

WHITE ROCK HERRITAGE PARK WOODLAND ANALYSIS
Carbon Sequestration Report
Sam Godden 2420076
Word Count: 1692
Date: 11.03.25




1.1 Introduction
1.1.1 Site Description: 
The area studied is a section (roughly an acre) of riparian woodland situated on the east bank of the river Tawe (figure 1). Previously the site of the Hafod Copper works, the site is now an urban green space (reclaimed land). 
[image: ]Figure 1: Site Location (Bing Maps, 2023).

Characteristics of the site include damp conditions through most of the year due to drain off from Kilvey Hill. Proximity to urban spaces also shape the site, this can be observed in features such as litter and general anthropogenic disturbance linked with the high prevalence of footfall. 

1.1.2 Ecosystem Services:
The encyclopaedia Britannica define ecosystem services as:
“outputs, conditions, or processes of natural systems that directly or indirectly benefit humans or enhance social welfare” (Johnston, 2019). 
Whilst ecosystem services manifest in many different forms, estimating carbon sequestration of an area is a common method of analysis used to ascertain tangible benefits for human health. It is also one of the main data sources in the procurement of carbon credits, a key justification of this method and a useful tool for quantifying ecosystem services (Freedman, Stinson and Lacoul, 2009; Yin et al, 2023). 

1.1.3 – Aim of Study:
Various factors have been linked with the issue of worldwide declining ecosystem services – amongst the most significant contributors is growing urban sprawl (Mekonnen, 2018). Urban green spaces therefore are of increasing importance as the human population rises. Analysing the contemporary challenges they face, as well as some of their unique features is key to understanding their role in the Anthropocene and maximising the efficiency of the ecosystem services they provide (particularly as green spaces within urban environments are often difficult to obtain).
Multiple studies have been carried out with mixed results over the impacts of reclaimed land on biodiversity and carbon sequestration capacity (Hunter, 2014). Another key aim of this study is to assess the carbon capacity of the environment, given it is a brownfield site, and identify the features which dictate this.

1.2 Methodology and Results
By extrapolating a range of sample data, a rough estimate can be made of the overall carbon sequestration of this woodland. This may provide useful insight into the ecology of the area as well a basis for comparison with other sites. 

Estimated tree density using the point-centred quarter method – measured distance to nearest tree in each quadrant (using x, y coordinates). Calculated the mean distance – 1 / mean difference2 (Field Studies Council, n.d.).
Sample Area Tree Density (per m2): 3.55

Using a clinometer and tape measure, gathered data on a random sample of trees. This included circumference at breast height, angle to the top of the tree and distance from the tree (at ground level). From this data, overall height could be established using trigonometry, in addition to the diameter and radius at breast height. In order to calculate biomass, the nominal specific gravity (NSG) of each species is also required (Field Studies Council, n.d.). 

Predictions about the density of carbon within the biomass, i.e. the exact chemical composition, are difficult to make and are therefore grouped by species in the NSG. According to Valeria (2010), deciduous species tend to be more efficient than coniferous at carbon sequestration

Overall trunk biomass is calculated by multiplying the NSG by the trunk volume, calculated using this equation: (Pi x radius2) x (height / 3).
Overall Trunk Biomass (tonnes): 1.62

Both crown and rootball biomass is estimated using species specific constants with the DBH as the variable.
Crown Biomass (tonnes): 0.46
· Crown biomass calculation (DBH 7-50cm) = A x (DBH / B)
· Crown biomass calculation (DBH >50cm) = C + (D x DBH)
(A and B represent the species/group-specific coefficients for trees between 7 – 50cm in diameter. C and D represent the species/group-specific coefficients for trees above 50cm in diameter (Randle, Matthews and Jenkins, 2011)).

Rootball Biomass (tonnes): 2.15
· Rootball biomass calculation (DBH 7-50cm) = E x (DBH2.5)
· Rootball biomass calculation (DBH >50cm) = F + (G x DBH)
(E represents the species/group-specific coefficients for trees between 7 – 50cm in diameter. F and G represent the species/group-specific coefficients for trees above 50cm in diameter (Randle, Matthews and Jenkins, 2011)).

The overall sequestered carbon in woodland can be calculated using these equations:
· Total carbon content = total biomass / 2 
(Carbon accounting for approximately fifty percent of overall tree biomass (Matthews, 1993)).
· Average carbon sequestered per tree = total carbon content / number of trees
· Carbon sequestered calculation = tree density x average carbon sequestered per tree
· Overall carbon in woodland calculation = carbon sequestered x overall strand size
Overall Sequestered Carbon (tonnes): 20,476
Area of Woodland (m2): 103,000

In order to gauge the effect of species on carbon sequestration, a t test was used to determine whether there was a statistically significant difference between the biomass of a random sample of larch trees vs the biomass of a random sample of sycamore trees (figure 2). The predicted outcome is that the difference in biomass is significant.

 2: Biomass Comparison Data

Null Hypothesis: There is no statistically significant difference in the biomass between the larch species and sycamore species.
Alternative Hypothesis (prediction): There is a statistically significant difference in the biomass between the larch species and sycamore species.

Biomass of First 7 Larch Trees: 
1. Tree 1 – 0.11
2. Tree 4 – 0.67
3. Tree 14 – 0.27
4. Tree 16 – 0.54
5. Tree 17 – 0.42
6. Tree 23 – 0.34
7. Tree 26 – 0.05
Average = 0.34
Standard Deviation = 0.2225
Variance = 0.0495

Biomass of First 7 Sycamore Trees: 
1. Tree 2 – 0.03
2. Tree 5 – 0 (negligible)
3. Tree 8 – 0 (negligible)
4. Tree 9 – 0.02
5. Tree 11 – 0 (negligible)
6. Tree 12 – 0.03
7. Tree 15 – 0.83
Average = 0.02
Standard Deviation = 0.0151
Variance = 0.0002

Critical Value (p = <0.05) = 2.14
T-test Result = 0.0021 (accept alternative hypothesis)

1.3 Discussion
1.3.1 Statistical Test Outcome: 
The t-test carried out illustrated a statistically significant difference in biomass between the larch and sycamore species. Given that biomass equates directly to carbon content, the larch species appears to account for a larger portion of this ecosystems stored carbon. This is assuming that the overall ratio of larch to sycamore species is roughly even.

1.3.2 Limitations of Study: 
There is somewhat limited application to this method given the variety of environments. Whilst tree biomass accounts for the majority of sequestered carbon in a woodland, the carbon content of other stores are excluded in this method. Furthermore, environments such as peatland could not be assessed using this method, despite making a significant contribution to carbon sequestration.
Carbon sequestration is not a full representation of ecological value given that there are many aspects of environmental health. No speculations are made on categories such as species diversity and biophilia in this case. It may even be the case that isolating carbon sequestration capacity as an ecosystem service may overlook other valuable aspects of the environment (Brainard, Bateman and Lovett, 2009). 
Multiple other ecosystem services could be identified depending on the aim of the investigation particularly in relation to biophilia, being that the site neighbours a public footpath. This therefore has the potential to contribute towards mental well-being for example (O'Brien, Morris and Stewart, 2012). Another site-specific consideration would be heavy metal filtration from drainage off Kilvey Hill. This barrier helps prevent pollution from entering the river Tawe and ultimately into the ocean (Robins, 2023; Wang and Jia, 2010). Finally, the essential role of woodland environments for air filtration, particularly in urban environments where air pollution is highly prevalent (Beckett, Freer-Smith and Taylor, 1998). 
Another consideration is that carbon dioxide is not the only factor in both environmental health and global warming. In order to provide a broad spectrum of ecosystem services, a wide variety of natural systems are required (such as wetlands). Recognising that solutions to complex problems require a diversity of solutions is a major failing of this method.

1.3.3
Lidar, a modern remote sensing technology, is an increasingly popular method of site analysis in forestry. Although some limitations of the technology are present due to it being a relatively new concept, these mainly centre around factors like cost and practicality which are expected to improve with time (Beland et al, 2019). Some of the more difficult issues arise when trying to identify species, particularly variation in resolution between tools (Coops et al, 2021). This is where traditional methods play a key role for gaining a more conclusive bed of surrounding data.

1.3.4 Site Management:
Management of White Rock Park Woodland is conducted by a voluntary group – The Friends of White Rock), and Natural Resources Wales (Anon, 2023; NRW, 2022). Management of the footpath neighbouring the site is carried out by Swansea Council (Swansea, 2024). 
Current management of the site involves minimal intervention other than clearing of the footpath which is carried out by the council (Swansea, 2024). Due to the prevalence of invasive species, the carbon sequestration capacity could likely be increased if these species were removed from the site and replaced with native species such as willow, which thrive in damp environments (Kuzovkina and Volk, 2009). Successful regeneration schemes are displayed on other sites such as Mill Wood on Gower (also managed by NRW), where management practices involve removing non-native species introduced in 1956 in order to restore a traditional broadleaf environment (NRW, 2019).

1.4 Conclusion
It is notoriously difficult to represent the value of ecosystems into the form of ecosystem services, particularly when working within financial restraints. The issues involved are widespread, generally arising from the initial restriction of a numerical rating system. Broadly speaking, it could be argued that the overall aim of the investigation is floored as opposed to the methodology. 
Despite the many shortcomings however, carbon sequestration is an observable benefit of ecosystems, and generally a good indicator of the health of an environment, particularly, given the complexities involved with providing an all encompassing view of the ecology of a site, this technique offers a useful compromise. 
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