
Original Article/Research

The livability of spaces: Performance and/or resilience? Reflections
on the effects of spatial heterogeneity in transport and energy
systems and the implications on urban environmental quality
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Abstract

Cities can be seen as systems of organized complexity formed by interrelated and highly dynamic sub-systems. This paper reflects on
the interactions and tensions between socio-ecological and/or socio-technical sub-systems in cities and their capacity to either improve or
block urban processes. In this context, spatial heterogeneity could enhance or hinder the performance and resilience of critical urban sub-
systems such as transport and energy. The consequence of this interaction might be detrimental to environmental quality (air and acous-
tic) and the livability of urban areas. This rationale may improve political and expert decision-making processes toward sustainable, resi-
lient and livable cities.
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1. Introduction

A new and complementary way of thinking for a sus-
tainable built environment involves the study of urban
areas in terms of both socio-ecological and socio-
technical systems. In such an approach, cities are complex
adaptive systems capable of facing risks and unforeseen

adversities. The system is composed of a series of interact-
ing and interdependent sub-systems, which comply with the
components’ arrangement and processes that organize and
guarantee life in urban areas. One key characteristic of
such sub-systems is performance, understood as the sys-
tem’s effectiveness to maintain a certain quality level.
Another important characteristic is resilience, expressed
as the capacity of a system to absorb, adapt, and restore
its performance after a disruption.

In the past decades, the study of urban form has become
more complex, shifting from the physical characteristics of
a built-up area to a multifaceted approach (Larkham,
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2004). As part of this new approach, the socio-spatial pro-
cesses that generate urban form need to be considered. By
understanding the complexities of urban systems and their
sub-systems, planners could identify, learn and retain the
qualities of urban form that are essential to guarantee sus-
tainable development. With this vision in mind, cities
should guarantee certain intrinsic abilities to face change,
like the possibility to relocate urban objects (Roggema,
2014). Historically, the focus of urban form has been on
the normative aspect, neglecting its analytical approach
that embraces the relation between urban form and urban
life (Marcus, 2007). In this direction, the urban environ-
ment can become obsolete, with no capacity to absorb,
for example, the speculation on a future development, or
the pressure and the environmental consequences of demo-
graphic changes. From a socio-ecological perspective, the
main challenge is how to improve the livability of spaces
and avoid damaging the quality of life on a global and indi-
vidual level. To achieve this desired level of urbanity, cer-
tain trade-offs between urban sub-systems are necessary.

Cities hold several environmental challenges: they
occupy 3% of the land surface, host 50% of global popula-
tion, consume 75% of natural resources, produce 50% of
the global waste and emit 60–80% of greenhouse gases
(UNEP-DTIE, 2013). Without environmental quality,
cities become hostile places, neglecting the chance of space
optimization coupled with an improved environmental per-
formance (van den Dobbelsteen and de Wilde, 2004).

A key challenge is to look at cities as systems of
organized complexity formed by interrelated and highly
dynamic sub-systems, including individuals engaged in
different interactions (Atun, 2014; Dantzig and Saaty,
1973). Within the framework of achievement of current
and future citizens’ needs, we claim the importance
of the underlying socio-technical systems in the built
environment.

In such complexity, spatial heterogeneity is seen as a key
strategy to increase the livability of cities. Heterogeneity is
seen as an opportunity to allow the development of a suit-
able physical environment, not only as a reaction to mod-
ernism postulates of segregation (Fainstein, 2005). On one
hand, spatial heterogeneity allows the diffusion of risks as it
increases redundancy. However, it compromises optimiza-
tion and tends to reduce performance of interrelated sub-
systems (e.g., transport, energy, water etc.). In this case,
spatial heterogeneity constrains underlying systems in
cities, disrupting the capacity to reach certain equilibrium.
Without this dynamic equilibrium, environmental quality
as a leading vision of resilience and sustainability is not
guaranteed (Wilbanks and Fernández, 2014).

This paper sets up a niche of discussion about the ten-
sions between the capacities of urban socio-ecological
and/or socio-technical sub-systems to either improve or
block urban development. The focus lies on juxtaposing
the effects of spatial heterogeneity in two major urban
sub-systems, energy and transport. The reflection
addresses the tension between urban performance and

urban resilience and the consequent value of the entropy
concept as an interaction capable of enhancing or hinder-
ing the quality of life. The emphasis is on the implications
that this tension may have on urban environmental quality
and livability. These implications are analyzed through the
effects that spatial heterogeneity, transport and energy sub-
systems have on the human habitat and livability, attend-
ing to main environmental stressors as air and noise pollu-
tion. The intention is not to analyze whether all kinds of
spatial heterogeneity fit to the idea behind the current
study, since some limitations in terms of scale and time
may constrain the benefits of spatial heterogeneity to resi-
lient behavior. Resilience of one scale is not automatically
linked to another, allowing space for trade-offs in resilience
between scales (Chelleri and Olazabal, 2012). This
approach has been defended in previous studies (Boyd
et al., 2015) and also supported in the present paper.

A further exploration is done on the relations, interde-
pendencies and tensions between the socio-ecological per-
spective and the social-technical one of urban systems.
The two perspectives are often subordinated to each other,
thus reducing either performance or resilience. Does spatial
heterogeneity have an impact on urban environmental
quality due to the enhancement or hindering of the energy
and transport systems? Is it plausible to reach equilibrium
between the performance and resilience of these systems
without giving up to urban environmental quality and
the demanded spatial heterogeneity?

2. Urban form coevolution and spatial heterogeneity

Preoccupied about the physical representation and per-
ception of the city in the book The Image of the City,
Lynch (1960) stresses the importance of urban form in
the everyday life of people. According to Lynch (1984,
p.47), the urban form or the ‘‘physical environment” refers
to the ‘‘permanent objects” in cities, such as buildings and
streets. In his ‘‘normative theory”, Lynch emphasizes the
link between permanent objects that compose urban form
and human values (Lynch, 1984).

Over the last few years, human and ecological systems
have been increasingly regarded and studied as intercon-
nected ones. Such interaction derived land use decisions
from urban form and vice versa. The urban landscape
needs to be seen as productive fields (Waldheim, 2016)
where an outdated view on space as form need to be chal-
lenged and seen as interlinked processes that interact in
both time and space (Corner, 2006). The spatial patterns
and the need of underlying infrastructures arise in a certain
spatial heterogeneity in the built environment (Alberti,
2005).

Extending Norberg and Cummings’ (2008) study, spa-
tial heterogeneity depends on combinations of material,
relative and relational aspects of urban form. This results
in non-random spatial and temporal differentiation, form-
ing some sort of a pattern. These asymmetrical conditions
of urban form are mainly sustained by plural access to
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