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Abstract: Rising vulnerability of the urban green infrastructure (UGI) is grabbing global attention, for
which inclusive urban landscape and greening policies (ULGP) and frameworks are crucial to support
green growth. As such, this research intends to explore the local community’s perspective to assemble
sustainable UGI indicators for vital taxonomy of the urban green space (UGS) elements, aiming
to develop a multi-functional and sustainable UGI-indicator-based framework that is eco-friendly
and supports green-resilient cities in Khyber Pakhtunkhwa (KP) province, Pakistan. An in-depth
household survey was executed in three KP districts: Charsadda, Peshawar, and Mardan, placing
self-administered 192 questionnaires while covering themes around climate change adaptation, urban
resilience, and UGI. Relative importance index (RII) and the interquartile range (IQR) methods were
set up for data analysis that revealed excellent reliability (« > 0.88) and internal consistency. The
results confirmed community-based UGI indicators with a focus on promoting green-energy-saving
strategies as e-imp (level 9, RII = 0.915), while other (ten) UGI indicators as important (RII = 0.811-
0.894) and (eleven) as moderately important (RII = 0.738-0.792). These UGI indicators were found to
be enhanced by UGS elements (RII > 0.70). These findings provide a foundation for urban policy
change and the development of a sustainable UGI framework to build an eco-regional paradigm for
greener growth.

Keywords: climate change; adaptation; urban green infrastructure; community participation; KP, Pakistan

1. Introduction

Urbanization leads to the shrinkage of urban green spaces, which directly contributes
to extreme climatic hazards such as flooding, drought, urban heat island effect, etc. These
hazards then further result in the degradation of ecosystem functions (ESF) and the loss
of biodiversity and affect human health/well-being [1-5]. The experts anticipate that the
climate change observed today and in the foreseeable future will be influenced by the
variability of anthropogenic forcing [6]. If we cannot limit global climate change, there will
be far-reaching repercussions on nature and society [7]. The global vulnerability of cities to
climate-related hazards and stresses is expected to increase due to an increased built-up
footprint compared to the population growth rates. According to research, it is estimated
that the urban population will grow by 72% from 2000 to 2030, while the built-up area of
cities (with 100,000 residents) will grow by 175 percent [8]. The incremental trend of the
world population and anthropogenic activities has changed the land cover and contributed
to the greying of the natural landscape. These harmful impacts of urbanization and the
corresponding high pressure on the natural environment, at an unprecedented rate, are
badly hampering urban growth in the major cities of Pakistan. In Pakistan, the urbanization
rate is amplified from 32.98% (year 2000) to 36.91% (2019), with further projections to
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reach 50% by 2025 [9]. This upsurge is transforming the local attitude towards green
spaces; thus, urban centers receiving less consideration become unsafe [10] and evolve
multidisciplinary climatic challenges. Amongst other challenges, “urban flooding’ remains
the most threatening climatic hazard with the power to endanger human safety and frighten
natural resources and ecosystems. Furthermore, jeopardizing the socio-economic fabric of
urban (flood-affected) inhabitants stays common.

These issues call for urban green infrastructure (UGI) (UGI planning is defined as “a
network composed of open spaces, waterways, gardens, forests, green corridors, trees on
streets, and open spaces, bringing many social, Economic and ecological benefits” [11].
Another UGI version exists as “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” [12]) to enhance ur-
ban sustainability [13]. UGI is perceived as a nature-based and cost-effective solution
to achieve resilience in the land use planning process to mitigate the ever-rising climate
uncertainties [14,15], a revamp of all existent contemporary ideas concerning green space
planning [16,17], an approach to enrich the health of the ecosystem, minimizes the surface-
water runoff, improves water infiltration rate [18] and a cost-effective strategy to mitigate
urban floods. Thus, UGI planning is already testified and declared important in countries
such as Germany, the UK, and the Netherlands, where it is encouraged to promote inno-
vative nature-based green solutions for climate change mitigation and adaptation [19-22].
Hence, it is confirmed that planning instruments (such as UGI) play an imperative role in
minimizing the urban flooding effects, thereby enhancing the socio-ecological well-being
of any region. Based on its strengths, this nature-based green (NBGI) approach stands as
an applicable instrument for sustainable climate-risk management (SCRM) in cities [23],
yet importantly, in bitterly climate-affected countries such as Pakistan.

1.1. Establishing a Niche: Climate Change Impacts

Pakistani urban areas pose multifaceted climatic encounters [24]. The consistent urban
flooding events observed in recent years are putting lives and livelihoods at stake [25]. It is
these growing incidences of floods, strong monsoon circulation, surface temperature rises,
etc., that are making the country highly vulnerable and positing it (as per the climate risk
index-CRI) (CRI is research that is centered on a comprehensive and accurate database
of climate hazard effects observed in all countries in the world. In addition, low-income
countries need to utilize the index as a warning signal to equip themself completely for
future catastrophic disasters. www.germanwatch.org/en/cri, (accessed on 11 June 2021))
the eighth most vulnerable country to climate hazards [26]. Therefore, the disastrous
impacts on ecosystems, biodiversity, agriculture, human settlements, human health, etc.,
are profound with different levels of adaptability [27,28]. Such devastating disasters for a
country such as Pakistan (an agrarian economy) directly hamper the agricultural sector,
which contributes 21.9% of GDP and employs 45% of local labor [29,30]. These disturbing
lives and livelihoods remain prominent in the major/mega cities, which is further linked to
massive and unplanned settlements at the expense of decreasing forest cover [4,31]. Other
factors contributing to this issue are high population density, building of new colonies or
expansion of physical infrastructure, etc., that are removing the green cover and urban
green-spaces and rising air pollution [32,33]. These aforementioned problems prevail due
to non-existent UGI planning in the existing urban plans and policies of the country, where
such effective strategies are perceived only as a luxury urban activity. It is mainly associated
with beautification (though not an essential urban amenity) to influence urban resilience
against climatic hazards [10,34,35].

The whole alarming situation is linked to the regional non-resilient outlook toward
unbalanced and reactive urban planning policies [36] that leads to unplanned settlements—
further enlarging the environmental issue in the country [37]. Aside from the planning
deficiencies (as outlined above), other contributing factors are inadequate ULGP, weak
laws and enforcement, un-due influence, lack of scientific knowledge, lack of awareness,
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non-existence of PP is recognized as the effective tool to promote community stewardship
in the planning and decision-making process to bolster nature-based-green infrastructure
(NBG]I) initiatives in land-use planning; effectively tackling socio-environmental problems
at grassroots levels [38—42] approach, etc., all contributing to the transformation of green-
spaces into urban functions/activities [10,35,43]. This exerts constant pressure on land
cover, so deterioration of UGS elements. These issues declare Pakistani mega cities highly
vulnerable to natural calamities, with no exception of the northwest territories of KP [44].

At a national level in Pakistan, KP province suffered predominantly from consistent
flooding events in the last decade [25], which marks this area as highly vulnerable and
risky to in-daunting events, accounting for massive economic and human losses [22,36,45]
Generally, these damages are linked to region geographic position and topographical
features. The area lies on the bank of Swat Kabul, Kunhar, and Panjkora rivers’ basin that
originates from the high mountains of Hindukush, Himalayas, and Karakoram ranges.
Being at water banks, it enhances the catchment area’s vulnerabilities to urban flooding
(Figure 1). In addition, the issue also stresses the built environment service, which leads
to the over-exploitation of natural green barriers [10], thereby endangering the urban
ESF and human health/well-being in urban settlements [46—48]. Therefore, tackling the
underlying causes and destructive effects of climate change in this region requires an
immediate effort to examine the nexus between the UGI and climate-resilience notions
to be incorporated (holistically) in the land-use planning process [26-29]. It is to develop
a rich, multi-functional /inclusive/sustainable UGI-indicator-based (framework) model
structured according to the local built environment. Such a model should be grounded on
the (native) community perspective or the PP process—that further leads to strengthening
the climate-resilient strategies, green spaces (GS), ecosystem functions (ESF), and human
well-being in catchment areas.
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Figure 1. Flood-affected districts of KP province. Map Source: [24].
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1.2. PP for UGI and UGS

PP (as an effective tool) can facilitate community stewardship in the planning and
decision-making process, though so far less considered within the Pakistan planning
context [11,12,30-34,49,50]. Consequently, PP deems more effective in understanding
the complexity of interactions among the ecosystems and humans [38,51,52]. Hence, PP
facilitates in drawing ‘human-nature’ studies/concepts for not only finding nature-based
green infrastructure (NBGI) solutions [53] but, in turn, enabling human societies to enhance
their adaptative capacity and build resilience against (ever-rising) environmental hazards,
e.g., urban flooding [44,45]. To further add, a (bottom-up) PP approach help for a successful
transition to green action plans (GAP) [38].

It is established that there is a dearth of research studies in Pakistan towards develop-
ing theoretical and empirical foundations for UGI planning and implementation, which
is a prerequisite for an eco-friendly and climate resilience environment in the country (in
general) and in KP (in particular). Though planning authorities in Pakistan adopt spatial
technologies in-order to develop land-use maps of major urban districts, these interventions
are still in their infancy [54,55] and usually require more time and financial resources [34,56],
especially in the non-collaborative and unilateralism environment (with undue influence)
that Pakistan possesses [43,49].

Hence, to bridge this gap, this (novel) research study intends to develop a rich body
of multi-functional conceptual UGI-indicator-based framework/model, which can be
grounded upon “Triple Bottom Line” (TBL) (The triple bottom line (TBL) refers to sustain-
ability’s environmental, socio-cultural, and economic dimensions. It is the most commonly
accepted model used in most urban sustainability applications [46,47,57]) sustainability
and adapted to the local context. Such a potential framework encompasses a set of core
sustainable UGI indicators and vital taxonomy of UGS elements. To bottom-up oriented
framework/model testify and validate the margin between essential and inessential po-
tential UGI indicators and green space elements. Here, the local community evaluates the
significance of the sustainable UGI indicators and their relationship with multiple UGS
elements, according to the native built-in environment. It is because (i) the effectiveness
of UGS structures (usually) depends on the spatial contextual factors (socio-cultural and
economic) of any region where they are examined [15,50,58-60] and (ii) not all the UGS ele-
ments had an excellent functional linkage to improve the resilience of respective sustainable
UGI indicators while coping with the gradual climate change.

In this sense, this research study is inception that breeds the PP approach to develop
an inclusive, sustainable UGI-indicator-based framework to build green and resilient cities
in the KP province. It is also imperative that this UGI model, developed through this study,
can be adapted to the native spatial environment-will provide a proactive and long-term
way for ULGP and guidelines for CC mitigation/adaptation. This may lead to a well-
balanced relationship between anthropocentrism and eco-centrism activities for KP and
beyond. Moreover, such a framework will lead to encouraging innovative green grass-root
initiatives, with the mandate to build a new eco-cultural paradigm to enhance the adaptive
capacity in sustained human settlements. This will inevitably open up a new domain of
study to gradually probe more deeply into innovative community PP approaches when
planning nature-based green adaptation techniques for climate change adaptation.

1.3. Study Aim and Research Questions

This research study aims to analyze the community perspective (through the bottom-
up PP approach) to gauge the locals” insightful view regarding UGI-indicator-based frame-
work/model. It is to obtain a greater consensus among the local community to find a
relationship between sustainable UGI indicators and (potential) taxonomy of UGS ele-
ments, as per the native built environment. This then leads to validating the sustainable
UGI framework/model, which fits best in the local socio-economic and cultural context.
Such an effort would contribute to enhancing green-spaces, besides alleviating vulner-
ability towards climate hazards. They also improve regional socio-ecological resilience.
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It also builds climate-resilient cities in KP territory under a community participation
approach-promoting a sense of community ownership. Therefore, the study intends to
find answers to the following three research questions:

i.  What is the level of the local community’s understanding of Climate Change and UGI?

ii. ~ Which essential UGS elements strengthen the resilience of (sustainable) UGI indicators?

iii. What type of UGI-indicator-based model contributes to building a green climate-
resilient city-state?

2. Research Methodology

This research has adopted the UGI (conceptual base) framework model developed
by the author [48], grounded on two conceptual frameworks: (i) Driver pressure state
impact response (DPSIR) framework that aims to conceptualize the relationship between
UGI elements and anthropogenic activities to build climate-resilient cities and (ii) incor-
poration of the model, proposed by [14], which is further enhanced by inserting three
additional components, (a) climate resilience strategies, (b) eco-system function—ESF and
then (c) the UGI elements as suggested by [15,17,59,61], but revised to build a strong cor-
relation among them [48] (for details, see Appendix A: Figures Al and A2). Additionally,
semi-structured discussions with multi-stakeholder (planning experts and community) in
Pakistan were conducted regarding the potential role of NBGI initiatives” in promoting an
eco-friendly and climate-resilient environment, resulting in nine cross-cutting themes [34]
(see Appendix B: Table Al).

The consolidated integration of both models and concepts intends to build a cohesive,
sustainable UGI framework. This framework is perceived to enhance urban resilience
against (ever-rising) environmental hazards and (simultaneously) minimize the degra-
dation of the urban ecosystem health. These conceptual models and new cross-cutting
themes (an innovation of this study) are regarding the potential role of UGS infrastruc-
ture in addressing SCRM. This, in-tern, assists in determining the (potential twenty-two,
some placed under main headings) UGI indicators that were classified into three main
sustainability categories (i.e., ecological, socio-cultural, economical). It was conducted
along with the ten (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)) vital
UGS (quantitative) elements to accomplish the research questions. Of course, there could
be other indicators, such as institutional and political. However, that is out of the scope
of this research and can be considered in future research. The potential UGI indicators
and green elements are mainly quantitative, and the relative importance index (RII) and
interquartile range (IQR) analysis technique employed applied to calculate the relative
significance of each sustainable UGI indicator, as well as the UGS elements, as analyzed by
the local community (within the real-life context). This method is recognized best approach
for ordinal-scale surveys [62-65].

2.1. Study Area, Sampling Technique, and Survey Design

Multi-stage sampling technique is used. Firstly, selection of the municipalities (Tehsil)
(Based on the higher population, the municipalities (Tehsil) in each district are selected
(Table 1)) in each study district (Peshawar, Mardan, and Charsadda) (Table 1), and secondly;
the selection of sub-municipalities (Union Council-UC) in each tehsil in the KP province,
which is based on population census datasets [66]. (For determining the UC, this research
integrated the interquartile range (IQR) technique with criteria 1. IQR is an efficient method
for determining cut-off points [64,67-70]; based on population census datasets [66] and
above the cut-off point (mid-point), all UCs were selected for the field survey (Figure 2).
This methodology was adopted as there is no official list of the residential houses affected
by climatic uncertainty within UCs exist. Moreover, each municipality has a minimum of 20
and a maximum of 37 sub-municipalities (called Union Councils-UCs). So, the most floods
affected, time (cost) efficient areas, and safer strategies (in time of COVID-19 pandemic)
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were selected for study purposes). Thirdly: the flood-affected Households (HHs) were
consulted in the community survey (Table 2 and Figure 2) executed in the case study area
from October 2020 to mid-December 2020.

Table 1. Population census of three districts of KP province.

Precipitation
District Tehsil Town Population Geographic Data Climate (mm)
(1999-2018)
Mardan Tehsil 1,403,394 34.2883° N, 72.1890° E
Mardan Katlang Tehsil 343,144 34.3521° N, 72.0764° E
Takht Bhai Tehsil 626,523 34.3314° N, 71.9046° E 4003
Charsadda Tehsil 804,194 34.2165° N, 71.7148° E
Charsadda  Shabqadar Tehsil 383,765 34.2186° N, 71.5546° E
Tangi Tehsil 428239  34.3040° N, 71.6555° E Humid
subtropical
Town 1 759,595
n hsil Town 2 547,807
Peshawar Tehsi
Peshawar ([71]) Town 3 821,059 33.9437° N, 71.6199° E 546.075
Town 4 435,940
Peshawar cant. 70,741
Source: Authors’ compilation from the KP Bureau of Statistics (2018) [66], KP Local Government [71] and Pakistan
Metrological department (2019) [72].
Table 2. Sampling size for the community survey.
Union Council
Tehsil Population Total No Average No of
(Selection Tehsil (Selection Grounded on a of Sample HH Size No HHs Sample
District Grounded on a Population High Urban Population Population (Source: KP 399.6/6.2
High Urban P with the Integration of the (with 95 CI and Bureau of 399.5/7
Population) Interquartile Range + 5 MoE) Statistics) 339.7/5.6
Technique (IQR)
Mardan Mardan 1,403,394 411,148 399.6 6.2 64
Charsadda Charsadda 804,194 350,483 399.5 7 57
Peshawar Town3 821,059 575,409 399.7 5.6 71

Source: Authors” own elaboration, compilation the [66].

In total, 192 HHs [with 95%confidence level (CI), 5% margin of error (MoE)] in
which 64 HHs belong to Mardan, 57 HHs to Charsadda, and 71 HHs from Peshawar tehsils.
A total of 1198.8 sample population (community) were consulted to study the subject
trends, as per Cochran (1977) (Table 2), succeeded over from pilot testing to check the
independence of various indicators and necessary modification in the questionnaire, as per
the inputs (from local govt. officials, two expert consultants, three academicians, and three
community members), which were conducted to check its feasibility, inclusiveness, and
precision. This approach helped to do prior minor amendments (see Appendix C) questions’
appropriateness and time efficiency [73,74]. In general, the acknowledgment level remained
acceptable for generalizing the results over the whole study sample population [75,76].
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Figure 2. District, tehsil, and union council map of Mardan, Charsadda, and Peshawar. Source:
Authors’ compilation from [24,66].

The community-based empirical study employed the snowball technique in the case
study to identify specific HHs, which served as a reference benchmark, selecting every
fourth HH from the reference point as an HHs sample to obtain field data. This method-
ology was deployed since no official lists of flood-affected residential houses exist within
UCs. To collect the study data, a structured survey questionnaire was designed with three
Sections A-C. (“Section A was labelled as the demographic information, aiming to validate
the respondent profile, knowledge, and location. The diverse category “trans” has been
included as a third gender since the state approved it. Part B comprehends 4 questionnaires
designed to verify the native community’s views on the potential definitions of climate
change (CC), adaptation to CC, urban resilience, and UGI, as explained in Appendix D;
Part C was divided into three sub-parts (environmental, socio-cultural, and economic), each
comprising several queries to define and determine the significance of each UGS element
and its relationship with sustainable UGI indicators. The Potential UGI indicators and UGS
elements were developed by the authors in preceding research studies” [48]. “This process
resulted in selecting the vital taxonomy of the UGS elements that enhanced the quality
standard and health of respective UGI indicators and would build the urban interface
in the KP region that is resilient against constantly rising environmental threats such as
urban flooding” [34]), which consist of closed and open-ended questions (Figure 3). A
Likert-scale approach was adopted [77-79] to register the participants’ responses so that
the native community perspective of (potential and sustainable) UGI indicators and their
relationship with multiple vital taxonomy green elements in the local urban environment
can be easily explored.
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The demographic characteristic affirmed 65.6% as male, 22.4% as female, 12% preferred
not to mention their gender, and no participant was from the third-gender category; this
option was provided as the government of Pakistan officially recognizes “trans” as a third
gender [80-82]. The participation percentage of Masculine is high compared to feminine
participation because most of the KP region’s households are mainly male-headed [66].
Moreover, the other reasons behind this relatively low no are (i) the female HHs are very
low, and the majority of HH are male-headed in the area; (ii) local social and cultural
norms are challenging to gain access to females; (iii) society does not allow outsider males
(authors) to directly interact with females in their areas—yet this study tried to include the
maximum possible female as HH heads through volunteer enumerators understanding the
local culture and knowledge of the study.

Regarding the participants’ educational background, 73.4% had tertiary /higher ed-
ucation levels, 19.3% were intermediate, and 7.3% had secondary education (Table 3).
The study also signifies nearly all representatives from the major four age groups had
participated in the survey that shows the engagement of community individuals from all
age groups. The age group with the highest frequency was 3040 years (43.8%), followed
by 34.4% in the age bracket of 20-30 years (The socio-demographics presented here only
project all segments of the society, across all age groups, gender categories, and income and
education levels were duly consulted. Their separate relationship for the study variables
was neither intended to be covered nor they have influenced the broader findings of this
study) (Table 3). The participants came from an array of socioeconomic backgrounds.

Table 3. Socio-demographic analysis.

Total

Socio-Demographics Participants Ratio

Gender-specific

Male 126 65.6

Female 43 224

Diverse (the government of Pakistan recognizes 0 0

the identification of “trans” as a third gender [80-82])

Prefer not to say 23 12
Location

Charsadda 56 29.1

Mardan 46 24

Peshawar 67 34.9

Not mention 23 12
Literacy

No education to elementary 0 0

Secondary education (SSC) 14 7.3

Intermediate 37 19.3

Higher education 141 73.4

Other (informal) 5 2.6
Age

15-20 years 0 0

20-30 years 66 34.4

3040 years 84 43.8

40-50 years 42 219

50-60 years 14 7.3

Source: Authors’ calculation, using field data.
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Figure 3. Community HH survey strategy. Source: [34].

2.2. Data Analysis and Survey Reliability

Data were examined through Microsoft Excel. Sections B and C (as of Figure 3) of the
survey questionnaire used a question-based coding algorithm to segregate and examine the
community responses. Cronbach’s alpha (x) was executed, and o-values (>0.7) confirmed
data reliability (Figure 4).

Cronbach’s alpha reliability
0.96

0.94
0.92

0.9
0.88
0.86
0.84

0.926

= Ecological
0.894 = Socio-cultural
0.883 Economic

Ecological Socio-cultural Economic
Figure 4. Cronbach’s alpha reliability. Source: Authors’ calculation using field data.

As the proposed UGI indicators and UGS elements are quantitative, therefore the
relative importance index (RII) technique was employed to examine community responses
to build a composite (potential) UGI framework/model. It is to determine community
satisfaction of UGS elements and UGI indicators, according to the local built-in environment,
as executed in similar research studies for ordinal-scale surveys [62-65,83].

Based upon RII (outcomes), the importance level of each UGI indicator and UGS
element was calculated. To ensure a rational quantity of UGI indicators and vital UGS ele-
ments (for respective UGI indicators from RII), two interrelated strategies were introduced:
(a) adaptation importance scale criterion, as proposed by Chinyio (1998) [62] and Akadiri
(2011) [83], yet inserting ‘four new levels’, so accounting for (in-total) nine-point impor-
tance levels [34] (Table 4). The scale ranges from “extremely unimportant” to “extremely
important”, utilizing both Positive and negative weights (Table 5). The values substituted
into formula 1 (Table 5) are from Table 6. It is to find variance in the significance levels
amongst the UGI indicators and UGs elements because not all the GS elements positively
enhanced the efficacy of the sustainable UGI indicators.
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Table 4. Criterion of 9-point scale.

1 Extremely unimportant (e-unimp) (0 <RI<0.2)

2 Moderately unimportant (m-unimp) (0.2 <RI<0.3)
3 Slightly unimportant (s-unimp) (0.3<RI<04)
4 Unimportant (unimp) (0.4 <RI<0.5)
5 Low 4] (0.5 <RI<0.6)
6 Slightly important (s-imp) (0.6 <RI<0.7)
7 Moderately important (m-imp) (0.7 <RI<0.8)
8 Important (imp) (0.8 <RI<0.9)
9 Extremely important (e-imp) (0.9 <RI K1)

Source: [34].

Table 5. Equation (1) A sample estimating the RII value of increasing pervious surfaces to optimize
the stormwater management indicator.

RII=XW/(N x A)... (1)
W = Likert scale weights: assigned by participants to each indicator (1 to 9).
N = Total number of samples
A = The highest value on a Likert scale.
RII=(9 x93)+ (8 x42)+ (7 x21)+ (6 x 18) + (5 x 8) +(—4 x 3) + (=3 x 3) + (-2 x 2) + (=1 x 2) /(192 x 9) = 0.834
(as rated by a community member)

Source: Authors’ calculation using field survey data.

The second methodology was the adaptation of the Interquartile Range (IQR) tech-
nique to identify a specific cut-off point in the RII Values (RIV) of UGS elements. The IQR
is a viable and effective technique to determine the difference between the median of the
lower (Q3) and upper (Q1) quartile of the RII data set [64,68-70]. It also enables the identifi-
cation of a vital (manageable) number of UGS elements for the respective UGI indicators
according to the native spatial environment. The value of 0.70 is considered a cut-off point,
which assists in determining the key UGS elements for each specific UGI indicator. This
enhances the urban system’s ability to withstand climate threats of anthropogenic changes.
The cut-off-point (RI = 0.7) is based on the Likert scale (Table 4), ranging from Moderately
important to Extremely important. The cut-off point ((RI < 0.7) implies that not all the
individual UGS elements had an excellent functional connection with the (respective) UGI
indicators to fight climate change in the study areas.
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Table 6. RII value of sustainable UGI indicators.

; Cut-Off Point. Rank Level of
. . Particpants ~ Overall Relative APP“’_VEd UGI Order Based Signifance
Categories Urban Green Infrastructure Indicators P Weight Index Interqufirtile Range Indlgators on (9-Point Scale
RII = ZW/(N x A) Technique (IQR) (RII > 0.80) RII Value Criterion)
“Optimize storm water management”
i. “Increasing pervious surfaces” 192 1441 0.834 0.80 yes 9 8
ii. Ml,I,umlze, retain and organically purified rainwater 192 1364 0.789 0.80 no 14 7
runoff”.
“Decreasing the impact of urban heat islands”
iii. “Enhanced the quantity of the green spaces”. 192 1517 0.878 0.80 yes 3 8
iv. Uge of evaporative materials on the roofs, walls and 192 1287 0.745 0.80 no 19 v
floors”.
“Enhancing air quality (e.g., extracting impurities)”.
v. Growing more green trees and installing a green barrier 192 1339 0.775 0.80 no 16 7
in a roadway”.
“Enhancing noise quality”.
Ecological - - —
vi. “Use a green sonic wall to reduce the minimum and
maximum noise pollution. (i.e., thick hedges could be
provided with a small meadow for minimum noise and for 192 1347 0.780 0.80 no 15 7
maximum noise reduction wide layers of bamboo and
deciduous trees could be provided)”.
“Lower emissions of carbon (e.g., elimination of greenhouse gas emissions through greenery)”
vii. Grow greater density of trees as sha%mg and 192 1513 0.876 0.80 yes 4 8
evaporating fabric for the paved surfaces”.
“Enhancing building energy performance”.
viii. “Promote green energy-saving strategies”. 192 1581 0.915 0.80 yes 1 9
“Improved soil fertility and degradation condition”.
ix. .It}cre.ase”prewous areas and plant trees to enhance soil 192 1473 0.852 0.80 yes 6 8
stabilization”.
“Improved and safeguard urban ecology”.
x. “Improve and strengthen the urban green network 190 1430 0.836 0.80 yes 8 8

connectivity”.
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Table 6. Cont.

: Cut-Off Point. Rank Level of
. . Particpants ~ Overall Relative Appro'ved UGI Order Based Signifance
Categories Urban Green Infrastructure Indicators @) Weight Index Interquartile Range Indicators on (9-Point Scale
RII=ZW/(N x A) Technique (IQR) (RII > 0.80) RII Value Criterion)
i Agrl-prod}mtlon (e‘.g., };mme gardening; urban farming; 192 1411 0.817 0.80 yes 10 8
and community farming)”.
“Enhancing social wellness”.
ii. “Optimizing the recreation, and socialization activities”. 192 1402 0.811 0.80 yes 11 8
Socio- iii. Impr(,),ved city’s appeal (through various green 192 1275 0.738 0.80 o 21 7
cultural elements)”.

iv. “Enhancing the mental and physical health (e.g., visual
and physical exposure to open green areas has a beneficial 192 1509 0.873 0.80 yes 5 8
effect on stress and anxiety reduction)”.

v. “Provide ecological areas for research & education”. 192 1304 0.755 0.80 no 18 7

vi. “Enhance connectivity of green areas to promote

walking & biking opportunities”. 192 1287 0.745 0.80 no 19 7
i. “Enhanced the value of property”. 192 1244 0.720 0.80 no 22 7
ii. “Minimize healthcare expense”. 192 1369 0.792 0.80 no 13 7
iii. “Decrease energy use (e.g., heating & cooling
Economic requirements)”. 192 1448 0.838 0.80 yes 7 8
indicators iv. “Minimize the risk of flood disasters”. 192 1544 0.894 0.80 yes 2 8

v. “Decreasing the utilization of private cars by
encouraging walking and biking opportunities (i.e., 192 1377 0.797 0.80 no 12 7
changing modes of transportation)”.

vi. “Value of eliminating of air pollutants”. 192 1331 0.770 0.80 no 17 7

Source: Authors’ calculation using field survey data. Significance level keys: 1—extremely unimportant; 2—moderately unimportant; 3—slightly unimportant; 4—unimportant; 5—low;
6—slightly important; 7—moderately important; 8—important; 9—extremely important.
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3. Results and Findings

The results of the community-based (bottom-up) empirical field study were elucidated,
firstly, the answer to RQ1: community’s understanding of climate change, adaptation to
climate change, urban resilience, and urban green infrastructure themes. The next sections
tackle (RQ2 and RQ3), determining key UGS elements that strengthen sustainable UGI
indicators, thereby contributing to a (probable) UGI framework/model. The attempt to
develop an essential resilience against the environmental challenges in the native built-
in context.

3.1. Section A: Understanding the Local Perspective

The results represented that options one, two, six, and seven are more effective than
other options, which achieve a lower percentage. The statistical investigation represents
that more than three-fourths of the community believe that an increase in the global annual
mean temperature poses severe weather events such as rising sea levels and, thereupon,
damages the ecological health of both the urban as well as rural areas (Figure 5). This
leads to endangering human health /well-being safety and destruction to urban eco-system
functions in the study districts. Further results about “adaptation to climate change” in
the native/local context found that options: one, two, three, four, and seven remained
extremely important-receiving more than 75% Satisfaction Approval Vote (SAV) (Figure 6).
This set of five important variables helps to outline the imperative concept of “adaptation to
climate change (CC)” in an indigenous context, besides contributing to strengthening local
adaptive capacity. They also assist in building resilience towards environmental hazards
(i.e., urban flooding).

What does climate change mean for you?

110

100 98.0% 98.0%
92.0%
90
80.0%
80
70
%0 48.0%
50 =2
40
30 —
20 3 15.0% 16.0%
: .
oL
1: Increase of global 2: Increase extreme 3: Decrease of mean  4: Decrease of 5: Decrease of 6: Increasing sea 7; Increase of 8: 1don’t know
annual mean weather events annual droughts annual number of level ecological damage
temperature. (heavy rain, precipitation. frost days
drought, storms)
Figure 5. Defining climate change (CC). Source: Authors’ calculation using field data.
What does adaptation to climate change mean for you?
110
100 94.0%
90 — 85:0% S30% 88.0%
! 0
80 76.0% 74.0%
70
60
50 1 1
40 o
30 30.0%
20 e 15.0%
10 | 1 I 7 i 0.0
0
1: Ability to learn 2: Creation of 3:Resistance  4: Construction of S:ltisa 6: Increasing 7:Plantation of ~ 8: Adaptationto  9: ldon’t know
from dealing with  ecological buffer against technical prerequisite of  consideration of shade-giving alleys climate change
climate change zones (cooling environment installation (flood  sustainability. urban green in means that climate
green spaces, changes dams, dikes and conurbations protection does
water-retentive wetlands) not matter
soils) anymore.

Figure 6. Defining climate change adaptation. Source: Authors’ calculation using field data.
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Furthermore, the results emphasize that the local community acknowledged 3/4 of
the potential options that are perceived as influential in gauging/defining urban resilience
in the local context. The statistical result shows that options: one, three, four, five, six,
and eight are more effective as they received >75% SAV than options two, seven, and
nine (SAV < 50%) (Figure 7). This illustrated participants’ understanding and level of
confidence in the potential alternatives, which may lead to green-growth approaches and a
sustainable urban environment in KP. The results further elucidate the perception of the
native respondents on the potential possibilities of UGI, so it is worth noting that option 2
is extremely significant compared to option 14, which received 81% and 23% confidence
votes from the participants. Besides that, the community also endorses options: 1, 3, 4, 7,
8,9, 12, and 13, though the confidence level varies between 60% and 70% (Figure 8). This
certifies all the nine potential possibilities were viewed as a key standard to define UGI at
the grass-root level in the study areas.

What does urban resilience mean for you?

93.0%

90.0%

81.0% 80.0% %

42.0%

76.0%

33.0%

0.0

1: Ability of a
system to resist,

from natural
hazardin an
efficient manner.

2:ltisa
prerequisite of
absorb and recover  sustainability.

3:Strengthening  4: More effective  5: Adaptationto 6: Promote green  7: Improve “Eco
the urban Land use Planning  climate change. infrastructure social systems”.
neighborhood and Zoning. initiatives
against the
environment
changes

9: Creationof ~ 10:1don’t know
ecological buffer

zones (cooling

green spaces,
water-retentive

soils)

8: More efficient
governance and
planning
capabilities.

Figure 7. Defining urban resilience. Source: Authors’ calculation using field data.

81.0%

6&0% I

1: Promote the
networks
connectivityand  processes and
mobilty among the  sustain natural
urban green resources.
spaces.

64.0%
I imm%

2 Enhances the  3: Enhanced and
natural ecological maintained the level
of biodiversily.

What does green infrastructure mean for you?
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73.0%
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50.0%
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230%
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5iltisa 6:Decreaseof  7:Decrease of 8:Increase of mean : Enhancesthe  10: Enrichesthe 11 PmmaleEn)- 12: Improve social  13: Increases of 14 Recmnedmg 15: 1 don't know,
prerequisite of  global annual mean  extreme weather annual precipitation. - Intensification of ~ecosystem services wel-beingand  meanannual  people with
sustainabiy. temperature. events (fooding, permeable of aciy. eniches th sodl energy eficiency in landscape mmugh
drought) surfaces. buidings.  innovaive design
by developing
mixed-use spaces
that service entire
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4: Promote
economic
regeneration and
social cohesion

Figure 8. Elucidating urban green infrastructure (UGI). Source: Authors’ calculation using field data.

The results so far illustrate the community’s perspective and level of confidence in
each potential possibility. This endorses multiple optimal approaches that can help to
define the imperative themes such as climate change and adaptation, urban resilience,
and UGI. Furthermore, such efforts enhance the inhabitant’s knowledge, beliefs, attitudes,
and preferences regarding the potential role of NBGI in times of climate change. These
investigations have the potential to contribute to the development of a sustainable UGI
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framework so as to build a green and climate-resilient city-state at the local, regional, and
national levels in Pakistan.

The first part of the results concludes that most of the local community believes that
its the increase in the global annual mean temperature that is resulting in severe weather
events (e.g., storms, droughts, heavy precipitation, and sea-level rise) and disturbing the
ecological system of the region. These situations are leading to risking human health and
well-being, besides damaging urban green-space structures (quantity and quality), affecting
ESF, and loss of biodiversity at all spatial levels. Therefore, the local inhabitants highlighted
the need to create green buffer zones (such as wetlands, water-absorbent forest landscapes,
etc.), construction of walls (at coasts), and more multi-scale plantations; only then can we
ensure and enhance the adaptative capacity of the urban systems against the anticipated
environmental challenges and recover from the natural calamities. There is a dire need to
learn from the day-to-day experiences to deal with climate change, besides community-
level adaptation to climate change. Additionally, there is a need for effective spatial land
use and zoning plans to foster the rational use of urban land to develop various urban
functions sustainably. This enables the transformation of the KP regions into eco-friendly
and green climate-resilient city-state.

3.2. Section B: RII of Sustainable Indicators and UGS Elements for UGI Indicators

The empirical results of this section constitute answers to the study’s RQ2 and RQ3.
Hence, this section is grouped into two sets to (i) investigation of key UGS elements that
fortify the significance of each (sustainable) UGI indicator, as categorized in the TBL;
(ii) identifying key UGS that play a fundamental function in enhancing the quality of
UGI indicators ultimately contributes to a (probable) UGI framework/model that has the
strength of encountering climatic hazards in urban settings.

3.2.1. Determine the RII of Sustainable UGI Indicators

The potential UGI indicators were categorized according to their weights by using
the RII formula. An example of the RII calculation is explained in Table 5 (the values
substituted into the formula are from Table 6). Then, the RII technique was deployed to
gauge the significance of all sustainable UGI indicators as per local community perspectives
(Table 6). The below empirical evidence showed that all the UGI sustainable indicators were
divided into three groups: moderately important (m-imp), important (imp), and extremely
important (e-imp). One UGI indicator (promoting green energy-saving strategies) had
achieved the (e-imp) level 9 with an agreed share of 0.915 RII values. Along with this, ten
UGI indicators (imp) and eleven indicators (m-imp) were recognized with an RII value
ranging from 0.811 to 0.894 and from 0.738 to 0.792, respectively (Table 6). None of the
values was found between 1 and 6, i.e., from extremely unimportant to slightly important.
Overall, the result has established that most of the UGI indicators fall into the categories of
important (imp) and moderately important (m-imp), whereas only one ecological indicator
belongs to the extremely important group. This portrays the indicator’s importance and
distinctive quality based on the insightful review of the local community towards each
UGI indicator. Such an effort would contribute to promoting sustainable green growth and,
therefore, adds to building climate-resilient cities.

It is also important to note that if this research outcome is compared with the author’s
previous (top-down) local planning expert studies [34,51], it illustrates that the importance
levels assigned by planning experts to potential sustainable UGI indicators vary. For
example, in the expert study, the ecological indicators received a higher acceptance level
than the other two categories, but vice versa in the community-based empirical study.

3.2.2. (a) RII Values of UGS Elements with Regards to UGI Indicators

The results have further determined UGS elements that improve the quality of each
UGI indicator in making cities inclusive, eco-friendly, and resilient against environmental
change. RII data set ranged between 0.37 to 0.95 values (Table 7). This reflects that,
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while dealing with climate-related disasters, not all the UGS elements assist positively in
enhancing the efficacy of the UGI indicator. Only the UGS elements with an RII > 0.70
(Table 8) have the potential to enhance the efficacy of the UGI indicators against anticipated
environmental challenges in the local urban context. These correlations enable to build of
an inclusive and sustainable UGI indicator framework, besides supporting the formulation
of green-growth strategies in land-use planning. Additionally, highlighting such vital
taxonomy of green-space elements can improve the native community’s understanding
of NBGI for climate change mitigation/adaptation. Thus, the community-based green
strategies can help to build an eco-sustainable and climate-resilient environment in the
urban interface of the KP province and beyond.

3.2.3. (b) Identifying the Key UGS Elements

The finding further confirmed a functional linkage of each green element with the
sustainable indicator, based on IQR values (0.60-0.76) with a cut-point of 0.70 (Table 8).
These results highlighted important UGS elements for each UGI indicator, conditioned
to local environments and community understanding. Overall, the outcome represents a
pattern of variance, which signifies that each potential UGS element is characterized by
a distinctive quality, and it does not improve the functional linkage and health of every
UGl indicator. It is probably due to regional spatial context. Yet, the determined key green
elements (Table 8) that perform a pivotal role in strengthening the resilience of respective UGI
indicators also help to mitigate/adapt against the climatic variabilities in the urban settings.

It is also established that the city/urban appeal can be improved through various
taxonomy of mixed-use green-spaces. It can be achieved more explicitly through the
recommended UGS categories CG: “community garden”; BG: “botanical garden”; UP:
“urban park”; FO: “forest”; RG: “rain garden and bio-swale”; WL: “wetland”; GRW: “green
roofs and walls” and HO: “horticultural” [34]. Similarly, the study further propels the
community’s recommended green measures should be considered to plan risk-reducing
contingencies against floods and heat island effects. Such bottom-up green initiatives pro-
mote community stewardship in green space planning, improve cities” ecological resilience,
and benefit dwellers in times of climate emergencies. These measures need immediate
attention by the concerned stakeholders for the mitigative measure, followed by other
inclusion of additional UGS elements in the landscape greening policies and planning
for adaptive measures. All in all, the findings contribute to achieving an agreement on
establishing a sustainable and inclusive UGI framework backed by the community’s under-
standing /importance. This may lead to building a new regional paradigm, which would
encourage green growth infrastructure, not only in KP province but also in other regions
having the same features.

It is worth mentioning that if this research outcome is compared with the native
experts studied [34], it exemplifies both the native multi-stakeholder’s viewpoints on
understanding the functional interlinkage between taxonomy of UGS elements and UGI
indicators in the native built environment vary in some optimal possibilities. However, in
most cases, the collective level of agreement overlapped/agreed. This reflects the knowl-
edge, awareness, and perspective of native experts [34,51] and the community toward the
natural green landscape-based (NBLB) approach, a sustainable, cost-efficient, and inno-
vative climate change adaptation/mitigation approach for green cities. Additionally, the
overall research studies represent a strong tendency to accentuate the holistic and effective
multi-stakeholder participatory planning (MSPP) approach in the decision-making process
for designing and implementing NBLG initiatives that naturally alleviate the high risk of
environmental hazards in the northwest urban region of Khyber Pakhtunkhwa, Pakistan.
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Table 7. RII values for each urban green space (UGS) element.
Relative Index (RII) of UGS Elements
RII = ZW/(N X A)
Categories Urban Green Infrastructure Indicators i
8 Community Botanical Urban Green Rain Garden Green & Green Roof & .
Forest & Permeable Wetland Horticultural
Garden Garden Park Streets . . Green Wall
Bio-swale Parking Area
“Optimize storm water management”.
i. “Increasing pervious surfaces”. 0.71 0.72 0.75 0.88 0.63 0.76 0.6 0.81 0.56 0.59
11.. Minimize, re’f,am and organically-purified 0.66 0.69 0.65 0.82 081 091 071 0.92 0.7 0.65
rainwater runoff”.
“Decreasing the impact of urban heat islands”.
iii. “Enhanced the quantity of the green spaces”. 0.7 0.73 0.75 0.9 0.67 0.48 0.4 0.6 0.65 0.58
iv. “Use of”evaporatlve materials on the roofs, walls 0.65 0.69 076 0.86 0.63 091 0.82 0.94 073 053
and floors”.
“Enhancing air quality (e.g., extracting impurities)”.
V. “Growing more green trees and installing a green 0.72 0.73 0.79 0.84 0.74 0.55 0.58 0.65 0.71 0.63
barrier in a roadway”.
“Enhancing noise quality”.
Ecological - - —
vi. “Use a green sonic wall to reduce the minimum
and maximum noise pollution. (i.e., thick hedges
could be provided with a small meadow for minimum 0.69 0.69 0.74 0.91 0.69 0.42 0.37 0.6 0.64 0.61
noise and for maximum noise reduction wide layers of
bamboo and deciduous trees could be provided)”.
“Lower emissions of carbon (e.g., elimination of greenhouse gas emissions through greenery)”
vii. Grow greater density of trees as shacimg and 0.73 0.76 076 091 0.72 041 041 0.63 0.67 0.65
evaporating fabric for the paved surfaces”.
“Enhancing building energy performance”.
viii. “Promote green energy-saving strategies”. 0.63 0.57 0.64 0.68 0.64 0.38 0.34 0.51 0.87 0.55
“Improved soil fertility and degradation condition”.
ix. "Increase previous areas and plant trees to enhance 0.73 0.77 0.74 0.89 0.66 0.63 0.53 0.70 0.60 0.70
soil stabilization”.
“Improved and safeguard urban ecology”.
x. “Improve and strengthen the urban green network 0.71 0.79 075 093 065 0.42 0.44 0.70 0.68 0.70

connectivity”.
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Table 7. Cont.
Relative Index (RII) of UGS Elements
RII = ZW/(N X A)
Categories Urban Green Infrastructure Indicators i
8 Community Botanical Urban Green Rain Garden Green & Green Roof & .
Forest & Permeable Wetland Horticultural
Garden Garden Park Streets . . Green Wall
Bio-swale Parking Area
i. “Agri-production (e.g,, home gardening; urban 0.87 0.66 0.61 0.76 0.53 0.35 0.30 0.45 0.61 0.82
farming; and community farming)”.
“Enhancing social wellness”
fi. "Optimizing the recreation, and socialization 0.78 0.81 081 082 075 0.41 0.30 0.68 0.71 0.69
activities”.
Socio- iii. “Improved city’s appeal (through various green 0.75 0.78 082 08 079 0.70 0.69 0.77 0.75 0.74
elements)”.
cultural

iv. “Enhancing the mental and physical health
(e.g., visual and Rh.ysmal exposure to open green 0.79 0.74 0.81 0.89 075 0.39 0.38 075 0.69 0.61
areas has a beneficial effect on stress and anxiety
reduction)”.
v “Provide ecological areas for research & 0.72 0.79 0.68 0.85 0.67 0.45 0.42 0.74 0.72 0.76
education”.
vi. “Enhance connectivity of green areas to promote 0.69 0.76 08 08 078 0.35 0.35 071 0.55 0.58
walking & biking opportunities”.
i. “Enhanced the value of property”. 0.74 0.74 0.85 0.63 0.74 0.51 0.52 0.56 0.82 0.70
ii. “Minimize healthcare expense”. 0.82 0.77 0.80 0.88 0.73 0.42 0.34 0.67 0.70 0.68
iii. Pecrease 5nergy use (e.g., heating & cooling 0.69 0.68 075 0.75 0.66 045 0.33 055 0.90 0.61

Economic requirements)”.

indicators  jy “Minimize the risk of flood disasters”. 0.70 0.72 0.74 0.95 071 0.73 0.64 0.86 0.61 0.60
v. “Decreasing the utilization of private cars by
encouraging walking and biking opportunities 0.66 0.73 0.80 0.84 0.79 0.42 0.44 0.71 0.53 0.53
(i.e., changing modes of transportation)”.
vi. “Value of eliminating of air pollutants”. 0.72 0.78 0.79 0.92 0.75 0.43 0.45 0.64 0.76 0.69

Source: Authors’ calculation using field survey data.
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Table 8. Key Urban Green Space (UGS) elements.
Interquartile Range (IQR) Methdology Cut-Off Approved Number  Approved Urban Green
Categories Urban Green Infrastructure Indicators IQR = (Q3-Q1) Il’loin t of UGS Elements Space
Q1 Qs (Median) Mean ' (RII > 0.70) (UGS) Elements
“Optimize storm water management”.
i. “Increasing pervious surfaces”. 0.61 0.76 0.72 0.70 0.70 6 CG; BG; UP; FO; RG; WL
ii. “Minimize, retain and organically-purified rainwater runoff”. 0.67 0.82 0.71 0.70 0.70 6 FO; GS; Iégﬁ PA; WL
“Decreasing the impact of urban heat islands”.
iii. “Enhanced the quantity of the green spaces”. 0.59 0.72 0.66 0.70 0.70 4 CG; BG; UP; FO.
iv. “Use of evaporative materials on the roofs, walls and floors”. 0.66 0.85 0.75 0.70 0.70 6 UPFO; Ié?{:vc\;,PA; WL;
“Enhancing air quality (e.g., extracting impurities)”.
v. “Growing more green trees and installing a green barrier in a roadway”. 0.60 0.69 0.67 0.70 0.70 6 G BG&%& FOGS;
Ecological “Enhancing noise quality”.
vi. “Use a green sonic wall to reduce the minimum and maximum noise
pqllgtlon. (1.§., thick hedges Fould be Prov1ded Wlth a' small meadow for 0.64 075 0.70 0.70 0.70 2 FO; UP.
minimum noise and for maximum noise reduction wide layers of bamboo
and deciduous trees could be provided)”.
“Lower emissions of carbon (e.g., elimination of greenhouse gas emissions through greenery)”
vii. “Grow greater Slensny of trees as shading and evaporating fabric for 0.64 0.75 0.70 0.70 0.70 5 CG; BG; UP; FO; GS.
the paved surfaces”.
“Enhancing building energy performance”.
viii. “Promote green energy-saving strategies”. 0.52 0.64 0.60 0.70 0.70 1 GRW
“Improved soil fertility and degradation condition”.
ix. “Increase previous areas and plant trees to enhance soil stabilization”. 0.64 0.74 0.70 0.70 0.70 6 CG;BG; II—IJg, FO; WL;
“Improved and safeguard urban ecology”.
x. “Improve and strengthen the urban green network connectivity”. 0.66 0.74 0.70 0.70 0.70 6 CG; BG; UP; FO; WL;

HO.
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Table 8. Cont.

Interquartile Range (IQR) Methdology Cut-Off Approved Number  Approved Urban Green
Categories Urban Green Infrastructure Indicators IQR = (Q3-Q1) 11)1 int of UGS Elements Space
Q1 Q3 (Median) Mean ot (RII > 0.70) (UGS) Elements
i. Agrl-l?roductlf)n (’e’.g., home gardening; urban farming; and 047 074 0.61 0.70 0.70 3 CP; FO; HO.
community farming)”.
“Enhancing social wellness”
ii. “Optimizing the recreation, and socialization activities”. 068  0.80 0.73 0.70 0.70 6 G BG"GIIJJ;\"]FO; GS;
Socio- iii. “Improved city’s appeal (through various green elements)”. 0.74 0.79 0.76 0.70 0.70 9 CG; ]é(I%VE/JPV’ViOi{CC;)S, RG;
cultural ; ; .
iv. “Enhancing the mental and physical health (e.g., visual and physical
exposure to open green areas has a beneficial effect on stress and 0.63 0.78 0.75 0.70 0.70 6 CG; BG; UP; FO; GR; WL
anxiety reduction)”.
v. “Provide ecological areas for research & education”. 0.67 0.76 0.72 0.70 0.70 6 CG; BG; FI(—)Ié)WL; GRW;
vi. Enhapfe flonnectlwty of green areas to promote walking & biking 056 0.78 0.70 0.70 0.70 5 BG; FO; UP; GS; WL.
opportunities”.
i. “Enhanced the value of property”. 058 074 0.72 0.70 0.70 6 CGBG; [IJ{P(SGS; GRW;
ii. “Minimize healthcare expense”. 0.67 0.79 0.72 0.70 0.70 6 CG; BG&%&/FO; GS;
Economic iii. “Decrease energy use (e.g., heating & cooling requirements)”. 0.57 0.74 0.67 0.70 0.70 3 FO; UP; GRWL.
indicators . BG: UP: FO: GS: RG:
iv. “Minimize the risk of flood disasters”. 0.66 0.74 0.72 0.70 0.70 7 CG; BG; U‘I;\;EO’ GS; RG;
V. ”De‘cr.easing the uti'li'zati.on of priv'ate cars by encouraging v.valking 0.53 0.78 0.69 0.70 0.70 5 BG; FO; UP; GS; WL.
and biking opportunities (i.e., changing modes of transportation)”.
vi. “Value of eliminating of air pollutants”. 0.65 0.78 0.74 0.70 0.70 6 cG BG;G[IQE\;/ FO: G5,

Source: Authors’ calculation using field survey data Keys: CG: “community garden”; BG: “botanical garden”; UP: “urban park”; FO: “forest”; GS: “green streets”; RG: “rain garden and

bio-swale”; GPA: “green permeable parking area”; WL: “wetland”; GRW: “green roofs and walls”.
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4. Discussion

This research contributes to building up an inclusive and sustainable UGI framework,
thereby connecting the local community (and their perspective) with the multi-functional
urban green areas. Such an ecological interaction between humans and nature helps
to understand NBGI techniques that reduce environmental hazards and promote urban
sustainability [84]. This study also attempts to find UGI indicators, referred to as UGS
elements, according to the local built-in context that remains vital to enhancing urban
planning. This research establishes that (based on the spatial context), each UGS element
has a distinctive characteristic that plays a unique role in improving the quality of respective
UGI indicators to fight climatic disasters (e.g., urban floods, drought, etc.). Additionally,
the cohabitation of diverse vital taxonomy of green elements and UGI indicators can lead to
developing a sustainable UGI framework, which is relevant to the local built environment.
It also leads to accomplishing (nature-based) green policies to adapt to climate change
through resilient land-use planning [15,85,86]), whereas such green planning approaches
further naturally minimize the high risk of urban flooding [23,45,87,88] and build long-term
climate-resilient environment. Therefore, developing such resilient strategies remains crucial
in areas that are not only highly vulnerable to in-daunting climatic challenges [3,89] but
also remain susceptible due to the geographical location, hence requiring a reactive planning
system [25,36] in a situation where the expansion of urban functions remains escalated [90,91].

The harsh regional realities continue to put pressure on the land cover and, thereupon,
the decline of urban green-spaces [35]. Thus, the regions required adequate and effective
urban landscape and greening policies (ULGP). The upgradation of the existent policies
and initiation of new urban plans needs to be tapped local community perspective. Such
an approach is considered more effective in apprehending the intricacy of human and
ecosystem interactions [38,39,51,52]. It stands crucial to identify the vital taxonomy of UGS
elements. These elements will have the potential to identify the key/reliable/sustainable
UGI indicators according to the native built-in environment.

This integration of the local concepts can build a consensus toward an integrated urban
landscape and green infrastructure. It is built on the idea of stimulating community partici-
pation while considering them important stakeholders in executing the planning/process,
though it is not much institutionalized and practiced yet [36,49,92]. So, this study endorses
a communal approach to building a UGI indicators’-based model. Only such a model
can contribute to building a green, climate-resilient city-state. This approach can better
address ecological, socio-cultural, and economic issues in land use. This model facilitates
building an eco-regional paradigm that supports the successful transition of green action
plans (GAP) and serves the community more effectively at the grassroots level in the urban
interface of the Peshawar, Mardan, and Charsadda districts of KP and beyond.

5. Conclusions

The empirical study has outlined an explicit quantitative research methodology for de-
veloping a rich body of multi-functional UGI-indicator-based framework/model grounded
upon TBL sustainability. This scientific UGI model is backed by the local community’s per-
spective, and it presents the significance and practicability of UGI indicators and the UGS
elements as per the local built-in environment. The results exhibit that ten UGI indicators
fall into the categories of “IMP” and the other eleven as “M-IMP”, whereas only one indica-
tor received the “E-IMP” level. Furthermore, a varied catalog of vital UGS elements (for
UGl indicators) was presented, subject to the building spatial context of the KP region. This
depicts community insight and satisfaction level towards the respective green spaces and
their relationship with each UGI indicator while coping with climatic hazards. Moreover,
this study has emphasized the role of the local inhabitants in establishing a sustainable UGI
framework, meeting the standards of a green, climate-resilient city in the north-western
region of Pakistan. The participatory planning (PP) approach is recognized as the best
tool that effectively promotes and strengthens community stewardship in the planning
process for urban green spaces at the grassroots level. All in all, this research study bridges
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the planning gap and improves collaboration processes among the local inhabitants and
relevant government institutions. It is to overcome the gap between technical knowledge
and expertise in NBGI to achieve resilience in land-use planning. It will build local capacity
to fight climate uncertainties more cost-effectively than the traditional grey infrastructure.

In conclusion, these empirical findings highlight the role of native community mem-
bers in developing a sustainable UGI-indicator-based framework/model according to
socio-cultural and ecological contexts. This will lead to building an eco-friendly and (green)
climate-resilient city-state, not only specific to the northwest urban regions of KP province
(Pakistan) but having its application to other regions. The research will inevitably open
up a new area to study the potential role of innovative and indigenous NBGI initiatives in
addressing sustainable climate-risk management (SCRM) strategies according to the native
spatial environment. This planning technique can pave the way to meeting the goal of a
well-balanced relationship between anthropocentrism and eco-centrism activities, not only
specific to the urban interface of the KP region but also across the country.

Policy Implications

This research proposes essential policies guidelines/changes to create resilient urban-
ism against climatic risks (such as urban flooding):

(1). Increase awareness and understanding among all the native inhabitants toward a
better understanding of UGI planning, a sustainable, cost-efficient, and innovative
nature-based climate adaptation strategy for spongy green cities.

(2). A need to develop an inclusive policy that supports community participation at all
levels, which will then promote community ownership and further strengthens the
planning process for UGS.

(3). Balanced, proactive planning reforms are essential that encourage collaborations
among the decision-makers and the local community. It should be linked with bridg-
ing the planning gap and improving the scientific knowledge regarding green ini-
tiatives, extending from policy making to decision making and implementation for
greener growth.

(4). Considering the UGI planning examples of the Netherlands and Germany, there is a
high need to incentivize green grass-root initiatives that would foster eco-friendly living
practices and local stewardship of green practices to build a sustainable environment.

6. Scope of Future Research

(1). Further research can be conducted to study the relationship of the same (and ad-
ditional) variables across socio-demographic groups to design micro-level urban
greening policies.

(2). The social dimension of the sustainable urban landscape and greening policies (ULGP)
and frameworks at the macro, micro, and meso levels needs to be investigated that
can help build a new cultural paradigm to support and monitor green urbanism.

(3). The scalability of urban green space (UGS) elements must coincide with the magni-
tude of the climate hazards, knowing the appropriate green)/natural-based climate
mitigation and adaptation measures to plan safer, healthier, and climate-resilient
urban regions.

(4). Instudying and analyzing green spaces, it would be interesting to consider different
species of green roofs in different climates. It will help to better understand the
potential role of green roofs in reducing climatic stress and improving the ecosystems
functions (ESF) and health/well-being of inhabitants. Green roofs are becoming
increasingly popular, especially in high-density urban clusters, where open spaces
are limited. It is easy to implement and monitor, and they offer similar benefits as
traditional green spaces.

(5). Pandemics (such as COVID-19) though pose less stress and do not degrade the UGI
indicator more exclusively; however, this aspect needs to be further explored. There
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is a need to develop institutional and political indicators, and their potential role in
NBGI infrastructure planning to address SCRM should be investigated.
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Appendix A. Development of Conceptual Base Frameworks
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Figure A1. Relationship among the anthropogenic activities and UGI for resilient cities. Source: [48].
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being, and GI elements. Source: [48].

Appendix B

Table A1l. List of concepts evolved from the semi-structured meetings with native experts.

Mitigation of climate change Adaptation to climate change Water management
Green space networks Ecosystem functions and services =~ Wildlife and biodiversity
Urban resilience Organic food production Energy-efficient building
Social cohesion/unity A green economy

Source: [34].

Appendix C

Based on the inputs provided by the participants in the pilot survey, some minor
revisions were made, aimed to make the survey design more appropriate and time-efficient:

e  “Section A: In the participant profile, a diverse category had also been incorporated
into the question of gender class. In Pakistan, the government officially recognized
“trans” as the third gender [80-82]".

e  “In section b three-point Likert scale was updated into a five-point, and in Section
C five-point Likert scale was transformed into a nine-point, aimed to achieve more
variability among the respondent inputs and precision in the results”.

e  “To mitigate the ambiguity among the participant’s feedback, certain queries of section
¢ were also re-phrased”.

Source: [34].

Appendix D

Identifying and validating the perspective, knowledge, beliefs, attitudes, and prefer-
ences of the native communities regarding the proposed definitions and possibilities of the
UG]I, urban resilience, climate change (CC), and adaptations to CC.
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The following four questions were presented in section B of the community-based
empirical survey executed in the KP districts of Charsadda, Peshawar, and Mardan, defining
the concepts mentioned above according to the native built-in environment.

“What does climate change mean for you?”

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

“What does green infrastructure mean for you?”

Source: [34].

References

1.  Desa, U.N. World Urbanization Prospects, the 2011 Revision; Population Division, Department of Economic and Social Affairs,
United Nations Secretariat: New York, NY, USA, 2014.

2. Desa, U.N. World Urbanization Prospects 2018: Highlights (ST/ESA/SER. A/421); Population Division, Department of Economic and
Social Affairs, United Nations Secretariat: New York, NY, USA, 2019.

3.  Khayyam, U.; Munir, R. Flood in mountainous communities of Pakistan: How does it shape the livelihood and economic status
and government support? Environ. Sci. Pollut. Res. 2022, 29, 40921-40940. [CrossRef] [PubMed]

4. Bratman, G.N,; Daily, G.C.; Levy, B.J.; Gross, ].]. The benefits of nature experience: Improved affect and cognition. Landsc. Urban
Plan. 2015, 138, 41-50. [CrossRef]

5. Millennium Ecosystem Assessment. Ecosystems and Human Well-Being: Synthesis; Island Press: Washington, DC, USA, 2005.

6. IPCC. Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation Special. In Managing the
Risks of Extreme Events and Disasters to Advance Climate Change Adaptation: Special Report of the Intergovernmental Panel on Climate
Change; Cambridge University Press: Cambridge, UK, 2012. [CrossRef]

7. IPCC. Climate Change 2014: Impacts, Adaptation and Vulnerability; IPCC: Geneva, Switzerland, 2014. [CrossRef]

8. UNFPA. State of World Population 2007: Unleashing the Potential of Urban Growth. 2008. Available online: www.unfpa.org/
swp/2007/english/chapter_3/index.html (accessed on 6 June 2020).

9.  PBS. Pakistan Bureau of Statistics, Urban Demographic. 2018. Available online: http://www.pbs.gov.pk/ (accessed on 11
December 2020).

10. Naeem, S.; Cao, C.; Fatima, K.; Najmuddin, O.; Acharya, B.K. Landscape Greening Policies-based Land Use/Land Cover
Simulation for Beijing and Islamabad—An Implication of Sustainable Urban Ecosystems. Sustainability 2018, 10, 1049. [CrossRef]

11.  TEP. Advancing the Delivery of Green Infrastructure: Targeting Issues in England’s NorthWest; The Environment Partnership: Helston,
UK, 2005.

12.  Benedict, M.A.; McMahon, E.T. Green Infrastructure: Linking Landscapes and Communities, Urban Land; Island Press: Washington,
DC, USA, 2006.

13.  Aldous, D.E. Greening South East Asian Capital Cities. In Proceedings of the 22nd IFPRA World Congress, Hong Kong, China,
15-18 November 2010; p. 14.

14. Tzoulas, K. Promoting ecosystem and human health in urban areas using Green Infrastructure: A literature review. Landsc. Urban
Plan. 2007, 81, 167-178. [CrossRef]

15.  Ahern, ]J. Green infrastructure for cities: The spatial dimension. In Cities of the Future: Towards Integrated Sustainable Water and
Landscape Management; IWA Publishing: London, UK, 2007.

16. MacFarlane, R.; Davies, C.; Roe, M. Green Infrastructure and the City Regions; Discussion Paper; NECF: Gateshead, UK, 2005.

17. Davies, C.; McGloin, C.; MacFarlane, R.; Roe, M. Green Infrastructure Planning Guide Project: Final Report; WWF: Gland, Switzerland,
2006.

18.  Weber, T.C.; Allen, W.L. Beyond on-site mitigation: An integrated, multi-scale approach to environmental mitigation and
stewardship for transportation projects. Landsc. Urban Plan. 2010, 96, 240-256. [CrossRef]

19. Mell, L; Allin, S.; Reimer, M.; Wilker, J. Strategic green infrastructure planning in Germany and the UK: A transnational evaluation
of the evolution of urban greening policy and practice. Int. Plan. Stud. Routledge 2017, 22, 333-349. [CrossRef]

20. Lafortezza, R.; Davies, C.; Sanesi, G.; Konijnendijk, C. Green Infrastructure as a tool to support spatial planning in European
urban regions. iForest—Biogeosciences and Forestry. SISEF-Ital. Soc. Silvic. For. Ecol. 2013, 6, 102-108. [CrossRef]

21. Monteiro, R.; Ferreira, ].C. Green Infrastructure Planning as a Climate Change and Risk Adaptation Tool in Coastal Urban Areas.
J. Coast. Res. 2020, 95 (Suppl. 1), 889-893. [CrossRef]

22.  Gruehn, D. Landscape Planning as a Tool for Sustainable Development of the Territory—German Methodology and Experience.
In Environmental Security and Sustainable Land Use—With Special Reference to Central Asia; Vogtmann, H., Dobretsov, N., Eds.;
Springer: Dordrecht, The Netherlands, 2006; pp. 297-307.

23.  Center for Clean Air Policy. The Value of Green Infrastructure for Urban Climate Adaptation; Center for Clean Air Policy: Washington,
DC, USA, 2011; Volume 750, 52p.

24. MapAction, UN-OCHA. United Nations Office for the Coordination of Humanitarian Affairs New York: Pakistan/Kyber-

Pakhtunkhwa: Flood Extent (2 September 2010) and Flood Affected. Available online: https:/ /reliefweb.int/map /pakistan/
pakistan-kyber-pakhtunkhwa-flood-extent-2-sept-2010-and-flood-affected-districts-31-aug (accessed on 11 December 2020).


http://doi.org/10.1007/s11356-022-18709-x
http://www.ncbi.nlm.nih.gov/pubmed/35088281
http://doi.org/10.1016/j.landurbplan.2015.02.005
http://doi.org/10.1017/CBO9781139177245.009
http://doi.org/10.1017/cbo9781107415386
www.unfpa.org/swp/2007/english/chapter_3/index.html
www.unfpa.org/swp/2007/english/chapter_3/index.html
http://www.pbs.gov.pk/
http://doi.org/10.3390/su10041049
http://doi.org/10.1016/j.landurbplan.2007.02.001
http://doi.org/10.1016/j.landurbplan.2010.04.003
http://doi.org/10.1080/13563475.2017.1291334
http://doi.org/10.3832/ifor0723-006
http://doi.org/10.2112/SI95-173.1
https://reliefweb.int/map/pakistan/pakistan-kyber-pakhtunkhwa-flood-extent-2-sept-2010-and-flood-affected-districts-31-aug
https://reliefweb.int/map/pakistan/pakistan-kyber-pakhtunkhwa-flood-extent-2-sept-2010-and-flood-affected-districts-31-aug

Int. J. Environ. Res. Public Health 2022, 19, 11844 27 of 29

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Khayyam, U.; Noureen, S. Assessing the adverse effects of flooding for the livelihood of the poor and the level of external
response: A case study of Hazara Division, Pakistan. Environ. Sci. Pollut. Res. 2020, 27, 19638-19649. [CrossRef]

Eckstein, D.; Kiinzel, V.; Schifer, L. Global Climate Risk Index 2021. Who Suffers Most from Extreme Weather Events? Weather-
Related Loss Events in 2019 and 2000-2019. 2020. Available online: http://germanwatch.org/en/download/8551.pdf (accessed
on 11 June 2021).

Fahad, S.; Wang, J. Climate change, vulnerability, and its impacts in rural Pakistan: A review. Environ. Sci. Pollut. Res. 2020, 27,
1334-1338. [CrossRef]

Farooqi, A.B.; Khan, A.H.; Mir, H. Climate change perspective in Pakistan. Pak. J. Meteorol. 2005, 2, 11-21.

Fahad, S; Jing, W,; Khan, A.A; Ullah, A; Ali, U.; Hossain, M.S.; Khan, S.U.; Huong, N.T.L.; Yang, X.Y.; Hu, G.Y,; et al. Evaluation
of farmers’ attitude and perception toward production risk: Lessons from Khyber Pakhtunkhwa Province, Pakistan. Hum. Ecol.
Risk Assess Int. ]. 2018, 24, 1710-1722. [CrossRef]

GoP. Pakistan Economic Survey. Finance Division, Govt. of Pakistan, Islamabad. 2010. Available online: https://www.finance.
gov.pk/survey_1011.html (accessed on 11 November 2020).

WB. Forest Area (% of Land Change), World Bank. 17 August 2017. Available online: https://data.worldbank.org/indicator/AG.
LND.FRST.ZS?locations=PK (accessed on 13 January 2022).

Pugh, T.A.; MacKenzie, A.R.; Whyatt, ].D.; Hewitt, C.N. Effectiveness of green infrastructure for improvement of air quality in
urban street canyons. Environ. Sci. Technol. 2012, 46, 7692-7699. [CrossRef] [PubMed]

Mensah, C.A. Destruction of urban green spaces: A problem beyond urbanization in Kumasi city (Ghana). Am. J. Environ. Prot.
2014, 3, 1-9. [CrossRef]

Rayan, M.; Gruehn, D.; Khayyam, U. Green infrastructure indicators to plan resilient urban settlements in Pakistan: Local
stakeholder’s perspective. Urban Clim. 2021, 38, 100899. [CrossRef]

Waseem, S.; Khayyam, U. Loss of vegetative cover and increased land surface temperature: A case study of Islamabad, Pakistan.
J. Clean. Prod. 2019, 234, 972-983. [CrossRef]

Ahsan, Ahmad. Urban Flood Risk Management in Pakistan. Islamabad: Daily Times. 2018. Available online: https://dailytimes.
com.pk/280433 /urban-flood-risk-management-in-pakistan/ (accessed on 4 December 2020).

Rana, I.; Routray, ]. Multidimensional Model for Vulnerability Assessment of Urban Flooding: An Empirical Study in Pakistan.
Int. |. Disaster Risk Sci. 2018, 9, 359-375. [CrossRef]

CABE. Community-Led Spaces: A Guide for Local Authorities and Community Groups; CABE Space: London, UK, 2010.

Harnik, P. The excellent city park system: What makes it great and how to get there. In The Human Metropolis: People and Nature in
the 21st-Century City; Full book; University of Massachusetts Press: Amherst, MA, USA, 2006; p. 47.

Kim, T.-B. Collaborative Governance for Sustainable Development in Urban Planning in South Korea; University of Birmingham:
Birmingham, UK, 2010.

Enger, S.C. Planning for Parks, Recreation, and Open Space in Your Community; Washington State Department of Community, Trade
and Economic Development: Washington, DC, USA, 2005.

Baycan-Levent, T.; Van Leeuwen, E.; Rodenburg, C.; Nijkamp, P. Development and Management of Green Spaces in European Cities: A
Comparative Analysis; Research Memorandum; FEWEB: Amsterdam, The Netherlands, 2002; p. 25.

Ahmad, N.; Anjum, G.A. Legal and institutional perplexities hampering the implementation of urban development plans in
Pakistan. Cities 2012, 29, 271-277. [CrossRef]

Atta-ur-Rahman; Khan, A.N. Analysis of 2010-flood causes, nature and magnitude in the Khyber Pakhtunkhwa, Pakistan. Nat.
Hazards 2013, 66, 887-904. [CrossRef]

Rouse, D.C.; Bunster-Ossa, L.F. Green Infrastructure: A Landscape Approach; American Planning Association: Chicago, IL, USA,
2013.

Zhang, X.; Wu, Y,; Shen, L. An evaluation framework for the sustainability of urban land use: A study of capital cities and
municipalities in China. Habitat Int. 2011, 35, 141-149. [CrossRef]

Marques, R.C.; da Cruz, N.F; Pires, ]. Measuring the sustainability of urban water services. Environ. Sci. Policy 2015, 54, 142-151.
[CrossRef]

Rayan, M.; Gruehn, D.; Khayyam, U. Green Infrastructure Planning. A Strategy to Safeguard Urban Settlements in Pakistan.
In Planning in Germany and Iran. Responding Challenges of Climate Change through Intercultural Dialogue; Jafari, M., Gruehn, D.,
Sinemillioglu, H., Kaiser, M., Eds.; Mensch und Buch Verlag: Berlin, Germany, 2021; pp. 197-220.

Ashfaque, R.; Awan, M. Final Report-Policy and Legal Reform Study (GEF-Protected Areas Management Project); Ministry of Environ-
ment, Government of Pakistan: Islamabad, Pakistan, 2015.

EC-European Commission. Towards an EU Research and Innovation Policy Agenda for Nature-Based Solutions & Re-Naturing Cities,
Final Report of the Horizon 2020 Expert Group on Nature-Based Solutions and Re-Naturing Cities; European Commission: Brussels,
Belgium, 2015.

Rayan, M.; Khayyam, U.; Gruehn, D. Local Perspectives on Green Resilient Settlements in Pakistan. In CIGOS 2021, Emerging
Technologies and Applications for Green Infrastructure; Lecture Notes in Civil Engineering; Ha-Minh, C., Tang, A.M., Bui, T.Q., Vu, X.H.,
Huynh, D.VK,, Eds.; Springer: Singapore, 2022; Volume 203. [CrossRef]


http://doi.org/10.1007/s11356-020-08303-4
http://germanwatch.org/en/download/8551.pdf
http://doi.org/10.1007/s11356-019-06878-1
http://doi.org/10.1080/10807039.2018.1460799
https://www.finance.gov.pk/survey_1011.html
https://www.finance.gov.pk/survey_1011.html
https://data.worldbank.org/indicator/AG.LND.FRST.ZS?locations=PK
https://data.worldbank.org/indicator/AG.LND.FRST.ZS?locations=PK
http://doi.org/10.1021/es300826w
http://www.ncbi.nlm.nih.gov/pubmed/22663154
http://doi.org/10.11648/j.ajep.20140301.11
http://doi.org/10.1016/j.uclim.2021.100899
http://doi.org/10.1016/j.jclepro.2019.06.228
https://dailytimes.com.pk/280433/urban-flood-risk-management-in-pakistan/
https://dailytimes.com.pk/280433/urban-flood-risk-management-in-pakistan/
http://doi.org/10.1007/s13753-018-0179-4
http://doi.org/10.1016/j.cities.2011.07.006
http://doi.org/10.1007/s11069-012-0528-3
http://doi.org/10.1016/j.habitatint.2010.06.006
http://doi.org/10.1016/j.envsci.2015.07.003
http://doi.org/10.1007/978-981-16-7160-9_138

Int. J. Environ. Res. Public Health 2022, 19, 11844 28 of 29

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.

82.

Weldon, S.; Bailey, C.; O’Brien, E. New Pathways for Health and Well-Being in Scotland: Research to Understand and Overcome Barriers
to Accessing Woodlands; Report to Forestry Commission Scotland, Edinburgh; Forestry Commission Scotland: Edinburgh, UK,
2007.

Fors, H.; Molin, J.F.; Murphy, M.A.; van den Bosch, C.K. User participation in urban green spaces—For the people or the parks?
Urban For. Urban Green. 2015, 14, 722-734. [CrossRef]

Hussnain, M.Q.; Anjum, G.A.; Wakil, K.; Tharanga, P.H. Improving Efficiency in Data Collection for Urban Development Plans
through Information and Communication Technology. In Proceedings of the International Conference on Town Planning and
Urban Management (ICTPUM), Lahore, Pakistan, 29-30 September 2014.

Wakil, K.; Hussnain, M.Q.; Yusuf, A.; Abdul Jabbar, J.; Project Report: Scenario Planning based Participatory Urban Growth
Management Plans Using ICT. Islamabad. 2016. Available online: https:/ /think-asia.org/handle/11540/7573 (accessed on 11
June 2022).

Nawaz-ul-Huda, S.; Burke, F.; Miandad, M.; Rana, M.N. Analysis of national assembly 55-rawalpindi franchise: An electoral GIS
perspective of Pakistan. Res. |. Sci. Technol. 2011, 2, 35-48.

Correia, M.S. Sustainability: An overview of the triple bottom line and sustainability implementation. Int. J. Strateg. Eng. 2019, 2,
29-38. [CrossRef]

USEPA. Green Infrastructure Case Studies: Municipal Policies for Managing Stormwater with Green Infrastructure; EPA (USA):
Washington, DC, USA, 2010.

Gill, S.E.; Handley, J.F,; Ennos, A.R.; Pauleit, S. Adapting cities for climate change: The role of the green infrastructure. Built
Environ. 2007, 33, 115-133. [CrossRef]

Pauleit, S.; Ambrose-Oji, B.; Andersson, E.; Anton, B.; Buijs, A.; Haase, D.; Elands, B.; Hansen, R.; Kowarik, I.; Kronenberg, J.; et al.
Advancing urban green infrastructure in Europe: Outcomes and reflections from the GREEN SURGE project. Urban For. Urban
Green 2019, 40, 4-16. [CrossRef]

Lu, E; Li, Z. A model of ecosystem health and its application. Ecol. Model. 2003, 170, 55-59. [CrossRef]

Chinyio, E.A.; Olomolaiye, P.O.; Corbett, P. Quantification of construction clients’ needs through paired comparisons. J. Manag.
Eng. 1998, 14, 87-92. [CrossRef]

Adetunji, I.O. Sustainable Construction: A Web-Based Performance Assessment Tool. Doctoral Dissertation, Loughborough
University, Loughborough, UK, 2005.

Gavu, E.K. Understanding Location and Neighbourhood Effects: An Analysis of the Housing Submarkets in Accra-Ghana; Technische
Universitdt Dortmund: Dortmund, Germany, 2021.

Braimah, N.; Ndekugri, I. Consultants” Perceptions on Construction Delay Analysis Methodologies. J. Constr. Eng. Manag. 2009,
135, 1279-1288. [CrossRef]

KPBOS. Khyber Paktunkhwa Bureau of Statistics. 2018. Available online: https://kpbos.gov.pk/ (accessed on 11 December 2020).
Pakzad, P.; Osmond, P.; Corkery, L. Developing key sustainability indicators for assessing green infrastructure performance.
Procedia Eng. 2017, 180, 146-156. [CrossRef]

Luo, D.; Wan, X,; Liu, J.; Tong, T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or
mid-quartile range. Stat. Methods Med. Res. 2016, 27, 1785-1805. [CrossRef] [PubMed]

Beattie, A. Future career pathways in nursing and midwifery. A Delphi survey of nurses and midwives in South West England.
NT Res. 2004, 9, 348-364. [CrossRef]

Wan, X. Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range.
BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef] [PubMed]

LGKEP. Local Government Khyber Paktunkhwa. 2018. Available online: https://www.lgkp.gov.pk/districts /district-peshawar/
(accessed on 11 September 2020).

PMD. Annual, Monthly Amount of Precipitation (mm) Report: Pakistan Metrological Department, Karachi City; Pakistan Meteorological
Department: Islamabad, Pakistan, 2019.

Johnson, T.P; Pennell, B.E.; Stoop, I.A.; Dorer, B. (Eds.) Overview of Questionnaire Design and Testing. Advances in Comparative
Survey Methods: Multinational, Multiregional, and Multicultural Contexts (3MC); John Wiley & Sons: Hoboken, NJ, USA, 2018; p. 115.
Munn, P; Drever, E. Using Questionnaires in Small-Scale Research; A Teachers” Guide; Scottish Council for Research in Education:
Edinburgh, UK, 1990.

Babbie, E.R. Survey Research Methods; Wadsworth Pub.: Belmont, CA, USA, 1973.

Baruch, Y. Response Rate in Academic Studies-A Comparative Analysis. Hum. Relat. 1999, 52, 421-438. [CrossRef]

Likert, R. A technique for the measurement of attitudes. Arch. Psychol. 1932, 22, 55.

Page-Bucci, H. The value of Likert scales in measuring attitudes of online learners. 2003.

Singh, K. Quantitative Social Research Methods; Sage: Newcastle upon Tyne, UK, 2007.

Igbal, N. Supreme Court Orders Equal Benefits for Transvestites. 2009. Available online: https://www.dawn.com/news /477909
/supreme-court-orders-equal-benefits-for-transvestites (accessed on 13 May 2021).

Guramani, N.; National Assembly Passes Bill Seeking Protection of Transgender Rights. DAWN. 2018. Available online:
https:/ /www.dawn.com/news /1406400 (accessed on 13 May 2021).

Guramani, N.; Senate Unanimously Approves Bill Empowering Transgenders to Determine Their Own Identity. DAWN. 2018.
Available online: https://www.dawn.com/news /1393766 (accessed on 13 May 2021).


http://doi.org/10.1016/j.ufug.2015.05.007
https://think-asia.org/handle/11540/7573
http://doi.org/10.4018/IJoSE.2019010103
http://doi.org/10.2148/benv.33.1.115
http://doi.org/10.1016/j.ufug.2018.10.006
http://doi.org/10.1016/S0304-3800(03)00300-4
http://doi.org/10.1061/(ASCE)0742-597X(1998)14:1(87)
http://doi.org/10.1061/(ASCE)CO.1943-7862.0000096
https://kpbos.gov.pk/
http://doi.org/10.1016/j.proeng.2017.04.174
http://doi.org/10.1177/0962280216669183
http://www.ncbi.nlm.nih.gov/pubmed/27683581
http://doi.org/10.1177/136140960400900505
http://doi.org/10.1186/1471-2288-14-135
http://www.ncbi.nlm.nih.gov/pubmed/25524443
https://www.lgkp.gov.pk/districts/district-peshawar/
http://doi.org/10.1177/001872679905200401
https://www.dawn.com/news/477909/supreme-court-orders-equal-benefits-for-transvestites
https://www.dawn.com/news/477909/supreme-court-orders-equal-benefits-for-transvestites
https://www.dawn.com/news/1406400
https://www.dawn.com/news/1393766

Int. J. Environ. Res. Public Health 2022, 19, 11844 29 of 29

83.

84.
85.

86.

87.

88.

89.
90.

91.

92.

Akadiri, O.P. Development of a Multi-Criteria Approach for the Selection of Sustainable Materials for Building Projects; University of
Wolverhampton: Wolverhampton, UK, 2011.

European Union. Green Infrastructure (GI)-Enhancing Europe’s Natural Capital; European Commission: Brussels, Belgium, 2013.
Matthews, T.; Lo, A.Y.; Byrne, ].A. Reconceptualizing green infrastructure for climate change adaptation: Barriers to adoption and
drivers for uptake by spatial planners. Landsc. Urban Plan. 2015, 138, 155-163. [CrossRef]

Mazza, L.; Bennett, G.; De Nocker, L.; van Diggelen, R. Green infrastructure implementation and efficiency. In Final Report for
the European Commission, DG Environment on Contract ENV. B. 2/SER/2010/0059; Institute for European Environmental Policy:
Brussels, Belgium, 2011.

Beatley, T. Green Urbanism: Learning From European Cities; Island Press: Washington, DC, USA, 2000.

Nelson, M.; Ehrenfeucht, R.; Laska, S. Planning, plans, and people: Professional expertise, local knowledge, and governmental
action in post-Hurricane Katrina New Orleans. Cityscape 2007, 9, 23-52.

NDMA. National Disaster Management Authority, Annual Report 2010; NDMA: Islamabad, Pakistan, 2010.

UNDP-Pakistan. Development Advocate Pakistan. Sustain. Urban. 2018. Available online: https://www.undp.org/pakistan/
publications/sustainable-urbanization. (accessed on 16 August 2021).

UNDP-Pakistan. Development Advocate Pakistan, Population Growth: Implications for Human Development. 2019. Available
online: https://www.pk.undp.org/content/pakistan/en/home/library/development_policy/dap-vol6-iss1-population-growth.
html (accessed on 16 August 2021).

Nizamani, A.A.; Shah, A.A. A review of forest policy trends for community participation in Pakistan. Policy Trend Rep. 2004, 2004,
28-34.


http://doi.org/10.1016/j.landurbplan.2015.02.010
https://www.undp.org/pakistan/publications/sustainable-urbanization.
https://www.undp.org/pakistan/publications/sustainable-urbanization.
https://www.pk.undp.org/content/pakistan/en/home/library/development_policy/dap-vol6-iss1-population-growth.html
https://www.pk.undp.org/content/pakistan/en/home/library/development_policy/dap-vol6-iss1-population-growth.html

	Introduction 
	Establishing a Niche: Climate Change Impacts 
	PP for UGI and UGS 
	Study Aim and Research Questions 

	Research Methodology 
	Study Area, Sampling Technique, and Survey Design 
	Data Analysis and Survey Reliability 

	Results and Findings 
	Section A: Understanding the Local Perspective 
	Section B: RII of Sustainable Indicators and UGS Elements for UGI Indicators 
	Determine the RII of Sustainable UGI Indicators 
	(a) RII Values of UGS Elements with Regards to UGI Indicators 
	(b) Identifying the Key UGS Elements 


	Discussion 
	Conclusions 
	Scope of Future Research 
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	References

