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Preface

On the 4" of March of 2016, two dozen PhD students gathered at the Faculty of Science of the
University of Copenhagen, for the first session of a PhD course named “the art of scientific writing”.
The lecturer, a widely published economist, opened the course with the statement «scientific writing
is about storytelling».

Although not a PhD student at the time, | was one of the attendants of the course. | could not help
but sympathise with the comment made by a fellow participant, who pointed to the seeming
contradiction between “scientific” and “storytelling”. Surely, | thought, good science speaks for
itself. Over the following two years, as | gained experience with scientific writing, it became clear to
me that my work would not speak for itself unless | made it do so.

Storytelling plays a particularly important role in my thesis. The thesis is built around individual
research articles that were designed and conducted independently from one another. This contrasts
with what is the norm in theses written under a regular PhD programme, in which each research
article, from the outset, is designed as a component of a larger, cohesive whole.

Nonetheless, the research questions explored in each of the articles that constitute this thesis share
a common thrust: understanding some of the main obstacles that governments have to overcome in
their efforts to manage climate change.

Notwithstanding progress in some areas, several of the fundamental challenges faced by
governments persist, and no solutions appear to be in sight. In a most inspiring piece published in
2015, Harriet Bulkeley and Peter Newell point to what, in my view, is the overriding problem: the
«prevailing context of neo-liberalism». Vladimir Jankovi¢ and Andrew Bowman put it in more
explicit terms: «the premise of an exogenous material threat as the key policy driver has been
relegated to an academic concern [and] justifications for action have become increasingly
endogenous to the market [in the form of] opportunities in the so-called carbon economy».

The eight articles that constitute this thesis explore some of the challenges associated with
managing uncertainty, reducing (regressive) distributional effects, transferring cleaner-energy
technologies and engaging with non-state actors. The «prevailing context of neo-liberalism»
referred to by Bulkeley and Newell is disturbingly present at the heart of all these challenges.

The ninth article that | would have liked to include in this PhD thesis is one connecting my findings
with the conclusions arrived at by Bulkeley and Newell. As soon as this thesis is out of the way, |
intend to write that article.
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Abstract

The Paris Agreement, under the United Nations Framework Convention on Climate Change, lays out
the international community’s blueprint for curbing global warming. It is a blueprint articulated
around the individual contributions that each party to the Convention is prepared to make, in light
of its capabilities and the so-called principle of common-but-differentiated responsibilities. This
thesis explores how national governments are responding to the challenges associated with
determining the nature and scope of those contributions, and implementing them.

The thesis focuses on four challenges that are common to most, if not all, governments: integrating
uncertainty into national-level policies and plans; reducing regressive distributional impacts
associated with measures to mitigate, and adapt to, climate change; increasing low income-country
access to the technologies needed to curb climate change; and governing climate change
transnationally. Each challenge is explored through two articles, thus allowing for a more nuanced
analysis.

Limited or no performance requirements for certain aspects of the policy-making process is at the
heart of some of the challenges faced by governments. Two examples serve to illustrate this point.
First, national-level policy planning relies on projections of greenhouse-gas emissions. For the most,
these projections fail to reflect current knowledge with regard to uncertainty management.
Minimum quality standards could help reverse this trend, thus increasing the robustness of national
policy plans and, indirectly, strengthening the international climate change regime. Second, because
climate change governance increasingly involves actors other than national governments — from
businesses, to subnational and supranational governmental entities, to non-governmental
organisations —, the need to introduce performance requirements extends beyond national
governments. Specifically, the Paris Agreement, and subsequent decisions by the parties to the
Convention, effectively suggest that non-state actors will help deliver on the goals of the
Convention, making up for potentially insufficient delivery by state actors. Irrespective of the ability
of non-state actors to live up to these expectations, in most cases their actions are not subject to
basic accountability mechanisms. Such lack of transparency, which performance requirements could
counter, risks undermining the otherwise sensible goal of harnessing non-state actor ingenuity and
resources, to complement state actor action.

In areas where evaluative evidence is available, such as technology transfer or distributional impacts,
limited uptake of that evidence in the policy-making process represents a second type of challenge
faced by governments. The thesis studies a number of cases in these two areas, and notes avoidable
programme-design shortcomings. Reasons for the prevalence of these shortcomings are likely to be
structural: policy evaluations struggle to determine counterfactuals and establish attribution, and
governance arrangements and regulatory frameworks often need revision.
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Resumé

Parisaftalen under FN's klimakonvention fastleegger det internationale samfunds plan for at
begraense den globale opvarmning. Planen er formuleret omkring de individuelle bidrag, som hver
part i konventionen er parat til at yde, baseret pa den enkeltes evner og det sakaldte princip om
faelles men differentieret ansvar. Denne afhandling undersgger, hvordan nationale regeringer
reagerer pa udfordringerne forbundet med at bestemme typen og omfanget af disse bidrag og pa
implementeringen af dem.

Afhandlingen fokuserer pa fire udfordringer, der er falles for de fleste, hvis ikke alle, regeringer:
integration af usikkerheder i politikker og planer pa nationalt niveau; reduktion af regressive
fordelingsvirkninger forbundet med foranstaltninger til at begraense og tilpasse klimaforandringer;
ggning af adgang til teknologier, der er ngdvendige for at begraense klimaforandringerne, for
lavindkomstlande; og "transnational governance" for klimaforandringer. Hver udfordring udforskes
gennem to artikler, hvilket giver mulighed for en mere nuanceret analyse.

Begraensede eller ingen krav for visse aspekter af den politiske beslutningsproces er kernen i nogle af
de udfordringer, regeringer star overfor. To eksempler kan illustrere dette. For det fgrste bygger
politisk planlaegning pa nationalt plan pa fremskrivninger af udledning af drivhusgasser. Ofte
afspejler disse fremskrivninger ikke den aktuelle viden med hensyn til styring af usikkerhed.
Minimumsstandarder for kvalitet kan hjeelpe med at vende denne tendens og dermed gge
robustheden i nationale politiske planer og indirekte styrke den internationale indsats mod
klimaforandringer. For det andet, fordi indsatsen mod klimaforandringer i stigende grad involverer
andre aktgrer end nationale regeringer — fra virksomheder, til subnationale og overstatslige
enheder, til ikke-statslige organisationer — straekker behovet for at indfgre praestationskrav sig ud
over de nationale regeringer. Specifikt antyder Parisaftalen og efterfglgende beslutninger truffet af
parterne i konventionen effektivt, at ikke-statslige aktgrer vil hjelpe med at opfylde konventionens
mal og kompensere for potentielt utilstraekkelige indsatser fra statslige aktgrer. Uanset ikke-
statslige aktgrers evne til at leve op til disse forventninger er deres handlinger i de fleste tilfelde
ikke underlagt grundlaeggende ansvarlighedsmekanismer. En sddan mangel pa gennemsigtighed,
som performancekrav kunne imgdeg3, risikerer at underminere det ellers fornuftige mal om at
udnytte ikke-statslige aktgrers opfindsomhed og ressourcer til at supplere staters handlinger.

Pa omrader, hvor der foreligger evaluerende bevismateriale, sdsom teknologioverfgrsel eller
distributionskonsekvenser, repraesenterer begraenset anvendelse af dette bevismateriale i den
politiske beslutningsproces en anden type udfordring, som regeringerne star overfor. Denne
afhandling undersgger en reekke sager inden for disse to omrader og finder undgaelige mangler ved
programdesign. Arsagerne til udbredelsen af disse mangler er sandsynligvis strukturelle:
evalueringer af politik keemper med at bestemme "counterfactuals" og etablere "attribution", og
regeringsfgrelse og lovgivningsmaessige rammer har ofte brug for revision.

Xii



1. Introduction

The United Nations Framework Convention on Climate Change (hereinafter, the Convention) was
adopted in 1992 and entered into force in 1994. Its objective is to «stabilize greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous anthropogenic
interference with the climate system» (UNFCCC, 1992, p. 4).

In 2009, the parties to the Convention agreed to interpret this objective as a 2°C increase in global
mean temperature by 2100, compared to the global mean temperature in pre-industrial times
(UNFCCC, 2009). To have a probability greater than 66 percent of meeting this target, global annual
emission levels in 2030 should be no higher than 41 GtCO.e (range: 39-46) (UNEP, 2019).

Assuming that all parties to the Convention deliver on their current emission reduction
commitments, the resulting levels of greenhouse-gas emissions in 2030 is expected to fall woefully
short of the levels required to meet the objectives of the Convention (Rogelj et al., 2017). Indeed,
even under a full compliance scenario, additional emission reductions worth between 12 and

15 GtCO,e annually would be needed in 2030 to reach 41 GtCOze (UNEP, 2019). This shortfall is
roughly equivalent in magnitude to the combined annual emission levels of the European Union, the
Russian Federation, and the United States of America in 2030, in a scenario in which current policies
are extended to 2030 (UNEP, 2017).

The Paris Agreement (UNFCCC, 2015a), adopted in 2015 and effective since late 2016, is the
international community’s blueprint for achieving the emission reduction levels required in 2030 and
beyond, referred to above. The broad implementation provisions for the Paris Agreement

(UNFCCC, 2015b) make explicit reference to «technology development and transfer» (ibid, pp. 10-
12). So-called technology transfer has been a cornerstone of the Convention since its adoption
(Metz et al., 2000). Yet, both the research and public policy discourses on technology transfer have
been framed around narrow, market-oriented definitions, giving limited consideration to the
broader socio-cultural and institutional issues that determine the diffusion of a given technology
(Haselip et al., 2015).

In addition to “technology development and transfer”, Decision 1/CP.21 singles out a number of
other enablers for the success of the Paris Agreement, such as “finance” and “capacity building”,
among others (UNFCCC, 2015b). However, two equally central issues are mentioned in an implicit
manner only. These issues are transnational governance and the distributional impacts of climate-
change management policies

The transnational nature of climate-change governance has been a reality for at least two decades
(Hale, 2016). The Paris Agreement institutionalised this reality, by «[inviting] non-Party stakeholders
[...] to scale-up their efforts and support actions to reduce emissions [of greenhouse gases]»
(UNFCCC, 2015b, p. 19). As the expectations on non-party stakeholders grow, it is timely to consider
the extent to which these expectations are realistic. Indeed, the so-called global stocktake of the
Paris Agreement, scheduled for 2023 in its first cycle, will put to the test the extent to which non-
party stakeholders can live up to the hopes placed on them.

Equity is «one of the guiding principles» of the Convention (Winkler, 2020, p. 124), and is enshrined
as such in the Paris Agreement, which calls for both intergenerational equity and a fair allocation of
the mitigation burden across countries.! One might argue that equity within the same country and
generation is implicit in these calls. Yet, avoiding such negative outcomes requires conscious and



sustained efforts, thus suggesting that a more explicit reference to this type of equity would be
warranted. Indeed, countering negative distributional outcomes is widely recognised as key to the
long-term success of any climate change-management policy. Avoiding regressive distributional
impacts would be especially important in the context of «countries [ratcheting] up their ambition to
meet the Paris Agreement targets» (Markkanen and Anger-Kraavi, 2019, p. 838).

While transnational governance and distributional impacts are reflected in the Paris Agreement, if
somewhat cursorily, uncertainty management is not. Yet, the nature of climate change is such that
uncertainty management is inescapable (Morgan et al., 1999). In the context of the Paris
Agreement, the issue is of especial relevance with regard to nationally determined contributions
and, indirectly, the global stocktake referred to above. While acknowledging that the specificities of
the latter are yet to be worked out, the guidance available concerning how to integrated uncertainty
in nationally determined contributions is arguably insufficient (UNFCCC, 2018).

In this thesis, | explore some of the key policy-related challenges faced by national governments in
their efforts to manage climate change. My main research question is this:

—— Main research question

How are national governments responding to the challenges associated with the
implementation of the Paris Agreement?

To shed light on this broad question, | explore two challenges from a national-level perspective (the
treatment of uncertainty in policy-making, and the consideration given in policy design to
distributional impacts), and two from a global-level perspective (development aid-funded
technology-transfer programmes, and non-state actor action). Without claiming to be
representative, this selection of four challenges is arguably broad enough to reflect the wide array of
policy issues that governments have to consider. Each of the four challenges is treated in two
separate studies (Table 1.1), thus allowing for a more nuanced analysis.

Against this background, and to answer the main research question above, | explore four narrower
guestions, or sub-questions:

— Research sub-questions
1. To what extent can the effectiveness of non-state actor actions be assessed and
increased?

2. Inthe context of promoting the transfer of cleaner-energy technologies, to what extent
are development aid-funded programmes effective?

3. To what extent is uncertainty incorporated in national-level climate change-mitigation
policies and plans?

4. To what extent are national-level strategies to mitigate climate change conducive to
avoiding distributional impacts?




Table 1.1 lists the various articles that constitute this thesis. Individually for each of the four sub-
guestions above, Tables 1.2 to 1.5 synthesise the objectives, conceptual frameworks, research
methods and conclusions of the articles associated with each sub-question.

Table 1.1:

Articles that constitute this thesis

Article

Reference

Status

1

Szabg, S., Pinedo, |., Moner-Girona, M., Puig, D., Negre, M., Huld, T.,
Mulugetta, Y, Kougias, ., Szabd, L. and Kammen, D. (2020). Bringing
green electricity to low-hanging fruit communities: the way to
accelerate to reach affordable and universal energy access. Nature
Energy.

Submission
in early
March 2020

Puig, D. and Bakhtiari, F. (2020). Determinants of successful delivery
by non-state actors: an exploratory study. International Environmental
Agreements: Politics, Law and Economics.

Under
review

Puig, D., Bakhtiari, F. (2020). A new model for accounting for non-
state action. Climate Policy.

Under
review

Puig, D. and Bakhtiari, F. (2019). Incorporating uncertainty in national-
level climate change-mitigation policy: possible elements for a
research agenda. Journal of Environmental Studies and Sciences 9(1),
pp. 86-89.

Published

Puig, D., Haselip, J.A. and Bakhtiari, F. (2018). The mismatch between
the in-country determinants of technology transfer, and the scope of
the technology transfer initiatives under the United Nations
Framework Convention on Climate Change. International
Environmental Agreements: Politics Law and Economics 18(5),

pp. 659-669.

Published

Puig, D., Morales-Napoles, O., Bakhtiari, F. and Landa, G. (2018). The
accountability imperative for quantifying the uncertainty of
emission forecasts: evidence from Mexico. Climate Policy 18(6),
pp. 742-751.

Published

de Coninck, H. and Puig, D. (2015). Assessing climate change
mitigation technology interventions by international institutions.
Climatic Change 131(3), pp. 417-433.

Published

Scrieciu, S.S., Belton, V., Chalabi, Z., Mechler, R. and Puig, D. (2014).
Advancing methodological thinking and practice for development-
compatible climate policy planning. Mitigation and Adaptation
Strategies for Global Change 19(3), pp. 261-288.

Published

The remainder of this thesis is structured around four additional sections and three annexes.
Section 2 describes the various conceptual frameworks that are relevant to the research question
(and sub-questions) listed above. Section 3 describes the research methods applied in the various
articles. Section 4 summarises the individual articles. Section 5 presents my conclusions, and a
number of suggestions for further work. Annex 1 includes the full text of all individual articles.




Annex 2 lists additional, related publications that | have authored or co-authored. Annex 3 outlines
the editorial and stylistic choices that | made when | set off to write this thesis.



Table 1.2:

Articles related to sub-question 1

Sub-question 1:

To what extent can the effectiveness of non-state actor actions be assessed and increased?

the expectations placed on
non-state actors, notably with
regard to supplementing state
action, are supported by the
evidence, and suggest
alternative governance
arrangements, drawing on
experience in sectors other
than climate change.

change governance characterises the
plethora of schemes that have spun over
the past three decades (Bulkeley et

al., 2014). Only recently has criticism begun
to emerge about the growing
institutionalisation of non-state actors
(Michaelowa and Michaelowa, 2017).

of the scientific
literature and of
technical reports,
coupled with
interview-based
data collection.

Article Objective Literature and concepts Research method Conclusions
2 Develop a taxonomy to The literature on transnational climate Questionnaire- and The determinants of
characterise the determinants change governance focuses on mitigation interview-based delivery for non-state actor
of delivery for non-state actor (Hale, 2016), as experience with adaptation data collection, actions include socio-
actions focused on adaptation and disaster-risk reduction is limited. coupled with a economic, regulatory and
or disaster-risk reduction. Research on the determinants of delivery review of the institutional factors that
by this type of non-state actors is barely scientific literature. are well outside the sphere
taking off (Chan and Amling, 2019). of influence of non-state
actors.
3 Determine the extent to which The literature on transnational climate Systematic review The expectations placed on

non-state actors are not
justified by the scant
evidence available, which
instead points toward a
comparatively more
modest role for non-state
actor action.




Table 1.3:

Articles related to sub-question 2

Sub-question 2:

In the context of promoting the transfer of cleaner-energy technologies, to what extent are development aid-funded programmes

development aid-funded
technology-transfer
programmes achieve their
objectives, by comparing the
in-country determinants of
technology transfer with the
outcomes of several
programmes aimed to
promote cleaner-energy
technologies.

transitions, a stream of the literature
analyses barriers for technology diffusion
(Painuly, 2001), and studies technology
typologies (Nygaard and Hansen, 2015a),
and technology barriers (Nygaard and
Hansen, 2015b).

analysis (including
both scientific
literature and
technical reports),
coupled with
questionnaire-
based data
collection.

effective?
Article Objective Literature and concepts Research method Conclusions
7 Assess the extent to which The literature on sustainability transitions Secondary data While all programmes
four intergovernmental agency includes various approaches to analyse the analysis (including reviewed had a strong
programmes aimed to support mechanisms that make it possible to both scientific focus on technology
cleaner-energy technologies change from one socio-technical regime to literature and of transfer, they gave limited
address fundamental another (Markard et al., 2012). Among technical reports), attention to innovation
technology transfer and these, an innovation systems framework and application of a capabilities with users,
diffusion functions, with a has been put forward to study cleaner- theoretical government, and
focus on innovation. energy technology diffusion (Blanco framework on universities.
et al., 2012). This framework is built around “technology
actor roles, innovation “functions”, and innovation”.
linkages between actors (Markard and
Truffer, 2008).
5 Explore the extent to which Anchored in scholarship on sustainability Secondary data The key drivers for the

adoption of cleaner-energy
technologies are outside of
the scope of any individual
development-aid-funded
programme.




Table 1.4:

Articles related to sub-question 3

Sub-question 3:

To what extent is uncertainty incorporated in national-level climate change-mitigation policies and plans?

incorporating uncertainty in
emission forecasts, especially
when forecasts are used to
derive official emission-
reduction targets.

reports on techniques such as Bayesian
networks, Monte Carlo simulations, or
expert judgement (Morgan, 2009). The
latter is particularly suitable to explore
plausible outcomes in the absence of
monitoring data or model outputs
(Cooke, 1991).

judgement
elicitation, and
energy-economy
modelling.

Article Objective Literature and concepts Research method Conclusions

4 Make the case for A sub-set of the literature on uncertainty Narrative review of Notwithstanding prevailing
incorporating uncertainty in analysis seeks to guide national-level public- the scientific research gaps, most
the analysis that underpins policy for climate-change management literature and of climate change-mitigation
policy-making for climate- (Morgan, 2009). Partly anchored in policy technical reports. policy fails to incorporate
change management, identify evaluation research, this literature is richest uncertainty to an extent
gaps in the literature, and on uncertainty quantification, and poorest that is commensurate with
suggest a research agenda for on the interface between uncertainty the current level of
the future. analysis and policy design (Morgan knowledge about

et al., 1999). uncertainty management.
6 Underscore the importance of The literature on uncertainty quantification Structured expert When the uncertainty

associated with future
levels of economic output
is taken into account,
forecasts of plausible
future levels of
greenhouse-gas emissions
span a large range.




Table 1.5:

Articles related to sub-question 4

Sub-question 4:

To what extent are national-level strategies to mitigate climate change conducive to avoiding distributional impacts?

framework for climate-change
management that prioritises
approaches that are
supportive of development
goals, integrate multiples
values, and incorporate
uncertainty.

public policy contrasts utilitarianism with
rights ethics (Beinhocker, 2007). Whereas
utilitarianism has a long-standing tradition,
often articulated through cost-benefit
analysis, rights-ethics approaches are in
their early days, and thus lack a
consolidated theoretical underpinning.

review of the
scientific literature,
coupled with case
studies.

Article Objective Literature and concepts Research method Conclusions

1 Calculate high-resolution, geo- The literature on cost-benefit analysis is Computer-based Renewable energy-
referenced estimates of increasingly incorporating the study of model of several powered electrification is
expenditure in energy services, distributional effects (Serret and electrification the cheapest option for
and estimates of up-front and Johnstone, 2006). Although some of the scenarios, parts of the unelectrified
operation-and-maintenance reported applications focus on energy consistent with the population worldwide, and
costs of rural electrification issues, few have targeted rural Intergovernmental it is affordable (although
systems, to determine the electrification programmes (Szabo Panel on Climate slightly more expensive
distributional impacts of these etal., 2011). Change’s “shared than diesel-oil) for a
systems by fuel type socio-economic smaller share of
(renewable versus non- pathways”. unelectrified communities.
renewable).

8 Propose a methodological Most of the literature on growth models in Argumentative Multi-criteria decision

analysis can underpin
policy-making approaches
that overcome the
shortcomings of utilitarian
public-policy frameworks,
not least with regard to
preventing regressive
distributional impacts.
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2. Research field

This thesis draws upon four main research fields: transnational governance, sustainability
transitions, uncertainty analysis, and equity in climate change. In this chapter, | present the specific
strands of the literature within each of these fields that are of direct relevance to the thesis.
Specifically, the following sections outline how individual concepts and frameworks are applied in
the various articles, and how connections between these concepts and framework are established.

2.1 Engaging with non-state actors

While the institutionalisation of non-state action in national and international policy processes
continues apace, there is no shared understanding about the characteristics of “non-state actors” or
“non-state actor action”.! Common to most interpretations in the scientific literature are three
notions (UNEP, 2015). First, “action” refers to initiatives that contribute to managing climate
change, over and above related initiatives led by national governments. Second, “non-state actor”
refers to any combination of entities, possibly including national-level governments. Third, national-
level governments are not the sole drivers of the “action” undertaken by “non-state actors”.

Non-state actor action manifests itself at various geographic scales. Non-state actors working across
national boundaries, often referred to as “international cooperative initiatives”, have been the
subject of extensive research efforts.? Such cross-border non-state actor action is a manifestation of
transnational governance?, which has been defined as «networks operating in the transnational
sphere [that] steer constituents toward public goals» (Andonova et al., 2009, p. 56). Transnational
governance interacts with traditional forms of governance, in a so-called polycentric complex, the
effectiveness of which is often preconized, even though it remains unproved (Jordan et al., 2015).

Possibly influenced by the success of transnational governance in areas other than climate-change
management (Hanefeld, 2011), early scholarship assumed that the impacts of a polycentric climate
change regime would be largely positive and grow over time (Ostrom, 2010). In line with this
thinking, it was argued that a polycentric approach to climate-change management was poised to
create more opportunities for experimentation and learning, while building «the mutual trust
necessary for improved climate outcomes» (Cole, 2015, p. 115).

Although these claims might be justified, the evidence required to substantiate them is limited
(Bulkeley et al., 2014). Indeed, recent assessments conclude that the data available is insufficient to
guantify the effectiveness of non-state actor actions (Hsu et al., 2019), irrespective of whether direct
or indirect impacts are considered.* Article 3 presents the main findings in the literature on
effectiveness of transnational climate-change governance, which touches upon three main topics:

- Effectiveness benchmarks. Because effectiveness can be measured against a range of different
benchmarks, clarity on the benchmark chosen is essential. Several benchmarks are reported in
the literature, including a non-state actor’s own set of targets (Widerberg and Pattberg, 2015),
an independent (ibid) or aspirational target (Dzebo, 2019), or a counterfactual, such as a future
situation under a “business as usual” scenario (ibid). Irrespective of the benchmark chosen, any
measurement of effectiveness will be contingent upon the role that the non-state actor action
concerned plays in the prevailing climate change-governance context. When the action fills a
governance gap, effectiveness is concerned with the extent to which the public good is
delivered (Bulkeley et al., 2014). Conversely, in a situation where the action is driven by
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agendas other than climate-change management, effectiveness is concerned with the extent to
which the various agendas at play, not least of all climate-change management, can be made
compatible (ibid). Finally, Bulkeley and Newell (2015) note that any benchmark used to assess
the effectiveness of non-state actor actions ought to include non-climate change co-benefits, if
the assessment is to be of relevance to decision makers.

- Methodological approaches. Only a handful of methods for assessing effectiveness have been
put forward. Echoing earlier scholarship, Widerberg and Pattberg (2015) advocate for a multi-
dimensional assessment of the performance of non-state actor actions, structured around three
elements: effectiveness, legitimacy and institutional fit. They assess effectiveness as a function
of (i) the suitability of the partners in the non-state actor action, given the action’s intended
outputs, and (ii) the extent to which the required technical and financial resources are available
(ibid). Chan and Amling (2019, 433) use a similar semi-quantitative model: they assess whether
the outputs of a given non-state actor action are consistent with the function(s) that the action
in question seeks to deliver, using a set of twelve predefined «functional categories». Examples
of functions include knowledge dissemination and policy planning, among others. Finally,
Dzebo (2019) develops a method inspired in that by Liese and Beisheim (2014). He maps four
determinants of effectiveness, namely actors, processes, institutional design, and context,
against the outputs and outcomes (mapping impacts proves unfeasible) of the non-state actor
actions analysed. A few other assessments have touched upon effectiveness, albeit indirectly.®

- Orchestration. The governance of non-state actor action can take several forms, including so-
called horizontal, hierarchical and orchestrated governance (Hale and Roger, 2014). From the
point of view of studying the effectiveness of non-state actor action, comparatively more
research has gone into orchestrated governance.® Abbott and Snidal (2009, p. 558) argue that
there is an «orchestration deficit», and call for increased reliance on this type of governance
regime. Reducing costs and increasing benefits compared to other governance regimes would
be the key reasons for such call (Abbott, 2012). In his assessment of the effectiveness of non-
state actor actions focused on climate-change adaptation, Dzebo (2019) supports this claim,
noting that orchestration is among the key determinants of effectiveness. In their analysis of
the so-called Global Climate Action Agenda, Chan and Amling (2019, p. 429) nuance this view,
by suggesting that a focus on orchestrating promising (mostly mitigation-focused) actions may
have led to «neglect of underperforming actions—many of them adaptation actions in
developing countries». In a similar vein, Backstrand and Kuyper (2017, 785) report that
orchestration entails «democratic shortfalls» associated with (limited) participation and
accountability, thus reducing the effectiveness of orchestration as a governance regime.

Article 3 analyses the significance of the above findings with regard to the role that the Convention
has given to non-state actors. Drawing on this analysis, and inspired on evidence from transnational
governance in areas other than climate change, Article 3 puts forward a possible new model for
accounting for non-state actor action.

Article 2 develops a taxonomy for assessing the likelihood that non-state actors deliver on their
objectives. The taxonomy is based on data collected from a selection of non-state actor actions
focused on climate-change adaptation and disaster-risk reduction, and thus may only apply to this
type of actions. The data was collected using two complementary survey forms, coupled with
interviews. The content of the survey forms reflects the issues raised in the literature on non-state
actor action effectiveness (see above). Specifically, the survey forms collect information related to
both the enablers of, and barriers to, delivery documented in the literature. Examples of the former
include the existence of a permanent secretariat, or the convening power of the core partners (Chan
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and Amling, 2019 ; Dzebo, 2019); examples of the latter include the extent to which there is overlap
with state actor action, or the degree to which the partners in the action boast the required
technical and coordination skills (Widerberg and Pattberg, 2015). Given the claim that indirect
impacts by non-state actors may be more important than direct impacts, the analysis includes two
types of often-mentioned potential indirect impacts: ability to trigger complementary action by state
actors, and ability to raise additional private-sector funding.

The resulting taxonomy is compared with three sets of criteria documented in the literature, which

were developed in a semi-empirical fashion. Article 2 provides an empirical counterfactual to these
three sets of criteria, and highlights that “effectiveness” covers a broader range of issues, compared
to the range reported in the literature.

2.2 Transferring cleaner energy technologies

The Intergovernmental Panel on Climate Change defines “technology” as «a piece of equipment,
technique, practical knowledge or skills for performing a particular activity» (Metz et al., 2000,

p. 460). Further, it defines “technology transfer” (from high-income to low-income countries) as
«the broad set of processes covering the exchange of knowledge, money and goods amongst
different stakeholders that lead to the spreading of technology for adapting to or mitigating climate
change» (ibid).

The sustainability-transitions framework seeks to interpret both the nature and the scope of the
“broad set of processes” referred to in this definition (Markard, Raven and Truffer, 2012). Although
developed in a European Union context, the sustainability-transitions framework is increasingly
being used in studies related to climate change-management in low-income countries (Hansen

et al., 2018). Examples of such studies include an assessment of the suitability of the framework to
the socio-economic and institutional realities of low-income countries (Ramos-Mejia et al., 2018),
and a review of the role of national policies in accelerating cleaner-energy transitions in an African
country (Bhamidipati et al., 2019), among others.

Among the various approaches to sustainability-transitions thinking, Markard, Raven and
Truffer (2012) single out four:

- Transition management is «a governance approach [...] that discriminates between different
types of governance activities that influence long-term change [and] can be used both to
analyze and to structure or “manage” ongoing governance processes in society»

(Loorbach, 2010, p. 163).

- Strategic niche management is an approach aimed to facilitate the introduction of more
sustainable technologies through the creation of so-called technological niches, namely
«protected spaces that allow the experimentation with the co-evolution of technology, user
practices, and regulatory structures» (Schot and Geels, 2008, p. 537).

- Multi-level perspective is a framework that «conceptualizes overall dynamic patterns in socio-
technical transitions» (Geels, 2011, p. 26), understood as the major shifts in «technology, policy,
markets, consumer practices, infrastructure, cultural meaning and scientific knowledge»

(Geels, 2012, p. 471) that are inherent to the introduction of a new technology.

Technological innovation systems is an approach that can be used to explain how a technology
is created, used and diffused as a result of the interactions among a range of actors, and taking
into account the specific societal and regulatory context in which these actions are embedded.

13



The technological innovation systems approach, which is used in Article 7, draws on systems-
innovation research (Malerba, 2002), and industrial-economics research (Weber and Truffer, 2017).
The approach is structured around three elements, namely technologies, actors and institutions.
“Actors” refers to businesses (or business sub-units), governmental and non-governmental agencies,
research entities, and individual technology users, for example (Markard and Truffer, 2008).
Institutions refers to laws and regulations, socio-cultural and technical norms, and shared
expectations, for example (ibid). According to this approach (Bergek et al., 2008), innovation is
accomplished through the fulfilment of seven functions: (i) knowledge development and diffusion,
(ii) influence on the direction of search, (iii) entrepreneurial experimentation, (iv) market formation,
(v) legitimation, (vi) resource mobilisation, and (vii) development of positive externalities.
Formalising innovation-related functions in such an explicit manner makes it possible to identify
weak aspects in the technology innovation system (ibid).

Drawing on the technological innovation-systems approach, Article 7 assesses the extent to which
innovation is promoted in the context of four development aid-funded programmes aimed to
transfer cleaner-energy technologies to low-income countries. The framework maintains the
elements outlined above, namely technologies, actors, institutions and functions. For each of the
four programmes analysed, Article 7 investigates whether (i) the innovation capacities of key actors
are developed, and (ii) the various functions are performed. In an effort to be comprehensive, the
actors considered are: the financial sector, users and consumers, government, research institutes
and universities, and companies and entrepreneurs. The functions considered are those proposed
by Bergek and colleagues (2008), namely knowledge development, resource mobilisation, market
formation, influence on the direction of research, legitimation, entrepreneurial experimentation,
and development of external economies.

Article 5 is also anchored in the literature on technological innovation systems and sustainability
transitions more broadly. Specifically, the article draws on two concepts introduced in earlier
studies: technology typologies (Nygaard and Hansen, 2015a), and technology barriers (Painuly, 2001
; Nygaard and Hansen, 2015b). For a number of low-income countries, Article 5 identifies barriers
to, and enablers of, technology transfer. By drawing conclusions on the effectiveness of
development aid-funded programmes with regard to promoting the transfer of cleaner-energy
technologies, the analysis in Article 5 adds to related literature on the role of development aid in
fostering sustainability transitions (Hansen and Nygaard, 2013 ; Wieczorek, 2018).

2.3 Managing uncertainty

In the context of this thesis, “uncertainty” refers to «a state of incomplete knowledge that can result
from a lack of information or from disagreement about what is known or even knowable»

(IPCC, 20144, p. 128).7 Such a broad scope calls for a taxonomy that facilitates the study of all issues
of relevance. Article 4 puts forward a possible taxonomy, structured around five sets of policy-
relevant actions:

- Characterising uncertainty. As a first step, the sources of uncertainty that are relevant in a
given context need to be identified and described. A conceptual framework can make this task
easier, by providing an overview of all potential sources, and categorising uncertainties by type
(epistemic versus stochastic versus ambiguity) and level (from “shallow” to “deep” uncertainty).
One such frameworks exists, which can be used in the context of model-based analyses to
characterise uncertainty (Kwakkel et al., 2010). However, not all analyses of uncertainty are
based on (computer-supported) models: some are structured around qualitative scenario-
building approaches. A framework catering to the latter approach is currently missing.
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- Reducing uncertainty. In some situations, notably when uncertainty stems from ambiguity,
uncertainty can be reduced without having to resort to large investments in additional research
(Fleming and Howden, 2016). In these situations, and although there is no single approach for
reducing uncertainty, it is possible to generalise certain “good practices” that are applicable in
specific contexts. For example, Montibeller and von Winterfeldt (2015) put forward a protocol
for reducing uncertainty in applications of multi-criteria decision analysis. Similar protocols for
other decision-support tools, notably cost-benefit analysis, are not available.

- Quantifying uncertainty. At the global and supranational levels, efforts to quantify the
uncertainty ranges associated with estimates of future levels of greenhouse-gas emissions go
back at least three decades. As a result, a suite of techniques are available (Katz, 2002), which
today are well-established. The opposite is true for the national and subnational levels:
experience is limited and, although some guidance is available (Morgan, 2009), the techniques
reported remain generic. Arguably, the techniques currently used should be developed further,
to facilitate analyses targeting a specific sector (for example, electricity generation) or a specific
decision-support tool (for example, cost-benefit analysis).

- Communicating uncertainty. Efforts to characterise, reduce and quantify uncertainty are futile
if the results of these efforts are not communicated to the public in general, and decision-
makers in particular, in a manner that suits their specific needs. This is seldom the case, and
reversing the situation will require changes in the way scientists interact with the public and
with decision makers (Fischhoff, 2012). Fischhoff and Davis (2014) have developed a protocol
that can guide such transition. However, awareness about the need to communicate
uncertainty appears to remain very limited, as evidenced but the lack of documented uses of
this protocol or, indeed, any other related efforts.

- Integrating uncertainty into policy. Focusing on Swedish policy-making for climate-change
management, Knaggard (2014) explores whether uncertainty analysis is incorporated into
policy. Perhaps unsurprisingly, given the overview provided in the preceding paragraphs, her
findings are mostly in the negative. The literature includes no attempts to conduct similar
analyses, or protocols to guide such attempts.?

Among the five categories above, uncertainty quantification has received most attention

(Morgan, 2009), possibly because it is the research area that is more amenable to direct application.
Because the time horizons considered and, to a lesser extent, the determinants of uncertainty vary
so much (IPCC, 2014b), research on uncertainty quantification can be divided according to whether it
focuses on the global and supranational contexts, or the national and subnational contexts.

At the global and supranational levels, research on uncertainty quantification is dominated by
developments around so-called integrated assessment models (Stanton et al., 2009 ; Farmer

et al., 2015). By allowing for out-of-equilibrium dynamics, and introducing bounded rationality,
among other features, so-called agent-based models would reflect uncertainties better, compared
to integrated assessment models (Nay et al., 2014 ; Lamperti et al., 2018). In light of this, and in the
context of the regular assessment reports by the Intergovernmental Panel on Climate Change, calls
have been made to replace integrated assessment models with agent-based models (Stern, 2016).

At the national and subnational levels, research on uncertainty quantification is increasingly focusing
on the extent to which, collectively, the emission-reduction commitments by parties to the
Convention are sufficient to meet the goals of the Convention.® This research relies on computer-
based models, notably integrated-assessment models and energy-system models'®, which have
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developed relatively little over the past two decades (Stern, 2016). However, model input data and,
more broadly, analytical paradigms are evolving. For example, Benveniste and colleagues (2018) run
Monte Carlo simulations on twenty national-level economic-growth scenarios, articulated around
the five socio-economic pathways used in the latest assessment report by the Intergovernmental
Panel on Climate Change. Article 6 takes a somewhat similar approach, in the sense that it uses
probabilistic estimates of likely future growth rates in gross domestic product.

Indeed, over the last five-to-ten years, reliance on probabilistic methods has been gaining ground
(Rogelj et al., 2013). The use of expert judgement elicitation in Article 6 falls within this wave of
research. For variables the value of which can be expressed as a continuous function, expert
judgement elicitation makes it possible to quantify the uncertainty around plausible future levels of
the variable of interest, which in turn can be used as input to computer-based models

(Morgan, 2009). Specifically, so-called structured expert judgement uses a more advanced
treatment of the individual experts’ judgements, compared to other types of expert judgement
elicitation (Cooke, 1991). Although analytically demanding, the use of expert judgement elicitation,
and probabilistic methods more generally, makes it possible to reflect uncertainties in a more robust
manner, compared to deterministic methods (Puig, 2015). Not least, country-specific analyses
provide more robust estimates, compared to more generic, multi-country analyses (ibid).

2.4  Managing distributional impacts

In the context of this thesis, “distributional impacts” refers to the relative distribution of the costs
and benefits of a given action across income groups in a community.!! In a climate change-
management context, the notion of distributional impacts has most often been studied through the
lens of equity (Tol et al., 2004).12

Applied research on the distributional impacts of climate change-management policies can be
categorised according to its geographic scope: supranational, national and subnational. At the
supranational level, the equity implications of intergovernmental agreements are the main subject
under study. This literature draws on economics, philosophy and political science, among other
disciplines. Most national-level studies are anchored in public-policy theories, and focus on two
main issues: the trade-offs associated with reducing the (regressive) distributional impacts of
policies, and how decision-support tools may be of help in assessing these trade-offs. Finally,
subnational-level research explores, often quantitatively, a specific investment’s relative distribution
of costs and benefits across income groups. In a climate-change context, most of the subnational-
level literature targets power generation and agricultural-support programmes.

Supranational level

Focusing on the supranational level, Markandya (2011) examines options to incorporate equity in
the outcomes of international climate-change negotiations. He reviews the two main strands in the
literature, namely utilitarian and rights-based approaches, to find that few of the proposals made
have an ethical basis (ibid). He claims that, among the few proposals that reflect ethics, reaching an
equal per-capita allocation over 25-to-35 years, although imperfect, may be the most satisfactory
proposal of all (ibid). He goes on to suggest that uncertainty can be used «as a frame» for
considering distributional impacts, in light of inter- and intra-generational differences in income
levels and the magnitude of the impacts borne (ibid, p. 1056). Exploring the same theoretical space,
other authors zoom in on one specific policy instrument, such as cap-and-trade programmes,*® or a
given policy-design issue, notably the discount rate.'*
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Regrettably, research appears to not have translated into policy. Examining the full set of national-
level commitments that make up the international response to climate change, Robiou du Pont and
colleagues (2017, p. 43) find that, when screened against five «equity approaches», low-income
country commitments are more ambitious than those of their high income-country counterparts.

National level

At the national level, managing distributional impacts amounts to incorporating ethics into a public
policy paradigm that, at present, continues to be dominated by traditional (neoclassical) economic
thinking (Barker, 2008). Scholarship in this area falls under one of two main strands:

- Studies that consider the ethical implications of policies and plans for climate-change
management. Stern (2014) explores these implications in the context of national-level emission
quotas or “budgets”. He concludes that such an approach «is likely to lead to policy impasse
and inaction [which] is the most inequitable outcome of all», and suggests that a framing
around «‘equitable access to sustainable development’ [...] recognizes the importance of ethics,
the dynamic nature of the necessary economic transformation, and is more likely to lead to
agreement» (ibid, p. 496).

- Studies of modelling approaches that are amenable to taking ethics into account, alongside
economic, environmental, financial and other consideration.’® For example, Doukas and
Nikas (2020) review three alternative approaches, namely portfolio analysis, multi-criteria
decision analysis and fuzzy cognitive maps. They find that, when it comes to uncertainty and
distributional impacts, multi-criteria decision analysis is potentially better suited than all other
options (ibid).

Article 8 engages with the literature on global- and national-level studies sketched above. It does so
by putting forward a methodological framework that builds upon three of the aforementioned
streams of research. First, in its theoretical underpinning, the framework is consistent with the
emerging body of literature that seeks to integrate ethics into the decision-making paradigms of
national governments, which continue to be dominated by utilitarian, representative-agent
modelling approaches.'® Second, the framework brings together (i) global-level policy questions,
such as the effect of the choice of discount rates on distributional impacts, and (ii) the national-level
decision-making paradigms referred to in the previous sentence. Third, the framework includes a
generic decision-support tool, based on multi-criteria decision analyses, which is intended to
facilitate the practical application of the framework.

Ultimately, Article 8 has one main added value: it translates specialised concepts and debates into
notions that are usable by practitioners. To do so, choices had to be made with regard to ethical
issues (notably, discounting) and methodologies (multi-criteria decision analysis). Arguably, these
choices help propel the debate, by putting forward specific proposals that researchers can engage
with in a more direct manner, compared to other, more generic or theoretical scholarship.

Subnational level

As noted above, at the subnational level most research on the management of distributional impacts
is issue-specific. Providing access to electricity to rural communities in low-income countries is one
of these issues: the choice between fossil- versus renewable energy-fuelled electricity generation
entails trade-offs in terms of cost, time horizons, emissions of greenhouse-gases and, crucially,
affordability by users.

A handful of studies have considered the trade-offs between greenhouse-gas emission levels and the
pace, scale and cost of an electrification programme. These studies reach seemingly contradicting
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conclusions. For example, focusing on India, Pachauri (2014) finds that rising electricity access rates
would have little impact on greenhouse-gas emissions.!” However, other studies reach different
conclusions (see, for example, the assessments by Moss and Leo [2014] and Dagnachew and
colleagues [2018]).

Using a highly disaggregated geo-referenced dataset, Article 1 studies affordability by users in all
countries in sub-Saharan Africa and Asia where rural electrification is limited. This approach
complements the scholarship referred to above by providing bottom-up estimates of costs, time
horizons, and greenhouse-gas emissions, which are more detailed and robust than previous
estimates. Not least, Article 1 goes beyond existing research by identifying the communities for
which renewable energy-fuelled electrification is the cheapest option, even in situations in which
fossil-fuelled electrification is relatively inexpensive. This makes it possible to map out the areas in
which electrification programmes could focus entirely on renewable energy.

References
Abbott, K.W. and Snidal, D. (2009). Strengthening international regulation through transmittal new

governance: overcoming the orchestration deficit. Vanderbilt Journal of Transnational Law, 42, 501-
578.

Abbott, K.W. (2012). The transnational regime complex for climate change. Environment and
Planning C: Government and Policy, 30(4), 571-590.

Andonova, L.B., Betsill, M.M. and Bulkeley, H. (2009). Transnational climate governance. Global
Environmental Politics, 9(2), 52-73.

Bakhtiari, F. (2018). International cooperative initiatives and the United Nations framework
convention on climate change. Climate Policy, 18(5), 655-663.

Barker, T. (2008). The economics of avoiding dangerous climate change. An editorial essay on The
Stern Review. Climatic Change 89(3-4), 173-194.

Backstrand, K. and Kuyper, J.W. (2017). The democratic legitimacy of orchestration: the UNFCCC,
non-state actors, and transnational climate governance. Environmental Politics, 26(4), 764-788.

Benveniste, H., Boucher, O., Guivarch, C., Le Treut, H. and Criqui, P. (2018). Impacts of nationally
determined contributions on 2030 global greenhouse gas emissions: uncertainty analysis and
distribution of emissions. Environmental Research Letters, 13(1), 014022.

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.

Bhamidipati, P.L., Haselip, J.A. and Hansen, U.E. (2019). How do energy policies accelerate
sustainable transitions? Unpacking the policy transfer process in the case of GETFIT Uganda. Energy
Policy, 132, 1320-1332.

Bulkeley, H., Andonova, L.B., Betsill, M.M., Compagnon, D., Hale, T., Hoffmann, M.J., Newell, P.,
Paterson, M., VanDeveer, S.D. and Roger, C. (2014). Transnational climate change governance.
Cambridge: Cambridge University Press.

Bulkeley, H. and Newell, P. (2015). Governing climate change. London: Routledge.

18



Caney, S. (2016). Climate change, intergenerational equity, and the social discount rate. In Walsh, A.,
Hormio, S. and Purves, D. (Eds.), The ethical underpinnings of climate economics (pp. 53-76). London:
Routledge.

Chan, S. and Amling, W. (2019). Does orchestration in the Global Climate Action Agenda effectively
prioritize and mobilize transnational climate adaptation action? International Environmental
Agreements: Politics, Law and Economics, 19(4-5), 429-446.

Cole, D.H. (2015). Advantages of a polycentric approach to climate change policy. Nature Climate
Change, 5(2), 114-118.

Cooke, R. (1991). Experts in uncertainty: opinion and subjective probability in science. Oxford: Oxford
University Press.

Dagnachew, A.G,, Lucas, P.L., Hof, A.F. and van Vuuren, D.P. (2018). Trade-offs and synergies
between universal electricity access and climate change mitigation in Sub-Saharan Africa. Energy
Policy, 114, 355-366.

den Elzen, M., Admiraal, A., Roelfsema, M., van Soest, H., Hof, A.F. and Forsell, N. (2016).
Contribution of the G20 economies to the global impact of the Paris agreement climate proposals.
Climatic Change, 137(3-4), 655-665.

Doukas, H. and Nikas, A. (2020). Decision support models in climate policy. European Journal of
Operational Research, 280(1), 1-24.

Dzebo, A. (2019). Effective governance of transnational adaptation initiatives. International
Environmental Agreements: Politics, Law and Economics, 19(4-5), 447-466.

Farmer, J.D., Hepburn, C., Mealy, P. and Teytelboym, A. (2015). A third wave in the economics of
climate change. Environmental and Resource Economics, 62(2), 329-357.

Fawcett, A.A., lyer, G.C,, Clarke, L.E., Edmonds, J.A., Hultman, N.E., McJeon, H.C., Rogelj, J., Schuler,
R., Alsalam, J., Asrar, G.R., Creason, J., Jeong, M., McFarland, J., Mundra, A. and Shi, W. (2015). Can
Paris pledges avert severe climate change? Science, 350(6265), 1168-1169.

Fischhoff, B. (2012). Communicating uncertainty: fulfilling the duty to inform. Issues in Science and
Technology, 28(4), 63-70.

Fischhoff, B. and Davis, A.L. (2014). Communicating scientific uncertainty. Proceedings of the
National Academy of Sciences, 111(Supplement 4), 13664-13671.

Fleming, A. and Howden, S.M. (2016). Ambiguity: a new way of thinking about responses to climate
change. Science of the Total Environment, 571, 1271-1274.

Geels, F.W. (2011). The multi-level perspective on sustainability transitions: responses to seven
criticisms. Environmental Innovation and Societal Transitions, 1(1), 24-40.

Geels, F.W. (2012). A socio-technical analysis of low-carbon transitions: introducing the multi-level
perspective into transport studies. Journal of Transport Geography, 24, 471-482.

Hale, T. and Roger, C. (2014). Orchestration and transnational climate governance. The Review of
International Organizations, 9(1), 59-82.

19



Hanefeld, J. (2011). Global Fund to Fight AIDS, Tuberculosis and Malaria. In Hale, T. and Roger, C.
(Eds.) Handbook of transnational governance: institutions and innovations (pp. 161-166). Cambridge:
Polity.

Hansen, U.E. and Nygaard, I. (2013). Transnational linkages and sustainable transitions in emerging
countries: exploring the role of donor interventions in niche development. Environmental Innovation
and Societal Transitions, 8, 1-19.

Hansen, U.E., Nygaard, I., Romijn, H., Wieczorek, A., Kamp, L.M. and Klerkx, L. (2018). Sustainability
transitions in developing countries: stocktaking, new contributions and a research agenda.
Environmental Science and Policy, 84, 198-203.

Hsu, A., Hohne, N., Kuramochi, T., Roelfsema, M., Weinfurter, A., Xie, Y., Litkehermaéller, K., Chan, S.,
Corfee-Morlot, J., Drost, P. and Faria, P. (2019). A research roadmap for quantifying non-state and
subnational climate mitigation action. Nature Climate Change, 9(1), 11.

Hohne, N., Drost, P., Bakhtiari, F., Chan, S., Gardiner, A., Hale, T., Hsu, A., Kuramoch, T., Puig, D.,
Roelfsema, M. and Sterl, S. (2016). Bridging the gap: the role of non-state action. In Olhoff, A. and
Christensen, J. (Eds.) The emission gap report 2016: a UNEP synthesis report (pp. 23-30). Nairobi:
United Nations Environment Programme.

IEA (2017). Energy access outlook 2017: from poverty to prosperity. World Energy Outlook special
report. Paris: International Energy Agency.

IPCC (2014a). Annex II: Glossary [Mach, K.J., S. Planton and C. von Stechow (eds.)], pp. 117-130. In:
Climate Change 2014: Synthesis Report. Contribution of Working Groups 1, Il and Ill to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K.
Pachauri and L.A. Meyer (Eds.)]. Geneva: Intergovernmental Panel on Climate Change.

IPCC (2014b). Climate change 2014: synthesis report. Contribution of Working Groups I, Il and 11l to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team,
R.K. Pachauri and L.A. Meyer (Eds.)]. Geneva: Intergovernmental Panel on Climate Change.

Johnston, N. and Serret, Y. (2006). Distributional effects of environmental policy: introduction. In
Serret, Y and Johnston, N. (Eds.) The distributional effects of environmental policy (pp. 1-19). Paris:
Organisation for Economic Co-operation and Development.

Jordan, A.J., Huitema, D., Hildén, M., van Asselt, H., Rayner, T.J., Schoenefeld, J.J., Tosun, J., Forster,
J. and Boasson, E.L. (2015). Emergence of polycentric climate governance and its future prospects.
Nature Climate Change, 5(11), 977-982.

Katz, R.W. (2002). Techniques for estimating uncertainty in climate change scenarios and impact
studies. Climate Research, 20(2), 167-185.

Klinsky, S., Roberts, T., Hug, S., Okereke, C., Newell, P., Dauvergne, P., O’Brien, K., Schroeder, H.,
Tschakert, P., Clapp, J. and Keck, M. (2017). Why equity is fundamental in climate change policy
research. Global Environmental Change, 44, 170-173.

Knaggard, A. (2014). What do policy-makers do with scientific uncertainty? The incremental
character of Swedish climate change policy-making. Policy Studies, 35(1), 22-39.

Kwakkel, J.H., Walker, W.E. and Marchau, V.A. (2010). Classifying and communicating uncertainties
in model-based policy analysis. International Journal of Technology, Policy and Management, 10(4),
299-315.

20



Lamperti, F., Mandel, A., Napoletano, M., Sapio, A., Roventini, A., Balint, T. and Khorenzhenko, I.
(2018). Towards agent-based integrated assessment models: examples, challenges, and future
developments. Regional Environmental Change, 1-16.

Liese, A. and Beisheim, M. (2014). Research design: measuring and explaining the effectiveness of
PPPs. In M. Beisheim and A. Liese (Eds.), Transnational partnerships: effectively providing for
sustainable development (pp. 17-41). London: Palgrave Macmillan.

Loorbach, D. (2010). Transition management for sustainable development: a prescriptive,
complexity-based governance framework. Governance, 23(1), 161-183.

Malerba, F. (2002). Sectoral systems of innovation and production. Research Policy, 31(2), 247-264.

Markandya, A. (2011). Equity and distributional implications of climate change. World Development,
39(6), 1051-1060.

Markard, J. and Truffer, B. (2008). Technological innovation systems and the multi-level perspective:
towards an integrated framework. Research Policy, 37(4), 596-615.

Markard, J., Raven, R. and Truffer, B. (2012). Sustainability transitions: an emerging field of research
and its prospects. Research Policy, 41(6), 955-967.

Méjean, A., Lecocq, F. and Mulugetta, Y. (2015). Equity, burden sharing and development pathways:
reframing international climate negotiations. International Environmental Agreements: Politics, Law
and Economics, 15(4), 387-402.

Metz, B., Davidson, O.R., Turkson, J.K., Martens, J.W., van Rooijen, S.N. and van Wie McGrory, L.
(Eds.). (2000). Methodological and technological issues in technology transfer: a special report of the
Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press.

Michaelowa, K. and Michaelowa, A. (2017). Transnational climate governance initiatives: designed
for effective climate change mitigation? International Interactions, 43(1), 129-155.

Montibeller G., von Winterfeldt D. (2015). Biases and debiasing in multicriteria decision analysis. In
48th Hawaii International Conference on System Sciences (pp. 1218-1226). Piscataway, NJ.: Institute
of Electrical and Electronics Engineers.

Morgan, M.G. (2009). Best practice approaches for characterizing, communicating and incorporating
scientific uncertainty in climate decision making. U.S. Climate Change Science Program Synthesis and
Assessment Product 5.2. Collingdale, PA.: DIANE Publishing.

Moss, T. and Leo, B. (2014). Maximizing access to energy: estimates of access and generation for the
Overseas Private Investment Corporation’s portfolio. Washington, DC.: Center for Global
Development.

Nay, J.J., Abkowitz, M., Chu, E., Gallagher, D. and Wright, H. (2014). A review of decision-support
models for adaptation to climate change in the context of development. Climate and Development,
6(4), 357-367.

Nygaard, |. and Hansen, U.E. (2015a). The conceptual and practical challenges to technology
categorisation in the preparation of technology needs assessments. Climatic Change, 131(3), 371-
385.

21



Nygaard, |. and Hansen, U.E. (2015b). Overcoming barriers to the transfer and diffusion of climate
technologies. Copenhagen: Technical University of Denmark.

Ostrom, E. (2010). Polycentric systems for coping with collective action and global environmental
change. Global Environmental Change, 20(4), 550-557.

Pachauri, S. (2014). Household electricity access a trivial contributor to CO; emissions growth in
India. Nature Climate Change, 4(12), 1073-1076.

Painuly, J.P. (2001). Barriers to renewable energy penetration: a framework for analysis. Renewable
Energy, 24(1), 73-89.

Puig, D. (2015). Uncertainty in greenhouse-gas emission scenario projections: experiences from
Mexico and South Africa. Copenhagen: Technical University of Denmark.

Ramos-Mejia, M., Franco-Garcia, M.L. and Jauregui-Becker, J.M. (2018). Sustainability transitions in
the developing world: challenges of socio-technical transformations unfolding in contexts of poverty.
Environmental Science and Policy, 84, 217-223.

Robiou du Pont, Y., Jeffery, M.L., Gltschow, J., Rogelj, J., Christoff, P. and Meinshausen, M. (2017).
Equitable mitigation to achieve the Paris Agreement goals. Nature Climate Change, 7(1), 38-43.

Rogelj, J., McCollum, D.L., Reisinger, A., Meinshausen, M. and Riahi, K. (2013). Probabilistic cost
estimates for climate change mitigation. Nature, 493(7430), 79.

Rogelj, J., Den Elzen, M., Hohne, N., Fransen, T., Fekete, H., Winkler, H., Schaeffer, R., Sha, F., Riahi,
K. and Meinshausen, M. (2016). Paris Agreement climate proposals need a boost to keep warming
well below 2 °C. Nature, 534(7609), 631.

Rogelj, J., Fricko, O., Meinshausen, M., Krey, V., Zilliacus, J.J. and Riahi, K. (2017). Understanding the
origin of Paris Agreement emission uncertainties. Nature Communications, 8, 15748.

Schot, J. and Geels, F.W. (2008). Strategic niche management and sustainable innovation journeys:
theory, findings, research agenda, and policy. Technology Analysis and Strategic Management, 20(5),
537-554.

Stanton, E.A., Ackerman, F. and Kartha, S. (2009). Inside the integrated assessment models: four
issues in climate economics. Climate and Development, 1(2), 166-184.

Stern, N. (2014). Ethics, equity and the economics of climate change paper 2: economics and politics.
Economics and Philosophy, 30(3), 445-501.

Stern, N. (2016). Current climate models are grossly misleading. Nature, 530(7591), 407-409.

Tol, R.S., Downing, T.E., Kuik, O.J. and Smith, J.B. (2004). Distributional aspects of climate change
impacts. Global Environmental Change, 14(3), 259-272.

UNEP (2015). Climate commitments of subnational actors and business: a quantitative assessment of
their emission reduction impact. Nairobi: United Nations Environment Programme.

UNFCCC (2015). Adoption of the Paris Agreement (FCCC/CP/2015/L.9/Rev.1). Bonn: United Nations
Framework Convention on Climate Change.

22



Vandyck, T., Keramidas, K., Saveyn, B., Kitous, A. and Vrontisi, Z. (2016). A global stocktake of the
Paris pledges: implications for energy systems and economy. Global Environmental Change, 41, 46-
63.

Weber, K.M. and Truffer, B. (2017). Moving innovation systems research to the next level: towards
an integrative agenda. Oxford Review of Economic Policy, 33(1), 101-121.

Widerberg, O. and Pattberg, P. (2015). International cooperative initiatives in global climate
governance: raising the ambition level or delegitimizing the UNFCCC? Global Policy, 6(1), 45-56.

Wieczorek, A.J. (2018). Sustainability transitions in developing countries: major insights and their
implications for research and policy. Environmental Science and Policy, 84, 204-216.

Endnotes

1 “Institutionalisation” refers to the adoption of decisions and resolutions, notably within international
governmental fora but also at the level of national governments, by which non-state action is expected to
contribute to meeting the goals of the Convention, supplementing state action.

2 This interest responds to the expected larger impact attributed to such actions, compared to that of non-state
actor actions localised in a narrower geographic setting (Bakhtiari, 2018).

3 Transnational governance is linked to the globalisation trends initiated nearly fifty years ago, partly spurred by the
liberalisation in international financial markets that took place at that time (Hohne et al., 2016).

4 Direct impacts refers to climate-change management actions that are additional to those provided by state actors,
whereas indirect impacts refers to catalytic actions such as providing information or finance in ways that support
the work of state actors.

5 Michaelowa and Michaelowa (2017, pp. 131) state that «[as] it is too early for an evaluation of [the effectiveness
of non-state actor actions], we focus on their design and the direct mitigation benefits that can be expected
thereof». Specifically, they screen non-state actor actions against three “design criteria”: the extent to which (i)
explicit targets have been set; (ii) incentives are available; and (iii) monitoring, reporting and verification
procedures have been adopted. Arguably, their results provide a measure, if only indirect, of the effectiveness of
the non-state actor actions analysed.

6 Inits Supplementary Information Note 1, Article 2 sketches the concept of orchestrated governance:

«Orchestrated governance implies a decision-making process in which a governmental entity, be it
a national government or an international organisation, catalyses the development of a nonstate
actor action. They do so by reducing transaction costs, or mistrust among partners, or by assisting
weaker partners. As soon as the non-state actor action is operational, the governmental entity
pulls out, or plays a role similar to that described under ‘horizontal governance’.»

7 Lack of information stems from (i) unpredictable variability in the system under study, or (ii) incomplete
knowledge about that system (Kwakkel et al., 2010). Disagreement stems from ambiguity, which can be
intentional, or associated with (unintended) flaws in the knowledge-production process or in the decision-making
process (Fleming and Howden, 2016).

8 Article 3 (Table 1 in Section 1) represents one notable exception, in that the Mexican government used the
outcomes of that research to define the country’s greenhouse-gas emission-reduction targets. Nonetheless, only
some elements of the research were used — the central value of our projections of gross domestic product growth
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rates. This choice can be seen as undermining the overall goal of the research, which called for using probabilistic
projections (as opposed to any individual point estimate).

The Paris Agreement constitutes the implementation blueprint for the Convention. The Agreements calls on all
parties to put forward individual emission-reduction commitments, as part of their so-called nationally-
determined contributions to implementing the Convention (UNFCCC, 2015). Some of these commitments are
expressed in quantitative terms.

For example, Fawcett et al., (2015) and Rogelj et al., (2016) use integrated assessment models, whereas den Elzen
et al., (2016), Vandyck et al., (2016) and Rogelj et al., (2017) use energy-system models combined with
macroeconomic general-equilibrium models.

It is worth noting that, in addition to income, the concept of distributional impacts is relevant to a number of
other parameters, such as ethnicity, age and geographical distribution, among others (Johnston and Serret, 2006).

Klinsky and colleagues (2017) claim that equity should be a core component of all climate-change research.
Subjective as it may be, the statement gives a measure of the stakes in the debate about distributional impacts.

For example, Méjean and colleagues (2015) examine cap-and-trade programmes. They claim that a broadening of
development policies, to include climate-change concerns, could reduce distributional impacts across countries
and generations (ibid).

For example, Caney (2016, p. 53) explores the «normative force of the considerations that are employed to
determine the social discount rate», in light of the importance that discounting has with regard to distributional
impacts. His findings caution against delaying action on climate change, with the sole exception of discounting
framed around so-called growth-discounting considerations (ibid).

There is broad agreement about the limitations of the main modelling approaches used thus far to underpin the
planning of national-level policies to manage climate change (Stern, 2016).

On this topic, a review (in two parts) by Nicholas Stern and an editorial essay by Terry Barker provide a good
overview of both the rationale for, and the main findings in, this burgeoning field of research:

Stern, N. (2014). Ethics, equity and the economics of climate change paper 1: science and philosophy. Economics
and Philosophy, 30(3), 397-444.

Stern, N. (2014). Ethics, equity and the economics of climate change paper 2: economics and politics. Economics
and Philosophy, 30(3), 445-501.

Barker, T. (2008). The economics of avoiding dangerous climate change. An editorial essay on The Stern Review.
Climatic Change 89(3-4), 173-194.

In line with this finding, a global-level study by the International Energy Agency reports that universal electricity
access by 2030 would increase carbon-dioxide emissions by a mere 0.7 percent (IEA, 2017).
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3. Research methods

The articles that constitute this thesis rely on seven main research methods (Table 3.1): three types
of literature reviews, expert judgement elicitation, computer-based modelling, interviews and
surveys, and secondary data analysis. With the exceptions of articles 5 and 6, a single method
dominated the design and implementation of the research in each article.

Collaboration with teams in a number of European research centres made it possible to implement
some of these methods, notably computer-based modelling and expert judgement elicitation.
Similarly, the topics studied required contributions from researchers specialised in a variety of
disciplines, ranging from economics, to political science, to engineering.

Table 3.1: Overview of research methods, by article

Articles

1 2 3 4 5 6 7 8

Literature review

- argumentative ]

- narrative . )

- systematic ]

Quantitative methods

- expert judgement [ )

- modelling [ )

Qualitative methods

- interview and survey { J [ )

- secondary data analysis J [ ) (]

Key: ® major role ; * complementary role

The remainder of this chapter outlines the approach followed to apply the research methods listed
in Table 3.1 above. Details concerning the specific methodology used in each article can be found in
the articles themselves. The following paragraphs present the rationale for choosing a given method
and implementation approach, and the merits of using a combination of methods, wherever
relevant.

3.1 Literature review

Four of the articles that constitute this thesis rely, to a greater or lesser extent, on reviews of the
literature (Jesson et al., 2011). Article 3 is a systematic review of the literature on the effectiveness
of non-state actor action; Article 4 is a narrative review of the literature on applied uncertainty
management; and Article 8 is an argumentative review of the literature on the analytical paradigms
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that underpin national-level policy plans for the management of climate change. The research
reported in Article 2 relied on a narrative review of the literature on non-state actor action, which
informed the design of the interview questions and survey forms applied, which were the main
methodological tools used in Article 2.

Systematic review

The systematic literature review presented in Article 3 seeks to shed light on the following research
guestion: to what extent is it possible to assess the effectiveness of non-state actor action? A
somewhat restrictive set of criteria was used to query the peer-reviewed literature, and identify an
initial set of seventeen documents, from which eight documents (seven articles and one book
chapter) were finally selected.? Through backward and forward snowballing, nine more documents
were identified (six articles, one book chapter, and two books). With the use of qualitative data
analysis software (Atlas.ti 8), five overriding issues quickly became apparent, around which the
review was structured (Miles et al., 2014).

The results of the review were conclusive: the empirical evidence is insufficient to assess the
effectiveness of non-state actor action. Indirectly, this finding suggests that the growing
institutionalisation afforded to non-state actors is hard to justify. These results were expected.
Indeed, they motivated the choice of methodology: it was felt that a systematic literature review
would be the most appropriate type of review with regard to backing this kind of findings (Booth
etal., 2016).3

Narrative review

Article 4 provides an overview of the literature on uncertainty management in the context of
national-level policy planning for climate-change management.* To prepare this overview, a
narrative review of the literature was conducted (Jesson et al., 2011). Twelve search strings were
implemented, with a view to identifying relevant documents.® In all instances, search results
included over one thousand hits. Alternative search strings providing a smaller number of seemingly
comprehensive results could not be identified. In light of this, as a first step, only the documents
that appeared in at least nine searches were selected.® Drawing on this core group of documents,
through backward and forward snowballing, additional relevant documents were identified.
Reiterating this process with the newly identified documents, the twenty-four documents
referenced in the article were considered for the review.

A narrative review (ibid) was chosen because identifying gaps in the literature was the main goal of
Article 4. To do so, a framework or, at the very least, a comprehensive breakdown of all the issues
of relevance was needed. Two possible frameworks were tested, which proved inadequate.” As a
result, qualitative data analysis software (Atlas.ti 8) was used to facilitate the process of identifying
connections between the various salient issues. This analysis resulted in a stylised taxonomy of all
the steps one might consider when analysing uncertainty — from first to last in a temporal scale —
around which the review of the literature was structured.

Argumentative review

Article 8 puts forward a methodological approach for use in policy planning in the area of climate-
change management. This approach is informed by an argumentative review (ibid) of selected
literature on the economics of climate change, namely the work of authors who question the
dominant neoclassical paradigm and contend that economics should integrate moral-philosophy
considerations.
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The departure point for the review was an article by Dietz and Stern (2008): through backward and
forward snowballing, a set of references were identified, on which the review was based. The main
inclusion criterion was: “relevance to the development of an applied methodology for planning
climate-change policies”.

As suits argumentative reviews (ibid), supporting an argument that had been established from the
outset (in this case, the need for economics to integrate moral-philosophy considerations) was the
main objective of the work. For this reason, no statistical treatment of the selected articles was
conducted, nor did the work involve any attempt to include all documents that met certain quality
criteria, as would be the case in a systematic review. Instead, the review sought to report the most
up-to-date and authoritative views on the various issues that were of relevance to the development
of the methodological approach put forward in Article 8.

Because multi-criteria decision analysis is a key component of the methodological approach, a
parallel effort was undertaken to include related literature. In this case, a book by Belton and
Stewart (2002) was used as the departure point for selecting literature (again, through backward and
forward snowballing).

3.2 Expertjudgement

One of the articles that constitute this thesis used expert judgement to quantify the uncertainties
associated with projections of greenhouse-gas emissions in Mexico (Meyer and Booker, 2001).
Experts were asked to provide probability distributions for (i) future growth rates of gross domestic
product and (ii) oil and gas prices in Mexico. The probabilistic estimates thus obtained were used as
input to a computer-based energy-economy model (Callonec et al., 2013), from which projections of
greenhouse-gas emissions were obtained. To avoid redundancies, hereinafter the discussion focuses
on gross domestic product only.®

Model-based projections of gross domestic-product growth-rates are routinely calculated, albeit for
time horizons spanning no more than six to twelve months. Since the projections of interest
referred to one decade (and longer) hence, the study could not rely on model-based projections.
For this reason, eliciting expert judgement was the approach chosen. Simply stated, the rationale of
expert judgement elicitation is that estimates by experts (i) reflect the knowledge of the various
expert involved and (ii) synthesise the evidence available. This practice is common in a wide range
of areas, when monitoring data is not available and modelling tools are inadequate. The extent to
which any one expert can meaningfully assess likely future trends for a highly uncertain variable
such as gross domestic product remains contested. Proponents of expert judgement elicitation
argue that the probability distributions elicited from experts are not intended as predictions of the
future, but rather as informed guesses about the plausible range within which future values of the
variable may lie. Not least, expert judgement elicitation represents a more transparent and
replicable method, compared to the alternatives.

Expert judgement elicitation has been formalised through a number of different methods. We relied
on a method called structured expert judgement, which integrates the responses of the various
experts into a single probability distribution (Cooke, 1991). It does so by weighting the individual
expert responses according to the scores (high or low) that each expert obtains when responding to
a series of so-called calibration questions, the answers of which cannot be known at the time of
responding to the questions, but are knowable shortly thereafter.® To implement this method, a
three-day workshop was needed — to introduce the experts to the method, collect responses to the
calibration questions, and run the elicitation itself.
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Changes in gross domestic product are linked to developments in a number of other macro-
economic indicators, notably trade balances (with the United States, in this case) and labour market
taxation levels, among others. Stated differently, an assessment of likely future changes in gross
domestic-product growth rates has to consider plausible future changes in these indicators.X® For
this reason, an econometric model was developed that quantified the dependence between gross
domestic product and several other macro-economic parameters (Loria, 2013). This model was
provided to the experts that took part in the elicitation. The rationale for including the results of the
econometric model in the elicitation protocol was simply to give the experts a projection that
ignores potential discontinuities. Indeed, a key strength of eliciting expert judgement on a variable
such as gross domestic product is that the expert can judge — among other issues — whether or not
discontinuities may be realistic and, if so, how large they might be.

The elicitation protocol was structured around three “economic growth scenarios”: low, medium
and high. In practice, this meant that a fixed value was set for all the macro-economic variables that
influence gross domestic-product growth rates, and thus experts could disregard the former and
focus on the latter. The alternative option would have involved eliciting probability distributions for
the likely future values of all variables — from gross domestic product growth rates to all other
related macro-economic variables. Not only would this elicitation have been overly demanding on
the experts, but it would have also required a cumbersome post-hoc dependency analysis. Finally,
rather than eliciting probabilities for a single year, probabilities were elicited for two periods: 2014-
2020 and 2021-2030. Doing so allowed the experts to provide more robust estimates, which they
expressed as percentiles of the average gross domestic-product growth rate in the period
concerned.

3.3 Modelling

The article that studies renewable energy-powered universal electrification used a bottom-up
model, akin to most so-called accounting models (Puig et al., 2013). The model was coded in Visual
Basic, using Microsoft Excel as user interface.

The model was built around both existing and newly created datasets.!? Gridded population,
electrification-access rates, and location of the electricity grid are among the main existing datasets
used. With regard to newly created datasets, and because highly disaggregated data on electricity
affordability is lacking, a proxy for “ability to pay for electricity” was created by comparing
consumption with current expenditure data. The values obtained for this proxy were then
compared to annual operating costs, which made it possible to gauge the “affordability” of a given
electrification option (namely, diesel oil or solar photovoltaic technologies). Other model outputs
include estimates of unelectrified population, electrification costs, and greenhouse-gas emissions
associated with different electrification options. Some of these estimates are more detailed than
previously reported (for example, the costs associated with transporting diesel are calculated
individually for each grid, and included in the overall cost estimate).

In many ways, the main addition to the literature is the model itself, because it brings together data
that had not been cross-analysed before, and it provides outputs that are directly usable in a policy
context. In this regard, and in contrast to the Mexican case described below, in this modelling
exercise the estimates obtained are the key research output. Specifically, the high-level of
disaggregation of the model estimates makes it possible to introduce much needed nuances in the
debate about rural electrification.
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The article that reports uncertainty estimates for projections of greenhouse-gas emissions in Mexico
relied on a general-equilibrium energy-economy model (Callonec et al., 2013).12 The Mexican
Ministry of Environment and Natural Resources, which was involved in the calculation of these
estimates, had some experience with this model. Familiarity with it was a deciding factor in the
choice of model.®* Although familiarity is an important consideration, the relative weight placed on
this factor is questionable on two accounts at least. First, the complexity of the model eventually
discouraged the Mexican administration from adopting it for other analyses. Arguably, this is an
undesirable outcome, because it entails (i) spending additional resources in the adoption of a new
model for future analyses, and (ii) reducing the comparability among the results of the various
analyses, because they rely on different models. Second, a general-equilibrium model is ill-suited to
assess the uncertainty around projections of greenhouse-gas emissions, which was the main goal of
the research. Indeed, central aspects of general-equilibrium models, such as (theoretical) economic
efficiency, reduce the robustness of the resulting estimates, thus complicating the analysis of the
uncertainty associated with those estimates.

The issues above arose during the research, and the option of using an alternative model was
contemplated. Specifically, a so-called bottom-up accounting model was considered, because of its
simplicity and because its outputs are more amenable to an analysis of uncertainty (Heaps, 2008).
This model could have used instead of the general-equilibrium model or as a complement to it. In
the end, calendar and budgetary constraints prevented this option from being implemented.
Nevertheless, the discussions with government officials concerning this option revealed a tension
that speaks about the difficulty of integrating science into the policy process. Simply stated, the
appeal of using one additional model (or several) lies in the increased insight that two sets of
estimates offer with regard to understanding better the differences in the estimates. In other
words, the estimates themselves are less interesting than the clues that two modelling exercises
offer with regard to elucidating sources of uncertainty, which is the first step toward quantifying
and, whenever possible, reducing those uncertainties. Although the government officials involved in
the research fully understood these considerations, they felt that a linear narrative (probabilistic
projections derived from a “sophisticated” model) would carry more weight with their managers,
who were senior decision makers in the Mexican administration.

The Mexican government’s interests in the context of international climate-change negotiations play
a non-negligible role in the final design of the research. Mexico’s greenhouse-gas emission-
reduction commitments before the international community are generally seen as sensible, in
comparison with the commitments made by similar countries. At some level, assessing the
uncertainty around projections of greenhouse-gas emissions, which was the main objective of the
research, served the political purpose of providing a scientific underpinning to the purported
ambition of those commitments. Other tools could have been considered to provide such
underpinning, notably a review by peers, akin to that undertaken by South Africa in the context of its
climate change-mitigation scenarios. Notwithstanding other considerations, the technocratic
approach adopted — namely, the use of a fairly sophisticated general-equilibrium model — arguably
reflects a risk-averse attitude on the part of the Mexican government, in what otherwise remains a
laudable pioneering initiative.

3.4 Surveys and interviews

Some of the articles that constitute this thesis were built upon data newly collected through surveys
and interviews (Miles et al., 2014).1* In all instances where surveys and interviews were used, the
two methods were applied together. The following paragraphs reflect on the use made of these
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complementary research methods. Because rationales and strategies differ across issues, the
description is split between non-state actor action and technology transfer.

The vast majority of non-state actors disclose a limited amount of information concerning their
activities (Fenhann et al., 2018). Early studies could rely on this scant evidence base. However, all
subsequent research (that is, research undertaken over the past five to ten years) has required a
systematic and purpose-developed data collection effort. For the most, these empirical
investigations have targeted non-state actors themselves as the providers of the information (Hsu
etal., 2018).% In line with this practice, for one of the articles that constitute this thesis, the survey
targeted core partners in a range of non-state actor actions.’® Conversely, for a second article,
researchers were the target of the surveys and interviews that were conducted. This category of
information providers appears to be missing in the literature on non-state actor action. Arguably, as
more and more studies become available, meta-analyses based on data collected from researchers
are likely to become increasingly common in the area of non-state actor action.

Non-state actors work on a wide range of topics, at all possible governance levels, and in many
different countries, thus within a multiplicity of socio-cultural environments (ibid). For this reason,
and compared to surveying a less diverse phenomenon, surveying non-state actors is challenging.
Specifically, developing a questionnaire that applies to, and is understood equally by, all intended
recipients is a complicated task, which can be more successfully completed by consulting (a selection
of) those recipients. Such a consultation, which ultimately aimed to increase the comparability of
the responses to be elicited through the questionnaire, was undertaken by means of two rounds of
phone interviews.”

Feedback from the interviewees highlighted the disconnect between policy and practice. For
example, the interviewees perceived themselves as running individual “projects” with a finite time
frame, as opposed to running a “non-state actor action”, a concept that they seldom used and some
had trouble defining. Similarly, discussions about “climate change governance” or “overlaps
between state and non-state action” were seen as much too abstract by most interviewees. In
short, the exchanges that took place during the process for preparing the questionnaire were as
informative as the responses to the questionnaires.

Non-state actor actions are essentially partnerships. Therefore, to fully characterise their work, one
has to collect two types of data: information on the partnership itself, and information on the
individual partners. To this end a questionnaire in two parts was developed. The first part of the
guestionnaire focused on the non-state actor action itself, and was filled out jointly by all core
partners in the action.’® The second part of the questionnaire focused on the individual core
partners in the action.’® The non-state actors lacking an established permanent secretariat had
unreasonably great difficulties responding to the first part of the questionnaire. This finding echoes
claims that coordination structures such as a permanent secretariat increase the efficiency and
effectiveness of non-state actor actions (Chan et al., 2018 ; Dzebo 2019).

One of the articles focused on technology transfer sought to collect comparable information about
enablers of, and barriers to, the transfer of cleaner-energy technologies. This kind of information is
available in governmental documents (the so-called technology needs assessments), although the
degree of completeness of these assessments varies from one country to another (Haselip

et al., 2015). For this reason, a questionnaire was used to complement the information available in
these governmental documents. As per the description in the previous paragraphs, the design of the
guestionnaire was informed by the feedback provided — through phone interviews — by the
recipients of the questionnaire. Reacting to the large amount of detail in the final version of the
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guestionnaire, most interviewees suggested that the technology needs assessment process would
benefit from incorporating the guidance that the detailed questionnaire provided.

3.5 Secondary data analysis

The article that analyses four development aid-funded technology-transfer programmes relied on
secondary data (Largan and Morris, 2019). These data were obtained mostly from grey literature,
including both descriptions of the individual programmes’ aims, prepared before the programmes
were launched, and assessments of performance, conducted two or more years into a programme’s
period of operations. Although most of this literature is publicly available, some had to be obtained
by contacting the institutions that run the programmes. Additionally, personal contacts were used
to seek clarification and details not included in any of the written documents analysed.

The technological innovation systems approach (Markard and Truffer, 2008) was used to both
determine and organise the information drawn from the sources referred to above. Querying this
information along the lines of the various actors involved, which is one of the dimensions in the
technological innovation systems approach, was possible without making assumptions. However,
doing so for the remaining two dimensions in the technological innovation systems approach was
challenging. These dimensions are, respectively, determining the extent to which interlinkages
between actors were strengthened, and assessing the ability of any one actor to perform one or
more innovation-related functions.

Concerning the interlinkages between actors, two criteria were used to assess changes with regard
to a baseline, defined as the situation prevailing before the project started its operations. The first
criterion was the establishment of a previously inexistent dialogue between any given group of
actors. To evaluate this criterion, the information included in the grey literature referred to above
was sufficient in all instances. The second criterion was the reinforcement of an existing dialogue.
For some of the programmes, evaluating this criterion required interpreting the data, in which case
personal contacts with the managers of the programmes were used, to contrast the interpretation
made.

Concerning the innovation-related functions introduced above, assumptions had to be made as to
the degree to which the various functions were performed more efficiently and effectively as a
result of the actions undertaken by the various programmes studied. When the data analysed
revealed that a given function was performed at a higher level, compared to the baseline level, the
change was assumed to be due to the programmes. This assumption, which reflects the classic
attribution problems faced by most policy evaluations, seemed plausible in this case, as no other
discernible forces acted to affect how a given function was performed.

A second article, also focused on technology transfer, relied on secondary data analysis, namely the
article that explores the extent to which development aid-funded technology-transfer programmes
achieve their objectives. Here too, grey literature was the source of data for the analysis. However,
unlike the case described above, the various documents on which the article draws were both
standardised in their content, and easily locatable.?®

As outlined in Section 4.3, these reports describe the outcomes of a prioritisation process, through
which national governments in low-income countries selected the climate-change mitigation (and
adaptation) technologies that the country needs most. Explicitly for all reports, although more so in
some than others, the reports describe the enablers of, and barriers to, the adoption of the various
technologies, as summarised by government officials in the countries concerned.?! These
descriptions are the secondary data on which the article drew.
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In several instances, the descriptions of enablers and barriers were somewhat generic, often
referring to lack of financial resources as the main obstacle that technology adoption would face.
While acknowledging the importance of financing, providing a more nuanced view on technology
transfer was the goal of the research project. To this end, the text in the reports was analysed using
word-mining techniques: essentially, the paragraphs including a reference to a given technology
were isolated and the nouns and verbs in that paragraph were associated to the technology in
question. The resulting lists were screened, to exclude irrelevant words (notably the verb to be and
the name of the country, which appeared often). With the final list of words, a hypothesis was made
as to what the potential barriers and enablers for the technology in question might be. This
hypothesis was then included in a survey form, which was sent to the government officials who,
individually in the various countries studied, led the technology prioritisation process. The
responses to this form were later contrasted with the types of support offered by development aid-
funded technology-transfer programmes, to determine the extent to which expectations (from
development-aid recipient countries) were aligned with what those programmes are in a position to
offer, given the logic of development-aid spending.
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Endnotes

1 Anumber of ready-to-use expert judgement-elicitation tools are available online. For example, the so-called
Sheffield Elicitation Framework (or SHELF, for short) is available at: http://www.tonyohagan.co.uk/shelf/

2 The search string was: ( TITLE-ABS-KEY ( "climate change" ) AND TITLE-ABS-KEY ( "effectiveness" ) AND TITLE-
ABS-KEY ( "nonstate actor" OR "non-state actor" ) ). The inclusion criteria were: a focus on transnational
initiatives. The exclusion criteria were: a focus on the effectiveness of the international climate-change regime, or
of state-actor actions.

3 Inaddition, Article 3 includes (in Supplementary Information Note 1) a narrative review of the literature on
emission reduction potentials attributable to non-state actor action. This review, which aimed to analyse the
assumptions that underlie those estimates and — crucially — the logic behind the various assumptions, is used as a
complement to the systematic review that constitutes the bulk of the research reported in Article 3.

4 A 2009 report, commissioned by the now-discontinued United States Climate Change Science Program, provided
an overview of applied research on uncertainty management (Morgan, 2009). The report has not been updated,
and no other comparable overview has been published. Besides, most guidance available is of relevance to global
and supranational assessments, as opposed to national-level policy making. Filling this gap in the literature was
the main purpose of Article 4.

5 Ourinclusion criteria were: applied research, of relevance to practitioners in national governments (as opposed to
research that is relevant in the context of supranational assessments). Our exclusion criteria were: research that
reports on narrow details of any one methodology, especially when linkages with other comparable
methodologies are not presented.

6 Six documents met this criterion, among which the following three met our inclusion and exclusion criteria:

Fischhoff B, Davis A.L. (2014) Communicating scientific uncertainty. Proceedings of the National Academy of
Sciences 111(Supplement 4), 13664-13671.

Knaggard A (2014) What do policy-makers do with scientific uncertainty? The incremental character of Swedish
climate change policymaking. Policy Studies 35(1), 22-39.

Kwakkel, J.H., Walker, W.E. and Marchau, V.A. (2010). Classifying and communicating uncertainties in model-
based policy analysis. International Journal of Technology, Policy and Management, 10(4), 299-315.

7 To identify a conceptual framework around which the review of the literature could be structured, the twenty-
four documents were mapped out against the dimensions of two already existing frameworks. Initially, the so-
called kaleidoscope framework of policy change was used (Resnick et al., 2018), because the idea of systematically
exploring all aspects of the policy process aligns well with the motivations of the article. The framework is
depicted as Figure 1 in the article, where it is referred to as “model” (and not as a “framework”).

However, it was found that each of the findings could be placed in nearly all the dimensions of the kaleidoscope
framework. Stated differently, the framework did not help categorise the findings, which was the main objective
of this task. As a result, a second framework was considered (Kwakkel et al., 2010), which has as its making
objective guiding model-based uncertainty analysis.

Location, one of the dimensions that make up this framework, made it possible to categorise some of the findings
— but not all, notably issues related to incorporating uncertainty in the policy process. Not least, (by design) this
framework is biased toward model-based quantitative assessments, thus making it difficult to accommodate
qualitative assessments, such as those used in areas like land-use management. For this reason, the idea of using
this framework was abandoned.

8 Inrecent years, comparing the (nearly always deterministic) individual projections obtained through different
computer-based energy-economy models has been one of the most commonly used approaches to assessing the
uncertainty associated with projections of greenhouse-gas emissions. To the extent that the assumptions made
and the input data used are comparable, the assessments thus obtained mainly reflect the uncertainty associated
with the various modelling paradigms. To contrast these assessments, a different methodology was used, namely
quantifying the uncertainty around plausible future values of two drivers of emissions in Mexico: gross domestic-
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product growth rates, and oil prices. (In an industrialised country like Mexico, greenhouse-gas emission levels
correlate positively with gross domestic-product growth rates. The same is true for oil and gas prices, although in
a counterintuitive fashion: when prices are high, oil and gas become export commodities, and net emissions are
reduced.) With the help of a general-equilibrium energy-economy model, (probabilistic) estimates for likely
future values of these two drivers were used to calculate the uncertainty associated with projections of
greenhouse-gas emissions in the country.

For example, experts are asked about inflation rates some months hence, or about export rates for a given sector,
also in the near-term. In some instances, these so-called calibration questions also include questions referred to
the past.

This is true irrespective of the assessment method used — expert judgement elicitation or some other method.

Details on the structure of the model and the newly created datasets can be found in the Supplementary
Information Note to Article 1.

In the model used, gross domestic product is an endogenous variable. For this reason, the probabilistic
projections obtained through expert judgement elicitation could not be used as inputs to the model. Instead, for
each set of projections, the model had to be recalibrated in such a way as to be consistent with the gross domestic
product values given by the probabilistic projections.

A coincidence of two additional non-technical factors played a role in the choice of model. First, the model is
maintained and updated by a French research institution. Second, some elements of the research were funded by
the French Development Agency. Although choosing the model developed by the French research institution was
never a pre-condition for the funding to be forthcoming, the French Development Agency actively promoted the
model, as a means to indirectly support domestic research.

For some articles, we combined data newly collected through surveys and interviews with secondary data analysis
(Section 3.5).

Nonetheless, a handful of studies have targeted as information providers (i) state actors or (ii) the beneficiaries of
the work of non-state actors. Admittedly, the “state” and “non-state” actor categories are often undiscernible, as
exemplified in the survey reported by Hjerpe and Nasiritousi (2015). As for the surveys of “beneficiaries”, it is
worth noting that they are more common in high-income countries, where communities have comparatively more
resources to organise themselves and, therefore, it is easier for researchers to targets such communities. The
survey reported by Ingold and colleagues (2010) provides an example of this type of studies.

We were interested in learning about the delivery mechanisms by the non-state actor actions. This information is
only available from the core partners in the actions. As such, reaching out to state actors or beneficiaries would
have served no purpose.

The description provided in this paragraph refers to the article that surveyed core partners in a number of non-
state actor actions. For details on the survey form that was used to gather information from researchers, the
reader is referred to Supplementary Information Note 1 in Article 3.

The first part of the questionnaire included questions about the type of governance arrangement, or the type of
delivery mechanism, among others. A consensus response from all core partners was sought. For actions with
more than five or six core partners, that consensus response was prepared by a representative selection of
partners.

The second part of the questionnaire included questions that are specific to each core partner, such as the
incentives for joining the non-state actor action, or the relative importance of the non-state actor action in the
portfolio of activities of a given core partner. This part of the questionnaire was filled out by each core partner
individually.
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These documents are the so-called technology needs assessment reports. They are freely accessible online:
https://tech-action.unepdtu.org/tna-database/

In most instances, the summary (like the rest of the so-called technology needs assessment report) was prepared
by consultants. Nonetheless, the views presented are considered official governmental views, in that
governments led the technology prioritisation process, drawing on input from the main stakeholders in the
country (UNFCCC, 2009).
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4. Summaries of the articles

This chapter consists of summaries of the eight articles that constitute the thesis. As indicated in

chapter 1, the articles touch upon four thematic areas across two governance levels (Figure 4.1). For

ease of reference, the summaries are presented by theme.

Figure 4.1: Overview of articles, by governance level and theme
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4.1 Engaging with non-state actors
This section summarises the following articles:

- Article 2: Puig, D. and Bakhtiari, F. (2020). Determinants of successful delivery by non-state
actors: an exploratory study. International Environmental Agreements: Politics, Law
and Economics. [under review]

- Article 3: Puig, D., Bakhtiari, F. (2020). A new model for accounting for non-state action.
Climate Policy. [under review]

4.1.1 Summary of Article 2

Article 2 develops a taxonomy for assessing ex-ante the likelihood that delivery by non-state actor
actions may be successful. The rationale for the taxonomy is twofold. First, it brings together the
scant literature on criteria of successful delivery by non-state actor actions. Second, it gives an
empirical underpinning to the intuitive notion that some barriers to successful delivery can be
identified ex-ante, with a view to improving the delivery methods of non-state actor actions.

The taxonomy is based on the feedback gathered through a series of semi-structured interviews.
Interviewees were selected among the lead partners in six non-state actor actions focused on
adaptation to climate change or disaster-risk reduction. The feedback obtained through the
interviews pointed toward three sets of issues, which the article terms “societal conditions”,
“domain conditions” and “action conditions”. “Societal conditions” refers to issues that take years
to change and have a clear, albeit indirect influence on the work of non-state actor actions.
Examples of these issues include near-term vulnerability to the impacts of climate change, or the
extent to which public-private partnerships are used to implement policy. “Domain conditions”,
refers to three types of issues, all of which have a direct influence on the work of the non-state actor
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action. First, the capabilities and competences of the core partners in a non-state actor action.
Second, the policy and regulatory environment within which a non-state actor action operates.
Third, the agendas of the stakeholders that operate within the same economic and regulatory
environment. Finally, “action conditions” refers to the choice of delivery method made by a non-
state actor action, the specific design of the method, and the way in which the different partners in
the action interact with one another to apply that method.

The taxonomy is consistent with the findings of three related studies. The main difference lies in the
larger scope of the taxonomy, compared to the scope of the criteria in those three studies. Similarly,
the taxonomy is consistent with the so-called multi-level perspectives framework for “technological
transitions”. A comparison with this framework is relevant because “technological transitions”
amount to disruptions in established socio-economic regimes, which are akin to the impact that a
successful non-state actor action may have, albeit at a smaller scale. The comparison with the multi-
level perspectives framework suggests that the taxonomy presented in Article 2 encompasses a
comprehensive set of issues.

4.1.2 Summary of Article 3

Article 3 puts forward a new model for accounting for non-state actor action in the area of climate
change. This model entails that the role of a non-state actor actions vis-a-vis the United Nations
Framework Convention on Climate Change (hereinafter, the Convention) be contingent on the type
of sector in which a given non-state actor action is active.

In sectors dominated by a small number of large companies, non-state actor action is likely to be
more effective if integrated into mainstream state actor action. The suggestion is informed by two
sets of evidence. First, such an approach is being implemented with some success to avoid
deforestation and forest degradation, or to reduce greenhouse-gas emissions from niche sectors
such as hydrofluorocarbon-emitting industries and aviation. Second, experience from non-state
actors active in areas other than climate change, notably immunisation against vaccine-preventable
diseases, indicates that, in highly homogeneous sectors, an integrated approach is more efficient,
compared to state and non-state actors working independently. Reluctance on the part of non-state
actors to lose visibility and to enter into binding commitments tend to be the main barriers to
implementing such an approach.

In sectors such as agriculture or end-use energy efficiency, for example, which are made up of a
large number of heterogeneous actors, the case for integrating state and non-state action is less
clear. In these sectors, non-state action could be seen primarily as a valuable policy laboratory,
where new approaches can be tested and innovation is spurred. Importantly, emission reductions
from these sectors would not be accounted for.

The proposals in the article are motivated by two considerations. First, an examination of the
estimates of emission reduction potentials associated with non-state actor actions highlights that
some of the assumptions made differ strikingly. Second, and consistent with the first point, a review
of the literature underscores that it is not possible at present to calculate the size of the impact
(direct or indirect) that non-state actor actions can make. For these reasons, the article cautions
against the growing institutionalisation of non-state actor actions in the Convention, and advocates
for the conservative model outlined above.
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4.2 Transferring cleaner-energy technologies
This section summarises the following articles:

- Article 7: de Coninck, H. and Puig, D. (2015). Assessing climate change mitigation technology
interventions by international institutions. Climatic Change 131(3), pp. 417-433.

- Article 5: Puig, D., Haselip, J.A. and Bakhtiari, F. (2018). The mismatch between the in-country
determinants of technology transfer, and the scope of the technology transfer
initiatives under the United Nations Framework Convention on Climate Change.
International Environmental Agreements: Politics Law and Economics 18(5), pp.
659-669.

4.2.1 Summary of Article 7

Article 7 studies four inter-governmental agency programmes that seek to support the diffusion of
climate change-mitigation technologies, to assess the extent to which these programmes promote
technological innovation. Further, among the technology innovation functions that are currently
underserved, the article suggests which might be fulfilled by the Convention’s so-called technology
mechanism.

To assess whether and how much a programme contributes to technology innovation, the article
draws on a framework that identifies the actors involved in innovation systems, and maps the
relationships among these actors. Specifically, for each of the four international programmes
studied, the article analyses two sets of elements. First, the extent to which the programme has
been successful at increasing the capabilities of individual actors. Here, capabilities refers to the
knowledge and skills that allow a given actor to perform its functions in the technological innovation
system. Second, the extent to which interlinkages between actors have been established or
strengthened, as relevant.

The article concludes that, while all four programmes promote technology transfer, they give limited
attention to the innovation capabilities of users, governments and universities. Specifically,
functions that could be strengthened include knowledge development, legitimation and market
formation. Given its stated objectives, the Convention’s technology mechanism could fulfil some of
these neglected functions, notably knowledge development by universities and other research
bodies, and the improvement of technological innovation systems by national governments.

4.2.2 Summary of Article 5

Article 5 explores the extent to which development aid-funded technology-transfer programmes
achieve their objectives. It does so by comparing the in-country determinants of technology
transfer, as identified by low income-country government-agency staff, with the outcomes of
development aid-funded programmes aimed to promote the diffusion of cleaner-energy
technologies. The comparison reveals a disconnect between what low income-country governments
perceive as the key enablers of, and barriers to, technology transfer, and what bilateral and
multilateral technology-transfer programmes can offer, given budgetary constraints and the logic of
development-aid spending.

The article takes as a departure point the information collected in so-called technology needs-
assessment reports, which are official government statements of national priorities with regard to
climate-change mitigation (and adaptation) technologies. Because these reports do not include
some of the data required for the comparison referred to above, a survey was conducted, to fill the
data gaps. Further, the survey was used to clarify some of the information included in the
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technology needs-assessment reports, which helped increase the comparability of the data drawn
from these reports. The resulting dataset, while limited to a reduced number of countries, sheds
light on the determinants of effectiveness of development aid-funded technology-transfer
programmes.

To reflect the wide range of cleaner energy-technologies used in low-income countries, the survey
was structured around four technology clusters: “household consumer goods”, such as energy-
efficient refrigerators; “industry retrofits”, such as heat pumps; “new industry investments”, such as
combined-cycle gas turbines; and “large infrastructure projects”, such as geothermal energy.
Governmental targets (for the “new industry investments” cluster) and long-term cost savings (for
the remaining three clusters) emerged as the main drivers of the adoption of any of these
technologies. The main barriers cited include regulatory inefficiencies (for the “large infrastructure
projects” cluster), and high costs and lack of financial incentives (for the remaining three clusters).
Finally, the main enablers cited were foreign direct investment (for the “large infrastructure
projects” cluster) and subsidies (for the remaining three clusters).

Few development aid-funded programmes to promote technology transfer reflect the findings
outlined above. Indeed, only regulatory-framework reform is frequently included in the design of
development aid-funded technology-transfer programmes. The Convention, notably through the
Climate Technology Centre and Network, has the possibility to influence the design of future
technology-transfer programmes, so that they reflect better barriers and enablers.

4.3 Managing uncertainty

This section summarises the following articles:

- Article 4: Puig, D. and Bakhtiari, F. (2019). Incorporating uncertainty in national-level climate
change-mitigation policy: possible elements for a research agenda. Journal of
Environmental Studies and Sciences 9(1), pp. 86-89.

- Article 6: Puig, D., Morales-Napoles, O., Bakhtiari, F. and Landa, G. (2018). The accountability
imperative for quantifying the uncertainty of emission forecasts: evidence from
Mexico. Climate Policy 18(6), pp. 742-751.

4.3.1 Summary of Article 4

Article 4 puts forward elements for a research agenda on incorporating uncertainty in national-level
climate change-mitigation policy. Incorporating uncertainty refers to three sets of issues:
characterising and, to the extent possible, reducing uncertainty; (scientist) communicating
uncertainty (to policy makers); and reflecting uncertainty in the design of policy measures to manage
climate change. The research agenda sketched in the article is informed by an overview of the
literature, touching upon the three sets of issues above. The rationale for the article is that, in spite
of the recurrent rhetoric about the importance of managing uncertainty, national-level practices
remain rudimentary, as evidenced by the planning and target-setting processes described in the
various so-called nationally-determined contributions and other national-level policy documents.

The overview of the literature reveals that most initiatives aimed to characterise and reduce
uncertainty are circumscribed to the research community, and fail to be taken up in the national-
level policy-making process. Even more so, this is the case for uncertainty communication:
researchers have theorised about it, in broad terms in the context of post-modern science and more
specifically in the context of the so-called science-policy interface, but theories have not translated
into practice. Finally, the paucity of literature focused on reflecting uncertainty in the design of
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policies to manage climate change suggests that, beyond the policy-evaluation literature, theory is
lacking and practice is simply non-existent.

Article 4 concludes with the following suggestions for research priorities. First, the development of
frameworks to characterise uncertainty in contexts other than computer model-based analyses to
support policy design, notably analyses based on qualitative scenarios. Second, the development of
techniques to quantify uncertainty that suit the specificities of key sectors (for example, land-use
planning), or commonly used decision-support tools (for example, cost-benefit analysis or multi-
criteria decision analysis). Third, the development of protocols to reduce uncertainty that are
specific to each of the most commonly used decision-support tools. In addition, the article calls for
the use of an existing framework to communicate uncertainty, and for the undertaking of reviews of
the extent to which uncertainty has been reflected in national policy.

4.3.2 Summary of Article 6

Article 6 presents probabilistic forecasts of greenhouse-gas emissions for Mexico, and compares
them with Mexico’s governmental deterministic forecasts. The goal of the article is to underscore
the importance of incorporating uncertainty in emission forecasts, especially when forecasts are
used to derive official emission-reduction targets.

In an industrialised country like Mexico, economic output is a key driver of greenhouse-gas
emissions. Using structured expert judgement, probabilistic forecasts of gross domestic product
growth rates were obtained. To keep the elicitation process manageable, while taking due account
of the strong dependencies between gross domestic product and a number of other macro-
economic variables, the elicitation was structured around different scenarios of economic growth,
defined through a purpose-developed econometric model. Using a general-equilibrium model, the
resulting probabilistic forecasts of gross domestic-product growth rates were used to produce
probabilistic forecasts of greenhouse-gas emissions in Mexico in 2020 and 2030. Because, in the
model used, gross domestic product is not an exogenous variable, the model had to be recalibrated
for each percentile elicited in each scenario. In the case of the so-called neutral scenario, the
median value of the resulting forecasts of greenhouse-gas emissions was consistent with the
governmental deterministic forecasts. Compared to this median value, the median values of the so-
called pessimistic and optimistic scenarios were, respectively, 14 percent lower and 16 percent
higher. In short, the range of plausible future levels of greenhouse-gas emissions in Mexico in 2030
is rather large. For this reason, any deterministic value effectively represents an arbitrary choice,
and one that may prove to be off the mark.

Mexico is one of several low-income countries that define their official greenhouse-gas emission-
reduction targets through deterministic forecasts of emission levels in 2030. The article argues that,
for the reasons outlined above, such practice yields estimates that are not robust and, as a result, it
undermines the integrity of the international climate change regime, which rests on the robustness
of the individual forecasts provided by the parties to the Convention. The article suggests that, with
regard to the processes that parties to the Convention use to prepare national forecasts of
greenhouse-gas emissions, minimum disclosure and quality standards should be developed and
applied. Further, the article calls for greenhouse-gas emission-reduction targets that reflect key
uncertainties. This goal could be achieved, for example, by expressing targets as a range of
greenhouse-gas emission levels, associated with a small number of socio-economic scenarios: should
certain socio-economic developments come to pass, notably in terms of gross domestic product-
growth rates and energy prices, a higher or lower value of the emission-reductions target would

apply.
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4.4 Managing distributional impacts

This section summarises the following articles:

- Article 1: Szabd, S., Pinedo, |., Moner-Girona, M., Puig, D., Negre, M., Huld, T., Mulugetta, Y,
Kougias, I., Szabd, L. and Kammen, D. (2020). Bringing green electricity to low-
hanging fruit communities: the way to accelerate to reach affordable and universal
energy access. Nature Energy. [submission in early March 2020]

- Article 8: Scrieciu, S.S., Belton, V., Chalabi, Z., Mechler, R. and Puig, D. (2014). Advancing
methodological thinking and practice for development-compatible climate policy
planning. Mitigation and Adaptation Strategies for Global Change 19(3), pp. 261-
288.

4.4.1 Summary of Article 1

Article 1 studies unelectrified communities in 71 countries across Africa, south Asia and east Asia.
Through a high-resolution (1 km?) geo-referenced model, it maps out the communities for which
renewable energy-powered electrification is cheaper than diesel oil-powered systems. Further, it
maps out communities for which renewable energy-powered electrification is affordable (compared
to what they spend today in energy), even if diesel-oil powered systems are cheaper in these
communities.

The rationale for the article is twofold. First, given the poor credit ratings of national governments
and public utilities in the countries concerned, which are inadequate to raise the amounts of debt
required to finance electrification in these countries, electrification programmes are financed by
development-aid budgets and, increasingly, by private mini-grid and off-grid service providers.
Second, in rural settings, where returns on investment are uncertain, diesel oil-powered systems are
often preferred over renewable energy-powered systems, because financing the higher up-front
costs associated with the latter is comparatively more challenging. Yet, because operation and
maintenance costs for renewable energy-powered systems tend to be lower, the associated
(negative) distributional impacts are also lower — an aspect that is not necessarily considered at the
stage of planning the investment.

To produce high-resolution geo-referenced estimates of unelectrified communities, proxies are
used. For each grid in the dataset, two sets of cost estimates are calculated, corresponding to one of
two techno-economic scenarios consistent with the so-called shared socio-economic pathways
scenarios 1 and 3, respectively. Essentially, these scenarios describe favourable or adverse
conditions for the deployment of renewable energy-powered electrification systems. Using a
second set of proxies, energy expenditure is calculated for each grid in the analysis. This estimate
allows us to identify the communities in which renewable energy-powered electrification could be
an option, even if it is more expensive than diesel-oil powered systems.

The article seeks to convey a number of policy-relevant messages. First, investment decisions for
electrification programmes should not neglect operation and maintenance costs, as these can
compromise the viability of programmes in the long term. Second, the design of electrification
programmes should avoid blanket approaches and instead seek to reflect local realities, which
requires high-resolution geo-referenced analyses. Third, electrification programmes ought to factor
in the ancillary benefits of renewable energy-powered systems, namely reduced local air pollution
and avoided greenhouse-gas emissions.
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4.4.2 Summary of Article 8

Article 8 makes the case for a new paradigm to planning for climate-change management — one that
considers distributional effects and trade-offs between multiple development objectives,
incorporates uncertainty, and avoids economic optimisation. Further, the article puts forward a
methodological approach that is consistent with this paradigm. This approach is structured around
three elements: a number of guiding principles and good-practice evaluation standards, a generic
criteria-tree for evaluating policy options, and a set of prioritisation processes and models based on
multi-criteria decision analysis. The following paragraphs outline the key features of each of these
three elements.

The guiding principles referred to above relate to three sets of issues. First, the multi-dimensional
nature of global warming requires that a wide range of values and priorities are considered. Second,
climate change-management policies and development objectives can and should be mutually
reinforcing. Third, climate change-management policies need to take fully into account non-market
goods and services, uncertainty, and the long-term dynamics of environmental, socioeconomic and
technological systems. Reflecting these principles, a number of good-practice evaluation standards
are recommended, touching upon (i) baseline formulation, (ii) macroeconomic assumptions, (iii)
technological innovation, (iv) no- and low-regrets options and co-benefits, (v) monetary valuation
and non-marketed impacts, (vi) discounting future costs and impacts, (vii) risk and uncertainty, (vii)
institutional barriers to, and enablers of, policy, and (viii) fiscal sustainability.

The generic criteria tree referred to above has two objectives. First, it raises awareness among
decision-makers about the need for public policy to strike a societally acceptable balance between
climate change priorities, environmental concerns and socio-economic development objectives.
Second, it provides decision-makers a tool to assess the extent to which a proposed policy achieves
that balance. To do so, the criteria tree is designed in such a way as to allow for independent
assessments across criteria (and groups of criteria). It is important to note that the criteria tree was
formulated through an iterative process, involving a dozen world-class experts working together
over an extended period.

Finally, the prioritisation process referred to above, based on multi-criteria decision analysis, is
described. The article contends that multi-criteria decision analysis is better suited to take into
account distributional effects, because it is amenable to incorporating (i) diverse analytical methods
and the views of multiple stakeholder groups, and (ii) no-regrets approaches that are robust across a
wide range of (uncertain) plausible future outcomes.
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5. Conclusions

This thesis set out to investigate how national governments are responding to the challenges
associated with the implementation of the Paris Agreement. The findings of the various articles
point to two sets of overall challenges, to which governments ought to respond: limited or no
performance requirements for certain aspects of the policy-making process, and limited up-take of
evaluative evidence in new or revised policies and plans. Section 5.5 discusses these challenges, and
reflects on the approaches that governments are following to deal with them. Preceding this
discussion, sections 5.1 to 5.4 answer the four sub-questions introduced in chapter 1.

5.1 Engaging with non-state actors

Transnational climate-change governance, and non-state actor action in particular, are receiving
growing attention, both in policy circles and in academia (Bulkeley et al., 2018). This attention stems
from the fast pace at which non-state actor action has grown in recent years, which raises three
main questions (Jordan et al., 2015). First, the way in which state and non-state actor actions can be
mutually supportive. Second, the type of impact that a “polycentric” governance regime is likely to
have in the context of climate-change management. Third, the extent to which non-state actors
deliver on their objectives. The two articles focused on engaging no-state actors dwell on the third
point above. Indirectly, these articles also touch upon the first point, in that they consider
governance-related aspects of the relationship between state and non-state actor actions.

The first article seeks to characterise the issues that determine the extent to which a non-state actor
action is likely to deliver on its objectives. The article concludes that many of these issues fall
outside of the control of the core partners in a non-state actor action. Examples of such issues
include institutional and regulatory frameworks, or the extent to which, in a given jurisdiction,
public-private partnerships are a common tool for policy implementation. Drawing on empirical
evidence, the article puts forward a taxonomy of the determinants of delivery by non-state actor
actions. This taxonomy is contrasted with non-empirically-based proposals made in earlier studies,
namely those by Widerberg and Pattberg (2015), Michaelowa and Michaelowa (2017) and Chan and
Amling (2019). The article finds that the taxonomy spans a wider range of issues, compared to the
set of issues reported in the literature. Not least, the article makes the case for using this kind of
taxonomies to assess ex-ante the likelihood that a non-state actor action will be successful in
delivering on its objectives. Other studies have advocated for ex-ante assessments, although from a
predominantly theoretical point of view (Andonova et al., 2009 ; Andonova et al., 2017 ; Bulkeley

et al., 2018).

The second article focuses on the overlap (or lack thereof) between international cooperative
initiatives and state actor action. Drawing on a review of the literature on non-state actor
effectiveness, the article advocates for a new model to govern the interactions between state- and
non-state-actor actions. In this model, non-state actor action would be integrated into state actor
action (in sectors dominated by a small number of large companies), or it would be seen as a “policy
laboratory” only, with no impact on the accounting of emission reductions (for all other sectors and
types of non-state actors). Emerging practice in sectors such as forestry and land-use change, and
experiences with non-state actor action in domains other than climate-change management, briefly
introduced in the article, suggest that the proposed new model may help reduce overlaps between
state and non-state actor action. The article joins Michaelowa and Michaelowa (2017) and Chan and
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colleagues (2018) in providing a pessimistic view on the size of the contribution that non-state actor
action can make to achieving international climate-change goals. As such, it departs from earlier
literature in this area?, which was overwhelmingly optimistic.

Limited accountability requirements on non-state actors have translated into scant reporting on
their activities, which hampers efforts to assess ex-post the impact of those activities. Against this
background, the two articles referred to above study evidence that is of relevance to ex-ante
assessments of effectiveness. The results of this work call for a new approach to non-state actor
action, in which the role afforded to non-state actors varies from one action to another, to reflect
the particularities of the sector and countries involved. This model contrasts with the one-size-fits-
all approach currently applied.

5.2 Transferring cleaner-energy technologies

Achieving a widespread use of cleaner-energy technologies, in high- and low-income countries alike,
is a precondition for curbing global warming. In the context of low-income countries, development
aid plays a key role with regard to catalysing a market-based technology transition. The two articles
focused on transferring cleaner-energy technologies analyse the barriers to, and enablers of,
technology transfer, and the extent to which development aid-funded programmes catalyse
innovation, a key element in the long-term viability of technology adoption. Ultimately, the goal of
these two articles is to explore the extent to which development aid-funded programmes are
effective at promoting the transfer of cleaner-energy technologies.

The first article uses the technological innovation systems framework to analyse four development
aid-funded programmes aimed to promote technology transfer, to assess the extent to which these
programmes are successful at spurring innovation. The article shows that, in the case of the four
programmes studied, there is limited focus on activities that catalyse innovation, even though this is
a stated objective of all the programmes. In terms of actors, these programmes strengthen the
innovation capacities of both companies and financiers, but have little impact on the innovation
capacities of researchers, governments and users of the technology. In terms of the functions
performed by these actors, the programmes analysed strengthen functions such as “resource
mobilisation”, but pay less attention to “knowledge development”, “legitimation of policies”, and
“market formation”. The article concludes that in the context of public sector-driven programmes,
the transfer of cleaner-energy technologies necessitates of the type of coordinating role that an
intergovernmental entity can provide. This conclusion is aligned with the findings reported in recent
studies (see, for example, Glachant and Dechezleprétre [2017] and Bouwer [2018]).

The second article studies the in-country drivers of cleaner-energy technology transfer in low-
income countries. It compares the enablers of, and barriers to technology transfer, as identified by
developing-country government-agency staff, with the outcomes of typical development aid-funded
programmes aimed to diffuse cleaner-energy technologies. A first conclusion coming out of this
comparison is that few development aid-funded programmes target, or indeed are in a position to
influence, important determinants of technology transfer. These determinants include issues such
as fiscal incentives to promote savings by households, or differential energy pricing for industrial
energy use, among others. A second conclusion relates to the disconnect between what developing-
country governments perceive as the key enablers of, and barriers to, technology transfer, and what
bilateral and multilateral technology-transfer programmes can offer, given budgetary constraints
and the logic of development-aid spending. Drawing on research on sustainable transitions in
energy-related sectors, one can hypothesise that this type of mismatch could be due to (i) limited
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engagement with the full range of actors that influence transitions, and (ii) limited integration (in the
design of the programme) of the full set of socio-economic processes involved in transitions.?

Development aid-funded programmes are credited for having contributed to catalysing sustainability
transitions, notably by supporting entrepreneurship (Meijerink and Huitema, 2010) and protecting
niches for specific technologies (Hansen and Nygaard, 2013). The two articles that focus on the
transfer of cleaner-energy technologies add to the emerging literature that explores the relationship
between development aid-funded programmes and sustainability transitions by studying
programmes that are driven by the international climate-change regime, and notably the so-called
Technology Mechanism under the United Nations framework Convention on Climate Change
(hereinafter, the Convention).

5.3 Managing uncertainty

Climate change is riddled with uncertainties. As a result, for climate-change policies to be robust to
as broad a range of plausible future outcomes as possible, uncertainty analysis has to be a
component of the policy-planning process. Regrettably, this is seldom the case and, to reverse the
trend, additional emphasis on a number of issues will be required (Morgan, 2009). Characterising
and quantifying the uncertainty associated with national-level emission-reduction targets are two of
the issues requiring heightened attention. The two articles focused on managing uncertainty touch
upon uncertainty characterisation and quantification. The first article analyses the public-policy
implications of using deterministic forecasts of greenhouse-gas emissions, compared to using
probabilistic forecasts. In doing so, it sheds light on the implications that uncertainty management
might have with regard to international climate-change negotiations. The second article provides
and overview of the literature in this area, and puts forward elements for a research agenda on
incorporating uncertainty in governmental climate change-mitigation plans. Ultimately, both articles
seek to make the case for a new approach to policy-making in the area of climate-change
management — one in which uncertainty analysis becomes an integral part of the process.

The first article suggests a breakdown for the various strands of literature in an area that can be
loosely described as applied research on uncertainty management in a climate change-mitigation
context. In summarising this literature, two main problems become apparent. First, a number of
gaps can be found in the literature. For example, although analytical frameworks exist for computer
model-based planning processes, similar frameworks usable in qualitative scenario-based planning
process, which are more commonly relied upon than the former, are missing. Second, pick up by
public policy of the findings in the literature is likely to be limited, as evidenced by the lack of
documented uses, both in the scientific and grey literatures, of uncertainty management tools and
methods. The article concurs with earlier work calling for heightened efforts to manage uncertainty
and, crucially, to strengthen communication in this area between scientists and policy makers
(Fischhoff, 2012). The overview provided by the article and, not least, the breakdown that the
article introduces, may be of help in this regard.

The second article quantifies the uncertainty associated with national-level projections of
greenhouse-gas emissions in Mexico in 2030. In doing so, it shows that, when the uncertainty
associated with likely future levels of economic output is taken into account, forecasts of plausible
future levels of greenhouse-gas emissions span a large range. This finding suggests that, when
forecasts of greenhouse-gas emissions do not reflect uncertainty, they convey a sense of accuracy
that is more perceived than actual, and is potentially misleading.® Instead of relying on a range of
generic projections of gross domestic product, as done by Benveniste and colleagues (2018), the
analysis in the article is based on three sets of purpose-developed projections of gross domestic
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product for Mexico, each corresponding to a different socio-economic scenario for the country.*
This specificity gives the resulting estimates a higher degree of plausibility, compared to the
estimates obtained through studies such as that by Benveniste and colleagues (2018), which use a
comparable approach.

The two articles that focus on uncertainty reaffirm calls for increased attention to the management
of uncertainty in the context of climate-change mitigation (Morgan, 2009). The articles add to
research in this area by highlighting (i) the range of issues that national governments ought to
consider in their efforts to manage uncertainty, and (ii) the implications, at the level of international
climate-change negotiations, of limited up-take of scientifically sound uncertainty-management
practices by national level-policy planners.

5.4 Managing distributional impacts

Avoiding regressive distributional impacts should be a core public-policy goal. In the context of
climate-change management, research on distributional impacts focuses on different sets of issues,
depending on the governance level concerned. At the supranational level, approaches to
safeguarding equity across generations and countries, today and in the future, is a central research
priority. At the national level, most research focuses on the interplay between moral philosophy and
economics, in that it has the potential to underpin a shift in decision-making paradigms, away from
neoclassical economics and toward frameworks that lend themselves better to reflecting ethical
considerations. At the subnational level, a variety of research studies report on sector- and issue-
specific analyses that quantify potential regressive effects, with a view to raising awareness about,
and helping eliminate, these effects. The two articles that focus on distributional impacts touch
upon several of these issues. Specifically, the first article complements subnational-level research by
examining how certain design aspects of rural electrification programmes can bring about negative
distributional impacts. The second article draws on research focused on global-level equity issues
and national-level decision-making paradigms, to put forward a framework for planning climate
change-management policies that are more just and more robust.

The first article quantifies the costs of, and greenhouse-gas emissions associated with, electrification
programmes fuelled by renewable energy, and compares these estimates with the corresponding
estimates for fossil-fuelled electrification programmes. It finds that, with respect to the former,
normalised emission levels for the latter are higher by one order of magnitude, a conclusion that is
aligned with that of Dagnachew and colleagues (2018), for example, and contrasts with that of
Pachauri (2014). Not least, the article reports two findings that challenge current practices with
regard to investment in electrification programmes (namely, practices that have an unwarranted
focus on up-front costs, to the detriment of operation and maintenance costs, which are key to the
long-term viability of the programme). The first of the two findings referred to above is that, for
many communities, renewable energy-fuelled electrification programmes are cheaper, everything
considered. The second of the two findings referred to above is that, although for some
communities these programmes are more expensive than a fossil-fuelled programme, renewable
energy-fuelled programmes remain affordable: they represent a level of expenditure in energy that
is comparable to the level that these communities currently incur. By quantifying these parameters
at a highly disaggregated level, the article substantiates earlier literature on the costs of rural
electrification, such as the work of Szabd and colleagues (2011).

The second article draws on the work of Barker (2008) and Stern (2014), to put forward a
methodological framework targeting practitioners and seeking to support the planning of climate
change-management policies. A first conclusion in the article, stemming from a review of the
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literature, is that policies ought to take into account non-market goods and services, incorporate
uncertainty, and reflect the dynamic nature of technology learning and technology costs. A second
conclusion is that, among the range of decision-support tools that can be used in public policy, multi-
criteria decision analysis is especially well suited to accommodate the type of analysis associated
with non-market goods and services, uncertainty and technology dynamics. The generic criteria tree
reported in the article, which seeks to facilitate applications of multi-criteria decision analysis in a
climate-change context, effectively translates into the climate-change arena the theoretical
principles from multi-criteria decision-analysis theory (Belton and Stewart, 2002) that can be used to
identify trade-offs between climate-change objectives and developmental priorities. Facilitating the
integration of the former into the latter is the overriding aim of the framework.

The two articles that focus on distributional impacts highlight that managing these impacts requires
explicit efforts, over and above those undertaken in most policy-making settings (Johnston and
Serret, 2006). The analysis reported in the first article above complements the literature in this area
by illustrating that, for highly variable issues such as energy service affordability, highly
disaggregated geo-referenced data provides the analysis of distributional impacts with much needed
granularity.” The second article adds to the literature by (i) integrating the global- and national-level
research sketched above, and (ii) translating theoretical concepts into a tool that practitioners can
use. With regard to the latter, the tool has been utilised in a governmental policy-planning effort in
Mexico (SEMARNAT, 2014) and has informed similar efforts in Peru.

5.5 Implementing the Paris Agreement

Returning to the overall question of how are national governments are responding to the challenges
associated with the implementation of the Paris Agreement, the evidence drawn from the eight
articles that constitute this thesis suggests that inadequate accountability mechanisms are at the
heart of several of the challenges that governments face in their efforts to implement the Paris
Agreement. Here “inadequate accountability mechanisms” refers to limited or no performance
requirements for certain aspects of the policy-making process, and limited uptake of evaluative
evidence in the policy-making process — in areas where such evidence has been available for some
years.

Performance requirements

Referring to non-state actor action, Article 2 laments that «anything goes». Article 6 makes a similar
point with regard to managing uncertainty, and argues that shifting to scientifically sound practices
is an «accountability imperative». Indeed, the empirical evidence points toward the need for
introducing minimum quality standards in both areas. In the case of non-state actor action, such
requirements could mandate clearer objectives and regular, detailed reporting; in the case of
uncertainty management, requirements could entail limiting the choice of policy-planning
approaches to those that stand scientific scrutiny.

In both instances, the lack of requirements responds to a combination of factors, from institutional
inertia, to limited awareness and capacity, to inclusiveness.® Notwithstanding, the price tag of this
practice is arguably too high: as shown above, the complexity introduced by the plethora of non-
state actor actions, and the potentially misleading deterministic projections used by governments,
both risk undermining the credibility of the international climate-change regime. Increased
coordination, it has been claimed, is needed (Dorsch and Flachsland, 2017).
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Improved programme design

The articles focused on (i) promoting technology transfer and (ii) managing distributional impacts
highlight that sub-optimal programme design remains a concern even in areas in which substantial
experience has accumulated. In some instances, design shortcomings affect core elements of the
programme. This is the case for the technology transfer programmes reported in Article 5, where
we observe a mismatch between on-the-ground needs and the programmes’ offer. Similarly,
Article 1 illustrates that, in some communities, the poorest members cannot afford the “electricity
for the poor” provided by development aid-funded rural-electrification programmes. Design
shortcomings also affect secondary aspects of some programmes, such as the promotion of
innovation (Article 7) or the level of emphasis afforded to ethics in decision-making paradigms
(Article 8).

Two hypothesis can be formulated about the reasons for the prevalence of these design
shortcomings. First, the challenges inherent to policy evaluations may result in some of the issues
referred to above being overlooked.” As evaluation methods improve, for example by adopting
advanced versions of the so-called theory of change approach, evaluations are likely to capture
th