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Abstract
[bookmark: _Hlk27853734]The presented Phytophthora ramorum (PR) Data Environmental Analysis was carried out on special request of the National Resources Wales (NRW) Disease Management Team in order to analyse the spread sources of PR pathogen and its extent as well as to inform the PR spread patterns. The (2010-2014) NRW point data (Wales territory/boundary) were analysed with the use of a Geographical Information System (GIS) and collated with different additional layer maps obtained from the UK Data Services and Ordnance Survey maps (Digi Map). It was discovered that the initial disease outbreak had taken place in South-West parts of Wales (CwmAfan, Neath-Port Talbot) and it was then spread along different routes/avenues. Moreover, some additional concurrent minor disease outbreaks were also discovered and analysed within different locations (especially North Wales). The GIS System that was built with the use of GIS software (MapInfo Pro 16.0) has allowed pinpointing P. ramorum favourite host locations (e.g. NRD Larch Woodland Plantations) and factors responsible for the disease outbreak (e.g. tourism, main roads, national and MTB parks). It also helped to inform and design PR modelling and mitigation tools.  Additionally, the usefulness, functionality and application of the GIS software within the Environmental Impact Analysis were also addressed in this report (data analysis/lit review) in order to mitigate unnecessary tree felling procedures.
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1.0 Introduction

[bookmark: _Hlk25689399]1.0.1 Phytophthora ramorum                                                                                                                  
Phytophthora ramorum (from Greek ‘the plant destroyer’) is a fungus-like microscopic organism (Fig.1) (often called ‘water mould’) (Nicholls, 2004; Pscheidt, 2017; Forest Research, 2019). There are two symillar types of P. ramorum (EU1/EU2) where EU1 is the most frequently occurring (whole Europe) and EU2 only being restricted to Scotland and Ireland (Welsh Government, 2019).
[image: ] It can produce two different types of spores on leaves of infected hosts (zoospores-short lived and chlamydospores-long lived spores) which can be spread from ‘leaf to leaf and plant to plant’ via mist, waterways (e.g. surface water or excessive waterlogging occurrence) (DEFRA, 2014; Pscheidt, 2017) or dispersed on much larger scale by wind-blown rain (up to 4 miles) by highly sporulating tall trees (Woodland Trust, 2019). Long-lived spores also help the disease to survive in very harsh conditions making the pathogen control really problematic (DEFRA, 2014; Welsh Government, 2019; Woodland Trust, 2019). Figure 1. Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Figure 2 Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Figure 3 Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Figure 4 Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Figure 5. Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Figure 6 Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Figure 7 Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Figure 8 Reproductive Structures of the Phytophthora (Nicholls, H., 2004)

Many sources address the human factor (e.g. plant trade,extensive tree felling,  tourism, outdor sporting events and many other human activities) as largely contributing to an extensive spread of the virus in the UK (Mabbett, 2013; DEFRA, 2014; Drake and Jones, 2017; Woodland Trust, 2019).
[bookmark: _Hlk28428577]P. ramorum has two different types of host species (terminal hosts which are unable to produce spores, therefore unable to spread the pathogen further and sporulating hosts which can produce spores at different rates) (Forest Research, 2019). Moreover, in the UK there are many different confirmed host plants (e.g. Magnolia grandiflora (magnolia), Camellia japonica (camellia) or Viburnum tinus (viburnum)) that can be found in varying habitats including heathlands, heritage gardens and woodlands. However, according to (Drake and Jones, 2017; Forest Research, 2019), the two favourable sporulating hosts are Rhododendron ponticum (rhododendron) and Larix kaempferi  (Japanese larch).
[bookmark: _Hlk28428632]Predominantly, in Wales, this pathogen infects the conifer trees usually through natural openings or wounds, causing leaf necrosis, branch, stem and shoot dieback. The pathogen travels from leaf’s (or needles) to branches and infiltrates the main stem infecting the entire tree (live tissue) causing characteristic bleeding cankers (or lesions) (Fig.1,3). It then proliferates inside the tree-trunk and blocks the trees water transport system (Woodland Trust, 2019) which eventually leads to the entire tree death (Fig.2). Interestingly, according to the P. ramorum Strategy for Wales 2019 ‘it does not affect the larch timber’ (DEFRA, 2014; Welsh Government, 2019).
[image: ]It is essential to mention that visual surveys (a vital part of many introduced surveillance programs ) carried out in order to monitor the spread are often falling behind with their results due to occurrence of the ‘cryptic phase’ (within the life cycle of the disease). It delays the onset of earlier mentioned, common symptoms (by 1 -2 years) and allows the imperceptible spread of the disease within the plant (Welsh Government, 2019). Figure 3. Infected Larch Tree -Wales  (Woodlands.co.uk, 2011).
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	Figure 2. Phytophthora ramorum in Brecon Beacons National Park, Dead Larch Tree Stacks  (M. Morga, 2019).


Figure 9. Cefn onn Park in Cardiff- ‘oak death’ (Clarkson, J., 2008).

Figure 10. Cefn onn Park in Cardiff- ‘oak death’ (Clarkson, J., 2008).


 In Europe P. ramorum has been discovered in many countries (e.g. The UK, Czech Republic, Slovenia, Belgium, Germany, Italy, Denmark, France, Ireland, Sweden, Norway, Spain (including the Balearics) and The Netherlands’ (Forest Research, 2019) hence it was regulated under EU emergency measures (2002/757/EC) (Welsh Government, 2019). 
It has also been known to cause death to 150 plant species worldwide (including many tree species), e.g. tanoak (Notholithocarpus) and native oak (Quercus) in USA or sweet chestnut (Castanea sativa) in Europe (Forest Research, 2019; Woodland Trust, 2019). Moreover, P. ramorum, by producing large amounts of decaying wood creates a perfect environment for secondary pest (e.g. the larch bark beetle) which potentially may lead to secondary pest/disease outbreaks  (Welsh Government, 2019).
[bookmark: _Hlk28429347]1.0.2 P. ramorum spread in the UK                                                                                                                  
At present P. ramorum has been located in all four UK countries (England, Scotland, Northern Ireland and Wales) (Sketchley, 2017). It was first discovered in 2002 in UK (Sussex- England) in ornamental nursery (non-forestry environment) on imported Viburnum Plant (possibly introduced through plant-trade pathway) from where it has vigorously spread into parks and gardens where it instantly infected Rhododendron ponticum (favourite host plant and largely sporulating species). 
1.0.2.1 Walesh ‘Epidemy’
Welsh Government has stated in his Phytophthora Ramorum Strategy for Wales (2019) report that ‘P. ramorum is the most serious and threatening trea disease recorded so far in Wales’ (Welsh Government, 2019). Since the first discovery of P.ramorum in South Wales (Afan Valley near Port Talbot and Garw Valley near Bridgend) in 2010 in Japanese larch (commercialy grown larch stacks) (BBC News, 2010; Mabbett, 2013) it has rapidly spread throughout the country (Fig.5 is showing an example of geo-spatial distribution of the diseasein years 2010-2019) imposing signifficant environmental, social and economic impact. Drake and Johnes 2017 estimates ‘that £1.446 bn of public value is at risk in England and Wales per year from an uncontrolled spread of Phytophthora ramorum’).Figure 11 P. ramorum spread status in trees (Wales) (Forestry Commission 2019).

Figure 12 P. ramorum disease spread status in trees (Wales) (Forestry Commission 2019).

Figure 13 P. ramorum disease spread status in trees (Wales) (Forestry Commission 2019).

Figure 14 P. ramorum disease spread status in trees (Wales) (Forestry Commission 2019).

Figure 15 P. ramorum spread status in trees (Wales) (Forestry Commission 2019).

Figure 16 P. ramorum disease spread status in trees (Wales) (Forestry Commission 2019).

Figure 17 P. ramorum disease spread status in trees (Wales) (Forestry Commission 2019).

Figure 18 P. ramorum disease spread status in trees (Wales) (Forestry Commission 2019).

[bookmark: _Hlk28429932]By year 2013 there was 6,251 hectares (out of total 22,400 hectares of larch) infected and 1,200 hectares of larch has been felled by NRW (since 2010). In fact, Statutory Plant Health Notices (SPHN) have been issued by NRW obligating woodland owners to immediate felling of infected trees (total cost of the felling and replanting operation exceeded £2,3 million) (National Assembly for Wales, 2013). Currently, the cumulative area under SPHN exceeds 11,190 ha (excluding 2019) (Table 1) (Sketchley, 2017; Welsh Government, 2019). Additionally, a perfect example of geo-spatial distribution of SPHN across Wales including time factor was presented in Fig 6.Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

Table 1 Rate of Increase of Areas Under an SPHN (Notification Letter) (Welsh Government, 2019)

[bookmark: _Hlk28430079]
1.0.2.2 P.rumorum  Welsh Government Strategy for Wales (2019) 
[image: ]Due to the enormous scale of an impact in the coniferous trees (mainly Japanese larch and Sitka spruce trees) that P. ramorum has triggered in Wales (despite some concurrent non-forestry environment occurrence) the Welsh Government has focused its strategy mainly around the larch woodland stacks while ‘the non-woodland environment was taken over by various organisations working together to prevent the spread of the disease across all other environments’ (Welsh Government, 2019).
 The country was divided in 3 zones ( Core Disease Strategy Zones (CDZ1, CDZ2, DZL)) (FIG.6) where DZL has the lowest level of tree infection. Also, Phytophthora Operational Response Team (including Wales Tree and Plant Health Steering Group) management team collaboration was established. NRW has taken a role of a main coordinating and surveillance body and SPHN coordinator (issuer) (Welsh Government, 2019). Seven overarching aims for the Strategy for Wales (2019) were presented in Table 2.Figure 19 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)

Figure 20 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)

Figure 21 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)

Figure 22 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)

Figure 23 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)

Figure 24 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)

Figure 25 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)

Figure 26 P. ramorum Management Zones (CDZ1, CDZ2, DLZ) Including SPHN Spatial Distribution (2010-2018) (Welsh Government, 2019)
Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)

Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)

Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)

Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)

Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)

Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)

Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)

Table 2 Phytophthora ramorum Strategy for Wles Aims (Welsh Government, 2019)


1.0.3 Climatic Factors
According to Cambridge University and their climatic model for the UK the climate in Wales strongly favours the spread of P. ramorum (Fig.7, Wales is almost entirely covered by the ‘high risk area’) (Welsh Government, 2019). WALES
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[bookmark: _Hlk28431356]Figure 35 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).

Figure 36 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).

Figure 37 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).

Figure 38 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).

Figure 39 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).

Figure 40 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).

Figure 41 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).

Figure 42 Rainfall Amount Over 8 Day period in November 2012 (Met Office Maps in The British Geographer).
[bookmark: _Hlk28431317]Figure 35 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).

Figure 36 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).

Figure 37 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).

Figure 38 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).

Figure 39 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).

Figure 40 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).

Figure 41 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).

Figure 42 Environmental Suiatability for P. ramorum by Cambridge Epidemiology and Modelling Group (Welsh Government, 2019).


[bookmark: _Hlk28430609]Met Office data informs that Wales is classed as ‘one the windier parts of the UK’ especially in the highest (mountainous) sections of the country. Also, highest annual rainfall is recorded along the western and south-western territory of the UK (Wales and Cornwall are subject to very high rainfall amount) (Fig.8). The prevailing wind in Wales mostly comes from south-westerly and westerly direction (The British Geographer, no date; Met Office, 2018). 

[bookmark: _Hlk28432283]1.0.4 Geographic Information System (GIS)

1.0.4.1 What is GIS?

Geographic Information System (GIS) is a computerised system capable of assembling, storing, analysing, managing and visually displaying data (i.e. ‘geographicaly or spatialy referenced informations’) that can be assigned to specific locations (e.g GPS coordinates or even postcode) on the Earth’s surface (Grind GIS, 2015; National Geographic Society, 2017). 
[image: ]Multiple kinds of data (rivers, streets, buildings, population demographics, vegetation, geology often stored in tables or as precoded maps) can be assessed individualy, then combined and manipulated within the software Figure 43 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).

Figure 44 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).

Figure 45 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).

Figure 46 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).

Figure 47 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).

Figure 48 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).

Figure 49 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).

Figure 50 GIS Model (Structured Layers) Diagram (Grind GIS, 2015).


(according to the user specified query selection) and shown in the form of the multi-layered interactive map (Fig.9). ‘GIS uses location as the key index variable to relate these seemingly unrelated data’ which enables the user to better understand the spatial distribution patterns and different relationships (National Geographic Society, 2017).

1.0.4.2 Brief History
John Snow was the first man to used the term GIS (in 1854) whan he invented this scientific method approach in order to resolve Cholera epidemy in London (point locations of drinking water hydrant were plotted on the London residential map which helped him to locate the outbreak sources) (Grind GIS, 2015). Figure 51  First example of GIS Map (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Figure 52  First Ever GIS Ma (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Figure 53  First Ever GIS Ma (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Figure 54  First Ever GIS Ma (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Figure 55  First example of GIS Map (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Figure 56  First Ever GIS Ma (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Figure 57  First Ever GIS Ma (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Figure 58  First Ever GIS Ma (Cholera Outbreak Map by Snow, J.) (Grind GIS, 2015)

Over 108 years later (in 1962) GIS was transformed into computerised software and in 1962, first Canadian Geographic Information System (CGIS) was developed. It was able to store, process and manipulate collected data. Dr. Roger Thomlinson who invented the system became officially “the father of GIS” and the software was commercialised 1980ties (Grind GIS, 2015) .


1.0.4.3 Different Types of GIS Data


Thera are three major types of data that are commonly utilised by the GIS software:
· Numeric data (Fig.12) which is a type of statistical data that has been tabulated (e.g. in Excell) with a spacail component (or field) that is usually linked with Vector files (displayed as characteristic GIS map layers). The example is UK Census (regional demographic data) (Syracuse University Libraries, 2019).
· [bookmark: _Hlk27938441]Vector data (example, Fig.11, A) are presented in three forms (points, lines, polygones) that are geo- referenced (assigned to dedicated X,Y coordinates or other spatial components) through digitialisation of the initial (base data). Perfect example of vector data are roads, land parcels or country borders (data with characteristic discrete boundaries) (Grind GIS, 2015; Syracuse University Libraries, 2019).
· [bookmark: _Hlk27939405]Raster data (Fig.11, B) are built of satellite images, scanned maps or even digital camera photographs (continuously changing datasets e.g. aerial topography) that have been scanned with flatbed scanner and transformed into .GIF, .TIF, .JPG (and other similar formats in order to be processed by the GIS software) (Grind GIS, 2015; Syracuse University Libraries, 2019). 
Figure 59 Types of GIS Data (A-Vector, B-Raster, C-Both Layers Combined Into GIS Map) (Syracuse University Libraries, 2019).

Figure 60 Types of GIS Data (A-Vector, B-Raster, C-Both Layers Combined Into GIS Map) (Syracuse University Libraries, 2019).


1.0.4.4 Hypothesis 

As mentioned in the Introduction Section (1.0) many abiotic and a biotic factors (especially a human factor) can influence the P. ramorum may play a crucial role in spreading of the P. ramorum pathogen. The first hypothesis was inspired by the BBC News article about Swansey Bay Rally 2010 (that runs through the infected forest sections) being postponed due to the P. ramorum outbreak (BBC News, 2010) matching perfectly the time of disease outbreak in Wales in 2010. 
Based on those facts the proposed hypothesis is as follows:
The main factor that is responsible for introduction of the P. ramorum disease in Wales within the extent of the whole country (verly large distances between the infected sites) is the Wales Rally GB motorsport event.
There is no one specific factor thet is affecting the spread of the Phytophthorus ramorum, once introduced, therefore it is assumed that a combination of abiotic (e.g. weather, topography, roads )and biotic (e.g. sporulating hosts, tourist and other animals ) including spatial land usage factors are responsible for the survival and uncontrolled spread of the virus.

2.0 Literature Review

2.0.1 Examples of GIS mapping software implementation (historical development)
There are counteless different examples of how the GIS software can be used aspecially as a modeling tool for environmental analysis. The ‘literature review’ examples presented below are chronological sequence in order to emphasize the advancement progressions of the GIS software. 
[bookmark: _Hlk28373184]The first example is a “Spatial Clusters and Variability Analysis of Tree Mortality” report (Meng and Cieszewski, 2006). In this journal article resarchers have presented the spatial analysis of tree mortality clusters in Georgia (data collected in years 1989 and 19197) among hardwood and softwood species groups. For the purpose of actual processing and analysis of the tree mortality clusters USDA Forest Service Forest Inventory and Analysis (FIA) permanent sample plot data were captured and ‘semivariogram analysis method’ was utlilised. The basic GIS mapping techniques (ArcView GIS 3.2 software) were rather limited, therefore only employed in order to visually display maps of higher tree mortality conccentrations (clusters)  so ‘a verly basic digital map of Georgia Figure 61 Spatial clusters of forest tree mortality in Georgia, 1989 and 1997 (Meng and Cieszewski, 2006).

Figure 62 Spatial clusters of forest tree mortality in Georgia, 1989 and 1997 (Meng and Cieszewski, 2006).


with a county-level boundary and a point coverage of plots’ was created (Fig.). The multi-layering options were not developed to the present standards. Neveretheless, through the use of GIS software and the ‘spatial scan statistic methods’ the most likely clusters of tree mortality were identified with very high precision ‘suggesting that hardwoods, softwoods, and all species combined followed a similar trend for spatial variation in that they fit a spherical model of tree mortality, however the strengths of spatial dependence were significantly different among the hardwoods, softwood’ (Meng and Cieszewski, 2006).

[bookmark: _Hlk28366542]Next example is Oregon State University scientific document called “Spatial relationship between Phytophthora ramorum and roads or streams in Oregon tanoak forests” (Peterson, Hansen and Kanaskie, 2014) where the spread of the P.ramorum (including Sudden Oak Death) between Oregon sites and its road and stream network association (including topographic features factor) was investigated (year 2013). For the ‘regionally restricted randomization test’ ArcGis and were utilized (GPS coordinates of infected trees were recorded and spatial distribution in time was mapped (Fig.). Figure 65 Sudden Oak Detah Infestation Topography Map (Oregon 2002-2010) (Peterson, Hansen and Kanaskie, 2014). 

Figure 66 Sudden Oak Detah Infestation Topography Map (Oregon 2002-2010) (Peterson, Hansen and Kanaskie, 2014). 
Figure 63 ArcGIS Map of Infected Sites Collation (Site Boundaries, Roads, Forest, Streams of North Chetco-‘A’ and Borax-‘B’) (Peterson, Hansen and Kanaskie, 2014).

Figure 64 ArcGIS Map of Infected Sites Collation (Site Boundaries, Roads, Forest, Streams of North Chetco-‘A’ and Borax-‘B’) (Peterson, Hansen and Kanaskie, 2014).


Maps were downloaded from ‘Port-Orford cedar-GIS regional distribution maps’ (USDA Forest Service SW Oregon Forest Health Service Center, Medford Oregon) (Peterson, Hansen and Kanaskie, 2014). Thanks to the ArcMap tools topographic descriptors (i.e. average elevation and average slope) were determined allowing for the precise study area designation (cluster boundaries). Also, ‘hypothesis that sites are no closer to roads or streams than would be expected by chance’ was also tested with the use of the GIS software. Moreover, 
through the mapping foftware and its extensive ‘layering capabilities’ carefull analysis of the varrying morphological factors was also conducted (Fig.). It lead to the conclusion that ‘environmental conditions and/or dispersal mechanisms associated with streams may contribute to the distribution of SOD in Oregon’ (Peterson, Hansen and Kanaskie, 2014).

The final  example is “GIS Environmental Information Analysis of the Darro River Basin as the Key for the Management and Hydrological Forest Restoration” carried out by (Fernandez et al., 2017) where the small river-
basin in Granada (Spain) was environmentally assesed prior to its forestry and hydrological restoration management project. The sophisticated combination of the open GIS software (GvGIS) and the improved forest-restoration methods (encompassing vegetation and landuse, in-depth analysis including morphological conditions as well as soil/climate characteristics) were highly utilised in this project. Each component of this Figure 67 GIS processing steps and the resulting maps of the morphological analysis conducted with GvGIS tools (Fernandez et al., 2017).


[bookmark: _Hlk28427075]innovative area-restoration equation model was calculated and sequentionaly analysed (Fig.67) with the use of GIS mapping. Next, it was combined together through application of the USLE method  which has generated a thematic (easy to read)  final ‘map of soil erosion fragility units in the Darro River basin ‘ (GvGIS) (Fig.68) allowing for more effective management and restoration of the investigated region. According to the authors of this project ‘the conventional methods to assess soil erosion hazard are expensive and time-consuming’ and  ‘the integration of existing soil-erosion models with field data and data provided by remote-sensing technologies through the use of GIS system was demonstrated to be advantageous’ (Fernandez et al., 2017).Figure 68 Final Map of Soil Erosion Fragility Units in the Darro River Basin generated (GvGIS) (Fernandez et al., 2017) .


















3.0 Methodology 
                                       
3.0.1 FCW Data Points Conversion & Collation
Data analysed in this report were obtained from Forestry Commision Wales (FCW). They represent a collation of randomly spaced infected trees (point data) recorded in years 2010-2014 across the whole Wales (data sample 1-17, Fig.4). The spread of Phytophthora ramorum disease was monitored by the FCW Disease Monitoring Team members in a way that individual trees that have displayed PR symptoms (with the ‘infection confirmed’ status) were recorded into Excel spreadsheet (924-point data were collected in total). Additionally, the date, exact location (X, Y coordinates), grid reference and ownership of associated tree stack (private or Forestry Commission of Wales) were also included in consecutive columns (Fig.4).
Figure 69 Excel Spreadsheet Sample (NRW Data Points 2010-2014).

Figure 70 Excel Spreadsheet Sample (NRW Data Points 2010-2014).

Figure 71 Excel Spreadsheet Sample (NRW Data Points 2010-2014).

Figure 72 Excel Spreadsheet Sample (NRW Data Points 2010-2014).

Figure 73 Excel Spreadsheet Sample (NRW Data Points 2010-2014).

Figure 74 Excel Spreadsheet Sample (NRW Data Points 2010-2014).

Figure 75 Excel Spreadsheet Sample (NRW Data Points 2010-2014).

Figure 76 Excel Spreadsheet Sample (NRW Data Points 2010-2014).


In order to process obtained data and to perform the geo-spatial analysis, the advanced Geographical Information System (GIS) mapping system (MapInfo Pro16.0) was selected. The above Data collation (Excel spreadsheet) was imported into the MapInfo Pro 16.0 and the file type was converted into MapInfo (*.tab) file to allow processing by the GIS software (Fig.5).

Figure 77 MapInfo Screen

Figure 78 MapInfo Screen

Figure 79 MapInfo Screen

Figure 80 MapInfo Screen

Figure 81 MapInfo Screen

Figure 82 MapInfo Screen

Figure 83 MapInfo Screen

Figure 84 MapInfo Screen
Converted Excel Spreadsheet File

Converted Excel File

Converted Excel File

Converted Excel File

Converted Excel File

Converted Excel File

Converted Excel File

Converted Excel File

3.0.2 Point-Data Spatial Allocation (Visual Presentation Example)

Next, the imported data points were captured by the MapInfo Pro 16.0 (MIP16) system and presented with the ‘base layer’ map, which was also downloaded and converted within the MIP16 software. An example of the basic MIP16 interface including the Wales ‘base map layer’ (2011 Census: boundary data (England and Wales)) (Office for National Statistics (2011) arranged with FCW 2010-2014 P. ramorum data points and the MIP16 interface (with the Explorer window on the left) was presented in (Fig.6).[bookmark: _Hlk28446744][bookmark: _Hlk28438483]Figure 85 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the 2011 Census: boundary data (England and Wales  ‘Base  Map Layer’ (Office for National Statistics (2011).

Figure 86 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the Wales Regional Base Layer Map.

Figure 87 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the Wales Regional Base Layer Map.

Figure 88 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the Wales Regional Base Layer Map.

Figure 89 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the Wales Regional Base Layer Map.

Figure 90 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the Wales Regional Base Layer Map.

Figure 91 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the Wales Regional Base Layer Map.

Figure 92 MapInfo Pro 16.0 NRW Data Points (2010-1014) Collation with the Wales Regional Base Layer Map.

 
The more in-depth process of, importing, converting, querying and analysing data points and various map layers including authors detailed observations will be elaborated on in detail within ‘4.0 Data Analysis’ chapter.

3.0.3 Data Sources 
Various data points, tables and maps were utilized for the purpose of this research. A full comprehensive list of online data providers is as follows: 

	Digimap
	MapCruzin.com

	UK Data Services
	Rally-Maps.com

	NBN Atlas
	MetOffice

	Lle A Geo-Portal for Wales (NRW)
	OS Open Data

	Gov.UK (Department for Business, Energy & Industrial Strategy)
	MapInfo Base Maps (Bing Road, Aerial)


 

3.0.4 The Concept of Geo-Spatial Data Analysis DOCZYTAC, dodac ze analizuje gbrailly  tabelki I tworze dane sam w info pro for the purpose of this first
The main task undertaken by this report is to evaluate the use of GIS software as a modelling tool for environmental analysis. FCW P. ramorum data were processed and fragmented into smaller subsections (mainly thematic, spatial or time-related clusters) with the use of MIP16 software and its modelling functions. In theory it should allow the user for better understanding of patterns (or pathways) and various spatial interrelationships of the investigated data-point.
In order to process the captured data, the proposed systematic analysis was carried out in 5 consecutive stages with implementation of information analysis concepts inspired by similar environmental  studies (presented in 2.0 Literature Review section).

The proposed approach was to split the analysis into five consecutive stages based on the time data was collected with the inclusion of (‘positive/negative’) comments and authors observations:
[bookmark: _Hlk25754674]Stage 1: (2010-2011) point data analysis (with comments)
Stage 2: (2011-2012) point data analysis (with comments)
Stage 3: (2012-2013) point data analysis (with comments)
Stage 4: (2013-2014) point data analysis (with comments)
Stage 5: was implemented in order to analyse all the data clusters at once in collation with different maps to summarise the observations and to maximise the effectiveness of presented data analysis (comments included). General analysis/overwiew of the FCW P. ramorum data file (with comments)

3.0.4 Limitations
It is necessary to mention that data obtained for the investigation covers the period of 2010-2014 (the 2014-2019 data were not provided). Also, the 924 accumulated point-data represent individual trees therefore they cannot be considered as fully representative (minor assumbptions regarding the infected sites extent must be performed). Tree disease data may not reflect on the real status of P. ramorum spread within the investigated area (i.e. a tree stack or garden accessibility has presumably played a crucial role in choosing the sampling object). Also, the selection of observed trees is not systematic (although some clusters are visible). It must be concluded that the presented analysis, although very strong in its GIS geospatial data modelling tool aspect, it may simultaneously represent authors subjective opinion regarding the P. ramorum pathogen pathways indication. Therefore, it should only be used as an example of the GIS spatial software application as an environmental analysis platform.

4.0 Data and Analysis
The environmental analysis was initiated with the P. ramorum data points being plotted on the base map layer, as shown in Fig.6 (point 3.0.2 Methodology). 
Positives: The MapInfo 16 software allows us to import different maps (as layers) including different file shapes and format them into the required (workable) file shape. The requested base layer map (Welsh Middle Layer Super Output Areas, 2011)  used during the task was downloaded from the internet source (UK Data Service). It was already downloaded in the required (MapInfo *tab. file) however,  
Negatives: GIS software does not cope well with the larger file sizes, and it tends to freeze or even crash down when we ask for processing of more extensive (detailed) maps (especially of the country-wide dimensions). 
Next, in order to process the large file (FCW 2010-2014 P. ramorum infected trees) data was dissected into two smaller sub-sections and two ‘browser tables’ were created (floating tables option). 
Positive:  MIP16 tools (e.g. SQL Select) allow to separate (or infer) extra information directly from our datasets (e.g. time and date of collection, place, status, GPS coordinates) and many more. It helps to create additional thematic layers, sub-data (sub-tables) and correlate them with various different layer-maps available online.
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Figure 93 Browser Table and Screen Division Example (MapInfo Pro16).

Figure 94 Browser Table and Screen Division Example (MapInfo PRO 16).

Figure 95 Browser Table and Screen Division Example (MapInfo PRO 16).

Figure 96 Browser Table and Screen Division Example (MapInfo PRO 16).

Figure 97 Browser Table and Screen Division Example (MapInfo PRO 16).

Figure 98 Browser Table and Screen Division Example (MapInfo PRO 16).

Figure 99 Browser Table and Screen Division Example (MapInfo PRO 16).

Figure 100 Browser Table and Screen Division Example (MapInfo PRO 16).




















In Fig.7, two ‘new browser tables’ were presented providing the user with some extra information pertaining to the imported layers (marked with red rectangles). 
Positive: Usually the available data are grouped in horizontal (named) columns (likewise the imported Excel spreadsheet) which makes the processing very easy.
Positive: MIP16 software allows for better visualisation of the analysed data points through the ‘display splitting options’ (Fig.7: example of the screen being divided into three separate screens: A, B, C). 

Next, the investigated data file was split into two sub-groups (Private and FCW ownership sub-tables). Selection Querying Tables (SQL) option was used and data was marked with two different colour markings (red and green triangles, Fig.8). 
It was observed that there were only 127 ‘Private’ infested sites (Fig.8, bottom left corner) (out of 924 in total) which gives 13.42% of the all registered points (therefore signifficant majority of sampled points are FCW sites).
Another interesting observation is the large data cluster formation that was located within the South/South-West region of Wales (Fig.8) (further analysis in Stage 5).
Figure 101 Private/ FCW Infected Sites Map (2010-2014 Data Points) 2011 Census: boundary data (England and Wales) (Office for National Statistics (2011).

Figure 102 Private/ FCW Sites Collation (2010-2014 Data Points).

Figure 103 Private/ FCW Sites Collation (2010-2014 Data Points).

Figure 104 Private/ FCW Sites Collation (2010-2014 Data Points).

Figure 105 Private/ FCW Sites Collation (2010-2014 Data Points).

Figure 106 Private/ FCW Sites Collation (2010-2014 Data Points).

Figure 107 Private/ FCW Sites Collation (2010-2014 Data Points).

Figure 108 Private/ FCW Sites Collation (2010-2014 Data Points).





















Positives: The number of private sites (highlighted in the bottom left corner)(Fig.101), ability to localize clusters (visual point contcentrations), easy legend creation Active Window (top-right corner, Fig.101).

4.0.1 Stage 1 Pisac o TAELKACH JAKIE ZROBILEM
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Himalayan Climate
Rationale 

The 1.0 Introduction section of this report makes a perfect example of why GIS software is a strongly recommended as an environmanetal modeling tool. Figures 1, 2, 3 and 4, although being valuable fotographs of the P. ramorum, the only informations they provide for the reader are visual attributes of the disease. They do not include any spatial attachemnt (location) nor time or quantity (scale and concentrations) data . In order to further analyse the spread and to asses the scale and impact (including the timeline) of the disease spread the GIS mapping prooves much more effective (Figures 5, 6, 7, 8).
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5.0 Discussion and Conclusion
Policy w strategy for wales (monitoring, science) przeslanki
3. Online Review “ best ….programme fo analysis is map ifo pro albo arc gis
The aims for the strategy …..Gives us rationale for the report gis……..Instrukcja
Druga przeslanka to rething clear felling SPHN ??
Looking for patterns
Pathways 
Modelling and prevention?
Widzimy w zdeciach ale nie widzimy przestrzennie jak w powyzrzych

Podsumowac ze w introduction były uzyte gis file w roznych fig. Jako obrazowe przykłady 
The invasion ofnon-native species is inherently a spatial process,
and movement can be mapped over time following an invasive’s introduction. Resultant spatial patterns can be used to generate or test hypotheses about the processes driving spread and establish- ment of invasive species, and may suggest ways to mitigate their effects (McIntire and Fajardo, 2009). The relationship between an invasive species and distinct landscape features can also identify areas at risk of introduction, at spatial scales which are difficult to assess by other means (Johnson and Carlton, 1996; Jules et al., 2002; Levin, 1992). In the case of phytopathogens, the landscape distribution of disease may indicate which aspects of host or envi- ronmental heterogeneity are contributing to the observed patchi- ness of pathogen distribution (Condeso and Meentemeyer, 2007; Holdenrieder et al., 2004; Kauffman and Jules, 2006). Nevertheless, because ofcryptic infection and an inability to obtain a large enough dataset to effectively analyze spatial distribution, in practice spa- tially-explicit landscape analyses can be difficult to interpret. The phytopathogen Phytophthora ramorum (Werres, DeCock & Man in’t Veld) is one invasive whose distribution has been (Peterson, Hansen and Kanaskie, 2014)


GIS Mapinfo Pro
MapInfo® Pro is a comprehensive computer mapping tool that enables you
to perform complex geographic analysis such as redistricting, accessing your remote data, dragging and dropping map objects into your applications, creating thematic maps that emphasize patterns in your data, and much more
What is MapInfo Pro?
With MapInfo Pro, the power of computer mapping is at your complete disposal. You can display your data as points, as thematically shaded regions, as pie or bar charts, as districts, etc. You can perform geographic operations such as redistricting, combining and splitting objects, and buffering. You can also make queries against your data and access your remote data directly from MapInfo Pro.
For example, MapInfo Pro can show which branch store is the closest to your biggest customers. It can calculate the distances between customers and stores; it can show you the customers who spent the most last year; it can color-code the store symbols by sales volume. What makes it all come together is a visual display of your data on the map.
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Table 1. Rate of Increase of Areas Under an SPHN or Notification Letter*

Year Areas under SPHN  Cumulative area
per year (ha) under SPHN (ha)

2010 836 836

2011 476 1311

2012 1478 2788

2013 5285 8074

2014 508 8581

2015 109 8690

2016 199 8888

2017 1273 10162

2018 1028 11190

*Data compiled from NRW Situation Reports, 2010-2018
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Phytophthora ramorum Strategy for Wales: Aims

- Minimise the social, economic, environmental and cultural impacts of P. ramorum
- Use a scientific and evidence based approach to manage P. ramorum

- Use a risk based approach for decision making

- Engage with stakeholders on significant changes in the management and
understanding of the pathogen in woodlands

- Monitor the spread of the disease, publish the findings and raise awareness of the
disease

- Ensure the management response to infected larch is fit for purpose

- Encourage the management of larch woodlands in Wales
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This map was commission by the Department for Environment, Food and Rural Affairs and
produced by the Cambridge Epidemiology and Modelling Group.
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