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[bookmark: _Toc233048889]Abstract 
Japanese knotweed (Fallopia Japonica) is one of the most invasive plants in Wales, bringing significant problems for the economy and biodiversity. Its distribution along riparian habitats, transport corridors and urban environments are well documented. Despite a legacy of coal mining and the literature repeatedly alluding to its growth on coal spoil, there was limited literature investigating this. The aim of this study was to develop and evaluate a GIS-based habitat suitability model to predict the occurrence of Japanese knotweed on coal Spoil in South Wales. 
Occurrence records for Japanese knotweed were obtained from NBN Atlas and combined with environmental variables drawn from the literature. Variables included, average precipitation, distance to roads, railways and waterbodies along with elevation and land cover. The variables were standardised into raster layers, intersected with known Japanese knotweed occurrence records to create individual suitability rasters. The data from these environmental rasters provided valuable insight into the ranges that Japanese knotweed grew within. Logistic regression was used to assess the relationship between Japanese knotweed occurrence, and environmental variables where relative weighting of each variable was assigned to produce the final habitat suitability analysis. The model was validated through field work conducted at 23 coal tips.

Proximity to roads, land cover and elevation were identified as having the strongest influence on Japanese knotweed occurrence with 35.5%, 20% and 19.9%  weights respectively. Validation of the model showed an accuracy of 61%, while it correctly predicted absence it tended towards over-predicting presence. This demonstrates that GIS can be used to predict Japanese knotweed occurrences, while limitations of the model have been recognised. Despite the limitations, this research has addressed a gap in the literature regarding the environmental ranges that Japanese knotweed grows in, which has not been done in Wales before before and shows the potential for habitat suitability modelling to support the monitoring and management of invasive species. 




1.0 [bookmark: _Toc233048890]Introduction
[bookmark: _Toc233048891]1.1 Background 
The introduction of a species not native to a region typically occurs through human activity and can be distributed by means of transportation networks, climate change and landscape transformation (Ricciardi et al., 2017) intentionally or otherwise. According to NNSS, (2023) approximately 10-15% of non-native introductions in the UK cause significant adverse environmental, economic and social problems, terming them invasive. 
Japanese knotweed Fallopia japonica var. japonica is one of three knotweed species considered as significant invasive non-native species in the UK (Jones et al., 2011) and the Global Invasive Species Database, (2009) placed the species under the ‘100 worst’ of the world’s invasive alien species.  
It is widely accepted that invasive species are one of the main threats to biodiversity around the world (Didham et al. 2005; Mollot, Pantel and Romanuk, 2017) and the loss of biodiversity in the UK makes it one of the most nature depleted countries on earth (State of Nature Partnership, 2023). 
A gardener’s favourite until its rapid growth and unrelenting spread gave way for its widespread rejection where, in 1982 it was prohibited to introduce the plant to the wild by the Wildlife and Countryside Act (Bailey and Conolly, 2000). 
The early distribution of Japanese knotweed in the UK was considered by Beerling, Bailey and Conolly (1994) as growing most abundant in Wales and the west of the country up until the 1950’s. It was first recorded growing wild on cinder tips in Maesteg, south Wales in 1886 (Conolly, 1977). 
Spreading only through vegetative propagation, it is understood that in the UK, the entire population of Japanese knotweed is a clone from a single plant brought into the country early in 19th century, (Hollingsworth and Bailey, 2000). 
Japanese knotweed can grow to three metres tall; its dense canopy hinders the growth of native flora and prevents the establishment of other native species.  It is of particular concern on riparian habitats as it makes access difficult for anglers, the decaying stems can impede the flow of rivers causing flooding also causing soil erosion of the riverbanks once the vegetation has died back, (Child and Wade, 2000). 
Its distribution was widely recognised as growing on waste grounds from garden cast-outs, by railways (Conolly, 1977), and along rivers and colliery spoils (Beerling, 1991) highlighting that Japanese knotweed has the capacity to grow in environments that would be sub-optimal for native flora. 
The statements that Japanese knotweed grows on waste-ground, colliery and mine spoil has carried through the literature into the government guidance utilised today (Jones, 2020). Which is interesting, as there is plenty of literature on its distribution and impact that Japanese knotweed has on rivers and the built environment, yet with the legacy of Welsh coal mining industry there is very little research on its growth on mine spoil. 
The mapping of Japanese knotweed records began in 1954 with the Botanical Society of Britain and Ireland (BSBI) maps scheme which recorded all native along with many non-native flora species in 10x10 km ordnance survey grids. As technology has advanced, the ability to record species digitally formed the foundations of spatial analysis of the environment. 
A Geographical Information Systems (GIS) was utilised by Child (1999) where Japanese knotweed was recorded in Swansea city and the relationship between observations and land use was analysed. 
Habitat Suitability Analysis (HSA) can be used to identify areas with favourable environmental conditions for the growth of Japanese knotweed. HSA combines species observation records with environmental variables to predict the suitability of the landscape for the species to occur and it widely used in ecology as it enables large geographical areas to be assessed without the need for extensive field surveys (Hirzel et al., 2006). 


[bookmark: _Toc233048892]1.2 Research Aim 
To develop and evaluate a GIS based habitat suitability model for predicting the occurrence of Japanese knotweed (Fallopia Japonica) on coal spoil site in south Wales. 

[bookmark: _Toc233048893]1.3 Research Objectives 
· Map know Japanese knotweed occurrences and their relationship with coal spoil sites in south Wales using GIS.
· Identify and analyse environmental variables associated with Japanese knotweed distribution using literature and spatial datasets
· Develop a GIS-based habitat suitability model predicting the likelihood of Japanese knotweed occurrences on coal spoil sites.
· Conduct field surveys to validate areas of presence and absence.
· Assess the distribution of Japanese knotweed on south Wales coal spoil sites and evaluate the environmental factors associated with its occurrence. 

[bookmark: _Toc233048894]2.0 Literature Review 
[bookmark: _Toc233048895]2.1 Introduction
This literature review assesses current literature on Japanese knotweed, its biology, history and distribution, and the environmental variables associated with it.  It will also evaluate the application of Geographic Information Systems (GIS) and habitat suitability modelling along with exploring the characteristics of coal spoil and the legacy of coal mining in South Wales. Throughout the literature, current gaps will be identified to justify the need for further research into predicting the occurrence of Japanese knotweed on coal spoil in South Wales. 
[bookmark: _Toc233048896]2.2 History, Biology and spread

History and Identification
There are several prominent authors in Japanese knotweed literature who have published either individually or collaboratively. Authors such as Beerling, Bailey and Conolly along with Child and Wade provide the foundations for the knowledge of Japanese knotweed in the UK. 
The introduction of Japanese knotweed to the United Kingdom was initially thought to have occurred as early as 1825 (Conolly, 1977). However, Bailey and Conolly, (2000) suggest that uncertainty surrounding its introduction is largely due to confusion in the species historical taxonomy. Japanese knotweed was first described as Reynoutria japonica by Houttuyn in 1777 and later as Polygonum cupsidatum by Siebold and Zaccarini in 1846. It was not until 1901 that these names were recognised as referring to the same species. 
Consequently, records suggesting that Reynoutria japonica was introduced to Britain in 1825 are now considered unreliable as the plant cultivated at the time was more likely to have been a Chinese accession. Bailey and Conolly, (2000) now conclude that the invasive clone that spread throughout Britain was most likely introduced in 1850 when plants from Siebold’s Leiden nursery were sent to Royal Botanic Gardens Kew. From there Japanese knotweed was widely distributed throughout the UK as an ornamental plant valued for its large foliage and suitability for naturalisation. 
Biology and Description
Japanese knotweed is a rhizomatous perennial that forms dense monocultures that can outcompete native vegetation (Beerling, Bailey and Conolly, 1994). Above ground, the plant produces upright hollow bamboo-like stems reaching up to 3m in height, with reddish purple speckles (Figure 1). Its arching branches with broadly oval leaves form a zigzag pattern along the stem, utilising maximum sunlight which facilitates its rapid growth (Child and Wade, 2000). Belowground rhizomes can extend up to 2m in depth and 7m away from the parent plant, the rhizomes store nutrients over winter for spring growth and once the leaves are fully formed photosynthesis transports nutrients back to the rhizome (Child and Wade, 2000). 
[image: ]
[bookmark: _Toc233048936]Figure 1  Images of Japanese knotweed. 1. Large clump of Japanese knotweed (Welsh Parliament, 2026); 2. Speckled stems (Webb, 2023); 3. Rhizome and roots (Japanese Knotweed Ltd, 2026); 4. Leaves and flowers (Britannica, 2023). 

Reproduction and Colonisation
One of the most influential studies on the biology, ecology and distribution of Japanese knotweed was conducted by Hollingsworth and Bailey (2000). By analysing DNA variation from 150 Japanese knotweed samples collected throughout Britain the authors concluded that “the entire British population of Japanese knotweed consists of a single clone” (Hollingsworth and Bailey, 2000, p.468). These findings suggest that the widespread distribution of Japanese knotweed throughout the UK has occurred almost entirely through vegetative reproduction.
The regenerative capacity of the rhizome is considered a major factor in the persistence of Japanese knotweed, as Francis, Riley and Hoggart (2008) demonstrated that both stem and rhizome fragments were capable of producing new plants; with regeneration rates increasing as fragment size increased and decreasing with burial depth. More recently (Lawson et al., 2021) rhizome and crown fragments as small as 0.5g could regenerate provided that a viable node was present, to provide context this could be approximately 1cm in length (McHugh, 2006). This makes Japanese knotweed a highly invasive species. The regenerative capacity of Japanese knotweed is just one component of its colonisation, yet there are multiple environmental factors that support (or hinder) its growth and widespread distribution across an area. 



Environmental factors influencing Japanese knotweed distribution
The following table summarises the findings of environmental factors found to influence the growth and distribution of Japanese knotweed. Many of the sources span across the factors and many of which are considered old. Contemporary sources that cited Wales or UK at least were limited and do not always provide definitive parameters (Table 1). 
[bookmark: _Toc233048969]Table 1 Environmental variables associated with Japanese knotweed from the literature
	Category
	Variable
	Key Findings from Literature
	Source

	Climate
	Precipitation
	High correlation between precipitation and frequency. Areas with higher rainfall supported greater frequencies of invasion.
	Conolly (1977); Beerling (1991)

	
	Temperature
	Distribution influenced by minimum winter temperatures and length of the growing season.
	Beerling (1993)

	Topography
	Elevation
	Japanese knotweed was less abundant inland above 150 m and absent above 460 m.
	Beerling, Bailey and Conolly (1994)

	
	Slope
	Can occur on gradients up to 40° provided water, nutrients and sunlight are available.
	Beerling, Bailey and Conolly (1994)

	Soil Conditions
	Salinity
	Tolerant of saline conditions and can occur in coastal habitats.
	Child and Wade (2000)

	
	Soil pH
	Broad tolerance of soil pH ranging from approximately 3.0–8.5.
	Child and Wade (2000)

	
	Metal Content
	Able to establish on contaminated soils, including sites with elevated metal concentrations.
	Child and Wade (2000)

	Light Availability
	Shade
	Low solar radiation does not support dense stands and can limit growth.
	Beerling (1991); Martin et al. (2000)

	
	Shade
	Growth strategy varies according to habitat conditions.  environments.
	Martin et al. (2000)

	Land Cover and Disturbance
	Land Use
	High frequencies of Japanese knotweed were associated with wasteland habitats and other disturbed environments.
	Child and Wade (2000)

	
	Roadsides and Watercourses
	Approximately 40% of records occurred along roadsides and 25% near watercourses and ponds.
	Child and Wade (2000)

	Transport Networks
	Roads and Railways
	Frequently associated with disturbed and man-made habitats including railways, road verges and spoil heaps.
	Child and Wade (2000); Macfarlane (2013)

	
	Landscape Disturbance
	Disturbance alters soil conditions, vegetation structure and competition, creating opportunities for invasive species establishment and spread.
	Meyer et al. (2021)



The findings of the environmental variables that are associated with Japanese knotweed have guided this research, however due to the ambiguity of the ranges in which Japanese knotweed can grow, this research seeks to determine which factors are most influential and define the boundaries to provide a better understanding of the existing knowledge. 

Similar taxa and common names
Japanese knotweed is commonly referred throughout the literature as both Fallopia japonica and Reynoutria japonica. For consistency, this research adopts the common name Japanese knotweed throughout. 
Japanese knotweed (Fallopia japonica) is one of four invasive knotweeds in the UK, although it is the most common. Dwarf knotweed (R. japonica var. compacta), Giant knotweed (R. sachalinensis) and Bohemian (hybrid) knotweed (R. × bohemica) are also identified by (Jones, 2020) in a Wesh government publication. According to McHugh, (2006) all of the above varieties of knotweed require the same control and management methods and therefore it is only Japanese knotweed that will be discussed in this research. 


[bookmark: _Toc233048897]2.3 Ecological Impacts and Management Challenges

Biodiversity loss
One of the primary concerns surrounding invasive species is their impact on biodiversity. Invasive species can negatively affect ecological communities by reducing the richness, abundance and recruitment of native plant and animal species (Wilson, Freundlich and Martine, 2017). With its large foliage forming a dense canopy, Japanese knotweed is a highly invasive species, a successful competitor of light, water and nutrients outcompeting native flora (Child and Wade, 2000). Knotweed invasions have also been associated with reductions in biomass and negatively impacting riparian areas altering the nitrogen composition in the soil (Lavoie, 2017).  Additionally, the success of Japanese knotweed invasion is partly attributed to its allelopathic properties whereby it releases chemicals from its rhizomes that can inhibit seed germination and growth for native vegetation (Drazan et al., 2021). The negative effects that Japanese knotweed can have on riparian corridors has been studied by (Colleran, Lacy and Retamal, 2020) found that Japanese knotweed displaces native vegetation which reduces the soil stability provided by native root systems. This increased susceptibility to riverbank erosion may contribute to greater flood risk in invaded catchments.


Control and Management costs
The management of Japanese knotweed is a considerable financial burden (Jones et al., 2018) due to the species ability to regenerate from small rhizome fragments and persist following treatment. Effective control often requires repeated herbicide applications, excavation of contaminated materiel and long-term monitoring, all of which increase management costs. According to Welsh Government, (2023b), Japanese knotweed is estimated to cost the British economy around £247 million annually.
The challenges associated with controlling Japanese knotweed are largely a consequence of its extensive rhizome network and regenerative capacity. In the largest field-based assessment of Japanese knotweed control treatments conducted in Britain, Jones et al. (2018) evaluated a range of management techniques across three sites in South Wales over a three-year period. The study concluded that biannual applications of glyphosate applied during summer and autumn were the most effective treatment. A three-to-five-year treatment highlights the costs and difficulties with long term management. These findings subsequently informed Welsh Government guidance on Japanese knotweed management (Jones, 2020), which identifies habitats such as mine spoil tips, transport corridors and riparian environments as areas at risk of invasion. This demonstrates the need for preventative measures rather than reactive ones where areas that were identified as highly suitable for Japanese knotweed occurrence could be monitored and any outbreak caught early. 
Invasive species policy
The negative impacts of Invasive Non-Native Species have increasingly become recognised within national policy. The Wildlife and Countryside Act 1981 made it an offence to plant or otherwise cause Japanese knotweed to grow in the wild (UK Government, 1981) which enables environmental authorises such as NRW to take legal action where it is required. The Great British Invasive Non-Native Species Strategy 2023–2030 (Welsh Government, 2023b) identifies invasive species as a major threat to biodiversity through habitat disruption and competition with native flora and fauna. The strategy highlights the significant economic burden that Japanese knotweed causes (Welsh Government, 2023b). Within Wales, the objectives to promote prevention, monitoring, prioritisation, and evidence-based decision making are met with initiatives such as Wales Resilient Ecological Network (WaREN) (North Wales Wildlife Trust, 2023). A considerable emphasis on surveillance, early detection and monitoring is made by the Welsh Government, (2023b) and proactive measures such as GIS-based habitat suitability modelling (discussed in section could identify areas where environmental conditions are favourable for Japanese knotweed occurrence allowing areas to be prioritised and evidence-based decisions made for land management.  
[bookmark: _Toc233048898]2.4 GIS and Spatial Analysis of Japanese knotweed
Development of GIS
GIS is a tool in which links the attributes of particular features with its location on earth, its spatial analytical capabilities allow patterns and relationships between objects and their locations to be understood so that decision making on environmental aspects can be improved upon (Bolstad, 2012; ESRI, 2024). Due to its rapid development and wide range of applications, GIS proved difficult to define. Maguire (1991) notes that it incorporated elements of computer cartography, database management, computer-aided design and remote sensing, yet did not fully conform to any single discipline (Maguire, 1991).  Instead, GIS emerged as a discipline in its own right. 
Since its emergence, GIS has become an important tool in environmental research, enabling the integration and analysis of spatial data to investigate species distributions, habitat suitability and landscape-scale environmental processes (Guisan and Zimmermann, 2000).

GIS Applications for Japanese Knotweed
GIS has become widely used in ecology to map species distributions, quantify habitat availability and analyse the relationships between the occurrence and the environmental variables that influence their distribution and survival (Wadsworth and Treweek, 1999). 
An example of the practical application of GIS in environmental management is provided by the restoration of Coho salmon (Oncorhynchus kisutch) habitat in Oregon (Lang, 1998). Using data on stream depth, water temperature and species distribution, GIS was used to identify the environmental conditions required by the species. By combining this data in GIS into separate spatial layers, areas of the river network that met all habitat criteria for the Coho were mapped, demonstrating how species and habitat can be analysed and visualised spatially (Figure 2). This enabled land managers to focus restoration efforts on areas most likely to support Coho populations, highlighting the role that GIS plays in evidence-based decision making and habitat management. 
[image: ]
[bookmark: _Toc233048937]Figure 2 Images from (Lang, 1998) showing maps of the environmental factors affecting species survival for Coho salmon, left shows the factors separately and the right shows them combined. 

One of the earlier applications of GIS to analyses Japanese knotweed specifically in Wales was research was undertaken by Child (1999); who combined spatial and attribute data to investigate the distribution of the species within Swansea. The study concluded that during 1992–1993, Japanese knotweed occupied approximately 48 ha across Swansea City, with 46% of infestations occurring on waste ground, contributing to the understanding of habitat types that Japanese knotweed occurred in. 

Habitat Suitability Modelling
In the same way that GIS has assisted with the conservation of species by mapping available habitat, species distributions and environmental factors, developments in GIS technology and the increasing availability of environmental datasets have enabled researchers to predict where species are likely to occur.
Species distribution modelling describes a broad framework for predicting species distributions using relationships between species observations and environmental variables (Miller, 2010). Habitat suitability modelling is one form of species distribution modelling that uses these relationships to identify areas where environmental conditions are favourable for a species and predict the relative suitability of habitats across a landscape (Hirzel et al., 2006).
An example of species distribution modelling was demonstrated by Neeti, Václavík and Niphadkar (2007), who used predictive distribution modelling to identify areas in Massachusetts that were vulnerable to Japanese knotweed invasion. More recently, Lawin (2025) used species distribution modelling to predict the distribution of Japanese knotweed in Scania, Sweden (Figure 3). 
[image: ]
[bookmark: _Toc233048938]Figure 3 Image of suitability modelling from Lawin (2025) using two different modelling techniques. 
 Although these studies used different approaches, both combined species occurrence records with environmental variables to identify areas where conditions were favourable for Japanese knotweed establishment. This approach doesn’t appear to have been applied in South Wales, despite there being an expensive, invasive issue with Japanese knotweed.  

Remote Sensing Applications
Remote sensing has also been applied to Japanese knotweed research as an alternative method of identifying invasions of non-native species. With the use of remote sensing to analyse the spectral and spatial characteristics of Japanese knotweed, Jones et al., (2011) successfully detected its presence in South Wales. This study demonstrates that remotely sensed imagery can be used to identify existing stands or invasions of Japanese knotweed over large geographical areas. However, GIS-based habitat suitability modelling could provide a tool for monitoring sites before an invasion got hold, demonstrating a need for collaboration between the two technologies and approaches to identify high risk areas, and actual presence. 




[bookmark: _Toc233048899]2.5 South Wales Coalfield and Post-industrial landscapes

Mining History
Once the largest producer of coal worldwide, Wales has a significant history of coal mining from the 1800’s peaking in the early 1900’s, during the industrial revolution, when the vast deposits of coal underground in South Wales were mined (Price and Rhodes, 2020). It is approximated by Detheridge et al. (2019) that in South Wales, the area of land covered by coal and iron spoil could be around 6500 hectares. 
Characteristics of Coal Spoil
Spoil heaps are formed from the waste that is removed during coal mining. They are composed of materiel excavated from depths of down to 200m and because of this they can vary in their chemical and physical properties, (Kirby et al., 2010). Spoil heaps typically have a low water-holding capacity, which accelerates nutrient leaching (acid mine drainage). As a result, they often have poor nutrient availability, low organic matter content and, in some cases, elevated concentrations of metals and acidic conditions (Kirby et al., 2010). 

[bookmark: _Toc233048900]2.6 Japanese knotweed on mine spoil
Beerling, Bailey and Conolly (1994) recorded Japanese knotweed growing on a range of substrates, including colliery spoil, and through soil sampling in Wales confirmed its presence on colliery spoil in Aberdare. This was the only study identified during the literature review that specifically reported Japanese knotweed on mine spoil in Wales. Child and Wade (2000) also describe Japanese knotweed as occurring in disturbed habitats such as spoil heaps, riverbanks, roadsides and railway embankments, while Child (1999) found that 46% of infestations in Swansea occurred on ‘waste ground’, however a definition of this was not provided in the study.
Only two studies were found to have specifically investigated Japanese knotweed on coal spoil sites, although both were in Poland. Rahmonov et al. (2014) found that Japanese knotweed was capable of establishing under a wide range of ecological conditions, including on the edge of a coal spoil heap, while Olszewski (2021) reported a 131% increase in infestation extent on a coal mining waste dump over a four-year period. Together, these studies demonstrate that Japanese knotweed can establish and spread on coal spoil sites. However, research investigating its distribution on mine spoil remains limited, particularly within Wales, where no studies were identified that assess the extent of occurrence across coal spoil sites or the environmental factors associated with its distribution.





[bookmark: _Toc233048901]3.0 Methodology  

[bookmark: _Toc233048902]3.1 Introduction
To address the research aim of developing and evaluating a GIS-based habitat suitability model for predicting the occurrence of Japanese knotweed (Fallopia japonica) on coal spoil sites in South Wales, a combination of GIS-based spatial analysis, field surveys and statistical analysis was undertaken (Figure 4). Existing records of Japanese knotweed and environmental datasets identified from the literature were used to develop a habitat suitability model. Model predictions were subsequently validated through field surveys, and statistical analysis was conducted to evaluate the relationship between Japanese knotweed occurrence and selected environmental variables.
[image: ]
[bookmark: _Toc233048939]Figure 4 Methodology workflow







[bookmark: _Toc233048903]3.2 GIS data collection

[bookmark: _Toc233048904]3.2.1 Japanese knotweed records 
Known locations of Japanese Knotweed occurrences were necessary to identify the environmental conditions associated with its growth and distribution. Species data was obtained from the largest repository of publicly available biodiversity records in the UK; the National Biodiversity Network (NBN) Atlas, (Ratcliffe and Manders Jones, 2022). Holding more than 362 million species occurrence records, NBN Atlas, (2025) uses data from a wide range of biodiversity record keeping sources including local environmental record centres (LERC’s) and conservation organisations. Their single, national database ensures records are easily accessible, in a standardised format and compatible with GIS. The initial database search returned 129,208 records of Japanese Knotweed (Reynoutria japonica Houtt.). After exclusions such as unverified records and records without a location (Figure 5), 57,676 records were downloaded as Microsoft Excel Comma Separated Values (CSV) file. 

[image: ]
[bookmark: _Toc233048940]Figure 5 Exclusions of data in NBN Atlas, (2025).

The excel database was then further processed to only include records within Wales and with a location accuracy of 10m to ensure an accurate representation of the associated environmental variables; bringing the number of observation records of Japanese Knotweed to 8516. Once the study site boundary was set, this number was further reduced to 3658 (Figure 6).


[bookmark: _Toc233048905]3.2.2 Coal Spoil data sets

The Welsh Government (2023) published an interactive map showing all disused coal spoil sites and their ratings in Wales. The map shows the boundary of each coal tip to a scale of 1:25000. Contact was made via email to the Coal Tips Safety Taskforce in Welsh Government who provided a copy of the database and permission to use the data for the purpose of this study. The database provided was imported to QGIS (Figure 7).
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[bookmark: _Toc233048941]Figure 6 3658 Japanese knotweed observations from NBN Atlas, (2025) within study area
[image: ]
[bookmark: _Toc233048942]Figure 7  Disused coal tips data from Welsh Government, (2025)

[bookmark: _Toc233048906]3.2.3 Literature review informing environmental variables
 
[bookmark: _Toc233048970]Table 2  Environmental factors cited from literature
	Environmental factor
	Paper
	Min 
	Max

	Precipitation mm
	Conolly, (1977)
	Not Specified

	
	Beering (1991)
	Average 155cm /year

	
	(Gašparovičová, Ševčík and David, 2022)
	Not specified

	
	Neeti, Václavík and Niphadkar , 2007)
	0mm
	118mm

	Temperature / C
	Beerling (1993)
	-30
	 

	
	Neeti, Václavík and Niphadkar , 2007)
	 
	 

	Light availability / Shade
	Martin et al (2000)
	Shaded 
	Full light

	Elevation / m asl
	Palmer (1994) via Beerling, Bailey, Conolly (1994)
	 
	460 m

	
	Beerling, Bailey, Conolly (1994)
	 
	320m

	
	Neeti, Václavík and Niphadkar , 2007)
	 
	 

	Slope
	(Neeti, Václavík and Niphadkar , 2007), (Gašparovičová, Ševčík and David, 2022)
	Not Specified

	Aspect
	
	

	Distance to hydrological features
	
	

	Distance to roads
	
	

	Distance to railtracks
	
	

	Soil - low nitrogen
	Beerling (1991), (Gašparovičová, Ševčík and David, 2022)
	 
	 

	Land cover
	Beerling, Bailey, Conolly (1994)
	N/A
	N/A


A table was created with the environmental factors influencing the distribution of Japanese Knotweed using information gained from existing literature. While environmental factors such as precipitation, elevation and temperature were discussed in the literature, UK based studies offered limited or vague parameters that the plant grew within.  For example, although Beerling, Bailey and Conolly (1994) suggested that Japanese Knotweed was not found to grow above 460 m above sea level, literature citing that temperature was a factor (Beerling, 1993) only states its minimum range was -30° and Beerling (1991) found that an average rainfall of 155cm/year was advantageous. 
Studies of environmental factors on the growth of Japanese knotweed growing in Massachusetts from Neeti Václavík and Niphadkar, (2007) and in Slovakia (Gašparovičová, Ševčík and David, 2022) were used to support the range of factors influencing the growth of Japanese knotweed in South Wales. 
The distribution of Japanese knotweed along transport routes such as rivers, roads and rail track embankments is widely documented (Conolly, 1977; Beerling, Bailey and Conolly, 1994; Child, 1999; Colleran, Lacy and Retamal, 2020).  
 



[bookmark: _Toc233048907]3.2.4 Environmental Variables
Precipitation and temperature were downloaded from (Worldclim, 2025), a website using global climate data analysis conducted by Fick and Hijmans, (2017). Compressed files with interpolated data from each month for the years 1970-2000 at a spatial resolution of 1km2 were downloaded and stored in appropriately named folders ready for processing. 
Light availability / shade was discussed in the literature review, however due to there being no readily available data for this variable was excluded. 
Elevation, slope and aspect are Topographic characteristics that can be derived from Light Detection and Ranging (LiDAR) data. LiDAR is an active remote sensing technology, commonly deployed from low-altitude aircraft, capable of collecting large volumes of high-resolution elevation data with accuracies of up to approximately 15 cm (Longley et al., 2015). LiDAR data for Wales was downloaded from DataMap Wales, (2024) (Figure 8) as a Digital Terrain Model (DTM) which is a representation of the earth without features such as trees and buildings. It was downloaded in a raster format which can then be processed to represent elevation, slope and aspect. 
[image: ]
[bookmark: _Toc233048943]Figure 8 Image of DataMap Wales, (2024) LiDAR data page




Hydrological features, roads and rail tracks were also downloaded from DataMap Wales, (2017; 2021a; 2021b) as separate ‘Geopackage’ (.gpkg) files which needed to be further processed. 
Soil data was downloaded from the Land Information System (LandIS) portal (Cranfield University, 2025) which provides national coverage of soil types such as loam or peat across England and Wales and was readily compatible with GIS software (Figure 9). 
Land cover data was downloaded from the Copernicus Global Dynamic Land Cover dataset (Copernicus, 2020). Produced as part of the Copernicus Land Monitoring Service, the dataset provides information on the physical cover of the Earth's surface, including tree cover, grassland, cropland, built-up areas, wetlands and water bodies at a spatial resolution of 10 m (Figure 10).
[image: ]
[bookmark: _Toc233048944]Figure 9 Map of soil types from Cranfield University, (2026)

[image: ]
[bookmark: _Toc233048945]Figure 10 Map of land cover types from Copernicus, (2020). 
[bookmark: _Toc233048908]3.3 GIS Data Preparation

The environmental variables that were obtained were downloaded in both vector and raster datasets from a range of sources so, prior to analysis all spatial datasets were prepared within QGIS. This ensured consistent spatial extent, resolution to allow for comparison between the variables and a standardised workflow. 

Geospatial Data Abstraction Library (GDAL) is open-source geospatial processing toolkit used by QGIS to read and write data. It is accessed via a command-line platform such as OSGeo4 Shell and can be used to process spatial data, including reprojection, clipping, rasterisation and resampling (Warmerdam, 2008). 

All layers were to be 
· In raster format
· British National Grid (EPSG:27700) projection
· 10-meter pixel resolution
· Spatial extent of UL: 240000, 220000    LL: 240000, 160000    UR: 330000, 220000    LR: 330000, 160000

[bookmark: _Toc233048909]3.3.1 Rasterise vector layers.

One of the advantages of GDAL is its capability of executing multiple processes in a single command, therefore while rasterising vector layers such as the Roads, Rails, and Waterbodies datasets, it also defined the data to 10m pixel resolution and clipped to the extent UL: 240000, 220000    LL: 240000, 160000    UR: 330000, 220000    LR: 330000, 160000 which represented Carmarthen in the west to Newport in the east (Figure 11). 

[image: ]
[bookmark: _Toc233048946]Figure 11 Map of study area showing the extent of co-ordinates. 


Applying these parameters during raster creation reduced the need for subsequent processing steps and ensured consistency between all environmental variables used within the analysis. These layers were already in ESPG:27700 projection. 

The following command was used: (Figure 12)
gdal rasterize -l [layer name] -burn 1 -at -tr 10 10 -te 240000 160000 330000 220000 -ot Byte -of GTiff ["input file"] ["output file.tif"] 

[image: ]
[bookmark: _Toc233048947]Figure 12 Image of rasterize command in OSGeo4W Shell








[bookmark: _Toc233048910]3.3.2 Calculating distance raster features in roads, rail and water datasets.

The distance from features were calculated as these transport routes are mentioned in the literature as having high significance (Figure 13).

The following command was used:
gdal_proximity.bat -srcband 1 -distunits GEO -values 1 -nodata 0 -ot UInt16 -of GTiff "C:\Users\cparn\OneDrive\UWTSD\Level 6\DISS\Methodology\GWC21_Waterbodies_raster.tif" "C:\Users\cparn\OneDrive\UWTSD\Level 6\DISS\Methodology\GWC21_Waterbodies_raster_proximity.tif"

[image: ]
[bookmark: _Toc233048948]Figure 13 Map showing proximity to waterbodies where white areas are 1000m or more away. 






[bookmark: _Toc233048911]3.3.3 Re-sample climate layers

Datasets that were in decimal degree coordinates (ESPG:4326) needed to be re-sampled to British National Grid (ESPG:27700) to ensure that all datasets were in the same metered projection. 
The three climate datasets; precipitation, minimum temperature and maximum temperature currently had data for each month of the year. The only month that was applicable for maximum temperature was July and the only month applicable for minimum temperature was January. 
Precipitation however, needed to be averaged before it could be further processed. 
The raster calculator tool in QGIS was used to sum each layer and divide by 12 (months) resulting in just one (average precipitation) dataset needed to be resampled.  


The following command was used to resample, clip and define the resolution:
gdalwarp -overwrite -s_srs EPSG:4326 -t_srs EPSG:27700 -tr 10 10 -r cubic -te 240000 160000 330000 220000 -te_srs EPSG:27700 -ot Float32 -of GTiff "[input_filepath]" "[output_filepath]"

Resample = overwrite -s_srs EPSG:4326 -t_srs EPSG:27700
Resolution=  -tr 10 10 -r cubic
Clipped to extent= -te 240000 160000 330000 220000 -te_srs EPSG:27700
 
[image: ]
[bookmark: _Toc233048949]Figure 14 Image of re-sampling command in OSGeo4W Shell




[bookmark: _Toc233048912]3.3.4 Intersects


All standardised datasets were intersected with the Japanese knotweed observation vector ‘points’ layer in QGIS. The point sampling tool was used to intersect the observation points with each of the environmental layers. This was done so that the environmental conditions associated with each Japanese knotweed observation point was extracted for the habitat suitability analysis. The attribute table that resulted from this was then copied and pasted into Excel for analysis. Histograms show where most of the data lies and the minimum temperature in January is an example of this (Graph 1).

 
[bookmark: _Toc233048978]Graph 1showing histogram of minumim January Temperature




As the environmental variables were measured in different units e.g. Celsius, millimetres, direct comparisons between data were not possible as the ranges between each variable were too large. For example, precipitation measured over a thousand millimetres and temperature was measured in degrees Celcius ranging from 0.48 to 21.90. Therefore, continuous environmental variables were reclassified in QGIS to create standardised suitability rasters. 
Thresholds were calculated in Microsoft Excel using the minimum, maximum, 5th percentile and 95th percentile values extracted from Japanese knotweed occurrence records (Table 3).



[bookmark: _Toc233048971]Table 3 Environmental thresholds in Microsoft Excel
	 
	Min Temp January
	Max Temp July
	Average Precipitation
	Proximity to Water
	Proximity to Road
	Proximity to Rail
	Elevation
	Slope
	Aspect


	MIN
	0.48
	18.38
	786.03
	0
	0
	0
	3.27
	0
	-1

	MAX
	3.57
	21.90
	1389.42
	1701
	813
	12678
	407.78
	50.04
	1

	5th
	1.51
	19.14
	867.94
	0
	0
	22
	6.23
	0.44
	-0.98

	95th
	3.30
	21.05
	1191.20
	671
	242
	3666.6
	191.87
	18.55
	0.99

	Mean
	2.41
	20.16
	989.21
	165.62
	69.77
	980.42
	63.75
	6.77
	0.11

	Median
	2.40
	20.23
	966.73
	64
	36
	396
	37.58
	5.35
	0.26

	Mode
	3.30
	19.7
	885.49
	0
	10
	10
	7
	0
	-1






[bookmark: _Toc233048913]3.3.5 Percentile scaling 

The raster calculator tool in QGIS (Figure 15) was then used where each pixel was assigned a suitability score of 0, 0.05 or 0.9 to represent the probability of Japanese knotweed occurrence in relation to the environmental condition (Figure 16). 

[image: ]
[bookmark: _Toc233048950]Figure 15 Image of raster calculation for habitat probabilities. 


[image: ]
[bookmark: _Toc233048951]Figure 16 Map of temperature suitability for Japanese knotweed. 






[bookmark: _Toc233048914]3.4 Habitat Suitability Modelling 

Statistical analysis was undertaken to identify the relative importance of the identified environmental factors associated with Japanese knotweed; this allowed for them to be appropriately weighted within the HSA.
Logistical regression analysis is widely used in ecology to predict species occurrence from environmental variables, (Guisan and Zimmermann, 2000). It compares environmental conditions at known sites against conditions across the wider landscape.
The Japanese knotweed records obtained from the NBN Atlas consisted only of presence records. To enable logistic regression analysis, 4,000 randomly distributed background points were generated across the study area. These points were intersected with the environment rasters in the same way the presence points were. The data from these background points were combined with the presence data points. Unnecessary fields such as feature id (fid) were deleted and a column added to assign presence data with 1 and absence data with 0. 
Maximum July temperature was initially considered as a predictor variable; however, it was excluded from the final model due to its strong correlation with minimum January temperature. Retaining both variables would introduce redundancy within a model, as multiple variables may be describing the same environmental gradient (Pallant, 2020). Minimum January temperature was retained as it was considered more ecologically relevant to Japanese knotweed survival and distribution (Beerling, 1993).
Soils data were also excluded due to the vast number of variables within the dataset which weakened the result of the overall test. 
The values were standardised by using descriptive statistics to create Z-scores, which allows variables with different units of measurement to be compared directly (Pallant, 2020).  
Finally, a logistical regression test was run in SPSS statistics software, resulting in the output shown in Figure 17. 
[image: ]
[bookmark: _Toc233048952]Figure 17 Logistic regression test output. 

The B-values quantify the strength of the variable while ‘.sig’ shows the significance of the test with >0.005 having 95% statistical confidence.  While minimum temperature was above this threshold, it was kept in the HSA to stay in line with the literature. All B-values for the continuous variables were normalised by summing them and dividing each value by the sum (Table 4). 
[bookmark: _Toc233048972]Table 4 Showing normalised calculated values.
	Variable
	Absolute B-value
	Normalised Value
	Weighted Value

	MIN_Temp
	0.213
	0.0307
	0.025

	Precipitation
	0.638
	0.0920
	0.074

	Prox_Water
	0.543
	0.0780
	0.062

	Prox_road
	3.079
	0.4440
	0.355

	Prox_rail
	0.454
	0.0655
	0.052

	Elevation
	1.725
	0.2488
	0.199

	Slope
	0.146
	0.0211
	0.017

	Southness
	0.136
	0.0196
	0.016

	Landcover
	-
	-
	0.2

	Total
	6.934
	 
	1



Landcover was difficult to combine as it was a categorical value but given its significance in the WALD test which helps determine the significance of the B value (Pallant, 2020), it was assigned a weighting of 20% and all continuous variables further calculated by multiplying by 0.8. 
Each environmental layer (raster) was then multiplied by its statistical weighting (Figure 18) and summed to produce the final output habitat suitability map (Figure 20), which represents the study site in gradient from red to blue where red indicates low suitability and blue indicates a high suitability. 
[image: ]
[bookmark: _Toc233048953]Figure 18 Image of raster calculations in QGIS to create final habitat suitability map

To help answer the research question ‘To what extent can GIS predict the occurrence of Japanese knotweed (Fallopia japonica) on coal spoil sites in South Wales?’, the zonal statistics tool in QGIS (Figure 19) was used to calculate the mean value of pixels within the coal tips polygons. The final result is shown in (Figure 21). 

[image: ]
[bookmark: _Toc233048954]Figure 19 Image of Zonal Statistics processing tool in QGIS
[image: ]
[bookmark: _Toc233048955]Figure 20 Final habitat suitability map for Japanese knotweed
[image: ]
[bookmark: _Toc233048956]Figure 21  Map showing coal tips zone with probability of Japanese knotweed occurrence 

[bookmark: _Toc233048915]3.5 Field Survey Design and Data Collection

Validation 
Habitat Suitability models predict the likelihood of a species occurring based on the environmental variables within the model (Guisan and Zimmermann, 2000). However, models represent a theoretical approach and need validation through fieldwork where real-world observations can be made. Field surveys can offer validation of the habitat suitability model by comparing predicted suitability with observed presence or absence of Japanese knotweed. 

Consideration was made on survey techniques such as transects or quadrats, however these techniques are mainly aimed at quantifying density and/or frequency (Sutherland, 2015);
which was unnecessary for the study objective of observing presence/ absence. Therefore, a visual inspection of the selected site was adequate. 

Site selection 
With 2236 coil spoil sites in the study area, it was not possible to validate each one. Initially 20 sites were selected at random. However, due to issues with accessibility, sites were selected based on the highest probability of presence (Figure 22) and the lowest probability of presence (assumed absence). 

[image: ]
[bookmark: _Toc233048957]Figure 22 Map showing probability of occurrence of Japanese knotweed on selection of coal spoil sites



Mergin Maps survey design 

A Mergin Maps project was created in QGIS with the objective of digitally recording field data. Mergin Maps is a cloud-based software that is compatible with QGIS that allows several devices to upload data and synchronise the project for live updates, (Mergin Maps, 2026). When starting a new project, Mergin maps automatically provide a basemap and a points-based survey layer capable of storing photos, ideal for species verification if necessary. Two fields were added to this layer, Accessibility’ (Y/N) and ‘Presence’ (Y/N). This was to allow speed and ease of use so that recordings were efficient without compromising potential quality that is inherent with the inclusion of photographic evidence. 

[bookmark: _Toc233048916]3.6 Analysis of results
A confusion matrix (Figure 23) was used to evaluate the performance of the habitat suitability model by comparing the actual value against the predicted value.  
[image: ]
[bookmark: _Toc233048958]Figure 23 Image of a Confusion Matrix (Sathyanarayanan, 2024)
The result of which is discussed in the following results section. 












[bookmark: _Toc233048917]4.0 Results
The following results demonstrate three main themes of this study; the relative importance of each variable associated with the growth and distribution of Japanese knotweed in creating a habitat suitability model, the habitat suitability model itself and the results from the fieldwork where a selection of coal tip sites were visited and observed for Japanese knotweed presence/absence where predicted. 

[bookmark: _Toc233048918]4.1 Weighted variables
Environmental variables were entered into statistic software SPSS to assess the influence on Japanese knotweed growth and distribution. A logistic regression test was used and identified considerable variation in the relative importance of the environmental variables. The result of which produced weightings which were used within the habitat suitability analysis. Proximity to roads received the highest weighting (35.5%), followed by Landcover (20%) and Elevation (19.9%). Together, these variables accounted for 75% of the habitat suitability score. In contrast, slope, southness and minimum January temperature (1.7%, 1.6% and 2.5% respectively) contributed comparatively little to the final score (Table 5, Figure 24). Precipitation, Proximity to water and proximity to rail were all similarly grouped with 7.4%, 6.2% and 5.2% respectively. This indicates that not all environmental variables have the same influence on growth. Proximity to roads was considerably higher than any other variable and as such will be explored further in the discussion. 
[bookmark: _Toc233048973]Table 5 Weighted values from logistic regression test. 
[image: ]
[bookmark: _Toc233048959]Figure 24 Weighted variable results from logistic regression test.


[bookmark: _Toc233048919]4.2 Habitat Suitability Map

The habitat suitability map (Figure 20) showed some clear spatial patterns of predicted likelihood of Japanese knotweed occurrence across the study area. Areas of high suitability appear to concentrate in urban areas and transport corridors such as roads and rivers which matches the literature discussed (Child and Wade, 2000). Lower suitability for occurrences is in the upland rural areas and the darkest red area at the top of the map, which is over the Bannau Brycheiniog National Park where there are fewer roads and increased elevation. 
The Habitat Suitability Model produced suitable habitat values ranging from 0.0038-0.8532 (this equates to c.0%-85% likelihood). Although the model had a theoretical score of 0.90 (the maximum suitability of each layer) and no pixel on the model achieved maximum suitability across all variables. 
Analysis of the raster histogram of the pixel values within the final raster HSA (Figure 25) showed the highest frequencies occurred between 0.7 and 0.85 indicating that there is a skew towards higher suitability within the study area. In contrast, low suitability values were less frequent throughout the model. Overall, the distribution of values was weighted towards higher habitat suitability suggesting that suitable habitat for the occurrence of Japanese knotweed was more prevalent within the study area. 
The HSA shown in finer detail in Figure 26 demonstrates variation in suitability across a smaller area. Areas surrounding the road network were generally associated with higher suitability, this wasn’t consistent along the whole of the road network. Instead, the network showed variability, demonstrating the influence of multiple environmental factors.

[image: ]
[bookmark: _Toc233048960]Figure 25 Raster histogram (generated in GIS) of habitat suitability values and their frequencies. 
[image: ]
[bookmark: _Toc233048961]Figure 26 Detailed HSA map showing variation of suitability. 


[bookmark: _Toc233048920]4.3 Coal tip probabilities

Analysis was undertaken of the variation in mean likelihood values in the coal tip polygons (captured using the zonal intersects of these polygons with the HSA raster). 
The mean likelihood of Japanese knotweed occurrence was divided into 5 equal ‘Probability classes’ (0-20%, 20-40%,40-60%, 60-80%, 80-100%) (Graph 2). The zonal statistics showed that the 2236 coal tips were represented across all classes however, the distribution was weighted towards the higher probability classes with almost half of the coal tips falling into the top 40% of occurrence likelihood (60-100%). While this demonstrates that many coal tips are suitable habitats, not all coal tips were predicted as having high suitability. Figure 27 shows that areas with both high and low suitability often occurred in close proximity, which highlights the variation between coal tip sites. 


[bookmark: _Toc233048979]Graph 2  Showing  the number of coal tips in each probability class.

[image: ]
[bookmark: _Toc233048962]Figure 27 Detailed map of the HSA to show the variation of coal tip probabilities across the study area.  

[bookmark: _Toc233048921]4.4 Fieldwork validation

Fieldwork was undertaken to validate the habitat suitability map and assess the predicted likelihood of Japanese knotweed occurrence on coal tips. To reduce ambiguity, prediction of Japanese knotweed presence was determined where the site probability exceeded 70% and absence was predicted where site suitability was less than 20%. Theses thresholds represent the upper and lower 20% of suitability values within the HSA based on the maximum predicted suitability of 90%. 
While 29 coal tip sites were visited, 6 of these were inaccessible and so were discounted from the final validation. Of the 23 sites that were accessed (Figure 28), 16 were predicted by the habitat suitability model to have Japanese knotweed present, and 7 were predicted absence. Photographs were taken at most sites to evidence Japanese knotweed presence, and where it was absent, photographs attempted to show general habitat types across the site (Figures 29,30 & 31). 
[image: ]
[bookmark: _Toc233048963]Figure 28 Map of verified coal tips for habitat suitability analysis

[image: ]
[bookmark: _Toc233048964]Figure 29 Presence of Japanese knotweed where habitat suitability model predicted presence
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[bookmark: _Toc233048965]Figure 30  Absence of Japanese knotweed where habitat suitability model predicted presence


[image: ]
[bookmark: _Toc233048966]Figure 31 Absence of Japanese knotweed where habitat suitability model predicted absence
[bookmark: _Toc233048922]4.5 Analysis of results
Confusion matrices can provide detailed assessment of model performance by evaluating the accuracy and direction of error as appropriate (Sathyanarayanan, 2024). The matrix shows the number of true positives, true negatives, false positives and false negatives allowing for correct and incorrect predictions to be quantified. 
A confusion matrix (Table 6) was used to determine the accuracy of the HSA. The validation identified seven True Positives (observed presence where presence was predicted) and seven True Negatives (observed absence where absence was predicted). There were no False Negatives recorded, indicting all predicted absences were correct. However, nine False Positives were identified, where Japanese knotweed was predicted to be present but was not observed during field surveys. 
[bookmark: _Toc233048974]Table 6 Confusion Matrix
	 
	 
	Observed
 

	 
	 
	1
	0

	Predicted
	1
	7
	9

	
	0
	0
	7

	 
	
	
	61%



Overall, the validation exercise indicates that the HSA had a 61% accuracy, calculated by summing True Positive and True Negatives and dividing by the total number of cases.
 
With 39% of observations being a ‘Type 1 error’ where the model has overestimated predicted presence.  The HAS was particularly successful at predicting absence, with all sites predicted as being unsuitable being confirmed during field validation.
The results show a mixed outcome with the model successfully predicting Japanese knotweed absences however, it over-predicted the likely presence of Japanese knotweed, the potential reasons for this will be explored further in the subsequent Discussion section.






















[bookmark: _Toc233048923]5.0 Discussion 
The aim of this study was to explore the extent of which GIS can be used to predict the occurrence of Japanese knotweed on coal spoil sites in South Wales. 
Using GIS, environmental variables that were associated with the growth and distribution of Japanese knotweed were appropriately weighted in SPSS and used to create a habitat suitability model. Selected sites within the model were verified during fieldwork to allow for validation of the model and address the research aim ‘To develop and evaluate a GIS based habitat suitability model for predicting the occurrence of Japanese knotweed (Fallopia japonica) on coal spoil site in South Wales.’ The keys stages of the study will be discussed along with its limitations and implications for future research.  
[bookmark: _Toc233048924]5.1 Key findings of Habitat Suitability Map

[image: ]The habitat suitability map challenges the assumption that coal tips are suitable for the growth and distribution of Japanese knotweed (Beerling, 1991; Child & Wade 2000; Welsh Government, 2020). While many of the sites were predicted to be suitable, there are a considerable range of coal tips across the suitability classes, with 25% of coal tips showing lower that 40% suitability. Many of these lower suitability sites were situated further away from roads and at higher elevations reflecting the influence of accessibility and environmental conditions within the model. The model accurately predicted absence, however overpredicted presence, with an overall final validation accuracy of 61%. This result isn’t without limitations, but it does show some trends that can help answer the research question.  Field validation demonstrated that suitability didn’t necessarily mean the occurrence of Japanese knotweed. Several sites that had high suitability, when visited, found that knotweed was absent. In many of these cases, the habitat at the site was dense vegetation and woodland (Figure 32), which may have limited establishment despite showing habitat suitability. This is supported by Hirzel et al., (2006) who explain the constraints of species distribution and Martin et al (2000) who suggests that Japanese knotweed exhibits reduced growth under shaded conditions. Furthermore, some sites appeared to have been actively managed either in the past or currently. This is a variable that was not included in the model but could contribute to the absence of Japanese knotweed.  
While the habitat suitability map predicts that Japanese knotweed can grow on specific sites, with the literature citing that coal sips provide ideal conditions (Beerling, Bailey and Conolly, 1994), this study shows that it doesn’t grow on all coal tips, regardless of habitat suitability. The following sections seek to address some of the reasons why. [bookmark: _Toc233048967]Figure 32 Coal tip UID T60228 with suitability of 81%




[bookmark: _Toc233048925]5.2 Environmental Variables
While historic literature pointed to variables such as precipitation, elevation and distance to roads and rivers as being influential to the distribution and growth of Japanese knotweed (Table 2). One of the biggest results from this study is determining the recorded ranges of Japanese knotweed within South Wales (Table 7), data that has not been found in any literature to date. This is an important contribution to existing knowledge, and which provides a platform from where further research can be conducted. 
[bookmark: _Toc233048975]Table 7 Environmental variable ranges for recorded Japanese knotweed observations in South Wales. 
	Environmental Factor 
	MIN
	MAX
	5th
	95th
	Mean
	Median
	Mode

	Precipitation
	786.03
	1389.42
	867.94
	1191.2
	989.21
	966.73
	885.49

	Min Temperature January
	0.48
	3.57
	1.51
	3.3
	2.41
	2.4
	3.3

	Max Temperature July
	18.38
	21.9
	19.14
	21.05
	20.16
	20.23
	19.7

	Elevation
	3.27
	407.78
	6.23
	191.87
	63.75
	37.58
	7

	Slope
	0
	50.04
	0.44
	18.55
	6.77
	5.35
	0

	Aspect
	-1
	1
	-0.98
	0.99
	0.11
	0.26
	-1

	Proximity to water
	0
	1701
	0
	671
	165.62
	64
	0

	Proximity to road
	0
	813
	0
	242
	69.77
	36
	10

	Proximity to rail
	0
	12678
	22
	3666.6
	980.42
	396
	10



[bookmark: _Toc233048926]Proximity to Roads
The literature states that Japanese knotweed grows extensively along transport corridors such as roads, railway embankments and riverbanks (Beerling, Bailey and Conolly, 1994; Child & Wade, 2000; Chmura, 2013; Lavoie, 2017). All of which are historic sources of disturbance, which (Meyer et al., 2021) suggests disturbance plays a major role mediating invasibility of plant species. 
Proximity to roads received the highest weighting in the logistic regression test (35.5%) and had similar results in a similar study conducted by (Lawin, 2025) stating that roads act as transport corridors for the plant to spread, along with changes in soil structure which facilitates invasions. Roadside verges offer an increased suitability due to the high level of human disturbance that is associated with road maintenance from contaminated soil as well as accidental transportation from pedestrian and vehicular traffic (Smith, 2006). The soil disturbance can impact moisture levels and compactness according to Lawin, (2025). Initial considerations of roads potentially being overweighted down to NBN bias is discussed further in section 6.3. 
[bookmark: _Toc233048927]Elevation 
Elevation is an interesting variable as it is topographical and one of the highest weighted variables identified by the logistic regression test, despite it being the only significant variable that isn’t influenced by human activities. However, elevation is intrinsically linked to other environmental factors such as roads, temperature and precipitation, making the link between elevation and the occurrence of Japanese knotweed a complex relationship. With higher elevation there are higher chances of precipitation and lower winter temperatures (Napoli et al., 2019). 

Where Japanese knotweed is often found growing near roadsides and disturbed habitats, it is often absent at higher elevations where roads become less common and less travelled as road networks in South Wales are “influenced by the topography and mountainous nature of the country” (ASC, 2016, p.2). This relationship makes it difficult to ascertain whether elevation is the limiting factor for Japanese knotweed occurrence or the relationship with fewer anthropogenic activities. It is clear however, that with lower elevation, Japanese knotweed is more likely to occur. 

[bookmark: _Toc233048928]Landcover
Land use played a key role in studies from Beerling (1991; Chmura et al., 2013). While land use cannot be directly identified through remote sensing, land cover data from the Copernicus, (2020) website was available which provided a suitable alternative.  Categories such as tree cover, water bodies and bare ground (Beerling, 1991) are comparable to the habitat types discussed within the literature and were subsequently used by Lawin, (2025) within a Japanese knotweed study in Sweden. 
During intersection of the landcover layer with the Japanese knotweed observations, tree cover accounted for 60% of records. This data was unexpected as Japanese knotweed is commonly associated with disturbed habitats such as roadside verges, riparian habitats and coal spoil (Beerling,1991; Child & Wade, 2000; Chmura et al., 2013). One possible explanation could be that Japanese knotweed observations located close to woodland edges, especially those that are linked to riparian habitats may be classed as tree cover due to the 10m spatial resolution of the dataset (Copernicus, 2020).  
Landcover was included as a single variable and weighted in the HSA as 20%. This was based on its significance in the logistic regression (Wald value of 4.38). While the Wald test indicated its overall significance in the contribution to predicting the presence of Japanese knotweed, it was an umbrella term for a set of subcategories and therefore limited to 20%. It also received a high significance in Lawin, (2025) study although its main subcategories were artificial surfaces and beaches. If the study hadn’t been constrained by time, the data from the individual classes such as tree cover and grassland could have been reconfigured to be re-run in the logistic regression to see the individual relationships of the predicted occurrence of Japanese knotweed. 
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Japanese knotweed is known to grow in many different types of soil, its growth on the cinder tips in Maesteg was a clear indicator of this in the early literacy (Conolly, 1977). The soil pH range that Japanese knotweed was found to grow within was pH 3.0 - 8.5 (Child & Wade, 2000) and soil types from “colliery spoil through alluvial soils, clays and loams to shingles and free-draining mineral soils and peats.” (Beerling, Bailey &Conolly, 1994, p.964). Soils were therefore downloaded from the LandIS portal (Cranfield University, 2025). Unfortunately, the dataset provided 42 different types of soil which were too many variables for an accurate logistic regression test. There was a possibility of using a threshold to limit the number of variables, such as those that provided frequencies of more than 1% or 5% (Table 8). However, these were also categorical data which would have needed reconfiguration before being re-run in the analysis. While categorical data can be used in a logistic regression test, the result assigns each category a number, this is where reconfiguration would be needed, to provide certainty between number and correct category.  It would be interesting to see how the soil type influenced predicted Japanese knotweed occurrence if time was not a limitation. 
[bookmark: _Toc233048976]Table 8 Sample of LandIS soils data sorted by frequency
	LandIS_Soils_10m
	DESC
	Frequency
	Percentage

	56103
	deep loam
	831
	22.8%
	0.228

	71306
	seasonally wet deep loam
	532
	14.6%
	0.146

	72103
	seasonally wet deep peat to loam
	375
	10.3%
	0.103

	61104
	loam over sandstone
	350
	9.6%
	0.096

	57213
	deep red loam
	244
	6.7%
	0.067

	54118
	deep loam
	234
	6.4%
	0.064

	81105
	seasonally wet deep silty
	230
	6.3%
	0.063

	81101
	seasonally wet deep loam
	204
	5.6%
	0.056

	54108
	loam over sandstone
	83
	2.3%
	0.023

	56104
	deep loam
	74
	2.0%
	0.020

	57102
	loam over sandstone
	58
	1.6%
	0.016

	54116
	silty over limestone
	42
	1.2%
	0.012

	81403
	seasonally wet deep clay
	42
	1.2%
	0.012

	96200
	restored following opencast coal working
	37
	1.0%
	0.010

	
	
	
	
	



A study in Poland looked into the chemical composition of soils beneath stands of Japanese knotweed and found that it grew within a range of soil conditions, particularly coal spoil and other areas of disturbed ground. While soil may not be a limiting factor in the growth and distribution of Japanese knotweed, it should not be ruled out, especially given the findings of this study where it is already established that Japanese knotweed doesn’t grow on all coal spoil sites. The LandIS database (Cranfield University, 2026) was a limitation with this study due to its wide variation of soil types and the researcher time limitations for analysis; however, it could be used for future models with some refinement. Nitrogen was initially an environmental variable that was downloaded but discarded due to the coarse resolution of the dataset. Analysing the soil chemistry of the false positives against the true positives could provide insight into biological limitations of the presence of Japanese knotweed. 
Proximity to waterbodies
A surprisingly low environmental weighting was Proximity to waterbodies. Results showed a 6.2% weight towards its relative influence on the occurrence of Japanese Knotweed, despite extensive literature on its growth along riparian corridors (Beerling, Bailey, Conolly, 1994; Child & Wade, 2000). However, in a study by Lawin, (2025) proximity to water also showed to have low influence on habitat suitability, stating that riparian areas are just close proximity to the river corridor that transport the plants rhizomes. This is an argument that would need further research as it is known and evidenced that Japanese knotweed thrives along riverbanks (Beerling, 1991; Child and Wade, 2000; Colleran, Lacy and Retamal, 2020; Matte, Boivin and Lavoie, 2021)

[bookmark: _Toc233048930]5.3 Evaluation of HSA Output 
Habitat Suitability Models represent a simplified version of complex ecological process (Hirzel and Le Lay, 2008). Therefore, some degree of error and uncertainty is expected. Evaluation allows the accuracy of the model to be quantified and provides an indication where its limitations might lie. 
The final habitat suitability model did predict habitats that would be suitable for the growth and distribution of Japanese knotweed. It demonstrated clear spatial patterns for high suitability according to the strongest environmental drivers; close proximity to roads, lower elevations and land cover. With the environmental drivers having already been discussed as to whether they were the correct variables to use and the potential bias they might bring, the overall success of the HSA is positive. 
Once the coal tips layer was integrated, the accuracy of the model in predicting suitability for Japanese knotweed occurrence on coal tips was 61% with a skew towards suitability. 
The errors had a clear direction towards over-estimating presence which made the results easier to interpret and improve upon, rather than producing a mixture of error types which would have made analysis difficult.  The absence of false negatives is promising, allowing confidence that predicted absence is correct. While the sample size in relation to the number of coal tips was relatively small (c.1%), its primary objective was to validate the model, which was successful.
This is certainly a good foundation on which to build; the habitat suitability model can and has already shown real insight into the range of habitats within South Wales that Japanese knotweed could grow.
However, also worth noting is that just because it predicts where it could grow, fieldwork observations have shown that it doesn’t always grow within that habitat. 
This identifies that the interpretation of the map should be treated with caution for the following reasons that are expanded below: 

· Suitability Vs Occurrence 
· Occurrence records. 
· Land management


Suitability Vs Occurrence 
HSA models predict the likelihood that an area contains suitable environmental conditions for a species, rather than predicting actual occurrence.
Therefore, while an area might have shown a high suitability for Japanese knotweed presence, it may not have been introduced to the area, may have failed to establish despite suitable conditions, or might have been eradicated through management interventions.  
According to (Hirzel and Le Lay, 2008) species occurrence is constrained by three factors; suitable environmental conditions, interactions with other species and the ability of the species to access and disperse to a location.  Suitability models only consider the environmental conditions assigned to the model (e.g. elevation and proximity to roads), which only represents one component of the factors influencing species distribution. This provides a possible explanation for the absence of Japanese knotweed where it was predicted to be present. 
These findings highlight the complexity of ecological systems and demonstrate that species distribution does not always conform to prediction models. 




Occurrence records. 
While it is certainly possible that surveyor bias has influenced the recording of Japanese observations, particularly those recorded in accessible places such as near roadsides, which is quite common according to Lawin, (2025). The dataset is compiled from verified recording schemes such as South-East Wales Biodiversity Records Centre (SEWBReC, 2022) and West Wales Biodiversity Information Centre, (2025). Therefore, records cannot be assumed to represent opportunistic observations alone and the relationship between roads and Japanese knotweed occurrence may reflect a combination of ecological processes and variation in recording effort. One of the methods to address and reduce sample bias is called ‘spatial thinning’ (Lawin, 2025), although assessing the extent of survey effort and potential recording bias was beyond the scope of this study. 


Land management
During fieldwork it was observed that some of the false positives were areas that appeared to be managed, either historically or recently. One such coal tip was near Abercrave (Figure 33) with a suitability score of 77, had a walking / cycle path running through it and saplings looked like they had been planted, there was no sign of Japanese knotweed anywhere, or even nearby. Obtaining management records of coal tips to ascertain whether Japanese knotweed had grown there and been eradicated or simply not been introduced to the area would provide information to improve understanding of the discrepancy between predicted suitability and observed absence and help distinguish between unsuitable habitat and successful management interventions. This information could assist landowners where coal tips are situated, and presence is likely in prioritising monitoring and management of the site. 

[image: ]
[bookmark: _Toc233048968]Figure 33 Coal tip with high suitability and observe absence. 

[bookmark: _Toc233048931]5.4 Implications for Coal Spoil Sites and GIS Modelling 
The question as to whether GIS is the appropriate method for determining the distribution of knotweed has been the driver of this research, however other methods are available and worth discussion. One option could be manual fieldwork, although this would be labour intensive and not necessarily accurate without a large sample. Alternatively, remote sensing techniques could be used and have been proven successful albeit in a small sample (Jones et al., 2011). While this can only be used to identify its presence rather than its predicted presence. Ideally, a habitat suitability model such as this could be used in synergy with these methods to identify areas where Japanese Knotweed should be present, the sites that are at risk of Japanese knotweed invasion while remote sensing could identify its actual presence and manual field work could be deployed to verify the occurrence and outline control. 
GIS has the capacity to cover large areas objectively and efficiently. Where manual fieldwork might have been considerably more time consuming. The ability to overlay environmental datasets, species observations and coal tips polygons within a single project, spatial patterns and relationships can be visualised. Future use could be for local authorities to learn how much of their area is suitable habitat so that the potential cost for eradication could be calculated, a relatively straight forward task within GIS. 

[bookmark: _Toc233048932]5.5 Limitations and Future Research 
The above evaluation demonstrates the relative success of utilising GIS to map Japanese knotweed in south Wales. It has been validated and found to work well but it was also recognised to have several limitations. The limitations have been discussed within this chapter, and the following table (Table 9) highlights the sections where they can be found. 

[bookmark: _Toc233048977]Table 9 Limitations of study
	Limitations
	Section

	Lack of management history
	6.3

	Soil characteristics were not included
	6.2

	Suitability vs Occurrence
	6.3

	Potential recording bias
	6.3



However, it is important to recognise that the contribution towards Japanese knotweed and land management that this research plays, and what future implications that this research has in this area. 


[bookmark: _Toc233048933]Future work

Research into the relationships between observation records and proximity to roads.

While the logistic regression test identified proximity to roads as being the strongest driver towards habitat suitability, it is unclear whether this is based on true ecological association, recording bias or a combination of both. Therefore, future research should be considered to investigate survey efforts with relation to proximity to roads to establish if roads truly facilitate the spread of Japanese knotweed or increase the likelihood of observations. 



Research into the relationship between environmental variables

As discussed earlier, some environmental variables such as elevation are intrinsically linked to others. Research exploring the interactions between these variables, both the ones that have been used in this study and the potential inclusion of soils and land management could provide essential insight to truly understanding the habitat suitability for Japanese knotweed in South Wales. 


Site specific soil characteristics and land management

Coal spoil sites are located across a varied terrain in South Wales and can vary in age, management history, vegetation and surrounding land use. More detailed site-specific analysis of soil characteristics and land management could reveal local factors that influence presence/absence where a suitability model predicts suitability.  

Refined HSA v.2 with a larger validation sample

The model output from this study should be viewed as a first iteration rather than the final product. It has proven successful and should the above recommendations be followed through, it provides the framework for future understanding of habitat suitability for Japanese knotweed in South Wales and further afield.  

Wider context 

As previously mentioned in Section 2, Japanese knotweed has a significant negative impact on the economy and biodiversity in Wales and the UK. Organisations such as WaREN are already using GIS to map Japanese knotweed, but habitat suitability modelling offers the potential to go further than mapping existing invasions; with limited resources, conservation efforts could be directed to the areas most at risk by utilising habitat suitability modelling such as this. The Great British Invasive Non-Native Species Strategy 2023–2030 (Welsh Government, 2023b) of promoting prevention of Japanese knotweed invasions by making evidence-based decisions could have a powerful positive impact on biodiversity and the economy. 













[bookmark: _Toc233048934]6.0 Conclusion


This research set out  ‘To develop and evaluate a GIS based habitat suitability model for predicting the occurrence of Japanese knotweed (Fallopia Japonica) on coal spoil site in south Wales’. Using Japanese knotweed observation records, and a range of environmental datasets, a habitat suitability model was created and coal spoil sites given occurrence probability scores in GIS. Through field validation, the model was deemed successful, meeting all research objectives and identifying areas that are suitable for Japanese knotweed occurrence. 

Environmental variables were identified from the literature (Beerling, Bailey and Conolly, 1994; Child & Wade, 2000; Neeti, Václavík and Niphadkar, 2007) and, using the observation records, ranges were established for each variable that was associated with the growth and distribution of Japanese knotweed. To the author’s knowledge, regional ranges for variables such as precipitation, elevation and proximity to transport corridors has not yet been reported. These findings provide a baseline dataset for future research and contribute to a greater understanding of the environmental conditions associated with Japanese knotweed in South Wales. 

Using a logistic regression test, the variables were weighted according to its influential strength on the suitability for Japanese knotweed habitat. Using these weightings and the established ranges that Japanese knotweed grows, a habitat suitability map was created. 
A coal tips polygons were integrated with the habitat suitability map and the mean probability of occurrence in each coal tip was determined using GIS.  This showed that coal tips covered a range of habitat, and while almost half of the coal tips showed a moderate to high suitability (more than 60%), 25% of coal tips showed a low suitability of less than 20%, bringing new understanding that not all coal tips are suitable for Japanese knotweed occurrence. 

Field validation demonstrated that the habitat suitability model could predict suitable habitat with a validation accuracy of 61%. While the model skewed towards over-prediction of presence, it predicted absence with 100% accuracy. This clear direction of error allows better analysis than if there were mixed results. This evaluation supports the use of GIS as a practical tool for predicting habitat suitability for the occurrence of Japanese knotweed in South Wales, while recognising that suitability does not account for all factors that influence presence. 

Key finding from this research shows that while the literature widely associates Japanese knotweed with coal spoil (Beerling 1991; Jones 2020), it should not be assumed that all coal spoil provides suitable habitat. Japanese knotweed was present on coal spoil, and many coal tips showed high suitability, there was considerable variation between coal tips and more complex ecological processes determined presence rather than coal spoil alone (Hirzel and Le Lay, 2008). 

Additionally, this study was successful in determining environmental ranges that Japanese knotweed was found to grow within. While the literature guided the research towards which environmental variables were significant, specific ranges appeared absent. This research has subsequently contributed to the knowledge on Japanese knotweed (in South Wales) and provides a baseline from which future research and understanding can be conducted. 

The use of GIS as a tool for predicting habitat suitability for the occurrence of Japanese knotweed has proved successful. GIS is an efficient method of analysing large geographical areas and allows environmental variables, species observation records and many other datasets such as management boundaries to be assessed in a single project. This helps to prioritise field surveys and subsequent management of Japanese knotweed, or any other species of interest. 

In conclusion, the results demonstrate that GIS can predict the occurrence of Japanese knotweed (Fallopia japonica) on coal spoil sites in South Wales? as such answering the research question. While limitations of the model have been discussed, this model provides a foundation for future research and contributes to a greater understanding of Japanese knotweed in South Wales. By predicting suitable habitat, land managers, local action groups and local authorities can see where to direct resources to monitor areas of high risk and prevent Japanese knotweed from escalating further, reducing the costs to the economy and enabling biodiversity to recover. 
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