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Engineering practice, education and research are bound to be important elements in
society’s response to climate change. While a number of other disciplines such as
economics, agriculture, urban planning and geoscience, are critical to the development
of mitigation policies, the designs and processes engineers create in the transport,
mining, energy, building and waste management sectors will be key in determining
atmospheric concentrations of greenhouse gasses over the coming decades. Similarly, the
way landscapes, buildings, neighborhoods and cities are built or rebuilt, will undoubtedly
be a major part of adaptation to higher temperatures, rising sea levels and more extreme
weather events. The paper discusses some of the barriers that prevent engineering
education and practice from fully and productively engaging with the challenges raised
by climate change. The paper recommends an expansion of the solution set to which
engineering students and graduates are exposed, a better understanding by engineering
students of the politics of technology and possible biases of engineers, and more
engagement on the part of engineers with the social and ecological embeddedness of
technology.
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INTRODUCTION
One of the remarkable aspects of the proposed actions for the
mitigation of, and adaptation to, anthropogenic climate change
is the extent to which they draw on knowledge across a large
number of conventional academic disciplines, professional prac-
tices and social groups. For example, adapting to higher average
temperatures and longer spells of more intense heat waves draws
out a range of responses, some of which are shown in Table 1.
Even a cursory examination of the kind of expertise required to
assess, compare and choose from the solution set listed in Table 1,
yields a list that includes urban planners, economists, social sci-
entists, epidemiologist, climatologists, mechanical engineers, civil
engineers, medical and public health professionals, architects,
politicians, social workers, municipal officers, legal experts and so
on. Clearly, who is likely to be involved in a particular action will
depend on the specific context, including scope and time horizon
of the intervention as well as its institutional and geographical
scales. No single profession or discipline can be expected to carry
alone the skills, know-how and thought processes required to
tackle climate-related challenges. While the obvious approach to
such multi-disciplinary problems is to engage multi-disciplinary
teams in tackling them, two questions nevertheless arise. First,
are the modes of thinking, professional training, biases and
self-interests of any particular discipline conducive or not to
such multi-disciplinary engagement? Second, do the practition-
ers of a given profession possess the attributes and skills required
to navigate this complex solution set and help make compar-
isons and choices between them? In this paper, I discuss these

questions in relation to engineering and suggest ways in which
engineers can better engage with the multiple dimensions of cli-
mate change. The strong technological dimension of most actions
on climate change makes these questions especially pertinent
to engineers.

ENGINEERING RESEARCH ON CLIMATE CHANGE
Research on climate change by engineering scholars and insti-
tutions has grown significantly over the last three decades, both
in absolute values of number of research publications, and as
a proportion of all engineering research output (see Figure 1).
Engineers are already making major contributions to the develop-
ment of responses to climate change and a number of engineer-
ing organizations and firms have incorporated climate change
problems in their strategic planning (e.g., Royal Academy of
Engineering, 2011; Dalton et al., 2012). However, there has been
little debate as to whether engineering institutions and curricula
are well placed to tackle this challenge as fully and productively as
needed.

RISK vs. VULNERABILITY
Risk assessment and risk management are intrinsic parts of
engineering practice. Starting from an understanding of the
technologies underpinning the production and distribution of
basic services (e.g., housing, communications, transport, supply
of energy, water, and food), engineers are usually well versed
in methodologies assessing the likelihood of a breakdown of
technology, in simple or complex systems, and implementing
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Table 1 | Examples of actions available to planners and policy-makers

for tackling higher average temperatures and more frequent and/or

more intense heat waves.

Action (list is indicative, not exhaustive) Professionals likely

to be Involved (list

is indicative, not

exhaustive)

Medical interventions to deal with
physiological heat stress in emergency rooms

Medical and health
professionals;
epidemiologists

Public health programs to inform and advise on
action during high-temperature spells

Medical and health
professionals;
epidemiologists

Heat-warning systems based on synoptic
weather categories associated with high
mortality and morbidity

Climate and weather
scientists; public
health professionals;
epidemiologists

City-wide, targeted emergency programs to be
activated prior to heat waves which might
include neighborhood watch, mobilized social
workers and communal shelters, especially in
poorer areas where heat waves have been
shown to kill more people

Town planners;
social workers;
communication
professionals

Engineering design or redesign of dwellings to
achieve better thermal comfort

Engineers;
architects; public
health professionals

Modification of building codes to ensure
minimal thermal standards

Engineers;
architects; public
health professionals

Development and installation of more
cost-effective and less polluting
air-conditioning systems

Engineers; architects

Redesigning urban landscapes to modify
thermal exchanges between the built
environment, ground and atmosphere, thereby
reducing the heat island effect and increasing
shade available in public space

Urban planners;
landscape architects;
engineers

Building water, food, energy and transport
infrastructure systems that are more resilient
to high temperature and able to deal with
demand fluctuations during heat waves

Engineers; town
planners; architects

processes and solutions that reduce the risk and/or manage it
(e.g., McDonald, 2003; Au and Wang, 2014). However, the mul-
titude of threats brought about by climate change and, more
importantly, their unprecedented scale and magnitude, pose new
challenges. Notably, conventional engineering responses to dis-
aster management which have been effective, sufficient and/or
cost-effective so far may no longer continue to be so.

Coastal flooding as a result of sea level rise is a case in
point. Today, many coastal municipal councils around the world
are planning for higher sea levels, and associated storm surges,

projected by mid- to end of century. While engineering solutions
such as sea walls (SW), beach nourishment (BN), and breakwa-
ters (BW) can be implemented with the aim of keeping water out,
increasingly, other options are being considered, namely strategic
retreat (RT), i.e., organizing a total or partial withdrawal of com-
munities from areas exposed to sea level rise—or allowing partial,
controlled and periodic flooding (PF) with all the adjustment of
the built environment that this entails (e.g., Begum et al., 2007;
Zevenbergen et al., 2010; Shoalhaven Local Government Area,
2014).

All solutions above require stakeholder consultation and
engagement to ensure the success of the intervention (Jha et al.,
2012). However, for the more conventional set of measures
(SW, BN, BW), it is possible to some extent, to separate the
effort of designing and implementing the required technology
from its social and ecological entanglements, interactions and
implications—as engineers routinely do and are arguably most
comfortable with. With the less conventional solutions (RT and
PF), however, this is no longer possible, since the technology is
implemented in much closer proximity to and, stronger interac-
tions with, people’s lives, assets and social relations. While RT and
PF still require physical modifications to the built environment,
the primary focus of action is an adjustment of a community’s
modes of living and the way its members interact with the natural
and built environments.

How does one compare the pros and cons of building a sea
wall or conducting a beach nourishment operation with the social
implications, costs and benefits, of a strategy of retreat and reloca-
tion of a community? Clearly, to be able to do so, engineers must
engage with the social and ecological dimensions of technology,
far more than they normally do. More specifically, a subtle shift of
emphasis in the articulation of the goal of an anti-flooding inter-
vention must occur: the aim is no longer the protection of the
physical assets or infrastructure providing services to the com-
munity; rather, it is to shield or improve the well-being of the
community living there, and this might require significant adjust-
ments by the community itself. The difference in emphasis is
crucial here because it allows engineers to expand the solution set
available to them and to place actions of a predominantly tech-
nological nature (SW, BN, BW) in the same analytical framework
as those that are more socially embedded (RT, PF). This shift can
therefore help decision-makers, be they engineers or not, make
comparisons and choices.

The emergence of a vulnerability and resilience paradigm
over the last two decades is significant here (Adger, 2006; Füssel
and Klein, 2006; Füssel, 2007; Tonmoy et al., 2014; El-Zein
and Tonmoy, 2015). Vulnerability is a concept that incorpo-
rates risk but goes beyond it, recognizing that, ultimately, the
goal of risk management is the protection of the well-being
of communities and ecosystems, rather than the integrity of
infrastructure systems providing them with services. The lat-
ter can, and usually is, part of the former but the two do
not coincide. The most commonly used articulation of vul-
nerability, first provided by the International Panel on Climate
Change (IPCC), makes explicit the separation between, on the
one hand, the physical dimension of risk, through the con-
cept of “exposure” to the hazard and, on the other hand,
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FIGURE 1 | Trends in number of publications making references to climate

change in the engineering field from El Village, and in science generally

from Web of Science (search conducted on 16 July 2014 and covered the

widest available option in the records of each database: “all fields” in El

Village and “topics” in Web of Science; El Village is an engineering and

geosciences database; Web of Science is a general research database).

its social, economic and institutional dimensions, through the
notion of the “sensitivity” to the hazard of the social unit in
question, and its “capacity to cope with and adapt to” it (IPCC,
2007).

No matter the conceptual tools adopted—and there are
many—the key point here is that engineering curricula will need
to reflect this shift in emphasis and move from conventional risk
assessment to more socially-embedded analyses. This entails not
just a broadening of conceptual thinking amongst students but
acquiring skills in the use of new methodologies and simulation
techniques that are not currently taught in conventional engi-
neering degrees. Geospatial analyses, Geographical Information
Systems (GIS) and participatory map making are one set of exam-
ples (e.g., Smith et al., 2000; Gorokhovich et al., 2013). Another
example is the emergence of new simulation methods such as
agent-based modeling which are highly suited for problems in
which individual reactions to events, incentives and disincen-
tives, aggregate into macroscopic behavior, within information-
sensitive, data-intensive contexts (Janssen, 2005; Janssen and
Ostrom, 2005). This is exactly the kind of problems encountered
by engineers trying to predict the way different disaster con-
tingency regimes combine with different patterns of individual
and/or institutional behavior to produce different levels of dam-
age and numbers of casualties (Scerri et al., 2012; Barahona et al.,
2013).

Following from the discussion on coastal flooding above,
Table 2 shows how the solution set considered by engineers can
be expanded for a number of climate-related problems by includ-
ing, in addition to conventional technology-focused actions, what
I have called “socially-embedded” solutions. Here, three clarifica-
tions are in order.

First, it goes without saying that ALL engineering problems
and solutions are located in the social space and are embedded
in social institutions. What I refer to specifically as “socially-
embedded solutions” here are solutions which, as implied earlier,
do not allow an easy separation of the technological and social
elements of the intervention, at any of its stages, be it conception,
design, implementation or operation.

Second, “socially-embedded solutions” almost always require
strong technology input. However, the success of the technology
in achieving its objectives, or lackthereof, is strongly linked to the
way it is conceived of and implemented, received and embraced
by communities and stakeholders.

Third, there is no implication here that “socially-embedded
solutions” are somehow better or worse than technology-
dominated solutions: this will obviously depend on context. Once
again, the example of coastal flooding is handy: below a certain
threshold of sea-level rise, technological fixes such as sea walls
may work best to keep water out; otherwise, partial flooding or
strategic retreat may be a better option.

POLITICS, BIAS, AND ENGINEERING DISCIPLINARY
BOUNDARIES
The expanded solution set shown in Table 2, calls for two kinds of
engineering competencies, not usually emphasized in engineer-
ing university degrees. First, a stronger exposure and openness
to key concepts and methodologies of other disciplines shown
in Table 2 is critical. Second, engineers must be able to engage
with communities in ways that involve listening to, communicat-
ing and working with stakeholders as partners rather than just
recipients of engineering expertise and technology. For successive
generations of engineers to be able to do so successfully, the social

www.frontiersin.org October 2014 | Volume 2 | Article 43 | 3

http://www.frontiersin.org
http://www.frontiersin.org/Interdisciplinary_Climate_Studies/archive


El-Zein Engineering and climate change

Table 2 | Expanded solution set through inclusion of socially-embedded actions.

Goal/Problem Conventional engineering solution set: examples

of technology-dominated solutions

Expanded solution set: examples of more

socially-embedded solutions

Reducing global
concentration of carbon
dioxide in the atmosphere

Improve energy efficiency of combustion engines
Develop more economical renewable sources of
energy (e.g., solar or wind energy)

Reduce demand for energy
Switch to more energy efficient appliances
Switch to less energy-intensive modes of transport

Adapting to longer, more
frequent and more extreme
heat waves

Develop more cost-effective air conditioning systems
Design households for better thermal comfort

Create more shaded public spaces
Reduce the urban heat island effect through city landscaping
Reduce occupational exposure to heat through better work
shifts and protective gear

Adapting to more frequent
and more extreme flooding
events

Increase the capacity of urban drainage systems
Build flood defenses such as sea walls

Retreat from exposed coastal settlements
Allow partial flooding using floating structures

Adapting to more frequent
and more extreme drought
events

Develop better water recycling systems
Develop better protection of groundwater from
surface pollutants

Develop alternative sources of staple food
Develop emergency water rationing systems
Adjust water pricing to reduce demand

embeddedness of technology needs to be debated, illustrated and
well understood in engineering degrees far more than is routinely
done. By social embeddeness of technology I mean the way tech-
nology changes, and is changed by, the social context in which it is
conceived, designed, and deployed, i.e., the fact that it is inscribed
within social relations and political institutions, rather than being
somehow external to them (Giddens, 2009).

Indeed, recognizing the social-embeddedness of technology
calls, in turn, for a departure in the way in which the “poli-
tics” of technology (and, by extension, engineering projects) are
viewed by engineers. In my experience, “politics” are perceived
by many engineering students, graduates and practitioners as, at
best, an impediment to the benevolent deployment of technology
and technocratic expertise and, at worst, as a destructive force
through which narrow-minded self interests can wreak projects
and prevent progress. While disfunctional politics can certainly
cause such damage, well-functioning “politics,” on the other
hand, should be seen as an indispensable and healthy framework
within which social agents and institutions, including engineers
and engineering firms, negotiate processes of technology-driven
change by bringing to bear their different perspectives and inter-
ests. Such a framework, provided it is governed by rules and laws
that are sufficiently transparent, democratic and fair, can ensure
far better outcomes for engineering projects and the common
good they serve.

Inevitably, a healthy engagement with the politics of tech-
nology requires a good deal of self-reflection on the part of
engineers about their own interests, biases and knowledge acqui-
sition methods—both as members of a managerial class invested
with technocratic power and privilege and as employees of engi-
neering firms with specific commercial interests (e.g., Riley, 2008;
Leydens et al., 2012). One example is the role that engineers
can and do play in the long-term transition into a carbon-
neutral energy systems and the choices to be made between the
array of technological, economic, financial and political tools and
means available to achieve such a transition. Given the extent to
which engineering know-how is heavily invested in supply-side

of services and large infrastructure systems, it is legitimate to ask
whether the self-interest of engineers might compromise the neu-
trality of their scientific positions and advice. Clearly, there is no
simple answer to this question—some engineers and engineering
organizations will retain their neutrality while others won’t—and
it will depend on the specific context, industrial, cultural and
national. However, it is a question that engineers need to be think-
ing about and certainly engineering students need to be asking,
analysing and reflecting upon.

Another way of making this point is to argue that engineering
professionals, institutions and Universities need to better artic-
ulate the social good that engineering serves—something the
engineering profession may have taken for granted until now but
which needs far more reflection on the part of engineers than
before. Small (1983) saw wealth generation as the primary task
of engineers, though he did not specify wealth for whom exactly,
and at what cost to whom. Mitchell et al. (2004) and Pielke (2008),
on the other hand, argued that engineers should play the role of
an “honest broker” acting as knowledge providers and technol-
ogy experts in conflicts around technology. Dong (2008) built on
the capabilities approach of Sen (1999) and Nussbaum (1995) to
propose an ethics of design that enhances the “capacity of peo-
ple to live the life that they value.” El-Zein and Hedemann (2013)
showed how one particular formulation of the social good of
engineering—“provision of access to safe water, air, food, habi-
tat and means of transport, as fundamental human rights”—can
serve to highlight the somewhat arbitrary, and possibly counter-
productive, nature of the current disciplinary divisions between
civil, mechanical and electrical engineering.

It is no accident that, over the last two decades, a number
of engineering researchers and educators have been calling for a
broadening of engineering curricular focus to encompass prob-
lem definition and not just problem solving (Downey, 2005),
social and environmental decision-making paradigms (El-Zein
et al., 2008), creative design approaches that incorporate human
factors in design (Holt et al., 1985) as well history, social jus-
tice, globalization, environmental sustainability and politics (e.g.,

Frontiers in Environmental Science | Interdisciplinary Climate Studies October 2014 | Volume 2 | Article 43 | 4

http://www.frontiersin.org/Interdisciplinary_Climate_Studies
http://www.frontiersin.org/Interdisciplinary_Climate_Studies
http://www.frontiersin.org/Interdisciplinary_Climate_Studies/archive


El-Zein Engineering and climate change

Baillie, 2006; El-Zein et al., 2008; Bell, 2011). Downey (2005)
warned that, unless engineers become involved in problem def-
inition, and are able to critically reflect on it, they risk turning
into “technical functionaries in support positions.”

Clearly, the broadening of the curriculum is no easy feat, given
continuous pressure for the inclusion of new technical subject
matter and industry-relevant applied knowledge. This is precisely
why an expansion into some of the areas discussed above is not
just a matter of adding a few courses here and there. It requires
instead a serious examination and realignment of curricula, in
light of new ecologically-driven demands likely to be made on
engineers in the twenty-first century. Such an appraisal should
cover not just content, graduate attributes and learning outcomes
of engineering university programs but other variables that are
not often questioned, such as number of years for engineering
degrees, undergraduate vs. post-graduate structures of engineer-
ing studies, the usefulness of conventional divisions between
engineering disciplines and the relationship between engineering
and physical and social sciences within the academy.

In fact, over the last decade, in attempting to better inte-
grate engineering with relevant social and ecological disciplines,
some universities have operated at an institutional level, creating
new degree programs combining engineering with ecology, public
health or social sciences and setting engineering departments or
research centers within a bigger science-based structure. Whether
this is desirable, feasible and/or effective will depend on context.
However, these changes should serve to remind us that a radical
re-appraisal of the way we do things is possible and desirable.

CONCLUSIONS
Modern-day engineering—including its professional institutions
and university curricula—emerged, by and large, in the early to
mid-twentieth century, when economic and population growth
and the rise of mass production and consumption were leading to
further expansion of cities and more intensive use of urban space.
Hence, engineers saw it as their task to build fundamental infras-
tructures for commercial, industrial and residential sectors (e.g.,
city, inter-city and international transport; automated produc-
tion lines and processes for manufacturing; high-rise buildings;
cheaper, more compact and more comfortable housing; food
production through intensive agriculture; water and waste-water
systems for better public health). A focus on large infrastructure,
“big engineering” and mass supply of energy, food and water have
characterized the profession ever since.

Building, modernizing and maintaining infrastructure systems
still is, and will no doubt remain, an essential part of the work
of engineers. However, the kind of challenges that engineers are
faced with in the post-industrial, information-intensive societies
of the twenty-first century, are markedly different to those of the
one that preceded it. An important new element is the strong need
today to address the anthropogenic threats to the ecological basis
of life and the depletion and degradation of natural resources.
Most of these threats are moderated by technology that engi-
neers and scientists conceive of, build and maintain. Conversely,
many of the responses to these threats are likely to draw on
technology developed by engineers and scientists. This challenge
has at least two important implications for engineering. First, it

requires engineers to build and operate within solution sets that
go well beyond conventional large-scale, supply-side engineer-
ing. Second, it makes it imperative for engineers to become more
conscious, and more willing to engage with, the social and eco-
logical embeddedness of technology and its political dimensions.
Otherwise, engineers risk becoming technical wizards in the ser-
vice of bigger and better minds, failing in their role as intelligent
agents of technology-driven change who are capable of addressing
the complex challenges of the twenty-first century.
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