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Resilient Cities in Khyber Pakhtunkhwa province (KP), Pakistan. 

Abstract 

Strengthening the resilience of urban regions to climate threats through Green 
Infrastructure (GI) is an emerging and important subject that seeks new ways to adapt 
disruptive social and ecological systems through innovative Nature-Based Green 
Infrastructure (NBGI) solutions. This is because, urban regions are vulnerable to the 
growing in-daunting global Climate Change (CC) trends, which is detrimental to 
countries' socio-culture, ecology, and economy. CC is one of the main contributing 
factors that has caused multifaceted natural catastrophes (such as urban flooding, 
droughts etc.) and poses severe threats to the region's urban ecosystems. Thus, the 
concepts of GI, multi-stakeholder participation and resilient cities have emerged as a 
new dimension and theme for sustainable green-growth urban development – leading to 
strengthening resilience of the Eco-System Functions (ESF), preserving biodiversity, 
and enhancing human health/well-being, and ameliorating pressures on the natural 
environment through planned networks of multifunctional Green Spaces (GS) at the 
urban interface of any area. 

Multiple facets are one of the primary characteristics of urban green infrastructure 
(UGI), along with the other two (connectivity and conversation) central principles 
(Ahern, 2007b; Benedict & McMahon, 2012; DG-ENVI, 2012; Hehn et al., 2015; 
Horwood, 2011; Llausàs & Roe, 2012; Roe & Mell, 2013; Wright, 2011). UGI is 
emerging as a new way forward widely recognised as a natural, green, landscape-based 
planning approach to climate change adaptation and mitigation. Such green adaptations 
can play an instrumental role in relieving pressure on land-use change, improving poor 
air quality and rainwater management, reducing the urban heat island (UHI) effect, 
revamping access to and connectivity to green spaces etc. (Chiesura, 2004; EC, 2013; 
James et al., 2009). It is also widely recognised as a planning tool that can help 
reconnect people with nature and increase their knowledge of nature-based solutions, 
which, in turn, can help to strengthen urban resilience in the face of the ever-increasing 
impacts of climate change. 

Pakistan is undoubtedly at high risk to climate change (CC) and its impacts. It has 
also faced frequent flooding since 1950. The floods over the past few decades have been 
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constant, like 1977, 1992, 2003, 2010, 2013 and 2022; whereas 2010 and (very recent) 
2022 floods were the most devastating in the country's history. This frequency of floods 
in the country are now once every year. The floods of 2022 made more than half of the 
nation vulnerable (NDMA, 2022). The northwestern areas of KP Province were no 
exception. According to the World Bank, in the 2010 floods, around 2000 people died, 
20 million were affected, and 1.6 million houses were destroyed (Arshad & Shafi, 2010; 
NDMA 2011). Following floods of 2022, 20 million people were affected and more 
than 1,700 people lost their lives, including one-third children (NDMA, 2022). The 
country is faced with the most recent episodes of floods of 2023 – the damage estimates 
are yet to be confirmed. 

It would be simplistic to claim that there is no single systematic cause for the 
calamities and disruptions in the cities. The devastation in the country, particularly in 
the KP areas, is linked to a weak governance system, a lack of scientific knowledge, a 
lack of social awareness, and a short-term and reactive planning approach that fails to 
manage risks in the course of development effectively (Ahsan 2018; Alvi & Khayyam, 
2020; Naeem et al., 2018). Also, outdated, and unbalanced land-use planning 
policies/practices (Rayan et al., 2022a) show the need to formulate and implement a 
framework of synergies between both theoretical and practical implementation of NBGI 
planning practices at (national, regional, and local) levels. Such efforts would not only 
contribute to the natural mitigation of high-risk disasters (e.g. urban flooding, but would 
also perform an effective role in strengthening community stewardship of bottom-up 
green initiatives, improving the environmental resilience of cities, and benefiting 
residents in times of climate uncertainty. 

This cumulative research focuses on evaluating the significance of the sustainable 
UGI indicator and its relationship with the vital taxonomies of Green Spaces (GS) at the 
neighbourhood level, which has hitherto been overlooked by native policymakers and 
researchers. The primary goal of this work is to develop a rich, 
multifunctional/inclusive UGI framework/model that is based on triple bottom line 
(TBL) sustainability and can be tailored to each specific local built environment. Hence, 
this model remains rich and flexible; at the same time, it also facilitates reconnecting the 
community members with innovative, multifunctional GS. The human-nature 
relationships explore the knowledge of using nature-based initiatives to address human-
ecological challenges and establish an eco-regional approach to ensure a climate-
resilient urban environment in the environmentally challenged province of Khyber 
Pakhtunkhwa (KP), Pakistan. This research empirically emphasises the views of native 
stakeholders, top-down planning experts and bottom-up household community members 
in the planning process, in order to identify and analyse similarities and differences 
among multi-stakeholder perspectives on key indicators of UGI and elements of 
sustainable green growth planning. This research empirically emphasises the views of 
native stakeholders, top-down planning experts and bottom-up household community 
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members in the planning process, in order to identify and analyse similarities and 
differences among multi-stakeholder perspectives on key indicators of UGI and 
elements of sustainable green growth planning. The empirical (bidirectional sustainable 
development pathway), which involves both top-down and bottom-up participatory 
approaches, studies the NBGI values in the KP region to identify each sustainable UGI 
indicator's significance level. It also determines the pivotal green space elements for 
respective UGI indicators according to the region's socio-cultural and ecological 
context. This strengthens the built environment's potential resilience and effectively 
enhance the urban neighbourhoods against the anticipated environmental challenges. 

This study employed a mixed research approach to achieve the dissertation 
objectives. Two survey techniques were operationalised. The first was a top-down, 
expert-based perception survey; local planning experts provided their perspectives on 
potential “sustainable UGI indicators and green space elements”. Also, they were 
interviewed in order to understand their knowledge of multiple “cross-cutting” notions 
like climate change (CC), CC adaptation, urban resilience (UR), and urban green 
infrastructure (UGI) within the real-life context. The second was the bottom-up 
community-based empirical survey, which helped better understand the linkages 
between “UGI indicators and UGS” from the perspective of the local inhabitants. 
Integrating both (bottom-up and top-down) approaches results in a unified framework 
that enables the development of a “sustainable UGI indicator-based (framework) 
model” (Rayan et al., 2021b). Such a model enables an opportunity to support and 
promote the holistic representativeness of the “multi-stakeholder participatory planning 
(MSPP)” approach in planning NBGI for climate change adaptation and mitigation. 
Moreover, it enhances the decision-making process for developing resilient land-use 
planning through policymaking and implementing urban landscape and urban greening 
strategies (ULUGs). 

The experts-based perception survey results utilised data from 172 1 questionnaires 
(out of 212), collected during an in-depth online survey. A relative importance index 
(RII) was operationalised in the empirical study to rank and assess the importance of 
potential “twenty-two” primary and secondary sustainable UGI indicators and “ten key 
UGS” taxonomies. In addition, the study employed purposive sampling to identify a 
group of local planning experts with knowledge and experience of sustainable, 
innovative, natural green landscape-led, and participatory (citizen-led) approaches for 
climate change adaptation and mitigation. This diverse group consisted of 
policymakers, practitioners, and academics, with nine distinct strata of expertise, as 
detailed in Rayan et al. (2021a). 

 
1 The rest fifty questionnaires were not considered in generation of results/findings, due to their unclear 
responses, double tick and/or non-responded questions. 
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The findings of the (top-down) perception survey exhibited that all the potential 

sustainable UGI indicators were grouped into three main classifications based on their 
level of importance. The categories were extremely important (E-imp), important (Imp), 
and moderately important (M-imp). The survey used a nine-point scale criterion to 
determine the importance of each indicator, as proposed by (Rayan et al., 2021a). This 
was done to accomplish variance in the level of importance. Subsequently, patterns of 
variation were also noted in the final list of approved key UGS elements. This 
underlines the fact that each potential UGS is characterised by a specific quality, and 
not every green space plays a fundamental role in strengthening the functional linkage 
and resilience of the respective UGI indicators to climate variabilities in the urban 
context. Overall, the study's first phase shows that planning experts generally give more 
weight to ecological indicators than to the other two categories. This portrays the 
significance of potential “sustainable UGI indicators” in the local built-in environment. 

The (bottom-up) community-based empirical survey dataset was collected through a 
field study of 192 HHs in three central counties of KP Province, Pakistan: “Peshawar, 
Mardan, and Charsadda”. The research employed a “two-point scale” criteria to select 
Tehsils and Union Councils (UCs), especially in the study area (Rayan et al., 2022b). 
Since no official list of dwellings affected by climatic uncertainties exists at the UC 
level, a snowball sampling technique was employed to identify such households. The 
first affected household served as a benchmark. From the reference point, every fourth 
household was selected as a sample to collect info on the potential UGS infrastructure 
and its relationship with the respective “sustainable UGI indicators” based on the local 
built-in environment. 

Unfortunately, planning authorities in Pakistan (at a three-tier level) lack a 
centralised and established data bank where such detailed local information is accessible 
or can be acquired even at a fee. In contrast, some institutions, such as the KP-Urban 
Policy Unit (UPU), may possess some information. However, they do not have all the 
variables to establish a “sustainable UGI indicator-based framework” for building an 
eco-friendlier and climate-resilient urban environment in the study region. Based on 
empirical evidence, it is important to acknowledge that bottom-up (community-led) and 
top-down (expert-led) research studies generate different outcomes with varying 
patterns of variation, thus providing an opportunity to adopt a holistic approach to 
MSPP. 

In order to ensure rational results/conclusions, the study suggests pairwise and cross-
examination of (both) native multi-stakeholder perspectives. This approach helps in 
validating and verifying the feasibility of potential UGI indicators based on the “triple 
bottom line” of sustainability and its interlinkage with multiple vital taxonomies of 
“UGS elements”. This led to the developing of a comprehensive “sustainable UGI 
model” that can be implemented in the native built-in environment. Such a model is 
intended as an aid, giving an idea about UGI's environmental performance and its 



ix | P a g e

relationship with CC, ESF, and local inhabitant's health and well-being. Moreover, the 
research also presents the holistic multi-stakeholder perspective regarding the 
significance of UGS infrastructure as a natural-based climate adaptation and mitigation 
strategy to address “sustainable climate-risk management (SCRM)” in catchment areas. 
Such innovative NBGI approaches can effectively address socio-environmental issues 
(EC 2013; Foster et al., 2011; Rouse & Bunster-Ossa, 2013) and bolster a green, 
climate-resilient urban environment. 

The cumulative dissertation offers practical and policy implications for 
bolstering/optimising stakeholders' participation in NBGI planning and management; 
the methods employed in this study can be applied to 'other' er similar context regions 
where reliable data are hard to come by. Furthermore, these findings provide valuable 
insights to multi-stakeholder groups, including policymakers, experts, and the 
community, enabling them to comprehend the potential of nature-based green 
adaptation planning techniques in addressing “SCRM” and promoting the harmonious 
coexistence between human-centric and eco-friendly activities in any urban interface. 
Adopting such green adaptation strategies can enhance the resilience of the city-state 
and assist in remodelling and restructuring land-use planning for a sustainable and 
resilient future. 

Based on our findings, this study paves the way to enhance & stimulate the holistic 
representativeness of the multi-stakeholder participatory planning (MSPP) approach 
when planning nature-based green landscape (NBGL) techniques for resilient landscape 
planning, which are not being institutionalised and practised in the country in general 
(Ashfaque & Awan, 2015; Nizamani & Shah, 2004; Rayan et al., 2022a). This work is 
one of the first empirical attempts to identify and validate the importance levels of 
sustainable UGI indicators and determine how UGS structural attributes relate to the 
native built-in context of “The Peshawar, Mardan and Charsadda Districts” in KP 
Province. Since no such empirical study has been conducted on such a subject, 
integrating a bidirectional sustainable development pathway from the top-down/bottom-
up serves as a participatory and innovative approach (Rayan et al., 2022b) in the context 
of a non-collaborative planning environment, as prevails in countries like Pakistan 
(Ashfaque & Awan, 2015; Hussnain et al., 2014; Rayan et al., 2021b; Wakil et al., 
2016). This remains true even for the northwestern parts of the KP region. Such a 
holistic MSPP approach to developing a framework model based on “sustainable UGI 
indicators and green space elements”, embedded in the indigenous built-in context, 
makes it a unique and novel study. 
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Introduction  

1. Introductory Note  

This chapter delves into the impact of global climate change on the region's green space 
(GS) infrastructure. It explores how these infrastructures can be leveraged as a nature-
based solution to foster community stewardship and create resilient, safe, and green 
urban areas amidst climate change (CC) in Pakistan, particularly in the KP province. 
Furthermore, this section provides insight into the origin of the problem, niche creation, 
research objectives and (correspondingly) the research questions for the study's 
relevance in the prevailing conceptual context. Finally, it outlines the structure of the 
dissertation. 

1.1. Research background to climate change (CC) and urban green infrastr-
ucture (UGI): International, Local, and Academic discourse 

Cities are exposed to multiple risks and challenges; from rapid urbanisation to climate 
change (Seto & Fragkias, 2011). Cities are the most pertinent global issue of our time 
that humans are facing (Dhakal & Chevalier, 2017; Wong & Brown, 2009). However, 
the impact of climate-induced stresses significantly depends upon society's living 
standards. It has been established that urbanisation is an essential driver of 
environmental concerns; confronted by urban areas. The United Nations Framework 
Convention on Climate Change (UNFCCC) defines Climate Change (CC) as “a change 
of climate which is attributed directly or indirectly to human activity that alters the 
composition of the global atmosphere and which is in addition to natural climate 
variability observed over comparable time periods” (UNFCCC, 2007; 2014). 

As per expert analysis, unbalanced anthropogenic activity is a major cause of persistent 
climate change, which is projected to persist in the future (IPCC, 2012). Failing to 
mitigate the effects of global climate change could have dire consequences for both our 
environment and society. These consequences may manifest as a rise in the global 
annual mean temperature (GMT), a surge in sea levels, and alterations in precipitation 
patterns leading to more frequent and severe droughts and floods (IPCC, 2014). 
Research by the Intergovernmental Panel on Climate Change (IPCC) suggests that Asia 
could experience an average annual temperature increase of 3 degrees Celsius by 2050 
and 5 degrees Celsius by 2080. Moreover, the average mean precipitation in Asia will 
increase by 7% by 2050 and 11% by 2080 (Waseem & Khayyam, 2019). This 
exacerbates weather, and climate hazards, posing wide-ranging direct and indirect 
effects on natural and human systems (Gill et al., 2007), thus disrupting both the lives 
and livelihoods in the urban areas. Moreover, this situation is projected to become more 
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severe owing to ascending temperatures and alterations in precipitation cycles (Barros et 
al., 2014; Elliott et al., 2014). 

The research asserts the prevalence of climate-related hazards caused by the rapid 
expansion of urban areas, population growth and unregulated land use. This has led to 
the degradation of ecosystems and the loss of local biodiversity (Grimm et al., 2008; 
Seto et al., 2011; EEA, 2017b). It is widely recognised that more than half of the world's 
population lives in urban areas, and the trend towards urbanisation is expected to 
increase by 72% by 2050, bringing the global population to 9.3 billion (Desouza & 
Flanery, 2013; UN 2014). his growth is predicted to result in two-thirds of the 
worldwide population living in urban agglomerations by 2050, with over 90% of the 
new urban dwellers hailing from developing nations (UN 2011, 2019; UNFPA, 2008). 
For instance, the urban population in Pakistan is expected to rise to 50% by 2030 (Jan & 
Iqbal, 2008). This issue has already resulted in- and result into an ecological imbalance 
environment, affecting the city dwellers' health and well-being across regional and local 
scales. 

Globally, urban areas are becoming more vulnerable to climate-related hazards and 
stress. This is because built-up areas are expanding at a faster rate than population 
growth. Research indicates that by 2030, there will be a 72% increase in urban 
population compared to 2000, while cities with 100,000 residents are projected to 
expand by 175 per cent (UNFPA, 2008). This growth, coupled with increased human 
activities, is leading to significant changes in land cover and the loss of natural 
landscapes. This poses a major concern for urban areas as the quantity and quality of 
green spaces are under threat. In addition, the decrease in permeable surfaces reduces 
the urban landscape's infiltration, evapotranspiration, and rainwater retention capacity. 
This results in an increase in the stormwater runoff coefficient, which makes urban 
areas more vulnerable to the impacts of urban flooding (Roggema, 2010; Wong et al., 
2014). 

It is a well-established fact that the effects of climate change are felt significantly 
more damaging in the developing countries of Asia, like Pakistan, compared to 
developed nations (IPCC, 2014). This is primarily due to a lack of resources, inadequate 
planning practices and infrastructure constraints (Ahsan, 2018; Ahmad and Anjum, 
2012). To turn an adverse problem of climate variation, majorly urban flooding, into an 
eco-friendly environment requires the integration of green goals and objectives into the 
land use planning system (Rayan et al., 2021a; 2021c). This reinvigorates the discourse 
on the 'application of GI as an integrated, resilient land-use planning strategy for climate 
change adaptation' (Foster et al., 2011; Chapin et al., 2010). 

Land use planning is an effective tool for mitigating the impacts of ever-rising 
environmental hazards (Berke & Stevens, 2016). Integrating urban green infrastructure 
(UGI) is an excellent complement to green and climate-resilient land use planning 
policies and strategies. UGI encourages nature solutions that can help minimise the 
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vulnerability of urban areas to climatic hazards, such as urban flooding, drought, and 
the heat island (HI) effect, naturally (Beatley, 2000; Foster et al., 2011; Gill et al., 
2007). Furthermore, UGI strongly contributes to enhancing the resilience of cities, 
improving the well-being of inhabitants, and bolstering ecosystem function (ESF) in the 
wake of climate-related challenges of varying severity (Tzoulas et al., 2007). Therefore, 
UGI is acknowledged as one of the key strategies for accomplishing sustainability, as it 
provides multiple benefits across different levels  (James et al., 2009; Pauleit et al., 
2019).  

This concepts of GI is traced back to 1990s (the United States) when it emerged as a 
new approach to manage an uncontrolled urban sprawl (Benedict & McMahon, 2012; 
Pauleit et al., 2019). Since then, Urban GI is considered as a novel planning 
terminology in the landscape planning. Scientific experts believe that it is a “re-
articulation of the present idea of urban green space (UGS) planning” (Davies et al., 
2006; Rayan et al., 2021a). In the scientific literature, GI essentially narrates a “an 
interconnected network of natural areas and other open spaces that conserves natural 
ecosystem values and function’s, sustain clean air and water and provides a wide array 
of benefits to people and wildlife” (Benedict & McMahon, 2012).  

The European Union has integrated green infrastructure (GI) into its biodiversity 
policy through a programme known as “Green Infrastructure - Enhancing Europe's 
Natural Capital”. This framework defines GI as a “strategically planned network of 
natural and semi-natural areas with other environmental features designed and managed 
to deliver a wide range of ecosystem services” (EC, 2013). Ecosystem (ES) services 
refer to “the benefits people obtain from the ecosystem” (MEA, 2005). That is to say; 
urban GI is a fundamental part of the ecological network that interconnects multiple 
ecological features, varying at regional, urban, and neighbourhood scales (Benedict & 
McMahon, 2006; EC-European Commission, 2015; EC, 2013). Based on the results of 
the literature, many scientific experts hypothesised a link between GI and ES functions 
(Pauleit et al., 2019; Lafortezza et al., 2013; Pataki et al., 2011; Tzoulas et al., 2007). 
However, the explicit interlinkage between green infrastructure (GI), resilience and 
multi-stakeholder participatory planning (MSPP) remains less prominent. 

The concept of resilience and resilience thinking has emerged as a new dimension 
and theme for urban development underpinning a wide array of strategic interventions 
and policymaking in terms of land use planning. It refers to the system's capability to 
recover and return to its normal state following natural or man-made disruptions 
(Holling, 1973; Walker et al., 2004; Walker & Salt, 2012). Resilient action plans and 
strategies have been formulated to cope with various integrated challenges in the urban 
system, including socio-economic, functional, organisational, physical, behavioural, and 
spatial aspects. However, the resilience concept is often used in the climate change 
context (Leichenko, 2011). 
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So, to have a smooth-running resilience system, a research study was needed to 
analyse the sustainable pathways in the field of building infrastructure, that is being 
disturbed by the continuous pressure of in-daunting climatic challenges, resulting from 
anthropogenic activities. In this regard, green grass-root initiatives needs to be 
encouraged, besides fostering eco-friendly living practices on an urban, regional and 
neighbourhood scale (Fors et al., 2015; Rayan et al., 2021b , 2022b; Sturiale & Scuderi, 
2019). So, to foster a sustainable environment in the upset urban regions (to cope with 
gradual climate-changing like flooding) the real question remains; “what should 
Pakistani cities do in their planning process and in implementing policies that treat 
urban green space (UGS) structure, ESF, inhabitants’ health and well-being, and CC as 
an integral part of the built environment? In order to transform the vulnerable conditions 
of upset urban regions of Northwest areas of Khyber Pakhtunkhwa (KP) province into 
green cities and climate-resilient state?”. 

1.2. Genesis of the Problem 

Pakistan cities are considered among those that need a framework for sustainable urban 
landscape and urban-greening (UL-UG) policies and strategies for planning 
environmentally resilient land use (Rayan et al., 2021a, 2021b). It is a vast country with 
over 241.49 million populations, out of which in (2023) 38.82% of inhabitants dwelled 
in urban areas [digital census results approved by the Council of Common Interests 
(CCIs)] (PBS, 2023; Khan, 2023). The empirical studies show that unprecedented 
urbanisation trends are expected to rise to 50% by 2030 (Haider & Badami, 2010; Jan & 
Iqbal, 2008; UNDP-Pakistan, 2019), pose urban regions, and the country’s inhabitants 
are at the brink of multi-climatic catastrophes (UN-OCHA, 2010), especially the 
consistent flooding events observed during the last few years (Khayyam & Noureen, 
2020; Khayyam 2020). Moreover, the growing incidence of natural calamities has 
threatened the safety of natural resources, urban (ESF), and human health. The “Global 
Climate Risk Index” (CRI) ranks Pakistan as the world's 5th most vulnerable country to 
natural catastrophes, followed by Vietnam and Bangladesh. (Eckstein et al., 2020; 
NDMA, 2012).  

Overall, the country's vulnerability to climate-induced extreme events is very high. 
It is mainly the result of the weak institutional, the absence of a well-defined legislative 
planning framework, and the inability to implement necessary planning reforms 
effectively (Ahsan, 2018; Naeem et al., 2018) further to blame unbalanced and 
inadequate UL-UG policies at three tiers (Rayan et al., 2021b, 2022c; Bano and 
Khayyam, 2022; Ahmad & Anjum, 2012). This exerts dramatic pressure on land cover 
and biodiversity, transforming natural green spaces into built infrastructure, leading to 
the deterioration of the 'multifunctionality and connectivity' of urban GS. This has 
triggered severe natural catastrophes of varying magnitude and impact across the 
country, and Khyber Pakhtunkhwa (KP) province is no exception. For example, the 
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flood of 2010 and 2022 flood, which have been described as the worst flood in history, 
struck the KP region hard, resulting in massive human and economic losses (Atta-ur-
Rahman & Khan, 2013; Rayan et al., 2021b, 2022c; NDMA, 2022). A similar pattern 
was witnessed from 2011 to 2015 - albeit less intensely (EPA-KP 2022), making 
conditions even more challenging. 

The KP province is highly vulnerable to climate variability like, rural and urban 
flooding (NDMA, 2012; 2022). It is because of its unique geophysical location and 
topographical features that it stands out. The region is situated in the basin of four rivers 
- “Swat, Kabul, Kunhar, and Panjkora” - originating from the high and rugged 
mountains of the “Hindukush, Himalayan, and Karakoram ranges”(Rayan et al., 2021b). 
This exacerbates flood risk and vulnerability in the built-up area. Unfortunately, the 
probability of catastrophic effects has increased over time due to poor management and 
outdated land-use policies. The KP region needs better enforcement and resources to 
address these issues effectively (Ahsan, 2018; Rayan et al., 2021a). In addition to these 
planning inadequacies, the lack of knowledge and awareness, combined with the 
absence of participatory planning (PP) practices, also exacerbates the problem (Alvi & 
Khayyam, 2020; Naeem et al., 2018; Rayan et al., 2021a; Ahmad & Anjum, 2012; 
Khayyam, 2016). This exerts negative pressure on urban green spaces (UGS), leading to 
their declining quality and quantity, which in turn degrades and depletes (Naeem et al., 
2018) “natural green barriers” (Rayan et al., 2022b). The loss of natural green barriers 
leads to more devastating impacts of multi-climatic hazards such as floods, droughts 
and the heat island effect, posing significant risks to the environment, the health and 
well-being of urban residents and infrastructure (Desa, 2014, 2019 ; Rayan et al., 2022). 
It is, therefore, imperative to address these issues to ensure the safety and welfare of 
individuals and protect the environment. 

Green Infrastructure (GI) has often been viewed as a non-essential urban activity 
mainly focusing on beautification in developing countries like Pakistan. However, it's 
essential to understand that GI is a vital amenity that significantly impacts urban climate 
resilience (Rayan et al., 2022a; Naeem et al., 2018; Waseem & Khayyam, 2019). Global 
studies affirm that urban GI planning (nature-based green solutions) is an innovative 
approach to improving disrupted socio-ecological systems in any region (Lafortezza et 
al., 2013; Mell et al., 2017; Monteiro & Ferreira, 2020). Moreover, GI helps reduce 
“surface runoff” and enhances the “infiltration rate”, thereby enabling aquifers to be 
recharged more efficiently (15%-64%) than grey infrastructure (Mentens et al., 2006). 
Therefore, it's essential to strategically plan green spaces that complement the existing 
grey infrastructure and strengthen the urban resilience in the KPs region, especially in 
the face of the constantly rising climatic catastrophes (Gill et al., 2007; Mensah, 2014; 
Rayan et al., 2021a). 

Over the past two decades, urban areas in KP's region have experienced a decline in 
green spaces, mainly due to imbalanced urban planning and ineffective urban greening 
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policies. This decline is also attributed to an insufficient understanding of green spaces' 
value, leading to agricultural land's conversion into urban functions. Weak planning and 
law enforcement authorities with undue influence have further distorted the planning 
process and its outcomes (Naeem et al., 2018; Rayan et al., 2022b; UNDP-Pakistan, 
2018; Waseem and Khayyam, 2019). Additionally, a lack of scientific knowledge and 
social participation obstruct the effective implementation and operation of “Green 
Action Plans (GAPs)” at city levels (Rayan, et al., 2022a) – ending in multi-climatic 
catastrophes and causing extensive damage to the urban system (CABE, 2010; Greiving 
et al., 2021; Greiving & Fleischhauer, 2022). Therefore, it is essential to have a 
comprehensive and holistic understanding of “urban green infrastructure (UGI), urban 
resilience (UR) and multi-stakeholder participatory planning (MSPP)” concepts in land-
use planning policies and to develop a “sustainable UGI indicator-based framework 
model”, tailored to the native built context. This framework encompasses a set of 
fundamental “sustainable UGI indicators and UGS taxonomies” based on inputs from 
local planning experts and community members under the PP approach. This ultimately 
paved the way for creating an inclusive, eco-friendly, and climate-resilient city-state in 
the KP region of (Pakistan) with further application to all other areas having similar 
characteristics. 

1.3. Establishing a Niche 

The constant proliferation of climate change, coupled with inadequate planning and 
structuring of institutions to deal with natural climate encounters, impedes effective 
land use planning policy and implementation in Pakistan (Ahsan 2018; Hussnain et al., 
2014; Rayan et al., 2022; Wakil et al., 2016). This has led to uncontrolled urban 
expansion with no direction and destination, exacerbating manifold socio-ecological 
issues within Pakistani cities (Fahad et al., 2018; Fahad & Wang, 2020; Khayyam & 
Waseem, 2021). On various levels, research and efforts on natural disaster risk 
management phases are being conducted in Pakistan. However, the study on UGI 
planning for climate-resilient cities is limited. In addition, the idea of linking both UGI, 
climate resilience and MSPP concepts are still not clear in the planning context. 
Therefore, there is a need to examine the nexus between academic and planning 
practice. Such an approach required extensive examination of GI planning, perceived as 
NBS for mitigating and adapting to CC  (Lafortezza et al., 2013; Mell et al., 2017; 
Monteiro & Ferreira, 2020). Such planning instruments contribute an imperative role in 
improving urban and regional resilience associated with climate-related disasters 
(Ahern, 2007b; EC-European Commission, 2015; EC, 2013; Mazza, Bennett, Nocker, et 
al., 2011; USEPA, 2010).  

The study is unique from a research perspective that sofar no such examination has 
been done on such a topic in Pakistan, especially in the northwest regions of the 
'Khyber-Pakhtunkhwa'. It has analysed the gaps and the potential for improvements of 
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existing land use planning policy by exploring the linkage between 'GI, UR and PP' 
concepts in the planning process and “develop a rich body of multi-functional 
conceptual UGI indicator-based framework model, grounded upon triple bottom line 
(TBL) sustainability. Such a scientific framework encompasses core sustainable UGI 
indicators and UGS elements, according to the native local environment” (Rayan et al., 
2021a). Furthermore, the inclusive UGI framework strengthens the interlinkages 
between “climate resilience strategies, the GS, the ESF and the health and well-being of 
the people” in the study region. Consequently, this enables us to assist in establishing 
pragmatic UL-UG policies and strategies for planning resilient land use that ultimately 
mitigates the adverse impacts of environmental catastrophes and fosters a sustainable 
environment in the KP province.  

Moreover, in the discussion, a vital area of the empirical study is to encourage 
collaborations among “three-tier groups, namely decision-makers, experts, and the local 
community” (Rayan et al., 2021a, 2022a, 2022b) which is not prevalent in the 
policymaking of the (Ashfaque & Awan, 2015; Nizamani & Shah, 2004). To achieve a 
greater consensus among native actors regarding the “potential taxonomy of UGS 
elements for sustainable UGI indicators”, we embedded all multi-stakeholder 
perspectives in the examination, including planning experts (Rayan et al., 2021b) and 
community members (Rayan, et al., 2022b). This (bidirectional) approach validated the 
findings from both exploratory research phases and led to the developing of a 
“sustainable UGI indicator-based framework model” tailored to the native environment. 
Moreover, the model promotes a sense of societal ownership and helps improve 
collaboration processes among relevant government institutions and communities. This, 
in turn, bridges the planning gaps and enhances scientific knowledge of natural green 
landscape-based initiatives to adapt to and mitigate climate change.  

There have been theoretical and empirical evidence that indigenous knowledge on 
GS infrastructure contributes more positively to natural resource protection, 
conservation, and enhancement like, in water management, local temperature 
regulation, public green spaces networks, and disaster prevention in various world 
regions (Foster et al., 2011). However, in Pakistan, it has been observed that natives' 
inhabitant's knowledge of nature-based green landscape (NBGL) approaches has not 
been taken into account enough in current land-use planning work (Ahsan, 2018; 
Ashfaque & Awan, 2015; Nizamani & Shah, 2004). The limited representativeness of 
community knowledge in urban sustainability planning and implementation deteriorates 
the urban settlement system's resilience and functions. However, some small 
rural regions where the minority groups live acknowledge such green strategies (Rayan 
et al., 2022a). This research acknowledges the effective participation of all the local 
multi-stakeholders and sought a contrastive research study to testify the correctness 
of local inhabitants' knowledge regarding specific indicators of sustainable UGI 
and GS elements, which enables the building of an environment that is 
environmentally friendly and climate-resilient, in an ecologically fragile environment. 
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1.4. Aim and Hypothesis 

The overarching goal of this dissertation is to improve the ways to capture and 
operationalise multifaceted urban (GI) concepts through new methods and data mining 
to improve the resilience of urban settlement systems against the climate-related 
disasters. The operationalisation of UGI, climate resilience and MSPP as a planning 
concept is a broad research field. Thus, the study aims to identify, develop, and 
experiment with a technique that interlinks sustainable indicators of UGI with GS 
elements—aimed to understand the environmental performance of the respective 
indicators and elements of green growth planning as well as their ability to withstand 
the impacts of climate change, especially in a local setting. This is important because 
not all elements of UGS may possess an effective functional linkage that enhances the 
resilience of UGI indicators when confronting environmental hazards, like flooding in 
urban areas (Ahern, 2007; Pauleit et al., 2019; Rayan et al., 2022a, 2022b). 

Furthermore, the second aim of this dissertation takes its cues from the multi-
stakeholder participatory planning (MSPP) approach – involving the knowledge and 
input of local stakeholders, such as planning experts and community members – to 
develop a “multi-functional UGI indicator-based framework” model that is grounded on 
the principles of “triple bottom line (TBL)” sustainability and is tailored to the local 
conditions. Such a model strengthens the interlinkages between “climate resilience 
strategies, the GS, the ESFs” and ensures the health and well-being of the community in 
the study region (Rayan et al., 2021a; Rayan et al., 2022b). Moreover, this dissertation 
intends to bolster the understanding of local stakeholders and relevant government 
authorities of the potential role of nature-based green infrastructure in addressing 
sustainable SCRM. This aids in developing proactive and pragmatic long-term UL-UG 
policies and strategies for planning resilient land use in the catchment areas of KP 
province, ultimately leading to an environment that ensures sustainable human 
settlements. 

To conclude, the main objective of this empirical research is to achieve a 
harmonious equilibrium between human-centric and eco-centric activities with the aim 
of creating a new culture and eco-regional environment that encourages green growth 
development, both in the KP region and across the country.  

This study hypotheses: 

H0a: Green infrastructure planning foster a sense of community stewardship and amplify 
urban resilience against climate-related disasters. 

H0b: Implementation of green infrastructure planning enhances interconnect networks of 
green spaces, ecosystem function (ESFs), biodiversity, and ensuring human wellness, 
both at the individual and community levels. 
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1.5. Research Objectives 

The urban landscape and greening infrastructure (ULGI) hold the potential to counteract 
the environmental and spatial problems caused by climatic disasters in the urban 
interface. Therefore, this dissertation aims to strengthen the notion of GI as a nature-
based spatial planning strategy that bolsters MSPP and enables the building of green 
(resilient to climate change) urban areas in the KP region. 

The primary goal of this study is “to develop a sustainable UGI framework under 
MSPP” that recommends UGI indicators grounded upon the “TBL” of sustainability 
and their spatial functional linkages with the innovative multifunctional GS, which are 
to be implemented in the UL-UG design guidelines of Pakistan as a whole, and more 
specifically, the KP province. The objective is to enable climate-conscious green 
landscape development, according to the built environment and empirically based 
(native experts and community) facts and findings. 

This main objective is met through specific sub-objectives of this study, which are: 

• RO1. To investigate theoretical and conceptual evolution of GI planning–urban 
resilience–MSPP (nexus) for resilient land-use planning, and their synergies to 
develop a “potential sustainable UGI framework”. 

• RO2. To explore the understanding level of native multi-stakeholders (experts 
and community) for CC, UR and UGI concepts in the local built-in environment. 

• RO3. Identification and empirical quantification of the level of importance of 
each “sustainable UGI indicator” with regards to their applicability and scale for 
building an environmentally friendly urban neighbourhood under MSPP. 

• RO4. Identification of the key “UGS elements” that robust resilience and quality 
standards of specific UGI indicators for SCRM. 

• RO5. To propose an “applicable sustainable UGI framework model” under 
native MSPP for green and climate-resilient city-states in the KP region? 

1.6. Research Questions 

The limited consideration of UGS infrastructure–climate change nexus to enhance 
participatory planning (PP) and urban resilience against flooding has been identified as 
the vital research gap. This research study aims to address this gap by answering the 
following research question: 

“How to synthesise urban green infrastructure (UGI), climate resilience and MSPP 
concepts into the urban planning process to develop a sustainable UGI indicator-based 
(framework) model. This UGI model is structured according to the native built 
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environment and based on the due inclusion of the concerned multi-stakeholder (experts 
and community) inputs under the PP approach. It is to enhance the adaptive capacity 
and building the KP region more resilient against climate change”. 

This dissertation is structured around five overarching sub-questions to find answer to 
the main research question (a reflection of study’s ROs): 

• RQ1. What is the theoretical and conceptual evolution of GI planning–urban 
resilience–MSPP (nexus) for resilient land-use planning, and their synergies to 
develop a “potential sustainable UGI” framework? 

• RQ2. What is the understanding level of the native multi-stakeholders (experts 
and community) for CC, UR and UGI concepts in the local built-in 
environment? 

• RQ3. How to identify and empirically quantify the level of importance of each 
“sustainable UGI indicator” with regards to their applicability and scale for 
building an environmentally friendly urban neighbourhood under MSPP? 

• RQ4. What are the key UGS elements that robust resilience and quality standard 
of specific UGI indicators for SCRM. 

• RQ5. What is the “applicable sustainable UGI framework model” under “native 
MSPP” for green and climate-resilient city-states in the KP region? 

These research queries give the perception about sustainable urban development and 
building green, resilient cities by establishing a connection between UGS, ESF and 
community well-being; to minimise climatic challenges, specifically flooding at the 
urban scale in the KP area. Subsequently, it provides a composite sustainable UGI 
indicator-based framework, endeavouring to intertwine theoretical knowledge and 
practical application of GI for an analogy to mainstream an effective natural-based CC 
adaptation and mitigation strategies for implementation and achievement of 
environmental goals. Such an effort would contribute to formulating a multi-scalar 
green network system; that restructured the landscape mosaic patterns according to the 
native environment. Moreover, it enhances the potential resilience of UGS, which 
positively contributes to the enrichment of the effectiveness and efficiency of the 
“Sustainable UGI Indicators” against the anticipated environmental challenges. This has 
ultimately led to the proactive and pragmatic UL-UG policies and strategies; that help to 
improve the urban ecology system, serve the community, and mitigate the high flood 
risk in the catchment areas. 

The scientific research questions and objectives introduced in the above section- can be 
tested through below three stages; explained in the below section “contribution and 
structure of dissertation”.  
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Stage I:    Introduction 

Stage II:   Contributions 

Stage III:  Conclusion 

1.7. Contributions and Structure of work  

This dissertation is written cumulatively. Figure 1- presents an outline of the 
contributions, research interests, core methods, as well as published research outputs 
(three stages criteria). The dissertation comprises five main chapters, including a 
discussion and conclusion. The study is structured into three main parts: 

i. Introduction: 

Chapter-1 is about the introduction of this dissertation that describes the genesis of the 
problem and research motivation. Moreover, this chapter outlines the research 
objectives and questions on which this dissertation focuses. Finally, the chapter 
concludes by giving an overview of the dissertation's structure and layout. Chapter-2 
illustrates the theoretical background of UGI, climate resilience, and multi-stakeholder 
participation concepts in land use planning and develops a “potential UGI indicator-
based framework model” based on “TBL” sustainability. The framework serves as the 
foundation for the empirical part of this cumulative dissertation. 

ii. Contributions: 

This section constitutes chapter 3: the core part of the study, and presents the brief 
results from the author key publications and all original scientific work that have 
undergone a double-blind peer review process and published in international (impact 
factor) journals. These publications contribute to the goal of developing novel methods 
and explicit techniques to assess and visualise the developed potential “sustainable UGI 
indicator-based framework” tailored to the local context under the MSEP. An MSEP is 
an effective method of engaging native stakeholders to understand the development of 
green space infrastructure to address sustainable climate risk management. This, in turn, 
contributes to meeting the objective of naturally alleviating the high risk of natural 
hazards and building an eco-regional paradigm in KP territory that improves ESFs and 
human health and well-being at both individual and neighbourhood levels. 

iii. Conclusion: 

The concluding chapter 4 of the dissertation discusses and summarises the main 
conclusions from all publication-based results in the context of the need for research 
and the objective of the dissertation. It also sheds light on the green policy implications 
and recommendations that can aid in reinforcing the adaptive capacity and resilience to 
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natural hazards in urban areas. This helps identify a viable opportunity for a green 
growth urban development plan, particularly in KP, Pakistan. Finally, the final Chapter 
5 delves into the challenges faced during the research process and highlights the 
strengths of the research. The need for further research studies for GI planning in 
Pakistan is also discussed. 

Lastly, the final section of the dissertation constitutes the bibliography, publications by 
the author, and the appendix, providing a comprehensive and thorough conclusion to 
this (important) research work. 

1.8. Methods & Techniques 

This cumulative study is grounded on a mixed-methods approach and predominantly 
positioned towards empirical quantitative-dominant research. However, the qualitative 
approach is also used for “conceptual framing and empirical research” (see Figure 1). 
By triangulating both methods, the study endeavours to bolster and verify the accuracy 
of its results. 

A comparative case study was conducted, employing cross-examination techniques 
that involved experts in top-down planning and community members in a bottom-up 
household setting (Rayan et al., 2022a). The MSPP study, at a local level, is considered 
more effective in understanding the complexity of human-ecosystem interactions 
(CABE, 2010; o’Brien et al., 2004). A human-nature study guide on “how to use” 
NBGI strategies? That enables bolstering the adaptative capacity of the urban system 
and ameliorating the high risk of multi-climatic disasters. The methodology is adopted, 
providing a holistic and in-depth investigation of the research inquiries within a real-life 
context. Furthermore, it helps to establish a rational perspective among the actors, 
facilitating the development of a “sustainable UGI indicator-based framework model”. 
This approach proved instrumental in comprehending the complexity of research topics, 
especially when there is a lack of relevant information (Yin, 2003, 2009). 

Urban regions are the key focus of this empirical study, as they are highly 
vulnerable to in-daunting climatic challenges. This study is centred on a multi-
stakeholder engagement process (MSEP) that brings together local planning experts, 
including policymakers, academics, and practitioners, alongside household members of 
the community. By adopting this approach, the study aims to gain a holistic 
understanding of multi-stakeholders’ perspective to answer the primary and overarching 
sub-questions. 
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Figure 1: Research process, Contribution and Conceptual structural frame of the dissertation. 
Source: Author’ owns. 
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In this dissertation, two survey techniques were employed to operationalise an in-
depth empirical study in the KP region effectively. The first technique was an “experts-
based perception survey” (Rayan et al., 2021a), while the second was a “community-
based empirical survey” executed especially in Peshawar, Mardan, and Charsadda 
(Rayan et al., 2022b), major districts of KP province. The data were collected through 
face-to-face interviews with community members at household (HHs) levels using a 
structured survey questionnaire (Appendix D). Notably, the research proactively aimed 
to include the maximum number of possible female heads of (HHs) by employing 
volunteer enumerators with local cultural knowledge of the region (Rayan et al., 2022d) 
because KP region's HHs are mainly male headed (KPBOS 2018). Along with this, 
survey questionnaires were distributed to representative institutes at both national and 
provincial levels in Pakistan, along with corresponding URL links (Rayan et al., 2021a, 
2022). 

The empirical investigations embedded the insightful perspective and satisfaction 
levels of native multi-stakeholders, including local planning experts and members of the 
community, help to explore the essential role of the potential taxonomy of “UGS 
elements” in upholding and strengthening the quality standard of respective “sustainable 
UGI indicators” amidst climate variability in a native urban environment. It is worth 
noting that each “UGS element” possesses a unique quality and may not necessarily 
increase the resilience of a specific “UGI indicator” against potential environmental 
hazards like urban flooding or effectively address SCRM. The efficacy of UGS 
structures relies heavily on their specific configuration and spatial context, as 
highlighted in various studies (Ahern, 2007; EC-European Commission, 2015; Gill et 
al., 2007; Pauleit et al., 2019; Rayan et al., 2022; USEPA, 2010). Moreover, the 
effectiveness of these GS is also influenced by diverse native stakeholder groups (with 
varying cultures, education, vision, and interest, etc.) involved in the examination 
process. These stakeholder groups play an instrumental role in determining the 
effectiveness of UGS structures in mitigating CC (Rayan et al., 2022b). 

This validates the finding obtained from the exploratory holistic MSPP approach 
that has led to the development of an inclusive, “sustainable UGI indicator-based 
framework” tailored to the local socio-cultural, economic, and environmental conditions 
(Rayan et al., 2021a; 2022b). Such a framework facilitates building a “new sustainable 
cultural paradigm” that supports the development of green growth, thus enabling the 
creation of a green, environment-friendly, and climate-resilient city-state in the KP 
province and beyond. 

 



SECOND CHAPTER 

 [Source: Author Own] 

“Look deep into nature, and then you will understand everything better.” 

— Albert Einstein— 
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2. Theoretical and conceptual perspective on green 
infrastructure planning, urban resilience and multi-
stakeholders’ participation and their framing 

 

In this chapter, the state of the research regarding GI, an innovative nature-based 
solution for building a climate-resilient city, is first introduced and then based on it, the 
key elements of the study, i.e., urban climate resilience, ecosystem health, and 
multistakeholder participation are explained with reference to UGI. Finally, this section 
holistically operationalises the notions of (both) central building blocks (UGI, climate 
resilience and multi-stakeholder participatory planning) as a strategic planning concept 
and formulates conceptual “multi-functional UGI-indicator-based framework” based on 
“TBL” sustainability principle. Such a scientific conceptual base framework proposed 
potential (composite) core sustainable UGI planning indicators and green space (GS) 
elements, backed by a) theoretical investigation, (b) conceptual models (developed by 
the author) and (c) the nine (cross-cutting themes) derived from the due inclusion of the 
concerned native multi-stakeholder's perspective (through semi-structured meetings) in 
terms of the ability of nature-based green initiatives in addressing SCRM. 

The integrative sustainable UGI model proposed here contributes to 
synthesising central core ideas and contextualising them in the native built-in context 
and stimulating the effectual and holistic MSPP approach, which leads to accomplishing 
the main aim/objective of the dissertation 2. 

2.1. Defining Green Infrastructure (GI) 

GI is relatively a new term, but it is not a novel approach, and it is viewed differently by 
different users in different contexts due to its wide range of applications in the urban 

 
2 Key publications are cited at the start of a section for which relevant contributions by the author are available. The full text can be 
accessed in the appendix. All key publications are written by the author in the capacity of the lead and corresponding author, and 
each publication contains more than 30,000 characters. Beyond the prerequisite (publishing three scientific articles) of the thesis, to 
partially fulfil the requirements for acquiring the PhD degree. I also published book chapters, which contributed to the genesis of the 
key publications and are relevant to the problem; the index of publications is listed in the bibliography. 

The contents of this chapter (comprising of the figures and tables) have already been 
published in a peer-reviewed book chapter (see the citation below).  
 
Rayan, M., Gruehn, D. & Khayyam, U. (2021): “Green Infrastructure Planning. A 
Strategy to Safeguard Urban Settlements in Pakistan”. In: Jafari, M., Gruehn, D., 
Sinemillioglu, H. & Kaiser, M. [Eds.]: Planning in Germany and Iran. Responding 
Challenges of Climate Change through Intercultural Dialogue.  Mensch und Buch 
Verlag. Berlin, pp. 197-220. 
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environment  (Davies et al., 2006; Lafortezza et al., 2013; Naumann, et al., 2011; 
Wright, 2011). Therefore, it is common that one may come across different 
interpretations of GI (Davies et al., 2006; Hehn et al., 2015; Roe & Mell, 2013; 
Weilenmann et al., 2005; Wright, 2011) within the existing literature. According to 
Benedict and McMahon (2006), GI refers to “an interconnected network of natural areas 
and other open spaces (e.g., such as squares, pedestrian areas, cycling areas) that 
conserves natural ecosystem’s values and functions, sustains clean air and water, and 
provides a wide array of benefits to people and wildlife. Their work has decisively 
shaped the GI approach, and based on their definition, GI strongly emphasises the 
ecological and biodiversity factors. At the European scale, the EU working group on GI 
strategy define (promulgated) GI as “a strategically planned network of natural and 
semi-natural areas with other environmental features designed and managed to deliver a 
wide range of ecosystem services” (EC 2013).  

The global studies evolve a clear picture of GI, affirming that it has strong 
associations with the environment, and its emphasis is on the linkage between the 
ecological and the social components (Benedict & McMahon, 2006; Davies, 
MacFarlane, et al., 2006; Tzoulas et al., 2007; Weber et al., 2006) across manifold 
spatial scales, from the city to the regional and national levels (Hansen & Pauleit, 2014; 
Mell, 2010). Even though GI definitions are more diverse and broader and can be 
outlined and assessed differently depending on the context (Davies, MacFarlane, et al., 
2006), however, there are also some core principles and themes that underpin the 
concept (Benedict & McMahon, 2006; Lafortezza et al., 2013; Mell, 2010; Naumann et 
al., 2011; TEP, 2005; Tzoulas et al., 2007; Wright, 2011). The below (table 1) illustrates 
some selected connotations of GI from the theoretical studies. 

Table 1: Green infrastructure definitions 

a) 

GI is a “…. natural life support system—an interconnected network of 
waterways, wetlands, woodlands, wildlife habitats and other natural areas; 
greenways, parks and other conservation lands; working farms, ranches and 
forests; and wilderness and other open spaces that support native species, 
maintain natural ecological processes, sustain air and water resources and 
contribute to the health and quality of life for. . . communities and people” 
(Benedict & McMahon, 2002). 

b) 

GI refer to “an interconnected network of natural areas and other open spaces 
that conserves natural ecosystem values and functions, sustains clean air and 
water and provides a wide array of benefits to people and wildlife” (Benedict & 
McMahon, 2006). 
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c) 

Davies et al. (2006) describe GIs as the “physical environment within and 
between our cities, towns and villages. It is a network of multi-functional open 
spaces, including formal parks, gardens, woodlands, green corridors, 
waterways, street trees and open countryside. It comprises all environmental 
resources, and thus a green infrastructure approach also contributes towards 
sustainable resource management”. 

d) 
As stated by Tzoulas et al. (2007), GI comprises “of all natural, semi-natural 
and artificial networks of multifunctional ecological systems within, around and 
between urban areas, at all spatial scales”. 

e) 

As per the European Commission, GI is “a strategically planned network of 
natural and semi-natural areas with other environmental features designed and 
managed to deliver a wide range of ecosystem services. It incorporates green 
spaces (or blue if aquatic ecosystems are concerned) and other physical features 
in terrestrial (including coastal) and marine areas. On land, GI is present in rural 
and urban settings” (EC 2013). 

f) 

GI is the “network of natural and semi-natural areas, features, and green spaces 
in rural and urban, and terrestrial, freshwater, coastal and marine areas, which 
together enhance ecosystem health and resilience, contribute to biodiversity 
conservation and benefit human populations through the maintenance and 
enhancement of ecosystem services. Green infrastructure can be strengthened 
through strategic and co-ordinated initiatives that focus on maintaining, 
restoring, improving, and connecting existing areas and features as well as 
creating new areas and features” (Naumann et al., 2011). 

g) 

GI is outlined as “Our nation’s natural life support system – an interconnected 
network of protected land and water that supports native species, maintains 
natural ecological processes, sustains air and water resources and contributes to 
the health and quality of life for America’s communities and people” 
(Williamson, 2003). 

Source; Author compilation 

Based on the definitions presented above, it is noted that these GI definitions are 
broadly consistent and overlapping; the following elements are often cited as 
constituting GI: connectivity, multifunctionality, accessibility, biodiversity, human-
natural benefits, and sustainability. Also, it is highlighted that GI is part of a broader 
ecological network framework that contributes to (environmental, sociocultural, and 
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economic) sustainability. As per Jongman & Pungetti (2004) definition, ecological 
networks (EN) refer to “systems of nature reserves and their interconnections that make 
a fragmented natural system coherent, so as to support more biological diversity than in 
its nonconnected form”. Moreover, EN is recognised as an invaluable planning tool that 
facilitates the development of sustainable urban communities and a greener environment 
(Ignatieva et al., 2011). 

2.1.1. Theories corresponding to the emergence of the GI concept. 

The notion of “Green Infrastructure” (GI) is not novel in (the field) of planning research 
and practice. Its origins can be traced back to the efforts of nature conservation and 
planning, as witnessed (in the late 1800s) in Frederick Law Olmsted's works (Benedict 
& McMahon, 2006). Olmsted was a landscape architect and a pioneer in urban green 
space management. He developed multi-functional landmark projects like, “New York 
Central Park” and “Emerald Necklace” in Boston. In 1903, Olmsted affirmed that “no 
single park, no matter how large and how well designed, would provide the citizens 
with the beneficial influences of nature”. Moreover, it was specified that green spaces 
(i.e., parks) needed “to be linked to one another and to surrounding residential 
neighbourhoods” (Benedict, 2002). So, the idea of interlinking GSs to benefit the 
community and biodiversity stirred the “Greenways” planning movement (Mell 2010). 
Subsequently, the “Greenway” planning movement and the “Garden city” movement 
(idyllic urban theory), presented by Sir Ebenezer Howard (an English urban planner) in 
the UK, both movements had laid the foundation for the formation of the GI concept. 

In the context of 'GI', studies have indeed established that this terminology, was 
explicitly first emerged in the mid-1990s in the US having the aim to protect urban 
regions against natural calamities (e.g. flooding) by building natural green spaces (often 
called green systems) as stormwater retention areas (Benedict & McMahon, 2006; EEA, 
2011; Mell, 2013; Naumann et al., 2011). Furthermore, to identify and manage the 
creation of greenways, some research institutions in the US, such as the 'Conservation 
Fund' and other organisations, developed a much broader understanding of GIs: an 
“environmentally preferable approach to stormwater (management)”, and (along with 
that) they identified other functions and benefits related to GI in planning to protect the 
ecology and natural systems (EEA, 2011). The first design proposals to implement GI in 
North America were grounded on the (basic idea) of nature conservationist goals 
(McKinney, 2002; Roe & Mell, 2013). Since 'GIs' origins can be observed in the 
“Greenways” movement in the US (Benedict & McMahon, 2002; Mell, 2010, 2013), 
which played a pivotal role in promoting the network-based approach to green space 
management aimed at enhancing the local urban environment in various ways. This 
result gained special attention among practitioners, planners, and political groups. For 
instance, Charles Little states in his book “The Greenway in the United States” that GI 
is “the expansion of the greenway system” and “a new infrastructure category” (Little, 
1995). Also, Benedict and McMahon, and Williamson's author’s work, contributed 
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invaluably to the rise of GI alongside Greenways, as Greenways' planning is primarily 
associated with recreational and ecological functions, an idea similar to GI (Benedict & 
McMahon, 2002, 2006; Williamson, 2003). 

At the  European Union's (EU) level, the GI terminology was first promulgated in 
2009 through the Commission White Paper, “Adapting to Climate Change”(EEA, 
2011). The EU institution and its legislative documents (regulations, directives, 
recommendations, decisions etc.) use the “GI” concept in connection with landscape 
resources, primarily focusing on ecological connectivity. The global studies affirm that 
in a European context, the term GI has developed a holistic and cross-disciplinary 
character, and it has been embedded into different areas of planning practices across 
different spatial scales (ideally nested), resulting in influencing planning policies and 
strategies from the local to regional/national level (EEA, 2011; Lafortezza et al., 2013; 
Mell, 2017). The development of GI planning in Europe is regarded as central to 
promoting biodiversity (BD), adapting it to local contexts, and maintaining, enhancing 
and reestablishing urban ecosystems (ESS). It is, in fact, considered one of the six 
principal objectives of the EU biodiversity strategy for 2020 (European Commission, 
2011, 2013). Also, the EEA (European Environment Agency) sees GI as essential in 
counteracting the depletion and fragmentation of natural areas and augmenting the 
interconnectedness of green and open spaces within and outside NATURA 2000 
networks (European Commission, 2013). This approach is not only beneficial for the 
environment but also contributes to the social and economic well-being of communities, 
paving the path towards sustainable cities (Europen Commission, 2017). 

In Germany, GI planning has emerged as an opportunity to create more cohesive 
UGS networks. The primary objective of this approach is to improve the resilience of 
urban ecosystems by promoting biodiversity and enhancing the benefits of nature and 
landscape for both local and global communities. These endeavours have been triggered 
by a series of green initiatives, policies, and strategies, such as the “Federal 
Defragmentation Programme 2012 [Bundesprogramm Wiedervernetzung]” (BfN, 
2014), “Nature Conservation Initiative 2020 [Naturschutz-Offensive 2020]” (BMUB, 
2015a), “Federal Green Infrastructure Concept [Bundeskonzept Grüne 
Infrastruktur (BKGI)]” (BfN, 2017)” and “Green in Cities - for a liveable future 
[Grünbuch Stadtgrün: Grün in der Stadt – für eine lebenswerte Zukunft]” (BMUB, 
2015b) — aims to achieve the protection of nature and the promotion of ecosystem 
services. Nevertheless, to enhance the concept of GI within the framework of 
sustainable development, more research has been conducted in Germany to deepen its 
understanding (of the human–nature relationship) in the process of land use 
development. The objective is to establish a framework for enhancing the natural 
ecosystem functions and services, including climate regulation, preventing natural 
disasters such as floods and droughts, mitigating the urban heat island effect, 
stormwater management, and developing multi-functional green spaces for recreational 
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purposes. By achieving these objectives, the socio-ecological well-being of the region 
can be improved (Lafortezza & Sanesi, 2019; Rolf, 2020). 

It is worth mentioning that Germany has a decentralised legislative system, which 
includes four levels of planning structure. Each level has its own set of clearly defined 
responsibilities; fundamental principle like, subsidiarity is applied across all levels of 
planning to maintain a consistent and uniform structure (Blotevogel et al., 2014). In 
2006, the Federal Republic of Germany implemented a federal reform bill redefining 
the roles of the federal and state authorities (Hu et al., 2020). In that same year, a policy 
paper entitled “Concepts and Strategies for Spatial Development in Germany” was 
issued by the ministers of all 16 Länder ('self-governing states') at a spatial planning 
conference (MKRO). This paper is widely regarded as the official beginning of GI 
planning in Germany, with a strong emphasis on the sustainable development of large 
green areas at the federal level (Mell et al., 2017). 

The systematic implementation of GI planning (at the federal level) exhibits 
rationality and coherence upon which all other spatial scales are built. Additionally, due 
to the multi-layered (sectoral) landscape planning and management system in Germany, 
GI is fostered at various scales and levels through the use of diverse strategies and 
techniques. First, at the upper “federal level”, GI planning primarily involves setting 
broad policies, guidelines and codes that serve as a foundation for planning at the state, 
regional, and local levels. The federal concept of “Green infrastructure” is an example 
of this approach, which defines GI as a “sustainable tool that aims to protect nature and 
promote ecosystem services” (BfN 2017). Then, the second level of planning, called 
State-level planning, regional and local plans are created with consideration of national 
objectives. This helps to ensure that the planning procedures and content are consistent 
across all levels.  

The third layer, known as “regions”, focuses on detailed planning objectives within 
a designated territory. This includes creating concepts and plans for multi-functional 
biotope networks and open green spaces (GS), such as the “Emscher Landscape Park in 
the Ruhr Area” (Pahl-Weber & Henckel, 2008; RVR, 2014; 2016). This level is referred 
to as a laboratory for “experimental regionalism” where informal approaches and 
integrative partnerships are encouraged to find pragmatic solutions for GI planning 
(Fürst, 2011; Gualini, 2004). The fourth and final layer is local-level planning. This 
involves the implementation of formal landscape plans across a designated area in 
coordination with comprehensive land use plans created by local planning authorities 
(BBR 2000).  
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Figure 2: GI Planning Framework in Germany (adapted from BBR, 2000; Mell et al., 2017) 

The storyline: the German planning system is relatively stable (Dembski, 2020) and 
widely acknowledged for its decentralised and multi-layered approach (BBR, 2000; 
Mell et al., 2017; Rolf, 2020). Under this system, landscape planning plays a crucial 
role in developing and maintaining GI. Moreover, it is worth noting that the 
effectiveness of GI planning in Germany is closely linked to the successful integration 
of the GI concept with the country's landscape planning system. This is because both 
concepts share similar objectives, such as supporting environmental decisions, 
promoting ecological awareness, assessing nature and landscapes (Albert et al., 2012, 
2014), and enhancing the health and well-being of people's (Mell, 2010; MEA, 2005).  

In landscape planning and management, green infrastructure (GI) is mainly centred 
around improving landscapes in ways that benefit both humans and the environment at a 
range of scales. This approach, which emphasises socio-ecological and economic 
regeneration, is favoured by many researchers, academicians, planners and practitioners 
who work with landscapes (Farina, 2000; Mell, 2010; Roe & Mell, 2013). Some experts 
view GI as a re-articulation of existing ideas of UGS (Davies et al., 2006; Mell, 2017; 
Rayan et al., 2021a). Others see it as an old idea presented in a new way, “old wine in 
new bottles” (Davies et al., 2005). Furthermore, Davies et al. (2006) also posit that GI 
holds significant potential, serving as a reference point for various topics, including 
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ecological networks, landscape ecology, human well-being, and sustainable 
development. This approach represents a novel direction of thought that can be further 
refined, expanded and linked with green nature-based solutions, being considered a 
promising approach in urban areas to conserve, restore and manage semi-natural and 
natural landscapes (Hansen & Pauleit, 2014; Pauleit et al., 2019). Moreover, this 
approach helps to enable an urban environment that supports climate change adaptation 
(Demuzere et al., 2014), and stormwater runoff reduction (W. Liu et al., 2015), one of 
the primary objectives of UGI planning. 

2.1.2. Principles of GI 

The planning of green infrastructure (GI) is gaining widespread recognition among 
experts, policymakers, and the public alike, both in developed and developing areas, 
because of its ability to create more environmentally friendly and livable cities (Rayan 
et al., 2022a). GI not only strengthen social and ecological connections between urban 
and rural areas but (also) promotes a balanced relationship between human activities 
and the environment (Rayan et al., 2022a). Moreover, this approach benefits the 
bolstering of ESFs, the conservation of biodiversity, and the improvement of the health 
and well-being of inhabitants. It has become a vital planning framework, potentially 
addressing climate uncertainties and establishing a sustainable, green, resilient city-state 
(Ignatieva et al., 2011; Rayan et al., 2021a). 

The terminology of “GI” may be comparatively new in sustainable development 
(SD) planning, but not a novel concept (Wright, 2011). Consequently, there has been 
discussion   (among experts) in the literature on whether a singular definition and 
conceptual foundation of GI is essential or if a more comprehensive interpretation 
would be more effective in engaging multi-stakeholders and addressing typical 
attributes of a GI planning approach (Ahern, 2007; Hehn et al., 2015; Horwood, 2011; 
Roe & Mell, 2013; Wright, 2011). Although different experts have different 
conceptualisations and definitions of GI. It is acknowledged (widely) that GI aims “to 
create multifunctional networks of green spaces” (Pauleit et al., 2017). 
Multifunctionality, connectivity and multi-scale are core principles (see table 3). These 
principles are deemed fundamental to the (GI) concept and most frequently studied in 
the research literature cited (Ahern, 2007; Benedict & McMahon, 2002, 2006; DG-
ENVI, 2012; Hehn et al., 2015; Horwood, 2011; Llausàs & Roe, 2012; Rayan et al., 
2021b; Roe & Mell, 2013; Wright, 2011). Apart from the core principles, one general 
principle is participation, that can be comprehended and interlinked with all three 
principles of GI planning (Kambites & Owen, 2006). Importantly, all key principles 
highlight the need to involve stakeholders in planning and managing natural green 
spaces (DG-ENVI, 2012; Naumann, Davis, et al., 2011), and to this end, they endorse 
the inclusion of a wide range of participatory planning processes in decision-making. 
Moreover, Kambites & Owen (2006) identified sustainability, resilience, and 
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assimilation as the primary goals (see table 2) that underlie the principles and actions 
(functions) of green infrastructure. 

Table 2: The planning goals, principles, and functions of green infrastructure (GI)  

Goals Principles Functions and Features 

Building climate 

resilience, 

Sustainability and  

Integration 

Specific General Abiotic Biotic Cultural 

Connectivity. 

Multi-
functionality. 

Multi-scale.  

Participation 

Water, 

sunlight, 

oxygen, 

Soil, 

Temperature 

Fauna 

Flora 

Cultural 

Identity, 

Aesthetic 

Health 

Source: Authors' adaptation from (Kambites and Owen,2006) and (Ahern, 2007). 

 

Table 3: GI planning principles   

Connectivity 

Connectivity, in GI planning, refers to the interlinkage of green 
spaces (GS) at multiple scales and (spatial) levels - both 
functionally and structurally, aimed to serve (both) humans and 
other habitats/species (Ahern, 2007; Benedict & McMahon, 2002; 
Wright, 2011). Functional Connectivity is related to species' 
behaviour and ecological processes. Structural Connectivity, in 
contrast, refers to the elements of the landscape and how they are 
spatially arranged and linked (Hansen & Pauleit, 2014). 
Moreover, this incorporates both (vertical and horizontal) 
Connectivity (EEA, 2011; EC, 2013; Roe & Mell, 2013). 

In the planning context of the German landscape, Connectivity is 
addressed through (two instruments), habitat networks (also 
named biotope networks and, in German, Biotopeverbund), 
which focus on the facilitation of habitat/species movement, 
interactions and conservation, and the second approach, 
multifunctional greenways systems (in German: Grünzüge), to 
prevent urban sprawl and provide recreational and climatic 
functions (Von Haaren et al., 2008; Von Haaren & Reich, 2006). 
In sum, Connectivity enhances the quality of life, place, and 
nature over diverse landscapes (Mell 2010; Rayan et al., 2021b). 
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Multifunctionality 

 

In the context of GI, multifunctionality refers to the ability to 
provide innumerable functions in the same spatial region. 
These intertwining functions (of green spaces) consider 
ecological, social-cultural, economic/ abiotic, and biotic 
dimensions in concert. Therefore, multifunctionality  concept is 
viewed as a pivotal pillar of GI planning (Pauleit et al., 2011; 
Kambites & Owen, 2006). Also, It is comprehended as a key 
concept while planning sustainable land use (Benedict & 
McMahon, 2006; DG-ENVI, 2012; Lafortezza et al., 2013; 
Pauleit et al., 2019). 

Multifunctionality not only facilitates the boost of the synergies 
within green spaces (GS), ensuring a wider range of benefits, but 
also stimulates the efficacy of GS spatially in the urban 
agglomeration, addressing different environmental challenges 
(Rayan et al., 2022; Hansen & Pauleit, 2014). 

The Urban Landscape Strategy of Berlin uses the term “multi-
coding” to refer to “multifunctionality”, which exhibits that green 
areas in cities have diverse cultural significance (meanings) for 
different people: “Transferred to urban open spaces, multi-coding 
is the overlay of interests and functions; instead of a mono-
functional juxtaposition, it creates space that is usable in multiple 
dimensions” 3 (Berlin, 2012). 

Multi-scale 

In Green Infrastructure (GI), the multi-scale principle is centred 
around adaptability and flexibility. It acknowledges that GI 
planning can be deemed for various (multi-layered) spatial levels, 
ranging from city regions to neighbourhood communities.  

The goal of GI planning is to establish connections and synergies 
across different spatial scales in concert, not only within city-
regions but also beyond them (Ahern, 2013; Davies & Lafortezza, 
2017; Kambites & Owen, 2006; Mell et al., 2017; Pauleit et al., 
2011). 

 
3 “Berlin, S. (2012). Strategie Stadtlandschaft Berlin–natürlich urban produktiv, Berlin, 2012. Online Verfügbar 

Unter: Http://Www. Stadtentwicklung. Berlin. De /Umwelt/ Landschaftsplanung/ Strategie_ stadtlandschaft/ 
Download/Startegie Stadtlandschaft-Berlin. Pdf Letzter Besuch Der Seite Am, 25, 2012”. 
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Green-grey 
integration 

The principle of integration refers to the coordination and linkage 
of green space infrastructure with other urban structures, 
commonly referred to as grey infrastructure, such as transport 
systems and utilities. This approach ensures seamless 
coordination and mutual integration of the two infrastructures, 
maximising efficiency and effectiveness (Davies & Lafortezza, 
2017; Hansen et al., 2017, 2019; H. W. Kim & Tran, 2018). 

 

Source; Authors compilation 

In the broader discourse on GIs, these key principles (as mentioned above) are, in 
fact, the ones that are most often cited in the literature. Benedict and McMahon (2002, 
2006) and Ahern 1995 were considered among the pioneers in developing principles 
(connectivity, multifunctionality) for successful GI planning and implementation, laying 
the basis in the literature (Ahern, 1995; Benedict & McMahon, 2002, 2006), along with 
multiscale, which is also considered another key principle, widely accepted by 
academics, practitioners and implementing organizations (Davies & Lafortezza, 2017; 
Kambites & Owen, 2006; Mell et al., 2017). In addition, Mell conducted a 
comprehensive review (year 2015) on this aspect and probed the use of various GI 
principles in the US., UK., Europe, and other regions of the World. Mell highlights 
sustainability, accessibility, urban context, and the importance of discussion 
(participation) with advocacy agencies (both governmental and non-governmental) and 
stakeholders as recurring features in addition to multifunctionality and connectivity 
(Mell, 2015). 

Green Infrastructure (GI) is a comprehensive and strategic planning approach which 
seeks to protect and enhance urban green and open spaces, taking into account (both) 
ecological and socio-economic factors. Its holistic approach makes it more effective in 
dealing with greater complexities and challenges associated with climate change 
adaptation and environmental protection than traditional, mono-functional planning 
methods (Ahern, 2013; EC, 2013; Kambites & Owen, 2006). Although GI principles 
have been developing for over a decade, it's still an evolving concept. Mell (2013) 
recommends that for successful and effective GI planning, it is important to take a 
proactive approach and assess how it can add value to the green policy framework (Mell 
2013). Furthermore, GI planning is also viewed as a “melting pot” for innovative 
planning approaches that strive to improve climate resilience and ecological 
compensation as well as provide multiple potential co-benefits to inhabitants (Hansen & 
Pauleit, 2014). 
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2.1.3. GI Typologies 

Urban green infrastructure (UGI) encompasses a broad array of components, features, 
characteristics, functions, and services that have led to a wide variety of typologies. 
These (green) elements differ in respective spatial levels and the hierarchical scales (see 
table 4 and fig 3): mainly classified into sites (e.g., neighbourhood, city and regional) 
scales (Ahern, 2007; Benedict & McMahon, 2002, 2006). UGI has received greater 
attention within (both) social and environmental sciences due to its multi-functional, 
multi-scale and connective characteristics in coping with climatic catastrophes and 
ongoing urbanisation. 

 
Table 4: UGI elements at multiple scales 

 

At a regional scale: 

UGI is the network of the ecological corridor 
and land conservation. 

At the urban scale:  

UGI includes urban forest/tree canopy, urban parks, 
Botanical gardens, parkways, and boulevards 
elements. 

At a neighbourhood scale: 

UGI comprises local parks, pocket parks, 
constructed wetlands, and green alleys. 

At site scale: 

It includes rain gardens/ bio-infiltration, green living 
walls and roofs, stormwater planters, and rainwater 
harvesting systems. 

 
Sources: Author compilation from (Ahern, 2007; Benedict & McMahon, 2006) 

According to Davies et al. (2006), GI planning is classified into three spatial levels 
(see fig 4). The lower most level is individual (green) elements, classified as parcels and 
considered watercourses or park features. The next levels are linked elements that 

 

Figure 3: Elements of Urban Green Infrastructure (UGI) at multiple scales. 
Sources: Author compilation from (Ahern, 2007; Benedict & McMahon, 2002, 2006) 
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serves as a network connection to connect individual green elements and allows species 
to move. Cultural and ecological greenways and riverways are examples of linked 
elements that can be applied to various-sized areas, like neighbourhoods or cities. 
Finally, the uppermost tier is GI, which embodies the networks of interconnected green 
elements conceived at a regional scale. The principles of GI can be assessed in multiple 
typologies of green and open spaces at different spatial levels, providing multiple 
potential co-benefits (Ahern, 2007, 2013; Rayan et al., 2021b). 

 

 

Figure 4: Spatial levels in GI planning. 
Sources: Davies et al., 2006 

The “Green infrastructure” is a large-scale, environment-focused planning 
framework that identifies “hubs”, “links”, & “sites” - three distinct features that make 
up a GI network. Benedict and McMahon introduced this model in 2002 and 2006 (see 
fig 5), while Ahern (2007) refers to the spatial structure surrounding the GI network as a 
“matrix” (Ahern, 2007). These fundamental landscape elements can be natural/semi-
natural or man-made and come in various sizes and shapes. Hubs are homogeneous, 
nonlinear structures that serve as core anchors of the GI network, providing 
origins/destinations for habitats (biodiversity) and ecological processes. In general, 
“hubs” are large, protected areas, such as natural reserves, protected areas, regional or 
national parks, urban forests, and forests etc., that serve different environmental and 
societal benefits. On the other hand, “sites” are small areas in GI networks that offer 
ecological and social benefits, from preserving wildlife habitats to providing 
opportunities for green nature-based recreation (Benedict & McMahon, 2002, 2006). 

Finally, “links” are linear structures, different in content and physical form, that tie 
hubs and sites in a unified system and enable GI networks to work. Links serve as a 
corridor between ecosystems and man-made landscape elements, maintaining ecological 
processes and the health of biodiversity. They come in diverse forms and functions, like 
landscape linkages, conservation corridors, ecological and cultural greenways and 
(green) belts (Benedict & McMahon, 2002, 2006), which not only facilitate the counter 
habitat fragmentation and wildlife (flora and fauna) migration between fragmented hubs 
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and sites, but also conserve native ecosystems and provide opportunities for outdoor 
recreation for the benefit of urban and rural residents. 

 

  

 
Figure 5: GI network components. 

Sources:  Diamond Head Consulting, 2014 

There have been multiple efforts by researchers to classify different typologies of GI 
(see for example: Ahern, 1995; Davies et al., 2006; EEA, 2011; Lafortezza et al., 2013; 
Millennium ecosystem assessment, 2005; Naumann et al., 2011; Tzoulas et al., 2007). 
These efforts involve field research and synthesis of existing data-driven by 
stakeholders, academics, and practitioners. Interestingly, it is worth noting that GI 
elements acknowledged by all authors move along a so-called green-grey continuum 
(Davies et al., 2006). This implies that GI is more than just traditional green and open 
spaces. It also encompasses other structures, like footpaths, cycle paths, and green roofs, 
that serve vital ecological goals while fulfilling other functions (Mell 2010). Although 
elements of GI exist at the local level, their interconnections create synergies and effects 
beyond the local level (Davies, MacFarlane, et al., 2006; Lafortezza et al., 2013; 
Lafortezza & Sanesi, 2019). It maintains and enhances the quality of life, the quality of 
place and the quality of environment (micro and macro) at different spatial scales (Mell, 
2010; 2013). Furthermore, It also acts as a key enabler for efficient and sustainable land 
use management, particularly in densely populated urban areas where land is scarce or 
under pressure (EEA, 2011; 2017). 

The GI model emerged as a nature-based approach to climate adaptation, bolstering 
the multifunctionality and connectivity of green spaces and enhancing cities' resilience 
to environmental risks (EC, 2013; Rayan et al., 2022, 2022b). It encompasses an array 
of multi-functional and multi-dimensional natural and man-made features like rivers, 
urban parks, forests, and green routes (Davies, et al., 2006; Lafortezza et al., 2013). The 
Landscape Institute's Position Statement provides a comprehensive list of potential GI 
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elements  (EEA, 2011; Landscape Institute, 2009). It groups the (GI) typologies into 
three broad scales (see Table 5). Furthermore, the Green Surge initiative (2013-2017) 
compiled an extensive inventory of UGS, which features forty-four UGS elements 
categorized into eight broader groups according to their scale, location, and function 
(Olafsson & Pauleit, 2018; Rall et al., 2015). These classifications are “building greens; 
private, commercial, industrial, institutional UGS and UGS connected to grey 
infrastructure; riverbank green; parks and recreation; allotments and community 
gardens; agricultural land; natural, semi-natural and feral areas; blue spaces” (Rall et al., 
2015). 

Table 5: GI Typologies 

Sources:  Author compilation from (Landscape Institute, 2009) 

2.1.4. Functions, Services, and Benefits of GI 

Green Infrastructure (GI) has the potential to safeguard, restore, and develop 
ecosystems, thereby promoting biodiversity, social and territorial harmony, and 
sustainable development while also improving the environmental standard and quality 
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of life  (DG-ENVI, 2012; EEA, 2011; Lafortezza et al., 2013; MEA, 2005; Tzoulas et 
al., 2007). GI functions have been classed as environmental, socio-cultural and 
economic (EEA, 2011; Pauleit et al., 2011; Rayan et al., 2021a; Roe & Mell, 2013; 
Wright, 2011) or abiotic, biotic and cultural (ABC) (Ahern, 2007; Mell, 2010; Rayan et 
al., 2021b). These functions bring various benefits to both humans and nature (Rayan et 
al., 2022a). Boyd & Banzhaf (2007) describe the function as an “intermediate product” 
of an ecosystem. To (better) comprehend the various functions and services in GI, the 
ecosystem cascade model could be applied (Haines-Young & Potschin-Young, 2010). 
The model clearly distinguishes between GI functions and services, as illustrated in 
Figure 6. According to the model, “Landscape Structure or Processes”, such as wetlands 
or net primary productivity, form the basis for “Functions” such as controlling, storing, 
and slowly releasing water. These “Functions” can lead to the development of 
“Services” for communities, such as flood protection. These services contribute to the 
human benefit and economic “Valuation” of those services, such as “willingness to pay 
for wetland protection” (Hansen & Pauleit, 2014). Thus, it is evident that ecosystem 
functions and services are closely connected to the ES benefits they provide (De Groot 
et al., 2010; Wong et al., 2015). 
 

  

Figure 6: Ecosystem cascade model linking ecosystems to well-being. 
Sources:  Haines-Young & Potschin-Young, 2010 

It is essential to understand that the significant advantages of GI come from the 
tying the binds of individual green space (GS) elements and their synergies rather than 
from each (individual) GS element alone. The cumulative effect of interconnected GSs 
elements within the GI system can enhance the capacity of ESs to deliver services and 
functions across different landscape scales effectively. This, in turn, leads to a 
sustainable and resilient urban environment that benefits (both) the ecology (Foster et 
al., 2011) and the local community's well-being (Lafortezza et al., 2013, 2017; Tzoulas 
et al., 2007). The EU Commission (2013) tends to stress (within the policy) the value of 



33 | P a g e  

utilising natural and semi-natural GI as a multi-scalar (climate change) adaptation and 
mitigation strategy in urban regions, especially in environmentally challenged areas. 
Also, (GI) is garnering attention in research communities as a cost-effective and nature-
based solution (as compared to traditional infrastructure that enables cities to re-nature 
and become more sustainable and resilient in the face of climate uncertainties such as 
storms, droughts, heavy precipitation, flooding, and urban heat island (UHI) effects 
(Demuzere et al., 2014; Foster et al., 2011; Gill et al., 2007; Rayan et al., 2022b; 
Sturiale & Scuderi, 2019).   

Green space infrastructure (GSI) helps connect urban and rural areas and creates 
(appealing) environments for (both) living and working. Global studies affirm that GSI 
benefits such as air and water quality (Nowak et al., 2006; Pauleit et al., 2019; Yang et 
al., 2008),  mental, and physical wellness (Bratman et al., 2015; Kardan et al., 2015; 
Pretty et al., 2005), social inclusion and community awareness and provides 
opportunities for a range of recreational and social activities (Giles-Corti et al., 2005; 
McDonnell et al., 2007; Weldon et al., 2007). Furthermore, GSI has great potential 
and plays a key function in the revitalisation process of urban regions, delivering a 
variety of social and ecological functions and benefits while reducing (environmental) 
conflicts (James et al., 2009; Mell, 2015; Rayan et al., 2021b; Wright, 2011). Also, it is 
widely acknowledged as an effective (planning) strategy that reconnects and strengthens 
the relationship between humans and nature (Rayan et al., 2021a), which has been 
affected due to (un-balanced) anthropogenic activities (Desa, 2014, 2019; European 
Commission, 2013). The relationship between humans and nature emphasises the 
importance of implementing (“nature-based”) green initiatives to strengthen the 
resilience of the “urban environment” to withstand and adapt to both present and 
forthcoming challenges posed by climate change (Foster et al., 2011; Rayan et al., 
2021a; Rayan et al., 2022; Roe & Mell, 2013). Furthermore, by creating synergies 
between humans and nature, raise awareness among local inhabitants about the 
importance and necessity of GIs initiatives.  

Global studies endorse that green spaces have more efficient infiltration, storage, 
and adaptative capacity (15%-64%) than mono-functional 'grey' infrastructure (EEA, 
2011; Hansen et al., 2017; Rayan et al., 2021b). Therefore, it is not naive to say that the 
need for time is to synthesise green (soft) and grey (hard) infrastructure in a way that 
should complement each other and lead to supporting both environmental and non-
environmental policy while enhancing urban resilience and sustainability (Mell 2010b; 
Rayan et al., 2022a). GI, therefore, is in an almost unique position. Its importance in 
adapting landscapes to counterbalance CC impact is of utmost significance. It also has 
the potential to create spaces that promote social inclusion, better public health and 
conserve the cultural heritage of a region (Ahern, 2007; Benedict & McMahon, 2012; 
EEA, 2011; EC, 2013; Olafsson & Pauleit, 2018). Moreover, these (nature-based) green 
strategies make an imperative contribution to the economy, attracting tourists and 
positively influencing real estate values (Gruehn, 2006; Gruehn et al., 2006; Hoffmann 
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& Gruehn, 2010). It is evident that GI serves (all dimensions) of ”triple-bottom-line” 
(TBL) sustainability and, along with that, connects to other important topics such 
as participation and resilience (see table 3 above) (Kambites & Owen, 2006; Lafortezza 
et al., 2013; Llausàs & Roe, 2012; Rayan et al., 2022b). 

The upsurge in urbanisation and the impact of anthropogenic activities has 
embedded unprecedented pressure on green spaces, resulting in ecological imbalances, 
disruptions to ecosystem health, loss of biodiversity, and adverse effects on human 
well-being. To address these challenges, planners, policymakers, and academics focus 
more on GI planning strategies and programs at all spatial levels to ameliorate the 
disturbed socio-ecological well-being of any region (Lafortezza et al., 2013; Mell et al., 
2017; Monteiro & Ferreira, 2020; Rayan et al., 2022; Williamson, 2003). The use of 
NBS has proven to be an essential element in resilient land-use planning (Rayan et al., 
2022a; Rouse & Bunster-Ossa, 2013) when (effectively) tackling socio-environmental 
issues (Baycan-Levent et al., 2002; CABE, 2010; Enger, 2005; Harnik, 2006; Kim, 
2010). It offers several co-benefits, such as regulating micro-climates, lowering the 
carbon footprint, managing stormwater, promoting biodiversity, and enhancing human 
well-being (EC, 2013; Mell, 2013; Pauleit et al., 2019; UN-SDG, 2019). 

Even though nature-based green infrastructure (NBGI) has numerous advantages 
and is valuable, despite many city planners and politicians tend to undervalue it. This is 
mainly because, it does not generate immediate financial revenue (like, taxes), unlike 
grey infrastructure (Faehnle et al., 2014; Mackrodt & Helbrecht, 2013). Unfortunately, 
this often leads to budget cuts for planning and managing GI, as the benefits NBGI are 
not always tangible, easily measured or transferable (Hanley et al., 2009; Mazza, 
Bennett, Nocker, et al., 2011), making it challenging to justify their expenses. However, 
it is essential to note that the benefits of GI are often in the form of external effects (EC, 
2013; EEA, 2011). This means that those who pay for its provision may not be the ones 
who benefit most, especially in terms of regulating services such as sustainable climate-
risk management (SCRM) and health and wellness benefits (Mazza et al., 2011; Rayan 
et al., 2022b; Tzoulas et al., 2007). 

Moreover, global research studies underpin that the cost-benefit ratios (CBRs) of 
(multiple) GI elements (in urban areas) for fostering urban resilience and addressing 
climate uncertainties are under-researched. This is because, the (cost-effectiveness) of 
GS elements involves extensive examination (through CBRs models) and comparison 
with other potential (green or soft) possibilities to evaluate their effectiveness for 
specific services (Mazza et al., 2011) in a particular native spatial environment (Rayan 
et al., 2021a). The positive CBRs of GI elements can be acknowledged through 
integrated and multifaceted planning, connecting a large-scale network of (“natural and 
semi-natural”) green spaces and communities (e.g., EU-wide Natura 2000) to provide a 
broad range of social and ecological benefits (EC, 2013). Achieving such (human–
nature) integration requires raising awareness among various multi-stakeholders 
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regarding the significance of green (nature-based) infrastructure (Matthews et al., 2015; 
Mell et al., 2017; Monteiro & Ferreira, 2020; Rayan et al., 2022); as an indispensable 
urban amenity that enhances the ecological resilience of cities. 

2.2. Green Infrastructure and Multi-Stakeholder Participation 

Nature-based (green) infrastructure planning has significant benefits for the 
environment, socio-culture, and economy (Davies et al., 2006; Demuzere et al., 2014; 
Lafortezza et al., 2013). These benefits improve the quality of life (QoL) in urban 
neighbourhood's (Benedict & McMahon, 2002; Eckstein et al., 2018; Mell, 2010, 2013). 
Therefore, it is essential to foster community cohesion (involve all members of society) 
in the planning and implementation process of green growth development to ensure that 
it satisfies their essentials. This emphasises the importance of multi-stakeholders' 
participation in decision-making tailored to the specific situation, focusing on 
effectiveness and integration (Rayan et al., 2021a; Scott, 2011). Nevertheless, 
determining the best approach for participation remains challenging, and the question 
remains as to what constitutes the ideal participation process. To address this Luyet et 
al., (2012) identified “who, when, and how?” as the key considerations in the multi-
stakeholder participatory planning (MSPP) process, thus providing a list of factors to 
consider.  

It is important to understand that there isn't a universal (“one-size-fits-all”) solution 
that helps select suitable participation techniques or tools. Nevertheless, Luyet et al. 
(2012) offer valuable insights to guide the decision-making process, as illustrated in 
Table 6. The framework evolved by Luyet et al. set out the five-step ladder 4 of 
involvement, also known as the “degree of involvement”, for multistakeholder 
participation. These levels include “information, consultation, collaboration, co-
decision, and empowerment”. It is crucial to determine the appropriate level of 
involvement as it impacts the entire process, including the (selection) of the appropriate 
participatory technique (Maier et al., 2014). Assigning an inappropriate level of 
participation to a multi-stakeholder can result in conferring (too-much or not-enough) 
authority to a stakeholder or using an inadequate participation technique, which can lead 
to an unsuccessful participation process. 

The concept of “participation” has been interpreted differently across the scientific 
community (Luyet et al., 2012; Maier et al., 2014). According to the World Bank 
(WB), it is define as “a process through which stakeholders influence and share control 
over development initiatives and the decision and resources which affect them”(WB, 
1996). The participatory planning (PP) approach is a constantly evolving process (both; 

 
4 “The metaphor of a ladder was employed by Arnstein in 1969 for citizen participation. He was the first main 
contributor to this topic, and he structured the degree of participation into three main classifications (e.g., 
Nonparticipation, Tokenism and Citizen Power) with eight sub-stepping” (Arnstein, 1969; Wilker et al., 2016). 
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theoretically and practically), resulting into new aspects and methods emerging over 
time, making it a highly intricate subject. For efficient implementation, it is imperative 
that the PP process need to be bespoke to fit the specific (project) built-in context 
(Luyet et al., 2012). The MSPP approach is acknowledged as an effective tool for 
promoting and strengthening community ownership in the planning, management, and 
decision-making process for nature-based green infrastructure (GI). This approach is 
vital for building an environmentally friendly and climate-resilient urban environments 
in climatically challenging urban interfaces (Baycan-Levent et al., 2002; CABE, 2010; 
Davidson, 1998; Harnik, 2006; Rayan et al., 2022).  

Table 6: Participatory planning (PP) techniques and their potential involvement levels. 

 

Sources:  Adapted from Luyet et al., 2012. 

The global studies endorse that green infrastructure (GI) facilitates inter- and trans-
disciplinary planning that integrates the knowledge and participation of multi-
stakeholder (experts and community) to address the needs of (diverse) social groups 
(Landscape Institute, 2009; Olafsson & Pauleit, 2018). Involving the native inhabitants 
and ensuring their satisfaction is essential for successful GI planning. However, there is 
a need to probe more innovative participatory techniques (Faehnle et al., 2014; Rayan et 
al., 2022a) to enhance the socio-ecological wellness of urban and rural regions (Hansen 
& Pauleit, 2014; Lafortezza & Sanesi, 2019; Rolf, 2020; Westphal, 2003). Moreover, 
Benedict & McMahon (2002, 2006) further emphasise the significance of engaging 
multi-stakeholders, such as “communities, private landowners, public agencies, and 
conservation institutions”, in the planning of nature-based GI. However, it is 
unfortunate that not all countries (in the world) prioritise involving multiple 
stakeholders in decision-making processes. In some cases, public authorities propose a 
minimal participation approach, ignoring the outcomes when devising policies and 
strategies for urban landscape and greening infrastructure (ULGI) (Fors et al., 2015; 
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Mazza et al., 2011; Nizamani & Shah, 2004; Rayan et al., 2022a; Wilker et al., 2016). 
This is disconcerting because planners and decision-makers often overlook the 
importance of incorporating “local knowledge, beliefs, attitudes, and preferences” 
(Rayan et al., 2022b) of stakeholders. Indigenous/local knowledge is an invaluable 
resource in a holistic, participatory process, particularly when designing innovative, 
natural, green landscape-based strategies for adapting to and mitigating the effects of 
climate change (Demuzere et al., 2014; Rayan et al., 2022a; Shoup & Ewing, 2010). 
The effectiveness of the MSPP approach hinges on how planners and decision-makers 
implement it and their willingness to involve multiple stakeholders (Faehnle et al., 
2014; Mackrodt & Helbrecht, 2013). 

The importance of GI, PP and urban (climate) resilience in Europe is increasingly 
recognised, as highlighted in the European Union's GI Strategy, thus strengthening 
“Europe's natural capital” (EC, 2013). GI principles (alongside the PP approach) have 
already been incorporated into the landscape planning policies in Germany, the UK, and 
the Netherlands, with wide implementation at the municipal level as (nature-based) 
green strategies for sustainable climate-risk management (SCRM). It is to develop 
(climate) resilient urban regions (BfN, 2017; BMUB, 2015; Gruehn, 2006; Lafortezza et 
al., 2013; Mell, 2017; Monteiro & Ferreira, 2020; Rayan et al., 2022a). Cities like, 
Amersfoort in the Netherlands and Stuttgart in Germany have demonstrated how 
various natures of local engagement 5 in GI planning projects enhance social inclusion 
and planning efficiency. For instance, in Amersfoort, the local government and the 
community worked together in a collaborative effort to transform the “Elisabeth site,” 
an old hospital, into a vibrant urban park. They also expanded a nearby park, further 
enhancing the city's green space. To ensure that all stakeholders had an equal voice in 
the project, a “core group” was established. This inclusive approach encouraged all 
participants to work creatively and generate ideas for the joint redevelopment and 
management of the plan. To facilitate productive discussions, the open space method 
and world café methodology were employed during meetings, allowing participants to 
share insights on sub-themes in small groups (Aalbers & Sehested, 2018; De Wilde et 
al., 2014; Mattijssen et al., 2019; Wilker et al., 2016). Another successful example of a 
participatory approach is the “Industrial Heritage Route” project in (the Stuttgart region, 
Germany). The project is one of a series of master plans designed to create a route that 
connects significant “industrial heritage sites and specially designed open spaces”. The 
aim is to engage the local public, including historians, experts, and community 
members, in a bottom-up participatory process that gathers their perspectives and 
knowledge. By doing so, the project aims to generate public acceptance for the route. 

 
5 The nature of public engagement in local planning processes is subject to various factors that differ from country to 
country, including historical, cultural, and governance aspects. Nevertheless, it is crucial to acknowledge that legal 
and regulatory frameworks also (perform) a significant role in shaping participatory processes (Rymsa-Fitschen et al., 
2014). 
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Methodologies (including workshops, site visits, local meetings, informal regular round 
tables and weblogs) were employed to ensure success (Cilliers, 2016; Wilker et al., 
2016). 

However, in many developing countries, specifically Pakistan, there is a lack of 
research and development aimed at achieving a successful transition to green-growth 
urban development using a PP approach. This is attributed to ineffective legislation and 
enforcement by planning authorities in the region. Furthermore, the institutionalisation 
of pragmatic, proactive UL-UG policies and a legal framework for resilient land-use 
planning remains absent (Ahsan, 2018; Khayyam & Waseem, 2021; Rayan et al., 
2021a, 2021b; Shahid et al., 2018). These issues are connected to a non-collaborative 
and unilateral environment with undue influence that is prevalent in the country 
(Ahmad & Anjum, 2012; Ashfaque & Awan, 2015; Nizamani & Shah, 2004; Rayan et 
al., 2022). Currently, no sustainable initiatives are being undertaken in Pakistan, 
particularly in the KP province, to promote climate-resilient cities through nature-based 
green-growth development under the PP approach. As such, it is essential to raise 
awareness and knowledge among all stakeholders, including decision-makers, experts, 
and the local community, to better understand the correlation between GI, PP, and 
climate resilience concepts in the landscape planning process. This will enable the 
remodelling and restructuring of resilient land-use planning in accordance with the 
native built-in environment, resulting in the creation of sustainable human settlements.  

To achieve this, the (study) suggests a highly interactive and holistic MSPP 
approach (at the early stages of the planning process) that integrates a bidirectional 
sustainable development pathway involving both top-down planning experts and 
bottom-up community input. Through this approach, we can gain a better understanding 
of the potential role of NBGI in creating climate-resilient cities. Promoting community 
involvement in the planning process, the management of UGS can be improved, leading 
to greater community ownership and acceptance of green action projects (GAPs) in the 
local neighbourhood. To further add, this holistic MSPP approach helps to determine, 
validate, and implement (nature-based) green adaptation strategies as per the local built 
environment. These strategies aim to enhance the quality, standard, and health of the 
ecosystem and its inhabitants (Rayan et al., 2021a, 2021b, 2022a, 2022b, 2022c). 
Ultimately, this led to achieving a proactive and long-term strategy for SCRM in an 
environmentally challenged urban interface. 

2.3. Green Infrastructure and urban climate resilience: 

This study discusses that resilience is interpreted as the foremost goal of the GI 
planning approach (see above Table 3) and adopting well-functioning ecosystem-based 
strategies can effectively support and strengthen urban climate resilience at multiple 
spatial levels. The idea of resilience is multifaceted and can have different meanings 
depending on the context, with various definitions and interpretations in (both) 
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academic and policy (Jordan, 2009; Manyena, 2006; Meerow et al., 2016). The notion 
of “resilience” originates from the study of ecological systems in the 1970s (Holling, 
1973) and comes from the Latin word “resilier”, meaning “to bounce back” (Klein et 
al., 2003). According to Holling, the concept of “ecological resilience (Recol) determines 
the persistence of relationships within a system and is a measure of the ability of these 
systems to absorb changes of state variables, driving variables, and parameters”—all 
still persistent and valid. In this framework, resilience is portrayed as the system's 
characteristics and persistence or the probability of extinction is the outcome (Holling, 
1973). 

To better comprehend the notion of “resilience” and its various applications, 
particularly in the realm of urban research and policy contexts, it's worthwhile to refer 
to the definitions provided by the “United Nations Office for Disaster Risk Reduction 
(UNISDR) “and the “Intergovernmental Panel on Climate Change (IPCC)” and 
“European Union (EU)”. The UNISDR describes “resilience” as “The ability of a 
system, community or society exposed to hazards to resist, absorb, accommodate to- 
and recover from the effects of a hazard in a timely and efficient manner. IT is possible 
by including through the preservation and restoration of its essential basic structures and 
functions” (UNISDR, 2012). Alternatively, the IPCC characterises “resilience” as “the 
ability of a social or ecological system to absorb disturbances while retaining the same 
basic structure and ways of functioning, the capacity for self-organisation, and the 
capacity to adapt to stress and change” (IPCC, 2014; Pörtner et al., 2022). Additionally, 
the EU 2020 Biodiversity Strategy's Impact Assessment highlights that resilience means 
“the ability of an ecosystem to buffer and adapt to changes as well as recover after being 
disturbed”(European Commission, 2011; Mazza et al., 2011). 

Over the past few decades, various fields of study (particularly those focused on 
urban areas) have established unique interpretations of “resilience theory” in the face of 
constantly rising climate challenges. These fields entail a range of disciplines, including 
“engineering, social sciences, and environmental sciences”. In engineering, resilience is 
often evaluated based on a system's capacity to return to a stable state following a 
disruption or as the inverse of the recovery time, as explained by Holling (1986,1996). 
In the social sciences, it pertains to a community's ability to manage external 
disturbances resulting from political, social, and environmental changes. In 
environmental science, it is defined as the speed at which a system can recover its 
structure and function after experiencing stress or disruption (Adger, 2000). 

The proliferation of the theory of resilience (especially in the field of management of 
hazards and urban planning and policy circles) has gained significant attention, thus 
resulting into multiple connotations. However, preponderantly, “resilience” stands for a 
system's ability to withstand pressures and disturbances, while (still) maintaining its 
structure and functioning efficiently. It encompasses self-organisation, learning, and 
adaptation to change, all (of which are) essential for an urban system to remain robust 
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and productive. The management of changes and adaptation to current and future 
climate risks are also (key) aspects of resilience (Ifejika Speranza, 2010). Moreover, 
according to the Resilience Alliance (2007), there are three key characteristics of 
resilience: 

• A system's capacity to maintain itself under varying conditions. 

• The capability of self-organisation. 

• The capacity for development and improvement of learning and adaptive 
capacity. 

Additionally, “resilience” is viewed as a multi-layered concept, extending from the 
individual level to the global level (Alliance, 2007; Jordan, 2009). 

In recent years, operationalising resilience concept to plan and prepare for an 
uncertain future under the impacts of CC in urban regions has gained significant 
attention. It is because, cities are central to climatic challenges and often particularly 
vulnerable to catastrophes of various scales and impacts (Adger, 2000; Godschalk, 
2003; Wilkinson, 2012). It is noteworthy and evident that certain countries and cities, 
particularly those in developing (low and middle-income) nations, are more susceptible 
to the (impact) of extreme climatic uncertainties and natural cataclysms. This is 
primarily due to outdated planning policies, insufficient resources, and undue influence, 
leading to significant economic and human losses. It is crucial to acknowledge that 
these climate change challenges are not uniformly dispersed across the globe, even 
within the same country (IPCC, 2014; Pörtner et al., 2022; Rayan et al., 2021b, 2021a). 
Unprecedented urbanisation has led to transformations in land cover and natural 
landscape greying. These detrimental effects of unbalanced anthropogenic activities and 
the resulting strain on the natural environment due to CC have had a severe impact on 
the socio-environmental systems of urban regions. This underlines the need for NBGI 
planning, and the concept of resilience is interpreted as the foremost goal of NBGI 
planning. 

Research suggests that urban green infrastructure (UGI) initiatives have become an 
increasingly favoured concept for strengthening urban resilience (UR) to CC in 
vulnerable urban environments (Davies et al., 2006; Rayan et al., 2022; Tzoulas et al., 
2007). UGI (stands) as a vital and applicable planning instrument in addressing 
sustainable climate risk management (SCRM) at multiple spatial levels in the region 
(Rayan et al., 2022b; 2022). The global study has explored that the well-thought-out 
(urban) green spaces (UGS) infrastructure strongly influences and strengthens UR and 
provides multiple benefits to communities. These benefits include but are not limited to 
the mitigation of flood risk, optimisation of stormwater management, enhancement of 
air quality, reduction of UHI effects, and improvement of the health and wellbeing of 
inhabitants by re-connecting the community with multifunctional UGS (Tzoulas et al., 
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2007; rayan 2021; Benedict & McMahon, 2002). This social-ecological relationship 
between humans and nature helps to raise awareness and educate native residents about 
the importance of innovative NBGI initiatives, such as wetlands, water-absorbent forest 
landscapes, parks, and green roofs/walls, which strengthen the adaptive capacity of 
urban systems, thereby alleviating the high risk of anticipated climate threats of 
(unbalanced) anthropogenic changes. Ultimately, this leads to a green and resilient 
environment at both the city and national levels. These green practices provide benefits, 
often grouped into “provisioning”, “regulating”, “supporting”, and “cultural services”, 
employing the well-known “ecosystem services” framework (Ahern, 2007; Hansen & 
Pauleit, 2014; Pauleit et al., 2017, 2019). 

When considering NBGI as an adaptation and mitigation tool for climate change, 
every potential typology of UGS should qualifies according to the native-built socio-
cultural and ecological environment for planning safer, healthier, and climate-resilient 
urban regions. By implementing innovative green nature-based planning strategies 
(under SCRM), a comprehensive multi-functional green space network can be 
established at various temporal and spatial scales. These (green) networks (serve) 
significantly bolster the resilience of urban systems and (as a result) minimise their 
vulnerability to climate stressors (Mell, 2010, 2015; Rayan et al., 2022a; Wilker et al., 
2015). Urban systems are composed of four interdependent components, namely: (a) 
“governance networks”; (b) “networked material and energy flows also referred to as 
urban metabolism” (c) “urban infrastructure and form”, and (d) “socio-economic 
dynamics” (Kennedy et al., 2007). These (four) components interact seamlessly across 
different spatial and temporal scales (as illustrated in Figure 7) of the conceptual model 
developed by Meerow et al., (2016). This schematic model offers a valuable framework 
for structuring discussions about (the) intricate and multi-scalar aspects (i.e., socio-
ecological, and socio-technical) of cities. In a nutshell, this inclusiveness and linking of 
different urban system institutions and levels (vertically and horizontally); brings 
adaptive thinking (among the inhabitants) for resilience enhancement and justice in 
climate adaptation, which leads to a greater understanding of global sustainability. 
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Figure 7: Conceptual diagram of the urban system. Based on Dicken (2011), proposed by Meerow et 
al. (2016). 

Green infrastructure planning is (mainly) attractive to policy/ decision makers—as 
an essential urban amenity. It provides concrete (nature-based) strategies for the 
improvement of ( various ) aspects of the resilience of cities (Benedict & McMahon, 
2002, 2006; Cutter et al., 2008; Kearns et al., 2014). Similarly, on a broader scale, it is 
acknowledged that UGI could be instrumental in fragmenting the political landscape 
boundaries (Davies et al., 2006; Davies & Lafortezza, 2017), and also it could be placed 
at the centre of SCRM to counter (constantly rising) climate threats (Rayan et al., 
2022b), which in turn, lead to enhancing the health of the urban ESF and ESS to 
promote sustainable human settlements (Lafortezza et al., 2013; Mell, 2015, 2022; 
Walker & Salt, 2012; Weber & Allen, 2010). These innovative green strategies can pave 
the way for balancing anthropocentric and ecocentric activities, not only in a region's 
vulnerable urban interface, but also beyond (Demuzere et al., 2014; Matthews et al., 
2015; Monteiro & Ferreira, 2020; Rayan et al., 2022a). 

Resources for green (nature-based) infrastructure and resilience building [under the 
multi-stakeholder engagement process (MSEP)] This leads to challenging decision-
making on the potential taxonomies of vital UGS, which fits best in the native built-in 
(socio-ecological and economic) environment and contributes an essential value to the 
long-term socio-ecological resilience of cities. For example, if optimising stormwater 
management is a primary determinant of a region, we need to identify an urban green 
space (UGS) element (based on the spatial context) that has an excellent functional 
linkage to this respective variable. This lead to intricacies in highlighting the potential 
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trade-off between the social-ecological goals of various urban green space (UGS) 
infrastructures. This is because each (individual) UGS element has a distinct 
characteristic and does not meaningfully enhance and strengthen the resilience (health) 
of any green growth planning indicator against the potential climactic challenges in the 
natively built-up environment (Rayan et al., 2021a; Rayan et al., 2022; USEPA, 2010). 
Likewise, studies  also confirm that the efficacy of the UGS element (usually) depends 
on two main factors (e.g. specific configuration and spatial context) of each region 
(Ahern, 2007b; EC-European Commission, 2015; Gill et al., 2007; Hansen et al., 2019; 
Pauleit et al., 2017) in which they are examined. 

Consequently, this research study considers the need to synthesise GI, climate 
resilience, and MSPP concepts (holistically) in the planning process to “develop a rich 
body of multi-functional/inclusive UGI indicator-based framework model”. Such a 
model should be grounded on “triple bottom line (TBL)” sustainability and encompass 
“sustainable UGI indicators” and their linkage to the key taxonomy of UGS, adapted to 
the native built-in (spatial) environment. To achieve this, this research has developed a 
scientific framework (based on the due inclusion of the bidirectional sustainable 
development pathway) that identifies potential “sustainable (primary and secondary) 
UGI indicators and UGS elements” by blending two conceptual frameworks (DPSIR 
and GI) as proposed in earlier published study (see Rayan et al., 2021b). Further, this 
framework is based on nine cross-cutting themes (presented in Table 9) that evolved 
from semi-structured meetings conducted in Pakistan with native multi-stakeholders 
(Rayan et al., 2021a). Both (DPSIR and GI conceptual) frameworks (Fig 10 and Fig 11) 
are developed by scrutinising the conceptual models of urban sustainability and green 
infrastructure, through a criterion (recommended by the author) grounded on 
multidisciplinary theoretical study and discussion with local multi-actors (experts and 
communities) on the potential scope of NBGI development as a component of an eco-
friendly and climate-resilient environment. 

Moreover, and to add further, this model will help to determine the vital taxonomies 
of UGS for each sustainable UGI infrastructure (in accordance with the indigenous 
built-in environment) in terms of their applicability and scale in tackling SCRM. 
Additionally, the model offers evidence and validation of the variety of UGI indicators 
and GS that are essential and non-essential (in native urban environments) to mitigate 
climate change challenges in urban areas. Ultimately, this fosters a balanced and 
harmonious relationship between climate change, urban green spaces, eco-system 
functions and health and well-being of human at macro, micro and meso levels, 
resulting in a safer, greener and more resilient urban environment. 

2.4. Conceptual Frameworks 

A conceptual framework, in research, is an effective and analytical tool for tackling real 
state-of-the-art problems. It offers a comprehensive approach for analysing and 
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addressing identified issues through logical deduction. This synthesis of interconnected 
components and variables provides a powerful lens for confidently viewing and 
resolving challenges. Using a conceptual framework based on causality has important 
benefits in research projects and (adds) support to the decision-making process. 

This section of the dissertation, study the causal chain (CN) frameworks for Urban 
sustainability (US) – a means of structuring and organising indicators in a (way) that is 
meaningful to policy-makers and the native community. Furthermore, are examined in 
relation to climate change, urban ecosystems and human health and well-being and 
provide a framework for developing an interdisciplinary research agenda. The objective 
of this empirical examination is to formulate a conceptual framework that is proved to 
support and strengthen the complex interdependence among “CC, UGS, ESFs and 
human health/well-being” (Rayan et al., 2021b). 

2.4.1. Frameworks for Urban Sustainability (UG) 

Efforts towards sustainable development (SD) are ongoing since decades, focusing on 
creating effective methods for implementing concepts like (GI, urban resilience, 
participatory planning, CC mitigation and adaptation, social cohesion, and green 
economy, etc). The result establishes theoretical models and tools to support cities in 
becoming more resilient against climate change. Experts in this (scientific) field employ 
indicator-based assessment methods to evaluate and enhance urban sustainability across 
all spatial levels. Indicators are a simple, measurable tool that can help create 
sustainable cities that are both eco-friendly and provide support for long-term human 
health, wellness, and “quality of life” (QoL) in both urban and rural areas (DG-ENVI, 
2012; EEA, 2011a; Rayan et al., 2021a; Tzoulas et al., 2007). The selection of 
appropriate indicators, however, is an intricate process as they play a vital role in 
achieving urban sustainability goals. According to (Zhang et al., 2003), fundamentally, 
(urban sustainability) indicators should include three key assessment tools: a pilot tool; 
a performance tool; and an explanatory tool 6 (Shen et al., 2011). Furthermore, several 
international organisations, including the UN (2004), WB (2008), and the EU Strategy 
for Sustainable Development (2002), have also endeavoured to define these urban 
sustainability indicators (EU SDS, 2002; SEDAC, 2007; UN Habitat., 2004; WB, 
2008). Whilst there are many different frameworks for measuring urban sustainability. 
However, no individual set of indicators can be applied uniformly to all cities and 
towns. (OECD, 1991). This is because, each city differs significantly in terms of its 
spatial, contextual, socio-demographic, and ecological characteristics (Ahern, 2007; 
Ahvenniemi et al., 2017; EC, 2015; Shen et al., 2011). 

 
6 “Explanatory tools translate the principal concepts of sustainable development into practical (real-world) 
applications; Pilot tools, on the other hand, help in creating the policies that encourage sustainable development. 
Finally, Performance assessment tools, on the other hand, can help assess the effectiveness of these efforts” (Shen et 
al., 2011). 
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Urban sustainability indicator frameworks (USIFs)  are often multidimensional, 
synergising the socio-ecological and economic aspects, enabling a holistic development 
process. In determining Urban sustainability frameworks, various organisations, such as 
the OECD and the EEA, employ the causal networks (CN) approach “[e.g., Pressure–
State–Response (PSR) and Driving force–Pressure–State–Impact–Response (DPSIR)]”. 
PSR is considered the first framework proposed by OECD (1993), and in 1999 EEA 
transformed PSR into DPSIR. The reason is that PSR model struggles to explain some 
of the complex relationships in (the field) of social studies (Jago-on et al., 2009). These 
CNs functions as a universal frame of reference; and involve a series of feedback and 
causal loops to acquire optimal information for a better decision (EEA, 1999; Niemeijer 
& de Groot, 2008; OECD, 1993, 2001). The ultimate (goal) of these conceptual 
frameworks is to establish a balanced equilibrium between human-centred and eco-
centred activities, promoting sustainability. 

In the PSR framework, the pressure indicator act as a basis that elucidates the 
problems resulting from anthropogenic activities, state indicators observe the 
environment quality, and response indicators represent how people react to these 
environmental changes. Notably, this framework continues to be widely used by the 
“OECD for its core set of environmental indicators” (Jago-on et al., 2009; OECD, 1993; 
Rayan et al., 2021b; Segnestam et al., 2003). 

 

Figure 8: The PSR Framework  
Source: OECD, 1993 

The most well-known and globally recognised causal networks (CN) framework is 
the DPSIR framework. It is used as a source to address specific environmental issues 
and to identify an appropriate response. The “driving force” indicators lead to economic 
and human activities that exert environmental pressure, thereby affecting various natural 
systems, i.e. (air, water, soil, etc.) and their natural and biochemical conditions. 
Concerning the impact indicators, illustrate the degree of environmental damage to the 
ecosystem, health and wellbeing of mankind, and socio-economic performance of 
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society. Finally, the formulation of indicators, goals, and priors are administrative or 
social 'responses' to these environmental concerns.  

In the (realm) of urban sustainability, the DPSIR model proves highly effective. This 
model takes into (account) multiple factors across different dimensions to address 
intricate issues related to (both) human and ecosystem health. This model enables us to 
better comprehend and visualise the inter-relationships between different indicators 
(Niemeijer & de Groot, 2008), allowing us to manage the intricacies of real-world 
interactions quite effectively (EEA, 1999; Fry, 2003; Liu et al., 2018; Rayan et al., 
2021b; Sekovski et al., 2012). Not only does the DPSIR model integrate indicators, but 
it also provides a comprehensive explanation of how urban sustainability operates from 
multiple perspectives. Policy and decision-makers can benefit greatly from this resource 
when seeking to regulate urban cities sustainably. 

 

Figure 9: The DPSIR Framework  
Source: EEA, 1999 

To conclude, it is widely agreed that the CN framework is an essential (tool) for 
comprehending the intricate relationship between human activities, natural resources, 
and ecosystems in urban environments. It is widely acknowledged as a means of 
evaluating the sustainability of urban development. 

2.4.2. Models for Green Infrastructure (GI) 

Green infrastructure (GI) planning has (great) potential and performs a pivotal role in 
enhancing the ecosystem, preserving biodiversity and improving the inhabitants mental  
and physical health (Beatley, 2000; Bratman et al., 2015; Leichenko, 2011; Tzoulas et 
al., 2007). Besides, it (has) a significant effect on the planning process, bolstering the 
resilience of urban systems against the constantly rising (anticipated) environmental 
challenges (such as storms, droughts, heavy precipitation, flooding, urban heat island 
(UHI) effects etc.) resulting from (un-balanced) anthropogenic activities (Demuzere et 
al., 2014; Gill et al., 2007; Rayan et al., 2022; Sturiale & Scuderi, 2019). Green 
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infrastructure undoubtedly contributes an (essential) role in promoting a healthy 
ecosystem in urban areas. This, in turn, leads to a healthier environment, providing 
“physical, psychological, social and community health” benefits to the inhabitants 
residing within them (Lafortezza et al., 2013; Meerow et al., 2016; Naumann, Anzaldua 
et al., 2011; Rayan et al., 2021b; Williamson, 2003). Along with that, GI contributes to 
enhanced socio-economic benefits for the (native) livelihoods. Furthermore, the (nature-
based) GI planning proves to be a vital element, linking (both) imperative ecosystem 
and human wellness (concepts) holistically (Lafortezza et al., 2013; Mell, 2017; 
Monteiro & Ferreira, 2020), in a way that helps to provide an in-depth insight into the 
intricate correlation and dynamics of “Socio-Ecological Systems (SES)”. Multiple 
integrative conceptual models have been developed to establish a nexus between GI, 
ecosystem, and human health and well-being (as seen in Table 7). 
 

Table 7: Conceptual Frameworks (interlinking GI, Ecosystem, and health/well-being of the Inhabitants). 
 

Source: Authors’ adaptation from Tzoulas et al., (2007) 

In 1997, a cohesive human ecosystem framework was suggested for examining the 
urban SES. This framework provides a comprehensive analysis of urban systems, 
viewing them as intricate networks that comprise social, biological, and physical 
components (Pickett et al., 1997). It is fragmented into two parts; the first one 
enlightens social structure, which encompasses social cycles and institutions; the second 
one clarifies resource system, which comprises the structure and process of an 
ecosystem, along with sociocultural and economic resources. The model was updated 
by (Grimm et al., 2000) based on land-use changes that occurred due to the 
interrelationship among both systems (socio-ecological). Although this model was 
developed from socio-ecological considerations and elucidated the UGI concept in 
broader ways, the co-relationship between humans and ecosystem health is not 
adequately addressed (Rayan et al., 2021b; Tzoulas et al., 2007). 
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In 2003, an alternative integrated framework was established by the Millennium 
Ecosystem Assessment (MEA), which attempts to interlink humans and ecosystems 
(health/well-being) using economic and social drivers to examine their impacts on them 
(Millennium Ecosystem Assessment, 2003). The MEA further categorises ecosystems 
and humans (health/well-being) into multiple classes, broadening the framework's scale. 
However, differentiating the various health aspects within this framework, such as 
biological, psychological, and epidemiological, proves challenging. Fortunately, in 
2007,  Tzoulas et al. created an inclusive and composite framework (of QoL) that 
integrates UGI, “ecosystem, and human well-being” (individual or communal). The 
framework establishes the positive (environmental, social, and economic) benefits by 
integrating UGI with the ecosystem and inhabitants' health (Tzoulas et al., 2007). By 
doing so, this approach offers an opportunity to improve the external environment in 
urban and peri-urban areas, benefiting the people's physical, psychological, and 
emotional health.  

Several studies have consistently demonstrated that innovative (natural-based) 
solutions, like GS, can perform a pivotal function in enhancing public health and 
strengthening the resilience of urban socio-ecological systems (Lafortezza et al., 2013; 
Meerow et al., 2016; Pakzad et al., 2017; Rayan et al., 2021a, 2021b). This, in turn, can 
effectively alleviate the negative impact of environmental challenges and their impacts 
on human health and wellbeing. 

2.5. Development of Conceptual Base Frameworks/Models 

To recapitulate the core outcomes from the above (multidisciplinary) theoretical 
literature review to promote further empirical research in “developing a sustainable UGI 
indicator-based framework”, as well as ensuring the inclusion of native multi-
stakeholder participation (MSPP), “each adapted to the local context to build a green 
climate-resilient city-state”, this research has developed two conceptual frameworks. 
These conceptual frameworks are grounded on linking GI, resilience, ESFs, and people 
wellness (Rayan et al., 2021b). Along with this, eleven cross-cutting concepts evolved 
from semi-structured meetings with native planning experts and community members in 
Pakistan. These concepts include “green space networks, energy management, water 
management, the green economy, wildlife and biodiversity, organic food, mitigation 
and adaptation, ecosystems, social cohesion, and resilience” (see Table 9). 
Policymakers, practitioners, academicians, and community members all participated in 
the Participatory Planning (PP) process, intending to explore the potential of natural and 
biologically-based GI strategies to foster a long-term eco-friendly and resilient 
environment in the urban interface of the Khyber-Pakhtunkhwa province and beyond 
(Rayan et al., 2021a).  

The first framework, known as the DPSIR model (see: Figure 10), the affinity 
between UGI and human-centered activities, creating cities that are resilient to climate 
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change. The primary driving forces (D) that contribute to urban vulnerability are climate 
change, urbanisation, deforestation, and economic growth. These forces induce 
pressures (P) that transform the urban landscape, reducing natural greenery and leading 
to natural catastrophic events such as flooding, droughts, and the urban (HI) effect. 
This, in turn,  leads to the culmination of the deteriorating state (S) conditions of the 
“urban environment”, ultimately impacting (I) the health of natural resources, 
ecosystems and human well-being. To address this, potential sustainable UGI indicators 
have been selected to build resilient urban regions against climate change. The response 
(R) is the development of UGI indicators, setting up green action goals (short-term, 
medium-term and long-term) and proactive and pragmatic implementation and 
monitoring plans. In summary, this model is designed to mitigate environmental stress, 
upsurge ESF, and improve human well-being at the individual and neighbourhood 
scales (Rayan et al., 2021b). 

Figure 10: “Linking anthropogenic activities to UGI for resilient cities”. 
Source: Authors' own (Rayan et al., 2021b) 
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The second “GI conceptual model” is proposed by this research study. It is  based 
earlier very initial work presented in Tzoulas et al. (2007) model, that is then further 
enhanced by this study on including three more fundamental elements:  

(a) climate resilience strategies,  

(b) ESFs, and  

(c) the GI elements (see: Figure 11).  

Furthrrmore, this study has also revised the “taxonomies of urban GI elements and 
ecosystem health models”, which were earlier developed by Ahern (2007), Davies et al. 
(2006), USEPA (2010), Gill et al. (2007), and Lu & Li (2003). In the updated work by 
this study the elements of “quantity, quality, and variability of ecosystem functions” are 
further worked out and enhanced to opitmal results. The noval mode of GI, presented by 
this research,  helps to establish a strong correlation among these four said systems and 
provides resilience against unbalanced anthropocentric activities more efficiently. In 
addition, the significant contribution of this dissertaion is the presentation of the model 
to effectively alleviate the prolonged negative strains on the socio-ecological systems, in 
any region with similar characteristics (Rayan et al., 2021b). 

 

 

Figure 11: “Conceptual base model: climate resilience strategies, ESF, human wellness, and GI”. 
Source: Author own (Rayan et al., 2021b) 
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Table 9: Concepts developed during the native multi-stakeholders' discussions 
 

Source: Author own (Rayan et al., 2021b) 

The consolidated integration of both conceptual DPSIR and GI frameworks/models 
(Rayan et al., 2021b) and cross-cutting notions (originated from multi-stakeholder 
discussion) (Rayan et al., 2021a) intends to help identify a total of “twenty-two potential 
(primary and secondary) sustainable UGI indicators”, strategically grouped into (i.e., 
ecological, socio-cultural, economic) categories, and, “ten vital taxonomy of UGS 
elements”. This formulates a cohesive, potential “UGI indicator-based framework” 
based on “triple bottom line (TBL)” of sustainability (Rayan et al., 2021b). Such a 
model is backed by a (native) multi-stakeholder perspective or participatory planning 
(PP) processes tailored to the native spatial context. This model enables local dwellers 
to participate in the development of multi-functional urban GS. It highlights the value of 
using NBGI strategies to strengthen the adaptive capacity of urban systems and build 
resilience to (ever-rising) environmental challenges. This approach is not limited to 
Khyber Pakhtunkhwa (KP) province and can be applied to other regions with similar 
characteristics (Rayan et al., 2022, 2022a, 2022b). Additionally, some anecdotal 
outcomes have been observed; further research is required to (objectively) gauge the 
health benefits for both eco-systems and humans (EC, 2013; EEA, 2017; Lafortezza et 
al., 2013; Pauleit et al., 2019), resulting from UGI, in relation to the built environment. 

2.6. The Potential Sustainable UGI Framework: Building climate resilient cities. 

Indicators are vital in simplifying complex data intricacy, improving understanding, and 
facilitating communication among diverse groups of stakeholders such as policymakers, 
practitioners, academics, and local community members, as widely suggested in the 
similar domain (Huang et al., 2015; Rayan et al., 2021b; Segnestam et al., 2003; Wu & 
Wu, 2012). Additionally, Ahvenniemi et al., (2017) and Hansen et al., (2019) 
emphasises that indicators perform a pivotal function in creating cities that prioritise the 
well-being and quality of life (QoL) for the habitants, while also being eco-friendly and 
resilient to climate change (DG-ENVI, 2012; EEA, 2011; Tzoulas et al., 2007). An 
appropriate selection of indicators fulfils an educational role (Pintér et al., 2018), and it 
helps to comprehend better the concept of GI, urban (climate) resilience, and MSPP 
when it comes to planning for sustainable urban developmen. Therefore,  the author 
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utilised (quantitative-based) indicators to emphasise and extract essential data regarding 
the potency of NBGI initiatives in adopting SCRM strategies corresponding to the built-
in environment of “Peshawar, Mardan and Charsadda districts” of the Khyber 
Pakhtunkhwa region (Rayan et al., 2021a; Rayan,et al., 2022b). 

Grounded on multidisciplinary theoretical study, conceptual models developed by 
(Rayan et al., 2021b) and cross-cutting concepts evolved from semi-structured meetings 
with local multi-stakeholders (three-level groups encompassing policymakers, experts 
and the community) in Pakistan helped to identify an initial set of “twenty-two” 
potential “sustainable UGI indicators” (Rayan et al., 2021a). These UGI indicators 
include “ten ecological, six socio-cultural, and six economic indicators”, some of which 
are grouped under main headings (as shown in the Table 9) along with the “ten vital 
taxonomies of the UGS elements”, which are “community garden (CG)”, “botanical 
garden (BG)”; “urban park (UP)”; “forest (FO)”; “green streets (GR)”; “rain garden and 
bio-swale (RG)”; “green and permeable parking area (GPA)”; “wetland (WL)”; “green 
roof and green wall (GRW)”; and “horticulture (HO)” (Rayan et al., 2021b). The 
research emphasises the importance of both (innovative and indigenous) natural and 
human-induced environmental significance for promoting resilient land use planning, 
ultimately diminishing the negative impact of climatic cataclysm, promoting an eco-
friendly state and ensuring sustainable human settlements in the catchment areas of KP 
province. 

The proposed UGI indicators and elements of GS  are primarily quantitative. They 
are set based on native planning experts' (Rayan et al., 2021a) as well as on community 
members' (Rayan et al., 2022b) responses. Through empirical research, the study aims 
to assess the significance of each sustainable “UGI indicator and element” in addressing 
SCRM in a reality-based scenario. The research establishes, develops and tests the 
correlation between the “UGI indicators” and the “taxonomy of UGS” in the built 
environment to manage incremental climate stresses. This process validates the 
scientific and “sustainable UGI framework” that best meets the environmental, socio-
economic and cultural context of the study region. The framework strengthens the link 
between “climate resilience strategies, GS, ESF and human wellness” in the catchments. 
This endeavour promotes a balanced correlation between human-centred and eco-
centred activities, not only in the urban interface of North West Khyber Pakhtunkhwa 
province but also in other regions across the country with similar characteristics (Rayan 
et al., 2022a). 

Furthermore, this in-depth empirical study delves deeply into the understanding of 
local stakeholders' knowledge with regard to their interpretation of UGI, UR, CC, and 
adaptation concepts in the indigenous built context. The study posed four questions to 
evaluate the perspectives of local planning experts and the community and their 
confidence in each of the potential options, as outlined in Table 8. The objective is to 
gain valuable insight into stakeholders' views and to establish a logical standpoint at the 
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local level for defining “cross-cutting notions”. Such endeavours aid in identifying 
“sustainable UGI indicators and elements”, ultimately leading to the development of a 
multi-functional, “sustainable UGI indicator-based framework” tailored to the native 
context (Rayan et al., 2021a; Rayan et al., 2022a). This, in turn, strengthened a sense of 
multi-stakeholder ownership in the planning and decision-making process for the NBGI 
initiative, effectively addressing socio-environmental issues resulting from CC at the 
grassroots level. 

 

Table 8: Questions appeared in community and expert survey. 

1 “What does climate change mean for you”? 

2 “What does adaptation to climate change mean for you”? 

3 “What does urban resilience mean for you”? 

4 “What does green infrastructure mean for you”? 

Source: Author own (Rayan et al., 2021b) 

This dissertation would have the credit to inevitably opening a new area of research 
that would be extended to successively delve deeper into (more) innovative and holistic 
Multi-Stakeholder Participatory Planning (MSPP) approaches, which are not much 
institutionalised and practised in the country as a whole (Ashfaque & Awan, 2015; 
Ahsan 2018; Nizamani & Shah, 2004; Rayan et al., 2022a), especially when it comes to 
planning nature-based green landscape (NBGL) techniques (adapted to the local 
context) for CC mitigation. It is to build a greener and climate-resilient city-state in 
northwest Pakistan, including the “Peshawar, Mardan, and Charsadda” counties and 
beyond. Furthermore, the novelty factor of this research study is the inception to bridge 
the planning gaps among the local multi-stakeholders, enhancing scientific and practical 
knowledge about creating sustainable communities using NBGL. Likewise, this study 
has (for the first time) has tackled both top-down and bottom-up approaches — to build 
an eco-regional cultural paradigm that promotes and monitors green urbanism at macro, 
micro, and meso levels in Pakistan: a country with enormous environmentally 
challenged urban regions. 



 

 

Table 9: Proposed UGI Indicators-based framework 

 

“This section encompassed questions with the aim of identifying UGI indicators, interlinked with multiple GI elements and technologies for 
resilient land-use planning. Indicators are classified according to the “triple bottom line” of sustainability, which highlights the importance of 
the natural and manmade environment in land-use planning”. 

  

Categories Green Infrastructure 
Indicators  Reference  

“Green infrastructure elements and technologies”. 

“Please rate your opinion between 1 and 10 on the Likert scale”.  

“1. Extremely Unimportant, 2. Moderately- Unimportant, 3. Slightly- 
Unimportant.4. Unimportant, 5. Low, 6. Slightly Important, 7. 
Moderately-Important, 8. Important, 9. Extremely Important”  

“GI 1” “GI 2” “GI 3” “GI 4” “GI 5” “GI 6” “GI 7” “GI 8” “GI 9” “GI10” 

Ecological  

I. “Optimizing storm-water management “ 

“Increasing pervious surfaces”. “Green infrastructure is 
suitable for handling 

rainfall (Buishand, 2007) 
Increased rainwater 

retention and flooding 
(Wise et al , 2010)” 

                    

“Minimizing, retaining and 
organically purifying rainwater 

runoff”.  
                    

II. “Reducing the urban heat island effect” 

 “Increasing the percentage of 
green surfaces”. “Lowering the mean 

radiant temperature via 
trees and other plants. 
(Jacobs et al., 2015) “ 

                    

“Applying evaporative 
materials on roof, walls and 

ground surfaces”. 
                    

III. “Air quality improvement (e.g., pollutant removal, altering wind flow)” 

“Implementing green 
impermeable screens in a street 
canyon and planting a higher 
concentration of green trees”. 

“Nowak et al., 2006 and 
Yang et al., 2008) 
Green screens reduce air 
pollution in urban 
environments (Pugh et al., 
2012; Wise et al, 2010)” 

 
                  

IV. “Noise quality improvement” 

“Applying a green sound 
barrier for limited and higher 

noise reductions (i.e., for 
limiting noise, thick hedges 

with a small piece of grassland 
can be provided and for higher 
noise, broadleaved deciduous 

trees and a thick border of 
bamboo can be provided)”. 

“Dense vegetation 
structures reduce noise 
intensity. (Samara and 

Tsitsoni, 2011) 
Limited noise reduction.  
(Van Renterghem et al., 

2014)” 

 
                  

V. “Reduced carbon emissions (e.g., avoiding greenhouse gas emission through cooling)” 

“Planting a higher 
concentration of trees for shade 

“Urban green spaces lower 
emissions 
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and using evaporating material 
for hard landscaping”. 

(Weilenmann et al., 2005)” 

VI. “Improve energy efficiency in buildings” 

“Optimize green energy0saving 
techniques”. 

“Green roofs improve 
building energy 

consumption (Mentens, 
2006; Akbari and Taha, 

1992)”. 

                    

VII. “Enhanced soil quality and erosion”. 

“Intensification of permeable 
surfaces and optimization of 

soil stability”. 
“(McKinney, 2006)”                     

VIII. “Enhance and protect urban biodiversity” 

“Promote the connectivity and 
mobility between urban green 

spaces”. 

“Biodiversity is the baseline 
component in GI planning  

 (Weber et al., 2006)”. 
“Promoting conservation  

(Adam,1994)”. 

                    

Socio-cultural 

I. “Food production (e.g., 
urban agriculture, kitchen 
gardens, and community 

gardens)” 

“Gardening offers relief 
from work stress 

 (Hartig et al.,2014)” 
“Introducing urban food 

forestry (Clark and 
Nicholas, 2013)”. 

                    

II. “Improving social well-being”. 

“Optimizing the opportunities 
for recreation and social 

interaction and enhancing the 
attractiveness of the city”. 

“Green spaces should be 
close to residences and 

enhance city attractiveness. 
(Giles-Corti et al., 2005)” 

“Taking ownership of green 
spaces (Weldon et al., 

2007)” 

                    

“Enhanced attractiveness of the 
city (diverse landscape 

features)”. 
                    

III. “Improving physical and 
mental well-being (i.e., visual 
and physical access to green 

spaces have a positive 
relationship with stress 
reduction and anxiety)”. 

“Green exercise is more 
psychologically beneficial 

(Pretty et al., 2005, Bratman 
et al., 2015)”. 

 “Neighborhoods living 
with a higher density of 

trees (Kardan et al., 2017)”. 

                    

IV. “The provision of outdoor 
sites for education and 

research”. 
“(McDonnell et al.,2008)”                     

V. “Improving accessibility 
and connectivity to encourage 

cycling and walking 
opportunities”. 

“People walk 20% more in 
green spaces (De Vries et 

al., 2010)” 
                    

Economic   

1. “Amplified property 
values”. “(Shoup and Ewing 2010)”                     

II. “Savings in healthcare 
cost”. 

“(Shoup and Ewing 2010)”                     
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III. “Reduced energy 
consumption (e.g., cooling and     

 heating demands)”. 

“(Weilenmann et al., 2005) 
 (Mentens, 2006, Akbari and 

Taha, 1992)” 
                    

IV. “Reduced risk of flood 
damage”. 

“(Gordon-Walker et al, 
2007; Wise et al, 2010)”. 

                    

V. “Reducing private car use 
by increased walking and 

cycling (e.g., shifting travel 
mode)”. 

“(McPherson and 
Muchnick, 2005;  

De Vries et al., 2010)” 
                    

VI. “Value of air pollutant 
removal/ avoidance”. 

“(Pugh et al., 2012; Wise et 
al., 2010)” 

                    

 
“Keys: (GI 1: Community Garden; GI 2 = Botanical Garden; GI 3 = Urban and pocket park; GI 4 = Forest; GI 5 = 
Green streets and alleys; GI 6 = Rain Garden/bio-infiltration, planter box and bioswale; GI 7 = Green parking lot and 
permeable pavements; G8 = Wetland/land conversation; GI 9 = Intensive/extensive green roof and vertical green 
wall; GI 10 = Horticultural areas, arable land, and tree meadows)”.  

 
 

Source. Author own (Rayan et al., 2021b; 2022a). 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



THIRD CHAPTER 

[Source: Author owns] 

“Show me a healthy community with a healthy economy and 
I will show you a community that has its green infrastructure 
  in order and understands the relationship between the built 

and the unbuilt environment”. 

— Will Rogers — 
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3.  Publication - Based Results 

The following chapter briefly presents selected results/outcome from the author's key 
(three) publications that address the research - objectives and questions of this 
dissertation. These scientific papers have undergone a double-blind peer review process 
for quality assurance and they have been published in renowned international (impact 
factor) journals. The key publications were produced between 2021 and 2022, mainly 
based on this independent research. The publications are available/accessible in their 
original published structure or, in one case, for copyright reasons, in the author's version 
that are to be found in the appendix to this dissertation. 

These publications were primarily authored by Muhammad Rayan, with the 
invaluable supervision and guidance of Professor Dietwald Gruehn and Dr. Umer 
Khayyam, in order to accomplish the research goals and answer the research questions 
this reseasrch has posed. Their expertise and support remained crucial in ensuring the 
quality and accuracy of these publications. 

3.1. Green Infrastructure Indicators to plan Resilient Urban Settlements in 
Pakistan: Local Stakeholder's Perspective. 

Urban Green Infrastructure (GI) is recognised as a cost-effective and innovative nature-
based spatial planning strategy that improves the resilience of urban settlement systems 
against climate-related cataclysms and enhances ecosystem functions (ESF), 
biodiversity conversations and human health/well-being at both (individual and 
neighbourhood) levels (Ignatieva et al., 2011; Rayan et al., 2021a; Benedict & 
McMahon, 2002, 2006; DG-ENVI, 2012).  

Rayan, M., Gruehn, D., & Khayyam, U. (2021a). Green infrastructure indicators to 
plan resilient urban settlements in Pakistan: Local stakeholder’s perspective. Urban 
Climate, 38, 100899. https://doi.org/https://doi.org/10.1016/j.uclim.2021.100899. 
(see Appendix A).  

This article is based on results from the (top-down), expert-based perception field 
study and the input from the local planning experts who have provided their 
perspectives on potential “sustainable UGI indicators” and their functional linkage 
with vital taxonomies of “UGS elements”, in the built-in environment, to cope with 
gradual climatic stress. The author has written an article out of this dissertation on the 
said theme (approx. 46,252 characters in total without illustrations). 

https://doi.org/https:/doi.org/10.1016/j.uclim.2021.100899
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This research is an effort towards developing an inclusive, “sustainable UGI indicator-
based framework” (adapted to the indigenous environment) and grounded on native 
experts' input under the PP methodology. The (UGI) framework provides valuable 
insight and measures the satisfaction levels of planning experts. It also presents an 
opportunity to connect residents with innovative, multi-functional GS uniquely tailored 
to the local built-in environment. Human-nature interaction probes how multiple 
taxonomies of Nature-Based Green Landscape (NBGL) initiatives can help reduce 
vulnerability to climate hazards, including floods and droughts, and promote a greener, 
friendlier environment in the upset urban regions of the KP regions. The Global studies 
(also) endorse that UGS infrastructure can perform multiple functions, but their 
effectiveness (usually) hinges on two key drivers (e.g., “the specific configuration” and 
“the spatial context”) of each region (Ahern, 2007; EC-European Commission, 2015; 
Gill et al., 2007; Hansen et al., 2019; Pauleit et al., 2017) — where they are examined. 

This (emperical) study adopted a case study-based methodology grounded on the 
local expert-based-perception survey, i.e., policymakers, practitioners, and 
academicians. The objective is to define the “relative importance index” (RII) of the 
respective UGI indicator, evaluating its applicability and scale, specifically for a 
sustainable and eco-friendly urban environment. The findings shed light on the essential 
and non-essential UGI indicators (in terms of environmental, societal, and economic 
factors) and their relationship with different types of UGS (as endorsed by the planning 
experts) in order to cope with climatic changes in the (native) built urban context. 

The study collected responses from 172 7  (out of 212) questionnaires, with a 95% 
“confidence level (CI)” and a “margin of error (MoE)” of ±5%. The questionnaire was 
designed with a focus on UGI, UR, and CC adaptation, taking into account the 
importance of the local context. It was divided into three sections: A-C 8, as detailed in 
Appendix A: Fig 2. To ensure the questionnaire's inclusivity and appropriateness, a pre-
test/pilot survey was conducted among “local government representatives, two expert 
consultants, three academicians, and three community members”. Based on their 
feedback, the survey design was slightly revised (see Appendix A: Annex C) to make it 
more appropriate, easy to understand, and time-efficient without losing its contextual 

 
7 “The rest of the questionnaires were excluded since the mandatory questions were not answered”. 

8 “Section A: aimed at verifying the participant's profile, knowledge, and experience. The category of 'trans' as a third 
gender was included as officially recognized by government of Pakistan. Section B: encompassed four questions, 
explained in (table 8). Which verifying and validating the local stakeholder perspective on the proposed possibilities 
and definitions of the UGI, climate change, climate change adaptation, and urban resilience. Section C: are classified 
into the three subsections (ecological, socio-cultural, and economic), and each section includes multiple questions 
with the aim of rating and identifying the importance level of specific sustainable UGI indicator and its 
interrelationship with multiple green elements. Potential UGI indicators and elements were developed by the author 
in his preceding research studies. This resulted in selecting the most vital green elements that enhanced the quality 
standard of a particular UGI indicator and build resilient urban regions against natural hazards like flooding”(Rayan 
et al., 2021a). 
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meaning. The study utilised purposive sampling 9 to select “nine distinct expert strata”, 
as illustrated in Table 2: Appendix A, to sort the specific participants. 

The statistics characteristics of the expert's study affirmed that 45.9% were feminine 
and 54.1 % were masculine. However, none of them identified as third-gender 
“diverse” 10. The sample was diverse in terms of socio-economic backgrounds and 
included representatives from all eight sectors (for details, see Appendix A: Table D.1). 

Two methodologies, the “Relative Importance Index (RII)” and the “Interquartile 
Range (IQR)”, were employed to analyse the data in this study. The results divulge 
good reliability (α > 0.7) and internal consistency (see Appendix A: Table 7), indicating 
that the study met the desired threshold level (Cortina, 1993; Hair Jr. et al., 1998; 
Peterson, 1994). 

This study is an effort that led to the development of a “multi-functional UGI 
indicator-based framework” model based on the “triple bottom line of sustainability”, to 
be deployed in the native/study area's built context. Such a scientific framework (based 
on the native planning experts' perspective) is intended as an aid, giving an idea about 
UGI's environmental performance and its relationship with CC, ESF, and local 
inhabitants' health and well-being in the study region. Besides, it fosters community 
cohesion and a sense of stewardship in bottom-up green initiative planning, improving 
the environmental resilience of cities and benefiting residents during climatological 
catastrophes. The empirical result is considered as a first pioneering step that embeds 
(the GI) study (under the PP approach) in its relevant local context of “Peshawar”, 
“Mardan” and “Charsadda” districts of KP region  (Rayan et al., 2021a)— a non-
collusive and unitary environment with an undue influence that a country hold (Ahmad 
& Anjum, 2012; Ashfaque & Awan, 2015; Rayan et al., 2022). This reality makes this 
study novel. 

i. Results and Findings: 

The planning (expert-based perception) study outcome thus has two main components: 
the first section answers to native (planning) experts' comprehension of CC, CC 
adaptation, UR, and UGI concepts in their (relevant) local context. This elucidates what 
these concepts are meanful to local experts. Four questions have been asked to 
understand the respondents knowledge of the potential options, verifying several 
optimal possibilities under the PP method (as summarised in Appendix A: Fig. 3-6). 

 
9 “Within the (purposive sampling) the snowball technique was employed to identify specific participants. Each 
respondent further recommended another local expert with appropriate knowledge and expertise of (sustainable, 
innovative, natural green landscape-led, and participatory (citizen-led) approaches for climate change adaptation and 
mitigation) to gather relevant information, as accepted” (Singh, 2007).  

10 “This category was offered (here) since the government of Pakistan officially recognises the identification of 
“trans” as a third gender” (Nasir Iqbal, 2009; Guramani, 2018a, 2018b) 
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These results are regarded as a benchmark to delineate the “cross-cutting” concepts at 
the grassroots scale in the studied region. 

The second section (clustered into two sub-groups) identifies, at the first level, the 
importance (IMP) of “sustainable UGI indicators” (see Appendix A: Table 7). At the 
next level, the key taxonomies of “UGS” have been identified to strengthen the 
potential resilience and health of each corresponding “UGI indicator” in the native-built 
context against anticipated climate variability (see Appendix A: Table 8a and 8b). The 
IMP level of each (indicator and element) was measured by employing RII and IQR 
techniques, as well as the application of a nine-point importance scale criterion (on an 
RII data set), ranging from “extremely unimportant” to “extremely important” (see 
Appendix A: Table 3). The scale incorporates both positive and negative weights to 
account for the variance in the IMP levels between the set indicators and elements, since 
not every green space element has an excellent functional link and enhancement factor 
in the resilience health of the corresponding “UGI indicator” to cope climatic changes in 
the urban environment. 

Based on the empirical results, ecological indicators appear to be more widely 
accepted than the other two categories - socio-cultural and economic. Most of the 
ecological indicators are ranked as (IMP or E-IMP) (see Appendix A: Table 7). 
Furthermore and importantly, the research outcome reflects a significant variation in the 
list of selected key elements of UGS for each respective sustainable “UGI indicator” 
(see Appendix A: Table 8b). This validated and supports the earlier statement (as 
outlined above) that each “UGS element” has a unique quality and does not 
significantly increase the resilience of a particular (sustainable) “UGI indicator” in the 
face of gradual climate change. It's worth noting that the efficacy of UGS is directly 
influenced by “local spatial,” “contextual” and “socio-demographic factors,” which vary 
from one area to another.  

In conclusion, the primary objective of this study is to achieve a high degree of 
consensus among native planning experts as stakeholders under the top-down planning 
approach to establish a “sustainable UGI indicator-based framework”. This approach 
bridges the planning gaps and enhances the scientific knowledge and understanding of 
all native stakeholders and the responsible agencies in planning NBGI initiatives for 
SCRM. It further leads to the strengthening of urban settlement systems “(resilience and 
functions)” against the constantly increasing environmental challenges. Moreover and 
importantly, this inclusive and multi-functional scientific (UGI) model, “(which is)” 
tailored to the native conditions, facilitates building a new eco-regional “cultural 
paradigm” that encourages GAPs at neighbourhood and city levels. Besides, it paves the 
way for a balanced equilibrium between anthropocentric and eco-centric activities “(not 
only)” in the urban regions of the (environmentally challenged) Khyber-Pakhtunkhwa, 
but also (in principle) the entire country.  
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3.2. Planning for Sustainable Green Urbanism: An Empirical Bottom-Up 
(Community-Led) Perspective on Green Infrastructure (GI) Indicators in 
Khyber Pakhtunkhwa (KP), Pakistan. 

This empirical, community-driven study emphasised the role of residents in creating an 
inclusive and sustainable UGI model that complies with the standards of a greener, 
climate-resilient city in the northwest region of Khyber Pakhtunkhwa (KP). The 
scientific (UGI model) offers valuable insights into the community's satisfaction level, 
significance, and practicality of “UGI indicators” and the (vital taxonomy) of UGS in 
accordance with the indigenous built-in context, to withstand the (climate-induced) 
pressure arising from imbalanced anthropogenic activities. The bottom-up driven UGI 
model breeds a community PP approach, which is not being institutionalised and 
practised in Pakistan (Ashfaque & Awan, 2015; Nizamani & Shah, 2004; Rayan, et al., 
2022b), that possesses non-collaborative, unilateralism, weak laws, and enforcement 
planning environment (Ahmad & Anjum, 2012; Atta-ur-Rahman & Khan, 2013; Rayan 
et al., 2021b). 

This research has explored the potential role of UGI indicators and their functional 
linkage with the vital classification of UGS (based on the built environment of 
Peshawar, Mardan and Charsadda districts) under a community participation approach. 
This led to the authentication of the “sustainable UGI indicator-based framework” that 
best meshed with the region's social, economic, cultural and environmental conditions. 
Such an effort would inevitably open up further new domains of studies aiming to 
explore innovative community PP initiatives in greater depth. These research studies are 
indispensable for planning NBG mitigation strategies, addressing long-term SCRM in 
the upset urban areas of the country (generic) and Khyber Pakhtunkhwa province 
(specific). 

Rayan, M.; Gruehn, D.; Khayyam, U (2022b). Planning for Sustainable Green 
Urbanism: An Empirical Bottom-Up (Community-Led) Perspective on Green 
Infrastructure (GI) Indicators in Khyber Pakhtunkhwa (KP), Pakistan. Int. J. Environ. 
Res. Public Health 2022, 19, 11844. https://doi.org/10.3390/ijerph191911844 (see 
Appendix B).  

This article is based on results from the bottom-up community-based empirical 
survey, that has targeted local communities from three central counties/districts           
“(Peshawar, Mardan, and Charsadda)” in the KP region, Pakistan. It is to provide 
locals’ perspectives on the importance level of potential “sustainable UGI indicator” 
and their functional linkage with the vital taxonomies of UGS in the built context. It 
helps in coping with the gradual environmental stress. The author has written this 
article of his dissertation (approx. 55, 078 characters in total without illustrations). 

https://doi.org/10.3390/ijerph191911844
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The Northwest (KP) region of Pakistan is undoubtedly highly vulnerable to natural 
disasters, mainly urban flooding (Atta-ur-Rahman & Khan, 2013; Eckstein et al., 2020; 
NDMA, 2012). which leads to significant (human and economic) losses (EPA-KP, 
2022; NDMA, 2022; Rayan, et al., 2022a). This vulnerability stems from the unique 
topography and geophysical location (of the area), thereby increasing its exposure to 
natural calamities of various scales and effects (See Appendix B: Fig 1) (Khayyam & 
Noureen, 2020; Ahsan, 2018). The region's susceptibility to natural catastrophes is 
further exacerbated by weak institutional, the dearth of well-defined legislative 
frameworks, reactive planning approaches, poor implementation of planning reforms, 
and most importantly, the absence of PP (Ahmad & Anjum, 2012; Ahsan, 2018; 
Ashfaque & Awan, 2015; Khayyam, 2020; Naeem et al., 2018; Rayan, Gruehn, et al., 
2022b). These challenges emphasise the dire need for proactive and pragmatic (UL-UG) 
policies and strategies for resilient land-use planning that help to mitigate the high 
exposure to multi-climatological vulnerabilities and promote an eco-friendly 
environment for sustainable human settlements in the northwest territories of KP. 

This (bottom-up emperical) study employed an in-depth household (HHs) 
community survey executed in three major counties of Khyber Pakhtunkhwa, namely, 
Peshawar, Mardan, and Charsadda (see Appendix B: Fig 2). The case study-based 
approach was grounded on the (native) inhabitants' inputs to gauge their insightful  
perspective on the UGI model. A multi-stage sampling technique was employed to 
achieve the research objectives. A  two-tiered scale criterion (see Appendix B: Table 1 
and Table 2) was adopted to specify the Tehsil and Union Council (UC) in the study 
areas. Furthermore, the snowball strategy 11 was employed to identify a particular 
sample household (HH) as a reference point, and every fourth HH from the benchmark 
was selected as the HH sample for data collection (see Appendix B: Fig 2).  

In-total, 192 HHs (CI 95%, ± 5% MoE) were administered. Of these, (64 HH) were 
from “Mardan”, (57 HH) from “Charsadda” and (71 HH) from “Peshawar” tehsils (see 
Appendix B: Table 2). A structured questionnaire (Appendix D), themed around UGI, 
UR and adaptation to CC in the relevance of local context was deployed. It was 
designed with three sub-sections; A–C (see Appendix B: Fig 3). The demographic 
characteristics affirmed that (65.6%) of participants identified as male, (22.4%) as 
female and (12%) opted not to disclose their gender. No participant identified as 
“Diverse” 12. The respondents hailed from a diverse socio-economic background, as 
detailed in Appendix B: Table 3. [It's worth noting that the proportion of male 
respondents was higher than that of females (KPBOS, 2018), which can be attributed to 

 
11 “This methodology was employed as no official lists of the residential houses (affected by climatic uncertainty) 
within UCs exist”. 

12 “This category was offered (here) since the government of Pakistan officially recognises the identification of 
“trans” as a third gender” (Nasir Iqbal, 2009; Guramani, 2018a, 2018b) 
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the fact that most households in the KP region are predominantly male-headed] 13. 
Nonetheless, this study effectively involves the maximum number of possible females 
as household heads through volunteer enumerators with knowledge of the local (socio-
cultural norms) of the studied area (Rayan, et al., 2022b). 

The (field data) investigation relied on RII and IQR methodologies. The outcomes 
proclaim a high level of reliability (alpha > 0.88) and internal consistency (see 
Appendix B: Figure 7) (Cortina, 1993; Hair Jr. et al., 1998; Peterson, 1994). With the 
RII and IQR (methods), the the significance of each indicator of UGI and UGS was 
determined (according to the local built-in environment) under community PP. This 
methodological approach aligns with previously published research studies that utilised 
a (top-down approach) led by native planning experts (Rayan et al., 2021a). The 
research contributes to validating the scientific UGI model, based on sustainability 
“Triple Bottom Line (TBL)”, which best fits the (indigenous) built context of 
(Peshawar, Mardan and Charsadda) study region. Such a model promotes community 
stewardship and (allows) the re-establishment of a nexus between inhabitants (and their 
understanding) and the multifunctional GS. This interaction between people and 
the ecosystem allows for the understanding of innovative NBGL practices 
(based on indigenous knowledge) that can reduce vulnerability to environmental 
stresses and enhance the resilience and functions of the urban settlement system 
in the region. Ultimately, it is to establish a greener and climate-resilient region in 
the KP, under a community PP methodology, to promote community stewardship and 
empowerment. 

i. Results and Findings:

The empirical study conducted at the HH level, in the community, has two key 
components. The first part delves into the native community's comprehension of 
multiple cross-cutting themes within their relevant context. These themes (include CC, 
adaptation to CC, UR, and UGI), and the study aims to clarify what these concepts 
mean to the local inhabitants. Four questions were asked to comprehend the participant's 
familiarity and level of confidence in each potential alternative, verifying several 
optimal possibilities (helps to outline the imperative concepts) under the (bottom-up) 
participatory planning (PP) approach (See Appendix B: Fig. 5-8). These results serve as 
a gauge/benchmark to define the notion of cross-cutting themes at the grassroots level in 
the studied area.  

It is important to acknowledge that when comparing the emperical results of 
(bottom-up) community-led research with (top-down) local planning expert studies, 

13 “The other reasons behind this relatively low number are (a) The female-headed HHs are very low, and the 
majority of HHs are male-headed in the area; (b) The native social and cultural norms are challenging to gain access 
to females; (C) Societal restrictions make it challenging for outsider's (e.g., the author) to interact directly with 
females in the area”. 
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there are differences in the (importance levels) assigned to potential possibilities by 
both the groups. For instance, in the expert study, four (1,2,3,14) potential possibilities 
are perceived as an influential gauge to define the notion of UGI  (See Appendix A: Fig. 
6), while in the community-based study, vice versa (See Appendix B: Fig. 8). This 
endorses and encourages the “holistic” representativeness of the MSPP concept (to 
build a rational stance among the multi-stakeholders) and authenticates the outcomes in 
a realistic and practical-based scenario. 

In the second section; there are two sub-groups to consider. The initial (level's) 
objective was to recognise the importance of “sustainable UGI indicators” conditioned 
to native environments and commune understanding (see Appendix B: Table 6). The 
following (level) objective was to lay down the (key) taxonomies of UGS that would 
help bolster the potential resilience and health of UGI indicators within the natively 
built-in context, against constantly rising environmental threats (see Appendix B: Table 
7). 

To ensure the utmost accuracy in measuring the IMP of each particular “UGI 
indicator” and “UGS element”, we employ (RII and IQR) techniques alongside a nine-
point importance (scale) criterion 14 to determine the precise degree of IMP within the 
stated “UGI indicators” and “elements”. This is (important) because, not every UGS 
element improves the “functional linkage” and “health” of the corresponding indicators 
while coping with climatic changes in urban settings. The performance of UGS 
elements is intertwined with “local spatial”, “contextual”, and “socio-demographic” 
determinants (Ahern, 2007; EC-European Commission, 2015; Gill et al., 2007; Pauleit 
et al., 2019; Rayan et al., 2022; USEPA, 2010). These vary between regions. 

The emperical findings indicate that most UGI indicators belong to the “IMP and M-
IMP” classes, while only one environmental indicator falls into the “E-IMP” class under 
the community PP. Interestingly, when comparing these empirical research results to 
those of top-down planning experts (Rayan et al., 2021a), we observe that the IMP 
levels assigned to (sustainable UGI indicators) differ. For instance, ecological indicators 
received higher acceptance levels/satisfaction approval votes (SAV) in the expert study, 
while the community-based study (Rayan, et al., 2022b) exhibited the vice-versa. 

In addition, a diverse and comprehensive catalogue of (key) UGS “(for UGI 
indicators)” has been outlined, taking into account the spatial environment of the KP. 
This exemplifies the perspectives of (the native community members') on 
comprehending the functional interrelatedness between the multiple “UGS taxonomy” 
and “UGI indicators” in the nativist-built context/landscaping in the face of climatic 
hazards. At this juncture, it's important to note that a comparison of the research 

 
14 “The (scale) ranging from extremely unimportant to extremely important, includes (both) positive and negative 
weights to gauge the significance levels of specified UGI indicators and UGS elements accurately”. 
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findings of this study (Rayan, et al., 2022b) with the insights of the local experts (Rayan 
et al., 2021a) reveals different optimal trade-off possibilities for each individual UGS 
and its affinity with each particular indicator. However, in most instances, there was an 
overlap/agreement between the levels of collective understanding. 

Overall, this research study represents a strong tendency to accentuate and endorse a 
community PP 15 method, which is still not effectively institutionalised and practised in 
Pakitan, to build up a “sustainable UGI framework”, relevant to the locally built-in 
(ecological and socio-economic) environment. Such a (UGI) framework enables the 
formation of an ecological-regional “paradigm” that facilitates the effective 
implementation of a nature-based GAP, resulting in leading-edge improvements in ESF 
and enhanced QoL for the inhabitants of “Peshawar”, “Mardan”, and “Charsadda” 
counties of Khyber Pakhtunkhwa Province and beyond. 

3.3. Frameworks for Urban Green Infrastructure (UGI) Indicators: Expert and 
Community Outlook toward Green Climate-Resilient Cities in Pakistan 

This research strives to study a “sustainable UGI-indicator-based framework” anchored 
on the due and balanced inclusion of the natively concerned multi-stakeholder inputs 
(under the PP approach), which is missing in Pakistan's non-collaborative and 
unilateralism (with undue influence) environment (Ahmad & Anjum, 2012; Ashfaque & 
Awan, 2015; Rayan et al., 2022a; Nizamani & Shah, 2004). The MSEP examination 

 
15 “The  PP method is (recognised as) the best tool for promoting community stewardship in (planning, management, 
and decision-making processes) for NBGI initiatives to achieve socio-ecological resilience in urban neighbourhoods”. 

Rayan, M.; Gruehn, D.; Khayyam, U (2022a). Frameworks for Urban Green 
Infrastructure (UGI) Indicators: Expert and Community Outlook toward Green 
Climate-Resilient Cities in Pakistan. Sustainability 2022, 14, 7966. 
https://doi.org/10.3390/su14137966 (see Appendix C). 

The third empirical article employed “Multi-Stakeholder Engagement Processes 
(MSEP)” to engage local (planning experts and community members) in establishing 
a rational standpoint among stakeholders. The objective was to ensure the feasibility 
of a “sustainable UGI indicator-based framework model” within a real-life context. 
The final step involved merging and localisation, integrating the bidirectional 
sustainable development pathway i.e., “top-down and bottom-up” PP approach — 
studying NBGI values in the KP region. It identifies the importance level of 
respective “UGI indicator” and greenspace element. The article is approximately 
54,949 characters in length, excluding any accompanying illustrations. 

https://doi.org/10.3390/su14137966
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sought to identify and conceptualise the similarities between native experts and 
community perspectives on UGI indicators (see Appendix C: Table 4). It further leads 
to the identification of important taxonomies of UGS (for each corresponding UGI 
indicator) (see Appendix C: Table 5), contingent on the region's societal, cultural and 
environmental conditions, ensuring environmentally sound and climate-smart urban 
communities in KP Province  and beyond. 

The efficiency of the structural characteristics of GS leans on each region's spatial 
contextual factors (Ahern, 2007a; EC-European Commission, 2015; Gill et al., 2007; 
Hansen et al., 2019), where they are examined. In light of this, a holistic and 
participatory methodology (promoting a sense of community stewardship) is required to 
(not only) endorse research outcomes in a realistic realm but also to ensure a logical 
stance that resonates with all stakeholders (See Fig 12). This systematic approach 
should culminate in forging a UGI model centred on the “TBL of sustainability”, 
tailored to the local context (see Appendix C: annex A). It is to suggest pragmatic, 
efficient, innovative and indigenous nature-based green (NBG) solutions. This (in turn) 
alleviates vulnerability to climatic stresses like, urban flooding, drought, and the UHI 
effect (Beatley, 2000; Foster et al., 2011a; Gill et al., 2007; Rayan et al., 2022) and 
strengthens the socio-ecological resilience of  urban regions of (KP) province, Pakistan 
(Rayan et al., 2021a). 

Figure 12. Conceptual framework. Source: Author own (Rayan et al., 2022a) 
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The MSPP is less focused in Pakistan at all the three-tiered planning levels: national, 
provincial, and local (Ashfaque & Awan, 2015; Rayan et al., 2022a, 2022b) than in 
other countries like the Netherlands, Germany, and the UK (Enger, 2005; Harnik, 2006; 
Kim, 2010; Mell, 2017; Monteiro & Ferreira, 2020). The lack of engagement has been 
linked to the weak planning process, an outdated and unbalanced legislative planning 
framework and weak implementation issues, yet in actuality, they are also tied up with 
the limited community's knowledge and understanding of CC, UR GI, and PP 
methodologies (Hussnain et al., 2019; Khayyam & Waseem, 2021; Rayan et al., 2021a; 
Wakil et al., 2016; Ahsan 2018). This leads to perpetually negative pressure on 
landcover, degrading and depleting KP's natural green cover. Ultimately, this poses a 
(threat) to the region's ecosystem functions, services and the wellness of inhabitants at 
macro, micro, and meso levels. Developing such NBGL adaptation/mitigation strategies 
(under SCRM) remains of utmost importance in KP regions, which are “not only” 
susceptible to climatic challenges (Khayyam & Munir, 2022; NDMA, 2012, 2022; 
Rayan et al., 2021b), but also at high risk due to their geospatial position..  

This research study is viewed as a first “pioneering step” in acknowledging the 
holistic representativeness of the native MSPP approach, engaging both (native experts 
and the community) in the formation of a “sustainable UGI indicator-based framework” 
(see Appendix C: Figure 2) on the issue of global CC. It is embedded in the local 
context “Peshawar”, “Mardan”, and “Charsadda” counties within the north-western 
parts of KP province (Rayan et al., 2022a). The (UGI) model performs an (instrumental) 
role in facilitating long-term SCRM and strengthens the area's resilience against 
climatic challenges in a more (cost-effective) way than the so-called traditional mono-
functional “grey” infrastructure. This makes it a unique and novel study. 

i. Results and Findings:

This study inevitably leads to new areas of investigation that contribute to the practical 
application of scientific and indigenous/local multi-stakeholder (expert and community) 
research knowledge, which remains necessory to understand the relationship 
between NBGL initiatives and CC mitigation and adaptation, according to the 
native built environment. This cumulative and empirical research study has 
defined a vivid quantitative research approach (see Appendix C: sections 2.4 and 
3.2), determining the importance (IMP) levels of each sustainability dimension, 
along with ensuring a functional and viable set of UGI indicators and a vital 
taxonomy of GS (for respective specific indicator) tailored to local (built-in) 
environments and the native multi-stakeholders comprehension. All this aimed 
to understand the environmental performance of the respective (UGI indicators 
and elements) in coping with constantly rising climatic challenges. 

The study findings unequivocally illustrate that the holistic (MSPP) approach gives 
utmost priority to the sustainability (ecological and economic) aspects (with RII scores 
of 0.835 and 0.807, respectively) in comparison to the socio-cultural dimensions, which 
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are of moderate importance, RII=0.795 (see Appendix C: Table 4). Furthermore, 
identify a (set of) core taxonomy of “UGS (RII ≥ 0.77)” as key for strengthening the 
quality and health threshold level of individual “UGI indicators” against climatic 
challenges in natively built environments  (see Appendix C: Table 5). The outputs 
exhibit a a wide variance pattern in the (IMP level) of the definitive list of sustainable 
UGI indicators as well as in the selected taxonomy of vital green elements, thus 
confirming that each GS structure has distinct quality characteristics and cannot 
significantly reinforce the resilience of a distinct UGI indicator to cope with CC  Yet, 
the determined key GS (See Appendix C: Table 5) that perform a pivotal role in 
strengthening the resilience of respective UGI indicators in addressing SCRM - the 
most essential and foremost outcome of the cumulative and empirical MSPP 
examination (Rayan et al., 2022a). 

In conclusion, the results of this research divulged that under the holistic MSPP, the 
juxtaposition of UGI indicators with key elements of the UGS has led to the formulation 
of a comprehensive and sustainable “UGI indicator-based model”. This framework is 
structured explicitly as per native built environs — the core primary objective of this 
study. Such a framework not only supports and bolsters the holistic representativity of 
the multistakeholder PP method but also fosters a sense of ownership by the community 
in the planned decision-making process for NBGL strategies to efficiently address 
socio-ecological challenges (at the grassroots level) stemming from CC. These (nature-
based) green adaptations have the potential to evolve new “eco-cultural paradigm”, 
which ensures a balance between anthropocentric and eco-centric activities, explicit to 
the (environmentally challenged) urban interface of the Khyber Pakhtunkhwa, the 
region and also the country as a whole. 
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4. Discussion of Results and Conclusions 

In this Chapter, the publication-based results are discussed and reconnected to the state-
of-the-art, research goals/objectives and (correspondigly) the research questions (see 
chapters 1.5. and 1.6). It is done in the form of a synoptic integration. The chapter is 
thoughtfully structured around the five research questions that are posed in the 
cumulative dissertation. It is to effectively highlight the significant contributions made 
towards advancing scientific knowledge in the (fields) of UGI planning as an 
indispensable urban amenity that bolsters community cohesion and a sense of 
stewardship and enhances the socio-ecological resilience of urban neighbourhoods, 
against climatic stressors in the province of KP, Pakistan. Furthermore, it effectively 
ties together the primary findings and key insights gained and expounds on their 
interrelated connections. Finally, the study's limitations and the scope of further 
research and desiderata are highlighted in Chapter 5.  

RQ1. What is the theoretical and conceptual evolution of GI planning–urban 
resilience–MSPP (nexus) for resilient land-use planning, and their synergies to develop 
a “potential” sustainable UGI framework model? 

This dissertation addresses its first RQ by conducting a thorough literature review 
'sourced' from a peer-reviewed book chapter by Rayan et al. (2021b). The study reveals 
that eco-friendly and climate-resilient city studies frequently discuss the notion of 
NBGI, which is followed by resilience, ecosystem, community wellness, vulnerability, 
and community cohesion. These concepts are widely adopted, discussed, and accepted 
in the research circles. Esteemed planners and researchers (Benedict & McMahon, 
2006; Lafortezza et al., 2013; Mell, 2010; Naumann, Davis, et al., 2011; TEP, 2005; 
Tzoulas et al., 2007; Wright, 2011) have frequently cite the said concepts in their 
publications. Moreover, these concepts are further supported by reputable organisations 
such as the EEA, EU Commission, EU-DG-ENV, BfN, BMUB, IPCC, and others, 
lending them significant influence in the field of NBGI.  

Notably, these publications have profoundly impacted the theory of GI, particularly 
in the 'realms' of urban resilience, multi-stakeholder participatory planning (MSPP), and 
urban sustainability policy. Moreover, the study underscores that NBGI is 'proven' an 
essential urban amenity that enhances wellness of inhabitants, while (also) fortifying the 
resilience of urban socio-ecological systems against the unceasingly rising threat of 
climatic catastrophes. In general, “GI” is a part of a broader ecological network (EN) 
framework that contributes to (environmental, socio-cultural, and economic) 
sustainability. The innovative nature-based green strategies have garnered favour among 
multiple researchers, academicians, planners, practitioners, policymakers, and the 
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general public/community who work towards the development of eco-friendly living 
practices for resilient urban communities and a sustainable 'greener' environment. 

As much of the 'reviewed' literature on GI is focused on theoretical evolution and 
applied/case-studies, the empirical foundation of linking GI-climate resilience-MSPP 
concepts, especially in the native built-in environs, is still unclear from the land-use 
planning perspective. It is, therefore, essential to adopt a holistic approach to examine 
the nexus and synergies concepts to establish a 'potential' UGI framework tailored to the 
native built ecosystem. Such a 'UGI' framework takes into account the input of all 
'native' multi-stakeholders (experts and community) through the MSPP approach. 

Research on urban CC adaptation and mitigation is a global phenomenon. However, 
cities in developing countries of Asia (exclusively, Pakistan) are facing challenges due 
to weak institutional shield, lack of a clear legislative planning process, lack of an 
efficcient framework, poor implementation process and non-existence of participatory 
planning (PP) practices dominated by undue economic and political influences (Ahsan, 
2018; Alvi & Khayyam, 2020; Bano & Khayyam, 2021; Naeem et al., 2018; Rayan et 
al., 2021b, 2021a; Khayyam, 2016) resulting in the adoption of urban greening (UG) 
policies and strategies, predominantly based on the international, rather than local 
context, for promoting urban resilience and sustainability. These factors pose challenges 
in the 'realm' of land-use planning and surge unprecedented pressure on land cover — 
resulting in ecological imbalances, disruptions to ecosystem health, loss of biodiversity, 
and adverse effects on human wellness.  

Global research has acknowledged that the efficacy of green spaces (GS) and 
structural attributes are interwoven with spatial contextual determinants that vary from 
region to region. (Ahern, 2007; EC-European Commission, 2015; Gill et al., 2007; 
Pauleit et al., 2019; Rayan et al., 2022; USEPA, 2010). Therefore, defining UG policies 
and strategies adapted to the natively built context is essential to enhance the social-
environmental wellness of a region. The deployment of the MSPP approach promotes a 
sense of community stewardship and facilitates the successful implementation of GAPs. 
It also effectively addressing socio-environmental issues at grassroots levels, emerged 
inlieu of climate change.  

This study's unique approach is holistically examining (both top-down vs bottom-
up) methodologies, at once and cross-comparions of the results of of them, and 
developing a sustainable UGI framework under native MSPP. This empirical 
examination is neither conducted in Pakistan, nor (particularly) at the KP regional level. 
This research is novel also at the front that the scientific UGI model precented by this 
research study recommends UGI indicators that grounded upon the “TBL” of 
sustainability, their spatial functional linkages with multi-functional GSs and 
connection with the native built-in environment at the KP level—a highly unfortified 
region against daunting climatic challenges. Such green nature-based adaptations 
achieve a harmonious balance equilibrium between “anthropocentric” and “eco-centric” 
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measures, aiming to promote a (long-term) greener and resilient environment, not only 
in the urban areas of KP but across Pakistan. Such nature-base adaptation are extremely 
desired in a country (Pakistan) having enormous environmentally challenged urban 
regions. 

RQ2. What is the understanding level of the native multi-stakeholders (experts and 
community) for CC, UR and UGI concepts in the local built-in environment? 

In the second RQ, the study investigates how (both) native planning experts (Rayan et 
al., 2021a) and the native community (Rayan et al., 2022b) understand multiple cross-
cutting themes. This research has tackled a wide range of cross-cutting themes which 
are; UGI, UR, CC, and adaptation to CC in the local built environment. This in-depth 
empirical research has yielded valuable insights into the perspectives of native multi-
stakeholders regarding each potential abovementioned concepts. It elucidate the 
significance levels of the concepts in the real-life context. These results serve as a 
yardstick for finalising cross-cutting themes at the grassroots level as per their 
significance to local/native community/stakeholders. 

It's worth noting that (bottom-up) community-led and (top-down) expert-led studies 
assign different levels of importance to potential possibilities when comparing their 
empirical results. For instance, in the expert study, four potential possibilities, such as 
option one,”Promote networks connectivity and mobility among the urban green 
spaces”, option two, “enhancing the natural ecological processes and sustainability of 
resources”, option three, “Enhancing and maintaining the level of biodiversity”, and 
option fourteen,”Reconnecting people with the landscape through innovative design by 
developing mixed-use spaces that service entire populations” are perceived as an 
influential gauge to define the notion of UGI (See Appendix A: Fig. 6), but the 
“community-based empirical study” does the contrary (See Appendix B: Fig. 8).  

Furthermore, in defining UR, the community-based statistical investigation 
represents that 3/4 of the possible options, i.e., “Ability of a system to resist, absorb and 
recover from natural hazard in an efficient manner”, Option three, “Strengthening the 
urban neighborhood against the environment changes”, option four, “More effective 
Land use Planning and Zoning”, option five, “Adaptation to climate change”,option six, 
“Promote green infrastructure initiatives” and option eight, “More efficient governance 
and planning capabilities” are acknowledged with high positive scores/ satisfaction 
approval vote (SAV) (See Appendix B: Fig. 7) and are deemed to be influential 
threshold in measuring UR in the native environment. On the contrary, the experts 
deemed option (one) as a highly significant attribute (See Appendix A: Fig. 5). These 
findings validate and foster the holistic nature of the MSEP methodology, thus 
establishing a rational standpoint among the native multi-stakeholders. These study's 
contributions ultimately leads to verifying and validating the research outcomes that are 
tailored to the built-in context. 
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Undertaking such endeavours cultivates a sense of shared responsibility among the 
community and enables customised NBGI solutions. Ultimately, this leads to the 
development of sustainable and resilient urban centres. 

RQ3. How to identify and empirically quantify the degree of importance of each 
sustainable UGI indicator, in terms of the applicability and scale to build an eco-
friendly urban environment under MSPP? 

The third research question sought to probe and gain a deeper insight into the 
perspectives of local stakeholders (policymakers, experts and community) regarding the 
potential role of sustainable UGI indicators (Rayan et al., 2021a; Rayan et al., 2022b). 
The study recognises the importance of UGI indicators localised to the local context and 
naive multi-stakeholder comprehension. These empirical findings validated the 
applicability and scalability of sustainable indicators, particularly in developing greener 
and climate-resilient urban centres in the KP region under MSPP (Rayan et al., 2022a). 

The study found that experts (Rayan et al., 2021a) and communities (Rayan et al., 
2022) have different perceptions and values when it comes to “sustainable UGI 
indicators”, with experts placing greater importance on environmental indicators and the 
community valuing other indicators more. This endorses a holistic (MSPP) approach, 
and under the empirical study of MSPP (by involving planning experts and the local 
community), the environmental and economic aspects of sustainability received a 
“high” degree of acceptability (with relative importance index (RII) scores of 0.835 and 
0.807, respectively) than the socio-cultural aspect (Rayan et al., 2022a). In addition, the 
study identified “(22) potential UGI indicators” for sustainability, categorised into three 
groups based on their significance level. Eleven indicators were classified as 
“important”, nine were “moderately important”, and only two were deemed “extremely 
Important” (See Appendix C: Table. 4). The results yield valuable insights into the 
significance of each corresponding indicator and sustainable dimension within the 
native built-in environs under MSPP.  

Such an effort contributes to promotings green-growth, besides adding-on to 
building long-term sustainable climate-risk management (SCRM) to fight the ever-
rising climate stressors in KP (Pakistan) and other regions. 

RQ4. What are the key UGS elements that robust resilience and quality standard of 
specific UGI indicators for SCRM. 

The global studies affirm that each (individual) UGS taxonomy has a distinctive quality 
and they differently enhance and strengthen the resilience (health) of any green-growth 
planning indicators in the current climate change challenges (Rayan et al., 2021a; Rayan 
et al., 2022; USEPA, 2010). The efficacy of the UGS element (usually) depends on two 
main factors: the specific configuration and spatial context of any region, where they are 
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examined (Ahern, 2007b; EC-European Commission, 2015; Gill et al., 2007; Hansen et 
al., 2019; Pauleit et al., 2017). This means green space (GS) structures perform multiple 
functions, each function depending on the socio-cultural and ecological context of a 
region. 

The research question (no 4) strives to develop a vital taxonomy of UGS elements 
for sustainable UGI indicators, which fit best in the native built-in (socio-ecological and 
economic) environment and also contribute an essential value to improve the resilience 
of a specific UGI indicator against the ever-rising environmental hazards. To 
accomplish this RQ, the empirical study identifies, develops, and tests every taxonomy 
UGS against the individual sustainable UGI indicator (under MSPP) in order to 
understand the correlation between the nature-based green landscape 
(NBGL) initiatives, and climate change adaptation & mitigation, in the 
native built-in environment. This enables us to foster a collaborative and consensus-
driven approach among the (native) multi-stakeholders, for each 'respective' UGS 
element to address long-term sustainable climate-risk management (SCRM) 
across environmentally challenged urban region. The results illustrate a broad 
pattern of variation in the definitive list of selected vital green space elements for 
respective UGI indicators (See Appendix C: Table. 4) (Rayan et al., 2022a). This 
outcome stands out as the ‘most significant and foremost aspect of the research’, as it 
affirms the distinctive quality and unique nature of every 'individual' UGS element 
(with respective UGI indicators) in addressing climate uncertainties and building an 
eco-friendly, climate-resilient urban environment in areas such as Peshawar, 
Mardan, and Charsadda counties of the KP region, Pakistan. 

All in all, this emperical examination contributes to achieving an agreement among 
multi-stakeholders regarding the importance of each respective and potential sustainable 
UGI indicator and GS element in terms of their applicability and scale in addressing 
SCRM within the real-life context. This 'then' leads to validating the potential scientific 
(multi-functional) sustainable UGI framework/model, which best fits the (native) 
ecological, social economical and cultural conditions of the study region. Such a UGI 
framework will facilitate building a new sustainable cultural paradigm that supports 
nature-based green landscape (NBGL) activities to strengthen the adaptative capacity of 
urban systems and build socio-ecological resilience against (ever-rising) environmental 
challenges, not only in KP region, but also in other counties having the same features. 

RQ5. What is the 'applicable sustainable UGI framework model' under 'native MSPP' 
for green climate-resilient city-state in KP region? 

The MSPP approach is acknowledged as an effective tool for promoting and 
strengthening native multi-stakeholder stewardship (decision-makers, experts, and the 
local community) in the planning, management, and decision-making process for 
sustainable human settlements. In this sense, this research study is an inception that 
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breeds the MSPP, integrating a two-way sustainable development path that is 
native/localised top-down (planning experts) and bottom-up (community) participatory 
approach. Consequently, this study is a pioneering step in developing a sustainable UGI 
indicator-based framework model, which is based on the issue of global CC, thereby 
embedding it in the local context of the study regions i.e., Peshawar, Mardan and 
Charsadda (Rayan et al., 2022a). 

The UGI model allows local inhabitants to reconnect with innovative and 
multifunctional GS. The human-nature relationships explore the knowledge of using 
nature-based initiatives (such as wetlands, water-absorbent forest landscapes, parks, 
green roofs/ walls, etc.) to strengthen the adaptative capacity of the urban systems, 
thereby alleviating the high risk of anticipated climate catastrophes of various scales and 
impacts. This ultimately leads to achieving an greener and climate-resilient environment 
at the urban interface of the KP region, an environmentally challenged province of 
Pakistan. Additionally, such green adaptations can pave the way to meeting the goal of 
a balanced correlation between anthropocentric and ecocentric activities. The ultimate 
contribution is linked to strengthening the intricate reciprocity among climate resilience 
strategies, GS, ESF, and human wellness at the grassroots level in the study area and 
beyond.  

This research study bridges the planning gaps among the native inhabitants and 
planning authorities on fostering a two-way (top-down & bottom-up) sustainable 
development path. This MSPP approach is more participatory and innovative, which 
seeks to enhance scientific knowledge and awareness (among multi-stakeholders) and 
gain hands-on experience in planning NBGI initiatives addressing long-term SCRM. 
This paves the way for developing proactive and pragmatic UL-UG policies and 
strategies tailored to the local built environment. Furthermore, this (in turn) facilitates 
the remodelling and restructuring of land-use planning, ensuring a resilient and 
sustainable human settlement in urban regions of KP province, Pakistan - one of the 
most affected and (thereupon) most vulnerable regions under climate change.
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5. Limitations and Future Research 

5.1. Limitations of the Research 

Like any other research study, there are always choices and trade-offs (to be made), 
which can result in certain limitations. Similarly, this empirical research study (Green 
Infrastructure Planning Framework: An Exploratory Study Towards Resilient Cities in 
Khyber Pakhtunkhwa Province, Pakistan) is also not an exception when it comes to 
limitations at all three phases of this research (see Figure 1), yet they were dealt with 
appropriate successful strategies, which helped to produce best results under this 
research. 

Conducting the literature review was challenging, especially when we strived to 
avoid bias that may negatively impact the reproducibility of the findings. Factors such 
as selecting which databases to use, determining the appropriate languages and time 
frames to consider, carefully choosing search terms and their placement within 
publications and selecting specific native stakeholders (with appropriate knowledge and 
expertise) for semi-structured discussions, and also for the empirical top-down 
(planning experts) and bottom-up (community) study all this can complicate the 
analysis. To ensure that the review process is transparent and reproducible, it was 
essential (to thoroughly) document and justify (with rationality) the choices made along 
the way. In order to mitigate this risk, this empirical study employed the MSPP 
approach at multiple levels, e.g., at the theoretical foundation (semi-structured meeting), 
at pre-data collection (pilot surveys), and at the data collection (experts and community 
surveys) were implemented. These measures were instrumental and helped to validate 
the insights from theoretical and exploratory research phases, thus avoiding any risk or 
issues. 

Regarding the field survey to collect data from the native community and the 
planning experts, there were limitations to successfully do the field survey without cost 
and time over-run the in the difficult ground realities of a developing country, especially 
Pakistan. Due to limited time and limited resources, this study could only be 
grounded/extended to three but major Khyber Pakhtunkhwa districts; Peshawar, 
Mardan, and Charsadda. It, however, remains encouraging that this research has 
successfully studied urban communities of the most affected districts in the KP province 
that are facing catastrophic effects of urban flooding, with impacts extended from socio-
cultural to economic, and from physical to institutional and beyond. This gives a more 
precise and detailed picture of the current situation of urban GI planning policies for 
resilient cities and their subsequent effects on the city’s residents, environment, and 
economy. 
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The researcher experienced some introverted behaviour among local stakeholders, 
i.e., decision-makers and experts, who were difficult to reach-out, importantly in times 
of the COVID-19 pandemic. Yet, consistent efforts to connect and reconnect with them 
over the phone and emails have expedited data collection in due time. Due to the 
experts’ work schedules and health vulnerability, the length and time to respond to the 
detailed questionnaires were rather long, leading to inclusion of the most mandatory 
questions to find detailed answers of the all the research questions. It was encouraging 
that response rate was satisfactory enough to extract in-depth and generalisable results, 
concerning all the research objectives/questions.   

In addition, access to female interviewees or female-headed households in the study 
area was challenging due to social and cultural norms. It is because the majority of 
households in the Khyber Pakhtunkhwa region of Pakistan are predominantly headed by 
men (KPBOS, 2018). Since the local customs do not favour women interacting with an 
outsider (i.e., researcher), therefore, to ensure required (equal) women’s participation in 
the household community survey, female students from the study districts were 
involved, trained by the researcher about the jargons and terminologies of the study 
questions, and then deployed as enumerators for data collection, supervised personally 
by the researcher on ground. Being from the same area, having the same culture and 
speak the same (Pushto) language, was added with adequate training from the 
researcher helped to collect the needed responses. The COVID-19 pandemic outbreak 
initially made it difficult to consult a larger population and collect data through face-to-
face using, yet this research has successfully managed the intended data collection from 
the field. 

5.2.  Strengths of the Research 

The study is spatially explicit, as it focussed on native multiple experts’ 
stakeholders’ “(such as policymakers; practitioners; academicians)” and household 
community perspectives on the potential function of urban greens space (UGS) 
infrastructure, as an element of Sustainable Flood Risk Management (SFRM) strategies. 
Such inquisitiveness, at the neighbourhood-level, are considered efficient in 
apprehending the intricacy of interactions within linked “human-environmental 
systems” (O’Brien et al., 2004). Thus, the empirical contributions of this study 
established a strong basis for a more in-depth understanding of the intricate dynamics of 
coupling between the vital taxonomy of “UGS” and sustainable “UGI indicators”, per 
the native spatial context, to help mitigate the effects of climatic disasters such as urban 
flooding. 

In addition, the role of the community, experts, and policymakers in the context of 
NBGL infrastructure solutions, alleviating environmental hazards and promoting urban 
sustainability (EC, 2013; MEA, 2005) is a challenging task for the planning institutions 
in urban areas of Pakistan (Ahsan, 2018; Ahmad & Anjum, 2012; Ashfaque & Awan, 
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2015). This issue is also prevalent in several developing nations and countries in 
transition. The study attempted to bridge this planning gap, enabling natural-based 
green climate adaptation learning and action framework in three spatial tiers: Pakistan 
“(in general)” and KP region “(in particular)”. The outcome is beneficial and serves as a 
benchmark for developing countries with similar characteristics and issues. 

5.3. Future Research 

This dissertation has provided a foundation for deeper investigation into the complex 
dynamics of linking GI planning–urban resilience–MSPP concepts (nexus) “to develop 
a sustainable UGI framework. This framework/model is developed under MSPP” that 
recommends UGI indicators, grounded upon the “TBL” of sustainability and their 
spatial functional linkages with the innovative multi-functional GS, tailored to the 
native built environment. Such a 'UGI' model bolsters MSPP, taking (into account) the 
input of all 'native' multi-stakeholders (experts and community) and enables the 
building of safer, greener and climate-resilient regions (fortified to withstand CC) in the 
Khyber Pakhtunkhwa region. 

It is evident from the (introductory and literature review) sections of this state of the 
research and the empirical research presented in a cumulative dissertation that there is 
still a wide range of areas and directions future researches might be conducted. In terms 
of future research, there are two primary approaches to building upon the research 
presented in this dissertation. Firstly, there is a need for further research that expands on 
the outcomes of the individual studies and continues to follow the methodological 
pathways outlined in this research. Secondly, researches can be executed to build upon 
the comprehensive advances made by all three studies as a cohesive whole, aligning 
them towards a shared common direction of addressing long-term SCRM. This 
collaborative approach contributes to developing resilient urban communities and a 
sustainable 'greener' environment. 

In respect to the UGI frameworks for urban climate change adaptation and 
mitigation, a unification process needs to be initiated (in order) to investigate the impact 
of other climatic hazards (e.g. droughts or heat island effects) that would not potentially 
impede the “physical infrastructure” of green spaces in the manner of flooding. This 
implies that changes in the nature of the functional nexus (between sustainable UGI 
indicators and green spaces) under MSPP and the subsequent resilience (health) of 
green spaces while coping with climatic uncertainties may differ significantly in the 
urban setting. A more detailed assessment is needed to understand the interlinkages 
(between the green spaces and UGI indicators) and the complexities of different flows 
in the native built environment against specific climatic stressors to better grasp the 
possible 'greener' shifts (under MSPP) in promoting a (long-term) environmentally 
healthy and climate-resilient environment in the urbane region and their influence, even 
outside the study region. 
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One more important area of future study must focus on verifying the quantitative 
scalability of the respective key taxonomy of UGS in correspondence to the specific 
natural hazard and its magnitude, e.g., alleviating drought and water scarcity effect in 
high-density urban clusters; we should know the appropriate and pivotal natural-based 
green-growth strategies, backed by the native multi-stakeholders understanding and 
importance level in a built-in environment, lead to improving cities' socio-
environmental resilience and benefit inhabitants in periods of natural climatic 
encounters. 

An additional line of research focus could be on the application multiple 
participatory qualitative methodologies (such as “specialist and community focus group 
discussions (FGD)”,”workshops”, interviews, “participatory mapping” and “rapid 
appraisals”) to foster holistic multi-stakeholder participation in nature-based green 
infrastructure (NBGI) planning. The new research could investigate  “which actors 
should be involved” and “how” and “to what extent” in NBGI planning policies and 
strategies for resilient cities. Also, to study what kind of participation techniques and 
their potential involvement (levels) need to be considered in the planning process that 
improves MSPP in NBGI planning and management. Ultimately, this will exemplify 
what an 'ideal' MSPP method in NBGI planning look like - improving the 
noncollaborative and unilateral-planning environments as prevalent in Pakistan. 

Finally, in the study and analysis of GS, it is worthwhile to look at various 
characteristics and species of living roofs and walls in diverse microclimatic zones. This 
could contribute to a greater understanding of the potential function of planting diverse 
typologies and scales of living roofs and walls in reducing the heat island stress, the 
volume and flow of stormwater, and enhancing the urban ecosystems and the 
inhabitant's wellness. Living roofs and walls are gaining traction, primarily in densely 
populated agglomerations with limited open spaces (OS). These could be alternatives to 
increasing the area of GS and improving the ecosystem. They are easily implementable 
and monitorable and offer significant environmental, social and economic benefits. 
Therefore, the efficacy of these measures, in the present and under future climatic 
conditions, needs to be assessed in order to determine if they could be a viable long-
term strategy for improving UR under CC in different microclimatic zones. 
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