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[bookmark: _Toc230383573][bookmark: _Toc223047226]Component 1 - Digitisation and Visualisation (Mapping) 

[bookmark: _Toc223047227][bookmark: _Toc230383574]Introduction 
Everything on the Earth has a location, whether that is a laptop on a table or a cactus in the desert, a sample of soil or a measurement of elevation. Geographical Information System (GIS) is a tool that connects location data to descriptive information, integrating where things are with what is there (ESRI, 2024). The first GIS was the Canadian Geographical Information System created as part of the Canada Land Inventory where huge amounts of information were gathered. The CGIS was ten years in the making and designed to accept data from maps and statistical tables to store and analyse land use according to its suitability for specified uses (W. Rees, 1977). The introduction page from ESRI (2024) website states: “When we visualise and analyse data on a map, hidden connections and insights emerge.”. It is because of these connections and insights that has made the use of GIS such a valuable tool for problem solving and decision making in businesses and political organisations alike. It can be used to identify areas of forestry at risk of deforestation, find the perfect location for a Cabernet vineyard by mapping soil composition and climate (Lang, 1998), GIS has become an essential tool in land management. This portfolio explores digitisation of satellite images for mapping, remote sensing and spectral analysis and, utilising field data collection and seeks to clarify the technology, its real world applications with acknowledgement to the challenges of each. 

[bookmark: _Toc223047228][bookmark: _Toc230383575]Background 
The objective of Component 1 of this portfolio is to use QGIS to digitise a managed park. Digitising is the process of tracing features from satellite imagery into digital datasets using points, line and polygons that have data attributed to each feature (Longley et al., 2015). 
Satellite imagery of The Gnoll Country Park was used to create a vector dataset of points, lines and polygons and the attribute tables linked with each shapefile layer. 
QGIS is an open-source software which means that it is developed and maintained through the collaboration of the QGIS community, meaning that anyone can use, alter and redistribute the source code as they wish. The benefits of open-source software is that it is free to use and allows organisations to customise it to suit their needs albeit this may be at the cost of the network integration and IT support that licenced products might offer (IBM, 2021). 
The Gnoll Country Park (The Gnoll) is located in Neath, South Wales. It is a country park with good accessibility. The Gnoll is approximately 91.6 hectares with four ponds, several tributaries running through it with a mix of woodland and grassed areas, playparks and a café, (figure 1). 
[image: ]
[bookmark: _Toc223047261][bookmark: _Toc230383606]Figure 1 The Gnoll Country Park map depicting the area in hectares.

[bookmark: _Toc223047229][bookmark: _Toc230383576]Digitising and decision making.
Challenges of using satellite imagery can take the form of canopy cover, during the summer, any features beneath the canopy may be obscured making digitisation features such as streams difficult. This was particularly difficult at the Gnoll as the vast majority is woodland of one type or another. It was also particularly difficult in determining the boundaries of the Gnoll through aerial imagery as boundaries are lines that are depicted in mapmaking rather than visible lines in the ground. 
As such, the Gnoll boundary and all rivers within the were digitised using Google Maps where these features were easily identifiable. The Gnoll Fishpond was also digitised using Google Maps as a comparison between digitising from a pre-digitised maps such as Google Maps and aerial imagery. 
Each vector shape (point, line or polygon) needs to be added as an individual layer and Figure 2 shows two separate layers, both lakes and rivers overlayed onto Google satellite hybrid, with the layers have the opacity at 60%. It shows the difference between the digitised lakes; the Gnoll Fishpond has smoother lines and overlaps the tree canopy, likely because the edge of the lake in reality is underneath the canopy. Whereas the Gnoll Guinea pond, digitised from the aerial imagery, follows the line around the canopy as it is uncertain where the boundary of the pond really is. This highlights the subjectivity of map making using vector data. 
It is important to select the same Coordinate Reference System (CRS) for each layer so that they each fit the exact coordinates on the map, (Longley et al., 2015).
[image: ]
[bookmark: _Toc223047262][bookmark: _Toc230383607]Figure 2 Gnoll lakes and rivers

Each river was snapped on to an intersection of the boundary layer using the snapping tool, this is a useful tool in topology so that overlaps and gaps was minimised. 
Land cover is often mapped using remotely sensed satellite imagery, it refers to terrestrial ecosystems and habitats such as woodland, wetlands waterbodies and grasslands while land use refers to land that is maintained and utilised by people such as state parks reservoirs and shopping centres (Zhang and Li, 2022). While both of these terms could describe The Gnoll Country Park, a decision was made to refer to the various parcels of land as land cover. By this definition, The Gnoll is maintained and utilised by people however the natural cover of the land is the focal point of the digitisation. 
One of the challenges with digitising landcover is making decisions as to what to include and exclude, where to draw the boundary and to what level of accuracy each polygon should be. This is another point made for the subjectivity of digitisation. The advantage being that drawing a polygon can be relatively quick if drawing at a 1:25,000 scale, however this might be deemed as far too coarse if buildings were to be included.
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[bookmark: _Toc230383608]Figure 3 Landcover 1:25000 scale
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[bookmark: _Toc230383609]Figure 4 Landcover 1:2500
As Figure 4 shows, some polygons have a seamless boundary, and some have gaps between the polygons. This is to highlight further challenges in decision making for the map creator as there are wide access routes that act as boundaries. It looks particularly messy and unprofessional like this so it would be advantageous to take a little more time and care to either snap the land cover polygons together and overlay roads with thicker symbology or separate the polygons with the road within the layer, which might need more advanced techniques. 
 
[bookmark: _Toc223047230][bookmark: _Toc230383577]Attribute Tables
Attribute tables provide information about a feature such as its location, an identifier and relevant attributes of that feature, they are the database behind the map. With limited information on the rivers themselves, the attribute table identifies each river as a number, the length of each river was calculated with field calculator and included, the length is also labelled in the map. Normally, the attribute table would have far more fields of data then this such as name of river, global ID, length and geometry coordinates as can be found in Natural Resources Wales, (2022) main rivers map. 
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[bookmark: _Toc230383610]Figure 5 The Gnoll Park Rivers
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[bookmark: _Toc230383611]Figure 6 Attribute table for Gnoll_Rivers_BNG

[bookmark: _Toc223047231][bookmark: _Toc230383578]Third Party Data
The use of third-party data is shown in Figure 7 
[image: ]
[bookmark: _Toc223047263][bookmark: _Toc230383612]Figure 7 Japanese Knotweed Observations


[bookmark: _Toc230383579]Component 2 - Spectral Analysis 

Remote sensing collects data about the state and condition of an object using a sensor that captures electromagnetic energy without the need for direct contact (Lillesand, Kiefer and Chipman, 2015). Our eyes are the most commonly used remote sensors; sensing light that is reflected from an object, where it is then processed in our brains. 
Applications of Earth observation within remote sensing has dated back as far as the development of aerial photography in the 1800s through the use of kites, balloons and even carrier pigeons. As technology advanced in both the application of flight and remote optical sensors, colour infrared cameras were used in the military in the 1940’s to distinguish real vegetation from artificial camouflaged targets (Chuvieco, 2020). 
Through further advances in technology, there are now a range of satellites orbiting the earth for the purpose of understanding the earth’s landscape and to monitor patterns and changes as a result of anthropogenic activities so that we can better manage the environment, respond faster to catastrophic events and inform policy for the future (Hemati et al., 2021). The first of these satellites was ERTS-1, launched in 1972 which was later re-named Landsat1; the first the Landsat series that continued to provide uninterrupted satellite imagery for over 50 years.  
The energy travelling from the sun to the earth travels in electromagnetic waves and the distance between the crests of each electric wave is called the ‘wavelength’. The spectrum of electromagnetic energy (Figure 8) and various ‘bands’ of energy can be captured by sensors, in a similar way to our eyes capturing the slim range of visible light (blue, green and red) that is between 360nm and 830nm (Sliney, 2016).  

[image: Diagram of the electromagnetic spectrum from radio waves to gamma rays, showing wavelengths, frequencies, atmospheric windows, and examples like radios, cell phones, microwaves, infrared heat, visible light, UV sunburn, X-rays, and nuclear power.]
[bookmark: _Toc230383613]Figure 8 The electromagnetic spectrum (NASA, 2016)
Remote sensors capture electromagnetic data through atmospheric windows (NASA, 2016) using panchromatic, multispectral and hyperspectral sensors. Multispectral spectral systems such as Landsat capture several broad bands and infrared bands simultaneously while panchromatic bands combine visible bands into higher resolution images and hyperspectral sensors such as NASA’s EO-1 (EOS Data Analytics, 2017) capture hundreds of bands for more detailed analysis (Jensen, 2014). 
When electromagnetic radiation reaches an object, its energy is either absorbed, transmitted or reflected. It is the reflected light that is captured and can be analysed. 
Within a multispectral image it is possible to see how much energy is reflected across the different bands of the spectrum, known as the spectral signature (Jensen, 2014).  For example, healthy vegetation is shown in Figure 9, where chlorophyll absorbs blue and red light for photosynthesis, it reflects a small amount of green light which gives its appearance of green colour, but it also shows a high reflectance of near infrared light. 
[image: ]
[bookmark: _Toc230383614]Figure 9 The spectral reflectance curve of vegetation (Opreanu and Lazarescu, 2016). 

To demonstrate how the spectral signature differs in different objects, several natural items were collected, a daffodil petal, three different types of leaf and a purple flower (Figure 9).
[image: ]
[bookmark: _Toc230383615]Figure 10 Different leaves from different plant species

Each natural objects’ spectral signature was captured using a spectroradiometer and is shown in Graph 1. The instrument had a range capability of collecting data within the visible light and near infrared regions of the spectrum. 
 [image: ]
[bookmark: _Toc230383633]Graph 1 Spectral signatures of different natural objects. 
Observations from Graph 1 show that each natural object had a unique spectral signature because each object had different chemical and biophysical properties such as cell structure and chlorophyll variances, therefore will absorb, transmit and reflect light differently (Ustin and Jacquemoud, 2020).
[image: ]
[bookmark: _Toc230383616]Figure 11 Visible light regions of the electromagnetic spectrum (NASA, 2016b)
Using Figure 10 as a reference, the green waxy leaf and the small furry leaf (also green) have similar patterns to their signatures, with the reflectance in the blue light similar to red, (although the green waxy leaf has higher reflectance values overall) with a higher reflectance in the green region demonstrating typical photosynthesising leaves, as pigments such as chlorophyll and carotenoids absorb visible light (Meireles et al., 2020). Both have a dramatic increase at approx. 690nm as near-infrared absorption rates plummet and reflectance value is high. A higher reflectance is shown in the near-infrared range as generally only 10% of light in this range is absorbed (Ustin and Jacquemoud, 2020). 
In contrast, the purple flower’ reflectance value in the green region is lower than that of the blue and red – indicating the chemical differences between a flower and a leaf. The flower also had the lowest values of all objects in the near infrared region, indicating a difference in biophysical features than the leaves as cell structure interacts with near-infrared light (Meireles et al., 2020). 
[image: ]It is important to note that this signature can only provide a snapshot of the state of each object at that particular moment in time. As time passes, changes such as decomposition will occur and the signature will be different the next time an object is tested. 
For example, the chlorophyll in a photosynthesising leaf in the leaf absorbs more light in the blue and red bands, which results in a low reflectance. As a leaf starts to senesce the chemical composition changes and then so does the cell structure, resulting in different spectral signatures in different stages of its phenological growth cycle, as demonstrated in Figure 12. 


[bookmark: _Toc230383617]Figure 12 Sweetgum leaves in different phenological growth stages taken from Jensen, (2014) p411 and their percentage of reflectance over 400-1050nm wavelengths.



Further analysis of all shown spectral signatures from Graph 1 and Figure 11 show an abrupt change in reflectance in the red region to near-infrared. An equation using the values from the red and near infrared regions is a widely used vegetation index ‘Normalised Difference Vegetation Index’ (NDVI) in spectral analysis (Opreanu and Lazarescu, 2016). NDVI can be expressed as    which results in a unitless value ranging from -1 to 1 where negative values can highlight waterbodies, rocks, sand and concrete and positive values as vegetation, the higher the value, the ‘greener’ (and healthier) the vegetation (Huang et al., 2020). 
Vegetation indices from remoted sensed data can provide a straightforward and effective means of quantitatively evaluating vegetation cover (Xue and Su, 2017) however indices have other applications such as urban or water. 

There are hundreds of different vegetation indices that can help interpret spectral data which is vital for landscape mapping and monitoring. For example; one such case study used 40 different indices to detect ‘orange rust disease’ in sugar cane crops in Australia (Apan et al., 2004). Another prominent example is that of Christmas Island where significant clearing of the island’s rainforest has caused the decline of the islands species such as the ‘Abbots Booby’ (Garnett et al cited in, Misso and West, 2014). 
Image data can be collected from two different dates to compare how the vegetation has changed. A satellite image of Christmas Island is shown in Figure 13.
By downloading the red, blue green visual bands along with the near infrared band from Copernicus Browser, (2026) into QGIS, it is possible to ‘stack’ the bands into the same layer and view each pixel’s spectral curve (Figure 14).
[image: ]
[bookmark: _Toc230383618]Figure 13 Christmas Island (Copernicus Browser, 2026)

[image: ]
[bookmark: _Toc230383619]Figure 14 T48LWP_20230921VRT_10M Christmas Island 2023 showing the spectral curve of an individual pixel
Furthermore, a direct comparison can be made between the spectral curve of the same pixel from different timescales, for example September 2023 and February 2019 (Figure 15) highlighting a distinctive temporal change, most likely a change in seasonal conditions such as 
[image: ]
[bookmark: _Toc230383620]Figure 15 T48LWP_20230921VRT_10M Christmas Island 2023 showing the spectral signatures of both layers.
In true colour composition, it is difficult to identify the health or condition of the vegetation. To quantify vegetation health, an NDVI raster layer needs to be created, this was done for both of the comparative years of remotely sensed data (Figure 16). In each NDVI layer, pixels with healthy vegetation were attributed to values higher than 0.5 and unhealthy vegetation attributed to values below -0.5.  Tracking the changes between the years, NDVI difference can be calculated by subtracting the two dates. 
[image: ]
[bookmark: _Toc230383621]Figure 16 NDVI image of Christmas Island in September 2023.
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[bookmark: _Toc230383622]Figure 17 NDVI Differencing between Christmas Island 2019 and 2023.

Remote sensing and spectral analysis and are powerful tools for monitoring landcover and vegetation condition, however one issue with remotely sensed data is that of cloud cover; the re-visit period for satellite based sensor is x days on Sentiel2 and x days on landsat 7/8, therefore if the image is obscured by cloud (see Figure 13) this can impact the spectral signature, potentially taking weeks to draw comparison between two datasets making such uses as monitoring forest fires challenging  (Schroeder, Csiszar and Morisette, 2008). Despite this, remote sensed data can capture large area in short spaces of times making it a valuable application for habitat monitoring, landcover change and disaster monitoring, providing repeatable datasets that can be readily utilised for temporal comparison, allowing objective environmental assessment to inform decision-making. 

 




















[bookmark: _Toc230383580]Component 3 – GIS Field data collection
[bookmark: _Toc230383581]Introduction
GIS and remote sensing has so far been described and showcased individually so far. Other elements utilising this technology is the importance and use of fieldwork and manually collected data to support or compliment remotely sensed and third-party data. The following highlights this with fieldwork being carried out at Craig Cilhendre Woods. 
 
[bookmark: _Toc230383582]Site description.
Craig Cilhendre Woods is a 16-hectare woodland managed by Wildlife Trusts of South and West Wales, located 1.5 km south of Pontardawe, (Wildlife Trust of South and West Wales, 2020). The woodland lies in OS Grid reference SN7202. 
[image: ]The Wildlife Trust (Wildlife Trust of South and West Wales, 2020) states that the management objectives are to maintain the reserve as an upland Oak woodland by allowing the natural regeneration of native trees (Figure 18). With ancient parts of the woodland also being mentioned, it was of particular interest to conduct a basic assessment of the woodland’s health using height and biomass along with the mapping of footpaths. Some information about the site is readily available online and can be analysed in GIS software, however the focus was to capture field data to compliment the satellite derived data and demonstrate the value of GIS field data collection for habitat management. 

[bookmark: _Toc230383623]Figure 18 Craig Cilhendre Woodland (Wildlife Trust of South and West Wales, 2020).



[bookmark: _Toc230383583]Data collection and preparation
Several different datasets on Cilhendre Woods were collated into QGIS. A satellite image of the area showed vast amounts of woodland and boundary for Cilhendre Woodland was initially unclear. The National Forest Inventory dataset from Forestry Commission (2017) provided polygons of all types of woodland in the area, Cilhendre was known to be broadleaved so to further narrow down the area, the woods that were within the boundary of OS grid SN7202 was highlighted as the area of interest, (Figure 19.)
[image: ]
[bookmark: _Toc230383624]Figure 19 Map of Cilhendre Woods within OS Grid SN7202

Once the boundary for the area of the woodland to be surveyed was established, further analysis was conducted using Ancient Woodland Inventory (Natural Resources Wales, 2021) that showed the area was categorised as ancient woodland (Figure 20). However, the Woodland Trust (2026) ancient tree dataset had no recordings of veteran or ancient trees in the area. 
Further data were collated to create a picture of the canopy height of the woodland, by identifying areas of the canopy that are taller that the surroundings, can offer some indication to the area where the trees may be older. 



[image: ]
[bookmark: _Toc230383625]Figure 20 Ancient Woodland Inventory (Natural Resources Wales, 2021)

[bookmark: _Toc230383584]Digital Elevation Modelling. 
[image: Example of DSM vs DTM]The topography of an area can be recorded using Light Detection And Range (Lidar) derived elevation data. Lidar scanners are active remote sensors typically carried on low altitude aircraft that can collect large amounts of high spatial resolution data, usually as much as 15cm accuracy (Longley et al., 2015). Digital elevation model (DEM) is a broad term that describes an image where elevation is represented by a pixel value, (Lillesand, Kiefer and Chipman, 2015).  A digital terrain model (DTM) is a DEM that records the elevation of the earth without any features such as trees and buildings while a digital surface model (DSM) is a DEM that records the uppermost surfaces of the earth such as tree canopies and the tops of buildings (Jensen, 2014), (Figure 21). [bookmark: _Toc230383626]Figure 21 Infographic showing the difference between a DSM and a DTM (Geoimage, 2026).




As each pixel in an image has a digital number, mathematical calculations can help extract further information. Subtracting the values of the DTM from the DSM provides the height of the features on the earth, known as a canopy height model (CHM). This is particularly useful as tree height is a fundamental variable to support forest management, along with the diameter at breast height (DBH) of a tree (Mielcarek, Stereńczak and Khosravipour, 2018). A canopy height model for Cilhendre Woods was created (Figure 21) which shows variation in the canopy height. However, the visual complexity of data makes it difficult to visualise the highest canopy values; this can be resolved using the raster calculator to determine thresholds so that the data can be visualised to show trees over 5m as woodland shorter than 5m is considered to be scrub (Figure 22). 
[image: ]
[bookmark: _Toc230383627]Figure 22 Canopy Height Model of Cilhendre Woods
[image: ]
[bookmark: _Toc230383628]Figure 23 Re-calculated CHM of Cilhendre Woods showing canopy height greater than 5m
The above figures highlight the types of information that can be derived from third party sources, and how they can be modelled to show specific information. It would be time consuming to collect this data in the field, however the limitations of this data are that it doesn’t show tree species, the canopy understory, or features that indicate woodland health. 

[bookmark: _Toc230383585]Field survey
Field surveys can capture a variety of data if properly designed and the initial stage of survey design is to create a protocol for standardisation and repeatability.
Designing a survey that compliments the above data needs to have a clearly defined plan, adequate resources and sufficient time (Longley et al., 2015). Particular attention was given to the attribute table which directly reflects the data entry fields on Mergin Maps. This is a cloud-based software that allows the synchronisation of a GIS project to a mobile device with the Mergin Maps app downloaded, enabling the collection of geospatial field data and the ability to synchronise the data between devices and desktop (Mergin Maps, 2026).
[image: ]The fundamentals of an attribute tale are to record the unique ID of the record, the method for this should always be stated in the protocol to avoid confusion between surveyors and data entries. Recording the date and time is not only good record keeping but it allows for temporal data analysis should any subsequent surveys be conducted. Location will be recorded via GPS as x,y coordinates, the accuracy of the GPS can be 3-4m depending on location. 
Particular attention was made in the design of the attribute table for the QGIS project (Figure 23) as this creates the ‘fields’ to populate when in the woodland. The Woodland Trust (2026a) require the location, DBH and a photograph to record an ancient, veteran or a notable tree, variables which were also added to the project attribute table. A clinometer was used to measure tree height which required the distance from the tree and the angle derived from the clinometer to be included in the survey. Tree health was also included by recording any indications of Acute Oak Decline (Woodland Trust, 2000) as was any potential roost features such as holes, cracks and crevices that could provide signs of bats or owls roosting in the trees. A field for notes or comments is helpful to capture any data not already specified, this can help with landscape management by providing a record of information that can later be investigated. [bookmark: _Toc230383629]Figure 24 Screenshot of survey fields on Mergin Maps mobile device

       
[bookmark: _Toc230383586]Method:
Using Mergin Maps with the ‘Cilhendre Canopy Height Model’ layer enabled, two set of data were collected. The steaming mode for the lines layer enabled the footpath to be recorded as the surveyor walked. The areas where the canopy was at its highest were located and the tallest, accessible Oak trees were measured around the circumference at chest height, this is a standard measure approximately 140cm above ground so that DBH can be calculated later on. As the point data was recorded, the location and feature ID were automatically captured, all fields were then completed according to the protocol. A sample of Oak trees were taken from as far west as was accessible, and a further sample was taken from the central part of the woods.  Two layers of point data existed; one with complete attribute table and one that enabled photos to be taken but had limited field data, the data from these layers were merged afterwards via desktop. Once the data had been captured, the project was synchronised to the desk-based project. See ‘Appendix 1’ for protocol for the survey.

[bookmark: _Toc230383587]Results
The following image shows data that was collected from the woodland and data collected from thirds party sources and satellite imagery. 
[image: ]
[bookmark: _Toc230383630]Figure 25 Cilhendre Woods showing points data for trees and line data for footpaths with area of ancient woodland for reference.
[image: ]
[bookmark: _Toc230383631]Figure 26 Completed attribute table after merging two points layers
[image: ]
[bookmark: _Toc230383632]Figure 27 Photo of a ‘tall and spindly’ Oak, FID 3, circumference at chest height 1.2m 

[bookmark: _Toc230383588]Discussion
Issues were encountered in the field such as being unable to use the clinometer as the woodland was either too dense and/or on a steep incline so only the first two trees were recorded. There were also issues capturing photos in the software. This was overcome by taking a photo using the camera app and noting which fid it was attributed to. Therefore, the value of testing the survey and the apparatus beforehand cannot be underestimated. A ‘dry run’ can save time and prevent multiple site visits for data capture.
It was noticed that while the data field was named DBH/m, the actual measurement was the circumference at breast height /m. A calculation was later required to convert this to DBH using the following equation:
D = Diameter, C = Circumference, ϖ = 3.142     	D= 
The attribute table was pasted into Excel where the formula could be applied. 

[bookmark: _Toc230383655]Table 1 Example line from attribute table using formula converting circumference to diameter.
	wkt_geom
	fid
	Date & Time
	photo
	Tree Species
	Circumference /m
	DBH /m

	Point (272265.8477630268316716 202369.14046385569963604)
	3
	2026-05-02T09:36:43.808Z
	20260502_103727.jpg
	Oak
	1.2
	0.38197186





While the only Oak that looked considerably larger than others was beyond a fenceline which meant that the circumference was not measured, it highlights the importance of real, human beings that have the capacity to understand and notice these features during fieldwork. While the CHM showed canopy height, it didn’t account for individual trees. Databases such as the Woodland Trust Ancient Inventory (Woodland Trust, 2026a) rely on people taking physical measurements and photographs of a tree and logging the location for verification. While GIS and remote sensing have a huge range of uses, the value of fieldwork provides ground-based human observations that can support and validate remotely sensed data that may not be detected through remote sensing alone. 

An application where GIS, remote sensing and fieldwork collaborate is one of control over land development in Nigeria. Where unauthorised developed land was identified through remote sensing and change detection mapped in GIS. This was followed up by officers using smart phones with mobile GIS apps to compare what developments exist to those that were approved, utilizing real-time data for approved planning (Abubakar et al., 2025). 


 










[bookmark: _Toc230383589]Appendix 1

[bookmark: _Toc230383590]Protocol:
[bookmark: _Toc230383591]Apparatus: 
Mobile phone for use in emergency.
GPS enabled Mergin Maps project downloaded onto mobile phone.
Tape measure. 
Clinometer.

Inform someone of start and expected finish time, inform them if any changes occur. 
Measurements to be recorded in meters. 
Tree vitality symptoms: Thinning crown, cracks in bark, dark bleeds.
Tree structural issues: Cavities /cracks, weak unions, deformities. 

[bookmark: _Toc223047232][bookmark: _Toc230383592]Reference list
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