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Abstract

This paper surveys the use made of modelling eigeeih the recent literature
focused on the policymaking of low-carbon sociefie&urope, both peer-
reviewed and ‘grey’. The first section focuses ba prominent policy
instrument of carbon pricing. It starts by analgsthe somewhat confusing
use made of carbon pricing modelling in policy repemanating from the
French and British governments, then reviews sorndeatiing results on
carbon pricing in a ‘second best’ world. The secaggdtion lists the
impressive collection of more focused policy ingtents that are advocated in
both governmental and non-governmental literatUtransists on the contrast
between the high degree of precision of some ofe¢hmolicy proposals, and
the limited modelling of their impacts, either fraan environmental or an
economic point of view. The third section conclud@srecommendations to
the policy modelling community inspired by this gey. Purposely avoiding
the current controversies surrounding cost-beraafélysis, it advocates
further applied research on the cost-efficiencgafbon pricing trajectories
(when flexibility); on theterra incognitabeyond first best uniform pricing
(where flexibility); on the elicitation of policywerlaps; and on the modelling



of extended policy portfolios in comprehensive, sistent modelling
frameworks.
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Introduction

The dramatic shifts in lifestyles and developmeattg@rns implied by the
transition to low-carbohsocieties call for an ambitious policy action ioth

its strength and coverage. Crafting the detailsufh action requires particular
care, considering the stakes: the orders of magaituf long term studies hint
that the cost of deviating from the least-cost opti-whatever this option—
could be in the order of some GDP points in 2050tfi@ most ambitious
targets, a level that translates into hundredsilibhs of Euros in Europe.
From the literature on the topic a set of generiagiples emerges that, for
some of them, theoretically guarantee cost minithigaand for some others,
should at least hedge against massive excess costs.

First and foremost, a requisite to efficient actiersome coordination in the
policy process. ‘Where flexibility’ is to be guaraed to abatement measures:
since their climate impact is independent from tlggiographical origin,
emissions should be cut down where it is the chsifpedo so. The rationale
is certainly relevant at the European level, anty daken up by recent
governmental reports [78, 16-18, 9]. It also haddiglobal level, although the
semi-failures of the Copenhagen and Doha summitd,the monitoring
difficulties inherent to Clean Development Mechami@CDM) actions,
postpone to some unknown future the equalisatiomafginal abatement costs
across the globe.

* We will continually refer to ‘carbon’ when disclisg policy options as carbon pricing, a
carbon tax, carbon abatemeatc. All greenhouse gases (GHG) are implied on carbon-
equivalent terms.



The same series of governmental reports, buildimg @rofuse literature,
stresses the importance of timing—‘when flexibilitgespite the persisting
economic crisis, delayed action closes, one aftetlzer, windows of
opportunity to reach the lower concentration leyailhile it increases the costs
of the still attainable objectives. Policy actienrequired at least to set Europe
on such tracks that its laxer 2050 emission taogetn 80% cut from 1990
levels is still reachable—it is feared that the Q@bjective of a 20% cut could
be too-conservative a milestone on the way to a@mbitious 2050 target.
Considering the political process that led to thiesgets, it is hard to rule out
that another emission pathway might induce the sanvironmental benefits
at a lower cost.

Another generic recommendation of policymaking mpds that the

distributive consequences of ambitious climate giel should be assessed and
controlled, as far as can be: on households, telélihe poorer from strong
impacts on their living standards; on firms, toy®et unilateral action to

overly degrade their competitiveness on internalonarkets; on
governmentg,to guarantee that climate policies neither detati® (through
subsidies and tax cuts) nor improve (through tack anction proceeds) public
budget balances.

At last, many studies underline that the climatéqyoportfolio will have to be
straightforward enough to be accepted by publiampis, considering the
constraints envisaged. This, adding to its theoedtproperties, points to some
form of generalised carbon pricing as the coredafqy action—our first
section addresses this central instrument, contrgqiéts treatment by
policymaking reports and the scientific literatuHowever, some more
targeted policy measures could be required to ainent a number of market
failures hampering mitigation actions of moderatstc Our second section
details the wide range of such instruments promadnetie policy-oriented
literature, but also stresses the weakness of stipganodelling experiments.
Our third section concludes on the rich policy milidg agenda emerging
from this obvious gap between policy literature amgplied studies, even in
the restricted framework of cost-efficiency anasysi

2 National accounting distinguishes households, $iand public administrations for the
secondary distribution of income. In that senseghklic budget impact of policy actions is a
matter of income distribution.



I. Carbon pricing: lessons and limits

Many if not all low-carbon studies rely partially l@ast on uniform carbon
pricing to trigger the dramatic abatement leveksytenvision. The economic
rationale sustaining such quasi unanimity is welbwn: by equating marginal
abatement costs across agents and localisatioifsrmncarbon pricing holds
the theoretical virtue of minimising the aggregatst of reaching any
abatement target. This rationale governs by angelaarbon policymaking, as
our first subsection below testifies. We howeverity its practical
implications in a second subsection, while we adsgliés limits in a third one.

.. A normative value of carbon as a pillar to pol icy
action

Uniform, economy-wide carbon prices are consisteaied in academic and
political circles as a support to discussion. Om ¢d their theoretical virtues,
they are perceived as concise measures of thertefémuired to achieve the
target envisioned and therefore as a basis of comparison betveegrthe
conclusions of different modelling endeavours, fee stringency of different
regional targeté.The static framework of marginal cost equatingoasragents
and regions at some given date, fit for the shertatand modest objectives of
the Kyoto protocol, had however to be expandedytwadhic pricing
trajectories to match the longer-term, ambitioualgmf low-carbon societies.

Following this shift of focus of the climate poli@agenda, most energy-
economy models applied to climate policy assessmperduced one or several
analyses of long-term abatement targets. Thassessment report of the
Intergovernmental Panel on Climate Change (IPC@Yeyts such studies up to

3 Two caveatsapply here: first, carbon prices deliver infornwation the marginal cost, not the
total cost, of climate action. Secondly, it is omhythe theoretical framework of a benevolent
planner maximising utility under perfect foresightd in a closed economy, that the carbon
price strictly matches the marginal social costh constraint [36, 48, 10]. The carbon prices
computed in other modelling frameworks should netitterpreted beyond the price signals that
trigger the desired abatement. The mismatch betweemprivate and social abatement costs has
important policy implications that are further addsed below.

4 By mentioning “targets” (in whichever form thesente) we implicitly focus on cost-efficiency
analysis, thereby acknowledging its dominance @ost-benefit analysis in both European
policy making and European climate policy reseafhbr third section below further motivates
this important angle to our survey.



2007 [53, section 3.3]. Since then, thd2dund of the Energy Modelling
Forum of Stanford University [25 and articles oétsame journal issue], the
European project ADAM [35 and again articles of Hzene journal issue], or
the RECIPE project [34] added to the available etipe’®

The policy implications of these estimates requiarification. While Kyoto
marginal costs could be interpreted as prices qna@a market, price
trajectories to the middle if not the end of theteey do not easily translate
into policy action, for contrasted reasons: whetinested globally, because
‘first best’ agreements at that scale appear tamugtic, at least in the short
to mid-term, as testified by the current staterdéinational negotiations;
when estimated at the level of the European Unlimtause of an emerging
policy framework incompatible with them—namely, ttisconnected
provisions of an EU-wide Emissions Trading Syst&t{ETS) covering large
emitting sites, and of 27 national targets for tbmainder of emissions up to
2020° Uniform pricing trajectories should thus rathertaken as normative
assessments of the theoretical least-cost optinoh @ssessments are
nonetheless of high policy significance. Indeedeéhreports of the French
and British governments [29, 18, 28] are specificdievoted to establishing
normative carbon value trajectories, which theysistently present as pillars
to climate policy action. We now turn to an in-degiresentation of these
reports, to stress the shortcomings of their usappliied modelling studies.

The reports by the FrendPonseil d’Analyse StratégiqU€AS) [18] and by
the British Department of Energy and Climate Cha(@ECC) [28] employ
similar methods to pinpoint these trajectoriesnirbeteroclite modelling
experiments on exogenous emission trajectories tleeive carbon values for
pivotal years, then interpolate or extrapolate.

® The ongoing AMPERE and LIMITS European projectswsd shortly deliver further
contributions.

® Independent studies confirm the analysis of theoRaan commission itself [15] that the
limited amount of emission trading provisioned amdhe 27 quotas does not allow for marginal
cost equating. Our following subsection further slses this issue.

" The report by DECC [28] is explicitly stated aseaision of the one by DEFRA [29], which we
therefore do not present at length. DEFRA basetrajgctory on the Stern report estimate of the
social cost of carbon for 2000, which it updatead&c€37 in 2007, and then assumed a 2%
annual increase to reach €48 in 2020, €58 in 20R8D€86 in 2050 (all of these 2008 Euros to
allow comparison with Figure 1 below). Our thirdcten below further comments on the
corresponding shift from cost-benefit to cost-efficcy analysis.



To be more specific, CAS identifies a pivotal vahfe€100 (2008 Euros here
and hereafter) in 2030 by averaging the 2030 casadnes computed by three
models for a “Europe alone” scenario—2050 Europeaissions 60% below
their 1990 level without any international offseBased on an adaptation of
Hotelling’s rule the report then advocates extrapiolg the 2030 value to 2050
and retropolating it to 2008 using the 4% disconaté applying to public
policy appraisal in France. However, its final recaendation differs: in 2008
it rather connects to a trajectory established back001 [23]; in 2050 it
rounds up the €219 resulting from 20 years of 4%uah growth to €200,
which it complements with a €150 to €350 range—hth between 2030 and
this revised value remaining unspecified (Figure 1)

2008 Euros per tonne CO;

400 -
—e— CAS, printed (2010 to 2030, 2050)
—o— CAS, implied (2030 to 2050)
300 1
—— DECC, ETS (to 2030)
- DECC, non ETS (to 2030)
200 1 —— DECC, post 2030

2010 2020 2030 2040 2050

DECC ETS, 2010 to 2030 range DECC, 2030 to 2050 range
DECC non ETS, 2010 to 2030 range CAS, 2030 to 2050 range
Figure 1 Normative carbon value trajectories from t he CAS and DECC
reports ®

82009 British Pounds were converted to 2005 Eugiagithe 0.778 ratio retained by DECC
(31.1/40). 2005 Euros were converted to 2008 Euisg a 0.928 ratio based on inflation data
from the Central European Bank.



Contrary to CAS, DECC acknowledges the Europeam&ié and Energy
Package by defining two trajectories up to 2620e, applying to emissions
covered by the EU ETS, derives a 2014 value frond@ling experiments,
then extends it to 2008 and 2020 using a const&i% annual rate of increase
on a cost-of-carry rationale. The resulting pathasplemented by a range
defined by the modelling of lower and higher asstions on fossil fuel prices
(Figure 1). Another trajectory applying to non-E&®issions rests on a 2020
pivotal value, which derives from a set of 2020tbat-up marginal abatement
cost curves (MACCs) drawn from the British Commidtten Climate Change
(CCQC) [20]. This value is retropolated to 2008 ddesing a 1.5% rate of
annual increase again, then complemented by a #60#60% range inspired
by sensitivity analysis on the availability of tedbal potentials (Figure 1).
Beyond 2020, the two trajectories linearly convetga pivotal 2030 value.
This, together with a 2050 value, is drawn from thieo DECC model’s
results, adjusted in some unspecified manner towtcfor other modelling
exercises. The latter exercises—including indeed¢hof the CAS—also
sustain a -50% to +50% uncertainty range on thgehbrizon. Both the 2030
and 2050 values are based on the assumption ofuinted global emissions
trading.

For the sake of concision we will not comment oae stomewhat misleadingly
comparable resulting trajectories—let us simply dagise that the apparent
2030 consensus partly derives from cross-referédp&CC explicitly quoting
CAS), while being backed by strongly contrasted glbdg scenarios (full
global cooperatiows. “Europe alone” assumption). We rather focus orhbot
reports’ ambiguous use of modelling expertise.

On the one hand, modelling results from various eisgrovide the raw
material from which the trajectories derive. On tither hand, these results
are systematically stripped down to values for squivetal years, which are
systematically rounded up to some central estirffanehile their spreads

9 On the European Energy Package see
http://ec.europa.eu/environment/climat/climate_awcihtm

9 Both reports round up many of the price estimatesraged on different runs. CAS eventually
rounds up its own 2050 estimate. DECC argues thasds giving a misleading sense of
precision—a questionable position, as the trajéetowill regularly have to be corrected for
inflation, and will also be converted to other @mcies or deflated, for comparison purposes
(seee.qg.Figure 1).




provide the loose basis to some accompanying rdhgken, the dynamics of
the signal between the pivotal years and beyongastulated exogenously,
on the basis of Hotelling’s rule for CAS, and osimple linear basis for
DECC. But the consistency of such assumptions tiéhtrajectories outlined
by the initial modelling exercises is not discusseddeed the latter
trajectories are not detailed in either of the twports. In the case of CAS at
least it is obvious that the abstract model thaipsuts adopting Hotelling’s
rule is incompatible with the dynamics of the POLHEBACLIM-R or
GEMINI-E3 models from which the 2030 pivotal valderives, as it appears
from the 4 point estimates reported for these mo@E€igure 2). The challenge
of reconciling such contrasted trajectories shdwdgie been highlighted rather
than masked.

More fundamentally, both reports lack a minimalatdission of the exogenous
emission trajectories imposed to the models to agmparbon value estimates
beyond 2020. They do discuss targets in terms tf b®,-equivalent
concentrations and cap on temperature increase edemthe crucial question
of how these targets are translated in emissigedtaries accommodating
2020 and 2050 point commitments is unclear. CASiwally presents its
constrained emission trajectories and laconicaitjiéates deriving them from
the 4" IPCC report [53]. DECC does not print its own amdy reports their
source, the SimCap model. Regrettably, the optityalf these trajectories is
unaddressed.

™ This with the exception of DECC'’s price estimaoe fhe ETS sector to 2020, whose lower and
higher ranges are set by further modelling throeghsitivity analysis.
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Figure 2 Normative value of carbon from the CAS rep  ort and
supporting modelling estimates

This is indeed a shortcoming shared by a centedgbf low-carbon
policymaking in Europe, the European commissidR@admap for moving to a
competitive low-carbon economy in 20EX1]: this Roadmap claims that the
emission trajectory it sketches (emissions 40% &0fh below their 1990 level
in 2030 and 2040) is a cost-effective pathway #® phe-existing 2050 -80%
target; but this is not demonstrated by the accomimay technical document
[22], and could indeed hardly be substantiated iy a&f the 3 models
mobilised by the Roadmap, none of them being a ox@conomic
optimisation model. If anything, the linear qualdf the trajectory casts
doubts on its optimality?

2 The “cost-efficient” pathways developed by tBenseil d’Analyse Stratégiqe9] are
similarly questionable; the material complementthg report in its French version clearly
establishes they derive from pre-determined canrdce dynamics (see
http://www.strategie.gouv.fr/system/files/01_compients_rapp_trajectoire_final.pds. 112,
and footnote 30).




[.2.  Carbon prices in a ‘second best’ world

The policy instruments that jump to mind to emb@dgormative value of
carbon are either a universal carbon tax, or theketgprice of some
comprehensive ETS. The choice between the two optie already partially
made in the European Union: the EU-ETS has beesnebetd to 2020 and
complemented by national 2020 targets with higlelgtricted emissions
trading™ But this segmented treatment comes at the riskaofsgressing the
uniform pricing rule. The Commission’s expertisseif evaluates that the
2020 ETS market price could be up to 33% highenttiee average 2020 non-
ETS marginal cost, while not reporting on the coymdpecific marginal costs
that make up this average [15]. Kretschraerl.[62] estimate a comparable
wedge between slightly higher prices, while Bernand Vielle [8] and
especially Bohringeet al.[10]** assess a larger and reversed gap: an average
marginal cost of non-ETS abatement up to 7 timg&éi than the ETS market
price in 2020 ([10], “ets+rps” scenario). The twarer papers also assess
even larger discrepancies in the country-specifio-ETS marginal costs,
particularly between western and eastern Europeantcies.

The key question is then that of the excess compéacosts theoretically
induced by such forecasted discrepancies. Béhriegat. [10] compute
indeed that the existence of two carbon prices oohe for the ETS and one
for the non-ETS emissions (assuming unrestrictadifrg), increases
compliance costs bga 50%. The two other papers estimate up to a 40%
supplementary increase from the country specifioitpyon-ETS commitments.
However, Bohringeet al.[10] also develop a set of sensitivity analyses of
critical importance: in two out of four cases defihby alternative baseline
growth, uniform pricing turns out to induce higlmmpliance costs than the
segmented efforts. The authors identify, as reasonthese heterodox results,
that the private and social marginal abatementscdstnot match in their
modelling framework, on the simple ground thatdtaunts for the distortions
embedded in pre-existing tax systems and internatitrade. Deviating from
uniform pricing can thus be welfare-improving, lifetincrease in private

3By the ‘EU climate and energy package’, see foter®
4 Bshringeret al.[11] sum up the findings of the three papers. Thesearch is part of [25].
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abatement costs caused by differential pricing asenthan offset by terms-of-
trade gains, or the alleviation of initial tax digions.

The consequences for policymaking are to some éxtennting: in a ‘second
best’ world, even one as close to a first bestropth as the computable
general equilibrium model of [10], optimal abaterhpolicies cannot be
explored by moving the cursor of a uniform carbeit@ along its monetary
axis, at least under the standard assumption ofrgpisum rebate to
household$® In fact, Lipsey and Lancaster [66] establish tit smallest
departure from ‘first best’ conditions forbids apgeconception on the optimal
pricing policy—e.g.that sectors with identica&x-antetax burdens should
have their emissions priced identically.

This does not disqualify the establishment of anmattive pricing trajectory:
beyond remaining valid as a yardstick to concretblic abatement
endeavours, it also constitutes the benchmark veihra which deviations
have to be considered, to an extent that dependeeomagnitude of the pre-
existing distortions and inertias. The further pgldesign challenge is to
identify these distortions and adapt the pricingigoto them, but also to
carefully make the most of the pricing proceedsersond best economic
conditions.

Incidentally, this gap between private and sockmtament costs echoes the
vast literature devoted to the ‘double dividendsuie’® the gains from
alleviating pre-existing distortions may be suchttthey supersede the direct
technical costs, making up for negative abatemestst’

[.3. Beyond carbon pricing

The recent literature devoted to low-carbon scarsadiescribes many
instances of failure of pricing policies to indutte most ambitious objectives

% 1n less applied settings, another strand of litera demonstrates that the specific inertias of
the many abatement options also warrant differ¢atigrices, particularly under the assumption
of imperfect foresight [63, 54, 87, 88].

® For a survey see [52], section 8.2.2.1; [53], secR.4.2.2 sums up the case for a double
dividend and provides three further references.

" A recent complementary French report [19] innovelty devotes long developments to this
issue. By implementing the macroeconometric MESAN®&del of the FrencHirection du
Tésorit indeed identifies double dividend potentialsemhcarbon tax proceeds are recycled in
lower labour taxes.
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[85, 79, 25, 35]. Clarket al [25] question these inabilities, identifying
(beside more straightforward international partatipn issues, solving
limitations and the availability of technologicagbtions)® “decline or
expansion constraints” in key aspects of the demaidation process: in most
models the penetration rate of techniques is bodrieasymptotes that are
either explicit or induced by constant depreciatiates of the capital stocR.

It is hard to draw robust policy conclusions froathk evidence: there is no
theoretical reason why extreme prices should ndtmimpacting on
penetration rates.g.by gradually inducing the early retirement of the
existing capital stock—although the practical quasbf calibrating such
fundamental shifts is certainly on the frontiercafrrent climate policy
modelling. In that sense the unreachable natuioofe targets could be
attributed to modelling limitations rather thanashortcoming of the pricing
instrument. This is implicit in the use by some rabhthg teams of exogenous
scenario assumptions on alternate developmentmpatteOn a similar note
the widespread use of carbon pricing in model® isame extent ambiguous:
some studies explicitly state that carbon pricie@ily meant as a proxy to
unspecified policy portfolios better apt to triggdratement, especially for the
most ambitious emission cuts, which require carpdoes reaching heights
that raise serious implementation issues.

In a different corpus of literature, stemming frdmffe and Stavins [56], a
number of energy market failures have been ideadtifis warranting policy
instruments beyond the market-based ones spé7]):

» A series of market imperfections drive a wedge lestwthe socially
optimal and the effective innovation effort on lmarbon
technologies. Among these, knowledge spilloverssen¢ innovators
from capturing the full return on their investmeintsufficient or
lacking infrastructure hinders the penetration aing technologies;

8 This latter point is also stressed by Edenheteal. [35]: some of the models of the ADAM
European project they report on had to be extervdéd Carbon Capture and Storage (CCS) and
combined biomass and CCS options to reach the ambitious targets envisaged.

¥ Clarkeet al.[25] insist on the methodological difficulties pinpointing the causes of
modelling failures. This calls for a thorough examtion of some mathematical and parametrical
particulars that are out of reach of anyone butrtioelellers themselves. This is another example
that drawing conclusions from any simulation regsia deep understanding of the underlying
modelling tool.

2 Seee.q.[27], [40].

12



fragmented technological markets provide little momic leverage to
engage in R&D programmes characterised by highainétosts, while
historical energy market operators have little imee to innovaté?®

< Another series of market failures hamper the aawoptf low-carbon
end-use technologies or behaviours. First, inforomats fragmented if
not sparse on the particulars of the available tetdgy options.
Secondly, capital constraints prevent the more mbteuseholds and
firms from investing into end-use equipments pratie over the long-
term only. A third market failure is caused by nligaed incentives,
whereby the beneficiaries of abatement actionsateentitled to
them,e.g.the landlord/tenant problem or the split incensile=tween
professional drivers and their companies. At laggngible costs
linked to real or perceived non-monetary charastea$ of technology
options, limit the adoption of seemingly cost-etige technologies.

It is again possible that the abatement actionseuhep by these market
failures could be triggered by sufficiently highrban prices. It is reasonable
to think, though, that more targeted, not necefsararket-based policies
could tap this abatement potential at a lower damat; these should thus
complement carbon pricing if the cost-efficientioptis to be struck. But this
conclusion is at the most glimpsed at in peer-rerei@ literature, where
comprehensive assessments of policy portfoliossarely missing? either
because the issue is shunned and the uniform pgricitionale still prevails, or
because of modelling limitations. ‘Grey’ literatumen the contrary, offers
studies and reports that insist on the necessigotobine a wide range of
policy instruments to achieve high rates of decarbation, and propose such
combinations.

2 Jaffeet al.[55] insist on the concomitancy of the environnerand technological market
failures to advocate complementary carbon pricind R&D subsidies to climate friendly
technologies; this has stimulated some modellingl@ratione.g.[12], [41].

22 Many energy and carbon policy instruments beydraldarbon tax and ETS (green and white
certificates, performance standards, border taxstdjentsetc) have been explored in a body
of specific literature, mostly sustained by analgtimodelling. What is missing is the
comparative assessment of the aggregate sociabfestmplex policy portfolios (see our third
section below).
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Il. Targeted policies and measures: a survey

The set of recent studies and reports matchingnebei@ policy portfolios with
high rates of decarbonisation in the middle of ¢eatury is conveniently split
between works commissioned or carried out by pubtidies, and works
produced by non-governmental organisations (NGOSs).

In the first of these categories, France, Germary the United Kingdom
(UK) each produced studies focusing on the wayamly with their national
2050 commitments, a factor 4 emission cut for Fearand a factor 5 cut for
Germany and the UR The French report [16] was commissioned by the
French government to an advisory body, @entre d’Analyse Stratégique
(CAS). The German report [9] was commissioned ey @&erman federal
environment ministry (BMU) to a consortium of 4 easch centres. The
British report [20] emanates from the CommitteeGlimate Change, an
independent advisory body. Prior to the CAS 20Q#oreg France had also
issued a shorter note on the Factor 4 objectivé [@sides, in 2008 the CAS
reported on French energy perspectives to 202028580 [17], and the
document contains many climate policy recommenaatiG@ome policy
measures beyond carbon pricing can also be glefrioadthe previously
quoted Quinet report on the shadow price of cafi@&d, or from a more
recent effort focused on identifying abatement patys to 2050 [19].

In the second category, Greenpeace issued a rapd005 focusing on EU-25
that envisages a 70% emission cut in 2050 from 2608Is [43]. In 2008 the
same NGO published a much expanded report at gkdzdé, which describes
a 78% emission cut in 2050 from 1990 levels for @EEuUrope [44]. In 2010
the European Climate Fund (ECF) developed anotkiemsive prospective
study for the European Union [32, 33]. The INFOR&Hwork proposes less
extended scenarios, which include an EU-27 scerthebenvisages a phase-
out of fossil energy by 2050 [50]. INFORSE is ifsalnetwork of NGOs,
among which a militant Zero Carbon Britain, whictoduced two detailed
reports specific to Britain describing a provocattetal phase-out of carbon

% The German and British targets are with refereioc&990 levels, echoing the Kyoto
commitments. The French target is more looselytdisthed; CAS [16] assumes it is also with
reference to 1990, but it could also be measurednasg 2003, 2004 or 2005 levels, the years in
which the target made its way into the French paditagenda.
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emissions in the course of 20 years only: [91] updand expanded to [92].
In 2006 the Negawatt association published a mgn¢hetic report for France
[69].%

In echo to our first section, let us note that mbsiot all the surveyed studies
advocate carbon pricing as a core mitigation measQarbon prices are
however rarely pinned down, and at exogenous |lewhksn so—e.g.by [9] or
[44]1—uwith the only exceptions of [20] and [19]. Wéll come back to this in
a further subsection on the modelling support ef studies.

[1.1. Advocated policies and measures

The advocated policies and measures range frorfiglieof energy supply to
that of energy demand, as well as to actions beybadenergy markefs.

The stress oenergy supply is mainly put on accelerating the penetration of
renewables. A first policy move should be to restarlevel playing field’ to
energy supply competition [9, 43] by definitivelympressing any subsidy to
conventional electricity production. Some studiédnsist on the necessity
to even competition between the renewable optibesselves: the existing
incentives should be thoroughly reviewed, and btdugto consistency [9].
Indeed, the reviews by CAS [18] and DECC [28] od #xisting instruments in
France and the UK reveal large discrepancies irutiderlying carbon
valuation.

Beyond this prerequisite, most studies recommemdpdementary measures as
feed-in tariffs [43-44, 91-92, 9], legally bindimgnewable targets [43, 20, 33],
together with a simplification of the administragiprocedures surrounding
electricity production and access to the grid [¢320, 33], whose cost should
be borne by a central grid authority rather thdtetito the renewable energy
projects themselves. Some studies insist on thegsséty, for the renewable
targets and the feed-in tariffs alike, to presesvechnological diversity

crucial to the most ambitious targets [43]. Thiviously constitutes a real
challenge for tariffs, as it implies a thorough @pective on the future relative
costs of the renewable technologies.

% |n a 2011 report, Negawatt updates this scenartabt its policy recommendations.
% Section 2.4.2 of [24] provides an extended versibthis section.
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The targeted increase in renewable energy supply frad improvements in
the electric grid, in the three dimensions of st@ratransport and distribution.
An upgrade to ‘smart grids’ should allow balancimgwer production by
decentralised and intermittent units ([17], spexfly targeting electric
heating; [91], promoting a ‘vehicle-to-grid’ systeralthough [92] minimises
the contribution of such a system; [33]), if notmaging the level and timing
of demand against financial incentives ([17]; [481] and [92], which
advocate heterogeneous pricing based on interriliptibf supply).

It is worth mentioning that none of the surveyeudd$¢s place a strong
emphasis on biofuels. The general stance is omawtious support,
considering both the uncertainties regarding tfeediycle assessment of such
energy forms [17], especially when imported frontside the EU [9], and the
potential undesired side-effects on food prices [9]

To conclude on energy supply, beyond renewables EMuWinderlines the
necessity to tap the huge potential energy-ret@ingof combined heat and
power (CHP) systems. It supports the German CHR &lthhough questioning
the level of subsidies to heat providers basedwandtudies.

Turning toenergy demand, mandatory energy efficiency improvements are
advocated by ECF [33], and by Greenpeace [43] atatinual level of at least
2.5% for the private sector and 3% for the pubéctsr. In the case of France,
CAS [17] advocates putting an end to regulated gnerices to attain such
ambitious objectives. More specific measures fommushe main potential
contributors to energy savings: buildings, transgion, appliances and end-
use equipments—while industry is consistently vidvas sensitive enough to
market signals to not require complementary measure

Many studies identify action on buildings as neeggto ambitious targets
[91-92, 17, 78, 33], while emphasising their sloyndmics. CAS [17] stresses
the highly decentralised nature of decision makimthe building sector, and
the financial constraints weighing on many of itdcas—ZCB [91] insists on
the latter as well, and advocates that some optbeeeds of the quota auction
it promotes be used to finance investment by ther@ohousehold® Beyond
this, general recommendations include a strengtheme anticipated

% Although it is specifically pregnant in the buihdj sector where investment costs are high,
limited investment capacity also impacts end-us@ gents.
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development of building regulations for new constian, which should
already reach up to 2030 [19]. INFORSE [50] moreafically proposes to
raise mandatory building-codes to current low-egdrgusing levels as early
as 2010, and to require that all major renovatimesude a major energy
renovation. It also advocates that passive housesld benefit from a
massive R&D programme to become the basis of ugdamergy standards.
ECF [33] sets a 2020 deadline to this objective SJA7] proposes that any
new building should be equipped with either heanps, renewable heating,
or solar thermal hot water. Greenpeace [44] reconteea similar mandatory
share of renewable sources to heating and coolhge CCC [20] calls for
some appropriate framework to support the wideesdalployment of
renewable heat. A couple of studies insist on theessity to monitor these
constraints and liabilities [91, 17], based on sy/revealing the
‘implementation gap’ between regulations and acheaformances.

The existing stock should also be subjected torahitious refurbishment
programme [9, 65, 33], to hasten convergence beatitsesfficiency and that
of new constructions [78, 19]. To implement thisigergence ZCB [91]
proposes “mandatory energy efficiency improvemdrgx@hange of contract
on sale, and when letting”. Less targeted measimasde tax rebates in
exchange for efficiency measures, and a VAT exeomptin refurbishment
expenses. ZCB also expresses support to the Bi¥igim Front programme
(grant programme directed to the poorer househadsd)the Decent Homes
programme (refurbishment of social homes). CAS [19], CCC [20] and ECF
[33] support the certificates mandated by the Etéclive on the energy
performance of buildings, as these concretise tdmswaint on real estate
markets. Among other provisions based on energfopmance certificates
(EPCs) CAS [17] proposes that

< firms be required to publish an indicator of theeagy performance of
the buildings they own or occupy,

< landowners be forbidden to increase the rents efpttoperties that
belong to the lower EPC categories,

e an accelerated amortisement of the acquisitioreturbishment costs be
allowed to buildings belonging to the higher EPGegaries.
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CAS also advocates measures more specific to Frdmleernatively, ZCB
[91, 92] supports a transition to energy servicemganies that charge for the
provision of energy services (lighting, warmth, lwdter,etc) rather than
energy volumes, with the advantage of trustinguohsspecialised companies
the complex optimisation of energy systems. Thét shisuch market
organisation is tentatively started by the SuppOdigation in the UK, which
CCC [20] strongly supports.

Another most targeted energy demand sector is p@mtation, because of its
continued growth and reliance on fossil fuels [1Ggneral recommendations
regard a ‘systemic approach’ to the transportapoblem: the concerted
reform of a broad range of public policies relatedirban planning, land
settlement, supply chains organisatierg, is necessary to contain the
challenging growth of transportation services, asarient them to carbon
sober modes [78, 65, 17—although subordinating sineinges to public
acceptance, 33, 19]. Radanne [78] particularly srige early action,
considering the dynamics at work. ZCB [91] advosdtdrastructure changes
as improved cycle lanes (also supported by Greargpts]) and pedestrian
facilities. Negawatt [69] or CAS [17] recommend fesng telecommuting and
car-sharing, although they do not pinpoint spedifistruments. CAS still
urges to lift the legal obstacles hampering carmislga(insurance, expenses
eligibility, etc).

More targeted measures primarily regard passerger Greenpeace [44]
advocates strict technical standards and measargsdarantee vehicle size
decrease. CAS [19] recommends emission standatitspated to 2030; CAS
[17] pinpoints an objective of 120g/km in 2012 foew personal cars—
10g/km stricter than the EU objective, and CCC [gf¢ of 100 g/km in 2020.
Both studies agree that standards are necessaail other classes of motor
vehicles as well. CAS [17] also suggests to maneatsting efficiency
improving equipments (instant fuel consumption thgptyre pressure gauge,
cruise controletc). To downsize vehicles Radanne [78] supports a
bonus/malus scheme akin to the one introduced amé& in 20082

27 Extension to landlords of the tax credits earngdbergy saving investments; effective
implementation of the obligation of individual aeoding for collective heating systems;
increase of the VAT rate on cooling systems instabin.

% The buyer of a new car is subject to a range »ésaor subsidies depending on the car’s
average C@emissiongper kilometre.
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highlighting it as a good use of the fiscal instemhas a lever on consumer
behaviour rather than a source of public money. Q&3] supports a similar
incentive. Radanne also suggests an EU-wide mand&igsdown of engines,
stating this could reduce fuel consumption by 20%H-bithout addressing
the problem of heterogeneity of speed limits in M@nStates. CAS [17] does
by advocating a harmonised upper limit of 130 knmbt so much for its direct
impact on fuel consumption, as for its indirect aepon the power of cars,
allowing for reduced consumption in all driving ¢gs alike. CAS also
stresses the role that training drivers to ‘ecoAdig’ and information
campaigns could play; advocates the developmentlwn tolls and time-
dependent toll pricing (to reduce fuel waste thioegngestion); and suggests
that avignetteshould be reintroduced on a €@mission basis considering a
€100 carbon value and an average 14,000 km per ¢&&€ [20] also
mentions the potential of a Gasedvignette without pinpointing levels.

Targeted measures on other transportation modefeareOn road freight
CAS [17] recommends a kilometre-fee enforced thiloGPS data. Negawatt
[65] advocates a specific taxation of low-costtaansport, without more
precision. ZCB [91] goes as far as suggesting thatationalisation of coach
and railways could be required to meet its ambgiobjective of a fourfold
development of these modes. It also urges to comple electrification of the
British rail network.

Another series of measures concerning energy demegatd appliances and
end-use equipments. Recommendations include:

« Extending of environmental labelling to more protirdormation [44,
17, 91, 20]. ZCB [91] specifies that energy ratisgould be permanent
and clearly visible, to play on reputation effe@sd should extend to
standby power consumption.

e Strict technical standards [78, 44, 17, 33]. Ra@afm8] underlines this
should reduce the costs of efficient appliancegbgranteeing them
larger markets. CAS [17] specifically mentions tese of light bulbs.

At last, most studies promotemplementary measur es beyond ener gy

mar kets. First, the need for a strong, coordinated and édiate R&D effort
is consistently stressed, to foster technical ckangenergy supply
technologies and end-use equipments alike. Somiestudentify particular
fields of research, which can be split in two:

19



« Specific end-uses and end-use equipments: coodiay personal cars
[78]; positive energy buildings [17].

* Ancillary technologies: heat storage [44], eledtsistorage, transport
and distribution [91, 17]; carbon sequestration,[Z8, 20]—although
some studies exclude it as a non-sustainable op®ibn9].

Although most if not all studies advocate supporténewable technology
development, CAS [17] is the only one identifyingority, namely
second generation biomass, stressing that suppartat be generalised
considering the current state of public budg@®n the contrary, ZCB [91]
or CAS [19] stress that R&D programmes should stttiv balance their
support to competing technologies and let the maekect the most cost-
efficient ones.

A second policy recommendation beyond energy markegards public
awareness campaigns, which many reports advocier ®n loose terms
(“energy efficiency”), or on more specific issuddese include driving
behaviour, heating and cooling practices, and digmmbwer consumption. In a
similar line of thought demonstration projects advocated on the particular
qguestions of building efficiency by Greenpeace [4#d on the CCS
technology by CCC [20].

A third and last field of policy intervention outls energy markets regards the
implementation of the ambitiousaining programmes required to face the
escalating demand induced by low-carbon policiesnamy job markets.
Primarily concerned is the construction market blitgainderstoodfrom
building conception to consultancy on energy perfance to refurbishment
and construction proper [17, 19, 44, 91]. Againmsocstress is put on the
timing issue of organising and developing the appiate training courses [17,
19]. CAS [19] identifies the carbon pricing procseas a potential source of
funding, while ZCB [92] calls on the proceeds di@der-tax adjustment
system—it is indeed the only report opting for sachompensation of
competitiveness effects.

2 CAS also advocates strong public support'fagéneration nuclear and nuclear waste
treatment. We have deliberately left out the nuclg#aase-out question, which is clear cut in
most NGO reports, and strictly echoing nationalratges for the British, French and German
public reports.
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[1.2. Modelling support

The above list of policy options is thus extendedoth its coverage and level
of detail, especially in some end-use sectorsassportation or buildings. It
is however only partially backed by modelling suppdo begin with, 8 of the
13 surveyed studies follow a ‘storytelling’ apprbao scenario building [16,
1943, 50, 69, 78—as far as can be told from the somthodological
information, 91, 92¥: they combine detailed exogenous assumptions en th
gualitative and quantitative evolution of energyply and demand, mostly
leaning on more or less precisely documented eaterxpertise—which can

in turn derive from modelling experiments, or n8tich constructions come at
the expense of consistency: there is no guarahisethe underlying expertises
share compatible assumptions on such major drigersconomic growth,
fossil fuel prices, the costs of technical opti@mseven demography. Beyond
this consistency problem, in some policy instaniteslack of support is total.
Indeed, ZCB [91] develops a minute multigas cap-tade system strictly
enforcing the 20-year emission phasing-out it prteaspwith 40% of the
yearly quota freely allocated to households qeacapitabasis, to correct
distributional impacts, while the remaining 60%aisctioned to firms and
public institutions, and the auction revenue “rifegtced for use in easing the
transition to a zero-carbon economy”. Although @mbon pricing rather than
on targeted measures, this offers the most strikixegnple of the imperious
necessity of economic assessment: while ZCB caslyoavoids providing
estimates, it is quite likely that auction prices such drastic carbon
constraints would reach unsustainable heights,dimdusuch shifts in the
relative prices (includingis-a-visinternational prices) as to cause entire
sectors of the British economy to collapse—or midrely the policy action to
be abandoned under public presstfre.

30 CAS [19] uses the POLES model to derive emissiathways that are “cost-effective” in a
quite restrictive sense only (minimisation of teatal abatement costs of fossil g@olicy
constrained to uniform carbon pricing with constgniwth rates). It tests the price trajectories
produced by POLES in a set of macroeconomic mottetheck for sectoral activity and
employment impacts, but omits controlling for catsncy. Ultimately, neither the advocated
sectoral emission pathways nor the recommendedipsland measures derive from modelling.

31 ZCB [91] evokes a transport model p. 187seq, but this appears to have both exogenous
demand and modal shift, see the table p. 138.

%2 Combetet al. [26] assess substantial GDP and employment losskesed by terms of trade
effects for schemes close to ZCB'’s proposal, inadase of France, and for a €100 to €40
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Four additional studies derive their prospectivél@aaks of energy systems
from models of the ‘bottom-up’ family [9, 44, 170R thus improving on the
consistency of their analyses—only partially so @neenpeace [44], which
articulates the modelling of 4 different instituteghout reporting on any
harmonisation process. However, bottom-up modettupe little economic
behaviour if any. Energy demand is explicitly delsed as a parameter of
scenario building: the impacts of the collectionpolicy measures envisioned
are—mostly undocumented—exogenous estimates. Irt,she advocated
policy portfolios generally lack support fror) (nicroeconomic expertise,
which could assert that the wide array of advocabedsures match the often
dramatic impacts attributed to them, amid & macroeconomic integrating
framework, in which these measures could interadbtm a consistent
economic and energy system picture, accountinghferfeedbacks from
equipment goods, capital or labour markets. Thietathortcoming indeed
constricts aggregate impact assessment to techoosas and forbids reporting
on GDP or welfare cost§.

Lastly, the ECF study [32, 33] distinguishes itd®yffounding its scenarios on
a combination of bottom-up and top-down modellipgm@aches. Although the
report lacks a thorough methodological expositibappears from its
appendixes that bottom-up expertise (if not modellia “Mc Kinsey [power]
generation model” is mentioned, but not referencedjending to energy
demands and energy efficiencies, together withinkrestment costs of electric
vehicles, heat pumps and biofuels penetrationfeddnto a computable
general equilibrium model to assess the macro-emdnanpacts of low-
carbon scenarios. The extension of the modellimpsedo macro-economic
variables is an obvious improvement over the o#ggroaches. However,
energy demands, at the heart of the modelling &chire, remain exogenous.
The links between the advocated policies and messand the targeted
energy and carbon efficiency improvements are agasaries of hardly
connected educated guesses.

tonne CQ carbon tax. It is doubtless that the prices indulog ZCB’s proposal would rapidly
exceed €40(@ertonne CQ.

31t must be noted that this scope limitation iswthry for CCC [20], considering the
uncertainty surrounding impacts beyond the energykets. Hourcade and Ghersi [48] propose a
disambiguation of climate policy ‘costs’.
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l11. A blueprint for further policy modelling
research

Addressed from the viewpoint of the modeller, thewe panorama calls for
extensive further policy analysis. Both our secsimm carbon pricing and
targeted measures lay some lineaments that we @ardevelop and weave
into a research agenda. We purposely limit it tetesfficiency analysis,
thereby both acknowledging current EU policymakamy shunning from the
current debate surrounding cost-benefit analysx(B). In this latter choice
we follow Dietz [30] or Yohe and Hope [90], who r#do the persisting if not
increasing failure of damage assessment to reaglicam of consensu¥:®

As Kopp and Mignone [60] establish (without formaéndorsing it), this shift
is a transcription to climate affairs of Baumol’'sepcription to degrade the
Pigouvian policy principles when faced with too-&ke externality costs [6].

We also avoid opening our renewed agenda to theswexrsal issue of
uncertainty: the development of stochastic programgnand the increasing
use of Monte-Carlo simulations appear appropriatprovements on the way
to facing this important challenge, although thépsld be more
systematically applied beyond climate sensitivibgalamage uncertaintiéS.

34 Dietz observes that the gap of about one ordeanaf@nitude between the plausible ranges of
the social cost of carbon and the correspondinggimat abatement costs that he estimated in
2010 [31] has likely been amplified by more recpablications.

% Ackerman and Stanton [2] also advocate focus at-efficiency analysis, not only because
the social cost of carbon is highly uncertain, blsto because they reassess the corresponding
uncertainty range to values confidently greateegual to the estimated range of the marginal
costs of the total global abatement potential ug@s0.

% Many of the references of Box 1, beginning witd[5address uncertainty through Monte
Carlo techniques. Hauriet al. [47] and articles of the same journal issue reparrecent
applied research on the uncertainty about sociarecic factors including behavioural
parameters, the availability of technological op8pthe outcome of international negotiations,
etc. The series of papers in Filar and Haurie [37}tipalarly the first chapter by the two
editors, conceptualises the issue and introducesnéthods.
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The 2007 Stern review [82] and the 2010 United &tdhteragency Group on
the Social Cost of Carbon [51] successively fueb@descalating controversy
on cost-benefit analysi¥,including three recent special journal issues [B1,
and parts of 45]. The most debated points®re:

« Climate sensitivityj.e. the long-term impact of CQOconcentration on
temperatures, and particularly the consequencewps$idering a ‘fat’ rather
than a ‘thin’ tail to its probability distributiof89, 76, 77, 83, 72].

e The damage function linking temperature changectmemic impacts. The
guadratic form introduced by Nordhaus [70] is sudpéd not convex
enough, and alternatives explored [89, 76, 83,03,58]° Besides, the
available damage estimates are criticised as indésely covering the
many impact channels [30, 60, 67, 83]. Kopp and iige [60] also stress
how inappropriate a social cost of carbon is if swgad off a baseline
already beyond some ‘tipping point’ of the climatestem {.e. when the
damage function is only piecewise convex).

e The discount rate, which in the standard Ramseménaork dissociates in
the rate of pure time preference and the cons&lative risk aversion.
Prescriptivevs. descriptive approaches to discounting lead to m@aiyk
highervs. lower assessments of the social cost of caitmnhe optimal
mitigation requirements [71, 60, 4, 83]

Uncertainty on these three dimensions dramatidaltyeases the range of
plausible social costs of carbon. Fearing that timsertainty is in part
irreducible, some recent papers more or less opgudstion the ultimate
contribution of cost-benefit analysis [30, 89, 83].

Box 1 Current controversies on cost-benefit analysi s

On this contained agenda, the first field of poliegearch emerging from our
survey regards the establishment of cost-efficearbon pricing trajectories to

3 Some earlier caveats on a sound use of integagsdssment modelling are provided by
Schneider [81], who stresses the contribution ofd®a [80].

% Another increasingly researched question is thesequences of damages impacting the
capital stock [59] [83], the growth rate [75], uityl [59], technical progress [68] [83] or its rate
of change [68] [83], rather than (standardly) ecoimoutput.

% Similarly, [1] questions the optimism of sever&ments of the disaggregated treatment of
damages by the FUND model.
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point-in-time mitigation commitment®.When assessing such commitments,
most available studies indeed constraint theiripgdrajectories to either
some transposition of Hotelling’s rule, ex-antefull-blown emission
trajectories encompassing the targets—see ourcsetti on prominent policy
reports and Box 2 for a generic formulation of milidg approaches. The
rationale for Hotelling is explained at length it8].** However this same
report makes it very clear that Hotelling appliedyoif the policy objective is
specified as a Cfconcentration ceiling, and as long as this ceilsgot
reached. Although it is not their primary purpo¥egt-Schilb and Hallegatte
[87] demonstrate that the optimal time profile ofissions varies substantially
if policy objectives are rather expressed in tegfisonstraints at pivotal
years® They derive this insight from a model in which yhéepict the inertia
of abatement potentials: the multiple specific &tdgnamics of end-use
equipments, energy production, the building stoc# altimately urban and
transportation infrastructures, shape the dynamicsatement options. Three
other determinants of the development of the mttayapotential are:

« Demographics, which impact on the available mangowe public
budgets in many European countries where pensisteBys are public,
and also on the average savings rate: they stranfjiyence growth and
emissions, but also the resource available to firaabatement actions.

» Fossil fuel prices, the sum of extraction costs eerits. Their specific
dynamics, conventional and unconventional resouatiég, constitute
another price signal that will all the more impagtigation measures as
stocks deplete—conversely, ambitious mitigationmaarbut reduce the
pressure on fossil fuel markets, thereby inducinghbound’ of
consumption.

“The policy conclusions of the ADAM project [58]uoh on this unresolved challenge of
dynamic efficiency.

“I Theoretically amended to account for the ratearbon uptake by natural reservoirs.

“2They also compute a 62% excess cost from thedbashen flexibility’ implied by forcing
point-in-time targets rather than some aggregatbarabudget at a 2050 horizon—constraint
(7b) rather than (7a) in our Box 2.
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A generic, discrete carbon/economy model can binddfas®®

where at each time periddwe dropt subscripts for readability):

Ut:ut((l_St)Y’aDI) 1)
Yt:ft(KtuBDtaTt) (2
Kisa = kI(KI’S(Yt) ()

& =&(to, 1) (@)
t
D, = d(;)QYiJ (5)

Social welfareU is a functionu of outputY minus savingsY (ou/dY > 0,
du/ds < 0) and of anx share of impact® = 0, which turn to harmful
damages beyond some thresh@d(0< a<1,0D > D 9u/dD < 0).**

Output net of damagesis a functionf of the capital stock (0f/0K = 0),

of afshare oD (820,+a<1,0D> D af/dD < 0) and of a marginal
technical abatement cost 0, which turns harmful beyond some threshg
7 (Or> 1 0fldr< 0)*®

Capital stockk accumulates through time according to a functon
considering savingsY (0k/oK > 0, ok/dsY > 0)

Emission intensity of outpud is a decreasing functionof the trajectory of
r(0&0dr<0).

ImpactsD are an increasing function of cumulative emissina¥
(0d/ozeY> 0)—eq. (5) aggregates climate sensitivity anddhmage

function of Box 1.

“3 For the sake of generality we abstract from idfginig even the most common parametegsy(
demography).

“uis time-dependent for the sake of generality, @igh most models with explicit utility
functions assume them constant through time. Thmalitmns ona andf allow covering
different entry points of damages (see footnote @S8jvell as not accounting for impacs£ 8
= 0). ConsideringD allows extending to models that compute a nettpasimpact of low
temperature increases.

“fis time-dependent to account for exogenous praditgtgrowth, a trait common to many
models. To cover endogenous growth the growth ttajy of K or Ytot could be added as
argument td. The weak condition odf/0K aims at covering models with exogenods
Consideringz allows covering models that compute a net positinpact of low carbon pricing.

“k is time-dependent to cover the complex, disaggesaapital dynamics of some models.
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In this framework, provided damages are accountedd + 5= 1) and
considering a pure rate of time preferemgestandard cost-benefit analysis ig

+00
Maxy e AU, (6)
ST t=0
Alternatively, cost-efficiency analysis abstraatsrh impacts & = 5= 0) to

consider the same objective function (6), subjeatither some carbon budgeg
up toT¥

—

.
tZOeth =A (7a)

or more pragmatically some emission target at date
oY = A (7b)
However, many published low-carbon modelling stedéaforce a stronger
{av,..orra}={ A AL} (8)
[e.g.57, 10, 62], while another set of studies altenedy add

Ot>0 7, =(+n)'z,, 9)

with some exogenousrelated to the discount or interest rate [85, 4%, 14]
(see also footnote 12) or the consumer price if8gxin some studies relying
on it condition (8) is the pathway of a separatalgsis [57], while in some
others it is explicitly a simple interpolation [162]. Similarly, condition (9)
aims at optimality by applying Hotelling’s rule gssection I.1f® No study
however offers proof that (8) or (9) do not constra(ands if warranted) to a
suboptimal pathway in their own modelling framewdtk

Box 2 A generic formulation of low-carbon modelling

“71n our simplified framework this is the closesta@oncentration ceiling, a cap on temperature
change or a radiative forcing constraint.

“8 Excluding [5], which must be credited for expligincknowledging non-optimality.

9 Note that this analysis covers recursive moddthoagh by definition these drop (6)
(exogenisings if they are macroeconomic models); they addre¥dhibugh either (8) [10, 62]
or a trial-and-error implementation of (9) [5].
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* Technical progress, which defines how input substin flexibilities
evolve with each capital vintage. It is driven hytlb research and
development activities, and learning-by-doing. Toemer activity and
the latter phenomenon must be accounted for toraene, even if only
tentatively, the ‘carbon intensity’ embodied in sassive capital
vintages.

The four interacting dynamics should be integratedome intertemporal
optimisation framework, that in the European caselda target a 2050
emission objective, with at least carbon pricing gublic R&D trajectories as
variables. The task is not out of reach of some efmdurrently in use, and
indeed some of the dynamic interactions at playehalveady been touched
upon—particularly as regards trajectories of R&Deaatment, see.qg.[12],
[41]. Of course the resulting pricing pathways aay modelling outcome,
would be dependent on a particular set of assumpt{tmcluding those
determining the discount rate, which attracted gegeention in the wake of
the Stern review), but at least these could beieitiy discussed, and the
policymaker allowed more informed decisions.

The second field of investigation emerging from survey is theTerra
Incognitabeyond first best static policy design. Sectichdchoes the firmly
established fact that the uniform pricing rationesle challenge to enforce in
real world ‘second best’ economies, where markstadtions can be large
enough to significantly increase costs if thesediséributed in a standard way
(taxes or auction proceeds rebated lump-sum todtmlds, grandfathered
permits). Bohringeet al.[10] identify two such distortions:

* Pre-existing taxes and subsidies. These impactipbbldgets, and the
shift in their fiscal bases or beneficiary actiggiinduced by carbon
pricing must be accounted for: some carefully diéfgtiated pricing
could lower the social cost of the carbon constraynminimising its
impact on the pre-existing public financing struettl

* This is further complicated by the varying possiassumptions about public budget
constraints. A standard assumption is that of thelget neutrality’ of the reform, mostly

defined as a maintained budget balance under thstint of constant real public expenditures.
This implies selecting some adjustable tax rate #tl@ws balancing the induced variations. It is
obvious that the cost of any abatement target deffend on the selected adjustable rate and the
induced shift in any pre-existing distortions.
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« Terms-of-trade effects. The degree of exposuraternational
competition is highly variable across sectors, frpoorly differentiated
raw materials to local services. It is hard to ralg that some moderate
increase of the carbon price laid on unexposedridiets to compensate
for carbon price cuts granted to exposed sectoutdcdower the social
cost of some mitigation objective.

These two types of distortion are easily modellsdhey rest upon the
interplay of readily observable relative prices. lda@ontroversial distortions
regard some ‘imperfect’ features efg.labour markets in many European
countries, where numerous regulations and transacosts prevent full
clearing through prices.

The consequences of such second best featuresliegrpaking do not receive
the attention they deserve, considering the stakesgnificantly reduced if
not inverted abatement costs illustrated by thenfnly quoted IPCC survey
[51]. They should be explored in a pragmatic waytwithstanding the
unsettled academic dispute whether the benefits fatleviating distortions
should be attributed to the climate poliggr seor not—a point arguably
irrelevant to the policymaker. Case studies firmhchored in some
dominating traits of the real world economies cantcibute to elicit them. To
be thorough these should give greater attenticthéarebating option that
closes the loop of any price-based policy, as CAYH [hdeed does. In that
regard attempts at pinpointing ‘the’ optimal redpgl scheme through
modelling are probably vain, as they are likelyptmint at some corner solution
blatantly ignoring the political constraints thagigh on public decision
making. Still, it should be made clearer to theipghaker how contrasted
recycling options lead to contrasted welfare amstribdutional impacts.

A third field of further research regards the misconomic elicitation of
incentive overlaps. Section Il demonstrates thatatailable literature on low-
carbon policy portfolios is more a catalogue ofippimeasures than anything
else, with too little attempts at rationalising tt@responding wide array of
incentives. These incentives thus partly overl@gesg.the manifold
measures simultaneously targeting the speed, paaelbon efficiency,
equipment, road accesstc, of personal cars. On a strict efficiency ground
this comes at the risk of exaggerating the incaagtito some forms of
abatement, thereby incurring unnecessary costss-dtfact established since
Tinbergen [84] that public policy instruments shbble sufficiently focused to

29



address one market failure and one oilglthough this conclusion has been
qualified in different ways by recent researely.by Bennear and Stavins in a
general second best setting [7], or by Lecuyer @oiion as hedging against
the risk of pricing policy failure [65]. It is alsa threat to policy
implementation, as it manifestly contradicts thedpgogy’ principle that an
ambitious carbon policy should be stripped dowithi® most simple possible
expression if it is to gather public acceptance.

A body of literature exists that compares the nseoit different policies aimed
at the same carbon abatement options, mostly ianatytical microeconomic
framework—Fischer and Preonas [39] provide a sumsetgnding beyond their
focus on renewable energy promotion. It should ysesnatically extended to
more of the policy options identified in the grétetature on low-carbon
societies, under the Tinbergen requirement thah ed¢hese options could be
pointed at a particular market failure, which shbbk analytically qualified as
well. The tentative framework developed by Oikonanamd Jepma [74] for
analysing the interactions of policy instrumentsilcoprovide the basis for a
more systematic approach. It should also be comgpieed, as its authors
indeed call for, by numerical analyses simulatihg particular conditions of
the current economies, and indeed exploring somaefnticipated trends of
the relevant set of parameters, along the lineSadlderet al.[42] or Fisher
and Newell [38]—Lecuyer and Bibas [64] offer moefarences of that effect.

Last but not least, the three outlined researchnsts should eventually be
brought together into an integrated framework odlgsis that could be
applied to policy assessment: it is necessarytti@tarbon pricing trajectories
resulting from the first and second lines of reskaiand the policies and
measures emerging from the third one, should bessssl simultaneously, lest
some significant interactions and feedbacks beed@rded, at the cost of
economic efficiency.

This last task is probably the most daunting: eiféheir numbers are cut
down by the elicitation of a rational combinatiohincentives, most of the
recommendable policies and measures play at a,szadeare justified by
market imperfections, which comprehensive modelBtgictures will be hard
put to model. The hybridising methods explored timldpe the gap between

*! This point has been repeatedly made by the OECi2dent years [73].
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bottom-up and top-down energy modelling ($4@] and articles of the same
journal issue) offer the beginning of an answetht@se challenges, but the
beginning only. Their further development is esgdntf the current
fragmented economic expertise is to be built up mtcomprehensive vision of
future low-carbon policy portfolios.

Conclusion

In this paper we have surveyed central pieces @fsthientific and policy-
oriented literature on low-carbon futures. We fishtessed the somewhat
confusing use of modelling expertise by French British governmental
endeavours to pinpoint a normative value of cartiba,admitted backbone of
climate policies. We then highlighted the strikiggp between the wide array
of policy instruments envisioned in the policymadiliterature and the scarce
modelling expertise on policies and measures beyamtdon pricing. These
shortcomings inspire us an updated, pragmatic lavban policy modelling
agenda insisting on)(the assessment of cost-efficient trajectoriepdmt-in-
time targets freed from any preconceived emissioprizing pathway; i{) the
exploration of thderra incognitabeyond uniform pricing, accounting for pre-
existing distortions or inertias of abatement op$p(ii) a systematic
elicitation of incentive overlaps and possible jfisations of them; i) an
integration of these key features in some conststedelling framework.

A transversal conclusion to our research is thaté@rbon modelling studies
appear too isolated from, on one side, a scienlfiiiécature that has long
started to come to grasp with some of the realddeplexities disqualifying
the disincarnate ‘first best’ policy options; orethther side, a policymaking
corpus whose diversity echoes the same real-lifepdexities, in a probably
more comprehensive but doubtlessly less articulzdaner. Beyond the
scientific challenges we outline, it is only by oyeg to both influences,
leaning on the former one to rationalise the lattieat applied modelling
studies can significantly enhance their policy valece, thereby hopefully
increasing their necessary influence on the poli@kimg process.
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