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About Natural Course

78% of water bodies in North West England are failing to meet a good ecological status* and 
solutions are often found to be too expensive to implement. 

Natural Course is a collaboration of organisations in North West England from public, private and 
third sector who, together, will seek cost-effective solutions to improving water quality across 
urban and rural landscapes, sharing best practice across the UK and Europe. 

*Environment Agency, North West River Basin District 2015

Natural Course will: 
• Test and inform best practice in achieving UK and EU legislation in water quality

• Use the North West River Basin District as a flagship project and share best practice with the
UK and Europe

• Make better use of resources, share ownership of complex issues and maximise outcomes
through a collaborative approach of organisations from public, private and third sector.

Join the conversation @Natural_Course  #NaturalCourse 
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1. Project Overview 

1.1. Background 
Wetland and woodland habitats across the North West River Basin District (NWRBD) have become 

fragmented from past land use pressures, including habitat degradation, agricultural intensification, 

industrialisation and urbanisation. These pressures have had knock on effects for our water bodies 

by reducing resilience to disturbances such as diffuse water pollution, eutrophication and climate 

change, with significant impacts on biodiversity, water quality, and flood risk. Understanding where 

opportunities exist to alleviate these pressures on our water bodies through nature-based solutions 

will be vital for building resilience towards future threats including climate change, land use change 

and development pressures.  

Using spatial tools to create strategic plans for land management can help focus objectives and 

deliver nature-based solutions with multiple natural capital benefits, and maximise return on 

investment in nature recovery. However, there has been a lack of spatial tools that consider Water 

Framework Directive (WFD) objectives, limiting knowledge on where opportunities exist for nature-

based solutions to benefit freshwater environments. By integrating a variety of modelling 

approaches at a range of spatial scales, we can gain a better understanding of catchments within the 

region and facilitate decision making that maximises natural capital benefits and incorporates a 

range of ecosystem services.  

 

1.2. Project Objectives 
Funding was granted through Natural Course (Project number: LIFE14 IPE/UK/027) to create a spatial 

tool that identifies key opportunity areas that deliver fluvial natural capital benefits and support a 

resilient ecological network. The project was led by Natural England (NE) and focussed on wetland 

and woodland habitats across the North West River Basin District (NWRBD). This project began in 

Phase 3 of Natural Course, with an initial focus on modelling networks within the lowlands of 

Cheshire, Greater Manchester and Merseyside only.  In Phase 3, the project had the following 

objectives: 

• Investigate opportunities for alignment of delivery objectives concerning species flow and 

habitat distribution modelling with existing fluvial models  

• Investigate opportunities for alignment with woodland creation opportunities and existing 

woodland habitat data to consider interventions for flood risk management 

• Produce an ecological network modelling tool that demonstrates where wetlands should 

and could deliver fluvial natural capital benefits across Southern regions of the NWRBD.  

• Engage with a range of stakeholders to help develop/test the model and facilitate delivery of 

the integrated wetland network.  

• Integrate the modelling outputs into Planning Policy across target Local Planning Authority 

(LPA) areas  

• Identify a pipeline of pilot projects and funding opportunities for delivery of the integrated 

wetland network.  

Following successful delivery of Phase 3 objectives, the project was extended into Phase 4 of Natural 

Course. This involved broadening the spatial scale of the lowland modelling to cover the entire 

NWRBD. The ecological scope of the project was also enhanced by incorporating modelling for 

upland habitats and trialling fine scale tools at case study sites to complement the broad-scale 

regional modelling. In Phase 4, the  project had the following objectives:  
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• Develop an Ecological Network Tool that demonstrates where wetlands and woodland 

should and could deliver fluvial natural capital benefits across the whole of the NWRBD by 

expanding the Phase 3 modelling into Lancashire and Cumbria. 

• Identify methods to model upland wetland habitats and incorporate these into the Tool, 

helping to identify opportunities for nature-based solutions to be used in the uplands to 

slow the flow, filter water and reduce flood risk downstream. 

• Integrate use of finer scale spatial modelling, with high-resolution hydrological models on 

key pilot areas to refine spatial guidance of land management provided by the Tool. Case 

studies produced using these pilots will provide guidance on how to use the tool at other 

sites and thus improve waterbody status across the NWRBD and wider landscape.     

• Working with LPAs to embed the network and recommendations in planning policy and 

Local Nature Recovery Strategies across target areas (Warrington, GMCA, Cheshire, 

Lancashire, Cumbria, Liverpool City Region). 

• Identify a pipeline of pilot projects and funding opportunities for delivery of the Phase 4 

Ecological Network Tool. This may involve working with landowners and partners to identify 

delivery mechanisms including Net Gain and other planning instruments including Strategic 

Licencing; Environmental Land Management opportunities and other forms of partner and 

project funding. 

 

1.3. Dates of activity 
Foreseen start date:  01/04/2019 (Phase 3) Actual start date: 01/04/2019  

Foreseen end date: 31/03/2024 (Phase 4)  Actual (or anticipated) end date: 31/03/2024 

 

1.4. Activities and Outputs 
Through the following activities, Natural Course has produced an Integrated Ecological Network Tool 
that highlights priority areas for wetland and woodland habitat restoration/creation within the 
lowlands of the NWRBD. This tool will have the greatest benefit for connectivity, which can be 
combined with data on e.g. WFD and flood risk to identify priority areas for nature-based solutions 
to provide benefits for biodiversity and Natural Course objectives. We also describe how we 
modelled spatial priorities for nature-based solutions in our uplands, such as grip blocking and 
rewetting of blanket bogs, to slow the flow of surface water run-off and reduce flood risk for key 
conurbations lower down the 12 catchments of the NWRBD. Finally, we describe three fine scale 
tools that can complement these broad scale modelling approaches, which have been trialled 
individually at three case study sites and together at a fourth integrated case study site. 
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2. Lowland Model Production 

2.1. Connectivity  modelling 

2.1.1.Phase 3 
Collaboration with academics at Liverpool University led to the implementation of Condatis software 

to model connectivity of wetland (and later woodland) habitat networks across the study area 

(Figure 1a; Wallis and Hodgson, 2015). This highlighted key dispersal routes and bottlenecks in the 

networks, which indicated priority areas for adding additional habitat stepping-stones. Applies to 

sub-action C.18D.1 ('Integrated model-based wetland network tool’) and C18M.4 (‘Initiation of 

technical advisory panel’). 

Initial outputs from above work were subject to user acceptance testing in the period Autumn 2019 

– Spring 2020). Partners engaged included national NE colleagues working on the national Nature 

Recovery Network (‘User acceptance testing’ [Phase 3], C18M.3), NGOs such as Cheshire Wildlife 

Trust, local authorities including Warrington and Cheshire East Councils, and Natural Course 

beneficiaries such as Environment Agency (EA) and Greater Manchester Combined Authority 

(GMCA). While this process of user acceptance testing continued throughout the project, initial 

conversations revealed two key areas where the initial modelling could be improved: incorporating 

woodland habitats, and accounting for landscape permeability or barriers which may prevent 

species dispersal. 

In response to this feedback, we engaged with both internal woodland specialists within NE and 

external academics at Forest Research in June 2020, to seek advice on the most suitable parameters 

and constraints for modelling lowland woodland habitat networks (‘Initiation of technical advisory 

panel’ [Phase 3], C.18M.4). Guidance provided by experts on generic species dispersal distances and 

minimum forest patch size were then implemented into Condatis modelling (‘Integrated model 

based wetland network tool’, C.18D.1). Engagement with Forest Research led to the consideration of 

Circuitscape software (McRae et al., 2008) to incorporate landscape permeability into the Tool, as 

per user acceptance testing feedback (C.18M.3).  

Circuitscape modelling was conducted, with input from key woodland and wetland specialists 

(Initiation of technical advisory panel’ [Phase 3], C.18M.4). Resistance values for land cover types 

relevant to generic woodland species was taken from previous work in Lancashire, and wetland 

resistance values were produced following discussions with internal NE wetland specialists. 

Circuitscape outputs modelled species flow across the landscape while accounting for the 

permeability of surrounding land cover, and was used to prioritise between overlaps in the 

woodland and wetland network, outside of existing habitat patches.  

 

2.1.2. Phase 4  
Following the sharing of the Phase 3 Ecological Network Tool we delivered talks and workshops for a 

range of internal colleagues and external partners (‘User acceptance testing’ [Phase 3], C18M.3; 

Stakeholder Engagement and Data Sharing, below). Feedback from these discussions highlighted 

additional areas where the connectivity modelling for the lowland Ecological Network Tool could be 

strengthened in Phase 4. These were (a) to expand the spatial extent of the Tool to the NWRBD, 

which is defined by hydrological-ecological rather than arbitrary administrative boundaries (‘Produce 

expanded lowland modelling to Lancashire and Cumbria’, C.18.D.4); and (b) to incorporate 

elevational gradients (‘Incorporate upland habitats into existing model framework’, C.18.D.5), to 

account for the fact that in the NWRBD species may respond to a warming climate not only by 

http://wordpress.condatis.org.uk/
https://circuitscape.org/
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shifting their ranges along latitudinal (poleward) gradients but also altitudinal gradients towards 

higher elevations (Lenoir and Svenning, 2015). In Phase 3 we had accounted for (b) by running 

Condatis and Circuitscape in west-east as well as south-north directions, using this longitudinal 

gradient as a proxy for elevation, with the Irish Sea to the west of the study area and the Pennines to 

the east. In Phase 4, such a proxy would be inappropriate because the lakeland fells in Cumbria and 

the Forest of Bowland in Lancashire were located centrally rather than on the eastern boundary of 

the NWRBD. 

To account for (a) we re-ran our connectivity modelling using the same methodology as described 

for Phase 3 (above). However, the massively increased spatial extent led to excessive computational 

requirements, so we split the study area into three subsections: Cheshire to Greater Manchester 

(essentially the Phase 3 boundary), Lancashire, and Cumbria. We modelled Condatis and 

Circuitscape flows separately for each subsection, and then combined outputs into a single layer, 

with values from the most southerly subsection taking precedence over more northerly subsections 

in areas of overlap (thereby minimising edge effects caused by the southern source area in Condatis 

runs).  

To account for (b) we excluded west-east longitudinal runs, and added elevational gradients instead. 

To avoid creating unrealistic network maps setting sources at the single lowest and highest points in 

each subsection, we further divided the subsections into 36 tiles each (a 6x6 grid). Within each tile 

selected the existing primary habitat patch (wetland or woodland) with the lowest or highest mean 

elevation and set these as sources and targets respectively. Elevation sources and targets were 

thereby dispersed throughout the study area to provide a more realistic model of dispersal through 

the network. 

 

2.2. Wetland suitability modelling 

2.2.1. Phase 3 
Working with internal modelling experts in Natural England (‘Initiation of technical advisory panel’ 

[Phase 3], C.18M.4), the ‘biomod2’ R package (Thuiller et al., 2016) was used to model suitability for 

lowland wetland habitats (reedbeds, raised bogs, lowland fens) based on soil condition data such as 

soil wetness, pH, carbon, nitrogen (Figure 1b). This approach, normally applied to species 

distribution modelling, allowed Natural Course to identify areas where conditions were more 

suitable to ‘wetter’ habitat types, and showed where semi-natural wetland habitat or wet woodland 

habitat interventions could be most effective. When combined with Condatis modelling described 

above, this allowed priority areas for habitat connectivity which overlap with suitable soil conditions 

to be identified (‘Integrated model based wetland network tool’, C.18D.1). Upon completion of this 

work, the Circuitscape, biomod2, and Condatis layers were combined to produce the overall 

Ecological Network Tool for Phase 3 for woodlands and wetlands (Figure 2), completed September 

2020 and shared with key partners December 2020 following data licensing (‘Integrated model 

based wetland network tool’, C.18D.1; ‘Model outputs embedded into planning policy’, C.18D.2). 

 

2.2.2. Phase 4  
In Phase 3 we used an ‘off-the-shelf' species distribution modelling R package (biomod2) and largely 

used default parameters to tune our models. Having developed greater skills and knowledge in this 

field over the period of Phase 3, we realised we could improve our models of wetland suitability for 

Phase 4. In Phase 4, as well as expanding the spatial extent to the full NWRBD (‘Produce expanded 

lowland modelling to Lancashire and Cumbria’, C.18.D.4) we used a bespoke modelling framework, 
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developed at Durham University, that accounts for several of the weaknesses in the initial approach 

used in Phase 3 of Natural Course (following e.g. Voskamp, 2017; Howard et al., 2020; Titley et al., 

2021). 

One potential weakness in species distribution modelling is inappropriate variable selection or the 

inclusion of too many variables, which can introduce overfitting, especially when variables are 

collinear (Dormann et al., 2013). Our variables of interest included soil characteristics (soil C, N, P, 

wetness) and topography (elevation, slope). We limited our potential variable combinations to 

between 4-5 explanatory variables, and removed any variable combinations which included 

variables with a correlation coefficient > 0.7, resulting in 11 possible variable combinations. For each 

model, we fitted machine learning-based models including random forests (RF) and gradient 

boosting machines (GBM), as well as regression-based generalised linear models (GLM) and 

generalised additive models (GAM). For each model we cycled through model parameterisation 

options to ensure optimal parameterisation for each model. 

Another potential weakness of our original modelling approach was the lack of truly independent 

test and training data to validate models and assess accuracy. Spatial models like these can be 

undermined by ‘spatial autocorrelation’, whereby nearby data points are likely to have similar 

characteristics due their proximity to each other (Roberts et al., 2017). This can create problems 

when predicting to novel environments (e.g. other geographical areas) because it can artificially 

inflate the accuracy of a model if the test and training data are not spatially distinct. To account for 

this, we use a spatial blocking approach whereby the study area is split into ecologically relevant 

units (in our case, hydrological subcatchments), and these subcatchments were assigned to one of 

ten spatially distinct test and training blocks, such that the mean environmental conditions (soil and 

topography) are similar across the ten blocks but each of the ten blocks incorporates as much of the 

variation in conditions as possible (Bagchi et al., 2013). We then fitted models to nine of the ten 

blocks, used as training data, and then tested model accuracy on the tenth block.  

We then had models for 11 variable combinations x 10 spatial blocks x 4 model algorithms, resulting 

in a total of 440 candidate models. We then projected each of these 440 models to the full study 

area, and weighted outputs by the AUC (area under curve) statistic for each model, such that models 

with better performance had a higher weighting. Models were converted into binary presence-

absence maps from predicted probabilities (values between 0 and 1) using the True-Skill Statistic, 

which finds the threshold value at which the rates of false positives and false negatives are both 

minimised (Allouche et al., 2006). We then compared the final binary output map with our existing 

wetland data, and produced a confusion matrix to test overall performance. Our final model 

correctly predicted the presence/absence of wetlands in > 80% of cases. 
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Figure 1. (a) Phase 3 Condatis output showing key dispersal routes (hot blue) for lowland wetland 
generic species. Pink areas show bottlenecks identified by Condatis where additional stepping-stones 
(e.g. ponds) could have greatest benefit for habitat connectivity. (b) Phase 3 biomod2 output 
showing areas where soil conditions are more suitable for wetland habitats (dark blue) and less 
suitable (light blue). (c) Equivalent Condatis output for lowland wetlands for Phase 4. (d) Equivalent 
output from wetland suitability modelling for Phase 4. 

a b 

c d 
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Figure 2. Phase 3 Ecological Network Tool for lowland wetlands and lowland woodlands across 
Cheshire, Greater Manchester, Liverpool City Region and South Lancashire. 
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Figure 3. Phase 4 Ecological Network Tool for lowland wetlands and lowland woodlands across the 
North West river basin district. 
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2.3. Technical Document 
To provide transparency and maximise the usability and potential transferability of the Ecological 
Network Tool to new contexts, a Technical Document was produced to complement the Geographic 
Information (GI) data layers. This Technical Document outlined, in detail, a step-by-step 
methodology for producing the Ecological Network Tool across Phases 3 and 4, including some 
rationale and justification for methodological decisions made. The Technical Document can be found 
at the NE Sharepoint site or by emailing directly:  thomas.smart@naturalengland.org.uk / 
lorna.drake@naturalengland.org.uk 
 
The Technical Document includes guidance on how the Tool may be applied to real life situations 
and the mechanisms through which the Tool can help deliver nature recovery. In addition to 
delivering WFD benefits as described above, some potential uses are briefly described below: 
 

• The Ecological Network Tool highlights strategic priority areas for woodland and wetland 
habitat creation/restoration at relatively coarse spatial scale, such as at local authority or 
river catchment scale. It identifies priority areas where interventions can most benefit 
habitat connectivity, but is not designed to recommend specific interventions at site-level. 

• The Ecological Network Tool can be used to inform Environmental Land Management 
schemes (ELMs) and other agri-environment schemes. For example, farms in woodland 
buffer/woodland creation zones may be encouraged to plant hedgerows to aid woodland 
connectivity, while pond installation or – where appropriate – conversion to wetland 
farming (paludiculture) in wetland creation/buffer zones. 

• The Tool can inform Biodiversity Net Gain, particularly in cases where 10% Net Gain is not 
deliverable within the red-line boundary of a development. In these cases, the Tool can 
inform where developers may want to look to deliver off-site net gain.  

• The Tool can inform green and blue infrastructure in urban environments, by highlighting 
where urban trees and ponds could provide important steppingstones for species in highly 
modified environments. 

 
The Technical Document also outlines model caveats and how not to use the Tool: 

• The Ecological Network Tool is not prescriptive. Sensible assessment of local priorities 
should be considered before acting on model recommendations. For example, on-the-
ground conditions may preclude a certain form of restoration or creation of either wetland 
or woodland habitats, in which case management of associated semi-natural habitats may 
be a more practical alternative. 

• Ground truthing is vital to verify the outputs of the Ecological Network Tool, and to ensure 
that its recommended actions do not impinge on other conservation priorities.  

• The absolute boundaries and discrete zones defined by the model are unlikely to be 
ecologically realistic. In reality, ecological conditions change along gradients rather than 
absolute values, hence the non-prescriptive nature of model recommendations. Local 
knowledge, conditions and ground truthing should drive final management decisions. 

• The Ecological Network Tool is intended to inform and guide, but not make decisions on 
habitat management and restoration priorities. The zones defined by the model are mostly 
relatively large – several hectares in size – and there will be variation in micro-environmental 
conditions within those zones which means that not all measures recommended by the 
model may be viable everywhere in the zone. The model can suggest areas where users may 
want to consider a given management measure, be it habitat creation, restoration, or 
expansion, but the exact location of these actions and the precise measures to be taken will 
be dependent on a thorough assessment of local conditions by the user. 

 

https://nesp.demeter.zeus.gsi.gov.uk/cheshire-lancs/Urban%20and%20Wetland%20Team/Natural_Course_-_Life_IP/Phase%203%20Projects/C18%20Integrated%20Wetland%20Network/Ecological%20Network%20detailed%20approach%20v201.pdf?Web=1
mailto:thomas.smart@naturalengland.org.uk
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3. Upland Modelling using SCIMAP-Flood 
3.1. Background & Rationale 

User acceptance testing (Phase 3, C18.M.3) during and following the development of the Phase 3 

Lowland Ecological Network Tool revealed a major desire from internal and external partners to 

incorporate upland habitats into the tool. This provided Natural Course with a challenge to integrate 

connectivity-based lowland habitat network modelling with additional models highlighting 

restoration priorities in a very different setting (‘Incorporate upland habitats into existing model 

framework’ C18.D.5).  

In a lowland wetland and woodland context, habitat patches are generally discrete and fragmented 

within a wider habitat matrix, and as such circuit-theory software such as Condatis are highly 

appropriate. In an upland context, there are much larger and more contiguous areas of blanket bog 

and heather moorland. While there are of course significant variations in quality in these contiguous 

habitats, there was a lack of comprehensive and immediately available data on this for our study 

area that is at an ecologically relevant resolution for potential focal species for Condatis modelling 

(such as upland Lepidoptera). Therefore, rather than focusing on habitat connectivity for biodiversity 

as in the lowlands, we chose to focus primarily on the ecosystem services provided by upland 

blanket bogs, specifically their ability to store water in times of high rainfall and mitigate flood-risk 

for communities lower down the river valleys. 

 

3.2. Engagement and Knowledge Gathering 

Engagement and knowledge gathering from specialists and experts proved highly valuable in Phase 3 

(‘Initiation of a technical advisory panel’, C.18.M.4), and was important also in developing our 

upland work for Phase 4. A range of internal upland specialists at Natural England, including experts 

on upland biodiversity, restoration and monitoring, and Earth Observation were engaged. This 

engagement and investigation of the viability of potential options for upland modelling led to the 

exclusion of potential options and the development of initial ideas for modelling upland restoration 

priorities, based on finding the optimal threshold for restoration between lower elevation sites 

which may have high surface water inputs from upstream contributing areas, but lower downstream 

impacts given the reduced area hydrologically connected to the site, and higher elevation sites 

where the opposite was true. 

Through the Natural Course Collaborative Team, national hydrological modelling specialists at the EA 

were engaged and their advice sought. Discussing initial ideas with these experts (‘User acceptance 

testing’ [Phase 4], C.18.M.8) confirmed the theoretical validity of our approach, and that it was 

conceptually similar to other work that had been done nationally with EA. Unfortunately, data 

access issues prevented us from working with the EA models directly. Therefore, we sought other 

potential tools to help deliver the hydrology-based prioritisation model that we had conceptualised. 

Several academics at Manchester universities working in upland ecology and hydrology were 

consulted, who advised on a suite of tools potentially available. SCIMAP-Flood, produced by Durham 

University, was selected due to its open-source nature, it’s ease of use and detailed guides and 

documentation, and its conceptual similarity to our initial threshold-based idea (Reaney, 2022). 

 

3.3. Methodological Approach 

SCIMAP-Flood requires four key datasets: a digital elevation model characterising the topography of 

the catchment, a map of land cover representing the relative permeability of different land cover 
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types, rainfall data derived from past high rainfall or flood events, and points of impact where flood 

risk is to be mitigated. We ran SCIMAP-Flood separately for each of the 12 catchments in the 

NWRBD. We used a 10m DEM, which is slightly coarser than the recommended 5m resolution but 

was necessary due to RAM limitations and the very large input file sizes. Land cover was 

characterised using the CEH Land Cover Map and converted into relative permeability values 

following recommendations in SCIMAP guidance. The dates of five high rainfall events in each 

catchment from 1971-2019 were collected by consulting the National River Flow Archive and 

identifying spikes in peak flows. 1km resolution rainfall data for these dates were then downloaded 

from the CEH-GEAR dataset. We then selected 3-8 points of impact in each catchment, which we 

positioned in urban centres with potential bottlenecks (such as bridges and other key infrastructure) 

which could be sensitive to flooding. For full details on rainfall events and selected points of impact, 

see Technical Document. 

SCIMAP-Flood outputs were then produced for each of the 12 catchments. These provide a relative 

priority score for each 10m cell upstream of the lowest point of impact, scored between 0 and 1. To 

further highlight priorities in the uplands, we clipped these outputs to the Moorland Line and 

rescaled the priority scores to between 0 and 1 again, to pick out differences in priority for upland 

restoration specifically. 

 

Figure 4. (a) Combined SCIMAP outputs for the 12 catchments in the NWRBD, clipped to the 

moorland line with priority values rescaled to reflect only relative priorities for NBS within upland 

areas. Values are converted to deciles with high values (red) indicating higher priority and low values 

(blue) indicating relatively lower priority. Nature-based solutions in red areas therefore have the 

greatest potential to mitigate flood risk for points of impact (conurbations) downstream in the 

a b 

c 
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catchment. (b) Zoomed in output for the Forest of Bowland. (c) Zoomed in output for the West 

Pennine Moors.  

In Cumbria and the western Yorkshire Dales National Park (Figure 4a), priority areas for NBS occur 

primarily on high elevation moors, whereas in Bowland (Figure 4b) and West Pennines (Figure 4c) 

the lower elevation slopes on the southern and eastern edges, respectively, are identified as NBS 

priorities. This demonstrates how spatial priorities can be highly varied depending on the 

topography, existing land use, and location of impact points, highlighting the need for quantitative 

spatial prioritisation to ensure actions are evidence-based and avoid a one-size-fits-all approach to 

nature restoration. 
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4. Fine Scale Tools 

4.1. Wetlandscapes 
4.1.1. Background and Rational 
Presenting Phase 4 progress for the Ecological Network Tool at the River Restoration Conference 

2022 led to internal discussions with the Natural England Northumberland team about hydrological 

modelling conducted for a Local Nature Recovery Strategy (LNRS) pilot. This modelling was 

completed in collaboration with Northumbria County Council for a river sub-catchment in 

Northumbria, therefore conversations were set up with both Natural England colleagues and county 

council ecologists. These meetings provided a background into the modelling methods used to 

develop Wetlandscapes and details into how to replicate these methods in the Northwest.  

Wetlandscapes involves first identifying natural depressions in the land and then combining outputs 

with EA flood datasets. Following evaluation of the methodology, we decided that a simplified 

approach of the Wetlandscapes method used in the Northumbria LNRS pilot would be sufficient to 

support our lowland wetland modelling at a fine-scale. The simplified method involved only 

identifying natural depressions in the land and did not use subsequent flood data. This made the 

process quicker and less complicated, therefore showing where water is likely to pool and allowing 

wetland creation/restoration opportunities to consider the natural topography of the landscape.  

The lowland wetland suitability modelling developed through actions C18.D.1 (‘Integrated model 

based wetland network tool’, Phase 3) and C.18.D.4 (‘Produce expanded lowland modelling to 

Lancashire and Cumbria’, Phase 4) model suitability for wetlands at a 50m resolution. While this is a 

high level of resolution when modelling across the entire NWRBD, we recognise that individual 

restoration actions, such as the creation of ponds and wetland microhabitats such as small scrapes 

and ditches can be delivered at a much finer scale and can be of great biodiversity value. For 

example, ephemeral ponds can assist the dispersal of amphibia with limited dispersal capabilities 

and provide additional breeding opportunities for pond-associated arthropods.  

Natural depressions in the landscape are likely to have a higher water table than surrounding areas 

and may periodically flood at times of high rainfall, and may therefore represent more marginal 

farmland of relatively limited economic value. They may also represent relic ‘ghost ponds’ that may 

retain a seedbank of natural pond flora and as such represent ideal opportunities for pond creation 

and restoration, restoring natural functions and providing opportunities for land managers to 

participate in schemes such as ELMs, Biodiversity Net Gain and DLL, even on very small land 

holdings.  

4.1.2. Location Selection 

This case study site selection was based on the locations of Wetland Creation Zones identified in the 

broader scale Lowland Ecological Network Tool. Initially, the Lune Valley was considered as a 

potential site for Wetlandscapes given its agricultural landscape character and the fact that it was 

highlighted as a key priority area for adding stepping stone wetland habitats for species dispersing 

north towards the Lake District. However, the latest 1m LiDAR data from the EA was incomplete for 

this area, so we selected an alternative in southeast Cheshire, just west of the town of Congleton. 

Here too, we found a density of wetland creation zones in a largely agricultural landscape, which was 

most appropriate for trialling our Wetlandscapes approach. 

 



   

 

  17 

 

Figure 5. Schematic showing process of case study site selection, beginning with identification of key 

wetland bottleneck area from the ENT, downloading and mosaicking of LiDAR elevation data, then 

identification of depressions in the landscape using the LiDAR data. 

 

4.1.3. Methodology 

We downloaded 1m LiDAR data for our focus area and clipped this to the extent of the Wetland 

Creation Zones selected for the case study location (Fig 5). We then used the ‘Fill’ tool in the ArcGIS 

Hydrology Toolkit to create a new surface which removed any ‘sinks’ in the landscape, that is, 

natural depressions were flattened and assigned the same elevation as the rim of the depression. 

We then subtracted the original LiDAR raster from the filled raster to identify the location and 

depths of these depressions, with all other areas having a value of 0. We then converted this raster 

into contour polygons at threshold depths of 10cm, 60cm, and 1m, and categorised the 10cm 

(highest) contours into those < 100m2 in area, 100-2,500m2 in area, and those > 2,500m2 in area (see 

Table 1 below).  

 

Table 1. Classification of Wetlandscapes depressions based on area and depth profiles  
 Depth (cm)  
 10-60 60-100 100cm+ 

A
re

a 
 

(m
2

) 
 

0-100 Scrape Ditch Ditch 

100-2500 Ephemeral pond GCN pond GCN pond 

2500+ Wader habitat Shallow waterbody Large waterbody 

 

These thresholds were based on minimum and maximum pond depths and areas used in District 

Level Licensing, following consultation with internal DLL specialists in Natural England. Using these 

thresholds, we then classified each depression into one of seven categories: scrapes, ditches, 

ephemeral ponds, GCN ponds, wader habitat, shallow and deep large waterbodies (Table 1). This 

categorised output can help inform land managers in selecting the most appropriate habitat creation 

measure for each depression. We also include existing waterbodies and categorse any depressions 

adjacent to existing waterbodies as ‘Fringing Waterbodies’ where emergent vegetation such as 

reedbeds could be promoted to help filter pollutants and improve water quality for the existing 

water body. 
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4.1.4. Output Maps  

Figure 6. (a) Continuous output from process identifying natural depressions in the Congleton  case 

study area. Darker colours indicate deeper depressions. Existing ponds, waterbodies and large 

depressions (e.g. a quarry) are clearly identified, suggesting a high level of accuracy in the LiDAR 

data. (b) Output from the categorisation process whereby depressions are categorised according to 

their depth and area profile.  

 

A significant number of potential GCN ponds and ephemeral ponds are concentrated in agricultural 

fields in the west of the study area, presenting opportunities to add stepping stone habitats to aid 

connectivity for biodiversity reliant on these small waterbodies, such as reproducing amphibians and 

pond-associated invertebrates (Figure 6b). The central and southern sections of the study area see 

fewer small depressions but several larger depressions that could support open waterbodies or large 

scraped areas that may periodically flood, supporting wading birds, for example (Figure 6b). 

 

4.2. Compound Topographic Wetness Index 
4.2.1. Background and rationale 

Previous work by academics at Manchester Metropolitan University, in collaboration with Natural 

England, had trialled a ‘compound topographic wetness index’ across the Greater Manchester 

Wetlands focus area (Higginbottom et al., 2018). As with Wetlandscapes, the motivation for this case 

study was to complement the broader scale wetland suitability modelling of the Lowland Ecological 

Network Tool. However, whereas the Wetlandscapes case study focused on recommending specific 

actions in a study area, but not necessarily a measure of the relative viability of each option, in this 

case study we focused on a finer scale tool able to model wetland suitability at a much finer 

resolution than achieved by the ENT. The compound topographic wetness index (CTI) was selected 

due to the wide availability of the data required, the detailed information on the approach published 

in the scientific literature (Higginbottom et al., 2018), and its conceptual similarity to the broader 

Ecological Network Tool suitability modelling, meaning that the CTI would easily integrate and 

complement earlier work produced through Natural Course. 

a b 
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4.2.2. Location 

For this case study we intended to build on the work of Higginbottom et al. (2018) by modelling 

across an entire hydrological unit rather than a somewhat arbitrary boundary, and to model at a 

finer (1m2) resolution than the 4m2 resolution used previously. Therefore, we selected the Wyre 

catchment because despite being a hydrologically distinct unit it is small enough to model at this fine 

resolution. The Wyre also provides an interesting hydrological and ecological transition from upland 

fells to lowland valleys and coastal sand dunes, and is a potential focus area for future projects that 

could be influenced through Natural Course and After LIFE. 

4.2.3. Methodology 
The CTI requires three input datasets: a fine-scale DEM, which we derived from EA LiDAR data at 1m 

resolution, land cover data which we derived from the CEH Land Cover Map, and soil type which we 

derived from Landis NATMAP Soilscapes. Each land cover and soil category are then given a value 

between 1 and 6, which represent the relative permeability of each category. These two values are 

then summed and scaled to provide a weighting between 0 and 1 (See Higginbottom et al., 2018 for 

details). The LiDAR DEM is then converted into a slope raster from which flow direction and 

accumulation can be calculated. The flow accumulation raster is then weighted by the land cover 

and soil permeability raster, and a value of 1 is added (representing the cell of interest itself). The 

CTI is then taken as the natural log of the weighted flow accumulation raster divided by tan(slope), 

with slope given in radians (Higginbottom et al., 2018).  

4.2.4. Output Map 

 

Figure 7. Output for the compound topographic wetness index for the Wyre catchment. Continuous 

values binned into deciles with high values (blue) indicating areas more likely to be able to hold 

water based on topography and soil characteristics. These are generally restricted to lower elevation 

and flatter areas with relatively high inputs from upstream grid cells, while red areas (indicate poor 

water storage ability) tend to be in more developed areas or on steeper gradients in the uplands. 
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4.3. Fine-scale Condatis 

4.3.1. Background and rationale 
Condatis was previously used in the broad-scale lowland modelling, however, this method used 
generalised values to represent wetland species assemblages and woodland species assemblages. 
Ongoing projects within North West expressed a desire to have more specific species information to 
guide species recovery work alongside water status improvements. We therefore recognised a need 
to carry out Condatis connectivity modelling for individual wetland species, allowing us to integrate 
specific habitat and ecological factors to show where dispersal pathways and bottlenecks exist 
within the landscape for key wetland species. Such modelling would aim to complement the broad-
scale modelling by providing detailed wetland species information over localised project areas and 
thus indicate where species recovery actions could take place alongside wetland creation/ 
restoration actions indicated by the broad-scale modelling, therefore delivering multiple benefits.  

 

4.3.2. Location and Species of Focus  
For this case study, we chose to focus on the Bollin catchment and surrounding area. This area is 

part of the Lost Wetlands project, one of 12 DEFRA nature recovery projects with a focus on wetland 

habitats and species targets for water vole, great crested newt and dragonflies. The initial 

conception of the Lost Wetlands used the broad-scale ecological network tool outputs to guide site 

selection and highlight potential opportunities. Using this location therefore provides an opportunity 

to integrate species targets into wetland restoration/creation efforts and demonstrate how outputs 

from broad-scale modelling can be complimented by fine-scale species connectivity modelling.  

Water Vole are a key species within wetland habitats and are classified as endangered within Great 

Britian according to the IUCN red list. The Lost Wetlands has identified water vole as a target species 

for the project and aims to carry out action to support population recover within the area. We 

therefore chose to focus on water vole to support the Lost Wetlands ambitions and explore where 

opportunities for water vole recovery may overlap with wetland restoration and creation 

opportunities already highlighted through the broad-scale lowland ecological network tool.  

 

4.3.3. Methodology 
Connectivity modelling was carried out using Condatis online version 1.2 and all mapping was carried 

out in Arc GIS Pro version 10.7. To model species connectivity using Condatis the following inputs are 

required: a habitat layer representing the presence of suitable habitat for water voles, a source 

population and a target population to model movement between, a reproductive rate to represent 

speed of dispersal and a dispersal distance to represent how far an individual is likely to move across 

the landscape. We therefore defined each of these for water voles specifically: 

• Habitat Layer: Suitable water vole habitat was identified as rivers, streams, lakes, ponds, 

ditches and marshland (Powell, 2019; People’s Trust for endangered species, 2023). A 

habitat layer for water voles was created using land cover data derived from Natural 

England’s Living England map, Centre for Ecology and Hydrology’s Land Cover Map 2019, 

Environment Agency’s detailed river network and Environment Agency’s ditch map. Land 

classified as “water” or “fen, marsh and swamp” were extracted from the NE Living England 

map and land classified as “freshwater” or “fen, marsh and swamp” were extracted from the 

CEH Land Cover map. Extracted data and data from the EA river and ditch maps were 

merged to create a single layer of suitable habitat. This merged layer was then used to 
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calculate the proportion of suitable land per 200m2 cell, resulting in a final habitat layer 

where each 500m2 cell had a value between 0 and 1 defining the proportion of suitable 

habitat within the cell. 

 

• Source and Target layer: This layer was created using a cell size of 200m2. Sources and 

targets were defined by lines at population hotspots near the extremes of the area extent. 

As recent record data for water voles within the Lost Wetlands is sparse, hotspots were 

identified by first carrying out connectivity modelling for the whole of Cheshire and Greater 

Manchester at a broader resolution (500m2). Record data was more reliable at this scale and 

allowed us to identify likely dispersal routes across the landscape, high dispersal routes 

around the lost Wetlands boundary were then used to define source and target populations 

for finer scale modelling within the Lost Wetlands.  

 

• Reproductive rate: This was calculated by first identifying the number of females per 1km2 

and the number of offspring each female could have per generation. This resulted in an 

overall reproductive rate of 4000, as 1km2 of suitable habitat could support approximately 

200 females (Stewart, 2015; Mammal Society, 2023; People’s Trust for endangered species, 

2023) and each of these females could have up to 20 offspring per generation (Gow et al., 

2004; People’s Trust for endangered species, 2023). However, this reproductive rate 

assumes there is suitable habitat across the entire modelled area. We therefore calculated 

an adjusted reproductive rate to provide an estimation for the number of offspring that are 

likely to disperse per km2 based on the proportion of suitable habitat present across 

modelled area. The habitat layer described above suggested that the modelled area included 

4% suitable habitat, therefore the initial reproductive rate was multiplied by the proportion 

of suitable habitat present to give a final adjusted reproductive rate of 160 per km2 (4% of 

4000).  

 

• Dispersal distance: Water Vole dispersal distance was set as the average dispersal rate for 

European water voles, 1km (Lambin et al., 1999; Telfer, 2000 as cited by Aars et al. 2001). 

 

• Number of bottlenecks: We chose to compute the default number of bottlenecks (50). 

 

4.3.4. Output Map 
Figure 8a shows the modelling outputs from Condatis representing water vole flow through the 

habitat network and bottlenecks that may be limiting species movement within the area, whilst 

Figure 8b shows how the lowland ecological network tool outputs overlay with water vole dispersal 

bottlenecks. The strongest flow coincides with river corridors or canals, particularly the river Mersey 

and the Manchester Ship Canal, with most bottlenecks falling in the North West of the Lost 

Wetlands. Bottlenecks also coincide with areas highlighted by the lowland ecological network tool as 

wetland creation zones, suggesting that wetland creation within this area could support water vole 

dispersal in the wider landscape. These outputs may thus suggest that habitat restoration to support 

water voles within the Lost wetlands is a priority for the North West of the area, with a particular 

focus on integrated water vole specific mitigation into wetland creation, but less of a priority in the 

South East of the boundary.  
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Figure 8. (a) Flow of water voles through the wetland network within the Lost Wetlands and 

surrounding area. Lighter colours represent low movement of water voles and darker colours represent 

areas with greater movement of water voles. Areas identified as bottlenecks are shown by black lines 

with a white buffer; these are areas where creating/restoring habitat could enhance dispersal of water 

voles. (b) Water vole dispersal bottlenecks overlaid on the lowland Ecological Network Tool. Notable 

bottlenecks in the north-west of the Lost Wetlands area coincide with bottlenecks identified by the 

broad scale Ecological Network Tool, adding further confidence to our results and demonstrating the 

value of trialling such approaches at multiple taxonomic and spatial scales.  

  

a 

b 
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5. Integrated Case Study 

5.1. Background and rationale 
Following quicker than expected and successful completion of the three case studies described 

above (‘Produce high-resolution hydrological models at case study sites’, C.18.D.6), a further case 

study was developed bringing together all three fine scale tools at a single case study site. This was 

to investigate how multiple tools can provide additional insights into spatial prioritisation of habitat 

creation and restoration at a local scale, and to highlight areas where multiple tools developed using 

different methodologies and approaches have convergent results. These areas would represent key 

priorities for intervention with a higher degree of confidence in the potential impacts. Areas of 

divergence between modelling approaches would not necessarily indicate models are ‘wrong’, 

rather they would demonstrate how differing modelling approaches, input data and research 

questions naturally produce different answers. Here, intervention might be prioritised for a single 

purpose (e.g. habitat connectivity for water voles) but it may not address the questions answered by 

other fine scale tools. 

5.2. Location Selection 
Given our compound topographic index case study is based on a catchment or sub-catchment wide 

approach and is the most computationally intensive of the fine scale tools, we required a catchment, 

sub-catchment or some other hydrologically discrete unit that was of an appropriate size to allow us 

to run each of the fine-scale tools in an appropriate timeframe. We therefore looked for such an 

area that was identified as a potential dispersal route for water voles in the broader scale Condatis 

modelling for water voles across Cheshire and Greater Manchester (see above), and was sufficiently 

different in landscape character from our other three case study sites to avoid duplication of work. 

The most appropriate hydrological unit identified was the Croal-Irwell operational catchment within 

the wider Irwell catchment. This area included some potential water vole dispersal corridors 

identified by broad scale water vole Condatis modelling, and differed from previous case study sites 

in that it included an upland to urban transition, from the West Pennine Moors into Greater 

Manchester and even central Manchester itself. However, this operational catchment is still very 

large, with much of the lower reaches under development in the city centre (and therefore 

inappropriate for tools such as Wetlandscapes). We therefore selected six hydrologically connected 

subcatchments representing a discrete hydrological unit of the Croal catchment before the 

confluence with the Irwell river. These subcatchments were: Astley Brook, Bradshaw Brook, Middle 

Brook, Eagley Brook, Tonge, and the Croal (Figures 9-11). Hereafter, we refer to this area as ‘the 

Upper-Croal catchment’. 
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5.3. Modelling Outputs 

5.3.1 Wetlandscapes 
Wetlandscapes output for the Upper 

Croal catchment (left) revealed a 

more sparse landscape for natural 

depressions that could present 

opportunities for creating/ restoring 

ponds and small wetland features, 

when compared with the Congleton 

case study area. The majority of the 

features identified were either 

existing wetlands and their fringing 

areas, with additional pond and 

wetland opportunities generally 

restricted to riparian green spaces 

east and south-east of Bolton, and 

open fields in the west of the study 

area around the Municipal Golf 

Course, the M61 Motorway and 

Lostock railway station. 

 

 

5.3.2. Compound Topographic Wetness Index 

Figure 10. Compound Topographic Wetness Index for the Upper-Croal catchment. Component 

subcatchments are indicated by black boundaries. As for the Wyre, CTI scores are divided into deciles 

with high deciles (blue) indicating areas most likely to be able to hold water. 

Figure 9. Wetlandscapes output for the Upper-Croal catchment area. 
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Figure 10 shows that the areas most likely to be able to hold water in the Upper-Croal are 

concentrated either on the high elevation moors in the north and north east of the Bradshaw Brook 

subcatchment, or in lower elevation areas in the south west of the case study area bisected by the 

M61 motorway and the Liverpool and Bury railway. Additional opportunities are identified in the 

green spaces to the south east of the town of Bolton, the major conurbation in the case study area, 

including New House Farm Playing Fields and Moses Gate Country Park. These general focus areas 

are indicated by yellow circles in the map above. 

5.3.3. Fine Scale Condatis 
Figure 11 (below) shows Condatis outputs for water voles in and around the Upper Croal case study 

area. Sources and targets (black and pink, respectively) were set based on likely entry points into the 

study area considering the flow routes identified by the broader scale Condatis modelling for water 

voles across all of Cheshire and Greater Manchester (see above). To reduce biases and edge effects 

introduced by the location of source and targets, we ensured these were set several kilometres 

outside the study area to dilute any potential bias. Taking only the case study area itself, two major 

flow routes were identified. The first being a route travelling north through the eastern section of 

the study area, starting at the confluence of the Croal and Irwell and following Bradshaw Brook, and 

the second through the western half of the study area following an initial bottleneck in the Middle 

Brook subcatchment, before reaching Astley and Eagley Brook subcatchments with a higher density 

of appropriate habitat. Note that the bottlenecks identified here, representing priorities for adding 

stepping stone habitats, coincide with the locations of the M61 Motorway, the Liverpool and Bury 

railway, and also areas identified as being suitable for wetter habitats through the Compound 

Topographic Wetness Index (Figure 11). 

 

Figure 11. Condatis output for water voles in the Upper Croal and surrounding areas. 
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5.4. Integration 
Figures 9-11 all demonstrate that opportunities for small-scale wetland features such as ponds, 

ditches and scrapes align in the Middle Brook subcatchment in the southern and south-western 

section of the Upper-Croal case study area. Combining three fine-scale modelling tools that have 

congruous results suggests that interventions in this area could deliver advantages for biodiversity 

(e.g. habitat connectivity) while having a relatively high level of confidence in the viability of any 

habitat restoration, based on outputs of the compound topographic wetness index and 

wetlandscapes modelling.  

In Figure 12, we overlay these three outputs and focus on the Middle Brook area where these 

priorities overlap. Water vole Condatis modelling shows major bottlenecks primarily between the 

water bodies of Rumworth Lodge Reservoir and Doffcocker Lodge Nature Reserve. Figure 12a shows 

that this bottleneck is largely residential, somewhat limiting the capacity for large scale 

interventions, as demonstrated by the largely red area in Figure 12b. Installation of SuDS schemes 

and engagement of local communities to promote nature-friendly gardens community spaces (e.g. 

lined ponds) and could aid connectivity for wetland species in these areas.  

The greatest opportunities for semi-natural habitat creation/restoration occur further to the west of 

the bottleneck areas themselves, such as the density of ephemeral/GCN pond opportunities 

identified by wetlandscapes in the Municipal Golf Course to the northwest of Rumworth Lodge. This 

could promote connectivity Rumworth Lodge and High Rid Reservoir to the north, with potential 

water vole dispersal corridors along Bessy Brook, which then swings eastwards towards Doffcocker 

Lodge Nature Reserve. Notably, a large potential waterbody in an agricultural field immediately west 

of the A58 was also identified by Wetlandscapes, potentially highlighting an opportunity to complete 

this ‘arc’ of stepping stone habitats while reducing the need for species to disperse across highly 

developed residential areas.  

Given the densely populated nature of this focus area, any interventions could be coupled with 

significant opportunities to connect people with nature and improve community access to green and 

blue spaces, with the concurrent health and wellbeing benefits that this can deliver. Of course, the 

above synthesis only presents a focus area in which to consider potential habitat 

creation/restoration interventions, and any projects would require significant ground truthing, 

feasibility studies, and engagement with landowners and local stakeholders. 
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Figure 12. Overlaying fine-scale Condatis output with (a) Wetlandscapes and (b) compound 

topographic wetness index. Red and black lines in (a) and (b) respectively represent the bottlenecks 

identified by Condatis modelling for watervoles, with a 1km buffer zone surrounding these key 

bottleneck connections. 

 

 

  

a 

b 
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7. Pipeline Project Identification and Embedding into Planning Policy 
The model has attracted Seedcorn funding for pipeline projects at Pestfurlong Moss and Park Moss, 
delivering wetland/wet woodland restoration on relic peatlands which represent key steppingstone 
sites identified by the model (‘Pipeline of pilot projects and funding sources identified’, C.18D.3). For 
example, Pestfurlong Moss is a relic bog site situated between two wetland SSSIs (Holcroft Moss and 
Risley Moss; Figure 9). The Tool was used as an evidence base to highlight the importance of these 
sites as stepping-stones for wetland biodiversity in the lowland wetland ecological network. The 
Ecological Network Tool was also used to inform the successful Chester Zoo bid for Green Recovery 
Challenge funding for a 10-mile habitat corridor north of Chester. 
 

 
Figure 13. (a) Map of Pestfurlong Moss (red) in Ecological Network, showing it to be important 
stepping stone between Risley Moss SSSI and Holcroft Moss SSSI. Used as evidence to attract 
Seedcorn funding. (b) Photo of work ongoing at Pestfurlong to install peat bunds to reduce drainage, 
increase water table and restore waterlogged conditions of the peat, delivering GHG savings as well 
as biodiversity benefits. 
 
 
Figure 14 shows a case study in pipeline project identification (C.18D.3) where overlays of the 

Ecological Network Tool and EA WFD data (‘NE engagement with EA’ C.18M.1). Overlaying WFD 

priority sub-catchments with the Tool highlighted Fallowfield Brook in Levenshulme, which 

intersected a Priority Wetland Creation Zone indicating a bottleneck in the wetland network where 

conditions are relatively suitable for semi-natural wetland habitat restoration. Closer inspection 

revealed the brook to run through Highfield Country Park LNR and a golf course, with potential 

nutrient run off issues affecting WFD status. A site visit alongside Mersey Rivers Trust has ground-

truthed model outputs and allowed for initial scoping of potential projects to mitigate WFD issues, 

enhance biodiversity and connect people with nature in an urbanised environment with multiple 

indices of deprivation. 

 

a b 
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project was supported by outputs from the Ecological Network Tool indicating where was 

suitable for wetland restoration/creation. 

• Chat Moss drainage diversion scheme - Natural England secured £16,000 through National 
Nature Reserve funding to assess the flood risk associated with diverting an existing drainage 

ditch within Chat Moss, Greater Manchester. Findings from this project provided 
recommendations for how a drainage diversion scheme could suitably be designed, and 
Natural England used this evidence to secure a further £60,000 through National Nature 
Reserve funding to implement the drainage diversion scheme at Chat Moss. Selection of site 
to carry out work was supported by the Ecological Network Tool to indicate where is suitable 
for wetland restoration/creation can appropriately be carried out.

• Lost Wetlands Nature Recovery Project - Natural England secured £400,000 over three years 

to support a landscape scale nature recovery project that aims to restore wetlands across 

North Cheshire and South Greater Manchester. The Lost Wetlands is one of 12 DEFRA Nature 

Recovery Projects and will work in partnership to deliver benefits for people and nature. This 

initial bid was supported by the Ecological Network Tool, which provided evidence that 

wetland creation/restoration in this area would support the wider wetland habitat network 

and greatly facilitate species movement through the landscape. The Ecological Network Tool 

also indicated where The Lost Wetlands should focus wetland creation and wetland delivery 

as well as wet-woodland restoration and creation with this information feeding into the 

masterplan for the project. 
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