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Abstract
Diverse knowledge insights are essential to inform action on bringing about transfor-
mations in how societies live with changing Earth, ocean and coastal systems. However,
knowledge forms typically used in governance systems are stubbornly limited. This paper
analyses the extent to which an expanding ontology of the concept of ‘infrastructure’ can
contribute to building more integrated knowledge for governance in ocean and coastal
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contexts. This paper asks: What can creative and critical engagement with infrastructure
thinking offer to efforts to bring together diverse forms of knowledge and to develop
more effective and ethical governance in changing coastal contexts? Employing a qual-
itative assessment of how the concept of infrastructure is defined in multiple disciplines
and contexts, the paper identifies three heuristic types of structures, things and processes
that can collectively inform interdisciplinary dialogue and governance dialogue: (i) built/
physical infrastructure, (ii) environmental infrastructure, and (iii) societal/cultural in-
frastructure. Drawing on insights from critical infrastructure studies and more-than-
human perspectives, the paper then identifies ontological and methodological challenges
of integration, values, and power/agency for those who engage a multi-faceted conception
of infrastructure to frame analysis and action. Bringing these insights together, the paper
argues that infrastructure thinking provides a means to facilitate interdisciplinary dialogue,
and a useful lens with which to analytically integrate diverse forms of knowledge about/in
ocean and coastal contexts. However, cautious and critical perspectives are needed to
support efforts in (re)thinking and integrating for collective action and governance.

Keywords
social-ecological, assemblages, governance, critical infrastructure studies, knowledge
integration

Introduction

The accelerating rate of change in Earth-Ocean systems is linked to an evolving
“constellation of governance challenges,” including shifts in social, cultural, economic,
technical and environmental systems that require diverse and linked knowledge to un-
derstand and address.1 Challenges caused by environmental, climate and societal change
are also experienced unevenly and intersectionally, as diverse pressures, impacts, and
hazards—such as climate change, extreme weather, pollution, food insecurity, floods,
draught and conflict—affect individuals, groups, peoples and communities in different
ways.2 Social-ecological and Earth systems research and policy have contributed to a
paradigm shift towards integrative perspectives as efforts to overcome the constraining
effects of disciplinary and knowledge fragmentation on effective governance intensify.3

1Sarah Burch, Aarti Gupta, Cristina YA Inoue, Agni Kalfagianni, Åsa Persson, Andrea K. Gerlak, Atsushi Ishii
et al. “New directions in earth system governance research.” Earth system governance 1 (2019): 100006. https://
doi.org/10.1016/j.esg.2019.100006.
2K. A. Alexander. Aysha Fleming, Narissa Bax, C. Garcia, Jan Jansen, K. H. Maxwell, J. Melbourne-Thomas
et al. “Equity of our future oceans: practices and outcomes in marine science research.” Reviews in Fish Biology
and Fisheries 32, no. 1 (2022): 297–311. https://doi.org/10.1007/s11160-021-09661-z.
3Frank Biermann. “The future of ‘environmental’policy in the Anthropocene: Time for a paradigm shift.” In
Trajectories in environmental politics, pp. 58–77. Routledge, 2022. https://doi.org/10.1080/09644016.2020.
1846958; Carl Folke. “Resilience: The emergence of a perspective for social–ecological systems analyses.”
Global environmental change 16, no. 3 (2006): 253–267.
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Governance tends to be informed by limited considerations of science and a limited range
of knowledge forms.4 Such a limited range of scientific input has largely failed to support
transformative change and has alienated marginalised groups and communities through
disenfranchising their input. If we are to successfully respond to current and future social-
ecological threats, new approaches and innovative concepts to resolve the challenges of
fragmented knowledge and governance are needed.5

Attention to the concept of infrastructure (broadly defined) is a candidate for fresh
interdisciplinary thinking and integrative insight for several reasons. First, redesigning
built infrastructure is at the forefront of academic and policy discussions about causes and
solutions to the biggest challenges facing society. For some analysts, transitioning to a low
carbon economy to address climate change globally will potentially require more than
nine trillion dollars in spending on built-physical infrastructure.6 Secondly, to meet global
goals for sustainable development and address climate change, other researchers have
suggested that transformational perspectives and action on infrastructure are needed to
build adaptive systems and resiliency to protect communities and ecosystems.7 Thirdly,
some assessments suggest enhancing the resilience of coastal infrastructure in the face of
climate change will require a “whole of society” approach, demonstrating the demand for

4Ingrid J. Visseren-Hamakers. “Integrative environmental governance: enhancing governance in the era of
synergies.” Current Opinion in Environmental Sustainability 14 (2015): 136–143; Ingrid J. Visseren-
Hamakers “A framework for analyzing and practicing Integrative Governance: The case of global animal and
conservation governance.” Environment and Planning C: Politics and Space 36, no. 8 (2018): 1391–1414;
Ingrid J. Visseren-Hamakers “Integrative governance: The relationships between governance instruments taking
center stage.” Environment and Planning C: Politics and Space 36, no. 8 (2018): 1341–1354; Lucia Fanning,
and Robin Mahon. “Governance of the global ocean commons: hopelessly fragmented or fixable?” Coastal
Management 48, no. 6 (2020): 527–533. https://doi.org/10.1080/08920753.2020.1803563; Robert L. Ste-
phenson, Alistair J. Hobday, Christopher Cvitanovic, Karen A. Alexander, Gavin A. Begg, Rodrigo
H. Bustamante, Piers K. Dunstan et al. “A practical framework for implementing and evaluating integrated
management of marine activities.”Ocean & Coastal Management 177 (2019): 127–138. https://doi.org/10.1016/
j.ocecoaman.2019.04.008
5Burch et al., “New directions in earth system.”
6Mekala Krishnan, Boston Hamid Samandari, Jonathan Woetzel, and Sven Smit. “The net-zero transi-
tion.” (2022). https://www.mckinsey.com/∼/media/mckinsey/businessfunctions/sustainability/ourinsights/
thenetzerotransitionwhatitwouldcostwhatitcouldbring/the-net-zero-transition-what-it-would-cost-and-what-
it-could-bring-final.pdf.
7Amar Bhattacharya, Jeremy Oppenheim, and Nicholas Stern. “Driving sustainable development through better
infrastructure: Key elements of a transformation program.” Brookings Global Working Paper Series (2015);
Ganapin, Delfin, “Sustainable Infrastructure Needs to Look beyond Climate Change.” World Wildlife Fund,
2018, https://www.worldwildlife.org/blogs/sustainability-works/posts/sustainable-infrastructure-needs-to-look-
beyond-climate-change; Ryan Bartlett. “Incorporating Nature in Infrastructure Development.”, 2021, https://
files.worldwildlife.org/wwfcmsprod/files/Publication/file/6naelbx7sf_Infrastructure_and_Nature_Webinar_
Series_Key_Conclusions_and_Recommendations.pdf?_ga=2.217556754.568651810.1637932775-202228067.
1637932775.
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interdisciplinary thinking.8 Fourth, prominent attempts to redesign global social policy
are infused with infrastructure assumptions, ideas and expectations.9 In this context, this
paper asks: What can creative and critical engagement with infrastructure thinking offer to
efforts to bring together diverse forms of knowledge and to develop more effective and
ethical governance in changing coastal contexts?

This paper is structured as follows: In section two, we describe the main methods and
approach taken. Section three describes how the concept of infrastructure has been used to
conceptualise a diversity of fundamental systems and processes across multiple disci-
plines and diverse social-ecological domains. The analysis categorises uses and meanings
of the term infrastructure into three relatively common and distinct types—built/physical,
environmental and societal/cultural—and highlights their relevance for ocean and coastal
contexts This categorisation constitutes a heuristic device to provide a relatively inclusive
basis for informing interdisciplinary analysis, but current engagement with such dis-
tinctions and uses is often problematic and should be tempered with critically-informed,
integrated analyses. Therefore, in section four, we draw on and contribute to critical
infrastructure studies by questioning narrowly technocratic and instrumentalist under-
standings of infrastructure, and discussing an expanded ontology of infrastructure that is
inclusive of more relational, integrated, and more-than-human relations and cohabitation
principles.10 Integrating insights from social-ecological systems thinking with more-than-
human assemblage dynamics perspectives,11 this paper provides examples of an ex-
panded ontology of infrastructures in ocean and coastal contexts, consistent with the
emerging field of interdisciplinary and critical ocean governance scholarship within the
United Nations Decade of Ocean Science for Sustainable Development (2021–2030).12

We conclude that researchers and practitioners should critically and ethically approach
infrastructure as an analytical method, including by considering thorny challenges as-
sociated with interdisciplinary integration, values, and agency/power if they use the term

8Darren Swanson, Deborah Murphy, Jennifer Temmer, and Todd Scaletta,“Advancing the Climate Resilience of
Canadian Infrastructure.” 2021, https://climatewest.ca/wp-content/uploads/2022/01/climate-resilience-
canadian-infrastructure-en.pdf.
9Arturo Escobar, and Diane Rocheleau, eds. New ecologies for the twenty-first century. London and Durham,
NC: Duke University Press, 2018.
10Susan Leigh Star. “The ethnography of infrastructure.” American behavioral scientist 43, no. 3 (1999): 377–
391; Abel, Jessamyn R., and Leo Coleman. “Dreams of infrastructure in global Asias.” Verge: Studies in Global
Asias 6, no. 2 (2020): vi–xxix. https://doi.org/10.5749/vergstudglobasia.6.2.00vi; Maan Barua. “Infrastructure
and non-human life: Awider ontology.” Progress in human geography 45, no. 6 (2021): 1467–1489. https://doi.
org/10.1177/0309132521991220; Xiao Liu, and Shuang Shen. “Introduction: Infrastructure as an inter-Asian
method.” Interventions 25, no. 3 (2023): 297–305. https://doi.org/10.1080/1369801X.2021.2003228; Sara
Heitlinger, Marcus Foth, and Rachel Clarke, eds. Designing More-than-Human Smart Cities: Beyond Sus-
tainability, Towards Cohabitation. Oxford University Press, 2024. https://doi.org/10.1093/9780191980060.001.
0001.
11Michael Spies, and Henryk Alff. “Assemblages and complex adaptive systems: A conceptual crossroads for
integrative research?” Geography Compass 14, no. 10 (2020): e12534. https://doi.org/10.1111/gec3.12534.
12Alice B. M. Vadrot, Silvia C. Ruiz Rodrı́guez, Emmanuelle Brogat, Paul Dunshirn, Arne Langlet, Ina
Tessnow-von Wysocki, and Krystel Wanneau. “Towards a reflexive, policy-relevant and engaged ocean science
for the UN decade: a social science research agenda.” Earth System Governance 14 (2022): 100150. https://doi.
org/10.1016/j.esg.2022.100150.
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to inform discussion, planning, and policy. Based on the analysis, section five concludes
that applying infrastructure thinking as a method should be done cautiously and with
humility, as a means to respectfully wrestle with the role of infrastructures as fundamental
life-changing social-ecological assemblages.

Research Approach

Infrastructure is a term most commonly used to refer to the so-called human-built en-
vironment. Roads, bridges, buildings, airports, and communications networks are
commonly referred to as infrastructure. However, a brief search for the word in scholarly
and public policy literature reveals it is also used to mean other things and processes,
reflecting a degree of conceptual malleability and ontological vagueness. Even in the
literature on green urban infrastructure planning where it is perhaps most commonly
invoked, the concept remains broad and elusive, with a need for clarity in operation-
alisation.13 Conceptual difference and drift across disciplines, however, raises the
question of the potential for infrastructure thinking, once more effectively and critically
defined, to provide a means for building interdisciplinary knowledge in support of
understanding, planning and governance. To better understand the extent to which the
concept of infrastructure can contribute to interdisciplinarity and to effective governance,
we conducted a literature review using multiple search engines to identify distinct and
common uses of the term. These searches located engagement with the term across
diverse fields such as engineering and public works, computer science, biological,
ecological and environmental sciences, economics, anthropology, sociology, architecture,
political science, and hydrology. Rather than conduct a systematic review, however, the
purpose of this approach was to qualitatively identify common patterns of distinct uses.

The review identified three common and distinct uses and meanings of infrastructure.
In section three below, we discuss each category of use and meaning in turn and provide
specific examples from ocean and coastal contexts, demonstrating the methodological
potential for infrastructure thinking as a means to interdisciplinary governance dialogue in
these contexts. At the same time, the literature review identified insights from the field of

13Rieke Hansen, and Stephan Pauleit. “From multifunctionality to multiple ecosystem services? A conceptual
framework for multifunctionality in green infrastructure planning for urban areas.” Ambio 43 (2014): 516–529.
https://link.springer.com/article/10.1007/s13280-014-0510-2.
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critical infrastructure studies—which engages ethnography, science and technology
studies (STS), political ecology, postcolonial studies, media studies, digital humanities,
waste and discard studies, literary theory, and the arts—that emphasise more relational
and integrated understandings of each type of infrastructure.14 Insights from some of these
contributions suggest that researchers should not uncritically accept either the common
conceptual distinction between the three infrastructure types explained below, or the
distinction between human and non-human categories. Researchers should instead respect
an ontology of more-than-human – “an increasingly recognized term that aims to em-
phasize capabilities and actions of all agents, without privileging humans”.15 In a context
of increasing calls to challenge anthropocentricism in infrastructure studies and broader
interdisciplinary calls for more-than-human assemblage dynamics, this paper contributes
to efforts to cope with current and future governance challenges by engaging an expanded
ontology of infrastructure that aims to help critique, inform and inspire new narratives and
approaches for forward-looking action in ocean and coastal research and governance.

Infrastructure Types

Built/Physical Infrastructures

Most literature, discourse and definitions of infrastructure generally refer to large-scale
built materials and physical networks that support societal or public health, safety and
welfare.16 Within engineering, physical and planning sciences literatures, for example,
infrastructures are commonly understood as the technical and physical materials,
structures and networks that animate and facilitate the material substances that typically
support society. At a fundamental level, these built infrastructures can be conceived of as
matter that enables the movement of other matter.17 As material forms that comprise the
architecture for networks and circulation, infrastructures can be broadly viewed as

14Susan Leigh Star. “The ethnography of infrastructure”; Anderson, Sheila. “What are research infrastructures?”
International Journal of Humanities and Arts Computing 7, no. 1–2 (2013): 4–23. https://www.euppublishing.
com/doi/10.3366/ijhac.2013.0078; Parks, Lisa. “Stuff you can kick: Toward a theory of media infrastructures.”
In Between humanities and the digital, pp. 355–373. MIT Press, 2015; Nicole Starosielski. “Fixed flow:
Undersea cables as media infrastructure.” In Signal traffic: Critical studies of media infrastructures, pp. 53–70.
University of Illinois Press, 2015. https://www.jstor.org/stable/10.5406/j.ctt155jmd9.6; Michelle Ty. “Trash and
the Ends of Infrastructure.” MFS Modern Fiction Studies 61, no. 4 (2015): 606–630. https://www.jstor.org/
stable/26421823; Jessamyn R. Abel, and Leo Coleman. “Dreams of infrastructure in global Asias.” Verge:
Studies in Global Asias 6, no. 2 (2020): vi–xxix. https://doi.org/10.5749/vergstudglobasia.6.2.00vi; Daniel
Banoub, and Sarah J. Martin. “Storing value: The infrastructural ecologies of commodity storage.” Environment
and Planning D: Society and Space 38, no. 6 (2020): 1101–1119. https://doi.org/10.1177/0263775820911942;
Xiao and Shen. “Introduction: Infrastructure,”… 297–305.
15Bonnie Gordon, and Stanislav Roudavski. “More-than-human infrastructure for just resiliance: Learning from,
working with, and designing for Bald Cypress Trees (Taxodium distichum) in the Mississippi River Delta.”
Global Environment 14 (2021). p. 447.
16Michael Neuman.. “Infiltrating infrastructures: On the nature of networked infrastructure.” Journal of Urban
Technology 13, no. 1 (2006): 3–31. https://doi.org/10.1080/10630730600752728.
17Brian Larkin. “The politics and poetics of infrastructure.” Annual review of anthropology 42, no. 1 (2013):
327–343. https://doi.org/10.1146/annurev-anthro-092412-155522.
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providing the undergirding of modern societies and they generate the ambient envi-
ronment of everyday life.18 On land, such foundational networks, structures and processes
include water and wastewater services, energy/power generation and distribution, mass
transit, roads, railways, bridges, waste and recycling services, buildings, ports, and
telecommunication networks that enable, sustain or enhance societal living conditions and
commerce. Table 1 below provides examples of ocean and coastal built-physical in-
frastructure. Built/physical infrastructures are typically defined as fundamentally about
things that have special life-supporting attributes.19 It is important to acknowledge,
however, that built/physical infrastructure both supports life as we know it and places life
at risk. An example is plastic materials, which have created a “massive infrastructural
challenge of discards globally,” including in ocean and coastal contexts.20

Environmental Infrastructures

From quite different perspectives, other researchers and practitioners use the concept of
infrastructure to refer to environmental structures and processes that support life.21 Since
the 1980s, for example, scientists and conservationists have suggested that ecosystems
should be considered as a type of infrastructure, with terms such as ecosystems, eco-
logical, natural, green, and blue often used in front of the word infrastructure.22 From this
general perspective, “[e]cological infrastructure refers to naturally functioning ecosys-
tems that deliver valuable services to people, such as fresh water, climate regulation, soil
formation and disaster risk reduction. It is the nature-based equivalent of built or hard
infrastructure, and is just as important for providing services and underpinning socio-
economic development”.23 The concept green infrastructure is sometimes used to refer to
the integration of environmental and semi-environmental forms of infrastructure, with
some including designed and strategically planned forms of physical infrastructure. Green

18Larkin, “The politics and poetics of infrastructure,” p. 328.
19Geoffrey Bowker. “Information mythology and infrastructure.” Information acumen: The understanding and
use of knowledge in modern business (1994): 231–247; Geoffrey C. Bowker, and Susan Leigh Star. “Building
information infrastructures for social worlds—The role of classifications and standards.” In Community
computing and support systems: social interaction in networked communities, pp. 231–248. Berlin, Heidelberg:
Springer Berlin Heidelberg, 1999; Star, “Ethnography of infrastructure”, 377–391.
20Max Liboiron. “Against awareness, for scale: garbage is infrastructure, not behavior.” Discard Studies. 2014.
https://discardstudies.com/2014/01/23/against-awareness-for-scale-garbage-is-infrastructure-not-behavior/.
21Brett M. Frischmann. Infrastructure: The social value of shared resources. OUP USA, 2012.
22Tony Matthews, Alex Y. Lo, and Jason A. Byrne. “Reconceptualizing green infrastructure for climate change
adaptation: Barriers to adoption and drivers for uptake by spatial planners.” Landscape and urban planning 138
(2015): 155–163. https://doi.org/10.1016/j.landurbplan.2015.02.010; José Maria Cardoso Da Silva, and Emily
Wheeler. “Ecosystems as infrastructure.” Perspectives in ecology and conservation 15, no. 1 (2017) p, 33.
23South African National Biodiversity Institute (SANBI). “Ecological Infrastructure.” 2013. p. 1. https://
biodiversityadvisor.sanbi.org/wp-content/uploads/2014/07/2013_Ecological-infrastructure-factsheet.pdf; See
also Bristow, K. L., S. M. Marchant, M. Deurer, and B. E. Clothier. “Enhancing the ecological infrastructure of
soils.” In 19th world congress of soil science, soil solutions for a changing world, p. 13. https://www.iuss.org/
19thWCSS/Symposium/pdf/1511.pdf; Brett M. Frischmann. Infrastructure: The social value of shared re-
sources. OUP USA, 2012. p. 228.
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infrastructure is thus often defined as a network of natural, semi-natural and restored areas
designed and managed to enable societal adaptation to change and to deliver societal
benefits.24 In these views, infrastructure is often explicitly linked and compared to built/
physical infrastructure, and intentionally conceptualised as a separate but equivalent form.
As Barua states, “Infrastructures become a medium of life as natural and infrastructural
ecologies meld, reorienting notions of design, architecture, planning and
governance…non-human life itself can be cast as infrastructure” (2021, 1467).

Environmental infrastructures and similar concepts are at the centre of a rapidly growing
research and practitioner agenda related to oceans and coasts. As signaled in Table 2, for some
researchers, “blue infrastructure” refers to the coastal and near shore habitats that provide the
physical matrix for ecological functions, which in-turn provide important services and ecological
benefits to society, including for job creation and coastal economies.25 From this perspective,
barrier islands, coral reefs and oyster reefs are understood as examples of infrastructures that
reduce the risk of coastal stormflooding and erosion and produce social and economic benefits.26

Coastlines, islands and even deep oceans are seen by some as important infrastructure for
influencing the nature and role that recreational and cultural aspects of coastal marine tourism can
have for community engagement, economies, human health and societal development.27 Indeed,
in some of the earliest global discussions about the popular idea of the blue economy, NGOs and
others suggested that “nature’s infrastructures” such as coral reefs andmangroves offer significant

Table 1. Examples of ocean and coastal built-physical infrastructure.

• Dykes and other coastal protection structures
• Shoreline alteration to reduce erosion
• Roadways, ferries, subsea tunnels and cross-sea bridges
• Oil and gas platforms
• Vessels and navigation systems
• Mariculture pastures, aquaculture pens, rafts, lines and buoys
• Seaport and wharfs, fish landing ports and processing plants
• Storage and transportation facilities
• Undersea cables
• Offshore wind power installations
• Artificial islands

24Da Silva and Wheeler. “Ecosystems as infrastructure.”
25P. E. T. Edwards, Sutton-Grier, and G. E. Coyle. “Investing in nature: restoring coastal habitat blue infra-
structure and green job creation.” Marine Policy 38 (2013): 65–71.
26Ariana E. Sutton-Grier, Kateryna Wowk, and Holly Bamford. “Future of our coasts: The potential for natural
and hybrid infrastructure to enhance the resilience of our coastal communities, economies and ecosystems.”
Environmental Science & Policy 51 (2015): 137–148. https://doi.org/10.1016/j.envsci.2015.04.006.
27Leticia Grimett. “The status of coastal marine tourism in KwaZulu natal in 2022.” American Journal of
Industrial and Business Management 12, no. 12 (2022): 1725–1760.
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unrecognised benefits.28 In the context of climate change and energy policy discussions, ocean
currents, tides, and wind are increasingly conceptualised as blue energy infrastructure for re-
newable clean energy to support sustainable coastal economies and society.29Discourses of green
and blue infrastructures are increasingly incorporated into planning and policy.30 The EU
Strategy onAdaptation toClimateChange adopted in 2021, for example, explicitly highlights the
need for green and blue infrastructures to support not only social and economic benefits but also
climate resiliency for mitigation, adaptation, and risk reduction.31

Societal/Cultural Infrastructures

Other theorists and researchers use the concept of infrastructure to refer to patterns of
human collective action or what social scientists call social structures, including inter-
related social, economic, cultural, and institutional structures.32 Within that literature
there appears to be two distinct sub-uses of the concept. In one use, “[s]ocial infrastructure
can be broadly categorised as: health; individual, family, and community support; ed-
ucation; arts and culture; information; sport and recreation; housing; community de-
velopment; employment and training; legal and public safety; emergency services; public

Table 2. Examples of ocean and coastal environmental infrastructures.

• Coastlines, estuaries and watersheds
• Ecological processes and structures of productivity and biodiversity
• Trophic structure
• Marine and benthic habitats
• Ocean currents, tides and winds
• Hydrologic and geochemical cycling
• Ocean depth,water level and volume
• Coastal features and substrate
• Weather, temperature and climate regulations
• Bio-geo-chemical processes

28Da Silva and Wheeler. “Ecosystems as infrastructure.” 32–35.
29Riley Lindsay Richardson, Bradley Buckham, and Lauren Helen McWhinnie. “Mapping a blue energy future
for British Columbia: Creating a holistic framework for tidal stream energy development in remote coastal
communities.” Renewable and Sustainable Energy Reviews 157 (2022): 112032.
30Leon Kapetas, and Richard Fenner. “Integrating blue-green and grey infrastructure through an adaptation
pathways approach to surface water flooding.” Philosophical Transactions of the Royal Society A 378, no. 2168
(2020): 20190204. https://royalsocietypublishing.org/doi/10.1098/rsta.2019.0204.
31European Commission. “The EU Adaptation Strategy.” 2021. p, 11. https://ec.europa.eu/clima/eu-action/
adaptation-climate-change/eu-adaptation-strategy_en.
32Susan Leigh Star, and Karen Ruhleder. “Steps toward an ecology of infrastructure: Design and access for large
information spaces.” (2016). https://doi.org/10.1287/isre.7.1.111; Susan Leigh, “Ethnography of infrastruc-
ture”, 377–391; Geoffrey. “Information mythology”, 1994: 231–247; Larkin, Brian. “The politics and poetics of
infrastructure.” Annual review of anthropology 42, no. 1 (2013): 327–343. https://doi.org/10.1146/annurev-
anthro-092412-155522; Brett Neilson. “Beyond Kulturkritik: Along the supply chain of contemporary capi-
talism.” Culture Unbound 6, no. 1 (2014): 77–93. https://doi.org/10.3384/cu.2000.1525.14677.

Foley et al. 211

https://royalsocietypublishing.org/doi/10.1098/rsta.2019.0204
https://ec.europa.eu/clima/eu-action/adaptation-climate-change/eu-adaptation-strategy_en
https://ec.europa.eu/clima/eu-action/adaptation-climate-change/eu-adaptation-strategy_en
https://doi.org/10.1287/isre.7.1.111
https://doi.org/10.1146/annurev-anthro-092412-155522
https://doi.org/10.1146/annurev-anthro-092412-155522
https://doi.org/10.3384/cu.2000.1525.14677


and community transport”.33 Some of these meanings correspond to what is popularly
understood as social service infrastructure in the context of national and subnational
welfare state systems. A second use refers to societal structures more broadly and im-
materially in a social/cultural sense of enduring and dynamic societal structures, inter-
actions, relationships and even norms and ideas. Examples include institutional
infrastructures,34 global infrastructures of economic production and consumption,35

culture and cultural landscapes,36 knowledge,37 and art.38 From this perspective, societal
infrastructure can be understood as “the roots of human sociality…that supports the
overall or macro-structure of societies in the same sense that roads and railways serve as
infrastructure for the economy”.39

While environmental and built/physical infrastructure discussions typically emphasise
materialistic elements, societal/cultural infrastructure discussions of, for example, in-
stitutional infrastructure are more firmly rooted in immaterial patterns of collective action
and societal/cultural relations. From this perspective, immaterial infrastructure can in-
clude “intangible assets” such as cooperation, language, values, beliefs, styles, and their
influence, importance, benefit, and challenges in interdisciplinarity and sustainability
governance agendas. As aspects of the organisation of institutions, societal infrastructure
extends beyond the personal to encompass symbols and interactions, and as being “less
tangible and thus more difficult to measure than either physical infrastructure or human

33Sharyn Casey. Establishing standards for social infrastructure. Ipswich, Australia: UQ Boiler house,
Community Engagement Centre, 2005. p 3.
34Cornelia Butler Flora, and Jan L. Flora. “Entrepreneurial social infrastructure: A necessary ingredient.” The
annals of the american academy of political and social science 529, no. 1 (1993): 48–58.
35Brett Neilson. “BeyondKulturkritik: Along the supply chain of contemporary capitalism.”Culture Unbound 6,
no. 1 (2014): 77–93. https://doi.org/10.3384/cu.2000.1525.14677; Bertram Turner. “Supply-chain legal plu-
ralism: normativity as constitutive of chain infrastructure in the Moroccan argan oil supply chain.” The Journal
of Legal Pluralism and Unofficial Law 48, no. 3 (2016): 378–414. https://doi.org/10.1080/07329113.2016.
1242842.
36Sharyn. “Establishing standards”, 2005; Groth, Paul, Paul Erling Groth, and Todd W. Bressi, eds. Under-
standing ordinary landscapes. Yale University Press, 1997. https://doi.org/10.12987/9780300185614-002;
Marina Evgenyevna Botalova, and Larisa Vladimirovna Solovyeva. “Determinants of the social infrastructure
development in the concept of the local community theory.” Regional’naia Ekonomika. IUg Rossi 2 (20) (2018).
https://doi.org/10.15688/re.volsu.2018.2.3; Alona M. Revko. “The Methodological Principles and Criteria of
Structural Analysis of Social Infrastructure of Regions of Ukraine.” Bı̀znes Inform, no. 492: 164–69. 2019.
https://web.archive.org/web/20201124231347/, https://www.business-inform.net/export_pdf/business-inform-
2019-1_0-pages-164_169.pdf.
37Helena Karasti, Florence Millerand, Christine M. Hine, and Geoffrey C. Bowker. “Knowledge infrastructures:
part I.” Science & Technology Studies 29, no. 1 (2016): 2–12. https://doi.org/10.23987/sts.55406; Masato
Fukushima. “Value oscillation in knowledge infrastructure: Observing its dynamic in Japan’s drug discovery
pipeline.” Science & Technology Studies 29, no. 2 (2016): 7–25. https://doi.org/10.23987/sts.55929.
38Justas Pipinis. “Art as Infrastructure.” 2016. https://www.diva-portal.org/smash/record.jsf?pid=diva2%
3A1040276&dswid=-2389; LA County Arts. “Art as Infrastructure.” South Los Angeles County. 2018.
https://www.lacountyarts.org/sites/default/files/lacac_artasinfrastructure_execsummary_2018_-_web.pdf.
39Emanuel A. Schegloff. “Interaction: The infrastructure for social institutions, the natural ecological niche for
language, and the arena in which culture is enacted.” In Roots of human sociality, pp. 70–96. Routledge, 2020.
https://emcawiki.net/bibtex/browser.php?key=Schegloff2006&bib=emca.bib.
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capital…”.40 Table 3 provides examples of societal/cultural infrastructures related to
coasts and oceans. Governance of marine and coastal activities, for example, has been
understood explicitly as infrastructure,41 or as institutional architecture,42 some of the
defining characteristics of which include principles and structures of voice and ac-
countability, political stability, effectiveness, and regulatory control.43

Summary

An infrastructure lens, with the diversity discussed above at the forefront, can provide a
means to analytically deconstruct and reconstruct different coastal infrastructures and
support communication across knowledge and policy fields. Considering these infra-
structures as systems and processes that are normally designed to sustain or enhance life
allows disparate considerations to be considered as part of a more holistic perspective.
This kind of an approach can allow purposeful governance actions across a broad range of
areas of life supports, needs and risks for coastal life, providing an interdisciplinary means
to identify and address diverse ocean and coastal governance problems and opportunities
in addressing challenges such as sustainable development and climate change. However,
it is important not to reify the three main types of infrastructure as always distinct and to
recognise how the anthropocentrism inherent in common uses of the term infrastructure

Table 3. Ocean and coastal societal/cultural infrastructure examples.

• Networks of people such as individuals, families, households, labourers
• Businesses, civil society organisations, and state agencies
• Art
• Cultural heritage
• Place-based knowledge of lands and seascapes
• Linguistic diversity
• Different types of marine and coastal knowledge
• Power relations
• Laws, rules and norms
• Institutions
• Governance

40Flora. “Entrepreneurial social infrastructure.”
41Ian P. Davies, Valerie Carranza, Halley E. Froehlich, Rebecca R. Gentry, Peter Kareiva, and Benjamin
S. Halpern. “Governance of marine aquaculture: pitfalls, potential, and pathways forward.” Marine Policy 104
(2019): 29–36. https://doi.org/10.1016/j.marpol.2019.02.054.
42Emanuel A. Schegloff. “Interaction: The infrastructure for social institutions, the natural ecological niche for
language, and the arena in which culture is enacted.” In Roots of human sociality, pp. 70–96. Routledge, 2020.
https://emcawiki.net/bibtex/browser.php?key=Schegloff2006&bib=emca.bib.
43Daniel Kaufmann, Aart Kraay, and MassimoMastruzzi. “The worldwide governance indicators: Methodology
and analytical issues.” World Bank policy research working paper 5430 (2010). https://hdl.handle.net/10986/
3913.
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generate failures and raise important questions about future engagement with the concept
of infrastructure. Drawing on critical infrastructure studies, the next section identifies
some challenges and insights for future engagement with infrastructure thinking in coastal
and ocean contexts.

Infrastructure Assemblages, Values and Agency

Towards Critical Coastal infrastructure Studies

As illustrated above, the concept of infrastructure has wide appeal and can be used across
diverse disciplines and domains of study in ocean and coastal contexts. The scholarly and
policy attention to three separate types of infrastructure illustrate the potential for in-
frastructure thinking as a means for enhancing disciplinary contributions and integrated
research agendas. Understanding multiple uses and meanings of infrastructure provides
one way to help address problems of knowledge fragmentation and to bring more diverse
perspectives together to inform ocean and coastal research and governance. However,
identifying discrete infrastructures can actually reproduce fragmented understandings of
problems. From a critical perspective, use of the term infrastructure across distinct
disciplines points to both the “diversity of ways to conceive of and analyze infra-
structures…[and]… to the productive instability of the basic unit of research.44 While the
tripartite distinction identified above can be useful for heuristic and analytical purposes to
support interdisciplinary dialogue, analysing one type of infrastructure in isolation from
others has ontological and ethical limitations.

Critical infrastructure studies help address this issue by expanding the ontology of the
concept. It does so by facilitating analysis of deep interactions and relations among
infrastructure types so as to show their co-constitution, by drawing attention to the
anthropocentric nature of mainstream infrastructure studies, and by pointing to the value
of more-than human perspectives. One of the most important contributions from critical
infrastructure studies is the conceptualisation of physical-built infrastructures in relational
terms.45 Geographers, anthropologists, landscape architects and planners have turned to
this material-centric understanding of infrastructure in contemporary disciplinary re-
orientations and re-visioning.46 They point out that physical-built infrastructures are not
just discrete, inert technical systems of connectivity, but also enable and constrain access
and connectivity based on class, race, gender and citizenship relations and structures,47 or
infrastructures. From this perspective, infrastructures actually “infiltrate instead of un-
derlie” in that they “provide life to the structures they infiltrate and perfuse.48 Referring to
the importance of knowledge in relational terms can highlight the links between and

44Larkin. “The politics.”
45Star. “Steps towards an ecology.”; Star. “The ethnography of infrastructure.”
46Greet De Block. “Ecological infrastructure in a critical-historical perspective: From engineering ‘social
territory to encoding ‘natural topography.” Environment and Planning A 48, no. 2 (2016): 367–390; Nikhil
Anand, Akhil Gupta, and Hannah Appel, eds. The promise of infrastructure. Duke University Press, 2018.
47Joseph Heathcott. Routledge Handbook of Infrastructure Design. Routledge, 2022.
48Neuman. “Infiltrating infrastructures”, p 3.
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mutual constitution of different forms of infrastructure and the power relations inherent in
infrastructure relations. Métis scholar Murphy observes, for example, that “infrastructure
underlines the ways knowledge-making can install material supports into the world—
such as buildings, bureaucracies, standards, forms, technologies, funding flows, affective
orientations, and power relations” (2017). In this context, “uneven relations and infra-
structure […] shape what forms of life are supported to persist, thrive, and alter, and what
forms of life are destroyed, injured, and constrained”.49

The expanded ontology of infrastructure must also contend with insights from more-
than-human perspectives. A key insight of the expanded ontology of infrastructure to
include environmental infrastructures is that human well-being arguably depends not only
on physical-built infrastructures like roads and ports and on immaterial societal infra-
structures but also natural/environmental infrastructures.50 Yet even the classics of critical
infrastructures that recognise environmental infrastructure have arguably continued the
anthropocentricism of non-social scientific understanding of infrastructure by instru-
mentally privileging human well-being and benefits.51 For this reason, greater attention to
a wider ontology of infrastructure with a view to “the more-than-human” concerns52 and
wet ontologies that characterise the materiality, motion and temporality of ocean and
coastal infrastructure53 should be recognised. We reflect further below on the implications
of critical perspectives on infrastructures for coastal studies, specifically around three
challenges: the co-constitution of infrastructures or infrastructure assemblages, values,
and power/agency.

Infrastructure Assemblages

The co-constitution of infrastructures can be illustrated with examples of (i) seafood
supply chains, (ii) coastal governance, and (iii) infrastructure failure. Seafood supply
chains constitute a social-ecological infrastructure assemblage comprised of only rela-
tively distinct environmental, physical-built and societal/cultural infrastructures that
collectively organise productive, economic and social/cultural relations between multiple

49Michelle Murphy. The economization of life. Duke University Press, 2017. p 141–142.
50Andrew Barry. “Infrastructure and the Earth”. In Infrastructures and Social Complexity: A Companion. Ed.
Penelope Harvey, Casper Bruun Jensen, and Atsuro Morita, (2017): 187–97. London: Routledge. Purdy, Je-
dediah. This land is our land: The struggle for a new commonwealth. Princeton University Press, 2019.
51Bronislaw Szerszynski. “Infrastructuring as a Planetary Phenomenon.”Historical Social Research/Historische
Sozialforschung 47, no. 4 (2022): 193–214.
52Maan Barua. “Infrastructure and non-human life: Awider ontology.” Progress in human geography 45, no. 6
(2021): 1467–1489. https://doi.org/10.1177/0309132521991220.
53CJonathan Cane. “Concrete Oceans: The Dolos, Apartheid Engineering, and the Intertidal Zone.” Geo-
Humanities 7, no. 1 (2021): 44–64.
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agents and with multiple purposes and drivers from human consumption to supporting
coastal community employment and livelihoods to capital accumulation, colonialism,
patriarchy and speciesism.54 As Martin et al. put it in the context of farmed salmon, “[t]he
ecologies that support both the containment and the feeding of salmon are not separate
from the infrastructure for conventional salmon production: Nature despite (or through)
its enclosure and manipulation is integral, usefully understood as an ‘ecological infra-
structure”.55 Seafood supply chains develop in accordance with the dynamics of diverse
social-ecological infrastructure assemblages, each with their own history within which
living wild marine and farmed species are accessed and “infrastructured”56 using in-
tersecting built-physical infrastructures that are shaped in turn by societal and cultural
infrastructures. Collectively, these intersect across variable stages of production and
circulation of seafood and seafood products including: harvest, landing, processing,
storage, transportation, trade and consumption. Along the way, these products and human
and non-human agents undergo transformations.

Coastal governance also constitutes a social-ecological infrastructure assemblage
deeply intertwined with multiple forms of infrastructure. Working with the notion of
understanding, transforming and designing governance infrastructure can be daunting
because of dynamic more-than-human complexity of social-ecological infrastructure
assemblages and the ongoing calls for transformational change that involve creating new
processes, with different components, relationships, interactions, and feedback.57 In-
consistencies in sectoral approaches (e.g. fisheries, aquaculture, marine shipping, offshore
wind energy, recreation), multiple jurisdictions with overlapping and conflicting man-
dates, conflicts between actors, and poor communication among governance institutions
create further challenges.58 This is why some researchers propose a focus on developing
interactive governance approaches based on more flexible, adaptive, inclusive institutions
that feature shared forms of decision-making and learning, including social-ecological

54Becky Mansfield. “Fish, factory trawlers, and imitation crab: the nature of quality in the seafood industry.”
Journal of rural studies 19, no. 1 (2003): 9–21; Sonja Ganseforth. “Shifting matter and meanings in Japanese
seafood assemblages: Fish as functional food cyborgs and emblematic cultural commodities.” Green Letters 26,
no. 1 (2022): 56–71; Christine Knott, Nicole Power, Barbara Neis, and Katia Frangoudes. “North Atlantic fishy
feminists and the more-than-human approach: a conversation.” Gender, Place & Culture 29, no. 12 (2022):
1767–1787.
55Sarah J. Martin, Charles Mather, Christine Knott, and Dean Bavington. “‘Landing’ salmon aquaculture:
Ecologies, infrastructures and the promise of sustainability.” Geoforum 123 (2021): 47–55. p 47.
56Cane. “Concrete Oceans.
57Lance H. Gunderson, Carl Folke, andMarco Janssen. “Generating and fostering novelty.” Ecology and Society
11, no. 1 (2006). https://doi.org/10.5751/ES-01811-110150.
58Stephenson et al. 2019 as cited in Haas, Bianca, Mary Mackay, Camilla Novaglio, Liam Fullbrook, Michael
Murunga, Carla Sbrocchi, Jan McDonald et al. “The future of ocean governance.” Reviews in Fish Biology and
Fisheries (2021): 1–18. https://doi.org/10.1007/s11160-020-09631-x.
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system co-management.59 Since the scale and scope of any infrastructure system will
likely be distributed across organisational and jurisdictional units, an infrastructure lens
could respond to a need for collaborative design tools to exchange information among
decision makers.60 These design tools could include assessment and appraisal systems
that account for diverse, including more-than-human, infrastructure elements;61 and
future scenario-building and foresighting that puts diverse and mutually constitutive
infrastructures at the centre of long-term planning in coastal situations.62 While un-
derstanding governance as infrastructure is not often explicit, similar literatures on
governance as architecture also raise questions about ways such concepts can risk locking
in prevailing power relations and inequities.63

Understanding the relations between types of infrastructure is important for identifying
infrastructural problems and failures. For instance, examinations of the relationship
between long-term infrastructure development to colonial development illustrates the
importance of questioning the often-asserted emancipatory potential of infrastructure.64

Within ocean and coastal systems, distinct and intersecting physical-built infrastructures
often interact with two other types of infrastructures identified in Table 1, but some
infrastructures tend to be prioritised over others. Dykes, for example, are one form of built
infrastructure designed to both protect coastal communities against the sea, including sea
level change, and support communities in living with water.65 These built infrastructures
are vulnerable to aging and climate change66 Dykes, however, can have unintended

59Jan Kooiman, Maarten Bavinck, Ratana Chuenpagdee, Robin Mahon, and Roger Pullin. “Interactive gov-
ernance and governability: an introduction.” The journal of transdisciplinary environmental studies 7, no. 1
(2008): 1–11; Rosemary E. Ommer, R. Ian Perry, Grant Murray, and Barbara Neis. “Social–ecological dy-
namism, knowledge, and sustainable coastal marine fisheries.” Current Opinion in Environmental Sustainability
4, no. 3 (2012): 316–322. https://doi.org/10.1016/j.cosust.2012.05.010.
60Paul T. Grogan, and Olivier L. de Weck. “Collaborative design in the sustainable infrastructure planning
game.” (2016). https://scs.org/documents/SpringSim16/2016_SpringSim_Program.pdf.
61Ingrid J. Visseren-Hamakers. “Integrative environmental governance: enhancing governance in the era of
synergies.” Current Opinion in Environmental Sustainability 14 (2015): 136–143. https://doi.org/10.1016/j.
cosust.2015.05.008; Duncan Russel, John Turnpenny, and Andrew Jordan. “Mainstreaming the environment
through appraisal: Integrative governance or logics of disintegration?” Environment and Planning C: Politics
and Space 36, no. 8 (2018): 1355–1370. https://doi.org/10.1177/2399654418767656.
62Rachel Kelly, Paul Foley, Robert L. Stephenson, Alistair J. Hobday, Gretta T. Pecl, Fabio Boschetti,
Christopher Cvitanovic et al. “Foresighting future oceans: considerations and opportunities.”Marine Policy 140
(2022): 105021. https://doi.org/10.1016/j.marpol.2022.105021.
63Burch et al., “New directions in earth system governance research.”
64Charis Enns, and Brock Bersaglio. “On the coloniality of “new” mega-infrastructure projects in East Africa.”
Antipode 52, no. 1 (2020): 101–123.
65Rapti Siriwardane-de Zoysa. “Beyond the wall: Dyking as an object of everyday governance in the Bay of
Manila, Philippines.” Marine Policy 112 (2020): 103661. https://doi.org/10.1016/j.marpol.2019.103661.
66Paolo Bocchini, Dan M. Frangopol, Thomas Ummenhofer, and Tim Zinke. “Resilience and sustainability of
civil infrastructure: Toward a unified approach.” Journal of Infrastructure Systems 20, no. 2 (2014): 04014004;
Elena Shevnina, E. Kurzeneva, Viktor Kovalenko, and Timo Vihma. “Assessment of extreme flood events in
changing climate for a long-term planning of socio-economic infrastructure in the Russian Arctic.” (2017).
https://doi.org/10.5194/hess-21-2559-2017; Matthias Garschagen, and Simone Sandholz. “The role of minimum
supply and social vulnerability assessment for governing critical infrastructure failure: current gaps and future
agenda.” Natural Hazards and Earth System Sciences 18, no. 4 (2018): 1233–1246.
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consequences for infrastructures of coastal habitats67 and can “create long-term lock-in of
vulnerability, exposure and risks that are difficult and costly to change”.68 Another case of
physical-built infrastructure failure linked to the inability or refusal to recognise the value
and agency of natural infrastructure is that of cypress trees in the creation of the port of
New Orleans: natural infrastructures of the Mississippi River, bald cypress trees and Lake
Pontchartrain allowed the creation of the colonial coastal port of New Orleans, which
linked early America’s interior to the ocean and international trade destinations.69

However, the creation of a shipping channel through cypress swamps created conditions
enabling more coastal destruction during hurricane Katrina.70

These examples demonstrate how an expanded infrastructure lens can serve as a larger
contemporary methodology for understanding diverse ocean and coastal contexts and
relations. Such a methodology could be applied to better understand inherited and in-
tertwined infrastructure assemblages of coastal habitation (human and more-than-human
forms), settlement, trade, conflict, technology, livelihood, health, education, recreation,
architecture, art, gender, class and other relations, cultural practices and governance and to
envision their futures in place and in policy.

Infrastructure Values

Infrastructures obstruct, contain, carry, and communicate different, sometimes competing
values, norms and worldviews. In conventional understandings of infrastructure, value is
often ascribed in an instrumental and functionalist way, with a focus on particular notions
of human benefit. In urban contexts, for instance, ecological infrastructure is typically
defined as “any piece of nature that provides important benefits to those in a city”.71 For
Globerman and Shapiro, a “positive” political infrastructure would include an effective,
impartial, and transparent legal system that protects property and individual rights; public
institutions that are stable, credible and honest; and government policies that favour free
and open markets.72 While such liberal conceptions of governance reflect prevailing

67W. Gregory Hood, “Indirect environmental effects of dikes on estuarine tidal channels: thinking outside of the
dike for habitat restoration and monitoring.” Estuaries 27, no. 2 (2004): 273–282. https://doi.org/10.1007/
BF02803384; Umme Kulsum, Jos Timmermans, Marjolijn Haasnoot, M. Shah Alam Khan, and Wil Thissen.
“Why uncertainty in community livelihood adaptation is important for adaptive delta management: a case study
in polders of Southwest Bangladesh.” Environmental Science & Policy 119 (2021): 54–65. https://doi.org/10.
1016/j.envsci.2021.01.004; Huajun Li, Yong Liu, Bingchen Liang, Fushun Liu, Guoxiang Wu, Junfeng Du,
Huimin Hou, Aijun Li, and Luming Shi. “Demands and challenges for construction of marine infrastructures in
China.” Frontiers of Structural and Civil Engineering 16, no. 5 (2022): 551–563. https://doi.org/10.1007/
s11709-022-0839-8.
68IPCC as Cited in Hood, Marlowe. “Maladaptation’: How Not to Cope with Climate Change.” 2022.
https://phys.org/news/2022-03-maladaptation-cope-climate.html#:∼:text=Notwellthought%2Dout&text=%
22Maladaptationhappenswhenyoutry,throughinaholisticway.%22.
69Gordon and Roudavski, “More-than-human.”
70Gordon and Roudavski, “More-than-human.”
71McDonald 2015, as cited in Da Silva and Wheeler, “Ecosystems as infrastructure.”
72Steven Globerman, and Daniel M. Shapiro. National political infrastructure and foreign direct investment.
Ottawa: Industry Canada, 2002. p 7.
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societal norms and power relations, other perspectives go beyond the interpretation of
form and meaning and attempt to understand the evolution/direction of particular artifact
systems such as infrastructures over time in relation to values.73 Critical infrastructure
studies also tells us that even material infrastructures are fundamentally defined by social
and cultural relations and values.

Understanding the relational dimensions of infrastructure highlights the potential
emergence of effects in wider and often contested economic, cultural, social, and political
contexts.74 Relational perspectives on built/physical infrastructures go beyond viewing
infrastructure projects in terms of their technological, economic and public functions to
highlight how they are designed and constructed in relation to specific “ethical regimes
and political projects”,75 as well as political economic regimes at the nature/value
nexus.14 These critical perspectives allow us to think of ocean and coastal infrastruc-
ture as not only an object of analysis, but also as politics that may be linked to but not
always reducible to frameworks of nation states or capitalist development.76

It is important to recognise that many infrastructures are problematic not only in
terms of their actual environmental and social and economic effectiveness, but are also
linked to exploitative, exclusionary and anthropocentric perspectives.77 In Southern
megacities such as Manila, for example, coastal protection and infrastructure-led
adaptation is heavily oriented towards building spaces for upper and middle classes,
demonstrating how political, classed rhetoric about natural hazards can be used to
justify particular political agendas.78 The contested uses of urban coastlines illustrate
the importance of asking: what and who are infrastructures for, and what are they
designed to achieve? This points to the importance of situating the development and
effects of infrastructure assemblages within wider and often immaterial social and
political contexts, locally, regionally and beyond, that shape infrastructure design, use
and consequences.

73Henry Glassie. Folk housing in middle Virginia: a structural analysis of historic artifacts. Univ. of Tennessee
Press, 1975; Mellin, Robert. Tilting: House launching, slide hauling, potato trenching, and other tales from a
Newfoundland fishing village. Princeton Architectural Press, 2008.
74Johannes Herbeck, and Michael Flitner. “Infrastructuring coastal futures: Key trajectories in Southeast Asian
megacities.” DIE ERDE–Journal of the Geographical Society of Berlin 150, no. 3 (2019): 118–130. https://doi.
org/10.12854/erde-2019-451.
75Antina Von Schnitzler. “Traveling technologies: Infrastructure, ethical regimes, and the materiality of politics
in South Africa.” Cultural anthropology 28, no. 4 (2013): 670–693. https://doi.org/10.1111/cuan.12032.
76Rapti Siriwardane-de Zoysa. “Beyond the wall: Dyking as an object of everyday governance in the Bay of
Manila, Philippines.” Marine Policy 112 (2020): 103661. https://doi.org/10.1016/j.marpol.2019.103661; Xiao.
“Introduction: Infrastructure as an”, … (2023).
77Gerald G. Singh, Zaman Sajid, Faisal Khan, Charles Mather, Joey R. Bernhardt, and Thomas L. Frölicher.
“Rethinking disaster risk for ecological risk assessment.” Frontiers in Ecology and Evolution 11 (2023):
1249567; Myanna Lahsen, and Jesse Ribot. “Politics of attributing extreme events and disasters to climate
change.” Wiley Interdisciplinary Reviews: Climate Change 13, no. 1 (2022): e750.
78Siriwardane-de Zoysa. “Beyond the wall.”
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As such, moving beyond anthropocentric perspectives on infrastructure is a key
challenge. Adopting a more-than-human perspective can advance debates on infra-
structural justice,79 challenge anthropocentric and utilitarian assumptions and better
integrate relationality and ethics, including consideration of more-than-human agency
and concerns. In many coastal villages of Newfoundland, Canada, for example, marine
life, vernacular architecture, edible cultural landscapes and ethics of care, reciprocity and
sustainability are all easily understood as mutually necessary to support life and live-
lihoods80 but cannot be understood independently of historical and contemporary re-
gional, national and international social-ecological infrastructures. As Mellin shows in a
study of more-than-human elements of architecture in a settler fishing village in New-
foundland, “[s]tructural engineers may be alarmed by some of the casual foundation
details encountered … [However,] the precarious balancing of stones and a few wooden
shores with no tie-downs provides a miracle of support in hurricane-force winds and high
tides”.81 While such infrastructures are also under considerable strain, are not immune
from collapse, and require regular maintenance, such examples provide insight into how
vernacular knowledge and custom can respect, value and work with more-than human
forms of infrastructure.82

Persistent, changing and competing values will have a significant impact on the long-
term trajectory and possibilities for coastal infrastructure governance into the future. As
Escobar observes in relation to values embedded in alternative design theories, “much of
what goes on under the guise of design at present involves intensive resource use and vast
material destruction… [and that]… design is central to the structures of unsustainability
that hold in place the contemporary, so-called modern world”.83 While value theories are
numerous, design theory takes context (in its broadest senses) and responsibility seriously
in design.84 Such perspectives can be considered to make points of discourse and value
explicit, a politico-ontological pre-condition to elevating principles of transparency and
responsibility in infrastructure conceptualisation, design and development. Indeed, a
transformation in the way that infrastructure values are understood and measured is
needed to meet long-term sustainability goals.85 We thus need better recognition of the

79Charis Enns, and Brock Bersaglio. “On the coloniality of “new” mega-infrastructure projects in East Africa.”
Antipode 52, no. 1 (2020): 101–123.
80Robert Mellin. “The Edible Landscape of a Newfoundland Outport.” open house international 34, no. 2
(2009): 96–106. https://doi.org/10.1108/OHI-02-2009-B0011.
81Robert Mellin. “Conservation in Tilting, Newfoundland: Rugged Landscape, Strong People, Fragile Ar-
chitecture.” APT Bulletin: The Journal of Preservation Technology 37, no. 2/3 (2006): 13–21. p 20; Mellin,
Robert. Tilting: House launching, slide hauling, potato trenching, and other tales from a Newfoundland fishing
village. Princeton Architectural Press, 2008.
82Pam Hall. “Towards an Encyclopedia of Local Knowledge.” 2010. https://encyclopediaoflocalknowledge.
com.
83Escobar. “Designs for the Pluriverse,” p 1.
84Victor Papanek. What to design and why. Selskabet for Industriel Formgivning, 1971.
85Santiago Zuluaga, Bryan W. Karney, and Shoshanna Saxe. “The concept of value in sustainable infrastructure
systems: a literature review.” Environmental Research: Infrastructure and Sustainability 1, no. 2 (2021):
022001. https://doi.org/10.1088/2634-4505/ac0f32.
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diversity of (sometimes competing) governance values and the interdependencies be-
tween different values in infrastructure uses and meanings in ocean and coastal contexts.

Infrastructural Agency

It is important to analyse governance infrastructure and agency together,86 perhaps
particularly in coastal contexts. The creation of built/physical infrastructures such as a
fishing wharf is usually driven by clear agents who have a single goal with a technical
outcome that is relatively clear and achievable, and often time-limited. However, in social
and biological systems, such as municipal planning and harbour habitats, infrastructure
development occurs over longer time horizons, often in an evolutionary, iterative way.
Thinking about designing and building ocean and coastal governance systems is fun-
damentally different than designing or building physical-built port systems. An analysis
by Schmidt and Hauch for example, reveals varying local perceptions of the benefits and
limitations of hybrid environmental infrastructure, with locals disagreeing on who should
maintain it, whether through compensation or trained personnel. A major contention is
whether environmental infrastructure provides habitat for beneficial species or harmful
pests. The study concludes that environmental infrastructure should be viewed as long-
term infrastructure, requiring coordination and cooperation, with measures tailored to
local and regional needs.87 Just as analysing and building governance architectures risks
locking in existing power relations and inequities,88 infrastructure analyses and en-
gagements can also simply reinforce values and power structures that advantage certain
human and more-than-human agents and disadvantage others. Misapplying the infra-
structure metaphor can therefore mask the importance and limits of infrastructural agency
in influencing support for and consequences of infrastructure across types and into the
future.

A richer, critical discussion on infrastructure design is needed to inform ocean and
coastal governance. Complex analyses of infrastructure failures, such as overfishing and
offshore oil rig disasters, for example, that encompass human-built physical, environ-
mental and societal dimensions are needed to identify origins and opportunities for more
effective agency in infrastructure change and design into the future.89 Furthermore, re-
thinking infrastructure likely requires a shift away from rationalist worldviews, phi-
losophies and cultures that have underpinned particular ways of thinking and being
among people and designers.90 Indeed, alternative ontologies and rationalities would
likely be informative to exploring alternative governance principles, designs and

86Frank Biermann, Philipp Pattberg, Harro Van Asselt, and Fariborz Zelli. “The fragmentation of global
governance architectures: A framework for analysis.”Global environmental politics 9, no. 4 (2009): 14–40. p 39
https://doi.org/10.1162/glep.2009.9.4.14.
87Jenny Schmidt, and Jennifer Hauck. “Implementing green infrastructure policy in agricultural landscapes—
scenarios for Saxony-Anhalt, Germany.” Regional Environmental Change 18 (2018): 899–911.
88Burch et al. “New directions in earth system governance research.”
89Gerald G. Singh, Justine Keefer, and Yoshitaka Ota. “An inequity assessment framework for planning coastal
and marine conservation and development interventions.” Frontiers in Marine Science 10 (2023). 1256500.
90Escobar. “Designs for the Pluriverse.”
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institutional pathways. The concept of universal design, for example, spans diverse
academic traditions such as architecture, planning, law, ethics, public health, and re-
habilitation91 and, while definitions vary, shares the goal of making our human-made
spaces and infrastructures as accessible and usable as possible for as diverse a user
population as possible.92 Frameworks that prioritise inclusion of local language, In-
digenous knowledge and creative stories informing design and decisions in responding to
the climate change crisis around the world will be critical for respecting agents other than
those in positions of substantial power.93 This is one of the greatest challenges for in-
frastructure as a method for interdisciplinary knowledge mobilisation to inform gover-
nance in changing ocean and coastal contexts.

Practical methodologies are also needed that can put into practice more-than human
approaches and agency within infrastructure design and development. Who gets to speak
for and represent infrastructure relations and design values, especially in more-than-
human matters, is thus an important methodological and governance challenge. In the
context of waterfront infrastructures, for example, “Accounting for nature as an active
agent—earthquakes, gribbles, tidal activity—highlights significant components of what is
brought together, made more coherent, and assembled into visions of waterfront infra-
structures ‘for all’.94 A major practical challenge is the complexity of putting in place
participatory methods and forms of mediation that identify and express needs and desires
of agents other than those that are narrowly human.95 Such methodologies could draw
inspiration from experiments in environmental planning, though will involve thorny
challenges of ethical judgement and responsibility.96

Conclusion

Growing attention to addressing knowledge fragmentation is reflected in the paradigm
shift towards integrative perspectives in social-ecological and Earth-Ocean systems

91Inger Marie Lid. “Universal design and disability: An interdisciplinary perspective.” Disability and reha-
bilitation 36, no. 16 (2014): 1344–1349. https://doi.org/10.3109/09638288.2014.931472.
92Inas Hosny Ibrahim Anous. “Applying Universal Design concept in interior design to reinforce the Social
dimension of Sustainability.” American International Journal of Research in Humanities, Arts and Social
Sciences 10, no. 1 (2015): 12–24.
93Aliyu Barau, and Adamu Idris Tanko. “In search of new narratives for informed decisions on climate change
crisis in the African Drylands.” In Leal Filho, Walter, Evangelos Manolas, Anabela Marisa Azul, Ulisses
M. Azeiteiro, and Henry McGhie (eds.) Handbook of climate change communication: Climate change man-
agement Vol. 3. Springer International Publishing, 2018, pp 1–20. https://link.springer.com/chapter/10.1007/
978-3-319-70479-1_1.
94Anne Taufen, Lisa M. Hoffman, and Ken P. Yocom. “Assemblage as heuristic: unveiling infrastructures of port
city waterfronts.” Territory, Politics, Governance 12, no. 6 (2024): p. 791.
95JonathanMetzger. “Amore-than-human approach to environmental planning.” In The Routledge companion to
environmental planning, pp. 190–199. Routledge, 2019.
96Cane. “A more-than-human.”
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research and policy.97 Poor integration of knowledge and insufficient ocean literacy are
among the many barriers to developing policy tools for sustainability and transformative
action in the area of ocean governance.98 This paper highlights infrastructure as a useful
lens to facilitate and build such interdisciplinary integration. The analysis above provides
insight into the potential for, and challenges of, using infrastructure as a means and
metaphor for interdisciplinary dialogue to inform ocean and coastal research and gov-
ernance, particularly in the face of complex, rapid and volatile change—noting that this
use of metaphors to enhance understanding and to influence public perceptions calls for
“strict examination”.99

This paper identifies three distinct uses and meanings of the term in existing literature
that can inform interdisciplinary dialogue and discusses how critical infrastructure studies
is needed to both expand and challenge infrastructure ontologies further. In this context,
the analysis makes three broader contributions. First, it contributes to efforts to build
pluralistic, vibrant and relevant research on ways to cope with and govern change and
transitions.100 For example, the concept of infrastructure can provide an interdisciplinary
lens and discourse to help inform new narratives, new thinking and new approaches
required to inspire forward-looking action in coastal governance.101 Second, it contributes
to ongoing work articulating an expanded ontology of infrastructure in response to calls
for deeper understandings of the relationship between concepts of infrastructures,
ecologies and sustainability.102 The familiarity and widespread use of the concept of

97Folke, “Resilience” ; Biermann, Frank. “The future of ‘environmental’ policy in the Anthropocene: Time for a
paradigm shift.” In Trajectories in environmental politics, pp. 58–77. Routledge, 2022. https://doi.org/10.1080/
09644016.2020.1846958.
98Joachim Claudet, Laurent Bopp, William WL Cheung, Rodolphe Devillers, Elva Escobar-Briones, Peter
Haugan, Johanna J. Heymans et al. “A roadmap for using the UN decade of ocean science for sustainable
development in support of science, policy, and action.”One Earth 2, no. 1 (2020): 34–42; Robert L. Stephenson,
Stacey Paul, Melanie Wiber, Eric Angel, Ashleen J. Benson, Anthony Charles, Omer Chouinard et al.
“Evaluating and implementing social–ecological systems: a comprehensive approach to sustainable fisheries.”
Fish and Fisheries 19, no. 5 (2018): 853–873. https://doi.org/10.1111/faf.12296; Robert L. Stephenson, Alistair
J. Hobday, Christopher Cvitanovic, Karen A. Alexander, Gavin A. Begg, Rodrigo H. Bustamante, Piers
K. Dunstan et al. “A practical framework for implementing and evaluating integrated management of marine
activities.” Ocean & Coastal Management 177 (2019): 127–138. https://doi.org/10.1016/j.ocecoaman.2019.04.
008; Paul Foley, Evelyn Pinkerton, Melanie G. Wiber, and Robert L. Stephenson. “Full-spectrum sustainability:
an alternative to fisheries management panaceas.” Ecology & Society 25, no. 2 (2020). https://doi.org/10.5751/
ES-11509-250201.
99Philip Ball. “A metaphor too far.” Nature 23 (2011). https://doi.org/10.1038/news.2011.115.
100Burch et al. “New Directions in Earth System Governance Research.”
101Burch et al. “NewDirections in Earth System Governance Research; Lubchenco, Jane, and Steven D. Gaines.
“A new narrative for the ocean.” Science 364, no. 6444 (2019): 911–911. https://doi.org/10.1126/science.
aay2241; Stephenson, Robert L., Alistair J. Hobday, Edward H. Allison, Derek Armitage, Kate Brooks, Alida
Bundy, Christopher Cvitanovic et al. “The quilt of sustainable ocean governance: patterns for practitioners.”
Frontiers in Marine Science 8 (2021): 630547. https://doi.org/10.3389/fmars.2021.630547.
102Barua. “Infrastructure and Non-Human Life”; Slota, Stephen C., and Elliott Hauser. “Inverting Ecological
Infrastructures.” Historical Social Research/Historische Sozialforschung 47, no. 4 (2022): 215–241.
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infrastructure in public policy and science, from local (e.g., municipal) to global (e.g.,
United Nations) levels, enhances its potential to contribute to post-normal science.103

Third, it offers an innovative and collaborative framing for researchers to use, build upon
and critically engage. For researchers and practitioners of ocean and coastal studies, future
research questions might include: what types of infrastructures are present and identifiable in/
as social-ecological assemblages in and across ocean and coastal spaces? What relations
characterise those types of infrastructures? Whose values and agency are reflected in their
emergence and development? Future-oriented studies might include: what types of infra-
structures and infrastructure relationships are possible and preferable for coastal areas and
communities into the future? What infrastructure assemblages, values and agents are needed
to achieve societal goals like sustainable development, democracy, equity, and decolonisa-
tion? And what actions are required to avoid supporting, designing and building the wrong
infrastructure in the context of climate and social change?

Infrastructure is far from neutral; it can destroy as well as support life. As a thing and as
a concept, infrastructure can reinforce and challenge prevailing values and power
structures – which we suggest is a strength. Infrastructure is ultimately contested and
unsettled in theory and in practice, but as a dynamic interdisciplinary discourse and
method of analysis it can help in supporting collaborative global efforts to organise,
imagine, plan, and create future governance dialogues, designs and relationships for some
of the most pressing issues facing the planet in the twenty-first century.
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