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Editorial - Green Infrastructure Futures 

Green Infrastructure: Evolution and Current State

It is almost 30 years since the phrase “green infrastructure” (GI) was first used to describe an approach to landscape planning that integrated people and nature, ecology and the economy, and sustainability and growth (Benedict & McMahon, 2006), and 20 years since the first attempts to both categorise and conceptualise what the term means and does (Matsler et al., 2021). Since the first use in the Florida Greenways Plan the focus of green infrastructure research, policy and planning has evolved and diversified to meet the needs of climatically, politically, and socio-economically complex places. This has facilitated an ongoing debate reporting on the antecedents of the concept, its use in current praxis, and what the future might hold for an idea that is both everything and nothing (Mell, In Press) and old wine in new bottles simultaneously (Davies et al., 2006). 

We can argue that there are a grounded set of principles that underpin what green infrastructure is, and what it does. These reflect notions of people/nature connectedness, multi-functionality, integrated policy hierarchies and structure, spatial connectivity, and an acknowledgement that sustainable places deliver socio-economic, cultural and ecological benefits to all. However, within the discussion of green infrastructure, the lack of a single and universally-accepted definition has led to debates and ongoing claims the concept is “contested” (Matsler et al., 2021; Wang & Banzhaf, 2018). Rather than focusing on the lack of cohesion, we argue that the strength of the concept is in its ability to act as an umbrella term and boundary object. The flexibility of the term and lack of prescriptive detail allows green infrastructure to be used in a more nuanced way to meet local, national and international needs. This is not to dismiss Wright's (2011) framing of diversity as problematic, but instead to suggest that variation and the ability of green infrastructure to evolve – to travel – in response to context is potentially more beneficial. 

The positioning of alternative approaches of green infrastructure planning presented in this special issue of Urban Forestry & Urban Greening examines how diverse approaches and new voices are shaping green infrastructure planning, highlighting the role of place, culture and politics in managing nature in urban areas (Washbourne, 2022; Garmendia et al., 2016). Moreover, the papers considering new frontiers for the role of big data in assessing land use change and modelling the ecological value of green infrastructure lay a solid foundation for a greater engagement with new technologies. Finally, the nine papers and communications presented in the special issue discuss the role of equity, land ownership and rights to nature, the changing cultural narratives of place, and how these fit within ever changing thinking regarding the relationships between people, place and the environment. While these articles present new knowledge and synthesise what we know so far, they also pose important questions essential for advancing the field. More importantly, by considering green infrastructure from such a diverse set of perspectives we promote the view that green infrastructure research is purposefully engaging with difficult conversations and providing space innovative thinking to shape the development and management of both urban and ecological infrastructure (Cheshmehzangi, 2022; Chatzimentor, Apostolopoulou, & Mazaris, 2020). 

As special issue editors, we feel that providing space to challenge the established narratives surrounding green infrastructure is a positive. It allows for alternative technical, conceptual and geographical considerations to be made that look beyond the UK, North America and Australia. It also promotes a wider thematic discussion to be held that moves beyond water-centric (Finewood, Matsler, & Zivkovich, 2019), climate resilience (Meerow et al., 2021; Meerow, 2020) or the spatial planning aspects (Clement & Mell, 2023) frequently discussed in the green infrastructure literature. The aim of the special issue is therefore to spark debate – geographically, thematically, and between disciplines, to further our understanding of green infrastructure. To aid this process one point that each of the papers make in achieving this is that they note that green infrastructure is valued – economically, socio-culturally, and ecologically – and should be viewed as being essential infrastructure (Mell & Scott, 2023). By framing green infrastructure as a critical element of sustainable places the papers argue that urban nature can be more effectively managed. Moreover, green infrastructure can be planned to meet strategic, as well as, local needs, thus facilitating a greater resilience to change, be it related to health, economic prosperity of climate (Wang, Chang, & Fan, 2021; Hansen et al., 2019; Madureira & Andresen, 2014). Each of the nine papers therefore propose additional lines of argument that will be used to shape green infrastructure thinking in the future. 

Contributions in this Special Issue

Collectively, these nine papers reveal several important advances in green infrastructure research and practice. The paper by Kamjou, Scott, & Lennon (2024) for example examines the use of community knowledge to navigate the problems associated with access to green infrastructure in informal settlements in Tehran, Iran. The paper argues that as a growing proportion of people, upwards of 20%, are now living in informal settlements that access to nature for water, food security, and cultural attachments to place are being challenged. Moreover, as the risks associated with climate change increase, the vulnerability of communities with limited tenure are magnified, and as such the role of environmental knowledge within these communities is critical to the promotion of sustainable land uses. They argue that the recreational and cultural values of greenspace can be protected by focusing on local land use, whilst ensuring that environmental limits are not exceeded. The authors also reflect on how traditional forms of land management can help to address flooding and moderate extreme temperatures to enhance liveability. Kamjou, Scott, and Lennon also note that the restrictions placed on access, ownership and management by the formal planning structures of the City of Tehran are challenging the ability of informal green infrastructure users to future proof their lives to climate change. Overall, the paper argues that locally nuanced appreciations of place that are sensitive to cultural understandings of Tehran’s environment are critical to the long-term maintenance of socio-ecologically functional landscapes.  

Cultural appreciations of the social and ecological connectedness of green infrastructure are also central to the consideration of community gardens and the 15-minute city ideas explored in New York City by Limerick et al. (2023). In their analysis they find that 53.3% residents in New York City are within a 15-minute walk of a community garden, with those in low income and higher ethnically diverse neighbourhoods more likely to be near a community garden. Nevertheless, they also suggest that those with higher educational attainment have better access. The study highlights the spatial diversity of community garden locations and how they have been used to address historical food security needs, an issue previously discussed by Schmelzkopf (2002). The authors also explore how the availability of vacant land that could be developed as community gardens is uneven. An issue exacerbated by the lack of a strategy to deliver new resources equitably – especially for those with limited access to both private transport options and other public infrastructure by the City of New York. The paper foes on to reflect on a series of innovative scenarios that the city could use to identify locations that promote the 15-minute city agenda. This is achieved via remote sensing analysis and would potentially help to address the historical distribution of community gardens in New York and other cities in North America. 

The use of innovative analytical methods is also central to the paper by Atiqur Rahaman, Längkvist, & Loutfi (2024). Their work again uses remote sensing (satellite orthophotos) and deep machine learning to help estimate the green space of cities in Sweden and specifically focusses on the city of Örebro. The paper examines the use of a deep convolutional neural network (CNN) ensemble method to achieve a more robust semantic segmentation of greenspace at a fine-grained level. These are combined with functional values (pre-determined via literature review and covering a range of green infrastructure elements) to provide a green space index score. Moreover, the study uses a weighted ensemble method to detect and categorize green infrastructure elements, which when coupled with the framework’s adaptability and modularity, allows the analysis to be framed towards local context. The process can facilitate calculations for a single site or the entire city due to the inclusion of satellite imagery.  The authors also note that the process incorporates “quality” factors into the analysis but there is a lack of detail pertaining to what quality means in terms of their green infrastructure analysis, which could be problematic going forward. The work concludes that the data-driven analysis requiring technical expertise and deep machine training/learning can be a cost-effective method of evaluating green space and is transferable between locations. However, the accuracy and ability to interpret specific elements of remote sensing images, i.e. shade, effectively requires further research. 

A combination of a variety of data sources to highlight the value of green infrastructure is also undertaken by Loch et al. (2024), who quantify health benefits of access and use of green space in Adelaide, Australia. They use cell phone ‘ping’ data to estimate the number of visitors, surveys of park users, and public health data to support their work. The authors find that park users report better health than the general population, especially among users from more disadvantaged socio-economic areas. They extrapolate healthcare cost savings from this data, noting that although the health differences are visible, determining causality from the data is difficult. They do however estimate that approximately AU$140 million worth of reduced healthcare costs was generated through access to biodiverse green spaces adjacent to the city – equivalent to around 4% of the total South Australian healthcare budget.

Hsiao & Huang (2024) also discuss the value of green infrastructure. In their case they focus on small-scale green infrastructure in Taipei through the lens of public-private partnerships to examine how these spaces differ (or not) in the delivery of social benefits. They find smaller green and blue spaces contribute meaningfully to the city’s broader green infrastructure network through enhanced connectivity and functionality. The authors argue that this is important because a network of green infrastructure supports health and well-being, access to nature in high density locations, and promotes social cohesion. The focus on public-private partnerships is also critical as the paper discusses how funding and project location influence the scope of what green infrastructure is developed, and consequently what value they have for different communities. Importantly, the paper frames this debate in a post covid-19 environment, suggesting that the development of small-scale green infrastructure interventions has a role to play in fostering interaction and community cohesion. They can also be viewed as compensating for the lack of large-scale green infrastructure resources within Taipei more widely. Green infrastructure is therefore presented as a positive facilitator of community in a high-density urban area. 

The research of Vilanova, Ferran, & Concepción (2024) shifts away from people-orientated planning and focusses on the ecological network perspective implicit in landscape ecology to Madrid’s green infrastructure network in its analysis. Their work complements the discussion presented by Hsiao and Huang for small-scale green infrastructure investments in Taipei, proposing that connectivity is often downplayed in urban centres, and alternatively they examine the potential for ecological corridors to link urban/rural green infrastructure elements. Vilanova and colleagues outline a novel framework that would align district, city, and regional thinking on connectivity to propose a series of investment scenarios for Madrid that would maximise the functionality of the proposed corridors. This is achieved via GIS mapping of existing ecological elements and gaps in Madrid’s environmental network to identify key hubs and nodes for future green infrastructure corridors. They therefore advocate “for a connected hierarchical network that spans the entirety of the urban landscape”. While they note that this will not solve all environmental issues in urban areas, it would “underscore the critical importance” of networks as a supportive element of sustainable urban areas. 

Hansen et al. (2023) also utilise an ecological perspective proposing that planning for biodiversity should be a crosscutting driver of landscape and urban policy that works holistically with socio-economic and political factors to shape development in Germany. The paper examines the potential for biodiversity to extend the framings of green infrastructure that were integrated into planning at the federal level in Germany in 2016. They propose a series of goals and sub-goals for biodiversity-focused green infrastructure development that can be aligned with exiting sustainability criteria including health, climate adaptation, social cohesion, green building culture, mobility transitions, and economic development. The seven goals and twenty sub-goals map effectively onto the core principles of green infrastructure to support increased access to, and the experience of, nature in urban areas, connectivity and the creation of multi-functional landscapes, and improved management of urban nature to enhance its socio-ecological functionality. To achieve this Hansen et al. draw on case studies from eight German cities to support their proposals illustrating governments’ opportunity to invest in biodiversity-centric planning at a site and city scale.

While other papers in the special issue, such as Limerick et al. (2023) discuss urban inequities, Derickson et al. (2024) unpack the issue of justice in green infrastructure. They discuss the role of cities as centres of sustainability thinking but also as complex amalgams of socio-economic and ecological variation. Within the paper Derickson et al. “identify key tenets to guide the research process in order to advance justice-oriented urban greening research.” This is used to illustrates the plurality of justice within green infrastructure debates and suggests ways in which issues of positionality, power structures, and the commodification of nature in its many forms as green infrastructure can be more effectively aligned to “guide equity-oriented, justice-seeking urban greening research”. Their debate focuses on (i) the influence of temporal and spatial factors, (ii) researchers as knowledge brokers, (iii) the variation between proposed research successes and actual outcomes/change, and (iv) the proposition that green infrastructure should be developed via a “modest imaginaries” framing. This suggests that we move beyond the specificity of urban master planning and alternatively embrace the fluidity of meanings, values, and functions attributed to green infrastructure in both the global north and south to ensure that both investment and debate is reflective of local context. Such a viewpoint feeds into wider discussions of the plasticity of green infrastructure, and its presentation as a boundary object that can be discussed in a more meaningful way when spatial and disciplinary boundaries are challenged (Mell & Whitten, 2023).

The final paper by Zhang & MacKenzie (2024) extends the consideration of green infrastructure as a positive mechanism for landscape and urban planning by examining the benefits and disservices associated with ecosystem services. Via a systematic literature review, the authors highlight the nuance in which ecosystem services are promoted most frequently, and where synergies exist between them. They note that cultural services are discussed least in the literature and identify more explicit supporting relationships exist between provisioning and regulating services. The paper highlights three key factors that shape synergies and trade-offs in service/disservice discussions, namely, “contextual factors and perception of stakeholders”, which differ depending on scale and geography. For example, Zhang and MacKenzie note a lack of detailed analysis on ecosystem services in the global south which potentially hinders the ability to plan effectively for nature. They also conclude, in contrast to Derickson et al., that trade-offs and synergies should be “value free” in green infrastructure planning, but acknowledge that this is difficult when contextual, geography, and knowledge/expertise are factored into the process. 


Emerging trends in Green Infrastructure Research

Looking across the nine studies in this SI, we identify four emergent frontiers for green infrastructure futures. We see these as important avenues for future research:

1. New technologies and methods for quantifying the extent and value of green infrastructure.  including the use of remote sensing (Limerick et al., 2023), machine learning and remote sensing (Rahaman et al., 2024), and cell phone ‘ping’ data (Loch et al., 2024). These tools are helping us understand not just where green infrastructure exists, but how it is used and valued.
2. Promising organizing lenses for green infrastructure planning that make explicit use of justice (Derickson et al., 2024), biodiversity (Hansen et al.), and landscape ecology (Vilanova et al., 2024) to frame debate. Whether examining community gardens in New York or informal settlements in Tehran, the elevation of justice and equity in the field highlights the centrality of justice and equity alongside ecological dimensions of green infrastructure planning.
3. The need for more culturally and geographically contextualized green infrastructure that utilises the local knowledge associated with informal settlements (Kamjou, Lennin & Scott, 2024) and small-scale interventions (Hsiao and Huang, 2024). From small urban interventions in Taipei to regional ecological networks in Madrid, the papers in this issue highlight a move away from the one size fits all approaches.
4. The need to understand and navigate synergies and tradeoffs in green infrastructure benefits that are culturally, geographically and disciplinary structured (Zhang and MacKenzie, 2024; Hansen et al., 2023; Kamjou, Derickson et al., 2024). The papers reveal both the challenges and opportunities in balancing multiple objectives - from biodiversity conservation to social cohesion - and suggest frameworks for making these decisions more systematically.

It is hoped that through this SI green infrastructure debates continue to evolve and expand to include considerations of a wide range of issues, techniques, and contexts. Whilst we would argue that the core principles of green infrastructure remain central to these debates, the articulation of what green infrastructure is, what it does, and who benefits from it should continue to change. Whether this is via deep machine learning to aid the interpretation of green space index, the use of GIS modelling to support more equitable allocations of green infrastructure, or a consideration of the integration of climatic or land management knowledge in local planning for green infrastructure, all of which offer useful avenues for research, planning interventions, and policy. What is important though is to ensure that the benefits of green infrastructure (and to whom) are central to these conversations, and that the ways in which green infrastructure elements and networks are created and managed focusses on delivering more climate resilient and equitable provision, quality, and quantity for all (Dennis et al., 2020; Nesbitt et al., 2019; Lindsey, Maraj, & Kuan, 2001). Moreover, the growing focus on issues of equity and the framing of justice within planning for nature (Heck, 2021; Hoover et al., 2021; 2023), and assessing access to (and benefiting from) nature is critical to understanding where green infrastructure research may focus in the future (Chen, Yue, & La Rosa, 2020; Rigolon et al., 2018).  

The papers presented are therefore part of a growing global conversation regarding green infrastructure and its value to society, and as an area of academic debate. The development of new knowledge from non-European and North American perspectives is viewed as a positive as it expands the relevance of green infrastructure to different geo-political contexts, and importantly opens these debates to new voices who will shape how green infrastructure is developed in the future. As the world continues to tackle the climate and biodiversity crises, growing health inequality, and infrastructure redundancy these new arenas of debate including: 

· Methods for quantifying and balancing multiple benefits and trade-offs in green infrastructure planning. This could refer to development and validation of new measurement tools that combine technological innovation (e.g., machine learning, remote sensing) with ground-truthing and community perspectives (bringing together tech and the social stuff that is highlighted)
· Comparative studies across different geographic and cultural contexts to better understand how green infrastructure concepts translate and adapt (we could reference the IAPA special issue where we struggled to get those diverse perspectives, but that might be a bridge too far….)
· Longitudinal studies to assess the long-term impacts of different green infrastructure approaches, particularly regarding equity outcomes (or exploring the factors that enhance equity in access and use?)
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