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Abstract

Green Infrastructure (GI) has increasingly been recognised as a crucial strategy for enhanc-
ing urban resilience, particularly in urban transportation systems facing the challenges of
climate change. Although several conceptual frameworks for GI planning have been pro-
posed, empirical studies examining their application in urban transport planning contexts
remain limited. This study aims to validate a recently developed GI conceptual framework
by evaluating its applicability in urban transportation systems. A structured question-
naire was administered to 94 participants in Aotearoa New Zealand comprising urban
planners, engineers, architects, policymakers, and academics involved in transportation
and sustainability planning with special focus on GI. The framework was assessed across
key dimensions including the perceived benefits of GI in transportation, stakeholder and
collaborative practices barriers to implementation, and indicators of perceived effective-
ness. The results confirm that the stakeholders’ perceptions of GI are significantly aligned
with the dimensions of the conceptual framework, reinforcing its validity in assessing GI
effectiveness. Key findings highlight a disconnect between stakeholders’ general famil-
iarity with GI and their understanding of its multifunctional benefits beyond stormwater
management. Also, the prevalence of multidisciplinary collaboration suggests that addi-
tional interdisciplinary and transdisciplinary approaches are required for more holistic GI
planning. This study recommends that the conceptual framework be considered for city
adaptation to GI integration, and to do so effectively, these knowledge and cooperation
gaps must be addressed

Keywords: green infrastructure; conceptual framework; urban resilience; urban transport
planning; validity

1. Introduction
Globally, urban transportation networks are becoming more susceptible to the many

effects of climate change, such as increased temperatures, more frequent and severe flood-
ing, and other severe weather occurrences [1]. As cities try to address these issues, GI
integration has become a key approach for improving urban resilience [2–4]. GI describes a
well-designed system that integrates built environments, natural, and semi-natural features
to lessen the environmental effect of fundamental infrastructure, promote resilience, and
provide a range of benefits for society and economy [5–8]. For urban transport, GI offers
multiple benefits, which include air quality improvement, lessening the effects of urban
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heat islands, minimising stormwater runoff, enhancing the streetscape, and making urban
areas more liveable [9]. Among these benefits, GI aims to promote resilient cities [10].
Several major cities are adopting different strategies that will promote resilience, like GI,
to plan for and manage the many risks not only to the environment [11] but also the
economy [12], society [13], and food security among others [14]. Despite the increasing
awareness of GI potential, its integration into urban transportation planning is still incon-
sistent and under-explored. Some studies attribute the challenges of its development to
stakeholders’ collaboration [2,15,16], financial constraints [16], institutional and admin-
istrative [17,18], and technical and design [17,19] factors. These challenges influence GI
development in different ways—stakeholders’ collaboration influences consensus-building
and co-creation; fiscal constraints limit implementation and long-term viability. Other
challenges, institutional and administrative, influence policy alignment and coordination,
along with co-creation, while technical and design complexities shape the feasibility, func-
tional and integration of GI solutions into current urban systems, However, a recent study
showed that, although these issues exist, they could be managed with the right stakeholder
collaboration tool [2].

Several studies have proposed conceptual frameworks to guide various GI discussions.
These frameworks address a wide range of themes, including managing the multifunction-
ality of GI, evaluating the effectiveness of different components of GI, and its application
across diverse social, economic, and environmental sectors [13,16,20–23]. Other frame-
works support the integration of GI into policies [24,25] or identifying the barriers and
drivers for a systemic approach to its regulation [26]. Whilst these frameworks focus on
specific components or thematic areas of GI, Ukonze et al. [2] framework is different in
its emphasis on the planning and implementation processes with a particular focus on
multi-stakeholder collaboration and transdisciplinary approaches as critical enablers for
effective GI integration in urban planning. However, the practical applicability of this
framework, especially Ukonze et al. [2] in transport planning contexts, is yet to be system-
atically evaluated. This gap is especially significant in urban transportation systems, which
are usually complex with many stakeholders involved, different governance structures, and
varied environmental conditions. The conceptual GI framework suggests that achieving
effective GI integration into cities is key to building urban resilience. Hence, by integrating
stakeholder engagement, policy support, economic considerations, technical sustainability,
governance, and time allocation, the framework aims to enhance the effectiveness of GI
initiatives.

To fill the gap in systematic evaluation, this study tests the conceptual framework (see
Figure 1) in urban transportation planning, evaluating its components from the viewpoints
of actual stakeholders. This framework provides a systematic way of integrating GI into
urban transportation systems, identifying the right stakeholder approach, weighing the
positive indicators and confounding factors, and considering best practices to enhance re-
silience. The conceptual framework is structured into four stages. The first stage addresses
the conditions necessary for starting a GI project, which include ‘government maturity,
increasing strength and time availability’ [2]. Once the project begins, stage two evaluates
stakeholders’ collaboration approaches: multidisciplinary, interdisciplinary, and transdis-
ciplinary. Given GI’s boundary nature [27], the framework proposes the most effective
transdisciplinary approach [2]. However, elements of other approaches may be used until
the project matures sufficiently for full transdisciplinary implementation. The problems of
GI are addressed in stage three, when confounding factors are evaluated against positive
indicators to determine the next steps, which involves the integration of best practices.
Stage four involves reassessing positive indicators against confounding factors after imple-
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mentation. If confounding factors prevail, a different stakeholder collaboration approach is
applied during the project review.
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Figure 1. Conceptual framework of stakeholder engagement in Green Infrastructure development.
Source: Extracted from the study of [20].
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The framework suggests that extensive stakeholder involvement in GI planning and
implementation is critical for ensuring context-specific, resilient, and widely supported
interventions. This research employs a stakeholder-driven approach via an online survey,
using Aotearoa New Zealand as a case study. This case study was selected because of its
specific environmental challenges coupled with progressive urban planning initiatives [28].
Aotearoa New Zealand is exposed to several climate-related hazards that include flooding,
storm surges, and sea-level rise [29,30], impacting its urban transport systems. Meanwhile,
this country has proved to be one of the committed countries in sustainability and resilience
planning, as most of its cities, like Tāmaki Makaurau Auckland, Ōtautahi Christchurch, and
Ōtepoti Dunedin, are well into implementing GI strategies within the urban development
processes due to the hazards they have previously faced [31,32]. In this respect, the diversity
of Aotearoa New Zealand’s stakeholder engagements with local governments, indigenous
Māori communities, and environmental organisations provides a great context to evaluate
the framework across different governance and cultural landscapes. This combination
of environmental urgency and innovative GI integration efforts makes this country an
appropriate setting to test the framework’s relevance and adaptability.

This paper is organised as follows: Section 2 discusses the principles surrounding
sustainable urban transportation and policy, with a summary of the theory of Green
Infrastructure and the knowledge practices. Evaluating how these elements align with
urban transportation systems and policy is crucial for advancing sustainable and resilient
cities, as explored in the next section. In Section 3, we focus on validating the Ukonze,
et al. [2] conceptual framework using a quantitative analysis. The survey data are first
analysed, which will be presented in Section 4, highlighting how respondents’ perceptions
align with the dimension of the GI conceptual framework. Section 5 contains a short
discussion on the usefulness of the framework and presents various outstanding research
issues and the need to validate the model for city planning. The authors’ concluding
remarks and recommendations for future studies are given in Section 6.

2. Literature Review
2.1. Sustainable Urban Transportation and Policy

Urbanisation has increasingly contributed to the challenges of urban transportation,
including the congestion of roads, infrastructure strain, and environmental impact. Trans-
portation is a critical aspect of city functionality in that it facilitates the movement of people,
goods, and services. It is also among the biggest emitters of greenhouse gases [33]. How-
ever, the environmental impacts of the urban transport sector have been largely overlooked,
even though its technologies significantly contribute to climate change [34]. This instigated
a change globally towards embracing sustainable transportation strategies such as smart
mobility, clean and inclusive transportation, Green Infrastructure, and the compact city
concept [35,36].

Initiatives such as the United Nations’ 2030 Agenda for Sustainable Development
and SDGs, especially SDGs 9 and 11, and a similar design known as the New Urban
Agenda, formulated during the Habitat III summit [37], focus attention at a global scale
on the subject of sustainable transport in cities. These agendas highlight sustainability,
transport safety, efficiency, and environmental performance. Many cities worldwide have
been adapting to climate change through strategies for meeting their emission targets by
incorporating GI into city transport systems. Green Infrastructure, more commonly referred
to as green transport infrastructure [38], incorporates the use of sustainable materials and
designs that reduce environmental stressors. A typical example includes those associated
with stormwater management, pollution, and urban heat islands. GI has now become an
imperative in building sustainable and resilient cities with its multifunctional benefits.
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Global policy for green transport infrastructure is ultimately implemented at landscape
and local scales. However, adapting GI to local scales through the acceptance of different
stakeholders, including within communities, is the challenge that cities continue to face. The
United Nations 2030 Agenda highlights, in at least four key agreements, the need to engage
local stakeholders as key partners for the implementation of global policy objectives [39].
These policy objectives address each city’s emission requirements that must be adapted
to the city’s agenda. The United Nations Framework Convention on Climate Change
Conference of the Parties (COP 21–26) has been progressing these discussions on employing
new approaches that will bridge the divide between cities and local communities in the
search for resilience [40]. However, even as an international consensus was achieved at
COP21 to keep warming to 1.5 ◦C, present trends indicate that we are already at the verge
of a +1.5 ◦C world, with most countries behind on their emission reduction commitments.
This makes the need for localised, adaptive solutions, particularly in cities, to mitigate and
respond to amplifying climate impacts. Many towns have relied on site-specific projects for
cities and nature-based tools for rural areas. GI has been one of those discussions due to the
principles that govern it, which depend heavily on governance, bottom-up, and top-down
approaches. However, some cities in Singapore, the Netherlands, amongst others, have
developed techniques to bridge that divide between cities and local communities using
strategies like GI and other related strategies [41–43], hence providing cities that are nearing
the concept of resilience.

2.2. Green Infrastructure: Current Knowledge Practices

Green Infrastructure (GI) supports ecological, cultural, and economic functions in
urban environments [44] from its early applications in parks and green spaces. GI refers to
the interconnectivity of natural and engineered elements within the urban environment
to achieve specific resilience goals such as reducing flood risk, mitigating urban heat
island effects, improving water management, enhancing biodiversity, and promoting
overall liveability [8,45,46]. GI combines natural and engineered resources to help improve
sustainable and resilient urban configurations. Unlike traditional or grey infrastructure,
which focuses on engineered solutions, GI leverages natural processes to deliver a range
of ecosystem services [47]. The benefits of transportation applications include stormwater
runoff and air quality management, as well as the benefits of atmosphere cooling because
of permeable pavement, bioswales, and green roofs. Other advantages manifested in
these include decreased infrastructure costs, an improved quality of life, and enhanced
public health in urban regions. Overall, GI helps cities adapt to climate change, and, by
integrating GI into urban transportation systems, cities can strengthen their resilience to
extreme weather events while promoting environmental sustainability and improving the
quality of life for urban residents.

GI has an important role in building urban resilience especially in the transportation
networks [48]. Through the integration of GI elements such as green corridors, permeable
pavements, rain gardens, vegetated swales, street trees, among others, urban connectiv-
ity, redundancy, and flexibility in transportation networks can be improved. Different
studies have demonstrated how specific elements have aided in protecting the transport
networks from issues like stormwater management, flooding, and urban heat, amongst
others [9,48–53]. These studies show that the presence of these components enables cities to
resist and recover better from disruptions, such as flood or heatwaves, by way of alternative
routes and environmental stress reduction. Recent studies have reported the efficacy of
GI in promoting sustainable transport and reducing the vulnerability of transport infras-
tructure to climate hazards [9,48]. Despite these trends, however, there still exists a need
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for integrated frameworks that clearly link the GI measures with transport resilience in
urban planning.

However, integrating GI into urban transportation remains challenging due to varying
climatic, geographic, and socio-economic conditions [54]. These conditions were examined
in the Ukonze, et al. [2] study. While existing GI frameworks address themes such as policy
integration, multifunctionality, and performance evaluation across components, they often
lack a strong emphasis on practical planning processes, stakeholder collaboration, and
transdisciplinary integration. The framework proposed by Ukonze, et al. [2] responds
to this gap by combining interdisciplinary insights from urban resilience, environmental
science, and urban planning, to introduce three key components: stakeholder collaboration
approaches, confounding factors vs. positive indicators, and considerations of best practices
for resilience building. These are presented in four stages, three of which will be tested
through the chosen case study. A hypothesis will be used to conduct this test and provide
an answer to the main research question: To what extent does stakeholders’ perception
align with GI theory in urban planning transport?

3. Methodology
This study employed a case study approach involving the use of a questionnaire

survey to assess Ukonze, et al. [2]’s GI conceptual framework from the perception of
different stakeholders. This study further integrated into analysis, the ‘Totally Georgeous’
Project (TGP), a streetscape upgrade project in Ōtepoti Dunedin, Aotearoa New Zealand.
This project is a major streetscape redevelopment initiative in George Street, Dunedin,
aimed at enhancing urban resilience and sustainability. TGP integrates GI elements such
as street trees and rain gardens into upgraded grey infrastructure to improve stormwater
management, reduce urban heat, and create a more pedestrian-friendly environment.
The project is a practical example of how GI can be incorporated into urban transport
infrastructure to support climate adaptation and enhance public spaces. Four streets were
integrated into the project, focusing on George Street. The George Street Project, as it is
alternatively called, originated from several maintenance and upgrade projects that were
postponed and accumulated to embark on a much larger project, thereby integrating a
climate adaptation strategy to address the issues that the area (Dunedin City) has faced.
Although this study does not aim to generalise the findings globally, this case study
provides critical insights into GI integration challenges in medium-sized, climate-vulnerable
cities, which may inform other urban contexts with similar profiles. Also, the framework
provides critical insights into GI integration on a practical level for urban transport and
building resilience, which, when adapted into similar urban settings, might be a change in
current ineffective discourse.

The survey was distributed to participants online. As there was no accessible record of
Green Infrastructure professionals in New Zealand, a combination of two non-probability
sampling approaches was used: purposive and snowballing techniques. This ensures the
adequate capture of insights from different organisational contexts with direct experience
in GI-related projects and urban transport planning. This method was chosen to ensure
that the participants have the experience and therefore could provide informed insights
relevant to validating the conceptual framework [55]. Initial contact was with professional
associations and related organisations (purposive sampling). While some were willing to
distribute through networks or websites, others were less cooperative. Snowball sampling
was subsequently used to extend this invitation to other relevant stakeholders within their
professional network to maximise response. Although this approach allowed for exposure
to differing practitioner perspectives, it is also plagued with issues regarding potential
selection bias and a lack of full representativeness, acknowledged throughout the inter-
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pretation of the findings. The sample of participants included urban planners, engineers,
architects, surveyors, environmental scientists, and policymakers involved in transporta-
tion and sustainability planning with special reference to Green Infrastructure. The diverse
sample frame is to enhance the relevance and applicability of the findings to real-world
contexts and professional perspectives in urban planning and infrastructure development.
The study population was from key professional associations in New Zealand, wherein
responses were received from the New Zealand Planning Institute, Survey and Spatial
NZ, Engineering New Zealand, and Infrastructure NZ, who are either academics or in
practice. These professional institutions were selected to ensure that a good representation
was gathered from different cities in the country. Although no predefined sample size was
established, 94 responses were received, representing a meaningful cross-section of key
stakeholders actively engaged in urban transport and sustainability planning.

The distribution included equal representation from major cities such as Tāmaki
Makaurau Auckland, Te Whanganui-a-Tara Wellington, Ōtautahi Christchurch, Ōtepoti
Dunedin, and other cities across New Zealand. While this study did not comprehensively
cover all government organisations within these cities, the sample frame enhances the
relevance and applicability of the findings by reflecting a broad spectrum of professional
perspectives.

Using the standard formula for sampling error [56], the sampling error for a sample
size of 94 was approximately ±10.1%, at a 95% confidence level [56]. This indicates that 95%
of the time, the results would fall within ±10.1% of the actual population value if this study
were conducted again under the same circumstances. The findings offer important insights
into the opinions and experiences of important stakeholders in the area, even though they
cannot be entirely generalised to the whole population of urban transport professionals.

The survey, containing 21 questions, was sent out, and 94 responses were received.
There were 56 complete responses and 38 partial responses (see Supplementary Material).
The 38 partial responses were still very useful to this study. This is because the missing
data were handled through pairwise analysis, ensuring that each question was assessed
based only on the valid responses it received. This survey was carried out using an online
software, ‘Survey Monkey’, which conducted the descriptive analysis (total, weighted
average, and percentages) needed for further analysis. The survey was collected within a
period of 2 months from June to July 2024. However, this paper draws upon some closed
questions in the questionnaire using a 5-point Likert scale to test the conceptual framework
from Ukonze, et al. [2]. Participants were asked to tick all boxes that applied to them, after
which the results were collated and analysed.

Data Analysis

Descriptive analysis was used in analysing the survey responses, and this was carried
out in the SurveyMonkey online software. A pilot study involving a small number of stake-
holders (n = 3) was conducted to ensure clarity and construct validity. The stakeholders
selected from the target population include urban planners, engineers, architects, survey-
ors, and policymakers involved in transportation and sustainability planning. Feedback
was conducted via follow-up discussions on their comments to improve the participants’
easy comprehension and completion of the survey. The instrument was revised for clarity,
sequence, and order. A reliability test using Cronbach’s Alpha shows a value of α = 0.97
(see Supplementary Material, indicating internal consistency.

The test of the hypothesis was conducted to answer the main research question,
which states,

H0: There is no significant relationship between stakeholder perceptions of GI and the dimensions
of the conceptual framework.
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H1: There is a significant relationship between stakeholder perceptions of GI and the dimensions of
the conceptual framework.

This was analysed using Monte Carlo testing in the Statistical Package for the Social
Sciences (SPSS) software Version 30.0.0.0 (172) to test for the relationship. This was selected
to enhance the reliability of the results, given the small sample size, with the number of
categories being large and a lower expected count of less than 5. In comparison to the
chi-square tests, which rely on large-sample approximations, exact small-sample methods
like Monte Carlo may serve as an alternative [57] that provide more accurate p-values
under the conditions presented. Hence, when there is sparse data or assumption violations
of the chi-square test, Monte Carlo method is preferred, making it especially useful for
contingency tables with low expected frequencies [57]. Therefore, applying it in this
study indicates a solid justification for validating the significance of observed associations
between stakeholder perceptions and the conceptual framework dimension. To conduct
this test, the categories were transformed from five (strongly agree, agree, neutral, disagree,
and strongly disagree) to three (agree, neutral, and disagree) research scale categories, and
new variables were created using the ‘transform–recode in different variable’ function to
ensure that there is no error in the result. The variables tested are in Q18, Q19, Q20 (c),
and (d) (see Supplementary Material), which focus on testing the level of stakeholders’ GI
knowledge, confounding factors, and positive indicators alongside best practices. Other
questions, which may not have been tested but are included in the analysis, are Q8, Q9,
Q10, Q15, and Q16. Those questions deal with benefits of GI and stakeholder collaboration
models. The number of responses varied across each question. The Monte Carlo test was
run with variables in Q18–20 with the complete responses n = 56, whereas other variables
that helped in further analysis fluctuated from 56 to 76 on average, as seen in Figure 2.

Figure 2. Survey question response counts with thresholds.

4. Results
This study confirms that stakeholders, particularly urban planners and engineers,

strongly understand Green Infrastructure (GI). Still, gaps remain in recognising specific
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benefits such as air quality improvement and hazard mitigation. While multidisciplinary
collaboration is well-established, interdisciplinary and transdisciplinary approaches are
less utilised, showing the need for more integrated planning. Statistical tests showed a
significant relationship (p < 0.05) between stakeholder perceptions and the framework’s di-
mensions, validating the framework’s applicability for assessing GI effectiveness. Strength-
ening stakeholder training, improving policy support, and promoting empirical evidence
are recommended to bridge the gap between knowledge and implementation.

The analysis (Supplementary) showed that the cities with the most responses were
Dunedin, Christchurch, Auckland, and Wellington, with other cities from both the South
Island and the North Island. The professionals with the most responses were engineers and
urban planners. The Monte Carlo test at p < 0.01 significance level was employed owing to
the small sample size and low expected counts of less than 5.

First, it was vital to test the knowledge of the respondent’s concept of GI to validate
other responses in the questionnaire. Q8 (see Supplementary Material) includes rating
their knowledge of GI. Table 1 showed that the respondents had good knowledge of GI,
and urban planners had the most involvement in GI planning, although others had a good
understanding of GI (agree, 70), and only a few were neutral (n = 6) about what it entails.
However, 16 respondents did not answer that question, which can be presumed to be a
result of limited or no knowledge of the concept.

Table 1. Analysis of the online survey on GI perception amongst stakeholders.

Profession Understanding of the Concept of GI Taken Up a Role
in GI Planning

Agree Disagree Neutral Yes No Total
Scientist 5 0 0 3 2 5
Engineer 12 0 3 8 7 15
Urban Planner 29 0 3 25 6 30
Policy Analyst 10 0 0 6 4 10
Natural Resource/Environmental Planning 1 0 0 1 0 1
Transport Planner 3 0 0 3 0 3
Ecologist 5 0 0 4 1 5
Heritage Specialist 1 0 0 0 0 1
Biodiversity Infrastructure 1 0 0 1 0 1
Governance 1 0 0 1 0 1
Quantity Surveyor 1 0 0 1 1
Architect 1 0 0 1 0 1
Total 70 0 6 52 20 74

Data presented in Table 1 showed that 76 respondents answered the question testing
their understanding of the concept of GI, whereas 74 indicated whether they have taken
up a role in GI planning. This table shows a strong awareness of Green Infrastructure (GI)
among stakeholders, with 70 out of 76 respondents understanding the concept. Urban
planners (29), engineers (12), and policy analysts (10) demonstrated the highest levels of
familiarity, reflecting their key roles in GI planning. Scientists, ecologists, and transport
planners also showed full agreement, highlighting broad interdisciplinary awareness.

Despite this, only 52 respondents had actively participated in GI planning, with urban
planners (25 out of 30) and engineers (8 out of 15) as the most engaged. Other professions,
such as scientists (3 out of 5) and ecologists (4 out of 5), also contributed, but governance
specialists, heritage experts, and quantity surveyors showed little to no involvement.

The gap between knowledge and participation suggests barriers such as institutional
roles or policy constraints. While awareness is high, greater collaboration among key
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stakeholders is needed to translate understanding into action and strengthen GI integration
in urban planning.

Further testing was conducted to test the level of understanding of the concept using
the benefits of GI (Q10). All the perceived benefits of GI were included as options and
to inquire if the same percentage of respondents who have good knowledge of GI also
chose the whole selection as benefits. While the majority agreed or strongly agreed that GI
has benefits, some respondents still expressed uncertainty regarding specific GI benefits.
The presence of ‘disagree’ or ‘strongly disagree’ responses suggests that a small subset of
respondents may lack confidence in certain GI benefits, possibly due to limited exposure or
scepticism about their effectiveness.

For this, although 70 out of 76 respondents claimed an excellent understanding of GI,
this might not be the case, as some of the benefits had neutral and disagree responses. For ex-
ample, air quality improvement, although it is one of the well-documented benefits [58–62]
of GI, had 11 neutral responses. It had the highest number of disagreements/neutralities
in natural hazard mitigation and sustainable transportation, while the highest number of
agreements was observed in the stormwater management category, with 45 strongly in
agreement. GI benefits are perceived as stronger for some than others. Stormwater manage-
ment, climate adaptation, and air quality ranked higher in agreement. There are knowledge
gaps despite the high self-reported understanding of GI. Also, further analysis of the dif-
ferent expert opinions showed that ecologists and engineers showed more neutrality or
disagreement across multiple benefits as they may prioritise traditional grey infrastructure
over GI for benefits like hazard mitigation, resilience, and air quality. Other experts who
had some level of disagreement are the policy analysts and scientists. This shows that
these professionals may prioritise projects in areas they understand the most and, in most
cases, focus more on other adaptation strategies, including grey infrastructure. GI’s role
in some of these perceived benefits, including resilience building, may require a strong
validation for these professionals, except for stormwater management, as its functionality
is well recognised. Therefore, the discrepancy between GI knowledge and specific benefit
recognition suggests that there is a place for improved education, empirical evidence, and
case studies to raise awareness regarding the multifunctional roles played by GI for natural
hazard mitigation and sustainable transport. Hence, different expert groups may need
better integration in GI planning discussions to bridge gaps in perception.

Test of Respondents’ Perception of the Dimensions of the GI Conceptual Framework

Following the knowledge of GI by the experts analysed, the hypothesis was then
tested to know if there is a significant relationship between stakeholder perceptions of
GI and the dimensions of the conceptual framework. However, one dimension of the
conceptual framework, stage 2, stakeholder collaboration (see Figure 1), was also included
in the assessment. Respondents’ knowledge of the multidisciplinary, interdisciplinary, and
transdisciplinary collaboration models was tested first to rate their level of understanding
on a five-point scale from very poor to excellent. A total of 56 respondents answered (see
Supplementary). Before the approaches were listed, the result showed that stakeholders
are highly familiar with multidisciplinary collaboration, where professionals from different
fields contribute their expertise independently without extensively integrating perspectives.
This suggests that multidisciplinary collaboration is well-established in sustainability and
GI planning contexts. Some stakeholders are comfortable with interdisciplinary collabo-
ration, integrating methods and perspectives across disciplines. This could indicate that,
while cross-disciplinary integration is recognised, it may not be as widely practised or
understood as multidisciplinary approaches. For transdisciplinary approaches, stakehold-
ers showed limited familiarity as it entails collaborative co-creation beyond traditional
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disciplinary boundaries. This suggests a gap in understanding or applying truly integra-
tive and innovative participatory methods in GI planning. In Q.15, further clarity on the
methods that align with the three main collaboration approaches, as included in the concep-
tual framework, was assessed to ensure that the stakeholders understood the approaches.
The results showed a larger number of respondents agreed that the following should
be grouped under multidisciplinary: relevant stakeholders’ involvement, information
sharing, adaptive management, consultation, and knowledge-sharing platforms. For inter-
disciplinary engagement, relevant stakeholder involvement and consultation were mainly
selected. Co-creation, community-based participatory learning, and new frameworks and
methodologies stood out for the transdisciplinary approach.

This finding showed that transdisciplinary approaches are not yet widely integrated
into GI practices except for methods explicitly designed for co-creation and community
involvement. This demonstrates potential gaps in how stakeholders perceive inclusive,
boundary-spanning collaboration, which could affect the effectiveness of GI implemen-
tation. However, the moderate selection of interdisciplinary approaches suggests some
openness to integrating knowledge across disciplines, which may pave the way for the
broader future adoption of transdisciplinary practices. With the dominance of traditional
multidisciplinary collaboration, there is a potential gap between the framework’s ideal and
actual stakeholder practices. Hence, there is a need to raise awareness programmes and
organise training, increase stakeholder familiarity with interdisciplinary and transdisci-
plinary practices, bridge the gap, and promote more integrated, holistic approaches in GI
development and sustainable planning projects.

Further to that result, a statistical test was conducted where the dimensions of the
conceptual framework are shown in Q17, Q18, Q19 (c), and (d). The null hypothesis H0
states the following: There is no significant relationship between stakeholders’ perception
and the dimensions of the conceptual framework. Table 2 shows a summary of the results
derived from the SPSS analytical tool.

Table 2. Analysis of statistical test using Monte Carlo test.

Conceptual Framework
Dimension

Chi-Square
Value (x2) p-Value Phi Value

(Strength) (Φ)
Relationship

Strength

Inclusive Stakeholder
Engagement 46.06 <0.001 0.487 Moderate-to-Strong

Stronger Policy 25.387 <0.001 0.362 Moderate
Data Integration 23.259 0.001 0.346 Moderate
Economic Sustainability 29.627 <0.001 0.391 Moderate
Technical and
Maintenance
Considerations

27.921 <0.001 0.379 Moderate

Comprehensive
Planning 28.715 <0.001 0.385 Moderate

Transdisciplinary
Approach 44.707 <0.001 0.48 Moderate-to-Strong

Positive Indicators 31.83 <0.001 0.405 Moderate
Conditions necessary for GI Integration

Maturity of
Government 24.042 0.001 0.352 Moderate

Increasing Strength 62.8 <0.001 0.569 Strong
Time Availability 52.048 <0.001 0.518 Strong

The key results showed that the Pearson chi-square and the likelihood ratio test were
significant for all the tested variables at p-values less than 0.05, indicating stakeholder
perceptions in most GI cases related to many elements in the conceptual framework. The
p-values are supported as robust, confirmed by the Monte Carlo significance tests. Several
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crosstabs involve expected counts of less than five, limiting the robustness of chi-square
results. However, Monte Carlo and exact tests compensate for this shortcoming some-
what. The results provided compelling statistical evidence to reject the null hypothesis,
supporting the alternate hypothesis that a significant relationship exists between stake-
holder perceptions of GI and the dimensions listed in the conceptual framework. The
findings suggest that stakeholder perceptions align with key factors influencing GI inte-
gration, reinforcing the conceptual framework’s validity in assessing GI effectiveness in
urban planning.

Furthermore, to illustrate the practical significance of these results in Table 2, the phi
values (varying from 0.346 to 0.569) were analysed. According to Cohen [63] thresholds,
values above 0.3 indicate moderate relationships, while those nearing 0.5 or above suggest
strong associations. And there were strong relationships found in elements like “increasing
strength” (Φ = 0.518) and “time availability” (Φ = 0.518), demonstrating that limited
institutional capacity and time unavailability are commonly recognised barriers for GI
integration. Moderate-to-strong correlations were also found for “inclusive stakeholder
engagement” (Φ = 0.487) and “transdisciplinary approaches” (Φ = 0.480), showing the
importance of cross-sector coordination for GI planning. These results also suggest that the
responses may be a result of differing views of how professional groups such as engineers,
planners, policy analysts, and scientists, among others, perceive their institutional roles.
For instance, urban planners and policy analysts may view GI through a governance and
systems lens, prioritising coordination and regulatory support, whereas engineers and
environmental scientists may focus more on technical feasibility and performance outcomes.
This demonstrates the importance of transdisciplinary participation in any project to bridge
the GI knowledge and expertise gap, which is a central focus of the Ukonze et al. [2]
framework.

5. Discussion
From the survey analysis results, it can be established that the stakeholder perception

of GI is significantly correlated with the dimensions in the conceptual framework, as
evidenced by the tested variables at p-values being less than 0.05. This was an assurance
that various dimensions comprise stakeholder engagement, policy strengthening, data
integration, and technical considerations towards successful integration.

5.1. Inclusive Stakeholder Engagement

The analysis reveals a strong association of inclusive stakeholder engagement with
the perceptions of GI integration (p < 0.05) as seen in Table 2. This corroborates other
studies [15,64] that identify participatory planning as an essential ingredient in the success
of GI initiatives. The high level of knowledge about GI reported by policy analysts,
engineers, and urban planners indicates that the conceptual awareness of GI is firmly
established within professional communities. However, the result did not show each
professional’s GI knowledge. There is still a disconnect between learning and active
involvement in GI planning, which demonstrates institutional and functional barriers
to implementation. However, the New Zealand education system actively integrates
sustainability in its curriculum framework and programmes like Enviroschools [65]. The
extent of GI discussions needs to be examined to see at what level the concept is introduced
and to which professionals. While planners and engineers reported the most significant
levels of involvement, governance and other professionals, for example, reported minimal
or no involvement. This resonates with the conclusions in those previous studies that
knowledge does not necessarily drive action, especially in siloed governance structures
where GI responsibility may be poorly defined.
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Although 70 out of 74 respondents showed strong familiarity with GI, individual
benefits like air quality improvement, hazard mitigation, and sustainable transportation
were met with mixed responses. This suggests that most stakeholders may not be knowl-
edgeable about the ‘multifunctionality’ principle of GI or may lack exposure to its broader
applications beyond stormwater management. Also given the professional background of
the sample, there is thus a good chance that participants would have overestimated their
familiarity or been reluctant to acknowledge gaps in their area of expertise. These results
support the literature that states that GI benefits beyond hydrology, such as microclimate
regulation or disaster resilience, among others, are less often quantified and communicated
in practice [58]. The high agreement on stormwater-related benefits shows that there is a
need for the targeted education and dissemination of GI’s full value amongst professionals.

5.2. Collaboration Models: The Practice–Framework Gap

One of the primary observations from this research is in evaluating collaboration
models. While multidisciplinary collaboration is widely understood and practised, there
is limited awareness of other models, interdisciplinary and transdisciplinary, together
with their application in governance and organisations. This corroborates the existing
literature identifying that cross-sectoral planning tends to regress to consultation rather
than co-creation [66,67]. The findings suggest that, while professionals are open to in-
clusive processes, institutional norms, policies, and less experience with collaborative
design methods can constrain the use of more integrative methods. Respondents strongly
associate multidisciplinary collaboration with information sharing and adaptive manage-
ment, while transdisciplinary approaches such as participatory learning and co-creation
were less recognised. This implies the need to build stakeholder capacity in technical
knowledge and transdisciplinary processes across disciplinary and societal boundaries.
The transdisciplinary model has been demonstrated as being particularly important in
climate-resilient planning challenges [2,68–70] yet remains aspirational in most settings due
to deeply ingrained planning hierarchies and sectoral mandates. In New Zealand, strength-
ening transdisciplinary governance should involve leveraging partnerships across local
iwi, regional councils and professional institutions, and all GI stakeholders. Discussions
within and between private developers, contractors, councils, and the government should
transcend the normal multidisciplinary/interdisciplinary approach. This would align with
the Resource Management Act’s direction for integrated and participatory decision making
and reduce silos in these organisations

5.3. Framework Validation

Statistical testing, including the Monte Carlo simulation for small sample size correc-
tion, vouched for a significant correlation between stakeholder perception and dimensions
of the GI conceptual framework. Inclusive stakeholder engagement, policy strength, data
integration, and economic feasibility were all significant factors that yielded moderate-to-
high correlation coefficients, confirming the applicability and consistency of the framework
with real-life perceptions. More than any other item, ‘Transdisciplinary Approach’, ‘In-
creasing Strength’, and ‘Time Availability’ emerged with the most tremendous statistical
significance and strength of association (Φ = 0.48, 0.569, and 0.518, respectively), high-
lighting their critical function in making GI planning possible. The close linkage between
stakeholder engagement and GI integration is thus consistent with other research, notably
that of Haase, Frantzeskaki [71], where participatory governance is highlighted as a basis
for sustainable urban transformation.

Also, the findings reveal that, even where there is widespread agreement on the
value of GI, operational issues—such as time pressures, a lack of coordination between
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departments, or poorly defined mandates—continue to frustrate its implementation. These
findings support the argument by Kabisch, Larondelle [72], that structural conditions, rather
than conceptual clarity, are more likely to be the principal obstacles to mainstreaming GI
in urban settings. Additionally, building urban resilience not only requires physical inter-
ventions but also adaptive capacity, flexibility, and the ability to co-evolve with changing
conditions [73,74]. In Green Infrastructure (GI) planning, this means embracing integra-
tive approaches that acknowledge the boundary and fuzzy nature of the concept [75,76],
allowing room for uncertainty and encompassing diverse knowledge systems.

In addition to demonstrating connection, this study’s associations between stakeholder
perceptions and GI framework elements also highlight important methods by which GI sup-
ports urban resilience. Particularly, the substantial links with transdisciplinary approaches
and inclusive stakeholder participation imply that collaborative planning procedures that
incorporate a variety of values and areas of expertise promote resilience. Resilience chan-
nels that are based on system efficiency, long-term sustainability, and operational reliability
are further reinforced by the emphasis placed on information integration, economic viabil-
ity, and technical and maintenance concerns. By facilitating adaptive planning, providing
essential ecosystem services, reducing climate vulnerabilities, and fostering institutional
capacity, these studies show how GI promotes resilience. In the process, stakeholder
perceptions are translated into more than opinion—these are interpreted into actionable
knowledge that can inform more robust, context-sensitive planning decisions.

Importantly, this suggests that the conceptual framework developed in this study
could underpin the creation of future tools to bridge the GI knowledge–implementation
gap. Such tools need to have capacity building as a central focus and be in alignment
with broader urban resilience and transdisciplinary governance strategies. In the New
Zealand context, this means building on initiatives like the Enviroschools programme and
Te Mana o te Wai principles that already encourage nature-based, community-led planning
approaches.

5.4. Implications for Practice and Policy

These findings have significant practical implications. They initially present the
necessity to develop targeted training and capacity-building programmes to aid stakeholder
understanding of integrative planning mechanisms. Secondly, they provide enabling case
studies, empirical findings, and cross-sectoral learning that can strengthen GI’s overall
benefits beyond water management. Third, the moderate-to-strong statistical confirmation
of the conceptual framework dimensions indicates its promise as a diagnostic instrument for
evaluating the maturity of GI planning practices in various urban settings. For policy, this
study recognises the need to ground transdisciplinary collaboration in planning mandates
and allow sufficient time and resources for participatory, inclusive GI design. Cities must
move beyond traditional consultation models and embrace deeper co-creative practices to
optimise GI as a tool for constructing resilience.

Projects like the Totally Georgeous Street Project (TGS) faced issues with major ele-
ments proposed due to a lack of knowledge and technical knowledge on GI implementation,
together with the level of collaboration employed [2]. Hence, such a project from findings
would benefit from this framework when managed with the right collaboration tool due
to the boundary nature of GI [15,27]. These findings have implications for cities seeking
to transition toward sustainable urban development. The inconsistency in stakeholder
perceptions underlines the importance of transdisciplinary collaboration to ensure that GI
planning incorporates a variety of expertise and is understood across sectors.
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6. Limitations and Future Research
This analysis draws on self-reported data collected through an online survey, which

allows for broad participation across sectors. But the responses were shaped by individual
perspectives, which professional biases, role-specific knowledge, or assumptions about
GI implementation may influence. As a result, the findings reflect how the respondents
perceive the usefulness of each element and stage of the framework. This individual
perception might limit clarity on how it performs in real-world applications. Future
research will adopt focus groups or interviews, offering a platform for deeper dialogue
and reflection among planners, policymakers, and community members. Furthermore, the
lack of a defined population or sampling frame (registry of environmental professionals in
New Zealand) encouraged the use of both a purposive and snowball sampling technique.
This led to the use of expert judgement and an organisational network to reach a relevant
audience. Hence, the sampling strategy may have been more favourable to the connected
or visible professionals. This in turn may potentially overlook more marginal perspectives.
Future studies could strengthen sample diversity by combining these methods with a
random sampling approach.

Also, the participants were derived from a limited population in Aotearoa New
Zealand. Most respondents were based in Aotearoa New Zealand, which was selected
because of the country’s climate change issues and its growing efforts to meet climate
emission standards. From this geographic limitation, the findings may be interpreted as
exploratory and context-dependent. Although there is concern for the applicability of
the framework in other geographical areas with differing political climates, this study
suggests that it can be applied in other urban areas. Notably, to ensure efficiency in its
application, the framework needs to be adapted in light of the concrete local policies
applied in different cities. Hence this realisation indicates that this study can be applied
to other policy consideration frameworks [25]. Furthermore, while these contexts provide
essential insights, the framework was not tested against the unique conditions of the Global
South, where infrastructure constraints, informal development, and governance challenges
may significantly influence the feasibility of GI integration. Future research will test this
framework in the Global South to improve the generalizability of the findings to diverse
international settings.

Due to time constraints, this study was limited to how stakeholders engage with and
assess the framework, which is an important step. This study, however, does not further as-
sess how the framework influences actual planning processes, policy decisions, or resilience
outcomes over time. The next step will include a longitudinal data or performance-based
evaluation, making an assessment of the outcomes rather than perceptions. This will also
be focused on a GI-related project, making it easy to assess the outcome of the framework.

Finally, further research would explore the development of a practical tool, such as
a GI-readiness score card or guide, which could support GI professional practitioners
in operationalizing the framework. Such a tool would aid cities record and assess their
progress, identify gaps, and make more informed decisions about where and how to invest
in GI for not only transport but also for urban resilience.

7. Conclusions
The results affirm that stakeholders’ perceptions of GI are highly significantly related

to the dimensions within the conceptual framework. The findings further reinforce the
validity of the conceptual framework when assessing the effectiveness of GI as stakeholder
engagement, policy support, economic considerations, technical sustainability, governance,
and time allocation represent material elements for the integration of GI. Based on the
research, one of the most relevant conclusions is that self-reported familiarity with GI
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contrasts significantly with the recognition of specific GI benefits. Stakeholders reported
knowledge in GI, though there is a disconnect in the detailed multifunctional benefits
other than stormwater management. In addition, the dominance of multidisciplinary
collaboration suggests a need for more efforts towards integrating interdisciplinary and
transdisciplinary approaches for holistic GI planning.

Best practices recommendations to improve GI integration thus focus on

• Increased Education and Awareness: Stakeholder training and public awareness about
underrecognized GI benefits—for example, improving air quality and mitigating
natural hazards—should be conducted.

• Empirical Evidence and Case Studies: More practical applications with quantified
evidence of the effectiveness of GI should be shared with professionals to firm up
confidence in GI solutions.

• Improved stakeholder collaboration: GI policy initiatives can stimulate more multi-
and transdisciplinary collaboration on how GI planning better captures diverse per-
spectives and expertise.

• Availability of Time for GI Planning: This includes time for sufficient stakeholder
inclusion and iteration across the planning stages that may help enhance GI results.

This study thus underlines the need to close the gap in knowledge as well as in-
creasingly integrative collaborative approaches toward GI planning. As the conceptual
framework already provides an applicable basis from which to both understand and ad-
vance integration of the GIs, meeting the gaps regarding stakeholder perceptions and
interdisciplinary cooperation will be impossible without additional research and inter-
vention policy efforts. Although this study provides a solid basis for understanding and
advancing GI integration, the geographically limited sample and absence of real-world
implementation or longitudinal performance tracking can be noted. Additionally, the
framework has not yet been tested in Global South contexts where infrastructure and gov-
ernance dynamics may differ significantly. However, this study presents vital theoretical
implications and opens up opportunities for developing tools to help cities operational-
ize and access GI investments. Future research will then apply this framework through
empirical case studies to test its applicability in GI projects. Also, further studies will
evaluate possible performance gaps using a geospatial assessment tool, which can offer
a replicable methodology for cities to measure GI’s contribution to resilience and inform
future investments.
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