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Geoengineering Governance and the Two Lessons from Science
and Technology Studies

Geoengineering has gained some attention over the last 5-10 years as a
potential climate policy option and, not least, research agenda (Royal
Society 2009; Fleming 2010; Rayner et al. 2013). It has come with
promises of capabilities to control the climate and to resolve climate
policy dilemmas (POST 2009; Bickel and Lane 2009), but it has also come
with warnings of unwanted, even disastrous, effects — on the climate as
well as on society (ETC 2010; Gardiner 2011; Macnaghten and
Szerszynski 2013). This situation has raised questions, familiar from other
areas of science and technology, about our ability to stop, direct or steer
technology innovation in such a way as to avoid or ameliorate potential
drawbacks.



Such discussions tend to draw on analyses of other technologies and our
past experience with them. In the discourse informed by science and
technology studies (STS), these discussions often refer to the Collingridge
dilemma (Collingridge 1980; Liebert and Schmidt 2010; Shackley and
Thompson 2012; also, see Rayner 2010), stating that at early stages of
technology innovation it is hard to know what the outcomes will be and
what the outcomes of any interventions in it will be, whereas at later
stages of the innovation process the technology may have become so
stabilised, entrenched and ubiquitous that it is hard to change.

Another lesson from STS tends to be forgotten, however. Much of the
discussion around the future of geoengineering and how to govern it has
relied on a linear conceptualisation of technical innovation. The linear
model of technology innovation holds that technology develops through a
set of stages, denoting distinct kinds of activities, each temporally and
causally dependent on the completion of previous stages. The model
typically includes at least a distinction between a research stage and a
deployment stage, and sometimes with further stages in between, like
development, testing, demonstration, marketing, etc. (Godin 2006).

The linear model also implies an identity between what is being
researched, developed, deployed, etc. across the stages, i.e. that it is the
same object that recurs in each stage, albeit in different states of
development or completion. The linear model has been thoroughly
critiqued in technology and innovation studies since at least the 1970s
(see, e.g. Godin 2006), for reasons as described below, but is still a
common trope in both academic and policy discourse on geoengineering.
For example, the metaphor of a stream is frequently used to evoke this
identity, when speaking of upstream research and downstream
deployment.

This paper aims to address the lack of critique of the linear model in
geoengineering governance discourse, and to illustrate different
considerations for a geoengineering governance framework that is not
based on a linear model of technology innovation. Finally, we set to
explore a particular approach to geoengineering governance based on
Peter-Paul Verbeek’s notion of ‘technology accompaniment’.
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The Linear Model in Geoengineering Discourse

As compared to geoengineering research proposals, there is a paucity of
geoengineering technology development plans, or analyses and
assessments at all informed by any models of technology innovation. A
few contributions can be identified, and they tend to be linear in
character. The NOVIM (2009) report goes some way to set out a plan for
the development of stratospheric aerosol injection, and is a good example
of a strongly linear conceptualisation of innovation.

The NOVIM report projects five progressive phases of research,
development and deployment: (I) non-invasive Ilaboratory and
computational research; (II) field experiments; (III) monitored
deployment; (IV) steady-state intervention and (V) disengagement. Each
phase is seen to offer distinct challenges and objectives with successively
higher levels of risk (NOVIM 2009, 29). The report presents these phases
as cumulative, with new phases adding to on-going efforts in previous
ones, rather than replacing them. Feedback from later phases to earlier
ones and any need to retreat to earlier phases from later ones are not
discussed, nor is there any recognition that later phase activities might
precede earlier ones.

Alongside these phases, an argument is developed about the need for
better knowledge from science to be used by decision-makers. The report
also makes a strong distinction between what can and what should be
done, and defines the latter question being outside of the scope of the
report (NOVIM 2009, v). This delimitation rests on the assumption that
non-natural-science concerns are not necessary for designing a valid
innovation strategy and that scientists can legitimately proceed to
produce such plans separately from experts on economics, social science,
ethics, etc. as well as participation from other concerned parties. The
linear model lends itself well to arguments about the ethical and political
neutrality of a science happening in isolation from other disciplines, actors
and interests.



The 2011 geoengineering technology assessment from the US
Government Accountability Office (GAQO) offers another example of
distinctly linear conceptualisation of geoengineering. The report sets out
to assess a range of geoengineering technologies, choosing to focus on
four dimensions: maturity, effectiveness, “cost factors”, and "“potential
consequences” (2011, 77). Maturity is here rated according to so-called
technology readiness levels (TRL), with reference to their use by NASA
and the European Space Agency and their wider circulation as a standard
tool (2011, 77). The version of the TRL model used encompasses nine
levels of readiness, ranging from “basic principles observed and reported”
to “actual system has been proven in successful mission operations”
(2011, 78-79). These levels are depicted as sequential.!

These two examples are somewhat different in that the NOVIM report sets
out a plan for future technology innovation, and the GAO seeks to assess
the status quo. Also, the GAO report is oriented towards the future in that
the purpose of the assessment is to guide decisions on research funding
and to direct our exploration of potential geoengineering futures.
However, in both cases we are presented with ideas about the distance
from imagined future states as well as some contours of a route towards
it. A key attraction of the linear model is that it allows us to promote (and
critique) current science with reference to specific, imagined technological
futures.

The linear model - or versions thereof — is commonplace in the literature
on geoengineering. We will not attempt any exhaustive review here, but a
few examples will go some way towards backing this claim up. McLaren
(2012) uses TRLs (referencing GAO 2011) to assess the maturity of
negative emissions technologies. The authors of the Oxford principles
refer to stages of development in elaborating the principles (Rayner et al.
2013). So does the Royal Society report (2009), and it even goes so far
as to offer predictions of when the technologies will have progressed
through them to maturity.

I Interestingly, the GAO applies the model only to the artefacts needed to deliver the intervention (e.g.
mirrors and the means to place them into space), rather than to a bigger socio-technical system that
includes the mechanisms through which the intervention is to have effects (e.g. a designed atmosphere)
and the tools we use to analyse these mechanisms. The maturity of climate modelling and our ability to
predict effects and side-effects are not assessed in this report.
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It is worth noting that the linear model not only affects the way we
conceptualise geoengineering technology innovation; it also affects the
way that we conceptualise how it should be governed. For instance, it sets
up a temporal and causal distinction between early and late parts of the
innovation process. Understood this way, we can formulate a choice
between intervening early or late (Collingridge 1980), upstream or
downstream (Corner et al. 2012; Macnaghten and Szerszynski 2013; Carr
et al. 2013), before or after deployment (Rayner et al. 2013). The linear
model also associates “early” with science and “late” with use, and so the
model enables the formulation of a choice between choosing to intervene
early in science or later in use (deployment). Discussions about whether
to intervene in science have been framed as a decision about how far
upstream, i.e. how far removed from the use context, intervention should
be made.

David Collingridge (1980) articulated this as a matter of the early
uncertainty about the later form and impact of emerging technologies
versus later certitude, in combination with early freedom of choice and
malleability, and later locking-in to specific forms and less scope for
change. Again, early stages are conceived as happening at a distance
from societal contexts, and - unlike deployment - not embedded in and
locked-in with societal structures or impacted by interests, or at least
much less so.?

The linear model can be a discursive tool for both the promotion and
constraint (as interventions) of geoengineering-related activities. In either
kind of intervention, it is a matter of attaching scenarios (be they
promises or threats) of technology futures to current science.® Moreover,
the politics of using linear models varies by context, and needs to be
evaluated in reference to it. However, any use would tend to reproduce to

2 To be fair, this is how the Collingridge dilemma is often presented, whereas Collingridge himself
transcended this simple model of early stage malleability as the unrestricted agency of apolitical expert-
scientists, to analytically include (and advocate) multiple knowledges, values, and diverse actors
(although primarily policy makers, rather than technology users) throughout the innovation process
(Liebert and Schmidt 2010).
3 For an example of the latter, see Macnaghten and Szerszynski (2013), who argue that the ‘social
constitution’ of geoengineering is knowable and allows us to predict threats pertaining to solar radiation
management.
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some degree the privileged position of scientists in making choices about
research priorities, pertaining to their assumedly early, societally isolated
domain® as well as reproducing the faith in science as the predominant
and ethically and politically neutral mechanism of socio-technical change.

Critiques of the Linear Model in Technology and Innovation
Studies

As mentioned above, the linear model has been thoroughly critiqued in
technology and innovation studies. A classic debate framed it in terms of
a choice between science “push” and demand “pull” as the main
explanation of technology innovation (Di Stefano et al. 2012; Godin and
Lane 2013), thus reifying the two stages. This was superseded by models
allowing for feedbacks between different stages (e.g. Kline 1985) and
models that abandoned the notion of stages altogether in favour of
interaction between a set of activities that are not by necessity ordered in
a sequence.

Substantively, studies have shown that the linear model seriously
underplays uncertainty and contingency (including scope for
setbacks/failure as well as otherwise surprising outcomes), in that it
suggests an ordered progression from research stage to
later ‘completion’, and, relatedly, that it tends to underplay the scope for
choice and agency in favour of a pre-determined and predictable
technology innovation outcome (Rip 1995). A single starting point is
thought to lead to a single outcome, or at least a very restricted set of
outcomes. By placing science at the start of the innovation process, and
assuming that subsequent stages are determined (or strongly shaped) by
it, the linear model tends to highlight science as the primary locus and
source of novelty and creativity (MacKenzie and Wajcman 1999). This
downplays contributions of actors and knowledges seen as being
‘downstream’, for example ‘users’ (Fleck 1994) or policy makers (Jasanoff
2004). The allocation of agency mainly to the realm of science serves to
simplify the social and political processes involved. Most actors apart from
scientists can in this way be made to seem external, as part of the

4+ We believe that is why the term ‘upstream engagement’ is inherently limiting when arguing for the
democratisation of science and technology.
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context, and with mainly a reactive role to play. Politics can be deferred
to downstream deployment, located elsewhere and later in relation to the
upstream science, which has now been purified and made to seem
untouched by politics (Russell and Williams 2002).

It may be worth commenting briefly on why the linear model persists in
the face of decades of thorough critique. The use of science in technology
innovation (Latour 1985; Gibbons et al. 1994) has undoubtedly created a
demand for ways of thinking about how technology futures are implicated
in current science. As long as discussions and analyses focus on science,
the ways in which it is taken up or connected with technology innovation
can often remain obscure without problem. In fact, linear promises of
future technology may be most valuable to scientists and their sponsors,
if left unscrutinised. To develop technologies, it is frequently necessary to
build up expectations and hype (Brown and Michael 2003; Bergek et al.
2008; van Lente et al. 2013), so as to attract resources and good will.

There is also the opposite but analogous need and desire to think through
possible negative outcomes. And such efforts need to attract attention
and resources too. Again, linear predictions (Williams 2008) are useful,
albeit about doom rather than salvation. This interplay between
technology promoters and their detractors contributes to a process of
social learning about specific technologies (Rayner 2004) and about the
role of technology in society more widely. Whilst the linear
conceptualisations of technology development thus have their uses, we
should be wary of the way they shape our understanding of what might
be the result of current research and development efforts, and our
evaluation of those efforts and the actors involved with them.

Non-Linear Models of Technology Innovation

There is a wide variety of models for the analysis of technology innovation
available in the STS and technology and innovation studies literatures.
This section of the paper will set out one perspective, without claiming to
represent the full variety, but in a way that will produce a useful contrast
with the linear model, with the aim of opening up the discussion rather
than to pronounce on any one right way of doing so.
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A dominant theme in social science theorising on technology over the last
three decades is that of interaction in networks. Models have tended to
emphasise distributed agency across sets of actors and artefacts (see,
e.g. Pinch and Bijker 1984; Latour 2005), in a process that can be more
or less coordinated but rarely completely determined by any one agent,
and at least in part emerges through contingent interactions. This
perspective highlights the limits to prediction and central management,
and so presents a messier object of analysis and governance than does
the linear model.

A second key result has been recognition of the heterogeneity of
technology, i.e. the view that technology not only consists of a particular
kind of object, or one particular kind of knowledge, but a heterogeneous
range of elements, including also actors and institutions (Hughes 1983).
Metaphors such as system building (Hughes 1983) or bricolage (Garud
and Karnoe 2003) are used to refer to the process in which such elements
are aligned and mutually adjusted (co-produced) in attempts at making a
technology work and potentially stabilised for reliable performance. This
challenges, in particular, models where science is the sole root of any
technology, and emphasises instead their multiple origins. A
heterogeneous model, in contrast with a linear one, would emphasise
scientific knowledge as one kind of knowledge among several, amongst
yet other kinds of building blocks.

In this view, actors are to be seen as part of the technology, and as part
of the heterogeneous networks that make up socio-technical
arrangements that work. Beyond this, we may also talk of the socio-
technical contexts in which technologies are developed, and how they are
shaped by those contexts and so implicated in wider political struggles
(Winner 1980). The stability of any network is therefore in part dependent
on how it fits with its contexts (cf. Geels 2005), with their structures and
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power relations (Hard 1993).° In contrast, the linear model tends towards
being self-contained, with internal dynamics determining outcomes.

Geoengineering Governance without the Linear Model

Rejecting the linear model and replacing it with a non-linear alternative,
however, does not by itself resolve the Collingridge dilemma. Current
activities invoking technology futures may well contribute to socially,
ethically, and politically undesirable outcomes, and we might want to pre-
empt them by intervening in the technology innovation process. As such,
we are not arguing that the Collingridge dilemma will be mysteriously
dissolved once geoengineering governance frameworks adopt a non-linear
model of technology innovation, or that we cannot - or should not - care
about future outcomes of geoengineering at the present. We do, however,
insist that the Collingridge dilemma and the responses to it have to be
reconsidered when the other lesson from STS, i.e. the problems of the
linear model, is being taken seriously. In the following, we outline several
implications of the rejection of the linear model for the discussions on
geoengineering governance.

Firstly, it is important not to assume any naturally occurring stage, levels
of development, or streams of development in geoengineering, at least
not without being aware of the theoretical choices being made and of the
problems that go with it. In other words, it is necessary for researchers
and policy makers to be reflective about ‘linearity’ in the language of and
framings in geoengineering governance, and they should also be wary of
arguments and debates that fall unreflectively into the frames of the
linear model. For instance, such arguments and debates have already
appeared in the form of slippery slope arguments stating that
geoengineering research will lead to its deployment because of cultural
beliefs and vested interests permeated in geoengineering research
(Jamieson 1996, 333; Long and Scott 2013), or because of the
‘institutional momentum’ created by geoengineering research (Gardiner

5 Although models and theories diverge strongly. For some there can be no a priori and sustained
analytical distinctions between levels, and so not between technology and its context. For others, the
important thing is to avoid a priori distinctions between humans and artefacts. The position set out here,
allows for structurally determined levels and focuses on human agency.
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2010, 289). By rejecting the linear model, we can reject the crudely
determinist arguments suggesting inevitable movement along a path,
trajectory, etc. in research and deployment of geoengineering. Technical
change is not necessarily predictable and unmanageable. It is not often
the case that technology is completely out of control after an initial
tentative formulation even if it is not necessarily easy to control it. Again,
this is not to assert that concerns about the slippery slope arguments and
other related problems are unreal, but only to state that it is important
not to conceptualise and formulate them with the language and frames of
the linear model, which would easily lead to determinist arguments.
Similarly, by rejecting the linear model, we should also abandon the
assumption that there is one stable, homogenous object being
researched, developed, deployed, etc. across different stages. In this
respect, we can too reject essentialist arguments suggesting the future of
geoengineering is entirely inherent in the technology itself (see, e.q.
Macnaghten and Szerszynski 2013).

Secondly, if there are no stages, there is no obvious sense in which
intervention in geoengineering can or should be ‘early’, and the
assessment of and intervention in geoengineering need to be
reconceptualised as an on-going process, ‘now’ is always a good time to
act. In other words, a shift is required from the emphasis on ‘early stages’
or ‘upstream’ in geoengineering to the on-going process in which
geoengineering is being researched, developed, and deployed (see Joly
and Kaufmann 2008). In effect, it is important to be reminded that
technologies continue to evolve in and with society when they are made
available to the public or being put into use (Leonard-Barton 1988; Rip
and Kemp 1998), and thus the ‘later stages’ and ‘downstream’ will be as
important as the ‘early stages’ and ‘upstream’ in a comprehensive
geoengineering governance framework. There are various analytic
approaches available that aim to account for the processual dimension of
technology innovation, and are not restrict to ‘early stages’ or ‘upstream’,
e.g. real-time technology assessment (Guston & Sarewitz 2002), the
technology-as-social-experiment approach (van de Poel 2009, 2011,
2013), the technology accompaniment approach (Verbeek 2006, 2010,
2011, 2013). Using one of these approaches should enable
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geoengineering governance to take seriously the non-linear characteristic
of geoengineering.

Thirdly, one ought to be reminded that science (and technology) is only
one site of intervention, and there are other sites as well. If the activities
of the linear model are not sequential stages, they can instead be seen as
parallel activities, and thus there are multiple sites of possible
intervention. Intervention can target not just research, but also
experimentation, deployment, use, ventures, regulation, policy-making,
and the discourse of geoengineering. In short, the context in which
geoengineering emerges is as an important site of intervention as much
as the science and technology of geoengineering (see, e.g. Gardiner
2010, 2011, 2014). Here, it is instructive to refer to research in the area
of nanotechnology governance with the approach of midstream
modulation (Fisher et al. 2006; Schuurbiers and Fisher 2009; Schuurbiers
2011). The midstream modulation approach views the laboratory itself as
an important site of intervention, as it is where scientists and engineers
shape nanotechnology and bring it into being, and it is also where social,
ethical, and political values already being imparted into technology
through their decisions. For the proponents of midstream modulation,
then the labs and relating settings where research takes place should too
be opened up as sites of intervention. Insofar that upstream engagement
on geoengineering has tended to rely on dedicated institutional set-ups
that are separate from the labs, it will be insufficient to account for the
multicity of the innovation processes.

Fourthly, whilst the linear model tends to separate science from issues of
ethics and politics and support understanding of it as apolitical, we argue
that assessment and intervention need to take into account of the values
that are at stake in innovation. Intervention should not just focus on
scientific and technical details, but also on the values that are inevitably
present. In short, the assessment and intervention ought to be socio-
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technical, i.e. they have to take into account the values situated in the
broader context of which geoengineering emerges.®

Accompanying Geoengineering

We have already noted that the model of technology innovation assumed
in the discussions will affect the approach to technology governance
envisioned, and our brief review of the literature on geoengineering
governance has shown that the current discourse tends to emphasise the
importance of ‘early stage’ or ‘upstream’ intervention, ‘governance before
deployment’, etc., which could be seen as supported by the linear
assumption that the assessment of and intervention in geoengineering at
the early stages could predict its outcome and alter its course, and thus
avoid or alleviate the socially, ethically, and politically inacceptable
outcomes of geoengineering at the later stages; or, at least, the early
assessment of and intervention in geoengineering is considered to be an
important exercise to reveal possible social, ethical, and political problems
in geoengineering futures, and thereby opening up the discussions on
those issues, and raising our preparedness for them.

Technology innovation, however, is non-linear; and, technology
governance frameworks based on the linear model are at best insufficient
and at worst misleading. Philosophers of technology have argued that the
intended outcomes of technology in the research context might not
always realise in the use context (Albrechtslund 2007; Ihde 2008; Ccf.
Kiran 2012). This is, in part, due to outcomes of technology are not only
determined by scientists and engineers in the research context, but also
by users in the use context.” For geoengineering governance, this
argument implies that the significance of early assessment and
intervention could be limited: without experience of the use context, the
(normative) conclusions from the early assessment of geoengineering

6 Accordingly, our visions of a geoengineering world, which (re)present our values of and about
geoengineering, are perhaps more appropriate as the object of critical reflection. See Ferrai (2013) for a
similar argument in favour of the inclusion of technological visions in the assessment and governance of
nanotechnology.
7Thde (2008) calls this “the designer fallacy”, and the challenge is to bridge the gap(s) between the
research (and design) context and the use context, see e.g. Kiran (2012), Wong (2013).
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could be unrealisable in the use context; and, the intervention in the
“early stages” or “upstream” also could not guarantee the expected
results in the use context. This is so because users of geoengineering -
and, the society as a whole - can diverge from the intended uses or
respond to the expected consequences of geoengineering differently, and
thereby render early assessment of and intervention irrelevant. In effect,
without emphasising the heterogeneity of geoengineering, the focus on
the “early stages” and “upstream” could (inadvertently) impose an
essentialist view of geoengineering, and mistakenly take the object of
analysis and evaluation to be the same throughout the innovation
process. As technology innovation is a heterogeneous, unfolding and
multi-sited process where human agency matters alongside material
agency, and the overall assemblage is only predictable to a degree,
experimenting and learning will be integral to understand what we are
doing and what can be achieved.

To be sure, this is not a decisive argument for abandoning assessment
and intervention in this manner altogether, but the argument clearly
signpost the need to go beyond the “early stages” and “upstream” in a
geoengineering governance framework.® Indeed, we view this as one of
the major challenge to approach geoengineering governance without the
linear model of technology innovation. In the following, we shall explore
one approach in ethics of technology offered by Peter-Paul Verbeek
(2006, 2010, 2011, 2013), and discuss how it can inform geoengineering
governance frameworks that forgo the linear model of technology
innovation.

Verbeek (2010; also, see 2011) observes that ethics of technology has
predominantly been viewed as a safeguard of humanity against the
transgression of technology, and so the aim of ethics of technology is to
analyse and evaluate technologies and their impacts on individuals, and
to reject them if they oppose our social, ethical, and political values.
Against this background, Verbeek proposes an alternative approach to
ethics of technology he calls ‘technology accompaniment’. Drawing from
actor-network theory (see, e.g. Latour 1992, 2005; Law 2009; Sayes

8 Our argument, therefore, should not be considered as an argument against ‘opening up’ the
geoengineering debate (see, e.g. Stirling 2008; Bellamy et al. 2013). In effect, ‘opening up’ the debate on
geoengineering can be valuable if it is not based on a linear model of technology innovation.
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2014) and postphenomenology (see, e.g. Ihde 1993, 2009; Verbeek
2005), Verbeek argues that human experience is always mediated by
technology, and thus there is no external (or, non-technological)
standpoint from which technology can be evaluated. Moreover, he argues
that technology is not only value-laden, but it is co-constitutive of our
morality. Accordingly, Verbeek argues that ethics of technology should
not be evaluating whether some technologies are socially, ethically, or
political permissible with a particular normative standard isolated from
technology, as it will overlook the role of technology in shaping and
transforming the moral concepts individuals use in evaluating
technologies (also, see Swierstra et al. 2009; Boenink et al. 2010;
Swierstra 2013); instead, ethics of technology should be devoted to
examine various forms of human-technology-world (and, human-
technology) relations and their quality. More specifically, the technology
accompaniment approach examines how technology can interact with our
moral concepts and how it can transform human experience, and explores
different ways to shape technologies and our involvement with them. As
such, it open up the conceptual space for the inclusion of the
contingencies in and from the use context, as human (and the broader
context) is an integral part of the human-technology-world relations.

Central to the technology accompaniment approach, therefore, is a shift
from the evaluation of technology with an external standpoint to
accompanying technology innovation with an internal standpoint; and,
from the normative reflection on technology to the normative reflection
on the quality of human-technology-world (and human-technology)
relations. In doing so, it also requires us to reconceptualise ethics of
technology as a task that requires continuous efforts from individuals to
build, reflect, and maintain the technologically-mediated relations. For
Verbeek, the aim of ethics of technology is no longer to pronounce social,
ethical, and political (un)acceptability of technology, but to examine the
much broader question of “what is a good way of living with technology?”
(Verbeek 2011, 158).

The technology accompaniment approach thus entails a de-centring of the
analysis from the technology to our technologically-mediated relations
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with the world. However, this leaves a problem of delimitation: in the
case of geoengineering, it would after all not only be geoengineering
technologies that mediated our relation(s) with the world. By taking a
further step towards de-centring the technology, we suggest that useful
questions also include: what will adding geoengineering to existing sets of
technologies - for example, energy, agricultural, or military, etc. — mean
for our technologically-mediated relation(s) with the world? If we do so,
we could more competently answer the questions: whether, why, and
how we should continue with developing geoengineering technologies.

Applying the technology accompaniment approach to geoengineering
technologies shifts the emphasis of geoengineering governance away
from the questions about whether geoengineering is socially, ethically,
and politically acceptable to the questions about if and how
geoengineering might contribute to the good life. In other words, instead
of (only) probing social, ethical and political issues in geoengineering
futures and searching for solutions to them, this approach explores
different technologically-mediated relations presented by geoengineering
technologies, and examines the quality of those technologically-mediated
relations as well as geoengineering technologies’ contribution (or
subtraction) to the existing sets of technologies we already have. This
shift is important, as it requires us not only to question geoengineering
technology, but also the background condition of which geoengineering
comes into prominence and the kind of life we should live with (or
without) geoengineering (cf. Gardiner 2011). In this way, the technology
accompaniment approach also move away from focusing on ‘early stages’
and ‘upstream’ to a much broader context of inquiry.

It is not our intention to spell out the technology accompaniment
approach to geoengineering governance in full detail here. However, a
recent analysis of solar radiation management by Maialen Galarraga and
Bronislaw Szerszynski (2012) offers an illustrative example of how it
could be applied.’ In their analysis, Galarraga and Szerszynski examine

9 Galarraga and Szerszynski have not referred to the technological accompaniment approach in their
analysis, but their emphasis on various forms of human-world relation presented by implementation of
solar radiation management provides an interesting example of how the technologically-mediated
relations of geoengineering technologies can be analysed.
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different ways in which implementation of solar radiation management
can be conceptualised. They distinguish three different accounts of
‘making climates’, i.e. producing, educing, and creating; and, introduce
three types of climate makers corresponding to each account of ‘making’:
climate architect, climate artisan, and climate artist. What is novel and
interesting about their analysis is their attempt to understand different
technologically-mediated relations in the implementation and the human-
world relations associated with them.

More specifically, Galarraga and Szerszynski show that the
implementation can be understood via the notion of production, i.e. “the
imposition of an existing form onto formless matter” (2012, 225), and the
ideal-type of human-world relation corresponds to this notion is the
climate architect, i.e. an agent who attempts to impose a new form onto
the matter of climate. Alternatively, they note that the implementation
can be understood via the notion of educing in which “form is drawn out
from the potentialities of matter itself” (2012, 226); and, corresponding
to this notion is the climate artisan who focuses on the process in which
the en-forming of climate occurs, and facilitates the form’s coming into
being. Finally, the notion of creation, which is about “the capacity a create
a hew eidos [i.e. essence, ideal] that is not wholly determined by
anything that pre-exists it” (2012, 227), is associated with the climate
artist who views climate-making to be inevitably involved in creating
climatically novel states.

Galarraga and Szerszynski have offered an illustrative example of how to
analyse the human-technology-world (and human-technology) relations
presented by geoengineering: geoengineering allows human beings to
produce, educe or create climate, and it engenders different types of role
(or relation) we have to the world, i.e. architect, artisan and artist.*® For
the technology accompaniment approach, the normative question will be
the desirability of the human-technology-world relations made possible by
geoengineering, and the role (or, relation) human beings ought to have to

10 Their analysis is based on solar radiation management technologies but not carbon dioxide reduction
technologies. It is, however, plausible that the human-technology-world relations and the ideal-types
Galarraga and Szerszynksi suggest have identified are also applicable to carbon dioxide reduction
technologies.

18



the world. In the case of Galarraga and Szerszynski, they believe that
neither ‘production’ nor ‘educing’ is suitable to characterise the human-
technology-world relation in geoengineering; it is the ‘creation’
relationship, and thus the role of climate artist, they think can enable us
to deal with the novelty of the geoengineered climate system. Whether
Galarraga and Szerszynski is correct or not requires further discussion,
but if they are correct about the desirability of the ‘creation’ relationship,
the technology accompaniment approach will assert that geoengineering
ought to be developed (and implemented) with this account of making. At
the same time, it will also recommend people to become climate artists
too. It should be clarified that the technology accompaniment approach
does not imply we have to accept any one way of doing geoengineering.
We may find all forms of geoengineering unpalatable. Yet, it does remind
us of the possibility to (re)configure the human-technology-world
relations of geoengineering, instead of rejecting geoengineering outright.

In short, accompanying geoengineering means that we should redirect
our attention from the science and technology of geoengineering to the
quality of human-technology-world (and human-technology) relations of
geoengineering. And, geoengineering governance needs to understand
how geoengineering can (re)shape our morality and transform human
experience, and concerns with shaping both geoengineering technologies
and individuals’ involvement with them. Ultimately, the questions for
geoengineering governance should be about geoengineering’s contribution
to the good life, the good society, and the good climate. Of course, we
have not touched on the more fundamental questions concerning what is
the good life, the good society, or the good climate, and thus the
questions about what is considered to be a good technologically-mediated
relation of geoengineering remains to be answered. Yet, we believe the
technology accompaniment approach provides us the impetus to re-open
the dialogue on the normative questions not only about geoengineering,
but about the good life, the good society, and the good climate in general.
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Conclusion

In this paper, we have argued that the discourse on geoengineering and
its governance is problematically characterised by a strong but implicit
reliance on the linear model of technology innovation. We have also
sought to point out alternative, non-linear ways in which we can
conceptualise geoengineering innovation, and pointed to some
consequences of such a re-conceptualisation for geoengineering
assessment and governance.

We have thus contributed a new perspective to the discussion of
geoengineering innovation, assessment and governance. Moreover, we
have outlined some governance implications, including the need to see
intervention as an on-going activity, the need to intervene in sites beyond
science labs and dedicated engagement forums, the necessity to evaluate
and debate social and ethical commitments alongside and together with
scientific and technical facts, and the need to de-centre geoengineering
technology in assessments and instead re-focus on what geoengineering
- among other technologies - does to our relations with the world.
Further work could usefully specify and test practical forms for these
abstract implications.

References

Albrechtslund, A. (2007) Ethics and Technology Design. Ethics and Information
Technology 9: 63-72.

Bellamy, R., Chilvers, J., Vaughan, N. and Lenton, T. (2013) ‘Opening up’
Geoengineering Appraisal: Multi-Criteria Mapping of Options for Tackling
Climate Change. Global Environmental Change 23, 926-937.

Bergek, A., Jacobsson, S., Carlsson, B., Lindmark, S. and Rickne, A. (2008)
Analyzing the Functional Dynamics of Technological Innovation Systems: A
Scheme of Analysis. Research Policy 37(3): 407-429.

Bickel, J.E. and Lane, L. (2009) An Analysis of Climate Engineering as a
Response to Climate Change. Copenhagen Consensus on Climate. Available

20



at: http://fixtheclimate.com/component-1/the-solutions-new-
research/climate-engineering/

Boenink, M., Swierstra, T. and Stemerding, D. (2010) Anticipating the
Interaction between Technology and Morality: A Scenario Study of
Experimenting with Humans in Bionanotechnology. Studies in Ethics, Law,
and Technology 4(2): 1-38

Brown, N. and Michael, N. (2003) A Sociology of Expectations: Retrospecting
Prospects and Prospecting Retrospects. Technology Analysis and Strategic
Management 15: 3-18.

Carr, W., Preston, C., Yung, L., Szerszynski, B., Keith, D. and Mercer, A. (2013)
Public Engagement on Solar Radiation Management and Why It Needs to
Happen Now. Climatic Change 121: 567-577

Collingridge, D. (1980) The Social Control of Technology. New York: St. Martin's
Press; London: Pinter.

Corner, A., Pidgeon, N. and Parkhill, K. (2012) Perceptions of Geoengineering:
Public Attitudes, Stakeholder Perspectives, and the Challenge of “Upstream
Engagement. WIREs Climate Change 3: 451-466.

Di Stefano, G., Gambardella, A. and Verona, G. (2012) Technology Push and
Demand Pull Perspectives in Innovation Studies: Current Findings and
Future Research Directions. Research Policy 41(8): 1283-1295

4

ETC (2010) Geopiracy: The Case Against Geoengineering. ETC Group. Available
at: http://www.etcgroup.org/content/geopiracy-case-against-
geoengineering

Ferrari, A. (2013) From Nanoethics to the Normativity of Technological Visions.
Etica & Politica 15 (1): 220-235.

Fleck, J. (1994) Learning by Trying: the Implementation of Configurational
Technology. Research Policy 23: 637-652.

Fisher, E., Mitcham, C. and Mahajan R. (2006) Midstream Modulation of
Technology: Governance from Within. Bulletin of Science, Technology &
Society 26: 485-496.

Fleming, J.R. (2010) Fixing the Sky: the Checkered History of Weather and
Climate Control. New York: Columbia University Press.

GAO [US Government Accountability Office] (2011) Climate Engineering:
Technical Status, Future Directions, and Potential Responses. Available at:
http://www.gao.gov/products/GAO-11-71

Galarraga M and Szerszynski B. (2012) Making Climates: Solar Radiation
Management and the Ethics of Fabrication, in C.J. Preston (eds.),
Engineering the Climate: The Ethics of Solar Radiation Management (pp.
221-235). Lanham, MD: Lexington Books.

Gardiner, S. (2010). Is “"Arming the Future” with Geoengineering Really the
Lesser Evil?, in S. Gardiner, S. Caney, D. Jamieson and H. Shue (eds.),
Climate Ethics: Essential Readings (pp. 284-312). Oxford: Oxford
University Press.

21



Gardiner, S. (2011) A Perfect Moral Storm: the Ethical Tragedy of Climate
Change. New York: Oxford University Press.

Gardiner, S. (2014) Geoengineering and Moral Schizophrenia, in C.G. Burns and
A.L. Strauss (eds.), Climate Change Geoengineering: Philosophical
Perspectives, Legal Issues, and Governance Frameworks (pp. 11-38).
Cambridge: Cambridge University Press.

Garud, R. and Karnoe, P. (2003) Bricolage versus Breakthrough: Distributed and
Embedded Agency in Technology Entrepreneurship. Research Policy 32:
277-300.

Geels, F.W. (2005) The Dynamics of Transitions in Socio-technical Systems: A
Multi-level Analysis of the Transition Pathway from Horse-drawn Carriages
to Automobiles (1860-1930). Technology Analysis and Strategic
Management 17 (4): 445-476.

Gibbons, M., Limoges, C., Nowotny, H., Schwartzman, S., Scott, P. and Trow, M.
(1994) The New Production of Knowledge: The Dynamics of Science and
Research in Contemporary Societies. London: Sage.

Godin, B. (2006) The Linear Model of Innovation: the Historical Construction of
an Analytical Framework. Science, Technology, & Human Values 31: 639-
667.

Godin, B. and Lane, J.P. (2013) Pushes and Pulls: Hi(S)tory of the Demand Pull
Model of Innovation. Science, Technology, & Human Values 38 (5): 621-
654.

Guston, D. and Sarewitz, D. (2002) Real-time Technology Assessment.
Technology in Society 24: 93-109

Hard, M. (1993) Beyond Harmony and Consensus: A Social Conflict Approach to
Technology. Science, Technology, & Human Values 18 (4): 408-432.

Hughes, T.P. (1983) Networks of Power Electrification in Western Society.
Baltimore, MD.: Johns Hopkins University Press.

Ihde, D. (1993). Postphenomenology: Essays in the Postmodern Context.
Evanston: Northwestern University Press.

Ihde, D. (2008) The Designer Fallacy and Technological Imagination, in P.
Vermaas, P. Kroes, A. Light and S.A. Moore (eds.), Philosophy and design:
From Engineering to Architecture (pp. 51-59), Dordrecht: Springer.

Ihde, D. (2009) Postphenomenology and Technoscience: The Peking University
Lectures. Albany, NY: SUNY Press.

Jamieson, D. (1996). Ethics and intentional climate change. Climatic Change 33
(3): 323-336.

Jasanoff, S. (2004) States of Knowledge: The Co-Production of Science and
Social Order. London: Routledge.

Joly, P-B. and Kaufmann, A. (2008) Lost in Translation? The Need for ‘Upstream
Engagement’ with Nanotechnology on Trial. Science as Culture, 17 (3):
225-247.

22



Kiran, A. (2012) Responsible Design. A Conceptual Look at Interdependent
Design-Use Dynamics. Philosophy & Technology 25 (2): 179-198.

Kline, S. (1985) Innovation is not a Linear Process. Research Management 28:
36-45.

Latour, B. (1987) Science in Action, Cambridge: Harvard University Press.

Latour, B. (1992) Where are the Missing Masses? The Sociology of a Few
Mundane Artifacts, in W.E. Bijker and J. Law (eds.), Shaping Technology /
Building Society (pp. 225-258). Cambridge, MA: MIT Press.

Latour, B. (2005) Reassembling the Social: An Introduction to Actor-Network-
Theory. Oxford: Oxford University Press.

Law, J. (2009) Actor-Network Theory and Material Semiotics, in B. Turner (ed.),
The New Blackwell Companion to Social Theory (pp. 141-158), West
Sussex: Wiley.

Leonard-Barton, D. (1988). Implementation as Mutual Adaption of Technology
and Organization. Research Policy 17: 251-267.

Liebert, W. and Schmidt, J.C. (2010) Collingridge’s Dilemma and Technoscience:
An Attempt to Provide a Clarification from the Perspective of the Philosophy
of Science. Poiesis & Praxis 7: 55-71.

Long, J.C.S. & Scott D. (2013). Vested Interests and Geoengineering Research.
Issues in Science and Technology 29: 45-52. Available Online:
http://www.issues.org/29.3/long.html

MacKenzie, D. and Wajcman, J. (eds.) (1985/1999) The Social Shaping of
Technology. London: Open University Press.

Macnaghten, P. and Szerszynski, B. (2013) Living the Global Social Experiment:
An Analysis of Public Discourse on Solar Radiation Management and Its
Implications for Governance. Global Environmental Change 23: 465-474.

McLaren, D. (2012) A Comparative Global Assessment of Potential Negative
Emissions Technologies, Process Safety and Environmental Protection 90
(6): 489-500.

NOVIM (2009) Climate Engineering Responses to Climate Emergencies. Available
at: http://arxiv.org/pdf/0907.5140.

Pinch, T. J. and Bijker, W. E. (1984) The Social Construction of Facts and
Artefacts: Or How the Sociology of Science and the Sociology of Technology
Might Benefit Each Other. Social Studies of Science 14: 399-441.

Parliamentary Office of Science and Technology [POST] (2009) Geo-engineering
Research, Postnote, March (327). Available at:
http://www.parliament.uk/documents/post/postpn327.pdf

Rayner, S. (2004) The Novelty Trap: Why Does Institutional Learning about New
Technologies Seem So Difficult? Industry and Higher Education 18 (6):
349-355.

Rayner, S. (2010) The Geoengineering Paradox. The Geoengineering Quarterly,
March.

23



Rayner, S., Heyward, C., Kruger, T., Pidgeon, N., Redgwell, C. and Savulescu, J.
(2013) The Oxford Principles for Geoengineering Governance. Climatic
Change 121 (3): 499-512.

Rip, A. (1995) Introduction of New Technology: Making Use of Recent Insights
from Sociology and Economics of Technology. Technology Analysis and
Strategic Management 7: 417-431.

Rip, A. and Kemp, R. (1998). Technological Change, in S. Rayner and E. L.
Malone (eds.) Human Choice and Climate Change (pp. 327-399).
Columbus: Battelle.

Royal Society (2009) Geoengineering the Climate: Science, Governance and
Uncertainty, London: The Royal Society. Available at:
http://royalsociety.org/policy/publications/2009/geoengineering-climate/

Russell, S. and Williams, R. (2002) Social Shaping of Technology: Frameworks,
Findings and Implications for Policy, in K. Sgrensen, K. and R. Williams
(eds.) Shaping Technology, Guiding Policy (pp. 37-131), Cheltenham, UK:
Edward Elgar.

Sayes, E. (2014) Actor-Network Theory and Methodology: Just What Does It
Mean to Say that Nonhumans Have Agency? Social Studies of Science, 44:
134-149.

Schuurbiers, D. (2011) What happens in the Lab: Applying Midstream
Modulation to Enhance Critical Reflection in the Laboratory. Science and
Engineering Ethics 17 (4): 769-788.

Schuurbiers, D. and Fisher, E. (2009) Lab-scale intervention. EMBO Reports 10
(5): 424-427.

Shackley, S. and Thompson, M. (2012) Lost in the Mix: Will the Technologies of
Carbon Dioxide Capture and Storage Provide Us with a Breathing Space as
We Strive to Make the Transition from Fossil Fuels to Renewables? Climatic
Change 110: 101-121.

Stirling, A. (2008) ‘Opening Up’ and ‘Closing Down’: Power, Participation, and
Pluralism in the Social Appraisal of Technology. Science, Technology, &
Human Values 33, 262-294

Swierstra, T. (2013) Nanotechnology and Technomoral Change. Etica & Politica
15: 200-2109.

Swierstra, T., Stemerding, D. and Boenink, M. (2009) Exploring Technologically
Induced Moral Change. The Case of the Obesity Pill, in P. Sollie and M.
Duwell (eds.), Evaluating New Technologies: Methodological Problems of
the Ethical Assessment of Technology Developments (pp. 119-138).
Dordrecht: Springer.

van de Poel, I. (2009) The Introduction of Nanotechnology as a Societal
Experiment, in S. Arnaldi, A. Lorenzet and F. Russo (eds.), Technoscience
in Progress: Managing the Uncertainty of Nanotechnology (pp. 129-142).
Amsterdam: IOS Press.

van de Poel, I. (2011) Nuclear Energy as Social Experiment. Ethics, Policy &
Environment 14: 285-290.

24



van de Poel, I. (2013) Why New Technologies Should be Conceived as Social
Experiments. Ethics, Policy & Environment 16: 352-355.

van Lente, H., Spitters, C. and Peine, A. (2013) Comparing Technological Hype
Cycles: Towards a Theory. Technological Forecasting and Social Change, 80
(8): 1615-1628.

Verbeek, P.P. (2005) What Things Do: Philosophical Reflections on Technology,
Agency, and Design. University Park, PA. : Pennsylvania State University
Press.

Verbeek, P.P. (2006) Materializing Morality — Design Ethics and Technological
Mediation. Science, Technology, & Human Values 31(3): 361-380

Verbeek, P.P. (2010) Accompanying Technology: Philosophy of Technology after
the Ethical Turn. Techné: Research in Philosophy and Technology 14 (1):
49-54

Verbeek, P.P. (2011) Moralizing Technology: Understanding and Designing the
Morality of Things. Chicago: University of Chicago Press.

Verbeek, P.P. (2013) Resistance Is Futile: Toward a Non-Modern
Democratization of Technology. Techné: Research in Philosophy and
Technology 17: 72-92.

Williams, R. (2008) Compressed Foresight and Narrative Bias: Pitfalls in
Assessing High Technology Futures’, in E. Fisher, S. Selin and J. Wetmore
(eds.), Yearbook of Nanotechnology in Society, Volume 1: Presenting
Futures (pp. 265-289). Dordrecht: Springer.

Winner, L. (1980) Do Artifacts Have Politics? Daedalus 109: 121-136.

Wong, P.-H. (2013) Technology, Recommendation and Design: on Being a
'Paternalistic' Philosopher, Science and Engineering Ethics 19: 27-42

25



