 

Globally, peatlands are believed to store approximately 0.1 - 0.46 tonnes of carbon per ha per 

year, prairie wetlands around 3.05 tonnes of carbon per ha per year, agricultural field and rivers 

1.6 - 2.2 tonnes of carbon per ha per year and some constructed wetlands accumulating up to 22 

tonnes of carbon per ha per year
99

 

Wetlands play a similar role in the UKs carbon balance, particularly peatlands, which despite 

covering a relatively small area, are estimated to contain 584 megatonnes of carbon
100

. Similarly,  

lowland fen (wasted and deep) and blanket bog/upland mire have been found to contain a 

significant proportion of carbon in peatland habitats in the UK, storing approximately 186.4 

megatonnes, 144 megatonnes, and 138 megatonnes respectively
100

.  

 

Thorne Moors peat extraction by Tim Melling (rspb-images.com) 

Countries such as the United States and Australia are now introducing carbon credits whereby 

wetland restoration projects (US)
101

 or farmers actively engaging in carbon reduction activities 

including restoration of habitats (Australia)
102

 can gain credits for GHG emissions reductions. 

These credits can then be sold to corporations and individuals that are required to meet 

emissions reductions goals. In addition, there is now an urgency to better manage wetland 

habitats and understand the relationship between carbon storage and climate change as 
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research indicates that warmer climates will result in an increased release of carbon (CO2 and 

methane), and rates are likely to be dependent on changes to water tables and hydrological 

processes
103

. 

9.5. Water and soil quality 

All wetland habitats have the potential to reduce nutrients and suspended sediment. Agricultural 

pollutants that can be captured and treated through wetland environments can include 

phosphorous, ammonia, nitrates, sediment, microbial pathogens, and agrochemicals. For further 

details on methods that can be utilised to improve water quality through the implementation of 

wetlands and reed bed, please refer to section 2.4.3 of this report and Appendix 3.  

Protecting soil and ensuring no further degradation is key to the future success of our wildlife and 

agriculture. Soil erosion by wind and rain will affect the productivity of the soil, as well as aquatic 

ecosystems and water quality. Declines in organic matter will reduce soil quality, the supply of 

nutrients, and consequently produce a harsher environment for plants to grow in. Compaction of 

soil (through overgrazing, misuse of machinery, etc.) will reduce agricultural productivity and 

water infiltration, thus increasing flood risk
104

. Legislation and subsidies (CAP cross 

compliance
105

, Countryside Stewardship, Catchment Sensitive Farming
106

) currently afford some 

protection, but this is limited. 

 Soil can be preserved in wetland habitats, whether temporary (longer term) or permanent, as the 

time it spends under grass or water will allow it to recover from being intensively farmed. There 

will be a significant reduction in soil erosion, and fewer ill effects from the use of fertilisers and 

pesticides
104

. Temporary wetlands such as those described in section 2.1 of this report will also 

supply more organic matter and nitrates, which should further improve the health and fertility of 

the soil
107

. Improved soil health will help to deliver a better crop, as well as reducing flood risk. 

9.6. Biomass 

Wetland vegetation, in particular common reed (Phragmites australis), can potentially be used for 

biomass. As this is a source of renewable energy it reduces the use of non-renewables, whilst 

providing the farmer with a reliable source of money. For further details on using reed bed for 

biomass please refer to the Humberhead Levels NIA Biofuels project
108

. 

9.7. Other ecosystem services 

Biodiversity, food production, and flood risk management are also major ecosystem services 

relevant to the techniques described in this report. Ecosystem services benefits provided by 

biodiversity include nutrient cycling, pest regulation, pollination and carbon sequestration 

(discussed above). A value can also be applied to food production, and in many cases this is 

intrinsically linked to the ecosystem services provided by biodiversity. Many wetlands can also 

provide flood risk management benefits, and depending on capacity, can alleviate flooding in 

towns and villages downstream. As the techniques described in this report are primarily designed 

                                                   

103
 Kayranli, B., Scholz, M., Mustafa, A., Hedmark, A. Carbon storage and fluxes within freshwater 

wetlands: a critical review, 2010, Wetlands, 30, 111 – 124. 
104

 Parliamentary Office of Science and Technology, UK Soil Degradation, July 2006, Postnote 265 
105

 Department for Environment, Food, and Rural Affairs, Cross compliance in England: soil protection 
standards, 2015 
106

Natural England, Countryside Stewardship Manual 2015, p5 
107

 The Nature Conservancy, Farming for Wildlife: Creating shorebird habitat on working farms, March 2011 
108

 N. Melville and P. Short, Humberhead Levels Nature Improvement Area Biofuels Project, 2010 



78 
 

to provide agricultural (food production), flood risk management,  and biodiversity (pest 

regulation, pollination, carbon sequestration) benefits, and these benefits have been discussed in 

detail in other sections of the report, they will not be discussed any further in this section. 

Table 4: Comparative effectiveness of techniques to deliver against ecosystem benefits 

 Temporary 
wetlands 

Biodiversity 
rich storage 
reservoirs 

Wet 
grassland 

Arable 
washlands 

Constructed 
wetlands 

Recreation 
 

+ ++ + o o 

Education/ 
Awareness 

+ + + o + 

Aesthetics/ 
Historical 

o o + o + 

Carbon 
sequestration 

+ + ++ o + 

Water/Soil 
quality 

o(poss neg) + ++ o ++ 

Biomass 
 

o + + + ++ 

Biodiversity 
 

+ + ++ o + 

Flood risk 
management 

++ + ++ ++ + 
 

Food 
production 

+ o o ++ o 

N.B – o = technique offers no benefit, + = technique potentially offers minor benefit, ++ = 

technique potentially offers major benefit 

 

 

Summary of sections 6, 7, 8 & 9 

All of the main techniques described in this report could provide benefits to species identified 

in the study area. The appropriate management and application of the technique will be 

instrumental in the biodiversity value it provides. 

Seasonally inundated wet grassland (used as a FSA) is thought to provide some of the best 

habitat for the majority of species. However, temporary wetlands, and biodiversity rich 

storage reservoirs also provide many benefits. Constructed wetlands are variable depending 

on their design, and could deliver benefits where reedbed is utilised.  

An EIA may be required to implement some of the techniques. Various potential impacts that 

would need to be considered have been identified, including effects on the water 

environment, protected species, and soil. Where possible, potential mitigation measures have 

been suggested. 

There are a number of ecosystem benefits associated with wetland habitats and the 

techniques described in this report. These include recreation, education, aesthetics, carbon 

sequestration, water and soil quality, biomass, food production, biodiversity, and flood risk 

management. All of the techniques (excluding agricultural washlands) deliver against these 

ecosystem benefits.  
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10. Appraisal of Conceptual Capability for Techniques to Deliver 

against Farming and Water Management Needs 

This section includes information on the conceptual capability of the main techniques (temporary 

wetlands, biodiversity rich storage reservoir, reedbed, wet grassland, and washlands) to deliver 

against farming and water management needs on the Humberhead Levels/Inner Humber 

Estuary. This is assessed through summarising the generic potential of the techniques, and 

informed discussions with local farmers.  

10.1. Temporary wetlands 

10.1.1. Water management issues 

Flooding 

- Temporary wetland/warping techniques may form part of a solution for managing flood risk in 

the inner Humber Estuary and HHLs area. Designs which look to control where and how flooding 

occurs can increase resilience, reduce the impact of flooding, and provide a higher standard of 

protection.  Designs will be specific to the needs of each individual farm, nature of flood risk in 

the area, and expected changes in risk as a result of climate change impacts. It should however 

be noted that FRM relates to reducing risk, not eliminating it. 

There is also the potential to deliver a wider flood storage solution through the construction of 

secondary larger bunds which would provide additional water storage during extreme high water 

levels (please refer to section 5.1.5 for further information on secondary defences). This 

approach could provide flood risk management benefits across the whole catchment, and would 

work most effectively when designed at landscape scale. An approach such as this would be 

delivered in conjunction with the Environment Agency, and in some locations is more likely to 

secure the necessary funding for delivery than a traditional engineering approach of raising the 

existing defences 

Water availability/security 

- Temporary wetlands could help to deliver water sustainability aims by using water retained on 

the wetlands during high flows to irrigate the crops. This approach could only work in freshwater 

areas unless the crops are tolerant of brackish/saline water. However, subject to 

permission/consent, this method could be applied across the catchment. Alternatively, where a 

farmer has both temporary wetlands and a reservoir, it may be possible to transfer water from the 

temporary wetlands to the reservoir when water levels are high. 

Water quality 

- Temporary wetlands could address water quality concerns in the area, as extensive periods of 

flooding (1 year +) would help to reduce inputs such as pesticides post flood. Likewise, no 

pesticides would be put on the land during the temporary rotation. Short term rotations (12 

weeks) could pose a threat depending on mitigation post flood. Where water is pumped off the 

land into the drains post flood, this could cause water quality issues given that the water is likely 

to be both anoxic and nutrient rich. The addition of wet grassland buffer strips used in 

conjunction with warping or temporary wetlands (please refer to conceptual design 5) could 

further alleviate water quality issues by trapping nutrients/silt before it reaches the watercourse. 
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10.1.2. Farming 

Pests/diseases 

- Temporary wetlands would help to reduce potato and beet cyst nematode prevalence if 

managed appropriately (e.g. flooding during summer months when the temperature is high 

enough). Temporary flooding on peaty soils in the UK has shown a >98% reduction in eggs per 

gram
109

, and likewise, temporary flooding on sandy soils in the Netherlands has shown a 

significant reduction over a 5 year period
110

. In the Netherlands this technique has also been 

found to control various fungi, and weed species such as creeping thistle
111

. In addition, it is not 

yet known what effect this technique could have on black-grass, and whether it could potentially 

be negative, as black-grass tends to favour water retentive moist soils, and seed germination is 

stimulated by moisture and warmth
112

,
113

.  

Soil quality 

- Temporary wetlands could potentially help to improve soil quality concerns in the area, 

especially during longer rotations where the land is allowed to rest without chemical inputs or 

mechanical interference. In the US, longer term rotations were found to add inorganic nitrogen 

and organic matter to the soil, improving fertility
114

. Research also indicated that the flooding 

rotation had no negative effects on bulk density or soil PH
119

. In support of this evidence, 

research conducted following the 2013-2014 Somerset Levels floods indicated that the flooding 

did not have a significant impact on the physical properties of the soil, and that earthworm 

populations recovered quickly post flood. In addition to the temporary wetland approach, warping 

is also thought to increase fertility of the soil by introducing silt from the Estuary
115

. However, 

relatively short periods of uncontrolled flooding on pasture and cropped habitats in the UK has 

previously been found to have a negative effect on soil structure and fertility, as well as soil 

organisms
116

,
117

. Given the conflicting evidence it is difficult to conclude what effect the technique 

could have on soil locally, and this will be further compounded by the differing soil types and 

flood duration. 

Land management and practicality 

- The temporary wetland technique is fairly easy to deliver, and costs can be kept reasonably low 

depending on the size, duration, and location of the wetland sites. The flexibility in the duration 

and location of the temporary wetlands would enable farmers to manage the technique within a 

normal rotation if required, or utilise the technique to enter into organic status. This technique 

could be adopted in both tidal and freshwater locations, and is therefore applicable to the whole 

study area. Soil types on the land will need to be taken into account, and the effectiveness and 

cost of the technique will vary depending on the soil and underlying geology and drainage. 
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10.2. Biodiversity rich water storage reservoirs 

10.2.1. Water management issues 

Flooding 

- Biodiversity rich water storage reservoirs may serve to reduce flood risk in some areas of the 

HHLs. Given the fertile moist nature of the farmland on the north bank of the Humber Estuary, it 

is unlikely that irrigation reservoirs would be required; however, a network of silt ponds and 

wildlife lagoons would add biodiversity value and may help to alleviate fluvial and surface water 

flooding to a small degree. On the south bank and further south towards the Isle of Axholme 

there is a necessity for reservoirs on some farmland, and if appropriately placed, these could 

help to reduce the impacts of fluvial flooding. Design considerations will include the nature of 

flood risk in the area, topography and expected climate change impacts. At a site in the Calder 

valley the Environment Agency effectively ‘rents’ the top 1m of a conventional reservoir, so that 

when high rainfall is anticipated, they can close a valve and allow the reservoir to fill up to its spill 

level, therefore providing some flood relief /reduction of the flood peak
118

. A similar method could 

potentially be employed within this area, adapting the approach to biodiversity rich reservoirs 

strategically placed within close proximity to main rivers.  

Water availability/security 

- Biodiversity rich storage reservoirs would be largely beneficial for managing water 

sustainability, as these are designed to store winter rainfall/abstracted water during higher flows, 

and irrigate crops during the summer when water levels are a lot lower in local ditches and rivers. 

There are a number of farms within the HHLs that require a constant and reliable source of 

water, typically due to the crops grown (e.g. turf, salad crops), and the type of soil and moisture 

held within it. 

Water quality 

- Biodiversity rich storage reservoirs could potentially help to deliver water quality improvements 

in the area depending on the design of the reservoir and addition of key environmental benefits 

such as adjoining areas of wet grassland, scrub, and wet and dry reed. Conventional reservoirs 

alone are unlikely to provide any positive benefits with regards to water quality. However, given 

the necessity to monitor water quality levels for salad crops
119

, it is possible that the addition of 

natural methods for improving water quality will factor into future reservoir design. Whilst this 

technique will vary in its effectiveness to alleviate water quality issues within the area, it does 

have good potential with correct design and application. 
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10.2.2. Farming issues 

Pests/diseases 

- Biodiversity rich storage reservoirs are unlikely to offer any great potential in pest and disease 

management, however, the reliable supply of water would help to boost yields and provide better 

quality crops
120

. 

Soil quality 

- Biodiversity rich storage reservoirs are unlikely to have any significant effects on soil quality, 

however the construction of/access to these sites could cause minor soil compaction in localised 

areas. Grass and wildflower buffer strips could be used to reduce soil erosion and runoff into 

local ditches and drains. 

Land management and practicality 

- Biodiversity rich water storage reservoirs could prove to be a practical addition to the farm, with 

little ongoing maintenance, and a relatively small loss of cropland. The reservoirs are ideally 

suited to freshwater habitats, however, it is possible to irrigate with saline water that has been 

treated. It should be noted that treating saline water requires desalinisation technology, which is 

both costly and requires maintenance.  Depending on the size and location of the reservoir, the 

farmer could benefit from sharing the water with other local enterprises, thus receiving additional 

financial gains. Given that the HHLs contain a lot of grade one agricultural land used for water 

intensive crops and turf, there is significant potential for the need for water storage reservoirs. 

This will however vary depending on soil type, climate, the growing system, and the crops to be 

irrigated. 

10.3. Wet grassland and washlands 

10.3.1. Water management issues 

Flooding 

- The water storage capacity of wet grassland could help to alleviate the impacts of flooding on 

nearby farmland and property. As water levels typically need to be kept relatively high for wet 

grassland, the ditches in the area would need to be managed appropriately, and high water in 

ditches combined with saturated ground would result in a lower water capacity during major 

floods. However, assuming the land is low lying or contained, the water could be held in the area 

for a prolonged period post flooding (assuming there are arrangements in place for stock). In 

particular this technique would be well suited to farmland within close proximity to the Estuary 

and/or some of the larger ditches and watercourses that become tide-locked (e.g. watercourses 

that are unable to discharge into a tidal river during high water levels). Likewise, this technique 

could help to reduce tidal flooding where combined with secondary defences. 

- Washlands are designed to store large amounts of water during major flood events, and 

therefore provide significant benefits to FRM. They are best placed next to, or nearby a river or 

Estuary, and could be utilised to store both tidal and fluvial water. This approach could provide 
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flood risk management benefits across the whole catchment, and would work most effectively 

when designed at landscape scale. An approach such as this would be delivered in conjunction 

with the Environment Agency, and in some locations is more likely to secure the necessary 

funding for delivery than a traditional engineering approach of raising the existing defences. 

Water availability/security 

- Washlands and wet grassland would provide few benefits to water sustainability in the area. 

Whilst these approaches would be unlikely to negatively impact water sustainability issues, they 

are not designed to store water for prolonged periods which could then be used for irrigation. Wet 

grassland does need to be kept at a certain water level, however this can fluctuate, and it is 

unlikely that it would negatively impact water sustainability concerns in the area given that it often 

draws down in the summer naturally. It should however be noted that there will be the small 

added benefit or reduced irrigation/drainage to the landholding through the application of these 

techniques. 

Water quality 

- Wet grassland could act as a buffer between intensively managed farmland and watercourses 

to reduce water pollution. Likewise, as discussed above, a wet grassland strip could be used to 

manage pollution anticipated from the effects of a short term temporary wetland. In addition, the 

strips could be used to meet cross compliance/greening requirements. 

- Washlands are unlikely to provide any benefits from a water quality perspective, and may in fact 

have a negative impact locally where land is managed intensively with significant amounts of 

chemical inputs. Following a major flood event, it is likely that many of the nutrients contained 

within the water will be washed into the rivers and ditches, causing local water quality issues
121

. 

10.3.2. Farming issues 

Pest/diseases 

- It is unlikely that washlands or wet grassland would significantly help to reduce pest, disease, or 

weed issues within the area. Wet grassland is unlikely to have a negative impact on the 

management of pests and weeds, and the presence of buffer strips and large areas of 

unmanaged land may help to alleviate the effects of intensive management on adjacent fields. 

The weed burden after flooding will be more significant with washlands, as flood waters can 

introduce new weed species. In addition bare soils will allow weed infestation and a reduction in 

the seed bank of desirable species
122

. 

Soil quality 

- Wet grassland could help to reduce erosion and compaction of soils, with the subsequent 

benefit of limiting runoff into local ditches and drains. Either large areas of wet grassland or 

smaller buffer strips would offer potential, and could easily be incorporated into a design without 

significant additional costs.  

- Washlands could be managed sensitively to improve soil health, and management should 

include methods to reduce soil compaction, erosion, and contamination, as well as reducing the 
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decline in organic matter. Cover crops could be sown during the winter months where flooding is 

more frequent to improve soil quality and help to manage pests and pathogens. Financial losses 

would also be less significant than if the farmer had sown a winter crop that was subsequently 

lost through extended periods of flooding. 

Land management and practicality 

- Wet grassland requires specific management throughout the year, and in most instances 

necessitates the use of control structures to maintain water levels, and stock to graze the land. 

Those farmers with stock and the necessary infrastructure and knowledge to graze would be 

able to utilise this technique on land that is frequently damp or not suitable for cropping; but due 

to the lack of grazing in the study area, it is unlikely that this technique would be suitable for most 

farmers. Wet grassland and wetland is considered a priority for the HHLs and Humber Estuary, 

and this technique may therefore suit a Countryside Stewardship scheme where both annual and 

capital payments are provided. 

- Where farmers choose to farm crops in washlands, they risk the loss of their crops during 

floods, and cannot claim on insurance (those crops in the ground). This technique therefore 

offers fewer benefits to farmers, as they are unable to predict the frequency/duration of flooding 

in a given year, and hence cannot identify the impact that the flooding will have on their finances 

until the flooding has occurred. Washlands are typically large, and placed within close proximity 

of a main river or Estuary, and therefore have very specific requirements. 

10.4. Constructed wetlands 

10.4.1. Water management issues 

Flooding 

- Depending on the size and location of the reed bed/constructed wetland, it could be used to 

store excess water during floods. Design considerations would include the hydrology and 

typology of the catchment, and the nature of flood risk. Most likely this approach would target 

fluvial or surface water flooding. It is unlikely that this technique alone could significantly reduce 

flooding in the area, and therefore it is more practical to consider it alongside other flood risk 

management measures. The impacts of this technique on water quality would need to be fully 

investigated prior to its delivery. 

Water availability/security 

-Constructed wetlands would provide few benefits to water sustainability in the area. Whilst this 

approach would be unlikely to negatively impact water sustainability issues, it is not designed to 

store additional water for prolonged periods which could then be used for irrigation. 

Water quality 

- Constructed wetlands should provide the greatest benefits to water quality in the area. 

Depending on the scale of the technique and design of the constructed wetland, water quality 

benefits could be significant (please refer to page 8 of constructed wetlands handbook). The 

Humber catchment does suffer from water quality issues, and methods to reduce pollution would 

therefore benefit the catchment. It is likely that a variety of constructed wetland options would be 

required across the catchment to reduce water quality concerns, in addition to other land 

management changes (e.g. cover crops, buffers, nutrient management, and conservation tillage). 

The flexible nature of this technique (e.g. different wetland options, different sizes, varying levels 



85 
 

of complexity) and the requirement to improve water quality in the area would make it a suitable 

option for the HHLs. 

10.4.2. Farming issues 

Pests/diseases 

- It is unlikely that reedbed/constructed wetlands would significantly help to reduce pest, disease, 

or weed issues within the area. It is also unlikely to have a negative impact on the management 

of pests and weeds, and the presence of buffer strips and areas of unmanaged land may help to 

alleviate the effects of intensive management on adjacent fields. 

Soil quality 

- It is highly unlikely that constructed wetlands will either positively or negatively affect soil 

structure or health on the landholding. 

Land management and practicality 

- Constructed wetlands would only cover a small footprint, so are theoretically practical options 

for many farms within the region. They could be used as standalone features to reduce 

agricultural pollution through run off, or in combination with a reservoir or temporary wetland to 

improve water quality locally. Depending on the size and location of the constructed wetland, the 

reed or willow contained within it could be sold for biofuel. Relatively small patches within fairly 

close proximity to farm property that cannot be used for crops or grazing would suit this 

technique.  

Table 5: Comparative potential of each technique for water management 

 Water security Flood defence Water quality 

Temporary 
wetlands 

+ ++ o (-) 

Wet grassland o + + 

Washland o ++ o (-) 

BR storage 
reservoir 

++ + + 

Constructed 
wetland 

o o (+) ++ 

-- = very unsuitable/very negative effect on the relevant factor, - = negative effect on the relevant 

factor, o =no effect on the relevant factor, + = positive effect on the relevant factor, ++ = very 

positive effect on the relevant factor 
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Table 6: Comparative potential of each technique for farming 

 Pests/pathogens Soil quality Suited to land 
management in the 
area 

Temporary 
wetlands 

 ++ o (- or +) ++ 

Wet grassland o + - 

Washland o o o 

BR storage 
reservoir 

o o ++ 

Constructed 
wetland 

o o + 

-- = very unsuitable/very negative effect on the relevant factor, - = unsuitable/negative effect on 

the relevant factor, o =no effect on the relevant factor, + = suitable/positive effect on the relevant 

factor, ++ = very suitable/very positive effect on the relevant factor 

10.5. Final conclusions and techniques to be taken forward 

It is important that all factors are considered when establishing which techniques will be most 

effective for delivery objectives for each land holding. As well as the associated farming and 

water management gains, it is pertinent that biodiversity gains are also taken into account as this 

will ensure long-term sustainability and potentially access to additional funding sources. 

Likewise, the financial and legislative considerations play an important role in the practical 

application of the techniques. This section of the report aimed to identify the benefits and 

consequences of the main techniques, and how these apply to water management and farming 

requirements in the region. In addition, it aspires to identify those techniques most relevant to the 

area that could provide the greatest benefits to farming and water management. Through 

discussions with the Environment Agency and local farmers we have identified several 

techniques that potentially meet the needs of the project area, as well as providing multiple 

benefits to both farming and water management. These include the temporary wetlands, 

biodiversity rich storage areas, and potentially constructed wetlands. Washlands and wet 

grassland will not be taken forward, as research and discussions with local farmers indicate that 

the techniques are not feasible for the delivery of farming and water management gains in this 

area. However, the techniques could suit an alternative management strategy (e.g. large scale 

wet grassland would secure more funding under Countryside Stewardship).  

In addition to the techniques explored within this section of the report, other methods of land 

management and land use could be utilised to reduce flood risk in the lowlands. In saline and 

freshwater areas the methods associated with paludiculture and aquaculture present 

opportunities.  A program in Texel, Netherlands
123

 has successfully devised methods by which to 

manage agricultural land by developing saline agricultural practices, and evaluating the salt 

tolerance of conventional crops. Since its development, the scheme has engineered many 

varieties of crops (including potatoes and carrots) that are resistant to saline water
124

.  

Alternative land management measures for freshwater areas may include producing less 

common crops that are resistant to frequent inundation such as willow, sphagnum, or hemp. In 

areas that are at risk of drought, drought tolerant crops such as maize and millet could be used.  
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 Salt Farm Texel, http://www.saltfarmtexel.com/projects/salt-tolerant-potato-to-feed-the-world, Accessed 

12 January 2016 

http://www.saltfarmtexel.com/
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It is possible that as the effects of climate change worsen, larger scale schemes may be required 

such as the Room for the River programme in the Netherlands, where methods are being utilised 

to reconnect the river with its floodplain
125

. Finally, whilst upland management is not within the 

remit of this project, flood alleviation measures should be developed across catchments, and the 

appropriate management of ditches and rivers upstream could reduce the impact of flooding 

downstream. A variety of schemes in the UK are currently assessing the effectiveness of various 

upland flood mitigation techniques
126

,
127

; and a combination of these measures and flood storage 

areas in the lowlands will inevitably be required to truly alleviate the effects of flooding through 

natural approaches. The requirement for hard defences such as walls and embankments will still 

exist, but the aim of this project is to identify a more holistic approach to flood risk management, 

including working with natural processes. 

The following sections of this report will assess the economic viability of the temporary wetlands 

and biodiversity rich storage reservoirs, as well as any legislative barriers and challenges 

associated with them. 
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11. Relevant Consents, Permits and Permissions 

This section classifies and describes the consents/permits relevant to the two main techniques, 

as well as where to obtain further information. 

11.1. Consents 

It is probable that a number of consents will be required to implement the techniques discussed 

in the previous sections of this report. The time required to gain consent, as well associated 

costs and expectations will have to be taken in to account prior to application of the technique, 

and the farmer should allow as much time as possible to work through this process. This section 

of the report will focus on consents and permissions required for the two main techniques, 

temporary wetlands, and biodiversity rich storage reservoirs. The requirement for consent will 

vary across sites and designs, and the list below describes all of the consents that should be 

considered as part of the process for both techniques (though it is unlikely that all of the consents 

will be required for every scheme). 

Flood risk activities: environmental permits  

This permit will be required for works affecting a main river or sea defence. Individuals may need 

to apply for permits where they carry out works in, over, near, or under a main river; on or near a 

flood defence or main river; in the floodplain of a main river; or on or near a sea defence. 

Permission will need to be sought from the Environment Agency (EA). Please note that all other 

works on smaller rivers/ditches would require consent from your local Internal Drainage Board 

(IDB). You can apply for a permit and obtain further information about this system online at 

https://www.gov.uk/guidance/flood-risk-activities-environmental-permits, or contact your local 

council/EA for more information. Environmental permits may be required during the construction 

of a reservoir. 

Ordinary watercourse/land drainage consent (permission to do works on or near smaller 

watercourses) 

This consent will be required if works are likely to take place on or within 9m of a smaller 

watercourse (such as river, stream, ditch, drain, dyke or sewer) or flood defence, and is 

applicable to both permanent and temporary works. Consent may be required for the 

construction/alteration or weirs, or similar obstruction to the flow of a watercourse; the 

construction or alteration of a culvert; and temporary works (scaffolding, pumping of excessive 

water) or major drainage works. Permission will need to be sought from the local IDB (for a full 

list of IDBs within the study area please refer to Appendix 7) who will advise on whether consent 

is required, and how to progress with an application. Where a local IDB is not present, consent 

should be sought from either the local authority or the Environment Agency. Please also note 

that a WFD assessment may be required as part of the consent application. 

Water abstraction license 

An abstraction license is required to abstract water from a watercourse or from a groundwater 

source such a borehole or a well. A full abstraction license will be required where the landowner 

wishes to abstract more than 20 cubic metres of water per day for more than 28 days. A transfer 

abstraction license will be required to abstract more than 20 cubic metres of water per day and 

transfer it from one source of supply to another without intervening use. An impoundment license 

may also be required to impound inland water (this may apply to both temporary wetlands and 
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storage reservoirs). A preliminary enquiry form can be filled in online to enable the Environment 

Agency to explore the nature of the proposed scheme and whether a formal application is 

required. It is likely that an abstraction license and impoundment license will be required for 

these techniques, and where water is transferred between the temporary wetlands and storage 

reservoirs, a transfer note will also be required. 

Planning permission 

Planning permission should be sought for certain developments that do not fall under permitted 

development rights for agriculture. It is a possibility that permission will need to be sought for 

both temporary wetlands and storage reservoirs (dependent on location, size, design), and for 

further information on this process please refer to section 12.1.1 of the report and contact your 

local authority. 

Environmental Impact Assessment 

The EIA process may be required in order to determine whether or not the proposed scheme is 

likely to have significant environmental impacts. The local planning authority can then use this 

information to make an informed decision when granting planning permission for a given 

scheme. There are three key steps within the process, with only schemes deemed likely to have 

a significant impact being required to undertake all three steps.  The steps are as follows: 

Screening: The applicants submit details to the Local Planning Authority (LPA), who screen 

these against a number of criteria set out within the EIA regulations. Should the proposal fall 

below key thresholds then the process ends here and the proposal is screened out. Should the 

proposal meet any of the significance criteria, the process continues.  

Scoping: The applicants submit details to the Local Planning Authority (LPA), who consults with 

key consultees on what detail is needed in the EIA to address any concerns over significant 

impacts. 

Submission: The applicant submits the full Environmental Statement as part of their planning 

application for consideration by the LPA.  

Given the lengthy timescales for the EIA process, it is strongly advised that applicants undertake 

pre-application discussions with their local authority to understand whether or not the regulations 

are likely to apply. 

Environmental Impact Assessment – Agriculture 

The techniques described in this report may fall under EIA (Agriculture) regulations, and 

therefore require a different screening and scoping procedure to the EIA process described 

above. An agricultural EIA and consent may be required where previously uncultivated land or 

semi-natural areas are to be cultivated, or where land features are to be restructured. Similarly to 

the EIA, this regulation is in place to protect certain land and ensure that restructuring of land 

holdings does not significantly impact the environment. Where projects are planned to restructure 

land/cultivate previously uncultivated areas permission will need to be sought from Natural 

England by submitting a screening application, and if the project is thought to have a significant 

effect on the environment, consent will be required. An EIA should include or be accompanied by 

a WFD assessment. Both storage reservoirs and temporary wetlands may fall under the second 

category of ‘Restructuring features on the land – adding, removing or redistributing earth or 

material’; and it is therefore advised that landowners contact Natural England for further advice.  
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Protected species and sites licenses/consent 

During the planning process, the impact that developments/schemes have on protected species 

will be assessed, and licenses may be required to relocate or mitigate for species such as water 

voles, otters, bats, eels, and great crested newts (please note, this list is not exhaustive, for a full 

list of UK and European protected species please review the relevant website pages
128

. Local 

planning authorities will take advice from Natural England and the Environment Agency to make 

an informed decision on whether the technique is likely to significantly impact a species. This 

also applies to protected sites such as SPAs, SACs, SSSIs, national parks, AONBs, ramsar 

wetlands, and local sites. Surveys should not be required unless there is a reasonable likelihood 

of species being present, and affected by the area planned for development. Advice should be 

sought from the relevant authority (Environment Agency for projects that may affect aquatic or 

water dependent species/sites and rivers, and Natural England for all other schemes). It is 

unlikely that species licenses or surveys should be required for these techniques, however this 

should be judged on a site by site basis and responsibility for this lies with the person 

undertaking the works. Where techniques are to be implemented on or near protected sites, 

advice should be sought from Natural England, as consent may be required. 

Scheduled monument consent 

Consent will be required if the techniques are to be implemented on sites where there are 

features of historic value (either underground or over ground). This applies where the landowner 

wishes to carry out any work that would remove, repair, damage, alter, or demolish a scheduled 

monument; as well as operations where the landowner chooses to flood land in, on, or under a 

monument. Consent and advice should be sought from English Heritage, and applications cannot 

be made online. An archaeological survey may be required to assess the designated site. Details 

on locations of schedules monuments can be found at www.magic.gov.uk 

HLS/ELS/Countryside stewardship derogation 

For land under the above schemes a derogation may be required during temporary alterations to 

the land (e.g. short term temporary wetlands), and this should be sought from Natural England 

(HLS/CS mid tier schemes will have specific advisers dealing with the agreements). If permanent 

features such as storage reservoirs are to be constructed on land under HLS/CS, then it is likely 

that the land extent would have to be removed from the agreement. This may incur fines and 

penalties, and should be discussed with a Natural England adviser prior to construction. 

Waste Transfer Note 

A waste transfer note will be required if material is moved off site and passed on from one person 

to another. The note must contain enough information about the material for it to be handled 

safely and disposed of legally. You can register online at https://www.gov.uk/how-to-dispose-of-

nonhazardous-waste/waste-transfer-notes to fill in and store waste transfer notes. If soil and 

other waste materials used to construct the reservoirs are moved off site, it is likely that a transfer 

note will be required. 
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Access permissions (neighbours and utility companies) 

Access through land owned by neighbours (other landowners, local authority, NGO) should be 

requested and secured if this is required for maintenance/movement of machinery. Whilst 

consent is not required, approval to access another’s land is necessary to ensure you do not 

unlawfully trespass. If the schemes are likely to impact utilities such as electric, gas, and 

road/rail, then the relevant organisation should be notified and permission sought to carry out 

temporary or permanent works. 

Rights of Way diversion permission  

If the schemes are proposed on land with a right of way (footpath, bridle path) then permission 

will be required to temporarily or permanently divert or close it. A landowner may apply to divert 

or close a public right of way if they have planning permission to develop the land over which the 

right of way runs.  Likewise, under section 118 of the Highways Act 1980, landowners may apply 

to divert a public right of way on their land if they can demonstrate that it is beneficial to move the 

path and that the alternative route will not be less convenient or less enjoyable to the public. 

Permission should be sought from the local authority, and associated fees and expectations will 

vary across councils. Permanent closures are subject to a consultation process, and objections 

may be made by members of the public or interested third parties, which would result in the 

application moving to Public Inquiry. This is a potentially time-consuming and costly process and 

therefore diversions/closures should be avoided where possible. 

Tree Preservation Order and Mineral Extraction permission 

It is possible that both of these consents/permissions could be required during construction of a 

storage reservoir. A tree preservation order will be required if the landowner wishes to cut 

down/top/uproot/damage specific trees or woodlands subject to protection. This can be obtained 

through the local authority, and consent is often subject to specific conditions. The landowner 

should be aware if they have any trees/woodland of value on their land, and should contact their 

authority if there is any uncertainty. Mineral extraction permissions are only required if the 

landowner wishes to move minerals off site for sale. A permit should be sought from the local 

authority, and it should be noted that full planning permission is typically required as part of this 

process. 

11.2. Fees and timescales 

This section discusses the fees and expected timescales and time costs (application to consent) 

associated with the main techniques, and presents them in tabular form. Please note that the 

fees and timescales detailed below are approximate, and will vary between sites, locations, and 

schemes. It is strongly recommended that professional advice is sought on these matters. 
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Consent Fee Timescale 

Flood defence 
consent 

£50 for each structure A decision will be 
reached  within 2 months 
(upon acceptance of the  
application) 

Ordinary watercourse 
consent 

£50 (regardless of complexity of scheme) A decision will be 
reached  within 2 months 
(upon acceptance of the  
application) 

Abstraction 
license/Impoundment 
license 

Varies per site and requirements (£25 - 
£1500 application charge and possible 
£100 additional admin fee to advertise + 
charges for abstraction @ £1000/m3) 
Please refer 
tohttps://www.gov.uk/government/uploads
/system/uploads/attachment_data/file/466
353/LIT_9909.pdf for full details. 

Temporary license 
applications (upon 
receipt) = within 28 days. 
All other applications 
(upon receipt) = within 4 
months. Please note that 
not all catchments are 
open to abstraction, and 
this should be discussed 
with an Environment 
Agency member of staff 
at the beginning of the 
process 

Environmental Impact 
Assessment 

Varies per site – typically approx £2000 
for a reservoir EIA 

EIA: Screening = 3 
weeks to determine, 
Scoping = 5 weeks to 
respond, Submission 
(statement and planning 
application) = 16 weeks 
to determine 
EIA (AGRI): Screening = 
5 weeks to determine, 
Scoping opinion = 5 
weeks, Consent 
application = 6-8 weeks 
to determine 

Protected species/site 
consent/license 

Varies per site – ranges from 
preliminary/scoping survey @ approx 
£250+ to full surveys at £2000+. More 
than one species/habitat survey may be 
required. 

If a survey is required, 
this can be done fairly 
quickly (approx 2-9 
months), but will need to 
be completed during the 
right time of the year for 
the species in question. 
Natural England will 
typically respond to 
planning proposals/ 
consents within 21 days, 
but allow more time.  

Planning permission Dependent on whether prior notification 
(£80) or full planning permission required. 
If full planning permission required, will 
incur fees for planning and EIA/surveys 
etc 

Non major = 8 weeks, 
major = 12-13 weeks. 
Major applications have 
greatest potential to 
require EIA. 

Scheduled monument 
consent 

No fee to gain consent. Archaeological 
surveys vary between £5000-£7000 for a 
reservoir 

Varies – minimum 2 
weeks, longer for more 
complex cases 

HLS/CS derogation No fee for derogation. Fine/repayment Varies – should be 

https://www.gov.uk/government/uploads/system/
https://www.gov.uk/government/uploads/system/
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costs incurred for early retirement from 
schemes/options  

concluded within 28 days 

Waste transfer note No fee Online resource – no 
waiting time required 

Access permissions 
(neighbours, utilities) 

No fee (possible fee for utilities, and 
wayleave costs may be applicable in 
some instances)  

Variable – contact the 
relevant utilities 
company/neighbour by 
phone/letter/email. May 
require legal advice in 
certain instances. 

Right of way diversion 
permission 

Varies across local authorities (NYCC = 
£424 plus VAT, plus the cost of two 
adverts at approx. £250 each; EYCC = 
£2500 - £10000 unopposed, or £3000 - 
£11500 opposed; Lincs  CC= £1700 
admin, and cost of two adverts) 

Approx 4-6 weeks 
unopposed, significantly 
longer if opposed and 
goes to public enquiry 
(reserve up to 1 year for 
this process) 

Mineral extraction 
permit 

No fee – but full planning permission likely 
required 

See planning permission 

Tree preservation 
order 

No fee Within 8 weeks (upon 
receipt of application) – 
this process could be 
longer with more complex 
cases 

 

11.3. Estimated time costs 

It is possible that a landowner will need to employ a land agent to apply for the consents and 

permissions that are required to implement the temporary wetland and wildlife rich storage 

reservoir techniques. There is no national charging system for land agents, and fees will vary 

depending on the seniority of the agent, and the complexity of the scheme.  The majority of land 

agents are chartered surveyors and costs are related to qualification or position in the firm. For 

example, it could cost approximately £70p/h to employ an assistant land agent or £180p/h for a 

senior partner. Typically costs will vary somewhere between the two, and the costs described 

above are only indicative. It is anticipated that a land agent may be required to apply for some of 

the more complex consents/permissions that cannot be completed fairly simply and quickly 

online, or through minimal contact with the relevant authority. These may include an abstraction 

license, planning permission, an environmental impact assessment (EIA) or agricultural EIA, and 

potentially archaeological or species surveys. The time cost of employing a land agent will vary 

between schemes and consents, and depending on the time taken to complete an application 

and gather all appropriate supporting material, costs could exceed £1000 per consent at 

assistant level (based on 14 hours of work). 
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12. Policy Audit of the Humber 

This section includes a summary of UK and EU legislation that may support, or act as a barrier, 

to the implementation of the temporary wetland and biodiversity rich reservoir techniques. The 

catchments identified within the project area include: Don & Rother; Grimsby, Ancholme & Louth; 

Idle and Torne; Hull & East Riding; and Lower Trent and Erewash. The local authorities identified 

within the area include: Doncaster; East Riding of Yorkshire; North Lincolnshire; and 

Nottinghamshire. 

12.1. Relevant legislation and policy 

There is a significant amount of legislation that should be considered when looking to implement 

these techniques. Relevant policy can be broken down into planning; water management and 

storage; agricultural and cross compliance, and wildlife and protected habitats. The information 

described below therefore identifies relevant EU and UK legislation, as well as associated policy, 

and local priorities and actions. The legislation/policy will apply to both techniques unless 

otherwise stated. 

12.1.1. Planning 

Relevant legislation 

Town and Country Planning Act 1990 

Town and Country Planning (General Permitted Development)(England) Order 2015 

Relevant policy/plans/strategies 

National Planning Policy Framework 2012 – The National Planning Policy Framework sets out 

the Government’s planning policies for England and how these are expected to be applied. It 

provides a framework within which local people and their accountable councils can produce their 

own distinctive local and neighbourhood plans, which reflect the needs and priorities of their 

communities. 

Various elements of the framework are supportive of the main techniques described in this 

report. Statements within the document support agricultural diversification and development (28), 

the retention and enhancement of greenbelts (79-92), adaptation to climate change (93-99), flood 

risk mitigation (99-108), appropriate water management and sustainability (94 & 99), and 

conserving and enhancing the natural environment (109-125). It is therefore anticipated that both 

temporary wetlands and biodiversity rich storage reservoirs are entirely compatible with national 

planning policy. Concerns could be raised over the protection of the historic environment, and 

should there be any heritage assets or a local character that the techniques may damage or 

threat, this should be addressed. The requirement for planning permission will vary across 

designs and locations, and this matter should be addressed on a site specific basis. Local 

planning policies may therefore need to be addressed for these sites, and local districts within 

the study area include: 

 East Riding  

 Doncaster 

 North Lincolnshire 

 North East Lincolnshire 

 East/West Lindsey 
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 Bassetlaw 

 Nottinghamshire CC 

12.1.2. Water Management and Storage: 

Relevant legislation 

The Floods Directive 2007/60/EC, and the Flood and Water Management Act 2010: The Floods 

Directive was published in November 2007 and aims to reduce and manage the risks that floods 

pose to human health, the environment, cultural heritage and economic activity. The 

Environment Agency published statutory first round Flood Risk Management Plans for 2016, 

which should work with River Basin Management Plans to encourage an integrated approach to 

the management of the water environment. The Flood and Water Management Act become law 

in 2010 in response to the 2007 floods and implements many of the recommendation of the Pitt 

Review. The Act ensures for the first time that there is one organisation with an overview of flood 

and coastal erosion. This legislation and associated plans (see RBMPs and FRMPs below) 

predominantly support the creation of flood storage areas such as temporary wetlands and 

biodiversity rich storage reservoirs.   

The Water Resources Act 1991: The Water Resources Act sets out the Environment Agency’s 

jurisdiction over main rivers, works powers, powers of entry onto land, and consenting and 

enforcement powers Further to this the WRA provides guidance on permitting and licensing for 

water abstraction, pollution offences, and flood defence functions. Those consents relevant to 

this Act include the Flood Defence Consent, and Ordinary Watercourse Consent (please refer to 

Section 11 for further details).  

Water Act 2003: The Water Act is an amendment to the Water Resources Act and Water 

Industry Act 1991, and makes additional provisions in connection to abstraction, land drainage 

and flood defence, and pollution. In particular this act is linked to current abstraction reform, 

several factors of which may impact the application of the techniques listed in this report. 

Reference should be made to the current consultation on water abstraction licensing 

exemptions
129

, and the possibility that warping, the use of slackers by IDBs, and transfer of water 

into managed wetlands may no longer be exempt of licensing restrictions. 

The Land Drainage Act 1991: The Land Drainage Act was introduced into UK law in 1991 and 

updated in 1994. The Act requires that a watercourse is maintained by its owner in such a 

condition that the free flow of water is not impeded. The riparian owner must accept the natural 

flow from upstream but need not carry out work to cater for increased flows resulting from some 

types of work carried out upstream, for example a new housing development. Neither of the main 

techniques should impact the flow of water in local watercourses, however, advice should be 

sought from a local IDB and/or the EA to ensure that the temporary wetland technique does not 

cause any siltation or flood risk issues locally.  

Marine and Coastal Access Act 2009: The Marine Management Organisation (MMO) is 

responsible for marine licensing in English inshore and offshore areas and for Welsh and 

Northern Ireland offshore areas. The inshore areas include any area which is submerged at 

mean high water spring tide up to the territorial limit. They also include the waters of every 

estuary, river or channel where the tide flows at mean high water spring tide. Waters in areas 

which are closed permanently or intermittently by a lock or other artificial means against the 
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 https://consult.defra.gov.uk/water/water-abstraction-licensing-exemptions, Accessed 07 April 2016 

http://www.un.org/depts/los/convention_agreements/texts/unclos/part2.htm
https://consult.defra.gov.uk/water/water-abstraction-licensing-exemptions
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regular action of the tide are also included, where seawater flows into or out from the area. 

Certain activities are exempt from licensing, the MMO will be able to advise on whether a license 

is required. 

Reservoirs Act 1975: Certain requirements must be met if an individual owns or operate a 

reservoir, or intends to build one. There are different requirements for reservoirs that hold 25,000 

cubic metres or more of water above ground level (known as large raised reservoirs) and for 

reservoirs that hold less than 25,000 cubic metres of water above ground level.  

There are also additional requirements for reservoirs that the Environment Agency decides are 

high risk (reservoirs where an uncontrolled release of water could put people’s lives at risk). The 

Environment Agency will inform the individual if their reservoir is high risk after it has been 

registered. The owner must tell the Environment Agency if they intend to build, bring back into 

use or alter a reservoir that holds or has the potential to hold 25,000 cubic metres or more of 

water above ground level.  They must register a reservoir with the Environment Agency if it holds 

or could hold 25,000 cubic metres or more of water above ground level. In 2010 the Reservoirs 

Act was amended by the Flood and Water Management Act, where it was stated that the 

threshold of 25,000 cubic metres could be reduced to another volume by Ministers. Whilst the 

threshold is still set at 25,000 cubic meters, landowners should be aware that this could be 

reduced in the future. This legislation could potentially apply to biodiversity rich storage 

reservoirs and temporary wetlands (where they currently hold more than 25,000 cubic metres) 

and, if so, will incur additional fees and management requirements (please refer to section 11). 

Water Framework Directive 2000/60/EC, and Water Environment Regulations 2003: Any 

organisation or individual whose current or future work may impact on the water environment is 

required to ensure that their activities comply with the WFD. This includes ensuring no 

deterioration in the current status of water bodies (including prevention of mitigation measures as 

defined in the RBMP), and the implementation of measures to improve the status of water bodies 

which are currently failing to meet good status. The WFD does give consideration to the socio-

economic impact of implementing measures through cost benefit analysis, and to activities on 

and around the water environment which have a positive impact on everyday life (such as flood 

protection), through the designation of heavily modified water bodies (HMWB). This legislation 

will largely support the techniques described in this report where they aim to reduce agricultural 

pollution (e.g. reedbed, wet grassland, riparian buffer strips). However, there is a possibility that 

short term temporary wetlands could cause further nutrient pollution issues locally. Mitigation 

measures must therefore be identified before the technique is employed; and there may be a 

requirement to provide evidence to demonstrate that the technique is not causing a deterioration 

in local water quality. Please refer to Appendix 4 for further information on the potential impacts 

of the temporary wetland technique on water quality, as well potential mitigation measures.  

The Eels Regulations 2010: Under this Regulation the UK must take action to halt and reverse 

the decline of European eel stock, aiming to meet a target set for the number of mature adult 

eels leaving each river basin to return to spawn at sea. Eel passages are required to be 

considered as part of the solution, and the Environment Agency may serve notice on a 

responsible person to construct an eel pass on a dam or other obstruction where eel passage is 

likely to be impeded. These regulations are unlikely to affect the implementation of the 

techniques; however eel screens and passages may be required under certain circumstances to 

ensure that the methods do not negatively impact the European eel population. 

The Nitrate Pollution Prevention Regulations 2015: Under this regulation, land can be designated 

as a nitrate vulnerable zone (NVZ), and provisions are made for how nitrogen fertiliser and 

http://apps.environment-agency.gov.uk/contact/default.aspx
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organic manure can be spread and stored. Those farms within the study area that are located 

within nitrate vulnerable zones will have additional land use control measures to reduce nitrate 

pollution of the water. This regulation could therefore be relevant to the implementation of the 

temporary wetland technique. NVZs are currently undergoing a reclassification, and information 

on the new zones should be available in Autumn 2016. 

Relevant plans/strategies 

River Basin Management Plans: The management plans are designed to protect and improve 

the quality of our water environment. A plan was published in 2016 for the Humber district which 

set out the current state of the water environment, threats and pressures, environmental 

objectives, measures and actions, and progress since 2009. The techniques identified in this 

report will generally be supported by the document as they aim to improve connectivity, restore 

habitat, and provide flood storage. However, concerns could be raised over nutrient pollution and 

water quality issues where short term temporary flood rotations are planned. These concerns 

could be addressed through appropriate mitigation, or longer duration flood rotations. 

Flood Risk Management Plans: The flood risk management plans explain the risk of flooding 

from rivers, the sea, reservoirs, surface water, and groundwater. They describe how the relevant 

flood risk management authorities will manage flood risk with local communities between 2015 

and 2021.  

Risk management authorities include the Environment Agency, local councils, internal drainage 

boards, Highways England and lead local flood authorities (LLFAs). Flood risk management 

plans have been produced as part of the EU Floods Directive 2007, and every plan covers a 

specific river basin district, of which there are 11. The Humber flood risk management plan is 

supportive of the techniques described in this report. 

Flood Risk Management Strategies/Schemes: The flood risk management strategies detail long 

term plans for managing flood risk in a given area. Strategies set out general approaches to 

managing flood defences, and highlight areas that could be affected by coastal, fluvial, surface 

water, and groundwater flooding. Typically strategies include information on the history of an 

area and existing schemes and work plans, as well as how flooding can be managed in areas 

that are at risk. The strategies are reviewed approximately every 5 years. There is currently a 

Humber flood risk management strategy covering the study area, and this is supportive of the 

creation of water storage areas such as temporary wetlands and reservoirs. 

Catchment Abstraction Management Strategies: The Environment Agency monitor the 

environment and existing abstractions, and use the information to assess how much water is 

available for people to take from rivers, groundwater and other sources. Typically a farmer would 

need an abstraction licence to take more than 20 cubic metres of water a day from a watercourse 

or underground reserve. Where watercourses are over abstracted they may be closed to further 

abstraction; and catchment abstraction management plans can be used to identify resource 

availability in the area.  

The following catchments are currently open to further abstraction:  

 Hull and East Riding: Water available for the North bank east of Goole during low and 

high flows 

 Don and Rother (includes South Bank): Water available during low and high flows 

 Grimsby, Ancholme and Louth: Water available during medium and high flows 

 Lower Trent and Erewash: Water available during medium and high flows 
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The following catchment is currently closed to further abstraction: 

 Idle and Torne 

12.1.3. Agricultural 

Relevant legislation 

Common Agricultural Policy (2014-2020): The Common Agricultural Policy (CAP) is the 

agricultural policy of the European Union, and implements a system of agricultural subsidies and 

related programmes. Farmers are eligible to receive Basic Payment Scheme (BPS) payments 

per ha of eligible land, and may also receive payments for land in agri-environment schemes 

such as Environmental Stewardship and Countryside Stewardship. In addition, further 

entitlements are available for young and new farmers. Farmers must follow certain ‘greening 

rules’ to gain their full BPS payment (greening payment accounts for 30% of total payment); and 

these include sufficient crop diversification (arable land over 10ha requires 2-3 crops), the 

implementation of ecological focus areas (EFA), and the maintenance of permanent grassland 

where necessary.  

Basic Payment Scheme (BPS): Where land is no longer eligible, BPS payments will cease, either 

temporarily (if it is a temporary change), or permanently. A farmer will not be eligible to claim 

BPS for land taken out of production to construct a reservoir, or for the year(s) during which the 

land is under water for the temporary wetland. Farmers are only eligible to claim BPS on flooded 

land that is not intentionally flooded, and not preplanned. However, where the farmer chooses to 

sow cover/catch crops post flooding, land is considered in a state suitable for cultivation, and the 

feature would class as an EFA (and therefore eligible for payments). For site specific queries that 

are not covered in this section of the report, it is advised that the farmer contact either Natural 

England or the Rural Payments Agency for clarification. 

Countryside Stewardship (CS): Agreements are available to farmers at either mid or high tier, 

and include a variety of options. The process is competitive, and farmers will need to apply for 

the scheme through Natural England. Several of the options available to CS will support the 

implementation of the techniques. Whilst CS does not currently support the application of the 

temporary wetlands, it could be used to supplement additional features such as the 

establishment of reed, buffer strips, ponds etc; and it is possible that new CS options may be 

developed in the next year to cover the inundations of agricultural land with water for flood 

management purposes. For further information on the relevance of CS to this project please refer 

to Section 13. 

Cross compliance: Farmers must ensure that they meet cross compliance rules to receive CAP 

payments. Cross compliance is made up of ‘Statutory Management Requirements’ (SMRs) and 

‘Good Agricultural and Environmental Conditions’ (GAECs); and the rules are designed to 

manage public, animal and plant health; environment; climate change and good agricultural 

condition of land, and animal welfare. The following rules may apply to the successful 

implementation of the techniques, and though generally supportive of the techniques, may 

require mitigation in some instances: 

 GAEC 1: Establishment of buffer strips along watercourses – supportive of both 

techniques 

 GAEC 2: Water abstraction – see catchment abstraction details above 

https://en.wikipedia.org/wiki/European_Union
https://en.wikipedia.org/wiki/Agricultural_subsidies
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 GAEC 3: Groundwater (you must have a permit from the Environment Agency before 

you release substance (including pesticide washings) that may harm or pollute 

groundwater) - potentially an issue where short term temporary wetlands are employed 

 GAEC 4: Minimum soil cover (minimum soil cover must be provided by vegetative cover 

from crops, cover crops, game cover, trees/coppice/fruit, overwintered stubble, other 

stubbles and crop residues)unless there is an agronomic justification for not doing so – 

potentially an issue with temporary wetlands, but probably an agronomic justification for 

temporary periods of bare soil 

 GAEC 5: Minimum land management reflecting site specific conditions to limit erosion – 

supportive of both techniques 

 GAEC 6: Maintenance of soil organic matter level through appropriate practices, 

including a ban on burning arable stubble, except for plant health reasons – supportive 

of temporary wetlands 

 GAEC 7b: Public Rights of Way – potentially an issue where techniques are 

implemented on public rights of way  

 GAEC 7c: Trees – potentially an issue where certain trees are removed for reservoir 

construction 

 GAEC 7d: Sites of Special Scientific Interest (SSSIs) – potentially an issue if attempts 

are made to implement techniques on designated sites 

 GAEC 7e: Ancient Monuments – potentially an issue where techniques are planned for 

areas where ancient monuments exist 

 SMR 1: Reduce water pollution in Nitrate Vulnerable Zones (NVZs) – generally 

supportive of techniques, but potential issues where short term temporary wetland 

rotations are employed 

 SMR 2: Wild birds – generally supportive, ensure no wild bird nests are present on sites 

 SMR 3: Habitats and species – as above 

12.1.4. Wildlife and protected habitats 

Relevant Legislation 

The Birds Directive 2009/147/EC, and Habitats Directive 92/43/EEC: These EU directives are in 

place to protect habitats and species, and designations under this directive are either Special 

Protected Area (SPA) or Special Areas of Conservation (SAC) for species or habitats that are 

particularly threatened or at risk.  

The Conservation of Habitats and Species Regulations 2010: These regulations (“the Habitats 

Regulations”) transpose the above European Directives into UK legislation. The Regulations 

provide for the designation and protection of 'European sites', the protection of 'European 

protected species', and the adaptation of planning and other controls for the protection of 

European Sites. Under the regulations, competent authorities have a duty to manage the land in 

an appropriate manner to secure its conservation. Individuals or organisations that wish to alter 

land within an SPA or SAC are therefore required to notify the competent body should they wish 

to carry out any works within or adjacent to the site. It is also an offence to knowingly kill, 

capture, or disturb a protected species listed in Schedule 2 of the document; or to pick, collect or 

destroy a plant listed in Schedule 4. However, these actions can be made lawful under special 

circumstances, through the granting of licenses by the appropriate authorities.  

Unless the techniques described in this report are implemented on or adjacent to protected sites, 

it is unlikely that this legislation would impact their design and construction. Where protected 

species are present, the competent authority should be contacted, and the designs discussed. It 
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should be noted that the techniques are designed to conserve species, and provide additional 

habitat, therefore supporting the objectives of the habitats and species regulations.  Given that 

temporary wetlands are designed for arable land, it is highly unlikely that the land would already 

be under designation, and there is a low risk of the land becoming designated post flood. It 

should however be noted that land outside of an SPA that is used by birds for which the SPA 

was designated, might be considered to be ‘functionally linked’ to the SPA, and the SPA bird 

usage of this would thus protected by the Habitats Regulations.   

The Wildlife and Countryside Act 1981: The Wildlife and Countryside Act 1981 consolidates and 

amends existing national legislation to implement the Convention on the Conservation of 

European Wildlife and Natural Habitats (Bern Convention) and Council Directive 2009/147/EEC 

on the conservation of wild birds (Birds Directive) in Great Britain. The act makes it an offence 

(with exception of species listed in Schedule 2) to intentionally kill or injure any wild bird; take or 

destroy a wild birds egg; knowingly damage or destroy a nest; kill, destroy, or disturb the 

nest/shelter of other wild animals listed under Schedule 5; and intentionally pick, destroy or 

attempt to sell plants listed under Schedule 8. In addition, the Act details the law regarding Sites 

of Special Scientific Interest (SSSIs), and provides for the notification of SSSIs based on their 

fauna, flora, physiographical, or geological features. The Act also contains measures for the 

management and protection of these designated sites. For further information on the selection 

and designation of SSSI sites, please refer to the JNCC online resources
130

. 

Similarly to SPAs and SACs, the implementation and design of the techniques will only be 

affected where they are adjacent to, or within a SSSI. Should this occur, the competent authority 

(Natural England) should be contacted, and measures will have to be taken to ensure the 

technique does not negatively impact the designated species or habitat.  

Natural Environment and Rural Communities Act 2006: This Act is designed to make provisions 

in connection with wildlife, sites of special scientific interest, and National Parks and the Broads. 

In addition it details and amends the law relating to rights of way. Natural England's general 

purpose as the functioning body is to ensure that the natural environment is conserved, 

enhanced and managed for the benefit of present and future generations, thereby contributing to 

sustainable development. This includes conserving and enhancing the landscape, promoting 

access to the countryside and open spaces and encouraging open-air recreation, and 

contributing in other ways to social and economic well-being through management of the natural 

environment. In addition, they have a duty to promote nature conservation and protect 

biodiversity, including the protection of birds’ nests and SSSIs (relates to WCA, 1981). This 

legislation is largely supportive of the techniques, as it encourages the conservation and 

enhancement of the landscape, and management of the natural environment to develop social 

and economic well being. 

Countryside Rights of Way Act 2000: This Act provides for public access on foot to certain types 

of land, amends the law relating to public rights of way, increases measures for the management 

and protection for Sites of Special Scientific Interest (SSSI) and strengthens wildlife enforcement 

legislation. The Act provides a right of public access on foot to areas of open land comprising 

mountain, moor, heath, down, and registered common land, and contains provisions for 

extending the right to coastal land.  The Act also provides safeguards which take into account the 

needs of landowners and occupiers, and of other interests, including wildlife. The Act encourages 

the creation of new routes and clarifies uncertainties about existing rights.  
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http://www.legislation.gov.uk/ukpga/1981/69/contents
http://jncc.defra.gov.uk/page-2303
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This Act should only affect the implementation of the techniques where a farmer intends to flood 

land or carry out engineering works on public rights of way, or where the floods/works would 

restrict a right of way. For further information on applying for diversion permissions, please refer 

to 11 B.1.  

Relevant plans/strategies 

Local Biodiversity Action Plans (BAP): The local BAPs are generally supportive of the 

techniques, especially where water quality and biodiversity gains are present. The information 

below provides detail on environmental statements and aims reflected in the local BAPs. The 

techniques described in this report aim to provide additional habitat for biodiversity through 

sustainable management of agricultural land and water resources, and therefore meet the 

objectives of the local BAPs. The primary concern that could be raised with regards to the 

temporary wetlands technique is the management of water quality and sediment in watercourses. 

However this element will be managed through appropriate mitigation measures. 

-Lincolnshire LBAP Conservation Aims  

 Conserve and enhance Lincolnshire’s biodiversity; recreating habitats on a landscape 

scale and developing networks of interlinked natural areas – a ‘living landscape’ of 

which wildlife is an integral part, not confined to specially protected sites.  

 Ensure that biodiversity is recognised as an essential element of life in the historic 

county of Lincolnshire: including its contributions to health and wellbeing; the economy, 

recreation and tourism; and provision of ecosystem services (such as flood protection, 

retention of water resources, carbon storage and crop pollination).  

 Ensure biodiversity conservation is sustainable; the benefits are felt by society, the 

economy and the environment.  

 Provide and gather biodiversity information to monitor progress and enable individuals 

and organisations to make decisions based on sound evidence. 

-Doncaster LBAP Primary Conservation Aims 

 To maintain and enhance the populations and natural ranges of species and the quality 

and extent of wildlife habitats and ecosystems.  

 To conserve internationally, nationally and regionally important species, habitats and 

ecosystems and to enhance their conservation status where possible. • 

  To conserve species, habitats, and natural and managed ecosystems that are locally 

characteristic and to enhance their conservation status where possible.  

 To maintain the genetic variation within species and hence habitats and ecosystems.  

 To contribute to the conservation of biodiversity on a local, national, European and 

global scale.  

 To ensure that current policies and practices which affect the environment do not 

damage global biodiversity, but instead contribute towards conserving and enhancing it. 

-Nottinghamshire LBAP Objectives 

 To conserve and where appropriate to enhance Nottinghamshire’s unique variety of  

wild species and natural habitats, in particular: a) internationally and nationally 

important species and habitats; b) species and habitats that are characteristic of 

Nottinghamshire and its distinctive Regional Character Areas; c) species and habitats 

that are rare or threatened in the County. 

 To increase public awareness of, and involvement in, conserving biodiversity. 
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 To contribute to biodiversity conservation on a national, European and global scale. 

12.1.5. Local Enterprise Partnerships 

There are several relevant local enterprise partnerships within the area, including the 

Lincolnshire Local Enterprise Partnership (LEP); the York, North Yorkshire, and East Riding 

Enterprise Partnership; and the Humber Local Enterprise Partnership. The goals and objectives 

of these partnerships are to promote economic growth, ensuring that priority sectors such as 

agri-food and renewable energy grow through continued support. In addition, the Humber LEP 

has set out the improvement of flood defence infrastructure as a key ambition, with almost £48 

million secured towards improving defences and supporting flood protection work. The main 

techniques described in this report are designed to provide greater flood resilience and more 

sustainable farming methods, and are therefore congruent with the LEP visions and aims. 

12.1.6. Local Nature Partnerships (LNP) 

There are several relevant LNPs in the area, including the Humber Nature Partnership, 

Humberhead Levels Partnership, Greater Lincolnshire LNP, and South Yorkshire LNP. The 

objectives and priorities of the LNPs are specific to the areas, but examples of key priorities 

include habitat restoration and creation, production of advisory material and communication of 

key messages
131

, support of growth and development by mitigating risks to the economy (such 

as flooding), and maintaining the quality of waters
132

, and developing a more connected 

environment for people and wildlife
133

. The aims and priorities of the LNPS are compatible with 

the techniques described in this report, especially where there are biodiversity or economic gains 

to the community.  

12.1.7. Catchment Based Approach (CABA) 

 There are several CABA partnerships within the study area, including the River Derwent 

Catchment Partnership, the Louth and Ancholme Catchment Partnership, the Idle and Torne 

Catchment Partnership, the Lower Trent Catchment Partnership, the Don and Rother Catchment 

Partnership, and the Hull and East Riding Catchment Partnership. The CABA approach embeds 

collaborative working at a river catchment scale to deliver improvements to the water 

environment. Partnerships are made up of individuals from local authorities, NGOs, water 

companies, government agencies, landowners, local businesses, and universities. The 

partnerships are involved in practical delivery on the ground, making improvements to water 

quality, flood risk, and biodiversity, whilst engaging the local community in activities. The 

priorities of CABA partnerships are congruent with the techniques described in this report. 

12.1.8. National Character Areas 

 The NCA opportunities for the area are generally supportive of the techniques; with a focus on 

creating and restoring wetland habitats, management of the agricultural landscape, reducing 

flood risk and sustainable water management, and adapting to climate change. However, 

concerns could be raised over water quality issues with the short rotation temporary wetlands, or 

the location of reservoirs and their detraction from the long views characteristic of the area. 

  

                                                   

131
 South Yorkshire LNP 

132
 Humber Nature Partnership 

133
 Humberhead Levels Partnership 



103 
 

Humberhead Levels – Relevant opportunities: 

SEO 1: Safeguard, manage and expand the wetland habitats, including the internationally 

important lowland raised bogs, the floodplain grazing marsh, reedbeds, wet pastures and 

watercourses, to protect and enhance biodiversity, contribute to landscape character, address 

climate change and reduce flood risks.  

SEO 2: Manage the agricultural landscape to retain its distinctive character and its productivity, 

while improving its contribution to biodiversity, the protection of vulnerable soils and palaeo-

environmental evidence, and the water resource.  

SEO 4: Protect the open and expansive character of the landscape, its cultural features and 

sense of remoteness, by ensuring that new development is sensitively located, accommodates 

green infrastructure, retains long views and makes a positive contribution to biodiversity (be 

careful with this opportunity and storage reservoirs).  

Additional opportunities: 1. Plan for the improved enjoyment and understanding of the landscape 

and its subtle variations, its inspirational qualities, its biodiversity, geodiversity and historic 

interest, its role in producing food and mitigating climate change. 

Humber Estuary –Relevant opportunities: 

SEO 1: Protect and enhance the dynamic and inspiring estuarine and coastal landscape with its 

interrelated habitats of sand dunes, saltmarsh, reedbeds, saline lagoons and mudflats, extending 

the internationally important habitats and the wildlife dependent upon them, while addressing 

coastal squeeze, climate change and dynamic coastal processes.  

SEO 3: Work with land owners and managers to incorporate more habitats and features into the 

farmed landscapes that improve biodiversity, address water quality and availability, and 

contribute to landscape character. 

Northern Lincolnshire – Relevant opportunities: 

SEO 1: On the limestone plateau, manage the high-quality farmland and maintain agricultural 

productivity, establishing networks of linking habitats to strengthen landscape character and 

enhance biodiversity, especially farmland birds, while also protecting the underlying aquifer, 

reducing soil erosion and improving soil and water quality.  

SEO 3: Maintain the sense of place and the diversity of settlements and landscape features 

through expanding semi-natural habitats, managing the restoration of extraction sites, retaining 

the inspirational long views, ensuring that development is sustainable and well integrated into the 

landscape, and providing more interpretation and access through good green infrastructure links.  

SEO 4: Protect and manage sites and features of historic, geological and geomorphological 

interest, such as sand dune formations and rock exposures, Roman roads, stone walls and 

vernacular architecture, and Lincoln’s historic centre, to strengthen sense of place and history, 

enhance biodiversity and improve understanding of how the landscape has developed over time. 
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13. Potential Financial Impacts of the Techniques  

This section explores the financial impacts of the main techniques, as well as associated 

benefits. Conceptual designs have been produced, which have been used to inform typical costs 

of capital works and maintenance for the schemes. Financial benefits of the schemes have been 

identified, and quantified where possible. This section identifies costs and benefits of the 

techniques at a high level, and for a more thorough understanding of the potential costs of a 

scheme, site specific designs would be required. 

13.1. Conceptual Designs 

13.1.1. Introduction 

The designs detailed below provide examples of conceptual schemes that could be implemented 

on the Humber Estuary/HHLs. A variety of factors have been accounted for within this process 

(see below), and the designs have been produced to reflect a typical farm in the area.  Design 

plans for the techniques have been produced, as well as details on potential costs, and relevant 

legislation and consents. A key for the conceptual designs is provided in Figure 3. 
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Figure 3: Conceptual Designs Key 
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13.1.2. Design 1 

THE FARM - 250ha in total, based approx 1 mile south west of the Humber Estuary, approx 0.2 

miles west of the Trent 

Farm Info Biodiversity Water Management Other 

Arable – cereal crops 
(OSR, wheat, barley), 
potatoes, beans 

No 
SSSI/SPA/SAC on 
farm/adjacent 

Freshwater ditches, 
but no large rivers or 
drains 

Owns some 
machinery including 
digger and truck 

Mixture of grade 1 and 
grade 2 

Heavier soils 
(clay, some loam) 

Potential flood risk 
(fluvial and surface 
water) 

No rights of way 

Commercial (large farm) No woodland or 
wetland present 

Conventional 
reservoir on site 
(concrete, no wildlife 
value) 

No monuments of 
historic interest 

Conventional farming 
(use of pesticides/fertiliser 
etc) 

Greening – 
ditches, field 
corners, 
hedgerows, and 
fallow land 

  

Owned (80%), Leased 
(20%) 

   

 

Temporary wetland design plan – The farmer will apply a 12 week summer rotation (April-

August), with 3 flooded fields per yearly rotation. Fields will be sited close to ditches and areas of 

biodiversity value where possible (see diagram). Winter cover crops will be used post flooding to 

bring soil back in to condition for spring wheat/barley the following year. Due to the heavier soils 

field drainage may take over a month, and it is advised that the land is naturally drained at the 

end of August to ensure that the land is dry for the winter and increased rainfall. Flooded fields 

will be allowed to develop naturally with no intervention
134

, but water levels must be maintained 

at 10-12cm where possible. Bunds will be approximately 2m high to hold higher levels of water 

during major flood events, and the farmer will retain at least several of the bunds post flooding for 

flood risk and cost reduction purposes. This design will help to alleviate summer flood risk issues 

and potentially winter flood risk where bunds are retained. 

TW potential financial costs 

 Machinery hire/maintenance (to build bunds) 

 Labour 

 Pump hire/fuel 

 Abstraction license (unless able to use water from reservoir) 

 Consents 

 BPS loss/CS loss (if cannot maintain ditches under ELS) 

 Loss of crop (whilst land is not in production) 

TW potential financial gains 

 Control of nematodes on potato fields 

                                                   

134
 No intervention refers to the US walking wetland example, where wetland plants are allowed to establish 

naturally and water levels allowed to fluctuate seasonally 
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 Lower input costs 

 Increased yield 

 Weed control 

 Flood resilience 

 

TW legislation/consents that may lead to additional financial or time costs with this design 

 Water Framework Directive – water may be anoxic and nutrient rich after 12 weeks of 

summer flooding. This will need mitigation (e.g. slow drainage, fallow land beforehand, 

hay bales at ditches, reed in ditches) to manage the negative effects. 

 Planning permission and EIA (bunds may fall under ‘development’ depending on size, 

location, council etc) 

 Habs Regulations and Wildlife & Countryside Act – there are no concerns over protected 

sites, but the farmers would still need to consider protected species and aim for net 

biodiversity gain. 

 Common Agricultural Policy – there would be a loss of BPS for 1 full year 

 Consent from electric company - pylons in the flooded fields will need a bund around 

them, and permission granted. 

Storage reservoir design plan – The farm already contains one conventional reservoir, but 

requires more storage water for irrigation. They would like another irrigation reservoir to hold a 

similar amount to their current one, but are prepared to add some wildlife benefits if they do not 

reduce the water capacity greatly.  It is suggested that the new biodiversity rich reservoir is built 

slightly larger than the current one in a central location close by to reduce costs (especially 

where clay is available for lining). To maintain a relatively high capacity reed and emergent 

vegetation should be maintained on no more than 2 sides where the water is shallower (less than 

1.2m). Water levels should be allowed to rise and fall, as long as some vegetation is present at 

all times. Ideally embankments should be grazed or sown with a wildflower mix where possible. 

The soils in this area are predominantly clay and loam, so the reservoir is located where clay soil 

exists to create a natural reservoir with fewer associated costs. This design aims to reduce 

surface water and fluvial flooding during the summer period. 
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SR potential financial costs 

 Construction costs – contractors are required 

 Design engineer fees 

 Supervision and site investigation fees - during and post construction 

 Labour - management of reservoir post construction 

 Pump and pipes to irrigate fields - limited piping required as a network is already set up 

for the current reservoir 

 Fuel/electric  

 Annual repair and maintenance costs (excluding inspections) 

 Gauge board 

 Eel screen 

 Reed stems/seedlings  

 Abstraction license 

 Consents and permissions (see below) 

 Loss of BPS monies 

 Loss of crop (permanent loss of grade 2 land) 

SR potential financial gains 

 Increased land value of landholding 

 Long-term water abstraction savings and water security 

 Higher yield/better crops 

 Flood risk management and flood resilience 

 Shared resource with neighbours – possibility that other local farmers would pay for use 

of water for irrigation 

 Funding available – see section 13.5 

SR legislation/consents that may lead to additional financial or time costs with this design 

 Reservoir Act - the reservoir will hold more than 25000 cubic metres year round, and will 

thus be subject to reservoir act conditions and inspections (including associated fees). 

 Planning permission - this is a large reservoir located close to property, and is therefore 

likely to require planning permission and potentially an EIA. 

 Habitat Regulations and Wildlife & Countryside Act – there are no concerns over 

protected sites, but the farmer will still need to consider protected species and aim for net 

biodiversity gain  

 Common Agricultural Policy – permanent loss of BPS monies for the area taken out of 

production
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Figure 4: Design 1 temporary wetland 
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Figure 5: Design 1 biodiversity rich storage reservoir and constructed wetland 
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13.1.3. Design 2 

THE FARM - 80ha in total, based on the North bank of the River Ouse/Humber Estuary, 2 miles 

east of Goole 

Farm Info Biodiversity Water Management Other 

Arable and grassland – 
cereal crops (wheat, 
barley), potatoes, beans, 
vining peas. Grazing rare 
breeds near Estuary 

SSSI/SPA/SAC 
runs adjacent to 
land and 
incorporates small 
sections 

Freshwater ditches. 
Estuary at south east 
corner of farm. 

Owns some 
machinery 
including digger  

Predominantly grade 2 
land 

Heavy and medium 
soils (clay, loam, 
silt) 

Potential flood risk 
(tidal – currently 
infrequent) 

Right of way 
through one field 
currently grazed  

Commercial (medium 
farm) 

No woodland 
present 

No requirement to 
irrigate crops – moist 
soil 

No monuments of 
historic interest 

Conventional farming 
(use of pesticides/fertiliser 
etc) 

Under HLS (wet 
grassland for 
waders and 
wildfowl) 

  

Leased (100%)    

 

Temporary wetland design plan – The farmer will apply a 9 month to 1 year flood rotation 

designed to manage weeds, remove nematodes, improve soil fertility, and reduce flood risk to 

other crops on the farm. They will wet up two fields per year (October to June/October preceding 

and following cover crops/fallow land), and fields will be sited close to ditches and areas of 

biodiversity value (see diagram). The farmer will possibly flood two further fields (marked on the 

design plan), to deliver one large flooded area as opposed to several smaller sites. However, 

given the relatively small areas of land under lease, the farmer will need to ensure that they could 

still grow a sufficient number of crops and varieties. A wildflower buffer strip will be placed around 

the base of the bunds of the flooded fields to provide habitat, reduce soil erosion, improve water 

quality, and provide a buffer area in the event of overtopping. Due to the heavy soils field 

drainage will take several months, and it is anticipated that the fields will be unproductive for a 

minimum of 18months (including period under water and reinstatement of land). Flooded fields 

will be allowed to develop naturally with no intervention, but will be maintained at 10-12cm where 

possible. Bunds will be approx 2-3m high to hold additional freshwater during major flood events, 

or alternatively tidal water, should the area be large enough to store a significant amount. The 

farmer will maintain bunds post flooding for flood risk purposes and reduced capital costs. If 

water held in the fields is estuarine (saline), soil conditions and salinity post flooding will be 

monitored closely. This design will help to alleviate summer and winter tidal flooding. 

TW potential financial costs 

 Machinery hire/maintenance -to build the bunds 

 Labour 

 Pump hire/fuel  

 Eel screen 

 Abstraction license  

 Consents and permissions  

 BPS loss of monies – ensure bunds do not affect adjacent HLS land – otherwise 

penalties/fines may be applicable. 
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 Loss of grazing land and/or crop (whilst land is not in production) 

TW potential financial gains 

 Lower input costs 

 Improved soil fertility 

 Increased yield 

 Weed control 

 Flood risk management and increased flood resilience 

TW legislation/consents that may lead to additional financial or time costs with this design 

 Reservoir Act – may be applicable if the design includes one larger area under water as 

opposed to several smaller fields. 

 Planning permission and EIA - bunds may fall under development depending on size, 

location, council etc. 

 Habitat Regulations and Wildlife & Countryside Act – the farm is within close proximity to 

an SPA/SAC/SSSI and it is thus important to assess the impact of the technique on 

relevant designated habitats and species. A Habitats Regulations Assessment (HRA) is 

likely to be needed. 

 Countryside Stewardship/HLS – ensure technique and associated works do not impact 

HLS on adjacent field – if any land is lost from the HLS parcel, this shall have to be 

amended in the agreement, and will incur repayment. 

 Common Agricultural Policy – loss of BPS monies for 1 year 
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Figure 6: Design 2 temporary wetland
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13.1.4. Design 3 

THE FARM - 230ha in total – based within 3 miles of the River Idle, 2 miles north east of Misson 

Farm Info Biodiversity Water Management Other 

Arable – cereal crops 
(OSR, wheat), potatoes, 
turf 

No SSSI/SPA/SAC 
on farm/adjacent 

Freshwater ditches 
and a larger drain 

Owns some 
machinery including 
digger and truck 

Mixture of grade 2 and 
grade 3 

Medium/lighter soils 
(sand, loam) 

Minor flood risk 
(surface water) 

No rights of way 

Commercial (large farm) No woodland or 
wetland present 

Conventional 
reservoir on site 
(concrete, no wildlife 
value) 

No monuments of 
historic interest 

Conventional farming 
(use of 
pesticides/fertiliser etc) 

Greening – ditches, 
hedgerows, 
wildflower seed mix 

  

Owned (60%), Leased 
(40%) 

   

 

Temporary wetland design plan – The farmer will apply a 12 week summer rotation (April-

August), flooding two fields a year. Fields will be sited close to ditches or the main drain where 

possible. Winter cover crops will be used post flooding to bring soil back in to condition for spring 

wheat/barley the following year. Lighter soils will enable the field to drain naturally over a shorter 

period of time (2 weeks), and machinery can enter onto the field 4 weeks after drainage. Flooded 

fields will be allowed to develop naturally with no intervention, but water levels will be maintained 

at 10-12cm where possible. Bunds will be no more than 1m high (as little as 0.5m where fields 

are level) and there is no requirement to keep bunds once the flood rotation is complete, 

however it is advised for economic purposes. Flooding will be utilised on potato fields to control 

nematodes, and as such it will be a maximum of 2 flooded fields per year. This design will help to 

alleviate summer flood risk issues (surface water). 

TW potential financial costs 

 Machinery hire/maintenance - to build bunds 

 Labour 

 Pump hire/fuel  

 Abstraction license - unless able to use water from reservoir 

 Consents 

 Loss of BPS monies 

 Loss of crop whilst land is not in production 

TW potential financial gains 

 Control of nematodes on potato fields 

 Increased yield 

 Lower input costs 

 Weed control 

 Increased flood resilience 
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TW legislation/consents that may lead to additional financial or time costs with this design: 

 Water Framework Directive – water may be anoxic and nutrient rich water after 12 weeks 

of summer flooding. This will need mitigation (e.g. slow drainage, fallow land beforehand, 

hay bales at ditches, reed in ditches) to manage the negative effects. 

 Catchment Abstraction Management Strategy - this particular area is a closed catchment 

at present and it could therefore be very difficult to maintain water levels at 10-12cm 

unless another source of water is identified. 

 Reservoir Act – this is applicable to the larger of the 2 fields which would hold over 

25,000 cubic metres of water at a depth of 10-12cm. Alternatively a bund could be placed 

around only half of the field to ensure the capacity is below 25,000 cubic metres, and 

approval will not be required. 

 Planning permission and EIA -bunds may fall under development depending on size, 

location, council etc. 

 Habitat Regulations and Wildlife & Countryside Act – there are no concerns over 

protected sites, but the farmer would still need to consider protected species and aim for 

net biodiversity gain. 

 Common Agricultural Policy – there would be a loss of BPS monies for 1 year. 

Storage reservoir design plan – The farm requires a large irrigation reservoir to maintain over 

150ha of turf. Though a large capacity is required to run the farm, the farmer would like to add 

some wildlife benefits where possible.  It is suggested that the new biodiversity rich reservoir is 

built in a central location on some on the less profitable grade 3 land, close to the turf to reduce 

costs. To maintain a relatively high capacity the reservoir will be deep in the centre with shallow 

margins for reed and rush to take. In the deeper water floating islands will be established with 

shingle or vegetation, and these could also provide an added benefit of removing nutrients and 

chemicals from the water
135

. Water levels will be allowed to fluctuate, as long as some vegetation 

is present at all times. Ideally embankments will be grazed or sown with a wildflower mix, and 

higher land on the southern edge could act as a natural bank with good design. As the soils in 

this area are predominantly sand and loam, it is likely that the reservoir will need to be lined 

increasing costs, but soil sampling should be carried out to ensure there are no clay areas within 

the farm where clay could be sourced. 

SR potential financial costs 

 Construction costs - contractors will be required 

 Design engineer fees 

 Supervision and site investigation fees - during and post construction 

 Labour - management of reservoir post construction 

 Pump and pipes to irrigate fields - full piping will be required as there is currently no 

reservoir on the farm 

 Irrigators 

 Fuel/electric 

 Construction of an access road - approx 50m from an existing track 

 Control structures - penstock sluice, pipe dams 

 Annual repair and maintenance costs (excluding inspections) 

 Gauge board 

                                                   

135 An example of a floating island design for water quality improvement purposes can be found at 
http://frogenvironmental.co.uk/biohaven-floating-wetlands/ 
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 Eel screen 

 Reed stems/seedlings/ floating islands 

 Abstraction license (if possible to abstract) 

 Consents and permissions (see below) 

 Loss of BPS monies 

 Loss of crop (permanent loss of grade 3 land) 

SR potential financial gains 

 Increased land value of landholding 

 Long term water abstraction savings 

 Higher yield/better crops 

 Shared resource with neighbours (see design 1) 

 Extraction and sale of minerals 

 Funding available (see section 13.5) 

SR legislation/consents that may lead to additional financial or time costs with this design 

 Catchment Abstraction Management Strategy - this farm is located by the River Idle 

which is within a closed catchment, and abstraction from this river for irrigation of crops is 

currently not allowed. Smaller rain fed reservoirs could offer some storage for irrigation, 

but it is unlikely they would hold sufficient water to supply the whole farm. 

 Reservoir Act - the reservoir will hold more than 25000 cubic metres year round, and will 

thus be subject to reservoir act conditions and inspections (and associated fees). 

Planning permission - it is likely that the reservoir will require planning permission and 

potentially and EIA. 

 Habitat Regulations and Wildlife & Countryside Act – there are no concerns over 

protected sites, but the farmer would still need to consider protected species and aim for 

net biodiversity gain. 

 Common Agricultural Policy – there would be a loss of BPS monies for the area taken out 

of production. 

 Waste Transfer Note - this will be required if the farmer wishes to move material/minerals 

off site for sale 
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Figure 7: Design 3 temporary wetlands and biodiversity rich storage reservoir
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13.1.5. Design 4 

THE FARM - 328ha in total, based on the North bank of the Humber estuary 6 miles west of 

Brough 

Farm Info Biodiversity Water Management Other 

Arable and grassland – 
cereal crops (OSR, 
barley), beans, and small 
areas of low density 
grazing 

SSSI/SPA/SAC on 
farm/adjacent 

Freshwater ditches, 
estuarine water to the 
south west of the farm 

Owns a lot of 
machinery including 
360 excavator, 
diggers and trucks 

Mainly grade 2 land, 
some grade 1 and 3 

Heavier soils 
(clay, some loam 
and silt) 

Potential flood risk 
(fluvial and tidal) 

Footpath through 
grazing and arable 
fields 

Commercial (large farm) Woodland present 
to the North of the 
farm 

No reservoir currently 
on site 

Monuments of historic 
interest present 

Conventional farming 
(use of pesticides/fertiliser 
etc) 

ELS/HLS 
agreement – inc 
wet grassland 

 Small B road divides 
farmland 

Owned (90%), Leased 
(10%) 

   

 

Temporary wetland design plan – The farmer will apply a 14-16 week winter flood rotation 

designed to manage weeds and reduce inputs, and reduce flood risk to other crops on the farm. 

They will wet up two fields per rotation (October- March), and flooded fields will be sited close to 

ditches and areas of biodiversity value (particularly given the proximity to the estuary). The 

farmer will avoid flooding the field running adjacent to the woodland as this could result in 

increased predation to wading and wildfowl species that use the area. Due to the heavy soils 

field drainage will take several months, and the farmer will either leave the land fallow or sow a 

‘sacrificial barley’
136

 in the autumn. Flooded fields will be allowed to develop naturally with no 

intervention, but water levels will be maintained at 10-12cm where possible. Bunds will be 

approximately 2m high to hold higher levels of water during major fluvial or tidal flood events, and 

the farmer will maintain the bunds post flood for flood risk and economic purposes. If there is a 

large flood and the water held in the fields is estuarine (saline), soil conditions and salinity will be 

monitored closely. This design will help to alleviate winter flood risk issues (predominantly fluvial 

and potentially tidal).  

TW potential financial costs 

 No machinery hire required as the farmer has access to this for building bunds/ditches 

etc. He also has access to pumps. Maintenance costs are still applicable 

 Labour 

 Fuel to run pump  

 Winter abstraction license, though there is a possibility that the farmer could use rain or 

reservoir water to maintain the low depth required 

 Consents and permissions 

 Loss of BPS monies for one year 

 Loss of crop whilst land is not in production 

                                                   

136 This crop would not be as productive as a typical crop, but would provide a small monetary gain 
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TW potential financial gains 

 Lower input costs 

 Higher yields/better crops 

 Weed control 

 Flood risk management and flood resilience 

 

TW legislation/consents that may lead to additional financial or time costs with this design 

 Water Framework Directive – water may be anoxic and nutrient rich after 12 weeks of 

winter flooding (though anoxia is less likely with winter than summer flooding). This will 

need mitigation (e.g. slow drainage, fallow land beforehand, hay bales at ditches, reed in 

ditches) to manage the negative effects. 

 Reservoir Act – this is not applicable to either fields as they would hold under 25,000 

cubic metres of water at a depth of 4/5 inches or less. However, if the fields are used to 

hold larger amounts of water during major tidal floods, then consent may be required. 

 Planning permission and EIA - bunds may fall under development depending on size, 

location, council etc.  

 Habitat Regulations and Wildlife & Countryside Act – the farm is within close proximity to 

a SPA/SAC/SSSI and it is thus important to assess the impact of the technique on 

relevant designated habitats and species present. A HRA is likely to be needed. 

 Common Agricultural Policy – loss of BPS monies for 1 year 

 Rights of way diversion permission is not necessary with this design. However if the 

farmer wishes to flood the fields with a footpath, this should be discussed with the 

relevant authority and will incur additional fees. 

 A small road runs adjacent to one of the flooded fields, and the relevant authorities must 

therefore be made aware of the farmers’ plans – way leave fees may apply if access is 

required on site. 

 

Storage reservoir design plan – The farmer would like an irrigation reservoir to manage the 

flooded fields/wet grassland, and for some small scale irrigation. The farmer would like a 

reservoir with a medium capacity, and is very interested in adding some wildlife benefits where 

possible.  They have some rough grassland that is currently not in production on the southern 

border of the farm (occasionally grazed), and would like to use this area. Given the heavy clay 

soil in the area, they can line with natural clay on site, which will reduce costs and offer greater 

biodiversity benefits. As this reservoir is designed for biodiversity it would also benefit from 

shallow margins and approximately 30% open water, 45% wet reed, 20% dry reed, and 5% 

scrub. Water levels will be allowed to fluctuate naturally, and reed will be cut and removed on a 

yearly basis through a managed rotation. The farmer would consider using saline water to 

irrigate, if pre-treatment before irrigation is fairly cost effective.  This design will potentially be 

used to alleviate tidal flooding should the capacity of the reservoir be large enough to store 

significant amounts of water. Storage capacity would therefore need to be modelled, and 

discussed in further detail with the relevant authority. 

SR potential financial costs 

 Construction costs - these will be minimal as the landowner owns all required machinery 

and has experience of building reservoirs. 

 Design engineer fees 
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 Supervision and site investigation fees during and post construction  

 Labour - management of reservoir post construction 

 Pump and pipes to irrigate fields - full piping will be required as there is currently no 

reservoir on the farm. However, this reservoir will only be used infrequently to irrigate 

certain crops, and costs could be cut through planning and design 

 Irrigators 

 Fuel/electric 

 Control structures such as penstock sluices and pipe dams 

 Annual repair and maintenance costs (excluding inspections) 

 Gauge board 

 Eel screen 

 Reed stems/seedlings 

 Fencing/Landscaping 

 Floating Islands 

 Winter abstraction license  

 Consents and permissions 

SR potential financial gains 

 Increased land value to landholding 

 Long term water abstraction savings 

 Higher yield/better crops 

 Shared resource with neighbours (see design one) 

 Funding available (see section 13.5) 

 Flood risk management and flood resilience 

SR legislation/consents that may lead to additional financial or time costs with this design 

 Reservoir Act - the reservoir will hold more than 25000 cubic metres year round, and will 

thus be subject to reservoir act conditions and inspections (and associated fees). 

 Planning permission and EIA – the reservoir may require full planning permission and 

potentially and EIA. 

 Habitat Regulations and Wildlife & Countryside Act – the farm is within close proximity to 

a SPA/SAC/SSSI, and it is thus important to assess the impact of the technique on the 

relevant designated habitats and species 

 Common Agricultural Policy – there will be a permanent loss of BPS monies for the area 

taken out of production 
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Figure 8: Design 4 temporary wetlands and biodiversity rich storage reservoir
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13.1.6. Design 5 

THE FARM - 1650 ha in total, located adjacent to the River Ouse on the north bank, approx 4 

miles to the east of Goole (old warping land) 

Farm Info Biodiversity Water Management Other 

Arable – cereal crops 
(OSR, wheat), beans 

SSSI/SPA/SAC on 
farm/adjacent 

Freshwater ditches, 
and saline water/ 
Estuary to the south 

Owns some machinery 
including digger and 
truck and 360 excavator 

Mixture of grade 1 and 
grade 2 

Heavier soils 
(loam, a lot of silt 
from previous 
warping) 

Potential flood risk 
(tidal and tide 
locking of local 
freshwater drains) 

No rights of way 

Commercial (large farm) No woodland or 
wetland present 

No irrigation 
reservoir on site – 
land very fertile and 
moist 

No monuments of 
historic interest 

Conventional farming 
(use of pesticides/fertiliser 
etc) 

Greening – 
ditches, field 
corners, 
hedgerows 

  

Owned (100%) Lease out 
50% of it 

   

 

Warping/WW design plan – The farmer will apply a 2 year warping rotation, amounting to 

approximately 60ha of warped land per year. In this design the farmer has suggested the use of 

secondary defences
137

 to protect properties and land in the area over a larger scale, and primary 

defences for the warping technique. In this scenario, the farmer will only use the secondary 

defences (bunds of approx 3m high) where large scale flooding occurs, and the primary defences 

(bunds of approx 1m high) will be used as part of the warping rotation. Specific infrastructure will 

be required to separate freshwater and saline water (e.g. banks, warping ditches, control 

structures). Benefits may include better soil health (silt from warping will ensure greater fertility); 

reductions in fertiliser inputs; and reductions in pests/pathogens and weeds
138

.  

Winter cover crops/legumes will be used post flooding to bring the soil back in to condition and 

allow time for the land to dry out. Salt tolerant crops will be more beneficial for the first year to 

ensure a good yield, and the farmer will use gypsum to condition the land. Medium to heavy soils 

will result in slower drainage, but due to the nature of this technique, drainage is not anticipated 

to take as long as with a temporary wetland. The general technique will involve the construction 

of a warping drain/wet grassland spillway to allow the tidal water into the bunded area during 

higher tides. This water will then sit on the land as the tide rises, and naturally drain off as it falls.  

Wet grassland will be placed between the arable land and the river to alleviate water quality and 

debris issues. This technique will offer FRM benefits (tidal), or could be used to manage 

freshwater issues across the farm (tide locking of ditches) by utilising a WW approach (see 

design 2 for equivalent WW example on this land). Likewise, wet grassland will be utilised in a 

similar manner with a WW technique, whereby the grassland is placed between the river and the 

arable land, thereby providing FRM benefits, improving water quality, and potentially reducing 

                                                   

137 High banks of approximately 3m high (see design) 
138 Please refer to Section 2.1 on warping and temporary wetland benefits 
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soil erosion. Additionally, even small areas of wet grassland would provide valuable habitat for 

many species, including those of international importance from the Humber Estuary. 

Warping potential financial costs 

 Machinery hire - to build bunds/dig ditches/create spillway.  

 Labour 

 Control structures 

 Consents 

 Loss of BPS monies 

 Loss of crop whilst land is not in production 

Warping potential financial gains 

 Higher yields 

 More fertile soils 

 Lower input costs 

 Weed control 

 Sale of silted soil 

Warping legislation/consents that may lead to additional financial or time costs with this design 

 Water Framework Directive – depending on previous input usage on the warped fields, 

an excess of nutrients could be drained off into the tidal Estuary. The impact of this 

should be considered, and mitigation put in place if necessary. 

 Catchment Abstraction Management Strategy – the farmer may need to consider this 

legislation as although a license would not be required to abstract water from the river 

through natural tidal inundation, abstraction through pumping would still require 

permission and a fee. 

 Reservoir Act - the fields would hold over 25,000 cubic metres of water temporarily 

during high tides, and could hold a lot more during flood events. 

Planning permission and EIA - bunds, ditches, and control structures may fall under 

development depending on size, location, council etc. 

 Habitat Regulations and Wildlife & Countryside Act - there is a SSSI/SPA/SAC located 

adjacent to fields on the southern end of the farm, and there are areas of reed and wet 

grassland on the bank.  It is therefore important to assess the impact of the technique on 

the relevant designated habitats and species present. A HRA is likely to be needed. 

 Common Agricultural Policy – the farmer will loose two years of BPS monies for the area 

taken out of production. 
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Figure 9: Design 5 warping and/or temporary wetlands
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13.1.7. Design 6 

THE FARM - 400ha in total, located next to the River Torne, 4 miles south of Crowle 

Farm Info Biodiversity Water Management Other 

Arable – cereal crops 
(wheat, barley), potatoes, 
beans, carrots, brassicas 
Grassland – sheep and 
cattle 

SSSI (habitat and 
bird interest) adjacent 
to several fields on 
the farm 

Freshwater ditches, 
and the River Idle 

Owns some 
machinery 
including digger 
and truck 

Mixture of grade 1 and 
grade 2 

Lighter soils (peat 
and sand, some 
loam) 

Potential flood risk 
(fluvial and surface 
water) 

No rights of way 

Commercial (large farm) Woodland present. 
Scrub/reed in patches 
next to the Idle 

Conventional 
reservoir on site 
(concrete, no wildlife 
value) 

No monuments of 
historic interest 

Organic farming – 60% 
organic, 40% 
conventional, but planned 
for conversion 

Greening – ditches, 
field corners, 
hedgerows, and wild 
bird seed mixes 

 Small wind farm (3 
turbines) on the 
south east of the 
farm 

Owned (100%)    

 

Temporary wetland design plan – The farmer will apply a 2/3 year rotation, with 1 or 2 flooded 

fields per rotation. Those fields that are due to be converted to organic will enter into a flood 

rotation prior to conversion. This will both help to improve the soil and reduce weeds and 

pathogens, and meet the requirements for conversion to organic status. Winter cover crops will 

be used post flooding (without the use of any chemical inputs) to bring the soil back in to 

condition for sowing the organic vegetables the following year. Lighter soils will enable faster 

drainage post flooding, and a delay in crop production is therefore not anticipated. Flooded fields 

will be allowed to develop naturally with no intervention, but will be maintained at 10-12cm where 

possible. Where the land to be flooded is very flat, the farmer will build some low banks and 

scrapes to ensure a varying topography during periods where water levels fluctuate. Bunds will 

be approximately 2m high (to account for varying topography), but it is important that vegetation 

is established as soon as possible to ensure the light soil is not windblown. This design will be 

used to alleviate fluvial and surface water flooding during winter and summer months for the full 

2-3 years. 

TW potential financial costs 

 Machinery hire/maintenance to build bunds 

 Labour 

 Pump hire/fuel  

 Eel screen 

 Abstraction license unless the farmer is able to use water from reservoirs. N.B – peaty 

soils will require more regular top ups of water and an abstraction license may thus be 

required for additional security 

 Consents 

 Loss of BPS monies 

 Loss of crop whilst the land is not in production 

TW potential financial gains 
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 Control of pests and pathogens 

 Higher yields/better organic crops 

 Lower input costs 

 Weed control 

 Flood risk management and flood resilience 

TW legislation/consents that may lead to additional financial or time costs with this design 

 Catchment Abstraction Management Strategy - this particular area is a closed catchment 

and difficulties may arise if the farmer wishes to abstract water to maintain water levels 

on the flooded field – solutions could involve using water from the pre-existing reservoir, 

using rain fed water from a new reservoir, or allowing the field to drain down during the 

summer months for short periods when it is very dry. 

 Planning permission and EIA - bunds may fall under development depending on size, 

location, council etc and an EIA may be required 

 Eel Regulations - an eel screen is likely required if the farmer abstracts from a local ditch 

 Habitat Regulations and Wildlife & Countryside Act – there is a SSSI designated for 

species and habitat interest running adjacent to crop and grazing fields on the east of the 

farm, and it is thus important to assess the impact of the technique on relevant designate 

habitat and species. A HRA may be required. 

 Common Agricultural Policy – there would be a loss of BPS monies for the period during 

which the land is out of production (2-3 years) 

Storage reservoir design plan – The farm already has one conventional irrigation reservoir and 

would like an additional biodiversity rich reservoir for further security given abstraction costs and 

limitations in the area. The landowner would like a reservoir with a medium/high capacity, and is 

very interested in adding some wildlife benefits where possible. They have an area of low lying 

land in the centre of the farm where they would like to place the new reservoir, with higher 

ground and the river containing the bulk of water. This would enable fewer banks and control 

structures. Due to the nature of the soil the reservoir will have to be lined with synthetic material, 

but clay can be sourced to top this. Water levels will be allowed to fluctuate naturally. Small scale 

changes will be made at the design stage to improve the reservoir for biodiversity such as some 

shallow margins with emergent and submerged vegetation; floating islands; reed, soft rush, and 

wet grassland in the surrounding land; and small patches of scrub. In addition, as the reservoir is 

located close to the river and scrub and reed patches, the farmer would like to create a corridor 

between the reservoir and the other wetland habitat, including scrapes and wet grassland. The 

reservoir will help to alleviate fluvial flooding, and with appropriate design there is the potential to 

include a control structure (e.g. spillway) to allow water from the River Torne to enter into the 

reservoir when water levels are very high. 

SR potential financial costs 

 Construction costs - earthworks/excavation 

 Design engineer fees 

 Supervision and site investigation fees during and post construction 

 Labour - management of reservoir post construction 

 Pump and pipes to irrigate fields – although very little piping is required as the current 

reservoir supplies water to whole farm 

 Fuel/electric - this could be reduced through the use of wind turbines on site 

 Control structures  
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 Annual repair and maintenance costs (excluding inspections) 

 Gauge board 

 Eel screen 

 Water quality monitoring equipment - there is a possibility that water quality could be 

improved naturally through the use of reedbed on the fringes and floating islands 

designed to remove nutrients (see BioHaven reference above). 

 Reed stems/seeds/floating islands 

 Fencing/Landscaping 

 Winter abstraction license  (if available) 

 Consents and permissions  

 Loss of productive land - although the surrounding land could be grazed 

 Loss of BPS monies 

SR potential financial gains 

 Increased land value of landholding 

 Long term water abstraction savings 

 Higher yield/better crops 

 Flood risk management and flood resilience 

 Shared resource with neighbours (see design 1) 

 Extraction and sale of minerals 

 Funding available (see section 13.5) 

SR legislation/consents that may lead to additional financial or time costs with this design 

 Catchment Abstraction Management Strategy - this particular area is a closed catchment 

and at present it is not possible to abstract water from the local water source for the 

purposes of crop irrigation. It is possible that the reservoir could be rain fed, however it is 

unlikely that enough water could be obtained to manage farm needs.  

 Reservoir Act - the reservoir will hold more than 25000 cubic metres year round, and will 

thus be subject to reservoir act conditions and inspections (including associated fees) 

 Planning permission and EIA – the previous reservoir did not require planning 

permission, however it is still advised that the farmer discusses the new reservoir with the 

local authority. 

 Habitat Regulations and Wildlife & Countryside Act - the reservoir will be within fairly 

close proximity to a SSSI and other beneficial habitat for wildlife, and it is thus important 

to assess the impact of the technique on the relevant habitats and species. A HRA may 

be required. 

 Common Agricultural Policy – there would be a permanent loss of BPS monies for the 

area taken out of production. This would not include areas that are still grazed. 

 Tree Preservation Order – several protected trees may need removal to construct the 

reservoir, and permission will be required from the local planning authority. 
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Figure 10: Design 6 temporary wetlands and biodiversity rich storage reservoir
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13.2. Indicative scheme costs 

This section includes information on the capital and maintenance costs associated with the two 

main techniques – temporary wetlands, and biodiversity rich storage reservoirs 

13.2.1. Conventional reservoirs 

Capital costs for reservoirs vary significantly depending on the size, location, and design. Lined 

reservoirs cost significantly more than unlined reservoirs, and this can account for nearly half of 

the total construction costs. Where planning permission and environmental impact assessments 

are required, costs are likely to increase further. Additional costs include, but are not limited to, 

inspection fees (where the reservoir falls under the Reservoir Act), pumps, pipes/mains, 

inlets/outlets, irrigators, abstraction license (if required), construction of access roads, 

fencing/landscaping, an eel screen, and fuel and electric.  

Figures obtained in 2012 suggest that the capital costs of construction and lining alone for a 

100,000m
3
 lined reservoir are approximately £206,000, with an unlined reservoir costing 

approximately £107,000
134

. Site investigation, design, permitting, and supervision fees are 

thought to range between 10-15% of construction costs for lined and unlined reservoirs 

respectively. The farmer will also need to account for the loss of productive land, or the purchase 

of new land. For a detailed breakdown of the typical costs associated with the construction and 

maintenance of conventional reservoirs, please refer to the Water for Agriculture report
139

. 

Further costs may be applied to reservoirs designed to provide habitat for biodiversity, or flood 

risk management benefits, and these shall be discussed in more detail in the next section of this 

report. 

13.2.2. Temporary wetlands 

The capital and operational costs associated with temporary wetlands will vary depending on the 

area of land under water and out of production, and the complexity of the bunds. The loss of 

productive land will account for the majority of capital losses (depending on the length of the 

flood rotation), as well as purchase of entitlements and the loss of BPS payments for the year (s) 

where the land is under water. Additional costs and indicative figures include those listed below: 

Table 7: Indicative annual and maintenance costs for temporary wetlands 

Costs Capital Operating Figures Additional Info 

Labour + + £25 per hour EA indicative costs 

Machinery/Fuel (+) + £600 per week EA indicative cost for 
a non-operated

140
 5t 

360 excavator 

Contract Hire (as 
opposed to above) 

+  £200 per day IDB 
labour/machinery 
hire to build bunds 

Pipes/Control 
structures 

+  N/A Varies depending on 
length/number 
required  

Consents/permissions +  Variable Please refer to 

                                                   

139
 K. Weatherhead et al, Water for agriculture: collaborative approaches and on-farm storage, Cranfield 

University, 2014, pp24-29 
140

 Machinery supplied without labour/staff time included 
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section 11.2 for fees 

Eel screen + + Minimal Only required under 
certain 
circumstances 

Pump hire/fuel  + £130per week 
pump hire + 
£9,000 for 
diesel (3 
months) 

Pump = 3 inch diesel 
run, diesel cost 
based on 100 litres a 
day, 90 days @ 
100p per litre 

Abstraction license  + Variable Depends on whether 
summer/winter/full 
year,  and how much 
abstracted 

Loss of productive 
land 

 + Variable Please refer to WW 
financial spreadsheet 
to identify costs 

Loss of BPS/greening 
payments 

 + Minus £181.37 
per ha 

Deduct 181.37 for 
each ha taken out of 
production 

Cover crop seed (post 
flood) 

+  Variable Example cover crop 
(Phacelia

141
 = £25 

per annum 

Purchase of 
entitlements 

 + Approx £150 
per/ha 
(variable 
depending on 
market rate) 

Land no longer in 
eligible condition 
post flood and 
entitlements will be 
lost – therefore 
purchaser for area 
under water required 

 

The costs listed above will vary depending on the location and design, and the figures provided 

are only indicative. Pump hire costs could potentially be reduced through the use of a tractor 

mounted system. Sheet piling could be used as an alternative to bunds if the material is readily 

available to the farmer. Abstraction costs will vary significantly depending on whether there is 

storage for winter rainfall/abstracted water on site, and whether the soil is heavier and therefore 

less likely to require such frequent ‘top ups’ of water. Gypsum could potentially be used to bring 

slightly saline land back in to production more quickly, thus reducing the impact of salinity on 

crops.  

Underground drainage may exist on site, and where possible this will have to be blocked/plugged 

temporarily. Costs associated with this will vary, as the farmer will first have to identify the 

location of the underground drains (if this is not already known), and a contractor may be 

required to dig up the land and block the drains. This will then need to be reverted back post 

flood. Consents and permissions may be required for some of the larger and more complex 

designs, and these can both be costly and time consuming. It may be possible to avoid some of 

these costs through ‘smart design’. For instance, the farmer could design temporary wetlands 

that fall within permitted development rights for agriculture, and fall outside of the Reservoir Act. 

For further information on capital and operational costs associated with this technique, please 

refer to the Temporary Wetlands financial spreadsheet. This tool can be used to identify the net 

                                                   

141 This is not necessarily the most appropriate crop for breaking up and reconditioning the land, but has 
been used as an example due to its relatively high seed cost 
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cost of applying the technique to individual farms, taking into account crops, rotations, and the 

area of land within the flood rotation. 

13.2.3. Warping 

This technique will incur many of the same costs and benefits as temporary wetlands, and as 

such the WW financial spreadsheet has been designed to account for this approach. The main 

difference between this and the temporary wetland technique is the inclusion of a ‘warping ditch’ 

or spillway to move water onto the land, and the exclusion of a pump. It has also been suggested 

that a wet grassland buffer strip between the farmland and river/Estuary would benefit this 

technique, and the costs of preparing the land and grazing with stock would therefore have to be 

accounted for.  

13.3. Comparison of financial costs and benefits associated with conventional 

reservoirs, biodiversity rich reservoirs, and FRM reservoirs 

13.3.1. Costs 

The costs described below provide a comparison of the potential costs incurred through the 

construction and maintenance of on farm storage reservoirs. The costs listed under conventional 

reservoirs include those that could apply to a typical on farm storage reservoir. Costs listed under 

the biodiversity rich reservoirs include those incurred through the creation of wildlife rich habitat, 

and these are additional costs to those listed in the conventional reservoir column. Costs listed 

under FRM reservoirs include those incurred through the construction of a reservoir designed to 

hold additional water for the purpose of flood risk management. As with the biodiversity rich 

reservoirs, these costs are in addition to the typical costs of constructing a conventional 

reservoir. These are summarised below. 

Conventional Reservoir Costs Biodiversity Rich Reservoir 
Costs 

FRM Reservoir Costs 

 Construction (contractors)  Further loss of productive 
land 

 Further loss of 
productive land 

 Consents/permissions  Plug plants/seeds (see cost 
example below) 

 Additional control 
structures 

 Consultant/design fees  Loss of BPS payments 
(greater area than with a 
conventional reservoir) 

 Loss of BPS payments 
(greater area than with a 
conventional reservoir) 

 Supervision fees  Floating islands (approx 
£120-£160 per square 
meter for BioHaven) 

 

 Site inspection fees (post 
construction) 

 Management of stock  

 Environmental assessments   

 Pumps   

 Pipes/Mains   

 Electric/Fuel   

 Inlets/Outlets   

 Access roads   

 Fencing/Landscaping   

 Eel screen   

 Irrigators   

 Acquisition of land/Loss of 
productive land 

  

 Gauge board/Doppler meter   
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 Labour   

 Abstraction license   

 Annual repair/maintenance   

 Insurance   

 Loss of BPS payments (on 
land taken out of production) 

  

 

 

13.3.2. Benefits 

The benefits described below provide an indication of the potential financial benefits of 

constructing conventional, biodiversity rich, and FRM reservoirs. Those listed under biodiversity 

rich and FRM reservoirs are in addition to the benefits incurred through the construction of a 

conventional reservoir. Not all of the financial benefits listed will necessarily apply to every 

reservoir design, and it is anticipated that the actual benefits accrued will vary depending on 

design and purpose.  

Table 8: Comparison of benefits associated with conventional reservoirs versus 
biodiversity rich or FRM 

Conventional Reservoir 
Benefits 

Biodiversity Rich 
Reservoir Benefits 

FRM Reservoir Benefits 

Increased land value Ecosystem benefits Greater flood resilience  and 
protection of property/ 
machinery/crops 

Water abstraction savings Water quality improvements  Tax relief (flood defence) 

Better yield (during dry years) More available grazing land Availability of FRM funding 

Shared resource (WAGs) Use of natural clay = no 
lining or import of material, 
which can be very costly 

Possible reduction in 
defences/drainage costs 
further downstream 

Recreational fishing Less infrastructure required   

Solar panels Availability of biodiversity 
funding 

 

Extraction & sale of minerals Availability of WFD funding  

RDPE funding (and other)   

Example Scheme 3: Alkborough Managed Realignment Site (reedbed creation) 

Example of potential costs associated with developing reed and grassed banks for a 

biodiversity rich storage reservoir. 

Reed establishment: £3,800 + VAT for 10,000 reed plug plants provided in Rootrainers and 

delivered to site. The plug plants were grown for the site by a local Nursery at North Cave. 

Cost per ha will depend on the density per meter that the reeds are planted at, and this can 

vary substantially. 

Grass establishment for banks: The grass seed mix for the reedbed banks (an area of 

5.46ha) cost £3835 for 1300 kilos, including delivery. The application rate was high 

(238kilos/ha) as they had to establish a dense sward as soon as possible for compliance with 

the Reservoir Act. 

Bank preparation:  It cost £1417.50 + VAT for the reedbed banks to be worked down to 

create a seedbed which could be drilled with the grass mix. This works out at £259/ha + VAT. 
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13.4. Financial benefits of temporary wetlands 

This section details the potential benefits of the temporary wetland technique, and quantifies 

these where possible. 

Temporary wetlands and warping are anticipated to provide a number of financial benefits to 

farming. These include reductions in inputs, improved soil fertility, better yields, flood defence 

benefits, and ecosystem benefits. In addition, the combination of flood defence and biodiversity 

improvements will enable farmers to apply for funding through flood defence and water quality 

grants and tax relief, biodiversity grants, and potentially science, research and innovation grants. 

Information on input reduction and yield increases has been collated from research carried out in 

the USA
142

 and Netherlands
143

, and is detailed in the table below. The cost savings of the 

benefits listed below will vary depending on the size and frequency of the flood rotations, and 

details on how they could be applied to specific landholdings can be altered on the WW financial 

spreadsheet. 

Table 9: Financial benefits of temporary wetlands 

Benefit Percentage benefit/duration 

Reduction in fertilisers 100% in year 1 + 100% for a 10 year period on warped 
land

144
 – likely reduction in fertiliser on temp wetlands, but 

no data currently available indicating how much, or for how 
long 

Reduction in pesticides 100% in year 1 + 20% every year for 5 years following a 
flood rotation

9 

Increased yield 20% increase every year for 5 years following a flood 
rotation

8 

It should be noted that this figure requires further 
investigation as not all crops will necessarily gain a 20% 
increase in yield post flood (currently there is evidence for 
potatoes and sugar beet), and the yield increase may not 
remain static over the full 5 years. Further investigation is 
required to ascertain the benefits of this approach on other 
crops. 

Reduction in seed 100% in year 1 

Reduction in irrigation (due to 
higher soil moisture content) 

Data not currently available – anticipated reduction in 
abstraction post flood. Potential for a lower yield where land 
is waterlogged. 

 

13.4.1. Flood risk management benefits – non quantifiable 

The FRM benefits of the temporary wetland technique cannot be easily quantified without 

extensive modelling of specific sites. However, the costs of uncontrolled flooding can be used to 

highlight the potential benefits of the techniques with regards to both flood resilience, and 

protection of farm property and crops. The impacts of flooding on UK agriculture (summer 2007, 

and winter 2014) are briefly described below. The assumption is made that the techniques 

                                                   

142
 The Nature Conservancy, Farming for Wildlife: Creating shorebird habitat on working farms, March 2011 

143
 A. Hoogendijk, Pers comm., 11 January 2016 

144
 I. K. Heard, Warping at Blacktoft House: Howden 1950, 1952, Journal of the RASE 

144
 Please note that this figure is based on anecdotal evidence from warping around the Humber Estuary 

pre: 1950s, and further evidence and trials would be required to ascertain the direct benefits of warping on 
reducing fertiliser usage. This will vary depending on cropping patterns, and uptake of nutrients. 
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discussed in this report could potentially provide flood alleviation measures, which will in turn 

reduce the impact of flooding on the landholding. However, this report does not attempt to 

quantify the flood alleviation cost savings of the techniques. 

13.4.2. The impact of flooding on UK agriculture
145

,
146

: 

The most frequently reported losses of the 2007 summer floods were loss of crop (including 

market rejection) and loss of income by livestock and debris clearance. A minority of farmers also 

reported minimal damage to buildings and machinery. On average 82% of the damage per 

hectare consisted of flood damage to crops, the remaining 18% consisted of flood damage to 

farm assets. 

Losses to arable farms included: 

 Crop yield and quality loss 

 Additional costs (agro-chemicals) to be applied to the affected land 

 Increased harvesting costs (adjusted for savings due to reduced yield) 

 Land reinstatement costs 

 Potential issues post flooding 2014 have been reported to include: 

 Water logging; this causes a 10-30% yield reduction for wheat and 10-20% reduction for 

oilseed rape 

 Anaerobic conditions 

 Sedimentation of alluvium sealing the soils 

 Invertebrate losses such as earthworms 

 Weed infestation and possible introduction of invasive species 

 Nutrient leaching 

During summer 2007 the costs were more indirect for livestock farms, although they often 

incurred higher ‘other’ costs due to the increased need for fences, gates and hedges as field 

boundaries. Many of the ‘other’ costs were farm type specific, for example horticultural farms 

incurred a higher loss due to the damage to irrigation equipment. 

The majority of the costs incurred by farmers are uninsured because the loss is related to the 

expected income from produce rather than damage to buildings or machinery 

Seasonal variability can have an impact on the overall costs incurred by flooding, for example 

flooding during the harvest period could cause complete yield loss. 

The national impacts of flooding are dependent on the market and availability of crops 

nationwide; however, the average damage per farm following the 2007 summer floods was 

calculated to be £89,415
146

.  

13.5. Funding, grants, and subsidies 

The techniques described in this section of the report could attract funding from a variety of 

sources, and it may well be necessary to identify small pots to supplement the capital costs of 

the schemes. Funding could be applied for through various measures, including flood defence 

grants, water quality improvement grants, habitat creation/restoration grants, and science, 

research and innovation grants. In addition, businesses that contribute to certain flood defence 

                                                   

145 ADAS, The Economic Impact of 2014 Winter Floods on Agriculture in England, 2014 
146 Posthumus et al., Impacts of the summer 2007 floods on agriculture in England, 2009 
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measures have the option of claiming tax relief
147

. The following grants and funding options are 

currently available and may offer potential should a farmer, government organisation, or charity 

wish to apply. In addition, some organisations do not provide funding, but can be contacted for 

help, advice and sponsorship, including Progressive Farming Trust Ltd, and Freshwater Habitats 

Trust. However, it should be noted that the list of funding opportunities described below is not 

exhaustive, and new grants may become available beyond the submission of this report. 

Likewise, funding accessibility will vary depending on whether the application comes from the 

farmer, an NGO, or a government institution.  

13.5.1. Tax Relief (flood defence) 

Tax relief is available to businesses who incur expenses when making a qualifying contribution to 

a flood and coastal risk management project. The measure applies to contributions made from 

January 1st 2015 and was legislated in the 2015 Finance Bill
6
. For further information on the tax 

relief available and who qualifies, please refer to the FCERM Tax Relief for Businesses 

Information Note.
148

 

13.5.2. Countryside Productivity Scheme (water management grant) 

Funding is currently available through a government grant scheme to improve or create on farm 

irrigation. Applications can be submitted to the Rural Payments Agency (RPA), and to be eligible 

applicants must already be irrigating. Grants can cover up to 40% of the total eligible costs of the 

proposal, and can be between £35,000 and £1,000,000. The funding can be used to construct 

new reservoirs, install irrigation and monitoring equipment, and water management 

infrastructure. Grants can also be used to fund rainwater harvesting and water recycling 

equipment that diverts water to the irrigation reservoir. In addition, projects that improve flood 

mitigation measures or natural filtration systems with no energy demand have a better chance of 

success. There are a number of criteria that need to be met to successfully gain this funding, and 

further details can be found on the government website
149

. 

13.5.3. Rural Development Programme for England: LEADER funding: 

LEADER funding is currently available for individuals or groups that want to fund projects that 

benefit the rural economy. LEADER funding is delivered via LEADER local action groups (LAGs), 

and is available to local businesses, communities, farmers, foresters and land managers. The 

funding is available between 2015 an 

d 2020. There are 6 main LEADER priorities, and the LAGs will decide which projects they will 

fund in their area. Priorities that may be relevant to the techniques described in this report 

include: increase farm productivity, and boost rural tourism. The two LAGs that apply to this area 

include Northern Lincolnshire, and the Coast, Wolds, Wetlands, and Waterways. For further 

information on LAGs, and this particular grant, please refer to the relevant government 

website
150

. 

  

                                                   

147
Relief for contributions to flood and coastal risk management projects, http://www.legislation.gov.uk/ 

ukpga/2015/11/schedule/5/enacted, Accessed 18 December 2015 
148

 FCERM Tax Relief for Business Information Note, December 2015 
149

 Countryside Productivity scheme: water management grants, https://www.gov.uk/guidance/apply-for-
water-management-grants, Accessed 22 February 2016 
150

 Rural Development Programme for England: LEADER funding, https://www.gov.uk/guidance/rural-
development-programme-for-england-leader-funding, Accessed 22 February 2016 

http://www.legislation.gov.uk/%20ukpga/2015/11/schedule/5/enacted
http://www.legislation.gov.uk/%20ukpga/2015/11/schedule/5/enacted
https://www.gov.uk/guidance/apply-for-water-management-grants
https://www.gov.uk/guidance/apply-for-water-management-grants
https://www.gov.uk/guidance/rural-development-programme-for-england-leader-funding
https://www.gov.uk/guidance/rural-development-programme-for-england-leader-funding
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13.5.4. Countryside stewardship facilitation fund 

The Countryside Stewardship facilitation fund supports people and organisations that bring 

farmers, foresters, and other land managers together to improve the local natural environment at 

a landscape scale. Priority is given to projects that will deliver significant environmental outcomes 

through partnership working. CS priorities in the area should be met, and whilst it is not 

necessary that members of the group submitting an application have existing CS agreements, it 

is advised that they submit individual complementary CS applications. A combined area of at 

least 2000ha will be required to be eligible for the scheme, and it must be split across a minimum 

of four landholdings. The amount of funding available is dependent on the number of holdings 

included within the application, from a minimum of £12000 to a maximum of £50000. An 

application window is anticipated to become available in 2017.There are various selection criteria 

to identify the facilitators for the scheme, and eligibility, and these can be reviewed in detail on 

the relevant government website
151

. 

13.5.5. Heritage lottery fund: Landscape Partnerships 

This funding may be available where a non-for-profit organisation leads the creation/restoration 

of specific habitats, and where the public benefit is greater than the private gain. It would 

therefore be applicable across a larger scale, where habitat creation is both permanent and 

accessible to the public and community/voluntary groups. The area of land identified for funding 

should have a distinctive landscape character, and should reflect that which is recognisable to 

the area (e.g. waterways and wetlands). Individual farmers cannot apply for this funding 

independently, and it would only be available as part of a larger scale project. 

13.5.6. The Middleton Fund 

This funding is available to individuals and organisations based in North Yorkshire and 

Humberside. Funds are available for projects that improve the environment or agriculture, as well 

as the preservation of monument and ancient buildings for the benefit of the public. There is no 

application deadline, and applicants can apply for up to £1000. 

13.5.7. Real Farming Trust 

This funding is available to individuals and organisations throughout England and Wales. The 

trust has previously supported local food initiatives, and has helped to establish an all party 

parliamentary group of the new emerging field of agroecology and food sovereignty. It performs 

as an umbrella/resource body, and applicants can apply for grants typically between £10000 and 

£15000. 

13.5.8. The Water Conservation Trust 

This trust operates throughout England and Wales, and provides financial support for activities 

connected to water and the environment. It makes grants to both individuals and organisations of 

up to £1000, and there is currently no deadline for applications.  

  

                                                   

151
 Guide to Countryside Stewardship Facilitation Fund, https://www.gov.uk/government/publications/guide-

to-countryside-stewardship-facilitation-fund/guide-to-countryside-stewardship-facilitation-fund, Accessed 22 
February 2016 

https://www.gov.uk/government/publications/guide-to-countryside-stewardship-facilitation-fund/guide-to-countryside-stewardship-facilitation-fund
https://www.gov.uk/government/publications/guide-to-countryside-stewardship-facilitation-fund/guide-to-countryside-stewardship-facilitation-fund
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13.5.9. Yorkshire and Clydesdale Bank Foundation 

This grant is UK wide, and the foundation offers grants through its Spirit of the Community 

Awards. There is an environment category which is applicable to the delivery of the techniques 

described in this report. There is currently no deadline, and individuals or organisations can apply 

for grants of up to £2000. 

13.5.10. The Limbourne Trust 

This trust operates across the UK and overseas and funding is available to organisations or 

individuals promoting the development of organic farming methods, and environmentally 

sustainable projects overcoming the adverse effects of climate change, as well as the protection 

and conservation of the natural environment. Grants of approximately £5000 are available. 

13.5.11. The John Spedan Lewis Foundation 

This is a UK wide grant available to both individuals and organisations. Grants are available for 

projects involved in the natural sciences, particularly: horticulture, ornithology, entomology, 

environmental education and conservation. There is currently no deadline, and there is funding 

for projects up to £10000. 

13.5.12. The Conservation Foundation 

This foundation operates across the whole of Great Britain, and individuals and organisations 

can apply for small grants of up to £1500 for research projects/works involving the promotion of 

conservation, and preservation of land, buildings and all forms of animal and plant life of 

outstanding architectural, historic, scenic, aesthetic or scientific interest.  

13.5.13. Countryside Stewardship Options 

The list below describes several CS options that could be used in conjunction with, or to facilitate 

the capital and management costs, of the techniques described in this report. These options 

would only be available as mid or higher tier, and would require the farmer to complete a 

successful application to join the scheme. Other options that have not been listed may still help 

to cover maintenance, creation, or capital costs of the techniques, and it is therefore advised that 

the landowner discusses the options that would best suit their landholding with a Natural England 

adviser. It should also be noted that new CS options may be developed over the next year to 

fund the inundation of agricultural land with water for flood management purposes. 

SW12 – Making Space for Water 

This option would only apply to more permanent water storage areas, and could therefore not be 

used to supplement the capital and management costs of temporary wetlands. However, this 

option would suit land that could be restored to wetland for a minimum of 20 years, and where 

the farmer would benefit from storing additional floodwater. 

RP9 – Constructed wetlands for the treatment of water pollution  

This option could help to supplement the capital costs of constructing reedbed or wetlands 

designed to improve water pollution issues. It covers 50% of capital costs. 
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RP7 – Sediment ponds and traps 

This option applies to areas of land targeted for the reduction of water pollution from agriculture, 

and applied to ponds or traps or 25 square metres. 

WT7/WT9 – Creation of reedbed/fen 

These options could potentially be applied where biodiversity rich storage reservoirs include the 

addition of larger areas of fringe reedbed/fen. However, the landowner should ensure that the 

creation of fen/reedbed is disconnected from areas of open water that are over 1ha. 

WT4/5 Pond Management  

This option would not apply to silt ponds due to water quality issues (see Sediment ponds and 

traps – RP7), but could possibly be used on landholdings where there are priority ponds, ponds 

with flora and fauna of nature conservation importance with good quality water and natural water 

levels, and where the neighbouring land restricts fertilisers, manures and pesticides.  

SW1/2 Buffer strip on cultivated land 

This option could be used to supplement the temporary wetland or biodiversity rich reservoir 

techniques by managing 4-6 m banks/buffers between the wetland habitats and the productively 

managed land.  

HS6 Maintenance of designed/engineered water bodies  

This option could be used to supplement the biodiversity rich storage reservoirs, and can be 

applied on water bodies with an artificially retained area of open standing water, or on the banks 

of the water body/on buffers strips around associated features. However, it would not apply to 

reservoirs covered by the Reservoir Act. 

WN2 Creation of scrapes/buffers 

This option could be utilised within a biodiversity rich storage reservoir design (on the fringes in 

wet grassland areas), or possibly combined with a wet grassland and temporary 

wetlands/warping technique. 

GS9-14 Creation/management of wet grassland  

These options could be applied as stand-alone options where appropriate (assuming 

infrastructure in place, stock available etc), or potentially included within a temporary 

wetland/warping design where a significant buffer is included. 

13.6. Ecosystem services  

This section details the value of ecosystem services, and loosely applies some figures to wetland 

habitats, with a specific focus on open water habitats such as temporary wetlands and 

biodiversity rich storage reservoirs. 
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The value of the Earth’s ecosystem services is estimated to be at least $33 trillion per annum
152

. 

In 1997, when this figure was derived, the global GNP was $18 trillion. Wetlands are thought to 

be the most valuable habitat for providing ecosystem services, with a global average value of 

$6,000 per acre. 

There are four broad categories to ecosystem services. These are: 

 Supporting services: such as nutrient cycling, oxygen production and soil production. 

These services underpin the provision of the other 'service' categories. 

 Regulating services: such as climate regulation, water purification and flood protection. 

 Provisioning services: such as food, fibre, fuel and water. 

 Cultural services: such as education, recreation and aesthetic value. 

A monetary value and rank of relative importance can be applied to each of the services obtained 

from a wetland ecosystem. The table below provides an example of the mean and maximum 

global value of various services.  

Table 10: Value of freshwater wetland services in monetary terms and relative importance 
per hectare per year (Adapted from Clarkson et al. 2013)

 153
 

  Relative 
Importance 
(TEEB 2013)154 

Mean global value 
(Int$2007) (De 
Groot et al. 2012)155 

Maximum global 
value (Int$2007) 
(TEEB 2013)

 

TOTAL  51,362 44,597 

Supporting services   3,000 5,505 

Maintenance of soil fertility High 1,713 4,588 

Lifecycle maintenance High 1,287 917 

Nutrient cycling    

Provisioning Services   1,660 9,709 

Food High 614 2,090 

Fresh water supply High 408 5,189 

Raw materials Medium 425 2,430 

Medicinal resources Low 99  

Ornamental resources Low 114  

Regulating Services   16,818 21,134 

Gene pool protection  1,168 2,554 

Influence on air quality Low   

Climate regulation Medium 488 351 

Moderation of extreme events High 2,986 4,430 

                                                   

152
 d'Arge, R., Limburg, K., Grasso, M., de Groot, R., Faber, S., O'Neill, R.V., Van den Belt, M., Paruelo, J., 

Raskin, R.G., Costanza, R. and Hannon, B., 1997. The value of the world's ecosystem services and natural 
capital. Nature, 387(6630), 253-260. 
153

 Clarkson, B.R., Ausseil, A.G.E., Gerbeaux, P. and Dymond, J.R., 2013. Wetland ecosystem 
services. Ecosystem services in New Zealand: conditions and trends. Manaaki Whenua Press, 
Lincoln.192-202. 
154

 Russi, D., ten Brink, P., Farmer, A., Badura, T., Coates, D., Förster, J., Kumar, R. and Davidson, N., 
2013. The economics of ecosystems and biodiversity for water and wetlands. IEEP, London and Brussels. 
155

 De Groot, R., Brander, L., van der Ploeg, S., Costanza, R., Bernard, F., Braat, L., Christie, M., 
Crossman, N., Ghermandi, A., Hein, L. and Hussain, S., 2012. Global estimates of the value of ecosystems 
and their services in monetary units. Ecosystem services, 1(1).50-61. 
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Regulation of water flows High 5,606 9,369 

Waste treatment Medium 3,015 4,430 

Erosion prevention Medium 2,607  

Pollination Low   

Biological control Medium 948  

Cultural Services   4,203 8,399 

Aesthetic Medium 1,292 3,906 

Recreation/tourism Medium 2,211 3,700 

Inspiration for culture, art, design High 700 793 

Spiritual existence High   

Cognitive information High     

 

Applying ecosystem services values to temporary wetlands and biodiversity rich storage areas in 

the Humberhead Levels. 

This study has attempted to apply values to the ecosystem services provided by the main 

techniques. Figures are based on models developed by Ghermandi et al
156

, where factors 

including flood control, water quality improvement, recreation, and fuel have been assigned 

values based on their relative importance. In the Ghermandi study, water quality improvement, 

non consumptive recreation, and provision of natural habitat and biodiversity were found to be 

highly valued services; and wetland values were found to increase with anthropogenic pressure.  

Figures for the total value of a temporary wetland per km squared per year can be extrapolated 

from a model included within the Temporary Wetlands financial spreadsheet, and the input data 

can be amended as necessary (please refer to ‘How to guide’). An example figure for the value 

of ecosystem services using the Ghermandi model for 50ha of land in the HHLs (with water 

quality, flood control, amenity and biodiversity value as the main contributing services) wetland 

ecosystem services would be valued at £4,113,483 per km squared per year. Using the more 

conservative Brander model wetland ecosystem services would be valued at £298,554 per km 

squared per year. It should be noted that ecosystem values presented in the spreadsheet are 

purely indicative, and there is a lot of variability between the two models, indicating significant 

uncertainty. Likewise, various ecosystem models have been developed over recent years, and 

the chosen model will affect the output figure. Nonetheless, ecosystem services clearly provide 

substantial benefits to society and the local community, and these should be accounted for in 

decision making.  

  

                                                   

156
 Ghermandi, A., van den Bergh, J. C. J. M., Brander, L. M., de Groot, H. L. F., & Nunes, P. A. L. D. 

(2010). Values of natural and human-made wetlands: A meta-analysis. Water Resources Research, 

46(12), W12516.  
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14. Suitable Areas for Application of Techniques 

This section contains text and maps describing general areas within the Humber Estuary and 

Humberhead Levels that may serve as suitable locations to apply the temporary wetland and 

biodiversity rich storage reservoir techniques. Areas that are unsuitable, or may be suitable but 

require further investigation, have also been identified and labelled on the maps provided. 

14.1. Relevant data and ranking 

Agricultural land within the Humberhead Levels and Humber Estuary may serve as suitable 

habitat for the application of the two main techniques. The following spatial analysis was 

conducted to identify areas that met the necessary requirements to implement the techniques. 

This analysis was conducted at a broad scale across the whole study area, and for further 

information on the applicability of specific landholdings, further analysis would be required. A 

5km buffer was set around the study area at the beginning of the analyses to account for sites on 

the periphery of the elected area. 

To construct the maps, a GIS approach was employed. Relevant criteria for the application of the 

techniques were identified, and datasets sourced. The table below describes the criteria, 

rankings, and weightings applied to the suitability modelling. Rankings and weightings were 

applied to criteria based on high, medium, or low applicability. For further information on the data 

acquired, and how the models were constructed, please refer to Appendix 9. 

Table 11: Featured data, rankings, and weightings for temporary wetlands 

Dataset/Criteria Ranking Weighting Additional Info 

Land Cover Arable/Horticultural Land 
= High, Other = Low 

High Source: LCM2000 

Land Use  Classification 1 & 5 = 
High, Classification 2,3,4 
= Low 

Medium  

Soil Type Variable High NatMap Data 

Elevation (LiDAR) Under 5m = high, Over 
5m = low

157
 

Low STRM 30m 
resolution/cell size 

Protected Sites (SSSI) Present = High, Absent = 
Low 

Low Inc SPA/SAC 

Flood Risk (NaFRA) High flood risk = High, 
Medium flood risk = 
Medium, Low flood risk = 
Low 

Medium
158

 Open source EA data 

Abstraction Districts (CAMs) Open catchment = High, 
Closed catchment = Low 

High  

Environmental Stewardship 
(ES) 

ES present = High, ES 
absent = Low 

Low  

ES wetland sites As above Medium  

*For further information on decisions regarding ranking and weighting of criteria please refer to 

Appendix 9 

                                                   

157
 Elevation above mean sea level 

158
 Please refer to appendix 9 for further details on weighting decisions 
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Table 12: Featured data, rankings, and weightings for biodiversity rich storage reservoirs 

Dataset/Criteria Ranking Weighting Additional Info 

Land Cover Arable Land and Grassland = 
High, Other = Low 
(woodland/scrub = medium) 

High For full details on land 
classes ranked highly 
please refer to 
Appendix 9 

Land Use  Classification 3,4,5 = High, 
Classification 1 & 2 = Low 

High Ranking based on 
wetland vision 
criteria

159
 

Soil Type Heavy = High, Medium = 
Medium, Light = Low 

High NatMap Data 

Geology Clay = High, Clay/Sand/Silt 
Mix = Medium, Sand, Chalk, 
Peat = Low 

Low  

Elevation (LiDAR) Under 10m = High, Over 10m 
is Low 

Low  

Protected Sites 
(SSSI) 

Present = Low, Absent = High High Inc SPA/SAC 

Flood Risk (NaFRA) High flood risk = High, Medium 
flood risk = Medium, Low flood 
risk = Low 

Medium Open source EA data 

Abstraction Districts 
(CAMs) 

Open catchment = High, 
Closed catchment = Low 

High  

ES wetland sites Present = High, Absent = Low Low  

*For further information on decisions regarding ranking and weighting of criteria please refer to 

Appendix 9 

14.2. Potential areas for application of techniques 

The maps below provide an indication of where temporary wetland or biodiversity rich reservoirs 

could be located within the study area (based on the criteria above). Locations that may be 

suitable for the implementation of temporary wetlands have been broken down by soil type. This 

decision was made due to the fact that there is currently no clear evidence available to determine 

which soil type would be more beneficial for the application of the technique. Light and heavy soil 

types could both offer benefits in the application of the technique
160

, and it is therefore difficult to 

apply a ranking of preference for one overarching model. These maps therefore provide 

guidance on which areas are  

most suitable or unsuitable, as well as those areas that may offer potential, but would require 

further analysis at a site specific scale.  

Only one map has been included to display the potential suitability of land within the study area 

for the application of biodiversity rich storage reservoirs. Abstraction points have been overlaid 

on the map to provide an indication of where individuals and businesses are currently 

abstracting. 

                                                   

159 K. Holliday, Developing priority maps for the England Wetland Vision: Technical Document, 2008 
160 Lighter soil = land back into production more quickly, Heavy soil = fewer abstraction charges, cheaper 
capital costs 
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Figure 11: Suitability of study area for temporary wetlands where light161 soil is required 

                                                   

161
 Light soil = sand and peat, Medium soil = loam and silt, Heavy soil = clay 
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Figure 12: Suitability of study area for temporary wetlands where medium soil is required 
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Figure 13: Suitability of study area for temporary wetlands where heavy soil is required 
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Figure 14: Summary map of suitable areas to apply the temporary wetland technique for 
all three soil types 
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Figure 15: Suitability of study area for biodiversity rich storage areas 
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14.3. Factors which eliminate an area from applying a technique 

Only several factors would fully eliminate an area from the implementation of either of the two 

main techniques described in this report. Abstraction licensing and water availability could 

potentially act as a significant barrier (please refer to sections 1and 12) in the Idle and Torne 

catchment, which is currently closed. This is reflected in all of the maps above, where most 

landholdings within the catchment are displayed as unsuitable or in need of further modelling. 

This issue would apply to both temporary wetlands and storage reservoirs where abstraction 

from a local water source is required. However, it should be noted that abstraction licensing is 

due for reform in the early 2020s, and permits for this area may allow the abstraction of water 

during certain periods in the future
162

. It is therefore advised that landholdings within this 

catchment are considered on a site by site basis. 

Other factors which could act as a barrier to the application of the techniques include the 

presence of urban or suburban areas which were ranked very low and weighted highly in the 

analysis. This is reflected in the maps, where urban and suburban areas such as Goole and 

Doncaster are displayed as unsuitable, or in need of further modelling. Likewise, the presence of 

designated areas such as SPAs, SACs, and SSSIs could potentially act as a barrier, as it is 

unlikely that the techniques could be applied on this land. However, those areas within close 

proximity of protected sites have been ranked highly, as they could help to improve connectivity 

within the HHLs. 

14.4. Conclusions 

The maps presented above provide an indication of general areas that may be suitable for the 

application of the two main techniques. However, given the broad scale at which the analyses 

were conducted, it is advised that smaller scale analysis is performed with refined criteria and 

rankings to identify specific areas that may be suitable. The variation in suitable and unsuitable 

areas across the soil type maps for the temporary wetlands further highlights the importance of 

understanding the relevance of soil with regards to the application of the technique. The maps 

illustrate that the area would be suitable for the application of the technique if it requires medium 

soils such as loams. However, if temporary wetlands are better suited to lighter or heavier soils 

for the purposes of farm productivity or capital costs, then site availability may be more limited. 

Nonetheless, there are solutions to ensure the applicability of the technique to every soil type 

(e.g. liners for light soils), but with a likely increase in scheme costs. Once again, due to the 

variability in soil types across sites and within landholdings, it is advised that further analysis is 

conducted at a site specific scale to identify the suitability of a given area.  

Analysis at a small scale with a specific landholding in mind would also help to provide a better 

indication of a site’s suitability, as factors such as topography, land cover, farm productivity, and 

water availability could be ranked and weighted more precisely. These maps thus provide a basis 

from which to conduct further investigation into a specific site’s suitability, and should only be 

used as a tool to identify areas with potential. 

 

                                                   

162 DEFRA, Water Abstraction Management Reform in England, Jan 2016 
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15. Conclusions and Recommendations 

This report has reviewed some of the small and larger scale multifunctional approaches that 

could be used to improve flood resilience and create habitat for biodiversity on arable farmland. It 

has provided examples of design scenarios, reviewed the economic costs and benefits, 

assessed legislative barriers and relevant consents, and identified areas that could be suitable 

for the application of the temporary wetlands and biodiversity rich storage reservoirs. However, a 

number of questions still remain about the application of the techniques, as well as associated 

costs and challenges; and these require further analysis and review at a site specific scale. We 

have therefore provided a list of recommendations for further work below: 

 Additional desk based or field research into the negative effects of short term 

temporary wetlands on water quality. This would require a more thorough 

understanding of the impacts of nutrient rich anoxic water on local watercourses, as well 

as suitable mitigation measures. 

 More detail on the flood storage capacity of temporary wetland designs, including 

those with primary and secondary defences. This would require modelling to identify the 

storage capacity for a specific landholding. Further research into the flood storage 

capacity and design of biodiversity rich storage reservoirs may also be necessary, as 

there is currently limited evidence available for this. 

 Further research is required to assess the viability of different soil types for the 

temporary wetland technique. This should include information on the cost implications 

of different soil types (e.g. time that land is out of production, fuel and abstraction 

costs), and how this could be managed in specific landholdings (e.g. if a particular soil 

type is preferable, could a design for a specific landholding take this into account by 

rotating the flooding around specific fields?). 

 Further research needs to be undertaken to identify the benefits and challenges of 

various temporary wetland durations. Flood durations should be tailored to the 

landholding, and site specific designs could provide further clarification on this. 

 The economic impacts and benefits of the temporary wetland technique still 

requires further analysis. Evidence for yield increases post flood is minimal and would 

ideally require further support through desk based research. Data for input reductions 

(e.g. pesticides and fertilisers) post flood would also benefit from further analysis 

reviewing the applicability of the reductions on heavier soils such as those around the 

Estuary and HHLs. 

 At present the information available in this report on consents and legislation relevant to 

the techniques is fairly broad, and this could be rectified through analysis at a site 

specific level. Where landholdings and designs have been specified, a full list of 

consents and permissions could be provided. 

 Abstraction fees and anticipated water availability should be accounted for at a 

site specific level with specific designs in mind, as it is probable that the costs and 

barriers of these issues will vary across landholdings. In addition, the objectives and 

management strategies of local IDBs could be aligned with the aims of this project, and 

it is therefore important that further discussions are held once specific landholdings 

have been identified. 

 A number of priority species were identified in the study area, and the conceptual 

designs were therefore limited in their suitability for particular species. Where specific 

landholdings are identified, a management plan could be produced to highlight the 
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design options and management practices that could provide optimal habitat for 

specific species. 

 Further research is required to better understand the impact of temporary flooding on 

both good and bad soil organisms, and any links between this and water quality. 

 The GIS analysis for this report was conducted at a broad scale, but additional benefits 

could be gained through analysis at a small scale (e.g. landholdings). This could help 

the farmer to identify whether specific fields in their landholding are more suitable for 

the temporary wetland technique, and how best to plan their rotations. This information 

could also be used to develop temporary wetland designs for the landholding based on 

factors such as hydrology, geology, soil types, and the presence of specific species. 
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Appendices 

A. Appendix 1: Projected water availability 

Box 1.  Projected changes in water availability in late spring and summer at wetlands in 

different regions in the UK 

The following graphs show projected changes in potential soil moisture deficit by the end of June 

(mm) under the medium emissions scenario, at a range of wetlands in different geographical 

areas. Median values are presented, with bars showing upper and lower quartiles. Figures were 

calculated using data from the UKCP09 weather generator.  
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B. Appendix 2: Salinity on the Ouse and Humber Estuary 

The impacts of salinity 

Whilst salt is a naturally occurring mineral that is present in many landscapes (brackish rivers, 

saltmarsh), in the wrong location it can have a detrimental effect on the natural environment, 

agriculture, and infrastructure. The impacts of salinity on the land depend on factors such as the 

susceptibility of the landscape; length and frequency of wetting and drying cycles; land use 

practices; the type of salt; the salt concentration in the landscape, and the amount of water 

available. High levels of salinity can occur as a result of urban activities, irrigation, industrial 

processes, and the exposure of naturally saline soils. Water coming from areas with high salinity 

levels can then flow into local rivers and ditches, affecting the water quality, and subsequently 

health of the plants and animals. Likewise, salt can accumulate in certain areas (e.g. wetlands 

and low lying land) placing additional pressure on crops and wildlife. High levels of salt in 

irrigation water or soil can negatively impact crop health and yield success, and it is therefore 

important that salinity levels in both soil and water are measured regularly on agricultural land 

that is at risk. However, certain crops have been found to tolerate higher levels of salt in irrigation 

water and soil
163

, and this information can be used to guide crop rotations in areas that 

experience high levels of salinity. In particular, field crops such as barley, sugarbeet, and wheat 

can all tolerate up to 6 dS/m soil salinity, and 4 dS/m water salinity without a reduction in yield 

potential
164

. Likewise, certain forage/cover crops such as wheatgrass, fescue, and vetch can also 

withstand higher levels of salinity in both soil and water. Recently research has been carried out 

to evaluate and cultivate salt tolerant crops, illustrating that it is possible to develop salt tolerant 

crops such as potatoes and carrots
165

. 

Salinity on the Humber Estuary 

Water salinity levels vary depending on the time, month, and location of the recording, and as 

such point sampling can only reveal so much about the salinity of the Humber Estuary as a 

whole without extensive monitoring. Recordings taken from 3 points on the Estuary and Ouse 

River (Selby Bridge, Boothferry Bridge and Blacktoft) between 2008 and 2015 indicate that 

salinity levels are typically higher during the summer months (Jun- Sept), and drop significantly 

during the winter (due to increased rainfall). At their peak, salinity levels at Blacktoft Jetty can 

reach just over 11,000ppm, though they typically average well below this (approx 580ppm)
166

. 

Salinity levels taken between 2008 and 2010 further upstream usually averaged at around 

280ppm (Boothferry Bridge) and 230ppm (Selby Bridge). These salinity levels indicate that many 

crops could tolerate irrigation with water taken from Boothferry Bridge and further upstream, but 

only more tolerant crops (e.g. barley, wheat or sugarbeet) could potentially be irrigated with 

estuarine water nearer to Blacktoft year round (please refer to table 1 below for information on 

crop tolerance). Soil salinity levels taken from Blacktoft Sands in 2008 indicate a soil salinity of 

1.64 dS/m and 0.37 dS/m at two separate locations on site (inundated infrequently). These levels 

of salinity indicate that a variety of crops could tolerate the current soil salinity levels without any 

impact on crop success. However, additional data will be required to fully understand the 

                                                   

163
 http://www.fao.org/docrep/r4082e/r4082e08.htm, Accessed 16 May 2016 

164
 US Department of Agriculture, Technical Note – Crop tolerance and yield potential of selected crops as 

influences by irrigation water salinity or soil salinity, June 2011 
165

 http://www.saltfarmtexel.com/, Accessed 10 January 2016 
166

 Salinity is either measured by electrical conductivity (EC) or total dissolved salts (TDS). TDS are 
recorded in milligrams (mg/L or ppm) and the standard EC unit is microSiemens per centimetre (μS/cm). 
EC can be converted to TDS by using the following equation :TDS (mg/L) = EC (μS/cm at 25

o
C) x 0.6 

http://www.fao.org/docrep/r4082e/r4082e08.htm
http://www.saltfarmtexel.com/
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relationship between soil salinity and location/time of the recording to appreciate how soil salinity 

levels could affect crop success in to the future. For further details on seasonal variation in water 

salinity levels, as well as salinity levels across sites please refer to Figures 1 and 2 below. Little 

is yet known about the impact that temporary short term flooding (e.g. walking wetlands) with 

saline water would have on crop success post drainage, and whether flooding during certain 

periods when salinity levels are low would support the technique. Therefore, monitoring will be 

required to assess this at various sites along the Humber Estuary. However, given the low levels 

of salinity at Boothferry Bridge, it is unlikely that short term flooding would negatively impact 

crops or the natural environment at this part of the Estuary or further upstream. 

CROP TOLERANCE AND YIELD POTENTIAL OF SELECTED CROPS AS INFLUENCED BY 
IRRIGATION WATER SALINITY (ECw) OR SOIL SALINITY (ECe)

1
 

YIELD POTENTIAL
2
 

FIELD CROPS 100% 90% 75% 50% 0% 

“maximum”
3
 

ECe ECw ECe ECw ECe ECw ECe ECw ECe ECw 

Barley (Hordeum vulgare)
4
 8.0 5.3 10 6.7 13 8.7 18 12 28 19 

Cotton (Gossypium hirsutum) 7.7 5.1 9.6 6.4 13 8.4 17 12 27 18 

Sugarbeet (Beta vulgaris)
5
 7.0 4.7 8.7 5.8 11 7.5 15 10 24 16 

Sorghum (Sorghum bicolor) 6.8 4.5 7.4 5.0 8.4 5.6 9.9 6.7 13 8.7 

Wheat (Triticum aestivum)
4
,
6
 6.0 4.0 7.4 4.9 9.5 6.3 13 8.7 20 13 

Wheat, durum (Triticum 
turgidum) 

5.7 3.8 7.6 5.0 10 6.9 15 10 24 16 

Soybean (Glycine max) 5.0 3.3 5.5 3.7 6.3 4.2 7.5 5.0 10 6.7 

Cowpea (Vigna unguiculata) 4.9 3.3 5.7 3.8 7.0 4.7 9.1 6.0 13 8.8 

Groundnut (Peanut) (Arachis 
hypogaea) 

3.2 2.1 3.5 2.4 4.1 2.7 4.9 3.3 6.6 4.4 

Rice (paddy) (Oriza sativa) 3.0 2.0 3.8 2.6 5.1 3.4 7.2 4.8 11 7.6 

Sugarcane (Saccharum 
officinarum) 

1.7 1.1 3.4 2.3 5.9 4.0 10 6.8 19 12 

Corn (maize) (Zea mays) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Flax (Linum usitatissimum) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Broadbean (Vicia faba) 1.5 1.1 2.6 1.8 4.2 2.0 6.8 4.5 12 8.0 

Bean (Phaseolus vulgaris) 1.0 0.7 1.5 1.0 2.3 1.5 3.6 2.4 6.3 4.2 

VEGETABLE CROPS  

Squash, zucchini (courgette) 
(Cucurbita pepo melopepo) 

4.7 3.1 5.8 3.8 7.4 4.9 10 6.7 15 10 

Beet, red (Beta vulgaris)
5
 4.0 2.7 5.1 3.4 6.8 4.5 9.6 6.4 15 10 

Squash, scallop (Cucurbita 
pepo melopepo) 

3.2 2.1 3.8 2.6 4.8 3.2 6.3 4.2 9.4 6.3 

Broccoli (Brassica oleracea 
botrytis) 

2.8 1.9 3.9 2.6 5.5 3.7 8.2 5.5 14 9.1 

Tomato (Lycopersicon 
esculentum) 

2.5 1.7 3.5 2.3 5.0 3.4 7.6 5.0 13 8.4 

Cucumber (Cucumis sativus) 2.5 1.7 3.3 2.2 4.4 2.9 6.3 4.2 10 6.8 

Spinach (Spinacia oleracea) 2.0 1.3 3.3 2.2 5.3 3.5 8.6 5.7 15 10 

Celery (Apium graveolens) 1.8 1.2 3.4 2.3 5.8 3.9 9.9 6.6 18 12 

Cabbage (Brassica oleracea 
capitata) 

1.8 1.2 2.8 1.9 4.4 2.9 7.0 4.6 12 8.1 

Potato (Solanum tuberosum) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Corn, sweet (maize) (Zea 
mays) 

1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7 

Sweet potato (Ipomoea 
batatas) 

1.5 1.0 2.4 1.6 3.8 2.5 6.0 4.0 11 7.1 

Pepper (Capsicum annuum) 1.5 1.0 2.2 1.5 3.3 2.2 5.1 3.4 8.6 5.8 

Lettuce (Lactuca sativa) 1.3 0.9 2.1 1.4 3.2 2.1 5.1 3.4 9.0 6.0 

Radish (Raphanus sativus) 1.2 0.8 2.0 1.3 3.1 2.1 5.0 3.4 8.9 5.9 

Onion (Allium cepa) 1.2 0.8 1.8 1.2 2.8 1.8 4.3 2.9 7.4 5.0 

http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note1
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note2
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note3
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note4
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note5
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note4
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note6
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note5
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Carrot (Daucus carota) 1.0 0.7 1.7 1.1 2.8 1.9 4.6 3.0 8.1 5.4 

Bean (Phaseolus vulgaris) 1.0 0.7 1.5 1.0 2.3 1.5 3.6 2.4 6.3 4.2 

Turnip (Brassica rapa) 0.9 0.6 2.0 1.3 3.7 2.5 6.5 4.3 12 8.0 

Wheatgrass, tall (Agropyron 
elongatum) 

7.5 5.0 9.9 6.6 13 9.0 19 13 31 21 

Wheatgrass, fairway crested 
(Agropyron cristatum) 

7.5 5.0 9.0 6.0 11 7.4 15 9.8 22 15 

Bermuda grass (Cynodon 

dactylon)
7
 

6.9 4.6 8.5 5.6 11 7.2 15 9.8 23 15 

Barley (forage) (Hordeum 

vulgare)
4
 

6.0 4.0 7.4 4.9 9.5 6.4 13 8.7 20 13 

Ryegrass, perennial (Lolium 
perenne) 

5.6 3.7 6.9 4.6 8.9 5.9 12 8.1 19 13 

Trefoil, narrowleaf birdsfoot
8
 

(Lotus corniculatus tenuifolium) 

5.0 3.3 6.0 4.0 7.5 5.0 10 6.7 15 10 

Harding grass (Phalaris 
tuberosa) 

4.6 3.1 5.9 3.9 7.9 5.3 11 7.4 18 12 

Fescue, tall (Festuca elatior) 3.9 2.6 5.5 3.6 7.8 5.2 12 7.8 20 13 

Wheatgrass, standard crested 
(Agropyron sibiricum) 

3.5 2.3 6.0 4.0 9.8 6.5 16 11 28 19 

Vetch, common (Vicia 
angustifolia) 

3.0 2.0 3.9 2.6 5.3 3.5 7.6 5.0 12 8.1 

Sudan grass (Sorghum 
sudanense) 

2.8 1.9 5.1 3.4 8.6 5.7 14 9.6 26 17 

Wildrye, beardless (Elymus 
triticoides) 

2.7 1.8 4.4 2.9 6.9 4.6 11 7.4 19 13 

Cowpea (forage) (Vigna 
unguiculata) 

2.5 1.7 3.4 2.3 4.8 3.2 7.1 4.8 12 7.8 

Trefoil, big (Lotus uliginosus) 2.3 1.5 2.8 1.9 3.6 2.4 4.9 3.3 7.6 5.0 

Sesbania (Sesbania exaltata) 2.3 1.5 3.7 2.5 5.9 3.9 9.4 6.3 17 11 

Sphaerophysa (Sphaerophysa 
salsula) 

2.2 1.5 3.6 2.4 5.8 3.8 9.3 6.2 16 11 

Alfalfa (Medicago sativa) 2.0 1.3 3.4 2.2 5.4 3.6 8.8 5.9 16 10 

Lovegrass (Eragrostis sp.)
9
 2.0 1.3 3.2 2.1 5.0 3.3 8.0 5.3 14 9.3 

Corn (forage) (maize) (Zea 
mays) 

1.8 1.2 3.2 2.1 5.2 3.5 8.6 5.7 15 10 

Clover, berseem (Trifolium 
alexandrinum) 

1.5 1.0 3.2 2.2 5.9 3.9 10 6.8 19 13 

Orchard grass (Dactylis 
glomerata) 

1.5 1.0 3.1 2.1 5.5 3.7 9.6 6.4 18 12 

Foxtail, meadow (Alopecurus 
pratensis) 

1.5 1.0 2.5 1.7 4.1 2.7 6.7 4.5 12 7.9 

Clover, red (Trifolium pratense) 1.5 1.0 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

Clover, alsike (Trifolium 
hybridum) 

1.5 1.0 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

Clover, ladino (Trifolium 
repens) 

1.5 1.0 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

Clover, strawberry (Trifolium 
fragiferum) 

1.5 1.0 2.3 1.6 3.6 2.4 5.7 3.8 9.8 6.6 

FRUIT CROPS
10

  

Date palm (phoenix dactylifera) 4.0 2.7 6.8 4.5 11 7.3 18 12 32 21 

Grapefruit (Citrus paradisi)
11

 1.8 1.2 2.4 1.6 3.4 2.2 4.9 3.3 8.0 5.4 

Orange (Citrus sinensis) 1.7 1.1 2.3 1.6 3.3 2.2 4.8 3.2 8.0 5.3 

Peach (Prunus persica) 1.7 1.1 2.2 1.5 2.9 1.9 4.1 2.7 6.5 4.3 

Apricot (Prunus armeniaca)
11

 1.6 1.1 2.0 1.3 2.6 1.8 3.7 2.5 5.8 3.8 

Grape (Vitus sp.)
11

 1.5 1.0 2.5 1.7 4.1 2.7 6.7 4.5 12 7.9 

Almond (Prunus dulcis)
11

 1.5 1.0 2.0 1.4 2.8 1.9 4.1 2.8 6.8 4.5 

Plum, prune (Prunus 

domestica)
11

 

1.5 1.0 2.1 1.4 2.9 1.9 4.3 2.9 7.1 4.7 

Blackberry (Rubus sp.) 1.5 1.0 2.0 1.3 2.6 1.8 3.8 2.5 6.0 4.0 

http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note7
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note4
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note8
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note9
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note10
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note11
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note11
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note11
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note11
http://www.fao.org/DOCReP/003/T0234e/T0234E03.htm#3note11
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Boysenberry (Rubus ursinus) 1.5 1.0 2.0 1.3 2.6 1.8 3.8 2.5 6.0 4.0 

Strawberry (Fragaria sp.) 1.0 0.7 1.3 0.9 1.8 1.2 2.5 1.7 4 2.7 

 

 

Figure 16: Site variation in water salinity levels between 2008 and 2010 

 

 

Figure 17: Annual variation in water salinity levels for Blacktoft Jetty 
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C. Appendix 3: Water quality and temporary wetlands 

Many of the rivers and tributaries of the Humber Estuary and Humberhead Levels are currently 

failing Water Framework Directive standards. Elevated concentrations of phosphate are one of 

the primary reasons for this failure to achieve good status. In surface water, phosphate is a 

significant factor in eutrophication which can be very harmful to healthy ecological conditions. 

As well as discharges from waste water treatment works and septic tanks, phosphate inputs can 

in part be attributed to agriculture sources including rural diffuse pollution. Under certain 

conditions this can be connected with sediment loss and soil erosion as phosphate binds with 

fine sediments. In addition to elevated phosphate, a lack of access to a suitably diverse range of 

habitats in many surface waters can make it difficult for fish and invertebrates to achieve good 

status. This can be exacerbated in areas that suffer from low flows and sedimentation.  

Unsuitable management of land adjacent to local watercourses can have impacts on land 

managers’ basic farm payments, for example failure to leave an adequate buffer strip. In cases of 

direct pollution to watercourses environmental legislation may be contravened. It is therefore 

important that the impact of the temporary wetland technique on water quality is reviewed and 

assessed prior to its application. Whilst it is assumed that long term temporary wetlands of more 

than 1 year are unlikely to negatively impact water quality in local watercourses (negative effects 

were not identified in the US walking wetland study), water quality should still be monitored post 

flood in the first instance. 

There are various methods that could be employed for monitoring the water quality of the local 

ditches and temporary wetlands. Field test kits could be used to sample ammonia and phosphate 

concentrations, and these would cost approximately £30 each. Dissolved oxygen sampling 

requires a specialist meter that needs calibrating, and can cost up to £1000+. A less prohibitive 

method would be regular visual checks to assess whether the water is clear and there are no 

signs of algal growth or stagnation. It is the farmers’ responsibility to ensure discharged water 

does not cause pollution, and it is therefore advised that they monitor the quality of the 

discharged water post flood. 

The quality of the water is likely to vary depending on drainage post flood (natural drainage over 

a period of months vs. pumping water back into the river
167

), mitigation measures (see 

suggestions below) and chemical usage prior to the flooding. However, it is probable that a 12 

week short term flood rotation will lead to an excess of anoxic nutrient rich water that requires 

appropriate management. Phosphorous and nitrogen levels, as the main contributors to water 

quality pollution through agricultural runoff, may spike during the period where the water is 

drained off the land or pumped into the watercourse. During this period, many of the chemicals 

used to manage agricultural pests and diseases (including metaldehyde) will enter into the 

watercourse, which may result in localised water pollution.  

Mitigation measures 

There are several methods that could be utilised to help manage the impact of the technique on 

local water quality. Some examples include the following: 

 Hay or straw bales – these could be placed at appropriate locations in the ditches where 

the water is pumped into post flood, and could potentially help to filter the water removing 

                                                   

167
 It should be noted that where possible, natural drainage is advised 
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some sediment and nutrients. Even for temporary placements, care should be taken to 

avoid causing blockages to drainage systems and where necessary appropriate 

permission for this should be sought e.g through local Internal Drainage Boards. 

 Fallow land – the farmer could leave the land fallow for 1 year prior to the temporary flood 

rotation. This would allow the land to rest, ensuring fewer nutrients were present prior to 

the flood rotation. 

 Constructed wetlands – silt or settling ponds, swales, filter strips, and in-ditch reedbed 

could be used to remove excess pollutants prior to the water entering the downstream 

system. 

 Wet grassland and buffer strips – these could be placed between the temporarily flooded 

field and the watercourse to catch any sediment or pollutants prior to them entering into 

the system. 

 Discharging via a suitable grassed area to encourage settlement of any sediment prior to 

it entering a watercourse. 

 Specialist equipment to trap sediment from pumped discharges is commonly available for 

hire although costs may be prohibitive. 

 If using pumping equipment ensure that pumps and discharges are positioned suitably to 

avoid generating sediment and scouring. Pumping with a turbulent flow may help to 

reoxygenate water. 

 Avoid making discharges of water that has been sat on farmland for long periods of time 

in unsuitable conditions such as early in the morning or in hot weather when dissolved 

oxygen levels in surface waters can be at their lowest and may cause pollution problems. 

Discharge over an extended period. 

Please note that in all cases, it is the responsibility of the operator to ensure that discharges do 

not cause pollution. In certain cases de-watering discharges may require authorisation from the 

Environment Agency, advice can be obtained from local Environment Officers. Further more 

detailed pollution prevention guidance for Works on or near Watercourses can be found in the 

link. 

  

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/485199/pmho1107bnkg-e-e.pdf
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D. Appendix 4: List of bird species recorded at West Midlands Farm in 

2003 and Cambridgeshire Farm in 2014 during temporary flood 

rotations 

West Midlands Farm, 1
st
 July to 31

st
 August 2003 (surveyor Bruce Martin) 

It should be noted that the location and timing of the flood at this site was very attractive to birds, 

particularly wading birds. This is because of its situation by the river system, which is well known 

by ornithologists as a flyway for birds breeding in the north and migrating to their wintering 

quarters in the south. An on farm reservoir to the west and a nature reserve to the east may also 

have contributed to the numbers and species that may have temporary relocated to the flood. 

Total species = 65 

Little Grebe Great Crested Grebe 

Little Egret Great White Egret 

Grey Heron Mute Swan 

Lesser White-fronted Goose Greylag Goose 

Canada Goose Shelduck 

Wigeon Gadwall 

Teal Mallard 

Pintail Shoveler 

Pochard Tufted Duck 

Marsh Harrier Sparrowhawk 

Osprey Kestrel 

Merlin Hobby 

Peregrin Grey Partridge 

Moorhen Oystercatcher 

Little Ringer Plover Ringed Plover 

Golden Plover Lapwing 

Knot Little Stint 

Pectoral Sandpiper Curlew Sandpiper 

Dunlin Ruff 

Common Snipe Black-tailed Godwit 

Whimbrel Curlew 

Spotted Redshank Redshank 

Greenshank Green Sandpiper 

Wood Sandpiper Common Sandpiper 

Turnstone Grey Phalarope 

Mediterranean Gull Little Gull 

Black-headed Gull Common Gull 

Lesser Black-backed Gull Herring Gull 

Yellow-legged Gull Caspian Gull 

Great Black-backed Gull Common Tern 

Black Tern Barn Owl 

Sand Martin Yellow Wagtail 

Wheatear  
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Cambridgeshire Farm, June 18
th
 to September 4

th
 2014 (surveyor Bruce Martin) 

Total Species = 29 

Greylag Goose Cormorant 

Canada Goose Little Egret 

Shelduck Grey Heron 

Gadwall Little Grebe 

Mallard Great Crested Grebe 

Shoveler Moorhen 

Pochard Coot 

Tufted Duck Ringed Plover 

Lapwing Little Stint 

Ruff Dunlin 

Snipe Black-tailed Godwit 

Bar-tailed Godwit Common Sandpiper 

Green Sandpiper Greenshank 

Black-headed Gull Lesser Black-backed Gull 

Cuckoo  
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E. Appendix 5: Profit per acre following a 2 year wetland rotation in 

Washington’s Skagit Valley 

Percentage figures relate to yield increases/decreases following the flood rotation (data 

provided by the Nature Conservancy) 
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F. Appendix 6: Internal Drainage Boards present in the study area 

Danvm DC Goole Fields 

Trent Valley Goole and Airmyn IDD 

Upper Witham Ouse and Humber 

Ancholme Ouse & Derwent 

Scunthorpe and Gainsborough WMB Rawcliffe IDD 

Doncaster East Reedness & Swinefleet 

Axholme and North Nottinghamshire WLMB Selby Area 

Black Drain Cowick and Snaith 

Dempster IDD Thorntree 
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G. Appendix 7: Designing temporary wetlands for wildlife: benefits 

and recommendations 

1. Introduction 

Temporarily flooding arable fields can benefit waterbirds by providing: 

1)  Safe roosting and loafing sites for wildfowl, waders & gulls. 

2) Feeding habitat for waterbirds in autumn & winter, mainly wildfowl & waders. 

3) Feeding habitat for wildfowl & waders during the breeding season. 

However, the benefits to birds of temporarily flooded arable fields are expected to vary 

considerably, depending on the timing and duration of flooding, as well as the location of fields. 

These issues are explored in the following sections.  

2. Providing safe roost and loafing sites 

Any fairly large (ideally > ca 2 ha) area of shallow, fresh water, which is undisturbed by people 

and dogs, can provide a safe area for roosting and loafing site for wildfowl, waders & gulls. Fields 

flooded during the autumn and winter can attract large numbers of wildfowl, which rest during the 

daytime on the flooded field, and feed at night on shallow floods and grassland elsewhere, which 

are too disturbed for them to visit during daytime. 

Shallowly flooded arable fields will tend to be more attractive for waterbirds (which prefer open 

landscapes), if they are located away from woodland or other cover. Shallow floods are also 

likely to provide better roost and loafing sites, if they contain ‘islands’ of dry land within them, on 

which Lapwings and Golden Plovers in particular can gather.  

3. Providing feeding and nesting habitat 

The key to understanding how to optimise habitat for waterbirds through temporary flooding of 

arable fields, is to understand how the timing, and duration, of flooding affects both the 

abundance and accessibility of food for them. 

3.1. Food availability for birds when you first flood an arable field 

When water levels are raised in a ‘dry’ arable field for the first time in a number of years, the 

flooding forces earthworms close to the surface of the soil to try to escape the water-logged soil 

beneath.  These concentrations of earthworms close to the surface of the soft, moist soil provide 

easily accessible prey for waders and gulls in particular. When water levels rise above the 

surface of the soil, then most earthworm species will move horizontally in search of drier ground, 

with some species even swimming through the water to escape. These will also provide easily 

accessible prey for birds. However, this process of displacement of earthworms provides only a 

short-lived ‘glut’ of food. To maximise the value of this initial flooding for feeding birds, it is 

therefore best to raise water levels slowly, meaning that this period of displacement and 

concentration of earthworms within reach of feeding birds continues for a longer period. In 

addition, only flooding part of the field will be better than suddenly submerging all of it, because 

this will also provide feeding habitat for birds in the areas of the field that remain moist, but not 

submerged by water. This is only possible to achieve if the field contains a varied topography.  
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If this flooding takes place in autumn or winter, and the field has become weedy beforehand, 

then the flooding will suspend these weed seeds in the water and make them available to feeding 

dabbling ducks, such as Teal. 

3.2. Food availability for birds following initial flooding 

Following this initial glut of displaced earthworms, and if the field was not weedy and then 

flooded in autumn or winter, there then follows a period during which there is very little food 

available for birds in the shallowly flooded field, other than any small invertebrates within any 

water which has been pumped onto them, and any flood-tolerant earthworm species (see later) 

remaining in the soil. Despite this, the shallowly flooded field can still provide a safe roosting 

and loafing site for waterbirds. 

Additional sources of food for waterbirds only develop to any great extent if the field remains 

flooded for a sufficient length of time in spring, summer and/or early autumn.  

The main sources of food for waterbirds which develop are as follows: 

a) Non-biting midge larvae (Chironomidae). These are often referred to as bloodworms, and 

are the most important food source for waders in shallow freshwater. They are also an important 

food for some duck species, and particularly for ducklings. High densities of non-biting midge 

larvae invariably develop in the mud of any shallow water. Adult midges lay eggs from March 

onwards, with a reasonable biomass of their larvae then typically developing by the second half 

of May. Egg-laying and development of non-midge larvae occurs throughout the spring, summer 

and early autumn.  

The abundance of non-biting midge larvae will tend to be greater if there is more organic material 

available to rot down following flooding, which provides food for these larvae. 

b) Zooplankton. These are tiny crustaceans (copepods and Daphnia spp) which can build up in 

very high densities in spring and summer, and are important prey for Shoveler, as well as being 

prey for larger invertebrates. 

b) Submerged, aquatic plants. These are eaten by birds such as Coots and Gadwall, while the 

seeds of species such as Amphibious Bistort are also eaten by wildfowl. However, beds of 

submerged plants are unlikely to develop very quickly in temporarily flooded arable land, 

presumably due largely to a lack of their seed. The flooded fields that we visited contained only 

very small amounts of aquatic vegetation (Water Starwort). 

Other invertebrates will also colonise the flooded fields – there were small numbers of Lesser 

Water Boatmen in the fields that we visited – but they are unlikely to develop into sufficient 

densities to provide a very important source of food for birds. 

3.3. Food availability for birds as the field dries out 

As water levels fall, this exposes damp mud. If the water has persisted long enough to be 

colonised by high densities of non-biting midge larvae, then as water levels fall, these midge 

larvae become accessible to feeding waders in the exposed mud, and this provides very rich 

feeding habitat. There are also some semi-aquatic species of earthworms, which occur in very 

wet and temporarily flooded soils, the most abundant of which is the green morph of 

Allollobophora chlorotica. These semi-aquatic earthworm species can tolerate fairly long periods 

of flooding, and if present, will still be present (usually in low densities)in the mud as it is exposed 

by falling water levels and also become accessible to feeding waders.  
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In a similar way to when first flooding a field, the best way to increase the length of time that a 

drying out field provides good feeding habitat for birds, is to dry it out gradually, in order to 

prolong the length of time that moist, invertebrate-rich exposed mud remains available for birds 

to feed on. Once this mud dries out, the non-biting midge larvae in it will die, and thereafter will 

no longer provide prey for birds. 

4. The benefits of different timings and durations of flooding 

4.1. Flooding for three months from spring to summer  

Flooding an arable field in spring will provide a temporary flush of earthworms (see earlier), 

although by April not many wildfowl, Lapwings and Golden Plovers will benefit from this, since 

they will already be nesting elsewhere. Following this initial flush of earthworms, then there will 

be very little food in the flooded field for waterbirds until a reasonable biomass of non-biting 

midge larvae has developed (and small numbers of other invertebrates) typically by the second 

half of May. However, there are unlikely to be many birds that are nesting nearby which will 

benefit from this. If the flood water remains in the summer, though, and the field slowly dries out 

in July/August (or September), the freshly exposed mud and shallow water will provide good 

feeding habitat for waders on autumn migration.  

4.2. Flooding for about 9-10 months from autumn/early winter until the following summer  

This will provide far greater benefit for birds than just flooding between spring and summer the 

same year, and potentially still only keeps the field out of arable production for one growing 

season. 

Flooding in the autumn or early winter will mean that the filed provides valuable roosting/loafing 

habitat for wintering wildfowl, Lapwings and Golden Plovers during the following winter. It will 

also be easier to flood the field up in winter, and retain water on it, because of the lower 

evaporation rate in winter compared to summer.  

Keeping the field flooded over winter will mean that the field is already submerged in early spring. 

Using the ‘three month flooding approach’ described above, there is presumably always a risk of 

not being able to flood up the field very early in spring, due to lack of water or other constraints 

Another benefit for birds of flooding the field in autumn, is that if it is flooded early enough, then it 

will have time to be colonised by non-biting midge larvae in the autumn, before their adults 

become dormant over the winter. Hence, the field will already contain some aquatic invertebrate 

prey for birds by early the following spring, and hence be more attractive to feeding/breeding 

wildfowl.  

5. Recommendations for how to maximise the benefits of temporarily flooded arable fields for 

waterbirds  

Based on the above, the best habitat for waterbirds is expected to be provided by:  

a) Locating the flooded fields away from sources of disturbance by people and dogs, and 

ideally away from trees. 

b) Flooding as large an area as possible, and ideally flooding an area larger than about 2 

ha. 

c) Providing varied depths (between 0-30 cm deep), including retaining some ‘islands’ and 

marginal areas which are not submerged. It is recognised that this will be impossible to 
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achieve in very flat fields, though, and will also mean that nematodes are not controlled in these 

areas.  

d) Gradually (rather than suddenly) flooding the field, and gradually (rather than suddenly) 

letting water levels fall at the end of the flooding period. 

e) Allowing the fields to be colonised by weeds (or wild bird cover crops) which produce 

lots of seed, before flooding such fields in autumn or winter. The rotting down of these 

weeds will also increase the amount of food available for non-biting midge larvae and other 

invertebrates, and hence increase food supply for birds. Letting fields become weedy will 

obviously conflict with agriculture. A less optimal (but still worthwhile) alternative, would be to 

leave stubble on field prior to flooding, to at least increase the quantity of rotting vegetation. This 

increase in organic matter will tend to increase the rate at which anaerobic conditions develop 

following flooding, and thereby increase the rate at which nematodes are killed.  

f) Flooding fields in the autumn or early winter, and retaining this flooding through the 

winter until the following summer. This will provide far greater benefits than only flooding 

fields for three months or so during spring and summer.  

g) If flooding is only carried out for a period of three months or so, then it is important to 

keep fields at least partially flooded until July/August, and ideally until September, to 

maximise benefits to birds. 
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H. Appendix 8: GIS technical information 

Data Objectives 

The GIS for this report included the generation of 5 maps, including: 

 A map indicating suitability of the area for temporary wetlands based on light soil 

 A map indicating suitability of the area for temporary wetlands based on medium soil 

 A map indicating suitability of the area for temporary wetlands based on heavy soil 

 A map detailing the areas identified as potentially suitable for temporary wetlands (all 

soils) 

 A map indicating suitability of the area for the construction of biodiversity rich storage 

reservoirs 

Methodology 

The methodology was based on that of the Wetland Vision
168

, and similar criteria and rankings 

were used where possible. However, it should be noted that the habitats in the Wetland Vision 

were different to those reviewed in this project, and it was therefore not always possible to use 

the same rankings and criteria. Since the publication of the Wetland Vision report more recent 

datasets have also become available, and these were included in the analysis for this report.  

Sourcing datasets 

Data requests were issued to sources such as Geostore, and Cranfield University (Soilscapes 

dataset). The Environment Agency supplied several datasets under license, and 30m DEM data 

was obtained from the Shuttle Radar Topography Mission (STRM). The final datasets used in 

this analysis are detailed in Table 14. ArGIS V10.2 was used to carry out the analyses, with the 

British National Grid projection used throughout. As this analysis was only required at a broad 

scale, spatial datasets were reviewed at a fairly coarse resolution (30m). If future analysis is 

required for specific landholdings, a new spatial resolution will need to be set, and several 

datasets will need to be updated.  

Several datasets were obtained during the process that were later excluded from analyses. 

These included a river networks dataset and species datasets. The river network dataset was 

excluded as the detail was insufficient to adequately account for smaller watercourses within the 

study area (e.g. drains/ ditches). The decision was therefore made to remove this dataset from 

the analyses, as smaller watercourses could be used for abstraction, and would need to be 

accounted for to ensure that results accurately depict the accessibility of the area for abstracting 

water. Similarly, given the broad nature of the analysis, the decision was made to exclude 

species presence data. This data would be more beneficial in smaller scale analysis where 

priority species have been identified for the landholding/site.  

Table 13 Datasets used in GIS analysis 

Datasets Source 

Land Cover 2007 Environment Agency (internal licence) 

Land Use Classification Geostore  

National Soil Map Environment Agency/Cranfield University (internal licence) 

                                                   

168
 K. Holliday, Developing priority maps for the England Wetland Vision, Wetland Vision Technical 
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Geology Environment Agency (internal licence) 

Elevation (DEM) Shuttle Radar Topography Mission 

Protected Sites (SSSI) Geostore  

Flood Risk (NaFRA) Geostore  

Abstraction Districts (CAMs) Geostore 

Abstraction Points Environment Agency (internal licence) 

Environmental Stewardship 
(ES) 

Geostore 

 

Preparing the data 

Once all of the relevant datasets had been acquired, they were set to the correct projection and 

converted to raster where necessary. A 5km buffer was applied around the study area shapefile 

to ensure that land within close proximity of the periphery was not excluded. All of the data was 

then clipped to the buffered study area. The STRM data was supplied in several tiles, and these 

were stitched together to form one dataset. The soil data was divided between soil types that 

were either light (sands and peats), medium (loams and light mixed clays), and heavy (clays). 

CAMs districts were assessed to be either open or closed
169

. Wetland habitat under the HLS 

scheme was excluded from the main ELS/HLS shapefile, and was used to form a new dataset for 

wetland only HLS. All other datasets remained as they were, and either presence/absence of 

ranked data was used at the ranking and weighting stage (See below). 

GIS Analysis 

Each criterion was assigned a rank and weight based on their relative importance to the 

application of the technique. Table 15 illustrates the ranking, weighting, and decision making 

process for each dataset used in the temporary wetland model, and table 16 for the biodiversity 

rich storage reservoir model. A weighted overlay analysis was then applied to produce the maps 

illustrated in the main technical report. Rankings were set from 1-3 (1=low value and 3=high 

value). Weightings have to be applied as a percentage in weighted overlays, and this must 

amount to 100% in total; therefore weightings were applied at 3 relative percentage points, based 

on the features values as low, medium, or high. 

Table 14 Temporary wetland criteria and rankings 

Dataset/Criteria Ranking Weighting Decision Basis 

Land Cover Arable/Horticultural 
Land = High, Other 
= Low 

High Arable/horticultural land is 
required for the technique 
and is therefore very 
important in its application 

Land Use  Classification 1 & 5 
= High, 
Classification 2,3,4 
= Low 

Medium Land of high value would 
likely receive a greater 
yield and more profit post 
flood, and low value land 
would incur less profit loss 
where flooding is applied 

Soil Type Variable High Soil is considered to be 
the most relevant factor in 
the application of this 
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technique. It was therefore 
considered necessary to 
apply a high weighting, 
with each of the main soil 
types independently 
ranked high  

Elevation (DEM) Under 5m = high, 
Over 5m = low
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Low Low lying land (under 5m) 
was considered to more at 
risk of flooding and 
appropriate for the 
application of the 
technique (e.g. land more 
likely to be level) 

Protected Sites (SSSI) Present = High, 
Absent = Low 

Low The presence of protected 
sites in adjacent land was 
ranked highly, as this 
could connectivity. 
However, it is not 
necessary for the 
application of the 
technique, and was 
therefore given a low 
weighting 

Flood Risk (NaFRA) High flood risk = 
High, Medium 
flood risk = 
Medium, Low flood 
risk = Low 

Medium Areas at significant risk of 
flooding were given a 
higher ranking as they are 
more likely to benefit from 
the technique. This and 
the DEM dataset shared 
features (e.g. flooding was 
more significant in low 
lying areas), and the 
decision was there made 
to set the weighting at 
medium to ensure the two 
datasets combined did not 
distort the final output 

Abstraction Districts (CAMs) Open catchment = 
High, Closed 
catchment = Low 

High Open catchments were 
given a high ranking, and 
this dataset was weighted 
highly, as the ability to 
abstract water is very 
relevant to the application 
of the technique 

Environmental Stewardship 
(ES) and Wetland ES 

ES present = High, 
ES absent = Low 
 
Wetland ES 
present = High, 
Wetland ES absent 
= Low 

Low 
 
 
Medium 

A high ranking was 
applied to areas where ES 
and wetland ES was 
present. However, 
similarly to the presence 
of SSSIs, this feature was 
not considered to be 
necessary for the 
application of the 
technique 
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Table 15 Biodiversity Rich Storage Reservoir criteria and rankings 

Dataset/Criteria Ranking Weighting Decision Basis 

Land Cover Arable Land and 
Grassland = High, 
Other = Low 
(woodland/scrub = 
medium) 

High Arable and grassland 
were considered to be the 
most likely land cover 
types where reservoirs 
could be constructed at 
lower cost 

Land Use  Classification 3,4,5 
= High, 
Classification 1 & 
2 = Low 

High Very productive high 
grade land is less likely to 
be exchanged for a 
permanent feature such 
as a reservoir due to 
associated costs (unless it 
is the only clay land 
available on the 
landholding etc) 

Soil Type Heavy = High, 
Medium = 
Medium, Light = 
Low 

High Heavy clay would reduce 
costs significantly as this 
could be used for lining & 
would provide greater 
biodiversity benefits 

Geology Clay = High, 
Clay/Sand/Silt Mix 
= Medium, Sand, 
Chalk, Peat = Low 

Low As row above 

Elevation (LiDAR) Under 10m = High, 
Over 10m is Low 

Low This dataset is linked to 
the NaFRA dataset, and it 
was therefore decided that 
lower lying land would be 
more appropriate where 
flood risk management 
benefits are anticipated 

Protected Sites (SSSI) Present = Low, 
Absent = High 

High Where protected sites are 
present connectivity could 
be improved, and given 
the permanent nature of 
this technique, this feature 
was assigned a high 
weighting 

Flood Risk (NaFRA) High flood risk = 
High, Medium 
flood risk = 
Medium, Low flood 
risk = Low 

Medium Areas at significant risk of 
flooding were given a 
higher ranking as they are 
more likely to benefit from 
the technique. This and 
the DEM dataset shared 
features (e.g. flooding was 
more significant in low 
lying areas), and the 
decision was there made 
to set the weighting at 
medium to ensure the two 
datasets combined did not 
distort the final output 
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Abstraction Districts (CAMs) Open catchment = 
High, Closed 
catchment = Low 

High Open catchments were 
given a high ranking, and 
this dataset was weighted 
highly, as the ability to 
abstract water is very 
relevant to the application 
of the technique 

ES wetland sites Present = High, 
Absent = Low 

Low Where wetland ES is 
present connectivity could 
be improved. However, 
only a low weighting was 
applied to this feature as 
ES may only be temporary 
and its presence is not 
necessary to the 
application of the 
technique 

 

 

 

 

 


