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Introduction
Urban areas, consisting of cities and their surrounding hinterlands, 

have often been defined as static human built environments with 
high human populations and extensive impervious surface area.1 
Yet, these areas are also centers of high productivity, play a part in 
determining social and ecological change, and influence economic 
growth rates of nations around the world.2–4 In the United States, for 
example, 37% of the national GDP of 2010 was produced by the top 
30 cities in the country2 In Asia and the Pacific similar trends have 
been recorded by the UN, with cities hosting around 42% of the total 
population and generating 80% of the region’s GDP.5 Furthermore, 
“the process of urbanization characterizes contemporary societies, 
influences wellbeing, and in many ways increases both human and 
ecological vulnerabilities to environmental and climate change”. 
In Africa and Asia, the fastest urbanizing continents today,4–6 the 
lack of infrastructure, services and preparedness for increasing 
human populations is leading to the sprawl of slums and informal 
settlements.7,4 In such urban areas, inequalities and poverty5,8 are 
magnified through social marginalization.8 And health insecurity.9,10 
These vulnerabilities are enhanced by environmental overshoot and 
changing climate regimes.11,5 The conversion of natural areas and 
agricultural land through urban sprawl signifies economic growth 
and social welfare; however, it also deteriorates biodiversity, alters 
micro–climate patterns, erodes topsoil, diverts and interrupts water 
flows, and impacts the provisioning of many ecosystem services.6,12–14 
The interactions and pressures caused by urban expansion on the 
environment go beyond the city and its surrounding urban areas.12,15 
For instance, urban areas dominate the global demand for ecosystem 
services by using up to 60% of water resources for residential purposes, 
consuming 76% of wood for industrial production, generating over 
50% of waste, and producing 60–80% of the world’s greenhouse 
gas emissions.4,12,16 As emphasized by Grimm et al.17 “Urban areas 
are hot spots that drive environmental change at multiple scales”. 
Hence, these areas are a central nexus for the long–term functioning 
of societies and ecosystems.12,15

Because of their dynamic socio–ecological nature, we see urban 
areas as human modified environments that encompass multiple 
levels, scales, processes and systems. These areas are increasingly 
drivers of change and novel ecosystems, “able to create challenges 
and offer opportunities for humankind’s current and future resiliency 
and sustainability”.1 Because of the many existing definition of 
resiliency and sustainability, we understand this term as follow. While 
resiliency is about coping and adapting to change, sustainability is 
about socio–natural relationships – specifically an “attempt to pacify 
the relationship between a society and its natural environment”.18 
Cities and their extended hinterland are ideal settings to research 
the linkages between people and nature, to better understand socio–
ecological dynamics and responses to environmental modifications, 
and to identify what is needed to enhance both local and global 
resiliency and sustainability.6,11–15,19 Research on urban areas can 
provide a critical understanding of the direct or indirect influence of 
human built environments on societies, policy, and environmental 
practices. Nevertheless, studies on urbanities and global environmental 
change have not always been capable of capturing the coupled socio–
ecological nature of cities and their surroundings. While scholars 
have recognized those urbanities’ “structure, function, and dynamics 
are determined by coupled human–environment interactions”,20 
research on these areas has struggled to merge the ecological and 
social dimensions of urbanization. A synthesis of natural and social 
science research concerning urban areas is provided in this manuscript 
to portray the ways these lines of scholarship have developed and 
implemented research in urban areas, a key approach to set the 
foundation and inform future research on urban socio–ecological 
systems.

For the purpose of this paper, we will focus on subareas of 
urban studies that relate to urban socio–ecological systems. We 
acknowledge that research on urban areas goes beyond the work 
considered in this manuscript. Hence, the dimensions this paper 
looks at do not encompass all the features natural and social scientists 
have considered while exploring cities and their surrounding areas. 
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Abstract

Urban areas are hot spots of complex and dynamic interactions between society and 
ecosystems. Studies on such areas, however, have partially captured the coupled 
socio–ecological nature of urban environments. To address this gap, we examine the 
ways natural and social scientists have defined, developed and implemented research 
on urban environments. We discuss how these literatures set the foundation and 
explicitly advance urban studies through the lens of urban socio–ecological systems. 
By bringing these literatures together we forge a common ground between scholarly 
communities and foster cross–fertilization between researchers working on cities. 
A better understanding of the commonalities and differences of these disciplines in 
approaching urban environments is the first step toward opening corridors for new 
lines of discussions that better encompass the role played by urban socio–ecological 
systems in shaping changes and long–term sustainability.
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Narrowing our study to specific dimensions of these scholarships is 
critical to provide a basis from which to build a more interdisciplinary, 
dynamic, and integrative understanding of urban socio–ecological 
systems. This approach represents a jumping off point to create a 
common ground for scholars of urban socio–ecological systems, to 
enhance cross–fertilization between researchers working on cities 
and to open up corridors for new lines of discussions that better 
encompass the role played by urban areas in shaping changes and 
long–term sustainability.

Urban studies: a natural and social science 
perspective
Urban physical pattern

In recent decades, studies on how natural processes are embedded 
in and influenced by urban areas have bloomed.11 The growing 
awareness that people and their living environments are an integral 
component of ecosystems as well as drivers of environmental change 
has led to the rise of research on urban areas and environmental 
interactions.19,15 Research in this domain has largely focused on 
biogeochemical cycles, ecological processes, and dynamic system 
frameworks.15,20–25 Questions about changes in morphology, 
distribution and abundance of ecosystems and organisms in and 
around cities, and on how these are affected by and have an effect 
on the human populations and the structure of cities have driven 
discourses on human–ecological systems interactions.21,22 Some of 
the major topics examined within this realm across geographical 
areas and scales have been: urban climates (i.e., urban heat islands, 
atmospheric accumulation, hydrology), urban soils (i.e., changes in 
soil composition, soil moisture, contamination, soil carbon, nitrogen 
dynamics), urban vegetation (i.e., species richness, heterogeneity 
of vegetation), urban biodiversity (i.e., composition, colonization, 
species richness, trophic dynamics) and urban biogeochemistry (i.e., 
nitrogen and carbon budgets, urban footprints, lawns and soil carbon, 
invasive species, biogeochemistry).14,15,20,26,27

While biophysical scientist have focused on ecosystems structures 
in cities, social scientists have looked at cities based on their social 
construction, and complex and variable definitions.26,28 Early studies 
in this domain have explored structures, processes, changes, and 
problems of cities and the interactions of citizens in human built 
environments.20,29 With the inclusion of principles of human ecology 
(e.g., ecological niche concept) and geography (e.g., land use 
concept), social science research has started to investigate the impact 
of the natural environment on urban life. For example, the positive 
effects of urban green spaces on the human population (i.e., health, 
physical activity, psychological well–being) and social cohesion have 
been explored.30–33 Others have examined “ecological gentrification”, 
the process by which the creation of green spaces causes property 
values to increase forcing low–income residents to relocate.33 Some 
researchers have also explored the effects that humans have on the 
natural environment with the creation of vacant and abandoned lots, 
how past land use and vacancy affects urban areas, and what aspects 
of human well–being should be considered for the management of 
vacant urban lands.34 These ecologically driven urban studies have 
been influential in defining human–ecological interactions in cities.

Urban spatiotemporal patterns

Natural science research has centered its attention also on the 
complex forms, structures and transformations of urban areas. Some of 
the most important advances in this dimension include research on the 

spatiotemporal patterns of urbanization, spanning from urban growth 
and sprawl, to landscape uses and patterns.20,25,35 Urban agglomeration 
and landscape structural homogenization have increasingly concerned 
urban scholars.20 Hence, platforms with high visualization capacity, 
such as spatial analysis tools (e.g., Geographic Information Systems) 
and land use assessment models have been used to project future 
urban areas patterns and their impacts on the environment.20 The 
study of the organization, functioning, and development of cities has 
gone further by focusing on the processes, modes of regulation, and 
networks in and between metropolitan landscapes and on the effects 
of globalization across local, regional, national and international 
scales.25,36–39 The idea behind categorizing cities in physical clusters 
across scales has been to exhibit the commonalities and divergences 
of urban areas. Such an understanding is key to addressing common 
problems of cities, such as energy consumption and its sustainability, 
multifunctional landscapes planning, green infrastructure design and 
cities carbon footprint in light of climate change.24,40

Debates on the spatiotemporal organization of cities have been 
paralleled by studies on variations in neighbourhoods’ quality 
of life and wellbeing in and between cities. Researchers have 
expanded on issues of conflict and tension within urban areas, as 
well as cultural diversity, race and ethnic relations within cities.41–45 
Metropolitan fragmentation, segregation and clustering based on 
socio–demographic features have been investigated to understand the 
distribution of socio–spatial inequalities in urban areas.36,46 The trans–
nationalization of labour caused by the arrival of an international 
professional workforce and migrant workers has led to the formation of 
multinational identities and communities in cities.28 Neighbourhoods’ 
social and demographic structures have been found to be created 
and reshaped by citizens’ behavioural responses to city life (i.e., 
crowding, alienation, immigration, residential mobility).47 Thus social 
affiliation, residential situation, networks and human behaviours have 
become central themes while looking at the uneven distribution of 
opportunities in cities.47 Studies on mobility between and within cities 
(e.g., public transportation) and the physical distribution and access 
to services, such as hospitals, have also been explored in relation to 
social wellbeing.28,48–52

Urban metabolism patterns

Urban metabolism, or the process of material and energy 
production, flow and consumption in cities, is another important 
topic in urban studies used to investigate the infrastructure, energy 
efficiency, materials recycling, and waste management of urban 
ecosystems. Several frameworks have been developed to conceptualize 
urban metabolism and to assess the different flow pathways within 
and among cities (i.e., industrial metabolism, household metabolism, 
water metabolism, energy metabolism) Models of ecological analysis 
and ecological network analysis have been applied, for example, to 
analyze the structure, functioning and flows of urban systems.53,54 The 
ecological footprint concept has enabled scholars to link consumption 
with land use in urban areas,55 while environmental impact assessment 
approaches have allowed to evaluate the intensity of urban metabolism 
in specific cities.56 Urban areas with different metabolism have been 
compared to evaluate the efficiency in resource utilization and to 
identify criteria to assess the sustainability of a city.53,54,57 This concept 
has become instrumental for reporting the State of the Environment 
(SOE) and to suggest policies that maximize the efficient use of 
resources in urban settings. Hence, urban metabolism has been 
recognized as a fundamental tool to develop sustainable cities and 
communities.53
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While some researchers have specifically looked at urban sprawl, 
city development, and the impact on inequalities in urban areas,21,22,58,59 
others have focused their attention on governance, the rights to urban 
spaces, and the relation between political injustice and cities.28,60–66 
Urban water, pollution, gentrification, food and ecological security, 
among other themes, have been explored in light of urban metabolism 
and power relations to understand the unevenness of urban areas.62,64,67 
Contestation over water and the creation of uneven urban hydroscopes 
exemplifies how managing water supplies in cities often has been 
considered as a bio–political issue rather than an ecological matter.68,69 
Hence, uneven power distribution and socio–natural interactions have 
been used as lenses to explore urban infrastructures, social cohesion 
and urban ecological security.62 Other studies on urban metabolism 
have instead focused on the lifestyle of urban residents and their ability 
to adapt to stressful urban conditions54 and on indicators to evaluate 
the livability of human built environments.53,54 Urban metabolism has 
enabled scholars to better portray the interconnection between urban 
ecosystems, the socio–natural processes that shape them, and power 
relations. This approach has thus become instrumental in showing 
“how urban environmental and social change co–determine each 
other and how these metabolic processes offer insights into creative 
pathways toward more democratic urban environmental politics”.62

Urban goods and services patterns

Studies on urbanites have gone beyond describing urban 
ecosystems and their patterns by focusing on ecosystem goods and 
services and their influence on societies. For instance, the role played 
by urban green spaces and bodies of water in offering clean air, carbon 
sequestration and fresh water, among other services, has been widely 
explored.20,24,40,70–72 For example, researchers have focused on the 
role played by unsealed urban surfaces in moderating climate and 
preventing damages caused by floods through water flow regulation.73 
A recent study proposes urban greening, or the creation of a green 
network that permeates a city, as a solution to alleviate disasters and 
urban impact on the environment.74 The provisioning, regulating, and 
supporting components of urban ecosystem services have become key 
topics in discourses about the transition toward global sustainability. 
This has not been the case for the last dimension of ecosystem 
services: cultural services. There have been some studies conducted 
regarding citizens’ perceptions toward urban green spaces.75,76 While 
the spiritual, cognitive, recreational, aesthetic, cultural benefits 
and social influences of ecosystem services on humans have been 
identified as essential for society’s wellbeing, these features of 
ecosystem services “have been least studied” and have not yet been 
fully explored in natural science.20 Furthermore, studies on urban 
ecosystem services have mostly centered on the benefits provided by 
ecosystem functions, their performance, and spatial distribution, and 
have ignored the number and distribution of citizens requiring these 
services (i.e., demand side).40,77 Such shortcomings have jeopardized 
the ability to fully understand the role played by urban ecosystem 
services in enhancing urban sustainability.77

Issues related to the economy, human wellbeing in cities, and 
political systems and institutions have been explored from a goods 
and services perspective.17,33,34,78 The historical evolution of capitalism, 
industrial restructuring and globalization, among others trends, have 
been deeply scrutinized to understand how social goods and services 
have and are flowing within and among urban areas.21,22,47 As stated 
by1 “Provisioning and access to businesses, and goods and services 
have become key themes in this area of study [social science]”. The 
geography of consumption has affected multiple social dimension 

of cities and their hinterland, from access to the job market, to the 
migration across cities for better employment opportunities, to 
networking within and among urban areas, to housing affordability 
and neighbourhood gentrification, to international trade, global firms, 
markets and digital communication.21,28,36,39,47,79–82 “Globalization, 
indeed, has favoured the spatial dispersal of economic activities outside 
cities, enhanced urban areas centralization effects and emphasized 
the linkages binding these areas. Accordingly, a new economic 
configuration of urban areas has been described in urban studies, one 
that is more complex, trans–boundary and service intense”.1

Urban socio–ecological paradigm

While not exhaustive, the overview provided offers an idea of the 
extensive work and the large contribution of biophysical and social 
science to urban studies. Complex, multi–scalar and interconnected 
urban areas no longer pertain to “the province of any one discipline”.44 
This is especially true when thinking about urban areas as nodes 
where transformations are economically, politically, socially and 
ecologically interwoven. As researchers have recognized that cities 
are dynamic, integrated and multi–scalar systems, a more widespread 
understanding of urban areas as human–driven ecosystems or socio–
ecological systems has become common.19,20,83 Such an understanding 
has propelled a transition from focusing on the biophysical features 
of cities (i.e., ecology in the cities) to including the complex socio–
ecological relationships of cities (i.e., ecology of cities) in urban 
studies.12,27,40,29 The ecology of cities, indeed, builds upon the city 
as a mosaic of land uses and management practices, subjected 
to biophysical (i.e., nutrients cycles, climate pattern, diversity 
distribution) and human (i.e., households, municipalities, agencies) 
driven influences and feedback loops.29 This concept emphasizes that 
urbanization alters the biophysical landscape and its functioning and 
quality, as much as it changes human behaviour, community structures 
and social organization.

Socio–ecological studies have largely embraced an interdisciplinary 
approach to provide insights to the multidimensional patterns and 
processes characterizing cities and their surrounding areas.44 The 
cross–fertilization between different disciplines has generated new 
and cutting edge research on urban areas. For instance, researchers 
have recently focused on coupled systems for downscaling climate 
projection models to specific cities in terms of urban sustainability. 
However, this work has begun to see too much emphasis on limited 
aspects of urban areas, arguing that a focus on climate models 
often ignores society’s needs.84 With the recent development of 
the urban sustainability paradigm, which “identifies sustainability 
as the ultimate goal of studying cities”,20 researchers have realized 
the need for an approach that considers landscape perspectives, 
interdisciplinary approaches, ecosystem services impact on human 
wellbeing, socio–ecological frameworks, and adaptive planning.20 
Such an understanding is incentivizing natural science researchers to 
develop a more comprehensive toolkit for studying urban complex 
systems, one that better encompasses society’s influence on urban 
areas. Overcoming sectorial thinking and approaches as well as better 
integrating the natural science dimension of urban areas in social 
science studies is thus fundamental to opening up corridors for new 
lines of discussion and propelling research on urban areas forward.

Urban socio–ecological systems: toward an 
integrated approach

The synergy between natural and social science research on urban 
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areas becomes apparent in urban socio–ecological systems (SES) 
studies by the.85 Define SES as a “coherent system of biophysical 
and social factors that regularly interact in a resilient, sustained 
manner; a system that is defined at several spatial, temporal, and 
organizational scales, which may be hierarchically linked; a set 
of critical resources (natural, socioeconomic, and cultural) whose 
flow and use is regulated by a combination of ecological and social 
systems; and a perpetually dynamic, complex system with continuous 
adaptation”. For the development of strong theories on integrated 
urban systems,27 stresses the importance of using integrated social–
bio–geophysical frameworks, considering the heterogeneity of 
systems and recommends drawing insights from hierarchy theory to 
organize and structure integrated approaches. An urban and ecological 
simulation modeling approach is instead proposed by86 to integrate 
the socio–ecological dimensions of urban areas. The integrated 
approach to long–term studies of urban ecological systems is instead 
proposed by.15 The authors suggest focal areas of study for social 
science and new approaches to better integrate socio–cultural factors 
into ecology studies. This early attempt to merge the ecological and 
social dimension of cities is followed by the24 description of cities as 
“complex socio–ecological systems (SES) that include people as the 
dominant species, other organisms, and a biotic elements, as well as 
the social and ecological contexts for these components” (p. 218). The 
authors go further by developing a conceptual model for urban SES 
using Phoenix as a case study to exemplify the interconnections and 
feedback loops between the ecological and social dimensions of the 
city. Based on the Baltimore Ecosystem Study (BES) and the District 
of Columbia–Baltimore City Urban Long–Term Ecological Research 
Area–Exploratory project,29 propose a blueprint for urban long term 
socio–ecological research based on three pillars: 

i. Building site context by characterizing the historical 
background of the urban area.

ii. Modeling the spatial structure of cities by embedding the 
heterogeneous, multi–scalar complexity of SES.

iii. Structuring processes and maintenance activities through 
platforms that link science with decision making.87 Attempt to 
understand urban sustainability by modeling the transition from 
industrial cities, to sanitary cities to sustainable cities, using 
concepts from dominant literatures including sustainability, 
resilience, adaptation, and vulnerability. This model provides 
and understanding of the influence of inertia on city transition 
and sustainability; furthermore, their work attempts to build a 
transnational network between cities to facilitate sustainability 
research and promote projects with tangible solutions for 
various types of cities. As future research the authors propose to 
focus on the importance of transitioning from ecology of cities 
to ecology for cities by maintaining the goal of sustainability 
through the design, infrastructure and development phases. 
The pathways proposed by these researchers stress the need 
to understand urban SES trajectories by better merging 
socio–ecological interactions, integrating feedback loops and 
considering the past, present and possible future of urban 
systems.

It is not always the case that what works for one city in terms 
of increasing sustainability and resilience will work for another. 
Some research specifically acknowledges that the interactions and 
needs of stakeholders, planners, community members and others, 
vary dramatically between urban areas, and therefore different 

methods of increasing sustainability and resilience might be needed.88 
Propose a “safe to fail” method for urban design that can be adopted 
and transformed based on the specific characteristics of the city in 
question. Broader use of these types of plans could benefit cities and 
prevent them from attempting to mimic the plans of another city that 
might not work in their own context.

Studies on socio–ecological systems and urban areas have also 
spanned a variety of themes, scales and geographical locations.89 For 
example, use an urban socio–ecological approach to link “humans 
and ecosystems in the context of African cultural values and heritage 
systems” (783). The socio–ecological functionality of green spaces 
along an urban gradient has been explored by83 in Karachi, Pakistan. 
The interaction between urban development, local ecosystems and 
green spaces in accordance with social–ecological principles has been 
the focus of a project developed in the Albano Resilient Campus, 
Stockholm.90 It has been also used as case study in a research using 
a social–ecological network model to address landscape and habitat 
fragmentation.91 The socio–ecological urban trajectories of the 
industrial eras have been explored by92 in Paris, France.

Other research has focused on individual ecological identity, 
human exemptionalism, anthropocentrism, and resource dependence 
in light of urban SES to explore positive attributes and characteristics 
of humans living in cities.93 Organised social–ecological innovation, 
understood as stakeholders management and collaborative governance 
of natural resources, has been used to explore the adaptive capacity 
and resiliency of urban SES.94 Governance and power relations have 
been also incorporated in urban forestry and greening in a special 
issue dedicated to social processes and the management of urban 
ecosystems.95 Gentrification and communities’ empowerment, urban 
ecosystems and inequalities, marginalization and urban forests, social 
networks and urban food systems, power dynamics and urban parks, 
and non–human species and governance are the themes explored in 
this issue focused on urban social–ecological systems. The governance 
dimension is further synthesized in96 where urban sustainability 
transitions are described in light of SES research.

The blooming of the socio–ecological approach in urban studies 
is illustrated by the diversity of frameworks and case studies 
borrowed from the SES literature and newly developed in urban 
studies to advance research and practices within this field. Urban SES 
approaches are flourishing through projects such as Urban Biodiversity 
and Ecosystem Services (URBES). Furthermore, cities lab (e.g., 
Cities and Biodiversity Outlook, Urban Ecology City Lab, Urban 
Ecology Research Lab) and institutes (i.e., Stockholm Resilience 
Center, The Beijer Institute of Ecological Economics) are emerging 
across the world. Interest in urban SES is also demonstrated by the 
rise of interdisciplinary networks and teams (e.g., Urban Biosphere 
Network–URBIS), blogs (i.e., the nature of cities), tools (i.e., urban 
planet), atlas (and project proposals (i.e., San Juan Ultra).19,6 This 
diversification in urban SES research further emphasizes the unique 
momentum this field is experiencing.

Future directions
Urban areas are increasingly the primary human inhabited 

ecosystems; they dominate demand for natural resources and 
determine local to global changes. To better understand the role 
played by these human built socio–ecological systems in shaping 
environmental changes and long–term sustainability, there are three 
major areas that need to be further discussed in urban studies:
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Integration between natural and social science 
research

While maintaining their disciplinary foci, natural and social 
science disciplines have increasingly been combined in urban studies. 
As shown from the blooming literature on urban SES, embracing an 
interdisciplinary approach has been recognized as key for developing 
a perspective from which to explore how urban built ecosystems, and 
their complex and broad–ranging connections can help communities 
to become more sustainable.44,28 From this standpoint, merging 
natural and social science insights has offered new perspectives about 
the urban socio–ecological environment, especially in regards to 
leveraging research on themes that have already represented common 
interest and concern in urban studies. Research on urban metabolism 
exemplifies domain in which natural and social science have found 
strong points of convergence. Scholars have linked mechanisms 
concerning material and energy production, flow and consumption 
with social theories, quality of life and power distribution in cities.97,98 
While many themes, frameworks, methodologies, and analytical 
approaches are shared by natural and social sciences in urban study 
research, others have themes that remain unique and limited to the 
scholarship considered. For example, cultural ecosystem services 
have been described by20 as “least studied” and “yet to be fully 
explored” in natural science. Nevertheless, a vast literature on the 
impact that the urban natural environment has on citizens exists in 
social science.30–34 Limitations in using findings generated by other 
disciplines may jeopardize the ability to:

i. obtain a holistic overview of the linkages between people and 
nature;

ii. better understand socio–ecological dynamics and responses to 
environmental modifications; 

iii. identify what is needed to enhance both local and global urban 
sustainability.

While maintaining their interests in discipline–specific aspects of 
urban systems, natural and social scientists should more thoroughly 
consider what type of urban research has been conducted in other 
disciplines. By going beyond the disciplinary focus of a specific 
scholarship–an issue shared with other interdisciplinary disciplines– 
it is possible to identify the overlap with other fields, and thus create 
a more holistic approach toward studying urban areas and their socio–
ecological dimensions. By offering to scholars a better understanding 
of how different disciplines have investigated urban areas, this paper 
creates jumping off point from which to further discuss the synergies 
and divergences between natural and social science research in urban 
studies. Such an understanding is compelling in an increasingly 
urbanizing context where cities need more urgently to become sites of 
sustainability and resource efficiency for the long–term maintenance 
of socio–ecological wellbeing.

Miss–match between spatiotemporal scales

Creating a common ground between disciplines can be difficult 
if a shared understanding of the spatiotemporal feature influencing 
urban areas are lacking. Often, challenges between natural and social 
science researchers arise as the time line and the geographical scale 
at which urban areas are explored diverges between disciplines. 
While natural scientists may focus on long–term and broad scale 
urban processes influenced by historical events, social scientists 
often center their attention on current, short–term and fine scale 

urban issues. Hence, the scale at which urban ecosystems respond 
to changes might not align with the one at which urban society can 
influence decision–making processes and policy. Furthermore, when 
considering increasing globalization and interconnection between 
urban environments across the world, it becomes even more difficult 
to target research to a spatiotemporal scale that fits both natural and 
social scientists. This miss–match in scale of urban socio–ecological 
observation and processes creates ambiguity, often reducing the ability 
of researchers to combine information coming from natural and social 
science research into urban studies. To overcome this constraint, 
acknowledging and defining timeframes, geographical scale and 
boundaries of urban areas is key. Future research should therefore 
focus on better defining the meaning of urban areas and on modeling 
how to account for the spatiotemporal miss–match between natural 
and social science processes and observations. Understanding that 
a web of past, present and future connections and interactions exist 
within and between cities can help in better encompassing the role 
played by natural and social forces in shaping environmental changes 
and in influencing the long–term sustainability of urban areas.

Vocabulary of urban socio–ecological systems

Another barrier to the development of a common ground 
between natural and social science in urban studies is the lack of a 
vocabulary, or toolkit, that helps cross–disciplinary boundaries, 
enhance collaborations, and foster reciprocity between scholarships. 
Concepts, theories, frameworks and applied approaches have been 
borrowed from one discipline to address problems raised in other 
fields of urban studies. The transfer of such vocabulary, however, 
has not always resulted in cross–fertilization between disciplines. 
To implement interdisciplinary approaches in urban studies, shared 
definitions and approaches are needed. Attempts to define terms from 
an interdisciplinary perspective have been made, as in the case of 
resilience.99 Projects like HIVE (Helping Interdisciplinary Vocabulary 
Engineering) are providing frameworks to enhance the integration of 
data repositories, libraries, and archives across multiple disciplines.100 
As emphasized by.101 When “certain terms become more broadly 
applicable, there is more cross–communication between disciplines.” 

While this three overarching outlooks – lack of integration between 
natural and social research, miss–match between spatiotemporal scales 
and lack of a common vocabulary– have been specifically discussed 
in light of urban areas, common challenges can be encountered in 
other interdisciplinary disciplines. Researchers that look at issues 
from multiple discipline perspective can benefit from the above 
outlooks and should consider pathways to take advantage and acquire 
a common meaning of concepts, theories, frameworks and applied 
approaches across disciplines. By developing a shared toolkit it will 
be possible to understand the linkages between people and nature, 
capture the coupled socio–ecological foundation of systems beyond 
the urban areas, and better merge the ecological and social dimensions 
of interdisciplinary research.

Urban SES studies are rapidly evolving and moving in new 
directions, creating the need to further develop the definitions, 
vocabulary, and toolkit of knowledge available to urban scholars. 
Rethinking what urban areas are and how to move toward a more 
holistic socio–ecological system approach to understanding their 
processes will be indeed the main challenge urban scholars will 
encounter while establishing new paths and processes that helps 
enhance both local and global socio–ecological capacity to respond 
and adapt to change. For a transition toward societies and ecosystems 
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characterized by long–term resilience and sustainability, there is 
an urgent need to build upon the urban SES momentum by better 
including and expanding the interdisciplinary socio–ecological 
literature on urban areas. Only by further developing an integrated 
and system approach, cities might become sites of sustainability and 
resource efficiency.
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