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Evaluating the use of GIS software as a modelling tool for environmental analysis
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1. Task one
1.1 Introduction 
A geographical information system (GIS) is a basis for collecting, administering and studying data sets. GIS enables the examination of spatial data and forms this data into layers, that are presented into graphical maps and 3D scenes. GIS exhibits trends, associations and circumstances in data sets, which can aid better decision making (Esri, 2021). 
For this research paper, the layering of differing collected data, can help determine why a particular environmental problem has occurred and this can be used to assist monitoring environmental management.  In this report GIS will be used to collate data linked to the spread of the Phytophthora ramorum pathogen throughout Wales, which will enable the determination of contributing factors that caused the spread of Phytophthroa ramorum, coupled with documentation of the GIS process. 
1.1. Case Study: Phytophthora ramorum
Phytophthora ramorum is from the family Phytophthora ramorum it is a foreign algae and fungus-like pathogen that causes death in a plethora of plant life, in particular, the death of Oak and Larch trees (Grünwald, LeBoldus and Hamelin, 2019). The derivation of the disease is unidentified; however, it is known that the disease spreads from spores through rain mobilized by the wind. When the spores attach to leaves, the pathogen begins to break down the cell walls, this enables the pathogen to enter and grow inside the tree, following this the disease will block the water transportation systems that in turn causes dieback which leads to the subsequent death of the tree (Wylder, 2021).
In 2002, Ramorum was identified in Wales and following this the pathogen has infected a range of tree varieties, commonly Larch trees (Larix genus) are the most impacted (Forest Research, N.d.). In 2010 the Welsh Government put in place a woodland and non-forestry sector management strategy to control the spread of Phytophthora ramorum, this resulted as in 2010 the pathogen was found in Afan Valley in Neath Port Talbot, which runs adjacent to the Afan Forest (Naturalresourceswales, n.d.).
The governmental plan highlights areas that are most likely to be infected. Due to the relationship between the Phytophthora ramorum and climate in particular temperature and humidity, Welsh trees have the most significant chance of being infected by pathogen, with Scotland and England ensuing (Welsh Government, 2010). It is important to manage the disease as it can impact our natural environment and the sectors the depend upon it. 
1.2. Map Construction 
This section includes the map construction process. To investigate contributing factors that might have caused the spread of Phytophthora ramorum through Wales, the Forestry commission of Wales and privately-owned trees, provided infected tree dataset 2010-2014 and MapInfo was utilized to assemble layers and visually present the data, which enabled analysis through graphical representation. 
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Figure 1.3.1. Outlined Map of Wales (UK Data Service, 2001). 
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Figure 1.3.2 The distribution of infected site of Phytophthora ramorum in Wales (FCW, 2019). 



Figure 1.3.2 is the first layer added onto Figure 1.3.1. This displays the sites that have been infected by Phytophthora ramorum.  The map shows that most infected areas in wales is predominantly the South Wales Valleys, such as Neath, Merthyr Tydfill and Pontyprid, coupled with infected sights but to a lesser extent including Saundersfoot, Pembrokeshire in Southwest of Wales, Carmarthen in West Wales and Gwynedd in North West Wales.
The upcoming three layers are selected as one of the contributing factors the spread of Phytophthora ramorum through Wales.
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Figure 1.3.3 Ancient woodlands in Wales (Lle, 2021).



Ancient woodlands data was chosen due to the nature of how Phytophthora ramorum spreads, as previously mentioned Phytophthora ramorum is mobilised by wind and rain and it attaches to trees and can cause subsequent death of the tree once inside. When trees are in close proximity to eachother it increases the spread of the pathogen which is why this data set was selected to investigate whether there is a relationship between where the data point for Phytophthora ramorum and where the data points for the ancient woodlands situate (Forest Research, n.d.).
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[image: ]Figure 1.3.4 River network through in Wales (Lle, n.d.). 


This river network through was selected as this pathogen can spread through mist, air current, water courses and rain droplets, together with it being more prevalent in wetter climates (Forest Research, 2021).  Of particular interest is the Afan Valley in Neath Port Talbot, where the Afran Forest runs adjacent to it as Phytophthora ramorum was found first in Wales.
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Figure 1.3.5 Wind Energy in Wales (Lle, 2000).


The last data set chosen was wind energy, this was picked as Phytophthora ramorum spores can also spread by air (National Trust, n.d.). The Map shows that wind energy is mainly present in Neath, Bridgend, Pontypridd, Carmarthen, Cardigan, Powys and areas in the north coast of Wales. 
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Figure 1.3.6 Compliation of rivers in Wales, wind energy in Wales, ancient woodlands Wales and infestived sites in Wales (FCW, 2019; Lle, 2000; Lle, 2021; Lle, n.d.).

Figure 1.3.6 is the finished map, layering all the data shown above. There is accumualtion of Phytophthora ramorum infections in South wales valley, predominantely owned by the Foresty Commision Wales (FCW).  




1.2 Map and discussions 
MapInfo has allowed multiple layers to be compiled to help determine what factors could have caused and not caused the spread of Phytophthora ramorum throughout Wales.
As displayed in figure 1.3.6 the majority of Phytophthora ramorum infected sites were found in South Wales, in particular in Afan Valley. When comparing the Figure 1.3.3, Figure 1.3.4, Figure 1.3.5 and Figure 1.3.6, all data points have a high prevelance in this region, therefore all factors could influence the spread of Phytophthora ramorum across tree popualtions. 

Studies have shown that wind power can cause climatic changes, in forms of increase temperatures and as Phytophthora ramorum has been linked with being more present in areas where humidity is increase wind power could be an impacting factor in the spread of this pathogen (Miller and Keith, 2018). In addition, in Oregen 2001 the Phytophthora ramorum disease caused sudden death in Oak trees, research highlights the travel of  EU1 Phytophthora ramorum is likly to be through Chetco River, Winchuck River  and into the Pistol River. Following this in 2015 a tree nursey within close proximity to the Pistol River found the infection of this disease, which later spread into US forests. This study associated the river as the transportation system for the disease (Frankel, 2017). Therefore, other studies have made this correlation then the large networks of rivers within South wales such as Afan valley which has experiences the felling of 650 hectares of larch trees due to Phytophthora ramorum could be a signifcant contributing factor, espiecally as likend to the Oregon case study Afan Valley River is within close location to Afan forests (NRW, n.d.) Furthermore, as seen in Figure 1.3.3 there is a large population of ancient woodlands and as it the disease is spreads through trees this is a signficant impacting factors. Therefore, the signficant prevelance of river, wind power and ancient woodlands can syndicate to create an environment where Phytophthora ramorum thrives. 

1.3 Limitations
Limitations of GIS are that it’s a relatively new software, so data sets that may have been useful and informative to this study were not available, for example, average rainfall for each area was not available, this could have assisted the discussion as wetter regions across the UK have been found to have significantly increase populations Phytophthora ramorum. 
Limitation of this investigation is that anthropogenic factors such as walking and recreational use of the woodlands can cause the spread of Phytophthora ramorum, as the spores can attach to shoes and animals, however, this was not included in the analysis.






















2 Task 2
2.1 Introduction 
MapInfo, a GIS software was selected to complete task 2. For this section data from an independent study was collated together and inputted into MapInfo. The process of layering data as seen in task 2, converts text data into visual data, this enables visual interpretation of the data which can be easier to identify patterns and trends across the data set. The independent project focused on determining the carbon capture potential of differing landscape, to influence agricultural land management and the hypothesis was that land that had increase soil organic matter (SOM) would have greater soil organic carbon (SOC) content. To investigate the hypothesis five sites were chosen within Swansea and Llanelli in South wales including an Oak woodland, a replanted woodland, a conventional arable farm, an organic farm and an orchard and these sites were selected due to their differing land management techniques. The hypothesis was examined through the collection of 6 soil samples per site, so MapInfo was used to display the varying soil type and soil pH for each sample at each site, aiding the identification of patterns between land management and soil type and soil pH. The soil type, soil pH and coordinates references data were collected at the independent investigation, then recorded into excel software and inputted into MapInfo. 











2.2 Map construction
The following map construction will include soil sample location with each site, soil type and soil pH.

[image: ]Figure 2.2.1 Outlined Map of Wales (UK Data Service, 2001).


Figure 2.2.1 was download from UK Data Services, the file my be unzipped and extrated once downloaded.
[image: ]Figure 2.2.2. Farm data set 




Figure 2.2.2 Displays inputing the independent project data into MapInfo and this is achieved through open table option. The table must be saved at as excel workbook 1997-2003 to be compatible for MapInfo. 
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Figure 2.2.3 Map of Wales with the farm data set point 


[bookmark: _GoBack]When the independent project data set is opened, the grid referencing must be set to British National Grid – EPSG 27700 and the data point will automatically open onto the map of Wales. In addition, it is crucial to place new data above the ‘wales only’ base map as seen on the map section on the right-hand side on the image, as if layering does not occur the added data will not appear on the map. 
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Figure 2.2.4 Farm reference points on aereal map 


Figure 2.2.4 displays the farm location points on aireal map within the basemap option. In addition, to make the data point more visable and asthetic, in the map section shown in figure 2.2.3 by clicking on the symbol option for each data set, various labeling options are provided.   
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Figure 2.2.5. SQL Select 



Figure 2.2.5 SQL select is found in the ‘map’ section. This select allows any data from the farm data set as shown in Figure 2.2.2 to be represented on the base map.  The process to achieve this includes selecting the table option on the right hand side and clicking on the farm friday table data option. Following this is where the specificed data that is requried to be represented on the map is chosen, through the ‘where condition’ section, the name of data is entered this being ‘soil type = clay’ and ‘soil clay’ is inputed into the ‘into table name’ section.

[image: ]Figure 2.2.6 Displays data from farm table Friday that is relevant to clay soil. 



Once all sections shown in figure 2.2.5 are completed, data that includes the word ‘clay’ will collect into a new browser.

[image: ]
Figure 2.2.7 Key and data points of soil clay and farm coordinates.



[image: ]Figure 2.2.8 Close up image of data points relevant to clay soil at the conventional farm.





[image: ]Figure 2.2.9. Displays data points for soil type loam, silt, silt loam, clay and the site coordinates references. 


The process for each soil type is the same as figure 2.2.5 to figure 2.2.7 for clay soil.
[image: ]Figure 2.3.10 Displays data points for loam sand soil, silt soil, clay soil, pH less than 5.5 and pH above 5.5


The pH data point as shown on figure 2.3.10 followed the same process however, for the SQL section soil pH was selected and soil pH < 5.5 and soil pH > 5.5 were inputed to gather revelant data from the independent data set. 




2.3. Discussion 
When doing any environmental research, it is important to include a physical background information section, with the use of GIS it has allowed the mapping of study location, coupled with aiding the examination of whether there is a difference or relationship between soil pH, soil type and land management. Through the use of GIS as shown in section 2 it is visible that there is soil types and soil pH vary across land under differing land management techniques.  
Firstly GIS, in figure 2.2.3 and figure 2.2.4 has enabled the location of the samples to be allocated. This is very useful as the concept of the independent project was focused upon land management and how this influences SOM and SOC. SOM and SOC can be affected by vegetation coverage such as cover crops or trees, therefore, having a visual representation of each site, can help the reader and researcher understand the concept of how each site differs visually. 
For example, in figure 2.2.8. The site displayed is managed under conventional farming techniques. Often this involves processes such as tillage, removal of vegetative cover and annual cropping, these practises are associated with losses of soil organic matter and top soil (Obalum, Chibuike, Peth and Ouyang, 2017) which is attributed with SOC reduction (Wiesmeier et al., 2019). When these layers are lost it reveals the zone of illuviation where clay accrues. Therefore, through the use of geo spatial data, it had provided evidence that land management influences SOM. Furthermore, the visual figure 2.2.8 is very bare and degraded and through GIS this land management problem can be emphasised and be improved through the investigation of spatial data. 

2.4. Conclusion 
In conclusion GIS has allowed geospatial data to be collected and analysed to solve environmental management issues. GIS is a unique way of analysing data and the visual representation makes it easier to form correlations between the data sets. In terms of task 1 Wind, rain and the ancient woodlands could all be influencing factors causing the spread of Phytophthora ramorum. In addition task 2, has enabled correlations between land management, soil pH and soil type to be formed, which has been useful to help assist in proving task 2 hypothesis through geospatial data. 
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