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Abstract  

The beneficial services of Green Network in mitigating climate change impacts for the urban area are 
widely acknowledged. Due to social and economic demands in Green Network implementations, it has 
been challenging to restore these green areas. Consequently, minimize ecosystem services from their 
initial naturalness condition, or create unexpected effects on city dwellers.  

  

This dissertation aims to critically appraise the capability of the Green Network to deliver a range of 
climate change adaptation services through an ability to host a healthy ecosystem. And to 
comprehensively address the role of ecosystem integrity in climate change adaptation. By presenting that 
ecosystem health and ecosystem services could cause benefits as well as harms to society if they are 
treated separately by management, even though both are under the same scope.  As such, Glasgow city 
has proven to be a relevant case study due to the establishment of Green Network. This study assessed 
Glasgow city based on qualitative and quantitative methods to detect potential sites where exist are the 
extent of (1) policy-focused ecosystem services (i.e., biosecurity, carbon sequestration, and flood 
regulation), and (2) healthy ecosystem. Indicators are used to appraise their capabilities. By using the 
GIS-based weighted multi-criterion decision method, practitioners from government agencies 
qualitatively gave weighted decisions. Potential sites are overlaid to express opportunities and threats 
between ecosystem services and ecosystem health. The result demonstrates that Glasgow's Green 
Network sufficiently has average to adequate health. While ecosystem services in the city are inadequate, 
the great extent coincides with good health extent; i.e., GN could adapt to climate change and provide ES 
to some degree despite hosting a novel ecosystem. Determining ecosystem health is helpful in terms of 
understanding ecosystem services supply where ecosystem services are proportionally increased if a 
"healthy" condition exists. This condition is highlighted by the "biosecurity," which has the greatest extent 
in multiple-services areas. Still, the caution of implementing ecosystem services is pronounced where 
ecosystem services could be identified in an "unhealthy" environment. It poses links to several ecosystem 
disservices, of which Glasgow city has shown mixed results. To target, the multi-functionality of 
ecosystem services could be the first step to eliminate adverse impact and endeavour towards ecosystem 
integrity. This approach could be more precise if it included data with a broader range, for instance, 
climatic, social cohesion, economics, and biodiversity data. However, it is suitable for learning purposes 
and helps capture beneficial and adaptive characteristics of Green Networks by applying open data. 
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Maes, 2017). 
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to support policies implementation like Single Outcome 
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GN Green Network A multi-functional network of open spaces, linking 
green spaces to combine benefits from ecosystem 
services 

SINC Site of Importance for Nature 
Conservation 

A designated local wildlife sites 

SSLI Sites of Special Scientific 
Interest 

Aeas of land and water that are considered best represent 
Scottish natural heritage (SSSIs, 2021) 
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CHAPTER 1: INTRODUCTION  
 
 

  Rationale 
 
Climate change has increased the pressure significantly across nonadaptive ecosystems as a 
consequence of urbanization (Maes et al., 2018). The change amplifies ecosystem health 
vulnerability (Munang, 2013) and exposes the city's dwellers to climate disaster risk. 
  
We depend on healthy ecosystems to continue delivering a range of ES (Maes et al., 2018). In 
a functional natural environment, Ecosystem services (ES) and Ecosystem health (EH) are 
synthesized in the way that EH facilitates ES provisioning (Lackey 2003, Maes et al. 2016) 
which are vital in a changing climate situation. Accordingly Green Network (GN) are well 
known to provide such services in an urban ecosystem context (Majekodunmi et al., 2020). 
Even so, GN is heavily delineated upon humanly-selection traits. Humans tend to spatially alter 
the landscape to gain ES or favor particular ES that they deem vital to the city's welfare (Evers 
et al., 2017). Subsequently, selected traits created novelty in the urban ecosystem could 
minimize ES comparing to their initial naturalness condition (Collier & Devitt, 2016). It create 
a compensation scenario between ES benefits (Perring et al., 2014),  or emerged unexpected 
effects on EH and well-being (Evers et al., 2017).  
  
Reversing urbanization to the original health baseline has proven to be challenging for 
contemporary GN conservation and restoration schemes (Lyytimäki & Faehnle, 2013). The 
pressing pressure from climate change, especially the high emission scenario, calls for the need 
to deepen the understanding of how to safeguarding and maximizing underpinning ecosystem 
health and integrity (i.e., condition to providing benefits beyond human needs) (Hatziiordanou 
et al., 2019).  Unfortunately, knowledge of the EH and ES provided by novel ecosystems is 
ununiform and led to uncertainty in GN management (Evers, 2018). Due to quantitative data 
linking between EH and ES are not well established in the literature (Erhard et al. 2016; Maes 
et al. 2016, Maes et al., 2018) whereas the existing method to quantify ES is based on GN 
typology in the city, not GN's quality or health condition (Majekodunmi et al., 2020). 
 
 

  Glasgow as case study  
 
Glasgow presents a relatable study area due to the implementation of a local GN action plan as 
a critical policy to tackle climate emergencies. The policy seeks to reverse the consequence of 
extensive land use that results in a fragmentation of key habitats and a reduction in biodiversity 
(Forest Research, 2020). However, the GN is found to have some degree of connectivity but 
has been unequally distributed (Majekodunmi et al., 2020; The Scottish Government, 2008). 
The pressing pressure of climate change risking the city to climatic impacts such as rising sea 
levels, UHI , and surface flooding (Majekodunmi et al., 2020). Glasgow’s GN require long-
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term management and maintenance to assess and monitoring climate change vulnerability 
(CXC, 2016) 

 
 

  Aim 
 
To critically appraise the capability of “Novel Green Network” in delivering ranges of 
ecosystem services in relation to the ability to host a healthy ecosystem. In order to address the 
role and benefits of ecosystem health in climate change adaptation. Achieving this aim will 
facilitate the new insight into novel ecosystem implications in the policy. 
 
 

  Objectives 
 

1. Review the literature to: 
a. Assess the link between EH, ES, and novel ecosystem 
b. Role of ES in climate change adaptation in an urban area 
c. Identify the existing method used to measure condition and ES 

 
2. To investigate the current degree of novelty of Glasgow’s GN  

 
3. Assess the relevance attributes that determine health condition and ES of GN in the 

local content of Glasgow  
 

4. To develop an approach to measure GN condition and climate change ES  
 

5. Highlight the capability and threats from novel ecosystem to inform local policy  
 
 

  Questions 
 
- How to measure the health condition of Green Network (GN) in promoting climate change 
adaptation in an urban area?  
  
-  How to examine a relationship between EH and climate change adaptation ES? 
  
- Does novel ecosystems which have lower naturalness provide similar or better climate 
adaptivity services to the city? 
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  Outlines 
 

 
 

Table 1.1 Dissertation structure to summarize methods applied to meet the objectives 
(Rattanakijanant, 2021) 
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CHAPTER 2: LITERATURE REVIEW  
 

 
This chapter set out to gain fundamental knowledge regarding the “ecosystem” frameworks by 
reviewing works of literature. Discussed are; “ecosystem services,” “ecosystem health 
condition,” “novel (urban) ecosystem” and available methods to quantify ecosystem.  
Following reviews fulfill objective one, and establishes the benefits and importance of green 
networks in relation to their health and integrity in the adaptation for climate change. 
 

 
  Ecosystem health and ecosystem services 

 
 Ecosystem services approach 

 
Ecosystem services (ES) can be defined as benefits ecosystems provide (Burkhard & Maes, 
2017). Initially, the development of the ES concept highlighted the “usefulness” of nature’s 
stock to society solely (Wrbka, 2011). Subsequently, the societal and economic “dependency” 
on ES was integrated into the initial concept to raise awareness for biodiversity conservation. 
Costanza et al. (1997) estimated the monetary value of ES as an attempt to resonance 
conservation among policymakers. However, Saunders & Luck (2016) states that the values of 
ES should be held as a communication tool across scientists and policymakers; thus, it should 
entirely reflect on equal distribution across society rather than economics because the intrinsic 
value of ES is uncountable and should not be legitimately owned on market system. 
  
Despite the differences, ES is seen as a practical framework interfacing ecosystem and human 
welfare (MEA, 2005). Millennium Ecosystem Assessment (MA) recognize four main strands 
of services; 
 

- “Provisioning’” or direct resources and materials from the ecosystem,  
 

- “Regulation” or benefit obtained from the way ecosystems maintain functionality,  
 

- “Cultural” or spiritual or experiential benefit, and  
 

- “Supporting services,” or a fundamental functions/processes that “support” other ES 
(Potschin & Haines-Young, 2018). Hatziiordanou et al. (2019) explain that supporting 
services are difficult to quantify due to complexity of natural processes. And they could 
be expressed by  assessment of “ecosystem condition” (Potschin & Haines-Young, 
2011).  
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 Ecosystem health condition to provide ES 
 
 

 
 

Figure 2.1 Cascade model illustrates delivery of ecosystem service  
(Burkhard & Maes 2017; Haines-Young & Potschin, 2010; Maes et al., 2016; Liquete, 2010) 

 
 
Ecosystem health (EH) is defined as a communication tool used to describe the condition of an 
ecosystem. “Health” is labeled as the baseline or benchmark condition (Lackey, 
2003). Therefore, this study use the  terms "health" and "condition" interchangeably. 
 
For the concept of ecological integrity or intactness of the ecosystem, “health” refers to a 
condition that displays the complex interactions between living and non-living components. 
Healthy condition sustains the continuity of ecosystem functionality and provision of ES 
(Lackey 2003; Maes et al., 2016). Simultaneously, an ecosystem that constitutes high ES 
capability might also indicate good health conditions (Maes et al., 2016) 
 
Figure 2.1 illustrates "the cascade model" to link EH as a constitutional factor of ES (Haines-
Young & Potschin, 2010; Maes et al., 2016; Liquete, 2010) to demonstrate the link between 
them. ES is a consequence of “Ecological condition” that underpin the quality of “ecosystems 
processes” (i.e. interactions in an ecosystem to generate functions). From this interactions, 
humans eventually derived benefits and values. 
  
The important idea emphasized by Haines-Young & Potschin (2010) is that “Services do not 
exist in isolation from people’s needs and that what people value can change over time”. 
Therefore, research on ecosystem healht conditions should be informed of society’s choices 
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(i.e. demand) that could generate pressure on the ecosystem. Burkhard et al. (2018) explained 
that relevance pressures can be used as an indicator to identify the quality of a particular 
ecosystem, i.e. the absent of pressure indicates good health (Maes et al, 2016) 
 
Many research directly related pressure to anthropogenic consequences. The literature that 
looks at urban ecosystems suggests parameters like pollution, nutrient enrichment, population 
density, or those that can be spatially examined like landscape conversion (Maes et al., 2018; 
Hatziiordanou et al., 2019).  All literature elaborated the influence of natural pressure come 
from climate change and natural disasters. 
 
 

 Role of ES in climate change adaptation in urban area 
 
 

 
 

Table 2.1 Examples of ES for climate change adaptation  
(Zari 2017, Munang 2013) 

 
"Cities are not just subjected to risk; they are also drivers of changes to climate " (Elmqvist et 
al., 2013). As a driver, the urbanization process impacts ecosystem processes supporting the 
city in the form of change in natural processes and landscape configuration (e.g., fragmented 
habitats) that affect ES capacity to provide services. 
 
Simultaneously, the pressure from urbanization also increases the demand for ES. Here, the 
term demand included the dependency on ES for problems typical to the city – inadequate land 
use, urban runoff, urban heat island – risking the well-being of city dwellers.   
  
The city, in general, benefits from ES generated by the ecosystem away from city perimeter as  
Bolund et al. (1999) explained that some ES are transferable within global scopes, such as food 
production, carbon sequestration, and large-scale water retention obtained from natural 
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resources beyond the city. The transferable ES is where ecosystems that are physically 
connected carry the ES to the city. However, most urban problems are locally created and better 
be solved locally (Bolund et al., 1999). Whereas urbanization has deleted the nature footprint 
from cities. Thus, a "green network" (GN) concept is adopted to solve urban problems and 
create an element of “regional self-reliance” system (Wu, 2014). GN generating a nature-based 
solution within the city. The presence of GN increases the resiliency of social capital by 
“provides physical defense from climate-related disasters” (Munang, 2013). For instance, 
Emmanuel and Loconsole (2015) mention that a 20% increase of GN could mitigate 2°C of 
urban temperature. 
  
Climate change significantly increases the pressure across the natural area by amplifying 
extreme events and shifting seasonal variationspp. Climate change pressure worsen ecosystem 
degradation, reduces natural carbon sequestration, and causes substantial changes in the current 
ecosystem health condition (Munang, 2013). To be climate change adapted means the city has 
"an adjustment in natural or human systems in response to actual or expected climatic stimuli 
or their effects, which moderates harm or exploits beneficial opportunities." (IPCC, 2001). 
Table 2.1 give further exmaple of ES role for climate change adaptation. 
 
 

  Novel Ecosystem: Green Network (GN)  
 
Glasgow City Council (GCC 2017) describes GN as a "multi-functional network" of open 
spaces, linking green spaces for the purpose of maximizing "combined" benefits ES from 
"connected" green spaces while also equally distribute ES to ensure society’s benefits from the 
improved urban environment.  
 
The combined benefits occurred when multiple services were created as a consequence of 
maximizing another service, which is known as ecological synergies (Maes et al., 2018). 
 
GN comprises natural (e.g., forests), semi-natural (e.g.urban parks), and man made (e.g. sports 
ground) landscapes that differ from the original landscape. Thus, the literature mentioned that 
GN has a state of "novelty" (Heger et al., 2016) because they function differently from the 
original ecosystem in terms of visualization, colonized species, including a different range of 
ES where benefits and/harm could be creates as shown in Figure 2.2 (Evers et al., 2018).  
 
The term "novel ecosystem" not only describes a human-designed landscape or simplified 
landscapes, artificial weuch as tlands, ponds, roadside vegetation, and gardens. The novel 
ecosystem could also use to describe a landscape of "post-anthropogenic disturbance 
succession (e.g., old fields with successional forest), or to currently disturbed ecosystems (e.g., 
an arable land)" (Evers et al., 2018).  
 
Novel ecosystem is used interrelated to "urban ecology" in literature (Wu, 2014). Urban 
ecology defined as a field that examines "humans in cities, of nature in cities, and the coupled 
relationships between humans and nature." (Indiana University, 2021) 
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Where novel ecosystem framework does not explicitly mention "urban area" but broader 
ecology field, but when mentioned "novelty" in an urban context, it is related to ES (Evers et 
al., 2018). The two approaches nevertheless aim to incorporate ES as a tool to "improve" and 
emphasize "the ways that human and ecological systems evolve together (Wu, 2014)" towards 
the sustainability of the cities. Which sustainability could be more secured "if properly 
designed, planned, and managed" (Wu, 2014).  Perring et al. (2014) describe novel ecosystem 
mangement aim to promote biodiversity conservation and restoration of ecosystem functions 
by create a sustantial spaces and links for GN as further described below. 
 
 

 
 

Figure 2.2 Cascade model illustrates delivery of “novel” ecosystem  
(Burkhard & Maes 2017, Haines-Young & Potschin 2010, Evers et al., 2018) 

 
 

 Green network to conserve and restore ecosystem  
 
ES provided by a novel GN could confront biodiversity conservation (Evers et al. 2018.) 
Because targeting certain services could negatively reduce other services or imbalance 
underpinning biological diversity. Therefore, the areas of strictly preserving biodiversity may 
not always associate with high ES supply (Evers et al. 2018, Potgieter et al. 2019). Restoration 
however can range from small scale interventions to improve urban biodiversity such as less 
lawm mowing, or river cleaning, or large scale such as peatland regeneration (UNEP, 2021).  
 
GN's physical display of biological diversity in conservation or restoration requires awareness 
of the interaction between species or the "ecological networks." The interactions are various 
but positively affect the fitness, i.e., stability, survivability, resiliency, and natural recovery of 
member species (Simard et al., 2015). The interactions transfer through various mediums: food 
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web, pollination system, seed dispersal (SNH, 2020), trees mycorrhizal network (Simard et al., 
2015). 
 
Although management of conservation and restoration, is challenging because it required 
subsidies on top oFf scientific knowledge which could cause a short-termist in the 
implementation, particularly monitoring, where comprehensive conservation could not be 
achieved. (Hislop et al., 2019).  
 
 

 Green network for linking spatial fragmentation  
 
Novel GN concentration on single area management has been deemed inefficient on an urban 
scale, particularly when focused areas are too small or isolated from other green spaces. (Fenu 
& Pau, 2018).   
 
Forman (1995) described GN spatial forms as shown in Figure 2.2, in which each form 
performs a different function. In particular, a unit of landscape or "matrix" contains "patches"  
and "corridors" which link the patches. Patches represent a core living space for species to 
thrive. Corridors serve as stepping stones in supporting the mobility of species to distribute, 
migrate or disperse. 
  
With ES, these spatial configurations form a functional network to deliver ES when 
comprehensively connected. For example, in water management, floodplains (matrix) 
providing a flood retention service; within the floodplain are rivers and streams (corridor) that 
store and convey water to wetlands and lakes (patch). 
 

 
 

Figure 2.2 The spatial configuration of green network 
(HMGoverment, 2018) 
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  Quantifying ecosystem health and services 
 
Maes et al. (2017) reasoned the importance of EH quantification in help targeting and 
prioritizing ecosystem degradation area in order to be tackled by GN management (such as 
restoration). In an urban context, the prioritized area could infer to climate change vulnerable 
area or hotspot of environmental, societal, or economic issues. 
 

 Existing methods of quantification 
 
Neugarten et al. (2018) explain that selecting the measurement method is informed by the aim 
of the assessment and expect outputs, quantitative (e.g., spatial location and monetary) or 
qualitative. The method must be feasible for practical purposes such as has availability of data, 
has enough participants in a survey, and are time feasibility. Below presents existing methods 
to quantify EH and ES. Table 2.2 summarize existing methods by comparing attributes of each 
method. 
 
 

 
 

Table 2.2 Summary of existing methods compared by attributes  
(Ruskule et al. 2018, Vihervaara et al. 2018, Ncube et al. 2018, Vallecillo et al., 2019) 

 
 

 Field observations   
 
Field observation essentially links to data collection, which offers the observer spatial explicit 
data at a local scale. Field observation application is comprehensive once mixed with other 
methods such as mapping or modeling to assess sampling areas.  Although the limitation of 
this method pointed out by O’neil (2013) concerns the inconsistency if multiple surveys are 
required. Although field observation can derive a precise measurement, it needs resources and 
time (Ruskule et al., 2018). 
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 Surveys, interviews and questionnaires   
 
This method qualitatively captures an overview of a focus group on their opinion. Vihervaara 
et al. (2018) describe the advantage of public and expert knowledge involvement, such as they 
could help select a relevant parameter, score them, suggest ES demand, or help eliminate the 
uncertainties of the assessment. Although, it should not be forgotten that the number of 
inclusivity can be problematic. 
 
 

 Assessing change  
 
Ncube et al. (2018) demonstrate the application of a time series aerial maps to quantify ES 
supply and extent change in time. In this way, the researcher could gain information comparing 
lost or evolution of key ES.  Ncube et al. (2018) also suggest ES research could benefit from 
investigating the temporal dynamic in landscape such as seasonal variation and ecosystem 
change. 
 
 

 Ground surface observation 
 
Utilizing remote sensing capture by satellite Earth observation is useful to directly measure 
ecosystem physical state and ES supply such as land change, location of species assemblages, 
classify types, and size of habitats (Cord et al., 2017). ES demand and benefits calculations are 
more challenging to be measured by satellite Earth observation, and stimulation usually need 
to is usually needed to include a parameter of ecosystem attributes (Cord et al., 2017). 
 
 

 Accounting method  
 
This method derives the numerical supply of ES from ecosystems to the community to assess 
whether a mismatch exists in ES demand and supply. For most ES, demand in an urban area is 
much higher than the supply, accounting method ensuring ES is delivered continuously 
(Burkhard & Maes, 2017). Accounting methods do not need additional data input like modeling 
(Burkhard & Maes, 2017). In fact, researchers could rely on official data such as CO2 flow. 
Therefore, not well-grounded data can cause high uncertainties.    
  
ES accounting is linked with monetary values like crop yield and carbon rates. However, this 
approach is more suitable for ES that generates provision for a market system (Vallecillo et al., 
2019). 
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 Indicators 
 
Indicators are categorized as "index," "mapping," and "model" (O'Neil, 2013). Further defined, 
the indicator-based framework attained for scoring to measure some given parameters and 
simplifies the complexity of the ecosystem to improve understanding (O'Neil, 2013). 
  
Essentially, indicators could give an overview of EH and ES by measuring their attributes, and 
it is described to be a simple method of conveying and simplifying large data. 
 
Longstaff et al. (2010) reviewed numbers of literature indicate that many indicators already 
exist for the urban ecosystem. It causes uncertainties in choosing the relevant indicators from 
the large volume of existing indicators. Longstaff et al. (2010) supported the role of literature 
reviews to narrow down the relevance indicator and recommended a framework that is spatially 
explicit to local policy. 
  
Additionally, it is useful to choose temporal indicators, e.g., extreme events and seasonal 
changes indicators (Longstaff et al., 2010). Also, attention should be given to local climate as 
driven pressures are different such as eutrophication that is a common problem in only a 
temperate climate. Pressures on ecosystem conditions and the capability to deliver ES can be 
used as indicators as well. Furthermore, Longstaff et al. (2010) suggest that biological 
indicators data collection could be time-consuming and are some indicators could have 
received prioritization because of their role in policy (Maes et al., 2018) 
 
 
Example of existing indicators  
 
There is a number of studies that measure the same framework but using different terms and 
approaches. Keyword searches were undertaken using “ecosystem health indicators,” 
“ecosystem condition indication,” and “ecosystem services indicators, and climate change 
adaptation.”  
 
The selected framework below are selected because they are accepted or involved policy-
makers or experts, they are relevant to UK, Scotland or Europe, or/and informing health 
condition alongside ES. 
 
 

a. Climate change adaptation indicators from Scotland’s CXC:   
 
Scotland’s CXC was developed by government agencies ClimateXChange. The set contains 
105 indicators to track change from climate change risks and their associated impacts for 
Scotland (CXC, 2016). From 6 narratives "natural environment" is the most related to this 
study. The others include narrative for forestry, biodiversity, agriculture, buildings & 
infrastructure network, and society.  The indicators look at a current policies regarding climate 
change adaptation, progess and the effectiveness of policies to inform policymakers and the 
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public. Experts from scientific research organizations, the Scottish Government and public 
agencies provided inputs for indicator development. 
 
 

b. Environment Protection Agency (SEPA)’s ecosystem health indicators:  
 
Included are 14 indicators, three narratives listed for EH assessment. SEPA'S indicators aim to 
quantify the benefits of ES but simultaneously prioritize action to protect or enhance EH 
(SEPA, 2019), which correlates to this dissertation's aim. The indicators range from "condition 
of ecosystem attributes," "function or capacity to deliver ES," and "resiliency," or "ability of 
nature to be sustained under human and environmental pressures, including climate change" 
(SEPA, 2019.) 
 
 

c. Unformalized indicator by reseach study: 
 
Majekodunmi et al., (2020) map ES in Glasgow city using GN performance indicator to express 
open space typology to assess equitability of GN distribution links typology of greenspace as 
an indicator for ES quantification.  Hatziiordanou et al. (2019) however focus linking habitat 
maintenance ES to ecosystem condition to reflect EU conservation strategy framework (Maes 
et al., 2018), therefore the indicators are directly relate to biodiversity and pressure.   
 
 

  ES controversy 
 
The known controversy of ES is termed as "Ecosystem Disservices" (EDS); it addresses the 
properties of ES “that are perceived as harmful or unwanted by humans” (Lyytimäki, 2014). 
The disservice ranges from natural phenomena such as extreme events to man-made causes, 
for instance, poisonouse species in urban area, seasonal floods in urban areas. Lyytimäki (2014) 
found that the area of the world with high biodiversity such as tropical area has the highest 
occurrence of EDS like pests and diseases, in which Gutierrez-Arellano (2018) describe that 
native and non-native species may jeopardize human health if ecosystem function is changed. 
Neverth eless  Saunders & Luck (2016)  explain that EDS can be eliminated by enhanced 
biodiversity such as pollen allergic reactions cause by urban trees.  
 
Saunders & Luck (2016) provide an example that what is perceived as EDS could provide ES 
in other aspects while some ES and EDS can exist together. Thus, to enhance one ES could 
alos create EDS, this is known as a trade-off environment.  
  
The literature describes EDS as highly subjective to various social groups. Therefore, a 
participatory approach could be useful in urban planning processes to gain insight into what 
people perceived as EDS (Lyytimäki, 2014). The reviewed literature all mention that rather 
than eliminating a single EDS, the GN planning should rather target ecosystem health despite 
having EDS attributes  (Lyytimäki, 2014; Saunders & Luck, 2016.) 
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  Conclusion: research gaps 
  
Literature review studies indicate that an ecosystem framework has been developed to deal 
with urban issues. However, an urban ecosystem is still evolving (European Commission, 
2021), which creates gaps in the existing framework. The essential knowledge gaps are 
highlighted below. 
  

1) Novel GN, EH, and ES delivery links are not well established (Maes et al., 2016). 
Measurement often regards them separately (Evers et al., 2018) despite they both could 
constitute and indicate the states of one another. 

 
2) The viewpoint of EDS in novel GN management has uncertainty due to the trade-offs 

environment it creates (Evers et a., 2018), which pose a challenge on to restoration and 
conservation of GN.  
 

3) Existing ES measurement in Glasgow city applied GN typology for the assessment but 
not the underpinning EH. (Majekodunmi et al., 2020) 

 
4) Literature mentions a gap between ecology and social aspects. Limited literature studies 

past ES on to the “value” society gain from ES.  Understand this impact of demand 
quantitatively help informs the influence that antropogenic pressures has on EH (Maes et al, 
2016) 
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CHAPTER 3: GLASGOW AREA PROFILE 
 
 
The following chapter presents the Glasgow area profile to support objective two to analyze 
the degree of novelty in Glasgow GN for baseline setting. The knowledge derived here helps 
envision the case study and justify the EH and ES assessment approach.  
  
Novelty degree can be linked to ecosystem health; it reflects pressures from anthropogenic and 
environmental changes that occurred to the native ecosystem. As a consequence, the role and 
supply of ES have changed. To understand Glasgow's urban ecological context,  the GN current 
state must be compared to a state of naturalness or a highly adaptive ecosystem with minimal 
human interference, which SEPA termed "reference conditions." Reference data for Glasgow 
city are gathered around the pre-18th century or pre-industrial era, where naturalness conditions 
existed in Europe (Blackbourne, 2006.) 
  
This chapter introduces climate change impact as a driver. Then explore natural processes and 
change in Glasgow to describe the issues and causes degrading Glasgow's ecosystem. The role 
of Glasgow's local GN policy was then identified to understand what has been done locally to 
resolve the environmental problems. Finally, the conclusion summarizes the degree of novelty. 
 
 

  Climate change impact 
 
Climate projections by Climate Ready Clyde (2017) informs that by 2050, a 1.5°C rise in 
temperature and precipitation trend (12% in winter, -8% in summer) as shown in Figure 3. To 
be expected are change in seasonal variation and intense weather, drier summers and milder, 
wetter winters, and increasing extreme storm events associates with sea-level rise. While RCP 
8.5 (Representative Concentration Pathways 8.5) represent high emission scenario, has 
projected 4.5°C rise in temperature implicates higher intensity of climatic impact. The climatic 
impact combines with anthropogenic change has impacted Glasgow's adaptability in regards 
to natural process, climate, and biodiversity security. Which are further explained in this 
chapter. 
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Figure 3.1 Projected climate change for Glasgow City Region  
 (a) Projected annual average air temperature change,  

(b) Projected percentage change in winter rainfall,   
(c) Projected percentage change in summer rainfall, 

 (d) Projected sea level rise, RCP2.6 represents very low greenhouse gas levels.  
RCP6.0 is a medium emission scenario which is closer to current emission pledges.  

And RCP8.5 represent high emission pathway  
(CRC, 2021) 
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  Natural process and environmental change in the Clyde Valley 
 
Glasgow situates in the lowland of Clyde Valley enclosed by hills ranges formed by ancient 
glacial activities. The geography influences the meandering of River Clyde's and its tributaries; 
Black Cart, Gryffe, Kelvin, Leven and White Cart (Karunarathna, 2011). Glasgow's Clyde is a 
transitional river basin, the river flow from headwater northeastward passes Glasgow city, 
Clyde Estuary, and finally into the Firth of Clyde, linking land and sea. 
 
Industrialization has had considerably modified the Clyde Valley. Through the past 250 years 
of land change, little remains of the native ecosystem. 
 
 

 Native habitats  
 
Effect of saline and freshwater, Karunarathna (2011) describes existing inter-tidal marshes 
adjacent to Glasgow city. Historical map (Marwick, 1892) illustrates Glasgow as it existed in 
1662, the river with sandbanks and islets known as inches. Jones et al. (2018) describe the 
clearance and drainage of "lowland forests" to make way for farmlands. These describe the 
floodplain environment. The remains of habitats in Glasgow city prioritized by SNH provide 
visualization of the past. "Woodland" survives on steep ground or inaccessible slope, of which 
5% are native woodland (Forestry Commission, 2013). "Wetland" is a significant carbon sink; 
however, climate projection predicted inactive peatland formation, carbon sequestration and 
biodiversity (Scottish Government, 2015). Where "Grassland" biodiversity can decline over 
time diversity or graduate depends on management regimes (GCC, 2017). 
 
 

 Flooding on River Clyde 
 
Due to its geographic location, Glasgow is tide-dominated. Hence, reoccurring inundation by 
tidal and river floods is sustaining the ecosystem and typical to this area. River Clyde also 
collects drainage from a large surface. Currently, 90% of Glasgow's rainfall depends on the 
urban drainage system (Bonan, 2015), limiting the storm in any given year to exceed 20% 
chance efficiency (WWF, 2002). Karunarathna (2011) explains that extreme climate 
occurrences such as water overtopping the flood wall, increased water velocity, and drainage 
backed up networks could cause a system failure. 
 
The growing density increased flood-prone buildings and urban run-off. Thus, the city has lost 
the functional floodplain and eventually now has been under "flooding risk."  
 
Accordingly, River Clyde, Cart, and Kelvin prioritized frontline floodplain storage and intact 
river corridor, safeguarding them from further land-use changes (GCC, 2019).  Nature-based-
solution like Water Sensitive Urban Design (SUDs) have been achieved, although they are 
substantially limit in extent (Edinburgh design guidance, 2020). Floodplain and water regime 
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deliver ranges of ES such as carbon sink and biodiversity. Thus, a workable SUDs has to 
withstand a 0.5% probability of flooding in any year (SEPA, 2019) and holistically encourage 
complexity of an ecosystem to replace floodplains ability. 
 
 

 River channelization 
 
River Clyde and tributaries underwent industrial channelization as the estuary was naturally 
shallowed from sediments assemblages as shown in Figure 3.3 (Jones et al., 2018). In the 
process, river and coastal banks were extensively managed for flood protection mechanisms 
such as seawalls, piers, saline intrusion weir at the Albert Bridge, and shore embankments 
(Karunarathna, 2011). Essentially, this novel process led to the establishment of condensing 
riparian, which disrupt sedimentary flows and stability. 
 
 

 
 

  Figure 3.2 River Clyde morphological evolution 
(a) Glasgow location in Clyde estuary, legends show example of channelization interventions, 

(b) Effect of dredging on the bed of the Clyde, 
(c) Argriculture period (1200-1560): islets channel,  
(d) Trading Period (1718-1840): jetties and piers, 

(e) Industry period (1850-1980): Longtitudes Dykes built on reclaimed land 
(f) Urban regeneration period (1985-2019): Entirely reclaimed land and widen channel 

(Adapted from Vane, 2018; WWF Scotland, 2002; Marwick, 1892; GCC, 2019) 
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 Land conversion  
 
The land coverage map of the Clyde basin of  2000 and 2019 (Figure 3.3) highlights a 
decreasing natural area uptook by urban area and agricultural area. The overall urban area 
expansion caused a 56.9% loss of permeable land. GCC reports that 35.7% of Glasgow area is 
open space. Moreover, 12% are natural areas within open space, which is adequate compared 
to other Scottish cities (GCC 2020). 
  
The build-up densification is associated with air pollution and elevated surface temperatures. 
The air quality in Glasgow has been improved along with water quality since the industrial era. 
Although, urban areas also deleted ecological memory such as seed banks in the soil. This 
process still exists in wastelands that show signs of regeneration to pre-forest stages  (Bonthoux 
et al., 2014).   
 

 
(a)                                                           (b) 

Figure 3.3 Glasgow land coverage comparison between year 2000 and 2019 
(a) Landcoverage of 2000. Open space count is 71.09 Sq.km 

(b) Land coverage of 2019. Open space count is 52.48 Sq.km 
(c) This map contain modified Copernicus Service information (2015) 

 
 

 Glasgow’s biodiversity 
 
Glasgow city can support high biodiversity. Over 6,000 species are recorded (GCC, 2017) due 
to various non-native species encouraged by landscaping, 1,560 species categorized as 
naturally regenerate and more than 50% were non-native. The non-native are now under the 
control of the "Wildlife and Natural Environment (Scotland) Act 2011". 
 
Climate change is expected to create vulnerability upon biodiversity security, especially for 
species with lesser dispersal abilities or is sensitive to a novel environment (GCC, 2017). 
Accordingly, GCC has adopted the "Forestry and Woodland Strategy" to expand 21% trees 
across urban and rural settings by 2030 (GCV, 2016). Until now, the trees population has been 
gain due to commercial reforestation and the state-owned forestry commission. 
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 Role of Glasgow’s Local GN policy  
 
Figure 3.3 illustrates “Planning Advice Note 65 (PAN65)”. PAN65 offer a GN planning system 
by protecting and enhancing existing types of open spaces; public parks & gardens, communal 
gardens, amenity space, play space, green corridors, natural/semi-natural green space, civic 
space, sports areas, allotments & community gardens, other functional spaces like churchyards 
& cemeteries (The Scottish Government, 2008). A complete novelty feature such as green roof 
and wall are not mentioned in this thesis scope because they are not explicitly included in 
PAN65 nor affected by geographical influence. 
  
Under the authority of "Climate Ready Clyde (CRC)" and "Glasgow and Clyde Green Network 
(GCV)," GN framework is integrated with the "urban regeneration" process (The Scottish 
Government, 2008) to ensure along with nature restoration, an inward investment and attract 
population growth by 2035 (GCC, 2019). The road map declared community must have full 
access to ES benefits by 2030. Included in the derelict land regeneration is derelict land is 
within 500m accessibility for 60% of Glasgow's population (The Scottish Government, 2019).    
GCC recognized the benefits of relaxing maintenance and management regime on GN, which 
adding to biodiversity and avoids the future retrofitting cost (Hislop et al., 2019). 
 
 

 
 

Figure 3.4 PAN65 Open Space of Glasgow City 
(GCC, 2020). 

This map contain Open Space PAN65 data © Crown Copyright and database right 2017 
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 Conclusion: Glasgow GN’s Novelty Degree 
 
Determining a novelty degree in the ecosystem could be referenced from "naturalness 
baselines" (Figure 3.4b) and "anthropogenic baselines" (Figure 3.4c). "Naturalness baselines" 
capture ecological processes in the past (Higgs, 2014), while Evers et al. (2018) suggest 
"anthropogenic baselines" referencing if past or present anthropogenic pressure entirely novel/ 
altered the landscape. As illustrates in Figure 4.2 is a concept to define pathways of GN 
trajectory specifically essential for nature restoration. And Figure 3.5 gives an example of 
change which arrive at deliberate design. 
 

 
 

Figure 3.5 Concept of future projection for novel ecosystem  
 (a) Three states of changing ecosystem, (b) Pathways of ecosystems when change occurred, e.g. land 

use & climate, (c) Reversing the pathways of development if disturbances are removed, black lines 
indicate obstacle thresholds (c) For states of restoration regimes (Hobbs, 2009) 

 
 

To conclude, Glasgow GN produces a hybrid condition comprised of both historical and novel 
elements. Glasgow area profile represents a mixture between a 5% native nature that survives 
industrialization, novel self-assembled on wasteland, and novel landscape design resulted of 
active management to elevate degraded ecosystem (Evers, 2018; Miller & Bestelmeyer, 2016).  
GN conservation schemes aim to reverse the ecosystem back to its historical trajectory as 
shown in Figure 3.4d, where most open spaces will only restore some attributes. It confronts 
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the reality that many ecosystems cannot be restored to a natural baseline, such as altered river 
banks. Therefore, human-induced design requires strong intervention suitability. Nevertheless, 
GN signifies more benefits than the degraded ecosystem. 
 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

 
Figure 3.6 Examples for ecological novelty perspective in Berlin, Germany 

(a) Example of novel lancscape, (b) example of novel species assemblages 
(Heger et al., 2016) 
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CHAPTER 4: METHODOLOGY 
 
 
Literature review chapters analyzed the existing methods to measure EH and ES. Accordingly, 
this research applied an indicator-based approach to map and assess EH and ES because of the 
potential to quantify and visualize the ecosystem's capacity by using selective attributes and 
compiling them into one single measurement. Below present the methodology framework for 
approaches, data collection, data proccing, and data analysis. Some content are analysed and 
presented in this chapter in order to explain how to quantify them.  
 
 

  Research approch  
 
The research approach establishes the framework for this study following the guidance of 
“research onions” (Saunders et al., 2009). This study aim to appraise the capability of GN in 
delivering ES and EH. Thus, “deductive” approach and a partial “inductive” were combined to 
create framework for this study. The deductive approach flows from examining existing 
theories to theory testing, whereas the inductive approach helps build theory from data 
collection (Saunders et al., 2009).  
  
Aware of the existing approaches, this study started by reviewing the existing ecosystem 
conceptual framework to test further how these concepts facilitate the ability of GN to 
withstand climate change impact. Combining with some inductive approaches,  by gather data 
to develop the tool for GN assessment. 
  
For research strategy, this study chose the case study to achieve an in-depth knowledge of a 
complex issue for a real-world context (Saunders et al., 2016). Accordingly, Glasgow city is a 
relevant case study due to robust GN policy, but impacted by climate change risk. Furthermore, 
the context suit the aim of this study because of its hybrid condition where some urban area 
restored, but some has reached a novelty point due to the industrial revolution. 
 
 

  Mixed-method approach 
 
Considering research question; 
- How to measure EH and ES of urban GN in support of climate change adaptation?   
  
In order to deal with the complexity of data associates with quantifying EH and ES, a mixed-
method approach including both quantitative and qualitative strategies is used to reduce the 
uncertainty of final results. 
  
Qualitative methods starting from reviewing "Ecosystem framework," i.e., ES, EH, Novel 
ecosystem, their interrelation, current methods, and existing ES/EH indicators. While empirical 
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data analysis from literature helps build the Glasgow area profile. Both ecosystem framework 
and Glasgow area profile, later on, guiding the indicator development and justify their 
relevancy.  
 
For the quantitative methods, data for the indicators are collected and computed using GIS-
based Multi-Criteria Decision Analysis (MCDA) for the final results. And to help validate the 
process, a qualitative practitioners' opinions were collected via questionnaires to prioritized the 
indicators; as Ponto (2015) mentioned quantitative approach could be more reliable if it 
includes a survey. Finally, based on the final mapping result, sites selection method was used 
to explain GN capability and threat. Discussion was implicated under the guidance of existing 
literature. 
 
 

  Data collection & data analysis 
 
Data applied in this study primarily are secondary data for two purposes, qualitative and 
quantitative assessment. Qualitative data included concepts and empirical data. Quantitative 
data were used to create indicators for GIS-based assessment.  
 
Secondary data are suitable due to the great amount of data are required for the assessment. 
The geospatial data were collected from different open data sources online. Although, the data 
collected are not customized for this study. Thus, they were processed using ArcMap 10.7.1. 
Further detail of the GIS analysis method was explained below in Section 4.1.2. 
 
 

  The Workflow 
 
Figure 4.1 presents the workflow for this study following four steps.  
  
Step 1: Literature reviews in Chapter 2. Included are a review for ecosystem concepts, 
framework and existing methods  
  
Step 2: Based on Chapter 2, the concept help carried out site analysis in Chapter 3, it explain 
the degree of novelty of Glasgow’s GN. Included are reviews on Glasgow’s reference 
condition, landscape alterations, and environmental change trends.  
  
Step 3: Chapter 4 develops indicators based on literature knowledge. Here, relevant ESs are 
also derived from policy content. 
  
Step 4: This step link EH and ES by MCDA based on practitioners’ opinion. Chapter 5 presents 
GIS mapping results. The final maps are compiled to explain GN capability and threats. Threats 
are investigated further at a site-specific scale. 
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 Figure 4.1 The workflow framework classified into 4 steps.  

The framework adapted from Maes et al. (2016) 
 indicate Step1,  indicate Step2,  indicate Step3,  indicate Step4 

 
 

  Indicators development method 
 
The indicator development method complies with the third objective in determining attributes 
to measure the GN capability to host EH and deliver ES. Following the workflow, this study 
adopted the method from Hatziiordanou et al. (2019), whose method maps ecosystem 
conditions for habitat maintenance ES. This method is adaptable, combining only two 
compositions; pressure indicator and biodiversity state indicator. However, this aim to develop 
a different ES; i.e., climate change ES. Gaining as insight from ClimateXChange 2016 (CXC, 
2016), EH in this study is compose of pressure indicator and ecosystem adaptivity indicator. 
The indicators were adapted from the list offer by “CXC’s natural environment adaptation to 
track the effectiveness of climate change interventions.” 
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Section 4.5.1 presents EH indicator compositions and selection assessment. The assessment 
guiding by knowledge obtained from literature reviews. While Section 4.5.2 explain method to 
process the indicator data. 
 
 

 Ecosystem health indicator derivation 
 

a) Pressure indicators derived from Glasgow area profile 
 
The literature demonstrates that pressure is a consequence of anthropogenic alterations (Maes 
et al., 2018). This section derived “pressure indicator” from key alterations that occur to 
Glasgow's landscape where a large portion has been altered beyond the restoration point.  
Listed below in Table 4.1 are the alterations categorized into "historical" and "anthropogenic" 
baseline to derive relevant "pressure." The climatic change factor is a significant driver that 
intensifying the anthropogenic impacts on EH; the vulnerability trend in Table 4.1 represents 
the current situation of each alteration. Below present five “pressure” indicators from the 
content assessment, landscape degradation, flood risk, invasive species, deprived areas, and 
urban temperature 
 

 
 

Table 4.1 Summary of key alterations to derive “pressure indicators.” 
↓ = Upward trend,  ↑ = Downward trend, & → = No significant trend (Rattanakijanant, 2021) 
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b) Ecosystem adaptability indicators derived from CXC's indicator: 
 
The literature review chapter explains the availability of several existing indicators suitable for 
assessing Scotland's climate change adaptation situation. Thus, "ecosystem adaptability 
indicators" in this study adapted from formalized indicators collected by Scotland's 
environmental agencies, CXC. 
  
Glasgow area profile provides the knowledge that many of CXC's indicators are irrelevant to 
Glasgow city's context, and also geospatial data are available for some of the indicators. Thus, 
this study does not apply the complete list of CXC's indicators but adapted and filtered out the 
irrelevance using the knowledge obtained by the previous chapter. Table 4.2 summarizes 
selected nine indicators and their descriptive justification. The total assessment is available in 
Appendix 1. The indicators included "Natural regeneration," "Protected area," "Habitat 
Connectivity," "Extent of habitats," "Vegetation health," "Pollinators and key species," 
"Surface water quality," "Area of a functioning floodplain," and "Soil sealing." 
 

 
Table 4.2 Summary of “ecosystem adaptability indicators” derived from CXC 

↓ = Upward trend,  ↑ = Downward trend, & → = No significant trend (Rattanakijanant, 2021) 
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 Data processing method 
 
Section 4.5.1 developed indicators, then raw geospatial data of each indicator were obtained 
from providers such as GCC, SNH, and SEPA.=. Below is the rationale for processing each 
indicator item. This method customizes and normalized the raw data to be further applied in 
GIS-based MCDA (further explained in Section 4.7.1). Data were processed using ArcMap 
10.7.1 application while the calculation approach was obtained from the literature. And finally 
are normalized from low to high value. The complete assessment in Appendix 2 contains 
detailed information on each indicator, i.e., collection date, the format available, source 
provider, reclassification/ calculation approach, and descriptive justification of why each 
indicator was selected. 
 
 
Amount of natural regeneration 
 
The natural regeneration map was derived from data of Glasgow's five key habitats digitized 
by SNH to visualize the location of woodlands, wetlands, heathlands, neutral grasslands, and 
acid grassland. The seed tree's dispersal ability from habitat cores was calculated to find the 
regeneration opportunities which decline with increasing distance from the core habitat (SNH, 
2012). ArcMap's "Offset" tool was applied to capture are offset from key habitats, and assigned 
normalized values range from low to high seed dispersal ability; the cores represent the highest 
value, the area of 500 m. offset area has moderate value and 2,000 m. offset area has the lowest 
value (SNH, 2012). 
 
 
Protected Area  
 
Conservation policies support native species' survival. Geospatial data of three different 
conservation policies are collected, "merged" and "reclassified" using ArcMap.  
 
Rank from low to high, "ancient woodland" preservation (raw data obtained from SNH) has 
high value because old-growth trees sink massive carbon quantity over a long time if not 
disturbed and release it slowly once decomposed (Iversen, 2018). In comparison, carbon 
release is much faster for the decomposition of newly regenerated or even-aged commercial 
forests (Luyssaert et al., 2008). Sites of Importance for Nature Conservation or SINCs (GCC, 
2017) and designated "green corridors" have moderate value as they provide urban refuge for 
some climate-sensitive species like Lichen epiphytes.  Lastly, Site of Special Landscape 
Importance or SSLIs (GCC, 2017) has the lowest value. As they are highly novel and prone to 
alterations but preserved for community use. SINCs, and SSLIs data source from PAN65. 
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Extent of habitats 
 
Using ArcMap, this study "select by attribute" from PAN65 data to capture areas over 0.5 ha 
by using demarcation size of 0.5ha, 2ha, and 50h. Simrard (2015) demonstrated that unlike 
trees confiscated in small planters (4 sq.m.), the extent of habitat is critical because trees have 
root connections that support themselves to sink carbon and share resources. The selected area 
was "reclassified" by extent and typology because natural type delivers more benefits than 
general greenspaces (Natural England's, 2010). Natural England (2010) recommends a 2 ha 
size for urban parks. At the same time, Manchester Green Infrastructure Strategy (2015) 
suggests benefits of 0.5 ha of natural woodlands.  50 ha extent is assigned for the highest value 
as it capture better preservation (Beninde et al., 2015).  
 
 
Habitat connectivity 
 
The extent of Habitats map was computed by Graphab 2.6 application to generate modularity 
matric, normalized to low to high modularity. This method follow the suggestion of literature 
(Conservation corridor, 2020). Fixed distances were assigned at least 300 m. to express the 
foraging range of solitary bees (Natural England, 2010). Surface distance is preferable (i.e., 
path distance of real-world taken into account obstruction, e.g., buildings). However, this study 
uses graphic distance due to technical limitations. 
 
 
Pollinators and key species density, and dominance of invasive species  
 
Pollinators and key species data were retrieved from records of key species sighted in the city 
from the Atlas of National Biodiversity Network (NBN). Relevant species were select from the 
SNH's priority list (the list included in Appendix 7). This study digitized sighting locations 
over JPEG downloaded from the NBN website dated 2018-2021 to capture the most updated 
sighting, then computed in GIS using the "density" tool.  
 
Invasive species analysis uses a similar approach. Appendix 4 included species names 
controlled under the Wildlife and Natural Environment (Scotland) Act 2011. Thus, the sighting 
after-action year (2011-2021) was digitized. Non-native species map includes data of 
simplified landscapes such as lawns where location available in PAN65. Limitations of this 
approach concerning bias from the frequency of visitors on some locations. 
 
 
Surface water quality 
 
The surface water quality map was digitized over JPEG, downloaded from SEPA's interactive 
map. SEPA's collected data from water stations across Clyde River and its tributaries and 
classified them into three values; poor, average, and good. This study follows SEPA's 



 

40 
 

classification. Urban wetlands water was derived from the GCV report and assigned moderate 
quality. 
 
 
Floodplain area  
 
The input data for the Functioning Floodplain map was downloaded from Copernicus Land 
Monitoring Service. Raw data included the "Delineation of Potential Riparian Zones (DRZP)" 
and "Observable Riparian Zones (DRZO)." DRZP is derived from hydrological and 
geomorphological parameters to compute natural flood allowance space. DRZO input 
vegetation wetness parameter (Normalized difference water index or NDWI) to express 
evidence of riparian features (Copernicus, 2021). The value assigned from low to high value, 
DRZP and DRZO are assigned high and moderate values, respectively. The lesser value was 
given to the area under City Development Plan on Water Environment (CDP 8) due to areas 
are being monitored. 
 
 
Flood risk area 
 
Flood risk data was digitized from SEPA interactive flood map. It includes three types of 
inundation; coastal, riverine, and surface. The denoted area is under the worst-case scenario 
combined 200-year flood return. Thus, they were assigned equally low values. 
 
 
Vegetation Health 
 
Vegetation health was analyzed via Normalized Difference Vegetation Index (NDVI) to 
distinguish landcover surfaces by measuring vegetation's light reflection at specific frequencies 
(EOS, 2021). NDVI was computed based on Landsat-8 imagery dated June 28, 2019, at 11.15 
am. This date and time were selected to eliminate phonological vegetation conditions. The 
following formula was applied (EOS, 2021); 
 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =
(𝑁𝑁𝑁𝑁𝑁𝑁 –  𝑁𝑁)
(𝑁𝑁𝑁𝑁𝑁𝑁 +  𝑁𝑁)

 

 
Where; NIR = reflection in the near-infrared spectrum 

RED = reflection in the red range of the spectrum 
NDVI index defines values from -1.0 to 1.0 (ESA, 2021) where, 

-1 to 0 = Water, built up, Inanimated Object 
0 to 0.2 = Bareland, dead plant 
0.2 to 0.4 = Unhealthy plant 
0.4 to 0.6 =Moderately healthy plant 
0.6 to 1 = Very healthy plant 
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Urban Temperature 
 
The urban temperature was computed from Land Surface Temperature (LST) to capture urban 
materials and vegetation's "skin" temperature. NDVI from the previous analysis was computed 
to find emissivity estimation, following the method from Jeevalakshmi et al. (2017). 
 
 
Soil Sealing 
 
The soil sealing derivation method mainly "reclassify"  land cover data obtained from Urban 
Atlas land cover 2018. High, moderate, and low values are given to substantial green spaces 
with a sealing degree of less than 30%, 50%, and more than 80%, respectively. With this 
classification system, builtups are difficult to distinguish from bare soil. The NDVI map help 
locate and "erase" the builtup area. 
 
 
Landscape degradation  
 
The analysis using an "equal-weighted overlay" tool to compile “urban fabric density” from 
Urban Atlas Land Cover 2018 and Glasgow's population density data retrieved from GCC. 
Finally, using "zonal statistics" to find the extent of degradation for each data zone to capture 
increasing demands and consumption patterns (Hatziiordanou, 2019). 
 
 
Deprived areas 
 
Retrieved data from the Scottish Index of Multiple included seven deprivation domains: 
Income, Employment, Health, Education, Skills and Training, Geographic Access to Services, 
Crime, and Housing (SIMD, 2020). A parameter for "greenspaces accessibility" was compiled 
with the original SIMD data using "equal-weighted overlay." The method uses ArcMap to 
analyze the "zonal statistic" of open space density for each data zone to find the areas that have 
difficulty to benefits from ESs (European Commission, 2021). Normalization of data follow 
SIMD classification ranges from 5% to 80% of deprivation. 
 
 

  ES valued in local policy 
 

In this section, specific ESs are introduced. Mae et al. suggest that policy objectives can be 
built around ES, as shown in Figure 4.2. On the contrary, this study reverses the rationale by 
using the local policy to extract needed ES. In this way, a policy could help justify relevancy 
of the ES for this study. This step is presented below; the content analysis method is undertaken. 
ES values were built around policy needs within Glasgow locality. Table 4.2 analyzed the 
content of "Glasgow City Region's first Adaptation Strategy and Action Plan 2020–2030; 
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Intervention 9: Deliver nature-based solutions for resilient, bluegreen ecosystems, landscapes, 
and neighborhoods." (CRC, 2021). 
 
The action plan is applicable to this study as it seeks to "ensure the sustainability of region's 
social, economic, and environmental resilience to climate change, outlines the processes and 
interventions to manage climate risks, sets out to progress in climate resilience knowledge to 
improve policies and enabling citizens and organizations to play a role." (CRC, 2021). 
 
Accordingly, Intervention 9 aims "to accelerate blue and green solutions increasing the 
involvement of stakeholders, exploring the potential of derelict land and the Clyde corridor." 
(CRC, 2021). 
  
O'Neil (2013) describes the applicability of content analysis for deducing composer's views 
from existing documents by categorization. As such, this method is adopted here. Table 4.3 
shows a policy content and implication of ES. Whereas extracted below are keys ES that 
Glasgow city valued and planned to supplement (The entire content is available in Appendix 
4.) summarized into three items;  
 

- “Biosecurity” 
- “Carbon sequestration” 
- “Flooding regulation” 

 
 

 
 

Table 4.3 Summary of ES derived from Glasgow’s adaptation action plan  
(Rattanakijanant, 2021) 

 
 

The selection of policy ES does not signify that selected ESs have more importance than ES 
not mentioned here. But as per Climate Ready Clyde policy, these three ES are vital 
compositions for climate change adaptation of Glasgow city. So, purposefully discussed here 
is how "Climate change adaptation ES" amplifies social and economic ES. For instance, 
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"Biosecurity" links to pollination that links to urban food security and safe food consumption 
as an opportunity for community cohesion and a reduction in cost and carbon emissions 
associated with food transportation (Natural England, 2010). “Carbon sequestration” 
regulating terrestrial climate, where the attempt at carbon removal simultaneously improves 
water, soil, air, and vegetation quality, sustainable land management, and cooling potential that 
benefits human health and urban micro-climate. “Flood regulation” has the most physical 
recognition influence, working together with groundwater recharge and erosion control, all 
directly tied to safeguarding life and building infrastructure—lastly, the integrity and health of 
the ecosystem where ESs are available to supply cultural and recreational potential. 
 

 
 

 Method to synthesize Ecosystem Health & Ecosystem Services 
 
Following on the workflow to step 4. This step aims to fulfill the research question; 
- How to examine a relationship between EH and climate change adaptation ES? 
  
Finding synthesis between EH and ES would provide new insight into the role of ecosystem 
integrity in climate change adaptation. The qualitative framework in this section is adapted 
from Maes et al. (2018). Services cascade model theory (Haines-Young & Potschin, 2010) and 
Maes et al.'s conceptual framework convey synthesis exist between EH and ES in an urban 
ecosystem due to the three elements are composed of components that interact with each other. 
Thus, indicators for EH are strongly interconnected to ES delivery (Maes et al., 2018). This 
study also adopted quantitative strategy to link EH and ES via GIS-baded MCDA as explained 
below (Section 4.7.1).  
  

 
Figure 4.2 Maes et al.’s framework to link EH, ES, policy objectives, and pressure 

(Maes et al., 2018) 
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 GIS-based Multi-Criteria Decision Analysis  
 
This section present quantitative framework for synthesizing EH and ES. Multi-Criteria 
Decision Analysis (MCDA) is a general framework for supporting complex decision-making 
(Saarikoski et al., 2015). Thus, this study using practioners’ decision and scoring system for 
combining the indicator  into single value in acheiving the appraisal. Normalized indicator were 
compiled in the scoring system ranging from 1 to 5, indicating poor, inadequate,, average, 
adequate, and excellent value (Hatziiordanou et al., 2019). Figure 4.3 summarize the overall 
MCDA process from data collection until scoring adapted from Hatziiordanou et al., (2019). 
 
 

 
 

Figure 4.3 MCDA framework adapted from Hatziiordanou et al. 
(Rattanakijanant, 2021) 
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 Practitioners’ participation 
 
Vihervaara et al. (2018) mentioned the advantage of practitioners' involvement for this method 
to eliminate the uncertainties of the assessment and provide in-depth knowledge on the subject. 
Section 4.7.3 presents practitioners' participation in this study. This study gained practitioners' 
participation for two purposes; (1) to selected relevant indicators to assess ES, (2) to prioritize 
indicators of importance. This study creates questionnaires on the "Google forms" platform. A 
"questionnaire" is an effective method considering the pandamic situation. Besides, both 
quantitative and qualitative data could be quickly gained. Thus, this questionnaire combined 
both questions with numerical weightings (quantitative strategies) and open-ended questions 
(qualitative strategies). The procedure is considered as Multi-Attribute Value Theory (MAVT) 
approach where participants are asked to choose the indicators and then assign numerical 
weightings to reflect the importance of each indicator (Saarikoski et al., 2015) 
  
Included below are fourteen questions reflecting this method's aims (The full questionnaire is 
presented in Appendix 5.) 
 
Section 1: 

Q1. Name of participant’s organization 
 

Section 2: Ecological adaptivity topic;  
Based on own experience and organization you represents, please;  

Q2. Allocate an importance score of 100% for “Ecosystem Adaptivity” indicators. 
Q3. Briefly describe your reason. 
 

Section 3: Ecosystem services topic;  
Based on own experience and organization you represents, please; 

Q4. to Q6. Choose from the list the indicators that you think are important for 
"Biosecurity”,  " Carbon Sequestration”, " Flood regulation” and  in Glasgow city. 

Q7 to Q9. Allocate an importance score of 100% for indicators you selected 
Q10 to Q12. Briefly describe your reason. 
 

Section 4: Anthropogenic pressure topic;  
Based on own experience and organization you represents, please; 

Q13. Allocate an importance score of 100% for “Anthropogenic pressure” indicators. 
Q14. Briefly describe your reason. 

 
The questionnaire was sent out to GN practitioners across public sectors, including local 
government bodies and government environmental agencies. The result of their questionnaire 
was presented in Chapter 5. 
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 Calculating ecosystem health (EH) 
 
Existing literature demonstrates that EH evaluation comprises two components, pressure and 
ecosystem adaptability (Hatziiordanou et al., 2019, Maes et al., 2016). Hatziiordanou et al. 
suggested that EH can be mapped by “equally” as they are equally influence the EH. Although, 
practitioners help allocate importance scores for pressure and ecosystem adaptability “sub-
indicators” but on the final EH mapping will refer to Hatziiordanou et al.’s formula as written 
below;  
 

“EH = 50%(Pressure) + 50% (Ecosystem Adaptivity)” 
 
 

  Consensus analysis 
 
Applied MCDA, this study aims to convey following maps; 

- Indicator maps 
- Ecosystem health final map 
- Three ecosystem services final map; biosecurity map, carbon sequestration map 
- and flood regulation map 

  
These three components are overlaid in ArcMap to arrive at final consensus evaluation. And 
finally include “PAN65” and “Scottish Vacant and Derelict Land Survey 2018” to capture the 
typology of the result area. This method supports the fifth objective of this research, which sets 
out to understand the capability and threats of novel GN. The consensus was made using 
knowledge support from the literature review. 
 

a) Healthy ecosystem & ecosystem integrity 
To analyse that healthy ecosystems (value 4 to 5) are supported by ecosystem integrety, this 
map finds the intersection of protected areas. “Healthy” ecosystem in this study refer to the (1) 
condition where ecosystem has adaptability as described in CXC policy, and (2) ecosystem has 
the condition remaining from industrial revolution   
 

b) Synergy between ESs 
To analyse the ability of GN to host multifunctionl-ES. This map find of high value which all 
ESs intersect. 
 

c) Good health coincide with ES 
To analyse the healthy ecosystem are support ES. This map find area of high value which EH 
and ESs intersect. 
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d) Poor health coincide with ES 
To analyze that ES without underlying hypothetical naturalness might host ecosystem dis-
service (EDS). This map find intersect area of high-value ESs but low-value EH  
 

e) ESs exists in deprived area 
To analyze Glasgow’s ES distributing benefit across the city. This map finds the ES area 
intersection in the deprived area (5-10% most deprivation). 
 
 

 Site Analysis 
 
To further identify probable EDS associate with the novel GN, two hotspots were selected from 
the Map of "Poor health coincide with ES." The following criterion was considered to select 
the sites. 
  

- Area is under the GCV's development plan 
- Area reflect CRC action plan aim 
- Area located within Glasgow's GN 

  
Analysis of sites is based on observation of ground truth data from Google Map and my 
familiarity with the sites. By comparing the intensity of pressure detected on the sites to ES 
supply, explanations are made in light of existing literature. This criterion would allow this 
research to later reflect on climate change adaptation policy. 
  
 
To conclude, mixed methods set a framework for this study as it deals with ecosystem data 
complexity. Literature and existing policies help framed the concepts while practitioners' 
participation is adding to more certainty results.  Finally, GIS is a powerful tool to identify and 
visualize the area of importance for the discussion chapter. 
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CHAPTER 5: RESULTS 
 
 
This chapter address objectives 4 and 5; 
  

- To develop an approach to measure EH and climate change ES. 
- Highlight the capability and threats from a novel ecosystem to inform local policy.  

  
In order to answer the research question of whether novel GN which has lower naturalness, 
could provide similar or better climate adaptivity services to the city.   
 
Ecosystem health is mapped based on “pressure” and “ecosystem adaptivity” indicators. And 
by emphasize on climate change adaptation ESs, this study appraise the condition of GN and 
whether health condition of novel GN could increase the benefit of ESs delivery. Thus, to 
finally linking EH and ES to examine the synthesized benefits, area of EH, and ES 
supply/capacity are located by 14 indicators. However, the consensus of EH and ES could 
result negatively if poor health are located, or unequally distributed. Hence, EDS were 
investigated on site specific level. The results chapter present this framework by following 
order; 
  
Section 1: Results of indicator mapping 
Section 2: Results of EH and ES mapping, here also presented practitioner's opinion 
Section 3: Final Results of EH and ES consensus area and site selection. 
 
 
Section 1 
 

  Results of Indicators mapping 
 
Indicators are processed to analayse EH and ES Glasgow’s GN supply. Each individual 
indicator is simulated by ArcMap application in which the result illustrate a spatial locations 
and configurations which these attributes are presence. The classification range from low to 
high (1 to 3) to capture efficiency of each indicator. 
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 Natural regeneration 

 
 

    
(a)                                                                 (b) 

 
Figure 5.1 Map of natural regeneration  
(a) Map of natural regeneration, (b) Graph 

(Rattanakijanant, 2021) 
This map contains public sector information licensed  

under the Open Government Licence v3.0. 
 
 

The “natural regeneration” maps illustrated in Figure 5.1a capture nature's potential to recover 
from climate change impact. The green belt on outer city is uptaken by key habitats which are 
regeneration sources provider. Figure 5.1b shows the typology of landscape that regeneration 
could occur. It suggests that 45% and 6% of natural regeneration opportunities fall into “open 
space” and “derelict”, respectively. These areas are critical for native habitats establishment. 
Another 49% represents error which could mean impervious areas exist within potential areas. 
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 Protected Area, Extent of Habitats, and Habitat Connectivity 
 

   
(a)                                                                                                (b) 

 
(c)                                                                                         (d) 

 
Figure 5.2 Map of Extent of Habitats, Habitat Connectivity, and Protected Area, 

 (a) Habitat Connectivity map, (b) Extent of Habitats map,  
(c) Protected Area map, (d) Connectivity of protected area 

(Rattanakijanant, 2021). 
Above maps contains public sector information  

licensed under the Open Government Licence v3.0. 
Some of the data modified from Open Space PAN65  

© Crown Copyright and database right 2017 
 
 
An ecosystem is likely to assist better ES, being in the vicinity of other patches to share the 
indirect ES, in terms of accessibility and for climate change impact absorption (Hatziiordanou, 
2019). In the "Connectivity" map, two types of connectivity can be observed from the result - 
the linear corridor connection of the green route and the loosely connected patch (i.e., stepping 
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stone corridor).  Building footprint as overlaid represents physical obstacles for species 
movement and increase traveling length. "Habitat connectivity" map (Figure5.2b) and "Extent 
of habitat" map (Figure5.2b) shows consensus by patches with high modularity also has a large 
extent. Thus, less modularity creates fragmentation that decreases habitat size while a decrease 
in extent of habitats increases patch number.  
  
Figure 5.2c shows "Protected area" is a proxy for biodiversity conservation policy. Glasgow 
city contains 5% of highly protected ancient woodland and mainly occurs in the outer city.  
Figure 5.2d is the analysis connectivity of the protected area. Urban ancient woodlands are 
mostly disconnected from one another but mostly well connected to moderately protected 
SINCs sites. 
 
 

 Pollinators and key species density and dominance of invasive species  
 

 
(a)                                                                      (b) 

 
Figure 5.3 Map of Pollinators and key species density and invasive species  

(a) Pollinators and key species map, (b) Dominance of invasive species map (Rattanakijanant, 2021). 
Above maps contains public sector information licensed under the Open Government Licence 

v3.0.Some of the data modified from Open Space PAN65  
© Crown Copyright and database right 2017 

 
 
Species like pollinators respond quickly to variations in habitat quality and temperature change. 
Their population supports diversity and the number of vegetation. The result shows clustering 
around the area located Kelvin River, Queen's park, and Seven Loch Wetlands. These areas are 
correlated to the connectivity map in Figure 6.4b, increasing species' ability to disperse.  
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It can be observed that areas where key species maps were recorded also host invasive species. 
Thus, suggested three situations: firstly, both complement each other; secondly, invasive 
species create risk on native species population, and thirdly, pollen concentration is significant 
in these areas. 
 
 

 Surface water quality 
 
 

 
 

Figure 5.4 Map of surface water quality 
(Rattanakijanant, 2021). 

This map is Ordnance Survey data © Crown Copyright. Some features are based on  
digital spatial data from the Centre for Ecology and Hydrology, © NERC 

 
 
Glasgow's river qualities ranged from poor to good. Urban water bodies and wetlands have a 
role in carbon sequestration, dissolve carbon sinking them in riverine sediments and plants. 
Urban wetlands have been described as generally good water quality although detected 
nutrients enrichment from agriculture (GCV, 2017), therefore has moderate value. Water 
quality in River Clyde has average quality. Good water quality can be found from Forth and 
Clyde Canal and Upper Block Burn. While Kelvin River, White Cart, and others have poor 
quality. Poor water quality and rising temperature increase eutrophication, intensify water plant 
decay and habitat loss which cause the release of carbon. 
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 Area of functioning floodplain and Flood risk area 
 
 

 

(a)                                                                           (b) 
 

Figure 5.5 Map of floodplain area and flood risk area  
(Rattanakijanant, 2021) 
Area of floodplain map. 

This map contains data of SEPA data (2021) ©Crown Copyright. 
Flood risk map (Rattanakijanant, 2021). 

This map contain modified Copernicus Service information (2015) 
 
 
“Floodplain area” hosts water regime and biodiversity in Clyde Basin. However, this map is 
different from the “Flood-risk” map because it conveys that specific areas are vulnerable to 
flood. In contrast, floodplains are where reoccurring inundations naturally occur, but both are 
comparable to the other. The flood-risk result shows the probability of water overtopping river 
banks. However, the potential riparian zone is fragmented and not entirely functional due to 
the built-up area, especially along River Clyde bank. The south area of River Clyde shows 
runoff flood risk as it lacks flood detention elements. 
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 Vegetation health, Urban temperature, and Soil sealing 

 
NDVI is applied when computed Vegetation Health, LST, and Soil Sealing value (Figure5.6). 
Thus these three indicators' influences on each other are. 
  
The lowest NDVI indicates more than 50% soil sealing correlates to high temperature and UHI 
effect. The highest LST covers 51% of the general area; high temperature exists even in the 
area with less than 50% sealed surface. This high temperature possibly affects vegetation 
phenology patterns. Bonan (2015) mention that 50-90% of unsealed surface could infiltrate 40-
83%  of urban run-off. The area with a moderate value included stressed vegetation and soil 
sealing 30%-50% has the greatest extent. Physically, these areas mostly are transition spaces 
from low to high NDVI and located where open space and built-up have no clear delineation. 
It is worth noting that GN at the fringes of cities performs an opportunity for conveying ES 
benefit from the periphery into low NDVI areas such as the inner city. 
 

  
                         

(a)                                                    (b)                                                   (c) 
 

 
(d)                                                  (e)                                                  (f) 

 
Figure 5.6 NDVI analysis  

to derive: (a) Vegetation Health map, 
(b) Urban Temperature map, and (c) Soil Sealing map. 

(d), (e), (f) show cell count of (a), (b), (c), respectively in percentage. 
(Rattanakijanant, 2021) 

Above maps contain Landsat-8 image courtesy of the U.S. Geological Survey 
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 Landscape degradation and Deprived areas  
 
“Landscape degradation” map explains the degree of human dominance in the landscape. The 
city center and the Westend have a highly degraded landscape, although the moderately 
degraded portion exists.  
  
Comparing to “Deprived area” map in Figure 5.7b, vulnerability concentrate at East End, 
Springburn, Drumchapel, Govan, Gorbals, and Pollock. In comparison, areas of the least 
deprivation are in the City center, Kelvindale, Easterhouse, and Pollockshire. Despite 
Easterhouse, the least deprived areas coincidentally are the area of highly degraded landscape. 
However, there is a consensus between deprivation and environmental problem burdens at the 
East Centre, Govan, and Greater Pollok. 
 

   
(a)                                                                          (b) 

 
Figure 5.7 Map of Landscape degradation and deprived area 

Map of Landscape degradation, (b) Map of Deprived area (Rattanakijanant, 2021). 
Contains modified Scottish Government & Ordnance Survey data 

© Crown copyright & database right 2012-2020. 
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Section 2: 
 

  Final mapping 
 
This section presents the result of GIS and participation based-MCDA. By applying indicators 
dataset analysed in Section 5.1,  EH and ES maps are obtained. Results provide useful spatially 
explicit information that can help prioritize EH and ES delivery. For each map, the result 
present two items (1) result of importance score from practitioners’ judgement, (2) result of 
GIS-based MCDA mapping.  
 
Three practitioners have responded to the questionnaire; they represent local governments and 
environmental agencies; Glasgow city council, South Lanarkshire, and NatureScot. Figure 5.8 
summarise the resulting framework of indicators development and MCDA to guide the final 
mapping analysis. 
 
 

 
 
 

Figure 5.8 The resulting framework of indicators development and MCDA 
to guide the final mapping analysis (Rattanakijanant, 2021) 
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 Ecosystem Services maps  
 
This section presents the result from questionnaire survey which ask the following question; 
 

- Based on experience and representing organization, choose the indicators that are 
important for "Biosecurity," "Carbon Sequestration," and "Flood regulation" in 
Glasgow city. Then allocate an importance score for selected indicators and describe 
the reasons. 

 
All practisioners agreed that landscapes configurations are a founding attribute to ES delivery; 
"extent of habitat" and "connectivity." As well as they are easy to be mapped. In contrast, 
"water quality" and "protected area" are the least focused as they concern management aspects 
rather than ecology. Consensus scores are not essentially different for "natural regeneration," 
"vegetation health," "pollinator & key species," and "soil sealing" because they are secondary 
attributes that could be introduced after landscape configurations are established. Nevertheless, 
one opinion suggested that all indicators should take equal priority for Glasgow scale 
assessment.  
 
 

 
 

Figure 5.9 Result of ES indicator importance based on practitioner’ opinion 
(Rattanakijanant, 2021) 

 
As shown in Figure 5.10a, indicators importances score were then catagorized into 3 items; 
Biosecurity, Carbon Sequestration, & Flood regulation.Taken an average assigned by each 
practitioner derived mapping result illustrates in Figure 5.10b to 5.10c  
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Figure 5.10 Mapping result of ecosystem services 
(Rattanakijanant, 2021) 
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Biosecurity: Map in Figure5.10b represents “Biosecurity,” or the maintenance of biodiversity. 
The potential area relies on substantial areas to support natural elements. Non of Glasgow area 
has “excellent” biosecurity. However, the city has a high proportion of open space. Due to a 
large extent and good connectivity, as suggested by the practitioners. The cluster of biosecurity 
can be observed in the proximity of Pollock county park, Seven lochs wetland, and Kelvin. 
Also presented here are the presence of pollinators, key species, natural regeneration, and 
vegetation health that practitioners suggest should be monitor to sustain long-term habitat 
quality or to apply appropriate interventions. 
 
Carbon sequestration: From Figure5.9d, regardless of presence of water bodies, vegetation, 
and unsealed soil, “Carbon sequestration” potential in inner-city area score “inadequate” to 
“poor” value due to the quality of weighted attributes are inadequate. 
 
Flooding regulation: Substantial areas for floodplains are prioritized to produced a “Flooding 
regulation” map. Thus, potential of rivers and riparian for flood regulation is pronounced on 
the map. Although, the potential is “average” given the influence of more than 30% soil sealing.  
 
 

 Ecosystem health map 
 
In order to weight EH, practitioners following question was asked to gain practitioners’ input; 
allocate an importance score for indicators that contributes to " Ecosystem adaptivity," and 
"Pressure" in Glasgow city. Figure 5.11 illustrate the overall data of importance score given by 
each practitioners. 
 

 
(a)                                                                          (b) 

Figure 5.11 Result of EH indicator importance based on practitioner’ opinion 
Result of  “Adaptability” indicator importance, (b) Result of  “Pressure” indicator importance 

(Rattanakijanant, 2021) 
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Accordingly, the answers were quantify by finding an average of three opinions as shown in 
table 5.11a. The mapping assessment of ecosystem health (Figure 5.12) is resulted from 
composition of  “pressure” and “ecosystem adaptivity”. Further result are further explained in 
Section 5.3.  

 
Figure 5.12 Mapping result of ecosystem services  
(Rattanakijanant, 2021) 
 
 
Ecosystem adaptivity: Ecosystem adaptivity maps could be distinguished from ES maps 
because more “sustainable” aspects are considered. Besides “extent” and “connectivity, 
”natural regeneration” are deemed equally significant in practitioners’ view,  implying that the 
ecosystem is functioning and would continue doing so. The same rationale applies to 
pollinators and key species, which are highly scored. 
 
Pressure Indicator: The highest weight was assigned to landscape degradation as it was 
considered the main cause of all other pressures (Hatziiordanou et al., 2016). Invasive species 
are also the primary concern in novel ecosystem environments. In comparison, the deprived 
area has the slightest consideration.  
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Section 3: 
 

  Consensus between mapping results  
 
This section highlight the capability and threats from novel GN to fulfill the fifth objective and 
to answer the final research question; does novel ecosystem provide similar or better climate 
change adaptivity ES to the city? 
 
Mapping results from Section 5.2 were overlaid in ArcMap to arrive at final consensus 
evaluation described in 5 scenarios, as follows; 
 

- Healthy ecosystem & ecosystem integrity 
- Synergy between ESs 
- Good health coincides with ES 
- Unhealthy ecosystem coincides with ES 
- ESs exists in deprived area 

 
 

 Healthy ecosystem & ecosystem integrity 
 

 
Figure 5.13 Map of ecosystem health & protected area.  

Legend shows percentage of EH area in proportion to overall GN area 
(a) Map of ecosystem health & protected area. 

(b) Proportion of PAN65 landscape found in “healthy” area. 
(Rattanakijanant,2021) 
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Figure 5.13  illustrates the final EH result. The 33.1%  of "healthy" area  (assigned "excellent" 
and "adequate") fall into the PAN65 area, whereas 0.5% are located in derelict land because of 
the influence of natural regeneration ability.  A significant proportion of GN denoted "average" 
health (41%) and is most likely to occur in the transitional space where paved structures and 
landscapes are difficult to delineate. 
  
This consensus  shows the overlaid result between ecosystem health & protected area. The 
scenario provide insight into ecosystem integrity because protected area host the hypothethecal 
naturalness. An interesting finding is that 30% of healthy area does not belong in “Protected 
nature” (Ancient woodland and SINCs) like Sports Area (20%), cemetery (6%), and amenity 
transportation greenspace (4%). This is due to their high ecosystem adaptability state and low 
vulnerability to anthropogenic pressure. As expected, the hotspot is most pronounced in the 
protected area of the designated green corridor (76%), natural and semi-natural landscape 
(33%), and parks and gardens (24%). Also, the health score varies within these protected, even 
range from poor health, and adequate health. Protected site such as "Jordan Hill Ancient 
Woodland" and "Capeland Hill Ancient Woodland," and "Mall's Mire Community Woodland" 
are isolated from other nature cores 
 
 

 Synergy between ESs  

 
Figure 5.14 Map of Synergy between ESs 

(a) Map of ecosystem health & protected area, 
(b) Proportion of PAN65 landscape found in “synergy” area, 

(c) Proportion of each ES detected in the  synergy area 
(Rattanakijanant, 2021). 
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Table 5.1 Proportion of ESs Supply and ESs synergy 
Synergy mapped in Figure 5.9a are combination of “adequate” & “excellent” area highlighted in blue. 

Percentage of overall ES area in Glasgow city 
(Rattanakijanant, 2021) 

 
In this section, hotspots of ES synergy were spatially identified, i.e., synergy occurs between 
intent ESs. Figure 5.14c shows the extent of individual ES in the synergy; they share a similar 
proportion ranging from 55% - 76%. "Biosecurity" shown the most significant supply (76%) 
in the synergy, while "flood regulation" has seen the least (55%). Public parks, gardens, and 
sports areas are the leading provider of multiple services due to the size of their extent in the 
city. Regardless of the lowest synergy, table 5.1 denotes flood regulation has the largest extent. 
Also observed is that biosecurity has the least ES area count, especially low in the "excellent" 
supply area. 
 
 

 Healthy ecosystem coincides with ES 
 

 
Figure 5.15 Map of Good health coincide with ES 

(a) Map of healthy ecosystem & ES coinciding area, 
(b) Proportion of PAN65 landscape found in “healthy ecosystem & ES coincide” area. 

(Rattanakijanant, 2021) 
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Table 5.2 Proportion of ESs coincide with “ecosystem health” 

(Rattanakijanant, 2021) 
 
 

Figure 5.15 illustrates a map of "ES synergy" and "ecosystem health." in support of ESs, i.e., 
flooding regulation, biosecurity, and carbon sequestration. Delineation indicates 36% of 
PAN65 area score "excellent" and "adequate" condition (accounted for 10% of City area). As 
shown in Table 5.2 suggest that the majority of the "ES synergy area" (77%) falls within the 
"excellent" and "adequate" health areas.  19%, 23%, and 32% being green corridor, natural/ 
semi-natural greenspace and parks area, respectively. Similar scenarios are observed for each 
ES where high supply coincides with "Good health." Therefore, 65% of the PAN65 area has a 
natural potential to provide intent ESs. 
 
 

 ESs coincides with deprived area 
 

 
 

Figure 5.16 Map of ES coincide with “deprived Area”. 
(a) Map of ES coincide with “deprived Area,” (b) Proportion of PAN65 landscape found in 

(Rattanakijanant, 2021) 
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Table 5.3 Proportion of ES coincide with “deprived Area”.  
(Rattanakijanant, 2021) 

 
 
On the social vulnerability aspect, Figure 5.16 shows map of deprivation which is an overlaid 
between ES and ES synergy maps. A stepping stone pattern of ESs hotspot is observed, which 
distributes ES to the most deprived area of 5% - 10%. Table 5.3 denotes that 15%  of ES hotspot 
deliver multiple ES to the deprived area, and 1 ha has a "healthy ecosystem." Similar trends 
are shown for individual ES, especially “flood regulation,” which is least available in a most 
deprived area. 
  
Table 5.3 shows the "equitable distribution" method adapted from Makanjuola et al. (2020). In 
particular, Glasgow city has 26% delineated as "deprived" by this study. Hypothesized that 
26% of ES hotspot falls into the most deprived area would account for 'equitable distribution' 
(Majekodunmi et al., 2020). None of the ES met the equitable distribution threshold. 
  
Performed together with is connectivity analysis to explain accessibility at 500 m—fixed 
distance to capture travel distance on foot by elderly group (Pinto et al., 2020). The result 
indicates that 15% of ESs are isolated from other ESs hotspots (indicated by red dot). 
  
Figure 5.15b explains that Open space typology has seen the highest proportion in Public Park 
and gardens (25%), sports areas (23%), playscapes (17%), and green corridors (14%); these 
are excellent elements distributing ES to a deprived area. Urban woodland and parks such as 
"Festival Park," "Elder Park," "Hogarth Park," "Bridgeton Community Woodland," and 
"Bingham's Pond" are disconnected from other nature core. 
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 Unhealthy ecosystem coincides with ESs 

 

 
Figure 5.17 Map of unhealthy ecosystem coincides with ESs 

(a) Map of unhealth area coincide with ESs, emphasized are selected site 
(b) Proportion of PAN65 landscape found in “unhealthy” area. 

(Rattanakijanant, 2021) 
 
 
Ecosystem disservices (EDS) traits could be observed in an environment where ES is deficient 
or an area which undergone an ecological change (i.e., novel ecosystem), such as the reduction 
of ecosystem health  (Potgieter et al. 2019, Dohren 2015). As the holistic aspect of ES is not 
included, this study selected a method of recognizing high ESs supply areas located within an 
“unhealthy” hotspot. In this way, this study conveys probable EDS compared to ES supply 
(i.e., tradeoff).  
  
The literature explains that EDSs range from problems in accordance to an economic problem, 
cultural, recreation and aesthetic, health, and safe and security (Potgieter et al., 2019). The 
scope of the thesis will center on environmental and related well-being issues.  
 
In particular, two GN hotspots within the range of GCV were selected and examined through 
Google Earth and by my familiarity with the sites. In addition, the study investigated the 
influence of ‘pressure’ on the site then compare with ESs extent to explain possible EDS under 
the guidance of existing literature.  
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     Site A 
 
Figure 5.18 illustrates Site A located in Kelvin walkway under GCC's green corridor 
development scheme along River Kelvin (Figure 5.18b). The area is a series of connected 
parks, green corridors, natural greenspace, urban farms, and amenity gardens. Situated right in 
between residential and commercial landuse, it is under the city's conservation scheme of 
Westend. The area is a sunken river walkway that separates it from the buildups by level 
difference. 
 
Degraded lands being the most negative impact, where high maintenance activity on parks and 
gardens could create disservices such as intensive water consumption,  green waste generation, 
and CO2 emission (Bisgrove & Hadley, 2002). Although, 17% of the site area sequester 
carbon. Further study is needed for accurate carbon comparison measurement. 
  
Influence of invasive species competing and suppressing the native ones as well as affecting 
food web. Still, 17% of the site has flood regulation efficiency  but also vulnerable due to a 
condense and non-native riparian may cause reduction in riverbanks' structural integrity like 
soil erosion. Waterlogging intolerant vegetation can be expected (Rumble et al., 2014).  
Simplified landscapes such as street trees and great lawns are an example of monoculture and 
single-gender vegetation that interact with air pollution and allergenic pollen, especially during 
spring and summer (MetOffice, 2021; CXC, 2016).  
 
 

 
 

Table 5.4 Table of probable EDS links with pressure investigated at Site A  
(Rattanakijanant, 2021) 

 



 

69 
 

 
Figure 5.18 Visualization of Site A: Kelvin Walkway 

(a) Chart comparing proportion of ESs & EDS identified on Site A,  
(b) Location of Site A shown on Google Earth (c) 3D perspective of Site A and surroundings. 

3D model of Glasgow at LOD2 belongs to Glasgow City Council (2021). 
Map showing location of Looking up Kelvin River towards the West-End from Google Earth,  
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Site B 
 
Site B is a part of the Clyde walkway project, comprised are Glasgow green and Clyde 
Gateway, which has undergone significant urban regeneration from former derelict land, 
connected through a green corridor. Grid cells include parklands, riparian landscape, River 
Clyde, residential and industrial land use. The area is in the proximity of riparian restoration 
forest, the Cunnigar loop.  
 
Site B has elements of an unhealthy ecosystem, as evidence in Figure 5.17b. Impact pressures 
and intensity are similar to site A except for an additional 7% deprivation factor. The reasoning 
related to the influence of 5% of most deprivation to climate adaptation exist. Flood risk, 
Invasive species, and landscape degradation are equal influencers. There is a link to disservices 
from human dominance landuse. Firstly, intensive River Clyde channelization and flood 
defense wall increase the risk for riparian subsidence (observable). Secondly, coastal erosion 
risk in the Clyde estuary and the biogeochemical release of carbon and nitrogen (Karunarathna, 
2011). Finally, the lack of sediment delivery from marine and riverine sources would impact 
coastal habitats' ability to withstanding rising sea levels (Watkiss & Hunt, 2019).  
 
Moving on to ES's performance, flood regulation shows a 14% likelihood because of 
sustainable drainage system (SuDS) features found along riparian zones and at Clyde Gateway, 
such as flood detention lawns and constructed wetland drainage. Although, flood regulation 
performance could be reduced due to invasive species dominance. Species such as poisonous 
Heracleum mantegazzianum originated in Asia, which raises flood vulnerability and erosion, 
especially during winter when the invasive dies back and leaves the river banks exposed 
(Macfarlane, 2014). Additionally, Rumble et al. (2014) demonstrate that Glasgow trees are 
waterlogging tolerant and drought-intolerant, which is coincides with vegetation health (NDVI 
map in Figure 5.6a), where 35% belong to bare land/ dead plant, and 30% are stressed 
vegetation category. The attempt at regeneration or recent self-colonizing of trees is to be 
expected at Site B considering the small size of riparian trees. As shown in Figure 5.6c, urban 
temperature (LST) at Site B relates to a reduced cooling effect by evapotranspiration (Rahman 
& Ennos, 2016).  

 
 
 

To conclude, the concensus analysis presents an interrelation of EH and ES in Glasgow city 
which highlight the potential of Glasgow GN to deliver climate change adaptation benefits. 
Conversely, the exmaple from site selection explain negative impact that could exist together. 
In comparison, the proportion of ESs Site A are generally out-weights the area of EDS and has 
better health condition due to lower pressure detected. 
   
 
 
 
 



 

71 
 

 
 

Table 5.5 Table of probable EDS links with pressure investigated at Site B  
 (Rattanakijanant, 2021) 
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Figure 5.19 Visualization of Site B: Clyde Walkway 

(a) Chart comparing proportion of ESs & EDS identified on Site B, 
(b) Location of Site B shown on Google Earth (c) 3D perspective of Site B and surroundings. 

3D model of Glasgow at LOD2 belongs to Glasgow City Council (2021). 
Map showing location of Looking up River Clyde towards the East-End from Google Earth 
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CHAPTER 6: DISCUSSION & CONCLUSION 
 
 
This chapter is in relation to objectives five of this study by highlighting the capability and 
threats from a novel GN to inform local policy. Section 6.1 discusses implications of the 
findings and results from chapter 5, in which explanations and recommendations are made 
within the guidance of existing literature. Section 6.2 evaluates limitations found in this 
approach and Section 6.3  draws a conclusion based on the performance of this study's approach 
and reflecting own standing point on the urban ecosystem field. 
 
The result implications have five sections to discuss the result of consensus analysis and 
evaluation of the methodology approach. 
 

 
  Discussion & recommendations 

 
 Implications for ecosystem services supply 

 
Determining ecosystem health is helpful for an understanding of ES supply. Glasgow city has 
a large extent of coinciding "healthy ecosystem" and "ES." As expected, it implies that if the 
"healthy ecosystem" area increases, ESs proportion could also increase. However, 23% of 
synergized ES found on PAN65 landscapes fall out of the "healthy ecosystem & ES coinciding" 
area; suggest that this 23% of synergized area (i.e. 6% of overall GN area) host an environment 
of reduced ESs in unhealthy areas. Alternatively, unquantified ESs beyond this study scope 
could exist within the healthy area. 
 
ESs focus in this study aims for climate change regulation. The mapping assessment of 
ecosystem health conditions delineated that Glasgow city's GN has a promising natural 
potential to supply flooding regulation, biosecurity, and carbon sequestration, as excellent and 
adequate ES areas are identified for each of every ES. Among 3 ES, Biosecurity has the largest 
share in "ESs synergy," i.e., biosecurity is essential to the emergence of the other two intent 
ES, carbon sequestration and flood regulation. Thus, Glasgow GN has an environmental risk 
regulating capability, especially "biosecurity," as evidence of one of the supporting services 
that facilitate the other services, including services beyond this thesis scope (Potschin & 
Haines-Young, 2018). 
 
Glasgow's GN has "average" to "adequate" capability to generate multiple ES (two to three 
ESs) as intended in Climate Ready Clyde policy. Whereas ome areas only deliver single ES. 
Climate change projection predicted amplifying summer temperature and decreasing 
precipitation indicating the prevalence of drought in the same context, underscoring the need 
to introduce multiple ES to mitigate both conditions. The delivery of multiple ES creates 
synergies but conversely, focusing only individual or selected ES could compromise the other 
(i.e., trade-offs situation). For example, flood regulation has seen a minor synergy, implying 
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that the landscape to retain water is unique, but some type has limited capability of attaining 
carbon sequestration and biosecurity. In Glasgow's case, the flood regulating landscape is 
entirely or partially novel. In particular, sports ground or golf course, due to large proportion 
of Glasgow woodland was converted into a golf course. Thus, the proximity of these extensive 
sports grounds is within a natural area; they have undulating terrain and an unsealed ground 
surface. This environment offers flood regulation probability as high as 24% among all PAN65 
typologies (e.g., multi-function lawn or decorative pond such as could be adapted for water 
detention area). 
 
 

  Implications for ecosystem integrity and conservation  
 
Glasgow city's GN has average health conditions as PAN65 open space is spatially made up of 
36% "healthy" ecosystem, which refers to; (1) healthy as in ecosystem has the adaptive ability 
under anthropogenic pressure as described in CXC policy. (2) Healthy ecosystem as in hosting 
a naturalness remaining from the industrial revolution.   
 
41% of PAN65 has average health, suggest a consequence of urban regeneration that facilitates 
integration between urban elements and nature-based solutions, or conversely, integration of 
urban elements into natural areas. The result reaffirms that protected areas, i.e., green corridors 
and natural/ semi-natural greenspace are the primary provider of good health. The study of the 
landscape structural composition of the above green area could inform the GN implementation 
scheme. 
 
Ultimately, investigation of "protected areas" (Ancient woodland and SINCs) is suitable for 
understanding the complex interaction of nature to cope with novel landscapes, and most 
importantly, how well they withstand urban climate challenges.  Conservation policy not only 
ensures that the city benefits from ES supply but is also crucial to the survival of existing 
habitats. 
 
The consensus analysis of Glasgow's EH and the protected area has shown mixed results. The 
score range from "adequate" to "inadequate" health, despite the areas being under conservation 
policy, implies an intensity of "pressure" influence. Among all protected areas, ancient 
woodland isolated from other nature cores indicate that these sites are vulnerable without good 
management. Hence, policies could be emphasized to preserve isolated "healthy" natural areas 
and include them in the CRC's "Clyde Climate Forest" restoration scheme, alongside restoring 
protected areas with poor health. A monitoring strategy could help track a trend of climate 
change impact on the vulnerable sites. And finally, conservation policy could prioritize sites of 
immediate attention based on health score. 
 
Rumble et al. (2014) explain that patches which are unlikely to connect with significant habitat 
core could obtain novel aspects—for instance, integrating low intensive cultural, educational, 
or recreational aspects to small ancient forests to attract conservation subsidies.  
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"Clyde Climate Forest" policy aims to enhance "biosecurity" by planting strategic urban trees 
and reforestation in Glasgow's regions (CRC, 2021). Such a concept could gain benefits from 
the "Rewilding framework" (SCOTLAND: The Big Picture, 2021) alongside "urban 
regeneration" and derelict land management (0.5% derelict land result in good health). An 
appropriate balance should be weighted between nurturing urban woodlands and ensuring 
community development in a sustainable manner. Practically, a policy to encounter loss of 
property to habitats restoration is crucial for the succession of the project in an urban context 
with multiple stakeholders, GCC strategy to utilize derelict is suitable in ths circumstance.  
Thus, inclusivity of neighboring community should still be recognized when enhancing 
conservation.  
 
 

  Implications for climate-just environment 
 
Section 6.1.3 discusses a consensus result of ES and deprived areas. The area of most 
deprivation by the Scottish Government (2019) relates to people having fewer opportunities 
and resources. The study indicates that inequality of ESs distributions is pronounced in the 
most deprived area. They are indicating the challenge of social vulnerability where the most in 
need could access the least ES in addition to social and economic deprivation.  
 
From the adapted method of Makanjuola et al. (2020), the result in this study does not meet the 
"equitable distribution" expectation. However, the quantified extent is much greater compared 
to Makanjuola et al. (2020)of flooding regulation results. Such contrast could cause by 
parameter differences, the scale of classification difference, and the extent of the analyzed area 
(i.e., City scale calculation).  
 
Nevertheless, the inequity is further analyzed using ES connectivity analysis in which ES 
hotspots found in deprived areas attain adequate connectivity to other ES cores. When coming 
to ES distribution, even so, "equitable distribution" is not met, but 85% of ES in the deprived 
area are found to be reasonably connected to other GN to the fact that Glasgow as a whole has 
well distributed GN (Makanjuola et al., 2020). 
 
Indeed, sites like parks and sports grounds are the main resources provider due to their extent 
and high ecological value. Thus, the 15% isolated green space in a deprived area, in the same 
way with "protected nature" mentioned previously, should be preserved as a site of importance, 
socially and environmentally. The green corridor also appears with a possible connection to a 
larger green patch in GN schemes. In terms of landscape planning,  they represent a potential 
distribution of a "social" landscape, such as the integration of urban farms and playspace. But 
most importantly, communities' needs have to be heard to prevent shortcomings (e.g., crime 
risk spaces, maintenance burden, and vandalization).  
 
Observable associations between deprivation and ES are spatially coinciding with the peri-
urban context. The result has shown fair portion benefits from excellent EH from significant 
sites mostly located within the SINCs scheme (e.g., Seven Lochs Wetland Park). Besides, 
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deprivation is located within an industrial declined area (e.g., along River Clyde). 
Alternatively, this avocates a natural regeneration on the derelict lands within the deprived 
community in which is a sustainable and long-term cost-effective way of GN enhancement.  
 
Well-connected and accessible GN and basic facilities will be of greater importance in the 
presence of climate disasters. As explained in the literature review, the community has to 
benefits from both transferable ES and ES on-site to access higher efficiency ES to gain as well 
other ES  such as health, pollution control, cooling effect, and energy conservation. 

 
 

  Implications for environmental threats 
 
Assessment of ecosystem health facilitates EDS understanding. As identified from the result, 
the circumstance where an unhealthy ecosystem can host a high ES supply indicates that the 
Glasgow GN could function in an environment with lesser naturalness. However, results also 
suggest that high ESs supply has a more considerable extent in healthy ecosystems than the 
unhealthy. 
 
EDS is not directly quantified in this study due to the time limit but has attempted to compare 
EDS and ES by investigating elements of "pressure" on selected sies. The result shows that the 
proportion of Ess's opportunity area generally out-weights the area of EDS. 
 
EDS emerges in a trade-off scenario influences by various anthropogenic pressures of urban 
elements and novel ecosystems. Site A: Kelvin Walkway and site B: Clyde Walkway visualizes 
urban's riparian green corridor within the core of high-density areas. As explained in the Result 
chapter, novel GN provisioning "Climate change adaptation ESs" but constitute adverse 
results;  
 
Flood regulation has the slightest extent in unhealthy locations because water corridors are 
designated in a biodiversity conservation scheme. Glasgow location in the floodplain can 
explain the EDS coincidence. The degraded landscape has a sealed surface (i.e., an unhealthy 
ecosystem). Therefore, the floodplain could physically retain inundation but would have less 
infiltration potential and damage the un-resilience infrastructure located within site. Thus, 
susceptible to flood risk EDS. The "natural floodplain" has to be gained at the extent and speed 
required. 
 
Flood defense mechanisms threaten riparian subsidence and link to the disappearance of coastal 
habitats. Sustainable drainage systems (SuDS) are sufficiently integrated into the residential 
area, although they could link to simplified landscape. 
 
The effect of Biosecurity, of all ESs, has the greatest extent in unhealthy locations. By fostering 
novel GN would eventually have more benefit to unhealthy than a healthy ecosystem. But 
biodiversity is complex and difficult to achieve. The issue of simplified landscape and non-
native species spreading, particularly along the river, causes health issues and colonized 
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vegetation prone to flood and drought that has become vulnerable under increasing 
temperature. The issues also persist in the maintenance of novel landscapes that any 
landscaping has to consider low maintenance and relax management strategy. Glasgow city is 
influenced by high precipitation, although climate change is predicted to increase water stress 
and prolong the blooming season. Extending the high maintenance landscape of non-native 
species could lead to increase water and energy consumption. Furthermore, causing a reduction 
in the cooling effect by decreasing evapotranspiration. The biosecurity links to EDS can be 
explained through a degraded landscape that could cause a release of carbon through degraded 
land water, soil, and vegetation. 
 
Even natural/semi-natural green space is associated with an unhealthy environment. 
Explanation from literature links fast-growing commercial forestry to acidification discharge 
into soil and watercourse (Burton, 2018). Price (2014) also raised a case of commercial conifers 
to release carbon once timbers are harvested simultaneously. Also, peatland restoration is 
reported to cause methane imbalance and affect water quality short termly ( Lunt et al., 2010). 
Even though the consequence of commercial forestry may not be relevant to site A and B at 
the moment; however, Climate Forest policy has to be cautiously evaluated if commercial 
forests are deployed in a reforestation scheme. 
 
The prospect of trade-off leads to conflicts over whether to manage ED or EDS. There is a need 
to develop strategies that promote synergies and minimize negative trade-offs between ES. The 
mainstreaming movement informs intervention, such as removing large structures like seawalls 
and dams, improved flood dikes incorporating overtopping wetlands.    
 
From an ecosystem integrity perspective in reversing the novelty trade-off, restoration of native 
woodland or floodplains by natural regeneration and low-intensity management to achieve 
natural forest structure has gained momentum in restoration science (Potgieteret al, 2018, GCC, 
2017).  Literature suggested that pursuing natural regeneration plantations would require site-
specific evaluation. However, there is a lack of solid evidence for the detrimental effect of 
naturally regenerating native woodland on biodiversity. Although natural restoration has 
limitations, notably for highly altered landscapes might no longer support a feasible naturally 
restoring process. 
 
 

  Evaluation & limitation of methodology 
 
This methodology has limitations: quality of data, technical inexperience, comprehensivity of 
indicator, scoring system, and practitioner engagement method. 
 
Firstly, Glasgow city open data is resourceful and have wide range of coverage that fits to 
Glasgow’s context hence would be challenging to apply the same approach elsewhere .PAN 
Open Space data could be misleading because open space patches digitized are fragmented and 
have inaccurate landscape typology. The data resolution is applicable for urban scale but 
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imprecise towards an analysis of site-specific scale. Besides, ensuring that data are temporally 
aligned is challenging when data are collected from multiple providers.  
 
PAN65 data beyond Glasgow city’s boundary are unavailable and are not feasible to recreate 
due to the time limit. Thus, it caused an uncomplete environment for analysis such as “habitat 
connectivity,” “deprivation of accessibility,” and isolated patch identification analysis. 
Furthermore, many intent abiotic data are unavailable to map soil sealing, water quality, 
landscape degradation, protected nature, and vegetation health. Data such as soil carbon data 
and GHGs counts have to be replaced with compatible data.  
 
Fourteen indicators are suitable for learning purposes and represented a timely feasible for 
ecosystem quantification. A strength of the indicator method is in combining numerous abiotic 
and biotic contributors of the EH and ES into a single measure. However, it has a weakness 
because ecosystem study is still evolving, and lack of consensus on a precise definition can 
lead to uncertainty of results, simplifying complex systems into simplistic values (European 
Commission, 2021) 
 
Further, on indicators issue, the direct urban climate parameter used in this study is LST. 
However, projecting the impact of climate change requires comprehensive climatic data, such 
as precipitation, relative humidity, wind speed. Also, comparable mapping of seasonal 
variation or trends over the years could generate a more precise environment of a novel 
ecosystem to quantify future trajectory. However, data collection is challenging, which is why 
this study did not include quantifiable future trends. 
 
EDS is not directly quantified; therefore, it could create an imprecise assessment. Literature 
and my familiarity with the site have proven beneficial in identifying relevant EDS. 
 
The scoring system is inconsistent throughout the analysis. There is a mismatch of the scoring 
range between indicator analysis and consensus analysis. Also, scoring interpretation cause 
misleading information due to my inexperience with the method; scoring from 1 to 3 would be 
more suitable for this way of interpretation. This human error also applied to some challenging 
analysis methods like connectivity analysis as well as data management. 
  
Experts engaged in the MCDA process have expertise in urban planning, management and 
natural environment. Even so, the expert consensus has not been qualitatively analyzed because 
expert opinions are largely uniform except for one opinion, which suggested that prioritizing 
one indicator over another is not practical if ecosystem integrity is concerned. That pressures 
impact assessment requires a range of social cohesion beyond deprived area. Data should 
included  health and wellbeing, economic, and broader biodiversity data to understand external 
drivers that might control ES provision. Lastly, the questionnaire is helpful during COVID-19, 
although a focus group could be an alternative method to find consensus among experts’ 
opinions and strengthen the assessments. 
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  Conclusion  

 
The framework to link EH and ES aims to appraise two aspects that, despite both are mentioned 
in environmental aspect, a fragmented knowledge have reflected in implementation; thus, 
unhealthy GN emerged. Literature reviews support the connectivity between three main 
concepts, "Ecosystem services," "Ecosystem Health," and "Urban novel ecosystem," and their 
joint role in climate change adaptation. Highlighting that EH is vulnerable to climate change 
in an urban ecosystem context if planners solely prioritize one or selective ES. Glasgow city 
reflects a relevant case study as the concepts of ecosystems is applicable due to largly 
implemented GN. Still, Glasgow's urban ecosystems has hybrid novelty and have urbanized to 
the point where reference conditions are irreversible. Qualitative and quantitative data are 
valuable tools to understand the capability of Glasgow's GN to host EH and ES in its current 
state. Glasgow's GN has sufficiently average to good health, and to some extent, could adapt 
to climate change despite hosting a novel ecosystem. Determining EH contributing to the 
understanding of ES supply in several ways. Firstly, ES is proportionally increased where a 
large area of "healthy" conditions exists. Furthermore, synergies of multifunctional ESs are 
also found in healthy ecosystems safeguard by "biosecurity." Still, the caution of implementing 
ES is pronounced where ESs coincide in an "unhealthy" environment and link to several EDS. 
This study selected thress ESs as an example to quantify multifunctionality. Although in 
multifunctional sense, real-world project has to recognize beyond these limit number to avoid 
EDS emergance. 
  
EDS reduction management is a delicate process in an urban setting. The opinion on EDS 
management is un-uniformed in the literature. Lyytimäki (2014) suggests the probability of 
removing EDSs without compromising the composition of a newly established novel 
ecosystem. However, planners must critically review landscape interventions to confront EDS 
that may arise within a less natural context. The following questions should be asked; Would 
it withstand the worst-case scenario?  
  
The high emission scenario or Representative Concentration Pathway 8.5 (RCP 8.5) by 2100 
express the great magnitude of climate change impacts, especially along River Clyde.  Such a 
scenario requires a careful selection of nature-based solutions and re-evaluation of the current 
GN of whether they have good enough conditions to regulate the high climate impact, which 
this study has explored. City planners could pay extra attention to increase the extent of natural 
and semi-natural restoration of natural areas, which is proven in this study to have an adequate 
supply of climate change ES. Moreover, due to the slow-growing of natural areas, the 
restoration needs to be addressed immediately and substantially. Nature restoration could be 
challenging as it involved multidimensional planning across multiple land uses, management, 
monitoring, and stakeholders. In the Glasgow case, "Urban regeneration" strategies have 
proven to be effective simulators attracting subsidies and moving forward environment 
restoration along with the economy. It would also need to set baseline for conservation and 
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restoration which needs clear delineating goal of to what extent restoration or conservation 
would reach. 
 
PAN65 open space data contain various types of landscape to serve community uses. The 
application of PAN65 Open space has given the insight that highly communal novel ground 
does not always represent an "unhealthy" ecosystem. For instance, a sports ground within semi- 
natural area could host both a healthy ecosystem and ESs. While such ground could not replace 
natural areas but this notion may provides room to integrate social and environmental aspects 
into one comprehensive picture as natural areas which are utilized or managed could have a 
better chance at being conserved. Although, these social activities should not be intensive and 
should be managed in a sustainable way. In accordance with the Climate Ready Clyde policy 
that GN should be developed along with the adaptive community. This study does not include 
in detail the scope of "social capacity" or the ability of a community to cope together under 
climate risk. Still, exposure to climate change "risk" could be reduced by facilitating inclusivity 
through ES distribution. 
 
As a final thought on EDS and urban novel ecosystem, this study does not intend to 
underscoring a novel ecosystem's negative impact or suggest eliminating them solely. Instead, 
to appreciate the significance of ecosystem integrity and emphasize the benefits of targetting 
multifunctionality of ES to achieve a more resilient ecosystem.  Novel ecosystem and baseline 
framework aid the tracking change in an urban ecosystem which capabilities are evident in the 
result. Hence, a new condition does not always translate as negativity. However, it presents a 
lesson that any landscape planning has to fully consider the impact of a novel intervention on 
the adjacent ecosystem. City and landscape planner has to define clearly of where to integrate 
nature-based solution and how to blend them with natural environment as to link EH and ES 
in a cost effective. Whereas hybrid system of native and novelty could incrementally pave way 
for adaptive urban ecosystem. 
 
 
To conclude, this approach reflects that Glasgow city's GN represents an environment that 
supports "Climate Ready Clyde." The method is informative in identifying characteristics of 
highly adaptive and beneficial GN around Glasgow city. Using fourteen indicators to capture 
the full range of EC and ES may lead to uncertain results. Although, it is a helpful tool 
compiling accessible open data on landscape characteristics, abiotic, biotic factors, and some 
of the social value. This method is suitable for learning purposes but there is a need to 
acknowledge that ecosystem integrity in the urban context is a field interconnect to a broader 
range of social cohesion, health and wellbeing, economic, and more comprehensive 
biodiversity knowledge. 
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APPRENDICES 
 
 
Appendix 1.  
 
Justification analysis for ClimateXChange’s indicators under “Natural Environment” narrative. 
Indicators (CXC, 2017) are selected based on relevancy to Glasgow context. Presented in the 
tables are indicators name, purpose of measurement, descriptive justification, selection result, 
and final indicator derivation (Rattanakijanant, 2021) 
 

 
CXC’S Indicators 

 
Purpose 

 
Justification of relevency 

Se
le

ct
ed

 

A
da

pt
ed

 

U
ns

el
ec

te
d 

 
Indicator 
derivation for  
this dissertation 

 
Extent and condition of 
natural landscape 
connections: hedgerows 
and ponds Risk  

 
Tracking suitable space for 
species dispersal in a changing 
climate 

 
Hedgerows and ponds 
belong to the suburbs 
context. In the city, open 
space and green corridors 
are more suitable dispersal 
mediums. 
 

  
/ 

  
Habitat connectivity 

 
Proportion of ancient 
woodlands with declining 
overall suitability for 
lichen epiphytes 

 
Lichen epiphytes indicate health 
of local ecosystem, only found 
in ancient woodlands and only 
disperse along them to find 
suitable bioclimatic condition. 
 

 
In urban area existing of 
dependent on old-growth 
stands in modern landscapes 
host disperse species 

  
/ 

  
Protected area 

 
Abundance and 
productivity of breeding 
sea birds  
 

 
Tracking suitable space for 
species dispersal in a changing 
climate  

 
Marine and coastal habitat 
although connected but are 
beyond Glasgow boundary 

   
/ 

 
- 

 
Abundance of wintering 
water birds Impact  

 
Tracking suitable space for 
species dispersal in a changing 
climate  
 

 
Natural water bodies exists 

  
/ 

  
Pollinators and key 
species 

 
Area of land under 
landscape scale 
conservation  
 

 
Tracking LSC projects; i.e. 
projects for ecosystem 
restoration and land 
management to maintain ES  
 

 
LSC projects does not 
include Glasgow area which 
has instead, SSLs, SINCs, 
etc 

  
/ 

  
Protected area 

 
Extent of key semi-natural 
habitats: terrestrial  

 
Support a healthy and diverse 
natural environment with 
capacity to adapt 
 

 
Glasgow contains extent of 
woodlands, grasslands, and 
wetlands 
 

 
/ 

   
Extent of key 
habitats 

 
Extent of key semi-natural 
habitats: coastal habitats  
 

 
Tracking suitable space for 
species dispersal in a changing 
climate  
 

 
Coastal habitat although 
connected but are beyond 
Glasgow boundary 

   
/ 

 
- 

 
Extent of key habitats: 
deep peat  

 
Deep peat survey 
 

 
Deep peat was replaced by 
urban area 
 

   
/ 

 
- 

 
Condition of key habitats: 
Proportion of notified 
habitats in unfavourable 
condition  
 
 

 
Resiliencey of the natural 
environment (terrestrial) 

 
Unfavourable conditions 
been assigned to pressure 
indicator 

   
/ 

 
- 
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CXC’S Indicators 
(Continue) 

 
Purpose 

 
Justification of relevency 

Se
le

ct
ed

 

A
da

pt
ed

 

U
ns

el
ec

te
d  

Indicator 
derivation for  
this dissertation 
 

 
Condition of key habitats: 
Area of modified deep peat 
soils  

 
Condition of deep peat 
degradation 

 
Climate projections indicate 
significant areas where 
active peat formation may 
no longer occur. Urban area 
overwrite majority of 
peatland. Soil health and 
permeability represents 
urban characteristic 
 

  
/ 

  
Soil sealing  

 
Natural Capital Asset 
Index  

 
Resilience of the natural 
environment (terrestrial) 
 

 
Represents by EH mapping 

   
/ 

- 

 
Abundance and frequency 
of specialist and generalist 
species: snow-bed species  
 

 
Tracking suitable space for 
species dispersal in a changing 
climate  

 
Data unavailable 

   
/ 

- 

 
Abundance and frequency 
of specialist and generalist 
species: butterflies  
 

 
Tracking suitable space for 
species dispersal in a changing 
climate 

 
In the city smaller numbers 
were surveyed therefore the 
data is less reliable than in 
recent years 
 

   
/ 

- 

 
Annual greenhouse gas 
(GHG) emissions from 
degraded peatlands Impact  

 
Estimated emissions released 
from damaged peat 

 
Data for soil carbon stored, 
organic matters nor nitrates 
level are unavailable in city 
area (SNH, 2012). 
 

  
/ 

  
Carbon budget 

 
Proportion of notified 
habitats and species in 
‘positive’ condition  

 
Examine the success of the 
management  

 
Good management are 
described in action plan, but 
spatial data are unavailable. 
Vegetation health represent 
result from management. 
 

  
/ 

  
Vegetation health 

 
Peatland restoration area  

 
Extent of restored peatland 

 
Only small portion left 
within city parameter. Seven 
loch wetland is an important 
site of the city 
 

  
/ 

  
Protected area 

 
Amount of natural 
regeneration in native 
woodlands  

 
Resilience of the natural 
environment from native woods 
in regeneration stages (>1m 
height) 

 
Natural regeneration 
influence from habitat core. 
Vacant lot in the city has 
potential. And no data 
available for  trees height 
measurement method 
 

  
/ 

  
Natural 
regeneration 

 
Proportion of water bodies 
not meeting Good Overall 
Status  
 

 
Water quality; surface, 
groundwater, and bathing water 

 
Poor water quality intensify 
water plant decay and 
habitat lost  
 

 
/ 

   
Surface water 
quality  

 
Summer low flow events 
in Scottish rivers 
(Normalised Flow Index)  
 

 
Track the condition of water 
scarcity 

 
Out of thesis scope 

   
/ 

 
- 
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CXC’S Indicators 
(Continue) 

 
Purpose 

 
Justification of relevency 

Se
le

ct
ed

 

A
da

pt
ed

 

U
ns

el
ec

te
d  

Indicator 
derivation for  
this dissertation 
 

 
Condition and distribution 
of climate sensitive 
species: Abundance of 
Arctic charr in freshwater 
lochs 
 

 
Track the distribution of Arctic 
Charr 

 
Out of Glasgow context 

   
/ 

 
- 

 
Freshwater monitoring 
stations: temperature  
 

 
Tracking water temperature 

 
Out of thesis scope 

   
/ 

 
- 

 
Progress towards the 
environmental objectives 
of the River Basin 
Management Plans  
 

 
Tracking progress of conditions 
toward River Basin 
Management Plans (RBMP) 
baseline 

 
Floodplain is important in 
Clyde basin adaptivity. 
SUDs and riparian are key 
flood regulation element 

  
/ 

  
Floodplain area 

 
Proportion and area of 
Caledonian pine woodland 
exposed to Dothistroma 
needle blight  
 

 
Tracking area affect by plant 
disease which disperse due to 
warming climate  

 
Local data unavailable 

   
/ 

   
- 

 
Proportion of native 
woodland affected by 
invasive non-native plant 
species  

 
Non-native species can inhibit 
growth and suppress natural 
regeneration of native species, 
which provide ES. E.g. impedes 
water flow, restrict access, 
crowding, endanger bryophyte 
and lichen, divert pollinating 
 

 
Measured by “Pressure” 
indicator 

  
/ 

  
Invasive species 
dominance 

 
Freshwater habitats with 
reported presence of key 
invasive non-native species  
 

 
Number of notified freshwater 
habitats with invasive non-
native species 
 

 
Out of thesis scope 

   
/ 

 
- 

 
Number and area of 
reported wildfires in 
forests and key habitats 
Impact 

 
Number and area of reported 
wildfires. Warmer drier springs 
and summers, will lead to an 
increased wildfire risk. 
 

 
Local data unavailable 

   
/ 

 
- 
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Appendix 2.  
 
Summary of the overall data applied to map indicators. Included in the table are 
technical aspects, i.e. source of indicator, date available, format available, values 
examined, and calculation approach (Rattanakijanant, 2021).    . 
 
 

Pressure 
Indicator 

Date Format 
available 

Data Source 
Provider 

Values examined Calculation 
approach 
 

Landscape 
degradation 

2018 
 

Vector Urban atlas 
landcover map  

Copernicus 
global land 
service 
(CGLS) 

Area of human 
dominance 

ArcMap 
reclassification of 
data 

Deprived 
area  

2020 Vector Scottish Index of 
Multiple 
Deprivation 
(SIMD2020) 

GCC Deprived area to climate 
change risk 

ArcMap weigthed 
overlay 

Vector PAN65 GCC Accessibility to open 
space 

Flood risk  2021 Vector Flood risk 
interactive map 

SEPA Coastal, surface and river 
flooding risk 

ArcMap weigthed 
overlay 

Urban 
temperature 

2021 Raster 
 

Landsat-8, dated 
28/06/2021 at 
11.00am, 20% 
cloud coverage 

USGS Land surface temperature 
(LST) 

ArcMap 
computation 

Invasive 
species 
dominance 

2011
to 
2021 

Raster  Species records NBN Atlas Sigthing records of 
invasive species prioritize 
for strategic control, i.e., 
Fallopia japonica, 
Mantegazzianum, 
Lysichiton americanus, 
Persicaria wallichii, 
Rhododendron L., 
Sciurus carolinensis, 
Neovison vison, 
Muntiacus reevesi 

ArcMap density 
analysis and zonal 
statistic 

2020 Vector PAN65 GCCC Intensity of ground 
maintenance 

Adaptability 
indicators 

Date Format 
available 

Source Provider Source 
Provider 

Values examined Calculation 
approach 
 

Natural 
regeneration 

2012 Vector 
 

CSGN Integrated 
Habitat Networks 

SNH Distance of seed dispersal 
from key habitats 

ArcMap offset 
tool 

Protected 
area 

2000 
 
 
 

Vector 
 

- Native woodland 
survey of Scotland 
(NWSS) 
- PAN65 

SNH Protected nature sites ArcMap 
reclassification of 
data 

Habitat 
connectivity 

2020 Vector PAN65 GCC Tracking suitable space 
for species dispersal in a 
changing climate 

Graphab 2.6 
modularity 
analysis 

2012 Vector CSGN Integrated 
Habitat Networks 

SNH 

Extent of key 
semi-natural 
habitats 

2019 Vector PAN65 GCC Tracking suitable space 
for species dispersal in a 
changing climate 

ArcMap selected 
attribute and 
reclassification 

Vegetation 
health 

2021 Raster Landsat-8, dated 
28/06/2021 at 
11.00am, 20% 
cloud coverage 

USGS Vegetation health NDVI calculation 
via ArcMap 
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Adaptability 
indicators 

Date Format 
available 

Source Provider Source 
Provider 

Values examined Calculation 
approach 

Pollinators 
and key 
species  

2018
to 
2021 
 

Raster Species records NBN Atlas Sighting records of; 
Arvicola amphibius, 
Rana temporaria, 
Bufo bufo, Bat Species, 
Erinaceus europaeus, 
Apus apus, wintering bird 
 
Pollinators included; 
bumblebee, dragonflies 
species, falcons, hawks, 
eagles and ospreys 
species, Alauda arvensis 

ArcMap density 
analysis and zonal 
statistic 

Water 
quality 

2018 Raster Water 
environment hub 

SEPA Surface water quality ArcMap 
reclassification of 
data 

Floodplain 
area 

2015 Vector Delineation of 
riparian zones 

Copernicus 
global land 
service 
(CGLS) 

Floodplain and riparian 
zone 

AcpMap compile 
data and 
reclassified them 

2019 Vector Potential of Policy 
CDP8: Water 
Environment  

GCC Area cover under good 
policy and potential 
SUDs 

2018 Raster Landsat-8 USGS Lowlying area 
Soil sealing 2018 

 
Vector Urban atlas 

landcover map  
Copernicus 
global land 
service 
(CGLS) 

Non paved area, water 
infiltration allowance ares 

ArcMap 
reclassification of 
data 

2021 Raster Landsat-8 USGS NDVI calculation 
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Appendix 3.   
 
Figure of survey in accordance to MCDA analysis. The survey was sent out to gain 
practitioners’ opinion whose work related to GN across Glasgow City via Google Form. 
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Appendix 4.  
Table decribes policy content of Glasgow City Region's first Adaptation Strategy and 
Action Plan 2020–2030: Intervention 9. To derived ES implcates in the policy. 
 

 
Policy content 
Glasgow City Region's first Adaptation Strategy and Action Plan 2020–2030 
Intervention 9; Deliver nature-based solution for resilient, blue-green landscapes and 
neighbourhoods 

Climate ES implied 

B
io

se
cu

rit
y 

Fl
oo

d 
re

gu
la

tio
n 

 C
ar

bo
n 

se
qu

es
tra

tio
n 

 
Identify regional priorities for nature-based solutions 
The region’s local authorities, working in partnership with the Glasgow and Clyde Valley Green Network 
Partnership and others should identify priority areas for blue and green infrastructure, focusing on the 
communities, sectors and systems most vulnerable to high temperatures or flooding and developing the 
region’s habitat network for climate resilience. 
 

  
x 

 
 

 
Delivery of the regional Strategic Green Network 
with an emphasis on maximizing the contribution of the network to adaptation. 
 

 
x 

 
x 

 
x 

 
Increase investment in targeted habitat restoration 
for natural flood management, including in peatland, wetlands and transitional habitats. Through the 
Forestry and Woodland Strategy, Clydeplan should continue to promote restoration of ancient and native 
woodland. At the same time, all partners should consider the opportunities and risks around transitional 
habitats such as salt marsh, and the potential need for managed retreat. 
 

 
x 

 
x 

 

 
Creation of the Clyde Climate Forest 
with Glasgow and Clyde Valley Green Network Partnership working with others to create the forest, 
creating a mechanism for carbon offsetting which will expand canopy cover in heat risk areas, connect 
habitats and store carbon emissions, with a focus on the most socially vulnerable neighbourhoods 
 

   
x 

 
Support for local infill and expansion of nature-based solutions 
with a common local delivery approach to Open Space Strategies, Local Development Plans and individual 
developments. These should define where blue and green infrastructure can provide climate resilience for 
surface water management and high temperatures. The process should engage new actors such as 
landlords, tenants, community groups and businesses to understand opportunities and barriers to 
widespread roll-out. 
 

  
x 

 

 
Roll out of large-scale blue and green infrastructure projects to demonstrate benefits to communities 
– either through new green infrastructure or removal of hard landscaping or public realm 
with the Glasgow and Clyde Valley Green Network Partnership and MGSDP amongst others, continuing 
to develop and deliver large-scale demonstrators of green infrastructure across the region. 
 

x x x 

 
Develop and accelerate Green and Blue Infrastructure financing 
To accelerate the above, we will work to develop new financing methods for green infrastructure (such as 
landscape enterprise networks), which seek to unlock private sector investment and mobilize communities 
to deliver 
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