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Summary

Given the need to reduce greenhouse gas emissions to decrease the risk of dangerous

climate change, economists have often argued in favour of carbon pricing. Carbon

pricing can essentially take two forms: an emissions trading system or a carbon

tax. The European Union chose the former option and implemented the EU ETS

in 2005, the first large scale carbon market. As a first mover in experimenting with

such regulatory instruments, the EU ETS case offers qualitative and quantitative

insights of foremost importance for emerging carbon markets worldwide.

This thesis is divided into two parts. Part I provides ex-post learnings on the EU

ETS price formation and policy design. Part II offers an ex-ante perspective by

exploring the expansion of the European carbon market. Both parts pay particular

attention to a central feature of the EU ETS: its political nature as a government-

created market. This institutional perspective on the EU ETS, which seeks to take

into consideration the impact of politics and institutions on market functioning, is

at the heart of this thesis. It brings a new lens to examine emissions trading as well

as draws on the experience of other policy fields, notably monetary policy.

Following the drop of permit prices in the EU ETS, intense discussions emerged

on the need to and modality for reforming the market, which is the focus of Part

I of this thesis. Yet, evaluating the need to reform first implies understanding the

goals of the EU ETS and whether market outcomes are likely to deliver on their

promises. Chapter 2 lays the groundwork for the remaining discussions of the thesis

by clarifying the different implicit and explicit objectives expected from the EU

ETS. Although cost-effectiveness is often proclaimed to be the main goal of the

EU ETS, stakeholder opinions diverge regarding the appropriate time frame for this

objective, some focusing on short-term while other having a long-term perspective.

In addition, certain stakeholders have multiple objectives, for instance, addressing

the social cost of carbon.

Based on economic theory, Chapter 2 then provides a comprehensive review of the

drivers of the price collapse in the EU ETS, classifying them into three categories:

(i) exogenous demand shock, (ii) lack of policy credibility and (iii) market imper-

fections. From this classification, a new framework to map the reform option space

is developed. It carefully examines which policy options represent potential solu-

tions depending both on what drives the price as well as on the objective intended

for the EU ETS. Drawing on the analogy to monetary policy, this mapping of the

reform option space introduces the concept of delegation in the context of emis-

sions trading. Delegation reflects the extent to which the governance of the market

is relinquished to a rule-based adjustment mechanism or an independent body with

varying levels of discretionary power.

Complementing the qualitative analysis of Chapter 2, Chapter 3 offers an empir-

ical analysis of price formation. It shows that, contrary to conventional wisdom,



demand-related fundamentals such as fuel prices or the economic downturn only

explain a fraction of the carbon price drop. Importantly, chapter 3 provides prelim-

inary evidence that regulatory uncertainty and the lack of policy credibility played

a much larger role than previously assumed in driving down the price. Chapter

4 is a direct follow-up, closing the gap on the influence of regulatory events in

price formation. Using an empirical event study methodology, the chapter carefully

investigates how the political process of the cap adjustment has shaped market out-

comes in the European carbon market. The findings show that the tedious process

of achieving reform unveiled the lack of political consensus on the EU ETS goals;

thereby increasing political uncertainty and contributing to the price decline. These

empirical findings have critical implications for the reform of the EU ETS – instru-

ments that do not attempt to anchor long-term regulatory credibility are unlikely to

be successful in bringing the price closer to its long-term, socially-optimal path. In

this context, though delegation is unlikely to be a silver bullet, it could strengthen

the credibility of political commitment by locating the governance of the market

outside the political sphere. It could likewise reinforce the flexibility of responding

to “unknown unknowns”.

Supplementing the previous chapters, Chapter 5 provides a comprehensive policy

analysis of the specific reform option for the EU ETS proposed by the European

Commission in 2014 following the price collapse: the Market Stability Reserve

(MSR). It is argued that the MSR is unlikely to enhance long-term commitment

credibility, raising doubt on its ability to trigger low carbon investments. This policy

evaluation is embodied in a broader reform context taking both an ex-post and ex-

ante perspectives. It thereby bridges Part I and II.

The second half of this thesis, Part II, offers a forward-looking perspective on the

expansion of carbon markets. Chapter 6 investigates the sectoral expansion of the

EU ETS towards agriculture, which has often been perceived as challenging. Im-

plementation barriers are regularly cited as impeding carbon pricing in the sector, in

particular transaction costs stemming from sector specificities, risks of leakage and

distributional impacts on farmers, often perceived as major veto-players. However,

the importance of the barriers hinges critically on the precise policy design. Chap-

ter 6 therefore offers the first synthesis of literature on the pricing of agricultural

emissions with the rich body of literature on the design of carbon markets. The

chapter provides a new perspective on carbon pricing in European agriculture by

disentangling the key dimensions of policy design in the light of implementation

barriers. In particular, it investigates the role of policy coverage, instrument choice

and transfers to farmers in overcoming policy obstacles. First, it is shown that a

policy coverage targeting large farms and few emission sources could include a sig-

nificant share of agricultural emissions, while reducing transaction costs. Second,

it is argued that the distributional impacts and leakage risks are contingent upon the

policy being voluntary or mandatory. From this perspective, a voluntary instrument

can be attractive, but comes at the cost of possible subsidy lock-ins and carbon price



distortion. Third, the role of the Common Agricultural Policy and its potential in-

teraction with carbon pricing is highlighted as being pivotal in determining political

feasibility.

Chapter 7 focuses on the other critical side of carbon pricing, going beyond juris-

dictional borders. In principle, linking could lead to efficiency gains and reduce the

cost of compliance for entities covered under a trading system. Taking the example

of REDD+ offsets (Reducing Emissions from Deforestation and Forest Degrada-

tion), Chapter 7 investigates the trade-offs between the opportunities of allowing

an import of cheaper offsets in carbon markets and the risks it entails in terms of

investments. It is shown that a well-designed policy could provide a risk-hedging

opportunity for compliance entities while having limited impact on low carbon in-

vestment.

In sum, this thesis concentrates on investigating the conditions under which the EU

ETS requires policy intervention. It offers an institutional view on the EU ETS

reform. Drawing on empirical results, it demonstrates the role of political commit-

ment in price formation. It then analyses the pros and cons of delegation in carbon

markets to overcome time-inconsistency and lack of policy credibility (Part I). Part

II delivers insights to broaden carbon pricing in the European Union and beyond in

the future. Focusing on pricing agricultural emissions, it provides a framework to

disentangle the different dimensions of policy design and conceptualize policies that

reduce implementation barriers. Finally, Part II examines the trade-offs associated

with various policy options to link carbon markets to a forestry offset scheme.





Zusammenfassung

In Anbetracht der Dringlichkeit, Treibhausgasemissionen zu reduzieren, um das

Risiko eines gefährlichen Klimawandels zu senken, sprechen sich Ökonomen oft

für eine Bepreisung von Kohlenstoff aus. Die Bepreisung von Kohlenstoff kann

grundsätzlich zwei Formen annehmen: ein Emissionshandelssystem oder eine CO2-

Steuer. Die Europäische Union hat die erste Option gewählt und 2005 das EU ETS

(EU Emissions Trading System, Europäisches Emissionshandelssystem) einge-

führt, den ersten großangelegten Kohlenstoffmarkt. Als Vorreiter in diesem regu-

latorischen Instrument bietet das EU ETS qualitative und quantitative Erkenntnisse

von höchster Bedeutung für entstehende Kohlenstoffmärkte weltweit.

Diese Doktorarbeit unterteilt sich in zwei Teile. Teil 1 stellt ex-post Lerner-

fahrungen hinsichtlich der Preisbildung und Politikgestaltung des EU ETS dar.

Teil 2 bietet eine ex-ante Perspektive, indem es die Ausweitung des Europäischen

Kohlenstoffmarktes erforscht. Beide Teile legen ein besonderes Augenmerk auf

ein zentrales Merkmal des EU ETS: seine politische Natur als ein von Regierun-

gen geschaffener Markt. Diese institutionelle Perspektive auf das EU ETS, die den

Einfluss von Politik und Institutionen auf das Funktionieren des Marktes berück-

sichtigt, steht im Zentrum dieser Doktorarbeit. Sie bietet eine neue Perspektive,

was die Untersuchung von Emissionshandel betrifft, und zieht Erfahrungen anderer

Politikfelder, insbesondere der Geldpolitik, heran.

Der Preisrückgang für Zertifikate im EU ETS führte zu intensiven Diskussionen

über Bedarf und Modalitäten einer Reform des Marktes, was der Fokus von Teil 1

dieser Doktorarbeit ist. Doch eine Bewertung des Reformbedarfs verlangt zuerst ein

Verständnis der Ziele des EU ETS und der Wahrscheinlichkeit, mit der der Markt

seine Versprechen hält. Kapitel 2 leistet Vorarbeit für die weitere Diskussion der

Doktorarbeit, indem es die verschiedenen expliziten und impliziten Ziele des EU

ETS beleuchtet. Während Kosteneffizienz oft als Hauptziel des EU ETS angeführt

wird, gehen die Meinungen der Stakeholder auseinander, was den angemessenen

Zeitrahmen für dieses Ziel betrifft: Manche nehmen eine Kurzzeit-, andere eine

Langzeitperspektive ein. Zusätzlich verfolgen einige Stakeholder mehrere Ziele,

wie zum Beispiel die sozialen Kosten von Kohlenstoffemissionen zu minimieren.

Basierend auf ökonomischer Theorie gibt Kapitel 2 eine umfassende Übersicht

über die treibenden Kräfte des Preisverfalls im EU ETS, welche in drei Kategorien

eingeteilt werden: (i) exogener Nachfrageschock, (ii) mangelnde Glaubwürdigkeit

der Politiken und (iii) Marktverzerrungen. Auf Basis dieser Klassifikation wird

ein neuer Rahmen entwickelt, um den Spielraum für Reformen aufzuzeigen. Es

wird untersucht, welche Politikoptionen als Lösungen in Frage kommen, in Ab-

hängigkeit verschiedener Preistreiber und Ziele des EU ETS. Analog zur Geldpoli-

tik führt diese Darstellung des Spielraumes für Reformen das Konzept der Delega-

tion im Kontext vom Emissionshandel ein. Delegation beschreibt das Maß, in dem



die Governance des Marktes einem regelbasierten Anpassungsmechanismus oder

einer unabhängigen Institution mit unterschiedlichen Graden an Weisungsbefugnis

überlassen wird.

Komplementär zur qualitativen Analyse in Kapitel 2 bietet Kapitel 3 eine em-

pirische Analyse der Preisbildung. Sie zeigt, dass nachfragebezogene Faktoren wie

die Rezession, im Gegensatz zur gängigen Meinung, nur einen (kleinen) Teil des

CO2-Preisverfalls erklären. Kapitel 3 erbringt den vorläufigen Nachweis dafür,

dass regulatorische Unsicherheit und mangelnde Glaubwürdigkeit der Politiken

eine viel größere Rolle für den Preisverfall spielten als vorher angenommen. Kapi-

tel 4 schließt direkt daran an, indem es die Wissenslücke bezüglich des Einflusses

von regulatorischen Ereignissen auf die Preisbildung schließt. Unter Verwendung

einer empirischen Event-Studie analysiert das Kapitel wie der politische Prozess

der Cap-Anpassung den Europäischen Kohlenstoffmarkt beeinflusst hat. Die Ergeb-

nisse zeigen, dass der langwierige Prozess der Reformierung den Mangel an politis-

chem Konsens bezüglich der Ziele des EU ETS offenbart und somit die politische

Unsicherheit erhöht hat, was zum Preisverfall beitrug. Diese empirischen Ergeb-

nisse bringen entscheidende Implikationen für die Reform des EU ETS mit sich:

Instrumente, die keine langfristige regulatorische Glaubwürdigkeit erzeugen, wer-

den voraussichtlich keinen Erfolg darin haben, den Preis näher an sein langfristiges

soziales Optimum zu bringen. Wenngleich Delegierung keine Wunderwaffe ist,

könnte sie in diesem Kontext doch die Glaubwürdigkeit des politischen Engage-

ments stärken, indem sie die Governance des Marktes außerhalb der Politik an-

siedeln würde. Auch könnte sie die Flexibilität stärken, auf “unbekannte Unbekan-

ntheiten” zu reagieren.

In Ergänzung zu den vorhergehenden Kapiteln bietet Kapitel 5 eine umfassende

politische Analyse jener spezifischen Reformoption für das EU ETS, die 2014

nach dem Preissturz von der Europäischen Kommission vorgeschlagen wurden:

die Marktstabilitätsreserve (MSR). Es wird argumentiert, dass es unwahrscheinlich

ist, dass die MSR die langfristige Glaubwürdigkeit des verbindlichen politischen

Engagements erhöhen wird, was Zweifel an ihrer Fähigkeit aufkommen lässt, die

entsprechenden Investitionen in Gang zu setzen. Diese Politikbewertung bettet sich

in den weiteren Reformkontext ein und nutzt sowohl eine ex-post als auch eine ex-

ante Perspektive. Sie bildet damit die Brücke zwischen Teil 1 und 2.

Die zweite Hälfte der Doktorarbeit, Teil 2, bietet eine vorausschauende Per-

spektive auf die Erweiterung von Kohlenstoffmärkten. Kapitel 6 untersucht

die Ausweitung des EU ETS auf den Landwirtschaftssektor, die oft als Her-

ausforderung wahrgenommen wird. Oft wird angeführt, dass zu viele Hürden

einer Umsetzung der Kohlenstoffbepreisung in diesem Sektor im Wege stün-

den, insbesondere sektorspezifische Transaktionskosten, Leakage Risiken und

Verteilungseffekte für Landwirte, deren Verbände oft als wichtige Veto-Mächte be-

trachtet werden. Die tatsächliche Bedeutung dieser Hindernisse hängt jedoch stark

von der konkreten Ausgestaltung der Politiken ab. Kapitel 6 bietet daher die er-
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ste Synthese der Literatur zur Bepreisung von Landwirtschaftsemissionen und der

Literatur zur Ausgestaltung von Kohlenstoffmärkten. Das Kapitel bietet eine neue

Perspektive auf Kohlenstoffbepreisung in der europäischen Landwirtschaft in dem

es die Schlüsseldimensionen der Politikgestaltung im Hinblick auf Umsetzungs-

barrieren analysiert. Insbesondere untersucht es die Rolle des Anwendungsbere-

iches der Politiken, der Wahl der Politikinstrumente und von Transfer an Landwirte

für das Überwinden von politischen Hindernissen. Zuerst wird gezeigt, dass eine

Anwendung auf große Betriebe und wenige Emissionsquellen einen beträchtlichen

Anteil an landwirtschaftlichen Emissionen abdecken und gleichzeitig Transaktion-

skosten reduzieren könnte. Zweitens wird argumentiert, dass die Verteilungseffekte

und Leakage Risiken davon abhängen, ob das Politikinstrument verpflichtend oder

freiwillig ist. Aus dieser Perspektive kann ein freiwilliges Instrument attraktiv sein,

jedoch auf Kosten eines möglichen Fortbestandes von Subventionen und Kohlen-

stoffpreisverzerrungen. Drittens wird die Rolle der Gemeinsamen Agrarpolitik der

EU und ihrer möglich Wechselbeziehung mit Kohlenstoffbepreisung als entschei-

dend für die politische Machbarkeit hervorgehoben.

Kapitel 7 betrachtet einen anderen entscheidenden Aspekt der Kohlenstoff-

bepreisung: die Ausweitung über Grenzen hinweg. Im Prinzip kann eine

Verbindung von Kohlenstoffmärkten Effizienzgewinne mit sich bringen und die

durch die Beachtung der Rechtsvorschriften entstehenden Kosten für die vom Han-

delssystem abgedeckten Einheiten reduzieren. Anhand des Beispiels der REDD+

Kompensation wägt Kapitel 7 die Chancen, die sich daraus ergeben, dass ein Im-

port von preisgünstigeren Kompensationszertifikaten in Kohlenstoffmärkten erlaubt

wird, mit den damit verbundenen Risiken für Investitionen ab. Es wird gezeigt,

dass die richtige Politik eine Möglichkeit zur Risikoabsicherung für einbezogene

Betreiber darstellen und gleichzeitig einen begrenzten Einfluss auf weniger emis-

sionsintensive Investitionen haben könnte.

Insgesamt konzentriert sich diese Doktorarbeit darauf, die Bedingungen, unter de-

nen das EU ETS ein Eingreifen der Politik benötigt, zu untersuchen. Sie bietet

eine institutionelle Perspektive auf die EU ETS Reform. Indem sie empirische

Ergebnisse heranzieht, demonstriert sie die Rolle eines verbindlichen politischen

Engagements für die Preisbildung. Sie analysiert dann die Vor- und Nachteile von

Delegierung in Kohlenstoffmärkten, um zeitliche Inkonsistenzen und einen Man-

gel an politischer Glaubwürdigkeit zu überwinden (Teil 1). Teil 2 stellt Erkennt-

nisse zur zukünftigen Ausweitung der Kohlenstoffbepreisung in der Europäischen

Union und darüber hinaus dar. Mit einem Fokus auf die Bepreisung von Agrare-

missionen bietet dieser Teil einen Analyserahmen um die verschiedenen Dimen-

sionen der Politikgestaltung zu entflechten und Politiken zu konzeptualisieren, die

Umsetzungshürden reduzieren können. Schließlich untersucht Teil 2 die Zielkon-

flikte verschiedener Politikoptionen, die eine Verbindung von Kohlenstoffmärkten

mit waldbezogenen Kompensationssystemen anstreben.
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Chapter 1

Introduction

The overarching objective of this thesis is to investigate whether and how to reform

the EU ETS. Part I focuses on ex-post lessons from price formation, while Part II

provides an ex-ante perspective mapping options to broaden carbon pricing. Before

investigating the reform of the EU ETS, this chapter lays the groundwork for the

subsequent discussions. First, it provides a brief overview of the rationale behind

carbon pricing and locates the implementation of the EU ETS within international

climate policy developments. It is essential to providing a clear picture of the pi-

oneering role played globally by the EU ETS as a policy instrument. Second, it

offers background on the ambiguity of the EU ETS objectives. Third, it clarifies

the different assumptions and views taken in analysing carbon markets, articulat-

ing them around the two respective foci of Part I and Part II. In fact, within the

economic literature many assumptions are made implicitly when evaluating market

outcomes with crucial implications. This thesis seeks to bring a new perspective to

the EU ETS reform discussions by grounding the debate in its institutional context.

To clarify the important divergence in the assumptions made, this chapter thereby

contrasts two important schools of thoughts in their understanding of market func-

tioning: Neoclassical and New Institutional Economics. It also sets out the different

research questions that are investigated throughout the two parts of the thesis.

Carbon pricing: an international perspective

There is little risk of overstatement in stating that climate change is one the biggest

challenges facing humanity. The challenge is multi-fold. First, climate change is a

global issue requiring a coordinated response. This creates the classical collective

action problem with free rider incentives. Second, when a government has taken

the decision to act, choosing the optimal instrument and implementing it demands

careful attention.

Traditionally, economists have supported pricing greenhouse gas emissions, arguing

that this is the most cost-efficient approach to reducing emissions and to addressing

the associated market failure (IPCC, 2014; Stern, 2008). A uniform carbon price

1



2 Chapter 1 Introduction

ensures that individuals and firms internalize the negative externality of their emis-

sions. Unlike other regulatory approaches – such as command-and-control – pricing

carbon equalizes the marginal abatement costs across actors and delivers emissions

reduction where it is most cost-efficient. There are different ways to price carbon.

Generally, the two main approaches suggested are either carbon taxes or cap-and-

trade systems regulating quantities. From an economic point of view, both have pros

and cons contingent on the relative slope of the costs and benefits of abatement. As

discussed by Weitzman (1974), a price instrument is more desirable than a quantity

instrument if the marginal benefit curve is relatively flat compared to the marginal

cost curve. Stavins (1996) however shows that this assessment can be reversed if

the uncertainty of both curves is positively correlated. Others have also pointed out

the benefits of quantity instruments in the presence of tipping points in damages

from climate change (Keohane, 2009). In fact, while there is consensus on the ben-

efit of carbon pricing among economists, they tend to disagree on whether tax or

cap-and-trade is the most appropriate regulatory instrument to reduce emissions.

Globally, the first step in attempting to reach global carbon pricing was the signing

of the Kyoto Protocol in 1997. The protocol established the so-called Clean Devel-

opment Mechanism (CDM) and Joint Implementation (JI), which enables flexibility

in terms of where emissions reduction is taking place; thereby taking the form of

a quantity instrument rather than a tax. The European Union, initially reluctant to

implement flexible mechanisms and favouring a carbon tax, changed its position

and unilaterally implemented the EU ETS, mainly because a tax proved politically

infeasible at the European level (Convery, 2009). One important factor was that a

carbon tax would have required unanimity within the European Council, while a

cap-and-trade system could be implemented with a qualified majority (Skjærseth &

Wettestad, 2009)1.

This implementation of the EU ETS was a means to attain the European targets

under the Kyoto protocol with a link to international trading through the CDM

system,2 but also an instrument to achieve the emissions reduction goals set uni-

laterally by the EU for 2020. After the implementation of the EU ETS, other ini-

tiatives followed relatively rapidly, such as the Regional Greenhouse Gas Initiative

(RGGI), which rallies different states and provinces of North-eastern United States

and Easter Canada or the New Zealand ETS (see Wettestad & Gulbrandsen, 2013).

More recently, as shown in Figure 1, a new wave of carbon markets emerged, in-

cluding for instance the California ETS (Kossoy et al., 2015).

Interestingly although cap-and-trade systems have spread globally, the only attempt

for a top-down international carbon pricing initiative induced by the CDM mecha-

nism has largely failed (Kossoy & Guigon, 2012). Currently, the CDM market is

1Other factors are likely to have played a role in the European choice, in particular the leadership

of DG Climate in the European Commission, for a review see Skjærseth & Wettestad, 2009.
2Although the European Union could have chosen a different regulatory tool (Skjærseth &

Wettestad, 2009).
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Figure 1.1: Overview of existing, emerging and potential regional, national and subnational

carbon pricing instruments (ETS and Tax). Source: Kossoy et al. (2015)

in palliative care with prices close to zero, raising questions about the effectiveness

of the mechanism. In fact, as became salient with the signing of the 2015 Paris

Agreement, the new international climate policy architecture is taking a different

shape. As described by Edenhofer, Flachsland, Stavins, & Stowe (2013), a hybrid

climate policy has emerged. This is characterized by a mixture of top-down features

with bottom-up construction. The top-down approach is reflected for instance in the

Paris Agreement, which led to a commitment to limit the mean global temperature

increase to less than 2 degrees and if possible to 1.5 degree. The target, however,

remains relatively diffuse, and national emission reduction pledges are currently in-

consistent with the 2 degrees target. The bottom-up construction is mirrored by the

number of cap-and-trade systems that came to life recently or are currently under

preparation (see Kossoy et al., 2015). The most iconic example is perhaps the China

national ETS, which is currently under preparation and is expected to regulate up

to 4 billion tons CO2-eq/year, representing more than twice the size of the EU ETS

(Carbon Pulse, 2015).
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So far, cap-and-trade systems have been the preferred regulatory instruments for

pricing emissions (Kossoy et al., 2015). Several factors can explain the predilection

of policymakers for such policy tools compared to a carbon tax. They are often

attributed to political economy factors rather than efficiency concerns. Overcoming

resistance to carbon pricing appears to be facilitated by the option to allocate free

permits to the industry (Convery, 2009). Cap-and-trade allows companies with low

marginal abatement costs to sell the allowances they were allocated for free to com-

panies with higher abatement costs, thereby making profits. In addition, firms in the

EU ETS have been able to make windfall profits by passing on the opportunity costs

of carbon to their customers, although they received the allowances for free (Sijm,

Neuhoff, & Chen, 2006). Such opportunity does not arise with a carbon tax, which

has therefore created a constituency within the industry in favour of emissions trad-

ing. At the same time, cap-and-trade has been perceived positively by a number

of environmental NGO’s as it enabled ex-ante certainty regarding future emissions

(Skjærseth & Wettestad, 2009). Those advantages contributed to creating momen-

tum in favour of emissions trading. A herd effect could also have been induced by

the EU choosing a cap-and-trade system, as countries might have been tempted to

follow the leader-by-example in a new regulatory area (for discussions see Elkins

& Simmons (2005).

In this context, as the largest and oldest cap-and-trade for CO2 emissions, the EU

ETS is the natural candidate to draw lessons from emissions trading. Kruger &

Pizer (2004) coined the implementation of the EU ETS as the “New Grand Policy

Experiment”. Consequently, subsequent ETS implementation should gain insights

from the successes of the EU ETS implementation, but perhaps even more so from

its mistakes.

Initially, before the implementation of carbon markets, the main concern of policy-

makers related to the risk of price hikes and its implication on firm competitiveness.

Many economists suggested price containment mechanisms to limit such potential

dangers (Jacoby & Ellerman, 2004; Pizer, 2002). Experience has shown that large

price hikes did not materialize and, to the contrary, prices have so far been lower

than previously anticipated.

Ironically perhaps, the low price level actually became the focal point of policy

discussions in the recent past. For instance, The Economist in 2013 published a

headline: “Carbon trading: ETS, RIP?” reflecting the growing scepticism with car-

bon markets following the price decline in the EU ETS. Yet it remained unclear

among many market observers what the problem with the European trading system

actually was, and what the appropriate policy responses were. The research focus of

this thesis emerged from this observation and ambitions to explore reform options

for the EU ETS.



5

Objectives of the EU ETS

Looking ex-post at the EU ETS, the very first question one may ask regarding the

“Grand Policy Experiment” is whether the European trading system has achieved its

stated objective(s). The question becomes all the more important given that there

was no blueprint the European Union could rely on for its own implementation

(Wettestad & Gulbrandsen, 2013). Before discussing further the objective(s) of the

EU ETS, it is important to define some key concepts of the policy. The EU ETS is

a cap-and-trade system that sets a cap, which is the maximum amount of emissions

that is allowed to be emitted by regulated entities. Yet the cap has a temporal di-

mension and it is necessary to differentiate annual, period and total cumulative caps.

Annual caps are legislated – defining the amount of new permits made available to

regulated entities in a specific year. Permits not utilised from annual caps can be

banked and used in the future.3 However, caps are not set by European policymak-

ers year by year but are defined over a trading period (incrementally increased to

reach 8 years, period III goes from 2013 until 2020). In this context, period III

has seen an important regulatory change in that annual caps are reduced linearly; a

linear reduction factor of 1.74% ensures that EU reaches its 2020 emission reduc-

tion target. The cumulative cap, on the other hand, is the total amount of emissions

allowed over the lifetime of the policy.

According to European legal documents the “Directive 2003/87/EC of the European

Parliament and of the Council establishes a scheme for greenhouse gas emission al-

lowance trading within the Community (Community scheme) in order to promote

reductions of greenhouse gas emissions in a cost-effective and economically effi-
cient manner” (European Union, 2003). Although the objective of cost-effective

emissions reductions of the EU ETS seems clear at first glance, key divergences

have emerged regarding the explicit and implicit goals of the European carbon mar-

ket. This ambiguity is reflected in European legal documents and communications.

For instance, the EU ETS has no end date, implying that the emissions reduction

factor continues to apply until modified (European Union, 2009). It is worthwhile

however to highlight that the linear reduction factor (1.74% annually in phase 3) of

the EU ETS cap was inconsistent with the stated European long-term aspirations

(e.g. the 2050 emission reduction target). At the same time, the long-term emis-

sion reduction objectives (e.g. 2050) have not yet been legislated but are merely

commitments expressed by EU leaders (Council of the EU, 2014).

In such an ambiguous context, much room is left for interpretation regarding the ex-

act objectives of the EU ETS. Two intertwined perspectives can be applied to assess

the success of the instrument. The first perspective relates to the time-dimension at

which cost-effectiveness is assessed. In fact, it is unclear from the EU ETS direc-

tive whether the least cost objective pertains to short-term or medium- to long-term

3It is important to note that the EU ETS does not allow borrowing emissions from future caps or

only on a very limited basis to ensure market liquidity.
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emission reduction targets; in other words, whether it applies to periodic caps or to-

tal cumulative cap. The short-term view on cost is generally called static efficiency,

whereas the long-term view is called dynamic efficiency. Dynamic efficiency has

two major implications for an instrument such as the EU ETS: (i) on the one hand, it

should provide the necessary incentive for technological development to reduce the

long-term cost of achieving the targets and (ii) on the other hand, it should mitigate

the risk of lock-in in dirty technologies.

The second perspective pertains to additional implicit objectives, beyond cost-

effectiveness, which one may associate with the EU ETS. Such supplementary

objectives can include reflecting the social cost of carbon or signalling European

leadership in climate policy. As discussed in Tirole (1994) and Dixit (2002), poli-

cymakers typically have a multiplicity of objectives, which can nonetheless change

over time depending on the evolution of voters’ preferences. This situation further

complicates evaluating the success of the instrument.

The underlying tensions in terms of objective(s) emerged more clearly following the

EU ETS price collapse. Some observers highlighted that a low carbon price is not a

problem per se and that the instrument was designed to be pro-cyclical. Others ar-

gued in favour of a carbon price sufficiently high to trigger low-carbon investments

and innovation. In fact, the European Union has provided some support for the latter

by signalling that without intervention the EU ETS would not deliver the necessary

investment in low–carbon technologies to cost–effectively reduce emissions (Euro-

pean Union, 2015). However, ambiguity remains in legal documents regarding the

time frame at which cost–effectiveness is assessed.

1.1 Part I: Price formation and institutional reform:
ex-post insights

Markets have their flaws, as do governments, and observers and ana-
lysts of the two systems have their own limitations. (Dixit, 1998)

Market functioning: from Neoclassical to New Institutional Economics

One may argue for or against reform depending on one’s intended objective for the

trading scheme. Yet, whether a low price is a problem that warrants reform depends

first and foremost on its root cause. This closely hinges on assumptions regarding

the functioning of the market. Once again, diverging views can be identified. The

following discussions specifically seek to contrast Neoclassical and New Institu-

tional Economics perspectives on price formation. This is key to understanding the

research focus in Part I of the thesis.

From a Neoclassical microeconomics perspective, the price in an intertemporal
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emission trading system with banking and borrowing reveals present and future

scarcity at any point in time. Firms have complete information as well as per-

fect foresight over the entire planning horizon. The price emerging thereby reflects

marginal abatement costs and grows at the discount rate (Rubin, 1996). In the event

of a temporary shock leading to a deviation from the expected long-term drift, arbi-

trage ensures that the price bounces back to its trend (Schennach, 2000).

In this first-best world, rational firms invest in low carbon technologies so as to

minimize their costs of compliance over their entire planning horizon contingent on

the long-term reduction targets and the associated permit price trajectory (Rubin,

1996). By definition, cap-and-trade is thus dynamically efficient and the associated

price path is socially optimal.

Relaxing the assumption on complete information and introducing uncertainty

about cumulative demand, a permanent reduction in demand could occur following

an unexpected technological breakthrough, for instance. But the short-term price

would adjust until it equalizes the new discounted long-term socially optimal price

(Schennach, 2000).

Departing from this first-best world setting, New Institutional Economics has sought

to complement neoclassical thinking by deepening the understanding of the role of

institutions and transaction costs on market functioning (North, 1990). One impor-

tant limitation of neoclassical models is their implicit negligence of institutions and

assumption of costless transactions (Williamson, 2000). Yet the institutional frame-

work and the existence of transaction costs are likely to lead market participants to

behave differently from what is expected under a first-best paradigm. For instance,

transaction costs imply that agents often have incomplete information, potentially

inducing them to take decisions inconsistent with what is socially optimal.

Studying the implications of the credibility of commitment is also central in New In-

stitutional Economics. In this context, Acemoglu (2003) highlights that a sovereign

state can change contracts and no coercive authority can prevent it. As a result, con-

tracts that policymakers desire to make with society cannot be enforced. Although

this is a rather strong perspective, it highlights the problem of political commit-

ment in policy-making. In their seminal article Kydland & Prescott (1977) have

made a similar argument in the context of monetary and fiscal policies. The authors

show that policymakers have an inherent incentive ex-post to renege on policies that

were optimal ex-ante, creating a tendency towards time-inconsistency. Market par-

ticipants rationally anticipating this risk adjust their behaviour, which may lead to

market outcomes that differ from the expectations derived from a first-best world.

These insights are relevant for the EU ETS.

In fact, the well-known credibility problem is unlikely to spare climate policy

(Brunner et al., 2012) and might even be exacerbated for several intertwined rea-

sons. As described by Helm, Hepburn, & Mash (2003), such an inherent credibility

problem is derived from three features of climate policy: (i) the multiple and of-
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ten conflicting objectives of policymakers (abatement, public finance, energy prices

and competitiveness), (ii) the irreversibility of large-scale investments in low car-

bon technologies, (iii) time inconsistency, amplified by the long-term time-frame

of climate policies. Political ambition in climate policy is also contingent on soci-

etal consensus, which can change over time and itself depends on external factors

such as international mitigation efforts. It is therefore likely that policymakers re-

vise their initial mitigation objectives upward or downward. As a result, regulatory

uncertainty emerges as politicians face the classical trade-offs between maintain-

ing the flexibility to adjust caps and preserving the credibility of their policies. As

argued by Newell, Pizer, & Raimi (2014), full credibility for long-term goals in

climate policy such as a tax of cap-and-trade system is almost impossible to reach.

Although well understood in other policy contexts such as monetary policy, these

problems of regulatory certainty and political commitment have underappreciated

consequences on market outcomes of emissions trading systems. In almost all cap-

and-trades, the cumulative long-term cap is unknown to market participants as caps

are decided sequentially in a multi-period framework. This is also the case in the

EU ETS. This sequential updating introduces regulatory uncertainty and is likely to

exacerbate the typical risk of time-inconsistency – where new periodic caps are in-

coherent with the long-term objectives proclaimed ex-ante. At the same time, given

the difficulty for policymakers to accurately predict business-as-usual emissions and

the inflexibility of cap setting, there is an underlying risk of regulatory intervention.

This situation was reflected in the EU ETS which had a linear reduction factor in-

consistent with European long-term emission reduction targets, raising expectations

about policy intervention. In addition, the price decline in the EU ETS has led pol-

icymakers to contemplate regulatory changes with the implementation of so-called

backloading, which modified the auction schedule of allowances. The European

executive subsequently proposed long-term reforms of the EU ETS including the

2030 cap and the associated linear reduction factor.

What is the impact of such intervention on market functioning and price formation?

Much of the empirical literature has so far focused on abatement-related factors

such as fuel prices or economic activity to explain price formation in the EU ETS

(see Hintermann, Peterson, & Rickels, 2015)), often implicitly taking credibility

of commitment as given. This view on price formation more closely resembles

the neoclassical approach to market functioning. From a New Institutional Eco-

nomics perspective, however, regulatory risk plays an important role in explaining

market participants’ expectations and price formation. Any policy announcement

influencing the expectations of market participants on the long-term stringency of

the cap will influence price, irrespectively of whether the announcement material-

izes (Salant, 2015). In a nutshell, under regulatory uncertainty, price formation no

longer reflects solely abatement-related fundamentals but also market participants’

expectations and beliefs on future scarcity. Therefore, speculation in the market can

become an important price driver and lead to a price signal no longer consistent
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with a long-term cost minimization pathway – for instance as market participants

withhold otherwise profitable investments due to the perceived regulatory risk. In

other words, a collapse in perceived long-term political credibility can jeopardize

dynamic efficiency.

Further deviations from neoclassical assumptions likely to influence market out-

comes have been suggested in the literature, which can impede minimizing long-

term compliance costs. These include (i) myopia, (ii) incomplete markets and (iii)

non-cost minimizing behaviour. Myopic agents could depart from standard eco-

nomic theory (Holt & Shobe, 2016). Risk-aversion in the context of uncertainty

could lead to short-term sighted behaviour from market participants (Kollenberg

& Taschini, 2015). Incomplete markets could also weaken the no arbitrage con-

dition (Neuhoff, Schopp, Boyd, Stelmakh, & Vasa, 2012). Non-cost-minimizing

behaviour could likewise induce declining agent rationality; for instance due to an

endowment effect in which the disutility of selling an allowance received for free

is higher than to the utility of obtaining it in the market (Hahn & Stavins, 2010).

In other words, multiple market imperfections can threaten the EU ETS from a

price signal coherent with a socially-optimal price that would minimize the costs of

achieving long-term targets.

In sum, appropriate reform of the EU ETS depends on the assumptions of market

functioning, the most pivotal driver in explaining the price decline as well as the

objective associated with the EU ETS. From a static efficiency perspective, a price

collapse might be irrelevant. Yet if the goal is to achieve dynamic efficiency in the

market or to reflect the social cost of carbon, the lessons distilled from monetary

policy and New Institutional Economics can provide us with insights to overcome

credibility problems and, to a lesser extent, market imperfections. As discussed

by North (1990), an institutional structure – including committees in a bipartisan

parliament – can reduce regulatory uncertainty and is pivotal in overcoming credi-

bility problems. However, it might be insufficient. Further commitment devices to

reduce regulatory risks and time-inconsistent behaviour have been discussed in var-

ious policy contexts and generally foresee different degrees of delegation from rules

to the creation of an independent body (Barro & Gordon, 1983; Rogoff, 1985). The

general idea of this delegation is to either tie the hands of politicians through the

implementation of rules, or to locate decision-making outside the political sphere to

an agent with a long-term mandate. Other benefits of agency include a potentially

better ability to foresee complex regulatory issues (Majone, 1996). As compelling

as such mechanisms can be, they are likely to be exposed to tensions regarding their

democratic legitimacy (Rodrik, 2014), thereby creating political trade-offs between

potential efficiency and legitimacy, which need to be investigated.



10 Chapter 1 Introduction

Objectives and contribution of Part I

The first pillar is ex-post in nature. It seeks to provide a new perspective on carbon

markets, and specifically on the EU ETS, by bringing New Institutional Economics

views in the understanding of market functioning, price formation and reform dis-

cussions. The research questions investigated are:

• What drives price formation?

• Is a low price a problem per se?

• Which reform and institutions are needed?

The ex-post analysis of this thesis is composed of three chapters. Chapter 2 recon-

structs the debate for or against reform. Based on economic theory, it disentangles

the drivers of the price decline. It then provides a two-dimensional EU ETS Re-

form Space to map the different reform options discussed for the European carbon

market and to analyse their respective advantages and disadvantages, contingent on

the driver of the price decline. Importantly, the EU ETS Reform Space offers an in-

stitutional perspective by explicitly discussing the concept of delegation in the ETS

context. More specifically, it investigates which degree of delegation (e.g. rule-

based vs. discretionary-based) is a potential response to the perceived failures of

the carbon market.

Yet the price drivers remain unclear for many analysts of the EU ETS. Chapter 3 and

4 address the latter question. Chapter 2 offers an empirical study on price formation

in the EU ETS following the price decline. Chapter 3, capitalizing on an event study

method, investigates the price feedback from 29 hand-collected announcements re-

lated to the EU ETS supply schedule between 2008 and 2014. In sum, it carefully

examines how the political process of adjusting the cap has influenced price forma-

tion. The empirical findings therefore enable the drawing of implications for future

reform of the EU ETS based on the various reform options that have been proposed

so far.

Chapter 5 relies on the insights from the previous chapters to provide a policy analy-

sis of the reform proposal suggested by the European Commission in January 2014,

called the Market Stability Reserve. It analyses whether the Market Stability Re-

serve is an adequate option to improve the functioning of the EU ETS. In addition,

it seeks to embed the reform proposal within in a more comprehensive debate on

the expansion of carbon pricing.
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1.2 Part II: Broadening the carbon market: ex-ante
perspective

Not only does transaction costs economics subscribe to the idea that
the transaction is the based unit of analysis, but governance is an ef-
fort to craft order, thereby to mitigate conflict and realize mutual gains.
(Williamson, 2000)

Uniform and global carbon pricing

The following discussions compare Neoclassical and New Institutional Economics

views on carbon pricing in the context of sectoral expansions of carbon markets.

This is important to understand the various perspectives that coexist on a broad and

uniform carbon price, which play a central role in Part II of this thesis. Part II also

provides an outlook on geographical expansion under political economy constraints.

Sectoral expansion: from Neoclassical to New Institutional Economics

From an economic perspective, a uniform and global price of carbon is a precon-

dition to cost-effectively achieving the transition towards a clean economy (IPCC,

2014; Stern, 2008). However, although emissions trading systems are spreading rel-

atively rapidly, carbon pricing remains fragmented within most jurisdictions. Even

the EU ETS, the largest carbon market so far, covers only about half of all emis-

sions of the European Union (European Commission, 2016). Important emitting

sectors are currently not covered by carbon pricing, such as agriculture, transport

or residential heating. Some carbon markets, such as the California ETS, have

opted for broader sectoral coverage, including road transport, but this remains the

exception rather than the rule (ICAP, 2016). The literature has already provided

in-depth insights on whether and how to extent carbon markets to the transport

sectors. Creutzig, McGlynn, Minx, & Edenhofer (2011) and Flachsland, Brunner,

Edenhofer, & Creutzig (2011) argue for pricing road transport emissions to incen-

tivize demand-side abatement and avoid a rebound effect that could occur with the

sole implementation of standards. Additional instruments might be necessary due

to specific market failures in the sector.

Agriculture has to date been systematically excluded from carbon pricing develop-

ments. At the same time, modelling work has highlighted the mitigation potential

of the sector, and agriculture needs to play a key role in the decarbonisation process

within the European Union but perhaps even more so internationally. In the EU,

based on the PRIMES/GAINS models the emission reduction for agriculture con-

sistent with an overall cost-effective 2050 targets (-80-95%) is -42-49% (European

Commission, 2011). This type of modelling exercise usually assumes social welfare
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maximization by a benevolent dictator as well as rational agents. Other models esti-

mate the mitigation potential based on the engineering of a marginal abatement cost

curve, by assuming that mitigation options cheaper than a predetermined price will

be implemented. However, in such modelling exercises the institutional framework

is often not central and transaction costs are defined coarsely.

The fact that policymakers systematically ignored agriculture in carbon market de-

sign likely mirrors the existence of barriers complicating its implementation. Trans-

action cost problems are particularly relevant in the context of agriculture. In this

context, New Institutional Economics has notably challenged the assumptions of

costless contract enforcement (North, 1990). Coase (1937) with his seminal article

“the nature of the firm” introduced the concept of transaction costs in economics.

The economic Coase theorem states that in a world with no transaction costs and

well defined property rights, an efficient outcome will emerge independently from

the initial distribution of endowments across agents (Coase, 1960). Through his

work, Coase actually sought to highlight the importance of taking transaction costs

into account in economic theory rather than arguing for a world of zero transaction

costs (Coase, 1992). The specific structure of agriculture with large numbers of

very small farms reduces administrative capacities compared to energy producers.

As a result, assumptions of complete information and rationality can be questioned

– to a large extent due to the transaction costs of accessing information. In fact,

incomplete information and bounded rationality might better characterize a sector

composed of so many small entities. Relating this to climate policy, carbon pricing

in agriculture implies for example the implementation of sound measuring, monitor-

ing and verification (MRV) systems in order to preserve the environmental integrity

of the policy. This might be costless in an economic model but it is unlikely to be

the case in the real world, considering the millions of farms comprising European

agriculture, again affecting market outcomes.

Within the European Union, agriculture has often been coined as “exceptional” in

nature (Grant, 2012) and has traditionally been highly subsidized as well as pro-

tected from international trade. As discussed by North (1990) in the context of

what he called the US political sugar market, policy choices have been tradition-

ally inefficient in the sector and were the product of highly asymmetric information

across actors. In fact, agriculture appears to be the textbook example of a sector

where political and institutional frameworks as well as transaction costs are likely

to shape political choices and market outcomes.

As discussed by Williamson (2000) and Acemoglu (2003), institutions and policies

emerging from a political process are unlikely to be efficient. This general criticism

is of particular importance in the agricultural context given the political involvement

in the sector. Political economy is likely to remain central in agricultural policy due

to several factors, including the need to protect food security or the political will

to keep jobs in the country side. Consequently, it is essential to investigate how to

design agricultural policies – including for climate purposes – taking into account
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institutional factors and transaction costs.

Geographical expansion: the right link at the right time

Carbon markets also remain fragmented geographically and carbon prices differ

substantially across countries. Similarly to sectoral expansion, expending the geo-

graphical scope of carbon markets – usually referred to as linking – has often been

perceived as a tool to increase the cost-efficiency of reducing emissions. Yet rela-

tively few examples of linking have materialized, with notable exceptions includ-

ing Quebec and California. The likely reason for such resistance to linking rests

on political economy concerns. Opponents argue that linking implies harmonizing

ambition levels in emission reduction and accepting financial flows across linked

entities, which can prove difficult politically. Importantly, policymakers are likely

to be concerned about losing regulatory sovereignty (e.g. Flachsland, Marschin-

ski, & Edenhofer, 2009). Those factors contribute to explaining why linking has

so far stumbled over implementation obstacles. In other words, ex-ante transaction

costs – i.e. the cost of overcoming political barriers and the complex institutional

constraints – have significantly reduced the chances of large scale linking. This

situation again reflects the underlying tensions between learnings from a first best

world and institutional constraints.

Although perhaps not the most cost-efficient regulatory approach from a neoclas-

sical point of view, partial linking could help overcome political barriers. Such an

approach mirrors the concept proposed by Ostrom (2009) of using polycentric and

incremental policy development to overcome multi-jurisdictional negotiations. In

this context, initiatives such as REDD+, which envisions a scaling up of forestry

offsets, are of particular interest. A partial linking of emerging carbon markets

with forestry offsets could reinvigorate international initiatives in broadening car-

bon pricing and ultimately contribute to reducing emissions cost-effectively. At the

same time, partial linking could become a framework for facilitating access to cli-

mate finance to developing countries. However, it poses many important questions,

in particular within the compliance trading system importing such offsets. A major

concern related to such an approach is that access to cheap forestry offsets could

crowd out clean investments in the linked sectors (Fry, 2008; Murray, Lubowski,

& Sohngen, 2009). It is therefore important to have a better understanding of the

trade-offs associated with such a policy.

Objectives and contribution of Part II

The second pillar provides ex-ante analyses and perspectives. This forward-looking

component of the thesis attempts to look into the extension of carbon markets. Some

sectors of the economy, in particular agriculture, have been conspicuous by their ab-

sence from policy discussions on pricing their carbon emissions. Yet there is limited
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understanding on how the different dimensions of policy design could overcome the

hurdles. Chapter 6 intends to close that gap by providing a synthesis of the frag-

mented literature on carbon pricing in agriculture and the insights on market design

for cap-and-trade systems; its guiding unit of analysis is institutional in nature. The

main research questions in Chapter 6 are:

• How to overcome the barriers to price emissions from European agriculture?

In particular, are there policy designs that can minimize the transaction costs,

leakage risks and negative distributional impacts?

The main contribution of the second pillar of the dissertation, mainly conceptual and

qualitative in nature, is therefore to deepen the understanding of how the different

dimensions of policy design can support overcoming the main barriers of imple-

mentation. In other words, it intends to reconcile the neoclassical view of broad

carbon pricing, taking into account the institutional constraints and specificities of

some sectors, in particular agriculture.

Complementing Chapter 6, Chapter 7 offers another forward looking-perspective

but focuses on the geographical features of carbon pricing. Using a real option

model, it examines the extent to which access to relatively low-cost offsets crowds

out investment in clean power production. The research question investigated is:

• What are the implications of interacting national and international policy de-

signs on clean investments?
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Since the crash of carbon prices in phase II of the European Union Emissions Trading System (EU ETS), many have argued that
the low price mirrors structural failures requiring intervention. A wide range of reform options have been suggested, including
delegating the governance of the carbon market to an independent authority. This article analyses the debate by reconstructing
the various arguments for or against reform. Three possible drivers of the price decline are investigated: (1) exogenous shocks;
(2) insufficient credibility; and (3) market imperfections. It is argued that the extent to which a low price is problematic and
warrants reform depends on the specific objectives associated with the EU ETS and the perception on the functioning of the
market. A two-dimensional EU ETS Reform Space, comprising the degree of price certainty within the EU ETS and the level of
delegation, is devised. Within the Reform Space, EU ETS reform options currently discussed are mapped. This descriptive
structure offers a framework to clarify whether delegation responds to various concerns with respect to the EU ETS. Delegation
might enhance flexibility under unforeseen circumstances, decrease policy uncertainty, and increase the credibility of long-term
policy commitments. However, higher degrees of delegation face challenges including democratic legitimacy and political
feasibility.

Policy relevance
In January 2014, the European Commission proposed a structural reform of the EU ETS characterized by a quantity triggered
Market Stability Reserve, increasing flexibility in allowance supply. However, intense debate has revealed considerable differ-
ences in opinion regarding the need for and objectives of any adjustment mechanism. Other proposals, including various
degrees of delegation to a rule-based adjustment mechanism or an independent authority as well as degrees of price certainty,
were also suggested. This article offers a new framework, the EU ETS Reform Space, to compare reform options more sys-
tematically. This work therefore contributes to structuring the policy debate by providing a tool to better understand themerits and
demerits of various reform proposals

Keywords: carbon authority; carbon central bank; carbon price; delegation; EU Emissions Trading System; market stability reserve

1. Introduction

Whether the EuropeanUnion Emissions Trading System (EU ETS) needs to be reformed – and if so how

– is one of themost discussed questions of current European climate policy. The debatewasmainly trig-

gered by themarked and persistent drop of the EU allowance (EUA) spot price, whichwent fromE30 in

January 2008 to below E5 in January 2013, and has since remained around this level until the time of
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writing this article (January 2014). The EUA future prices closely followed the trend, and in 2013 ranged

fromE6 toE7 for a year 2020 allowance (Intercontinental Exchange (ICE), 2014). Based on the current

academic debate and economic theory, the price deterioration can be attributed to several factors.

These factors may be divided into three categories of drivers that could explain the current low

price: (1) exogenous shocks (e.g. economic crisis, overlap of policies such as ‘renewable support

schemes’ and influx of Clean Development Mechanisms at the end of phase II); (2) political uncer-

tainty and lack of long-term credibility; and (3) market imperfections (see e.g. Aldy & Stavins, 2012;

Egenhofer, Marcu, & Georgiev, 2012; European Commission, 2014a; Koch, Fuss, Grosjean, & Edenho-

fer, 2014; Neuhoff, Schopp, Boyd, Stelmakh, & Vasa, 2012; Van den Bergh, Delarue, & D’haeseleer,

2013).

Nonetheless, there appears to be much less consensus on whether the current low price is per se a

problem that warrants regulatory reform. This article argues that the divergence on this question orig-

inates partially from different fundamental objectives (usually implicitly) associated with the EU ETS,

as well as on the perception of the functioning of the EU ETS. Officially, the 2003 Directive establishing

the EU ETS states that it is intended to ‘promote reductions of greenhouse gas emissions in a cost-effec-

tive and economically efficientmanner’ (EuropeanUnion, 2003).However, it is silent on the timeframe

atwhich cost-effectiveness should be assessed. In addition, theDirective does not clearly define the role

the EU ETS should play, for instance, in the development of new technology. Such objectives are there-

fore implicitly assumed by various observers of the market. This diversity of opinions was reflected in

interviews with experts from academia, industry, as well as policy makers, which were undertaken to

inform this article.1 For instance, although some observers consider the EU ETS a pure quantity-

based mechanism to implement emissions targets at least cost within a trading period, others expect

the scheme to convey a credible long-term price signal to induce the technological innovation and

investments required to reduce emissions costs effectively over time. Moreover, even if the case for

EU ETS reform is accepted, the ranking of reform options might differ. This article therefore intends

to shed light under what assumptions on the functioning of the EU ETS a reform is needed and identify

the types of reform that are potential responses to the various market or governance imperfections.

To address the perceived problems of the EU ETS, the European Commission (2012a) proposed in

2012 six reform options, broadly falling into three groups: (1) a one-off change in the emissions

reduction profile; (2) a change in the scope of the EU ETS (sectorally or geographically); and (3) price

management. In January 2014, following stakeholder consultation and limited modelling, the Euro-

pean Commission announced it favoured a Market Stability Reserve (MSR) to introduce flexibility

and improve the functioning of the EU ETS. While there are a range of policy instruments available

to implement these and other reform options, a distinct question is what type of institution should

have the control over the respective policy levers. Theoretically, control could remain with the EU –

i.e. the current arrangement of legislating and implementing policy between the European Commis-

sion, European Council, and European Parliament. However, the idea of delegating some aspects of

carbon market governance to an independent regulatory body such as a carbon central bank has

also been discussed. For instance, the German Council of Economic Experts (2013) has suggested

the creation of a ‘certificate central bank’ to stabilize carbon prices.

Delegation has been discussed extensively in the literature, usually as a mechanism to strengthen

regulatory commitment in a context of potential time inconsistency (Barro & Gordon, 1983;

Kydland & Prescott, 1977; Rogoff, 1985). Time inconsistency arises where policy makers have an

2 Grosjean et al.
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ex post incentive to renege on commitments that may have been optimal ex ante, and where antici-

pation of this effect by regulated agents is not adequately considered in policy design. In that frame-

work, delegation has also been put forward as a means to protect from overly short-term-focused

policy making induced by electoral considerations or by incapacity to bind future legislatures

(Gilardi, 2002; Majone, 1997).

Monetary policy provides the classic example where the short-run trade-off between inflation and

unemployment decreases the credibility of anti-inflationary commitments by governments with

short-term objectives. In other sectors requiring large and irreversible investments such as infrastruc-

ture, a rational regulator has the incentive to focus on broader goals such as increasing consumer

welfare once sunk investments have been made (Trillas, 2010). Accordingly, investors anticipating

such behaviour either hold off or underinvest in new infrastructure, relative to what would be socially

optimal.

An often suggested remedy to time-inconsistent policies is delegation, either by setting rules that tie

the hands of the politicians or by establishing an independent and credible regulator, which is bound

by a firmmandate, but operates within various degrees of discretionary power (Barro & Gordon, 1983;

Levine, Stern, & Trillas, 2005; Stern & Trillas, 2003). Those that favour delegation via rules argue that

rules reduce human-induced policy mistakes and increase transparency for market participants (Van

Lear, 2000). Proponents of discretion argue that rules are too inflexible and thus lead to an inability

to adjust to new information or to (expectable) mistakes having been made in policy design (Barro,

1986; Bernanke, 2003).

In addition, delegation is also suggested to provide the required regulatory expertise in highly

complex policy issues (Majone, 1996), address principal-agent problems (Bendor, Glazer, &

Hammond, 2001; Eggertsson & Le Borgne, 2003), and shield against regulatory capture by interest

groups (Miller, 1998). Nonetheless, it has also been argued that delegation does not solve the commit-

ment problem but rather relocates it (McCallum, 1995), it may not be possible to find an agent with

appropriate preferences (Trillas, 2010), and the independent agent might still be at risk of industry

capture (Che, 1995). Finally, setting up independent agencies is a highly political process, where the

agencymay lackaccountability andhencedemocratic legitimacy (Aziz,2005; Ergas, 2010;Rodrik, 2014).

In the context of carbon pricing policy, delegation was first considered in view of potential time

inconsistency problems (Helm, Hepburn, & Mash, 2003). In addition, it has also been discussed

more recently as a response option to specific perceived failures of the EU ETS. For example, delegation

has been proposed to give additional flexibility to manage the EUA permit market by either targeting

prices (Clò, Battles, & Zoppoli, 2013; Taschini, Kollenberg, & Duffy, 2014) or quantities (de Perthuis,

2011; de Perthuis & Trotignon, in press; European Commission, 2014b; IETA, 2013). It is expected to

introduce a transparent and predictable intervention framework capable of aligning short-term

prices with long-term objectives (see de Perthuis, 2011; de Perthuis & Trotignon, in press). It has also

been suggested as a mechanism to provide market supervision and to undertake policy coordination

(de Perthuis, 2011; Edenhofer, Flachsland, & Marschinski, 2007). Similar proposals have also been

made, applicable globally (Edenhofer, Knopf, & Luderer, 2010; Klingenfeld, 2012) or to any country

(McKibbin, Morris, &Wilcoxen, 2009) but also specifically for the US (Whitesell, 2007, 2011) and Aus-

tralia (Garnaut, 2012).

Much of the recent debate on EU ETS reformhas focused on comparing and contrasting an indepen-

dent carbon authority against instrumental reform options such as a price floor or price corridor. In our

Is delegation the key to EU ETS reform? 3
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view, this is misleading, as the institutional set-up with various degrees of delegation and the type of

instrument used – for instance introducing more price certainty – are different dimensions of

policy design that cannot be directly compared. In that context, this article aims to clarify two impor-

tant aspects of the current discussion. First, it intends to bring insight to the debate on the need for

reform by grounding in economic theory the diverging perspectives on the low allowance price.

Second, it proposes an EU ETS Reform Space, which offers a new descriptive framework to map EU

ETS reformproposals along the two dimensions of price certainty and degree of delegation. This frame-

work is then applied to structure the discussion of the merits and demerits of delegation as a reform

option for the EU ETS.

The article is organized as follows. In Section 2, the possible explanations for the low permit price are

attributed to three potential drivers, which are then linked to the different objectives associated with

the EU ETS, and a case for (or against) reform is derived. In Section 3, options for reform entailing both

instrumental and institutional changes that have been suggested in the policy debate are discussed. In

Section 4, these options are mapped onto an EU ETS Reform Space, and the possibility to address the

various perceived fundamental problems of the EU ETS through delegation is investigated. Section 5

provides a brief discussion of caveats and conclusions.

2. Drivers of the low permit price and rationales for intervention

As the EU ETS entered its third phase in 2013, the EUA price decreased and remained at around E5.

Moreover, the annual schedule for releasing new permits into the market remained unchanged

despite the existing annual surplus2. As a consequence, it is estimated that an oversupply of allowances

will persist throughout phase III until 2020, with the EUA price remaining accordingly low (European

Commission, 2014a; Morris, 2012; Neuhoff et al., 2012). At present, many analysts do not expect the

EUAprice to exceedE20 before 2020 (EuropeanCommission, 2013; Point Carbon, 2013a) or even 2030

(Egenhofer et al., 2012), although it was previously expected to reach E25–39/tCO2e over that period

(European Commission, 2009).

But does the low permit price point to a structural problem within the EU ETS? And if so, what

exactly is the problem with a low EUA price, and what should be done about it? These were two of

the questions asked of 23 EU ETS experts. The answers to the first question were almost evenly

divided between ‘low price does not indicate a problem’, ‘low price indicates a problem’, and

‘cannot say’, thus revealing a strong divergence in the assessment of EUA prices. When asked about

structural problems built into the EU ETS, most experts agreed that political uncertainty and a lack

of credibility were key concerns, followed by inconsistency of long-term targets, overlap of climate pol-

icies, lack of flexibility, and over-allocation (see Figure 1(a)). Of the experts, 15% did not perceive any

failures in the current EU ETS design that would mandate government intervention.

In addition, Figure 1(b) shows that no clear consensus exists as towhat constitutes the primary objec-

tive of the EU ETS. This suggests that the positions interviewees adopted on reform need to be

explained both in terms of their assessment of current design problems and their understanding of

the main objectives of the EU ETS.

In sum, the picture that emerges from the expert interviews is puzzlingly heterogeneous. In view of

this, this section sets out to disentangle whether (and which) reform of the EU ETS is warranted based

4 Grosjean et al.
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ondifferent views on (1) themost relevant drivers of the permit price, and (2) the perceived objective(s)

of the EU ETS. The aim of this article is to understand the various aspects of the debate, rather than to

argue for or against a specific position. This section presents a comprehensive qualitative review of the

literature on the possible drivers of the current price level. Against this background, each of the follow-

ing subsections discusses a possible driver of the price level, including exogenous shocks (Section 2.1),

lack of credibility (Section 2.2), and market imperfections (Section 2.3).

2.1. Exogenous shocks
Market response to a series of exogenous shocks reducing permit demand in the presence of a fixed

supply schedule is perhaps the simplest explanation of the low EUA price. Those exogenous shocks

included (1) the economic recession following the financial crisis; (2) overlapping policies like national

‘renewable support schemes’ for renewable energy sources; and (3) the large influx of Certified Emis-

sion Reductions (CERs)/Emission Reduction Units (ERUs) at the end of phase II.

Figure 1 Results from expert interviews
Note: Results are based on ex post assessment and categorization of responses. Hence, responses have not been coded and
categories were established after the interviews. Respondents could give multiple responses.
Source: Interview results.
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Regarding the first point, as shown in Figure 2, it is evident that the economic crisis has played an

important role in the oversupply of allowances (Curien & Lewis, 2012; de Perthuis, 2011). The crisis

has hit Europe for several years, depressing output and therefore demand for emission permits. The

actual gross domestic product (GDP) growth of the EU turned out to be much lower than previously

anticipated in the modelling exercises (European Commission, 2007) that informed the design of

phase II (see Figure 2(b)) (EuropeanCommission, 2007). In fact, the total verified emissions of the facili-

ties covered by the EU ETS decreased by 12% between 2008 and 2012 (European Environment Agency,

2013) and remained persistently well below the cap (Figure 2(a)) from 2009 onwards.

Second, the EUETS is currently interactingwith ahost of broader climate and energy policies that are

administered both at the national and European levels. Countries such as Germany and Spain have

introduced ‘renewable supporting schemes’ to promote the development of renewable technologies

in order to reach domestic energy policy objectives and the targets of the EU 2020 climate and

energy package (European Commission, 2012b). The current evidence indicates that the total renew-

ables deployment was indeed slightly higher than anticipated for the EU in 2011 (see Figure 2(c)). In

addition, some countries participating in the EU ETS, including the UK, Sweden, Norway, and

Denmark, have implemented carbon taxes in addition to the EU ETS (Fankhauser, Hepburn, & Park,

2010).

Third,whenmarket participants useCERs for compliance, this automatically reduces thedemand for

permits in the EU ETS. As long as the price of CERs remains lower than that of EUAs, companies have an

incentive to use international offsets until they reach the legislated (per company) quota onmaximum

CERs use. In 2012, firms had already surrendered more than 60% of the maximum amount of offsets

permissible for the entire period 2008–2020 (Point Carbon, 2013b). This development was driven by

two factors: (1) a change in the EU ETS regulation preventing the use of some offset types in phase

III (e.g. credits originating from HFC and adipic acid N2O projects, World Bank, 2012); (2) the collapse

in credit prices due to the non-ratification of the Kyoto Protocol by major emitters, which led to a low

international demand for credits. This triggered an unexpectedly large use of offsets for compliance in

the EU ETS in 2011 and 2012 (see Figure 2(a)), which further increased the size of the surplus of allow-

ances at the end of phase II (European Commission, 2014a; Neuhoff et al., 2012).

Depending on the objectives associated with the EU ETS, explaining the current low price as the

result of exogenous shocks actually allows for two opposing conclusions regarding the case for or

against an EU ETS reform. If the focus is on cost-effective attainment of the short-term cap as the

only objective of the EU ETS, there is clearly no reason for intervention. In this line of reasoning, chan-

ging themarket rules now by, for example, revising the planned number of new permits, could even be

counterproductive. If fact, it could damage the EU’s credibility to adhere to announced emission

targets (Egenhofer et al., 2012).

However, various authors have adopted a broader, multiple objectives perspective beyond short-

term cost-effectiveness, resulting in a preference for a higher and more stable permit price as a

means to meet these objectives. The first two objectives are (1) inducing the development of low-

carbon technologies in a dynamically efficient manner (Clò et al., 2013; European Commission,

2014a) and (2) promoting Europe’s goal of being a symbolic leader-by-example (Grubb, 2012; UK Gov-

ernment, 2013).

Given the first objective of achieving dynamic cost-efficiency, current (and forward) carbon prices

would need to be sufficiently high to induce the desired level of low-carbon technology development

6 Grosjean et al.
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(the optimal level of which seemsmethodically difficult to determine). In fact, due to themagnitude of

the transition needed to achieve long-term decarbonization, innovation in low-carbon technologies

will be essential to minimize the long-term costs.

Figure 2 Drivers of the low price. (a) The EU ETS annual cap (Cap), annual verified emissions from sources covered by the EU
ETS (Emissions), annual offsets surrendered for compliance (Offsets), and average annual future rolling prices (CO2 price). (b)
Actual annual GDP (EU27) compared to the 2007 GDP baseline in PRIMES (2007) (see European Commission, 2007). (c)
Deployment of total renewable energy (RE Energy (actual) and RE Energy (expected)), as well as the deployment of renewable
electricity (RE Electricity (actual) and RE Electricity (expected)). Note that aviation was added to the EU ETS in 2012 (European
Commission, 2014c) (it was limited to domestic aviation in 2013) and that the linear reduction factor of the cap was only
implemented from 2013 onwards
Sources: Own compilation based on Beurskens and Hekkenberg (2011), EEA (2013), European Commission (2007), Eurostat
(2013a, 2013b), ICE (2014), Point Carbon (2011a, 2011b, 2012, 2013a).
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From the perspective of the second objective, implementation of the EU ETS is intended to show lea-

dership to bring other major emitters on board for a global climate agreement. Early and ambitious

action in mitigation might be used to signal high benefits from emissions reduction to other players

(Jakob & Lessmann, 2012) and also create technological learning spillovers, reducing the costs of

energy transformation for the rest of the world (Golombek & Hoel, 2004).

In addition to these two objectives, there have also been concerns that an excessively low price will

not reflect the marginal social costs of carbon and thereby fails to internalize the negative global

externality associated with carbon emissions (Nordhaus, 2011). As is well known (e.g. Baumol &

Oates, 1988; Stern, 2007), pricing externalities is one of the cardinal lessons distilled from environ-

mental economics. While the adherence to emission targets under the EU ETS is guaranteed, it

cannot be relied upon to generate a price consistent with the social cost of carbon. Against this back-

ground, it might be justified to intervene in the market if there is a pretence to establish such a corre-

spondence (if only roughly).

From each of these multiple objectives perspectives, a (sufficiently high) carbon tax may appear the

appropriate instrument in the first place. However, its implementation was not politically feasible in

the EU due to the requirement of unanimity voting required to implement a tax at the EU level

(Convery, 2009). Turning the EU ETS into a hybrid instrument featuring a price corridor would thus

introduce the benefits of a taxation instrument into the EU ETS quantity system (Pizer, 2002). If the

EUA price turns out to be lower ex post than anticipated ex ante (e.g. based on modelling studies),

measures stabilizing the price in the presence of exogenous shocks would be justified in this multiple

objectives perspective.

2.2. Lack of credibility
Although specific EU ETS targets have been legislated only until 2020, the cap is scheduled to be

reduced linearly by a factor of 1.74% even beyond this date, unless changed otherwise by policy

reform. In addition, EU leaders officially re-acknowledged in February 2011 the objective of redu-

cing Europe’s emissions to 80–95% below 1990 levels by 2050 (European Commission, 2011), but

it is worth noting that this is not a legally enshrined target.3 In response to longer-term targets and

a constant year-on-year reduction of the cap, firms should be expected to exploit the current low

price by moving forward abatement and accumulating permits for later trading periods with inevi-

tably higher permit prices. This would drive the current price up. Yet, if the EU’s announcement of

stringent emission targets in the trading periods leading up to 2050 lacks credibility vis-à-vis

market participants, the permit price will not correctly reflect the scarcity implied by future

targets.4

By deciding upon specific 2030 and 2040 ETS emission targets along with associated levels of tech-

nology support and energy efficiency targets, politicians could reduce uncertainty (Blyth & Bunn,

2011). However, even in the absence of uncertainty regarding future targets, it would be questionable

whether such commitments can indeed be credible, if the envisaged policy programme suffers from

time inconsistency (Helm et al., 2003; Laffont & Tirole, 1996). According to Helm et al. (2003), this

is likely to occur due to several inherent features of climate policies, including (1) themultiple and con-

flicting objectives (abatement, public finance, low energy prices) faced by governments, (2) the irrever-

sibility of large-scale energy investments. as well as (3) the possibility to ex post renege on ex ante
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regulatory pledges regarding emissions caps or carbon taxes. In that context, Koch et al. (2014) findpre-

liminary evidence suggesting that policy events in the EU ETS such as the decision on back-loading5

permits in the period 2014–2020 might have affected price fluctuations to a greater extent than

other market fundamentals. Yet, some of those policy events had a negative impact on the price

rather than the envisaged upwards effect, indicating potential credibility problems of those regulatory

changes.

In addition, doubts that the EUwill stick to its announced climate policy targets are evidently fuelled

by uncertainty about the future of international climate policy, including the prospects over the sub-

stance of the climate agreement envisaged for 2015 under the United Nations Framework Convention

on Climate Change (UNFCCC), and beyond that date. In fact, it seems questionable whether the EU

will implement aggressive emission reductions if the rest of the world does not participate in this

effort in some meaningful way (Sartor, 2012; Schiller, 2011). This is also likely to be influenced by

the level of support for climate policy within the EU.

Both the uncertainty of future targets and the credibility of long-term commitment may under-

mine the EU’s announcement, and might therefore reduce inter-temporal price smoothing and

push the short-term permit price below the efficient level vis-à-vis the planned emission trajectory.

As a result, the long-term reduction target of the EU ETS might no longer be achieved cost-effec-

tively, e.g. as indicated by long-term modelling of the EU ETS sector (European Commission,

2007). Hence, if the low price of the EU ETS was only, or in significant part, driven by insufficient

credibility, a regulatory intervention promising to alleviate this problem would clearly be

warranted.

2.3. Market imperfections
Finally, the permit price might be driven by excessive discount rates reflecting various capital market

imperfections due to asymmetric information, resulting from strategic behaviour of firms, market

power, or other market distortions. Additionally, disproportionately high discounting might also

mirror an excessive short-term focus by some market participants combined with insufficient regard

for long-term strategy that could have undermined the long-term price signal (Taschini et al., 2014).

According to Neuhoff et al. (2012), there is an increase in the discount rate when the surplus in the

market is larger than the demand for hedging the carbon costs of future power and industrial pro-

duction, which they argue is currently the case. They conclude that the remaining investors in the

market are speculators, who typically require higher returns than those participants that bank

permits for future compliance.

Asymmetric information can result in a ‘ratchet effect’, where firms exaggerate current compli-

ance costs and lobby to obtain an over-allocated cap (Grubb, Azar, & Persson, 2005) or lock-in to

emission-intensive technologies in order to negotiate more lenient regulation (Brunner, Flachs-

land, & Marschinski, 2012; Harstad & Eskeland, 2010). The case for regulatory intervention

would be compelling from an economic theory perspective if market imperfections could be con-

firmed to distort the permit market. The type of intervention or policy instrument would depend

on the specific market imperfection as well as on its magnitude. Generally, it seems that further

empirical or theoretical evidence than is currently available would be required to arrive at the con-

clusion that market imperfections drove the price to the current level (for a review of potential

Is delegation the key to EU ETS reform? 9

CLIMATE POLICY

2.2 Drivers of the low permit price and rationales for intervention 31



market imperfections and distortions in a climate policy context, see Staub-Kaminski, Zimmer,

Jakob, & Marschinski, 2014).

Figure 3 summarizes the discussion of the three possible price drivers in the EU ETS and the impli-

cations for regulatory reform. On aggregate, some mix of these effects led to a price level much

lower than anticipated. The annual cap was higher than the verified emissions from 2009 onwards,

and a permit surplus of roughly 2 billion tonnes has accumulated (European Commission, 2013).

However, even if a case for reform can be made, the question remains on the specific kind of reform

required. The following section discusses EU ETS reform options in line with the different perspectives.

3. Reforming the EU ETS: instruments versus institutions

In this section, instrumental and institutional reform options are discussed before a conceptual frame-

work to compare and contrast different reform proposals is introduced.

3.1. Instruments
In November 2012, the European Commission released a report outlining a number of options for

reform based on the public and academic debate. These options can be categorized into three sets

(see Table 1). Set I includes mechanisms to impose a one-off change in the emission reduction

profile that could reduce the surplus of allowances.6

Set II aims at changing the scope of the EU ETS either by extending it to other sectors or by reducing

the supply of international credits. Set III introduces the possibility of some price management in the

Figure 3 Three possible drivers of the low price in the EU ETS
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trading scheme but remains relatively open regarding its exact form (European Commission, 2012a).

This option (Set III) therefore converts the EU ETS from a pure quantity-based instrument to a hybrid

scheme in order to reduce the uncertainty of permit prices. A wide range of mechanisms introducing

greater price certainty in a trading scheme have been discussed in the literature, including (1) price

floors (Helm, 2008; Wood & Jotzo, 2011), (2) price caps (Jacoby & Ellerman, 2004; Pizer, 2002), and

(3) soft (with allowance reserves) and hard price corridors (Burtraw, Palmer, & Kahn, 2009; Fell,

Burtraw, Morgenstern, Palmer, & Preonas, 2010; Hepburn, 2006; McKibbin et al., 2009; Murray,

Newell, & Pizer, 2008). A soft price collar normally includes a minimum price at auction, but is

limited in its ability to control price hikes by an allocation reserve, whereas a hard price collar

allows for unlimited quantity adjustments to achieve fixed price levels (see Fell et al., 2010, for a com-

parison). Conceptually, themore control is exerted on the price, the closer the hybrid scheme comes to

a pure carbon tax. Cap-and-trade and carbon taxes would actually be equivalent under idealized econ-

omic conditions. However, in reality, with imperfections such as uncertainty, market power, or trans-

action costs, their efficiency generally differs (Hepburn, 2006).

Following stakeholder consultations on the proposed options, in January 2014 the European Com-

mission published a legislative proposal for the European carbon market. This legislative proposal

encompasses two key pillars: (1) drawing on set I, a possible increase in the linear reduction factor

from 1.74% to 2.2% from 2021 onwards; and (2) the creation of a Market Stability Reserve (MSR),

also from 2021. The latter had not been included in the previously proposed reform options.

3.2. Institutions
Most proposed reform options have focused on instrumental features such as the degree of price cer-

tainty introduced, but the level of institutional innovation embodied in a reformmay be significantly

different. For instance, proposals were made to legislate adjustment rules (European Commission,

2014b; IETA, 2013) or to delegate some elements of ETS regulation to an independent agency that

could establish adjustment rules (Clò et al., 2013) or make discretionary-based interventions (de

Perthuis & Trotignon, in press; Lieberman-Warner, 2007). However, it is not clear what form of del-

egation would be best suited to address the perceived problems of the EU ETS. As is evident frommon-

etary policy and the regulation of other industries, various forms of delegation are possible. It is

therefore important to have a systematic approach to contrast different institutional set-ups.

Table 1 Reform options proposed by the European Commission

EU set I: Reduce permit surplus EU set II: Adjust scope EU set III: Reduce price uncertainty

† Increase the EU reduction target to 30% by 2020 † Expand the EU ETS to other sectors † Price floor

† Retire a number of allowances in phase III † Restrict the number of usable

offsets

† Soft price collar (allowance

reserve)† Early revision of the linear reduction factor

Source: European Commission (2012a).
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3.3. EU ETS Reform Space
This article offers a new framework, the EU ETS Reform Space, to compare the different reform options

put forward. It is argued that the various degrees of instrumental and institutional change embodied in

reform proposals can be mapped in a two-dimensional space (Figure 4).

The horizontal dimension relates to the extent to which an option leads towards more price cer-

tainty (right-hand side) as compared to the status quo of quantity certainty (left-hand side). On

either end of the price vs. quantity certainty spectrum lie a pure cap-and-trade mechanism (left) and

a carbon tax (right). Between these two extremes there are a wide range of hybrid schemes, such as

hard and soft price collars.

The vertical dimension pertains to the continuous delegation of decisional power over the govern-

ance of the EU ETS away from the EU. The status quo represents a situation where the EU retains full

decisional power and continues to implement reforms directly. Moving further on the continuum,

adjustment rules are introduced. These rules could either be legislated by the EU in addition to the

existing legal framework or by an independent agency operating within a predefined mandate, and

they would define the way intervention takes place in the EU ETS. Towards the end of the continuum,

Figure 4 EU ETS Reform Space
Notes: Soft PC, soft price corridor; Hard PC, hard price corridor.
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the EU could relinquishmost (if not all) decisional powers to an independent body that wouldmanage

the EU ETS, potentially including full control over the cap and/or price. In this context, the indepen-

dent institution would have amandate legislated by the EU specifying its objectives, such as achieving

a certain emission target at least costs. However, this institution would be entitled to choose its instru-

ments for interference. Such approaches to delegation most closely resemble the case of independent

central banks having significant discretion overmoney supply, while being guided by some core objec-

tives such as price stability, which were politically set at their inception.7Within this basic framework,

many of the options that have been put forward to reform the EU ETS can be compared. For example, if

the existing EU institutions remain themain entity in charge of managing themarket, various options

exist. The status quo,where the EUETS remains a pure quantitymechanism, is the first possibility. Set I,

with reformoptions such as a revision of the linear reduction factor as suggested by the EuropeanCom-

mission (2014d), is located in the top-left area of the EU ETS Reform Space. This is due to the limited

changes in terms of delegation and explicit price certainty. Set II is located with set I, as adding

another sector such as transport to the EU ETS, where short-term demand for permits is likely to be

more predictable, could have a smoothing effect on price development but remains uncertain. Set

III represents a set of options available to exert greater control over the emission price and could be

located somewhere between a soft and a hard price collar depending on the specific design. The soft

price collar entails less price certainty and also implies more quantity certainty than a hard price cor-

ridor. When implemented by the EU, this option lies in the upper-middle area of the EU ETS Reform

Space. The hard price collar, on the other hand, is placed in the upper-right corner as it offers stronger

price certainty by implementing a strict price floor and ceiling. Both options lie below the status quo in

terms of level of delegation, as the price collar would need to be defined in legislated rules in addition to

the existing framework.

3.3.1. Rule-based delegation
Other proposals combining various degrees of delegationwith different levels of controls over quantity

or price were also discussed, some with significant institutional changes.8 IETA (2013) proposes a type

of rule-based approach to revise the quantity of permits in the market. However, the authors argue in

favour of keeping the long-term carbon budget neutral.9 A rule to temporarily remove or add allocation

from the market could be based on a mathematical formula or predefined triggers. This mechanism is

likely to adjust to relevant and observable economic variables, such as primary energy demand, diffu-

sion of renewable energy, estimated abatement costs, technology switching prices, size of the permit

surplus, or GDP. Supply would then be adjusted in a predictable way according to the deviation of

these variables from their expected trend.

The European Commission’s January 2014 proposal can also be characterized as a rule-based

approach, which targets the quantity of allowances. The proposed MSR is designed to adjust the

supply of allowances in the market based on predefined rules surrounding the level of permit

surplus.10 To facilitate price discovery between trading periods, the reserve can be carried over mul-

tiple periods.

Alternatively, Taschini et al. (2014) propose a quantity adjustment rule, which would respond to a

price-indexed trigger mechanism. This proposal draws on Article 29a of the EU Emissions Trading

Directive (European Union, 2009), which aims to avoid large temporary price hikes.11 Here the
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quantity adjustment would be triggered when the price deviates from its long-term trend for a certain

period but would apply to both price hikes and price drops. The authors argue that such a mechanism

wouldmake intervention necessary only under exceptional circumstances. In fact, the expectations of

a possible intervention would (at least partially) already correct the price. If intervention is necessary

based on the triggers, its magnitude would be calculated by the European Commission based on pro-

jected emissions, the time remaining until the end of the period and the number of allowances still to

be auctioned.

The European Commission (2014b), IETA (2013), and Taschini et al. (2014), propose that interven-

tions are made by the EU and are governed by legislated rules. By contrast, Clò et al. (2013) suggest (1)

the creation of anew institution thatwould (2) govern thepermitmarket via a price-based rule such as a

price corridor. The introduction of a new bodywith the ability to set rules for the carbonmarket reflects

less decisional power for the current EU governance arrangement, locating their proposal further down

the delegation spectrum (see Whitesell, 2007, for a similar proposal for the US).

3.3.2. Discretionary-based delegation
Finally, two proposals for delegation entailing significant levels of discretion have been put forward.

First, de Perthuis andTrotignon (in press) propose the creation of an IndependentCarbonMarket Auth-

ority (ICMA). The mandate of such an institution would be to maintain the credibility and political

ambition of climate policy over time by managing allowance supply. In the short term, this requires

an adjustment of auctions to ensure ‘proper functioning’ and ‘liquidity’ in the trading market. Over

the medium to long term, this could also entail adjustment of the allowance cap. Interventions

would focus ondiscretionary quantity adjustment andhence the authors see noneed for pricemanage-

mentmechanisms. The role of the ICMAwould be to ensure the compatibility of the EU ETSwith other

energy and climate policies as well as to monitor the interactions with international markets. In the

current policy context, according to the authors, the revision of the capwould be downward if its objec-

tive is to avoid, for instance, an unexpected decrease in the demand for permits due to policy overlap

and the import of offsets. To motivate its actions and allow for clear expectations, the ICMA would

implement a transparent monitoring framework and report to the Council and the European Parlia-

ment. This option is located in the lower-left corner of the EU ETS Reform Space, as it entails no explicit

price management.

Second, a CarbonMarket Efficiency Board was suggested in theUSCongress Lieberman–Warner leg-

islative proposal (S. 2191) (see Lieberman-Warner, 2007). The proposed mandate was to achieve some

price level that balanced emission reductions and economic growth (Manson, 2009).12 Consideration

of short-term price certainty and its impact on industry competitiveness therefore appears to be at least

equally important as short-term quantity concerns, locating this option at the bottom-middle area of

the EU ETS Reform Space.13

4. Is delegation the key to EU ETS reform?

Would delegation ‘fix’ the EU ETS by solving the problems identified in Section 2? This section

addresses this question using the EU ETS Reform Space to structure the discussion. For each possible

driver of the low price, and taking into account potential EU ETS objectives, an appropriate policy
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space is identified (see Figure 5) andmajor strengths and weaknesses of specific reform options are dis-

cussed. This analysis is more descriptive than analytical. It aims to provide structure to the ongoing

debate as well as a framework to better understand in which case and to what extent delegation of

climate policy might be useful. Consequently, it does not aim to identify the optimal reform.

Rather, the preferable reform option (including the option not to reform) depends on (1) the weight

the analyst attaches to the actual drivers of the current price level (i.e. exogenous shocks, lack of credi-

bility, or market imperfections) and (2) the relative importance of objectives assigned to the EU ETS

(single short-term least-cost objective versus multiple objectives).

4.1. Responding to exogenous shocks
As discussed in Section 2, two perspectives on reform can be taken if an exogenous shock is considered

to be the cause of the low EUAprice: a single short-term cost-effectiveness objective and a broader,mul-

tiple objectives perspective. The Reform Space for those that subscribe to the single, short-term objec-

tive perspective is the status quo. No regulatory change is required (see Figure 5).

Those that subscribe to a multiple objectives perspective, beyond short-term cost-effectiveness,

argue that the price is ‘too low’ to induce the desired innovation, to signal EU leadership on climate

policy, or reflect the social cost of carbon. In these perspectives, the extent of enhanced price certainty

introduced by specific reform options is particularly relevant. Based on these considerations, the set of

optionswithin the EUETS Reform Space for dealingwith exogenous shocks under amultiple objectives

Figure 5 Perspectives on EU ETS reform
Notes: Soft PC, soft price corridor; Hard PC, hard price corridor. EU set I and set II are not discussed in this graph as the analysis
focuses on options entailing some minimum degree of delegation.
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perspective comprises the entire plane right of the vertical axis, introducing higher price certainty at

various degrees (see green area in Figure 5). However, the exact location on the right-hand side of

the EU ETS Reform Space will be based on the weight assigned to a stable and predictable carbon price.

In this framework, theMSR as a quantity-based adjustment rule reform is not tied to price formation

and does not put a strongweight on price stability and predictability. According to Trotignon,Gonand,

and de Perthuis (2014), such a mechanismmay even increase price volatility as this automatic adjust-

ment does not take into consideration changes in the adjustment of market participants to their econ-

omic environment. While perhaps having an upwards effect on short-term prices by reducing near-

term permit availability, it is unclear how the MSR will shape the price expectations of market partici-

pants. In fact, the European Commission Impact Assessment indicates that such a cap neutral adjust-

ment may increase short-term but depress mid-term prices (European Commission, 2014a), which is

likely to have an uncertain overall impact on investment and innovation.14 Such uncertainty is com-

pounded by the fact that a review of the rule is scheduled for 2026, and it is difficult to predict what the

result will be.

In a pure exogenous shock perspective and adopting amultiple objective approach, it is not obvious

why the creation of an independent bodywith discretionary power should benecessary. Indeed, the EU

could implement a pricemanagement strategy (withmore or less emphasis on price predictability) that

would alleviate the perceived concerns associatedwith an unforeseen change in demand.Nonetheless,

although institutional change with a higher degree of delegation is not necessarily required in a mul-

tiple objectives perspective, enhanced flexibility to adjust to sizeable shocks and new information

might be valuable in order to decrease the transaction costs of a regulatory change (Newell, Pizer, &

Raimi, 2013; Trotignon et al., 2014). Moving down the Reform Space (i.e. increasing the level of del-

egation) will therefore reflect the willingness to increase the responsiveness and flexibility to adjust

to exogenous shocks (in particular unexpected ones).

4.2. Responding to lack of credibility
Whether one takes a single objective or a multiple objectives perspective is largely irrelevant if lack of

credibility is seen as themain driver of the low price, because, in an acute form, it distorts the function-

ing of the EU ETS. A lack of credibility can have two sources: uncertainty over regulation, e.g.

announced stringency of the cap or permanence of the overall system, and the time inconsistency

related to long-term climate policies. The two problems are intertwined, but they are not identical.

In fact, policy uncertainty in the EU ETS could be decreased by legislating the 2030, 2040 and 2050

targets. However, market participants can rationally expect that such commitment from the legislator

might be overruled at some point in the future. Therefore, even in the presence of clearly defined caps

and reduced political uncertainty (e.g. due to a strong global and EU consensus on the desired level of

climate policy ambition and instruments), delegation may be warranted given the time inconsistency

of climate policy.

In this perspective, the main raison d’être of an independent body in other policy contexts is pre-

cisely to deal with problems of credibility of long-term commitment and of time-inconsistent policies.

Ideally, the independence of the agency (1) shields it from short-term political pressures that are con-

sidered detrimental to welfare (thus, implying a broad consensus on what welfare would imply, e.g. in

terms of climate policy ambition), and (2) enables it to build a reputation for announcing and enacting
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its policy on the basis of a clear and transparent framework (Brunner et al., 2012). This is intended to

enhance investors’ confidence that the independent regulator will ensure that long-term targets are

achieved.

The Reform Space from the credibility perspective (red area in Figure 5) suggested here includes three

options promoting delegation to an independent carbon authority: one based on rules (Clò et al., 2013)

and two on discretion (de Perthuis & Trotignon, in press; Lieberman-Warner, 2007).

To operate effectively, rules must be based on a sound theoretical model of how the carbon market

should be adjusted in response to new economic conditions and other external shocks. Also, in defin-

ing such a rule, the objective function embodied must be linked clearly and explicitly to the political

objectives of the EU ETS. However, given the complexity of the carbon market and the potential for

further unforeseen circumstances, it is not clear which theoretical framework should be applied to

set such a policy rule, or if indeed an adequate rule can be designed.

In view of this challenge, some analysts regard discretionary power as a potential solution to over-

come the trade-off between credibility and flexibility (Bernanke, 2003) (for a discussion of this trade-

off in climate policy, see Brunner et al., 2012, and Jakob & Brunner, 2014). Drawing on lessons from

past experience, the possibility of unforeseen events or ‘unknown unknowns’ that require a quick

response beyond applying a predefined rule to ensure the efficiency of the ETS, makes the case for del-

egation to a carbon authority more appealing. While this constitutes an argument in favour of discre-

tion to enhance efficiency in thepresence of economic shocks (as argued in theprevious section) it does

not per se justify discretion as an adequate response to credibility problems. This holds only if the flexi-

bility derived from discretionary power reduces uncertainty in a way that increases credibility. This

might occur by offering a predictable framework to adjust EU ETS regulations in the presence of new

information on, for example, learning over climate impacts, mitigations costs, and international

climate policy developments. Nonetheless, the precise specification of the discretionary mandate

will determine the capacity to overcome the credibility–flexibility trade-off. As discussed in Bernanke

(2003), this is likely to require constrained discretion where the action of the independent authority is

consistent and limited by a credible and clearmandate balancing short-term and long-term objectives.

Nonetheless, delegation to an independent body is unlikely to be a ‘silver bullet’. In fact, the ability

of such a new institution to establish credibility amongmarket participants will take time and is likely

to depend on several factors such as its mandate, the profile of the head of the agency, and its historical

record. It also requires political agreement on the objectives of the EU ETS as well as on the degree of

ambition of EU climate policy, which is perhaps the major challenge this design option is facing and

which can change over time. This therefore implies that future legislators might attempt to modify

the mandate of the independent body, which could undermine its credibility if it is not sufficiently

taken into consideration in the design of this institution. The success of implementing such an inde-

pendent body will therefore depend on a well-crafted mandate.

4.3. Responding to market imperfections
Market imperfections distort the functioning of the permit market and, from both single andmultiple

objectives perspectives, are therefore undesirable. However, the case for delegation depends specifically

on the nature of the market imperfection and its impact, in terms of direction and magnitude on the

permit price. As discussed above, both theoretical and empirical evidence for EU ETS permit market
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imperfections is somewhat lacking and should be considered an area for further research. Accordingly,

we focus here on the argument put forward by Neuhoff et al. (2012), for which some analysis is avail-

able and which could offer a rationale for the MSR (European Commission, 2014a). According to

Neuhoff et al. (2012), when the permit surplus exceeds the hedging demand of covered entities,

there is a jump in the discount rate applied to future carbon prices. Under such conditions, the EU

ETS would no longer serve its intended purpose to incentivize abatement in a dynamically cost-effec-

tive manner, and a case for reform could be made.

The permit surplus currently exceeds 2 billion permits, and the hedging demand is estimated to be

somewhere between 1.1 and 1.6 billion permits (Schopp & Neuhoff, 2013). If the hypothesis put

forward by Schopp and Neuhoff (2013) holds, the appropriate reform could be a quantity-based inter-

vention that maintains the permit surplus within the hedging corridor, such as the MSR proposal by

the European Commission. This reform option is represented in Figure 5 (see discontinued black

area). Again, there is a choice in designing this reform: the rule could be fixed and subject to modifi-

cation through the legislative process only (such as the MSR), or discretionary flexibility to respond

to changes in hedging demand could be enabled, e.g. via a body such as the ICMA proposed by de

Perthuis and Trotignon (in press).15

5. Discussion

European climate policy is currently at a crossroads. Its central pillar, the EUETS, is likely to be reformed

following the collapse in EUA prices. At the same time, policy makers are discussing the 2030 frame-

work for energy and climate policies, whichwill influence the functioning of the EU ETS. The complex-

ity of the debate and the various reform options proposed make it difficult to systematically compare

the different pathways possible. The EU ETS Reform Space offers a relatively simple framework to con-

trast the various reform options. Hence, it supports the identification of which options (differing in

quantity and price certainty as well as their degrees of delegation) are the best responses to the per-

ceived problems of the EU ETS.

If an exogenous shock is the main driver of the low price, and policy makers expect the price to be

higher to reflect the social cost of carbon or induce innovation, reform options that allow for higher

degrees of price certainty might potentially represent a solution. In this case, delegation is not necess-

ary per se.

By contrast, based on the experience frommonetary policy, delegation could represent an appropri-

ate option to increase the credibility of long-term commitment and provide a higher flexibility. While

this can be achieved both through legislated rules or an independent authority with some degree of

discretion, the latter offers more flexibility to react to unforeseen circumstances and its independence

might increase its credibility. However, this will be contingent on a clear and transparent framework

introduced within robust institutions, which can be relied upon to guide any intervention. A broad

political support to climate policy will also be necessary. In that framework, it is important to also

note that major political barriers stand in the way of its implementation.

First, setting up an independent body with discretionary power requires a modification of the EU

treaties (Egenhofer et al., 2012), which is difficult in the current political context. Second, an indepen-

dent institution in charge of solving intra- and intergenerational distributional conflicts, as is the case
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in climate policy, might suffer from a democratic legitimacy deficit (Brunner et al., 2012). In that

context, Ergas (2010) argues that the choice of emissions trajectory should remain in the hands of

policymakers. According to the author, this is necessary due to the high level of uncertainty surround-

ing climate policy with respect to science, economics, as well as global politics, and the significant

stakes involved.

The academic debate on the potential benefits and drawbacks of delegating elements of EU ETS gov-

ernance is still at a very early stage. The debate would benefit first from a better understanding of the

empirical weight that should be attached to the various drivers of the low price and second from a

clearer definition of the long-term objectives of the EU ETS. Third, an interesting area for further

research is the precise configuration of rule- or discretion-based institutions best suited to govern a

large-scale complex system characterized by significant uncertainty such as the EU ETS. This should

possibly be embedded in a broader reform discussion, including sectoral coverage, recycling of reven-

ues from auctioning, and competitiveness measures (Edenhofer, 2014; Knopf et al., 2014).
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Notes

1. In total, 19 interviews with 23 experts were conducted between 15 January and 5 March 2013. Interview can-

didates were selected using a purposive sampling approach due to the high level of technical expertise needed

to answer the questions. The sample included experts from academia (11), industry (6), as well as carbon traders

(4) and senior policymakers (2). Four interviewswere conducted face-to-face, and 15 over the phone. Interview

participants were selected from various jurisdictions, including Australia, Belgium, France, Germany, Italy, the

UK, and theUS. For a list of the 23 interviewees, see Appendix. For the complete discussion guide, please refer to

the online supplementary material.

2. A surplus occurs when there are more permits than needed, i.e. when the number of annually available allow-

ances exceeds the annual emission level. In a multiple period framework, annual surpluses may add up, redu-

cing further the scarcity in the market.

3. According to the European Commission (2014d), the linear reduction factor should be between 2.1% and 2.4%

between 2020 and 2050 to achieve the 80–95% emissions reduction target.
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4. Point Carbon (2013c) found that, between 2011 and 2013,market participants believing the EU ETSwould still

exist after 2020 dropped from 77% to 69%.

5. The term back-loading refers to a change in the auctioning timetable for period III of the EU ETS, where the

auctioning of 900million allowances was shifted from the earlier years of the phase towards the end (European

Union, 2014).

6. Modifying the linear reduction factor or a modification of the 2020 targets will decrease every subsequent

annual cap but represents a one-off reduction of the emission profile (and the cumulative cap).

7. This may also be achieved by endowing the Commission (specifically DG Climate) with some discretionary

power. However, as part of the European executive, the question on its full independence remains.

8. The most complete suggestions in terms of the information provided on the mandate were chosen to be

mapped in the EU ETS Reform Space.

9. The degree of quantity certainty is complex in this context. It depends on whether quantity certainty is under-

stood as inter-period or intra-period certainty.

10. For more information on the functioning of the MSR, see European Commission (2014b).

11. Article 29a of the European Emissions Trading SystemDirective allows for an injection of EUAs if formore than

‘six consecutive months, the allowance price is more than three times the average price of allowances during

the preceding two years’ (European Union, 2009, p. 82).

12. Similar to the Federal Reserve Bank, which is mandated to balance the objectives of ‘maximum employment,

stable prices, and moderate long-term interest rates’ (Federal Reserve, 2013).

13. The action of the CarbonMarket Efficiency Board under the Lieberman–Warner Bill (2007) was designed to be

cap neutral by borrowing. However, temporary increase of offsets and foreign allowances were allowed when

necessary to contain potential harm to the US economy. Accordingly, it is located in the middle in terms of

intra-period quantity certainty.

14. More generally, assuming perfectly efficient markets with perfect foresight, shifting the temporal allowance

release schedule without changing the cap should not or should hardly change present prices (Newell, Pizer,

& Zhang, 2005). However, assumption of an additional credibility problem or market failure could lead to a

change in current EUA prices from shifting EUA releases through time, as foreseen in the MSR.

15. de Perthuis and Trotignon (in press) do not consider an MSR approach for the ICMA, but this is a theoretical

possibility.
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� We examine whether abatement-related fundamentals justify the EU ETS price drop.
� 90% of the variations of EUA price changes remain unexplained.
� Variations in economic activity are robustly explaining EUA price dynamics.
� Price impact of renewable deployment and international credit use remains moderate.
� Reform options are evaluated in the light of the new findings.
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a b s t r a c t

The price of EU allowances (EUAs) in the EU Emissions Trading Scheme (EU ETS) fell from almost 30€/tCO2 in
mid-2008 to less than 5€/tCO2 in mid-2013. The sharp and persistent price decline has sparked intense debates
both in academia and among policy-makers about the decisive allowance price drivers. In this paper we
examine whether and to what extent the EUA price drop can be justified by three commonly identified
explanatory factors: the economic recession, renewable policies and the use of international credits.
Capitalizing on marginal abatement cost theory and a broadly extended data set, we find that only variations
in economic activity and the growth of wind and solar electricity production are robustly explaining EUA price
dynamics. Contrary to simulation-based analyses, our results point to moderate interaction effects between the
overlapping EU ETS and renewable policies. The bottom line, however, is that 90% of the variations of EUA price
changes remains unexplained by the abatement-related fundamentals. Together, our findings do not support
the widely-held view that negative demand shocks are the main cause of the weak carbon price signal. In view
of the new evidence, we evaluate the EU ETS reform options which are currently discussed.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The EU Emissions Trading Scheme (EU ETS), considered the flag-
ship climate policy of the European Union, has experienced a sharp
decline in permit prices between 2008 and 2013. The price for EU
Allowances (EUAs) went from 28€ per ton of carbon dioxide (tCO2) in
mid-2008 to 5€/tCO2 at the time of writing this paper. Such depressed
permit prices are not likely to provide sufficient incentives for low-
carbon technological investments (Nordhaus, 2011) and may increase
the risk of carbon lock-in (Clò et al., 2013). This situation has sparked

intense debates both in academia and among policy-makers about the
reasons of the price drop, its impact on the effectiveness of the trading
scheme and options for reform (Clò et al., 2013; European
Commission, 2012; Grosjean et al., 2014). To inform the debate, this
paper intends to investigate empirically the drivers of the current EUA
price movements with a special focus on overlapping climate policies
and the role of renewables in particular.

An extensive stream of the literature is devoted to exploring
the carbon pricing mechanism. Theory predicts that the permit
price should reflect market fundamentals related to the marginal
costs of emissions abatement; see e.g. Montgomery (1972) and
Rubin (1996),2. Fuel switching in the dominant power sector is
considered to be the single most important abatement method in

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/enpol

Energy Policy

http://dx.doi.org/10.1016/j.enpol.2014.06.024
0301-4215/& 2014 Elsevier Ltd. All rights reserved.

n Corresponding author. Tel.: þ49 30 338 5537 231.
E-mail address: koch@mcc-berlin.net (N. Koch).
1 Postal address: Mercator Research Institute on Global Commons and Climate

Change, Torgauer Straße 12-15, 10829 Berlin, Germany. 2 For a recent survey of permit pricing theory, see Bertrand (2013).

Energy Policy 73 (2014) 676–685

3.1 Introduction 51



the EU ETS (Delarue et al., 2008; Hintermann, 2010)3 and, conse-
quently, in an efficient market, prices for input fuels are expected to
determine EUA prices. In addition, exogenous factors such as economic
activity or weather conditions are identified as relevant price funda-
mentals, since they determine business-as-usual emissions, i.e. the
need for abatement (Hintermann, 2010). Empirical evidence relating
to these theoretical expectations is scattered over the different
regulatory periods which have been put in place in the EU ETS. The
pilot Phase I covered the period 2005 to 2007. Phase II coincided with
the Kyoto Protocol commitment period of 2008 to 2012. Phase III runs
from 2013 to 2020. A series of studies empirically analyzes the
relevance of the theoretically motivated price drivers in Phase I of
the EU ETS (Aatola et al., 2013; Alberola et al., 2008a, 2008b;
Chevallier, 2009; Hintermann, 2010; Mansanet-Bataller et al., 2007).
The common finding is that the identified marginal abatement cost
drivers had only a limited influence on EUA price formation. Evidence
for Phase II is relatively scarce and restricted to early Phase II (until
December 2010) when the EUA price was still around 15€/tCO2. The
first studies (Bredin and Muckley, 2011; Creti et al., 2012; Koch, 2014)
suggest that a new pricing regime with an increased dependency
between EUA, fuel and stock prices emerges in the Phase I-to-Phase II
period, which may be attributed to advances in the EU ETS market
design and maturity. Lutz et al. (2013) recently provide corroborating
evidence for the nonlinearity in the relation between EUA, energy and
financial prices for the entire Phase II.

However, the economic environment as well as the policy envir-
onment of the EU ETS has substantially changed since 2011. In fact, we
know very little about the causes of the EU ETS price drop over the last
three years which ultimately led to the persistently low EUA price
level in 2013. The widely-held view among market participants,
academics and policy-makers (Grosjean et al., 2014; de Perthuis and
Trotignon, 2013) is that three main causes can be put forward to
explain the weak EUA price signal: (i) the deep and lasting economic
crisis in the European Union (Aldy and Stavins, 2012; European
Commission, 2013; Neuhoff et al., 2012), (ii) the overlapping climate
policies, e.g. feed-in tariffs for renewables (Fankhauser et al., 2010; Van
den Bergh et al., 2013; Weigt et al., 2013), and (iii) the large influx of
Certified Emission Reductions (CERs) and Emission Reduction Units
(ERUs) in the EU ETS during Phase II (Neuhoff et al., 2012; Newell et al.,
2012). However, an accurate assessment of the relative importance of
the different explanatory factors is an outstanding empirical issue. This
examination is all the more important as Koop and Tole (2013) have
shown for the Phase I-to-Phase II period that there is substantial
turbulence and change in the EU ETS pricing mechanism.

The economic crisis reduces the production of firms covered by the
EU ETS, which decreases their demand for EUAs. Simultaneously, grim
prospects of economic recovery reinforce the expectations of a lasting
low EUA demand, which affects the long-term price trend in the
trading scheme. Gloaguen and Alberola (2013) indeed find that the
economic downturn plays a significant, but not dominant, role in
the decrease of CO2 emissions in EU ETS (see also Declercq et al., 2011).
This finding suggests that other structural factors are also relevant for
the price formation.

Overlapping policies and more specifically the deployment of
renewable energy sources (RES), have been cited as an additional
possible explanation of the low EUA price. To reach the EU’s 20-20-20
headline targets,4 EU Member States have launched generous support
mechanisms to stimulate RES deployment, which effectively contrib-
uted to a marked expansion of wind and solar capacity in the

electricity sector (Edenhofer et al., 2013). The coexistence of EU ETS
and RES deployment targets, however, creates a classic case of
interaction effects (Goulder, 2013; Levinson, 2010). Theoretical work
of Fankhauser et al. (2010) and Fischer and Preonas (2010) suggests
that the overlapping policies work at cross-purposes, since RES
injections displace CO2 emissions within the EU ETS and thereby
reduce the EUA demand and price.5 Corroborating the theory, several
simulation-based studies predict that RES deployment exercises a
strong downward pressure on EUA prices. For instance, simulations in
Van den Bergh et al. (2013) suggest that RES deployment reduces the
EUA price by 46€ in 2008 and more than 100€ in 2010. In the
simulation of De Jonghe et al. (2009) the allowance price could even
drop to zero depending on the stringency of targets (see also Unger
and Ahlgren, 2005; Weigt et al., 2013). However, Ellerman et al. (2014)
highlight that it remains to be investigated whether the ex post effect
of RES on the EUA price is large or small.

Finally, the unexpectedly high use of CERs/ERUs during Phase II
of the EU ETS might also contribute to a decreasing EUA demand
and price. During the period 2008–2012, companies had already
surrendered for compliance more than 60% of the total permissible
2008–2020 quota (Point Carbon, 2013). In particular, 2011 and
2012 experienced a high use of Kyoto credits. This might be
attributed to the collapse in credit prices (due to the non-
ratification of the Kyoto protocol by major emitters) as well as
the European Commission’s change in the regulations regarding
the imports of credits from certain projects. More specifically, in
Phase III credits originating from hydrofluorocarbon (HFC) and
adipic acid nitrous oxide (N2O) projects are no longer permitted. In
addition, new CERs are only allowed if they originate from least-
developed countries (Kossoy and Guigon, 2012). As a consequence,
companies surrendered for compliance large amounts of cheap
credits in the later years of Phase II. For instance, Berghmans and
Alberola (2013) estimate that the power sector offsets around 65%
of its shortfall of EUAs using Kyoto credits. In Phase III, however,
the policy changes should rather reduce the number of available
CERs which may have a positive impact on the price of CERs if
demand remains constant.

Our paper contributes to the literature by quantifying the
actual impact of the different explanatory factors on the allowance
price in EU ETS based on a broadly extended data set. A quanti-
fication of the relative importance of the various price drivers is
essential to understanding if and how the EU ETS should be
reformed. We expand existing research by conducting a first ex
post analysis for the entire Phase II of the EU ETS and the first year
of Phase III (January 2008–October 2013). In particular, we apply
extensive data on the deployment of intermittent RES, including
monthly electricity production data for wind, solar and hydro-
power that covers more than 80% of the (variable) renewable
electricity production in the European Union. The ex post data for
RES allows us – for the first time – to investigate whether the
coexisting of EU ETS and RES targets work at cross-purposes.
Previous research has focused on simulation-based modeling
approaches and, to the best of our knowledge, no empirical
analysis has been carried out.

Our main findings are as follows: we detect a robust and
statistically significant – yet at the same time rather modest in
terms of magnitude – impact of intermittent renewables under-
lining the importance of examining overlaps with other policies.
Variations in economic activity are indeed the most important

3 This is due to (i) the ability of power generators to abate emissions without
either cutting output or building new plants and (ii) the fact that the power and
heat sector is dominant within the EU ETS (Kettner et al., 2008).

4 It is noteworthy that the legal status of the three goals varies: the GHG
emissions reduction and RES share targets are binding while the energy efficiency
target is indicative.

5 In theory, interactions could be mutual: the EU ETS could narrow the cost gap
between RES technologies and conventional technologies and therefore stimulate
RES deployment. This effect is, however, rather unlikely given the persistent low
EUA price level. For instance, Gavard (2012) shows that a carbon price of 46€ is
necessary to provide a price advantage to wind energy over electricity production
from gas.
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abatement-related determinant of EUA price dynamics. The Eco-
nomic Sentiment Indicator is a particularly useful economic state
variable that is robustly explaining EUA price movements. In
addition, we find a relatively small influence of CERs on EUA price
dynamics. However, this result could be biased due to the limita-
tions of the publicly available CER data which requires us to
assume that the number of issued CERs also reflects the number
of surrendered CERs in the EU ETS. In total, market fundamentals
explain only a minor portion of the price decline in the EU ETS
leading us to conclude that further analysis of different types of
drivers is necessary. At the same time, reform options solely
adjusting the supply of EUA to economic activities or RES deploy-
ment might not be a panacea. In fact, if a higher and more stable
price is seen as necessary to avoid lock-ins and promote long-term
cost-effectiveness, it is doubtful that this can be achieved focusing
only on these drivers. From this point-of-view and depending on
the goals attached to the EU ETS, price instruments such as a price
corridor might provide market participants with less uncertainty.
Other approaches suggested entail delegation of governance, but
the feasibility of implementing this can be questioned (Grosjean
et al., 2014).

The paper is structured as follows. Section 2 provides detailed
information on the data and methodology used. In Section 3, the
results are discussed, before the possible implications for the reform
proposals are investigated in Section 4. Section 5 concludes.

2. Methods

2.1. Data

We consider monthly data for the sample period from January
2008 until October, 2013. We have excluded Phase I data because
an extensive stream of the literature is already devoted to
empirically ascertaining the EUA price drivers in Phase I of the
EU ETS, while evidence for the Phase II-to-Phase III period remains
scarce.

2.1.1. EUA prices
We rely on settlement prices of the year-ahead EUA December

futures contract traded on the ICE ECX platform to obtain a repre-
sentative EUA price series. The price data is obtained from ICE Futures
Europe, the leading EU ETS trading venue. We rely on futures contracts
rather than spot prices because the vast majority of EUA transactions
(over 88% in 2011) are in futures (Kossoy and Guigon, 2012). Further,
market microstructure analyses of Mizrach and Otsubo (2014) indicate
that the ICE ECX is providing between 75% and 88% of price discovery
for EUA trading. December expiries are the most active contracts. It is
noteworthy, however, that both spot and futures prices may contribute
interactively to the dynamic process of price discovery in a nonlinear
manner, precisely because the relation between EUA spot and futures
prices is nonlinear (Arouri et al., 2012). Fig. 1 shows the EUA price
development over the sample period. In Phase II, the EUA price
initially rises to almost 30€. With the financial crisis at the turn of
the year 2008/09 the price decreases by about 50%. Then, after a
moderate price recovery in early 2009, the price experiences a two-
year period of remarkable stability around 15€. But mid-2011 the price
falls again by around 50% to a new level of 7–8€ for 2012 before falling
to an even lower level of around 5€ with the start of Phase III.

2.1.2. Explanatory variables
An extensive stream of the literature confirms the link between

EUA prices and fuel prices related to the abatement cost argument
discussed above (e.g., Alberola et al., 2008a; Creti et al., 2012;
Hintermann, 2010; Mansanet-Bataller et al., 2007). Following this
literature, we analyze the fuel switching price effect (i) implicitly by

including the gas and coal price and (ii) explicitly by calculating the
switching price. The latter indicates the theoretical carbon price which
makes electricity producers indifferent between gas-fired and coal-
fired generation. The price of gas is the month-ahead futures contract
for natural gas negotiated at the National Balancing Point (NBP). We
consider this gas price from ICE Futures Europe, since it is the most
liquid gas trading point. For the coal price we rely on the month-ahead
futures contract of ICE Futures Europe which is priced against Argus/
McCloskey’s API2 index with delivery to the Amsterdam–Rotterdam–

Antwerp (ARA) region. This price series is regarded as the primary
reference coal price for northwest Europe. We convert the gas price
(from Pence/therm) and the coal price (from US$/t) into €/MWh using
exchange rates provided by the European Central Bank. Finally, the
calculated switching price is not only a function of gas and coal prices,
but is also determined by the efficiency and emission rate of coal and
gas plants in the EU ETS. The latter are taken from Delarue et al.
(2010).6 Panel (a) of Fig. 1 shows the EUA price development on the
one hand, and variations in the fuel (switching) prices on the other
hand. The most important feature is that there seems to be evidence
of a decoupling of the EUA price and the theoretical carbon switching
price since 2011, making it unlikely that fuel switching may explain
the continued deterioration of EUA prices.

Economic activity is an important exogenous determinant of
business-as-usual emissions and, therefore, EUA demand. To ascertain
the expected price effect, we use two forward-looking indicators of
economic activity. First, following the previous literature (e.g., Bredin
and Muckley, 2011; Creti et al., 2012; Hintermann, 2010; Lutz et al.,
2013), we rely on stock price movements as an indicator of current
and expected economic conditions. In addition, the inclusion is
motivated by the fact that it allows controlling for market disturbances
such as the 2008/09 financial crisis. More specifically, we consider the
STOXX EUROPE 600 index, which is a broad benchmark index tracking
the performance in 18 European countries (Source: Thomson Data-
stream).7 Second, we propose using the Economic Sentiment Indicator
(ESI) published by Eurostat as alternative measure of economic
conditions. This confidence indicator combines perceptions and
expectations about economic activity in the EU based on business
surveys. We present the evolution of the two distinct economic
variables in Panel (b) of Fig. 1 jointly with the EUA price. In line with
expectations, the relatively strong co-movements of the time series
indicate that economic activity may be an important explanatory
factor of EUA prices. However, linkages are apparently weaker since
the second half of 2012.

To account for potential trade-offs between the deployment of
electricity from renewable energy sources (RES-E) and the carbon
price in an emissions trading regime, we include – for the first time –

an extensive data set of renewable energy deployment. The monthly
RES-E production data is obtained from the European Network of
Transmission System Operators for Electricity (ENTSO-E). The ENTSO-E
database provides power system data of all electric Transmission
System Operators (TSOs) in the EU in a standardized way. Two RES-E
production types are distinguished: first, hydro production, which
comprises storage hydro, run of river and pumped storage; second,
other RES-E production which compromises wind and solar.8 Data for
these two RES-E production variables in GWh is available for Austria,
Belgium, France, Germany, Italy, Netherland, Portugal and Spain. The
sample accounts for 82% (44%) of total electricity production from
wind and solar (hydro) in EU ETS countries. The data coverage for

6 Coal burned at 36% efficiency: 951 tCO2/GWh; Gas burned at 50% efficiency:
413 tCO2/GWh.

7 We choose a broad-based stock index (rather than a blue-chip index such as
the EURO STOXX 50) to ensure that any firm or sector-specific idiosyncrasies in
growth prospects are smoothed out.

8 The inclusion of other RES such as biomass, landfill gas and biogases is not
possible because no reliable data is available for the entire period of analysis.
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hydro is relatively low because our sample excludes the Scandinavian
countries (due to data availability). Panel (c) of Fig. 1 depicts the
opposite movements of the EUA price and wind/solar production.
While the deployment of the variable RES steadily increases, the EUA
price continuously falls. The observed negative correlation suggests
that the coexisting ETS and RES targets may work at cross-purposes.

The use of offsets issued by the project-based mechanisms
established under the Kyoto Protocol is another potential price
driver of EUAs, since the supply of eligible offsets directly reduces
the demand for EUAs. We draw upon the IGES CDM Project
Database, which is based on official UNFCCC data, to calculate
the monthly amount of CERs (in tCO2) issued by the CDM
Executive Board. Here, we assume that the number of issued CERs
also reflects the number of surrendered CERs in the EU ETS. This
assumption is technically incorrect, although the EU ETS is the
major compliance market accepting CERs. We also note that the
inclusion of ERUs was not possible because only yearly data is
available. As shown in Panel (d) of Fig. 1, CER issuances start off
rather slowly, but issuance activity accelerates rapidly after 2011
when EUA prices start falling simultaneously. The observation that
times with high CER issuance activity are also times with low EUA
prices is in line with the suggestion that the unexpectedly large
use of offsets for compliance in 2011 and 2012 may be a driving
factor behind the marked EUA price fall.

It is noteworthy that we do not include weather variables. The
motivation here is that the price impact of (extreme) weather
conditions is indirect through the influence on energy demand

(e.g., heating or air conditioning of homes) and carbon-free energy
supply (e.g., from hydro, wind or solar power plants). We directly
capture the demand/supply effects by using extended data for
fluctuation in RES-E production and electricity consumption (in a
robustness analysis). Moreover, we do not include highly endo-
genous variables such as electricity prices or clean spark and dark
spread (as in Alberola et al., 2008a; Bredin and Muckley, 2011),
since endogeneity may lead to biased estimates of the price
drivers in the analysis. In fact, Fell (2010) and Fezzi and Bunn
(2009) show that carbon costs are largely passed through to
electricity prices in most countries, highlighting the possibility of
reverse causality.

2.1.3. Summary statistics
The stationarity properties of the data are examined through

the Augmented–Dickey–Fuller test that tests the null hypothesis
that an observable time series contains a unit root (i.e. is non-
stationary). Results are presented in Panel A of Table 1. While the
issued CERs are stationary in log levels, the unit root test suggest
taking first differences to obtain stationary time series in all other
cases. Consequently, the latter time series are transformed by
taking natural logarithms and differencing.

Panel B of Table 1 contains descriptive statistics of the
employed stationary variables. In addition, Panel C shows that
the unconditional correlations between the independent variables
are generally low and frequently insignificant. Indeed, the absolute

Fig. 1. Evolution of EU Allowance (EUA) prices (on the left y-axis) jointly with (a) fuel (switching) prices, (b) indicators of economic activity, (c) the deployment of electricity
from renewable energy sources and (d) the amount of issued Certified Emissions Reductions (CERs) (on the right y-axis, respectively).

N. Koch et al. / Energy Policy 73 (2014) 676–685 679

54 Chapter 3 Causes of the EU ETS price drop



values of correlation coefficients indicate that the various proxies
reflect distinct and complementary information and that multi-
collinearity is not present among the explanatory variables.
Unsurprisingly, correlations within the same groups (e.g. fuel
prices or economic activity) are higher, for instance among gas
and switching price changes or stock market returns and changes
of the Economic Sentiment Indicator. Finally, we also test for the
presence of ARCH effects (i.e. to investigate whether periods of low
volatility are followed by periods of high volatility and vice versa)
in Panel D. According to the Lagrange Multiplier (LM) test based on
Engle (1982), both the dependent variable and the majority of
independent variables are homoscedastic during the sample
period examined, which is why we do not implement an ARCH
parameterization for second moments as in Chevallier (2009), Lutz
et al. (2013) or Paolella and Taschini (2008).

2.2. Econometric specification

The most natural way to estimate the relative importance of
potential price drivers in the EU ETS is to regress EUA price
changes (EUAt) on the set of exogenous explanatory variables
discussed and specified above. This methodology is consistent
with existing work of Alberola et al. (2008a), Hintermann (2010)
and Mansanet-Bataller et al. (2007). It allows us to compare our
results to the prior findings and to highlight special features of
Phase II and early Phase III. Note however that – from an inter-
temporal perspective – EUA prices are not only determined by
current abatement options, but also by the future demand paths.
Yet, with the notable exception of the economic activity indicators,
our explanatory variables cannot capture future expectations as
such forward-looking data is not available.

More specifically, we set up the following two model specifica-
tions:

EUAt ¼ β0þβ1Switchtþβ2Economytþβ3Wind=Solart
þβ4Watertþβ4CERt�1þεt ð1Þ

EUAt ¼ β0þβ1Gastþβ2Coaltþβ3Economytþβ4Wind=Solart
þβ5Watertþβ6CERt�1þεt ð2Þ

The models only differ with regard to the analysis of fuel
switching price effects. While Eq. (2) implicitly accounts for fuel
switching by including the price change of gas (Gast) and coal
(Coalt), Eq. (1) explicitly includes changes in the theoretical
switching price (Switcht). Economyt refers alternatively to the
STOXX EUROPE 600 stock index return or the change of the
Economic Sentiment Indicator (to avoid multicollinearity).
Wind=Solart and Watert capture the growth of electricity produc-
tion fromwind/solar and water, respectively. Finally, CERt�1 refers
to the number of issued CERs (in natural logarithm) lagged by one
period,9 taking into account the fact that newly issued CERs may
not be surrendered immediately in the EU ETS.

We use Ordinary Least Squares (OLS) to estimate the multi-
variate regression models. Checking the residuals of the OLS
estimations (εt), we find strong serial correlation as evidenced
by the Ljung-Box Q ðkÞ statistics at the 5% significance level
(Table 2).10 Most prior analyses include lagged prices (or AR
terms) in order to reduce autocorrelation, which results in an
improved model fit. However, this sidesteps the question of what
actually drives EUA prices. Consequently, we do not follow this
procedure. Instead, we base our estimations on the Newey–West
covariance matrix. The Newey–West estimator has the important
property that standard errors are robust to both ignored auto-
correlation in residuals and heteroskedasticity.11 Finally, it is
noteworthy that a weakness of the single-equation relationship
expressed in model (1) and (2) is that any long-term relationships

Table 1
Summary statistics.

Panel A reports test statistics of the Augmented–Dickey–Fuller (ADF) test for monthly data for EU Allowance futures (EUA), NBP natural gas futures (Gas), API2 coal futures
(Coal), STOXX EUROPE 600 index (Stock), Economic Sentiment Indicator (ESI), electricity production fromwind/solar and hydro and the amount of issued Certified Emissions
Reductions (CERs). Panel B presents descriptive statistics of the stationary time series used in the analysis. Panel C reports the corresponding cross-correlations of the
variables. Panel D presents statistics for ARCH LM tests based on Engle (1982). The sample period is from January 2008 to October 2013. n, nn, and nnn denote significance at
10%, 5% and 1% levels, respectively.

EUA Switch Gas Coal Stock ESI Wind/solar Hydro Issued CERs

Panel A: Augmented–Dickey–Fuller test
Level �1.16 �1.62 �2.36 �1.78 �1.69 �2.64 0.04 0.52 �4.53nnn

Log-difference �10.86nnn �8.67nnn �3.79nnn �6.83nnn �5.25nnn �2.57nn �5.22nnn �1.80n –

Panel B: descriptive statistics
Mean (ann.) �0.24 0.13 0.03 �0.08 �0.01 �0.01 0.06 �0.01 198.24
Std. dev. (ann.) 0.57 1.13 0.47 0.33 0.17 0.09 0.62 0.52 2.39
Skewness �1.02 �0.42 �1.42 �0.48 �0.55 �0.60 �0.07 �0.00 �0.16
Kurtosis 5.71 4.53 7.96 3.93 3.68 3.79 4.02 2.28 3.30

Panel C: unconditional correlations
EUA 1.00 0.16 0.26nn 0.20 0.21n 0.21n �0.18 �0.10 �0.26nn

Switch 1.00 0.87nnn 0.14 �0.08 0.13 �0.17 �0.11 �0.08
Gas 1.00 0.54nnn 0.07 0.24nn �0.21n �0.05 �0.12
Coal 1.00 0.27nn 0.25nn �0.27nn 0.15 �0.15
Stock 1.00 0.61nnn �0.16 �0.03 �0.08
ESI 1.00 �0.03 �0.07 �0.22n

Wind/solar 1.00 �0.06 0.08
Hydro 1.00 0.19
Issued CERs 1.00

Panel D: ARCH test
ARCH LM statistics 0.77 2.46 0.28 4.21 0.63 3.91 3.44 0.00 14.64
p-Value 0.38 0.12 0.60 0.04 0.43 0.05 0.06 0.99 0.00

9 Estimates using the contemporaneous amount of issued CERs have also been
performed. They remain statistically insignificant, indicating that the signals from
CER activity seem to be internalized in the EU ETS only with a time lag.

10 The Ljung-Box Q statistic tests the null that the first k autocorrelations are all
zero against an alternative that at least one is non-zero. The number of lags k is
chosen as the largest integer for which kr2

ffiffiffiffi
N

p
.

11 In line with findings for the individual time series, we find no evidence of
heteroskedasticity in the residuals based on Engle’s (1982) ARCH LM test (Table 2).
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among EUA prices and their fundamentals cannot be estimated as
information is lost due to differencing. Therefore, we also carry out
cointegration analyses as robustness check.

3. Results

Table 2, rows (1) and (2) show the results for Eq. (1) based on
switching price, while rows (3) and (4) show the results for Eq. (2)
based on the individual fuel prices. The respective rows only differ
with regard to the economic activity proxy used. The different
regressions reveal a number of interesting conclusions.

First, for the fuel variables, we find no clear-cut evidence that
the abatement costs of fuel switching are reflected in EUA prices.
Although the change in the switching price shows the expected
positive coefficient estimate, its statistical significance is ambig-
uous, depending on the economic activity proxy used (ESI vs. stock
index). The counter-intuitive finding that the switching price does
not necessarily provide statistically significant information may be
explained by the insignificant EUA price sensitivity to coal price
changes exposed in rows (3) and (4). In fact, the estimates for coal
price changes exhibit the expected negative sign but remain
unanimous statistically insignificant. The insignificant coal prices
may indeed dampen the explanatory power of the switching
variable that combines both gas and coal prices. In contrast, gas
price changes seem to convey significant information (at the 5%
and 10% significance level) about EUA price movements. The
positive point estimates for the gas variable are in line with
economic theory. Rising gas prices, by reducing the profitability
of gas-fired plants, stimulate a switch to more CO2-intensive

generation technologies, resulting in higher EUA demand and an
upward pressure on EUA prices. Our findings of significant gas
price effects but insignificant coal price effects is in agreement
with prior studies for Phase I of the EU ETS, e.g. Alberola et al.
(2008a), Hintermann (2010) and Mansanet-Bataller et al. (2007).12

However we cannot corroborate the finding of more recent studies
using also data from early Phase II (Bredin and Muckley, 2011;
Creti et al., 2012; Koch, 2014), which document an increased
dependency between fuel prices and allowance prices. The latter
studies imply highly significant impacts of gas and coal, which are
not reflected in the estimates for the entire Phase II sample
at hand.

Second, the estimation results document that variations in
expected economic development exhibit a strong influence on
EUA price fluctuations. In particular, the coefficient estimates for
the ESI are highly significant and indicate that the EUA price is
very sensitive to changes in the perceived/expected economic
conditions. Ceteris paribus, a 1% decrease of the ESI is associated
with a decrease in the EUA price of approximately 1.2%. Because
there are several possible measures of economic activity, we also
use stock index returns as an alternative forward-looking indica-
tors of economic activity. Similarly, EUA prices exhibit a statisti-
cally significant and positive sensitivity to the stock index returns.
The effect is, however, lower in magnitude. The finding that
economic activity is robustly explaining EUA price dynamics in
our sample period (Phase II/early Phase III) is in stark contrast to
the Phase I studies of Chevallier (2009) and Hintermann (2010)
that provide weak empirical support for the role of economic
activity. However, results in prior research pertaining to early
Phase II are corroborated by our analysis (e.g. Creti et al., 2012;
Chevallier, 2011; Koch, 2014).

Third, we provide strong new evidence that the development
of intermittent renewable energy deployment helps explain EUA
price movements. More specifically, the coefficients on the growth
of wind and solar electricity production are negative and highly
significant across all model specifications. Indeed, an increasing
deployment of variable RES appears to be associated with decreas-
ing EUA prices. However, the magnitude of the price elasticity of
wind/solar growth (�0.11%/�0.14%) is relatively small (specifi-
cally, in comparison to the price elasticity of economic activity).
An important implication of this finding is that the economic
impact of intermittent RES on EUA prices seems rather modest. In
particular, the empirically moderate effect is in sharp contrast to
prior simulation-based studies, which predict strong allowance
price reductions. For instance, Van den Bergh et al. (2013) predict
RES induced price reductions by 46€ in 2008 and more than 100€
in 2010 while the allowance price could even drop to zero in De
Jonghe et al. (2009). The limited RES effects may be explained by
the fact that the actual deployment of RES is relatively consistent
with its expected deployment. Although the production of elec-
tricity from RES has developed slightly more dynamically than
anticipated in the later years of Phase II, the European Commission
currently expects to fall short of its 20% RES target due to the
economic crisis without further actions from the member states
(European Commission, 2013). Consequently, the extent to which
RES deployment has reinforced the EUA price decline remains
empirically limited. Concerning the impact of hydro power, we
also find the expected negative relation between the growth of
hydro production and EUA price changes; the effect is, however,
not significant at conventional levels. The insignificance may
reflect that hydro power, unlike wind and solar, is a mature RES
with modest growth rates due to geographical constraints. In

Table 2
The table shows the coefficient estimates for the regression model, estimated with
OLS and Newey–West covariance matrix. Rows (1) and (2) show the results for
Eq. (1) based on the switching price, while rows (3) and (4) show the results for
Eq. (2) based on the individual fuel prices. Diagnostic tests are reported below. Q
(12) is the Ljung–Box Q statistic for serial correlation up to a lag length of 12. The
ARCH LM (1) test is based on Engle (1982) and allows for one lag. For the sake of
brevity, we do not report the estimated intercept (available upon request). The p-
value is given in parentheses.

(1) (2) (3) (4)

Fuel price variables
Switch 0.0679 0.0937

(0.1135) (0.0284)
Gas 0.2606 0.3254

(0.0579) (0.0224)
Coal �0.0911 �0.1368

(0.7294) (0.6079)

Economic activity variables
Economic sentiment index 1.282 1.1622

(0.0031) (0.0173)
Stock index 0.7058 0.6679

(0.0108) (0.0255)

Renewable energy source variables
Wind/solar �0.1462 �0.1102 �0.1408 �0.1106

(0.0007) (0.0297) (0.0035) (0.0399)
Hydro �0.0275 �0.0282 �0.0258 �0.0246

(0.7060) (0.7048) (0.6698) (0.7042)

International offset variable
Issued CERs (�1) �0.0067 �0.0075 �0.0066 �0.0073

(0.0223) (0.0169) (0.0284) (0.0220)
R2 0.1782 0.1778 0.1952 0.1983
adjusted R2 0.0974 0.097 0.1013 0.1047
AIC �3.6264 �3.626 �3.6473 �3.6512
BIC �3.398 �3.3975 �3.4188 �3.4227
Q(12) 21.2568 23.7297 23.7005 26.5957

(0.0467) (0.0221) (0.0223) (0.0088)
ARCH LM (1) 0.7825 0.9059 0.7849 0.9132

(0.3764) (0.3412) (0.3756) (0.3393)

12 Only in Alberola et al. (2008a) the influence of coal proofs to be statistically
significant.
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addition, our result is consistent with previous studies using
reservoir levels or perception as proxy for the supply of hydro
power that turn out to have only marginal effects on EUA prices
(Hintermann, 2010; Mansanet-Bataller et al., 2007).

Finally, we find a statistically significant negative influence of
the issued CERs. However, given the tiny coefficient estimate, the
economic significance of CERs seems rather limited. This finding
may imply that, contrary to expectations, the use of offsets has not
necessarily been a decisive factor impacting the EUA price.
Specifically, the minor contribution from the Kyoto credits may
be explained on the basis that the maximum use of offsets was
anticipated when setting the cap. In fact, only the timing of offset
use was different than expected because forward-looking market
participants adapted their offset imports to the changing regula-
tion for international credits. However, we believe that the
interpretation of this result warrants some caution, since it could
be attributed to the limitations of the available data. As outlined
above, we have to assume that the number of issued CERs also
reflects the number of surrendered CERs in the EU ETS. Obviously,
this is technically incorrect and may introduce a bias. Moreover,
the inclusion of ERUs was not possible because only yearly data is
available. Although we acknowledge these limitations, we
included the CER data in the analysis, in particular, to control for
effects of the unexpectedly large CER use in 2011 and 2012
discussed above. It is noteworthy that all other estimates remain
qualitatively very similar if we exclude the CER data.

Altogether, our selected abatement-related fundamentals
explain about 10% of the variations of EUA price changes as
witnessed by the adjusted R2. Consequently, a first key finding of
our analysis is that EUA price dynamics cannot be solely explained
by marginal abatement cost theory. To highlight our second key
finding, Fig. 2 shows a decomposition of the R2 into contributions
of the different marginal abatement cost drivers (based on Shapley
values, see Huettner and Sunder, 2012): approximately 40% of the
explanatory power of the model can be attributed to variations in
economic conditions and around 23% of the R2 relate to the growth
of wind and solar deployment. In other words, economic activity
and wind/solar deployment are the most important abatement-
related drivers of EUA price dynamics. In contrast, the influence of
fuel switching is rather small.

3.1. Robustness checks

We perform several additional analyses to assess the robust-
ness of our results and methodology. First, we carry out cointegra-
tion analyses in order to test whether any long-term relationships
between EUA price changes and their fundamentals (namely, fuel
prices, economic activity, RES deployment) exists. Based on the
Johansen (1991) procedure, we find no evidence of an equilibrium

relationship, as we fail to reject the null hypothesis of no
cointegration at the 5% significance level.13 Consequently, we
cannot confirm the result of Bredin and Muckley (2011) and
Creti et al. (2012), who find a cointegration relationship for early
Phase II (until December 2010). Given these test results, we
conclude that the single-equation relationship expressed in Eqs.
(1) and (2) seem appropriate to describe EUA price dynamics. For
the sake of brevity, we present all subsequent robustness analyses
on the basis of the more parsimonious model specification of
Eq. (1).14

Second, we check whether our results are influenced by the
choice of the indicator of economic activity. Instead of using
forward-looking indicators as above, we select a backward-
looking indicator, namely the Industrial Production Index—Manu-
facturing published by Eurostat, which tracks the past output and
activity of the manufacturing industry in the EU (as in Alberola et
al., 2008b). The results of this analysis are reported in row (1) of
Table 3 and show that the backward-looking economic measure
provides no statistically significant explanatory power, while all
other estimates remain qualitatively very similar. The finding
indicates that the EUA price is rather determined by expectations
of future economic conditions (captured by the ESI or the stock
index) than by current economic activity, which may be explained
by a forward-looking behavior of market agents. In addition, we
use oil price changes as an alternative (forward-looking) proxy for
economic activity.15 In fact, oil prices are included in several prior
analyses (e.g., Alberola et al., 2008a; Creti et al., 2012), although
the motivation for the inclusion is not clear because the switch
from oil to gas is not likely to be a marginal abatement activity
(Hintermann, 2010). Instead, Koch (2014) finds that the positive
price impact of oil can be attributed to the correlation between oil
prices and overall economic activity rather than to fuel switching
or oil–gas correlation. More, specifically, we rely on the month-
ahead futures contract for Brent crude oil, extracted from ICE
Futures Europe. The results reported in row (2) of Table 3 show
that the oil price changes are also statistically insignificant, while
all other coefficients remain unchanged.

Third, we check whether our results are influenced by the
inclusion of electricity consumption data. The inclusion is moti-
vated by the fact that many prior studies use weather indices
(mostly based on extreme temperatures) as explanatory variable
(Alberola et al., 2008a; Hintermann, 2010; Mansanet-Bataller et al.,

Fig. 2. Decomposition of the adjusted R2 based on the estimation of Eq. (1) in row (1) of Table 2 into contributions of the different marginal abatement cost (MAC) drivers
based on Shapley values.

13 Due to space limitations results are not presented here. They are available
upon request.

14 All robustness analyses have also been performed based on Eq. (2) with the
results remaining qualitatively the same.

15 We find that the inclusion of both the oil prices and the ESI (or the stock
index) leads to multicollinearity. Thus, we decide to use the variables separately.
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2007) because weather conditions indirectly influence energy
demand (e.g., heating or air conditioning of homes). Instead of
constructing such an approximate measure for energy consump-
tion, we use monthly electricity consumption data (in GWh)
published by ENTSO-E for Austria, Belgium, France, Germany, Italy,
Netherland, Portugal and Spain.16 Row (3) of Table 3 shows that
the seasonality-adjusted electricity consumption values do not
have a significant influence on the EUA prices. In a similar vein, we
also examine whether our results (in particular for the deployment
of RES) are influenced by seasonal patterns by including a set of
seasonal dummy variables. The unreported results of this analysis
show that all seasonal dummies are statistically insignificant,
while inferences about the abatement-related fundamentals are
very consistent.

Finally, given that 90% of the EUA price variation remains
unexplained by our marginal abatement cost model, we seek
to investigate whether policy events explain EUA price dynamics.
To this end, we add a set of dummy variables for selected policy
announcements, namely the ban on the use of certain CERs
(January 2011), the proposal for an energy efficiency directive
(June 2011), the intention to link the EU ETS with Australia (August
2012), the backloading proposal (November 2012), the report on
structural options to strengthen the EU ETS (December 2012), the
green paper on the 2030 framework (March 2013) and the first

and second vote by the European Parliament on the backloading
proposal (April 2013 and July 2013)17. The inclusion of event
dummies reveals two interesting findings (row 4 of Table 3). First,
the extended model explains 44% of the variation in price changes
(in terms of the adjusted R2). Most policy dummies are highly
significant and show the expected sign. However, there are three
notable exceptions, which bring us to the second important
finding. More specifically, the report on structural measures and
the green paper on the 2030 framework both aim at a more
stringent EUA supply in the future. Similarly, the backloading
proposal implies a stricter short-term EUA supply by postponing
the auctioning of 900 million allowances from 2013–2015 to 2019–
2020 (the overall supply is not changed). To be successful, the
announced reform policies should alter market expectation and
should, indeed, have a positive price impact. But effectively the
announcements of backloading and structural measures seem to
coincide with statistically significant price falls, while the effect of
the 2030 framework remains insignificant. This result indicates
that the announced reform policies do not change the current
perception of market agents that the EUA price will remain low for
long periods. The underlying reason may be a lack of credibility on
the EU’s reform proposals as discussed in Brunner et al. (2012) and
Lecuyer and Quirion (2013). The low credibility can arise from
(i) the uncertainty and inconsistency of medium-term targets and
(ii) the inherent credibility problems of any long-term commit-
ment. However, it is important to note that we use monthly event
dummies, which may be imprecise for studying the impact of an
announcement on a certain day. In the light of this major
limitation, our results should be carefully interpreted as a first
indication of a credibility problem that needs further investigation.

4. Discussion

What are the implications of our results in terms of the choice
of a reform option? In fact, the necessity of intervention depends
to a great extent on the goals attached to the EU ETS (Grosjean
et al., 2014). In a short-term cost-effectiveness paradigm, for
instance, low prices do not require intervention. A sufficiently
high price might be seen as desirable, however, in order to avoid
lock-ins, sustain investment in low carbon technologies and
ensure long-term cost-effectiveness (Clò et al., 2013). Other
reasons for a higher price might also include reflecting the social
cost of carbon (Nordhaus, 2011). As discussed in Grosjean et al.
(2014), the reform options can be broadly categorized along two
dimensions (i) the degree of price certainty embodied in the
reform option and (ii) the degree of delegation—i.e. the extent to
which the governance of the carbon market is delegated to a rule-
based mechanism or an independent institution. In that context, if
the need for reform is identified, the type of options favored
depends on what is seen as the main driver of the low price.

Based on our results, it seems questionable whether reform
proposals solely focusing on making the EU ETS ‘demand shocks
proof’ will be sufficient if the low price is seen as undesirable. In
fact, a rule adjusting the cap to expected economic development
or renewable deployment as proposed by International Emissions
Trading Association (IETA) (2013) might not deliver a desirable
price level (i.e. depending on the goals attached to the EU ETS) due
to the limited impact demand shocks appear to have on the EUA
price formation. Similarly, a rule adjusting the release of allowan-
ces to the surplus in the market, such as the Market Stability
Reserve suggested by the European Commission (2014), might

Table 3
The table shows the OLS coefficient estimates for Eq. (1) using alternative
indicators of economic activity (row 1 and 2), controlling for electricity consump-
tion patterns (row 3) and including selected policy announcements (row 4). For the
sake of brevity, we do not report the estimated intercept (available upon request).
The p-value is given in parentheses.

(1) (2) (3) (4)

Switch 0.0767 0.0961 0.0731 0.027
(0.0970) (0.0356) (0.0806) (0.4072)

Economic sentiment index 1.302 1.5853
(0.0026) (0.0000)

Wind/solar �0.1515 �0.1061 �0.1306 �0.1849
(0.0033) (0.0786) (0.0038) (0.0007)

Hydro �0.0426 �0.0486 �0.0064 0.0157
(0.6011) (0.4668) (0.9433) (0.8342)

Issued CERs (�1) �0.0055 �0.0045 �0.0067 �0.0014
(0.0985) (0.0316) (0.0225) (0.8052)

Industrial production 0.6922
(0.6087)

Oil 0.4053
(0.1313)

Electricity consumption �0.2068
(0.5518)

D(CER ban) 0.0489
(0.0088)

D(Energy efficiency) �0.2264
(0.0000)

D(Linking Australia) 0.1737
(0.0000)

D(Backloading proposal) �0.3189
(0.0000)

D(Structural measures) �0.7094
(0.0000)

D(2030 framework) 0.0298
(0.2291)

D(Backloading vote 1) �0.4225
(0.0000)

D(Backloading vote 2) �0.0401
(0.1313)

R2 0.1367 0.1895 0.1818 0.5487
Adjusted R2 0.0518 0.095 0.0864 0.44

16 Since the data series exhibits significant seasonal patterns, we regress the
log consumption values on a constant and three season dummies and use the
stationary residuals of this regression as explanatory variable.

17 The strategy to use dummy variables to control for institutional features is
also carried out in Alberola et al. (2008b) and Mansanet-Bataller et al. (2011).
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suffer from the same drawback. From such a perspective, a price
instrument such as a price corridor or a price floor might offer a
better option to send a clear signal to market participants (Fell and
Morgenstern 2009; Wood and Jotzo, 2011). A price floor can be
implemented as an auction reserve price in the EU ETS, i.e. an
auction is only released when the auction price is beyond a pre-
defined minimum price. In general, a price collar would generate
three potential market outcomes: (i) when EUA demand is low, the
price is set by the floor, and emissions are below the annual cap;
(ii) when demand is moderate, the EUA price is somewhere
between the floor and ceiling, and the emissions are determined
by the cap; and (iii) when demand is high, the price is set by the
ceiling, and emissions are above the cap. Thus, the hybrid price-
quantity mechanism would directly reduce the price uncertainty
in the EU ETS.

The policy-event dummies give us some evidence, although
limited, that regulatory uncertainty might play a role in price forma-
tion. This finding, if confirmed, would imply different reform options
than the ones merely aimed at adjusting to short-term shocks (e.g. due
to economic downturn or large renewable deployment). Such reform
options should seek to stabilize the expectations of market partici-
pants. From this perspective, two types of approaches are discussed in
the literature: (i) reducing policy uncertainty and (ii) decreasing the
long-term commitment problem (Brunner et al., 2012). The former
induces for instance the establishment of mid- to long-term legally
binding CO2 emissions reduction targets. The current debate is
focusing on the 2030 targets but to ensure long-term cost effective-
ness, it might be necessary to provide to market participants a long-
term decarbonization pathway. Nonetheless, as discussed in Grosjean
et al. (2014) such a strategy might not be sufficient to bring the
necessary level of stability to the expectations of market participants.

Tackling the long-term commitment problem in order to stabilize
expectations is a delicate task. In monetary policy, the experience has
favored delegation in setting the money supply as a tool to overcome
the problem (Barro and Gordon, 1983; Kydland and Prescott, 1977;
Rogoff, 1985). In the context of the reform of the EU ETS, one could
foresee the delegation of the governance of the carbon market to an
independent authority whose goal would be to ensure that the
short-term EUA price is in line with long-term target (e.g. Clò et al.,
2013; de Perthuis and Trotignon, 2013). However, this will not be
without difficulties. The exact mandate of this institution as well as
the instrument used to achieve its goal will not be easily defined
(Grosjean et al., 2014). Nonetheless, what an independent authority
may achieve is a smoother decision-process for making reforms as
well as locating the decision outside of the political sphere (Newell
et al., 2012). This might create more stable expectations on the way
decisions are taken over time, even if the goals are modified to adapt
to new information and circumstances.

Based solely on the empirical findings discussed in this paper, it
is difficult to assess exactly what type of reform is needed.
However, it gives additional insight on the (limited) role of
abatement-related fundamentals on price development, in parti-
cular with new results on the impact of renewables. In addition, it
gives new evidence that regulatory uncertainty might negatively
impact the EUA price, potentially undermining the ability of the
EU ETS to deliver long-term cost-effectiveness. These are none-
theless very preliminary findings and further research is needed
to better understand the relation between regulatory uncertainty
and price formation as well as its influence on long-term cost-
effectiveness.

5. Conclusion and policy implications

The price of EU allowances in the EU ETS fell from almost 30€
in mid-2008 to less than 5€ in mid-2013. In this paper we look for

reasons behind the sharp and persistent decline of EUA prices in
Phase II and early Phase III of the EU ETS. In particular, we examine
whether and to what extent the EUA price drop can be justified by
abatement-related fundamentals derived from permit market
theory. Based on a broadly extended data set, we quantify the
actual impact of three commonly identified explanatory factors of
the low EUA price: the economic recession, renewable policies and
the use of international credits.

We find that EUA price dynamics cannot be solely explained by
marginal abatement cost theory. The set of abatement-related
fundamentals explains only about 10% of the variations of EUA
price changes. Specifically, 40% of the explanatory power of the
model can be attributed to variations in expected economic
conditions. Our results suggest that the Economic Sentiment
Indicator is a particularly useful economic state variable that is
robustly explaining EUA price movements. Consistent with the-
ories suggesting that the coexistence of EU ETS and RES deploy-
ment targets work at cross-purposes, we also find that the growth
of wind and solar electricity production is a second important
determinant of EUA price drops. However, the estimated ex post
sensitivity of EUA price changes to wind/solar growth is much
smaller than predicted ex ante by simulation-based studies. The
important implication of this finding is that policy interaction
effects between ETS and RES targets are empirically moderate and
potentially exaggerated in simulation-based analyses. Finally, our
results do not support the view that the large use of offsets is
related to the EUA price fall. Although we find a statistically
significant negative influence of the issued CERs, the economic
relevance of CERs on EUA price dynamics seems rather limited.
However, we stress again the potential bias in this result which
may emerge from the necessary assumption that the number of
issued CERs also reflects the number of surrendered CERs in the
EU ETS.

Given that 90% of the EUA price variation remains unexplained
by abatement-related fundamentals, it is necessary in further
research to identify the true allowance price drivers. Although a
conclusive answer to this question exceeds the scope of this paper,
our robustness analysis suggests that policy events and a lack of
credibility may be alternative explanations for the weak price
signal. Indeed, a preliminary analysis of policy announcement
effects suggests that several announced reform policies apparently
do not change the current perception of market agents that the
EUA price will remain low for long periods. However, the use of
monthly event dummies may be too imprecise for studying the
impact of policy events on market expectation and EUA prices. We
believe that a key issue for future research is to verify whether
structural weaknesses – and a lack of credibility in particular – are
at the root of the inefficient carbon pricing mechanism. This is
crucial in order to structure the debate on the reform proposals for
the EU ETS, in particular in the framework of options delegating
(at varying degrees) the governance of the EU ETS.
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This paper investigates how the political process of making cap adjustments has shaped
market outcomes in the world's largest cap-and-trade system – the EU ETS. Capitalizing
on an event study method that incorporates an econometric technique designed to handle
parameter instability and model uncertainty, we assess the news-implied price response
to 29 hand-collected announcements about the EU ETS supply schedule. Our findings
document a high market responsiveness to political events and reveal how market par-
ticipants view the evolution of cap stringency in the light of a particular announcement.
We provide evidence that a sequence of strong event-induced price drops evolve in the
backloading decision process, which is consistent with the interpretation that market
participant's confidence in the political support for reform, and probably the EU ETS in
general, has been unsettled. We also document positive price reactions to the 2020 and
2030 policy packages, but not the 2050 roadmaps.
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Introduction

A major source of uncertainty in any cap-and-trade program with a long-term emissions reduction objective is that the
regulatory framework of the government-created market can change over time. This regulatory risk stems primarily from
features of the cap-setting process in the real-world political environment. In virtually all emissions trading programs, the
stringency of long-term targets remains uncertain since caps are typically only specified sequentially for the multiple
commitment periods of the program. For instance, in the EU ETS, targets are only legislated until 2020 and the legislated
linear reduction factor of 1.74%, that determines the cumulative cap, is not consistent with politically declared long-term
targets for 2050.1 Operational experience with cap-and-trade programs thus highlights that the allowance supply schedule
is not static but subject to potential policy revisions. The recent EU decision on 2030 targets is an example of an adjustment
of the medium-term cap in the EU ETS as part of the periodic updating of the long-term cap. At the same time, due to the
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1 If the linear reduction factor (LRF) of 1.74% p.a. is continued until 2050, a 73% emissions reduction (cumulative cap) will be achieved by 2050 in the EU

ETS. Yet, the 2050 Roadmaps, which provide the long term perspective on EU climate policy, envisage a 90% reduction in the EU ETS for 2050 (EC, 2011).
The latter would require a LRF of 2.4%. Recently, the Commission has proposed a revised LRF of 2.2% from 2021 onwards which would be consistent with a
84% reduction (EC, 2014).
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inflexibility of most cap-and-trade designs to adjust the legislated caps within each commitment period to current con-
tingencies (e.g. severe economic shocks), there seems to be an immanent risk of short-term policy interventions in the
policy program. A prime example for such an ad hoc intervention is the so-called EU “backloading” decision to postpone the
auctioning of 900 million allowances in the third commitment period of the EU ETS.

This paper points to underappreciated consequences of the political uncertainty inherent in the cap-setting process of
long-term emissions trading programs. We show that feedbacks from political events to allowance price formation are of
major relevance to our understanding of the related commitment problems in cap-and-trade programs. It is widely
recognized in the literature (e.g. Newell et al., 2014) that there cannot be full market confidence in political commitments of
both cap-and-trade programs (i.e. the number of allowances available) and carbon taxes (i.e. tax rate).2 This situation reflects
the trade-off between commitment and flexibility, which confronts policymakers with a classic time-inconsistency problem
and ex-post incentives to renege on ex-ante commitments (Kydland and Prescott, 1977). However, we argue that the
commitment problems resulting from political uncertainty can have different impacts on the performance of cap-and-trade
programs compared to conventional regulation or tax instruments.

To understand the central role of regulatory events in a cap-and-trade market with intertemporal flexibility (i.e. the
ability to bank unused allowances) but limited commitment, we turn to a seminal paper by Salant and Henderson (1978) for
theoretical motivation. Their Hotelling-type anticipation model guides our investigation, since it predicts that news
becomes a pivotal element of expectation formation if market participants are exposed to an ongoing risk of regulatory
intervention that would drastically affect prices. The important prediction in the ETS context is that any announcement that
affects market's estimate of the odds of a cap revision will trigger sharp price jumps, irrespective of whether the con-
templated change actually happens (Salant, 2015). Thus, mere speculation about the political commitment to the indicated
cumulative cap might influence market outcomes. In sharp contrast, with a tax instrument, such a price feedback from
policy debates will not occur, even if market participants anticipate a change in the tax rate (Murray et al., 2008).3

Empirical research in environmental economics has overlooked the feedback from political events to allowance price
formation.4 The standard approach in the literature is well represented by Hintermann (2010), who derives a reduced-form model
that explains allowance prices as a function of marginal abatement costs. Such fundamentals-basedmodels, however, explain only a
minor part of the observed price variation.5 More importantly, they do not explain the precipitous price breaks that have occurred.
Our study is the first comprehensive investigation of whether and how prices respond to regulatory announcements in the world's
largest cap-and-trade system – the EU ETS. Based on the premise that regulatory risk is a key ingredient of expectation formation,
we hypothesize that policy events can account for the existence and timing of price jumps. On this reasoning, we quantify the
news-implied price response to 29 supply-side announcements in the EU ETS during the period 2008 to 2014.

The European cap-and-trade program is particularly well suited for the analysis.6 In response to severe demand shocks, a series
of proposals and decisions have been announced with the objective of restoring the stringency of the EU ETS cap. This provides us
with a unique sample of policy events. They are divided into two categories. The first relate to backloading policy. Backloading
constitutes a cap-neutral adjustment with respect to the cumulative cap: fewer allowances (900 million) are accessible at auctions
in the short-term (2014–2016), but allowances come back to auctions in the mid-term (2019–2020). The second event category
relates to the periodic updating of medium- and long-term caps. In contrast to backloading, these announcements refer directly to
the degree of ambition of European climate policy (determined by the 2020, 2030 and 2050 targets, respectively). They provide
information about the stringency (rather than the timing) of the cumulative cap. The goal of our study is to present a careful
analysis of how the political process of making cap adjustments has shaped market outcomes in the EU ETS.

We capitalize on the event study literature to design an estimation strategy that allows measuring the price reaction to
regulatory announcements. Event studies have become the standard method in economics and finance of investigating
event-implied price responses (MacKinlay, 1997). Conceptually, these studies disentangle the price change that would be
expected if the analyzed event had not taken place (normal return) and the price change that is caused by the event of
interest (abnormal return). The challenge is to identify a credible return-generating process, that is, a tenable estimate of the
normal return benchmark in the EU ETS. To mitigate the ubiquitous bad model problem of event studies, we apply an
innovative Bayesian approach designed to handle parameter instability and model uncertainty. The dynamic model selec-
tion (DMS) approach developed in Koop and Korobilis (2012) not only allows the return-generating model to change over
time, but also allows coefficients in each model to evolve. Using this state-of-the-art method, enables us (i) to combine a set
of 10 potential predictors that lead to 1024 possible prediction models and (ii) to identify the best-performing return-
generating process at each point in time.

Our main findings are as follows: first, we present tangible evidence that regulatory events associated with cap
adjustments can explain the precipitous price jumps that have occurred in the EU ETS. Second, we find that backloading
policy in the EU ETS did not attain its objective to anchor higher price expectations by temporarily withdrawing allowances.
Rather, we document an event-induced price cascade downwards. For example, the market reaction to the Commission's

2 See Brunner et al. (2012) and Helm et al. (2003) for an overview.
3 However, it is important to note that in the case of a lower expected tax, market participants will probably also adjust their shadow price and

investment behavior accordingly.
4 Notable exceptions are Mansanet-Bataller and Pardo (2009) and Conrad et al. (2012).
5 See for example Alberola et al. (2008); Koch et al. (2014); Hintermann et al. (2016).
6 See Convery and Redmond (2013); Ellerman et al. (2016); Knopf et al. (2014) for more general reviews of the EU ETS.
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backloading proposal amounts to �23% over the 7-day event period. Even the positive vote in the European Parliament
caused the allowance price to move over the [�3; þ3] window by about �9%, following a 7-day price decline of �31%
triggered by the prior negative vote in parliament. The price reaction is consistent with the interpretation that market
confidence in the political support for a tight policy regime is unsettled, as an unstable majority in favor of a stringent EU
ETS reveals in the legislative process. Third, we find positive but moderate price reactions to the announcement of the 2020
and 2030 policy packages, while news related to the 2050 roadmap either did not affect allowance prices or induced
negative price drifts. The limited price adjustments to long-term policies suggest that market participants, in the light of
pending legislative decisions, revise only very carefully their expectations as new targets are announced in the EU ETS.

Our analysis of political events in the EU ETS contributes important evidence pertaining to the role of regulatory
uncertainty in cap-and-trade schemes. It is closely linked to recent theoretical advances in modeling cap-and-trade markets
under regulatory risk by Salant (2015). His model predicts the existence of both upward and downward price jumps as
market participants regularly increase or decrease their estimate of the odds of a high price in the light of new policy events.
Our study is a first attempt to provide empirical content to the model's prediction. The finding that regulatory events can
persuasively account for the observed, and hitherto unexplained, price breaks in the EU ETS provides corroborating evidence
for the model claims in the European cap-and-trade context. In addition, this analysis relates to the still scarce event study
literature on the EU ETS. Previous research has focused on the allocation process in the early program period. Using
truncated mean and GARCH models, respectively, Mansanet-Bataller et al. (2011) and Conrad et al. (2012) document sig-
nificant price adjustments to news about national allocation plans and verified emissions. We depart from this particular
work in two ways: we focus on the central process of cap adjustments and, given the lack of an accepted reduced-from
pricing model, we put particular emphasis on model choice, a neglected but critical design issue of EU ETS event studies.

Background and conceptual framework

To motivate our research interest in event-induced market effects, we plot the EU Allowance (EUA) price together with
(i) each backloading announcement in Fig. 1 and (ii) each long-term announcement in Fig. 2.7 There are several noteworthy
features in these graphs. First, notice the striking commonality in the timing of price jumps with respect to events. Both
figures suggest that upward and downward jumps in the price coincides with the announcement of news. Second, the
responsiveness of the allowance price seems to be more pronounced for the backloading policy relative to long-term
policies. Price drops are also more frequently observed with respect to backloading news.

This graphical examination provides clearly a naive estimate of the event-induced market reaction. It assumes that no
other confounding factors trigger the observed price reaction, which is evidently problematic as demand shocks could
equally shift prices. To address this shortcoming, we will subsequently capitalize on a event study methodology.

However, the striking empirical observation raises the more fundamental question of whether theory can explain
feedbacks from political events to allowance price formation. To begin with, we rely on classical Hotelling-type work on the
dynamics of emission trading.8 The general prediction from this body of literature is that in an intertemporal ETS setting
optimizing market participants with perfect foresight act in anticipation of any new information about future demand and
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Fig. 1. EU Allowance price and news related to backloading. Note: This figure shows the commonality in the timing of price jumps with respect to
backloading policy announcements.

7 We discuss the underlying data in the data section. A more detailed description of the policy announcements is contained in Appendix B.
8 See Hasegawa and Salant (2015) for an excellent overview or Rubin (1996) and Schennach (2000) for general formulations.
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supply paths. Thus, regulatory announcements with information content about the allowance release schedule should
translate to revisions of market expectations that are then reflected by event-induced price reactions.

What are the implications with respect to the effects of our particular events? Announcements related to the long-term
policy packages, in fact, provide information about the cap stringency in the future; they imply a higher linear reduction
factor and stricter cumulative cap. In anticipation of more stringent allowance endowments, we should expect positive price
reactions to these events. In contrast, the announcements related to backloading only provide information about the timing
of the supply schedule; backloading does not affect the cumulative cap. Due to price smoothing, changing the auction timing
should have no price impact. Agents would anticipate the intertemporal impact of the policy9 and adapt their behavior. This
prediction, of course, hinges on the assumption of perfect foresight. If market participants have short foresight horizons (e.g.
five years), backloading may trigger positive price effects through the lower near-term auction volume, while long-term
policy changes should not have much of an effect.

However, a key ingredient of expectation formation – regulatory risk – may remain hidden in the standard dynamic
framework. Allowance holders cannot know with certainty the size of the cap, precisely because policymakers have at any
time the freedom to intervene in the market. This widely recognized commitment problem has major underappreciated
consequences. In fact, seminal work of Salant and Henderson (1978) shows that price jumps are a salient feature of resource
markets subject to regulatory risk. Inspired by the peso and gold markets in the 1970's, their model predicts the occurrence
of otherwise unexplained price drops and it relates the existence and timing of price breaks to regulatory events, be it
sudden gold auctions or devaluations. To fix ideas, we draw on a recent application of the modeling to the ETS context in
Salant (2015).

The main extension of the standard Hotelling setting is that risk-neutral market participants fear that, at an unknown
date, a new regulatory intervention will be announced. Then, the price can jump up to pH with probability λ and down to pL

with probability 1�λ, leading to an expected price after the announcement of pA ¼ λpHþð1�λÞpL. Now suppose a regulatory
announcement is made about the supply schedule. If this event causes regulated firms and speculators to reduce their
estimate of the probability of a high price (i.e. λ or, equivalently, pA decreases), under the no-arbitrage condition, the actual
allowance price must fall and begin a new ascent.10 The reason for the drop is that allowance holders sell more quickly when
faced with a higher probability of capital loss. Similarly, if the probability of a high price increases in the light of an
announcement, the allowance price must jump up. An interesting special case occurs in a market environment in which
downside risks (of a future price collapse) are perceived as dominant.11 Then, the price can still jump in either direction due
to mixed news, but the mean news-implied price change should be negative.

Both policies of interest in this paper can be portrayed as examples of the regulatory risk of government interventions.
Beyond their actual effect on the supply-demand balance, they may provide information about the commitment to a strict
ETS regime, or in technical terms the odds of a high/low price state. Take for example the negative vote on backloading. In a
strict sense this event implies that a cap-neutral policy with unlikely intertemporal price impact will not be implemented.
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Fig. 2. EU Allowance price and news related to long-term policy. Note: This figure shows the commonality in the timing of price jumps with respect to
announcements of medium- and long-term policy packages.

9 If the quantity of allowances withheld was sufficiently large, prices in the short-term would increase to a level that encourages surplus owners to sell
allowances to firms with shortage. Yet, rebound effects would occur when allowances return to auctions later, resulting in depressed prices in the mid-
term.

10 More specifically, the price must change at the rate _p ¼ αþrð Þp tð Þ�αpA , where r is the riskless interest rate, α40 is the probability of intervention
and p(t) is the actual price at t. The solution to this differential equation is p tð Þ ¼ p 0ð Þe αþ rð Þt� αpA

αþ r e
αþ rð Þt�1

� �
.

11 If downside risks unambiguously dominate, i.e. pAop tð Þ holds, the price path is also predicted to rise faster than the rate of interest. An investigation
of this second model feature, which hinges on the additional assumption, is beyond the scope of this paper. Without loss of generality, we also abstract
from the differentiation of spot and futures prices.
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However, it also signals overall political support for the EU ETS and as such may lead to a revision of market's probability
assessment about the ability to restore a stringent supply regime. This would negatively influence allowance prices, whether
or not the speculation is justified. Anecdotal evidence suggests that concerns about the long-run survival of the program are
prevalent; for instance, according to a comprehensive market survey, 11% believed in 2011 that the EU ETS will not exist
beyond 2020, and in 2013 it were 18% (Point Carbon, 2013).

In a nutshell, we have two guiding theoretical predictions. The benchmark is the outcome under perfect intertemporal
optimization of no effects for backloading and positive effects for long-term policy. From this classical dynamic perspective,
all that matters is whether a policy change de facto affects the cumulative cap. Our second prediction, however, is that under
regulatory risk price shifts may arise on the sole ground of speculation about the political support for a tight cumulative cap.
The defining outcome then is that announcements on either policy may trigger both upward and downward price jumps,
depending on the revealed political support. Only if policy changes were decided outside the political sphere (as an
administrative detail), such price feedbacks can be precluded.

On this reasoning, disentangling market adjustments to political events is ultimately an empirical question. Correctly
identified news-implied price responses would give us a direct feedback on how market participants adjust their expec-
tations in the light of particular policy announcements. Most notably, proof of event-induced price declines would provide
first tangible evidence on the importance of regulatory risk in the European cap-and-trade program. Yet, such empirical
documentation must be complemented by a careful analysis of the information generated by the specific announcements
(i.e. content and motives) to unveil the channels through which anticipation effects may operate.

Note that we do not formulate directional hypotheses about the size of price effects for the individual announcements
(legislations, proposals, communications and decisions). Valid event-specific hypotheses would require a surrogate for
market expectations before the event. Yet, such prior expectations are unobservable. A classification based on “general
opinion” or researcher conviction seems highly subjective, since there is no straight-forward consensus in the marketplace.
The common remedy in event studies is to recover market expectations empirically based on the sign and magnitude of the
market response. We follow this ex-post approach and propose an alternative categorization scheme that does not require a
reference to prior expectations.12

Empirical strategy and data

Event study methodology

This section discusses the methodological approach adopted to measure the impact of a specific policy event on the
allowance price in the EU ETS. The design of our estimation strategy relies on the event study method and we will first
present its structure and metrics.13 Given that a correct specification of the implied return-generating process is critical for
the successful performance of event studies, we will subsequently describe how we seek to choose the best-performing
pricing model for EU Allowances.

Structure and metrics of event study
At the heart of event studies lies the distinction between the price change that would be expected if the analyzed event

had not taken place – the normal return – and the price change that is caused by the respective event – the abnormal return.
Conceptually, the abnormal return captures the systematic wedge between actual ex-post return and normal return which is
expected without conditioning on the event taking place. Or,

ARt ¼ rt�E rt ∣Ωtð Þ ð1Þ
where ARt, rt, E rt ∣Ωtð Þ are the abnormal, ex-post and (expected) normal returns respectively for time period t. ARt signals the
informational content of the event on day t; if informative, it would significantly drive the price of allowances; the sign and
magnitude of the abnormal return determines the direction of change. The normal return is not observable and must,
therefore, be predicted under a valid return-generating process. Ωt is the day t conditioning information set for the normal
return model.

Commonly, abnormal returns are tracked not only for the day when the event occurs (the announcement date) but also
over a period of time before and after the event (the event window). The examination of an event window is particularly
important given the nature of the regulatory events being studied. On the one hand, price-relevant information may have
leaked into the market before the official announcement. This may especially apply to legislative proposals, while the

12 See Givoly and Palmon (1985) for a discussion of inconclusive market expectations and the benefits of ex-post classifications in event studies. In
principle, if reliable data were available, trader surveys or media analyses could be used to derive a proxy for market consensus.

13 The method is surveyed in MacKinlay (1997). The application of event studies in the environmental economics literature is vast, with seminal
contributions of Hamilton (1995) and Khanna et al. (1998). Most papers use the approach to assess the stock market impact of environmental regulation
(e.g. Linn, 2010; Bushnell et al., 2013) as well as environmental information disclosure (e.g. Dasgupta et al., 2001; Fisher-Vanden and Thorburn, 2011; Beatty
and Shimshack, 2010). Mansanet-Bataller and Pardo (2009) are first to use an event study to analyze the allowance price impact of national allocation plans
and verified emissions.
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leakage of voting results is by definition almost impossible. Even without information leaks, market participant may
(partially) anticipate the regulatory announcement, precisely because there is often intensive work within the EU bodies to
find a consensus before a final vote. On the other hand, a gradual or delayed market reaction over the days following the
arrival of new regulatory information can occur. Given that regulatory news is usually prominently debated in the political
arena after the public announcement, it seems unlikely that the transmission mechanism of news is completed by the
announcement day.

In view of the above, we employ a 7-day event window from day �3 to day þ3. That is, the event window includes the
immediate three trading days before the announcement, the announcement date and three days after the news has become
public knowledge. This closed 7-day interval is mainly determined by the concern over confounding events – i.e. other
price-relevant events that occur coincidentally within the event window and that distort the price effect of the event.
Therefore, the event window should be long enough to capture the event effects, but at the same time be as short as possible
to exclude confounding effects (McWilliams and Siegel, 1997).14

The abnormal return observations within the event window are aggregated through time in order to draw overall
inferences for the event concerned. The cumulative abnormal return (CAR) is defined as:

CARτ1 ;τ2 ¼
Xτ2
t ¼ τ1

ARt ð2Þ

where �3rτ1rþ3 and �3rτ2rþ3 and in the usual case τ1rτ2.
While the aggregate level of abnormal performance prior to the announcement day, i.e. CAR�3;�1, allows inferences to be

made about market anticipation abilities (or potential information leakages), the aggregate post-announcement abnormal
returns, i.e. CARþ1;þ3, indicate the time needed for allowance prices to adjust to new information. Post-announcement
drifts, in particular, provide insights about market over- and under-reaction to news on day 0. The overall impact of an event
on allowance prices is captured by the cumulative abnormal return over the period from day �3 to day þ3, i.e. CAR�3;þ3.

To draw inferences about the abnormal returns, MacKinlay (1997) shows that the standard testing procedure can be
used. The large sample variance of the abnormal return is determined by the variance of residuals from the normal return
model, i.e. σ2

ARt
¼ 1

T1 �T0 �2

PT1
t ¼ T0

rt�E rt ∣Ωtð Þð Þ2, where T0 is the first day and T1 is the last day of the estimation window that
is needed to predict the normal returns. The corresponding variance of the cumulative abnormal return is
σ2
CARðτ1 ;τ2 Þ

¼ τ2�τ1þ1ð Þσ2
ARt

. Finally, the variance estimator for the average cumulative abnormal return across events i is
σ2
CAR ðτ1 ;τ2 Þ

¼ 1
N2

PN
i ¼ 1 σ

2
CARi;ðτ1 ;τ2 Þ

.

Return-generating process
Modeling the change in the allowance price that would have materialized in the absence of the information-generating

event of interest, i.e. the normal return in (1), requires a valid specification of a return-generating process. However,
attempts to generate a tenable (equilibrium) allowance pricing model are subject to theoretical and empirical scrutiny in the
literature (Hintermann et al., 2016). Theory predicts that the allowance price should reflect market fundamentals related to
the marginal costs of emissions abatement; see e.g. Rubin (1996). Yet, related empirical research raises several econometric
issues of allowance price formation given an abatement-related information set.

First, there exists a hotchpotch of potential abatement-related variables, ranging from different fuel and commodity
prices to various macroeconomic and financial indicators. For instance, Alberola et al. (2008) consider eight explanatory
variables, while analysis based on factor models have used more than 100 variables (Chevallier, 2011). Which combination of
variables most accurately summarizes the impact of fundamentals on allowance prices remains unclear. Also, for prediction,
a large set of potential predictors raises important empirical issues: many variables may either lead to over-parametrization
problems if included in a single model or to substantial statistical problems in the model selection process if a full set of
possible models is considered. Second, it has been argued that the abatement cost curve is discontinuous, uncertain and
variable throughout the year (Fezzi and Bunn, 2009), which raises concerns as to whether a single and static model can
successfully predict allowance prices. In fact, there is evidence that both the set of fundamentals and the magnitude of their
effects evolve over time due to institutional advances (Bredin and Muckley, 2011; Creti et al., 2012; Koch, 2014), business
cycle effects (Koch et al., 2014) or financial turmoil (Lutz et al., 2013; Koch, 2014).

In the light of the above, a coherent econometric model of the price-generating process should be flexible enough to
(i) avoid over-parametrization problems, (ii) allow for different price drivers at different points in time, i.e. model change,
and (iii) allow for time-varying marginal effects of price drivers in each model, i.e. parameter change. We apply a highly
flexible econometric technique developed in Raftery et al. (2010) and Koop and Korobilis (2012), referred to as dynamic
model selection (DMS), which satisfies these features. Moreover, Koop and Tole (2013) show that the model class is well
suited for the problem of predicting allowance prices.

14 As a robustness check we also employed an 11-day event window which is symmetrically centered on the announcement date. Extending the length
of the event window, reduces our sample size by 25% as seven events must be discarded due to confounding effects. Results remain similar in terms of sign
and significance (with some differences in the magnitude of the market response), but are not presented here due to space limitations. They are available
upon request.
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We apply the DMS approach for the first time in an event study. Our motivation is two-fold. First, model choice is a
crucial design issue in our event study precisely due to the lack of a seminal reduced-form pricing model such as the well
established CAPM in stock market event studies. More generally, the search for a valid return-generating process should be a
matter of course in any credible event study, but instead it is often omitted.15 Second, model misspecification may yield
biased and inefficient parameter estimates and, in turn, erroneous abnormal returns (Brenner, 1977, 1979); such inac-
curacies seem acute in our context given the econometric challenges discussed before. We believe that DMS is ideally suited
to limit such bad model problems.

The basic idea is as follows.16 Our aim is to predict allowance prices over the next 7 days (corresponding to the dates �3
to þ3 of the event window). To this end, we use all available data on prices and potential explanatory variables up to and
including the day before �3 (estimation period) in order to find the best prediction model, i.e. the model that combines the
explanatory variables and their time-varying parameters such that the difference between actual and predicted allowance
prices is minimized. That is, if the event window is from May 11–May 17, we take the best model given information on May
10 and then forecast for May 11–May 17 using the independent variables for those days. The event window is excluded from
the estimation period to avoid taking account of effects pertaining to the event of interest.

More specifically, consider a 1�m vector of predictors zt ¼ 1; xt�h; yt�1
� �

– including an intercept, a set of explanatory
variables given through time t�h and a lag of the dependent variable – that is used to predict allowance prices yt at time
t ¼ 1;…T . h is the number of days forecasted ahead; in our case, h¼7 in line with the 7-day event window. In addition,
suppose a set of K models that draw upon different subsets of zt as predictors; if we denote these subsets by zðkÞt , we can
formalize our model space as:

yt ¼ zðkÞt θðkÞ
t þεðkÞt

θðkÞ
t ¼ θðkÞ

t�1þηðkÞt ð3Þ
where εðkÞt is N 0;HðkÞ

t

� �
,17 ηðkÞt is N 0;Q ðkÞ

t

� �
and θðkÞ

t is the vector of time-varying regression coefficients of each model
k¼ 1;…;K . Thus, the model universe in our analysis consists of K linear time-varying parameter (TVP) models, which differ
with regard to (i) the included explanatory variables and (ii) the coefficients that control the time-varying relationship
between allowance prices and fundamentals.

To complete the model, we need a computationally feasible method of attaching probabilities to each possible model. Let
LtA 1;2;…:Kf g denote which models applies at each point in time and let πðkÞ

t∣t�1 ¼ PrðLt ¼ k∣Yt�1Þ be the probability that
model k holds at time t given data availability at time t�1, i.e. Yt�1 ¼ fy1;…; yt�1g. The idea behind DMS is to compute these
model probabilities for k¼ 1;…;K and to select the model k� with the highest model probability at each point in time, i.e.

π�
t∣t�1;k ¼max πðkÞ

t∣t�1

n oK

k ¼ 1
. Accordingly, we can calculate forecasts of yt as:18

E yt ∣Y
t�1

� �
¼ zðk�Þt θ̂

ðk�Þ
t�1 ð4Þ

These point predictions from the DMS are plugged in as E rt ∣Ωtð Þ in (1). The construction of this forecast hinges on the
estimates of the model probabilities πðkÞ

t∣t�1. Estimation could in principle be done through a transition matrix with elements
pkl giving the probability of moving from model k to model l. Then, given an initial or prior model probability, we can obtain
a classical Kalman filter model prediction equation: πðkÞ

t∣t�1 ¼
PK

l ¼ 1 π
ðkÞ
t∣t�1pkl. The problem however is that inference is often

computationally infeasible because of the large K � K transition matrix. Yet, computations simplify substantially if the

model prediction equation is replaced by πðkÞ
t∣t�1 ¼

πðkÞ
t∣t� 1αPK

l ¼ 1
πðlÞ
t∣t � 1α

. With the introduction of the so-called forgetting factor

αA 0;1½ �, no Markov chain Monte Carlo algorithm is required to draw transitions between models. Instead, we can do similar
evaluations as in the updating equation in the Kalman filter. A complete description of the state space computations
(also required to estimate θðkÞ

t ) is provided in Appendix A.

Data

Two kinds of input data are used in our empirical work spanning the period from March 14, 2008 through to April 30,
2014.19 First, the EU ETS supply schedule announcements serve as the sample conditioning information set in the event
study. Second, we use market and macroeconomic data to specify our DMS return-generating process used to predict
normal returns.

15 Note, for instance, that the validity of the CAPM is commonly also merely asserted, although such assertions are questionable (Brenner, 1977, 1979).
16 We thank a referee for providing this intuition.
17 Given that time-varying volatility is a stylized fact of the allowance price time series (Koch, 2014), we use a rolling recursive estimator as in Koop and

Korobilis (2009).
18 Alternatively, forecasting of yt can be done by averaging across every individual model forecast using πt∣t�1;k as weights, i.e.

E yt ∣yt�1
� �¼ PK

k ¼ 1 πt∣t�1;k � zðkÞt θ̂
ðkÞ
t�1. This is called dynamic model averaging (DMA) in Koop and Korobilis (2012) and we also explore DMA in the model

comparison below.
19 The trial Phase I (2005–2007) is excluded due to its core institutional feature which contaminates allowance price formation: the ban on banking, i.e.

intertemporal flexibility, towards later phases.
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Sample events
The sample events were hand-collected from two major sources: the European Commission's DG CLIMA news website20 and

Thomson Reuters Point Carbon.21 The Commissionwebsite was established by DG CLIMA as the regulator of the EU ETS to ensure
“a proper release, including pre-announcements, of market sensitive information” in order to “allow stakeholders to follow all
major developments” regarding the EU ETS and other climate policies.22 This official website is our primary source of
announcements. Additionally matching the events from the DG CLIMAwebsite and the news service company Thomson Reuters
enables us to verify the announcement dates and to assess the quality of the news items. The search keywords in these two news
archives included “cap”, “backloading”, “set-aside”, “2020 package”, “2030 framework” and “2050 roadmap”.

In line with the primary research question of this work, we impose a main sampling criterion; we only account for
primary information published by the regulator/legislator. More specifically, we include only legislations, legislative pro-
posals, communications and decisions from the principal decision making bodies of the European Union, i.e. the European
Council, the European Parliament and the European Commission. Any secondary information is discarded. We thus do not
account for announcements by individual EU member states. Nor do we consider information released by journalists or
analysts. Applying this sampling criterion yields a final sample of 29 regulatory announcements. A detailed description of
the policy announcements is contained in Appendix B.

Market data
To obtain a representative EUA price series, we rely on settlement prices of the year-ahead EUA December futures

contract traded on the ICE ECX, the leading EU ETS trading venue. December expiries are the most active contracts. The
reasons to rely on futures contracts instead of spot prices are two-fold. First, the vast majority of EUA transactions (over 88%
in 2011) is in futures (Kossoy and Guigon, 2012). Second, market microstructure analyses indicate that the ICE ECX provides
between 75% and 88% of price discovery for EUA trading (Mizrach and Otsubo, 2014). The price data is obtained from ICE
Futures Europe.

To predict the unobservable normal returns for EUAs, we draw on a standard set of explanatory variables previously
identified in the literature as potentially influencing abatement cost. Note that endogeneity is not a problem in our pre-
dictive models. For the sake of brevity, we only provide a list of the predictors used. Precise definitions, sources and cross-
correlations are given in Appendix C.

1. Brent crude oil price.
2. Coal API2 ARA price.
3. Natural gas TTF price.
4. EEX baseload electricity price.
5. GSCI non-energy commodity price.
6. STOXX EUROPE 600 stock price.
7. 3-month government interest rate.
8. Default spread between Aaa- and Baa-rated corporate bonds.
9. CBOE volatility index.

10. CER offset price.

Results of the ADF and KPSS tests in Table 1 (Panel A) suggest taking first differences to obtain stationary time series at
conventional significance levels for each time series used. Consequently, prices (interest rates and indices) are transformed
into continuously compounded returns (growth rates) by taking natural logarithms and differencing. Panel B of Table 1
contains descriptive statistics for the stationary series used in the analysis.

Results

Model selection

Rather than applying DMS a priori to disentangle normal and abnormal performance, we first seek to illustrate the
advantages of using it. To this end, we implement the following forecasting exercise in this subsection. We set aside an
initial 250 daily observations (April 2008–April 2009) to calibrate the estimation of a multitude of competing forecasting
methodologies for the 7-day ahead EUA price change. We then evaluate their forecast performance on all remaining
observations until April 2014.23 This comparison allows us to identify the superior forecasting method for the return-
generating process. The latter will ultimately be used to predict normal returns in the 7-day event window.

20 http://ec.europa.eu/clima/news/index_en.htm.
21 http://financial.thomsonreuters.com/en/resources/articles/point-carbon.html.
22 http://ec.europa.eu/clima/news/articles/news_2011102701_en.htm.
23 Note that the out-performance of DMS is a robust finding for a later calibration (April 2009–2010) and evaluation period (May 2010–April 2015).

Results are available upon request.
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More specifically, DMS is initially estimated for different forgetting factors λ and α in the interval 0:95;0:99½ � (as
recommended in Koop and Korobilis (2012).24 With our set of 10 potential predictors described above we have
K ¼ 210 ¼ 1024 possible normal performance models. All models include an intercept and a lagged dependent variable. The
alternative forecasting methods are nested as special cases in the flexible DMS configuration and listed below.25 Most
notably, they include the closely related Dynamic Model Averaging (DMA) approach that consists in averaging over the 1024
models rather than selecting the best of these models:

1. Forecasts using DMA (with λ and α in the interval 0:95;0:99½ �).
2. Forecasts using DMS and DMA with constant coefficients (special case with λ¼1).
3. Forecasts using Bayesian Model Averaging (BMA) (special case with λ¼α¼1).
4. Forecasts using a TVP model (special case with α¼1).
5. Forecasts using a constant coefficient model (recursive OLS).
6. Forecasts using a constant mean return model (w/o predictors).

We use two standard comparison metrics for point forecasts; the mean absolute forecast error (MAFE) and the mean
squared forecast error (MSFE). Table 2 presents these measures for the different approaches. In addition, to better visualize
forecast performance, we plot in Fig. 3 the actual EUA price change price together with two selected predictions, those from
DMS (our preferred approach) and recursive OLS (the standard approach in previous literature).

The key finding is that DMS forecasts very well. Forecasting gains depend on the choice of forgetting factors and DMS
with λ¼α¼0.95 has the best performance in terms of both MAFE and MSFE. Fig. 3 illustrates, under different market
uncertainty conditions, the vast improvement in forecast performance relative to the standard approach of a single recursive
OLS model with time-invariant parameters. Recall (see Appendix A) that the model forgetting factor α determines the
down-weighting of older data; with α¼0.95, forecast performance 20 trading days ago carries only about 35% as much
weight as forecast performance of the previous trading day. The parameter forgetting factor λ determines the time-
variability of coefficients; lower values imply abrupt parameter evolution. Thus, the out-performance of DMS with
λ¼α¼0.95 indicates that allowing for more rapid model and coefficient change leads to significant forecast improvements.
A comparison of the model averaging and model selection approaches further suggests that allowing for constant model
switching rather than gradual reweighting leads to superior forecast performance. Taken together, our finding is indicative
of pronounced instability in the relationship between allowance returns and predictor variables over time. Therefore,
inflexible econometric techniques applied in previous literature (Mansanet-Bataller and Pardo, 2009) – including also the
constant mean return model that simply uses prevailing average returns as normal benchmark – yield poor forecasts.

Panel A of Fig. 4 shows the number of predictors used in the preferred DMS specification over the forecast evaluation
period. Although we have 10 potential predictors, DMS delivers very parsimonious models with an average of about three

Table 1
Summary statistics.

Statistic EUA Oil Coal Gas Elec. GSCI Stock Interest Credit VIX CER

Panel A: Stationarity
Level
ADF �1.61 �1.38 �2.10 �1.94 �3.65nnn �2.08 �1.78 �2.30 �2.07 �2.54 �0.85
KPSS 4.38nnn 3.05nnn 0.68nn 1.59nnn 1.74nnn 1.06nnn 1.54nnn 3.14nnn 2.13nnn 2.23nnn 4.81nnn

1st log-difference
ADF �9.61nnn �7.72nnn �7.10nnn �7.21nnn �18.20nnn �7.83nnn �13.04nnn �39.02nnn �10.12nnn �12.08nnn �7.07nnn

KPSS 0.05 0.09 0.10 0.11 0.03 0.21 0.40n 0.22 0.17 0.03 0.45n

Panel B: Descriptive Statistics
Meana �0.23 0.02 �0.08 �0.03 �0.08 �0.09 0.03 �0.68 �0.13 �0.15 �0.78
Std. Dev.a 0.56 0.30 0.27 0.40 0.89 0.26 0.23 6.78 0.29 1.15 0.68
Skewness �1.09 �0.38 �0.53 1.42 �2.42 �0.32 0.11 �2.97 �0.13 0.56 �1.27
Kurtosis 22.12 8.10 8.12 18.38 31.47 7.33 11.37 84.94 12.19 7.06 15.15

Panel A reports test statistics of the Augmented-Dickey–Fuller (ADF) and Kwiatkowski, Phillips, Schmidt and Shin (KPSS) tests for daily data of EU
Allowance futures (EUA), Brent oil futures (Oil), API2 coal futures (Coal), TTF natural gas futures (Gas), Phelix baseload electricity futures (Elec.), the
Goldman Sachs Commodity Index (GSCI), STOXX EUROPE 600 index (Stock), 3-month government bonds (Interest), spread of Moody's Aaa- and Baa-rated
corporate bonds (Credit), CBOE Volatility Index (VIX) and Certified Emissions Reductions futures (CERs). Panel B presents descriptive statistics of the
stationary time series used in the analysis. The sample period is from March 14, 2008 to April 30, 2014.

a Annualized.
n Significance at 10% level.
nn Significance at 5% level.
nnn Significance at 1% level.

24 All computations are performed with Matlab. The program code for DMA/DMS is a modification of the codes kindly provided by Gary Koop and
Dimitris Korobilis.

25 See Koop and Korobilis (2012) for a detailed discussion of the nested model configurations.
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variables (in addition to intercept and lagged allowance return). To get an indication of which variables are important
predictors and when, we also plot the inclusion probability of selected predictors over time.26 Panel B of Fig. 4 shows how a
good predictor of allowance prices varies substantially over time. For instance, coal and gas prices often have strong pre-
dictive power, which corroborates prior findings. None of the commonly considered predictors, however, emerge as par-
ticularly important over the entire sample period. In fact, and in line with Koop and Tole (2013), we cannot attach a
probability close to 1 to any specific price driver at any time. Rather, inclusion probabilities fluctuate around 0.5 and abrupt
changes can be observed in several cases. This finding helps us to understand why conventional constant coefficient models
that include all or a few selected explanatory variables are inappropriate to predict normal performance.

To summarize, we have shown that enhancing model flexibility is of crucial importance for gaining superior statistical
forecasts. Therefore, we use DMS (with λ¼α¼0.95) as the best-performing forecasting methodology to select at each point
of time a valid return-generating process for the unobservable normal returns. We now turn to the main results of the event
study that are based on these normal returns.

Note, however, that in Appendix E we also explore the relevance of model choice with respect to inference we obtain
about our policy events. To this end, we repeat the event study using three alternative prediction methods, namely recursive
OLS, constant mean return and DMA. Unlike the first two static approaches, which deliver partly very different estimates

Table 2
Comparison of different forecasting methods.

Method MAFE MSFE

DMS (α¼λ¼0.95) 0.2101 0.3391
DMS (α¼λ¼0.99) 0.2312 0.3574
DMS (α¼0.95, λ¼0.99) 0.2223 0.3513
DMS (α¼0.99, λ¼0.95) 0.2340 0.3582

DMA (α¼λ¼0.95) 0.2453 0.3687
DMA (α¼λ¼0.99) 0.2360 0.3607
DMA (α¼0.95, λ¼0.99) 0.2360 0.3610
DMA (α¼0.99, λ¼0.95) 0.2428 0.3656

DMA (α¼0.95, λ¼1) 0.2339 0.3584
DMS (α¼0.95, λ¼1) 0.2117 0.3442
BMA 0.2330 0.3573
TVP 0.2446 0.3692
Recursive OLS 0.2494 0.3835
Constant mean model 0.2480 0.3827

This table reports the mean absolute forecast error (MAFE) and the mean squared forecast error (MSFE) for different 7-step ahead forecasting methods for
EU Allowance returns. We set aside 250 daily observations from April 2008 to April 2009 for initializing the estimation and report results on the remaining
observations (until April 2014).
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Predicted price change (recursive OLS)
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Fig. 3. Actual and predicted EU Allowance price change. Note: This figure shows actual allowance price changes together with two selected predictions, those
from DMS and recursive OLS. It illustrates the vast improvement in forecast performance of our preferred DMS approach relative to the standard OLS approach.

26 With all 10 potential price drivers, the full set of figures with (a) inclusion probabilities and (b) time-varying coefficients would take up much space;
it is however available upon request.
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from one another and from DMS, the estimates based on the flexible DMA approach are very close to DMS, despite their
conceptual difference in handling model change. This robustness does not imply that the dynamic estimates are correct but
it may increase the credibility of the main analysis.

Event study

We organize the presentation of the event study results as follows. We first report on the market reaction to the
backloading decision process. Recall that the market impact of the sample events is measured by abnormal returns as
calibrated in Eq. (1). We subsequently assess the event-induced price reactions with respect to the long-term policy
packages.

Market reaction to backloading
Panel A of Table 3 summarizes our empirical estimates for the market's reaction to each backloading event on the

announcement day, [0], and over three specific event windows, [�3;�1]; [þ1;þ3]; [�3;þ3]. Eight events exhibit sig-
nificant negative announcement effects (at least at the 5% significance level) and five events induced significant positive
price reactions (at the 1% significance level).27 While this finding implies that the news have strong information content, the
full market response is measured over the 7-day event window [�3;þ3] surrounding the announcement date. Accounting
for pre- and post-announcement price shifts is indeed crucial to capture the full event effect. Take, for example, the first
plenary vote against backloading in Parliament (event #A9), for which we observe significant positive price changes prior to
the vote. Cumulating the abnormal returns over the [�3;�1] window yields a significant price increase of 7.48%, which is
suggestive of positive expectations of an approval that may relate to the fact that much effort is being made prior to the vote
to reach a consensus among the largest groups of Parliament. However, on the voting day, with the rejection of the proposal,
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Fig. 4. Model size and role of selected predictors. Note: Panel A shows the number of predictors used in the DMS specification over time, highlighting that
parsimonious models are delivered. Panel B depicts inclusion probabilities for five selected predictors, showing how a good predictor of allowance prices
varies substantially over time.

27 The result that day 0 exhibits highly significant market reactions is indicative of the announcement date being exactly pinpointed.
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we observe a dramatic price drop of �42.96%. Ultimately, the vote causes an impressive 7-day price decline of �31.02%; the
strongest cumulative effect in our sample.

Two observations from Table 3 (Panel A) are particularly noteworthy in the light of our theoretical rationals. First,
backloading events persuasively explain both upward and downward jumps in the allowance price. Yet, second, the market
reaction to backloading is strongly colored by the negative price shifts. Eight events cause negative 7-day price shifts; price
declines of four events are statistically significant ranging from about �9% to �31%. Only two events trigger significant
positive price effects over the event period. Beyond the sheer number of price drops, the asymmetric reaction is witnessed
by a negative average abnormal return across the 14 events of �3.75% on day 0 and �4.45% over the 7-day event window
(at 1% significance level respectively; not reported).28

Both findings exactly match with the outcome predicted by the Salant setting. Price jumps in either direction occur
because the events reveal different political support for or against reform; market participants as a result increase/decrease
their estimate of the odds of a high price and buy/sell allowances in the face of a possible capital gain/loss. The prevalence of
price drops, reflected by the downwardmean news-implied price change, indicates that downside risks, in terms of concerns
about the survival of the program, are perceived as dominant by market participants. The results are in notable contrast to
the standard price smoothening prediction that backloading policy is price neutral or at best has positive price effects if
market agents have short foresight horizons. However, more detailed knowledge about the quality of the specific events is
needed to shed light on the mechanisms underlying the observed anticipation effects.

Table 3
Market reaction to regulatory announcements.

Event Event day (window) Classification

�3;�1 0 þ1;þ3 �3;þ3 ex-ante ex-post

Panel A: Backloading
A1: EP ENVI set-aside plan 4.22% 17.97%nnn 0.48% 22.67%nnn þ þ
A2: EP ITRE on set-aside 3.60% �5.43%nn 2.32% 0.50% þ þ
A3: Council against set-aside 0.16% 1.44% 7.08% 8.68% – þ
A4: EC plan to backloading 2.80% �4.70%nnn 0.92% �0.98% þ –

A5: EC official proposal �1.14% 8.19%nnn �30.27%nnn �23.21%nnn þ –

A6: EP ITRE against proposal �19.20%nnn �5.79%nnn �5.45%nnn �30.43%nnn – –

A7: EP ENVI for proposal 13.01%nnn �10.36%nnn 8.88%nnn 11.53%n þ þ
A8: EP ENVI no fasttrack 8.88%nnn �13.35%nnn �0.20% �4.67% – –

A9: EP negative vote 7.48%nn �42.96%nnn 4.47% �31.02%nnn – –

A10: EP ENVI amendment 13.36%nnn �6.24%nnn �3.98%nn 3.14% þ þ
A11: EP positive vote �4.12%nn 4.42%nnn �9.58%nnn �9.28%nn þ –

A12: EPþCouncil compromise �5.28%nnn 4.08%nnn �1.46% �2.66% þ –

A13: EP ENVI fasttracking 1.11% 3.37%nnn �1.57% 2.91% þ þ
A14: Council agrees adoption 4.50% �3.20%nnn �10.78%nnn �9.49% þ –

Panel B: Long-term policy
B1: 2020 package compromise 7.46%nn 4.87%nnn 2.62% 14.95%n þ þ
B2: 2020 package adoption 6.31%n 1.05% 5.50% 12.87% þ þ
B3: Moving beyond 20% I 1.96% 3.08%nn �3.56% 1.48% þ þ
B4: Moving beyond 20% II 6.21% 3.59%n 3.75% 13.54% þ þ
B5: Cap for 2013 I �5.28% 1.60% �1.51% �5.18% þ –

B6: Cap for 2013 II �2.95% 1.10% 1.19% �0.66% þ –

B7: Low-carbon roadmap 2050 1.02% �0.06% �1.12% �0.16% þ –

B8: Council on roadmap I �5.21% �2.55% �17.15%nnn �24.91% – –

B9: Energy roadmap 2050 �11.17%nnn 5.24%nnn 5.00% �0.93% þ –

B10: Council on roadmap II �5.14% �3.68%nnn 3.13% �5.69% – –

B11: EP on roadmap 3.13% �0.72% �7.79% �5.37% þ –

B12: Green paper 2030 9.56%nnn 2.93%nnn 1.56% 14.05%nnn þ þ
B13: 2030 package 1.45% 1.50%n 3.04% 5.99% þ þ
B14: EP on 2030 package �1.57% 4.76%nnn 1.20% 4.39% þ þ
B15: Council on 2030 package 1.74% 2.74%nn �2.41%n 2.07% þ þ

This table reports the (cumulative) abnormal returns to backloading news (Panel A) and long-term policy news (Panel B) on the announcement day or over
a specific event window. Abnormal returns are generated using DMS (with λ¼α¼0.95) as return-generating process. The classification of events is as
follows: ex-ante, events are “negative” if they evidently oppose legislation of reform and “positive” otherwise; the ex-post classification mirrors the sign of
the 7-day cumulative abnormal return and is similar to the scheme laid down by Givoly and Palmon (1985). Standard errors are reported in Appendix D.

n Significance at 10% level.
nn Significance at 5% level.
nnn Significance at 1% level.

28 Note that negative and positive effects are netted in the calculation of the average overall abnormal return. In addition, given that the analysis is
conducted in terms of growth rates, we cannot make unambiguous inference about the overall effect on the price level.
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Dichotomizing the events into positive and negative news provides a first assessment. To this end, we exploit the fact
that some events are evidently “negative” in the sense that they oppose the legislation of reform, while others can be
classified as “positive” in that they, albeit to different degrees, support the policy. Thus, conditional on ex-post knowledge
about the event outcome (e.g. vote against backloading), we can derive tentative expectations about the sign of the event-
specific price effects. To implement this particular type of ex-ante categorization, we evaluate the basic support/opposition
information disclosed by each event (see Table B1 in Appendix B). Its counterpart is the ex-post deduced news classification,
which is based on the sign of the actual price reaction over the 7-day event window. A comparison of expected and
observed price impacts in Table 3 reveals that even “pro”-backloading events, such as the positive vote in Parliament, lead to
downward price shifts; their average 7-day abnormal return is �0.49%. In fact, only three of the eights events with 7-day
price drops are classified ex-ante as negative; the latter on average induce a 7-day price change of �14.25%.

The event classification, however, does not convey the whole picture of the market reaction. It is insightful to plot
patterns in the market reaction over time. Fig. 5 shows the average cumulative abnormal returns from event day �3 to þ3
associated with events in each half of the year from 2011 to 2014.29 It shows that the very first announcement to ‘set-aside’
(i.e. backload) allowances in late 2011 triggers a strong positive price reaction of 22.67% over the [�3;þ3] period. However,
it also documents the gradual evolution of negative price drifts; while the average cumulative price effect of events in the
first half of 2012 is still positive at around 5% (but statistically insignificant), the second half of 2012 and the whole year 2013
are on average characterized by significant news-implied price drops. Even the final policy adoption in the first half of 2014,
gives no positive impetus (effect remains statistically insignificant).

Our theory suggests that the shift from positive to negative price adjustments is rooted in a reversal of the perceived
odds of high prices (i.e. λ). But what explains this revision of market participants? The legislative background provides part
of the answer. Although backloading was meant as a quick fix, its implementation took more than two years. Initially, it was
supposed to be legislated before the next auctioning phase started at the beginning of 2013. In fact, it was not adopted until
February 2014. This delay can be traced back to several decisional bottlenecks, most notably the failure to approve the policy
in the first place. We must therefore study the information content of the specific announcements, with a particular focus on
political-economy forces, to provide a more comprehensive answer about the causes of turning market expectations.

To begin with, the first ‘set-aside’ proposal in December 2011 (#A1) foresaw amending the Energy Efficiency (EE)
Directive and, subsequently, the ETS Auctioning Regulation, in order to allow the Commission to withhold allowances. Such
a procedure would have enabled a timely implementation as the EE Directive was already in a late stage of the legislative

Event day

3210-1-2-3

C
um

ul
at

iv
e 

av
er

ag
e 

ab
no

rm
al

 re
tu

rn

-15%

-10%

-5%

0%

5%

10%

15%

20%

2011 H2 [1 event]: Set-aside proposal (EE Directive)
2012 H1 [2 events]: EE Directive w/o set-aside
2012 H2 [2 events]: Backloading proposal (ETS Directive)
2013 H1 [5 events]: Votes I
2013 H2 [2 events]: Votes II
2014 H1 [2 events]: Legislation

Fig. 5. Market reaction to backloading policy over time. Note: This figure shows the average cumulative abnormal returns from event day �3 to þ3
associated with backloading events in each half of the year from 2011 to 2014. It documents the gradual evolution of negative price drifts.

29 We report standard errors and significance levels in Table D1 of Appendix D.
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process with a fast-track plan for adoption in June 2012. In addition, amendments of the ETS Auctioning Regulation require
only the vote of a technical committee of Member States' representatives (Climate Change Committee) that decides with a
qualified majority. Most importantly, the ‘set-aside’ proposal did not clearly establish whether the backloaded allowances
could be canceled at a later point, i.e. whether the policy intervention would be cap-neutral. In this respect, the
announcement made the legislation of a tighter cap schedule more probable and the observed upward price shift of 22.67%
reflects the revisions in the market's estimate of the odds of higher prices.

In the first half of 2012, however, doubts emerged that the envisaged legislation under the committee-led process may
exceed the implementing powers provided for in the ETS Directive. Instead, expectations evolved that the Commission
would amend the ETS Directive to obtain the power to alter the auctioning schedule. In fact, in June 2012 the EE Directive
was agreed without set-aside (#A3) and in July 2012 the Commission unveiled its plan to change the ETS Directive under the
codecision procedure, which was bound to translate into delays in the implementation. While the ‘set-aside’ proposal
foresaw withdrawing 1.4 billion allowances from 2013–2020, the Commission now announced three variants for con-
sultations: postponement of 400, 900 or 1200 million allowances from 2013–2015 to 2019–2020. The market reaction to this
less ambitious proposal is negative with an instant price fall of �4.70% (#A4). At the end of 2012, the Commission then
released its legislative proposal (#A5). The positive announcement effect of 8.19% can be viewed against the choice of a
medium change in the auctioning schedule with 900 million EUAs, signaling the Commission's commitment to breathe life
into the ETS. The strong reversal over the post-announcement period, however, suggests that market participants initially
overreact to the proposal and then gradually adjust their expectations to the arrival of more elaborate information. In fact,
on day þ2 an accompanying report on “The state of the European carbon market 2012” was published by the Commission,
which puts the backloading proposal into the context of further reform measures.30 Its key message is that backloading
cannot correct the “over-supply” and that other “structural measures” are indispensable for reform (EC, 2012:7). This
perspective on backloading and the fact that all other measures would require a new legislative proposal seems to raise
doubts over a timely strengthening of the ETS. As a result, the 7-day price reactions to the Commission proposal levels out at
�23.21%. Reuters (2013) summarized the series of events in 2012 as “The EU's tangled carbon tale” and interpreted the price
shifts, in the vein of the regulatory risk hypothesis, as reactions to a lack of clarity and political determination.

The first half of 2013 exemplifies the political hurdles in legislating the envisaged policy. Opposite votes in the two
relevant committees of the European Parliament – the Environment, Public Health and Food Safety (ENVI) committee and
the Industry, Research and Energy (ITRE) committee – herald the multiple and conflicting policy objectives among members
of Parliament. First, the Industry Committee votes against the Commission's backloading proposal (#A6). Over the seven
days around this vote, prices fall by 30.43%. Then, the Environment Committee votes in favor of the proposal (#A7). Yet, the
market reaction on the announcement day is significantly negative (�10.36%), which may relate to the delay of the decision
to start the fast-track legislation with the Council.31 Shortly afterwards, the Environment Committee, indeed, fails to agree to
start fast-track legislation talks (#A8), which implies that the backloading proposal must be sent to the Parliament for a
plenary vote. The announcement causes a significant price drop on day 0 by �13.35%. What follows is the negative plenary
vote in the Parliament (334 against versus 315 in favor) that triggers the massive price fall discussed above (#A9). The
common feature of all these events is that they fuel doubts over the political support for the restoration of a tight policy
regime. In the light of the political hurdle to finding an appropriate level of response, not only the optimism about any quick
intervention is fading, but also probably the confidence in the EU ETS in general is shaken. This is interpretation is also
illustrated in the popular press; for instance The Economist (2013) led with the headline “Carbon trading: ETS, RIP?”
highlighting the concern that “the whole edifice of EU climate policy is about to crumble”.32 The series of event-induced
price falls reflects this deterioration of confidence.

In the second half of 2013, decisions are made that finally enable the implementation of backloading: in June an
amended backloading proposal with stricter conditions33 is approved by the Environment Committee (#A10), in July the
Parliament passes the amended proposal in the second plenary vote (#A11), and a final compromise between Parliament
and Council is reached in December (#A12). However, Table 3 highlights the absence of any robust positive price impact
attached to the three decisions over the event window [�3;þ3]. For instance, the cumulative price decline for the Par-
liament vote over the whole event window [�3;þ3] amounts to �9.28%. While the announcement effect is positive
(4.42%), significant negative cumulative abnormal returns in the pre- and post-announcement period suggest downward
market expectation prior and after the vote. This pattern may be explained by the fact that the positive vote in the second
round was still close (311 against versus 344 in favor) and, as such, it could have acted as a reminder to market participants
that the coalition advocating a strong EU ETS was weak. More generally, the findings indicate that prices have no reason to

30 Although the release of the report falls into the event window of the backloading proposal, we do not treat the two events as confounding events
since both releases are strongly interrelated and provide information on the same issue.

31 A fast-tracked legislation is adopted after one rather than three possible readings and this can significantly speed up the legislative process. It can be
considered the standard codecision procedure in the EU; it accounts for 72% of codecision files in the 2004–2009 parliamentary term (Reh et al., 2013).

32 In a similar vein, The Time (2013) wrote “That might leave the door open for other policies, including a straight carbon tax, more support for
renewables or increases in R&D funding for carbon-free power. We could use all three, but carbon markets may be finished”.

33 The intervention has to be a one-time-measure with a maximum withdrawal of 900 million allowances (accompanied by an impact assessment for
sectors exposed to carbon leakage).
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rise if an announcement does not restore the confidence in a stringent supply regime. On the contrary, bearish speculations
in late 2013 have on average resulted in negative price effects.

Market reaction to long-term policy
Announcements related to long-term policy in the EU ETS are associated with the three main policy packages that

determine EU climate and energy targets for 2020, 2030 and 2050, respectively. First and foremost, they provide infor-
mation about the envisaged (more ambitious) cumulative cap of the EU ETS. If we focus on the information content of
stricter future allowance endowments, positive price reactions are expected given sufficiently long foresight horizons. Yet,
recall that each event may in addition provide political-economy information about the odds that the envisaged long-term
changes can be legislated and through this channel also negative price reactions may occur.

In this respect, the limited price adjustments to long-term policies are a first noticeable finding from Panel B of Table 3.
Price effects occur mostly instantaneously on the announcement day. Merely two (of 15) events trigger a statistically sig-
nificant price effect over the whole event window; both 7-day price shifts are positive. We also observe news-implied price
drops but they remain, in terms of magnitude and significance, fairly moderate relative to the price shifts we observe for
backloading. Only three events exhibit statistically significant negative price reactions in one specific event window; two of
these events are, in fact, also classified ex-ante as “negative” based on the support/opposition criteria introduced above. The
(unreported) average price effects for the long-term policies are positive but statistically insignificant on day 0 (1.70%) and
over the 7-day window (1.76%). In the following, we discuss the specificities of each announcements to better pinpoint the
mechanisms that can be put forward to rationalize the market reaction.

Beginning with the legislation of the “Climate and Energy Package” for 2020 (2020 package), two findings stand out (events
#B1-6). First, reaching an agreement on 2020 targets and most notably the LRF of 1.74% has a considerable positive price impact.
This focuses specifically on the agreement in the European Council in December 2008 (#B1). The release of the presidency
conclusions on day 0 triggers a price rise of 4.87%. This price effect adds to a significant 3-day price increase of 7.46% in the pre-
announcement period, suggesting that market participants anticipated the compromise based on the consensus finding process
that often precedes final votes. Taken together, the cumulative price effect over the [�3;þ3] event window levels out at 14.95%;
however, it is only moderately significant at the 10% level. In contrast, the final adoption of the legislative 2020 package in April
2009 (#B2) shows no additional information content at conventional significance levels. We only document a positive antici-
patory effect at low significance level. Second, the two releases on options to move from a 20% to a 30% emissions reduction
target in May 2010 (#B3) and February 2012 (#B4) had only a one-time and moderately positive price impact. In the case of a
30% target, the EU ETS cap in 2020 would be 34% below 2005 emissions rather than the 21% reduction planned under the 20%
target. The absence of sustained price shift may relate to the fact that the conditions to move from 20% to 30% were not met (i.e.
commitment of other developed countries to comparable emission reductions) and the provided information about the costs,
benefits and options of scaling up ambition had no legal implications. Another interesting finding concerns the determination of
the cap for 2013, the first year of 2013–2020 trading period, on the basis of the legislated 2020 package (#B5 and #B6). Neither
announcements are priced. This may be explained by the fact that the setup of annual caps under a fixed periodic cap does not
provide any additional information on the overall stringency of the EU ETS.

Turning to the “2050 Roadmaps”, which should provide a long-term perspective (beyond 2020) on climate and energy
policy, we obtain the following general picture (#B7-11): the announcements either did not affect allowance prices or
induced negative price drifts. In particular, the release of the low-carbon economy roadmap 2050 by the Commission in
March 2011 (#B7) seems to be irrelevant. There is neither an announcement effect, nor market anticipation or a lagged
reaction to the event. In contrast, for the energy roadmap 2050, we find a positive price effect of 5.24% on day 0, which is
however countervailed by a cumulative negative price reaction in the pre-announcement interval (#B9).34 The absence of
effects for the low-carbon roadmap may reflect a lack of price-relevant information for the marketplace; only recom-
mendations for cost-effective long-term milestones (in line with the known international declarations of the EU) are dis-
cussed, while the legal setting for adequate targets for the period after 2020 remains unclear. The energy roadmap, at least,
prominently highlights the necessity to define clear targets for 2030 building on the roadmaps, which may explain the
positive announcement effect.35 The other 2050 events in our sample relate to the fact that the roadmaps, as commu-
nications of the Commission, are addressed to the Council and Parliament to give responses in the form of conclusions or
resolutions. The Council, however, never adopts conclusions, i.e. a political endorsement, on the low-carbon roadmap.36 In
fact, Poland has blocked Council conclusions twice, first in June 2011 (#B8) and second in March 2012 (#B10), due to the
country's opposition to domestic emission reduction obligations. As a result, only presidency conclusions are issued doc-
umenting the disagreement. Both decisions are accompanied by price declines; the post-announcement price decline of
17.15% for the first Council meetings37 and the announcement effect of �3.68% for the second meeting are statistically
significant. The event-induced price drops are evidence that market participants adjust their price expectation (i.e. pA in

34 The negative price reaction of �11.17% over the [�1;�3] interval may reflect the leakage of the draft of the energy roadmap. In the three days prior
to the official release, there was a particular focus on leaked details concerning the construction of 40 new nuclear power plants in the EU.

35 COM(2011) 885: “The next step is to define the 2030 policy framework, reasonably foreseeable and the focus of most current investors.”
36 Note that Council conclusions are political statements with no legal stakes, which however require unanimity.
37 It is important to note that the negative reaction in the period [þ1;þ3] may have been further amplified by the Commission's proposal of an Energy

Efficiency (EE) Directive in the post-announcement window. Therefore, the post-announcement effect of the Council meeting might be distorted by the
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model terms) as conflicting policy objectives among Member States and the emergence of a veto player are revealed. This
may limit the ability to legislate new binding targets in the co-decision procedure involving the Council and Parliament. The
latter indeed successfully adopted a resolution on the low-carbon economy roadmap (#B11) in plenary shortly after the
second Council decision. Yet, in the light of Council disagreement, the price reaction to the Parliament decision remains
insignificant.

Finally, for the “Policy framework for climate and energy in the period from 2020 up to 2030” (2030 framework), we find
positive and statistically significant announcement effects in the range of 1.50% to 4.76% for each individual event (#B12-15).
However, the consultative Green Paper published in June 2013 (#B12) is the only event with a statistically significant price
reaction over the whole event period. The 7-day price rise of 14.05% is mainly driven by strong price adjustments prior to
the official release. The positive market reaction indicates that market participants take a tighter cumulative cap schedule
into consideration as the consultation about the future state of the EU ETS in 2030 is initiated. Interestingly, the subsequent
proposal of the 2030 framework in January 2014 (#B13) has only a very moderate price impact (at low significance level).
This result seems at odds with the major change proposed with respect to the EU ETS: an upgrade of the currently legislated
LRF of 1.74% to 2.2% from 2021 onwards, i.e. a palpable increase of the cumulative cap stringency. Yet, it is useful to view this
finding also in the context of the early stage of the legislative process. Since the framework received initial political
endorsement with a Parliament resolution (#B14) and Council conclusions (#B15), the Commission must present a legis-
lative proposal which then has to go through the co-decision procedure. As such, the minor price adjustment may merely
reflect that market participants restrain from adapting their expectations about the cumulative cap given the pending
legislative decisions. Finally, it is noteworthy that the 2030 framework includes the proposal of the Market Stability Reserve
(MSR), which may have equally affected the market reaction. The mechanism is supposed to render the supply more
flexible.38

Discussion

Our evidence suggests a high responsiveness of the European cap-and-trade market to political debates about back-
loading – the European Commission's short-term response to the EU ETS price drops. This result underpins the main point of
this paper, which is that policy events can explain the existence and timing of the precipitous price breaks in the EU ETS. The
result further corroborates recent theoretical predictions by Salant (2015) that expectations about the degree of commit-
ment enshrined in the long-term policy program are a central force of allowance price formation. In fact, the strength of the
price sensitivity to backloading news points towards a neglected facet of the emissions trading program: prices also reflect
political-economy information about the odds of future interventions and price shifts. Moreover, we provide evidence that
the political attempts in the EU ETS to anchor higher price expectations by temporarily withdrawing allowances has failed.
Rather, the observed sequence of strong event-induced price drops is consistent with the interpretation that the level of
commitment perceived by market participants decreases, as the difficulty of the pro-ETS coalition in implementing back-
loading reveals. In particular, the two very close plenary votes in Parliament signal highly relevant information about the
balance of power in EU climate policy. The two-year process to adapt backloading – intended to be “a means of paving the
way for longer-term market reform” (EU, 2013) – can be interpreted as having enabled market participants to learn about
the challenges to implement any reform of the EU ETS.

For long-term policy announcements, we detect a less pronounced market sensitivity. Price adjustments mainly occur
instantaneously, they are, in terms of magnitude, rather moderate but on average positive. The crucial question in this case is
what explains the absence of sustained positive price effects? As already indicated, part of the answer may lie in the fact that
the policy package (with the exception of the 2020 package) are in an early stage of legislation. Currently, they only take the
form of Commission communications and as such constitute policy documents with no legal effect. The Commission still has
to draft new legislation that then has to be adopted through the EU's standard decision-making procedure. In this respect,
the limited price adjustment may reflect that market participants restrain from adapting their expectations about the
cumulative cap given the pending legislative decisions. Yet, this may just provide part of the answer. Two interrelated and
more profound explanations may be relevant.

First, the difficulty of credibly committing to emissions targets in the long-term may be at the heart of the matter. In fact,
a multi-jurisdictional emissions cap must be set for the EU ETS and this involves multiple Member States with divergent
policy objectives. The politics of cap-setting depends on distributional consequences in the Member States, e.g. whether
their most influential industries are net sellers or buyers of allowances. This in turn depends on a range of domestic factors
such as emissions reduction opportunities and growth projections. The complex legislative structure might lead to a
situation with continuous strategic bargaining between Member States, raising the question of whether the EU is able to
credibly commit to any long-term targets. If the degree of commitment is perceived as low, market participants will not or

(footnote continued)
confounding announcement of the EE Directive on day þ1. We decided not to exclude the event from our sample because the announcement effect of the
EE Directive is 0.72% and insignificant.

38 The MSR is based on pre-defined rules on (i) when to feed allowances into the reserve and when to release them and (ii) how many allowances to
reserve and how many to release (adjustment size). Since the new LRF and the MSR are announced as a bundle, we cannot separate their price effects.
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will only very carefully revise their expectations as new targets are announced. Second, the economic significance of
announced long-term targets may remain limited due to a short foresight horizon of market participants. As discussed by
Kollenberg and Taschini (2014), it is possible that regulated entities have a short-term focus when making strategic decision.
This would point to an important market failure and requires more research.

The main policy implication of our findings is that the perception of political commitment is fragile among market
participants and that legislative intervention is a double-edged sword. Market participants in the EU ETS appear to have
been in need of a “credibility anchor” during the period of uncertainty that characterized the backloading legislative process.
In this context, anecdotal evidence from our study highlights a positive and significant price impact of two remarks from
German Chancellor Angela Merkel voicing support for backloading (AR0 of þ23%39 and þ9%40 at 1% significance level; not
reported). Reform proposals for the EU ETS (Grosjean et al., 2016), such as the MSR or other adjustment mechanism based
on price triggers, should consequently be assessed with respect to the extent to which an option strengthens the credibility
of long-term commitments in the policy program. In general, the investigation of commitment devices is an interesting
avenue for future research.

The recognition of feedback effects from political events to allowance price formation can have consequences on the
perceived comparative advantage of cap-and-trade compared to tax instruments. In a cap-and-trade regime, commitment
problems would feed into the price signal. In fact, mere speculation about the political commitment to the announced cap
schedule can translate into the allowance price-setting process.41 Most importantly, such a feedback effect would com-
promise cost-optimal abatement decisions if the speculation is unfounded (i.e. if the regulator intends to commit to the
announced policy). In sharp contrast, with a tax instrument, price feedbacks from commitment problems would not occur,
since the tax is unresponsive to changing market expectations. Even if market participants speculate on a future change in
the tax rate, current abatement decisions will not be colored by market believes. However, changes in the perception of
political commitment will affect the agent's shadow price and, thus her long-term investment behavior. While Murray et al.
(2008) argue that the greater ability to respond to changing expectations gives emissions trading an advantage over taxes,
we believe it is also noteworthy – for a more balanced picture – that this responsiveness can be a disadvantage if expec-
tations are rooted in unfounded speculation. This observation may also shed new light on the advantages of hybrid price-
quantity mechanisms discussed in the literature (Fell et al., 2012; Gruell and Taschini, 2011; Wood and Jotzo, 2011). Future
research to better pinpoint new asymmetries between trading, taxes, and standards in a dynamic setting with imperfect
commitment should prove interesting.

Conclusion

In this paper we have investigated how allowance prices respond to regulatory news in the world's largest cap-and-trade
system – the EU ETS. We capitalized on an event study method – incorporating a highly flexible econometric technique
designed to handle parameter instability and model uncertainty – in order to quantify the news-implied price response to
29 announcements concerning the time profile of EU ETS supply schedules that took place between 2008 and 2014. Our
findings suggest a high responsiveness of the cap-and-trade market to political events. We have provided evidence that a
sequence of strong event-induced price drops evolve in the backloading decision process. This empirical result is consistent
with the interpretation that market participant's confidence in the political support for reform – and probably for the EU ETS
in general – has been unsettled. Moreover, we have documented positive price reactions to the announcement of the 2020
and 2030 policy packages, while news related to the 2050 roadmap either did not affect allowance prices or induced
negative price drifts. Overall, the price adjustments to long-term policy packages remain limited, which suggests that
market participants, in the light of pending legislative decisions, revise only very carefully their expectations as new targets
are announced.
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39 On May 3, 2015 Merkel says: “Something also has to be done on backloading, otherwise we have a development that goes in the wrong direction”.
40 On October 16, 2013 she says: ”We need a degree of backloading of CO2 emissions so that the certificate price can reach a reasonable level again”.
41 See Pizer and Yates (2015) for a similar argument in the context of linking cap-and-trade schemes.

N. Koch et al. / Journal of Environmental Economics and Management 78 (2016) 121–139 137

4.6 Conclusion 79



Appendix A. Supplementary data

Supplementary data associated with this paper can be found in the online version at http://dx.doi.org/10.1016/j.jeem.
2016.03.004.

References

Alberola, E., Chevallier, J., Cheze, B., 2008. Price drivers and structural breaks in European carbon prices 2005–2007. Energy Policy 36, 787–797.
Beatty, T., Shimshack, J.P., 2010. The impact of climate change information: new evidence from the stock market. B.E. J. Econ. Anal. Policy 10, 1–27.
Bredin, D., Muckley, C., 2011. An emerging equilibrium in the EU emissions trading scheme. Energy Econ. 33, 353–362.
Brenner, M., 1977. The effect of model misspecifications on tests of the efficient market hypothesis. J. Finance 32, 57–66.
Brenner, M., 1979. The sensitivity of the efficient market hypothesis to alternative specifications of the market model. J. Finance 34, 915–929.
Brunner, S., Flachsland, C., Marschinski, R., 2012. Credible commitment in carbon policy. Clim. Policy 12, 255–271.
Bushnell, J.B., Chong, H., Mansur, E.T., 2013. Profiting from regulation: evidence from the European carbon market. Am. Econ. J.: Econ. Policy 5, 78–106.
Chevallier, J., 2011. Macroeconomics, finance, commodities: interactions with carbon markets in a data-rich model. Econ. Model. 28, 557–567.
Conrad, C., Rittler, D., Rotfuss, W., 2012. Modeling and explaining the dynamics of European Union Allowance prices at high-frequency. Energy Econ. 34,

316–326.
Convery, F.J., Redmond, L., 2013. The European Union Emissions Trading Scheme: issues in allowance price support and linkage. Annu. Rev. Resour. Econ. 5,

301–324.
Creti, A., Jouvet, P.-A., Mignon, V., 2012. Carbon price drivers: phase I versus phase II equilibrium?. Energy Econ. 34, 327–334.
Dasgupta, S., Laplante, B., Mamingi, N., 2001. Pollution and capital markets in developing countries. J. Environ. Econ. Manag. 42, 310–335.
EC, 2011. Impact Assessment accompanying the Communication ‘A Roadmap for moving to a competitive low carbon economy in 2050’ Commission Staff

Working Document.
EC, 2012. The state of the European carbon market in 2012 Report from the Commission to the European Parliament and the Council.
EC, 2014. Impact Assessment accompanying the Communication ‘A policy framework for climate and energy in the period from 2020 up to 2030’ Com-

mission Staff Working Document.
Ellerman, A.D., Marcantonini, C., Zaklan, A., 2016. The European Union Emissions Trading System: ten years and counting. Rev. Environ. Econ. Policy 10,

89–107.
EU, 2013. Environment Committee reaffirms support for emissions trading fix, Press release 19-06-2013, 〈http://www.europarl.europa.eu/news/de/news-

room/20130617IPR12344〉.
Fell, H., Burtraw, D., Morgenstern, R.D., Palmer, K.L., 2012. Soft and hard price collars in a cap-and-trade system: a comparative analysis. J. Environ. Econ.

Manag. 64, 183–198.
Fezzi, C., Bunn, D.W., 2009. Structural interactions of European carbon trading and energy prices. J. Energy Mark. 2, 53–69.
Fisher-Vanden, K., Thorburn, K.S., 2011. Voluntary corporate environmental initiatives and shareholder wealth. J. Environ. Econ. Manag. 62, 430–445.
Givoly, D., Palmon, D., 1985. Insider trading and the exploitation of inside information: some empirical evidence. J. Bus. 58, 69–87.
Grosjean, G., Acworth, W., Flachsland, C., Marschinski, R., 2016. After monetary policy, climate policy: is delegation the key to EU ETS reform? Clim. Policy

16, 1–25.
Gruell, G., Taschini, L., 2011. Cap-and-trade properties under different hybrid scheme designs. J. Environ. Econ. Manag. 61, 107–118.
Hamilton, J.T., 1995. Pollution as news: media and stock market reactions to the toxics release inventory data. J. Environ. Econ. Manag. 28, 98–113.
Hasegawa, M., Salant, S., 2015. The dynamics of pollution permits. Annu. Rev. Resour. Econ. 7, 61–79.
Helm, D., Hepburn, C., Mash, R., 2003. Credible carbon policy. Oxf. Rev. Econ. Policy 19, 438–450.
Hintermann, B., 2010. Allowance price drivers in the first phase of the EU ETS. J. Environ. Econ. Manag. 59, 43–56.
Hintermann, B., Peterson, Rickels, 2016. Price and market behavior in phase II of the EU ETS: a review of the literature. Rev. Environ. Econ. Policy 10,

108–128.
Khanna, M., Quimio, W.R.H., Bojilova, D., 1998. Toxics release information: a policy tool for environmental protection. J. Environ. Econ. Manag. 36, 243–266.
Knopf, B., Koch N., Grosjean G., Fuss S., Flachsland C., Pahle M., Jacob M., Edenhofer O., 2014. The European Emissions Trading System (EU ETS): Ex-Post

Analysis, the Market Stability Reserve and Options for a Comprehensive Reform, FEEM Working Paper 79.2014.
Koch, N., 2014. Dynamic linkages among carbon, energy and financial markets: a smooth transition approach. Appl. Econ. 46, 715–729.
Koch, N., Fuss, S., Grosjean, G., Edenhofer, O., 2014. Causes of the EU ETS price drop: recession, CDM renewable policies or a bit of everything?-new

evidence. Energy Policy 73, 676–685.
Kollenberg, S., Taschini, L., 2014. The Reform of the EU ETS: a Responsiveness Mechanism. Unpublished Working Paper.
Koop, G., Korobilis, D., 2009. Forecasting Inflation using Dynamic Model Averaging, Rimini Centre for Economic Analysis WP 34-09.
Koop, G., Korobilis, D., 2012. Forecasting inflation using dynamic model averaging. Int. Econ. Rev. 53, 867–886.
Koop, G., Tole, L., 2013. Forecasting the European carbon market. J. R. Stat. Soc.: Ser. A (Stat. Soc.) 176, 723–741.
Kossoy and Guigon, 2012. State and Trends of the Carbon Market 2012, World Bank.
Kydland, F.E., Prescott, E.C., 1977. Rules rather than discretion: the inconsistency of optimal plans. J. Political Econ. 85, 473–491.
Linn, J., 2010. The effect of cap-and-trade programs on firms' profits: evidence from the nitrogen oxides budget trading program. J. Environ. Econ. Manag.

59, 1–14.
Lutz, B.J., Pigorsch, U., Rotfuss, W., 2013. Nonlinearity in cap-and-trade systems: the EUA price and its fundamentals. Energy Econ. 40, 222–232.
MacKinlay, A.C., 1997. Event studies in economics and finance. J. Econ. Lit. 35, 13–39.
Mansanet-Bataller, M., Chevallier, J., Herve-Mignucci, M., Alberola, E., 2011. EUA and sCER phase II price drivers: unveiling the reasons for the existence of

the EUA-sCER spread. Energy Policy 39, 1056–1069.
Mansanet-Bataller, M., Pardo, A., 2009. Impacts of regulatory announcements on CO2 prices. J. Energy Mark. 2, 75–107.
McWilliams, A., Siegel, D., 1997. Event studies in management research: theoretical and empirical issues. Acad. Manag. J. 40, 626–657.
Mizrach, B., Otsubo, Y., 2014. The market microstructure of the European climate exchange. J. Bank. Finance 39, 107–116.
Murray, B.C., Newell, R.G., Pizer, W.A., 2008. Balancing cost and emissions certainty: an allowance reserve for cap-and-trade. Rev. Environ. Econ. Policy 3,

84–103.
Newell, R.G., Pizer, W.A., Raimi, D., 2014. Carbon markets: past, present, and future. Annu. Rev. Resour. Econ. 6, 191–215.
Pizer, W.A., Yates, A.J., 2015. Terminating links between emission trading programs. J. Environ. Econ. Manag. 71, 142–159.
Point Carbon (2013) Carbon 2013: At a tipping point.
Raftery, A.E., Karny, M., Ettler, P., 2010. Online prediction under model uncertainty via dynamic model averaging: application to a cold rolling mill.

Technometrics 52, 52–66.
Reh, C., Heritier, A., Bressanelli, E., Koop, C., 2013. The informal politics of legislation explaining secluded decision making in the European Union. Comp.

Political Stud. 46, 1112–1142.

N. Koch et al. / Journal of Environmental Economics and Management 78 (2016) 121–139138

80 Chapter 4 Regulatory events as catalysts for price formation



Reuters, 2013 Timeline – the EU's tangled carbon tale, 〈http://www.reuters.com/article/eu-carbon-timeline-idUSL6N0BKFEM20130222〉.
Rubin, J.D., 1996. A model of intertemporal emission trading, banking, and borrowing. J. Environ. Econ. Manag. 31, 269–286.
Salant, S.W., 2015. What Ails the European Union's Emissions Trading System? RFF Discussion Paper 15-30.
Salant, S.W., Henderson, D.W., 1978. Market anticipations of government policies and the price of gold. J. Political Econ. 86, 627–648.
Schennach, S.M., 2000. The economics of pollution permit banking in the context of Title IV of the 1990 Clean Air Act Amendments. J. Environ. Econ. Manag.

40, 189–210.
The Economist, 2013. Carbon trading. ETS, RIP? 〈http://www.economist.com/node/21576388/〉.
The Time, 2013. If carbon markets can't work in Europe can they work anywhere? 〈http://science.time.com/2013/04/17/if-carbon-markets-cant-work-in-

europe-can-they-work-anywhere/〉.
Wood, P.J., Jotzo, F., 2011. Price floors for emissions trading. Energy Policy 39, 1746–1753.

N. Koch et al. / Journal of Environmental Economics and Management 78 (2016) 121–139 139

4.7 References 81



��������

� ���������	

��� ��������	
 	� θ
(k)
t �
� π

(k)
t|t−1 �	 k = 1, . . . , K �� ����� 	
 ���	������	
� ���������

�� ������ �� ��� ������ �
� ���� ���
 ����
���� �� ���� ���
��� ����� ����� ����	��

��
�	���
� �����
 ���� �
� ��		���� ��
 �� �����  � �	���� � ���� �����
���	
 	� ���

�����
� �����
 !���� �����	
�" �
�	���
� �#	 ���	������	
� #��� �	$������ �	�����
�

����	��  � ��� �	 ������ �� ��� ������ �
� �		� �
� �		����� ������ �	 � ��������

��������	
 �
� %���������	
� ��� ��� 	� � �	�����
� ����	 �� #��� ����������� �
 ���

��������& ��� ����  ��� �
� '���	
 ��(()��

�	 ����
 #���" ��� �����
 ���� �������	
 	� ��� �������� �����
 �	�� �
����� �	
��$

��	
� θ
(k)
0 � ��
 �� #����
 ��*

θ̂
(k)
t|t−1 = θ̂

(k)
t−1|t−1 ���

Σ
(k)
t|t−1 = Σ

(k)
t−1|t−1 +Qt ���

#��� Σ
(k)
t|t−1 ��
	��� ��� �	����
�� ����� 	� θ̂

(k)
t−1� ������ �� ��� ������ �������� ���

�
�	�����	
 	� � ������� �	�����
� ����	 �
 ��� �	 �������� ��� ��������	
 ��
�" �


��������" ��� �
��	��� ������
� �+����	
�" ��� �+� �,� �
� �(� �
 �		� �
� �		�����

�������*

Σ
(k)
t|t−1 =

1

λ
Σ

(k)
t−1|t−1 �-�

λ ��� ��� �	��	#�
� �
��������	
* 	�������	
� j ���	�� 	�� ���� #����� λj #��
 ����$

����
� ��� ����	 	� ����$����
� �	�.���
��� !	 λ = 1" ��� ���� 	� �	
���
� ��������

�� ��	���� #���� λ < 1 ���	#� �	 ����������� / ����� 	� λ 
�� 	
� ������� � ������ ��	$

����	
 	� �	�.���
��" #����� �	#� ������ �� �	
�����
� #��� ����� ������� ���
���

�

82 Chapter 4 Regulatory events as catalysts for price formation



�� ���� ��� 	�
���	���
 �� ��� ��� ����	���� ��������� �� ���� 
��� �����
 �����

��	����
� ��� ��� ������� ��� pkl ��
��� ��� ���
�����
 ����������� �� ����
� ���� �����

k �� ����� l� ���
� ����
 � ����� ���� ��� ������ π
(k)
0|0 � ��� ����� �����	���
 �
� �����
�

� ����
 ��� ��� �����
 ����� 	�
 �� 	�
���	��� ��!

π
(k)
t|t−1 =

K∑
l=1

π
(k)
t|t−1pkl "#$

π
(k)
t|t =

π
(k)
t|t−1fk (yt | Y t−1)

π
(l)
t|t−1fl (yt | Y t−1)

"%$

����� fl (yt | Y t−1) �� ��� �����	���� ��
���� �� yt ����
 ����� l �
� �
��������
 � ��

���� t− 1� ���� ��� ��
���� �� � N
(
ŷ
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Abstract  
The central pillar of European climate policy, the European Emissions Trading System (EU ETS), is 
currently under scrutiny, as the allowance price is persistently low at around 5€/tCO2. The cap was 
met and emissions actually declined in recent years, ensuring the environmental effectiveness of the 
scheme. However, the low price may affect the long-term cost-effectiveness of the instrument by 
reducing the incentive for investment and deployment of low carbon technologies. No significant 
increase in the allowance price is expected before 2020, and probably not beyond, without reform. 
While the reasons for the price decline are controversial, empirical analysis shows that only a small 
portion of price fluctuations can be explained by factors such as the economic crisis, renewable 
deployment or international offsets. Therefore, it is likely that political factors and regulatory 
uncertainty have played a key role in the price decline. As a consequence, any reform of the EU ETS 
has to deliver a mechanism that reduces such uncertainty and stabilizes expectations of market 
participants. The Market Stability Reserve proposed by the EU Commission is unlikely to address the 
current problem of price uncertainty and insufficient dynamic efficiency. The key element of the 
alternative reform proposal described in this paper is to set a price collar in the EU ETS with lower 
and upper boundaries. This is likely to reinforce the long-term credibility and reliability of the price 
signal. In addition, a price for GHG emissions not covered by the EU ETS has to be set. If additional 
market failures prevent the market from functioning efficiently, specific policy instruments related to 
innovation and technology diffusion should be implemented in addition to carbon pricing. Carbon 
leakage could be addressed through tailor-made trade policies. In parallel, increasing the coalition of 
countries included in the carbon pricing should remain a priority. This reform package would bring 
the EU ETS back to life, while avoiding a relapse into potentially costly and inefficient national 
climate and energy policies. 

                                                           
1 This paper draws on the discussions at the Euro-CASE Workshop “The European Emissions Trading System 
(EU ETS) - Taking stock, looking forward: Options for reform”, February 2014 http://www.euro-
case.org/index.php/the-european-emissions-trading-system-eu-ets-taking-stock-looking-forward-options-for-
reform.html. The authors are thankful for valuable input provided by the workshop participants. The paper also 
benefited a lot from suggestions by a number of reviewers.   
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1. Introduction  
The EU implemented the EU ETS as the central cornerstone of EU climate policy. It is the first large-
scale CO2 emission trading system in the world, offering the world community a unique opportunity 
to distill empirical lessons for the operation and design of an emissions trading system. This is 
particularly salient, as trading schemes for GHG reductions are currently in the process of being 
adopted in many other world regions including California, Quebec, and several Chinese cities and 
provinces. At the same time, however, the performance of the EU ETS is under great scrutiny. Many 
believe that the carbon price it sets is far too low to incentivize long-term investments in low-carbon 
technologies.  

To progress beyond a narrow discussion of the adequate allowance price level, this paper evaluates 
the performance of the EU ETS and the different EU ETS reform options along the three criteria of 
environmental effectiveness, cost-effectiveness and political feasibility. Our analysis concludes that 
the environmental effectiveness of the EU ETS is given (in fact, the emission target has been 
overachieved), but that the EU ETS lacks dynamic efficiency. The EU Commission has suggested 
addressing this problem by introducing a reform that manipulates the supply of EU allowances 
(EUAs), i.e. the Market Stability Reserve. However, we show that this reform proposal does not 
address the problem of dynamic efficiency, mainly because the interplay between the magnitude of 
the EUA surplus and the EUA price formation seems incomprehensible from an inter-temporal 
perspective. It also fails to address the problem of overlapping policies arising from the existence of 
supplementary policy instruments at the EU Member State level that could undermine the overall 
performance of the EU ETS. By contrast, our analysis clearly shows that instead of a narrow reform 
of the EU ETS focusing on the EUA surplus, a comprehensive reform addressing a several aspects of 
carbon pricing is required. This includes (i) setting a price collar within the EU ETS, (ii) expanding 
the EU ETS to other sectors (e.g. transport, buildings) (iii) addressing additional market failures 
through other policy instruments and (iv) addressing the possible problem of carbon leakage by 
expanding the group of countries that adopt comparable carbon prices.  

The paper is structured as follows. Section 2 will give an ex-post evaluation of the performance of the 
EU ETS in terms of environmental effectiveness and allowance price formation, while section 3 
evaluates the cost-effectiveness. Section 4 provides an overview of the different reform proposals and 
analyses the Market Stability Reserve in detail. Section 5 describes a comprehensive reform of the EU 
ETS in view of establishing the long-term credibility of European climate and energy policy. Section 
6 concludes and addresses political feasibility. 

2. The EU ETS: ex-post analysis  
Pricing carbon is essential for climate policy. It directly addresses the market failure related to 
Greenhouse Gas (GHG) emissions and harmonizes the price signal indicating the level at which 
internal GHG reductions are more cost-effective than purchasing and surrendering EU Allowances 
(EUAs). If implemented properly, this promises to simultaneously meet the objectives of 
environmental effectiveness (the permitted emissions given by the cap) and economic efficiency (all 
organizations have an incentive to implement internal abatement options cheaper than the allowance 
price).  

The EU aims to reduce all GHG emissions by 80-95% by 2050. This long-term vision is grounded in 
a 2020 mid-term strategy with 20% GHG reduction by 2020, as agreed in the “EU climate and energy 
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package” in 20072. To achieve this, the EU Emissions Trading System was implemented in 2005, 
covering the power sector, the energy-intensive industrial sector and commercial aviation which, 
together, are responsible for about 45% of all GHG emissions originating in the European Union. In 
particular, the 2003 EU ETS Directive states that the trading scheme aims to “promote reductions of 
greenhouse gas emissions in a cost-effective and economically efficient manner.” However, the time 
frame for assessing efficiency is not specified in the Directive. However, it is fair to assume that the 
EU ETS must enable the development and deployment of low-carbon technology in order to keep the 
promise of cost-effectiveness in the long-term. Achieving emissions reductions exclusively through 
output reductions rather than through a shift to new technologies would not be economically efficient. 
Therefore, this paper evaluates the EU ETS against its capacity to foster first R&D and then 
investment in new technologies. 

The EU ETS is the first, and to date the largest, system for trading GHG emission allowances in the 
world3. A complex and functioning market infrastructure has emerged including periodic auctioning 
of permits, trading amongst regulated entities and financial intermediaries, a centralized emission 
registry, and a system of monitoring, reporting and verification of emissions. 

Since 2013, the EU ETS directive foresees that emissions within the EU ETS will decline by a Linear 
Reduction Factor (LRF) of 1.74% p.a., so that emissions will be reduced by 21% between 2005 and 
20204. In volume this means a reduction from 2,501 Mt CO2 in 2005 to 1,904 Mt CO2 in 20205, giving 
an approximate reduction of allowances of 38 Mt CO2 per year. If the LRF of 1.74% p.a. is continued 
until 2050, a 71% reduction will be achieved by 2050 within the EU ETS sector (long-term 
cumulative cap). An increasing share of emission allowances will be auctioned (starting with 40% in 
2013), but free allocation is retained in order to address concerns about competitiveness (see section 
5.5).  

2.1. Evaluating the environmental effectiveness of the EU ETS 
In order to evaluate the environmental effectiveness of the EU ETS, emission reductions within the 
EU ETS sectors have to be analyzed to determine, in particular, whether these reductions can be 
attributed to the EU ETS or whether other factors such as the economic recession, or renewable and 
energy efficiency policies are more relevant. According to an overview of studies, emissions within 
the EU ETS6 reduced by around 3% of estimated business-as-usual emissions in Phase I and during 
the first two years of Phase II.  As the annual cap is observed, and non-compliance faces severe 
penalties, the EU ETS ensures that environmental effectiveness, as indicated by the legally binding 
cap, is delivered. However, between 2009 and 2013, actual emissions stayed below the annual cap 
(see Figure 1). This means that temporarily the annual cap was not binding. Thus, the emission target 
has in fact been overachieved. In this situation, a study by Gloaguen and Alberola7 evaluate the 
drivers behind the cumulative emission reductions in EU ETS sectors between 2005 and 2011 
(compared to a business-as-usual scenario), which they find to be between 1,152 and 1,324 Mt CO2. 
The study attributes relative shares of the different factors that contributed to these reductions by 
applying econometric methods. They find that policies from the EU climate and energy package for 
2020 (GHG reduction, renewables, energy efficiency) might have contributed to a reduction of around 
766-805 Mt CO2. The main contribution was from the expansion of renewables energies (60%-80%), 
                                                           
2 European Commission (2014a) 
3 European Commission (2014b) 
4 Until 2008 the ETS was in a pilot phase and the emissions cap remained constant.  
5 European Commission (2013) 
6 Martin et al. (2013) 
7 Gloaguen and Alberola (2013) 
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followed by energy efficiency measures (20%-30%), while the impact of the carbon price signal was 
relatively small (only 0-10%)8.  In addition, according to the study, the economic crisis led to an 
emissions reduction of around 296-346 Mt CO2 and fuel price variations to another 262 Mt CO2 
(compared to a business-as-usual scenario). To sum up, while the annual cap of the EU ETS has been 
achieved for each year of its operation – and in fact, has been overachieved, as depicted in Figure 1, 
leading to the accumulation of an emission “surplus”– the main reasons for these emissions reductions 
were factors other than the EUA price.  This does not imply that a CO2 price does not lead to emission 
reductions. Although the analysis shows that the economic downturn and the development of 
renewables have been the main drivers of the fall in emissions, the combination of these two factors 
has made it unnecessary for market participants to undertake additional abatement. However, it is 
important to note that - as long as the allowance price is positive - factors and measures in addition to 
the carbon price simply provide different ways of abating emissions (e.g. renewables or energy 
efficiency); they do not lead to additional reductions of total emissions as the cap remains unchanged 
and banking, i.e. the possibility to use EUA certificates in a later period, is allowed. In the following 
we refer to this problem as “overlapping policies”.  

 

 

Figure 1: Historical developments of the EU ETS annual cap (Cap), annual verified emissions 
from sources covered by the EU ETS (Emissions), annual offsets surrendered for compliance 
(Offsets) and average December future prices (CO2). Source: Grosjean et al. (2014). 

While EU ETS emissions were de facto reduced in 2012 and 2013, a structural reform of the EU ETS 
began to be debated. This debate was mainly triggered by the marked and persistent drop of the EU 
allowance (EUA) price (see next section for details). As a short-term measure, in 2014, the 
Commission introduced the so-called “backloading” that postpones the auctioning of 900 million 
allowances from 2013-2015 until 2019-2020. During 2014 the auction volume will be reduced by 400 
million allowances, in 2015 by 300 million, and in 2016 by 200 million. However, this temporary 
measure does not change the overall cap during the third trading period of the EU ETS. In 2014, with 

                                                           
8 Gloaguen and Alberola (2013), presented at the Euro-CASE workshop, see footnote 1. 
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its new proposal for a climate and energy framework for 2030, the EU Commission has proposed a 
structural reform of the EU ETS for the period beyond 2020. 

 

2.2. Evaluating the price drivers in the EU ETS 
The EUA price has experienced a sharp decline during the second phase of the EU ETS and has 
remained relatively low since then. In particular, it dropped from 30€ per ton of CO2 in mid-2008 to as 
low as 3€ in April 2013. Several factors are widely assumed to be behind the deterioration of the EUA 
price9: (i) the deep and lasting economic crisis in the European Union10, (ii) the large influx of CDM 
credits11, and (iii) overlapping EU member state policies, e.g. renewable supporting schemes12. Only a 
very few studies, however, provide a fully-fledged empirical analysis of the price drivers. This is 
especially relevant because the annual emission cap in the EU ETS currently does not constrain the 
emissions. As discussed above, the latter are indeed driven down by lower economic activity and the 
renewables deployment. Prices in this regime, on the other hand, reflect expectations of future 
scarcities, which are inter alia subject to the credibility of the long-term political commitment of the 
cap in the EU ETS. The positive allowance price indicates that the cumulative cap (as determined by 
the linear reduction factor) is still binding but at the same time the low price level reflects that market 
participants anticipate only a modest long-term scarcity of allowances in the market. 

Before reviewing the literature, it is helpful to clarify the main pricing mechanism in an emissions 
trading scheme such as the EU ETS. According to economic theory, the allowance price should reflect 
market fundamentals related to marginal abatement cost, i.e. the cost of abating an additional unit of 
CO2, over the entire duration of the EU ETS if the cap is binding13. In the power sector, the most 
important short-term abatement channel is through switching of input fuels, the prices of which 
should be reflected in EUA prices if the market is efficient. Other price fundamentals include, for 
example, economic activity and weather conditions, since they determine baseline emissions and 
therefore the demand for abatement14. It is important to note that from an inter-temporal perspective, 
even if the cap in the current trading phase is non-binding today, expectations of future scarcities (or 
the long-term cumulative cap) in coming trading phases should still be reflected in future allowance 
prices. While movements in the demand for EUAs are influenced by marginal abatement costs, the 
supply is determined to a large extent by political decisions such as adjustments to the linear reduction 
factor or backloading. Thus, current and future supply and demand paths are at the heart of the price 
formation process in the market and essential for ensuring dynamic efficiency of the mitigation 
strategies chosen over time.  

Empirical evidence relating to these theoretical expectations is limited to Phase I (2005-2007) and the 
early stage of Phase II (2008-2012) of the EU ETS when the EUA price was still around 15€ / tCO2

15. 
The common finding for this period of relatively high carbon prices is that the identified marginal 
abatement cost drivers had only a limited influence on EUA price formation and that different 

                                                           
9 de Perthuis and Trotignon (2013) 
10 Aldy and Stavins (2012), European Commission (2013) (p. 33) 
11 Newell et al. (2012) 
12 Fankhauser et al. (2010), Van den Bergh et al. (2013), Weigt et al. (2013) 
13 Rubin (1996) 
14 Hintermann (2010), Delarue et al. (2008) 
15 Mansanet-Bataller, Pardo, and Valor (2007), Alberola et al. (2008a), Alberola et al. (2008b),  Hintermann 
(2010) 
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dynamics were at work as the EU ETS market design evolved and matured 16 . Yet, evidence as to the 
causes of the EU ETS price drop over the period 2011-2013, which led to the persistently low EUA 
price level today, is just emerging.  

A recent study17 expands existing research by conducting a first ex post analysis for the entire Phase II 
of the EU ETS and the first year of Phase III. In particular, the study empirically examines whether 
and to what extent monthly EUA price changes are driven by three factors identified above (economic 
recession, international credits, and renewable policies). The overall finding is that demand-side 
fundamentals explain very little (see Figure 1) and fuel prices (coal and gas) in particular, no longer 
have the highly significant impact they had in Phase I. Instead, expectations of future economic 
development are positively and significantly correlated with the EUA price, which is in contrast to 
Phase I, where this relationship was weak18. Variations in economic activity indeed prove to be the 
most important abatement-related determinant of EUA price changes.  

The study also assesses the relative importance of the substantial use of Kyoto credits, especially in 
2011 and 2012. This influx might be attributed to the collapse in credit prices, but also to the 
European Commission’s decision to exclude credits originating from hydrofluorocarbons (HFC) and 
adipic acid nitrous oxide (N2O) projects from Phase III. In addition, they only allow new Certified 
Emission Reductions (CERs) if they originate from least-developed countries19. Large amounts of 
cheap credits were surrendered in the second half of phase II as a result. Even though the study finds a 
statistically significant negative influence of the issued CERs, the impact on the EUA price is minute. 
On the one hand, this could be because the maximum use of offsets was anticipated when setting the 
cap and only the timing has changed. On the other hand, it could mean that the data available for the 
analysis were limited and the result should be interpreted with some caution. 

Finally, the study finds a statistically significant correlation between changes in renewable generation 
and EUA prices, but the magnitude of the impact is small. In fact, the development of renewables was 
expected based on the implementation of the 2020 package and so this effect should have been 
factored in, unless market participants did not believe in the possibility of achieving the renewables 
target20. 

 

Figure 1: Only about 10% of the price fluctuations can be explained by market fundamentals (left). The right part 
shows the different contributions of the different drivers. Source: Koch et al. (2014) 

                                                           
16 Bredin and Muckley (2011), Creti et al. (2012), Koch (2014) 
17 Koch et al. (2014) 
18 Hintermann (2010), Chevallier (2009) 
19 Kossoy and Guigon (2012) 
20 Koch et al. (2014) 

108 Chapter 5 Ex-post analysis, the MSR and options for a reform



   

7 
 

The bottom line of the study is that 90% of the variations of EUA price changes remain unexplained 
by the abatement-related fundamentals on the demand side (see Figure 1). Consequently, the 
quantitative analysis does not support the widely-held view that negative demand shocks (economic 
crisis, renewables, Kyoto credits etc.) are the main cause of the weak carbon price signal. It should 
again be noted, that this finding is based on a thorough empirical analysis, which has also been called 
for by previous studies 21. In particular, the finding for the role of the economic downturn is in line 
with the common intuition reflected in the current debate. However, the magnitude of its explanatory 
power is more limited than expected. Combined with previous findings for Phase I, this indicates that 
marginal abatement only weakly explains price changes in an EU ETS regime with non-binding 
annual caps.22 

If demand-side fundamentals explain so little of the price decline in the EU ETS, it is necessary to 
have a closer look at the supply side. This is mainly influenced by political decisions. Regulatory 
announcements concerning the cap should have a major impact on prices – either through changing 
expected supply or, if they are not credible, by creating uncertainty and further depressing the price. 
The above-mentioned study gives indicative evidence that such policy events (e.g. the announcement 
of the backloading proposal) and the lack of their credibility could be alternative explanations for the 
low price, which is a key issue for future research.  

It is clear that any discussion of policy reform, and an evaluation of the menu of options available for 
this, needs to be informed by a thorough understanding of market behavior and the dynamics of price 
formation. The economic crisis, and overlapping policies (and more specifically support of 
renewables) did reduce emissions (cf. section 2.1), but the above study finds that they are not solely 
responsible for the EUA price changes. This may, in particular, be the case because market 
participants do not expect a strict 2020 cap, as signaled by low futures prices.  

3. Evaluating the dynamic efficiency of the EU ETS 
In view of the low EUA price since early 2013, the key concern regarding EU ETS performance is its 
dynamic efficiency. Dynamic efficiency relates to the ability of the EU ETS, and in particular its 
carbon price signal, to achieve its cumulative cap, as determined by the Linear Reduction Factor, at 
least cost. This can be done by optimally incentivizing mitigation efforts, investments, and research 
and development (R&D) into low carbon technologies over time. Evidence suggests that this is a 
broadly shared concern in the current debate over EU ETS reform23, and is exemplified in the 
following EU Commission statement prompting its January 2014 reform proposal: “A large surplus 
hence strongly confounds the signal for investments, which are necessary for the transition towards a 
low-carbon economy, including energy supply. It is a problem as it is expected to result in locking the 
EU into high carbon capital and investment, in particular considering the currently high gas to coal 
price ratio”24. This indicates that the Commission is concerned about inefficient investment patterns 
creating a lock-in of carbon-intensive infrastructure investments today (such as in coal power plants) 
that might make future ambitious mitigation efforts, as indicated by the long-term EU decarbonization 
objective, disproportionally expensive.  

In a perfect market (and perfect regulation) the EU ETS would incentivize a dynamically cost 
effective allocation of all available mitigation options over time. This section addresses the problem 
                                                           
21 Ellerman et al. (2014), Grosjean et al. (2014) 
22 Mansanet-Bataller et al. (2007), Alberola et al. (2008a), Alberola et al. (2008b), Hintermann (2010) 
23 Grosjean et al. (2014) 
24 European Commission (2014c)  
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of how to evaluate the effectiveness of the actual EU ETS market outcome. It reviews three 
interrelated reasons for concern over the dynamic efficiency of the EU ETS: the low EUA price, 
significant uncertainty, and the potential proliferation of unilateral Member State policies.  

3.1. Is there a problem with the low EUA price?  
Figure 2 shows the actual near-future (blue line) and far-future (red line) price for EUAs. Both 
reference price series have declined in the past. An interesting feature of the figure is that the far-
future 2020 price is always higher than the near-future price. However, this price spread shows a 
strong decrease over time. Currently, futures contracts for prompt EUA delivery trade at around 5€ / 
tCO2, and futures contracts for delivery in the year 2020 are only slightly higher at around 7-8€ / tCO2. 
It is important to note that the 2020 price is not zero because market participants expect at least some 
scarcity in the future. This is in sharp contrast to Phase I, where zero prices did indeed occur.25 
However, the 2020 price level is relatively low reflecting moderate expectations of future scarcity. 
The key concern regarding the dynamic efficiency of the EU ETS is rooted in the perception that 
these actual EUA prices (specifically, the far-future 2020 price) are ‘too low’. However, such a 
judgment raises the question of what an adequate EUA price path would look like over time. 

Economy-energy models construct stylized representations of relevant economic and technological 
processes, and offer benchmarks for assessing dynamic efficiency of actual observable market 
outcomes. In fact, they offer the only reliable benchmark available for judging whether EUA prices 
are ‘too low’ or ‘too high’ from this perspective. Alternative approaches for judging ‘the right’ EUA 
price, such as focusing on whether specific technologies such as CCS, certain renewables, or coal-to-
gas switch in the power sector are triggered, only consider a subset of the available options of the 
models. Despite the caveats discussed below, economy-energy models are the only available tools 
providing integrated and systemic views on the diverse relevant factors (available abatement options, 
plausible technological change rates, allowance demand etc.) that need to be taken into account in an 
informed assessment on whether the EU ETS is on the right trajectory.  

                                                           
25 Phase I was isolated from future trading phases, as banking was not allowed. Thus, the initial EUA 
oversupply resulted in a non-binding Phase I cap. 
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Figure 2: EUA price for nearest futures contract and for December 2020 futures contract traded on the ICE ECX 
platform for the time span 2011-2013. Source: ICE Futures Europe26.  

These economy-energy models reveal that current price paths in the EU ETS are not in line with 
socially optimal CO2 price paths27. CO2 prices from a recent model comparison exercise28 in fact show 
that prices increase over time which is in sharp contrast to the declining trend in observed EUA prices. 
For 2015 the socially optimal CO2 price paths, calculated by the models for the default case, range 
from about 10 to 20€ / tCO2, and for 2020 the optimal price range across models spans from 20 to 70€ 
/ tCO2 (see Figure 3, left panel). Comparison with the 2020 futures contract, which currently trades at 
around 7-8€ / tCO2, suggests that actual 2020 prices deviate substantially from the socially optimal 
price and that actual EUA prices are too low relative to these dynamic efficiency benchmarks. Clearly 
the EU ETS is not currently on a dynamically cost-effectiveness pathway.  The reasons for this could 
be two-fold. On the one hand, the problem could be rooted in lower business-as-usual expectations of 
market participants compared to energy-economy models; for example expectations of a slower 
economic recovery or technological breakthroughs. On the other hand, the lack of credibility of the 
long-term cap could be the driver of the divergence.   

                                                           
26 www.theice.com 
27 The “optimal price” refers to the carbon price trajectory for achieving a given climate target at least cost over 
time, and "social" refers to the overall welfare perspective on these costs in contrast to costs of individual 
market participants.  
28 The EMF28 Study on Scenarios for Transforming the European Energy System (Knopf et al., 2013b). 
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Figure 3: CO2 price trajectories for a cost-effective long-term pathway with an 80% reduction in GHG emissions by 
2050 within Europe. Left: with default technology setting; right: without CCS. The blue box contains the 50% 
interval, the whiskers mark the 90% interval and the straight line marks the median over 12 different energy-
economy models. The red line marks the values for the PRIMES model applied in the EU Commission’s “Energy 
Roadmap 2050”. Source: EMF28 model comparison, Knopf et al. (2013b). 

It is certainly necessary to treat the CO2 prices indicated by models with care. First, the scenarios 
indicated in Figure 3 are optimal economy-wide carbon prices. However, EU Commission modeling 
indicates that actual policies should generate roughly harmonized implicit carbon prices across 
sectors29. Also, earlier studies from academia indicate that the actual carbon price in the EU ETS 
tends to be too low relative to the implicit price in non-EU ETS sectors. This re-enforces the 
indication that actual EUA prices are too low relative to the dynamic efficiency benchmark. Second, 
there are strong differences in optimal CO2 prices across models reflecting different assumptions in 
the operation of energy, the economy, and EUA markets, as well as different assumptions about the 
future development of key parameters such as GDP growth, energy efficiency improvements, 
renewable and fossil cost developments, and additional and overlapping policies. Uncertainty in these 
estimates and their relevance for policy design are discussed in the subsequent paragraphs. What will 
be stressed here is that the significant divergence between actual market prices and the benchmarks 
indicated by modeling, raises concerns as to whether the futures price signal of the EU ETS guiding 
investments today, and locking in potentially GHG intensive infrastructures (such as coal power 
plants) for decades, is in line with what long-term dynamic efficiency considerations would suggest it 
should be.  

The reasons for the divergence between actual prices and model results are not well understood in the 
literature and minimally discussed so far. In the following section we will examine significant 
uncertainties both on the allowance demand side and allowance supply side as potential explanations 
for this divergence.  

3.2. Uncertainties in the EUA price development 
As discussed in the previous section, the formation of current futures prices hinges critically on the 
perceived supply-demand balance in the EU ETS market over the next few decades. These significant 
uncertainties are an important reason for the divergence between actual prices and socially optimal 
prices and further impede the dynamic efficiency of the EU ETS.  

Demand-side uncertainties are a primary potential driving force behind the divergence. If market 
agents expected lower future GDP growth and thus lower future business-as-usual emissions than 
                                                           
29 The Impact Assessment (European Commission, 2014d) shows that that the (implicit) carbon prices within 
and outside the ETS sectors are virtually the same, i.e. in both cases a price of 22 €/tCO2 by 2030 for the 
GHG40 scenario.  
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assumed in the modeling exercises, the EUA market price would be below the modeled efficient price 
trajectory. This uncertainty can be further exemplified by considering modeling sensitivity studies 
which find that price formation is indeed particularly sensitive to economic development. A 
sensitivity analysis for the EUA price in the PRIMES model for different GDP growth path 
assumptions shows a divergence of expected optimal prices between 6-50€ / tCO2 in the year 203030. 
Furthermore, the uncertainty over technological development is a crucial determinant for the price 
path. The EMF28 model comparison shows that without CCS availability, the optimal price path 
shows a slightly higher CO2 price and specifically a much more robust picture across the models for 
2020 (see Figure 3, right panel). 

Another explanation for the divergence could be that market agents expect more lenient supply, i.e. 
they do not find the cap announced by policymakers credible and they expect it to be relaxed in the 
future. Both the uncertainty of future targets and the credibility of long-term commitment might 
therefore push the market EUA price below that in the cost effective modeling projections. Yet 
another explanation might be that the uncertainties over both supply and demand are so large that 
private agents resort to discounting long-term supply-demand balances in the EU ETS and the 
expected scarcity of allowances several decades away, putting more weight on the current 
(over)supply-demand balance in the market, thus depressing prices. 

The myriad of uncertainties may not only drive a wedge between actual market prices and the socially 
optimal benchmarks, they may also present direct challenges to the investment planning of regulated 
companies. ‘Too much’ uncertainty can further hamper dynamic efficiency by halting investment 
activities altogether. Real options studies31 show that the value of information, measured by the 
willingness of investors and producers to pay for information on the correct CO2 price path, is high 
when the supply of allowances is frequently adjusted. In addition, the larger the price uncertainty, the 
larger the cumulative CO2 emissions over the forthcoming century, as the transition to less CO2-
intensive technologies is increasingly postponed. This indicates that both environmental and dynamic 
efficiency will be negatively affected by uncertainty in the policy process and a consequent 
uncertainty in the supply. In general, such studies show that climate change policies that are stable 
over a certain length of time outperform frequently changing policies both in terms of emissions 
savings and cost effectiveness. It is worth noting that this challenge to investors might prevail even if 
current and future EUA prices are higher than they are now.  

In summary, supply-demand uncertainties create significant policy design challenges for 
policymakers aimed at ensuring dynamic efficiency. This critical aspect will be central to the 
discussion of the EU Commission reform proposal for a market stability reserve (see section 4.2) as 
well as the alternative EU ETS reform package (see Section 5) below.   

3.3. Overlap with unilateral Member State policies  
The overlap of policy instruments between the EU ETS and individual nations causes further concern 
regarding the dynamic efficiency of the EU ETS. In view of the currently low EUA price (section 3.1) 
and the indicated uncertainties (section 3.2), some Member States might increasingly resort to 
national mitigation policies in order to achieve their more ambitious domestic mitigation goals. 
However, reliance on domestic policy instruments would create an inefficient pattern of regulation 
across the EU and would add to the factors working towards reducing the EUA price. The EU ETS is 
embedded in a multi-level governance structure, with Member States having diverging preferences 

                                                           
30 Capros (2014), presented at the Euro-CASE workshop, see footnote 1. 
31 E.g. Fuss et al. (2009) 
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over their technology mix and level of climate policy ambition. The EU ETS is not the only 
instrument for climate and energy policy, but based on the national sovereignty of the energy mix, 
Member States can implement additional measures, such as renewable support schemes, energy 
efficiency measures, or additional domestic carbon prices (UK) that interact with the EU ETS. This is 
likely to intensify asymmetries in marginal abatement costs across Member States and thus increase 
overall policy cost. In addition, these policies also do only reallocate but not on net reduce emissions 
and can add to an even stronger reduction of the EUA price by exogenously reducing the allowance 
demand through channels identified in section 2.2, thus intensifying the problems of the EU ETS. At 
the same time, given the differences in envisaged levels and timing of climate policy targets across 
Member States, the question arises as to whether the EU ETS can be adjusted to help   guide these 
divergent national preferences towards mutually beneficial outcomes. These points are revisited in the 
discussion of reform options in the next sections. 

4. Reform options for the EU ETS 

4.1. Overview of reform options 
As described in section 2.2, various factors may explain the current low price: (i) the economic crisis, 
(ii) the inflow of international credits, (iii) the overlapping policies, and (iv) the low credibility of 
commitment. Table 1 summarizes the categories of factors and the mechanisms which influence the 
price. As discussed in the previous sections, whether the EU ETS needs reform, and the type of 
reform warranted, depends on the factors that are considered to be the drivers of the low price. 
Therefore, problems with different price drivers will need to be addressed for different reforms and 
the third column of Table 1 categorizes the reform proposals currently under debate.  
 

Factor Mechanism Possible reforms 
Economic crisis Reduced production by 

companies within the EU ETS 
leading to lower permit demand:  
excess supply of permits 

Backloading, market stability 
reserve, adjustment of target or 
linear reduction factor, price collar 

Inflow of international 
credits 

Higher than expected use of CDM 
credits depresses demand for 
permits. 

Restriction of offset use, options 
addressing surplus (see quantity- 
and price-based options above) 

Overlapping policies Support for renewables leading to 
displacement of CO2 emissions 
within the EU ETS and through 
this lower EUA demand and price 

Improved coordination between 
overlapping policies, sectoral 
expansion, options addressing 
surplus (see quantity- and price-
based options above) 

Low credibility of 
commitment 

Demand for EUAs adjusted 
downwards due to changes in 
expectations/uncertainty 

Price collar, carbon authority 

Table 1: Price formation process in the EU ETS and currently discussed reform proposals 

The generic reform options shown in Table 1 have been detailed in a number of scientific studies.  
They can be broadly categorized as instruments addressing the price either directly (e.g. through a 
price floor) or indirectly through the supply of permits, leading to more certainty on price or quantity. 
In such a framework, various combinations of hybrid schemes exist. The other dimension of reform is 
institutional and pertains to the degree of delegation that is embodied in a reform. Delegation is 
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understood as in a monetary policy context: the extent to which the governance of the carbon market 
(in this case the supply of permits) is relinquished to a rule-based mechanism or an independent body. 

A rough classification of the different reform proposals in the two-dimensional space of price/quantity 
certainty and degree of delegation is given in Figure 4. A variety of alternatives are proposed in the 
literature, including rule-based permit supply adjustment based on economic and energy indicators32 
or price triggers33. An independent carbon authority is also put forward to adjust a price corridor34 or 
to ensure the compatibility of the cap with other climate and energy policies as well as to monitor the 
import of carbon offsets35. In common with central banks in monetary policy, this authority would 
have a mandate enabling it to make adjustments in the supply of allowances either through a rule or 
based on discretionary power36. 

 

Figure 4: Overview of different reform proposals. Soft PC: soft price corridor; Hard PC: hard price corridor37. 
Source: Grosjean et al. (2014). 

Within the existing debate, the European Commission proposed a set of six concrete reform options in 
November 2012. These options, initially intended to prop up the price, can be broadly divided into 
three sets (see Table 2)38. Set I includes options aimed at a one-off reduction of permits. Set II 
foresees an adjustment of the scope of the EU ETS through sectoral expansion or offset restrictions 
and set III includes discretionary price management options.  

                                                           
32 IETA (2013) 
33 Taschini et al. (2014) 
34 Clò et al. (2013) 
35 de Perthuis and Trotignon (2013) 
36 U.S. Congress (2007) 
37 A soft price collar refers to a trading scheme with an auction reserve price and an allowance reserve that can 
be called upon when the price reaches a specified upper limit. A hard price collar represents a design with a 
strict price floor and price ceiling.  
38 Grosjean et al. (2014) 
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EU Set I: Reduce permit 
surplus 

EU Set II: Adjust scope EU Set III: Reduce Price 
Uncertainty 

 Increase the EU 
emissions reduction 
target to 30% by 2020 

 Retire a number of 
allowances in phase 
three  

 Early revision of the 
linear reduction factor 

 Expand the EU ETS to 
other sectors 

 Restrict the number of 
usable offsets 

 

 Discretionary price 
management, e.g.: 
 Price floor  
 Soft price collar 

(allowance reserve)  
 

Table 2: Overview of reform options proposed by the EU Commission.   

Set I entails a change of environmental ambition, or at least an adjustment of the current legislation 
affecting the 2020 targets, and should increase current price levels to reflect an expected increase in 
scarcity of allowances. Set II is likely to have an impact on the price but assessing its net impact 
requires further investigation. Set III resembles classical hybrid structures with either a price floor or 
an auction reserve price. In the case of the latter, unsold allowances would be placed in a reserve that 
could be called upon in case of price hikes.  

These reform proposals were discussed in a number of workshops and in stakeholder seminars 
organized by the Commission. In January 2014, the European Commission finally proposed a reform 
framework of the EU ETS along with broader climate policy targets for 2030. The proposal is a rule-
based adjustment mechanism, called “Market Stability Reserve” (MSR), which regulates the permit 
supply based on the size of the surplus of allowances in circulation in the market39. The MSR will be 
evaluated in detail in the next Section.  

Along with the proposal of a Market Stability Reserve, the Commission also suggested a tightening of 
the linear reduction factor (LRF) within the EU ETS sector. This is currently set at 1.74% up to 2020 
and beyond (see section 2). The LRF is not part of the legal proposal and it is also not a structural 
reform instrument; it mainly addresses the question of environmental ambition. The annual reduction 
rate of 1.74%, which is currently agreed, is consistent with an overall reduction of about 73% by 2050. 
The Commission has proposed an LRF of 2.2% from 2020 onwards, leading to a reduction of 87% by 
2050 (relative to 2005) in the EU ETS sector. This is consistent with an 40% overall reduction in 
GHG emissions by 2030 or 80% by 2050, according to their own calculations. In our analysis of 
reform options, we take the LRF as given i.e. independent of the level that will be applied after 2020. 
All reform options might, in principle, be implemented before 2020. However, given the constraints 
and the time such a political process normally takes (even for minor changes) - the backloading, for 
example, took around 20 months to be finalized - it is not realistic that a full-fledged structural reform 
could be implemented much before 2020. Despite this, it is worth noting that although the reform 
implementation will take several years and might be delayed to Phase IV (2021-2030), market 
expectations and prices are likely to adjust in anticipation, factoring in expected changes. 

In the following, we will discuss the Commission’s proposal of a pure quantity-based instrument in 
detail as it is currently the most important reform proposal already in the legislative procedure and yet 
the mechanism is not very transparent. We evaluate whether the proposal addresses the lack of 
dynamic efficiency within the current EU ETS. 

                                                           
39 Similar to the IETA (2013) proposal 
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4.2. Evaluation of the Market Stability Reserve 
The proposed Market Stability Reserve (MSR) is designed to adjust the short-term auction supply 
without affecting the long-term cap by establishing a reserve of non-auctioned allowances. The MSR 
is based on pre-defined rules on (i) when to feed allowances into the reserve and when to release them 
(triggers), and (ii) how many allowances to reserve and how many to release (adjustment size). When 
the total allowance surplus40 is higher than 833 million allowances, 12% of the surplus is removed 
from future auctions of the following year and placed in the reserve (i.e. at least 100 million 
allowances). If the total surplus is below 400 million allowances, 100 million allowances are released 
from the reserve and added to future auctions. 100 million allowances will also be released if, for 
more than six consecutive months, the allowance price is more than three times its average price 
during the two preceding years (additional “safeguard” trigger). The reserve can be carried over 
multiple periods, ensuring that the MSR is neutral to the overall cap. 

The first key design aspect of the MSR is the focus on a quantity-based trigger based on the size of 
the cumulative allowance surplus (see also Figure 5). The aim is to maintain the total surplus within 
the pre-defined target range of 400 and 833 million allowances. The second key design aspect is the 
asymmetric adjustment size. While the release of allowances is limited to 100 million allowances, the 
withdrawal can be much higher depending on the size of the total surplus (e.g., 240 million 
allowances for the current surplus of 2,000 million). The asymmetry reflects the EC’s aim to remove 
the surplus of allowances that has built up without releasing them too quickly. 

These design features also reflect the underlying concerns and objectives of the European 
Commission which are outlined in the Impact Assessment of the MSR41. The problem definition 
focuses mainly on “market imbalances” caused by the rigid auction supply. The main concern is that 
the resulting large “structural surplus” negatively affects the long-term cost-effectiveness of the EU 
ETS in the short-term and beyond. Thus the increasingly high allowance surplus, rather than the 
persistently low allowance price, is identified as the main problem. To restore the functioning of the 
EU ETS, it is assumed that reducing the surplus to a certain band level will restore the “signal” that 
guides low-carbon investments42. The signal is most likely influenced by the allowance price because 
in an ETS it is the price that incentivizes dynamically efficient investment. In this sense, it is 
implicitly 

                                                           
40 The total allowance surplus, or more specifically the "total number of allowances in circulation", is defined as 
the difference between all allowances issued plus international credits used since 2008 up to the end of each 
year, and verified emissions recorded since 2008 plus allowances in the reserve at the end of that same year.  
41 European Commission (2014c) 
42 “A large surplus hence strongly confounds the signal for investments, which are necessary for the transition 
towards a low-carbon economy, including energy supply.” European Commission (2014e) 
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Figure 5: Stylized representation of projected allowances in circulation: the MSR triggering mechanism. The figure 
shows a stylized representation of projected allowances in circulation (size of the cumulative allowance surplus) that 
serves as the basis for intervention conditional on two quantity-based triggers (red and green line). Source: Trotignon 
et al. (2014). 

assumed that a surplus size in the range of 400 - 833 million allows market prices to remain 
undisturbed. Some argue that such a surplus level may be justified by the needs of regulated entities to 
hedge their forward sales of electricity. Thus, the MSR can be considered as an instrument to 
(temporarily) reduce the volume of unused allowances in situations where the allowance surplus 
grows beyond the hedging demand. However, if the volume within the MSR, set between 400 and 833 
million allowances over the period to 2030, should decline with total emissions over time, then the 
hedging demand will also decline. It is also problematic that there could be a significant time lag 
before any intervention occurs. This is because the trigger is based on an indicator – i.e. the total 
surplus – for which timely data is not available. It can only be calculated based on data (for verified 
emissions and surrendered allowances/credits) relating to the situation two years previously. This 
inflexibility sheds doubts on the ability of the MSR to encourage supply flexibility in the EU ETS. 

Moreover, it remains unclear whether the surplus band of 400 – 833 million allowances in the MSR 
was actually informed by hedging demand estimates. Indeed, the European Commission only states 
that “the upper and lower boundaries of the range were determined following consultations with 
stakeholders and reflect a range where experience shows that the market was able to operate in an 
orderly manner”43. Thus, the exact rationale behind the triggers is opaque. That may be exactly 
because getting the quantities “right” seems impossible given (i) the diverging views on the order of 
magnitude required, (ii) the way that hedging will evolve over time, (iii) the risk posed by strategic 
reporting of companies about their hedging behavior, and (iv) the limited possibilities of verifying the 
data. As a result, the European Commission seems to have adopted a trial and error approach with 
respect to the choice of quantity triggers since they are due to be revised by 2026 at the latest in order 
to correct potential failures in their setting. The expected revision may herald a continuous adjustment 
phase of the EU ETS (with unforeseeable consequences) for the next decade, which is unlikely to 
contribute to stabilizing the expectations of market participants. In particular, experience has shown 
that a revision of EU ETS legislation is a complex process characterized by high transaction costs and 
large regulatory uncertainty. 
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In addition, it is questionable whether the central assumption of the MSR – that a temporary reduction 
of the allowance surplus will cure the price decline – is justified. In fact, even the Commission’s 
impact assessment acknowledges that the price impact of the MSR cannot be anticipated44. This is 
precisely because the MSR only changes the timing of auctioning - in this sense constituting a long-
term backloading proposal - and as such does not provide a clear price signal. When the reserve builds 
up, the number of allowances accessible to market participants at auctions in the short-term will 
decrease. However, the allowances are supposed to come back to market auctions in the mid to long-
term.  

According to standard economic theory, such a cap neutral adjustment of the auction timing should 
have a minimal or zero impact on the allowance price due to inter-temporal price smoothing. In fact 
the MSR may have some effect if the quantity of allowances withheld in the reserve is sufficiently 
large to ensure that companies with an allowance shortage (e.g. the power sector) cannot meet their 
compliance needs by buying them in auctions. Only then might short-term prices increase to a level 
that motivates surplus owners (e.g. industry) to sell allowances. However, rebound effects would 
occur when the allowances return to the market, resulting in depressed prices in the mid to long-term. 
Ex ante, the extent to which market participants will anticipate the inter-temporal impact of the 
reserve and adapt their behavior is uncertain. Moreover, the allowance price evolution should depend 
on whether market participants expect the allowances to be returned to the market as currently 
proposed. As a matter of fact, it is possible that a number of allowances could be permanently retired 
after a certain period of time, or if the reserve exceeds a certain size. Such a hypothetical adjustment 
would no longer be cap-neutral and should drive up the price. 

According to inter-temporal pricing theory the interplay between the magnitude of the allowance 
surplus and the allowance price formation seems incomprehensible. The picture might be slightly 
different however, if market failures prevent the occurrence of inter-temporal price smoothing. For 
instance, once the surplus in the market exceeds the hedging demand from power producers, 
speculative investors may be needed to provide balance. Yet, speculators may require high rates of 
return, and can only secure such returns if the allowance prices are highly discounted relative to 
expected future prices. In such a setting, with hedge market failure and suboptimal discounting, a 
reduction of the allowance surplus by means of the MSR could be adequate to stabilize the allowance 
price45. However, it remains to be empirically determined whether discount rates of future prices 
increase de facto with increasing surpluses. The current implied interest rate of the EUA futures curve 
indeed suggests that discount rates decrease when the surplus builds up46.  

In summary, from a theoretical perspective, the central assumptions of the MSR on the allowance 
surplus are not upheld; an allowance price link is incompatible with inter-temporal price formation in 
a dynamic ETS incorporating banking, unless market failures prevent price smoothing. Given the 
weak impact on the price signal, the MSR should also have a very uncertain impact on investment in 
R&D as well as on low-carbon investments. In a similar vein, several public statements on the MSR 
also reflect the difficulties of stakeholders in anticipating the impacts of the mechanism. These have 
been labeled as “paper-tiger” and “backloading-de-luxe” amongst others.47 Most strikingly, several 
market participants (e.g., BDEW, OPG, IETA) call for additional clarification on the mechanism’s 
effect, corroborating the above conclusion. In view of these major uncertainties, it is unlikely that the 
                                                           
44 European Commission (2014c) 
45 Schopp and Neuhoff (2013)  
46 Based on futures price data for (i) the nearest contract and (ii) eight December contracts with expiration in 
Phase III (2013-2020) obtained from ICE Futures Europe (www.theice.com). 
47 e.g. Bellona Europe (2014)  
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MSR can cure the problem caused by a lack of dynamic efficiency and prevent a lock-in into carbon 
intensive technologies. It also does not address the problem of overlapping policy instruments at 
Member State level. A broader reform is therefore required.  

5. A comprehensive reform of the EU ETS 
In Section 3 we have identified the major problems of the current EU ETS in terms of cost-
effectiveness and the related problem of additional unilateral policy instruments at Member State level. 
In Section 4.2 we have argued that the proposed MSR will not address and cure these problems. 
Therefore, instead of a narrow reform of the EU ETS, a comprehensive reform addressing several 
aspects of carbon pricing is required. This includes (i) setting a price collar within the EU ETS, (ii) 
expanding the EU ETS to other sectors (e.g. transport, heat) (iii) addressing additional market failures 
by policy instruments in addition to carbon pricing and (iv) addressing the possible problem of carbon 
leakage by expanding the group of countries that participate in the EU ETS or by linking it to other 
regions.  

5.1. Setting a price collar 
While the MSR is a purely quantity-based instrument that indirectly aims to stabilize the allowance 
price, setting a price collar directly addresses price certainty. A price collar is a two-sided price 
instrument that combines a price floor (minimum price) with a price ceiling (maximum price). Within 
the auctioning system of the EU ETS it is possible to implement a minimum price as an auction 
reserve price. This means that the allowances in the auction are only released when the auction price 
is beyond a pre-defined minimum price. A price ceiling could be implemented by releasing additional 
emission allowances for auctions from a reserve if the auction price hits a specified maximum price48. 
This design has already been implemented successfully in the US Regional Greenhouse Gas Initiative.  

In general, implementing a price collar in the EU ETS would generate three different potential 
outcomes: (i) when allowance demand is low, the price is set close to the floor level, and emissions 
are below the annual cap; (ii) when demand is moderate, the price is somewhere between the floor 
and ceiling, and the emissions are determined by the cap; and (iii) when demand is high, the price is 
set at the ceiling, and emissions are above the cap. Thus, the hybrid price-quantity mechanism reduces 
the price uncertainty arising on the demand side, e.g. due to uncertain future GDP growth or future 
technological development. Accordingly, this mechanism represents a compromise between concerns 
about environmental outcomes (cap on emissions) and concerns about cost uncertainty (allowance 
price volatility)49. Moreover, it would address the industry’s concern of prices that are so high that 
they might threaten EU competitiveness. However, while it directly addresses the problem of the 
weak price signal, it does not solve the underlying problem of lacking long-term credibility. 

This section outlines the two main advantages of a price collar: first, and in contrast to the MSR, it 
directly addresses dynamic efficiency. Specifically, it can deliver a stable and sufficiently high 
allowance price and address the crucial question of how to manage expectations of long-term prices. 
Second, it can facilitate the environmental effectiveness of unilateral climate policy measures (e.g. 
renewable supporting schemes) in the EU Member States with heterogeneous costs and preferences, 
as long as the price operates at the floor level.  

                                                           
48 Wood and Jotzo (2011) 
49 Murray et al. (2009); Fell et al. (2010) 
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5.1.1. Addressing the problem of dynamic efficiency 
As outline above (see Section 3.2), the concern about the dynamic efficiency of the EU ETS is largely 
underpinned by (i) the current low EUA price and (ii) the significant supply and demand uncertainty, 
which can distort optimal private sector decisions over mitigation, investment, and R&D. Setting a 
price floor is probably the clearest way to correct the current low price signal and achieve EUA prices 
that are high enough to drive dynamically efficient investment. In fact, the implementation of a price 
floor via an auction reserve price would immediately increase the current price of allowances (even if 
the price corridor is not introduced before the next trading phase in 2021). This inter-temporal price 
effect is due to the fact that market participants would anticipate the future scarcity created by the 
unsold allowances held back from auctions below the reserve price50. If the implemented price floor 
was also credible, the introduction would immediately impact company investment decisions. In 
combination with the price ceiling, the specified price corridor truncates the possible range of EUA 
prices in times of low and high demand and, hence reduces the significant uncertainties on the 
demand side. The increased allowance price certainty could help overcome the investment backlog 
arising from ‘too much’ uncertainty. By reducing demand-side uncertainties, on top of implementing 
a sufficiently high EUA price, a price collar may incentivize the investment in the innovations that are 
required for cost-effective long-term decarbonization. While the floor price is justified in terms of 
cost-effectiveness, the argument for a price ceiling is different. It is needed because prices can also 
increase substantially through shocks. When a ceiling is set, this risk is reduced symmetrically, which 
is important for investors, as for them both directions of the risk (prices that are substantially higher or 
lower) are important. So setting a price collar gives a level of confidence. In addition, a price ceiling 
prevents costs becoming politically infeasible. However, it is worth noting that uncertainties regarding 
the supply side of allowances (e.g. future changes in the cap), in particular with regard to credibility 
problems of long-term commitments, still exist in an ETS with a price collar (see below). 

In addition to delivering a stable and sufficiently high allowance price, a price collar addresses the 
important question of how to manage expectations for long-term prices. It has been shown that in 
order to achieve dynamic efficiency, current prices should reflect (discounted) long-term price 
expectations. An ETS with banking can achieve that result if market participants have sufficient 
foresight and capacity to form rational expectations about the longer term51, and if they do not 
significantly discount future prices and quantities due to uncertainty in supply and demand. However, 
it is not clear whether the requirement for rational expectations in the EU ETS, as well as discounting 
in line with social preferences, is ensured in practice. Indeed, in the absence of the necessary foresight, 
the price collar is a useful way for the European Commission to signal the socially desired levels of 
current and future prices in line with the long-term cap of the EU ETS. This can further induce 
incentives to invest in low-carbon technologies and avoid a lock-in into a carbon intensive 
infrastructure, e.g. in power capacities and grid. 

However, the latter hinges heavily on the question of whether the price signal is credible because the 
price collar is set within the political sphere and can be revised and even overhauled over time. In fact, 
policy revision is necessary, precisely because a fundamental feature of climate change is uncertainty 
about its impacts. In particular, as new information about the benefits, costs and global commitment 
arise, expectations about long-term emission levels and prices will evolve and this makes revisions to 

                                                           
50 By contrast, if the floor price was implemented through the payment of a minimum tax (while maintaining the 
allowance release) a full price drop of EUAs between now and 2020 would probably result, since the oversupply 
would become permanent and thus their scarcity value zero. 
51 Newell et al. (2012) 
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the EU ETS policies essential52. Transparent and orderly policy revisions can minimize credibility 
problems to provide an institutional setting that secures long-term credibility53.  

Besides the legislative procedure already available, some propose the creation of an independent 
authority with a degree of discretionary power to make adjustments, see Section 4.1. Various designs 
for an independent carbon authority have been put forward in the literature54 with the hope of giving 
the process credibility, in a similar vein to delegation in monetary policy. An independent group of 
experts, protected by long-term mandates, would be in charge of reacting to new information and 
making sure that the signal sent by the EU ETS is consistent with the long-term goals of climate 
policy. While such an institutional design is appealing, the major challenges would be defining the 
exact mandate of such an institution and preserving its democratic legitimacy.  It should also be noted 
that the question of the institutional design is not specific to the option of setting a price collar, but is a 
question for every reform option, as outlined in Section 4.1. 

5.1.2. Addressing the problem of unilateral policies at Member State level 
The second – and so far often overlooked – advantage relates to the aspect of environmental 
federalism and the concern that Member States (MS), due to their diverse preferences towards the 
technology mix and level and timing of climate policy targets, might increasingly implement domestic 
policy instruments that impact the objectives of the EU ETS55. Under the current, purely quantity-
based EU ETS, any effort to reduce emissions by one MS does not affect the overall level of 
emissions. In other words, the adoption of any unilateral measure is not environmentally effective56. 
For instance, assuming that there are no additional market failures, a renewable supporting scheme for 
electricity at the Member State level does not lead to any additional abatement – it only leads to a 
lower EUA price57. This situation becomes even worse if the resulting low allowance price motivates 
the MS with more ambitious domestic mitigation goals to implement further unilateral measures, 
which would further exacerbate the problem of falling allowance prices. By contrast, an EU ETS with 
a price floor would allow Member States to adopt their own policies and, most importantly, the 
unilateral measures could actually contribute to an overall emissions reduction at the EU level. More 
specifically, if the EU ETS operated a floor price, every national tax, renewable supporting scheme or 
efficiency standard would lead to additional abatement, i.e. the unilateral policies would be 
environmentally effective. During times in which national policies are in a phase of revival (e.g. the 
carbon floor price in the UK)58 it is of vital importance for the EU ETS as a European instrument, to 
take this into consideration. An auction reserve price could therefore address both the politically 
economic constraints of the multi-level government and the overlapping of EU and MS policy 
instruments. It would allow national preferences to be addressed, for example those with high 
ambitions for mitigation, without undermining the environmental effectiveness of such additional 
policies. The floor price would guarantee that a stable and sufficiently high allowance price is 
delivered. However, evidence suggests that national emissions reduction measures, such as the 
deployment of renewables, have a higher marginal abatement cost than those induced by the EU ETS. 

                                                           
52 Newell et al. (2012); Murray et al. (2009) 
53 Grosjean et al. (2014) 
54 U.S. Congress (2007) , McKibbin  (2009),  de Perthuis and Trotignon (2013), Clò et al. (2013) 
55 Knopf et al. (2013a), Edenhofer et al. (2013) 
56 Burtraw and Shobe (2009) 
57 Only in the extreme case of an allowance price close to zero the unilateral measures would be 
environmentally effective. 
58 Sartor and Berghmans (2011) 
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In other words the unilateral measures are not (statically) cost effective59. Also, it is clear that the 
environmental effectiveness argument only holds when the EU ETS operates at the floor price. If the 
allowance price is above the floor, national policies lead to an allowance price reduction without 
additional abatement. Moreover, it is important to note that a floor price implemented at the national 
level, such as in the UK, would not be an environmentally effective way to reduce emissions60. Only 
an EU-wide minimum price would have an effect on emissions.  

There are certainly some challenges in introducing a price collar. The first problem is to determine the 
“right” dynamic EUA price collar. As discussed above (Section 3.2), economy-energy models provide 
integrated and systemic views on socially desired CO2 price levels. Specifically, these models enable 
the required CO2 price paths to be determined to achieve a given cumulative cap at least cost. Based 
on different key parameter assumptions about – such as GDP growth, energy efficiency improvements, 
renewables and fossil cost developments – model comparisons can deliver optimal price ranges for a 
given cumulative cap. This price range could then guide decisions on the price collar. For instance, 
the recent EMF28 comparison exercise shows a minimum price of 20€ / tCO2 across models for 
scenarios after 2021 (see Figure 3). Existing economy-energy models could certainly be extended and 
dedicated to determining a dynamic price collar. In addition, current estimates for the social cost of 
carbon (SCC) can be useful in determining a price corridor. The SCC is a standard indicator for the 
economic damages associated with climate change; it reflects the present monetary value of damage 
that would be avoided by a marginal reduction in CO2 emissions. Most recent analyses suggest that 
the expected global cost of one ton of CO2 emitted in 2020 is between $12 and $64 (with $43 as the 
central value)61. It should be noted that the models used to estimate the SCC, known as integrated 
assessment models, probably understate future damages. The greatest problem however, might be 
political feasibility and the multi-level governance character of the EU ETS; it is likely that a price 
floor, even if it is implemented as an auction reserve price, will be interpreted as an (EU) tax. Taxes 
however, as all fiscal measures, are subject to the unanimity rule of the EU and it seems to be difficult 
to get an agreement of all 28 Member States on an adequate price level. In this context, the lesson 
learned from the Californian ETS is that an auction reserve price does not necessarily constitute a tax 
in the legal sense. Instead, it was considered to be a fee not subject to supermajority requirement. 
Another disadvantage concerns environmental effectiveness. If prices hit the ceiling, and the price cap 
is applied, then fewer emissions would be reduced in the ETS sector than desired and more emission 
reductions would have to be delivered by sectors outside the ETS. Investing in offset projects to 
compensate for the increase of emissions could be one way to overcome this problem62. Revenues 
from EUA auctioning could be used to finance these offset projects (see Section 5.3). The second way 
to address this problem is the adoption a soft price corridor instead of a hard corridor. With a hard 
price collar, an unlimited number of additional allowances would be introduced if the allowance price 
hit the price ceiling. In such a situation it could become impossible to meet the emission reduction 
target of the EU ETS. In contrast, a soft price collar places an upper limit on the number of additional 
allowances in a given period when the price ceiling is hit. In this case, emissions cannot exceed the 
cap plus the allowance reserve. Thus, a soft price collar implies more quantity certainty than a hard 
price corridor. However, with a soft price collar the price ceiling will only be maintained as long as 
additional allowances are available in a reserve. 

                                                           
59 However, the unilateral measures may in principle be dynamically cost effective, if they generate technology 
spillovers. 
60 Fankhauser et al. (2010) 
61 U.S. Government (2013) 
62 Stavins (2008) 
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5.2. Expanding sectoral coverage  
The EU ETS currently encompasses 45% of total EU GHG emissions. It covers the electricity sector, 
parts of the industry sector, and EU-internal aviation. In order to achieve long-term decarbonization 
targets, substantial emission reductions are also required in the other sectors, i.e. road transport, 
buildings and agriculture. The most cost-effective way to achieve reductions across all these sectors 
would be to equalize the sector marginal abatement costs. Establishing asymmetric sectoral GHG 
prices risks compromising cost-effectiveness by potentially generating very different levels of climate 
policy ambition across the sectors (different explicit and implicit marginal carbon prices).  However, 
if the carbon price is to be uniform across all sectors, it has to be nuanced.  

First, emission standards complementing carbon pricing can be justified because there are other 
market failures in the different sectors. Some studies have shown that emission standards are able to 
overcome the behavior “failures” of energy saving potentials63, such as lack of and asymmetry of 
information, principal-agent problems, split incentives, hidden costs or bounded rationality. However, 
while the current regulatory standards can help address market failures such as split incentives 
between landlords and tenants or informational transaction costs in vehicle purchase decisions, these 
standards fail to incentivize all available abatement options, e.g. demand-side abatement options that 
would result from increasing the price of GHG emissions. 

Second, another strand of literature has analyzed emissions standards as a temporary substitute for 
carbon pricing, when reliable carbon prices are not feasible due to short-term distributional 
consequences64. Emission standards for newly installed capacities protect owners of existing capital 
stocks from the depreciation of their assets and the under-utilization of their capital stock. In this way, 
efficiency standards can potentially reduce short-term costs (and increase the long-term costs) making 
the introduction of mitigation and the implementation of a carbon price politically more feasible. 
Despite the advantage of emission standards as a temporary substitute for carbon pricing, carbon 
pricing remains crucial in the long-term because of the rebound effect. Standards also risk causing a 
lock-in into fossil-fuel infrastructure without incentivizing investments into low-carbon technologies65. 
A basic drawback of climate policies based on standards is that they do not generate all of the 
available mitigation options.  

A third reason arguing against a comprehensive coverage is that pre-existing regulation, distortionary 
taxes and subsidies are not perceived as removable in the short-run. Standards currently form the main 
policy instruments achieving emission reductions in the road transport and building sectors (e.g. EU 
vehicle CO2-intensity standards at the EU-level, building codes at the national level). In addition, in 
the transport sector for example, different tax burdens applied for budgetary reasons or for 
internalizing factors other than the climate externality, currently lead to implicit carbon taxes between 
130 € / tCO2 (Spain) and 230 € / tCO2 (Greece)66. Including all existing sectors in the EU ETS would 
therefore lead to different tax burdens across the sectors. In addition, specific dynamics in each sector 
might have to be considered; these would include inertia, risk aversion and discount rates of 
consumers or producers, the need for new technology deployment or demand elasticities. So, a dual 
price system, with an ETS for large industries and a carbon tax for diffuse emissions in the heat sector 
or road transport, might generate the best results in terms of incentivising investments in low carbon 
technologies, without overburdening industry. At least this could be a pragmatic step, which would 
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not lose sight of the long-term perspective of a uniform carbon price and a full sectoral coverage of 
the EU ETS. In this context, it is important to note that the sectoral expansion is not meant to be an 
instrument for stabilizing short-term EUA prices, but it is meant to complement the price collar in 
order to achieve the decarbonisation in a cost-effective way. 

5.3. Revenue recycling 
In general, the carbon price interacts with the tax system67 . It is an implicit tax on factors of 
production which can exacerbate distortions from pre-existing taxes. In addition, carbon pricing 
generates a new revenue stream for governments. The income stream of revenues can in principle be 
used for different purposes, e.g. reducing the burden from other taxes. Smart revenue recycling 
policies can potentially reduce net policy costs (double dividend) and improve the acceptance and the 
effectiveness of carbon pricing. GHG pricing policies generate government revenues in a cap and 
trade system, if allowances are auctioned, and in GHG tax systems.  

Currently, within the EU ETS, about 40% of allowances are auctioned, while the larger proportion of 
allowances is still issued at no cost. About 70% of all allowances will be auctioned up until the year 
2020, when the transitional free allocation to some sectors in a few countries will be phased out. 88% 
of all auctioning revenues are distributed back to the Member States according to the grandfathering 
principle based on their proportional emissions in the period 2005-2007 (taking whichever year in 
which emissions were highest), while 12% of auctioning revenues are returned primarily to the least 
wealthy countries, i.e. the new Member States. The EU directive on the EU ETS recommends 
spending at least 50% of the auction revenues on mitigation and adaptation. This is only followed by 
some Member States; some incorporate it directly into the general budget (25%) and for some the use 
is simply unknown (41%)68. Altogether a revenue stream of 3.55 bn€ was generated in 2013.  

A higher proportion of auctioning would allow Member States to raise more revenues for different 
purposes. A simple thought experiment gives an idea of the order of magnitude of revenues from an 
ETS with a broader sectoral coverage and increased auctioning; introducing a rising price collar with 
minimum price of 20€, expanding EU ETS sector coverage to 90% and increasing the auctioning 
shares to 80% would ceteris paribus yield total EU revenues of about 64bn€. This is a factor of 18 
above the revenue in 2013.  

These revenues could be used to lower labor and capital taxes, thus reducing net policy costs and 
potentially compensating for increased energy costs of households (e.g. by preferentially lowering 
income taxes or increasing social benefits for poorer households).  Another option is to forego auction 
revenue value and lower policy costs of industries threatened by competiveness concerns by allowing 
inframarginal exemptions69. Lowering costs to particular industries can, under a cap and trade system, 
be achieved by free allocation of allowances for a certain fraction of company emissions, and by 
inframarginal tax exemptions under a carbon tax. In both systems public revenues are foregone to 
effectively finance specific exemptions for industry. This underlines that the aspect of revenue 
recycling and its proper use is of vital importance for the acceptance and political feasibility of pricing 
carbon.  
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5.4. Stimulating innovation: policy instruments in addition to carbon 
pricing 

Innovation is crucial for developing the required low carbon technologies. To trigger innovation, 
dynamically efficient carbon prices are needed. As we argued above, it is difficult to establish 
dynamic efficiency within a cap and trade system. A price floor, as a hybrid instrument, could solve 
this problem because it establishes a long-term credible price signal.  

Even a reliable price signal might not be enough to stimulate innovation. This is because there are 
market failures in the innovation and diffusion of technologies, besides that of the climate externality, 
that provide a strong rationale for policies that foster the development and adoption of low-carbon 
technologies70. The main market failure associated with innovation is knowledge spillover, i.e. firms 
cannot receive full benefit from their innovations. The main market failures associated with adoption 
are learning and network externalities. Moreover, both stages are also characterized by market failures 
related to incomplete information.   

There are different policies to address the market failures specific to both stages. R&D policies 
support technological development until the technologies are ready for commercialization71 . As 
empirical evidence for innovation spillovers is very high and as knowledge market failures are higher 
in clean technologies72, there is substantial agreement among economists that R&D polices should be 
part of the portfolio of policy instruments. In general, several instruments exist to support R&D 
including subsidies to private R&D, strengthened patent rules, and technology prizes. It is important 
to note that different policy instruments become relevant at different stages of the innovation process73. 
However, as the outcome of innovation processes, i.e. market success, cannot be anticipated in 
advance, and the exact effects of innovation policy are unknown, policy learning requires some 
experimentation and a large variety of policies. 

Support during the adoption and diffusion stage is accomplished by deployment policies which create 
a market pull for certain technologies. Typical instruments used to support, for example, renewable 
energy sources are feed-in tariffs or renewable portfolio standards. Whether such policies are 
warranted is a controversial issue, mainly because solid empirical evidence is lacking and the 
seriousness of the underlying market failures cannot be determined74. Proponents, however, argue that 
the potential positive technological externalities are sufficient to ensure respective policy efforts are 
maintained. Moreover, historical experience with technological transformations in other sectors, 
suggests that the use of deployment policies will be needed75.  

A comparison of the social return on investments of R&D policies with that of deployment policies 
would be necessary for the design of these policies. Unfortunately, empirical evidence is limited. 
Public support for R&D in new climate friendly technologies, incentives for market development of 
ripe technologies and stable long-term market conditions that guarantee investor security are all 
important aspects for innovation. In those areas where spending on deployment measures has 
exceeded public R&D investments (such as wind and PV), the market should be strengthened and 
public support schemes should be gradually cut back when technologies become competitive. The 
newly available resources may then be used to expand research in areas where more research is still 
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needed, such as storage, grids or (smart) demand-side options. In these areas it seems reasonable to 
reallocate government investment flows from deployment to R&D.  

Innovation policy encompasses science and technology policy and goes beyond mere support of R&D. 
Policy instruments target various stages of the innovation process ranging from supporting basic 
science to market deployment. The choice of the most suitable policy instrument depends on the 
maturity of the technology.  

It is important to bear in mind that successful innovation policy needs to allow private businesses to 
exploit market opportunities. Therefore, setting standards, market development, and legal framework 
conditions are as important as financial R&D support. Private actors are able to mobilize considerably 
higher R&D budgets than public bodies, which is underlined by the differences in business vs. 
government expenditures on R&D. It may well be argued that innovation efforts by private companies 
are hindered because of a non-existent commonly agreed long-term framework for European energy 
and climate policies.  

Innovation energy policy should focus on strengthening the overall performance of the innovation 
chain and capacity of its stakeholders for innovation. While the definition of climate targets and 
research agendas by EU institutions certainly contributes to streamlining otherwise dispersed research 
efforts, systemic policies geared towards strengthening the overall performance of innovation systems 
are hardly ever to be found.  

5.5. Addressing carbon leakage 
A long-standing issue in the debate on unilateral climate policies is the concern that some fraction of 
the emission reductions achieved might be offset by increasing emissions in regions with no – or less 
ambitious – climate policies76. Addressing carbon leakage is important for political feasibility because 
if the burden for the home industry is perceived to be too high, a reform of the EU ETS will not be 
agreed upon. In addition, if emissions are outsourced to other world regions, it questions the 
environmental effectiveness of the instrument.  
 
Depending on a large array of assumptions, including the desired stabilization goal and how industrial 
structure and international trade are modeled, the literature finds a broad spectrum of leakage rates in 
the regions subject to binding emission targets (i.e. the fraction of unilateral emission reductions 
offset by leakage)77. For instance, a recent comparison of 12 computable general equilibrium models 
finds leakage rates between 5% and 19%, with a mean value of 12%78. For the scenarios assuming 
unilateral action by the EU to cut emissions by 20% and 30% below years 2004 and 2020 respectively, 
the study finds respective leakage rates of 15% and 21%. More recently, several contributions have 
indicated that leakage rates could become negative, i.e. more abatement in the EU would also reduce 
emissions in other countries. This may arise either from fuel switching within energy markets79, 
through technology diffusion to non-abating countries, or from crowding out of capital accumulation 
in third party countries as a result of rising capital demand in countries engaging in abatement80. In 
addition, it has been demonstrated that technology spill-overs to non-abating countries can 
significantly reduce leakage rates81. 

                                                           
76 Branger and Quirion (2013) 
77 Jakob et al. (2014) 
78 Böhringer et al. (2012)  
79 Bauer et al. (2013)  and Arroyo-Currás et al. (2013) 
80 Baylis et al. (2013), Carbone (2013) and Winchester and Rausch (2013) 
81 Bosetti et al. (2008), Golombek and Hoel (2004) and Di Maria and van der Werf (2008) 
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One robust insight that emerges from the literature is that leakage rates are lower where participation 
in international mitigation efforts is broader 82. For this reason, harmonizing carbon prices via policy 
coordination, or even linking the EU ETS with other emerging emission trading systems could ‘level 
the playing field’83; carbon leakage with regards to trade with these regions could be eliminated or 
alleviated when all or some sectors are covered by the EU ETS. When linking such systems without 
full coverage, the overall effects on leakage are ambiguous and depend on the sectors covered in the 
system with which the EU ETS is to be linked84. This is because linking not only eliminates one 
economic distortion (different carbon prices between the capped sectors), but also increases another 
(the difference in carbon prices between the capped and the uncapped sectors in one region). Hence it 
is necessary to carefully analyze the effects of linking on carbon leakage. 
 
Free allocation of emission permits is another way to reduce carbon leakage. This can be achieved by 
‘grandfathering’ (i.e. allocation of emission permits in proportion to past emissions85), which provides 
an incentive to remain in business for firms that are subject to a carbon price if their potential losses 
are covered by the value of free emission permits86. As demonstrated in a study for the US87, giving 
away 13% of emission permits to energy-intensive industries would be sufficient to maintain their 
profits, and it seems reasonable to assume that for the EU a roughly similar figure would apply. In 
addition, if future emission permits are assigned by grandfathering, using today’s emissions as a basis, 
companies will have fewer incentives to reduce their production in order to receive more of these 
permits at a later date88, such that there is less incentive to increase imports in these sectors and 
carbon leakage is reduced89. However, this also means that more abatement has to be performed in 
other sectors, where it may come at a higher cost, thus increasing total mitigation costs. Output-based 
rebates (OBRs) that give emission permits to companies free of charge in proportion to their output 
relative to an industry- or sector-specific benchmark on emission-intensity (i.e. emissions per unit or 
per monetary value), are an alternative to grandfathering. As OBRs only incentivize a switch to 
cleaner technologies, rather than a reduction in production or consumption, the price signal for 
emission-intensive products is not fully passed through to final consumers. This raises the economic 
costs of achieving a certain level of emission reductions above those of grandfathering90. As a 
consequence, no unambiguous conclusion can be drawn regarding the preferred policy in terms of 
welfare (including issues such as consumption losses, distributional consequences and employment 
effects) or reducing leakage. Rather, the total effect of both policies depends on the interplay between 
creating additional domestic emissions and avoiding emissions abroad91. 
 
Finally, tailor-made trade policies are an appropriate means of addressing leakage. In this context, it 
should be noted that the popular concept of full ‘border tax adjustment’ (BTA) which would subject 
imports from regions with less ambitious climate polices to a price on ‘embedded emissions’ equal to 
the one prevailing in the EU ETS, does not constitute an optimal policy and can even increase carbon 
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leakage92. This is due to the fact that faced with tariffs, the EU’s trade partners would readjust their 
production structure towards goods for the domestic market instead of exports; it might well be the 
case that the former are more carbon-intensive than the latter, which would then cause emissions to 
increase. Furthermore, full BTA would be subject to considerable uncertainty and imply substantial 
costs to determine the carbon content of imports at a product level. As carbon leakage predominantly 
concerns energy-intensive and heavily traded products, a scheme that focuses on a few key sectors 
could substantially reduce leakage. For instance, one study determined that the application of EU 
border taxes on imports of steel, aluminum, and cement would reduce leakage in these sectors to 
practically zero93. In order to decrease complexity and alleviate concerns related to discriminatory 
treatment, carbon contents could be calculated on the ‘best available technology approach’ which 
assumes that trade partners use production technologies comparable to the EU94. As a mechanism to 
make such an arrangement politically feasible, the EU should negotiate agreements with its main 
trading partners in which the latter agree to levy taxes on their most carbon-intensive exports95. This 
would have the identical effect on carbon leakage as import tariffs, but would permit the exporting 
countries to retain the associated tax revenues. An interesting example of such an approach are the 
voluntary export restraints put into place by Japan to protect the US car industry in the 1980s. That 
taxation of energy-intensive exports is feasible is shown by China, which already has such an export 
tariff in place (allegedly to reduce domestic energy consumption)96. 
 

                 

Figure 6: The emergence of global carbon markets. The biggest emitters can make the biggest difference. Source: 
World Bank (2013).  

However, certainly the best way to tackle carbon leakage and the most efficient way to reduce global 
emissions is for the number of countries that apply carbon trading schemes, or that implement a 
carbon tax, to increase. Carbon markets are already being established worldwide (see Figure 6). The 
new World Bank Report on “States and trends of carbon pricing” concludes that a growing number of 
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countries and regions are putting a price on carbon and that “together these carbon pricing instruments 
cover almost 6 GtCO2e or about 12% of the annual global GHG emissions”97. It is obvious, however, 
that this coalition must grow substantially in order to effectively address climate change . So far the 
effect of carbon leakage has been rather small, but for the future there is the danger that without 
stronger international endeavor, Europe’s aspirations will get stuck in a cul-de-sac, contributing little 
to emission reductions but compromising European competitiveness.  In this respect a price collar 
might be a good instrument when taking the linking and the compatibility to other emission trading 
systems into account. One proposal for the international negotiations, for example, suggests98 that all 
major economies should signal a floor price in addition to an emission target to prevent targets from 
being unexpectedly lax. Introducing minimum GHG prices worldwide would probably be the best 
way to address carbon leakage.  

6. Conclusions 
This paper presents and reflects the discussion surrounding the current performance of the EU ETS 
and specifically the persistently low price of EUAs. It analyses the performance of the EU ETS in 
terms of environmental effectiveness and cost-effectiveness, and examines the reform options 
additionally in terms of political feasibility. Our analysis concludes that the environmental 
effectiveness of the EU ETS is given (in fact the emission target has been overachieved), but that the 
EU ETS lacks dynamic efficiency. The EU Commission has suggested addressing this problem by 
introducing a reform that manipulates the supply of EUAs, i.e. the Market Stability Reserve. However, 
we show that this reform proposal does not address the problem of dynamic efficiency, mainly 
because the interplay between the magnitude of the EUA surplus and the EUA price formation seems 
incomprehensible from an inter-temporal perspective. It also fails to address the problem of 
overlapping policies arising from the existence of supplementary policy instruments at the Member 
State level that could undermine the overall performance of the EU ETS. By contrast, our analysis 
clearly shows that instead of a narrow reform of the EU ETS focusing on the EUA surplus, a 
comprehensive reform addressing a series of aspects of carbon pricing is required. This includes (i) 
setting a price collar within the EU ETS, (ii) expanding the EU ETS to other sectors (e.g. transport, 
buildings) (iii) addressing additional market failures through policy instruments in addition to carbon 
pricing and (iv) addressing the possible problem of carbon leakage by expanding the group of 
countries that adopt comparable GHG prices.  

Evaluating the reform proposals of the EU ETS currently being discussed, it is important to 
understand how prices are formed In particular in a situation with non-binding annual caps, it is 
unclear how price formation works. In theory and in a situation not characterized by a temporarily 
non-binding cap, abatement-related fundamentals affect the price through the demand side (e.g. 
support for renewables raises their deployment and thus decreases the demand for EUAs). Political 
decisions have an impact on the price through the supply side (e.g. by adapting the cap).  
 
Latest research indeed shows that in a regime with temporarily non-binding annual caps, the 
abatement-related fundamentals working through the demand side are generally only able to explain a 
minor share of the observed price decline in the EU ETS. One explanation is that market participants 
do not seem to believe in the (long-term) cap announced by policymakers. The lack of credibility thus 
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results in further downward pressure on the EUA price and very likely impedes cost-effective 
investment by failing to provide the incentive to innovate and deploy clean technologies. 
 
The widely-held view is that the cumulative surplus of EUAs in the EU ETS needs to be addressed. 
This is the reason why the EU Commission has proposed the MSR. However, the outcomes of the 
workshop and our analysis identify the stabilization of price expectations as the main problem. The 
MSR is not able to address this problem. It is also unlikely that the MSR can cure the problem of a 
lack of dynamic efficiency and prevent a lock-in into a carbon intensive infrastructure. This is because 
the MSR is a quantity-based and cap-neutral set aside that only changes the timing of auctioning - in 
this sense constituting a long-term backloading proposal - and as such does not provide a clear price 
signal. Instead, we propose to set a price collar with an upper and lower level for the EUA price, 
which would be the ideal policy instrument to judge cost-effectiveness criteria. It would help to 
reduce uncertainty over supply and demand now and in the future and thus stabilize expectations. This 
could address market failure in the sense that in a political market like the EU ETS, the future is much 
more exposed to uncertainties and regulatory changes, with potentially tremendous impacts, than in 
other markets. The ability of an EU ETS with a price collar to achieve environmental effectiveness 
depends to a great extent on the specific design of the collar. 
 
It is important to note that a price collar does not come without challenges. First, considering political 
feasibility, quantity-based reforms are preferred to the price collar, which is perceived to be similar to 
a tax. Second, there are implementation challenges of a price collar: while modeling seems to be the 
most straightforward way to determine the relevant price range, there is significant uncertainty 
between models, even when their underlying assumptions are harmonized. Careful implementation 
will need to factor this in and find ways to determine a price range which is robust across the spread 
of model outcomes. In addition, unforeseen events might change the conditions on which the price 
collar was modeled, so it needs to be flexible enough to be adapted under such circumstances without 
losing credibility. Arbitrary adjustments should be avoided and any changes should be made 
transparent and performed on the basis of previously specified rules.  

Table 3 summarizes the evaluation of the reform proposals by the EU Commission and the reform 
package proposed in this paper, according to the three different criteria introduced above. Our 
analysis clarifies that in addition to the setting of a price collar, a comprehensive reform proposal is 
required. The sectoral expansion is an equally important cornerstone of a reform, as the associated 
policy instruments will help stimulate innovation if there are additional market failures. Last, but not 
least, expanding the group of countries that participate in the EU ETS or by linking the ETS to other 
regions can address the concern of carbon leakage. All options differ in terms of political feasibility 
(see Table 3). The proposed reforms could in principle be implemented before 2020, but given the 
long lead-times, this does not seem to be politically feasible. The linear reduction factor is 
independent of the concrete reform proposal and should be adjusted to be in line with an EU-wide 
GHG target for 2030, once it is agreed upon.  
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Reform options, 
instruments and 
measures 

Environmental 
effectiveness99 

Dynamic efficiency Political feasibility100  

Market Stability 
Reserve 

o  o + 

Price collar  At max price: - 
At min price: + 

+ - 

Expanding sectoral 
coverage 

o + - 

Addressing carbon 
leakage  

+ + + 

Additional instruments 
for inducing 
innovation  

o  
(+ if enables more 

ambitious cap in the 
future) 

+ + 

Table 3: Evaluation of considered reform options. Evaluation of environmental effectiveness and dynamic efficiency 
relates to changes relative to the status quo of EU ETS design. The reform proposal by the EU Commission is marked 
in blue and the reform package proposed in this paper is marked in orange. Legend: “+” means high, “-“ means low 
and “o” means indifferent. Smart revenue recycling policies have the potential to facilitate the expansion of the 
sectoral coverage and of addressing carbon leakage by compensating industry for additional burdens. 

We conclude that although setting a price collar might seem politically infeasible, it might be the best 
way to tackle different problems at the same time. Or put it differently: the MSR might be a politically 
feasible reform option but will most probably, in the end, turn out to be a “toothless tiger” and no 
more than “backloading-de-luxe”.  

                                                           
99 Defined as (i) achievement of target and (ii) level of ambition 
100 Defined as anticipated support by powerful interest groups (different industries, NGOs and governments).  
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ABSTRACT
Although agriculture could contribute substantially to European emission reductions,
its mitigation potential lies untapped and dormant. Market-based instruments
could be pivotal in incentivizing cost-effective abatement. However, sector
specificities in transaction costs, leakage risks and distributional impacts impede its
implementation. The significance of such barriers critically hinges on the
dimensions of policy design. This article synthesizes the work on emissions pricing
in agriculture together with the literature on the design of market-based
instruments. To structure the discussion, an options space is suggested to map
policy options, focusing on three key dimensions of policy design. More specifically,
it examines the role of policy coverage, instruments and transfers to farmers in
overcoming the barriers. First, the results show that a significant proportion of
agricultural emissions and mitigation potential could be covered by a policy
targeting large farms and few emission sources, thereby reducing transaction costs.
Second, whether an instrument is voluntary or mandatory influences distributional
outcomes and leakage. Voluntary instruments can mitigate distributional concerns
and leakage risks but can lead to subsidy lock-in and carbon price distortion. Third,
the impact on transfers resulting from the interaction of the Common Agricultural
Policy (CAP) with emissions pricing will play a key role in shaping political feasibility
and has so far been underappreciated.

Policy relevance
Following the 2015 Paris Agreement, European climate policy is at a crossroads.
Achieving cost-effectively the 2030 and 2050 European targets requires all sectors to
reduce their emissions. Yet, the cornerstone of European climate policy, the European
Union Emissions Trading System (EU ETS), covers only about half of European
emissions. Major sectors have been so far largely exempted from carbon pricing, in
particular transport and agriculture. While transport has been increasingly under the
spotlight as a possible candidate for an EU ETS sectoral expansion, policy discussions
on pricing agricultural emissions have been virtually absent. This article attempts to
fill this gap by investigating options for market-based instruments to reduce
agricultural emissions while taking barriers to implementation into account.
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1. Introduction

Several studies have highlighted cost-effective mitigation potential in European agriculture and the efficiency
gains from using flexible market-based instruments (Höglund-Isaksson et al., 2012; Perez Domiguez, Britz, &
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Holm-Muller, 2007; Vermont & De Cara, 2010). In fact, the heterogeneity of mitigation costs across actors and
emissions sources seems to provide a textbook example of a case where emission pricing policies,1 either
through voluntary offsets, mandatory cap-and-trade mechanisms or taxes, could do better than direct regulat-
ory instruments such as performance standards or technology mandates. Yet, pricing agricultural emissions has
been controversial in policy discussions (Pérez Domínguez, Britz, & Holm-Müller, 2009). For example, the Euro-
pean Commission has clearly signaled that an extension to forestry and agriculture should not be considered
due to concerns regarding the accuracy of monitoring, reporting, and verification (MRV) (EC, 2008).

Internationally, there are very few examples of policies pricing agricultural emissions, most of them
implemented via offsets such as the Carbon Farming Initiative in Australia. New Zealand is the only
country that attempted to cover agriculture under a cap-and-trade mechanism but it has back-pedalled
before the actual implementation, due in part to political-economy factors. Because of the apparent difficulty
in pricing agricultural emissions, a polarized debate emerged on the question. Few studies have discussed
how barriers to the use of market-based instruments2 for agricultural emissions might be overcome (e.g.
Cooper, Boston, & Bright, 2013; Gerber, Key, Portet, & Steinfeld, 2010). Yet none has provided a conceptual
framework to analyse the design of market-based instruments for agricultural emissions through the lens
of these challenges. This paper addresses this gap. It focuses specifically on three key obstacles highlighted
in the literature: (1) transaction costs (TC) (e.g. Ancev, 2011; Gerber et al., 2010; Pérez Domínguez & Fellmann,
2015; Smith et al., 2007), (2) exposure to leakage risks (e.g. Cooper et al., 2013; Gerber et al., 2010; González-
Ramírez, Kling, & Valcu, 2012; Murray & Baker, 2011; Pérez Domínguez & Fellmann, 2015; Van Doorslaer et al.,
2015), and (3) adverse distributional impacts (e.g. Cooper et al., 2013; González-Ramírez et al., 2012; Pérez
Domínguez & Fellmann, 2015; Van Doorslaer et al., 2015). GHG emissions pricing can have distributional
impacts on farmers as well as consumers. However, as the agricultural lobby is often argued to be particularly
powerful and benefiting from public support (Keeler, 1996; Patterson, 1997), this analysis concentrates on the
distributional impact on farmers.

This paper is, to the authors’ best of knowledge, the first synthesis of the different strands of literature rel-
evant to the design of a market-based policy for reducing European agricultural emissions. Both voluntary
and compliance instruments are discussed. The review is framed by a three-dimensional options space3: the
‘Coverage-Instrument-Transfer’ options space, which provides a structured way to deconstruct the policy
design and link its relevant dimensions to the key obstacles. Importantly, it seeks to provide a mapping of
policy options and explicitly stresses trade-offs. Doing so, it contributes to the understanding of how policy
design could facilitate overcoming the barriers to pricing agricultural emissions.

Agriculture accounts for around 10% of Europe’s GHG emissions, driven mostly by nitrous oxide (N2O) and
methane (CH4) (UNFCCC, 2014). To cost-effectively meet the European long-term emissions reduction targets
of 80–95% by 2050, it is necessary to reduce the emissions from agriculture by around 36% by 2030 and
between 42% to 49% by 2050 (EC, 2011). A notable reduction of 22% (compared to 17.4% for all emissions)
occurred in the sector between 1990 and 2011. However, this decrease stemmed from lower livestock
numbers4 and a decrease in use of nitrogen fertiliser as a result of non-GHG policies such as the 1991
Nitrates Directive (Schäfer, 2012; Westhoek et al., 2012). The emissions decline has, however, recently
slowed and European agricultural emissions are likely to plateau in the near future (Van Doorslaer et al.,
2015).

Agriculture has so far largely been ignored by European climate policy as there have been few requests
from Member States (MS) (Schäfer, 2012), likely resulting from both technical and political concerns. Reflecting
this, the latest reform of the Common Agricultural Policy (CAP) aimed at ‘greening’ agricultural practices
(Erjavec & Erjavec, 2015) is well funded but likely to have little impact on emissions. The policy allocates
on average 11.87 billion €/year between 2014 and 2020 to promote three mandatory ‘green’ agricultural prac-
tices5 (EC, 2013). Nonetheless, emission reductions from the CAP reform are expected to be limited (2%
between 2012 and 2020) and emissions might even increase outside the EU due to leakage (Westhoek
et al., 2012). As a result, the envisaged 42–49% cut will require further measures. This article therefore pro-
vides an analysis on the design of GHG pricing policies for European agriculture that could support reaching
that goal.
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2. Structure, mitigation potential, and barriers

The first step in conceptualizing GHG emission pricing policies for European agriculture is to understand the
structure of the sector. The unique structure of agriculture and its emissions profile shape its mitigation poten-
tial, the cost-effectiveness of emission pricing as well as the barriers associated with such policy.

2.1. The European agriculture sector

2.1.1. Activities and emission sources
Agricultural GHG emissions arise from various sources and activities (UNFCCC, 2014). Methane (CH4) emissions
originate from livestock (enteric fermentation and manure management from beef, dairy, small ruminants,
pigs and poultry) and N2O emissions from fertilizer application to agricultural soils. Soil management emissions
are driven by CO2, as agriculture affects the capacity of soils to sequestrate carbon. The upper part of Table 1
provides an overview of emissions by source in European agriculture. Out of the 540 MtCO2e emitted in
2012, roughly 42% (225 MtCO2e, mainly CH4) were due to livestock, 44% came from agricultural soils (241
MtCO2e) and the rest was from energy use (74MtCO2e). Unlike most other sectors, agriculture can be a
source and sink of GHG emissions as soils and plants sequester CO2.

An important characteristic of agricultural emissions is their dependence on local soil, management and
climate conditions; the complexity of the underlying processes, and the interaction between different emissions
(Vermont & De Cara, 2010). This leads, for instance, to a change in downstream agricultural soil emissions when
livestock management or animal waste management is altered (Bodirsky et al., 2014).

2.1.2. Farms and actors
The diversity of agricultural emitters in terms of size and number of small actors is striking. A Lorenz Curve for
emissions from agricultural producers was established using the Farm Accountancy Data Network (FADN)
(Figure 1).6 It is based on 1307 representative farms representing 2.4 million EU farms emitting a total of
394 MtCO2e in 2005. Figure 1 illustrates the disparities in terms of emissions across farmers. More specifically,
the Lorenz curve shows that the top 10% of emitters are responsible for about 38% of emissions in the
sector, while the top 20% emit about 58% of the sectoral emissions.

2.2. Mitigation potential

A wealth of literature has emerged regarding agricultural marginal abatement costs and mitigation potential.
Estimates vary widely, sometimes displaying a 20-fold difference in mitigation potential at a price of 20€/ton
CO2e (Vermont & De Cara, 2010). This is driven by the heterogeneity of methodologies used to model abatement
costs, which can be defined as: (1) supply side micro economic models, where farmers maximize their profits
subject to economic or technical constraints (De Cara & Jayet, 2006; Smith & Upadhyay, 2005), (2) equilibrium
models, which include demand responses (Golub, Hertel, Lee, Rose, & Sohngen, 2009; McCarl & Schneider, 2001;
Schneider, McCarl, & Schmid, 2007), and (3) engineering models compiling technical and scientific information
to identify sets of mitigation options for a given set of emission prices (Amann et al., 2008; Bates, 2001; Moran
et al., 2008; Smith et al., 2008). Vermont and De Cara (2010) review the literature using a meta-regression analysis

Table 1. Overview activities and emissions sources.

Activities Livestock

Agricultural
soils

Energy
use

Carbon sequestration

Emission sources
Enteric

fermentation
Manure

management
Soil management

(cropland and grassland)

Main GHG types CH4 CH4/N2O N2O CO2 CO2

Magnitude MtCO2e (2012) 147 78 241 74 not estimated
Share in the total technical mitigation potential
(Share in the total mitigation potential at 40
€/ton CO2e)

14% (13%) 23% (4%) 38% (49%) 7% (11%) 18% (23%)

Sources: Moran et al. (2011), Pellerin et al. (2013), Schulte and Donnellan (2012), Smith et al. (2014), UNFCCC (2014).
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of the three modelling approaches covering different world regions. The authors find that at a price of 40€/ton
CO2e the average mitigation potential predicted by the studies they review is around 11% by 2020 and 15% by
2030, although there is a significant spread in estimates. Generally, equilibrium models tend to predict a stron-
ger response of emissions to price (Vermont & De Cara, 2010). Recent equilibriummodelling for the EU estimates
a 28% mitigation potential at 40€/ton CO2e (EC, 2014). De Cara and Jayet (2011) find a mitigation potential of
10% in 2020 at 40€/ton-CO2e. Höglund-Isaksson et al. (2012) find a reduction of 22% by 2050 of non-CO2 emis-
sions in baseline agricultural emissions using the PRIMES decarbonization scenario, at a price rising to 180€ by
2050. Generally, the elasticity of emissions with respect to price does not necessarily differ from other sectors
(Pérez Domínguez et al., 2009; Vermont & De Cara, 2010).

2.3. Cost heterogeneity and emission pricing instruments

From modelling, we observe substantial theoretical mitigation potential. Yet for policy making the central ques-
tion is where this potential is located and how can it be best targeted.

Unsurprisingly, the heterogeneity across emissions sources, actors and geographical locations is reflected in
abatement costs and mitigation potential. Based on the marginal abatement cost (MAC) curves of studies for
France (Pellerin et al., 2013), Ireland (Schulte & Donnellan, 2012), and the UK (Moran et al., 2011) – relying on
an engineering approach – Table 1 offers an evaluation of the contribution of each emission source to the
total EU agricultural mitigation potential.7 We observe that more than 55% of the technical mitigation potential
lies with agricultural soils and manure management. When assessing the mitigation potential at 40€/ton CO2e,
more than 70% of the mitigation potential is in agricultural soils and carbon sequestration (with almost 50% in
agricultural soils alone).

The variation in emission reduction potential and costs across emission sources stems from considerably dis-
similar biological processes. The development stage and maturity of technologies also differ considerably.
Höglund-Isaksson et al. (2012) provide an uncertainty indicator in terms of commercialization prospects of
the main mitigation options; while mitigation options for manure management and soil are already commer-
cially available (e.g. anaerobic digestion for manure management or reduced and optimized fertilizer application
for agricultural soils), the prospects for enteric fermentation are much more uncertain (e.g. genetic engineering
in feed plants or vaccination against methanogenic bacteria).8

Figure 1. Lorenz curve of European agricultural emissions. Source: Farm Accountancy Data Network (FADN) (2005).
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Differences in farms size can also lead to varying mitigation potentials and costs. For instance, some emission
reduction options require larger investments such as anaerobic digesters or machines for precision fertilization.
These options might be more accessible to large farms benefiting from economies of scale.

In addition to the heterogeneity of mitigation potential across emission sources and farms, several studies
demonstrate the different MAC curves across EU MS, with the lowest abatement costs generally located in
new MS such as Romania or Hungary (e.g. De Cara & Jayet, 2011; Pérez Domínguez & Fellmann, 2015). Likewise,
within-country abatement cost heterogeneity (Dequiedt & Moran, 2015) due to differences in soils, farm system,
climate, and yields can be high.

Scattered mitigation potential across actors and sources have key implications regarding the efficiency of
different policy instruments (Goulder & Parry, 2008; Newell & Stavins, 2003). In fact, given firm heterogeneity,
it is unlikely that direct regulations such as uniform standards will be cost-effective precisely because equating
MAC curves across firms would require full knowledge of firm’s emission and production function (Goulder &
Parry, 2008), which is a heroic assumption in the agricultural context. As known from the economic literature,
the benefit of market-based policies to mitigate emissions increases with firm heterogeneity. More specifically,
the efficiency gains resulting from heterogeneity are driven by differences (1) across entities in howmuch abate-
ment they will be required to undertake under a climate policy and (2) in the steepness of the MAC curves
(Newell & Stavins, 2003). Based on the review of the European agricultural sector, both conditions apply here
and thus lend support for the implementation of market-based instruments to cost-effectively abate agricultural
emissions.

This assessment is confirmed in several studies. De Cara and Jayet (2011) find that a European cap-and-trade
system for agriculture to achieve 10% emission reductions would lower abatement costs by a factor of 2–3 com-
pared to that being achieved individually by MS. Based on the CAPRI model, Pérez Domínguez and Fellmann
(2015) also argue that emissions trading would increase the cost-effectiveness of emission reductions in the
sector compared to other policy instruments. Antle, Capalbo, Mooney, Elliott, and Paustian (2003) show that,
due to regional spatial heterogeneity, the use of fixed payments ‘per hectare’, promoting specific agricultural
practices, can be up to 5 times more expensive than implementing contracts ‘per t CO2’.

However, the theoretical efficiency gains – derived from the heterogeneity of agricultural producers and
emission sources – that could be garnered with GHG emission pricing instruments critically hinge on the bar-
riers. Barriers such as TC might erase potential gains or even make the policy costlier than alternatives such
as direct regulations.

2.4. Barriers to market-based instruments in agriculture

We group the barriers to pricing agricultural emissions into three categories, the first being TC, which arise from
technical challenges. These costs increase the cost of policy implementation and reduce the expected efficiency
gains from emission pricing instruments. The two other categories include barriers that are not only linked to
overall economic efficiency but also to political-economy concerns that shape the feasibility of the policy
(Cooper et al., 2013). These categories are leakage risks and distributional impact on farmers. The goal of this
section is therefore to review the different challenges and the underlying drivers. Section 3 provides directions
for policy responses that could support overcoming these obstacles.

2.4.1. Transaction costs
The feasibility of implementing a pricing instrument to mitigate GHG emissions depends on TC incurred by
farmers or other participants. TC can be defined as ‘the time and expense associated with complying with a
policy such as filing paper work, obtaining legal advice, and registering property or emissions’ (Gerber et al.,
2010). In this context, controlling and estimating agricultural emissions appears far more difficult than for
point-source CO2 from fossil fuels due to the dispersion of emissions in time and space and their heterogeneity
linked to biological processes (Cooper et al., 2013). This increases TC, in particular related to monitoring, report-
ing, and verification (MRV) (Ancev, 2011; Smith et al., 2007). Two challenges in designing an MRV system for agri-
culture are clearly apparent. First, it remains a question to which extent the heterogeneity of emissions-related
processes can be reflected in MRV systems. This is driven by the inability to measure non-point source emission
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such as N2O and CH4, and the diversity across emissions factors depending on local soil, management, and
climate conditions. Default emission factors following Intergovernmental Panel on Climate Change (IPCC) guide-
lines can be used (Eggleston, Buendia, Miwa, Ngara, & Tanabe, 2006), but precise factors reflecting local specifi-
cities vary widely. Estimating emissions from some sources as N2O from agricultural soils (Leip, 2010) or from
changes in soil carbon sequestration (Frank et al., 2015) is more prone to uncertainty. This complexity, especially
for some emission sources, creates an inherent trade-off between costs and MRV accuracy.

Second, the structure of the sector with a large number of smallholders complicates the implementation of
MRV systems characterized by fixed costs insensitive to the size of the entity (Bellassen et al., 2015). In addition,
brokerage fees in the case of a carbon market can also be an entry barrier, especially for those smallholders
(Smith et al., 2007).

The actual magnitude of TC of climate policies in agriculture is eventually an empirical question. Evidence
from the literature is largely inconclusive owing to the lack of existing emission pricing mechanisms in the
sector. In fact, most of the literature on TC for emission pricing policies has so far focused on non-agricultural
activities regulated by the EU ETS or the US SO2 market involving large power producers and manufacturing
companies (e.g. Jaraitė, Convery, & Di Maria, 2010). Reviewing this literature, Joas and Flachsland (2014) con-
clude that TC have generally been low.9 However, the ability to extrapolate TC from those sectors characterized
by large industrial entities to agriculture is obviously limited and empirical evidence for agriculture remains
scarce.

The very few studies investigating in more depth the magnitude of TC provide a surprisingly contrasted
picture. In agricultural Clean Development Mechanism (CDM) projects in Mexico and South America, TC were
estimated to vary between 0.19–0.71€/ton CO2e (Michaelowa & Jotzo, 2005). In an agricultural offset scheme
in Western Canada, TC were estimated to be substantial, representing 65–85% of total offset generation cost
(Fulton, Cule, & Weersink, 2005; van Kooten, Shaikh, & Suchanek, 2002). In the Australian Carbon Farming Initiat-
ive, TC were perceived as higher than expected by participants in the initial phase. Most concerns came from
time-consuming MRV processes and third-party auditing fees, which appeared to have partially deterred partici-
pation. Recent MRV simplifications and learning are expected to reduce costs substantially (Climate Change
Authority, 2014). Modelling a small-scale soil carbon storage scheme in Montana (USA), Mooney, Antle,
Capalbo, and Paustian (2002) expect the costs of monitoring and verification to be relatively low, yet still size-
able, at 3–10.6% of total credit value, although they anticipate higher MRV costs in areas that are more hetero-
geneous in terms of carbon sequestration potential. In New Zealand, a regional nitrogen trading scheme was
established. Duhon, McDonald, and Kerr (2014) show that most TC were up-front costs related to the initial
MRV software calibration (e.g. adapting for hill slopes on farm), ranging from NZ$2500–10,000.10 Recurring
costs in subsequent years were shown to be relatively low.

These studies provide us with two insights: first, existing literature does not reveal what the magnitude of TC
might be for a market-based mechanism in the European agricultural sector. Second, TC unsurprisingly seem to
depend on the exact policy design (see also Section 3). Although the challenges of MRV TC can hardly be denied
for agriculture, learning from the economic literature on TC is helpful in reframing the case of European
agriculture.

First, the magnitude of TC depends on the existing institutional framework (Coggan, Whitten, & Bennett,
2010). As the sector is already regulated and subsidized through the CAP, various MRV tools are already in
place, which will aid future climate policy. The body of existing regulations such as the nitrate directive (EU,
1991) or the National Emissions Ceilings directive (EU, 2001) also offers synergies that would reduce the
costs of regulating GHG as N2O.

11 Similarly, long-established institutions such as cooperatives or farmers’
unions in the EU can contribute to reducing TC, for instance by facilitating access to information.

Second, TC are time dependent, for instance trading costs in the US SO2 market fell by 98% over time (Joas &
Flachsland, 2014; Joskow & Schmalensee, 1998). In fact, learning-by-doing and technological improvement will
likely reduce TC. Given the infant stage of emission pricing policies for mitigation in agriculture, scope for cost
reduction almost certainly exists. Farmers will learn how to minimize the time and resources necessary to
comply, and likewise policy makers will identify more efficient policy designs. Several pilot projects have
been conducted to design new software supporting farmers in monitoring their emissions (see e.g. Tuomisto
et al., 2015; Whittaker, McManus, & Smith, 2013). Some problems remain, for instance to reflect all regional
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variations affecting emissions (Tuomisto et al., 2015). The question will be to determine howmuch uncertainty is
acceptable to harness emission reductions through a market-based instrument.

Third, from an economic point-of-view not only the absolute TC matter, but whether they prevent the cost-
effectiveness of the regulatory instruments, in other words how they compare to gains from trade expected
from a GHG pricing mechanism over direct regulations. Here opinions diverge. For instance, Ancev (2011)
argues conceptually that TC – usually misrepresented and underestimated in MAC curves – would offset the
limited gains from emissions trading that have been envisaged in several developed countries. Based on the
findings of their meta-analysis (Vermont & De Cara, 2010), De Cara and Vermont (2011) find the opposite for
European agriculture. This appears to be attributable to different assumptions regarding policy ambition and
associated carbon prices as well as from synergies from existing institutions such as the CAP. In sum, although
TC in pricing agriculture emissions represent a significant challenge, it is far from being a settled issue that they
are insurmountable. Further efforts are needed to investigate how to overcome technical challenges and how
the policy design needs to be designed to minimize TC. This will be investigated in Section 3.

2.4.2. Leakage risk
Leakage risk is generally one of the key concerns discussed in the context a unilateral climate policy (Coggan
et al., 2010). It occurs when domestic production is replaced by imports from countries not subject to equivalent
environmental regulations. The risk of leakage is contingent on various factors including (1) the ambition of the
policy, (2) the overall share of costs related to GHG pricing, which depend on the costs of emissions from agri-
cultural processes, e.g. from enteric fermentation and from electricity and fuel costs increase, and (3) the extent
to which the sector is exposed to trade.12 This is aggravated if there is a substitution to import from countries
with less efficient production in terms of GHG emissions (Lee, McCarl, Schneider, & Chen, 2007) or with high
indirect emissions, for instance from deforestation (Fargione, Hill, Tilman, Polasky, & Hawthorne, 2008). These
are serious concerns in the context of climate policy for European agriculture.

No ex-post study looking at the impact of agricultural emissions pricing is yet available, again due to the
limited experience with emissions pricing in agriculture.13 Ex-ante modelling of European unilateral climate
policy in agriculture suggests that leakage rates could be substantial but provides a contrasted picture. Leip
et al. (2010) find that including agriculture in the EU ETS would lead to a 19.3% decrease of its emissions but
an increase of 6% of livestock emissions in the rest of the world. With a mandatory emission reductions for Euro-
pean agriculture, Van Doorslaer et al. (2015) find substantial leakage rate exceeding 100% in some scenarios, in
which case the policy is not only economically costly but environmentally ineffective. Based on these results, the
magnitude of leakage risks from pricing European agricultural emissions remains unclear.

The literature on compliance emission pricing system has generally shown an overestimation of carbon
leakage in ex-ante modelling compared to ex-post evidence (Branger & Quirion, 2014). In this context,
several limitations of ex-ante modelling should be highlighted. First, European agriculture is a protected
sector, estimates of tariffs for the so-called most favoured nations14 on agricultural products range between
18% and 28% compared to 3% for manufactured goods (TCD, 2016). Non-trade barriers such as technical, sani-
tary, and phytosanitary regulations – in particular for meat products (TCD, 2016) – substantially reduce market
access and are complex to model. Second, much uncertainty exists regarding land-use changes induced by
leakage outside the EU (Van Doorslaer et al., 2015). Third, many anti-leakage measures have already been
tested in various policy fields, notably for the EU ETS (Martin, Muûls, Laure, de Preux,, & Wagner, 2014) and
will likely be key determining factors of the leakage outcome (see also Section 3.2). They therefore need to
be better reflected in ex-ante modelling.

2.4.3. Distributional impact on farmers
Whereas for leakage we concentrated on emissions, we focus here on the policy-induced financial impacts on
farmers. When GHG pricing was considered for agriculture in New Zealand, concerns about social equity and loss
of jobs in the industry were central in political debate (Cooper et al., 2013).

The impact on farmers’ income will depend on whether the policy costs can be passed through to consumers.
It is known that the ability to pass through carbon costs is determined by a range of factors ‘such as competition
type, shape and elasticity of the demand curve, international opening of the market, and substitutability
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between domestic and foreign goods’ (Quirion, 2009). As agriculture is characterized by homogeneous and per-
ishable goods, producers are generally expected to be price takers with limited ability to pass through costs,
especially in small open economies (Fulton et al., 2005; Kerr & Sweet, 2008). The exposure of European agricul-
ture to world prices is, however, distorted by the CAP, import tariffs, and non-tariff barriers, which reduce dis-
tributional impacts on farmers. Efficiency and technological improvements can also balance costs increase
(Cooper et al., 2013). As for leakage, the overall magnitude of the distributional impacts remains uncertain.
Nonetheless, it is clear that distributional consequences will not be homogeneous across agricultural activities
and space – depending on regional specialisation. In fact, higher demand for less emission-intensive food due to
carbon pricing can benefit the producers of these goods and regions specialized in such production, whereas
emission-intensive activities as beef production appear more exposed (Van Doorslaer et al., 2015).

Yet the policy implications of distributional impacts are likely to differ from other sectors, as European agri-
culture is already highly subsidized through the CAP. These particularities will shape climate policy design in
agriculture and should be made clearer in the discussions. The CAP was established under the Treaty of
Rome in 1957 to support productivity improvement and food self-sufficiency in the European Economic Com-
munity15 (Erjavec & Erjavec, 2015). Its focus has, however, evolved over time (Reichert, 2006) and is, according to
the EC (2012), a tool to protect revenues of farmers, and the environment. Concomitantly, European agricultural
lobbies have traditionally been perceived as particularly strong especially from large agricultural countries,
enjoying substantial public support (Keeler, 1996; Patterson, 1997), thereby potentially reducing the scope for
ambitious climate policies in the sector. Others argue that new green lobbies have emerged (Wilson, 2001)
and that since recent EU enlargement, the heterogeneity of national preferences and interests with respect
to the CAP has increased (Burrell, 2009). Eventually, the political feasibility will closely depend on power
games. In other words, it will be influenced by those countries and actors (e.g. large vs small) most affected
by the policy (taking into account their agricultural specialization and abatement costs, see Section 2.2.) and
with the strongest lobbying capacity and ideology with respect to agricultural policies.

In this context, CAP funds represent 37.8% of the EU budget (EC, 2013) and could be used as a buffer to
reduce unwanted distributional outcomes from climate policy as well as compensate potential ‘losers’ or
veto players. This raises an important and under-appreciated question in the literature: how would the CAP
interact with a GHG emission pricing policy in agriculture? More broadly, what policy design allows overcoming
the technical and political implementation barriers?

3. Dimensions of policy design and implications

Prior literature assessing market-based instruments for European agriculture centres on rather stylized and one-
dimensional policy approaches focusing either on voluntary schemes (González-Ramírez et al., 2012) or a full EU
ETS inclusion (e.g. Ancev, 2011; De Cara & Vermont, 2011; Perez Domiguez et al., 2007).16 Several studies point to
potential efficiency gains from pricing agricultural emissions by allowing mitigation to take place where it is the
cheapest (Höglund-Isaksson et al., 2012; Perez and Holm-Muller, 2007; Vermont & De Cara, 2010). However, the
scale of TC, leakage, and distributional impacts – and therefore the actual gains and political feasibility of the
policy – will be determined by multi-dimensional policy design. Thus, this paper seeks to structure the discus-
sions by carefully investigating the key design dimensions and policy options in the light of the challenges dis-
cussed above. To this end, an options space (Figure 2) is developed to map and conceptualize heterogeneous
policy designs, thereby broadening and organizing the current debate.

Three interacting key dimensions to explore different policy designs are suggested and reflected in the
options space: (1) the coverage of the policy, (2) the type of instrument used to price emissions, and (3) the
policy impact on transfers to farmers.

3.1. Coverage

A key question for policy makers is the coverage of the policy, especially given the high heterogeneity across
emissions sources and actors. As shown in Figure 2, the first dimension of the policy design, coverage, can
vary between 0% (no policy) and 100% of emissions (full coverage of all agricultural emissions).
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A partial coverage could be determined by: (1) thresholds related to size of farms in terms of emissions, (2)
the emission sources17 covered, and (3) also result from the proxies used for emission estimation. Partial cover-
age can be implemented by applying these criteria individually or in combination (e.g. different emission
thresholds per emission source).

3.1.1. Defining coverage by emission thresholds
Including a threshold is a lever to reduce the overall TC and also ensures that small farmers (of which there are
many, cf. Figure 1) do not face disproportionately high burdens from substantial fixed costs. Yet, such policy also
entails risks: (1) choosing thresholds can lead to gaming among participants and (2) the difficulty of defining
thresholds involves sensitive political choices. Gaming could be particularly aggravated in a sector characterized
by family ownership; farms above the thresholds could be split into smaller entities owned by different family
members. Politically, establishing thresholds is difficult, especially when the economic circumstances of actors
just above or below the level do not substantially differ and unfairness is perceived.

3.1.2. Defining coverage by emission sources
Policy makers can decide to price GHGs from just some emission sources. As for threshold, varying TC or econ-
omic circumstances across emission sources could explain such policy choice.

Beyond TC, some emission sources and the underlying activities such as beef, dairy, and pork production are
more emissions-intensive than others. Exposure to international trade may therefore vary if, for example, non-
tariff barriers are more stringent for some products (e.g. higher safety standards for meat than, say, cereals). This
will imply heterogeneous leakage risks and distributional impacts, which can justify sparing some emission
sources from unilateral climate policy. Focusing on emission sources with substantial mitigation potential

Figure 2. Stylized policy options within the Coverage-Instrument-Transfer options space.
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and limited TC can increase the short-term feasibility of agricultural emissions pricing. Yet, favouring some emis-
sion sources over others entails trade-offs owing to the interaction among emissions as discussed in Section 2. It
can also lead to internal leakage, as farmers change activities to avoid regulation. In the worst case, if the regu-
lated activity is less emissions-intensive than the non-regulated one, the policy can have an adverse environ-
mental effect (Popp et al., 2014). In addition, pricing emissions is designed to adjust demand towards less
emissions-intensive goods, so differentiated policies across emission sources can distort the price signal.

In sum, a partial coverage can be attractive for two reasons. First, policy makers can reduce the political risks
by initially targeting the policy where it is easiest technically (including for MRV) and the risks of economic
regrets is lower based on abatement costs. Second, it facilitates learning spill-overs, thereby decreasing TC
over time. Yet, it can come with perverse incentives and therefore policy makers need to signal that the
policy implementation will be gradual with an increasing coverage over time (Kerr & Sweet, 2008).

3.1.3. Defining coverage by the proxies for emission estimation
Partial coverage can also arise from coarse proxies for emission estimation. As direct measurement of emissions
is not currently technically feasible at reasonable costs, regulations have to be based on modelling of emissions
relying on proxy parameters, which are more easily measurable. Proxies can include inputs such as fertilizers or
feed purchases, activities such as tillage or manure management techniques, measurements such as soil tests, or
outputs such as production. Yet, there is often a trade-off between the accurate coverage of emissions through
the proxies and the TC connected to their measurement and monitoring. Regular soil testing may be costlier
than regulating tillage practices, but provides much more accurate information on CO2 emissions (Antle
et al., 2003). Similarly, a fertilizer tax can be implemented at relatively low TC, as there are relatively few fertilizer
producers or retailers, whose production can be measured. However, fertilizer application is a poor proxy for N2O
emissions that depend on many more factors, such as management practices or local conditions, leading to
limited mitigation effectiveness (Bodirsky, 2009). Hence to reach the same steering effect as a more accurate
proxy, much higher tax rates are needed, leading to higher distributional burden.

Importantly, simple proxies – for instance based on input or output – do not incentivize farmers to innovate
with practices outside of the policy framework (Gerber et al., 2010). Clarity on policy objectives is therefore
necessary for the proxy choice. For instance, if the goal is to encourage low carbon diets, an output tax
might work, whereas if it is to incentivize innovative practices to reduce emissions from enteric fermentation,
it will likely be inefficient. Eventually, choice of proxies will also depend on the instrument and whether the
policy is linked or not to compliance mechanisms.

3.2. Instruments

The second key dimension of the policy design is the instrument chosen (see Figure 2). The classical environ-
mental policy literature differentiates two types of policies to price GHG emissions (Aldy & Stavins, 2012;
Goulder & Parry, 2008): (1) voluntary instruments as offsets and (2) compliance policies consisting of emissions
trading schemes (with grandfathering, benchmarking or full auctioning) and GHG taxes (see Table 2 for defi-
nitions of each instrument). Although some fundamental differences exist (for a review see e.g. Hepburn,

Table 2. Definition of GHG-emissions pricing instruments analysed in this study.

Definition

Voluntary instruments
Offsets Farms implement voluntary mitigation projects. For each ton of CO2e mitigated below a predefined baseline, it sells an

offset either on a compliance market (e.g. to regulated entities under the EU ETS) or on a voluntary market.
Compliance instruments
Grandfathering The sector is covered by a compliance cap-and-trade system and farms receive free permits based on historical

emissions.
Benchmarking The sector is covered by a compliance cap-and-trade system and farms receive free permits based on their production

and emissions benchmarks based on best practices.
Full auctioning /
Tax

The sector is covered by a compliance cap-and-trade system without free permits or by a carbon tax.
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2006), full auctioning is mainly treated the same as a tax in this paper for simplicity. The literature has provided
so far comprehensive overviews of environmental policy instruments (e.g. Coria & Sterner, 2011; Goulder & Parry,
2008; Goulder & Schein, 2013). Here, we review pros and cons of various policy designs to price agricultural emis-
sions through the lens of TC as well as leakage risk and distributional impact for farmers.

3.2.1. Pros and cons of voluntary instruments with respect to the barriers
Transaction costs associated with voluntary instruments in agriculture are driven by several factors. First, defin-
ing additionality and a baseline is complex when heterogeneous emissions have not been historically measured
at the farm level (Murray, Sohngen, & Ross, 2007), which often leads to a trade-off between TC and genuine addi-
tionality (Climate Change Authority, 2014). Second, permanence is problematic in agriculture as many practices
to reduce emissions, for instance reduced tillage, can be easily reversed (Murray et al., 2007). Third, voluntary
instruments tend to be smaller-scale contracts, increasing TC. Hence, average TC (per ton of CO2e) are not
necessarily lower under voluntary instruments than compliance ones, but self-selection ensures that they do
not represent a disproportionately high cost on specific actors (Bellassen et al., 2015; Falconer, 2000).

Leakage risks and distributional impact are minor under voluntary instruments, but other fundamental ques-
tions arise; for example, related to fairness and environmental effectiveness. In fact, offsets can reward emission
reduction laggards and put early movers at a comparative disadvantage. In addition, schemes rewarding emis-
sion reductions below a baseline – which are de facto subsidies, lowering farmers’ average and marginal costs –
provide incentives for excess entry (Gerber et al., 2010; Goulder & Parry, 2008). Although food demand might be
relatively inelastic in the short-term within the EU, with increasing global demand for food stemming from
population and economic growth, the additional supply in the EU could be absorbed by external markets. There-
fore, a higher offset price is necessary to achieve the same emission reduction, raising questions about cost-
effectiveness (Goulder & Parry, 2008).

One reason to implement voluntary instruments is to reveal information on abatement costs as well as TC
(e.g. MRV requirements) (Bellassen et al., 2015). From that perspective, agriculture appears to be a natural can-
didate for the implementation of voluntary instruments, especially for emission sources with high cost uncer-
tainty. Likewise, it can be seen as a first step in overcoming political barriers, creating public awareness, and
a new constituency in favour of carbon pricing (Kollmuss, Zink, & Polycarp, 2008). On the other hand, the dis-
tributional effects of offsets will augment the political resistance against a subsequent implementation of com-
pliance instruments without compensation mechanism.

3.2.2. Pros and cons of compliance instruments with respect to the barriers
Whether TC of compliance instruments differ substantially from voluntary mechanisms is unclear. Compliance
mechanisms normally cover more entities leading to economies of scale, reducing TC. As a compliance instru-
ment is expected to be permanent, it does not require further tools to overcome additionality and permanence
problems. Differences in TC across various compliance instruments are also not expected to be major, as e.g.
MRV requirements will be identical.

The distributional implications will unambiguously differ between voluntary and compliance instruments.
Although ‘by design’ voluntary schemes mainly benefit farmers, this is less likely the case under a compliance
mechanism. The extent of distributional impacts will be driven by both the magnitude of transaction and abate-
ment costs, which will depend on policy ambition. However, distributional outcomes as well as leakage risks also
depend on the type of compliance instrument chosen and whether it is a full-auctioning system (or tax)18 or free
permits are allocated through grandfathering or benchmarking.

Grandfathering tends to be beneficial to GHG-intensive entities if they can earn windfall profits by passing
through the cost of the allocated free permits (see Lise, Sijm, & Hobbs, 2010; Sijm, Neuhoff, & Chen, 2006),
whereas benchmarking favours entities initially more virtuous in terms of GHG emissions (Quirion, 2009).

Leakage risk likewise differs across various free allocation mechanisms. Several studies of trade-exposed
sectors have shown that output-based benchmarking leads to less leakage than grandfathering, which is
based on historical emissions (Bernard, Fischer, & Fox, 2007; Burtraw, Kahn, & Palmer, 2005; Demailly &
Quirion, 2008, 2006). Hence, benchmarking could be better suited to agriculture, which is at least partially
exposed to international trade. However, although grandfathering incentivizes a drop of both emission intensity
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and the production of GHG-intensive goods, benchmarking tends to only support the former (Murray & Baker,
2011; Quirion, 2009).

In sum, beyond the efficiency in preventing leakage and fairness perspective for which benchmarking fares
relatively well, grandfathering has often been used in the early stages to secure adherence from emissions-
intensive actors. In the context of European agriculture, this is important, especially for exposed activities as
beef production. However, other support mechanisms could also be designed.

3.3. Transfers

As discussed in Section 2, European agriculture is subject to significant transfers – i.e. the CAP subsidies – which
could play a role in the climate policy design. This third key dimension thus reflects the interaction between the
CAP and pricing of agricultural emissions – by voluntary and compliance policies – which is important when
discussing distributional outcomes and will influence the political feasibility of a new policy. As shown in
Figure 2, transfers are taken as aggregate for the sector and not for individual farmers. For instance, if CAP
funds remain constant but farmers can receive payments for selling offsets, an increase in transfers to the
farming sector is implied.19 On the other hand, if CAP funds remain constant while an emissions tax is
implemented, it lowers transfers to the agriculture sector. In between, if tax revenues are added to existing
CAP funds, it would be transfer-neutral.

Five constructed options are suggested, which bring together the different dimensions of policy design (see
Figure 2) and result in various levels of transfers. They represent stylized carbon pricing mechanisms for agricul-
ture to help guide future discussions.

Starting with offset mechanisms, a key issue is the funding source. This could be either from compliance or
voluntary markets (option 1) or CAP funds (option 2). Option 2 has several advantages over the current CAP set-
up. First, it could, in principle, ensure that CAP transfers are proportional to emission reductions, which is cur-
rently not the case according to Westhoek et al. (2012). Second, additionality is less of a problem. In fact, such
CAP funds are channelled to the agriculture sector as subsidies and therefore any change incentivizing further
emissions reductions, would be an improvement over the status quo. Third, MRV requirements could be
reduced, as agricultural offsets financed with CAP funds would not need to meet as strict requirements as
when offsets are traded one for one with emission permits in a compliance cap-and-trade system. This
would therefore be a first step in moving CAP funds allocated for climate purposes closer to market-based
mechanisms.

It is noteworthy that a rechannelling of CAP funds to buy agricultural offsets constitutes a potentially trans-
fer-neutral mechanism not discussed so far. The degree of transfer-neutrality will depend on (1) which CAP
funds are reallocated and (2) the costs of abatement to farmers. In fact, a significant share of CAP funds has
limited obligations for farmers (e.g. Basic Payment Scheme under Pillar 1), whereas emissions reduction
measures to obtain offsets will represent a cost. Other CAP funds are given contingent on the implementation
of mandatory practices such as the funds allocated to ‘greening’ the CAP. These payments, however, have
climate as well as broader environmental objectives, such as protecting biodiversity (EU, 2013). Therefore,
further research would be needed to assess potential trade-offs with other objectives if some of those
funds were re-allocated.

Options 3 and 4 are stylized designs leading to higher and lower transfers respectively. Option 3 assumes that
grandfathering creates windfall profits, although their magnitude is uncertain. Note that option 3 implies that
introducing grandfathering and reducing CAP funds could be transfer-neutral. Politically, this could be a new
avenue for the provision of transfers to the sector. In addition, in the context of trade negotiations, it could
help reduce conventional subsidies to European agriculture while offering compensation to the sector and redu-
cing emissions. Option 4 leads to a lower transfer as benchmarking implies that energy-intensive farmers oper-
ating above the benchmark will have to either reduce their emissions, or buy certificates for which they will not
be compensated. However, the exact impact on transfers with these options will be determined by several
factors, including the setting of the benchmark. Finally, by recycling the revenues from the tax or cap-and-
trade scheme through the CAP, option 5 can align the objectives of revenue recycling with those of the CAP
(e.g. supporting small farmers). Yet, when taking consumers into account, there are trade-offs involved and
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policy makers could decide to allocate some of the climate policy revenues to those harmed by higher food
prices.

4. Timing of policy implementation

The three key dimensions of policy design discussed above raise questions regarding the timing of policy
implementation. While discussions in Section 3 are mainly static, a strand of the literature has discussed in
more detail optimal policy timing and the phase-in of abatement options (Bertram et al., 2015; Ha-Duong,
Grubb, & Hourcade, 1997; Riahi et al., 2015; Vogt-Schilb & Hallegatte, 2014). The focus of these studies is
often on the energy and transport sectors and they generally highlight the importance of early action, including
in some cases comparatively expensive mitigation options. The arguments for early implementation relate to
the risk of lock-in of long-term capital investments, the need to trigger learning-by-doing to support inno-
vation20 but also socioeconomic inertia and transitional costs (e.g. Ha-Duong et al., 1997), often underrepre-
sented in modelling exercises. Two observations are noteworthy for agriculture. On the one hand,
agriculture, unlike the energy or transport sectors, seems to be less prone to capital lock-ins; many mitigation
options can be modified relatively quickly. On the other hand, socioeconomic inertia, taking into consideration
TC, could be comparatively higher in agriculture.

Policy makers face three options for the phase-in of policies: (1) policies focusing on some emission sources/
farms, e.g. sources with high mitigation potential and low TC, (2) a uniform policy for the entire sector or, (3)
multi-speed policies across actors and emission sources. Multi-speed policies require the gradual implemen-
tation of the pricing mechanism. Policies would be differentiated to reflect heterogeneity related to, amongst
others things, TC. This could reduce TC over time and smooth the transition for more vulnerable farmers. In prac-
tice, this could mean applying voluntary policies to some actors or emission sources while targeting others with
compliance policies.

Multi-speed policy implementation nonetheless requires great care. Further research is needed to determine
where to put the boundaries for policy differentiation, for example where to put thresholds or which activities to
include. As highlighted in Section 3, differentiating policies could lead to unintended incentives, for instance
internal leakage leading to higher total emissions. Therefore, decarbonization requires a clear roadmap to
long-term policy targets and strong signals that policy makers intend to achieve uniform emissions pricing in
the medium to long-term (Fay et al., 2015; Vogt-Schilb & Hallegatte, 2014).

5. Discussions and further research

To a large extent, the mitigation potential of European agriculture remains unexploited and dormant. A pricing
mechanism could unlock emission reductions, although its implementation is challenging. Transaction costs
threaten cost-effectiveness. Risks of leakage and distributional consequences further undermine political feasi-
bility. Yet, the magnitude of such hurdles depends on the policy design. To that end, this paper reviews the
emissions structure of European agriculture, its mitigation potential, and barriers to the implementation of
GHG pricing. It also links this to the literature on carbon pricing policy design. An options space is developed,
which helps visualize the three key dimensions of the policy design: (1) the coverage of the policy, (2) the instru-
ment type, and (3) the transfers resulting from the policy and the CAP. This approach provides a mapping of
policy options explicitly linking them to the identified barriers and analysing trade-offs.

The first dimension, policy coverage, is especially important for TC. Owing to the heterogeneous structure of
the agricultural sector, a relatively small proportion of farms, though still representing a significant number of
farms, and a few emission sources account for the majority of emissions and a substantial share of the mitigation
potential. At a price of 40€/ton CO2e, the potential mainly arises from soil management and carbon sequestra-
tion. Partial coverage could help keeping TC comparatively low but can lead to internal leakage. In addition,
partial coverage entails political risks. In fact, the process of establishing the line between regulated and unre-
gulated entities is politically challenging, amongst other factors due to the feeling of unfairness it is likely to
create across regulated entities.
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The second dimension, the instrument type which can be voluntary or mandatory, also affects the three bar-
riers. TC do not necessarily differ between compliance and voluntary instruments, but due to self-selection, the
risk of an excessive burden on some participants is minimized. The fundamental difference between voluntary
and compliance policies relates to distributional impacts and leakage risks. Voluntary policies tend to be ben-
eficial to farmers. However, subsidizing emission reductions with offsets can have perverse effects, including
reducing the costs of emissions-intensive food. Compliance policies induce higher leakage risk and adverse dis-
tributional impacts, which can however be mitigated, for instance by grandfathering.

The third dimension, the transfers resulting from the interaction between climate policy and the CAP, has
been underappreciated in the literature and policy debate. For example, restructuring CAP funds towards
offsets could both incentivize further emission reductions and increase political feasibility if it is transfer-
neutral. Yet, this might come at the expense of other environmental objectives such as protecting biodiversity
and therefore requires careful investigation.

Finally, bringing the different dimensions together, timing is key for the policy. Gradual phase-in, by focusing
initially on some emission sources and farms, can increase political feasibility and enable learning-by-doing but
also requires early action to reach a complete coverage within a reasonable time.

On the basis of this synthesis, a need for better understanding the magnitude of TC, leakage risks, and dis-
tributional impacts for different groups of farmers and emission sources has emerged. In addition to structuring
the debate on policy design, our options space could provide a systematic way to identify modelling needs.
Reflecting heterogeneous TC in modelling exercises is an important step towards a more detailed assessment
of the impacts of differentiated and multi-speed policies.

Regarding distributional impacts, this paper focuses on farmers as they are often perceived as veto-players in
agricultural policy. However, it should not hide broader distributional concerns for consumers. As shown in the
context of ‘fat’ taxes, taxing food is regressive as poorer households spend a larger share of their income on food
(Leicester & Windmeijer, 2004; Nnoaham, Sacks, Rayner, Mytton, & Gray, 2009; Smed, Jensen, & Denver, 2007).
Similar regressive patterns are to be expected when pricing agricultural emissions. Yet, Parry and Williams (2011)
and Parry, Williams and Goulder (1999) show that revenue-neutral carbon pricing, reducing distortionary taxes,
can be welfare-enhancing. However, compensations to farmers in forms of free permits or additional subsidies
are foregone tax revenues that cannot be spent on such welfare-enhancing measures. This therefore requires
policy makers to find a delicate balance in allocating policy revenues across groups. Further research on
these trade-offs and on which groups in society are likely to be most affected by the policy would help decision
making.

Although this is beyond the scope of this paper, new literature has discussed obstacles related to individual
behaviour and the response to economic incentives – including under uncertainty – which should be further
taken into consideration in policy design (Glenk, Eory, Colombo, & Barnes, 2014; Moran, Lucas, & Barnes,
2013). Pricing alone is unlikely to be sufficient and a broader policy mix – such as demand side instruments
to reduce meat consumption (Popp, Lotze-Campen, & Bodirsky, 2010; Stehfest et al., 2009) – is likely to be
needed.

Notes

1. Market-based instruments and emission pricing are used interchangeably.
2. As discussed in Pirard (2012) market-based instruments can include broader regulatory tools such as reverse auctions and

Coasean-type agreements for payments for ecosystem services (see also Ruhl, Kraft, & Lant, 2007 for comprehensive discus-
sions). In this paper, however, we focus solely on market-based instruments to price GHG emissions such as emission trading
schemes and GHG taxes. Precise definitions of the instruments are provided in Section 3.2.

3. Mapping policy options in a similar fashion as in Grosjean, Acworth, Flachsland, and Marschinski (2016).
4. This was due to the implementation of a milk quota and the economic transition in Eastern Europe (Westhoek et al., 2012).
5. Maintaining permanent grassland, crop diversification and ecologically focus areas (European Commission, 2013).
6. The emissions from the representative farms are derived from De Cara and Jayet (2011). The FADN dataset providing the orig-

inal data is collected through annual surveys across the EU. Several limitations of such dataset should be highlighted: (1) it is
based on voluntary participation, which can prevent full randomization and (2) it can be difficult for some farm categories to
find farmers who provide the necessary information (European Commission, 2015).
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7. To evaluate the contribution to the total mitigation potential, the following steps are used: (1) each specific abatement option
(along the MAC curves) is allocated to an emissions source, (2) the total mitigation potential of each emissions source is then
calculated, and (3) finally the respective contribution of each emissions source to the total mitigation potential is computed. It
is assumed that those three countries are representative of European agriculture. This approach contains some limitations as,
for instance, it is not always clear to which emissions source a specific mitigation option should be allocated, but should be
sufficient to provide an illustration of the contributions across sources.

8. For a review of mitigation options, see e.g. Höglund-Isaksson et al. (2012), Smith et al. (2014, 2008).
9. In Ireland, Jaraitė et al. (2010) estimate that transaction costs for EU-ETS-regulated companies range from 0.05–2.02€/t CO2

depending on installation size.
10. This is equivalent to around €1500–6000 under current exchange rate (15.10.2015).
11. For instance, farmers are already required to keep records of livestock numbers, nitrogen fertilizers use, organic manures, and

cropping, which must be made available for inspection (Department of Agriculture and Rural Development, 2016). This exist-
ing institutional framework implemented at the MS level can facilitate further monitoring and controls, which become necess-
ary for the inclusion of climate policy targets.

12. According to the EU ETS directive, a sector is exposed to significant leakage risks if (1) the direct and indirect additional costs
from EU ETS represent at least 5% of its gross added value, and (2) it is exposed to high trade intensity defined by a ratio
‘between the total value of exports to third countries plus the value of imports from third countries and the total market
size for the Community’ larger than 10% (European Union, 2009).

13. Lassaletta et al. (2014) find that increasing food imports in Spain for the period 1961–2009, driven by animal feed, have led to
significant N2O leakage. However, this cannot be attributed to emissions pricing.

14. This implies that a trade agreement exists between the EU and a third country with the objective to support bilateral trade.
15. Former name of the European Union.
16. A notable exception is (Kerr & Sweet, 2008) in the New Zealand context.
17. This is similar to a differentiation according to activity, for instance beef, cereals, etc.
18. As full auctioning and tax are treated as the same in this study, potential differences between the two approaches regarding

the barriers are not analysed but we do not expect them to be major if existing.
19. This assumes that the costs of mitigation for farmers are smaller or equal to the price paid for those offsets.
20. This depends on assumptions regarding technological change and the discount rate (Grübler & Messner, 1998).
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Abstract 

This paper investigates interaction effects between permit and offset schemes, using the 
framework on Reducing Emissions from Deforestation and Forest Degradation (REDD+) as 
test bed for evaluating the cost and benefit of including low-cost offsets in mandatory 
emission trading schemes. We use a real options model of firm-level investment decisions 
under stochastic prices to compare alternative emission trading and permit-offset linkage 
schemes. By isolating the critical design factors that drive energy investments, we seek to 
identify policy regimes that balance the different concerns in the polarized debate for and 
against the inclusion of offsets. Our findings indicate that a moderate offset quota is sufficient 
to contain investment crowding-out effects, while it still has beneficial risk hedging effects. 
In contrast, the classical permit price collar will not effectively change investment behavior, 
precisely because in a framework with multiple compliance instruments the volatility of 
cheaper offsets is the driving force for investment. Under these conditions, a price collar for 
offsets emerges as a largely overlooked policy option to foster investment incentives. A 
combination of offset quota and offset price collar leads to investment patterns that are almost 
identical to a regime without access to offsets. 
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1. Introduction 
Since the signing of the Warsaw framework on Reducing Emissions from Deforestation and 
Forest Degradation (REDD+), the prospects for a large scale development of REDD+ have 
significantly improved (Recio, 2013). At the same time, the discussions regarding a top-down 
global carbon market have faded. In fact, many observers of international negotiations now 
argue in favor of hybrid international treaties combining both bottom-up and top-down 
approaches (Edenhofer et al., 2013; Ranson & Stavins, 2014). While this could be achieved 
through full linking of existing emissions trading schemes, the political appetite for this 
approach in the short-term is currently not at its highest (Green et al., 2014). Nonetheless, 
with the positive development at the 21st Conference of the Parties (COP21) in Paris, it is also 
likely that further integration between emerging GHG pricing schemes in the world will 
occur and will be perceived as desirable (Bodansky et al., 2014). In addition, one may expect 
that developing economies will demand some degree of support for their mitigation efforts 
from the rest of the world, including financial transfers. The main tool so far for such 
purposes that linked fragmented carbon markets was the Clean Development Mechanisms 
(CDM) under the Kyoto Protocol. However, as this mechanism is currently in palliative care 
(Kossoy et al., 2015), REDD+ could become a new framework towards bottom-up 
integration of carbon markets. 

REDD+ is a relatively low-cost mitigation option (Kindermann et al., 2008; Lubowski & 
Rose, 2013) and, therefore, its integration in a global mitigation strategy could allow larger 
emissions reductions and lower overall abatement costs. One option is to link REDD+ as an 
emission reduction credit program unilaterally to major cap-and-trade programs in the EU, 
US, but also China and Korea (Angelsen & Rudel, 2013).1 The crediting mechanism would 
enable major developing countries without binding caps to participate in the international 
carbon market (Tuerk et al., 2009). In addition, one-way linking would significantly 
strengthen the currently weak demand for REDD+ (Laing et al., 2015) and mobilize the 
funding needed to realize the REDD+ mitigation potential. This could also allow building 
operational best practices and the necessary institutions, in particular in developing countries 
(Green et al., 2014; Wehkamp et al., 2015). Such an incremental and polycentric approach to 
overcome multi-jurisdictional negotiations (Ostrom, 2009) could be a first step towards a 
global carbon markets in a more distant future (Green et al., 2014). Politically, unilateral 
linking might be more palatable as countries keep more control within their own carbon 
markets (Tuerk et al., 2009). 

However, the inclusion of REDD+ in the global carbon markets is a highly controversial 
issue in the climate policy debate. The key concern is that the availability of low-cost 
REDD+ credits – due to the low marginal costs of reduced forest emissions – may ‘flood’ the 
compliance market and ‘crowd out’ socially optimal mitigation efforts in other sectors (Fry, 
2008; Murray et al., 2009) as well as investments and research and development into low 
carbon technologies (Bosetti et al., 2011; Fuss et al., 2011). Such disincentives to mitigate 
and invest could in fact threaten the dynamic efficiency of the market and increase the overall 

                                                           
1 Cap-and-trade systems set a binding cap on total emissions, but allow for trade of permits between regulated 
entities. In contrast, credit systems define a certain baseline, such as an absolute business-as-usual projection, 
and allow emission reductions that go beyond this baseline to be used as sellable credits (often referred to as 
offsets). 
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costs of achieving long-term decarbonization targets.2 Therefore, it is of high importance to 
assess the relevant design factors that determine the impact of an inclusion of REDD+ credits 
in a mandatory pollution control system. 

In this paper, we explore how the availability of multiple compliance instruments, permits 
and credits, affects an energy producer’s incentive to invest in low-carbon technology. 
Alternative emissions trading schemes and linkage designs are compared using a real options 
model of firm-level investment decisions (Dixit & Pindyck, 1994) characterized by 
dependent and uncertain price paths for permits and credits. More specifically, our model is 
calibrated to the stylized features of a wide range of existing and emerging cap-and-trade 
programs in the EU, US, New Zealand and Korea. They differ inter alia in terms of price 
stabilization mechanisms (e.g. price floor) and credit quotas (e.g. 13.4 % in EU ETS).3 In 
addition, we explore alternative REDD+ pricing schemes discussed in the literature (e.g. 
indexed to carbon prices or opportunity costs of conservation as in Engel et al. (2015)) and 
how they affect the demand for REDD+ beyond the imposed quota by policy makers. Our 
aim is to identify linked policy regimes that balance the different concerns in the polarized 
debate for and against inclusion. This is undertaken by isolating the critical design factors 
that drive private investments into the transformation of the energy infrastructure. 

In a nutshell, we model a representative agent in the energy sector who owns an old coal-
fired power plant (as representative for cheap power plants with high emissions as in 
Szolgayova et al. (2008). This power plant can but does not have to be replaced by a wind 
park – representing all renewable technologies with high investment costs but no emissions. 
Similar to Fuss et al. (2011) the agent can surrender permits and offsets for compliance, but 
we introduce two novel model features consistent with real world policy schemes. First, the 
agent can decide how many REDD+ credits she will surrender, yet, this choice is subject to 
restrictions. Second, permit and credit prices are both assumed to be stochastic following two 
correlated Geometric Brownian Motions (GBM). Therefore, the REDD+ quota alone is not 
sufficient for explaining credit usage. We conduct several experiments using, amongst others, 
different values for the correlation parameter and the offset quota. We then deduce the 
agent’s optimal strategy in terms of the chosen power plant type and the share of REDD+ 
credits. This enables us to explore how the policy design affects the agent’s incentive either 
to invest in a low-carbon power plant or to postpone such an investment due to the option 
value of the fossil-based power plant. 

2. Model section  
Consider an electricity producer with a finite planning horizon of 50 years ( ). The 
electricity producer owns an old coal fired power plant (as representative for cheap power 
plants with high emissions and production based on fossil fuels), which he can either 
continue or replace by an offshore wind park, representing all renewable technologies with 
high investment costs but no emissions and relatively lower operating costs. The electricity 
producer can only own one power plant in each time period. 

 

                                                           
2 Other concerns that are, however, outside the scope of the paper are the establishment of a reliable system to 
measure, report and verify (MRV) and the setting of appropriate reference levels, with associated issues of 
additionality, permanence and leakage (Kerr, 2013; Lubowski & Rose, 2013). 
3 See Kossoy et al. (2015) for a review of existing and emerging emissions trading programs. 
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The operating profit of the power plant at time  depending on its type ( ) can be 
represented by:  

 

where  is the quantity produced by the power plant. We normalize the size of each of the 
different power plant types to an annual electricity output of 7,446 MWh per year, which 
corresponds to a capacity of 1MW at an availability factor of 85%. Furthermore, we assume a 
constant load factor for each power plant, which especially for renewable technologies might 
lead to a small positive bias (see e.g. Reuter et al., 2012; Szolgayova et al., 2008).  is the 
price of electricity. The plant-specific fixed (investment) costs are denoted by . We 
annualize fixed costs, representing a situation where the overnight construction costs are 
covered by a loan with annualized capital costs being the yearly instalments of such a loan at 
5% interest.  represents the (constant) operating costs of power plant type . The 
fixed and operating costs are based on IEA (2010)  and shown in Table 1. 

Table 1 - Cost of electricity production depending on type of power plant 

Power plant type (  Annualized fixed 
investment costs,      

 

Operating costs, 
 

Greenhouse gas emissions 
per MWh,  

Coal-fired power plant 60,825 US$/year 28 US$/MWh 6,552 t CO2/year 

Wind farm 312,563 US$/year 23.63 US$/MWh 0 t CO2/year 

2.1 Regulated market environment 
The electricity producer is obliged to cover his greenhouse gas emissions, which are emitted 
during the production process. For each unit of emission the electricity producer needs to buy 
either a corresponding unit of carbon permit or REDD+ credit;  and  are the permit and 
credit price at time , respectively. Note that we use the terms credits and offsets 
interchangeably. The total cost from covering carbon emissions of the electricity producer 
can be represented as: 

 

where  is the amount of greenhouse gas emissions per unit of output ( ) depending 
on the power plant type.  is the share of total emissions covered by REDD+ credits at time 
. Consistent with real world trading schemes, policy makers can restrict the amount of 

REDD+ credits by setting a relative quota ( ). 

An important model feature is that we endogenize the REDD+ usage parameter , i.e. the 
agent can decide how many REDD+ credits she will surrender. Prior modelling builds on the 
assumption that all available offsets are used by the firm (Fuss et al., 2011) as it is usually 
argued that firms have strong incentives to surrender the maximum amount of credits 
allowed, precisely because credits are cheaper than permits (e.g. Fry, 2008). However, such 
offset usage behavior is inconsistent with empirical evidence. For instance, Naegele (2015) 
shows that almost a quarter of the regulated entities in the EU ETS do not surrender any 
CDM offsets and only 50% of the firms surrender CDM offsets up to the maximum allowed 
(see also Braun et al. (2014)). In our model it is the stochastic nature of permit and offset 
prices that drives the offset usage behavior. 

 
(1) 

 
(2) 
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2.2 Price processes 
As we investigate the consequences of different carbon certificate price scenarios, we do not 
want parts of our results driven by a stochastic electricity price. Therefore, we assume that 
the electricity price ( ) is constant over the planning horizon at 50 US$/MWh, which falls 
within the range of current spot market prices for the major EU exchanges.  

The prices of carbon permits and REDD+ credits on the other hand are assumed to be 
stochastic and correlated. Equation 3 shows the price processes following Geometric 
Brownian Motions (GBM) for carbon permits ( ) and REDD+ credits ( ). 

 

 

Where and  are the drift of the price process respectively, and  are volatility 
parameters and  and  represent the increment of a Wiener process for carbon 
permits and REDD+ credits, respectively. We assume the two increments of the Wiener 
processes to be correlated, where the correlation parameter is denoted by .  

The respective parameters used in our analysis are shown in Table 2. Given the lack of 
reliable long-term data for carbon prices,4 we resort to shadow price calculations taken from 
the recent IPCC AR5 report. The IPCC shadow price paths are based on multiple Integrated 
Assessment Models (IAMs) for a 450 ppm GHG stabilization target. It is important to note 
that these models are based on different assumptions on stylized socioeconomic factors (such 
as demographic transformation or technological developments). For the drift estimate, we use 
the average trend implied by the shadow price trajectories across models up to 2050, which is 
about 7%. For the volatility parameter, we base the estimate on the spread of the different 
scenarios involved (i.e. standard deviation across IAMs, which amounts to 18%). Thus, we 
implicitly assume that the IAM scenarios span the relevant states of the world. However, we 
acknowledge that this might deviate from reality to some extent and thus conduct additional 
experiments with regards to the uncertainty parameter to also account for a regime with 
significantly lower as well as higher volatility (set arbitrarily to 10% and 30%). Motivated by 
the fact that offset schemes such as REDD+ by their nature also involve project risks 
(Dormady & Englander, 2015) we consistently assume a higher volatility for credits. More 
specifically, the volatility increment (by factor 1/3) is aligned with the observable difference 
between price fluctuations in existing permit (EU ETS) and credit (CDM) markets. 

 

 

 

 

 

                                                           
4 Observable market prices for carbon in existing cap-and-trade programs, such as the EU ETS, have been 
volatile and low (Newell et al., 2014). 

(3) 
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Table 2 - Parameters of price processes 

 Starting price 
per ton CO2 

Drift ( ) Volatility ( ) Correlation ( ) 

Base Low High Low High 

Permits 10 US$5 7%6 18%7 10% 30% 
0.18 0.89 

Credits 4 US$10 7%11 24%12 13% 40% 

 

Finally, the correlation parameter is calibrated to reflect two distinct market scenarios. A high 
correlation between permit and credits prices would be present if the REDD+ scheme was 
integrated in the global carbon market as it is currently the case for CDM. A low correlation 
would be present if REDD+ remains a segmented market, in which REDD+ prices mainly 
reflect opportunity costs (OC) of other land use (i.e. forgone agricultural returns). 

2.3 Optimal control problem 
The total profit of the electricity producer at time  is represented by: 

 

 

Under the assumptions described above the producer’s problem can be formulated as  

 

 

                                                           
5 Based on the price floor in the Californian ETS and roughly in line with 2010 price in REMIND 1.5 
AMPERE2-450-FullTech-OPT (=12$/ton CO2) and other models. 
6 Based on the average exponential growth rate of shadow prices in the following models: REMIND 1.5 
(AMPERE2-450-FullTech-OPT); MESSAGE V.4 (AMPERE2-450-FullTech-OPT); IMAGE 2.4 (AMPERE2-
450-FullTech-OPT); GCAM 3.1 (LIMITS-450). We exclude those models that predict skyrocketing shadow 
prices (namely AIM-Enduse, WITCH_LIMITS and POLES EMF27). 
7 Based on the shadow price volatility across models specified above. 
8 Historical correlation between soy and EUAs over the period 2008-2012 is 0.06. Source: ICE Futures 
9 Historical correlation between EUAs and CERs over the period 2008-2012 is 0.74. Source: ICE Futures 
10 Based on 2010 prices for forestry offsets according to Cal ARB. 
11 The value of 7% is consistent with a REDD price of ~16 in 2030 = global average price in Kindermann et al. 
(2008) for a 50% reduction in deforestation. 
12 We assume that the credit volatility is by one third higher than the carbon shadow price volatility. The factor 
1/3 reflects the observed higher price volatility of CERs over EUAs. Source: ICE Futures 

(5) 

(6) 

170 Chapter 7 Permits vs. offsets under investment uncertainty



6 
 

where  is the subjective discount rate that is fixed at 5% as is common practice in such 
analyses (cf. Reuter et al., 2012). The direction of the results does not change significantly for 
discount rate variations. 

 and  are the state variables and  and  the control variables that represent the choice 
of power plant type electricity producer and the share of REDD+ credits purchased 
respectively. Note that investment into a power plant is a long-lived investment, which we 
take into account by allowing for scrapping of old equipment only after 20 years. 

The producer thus needs to find the optimal strategy combinations . The optimum 
decision in each year can be obtained recursively by solving the Bellman equation: 

 

 

The equation is solved by recursive dynamic programming using 10,000 price simulation. 

3 Results 

3.1 Benchmark simulations: basic economics of permit-offset linkage  
To begin with, we examine model settings with the full (unrestricted) inclusion of REDD+ 
offsets in the cap-and-trade program. We simulate these unrestricted settings under different 
market environments – i.e. permit and REDD+ price regimes – and compare our simulation 
results to a corresponding scenario with no offsets as a benchmark (later denoted as “No 
REDD+ scenario). Our emphasis in this first results section is on advancing the 
understanding about how the market environment – independent of policy design – 
determines the extent to which (i) low-carbon technology is crowded out (3.1.1) and (ii) 
REDD+ can be helpful in hedging the transition from coal to wind (3.1.2). 

Six market environment scenarios were constructed that result from the combination of 
different volatility and correlation regimes for permit and offset prices (Table 3). First, we 
consider the three alternative volatility levels for the two certificate price processes discussed 
above: (a) low volatility, (b) medium volatility, and (c) high volatility regime (see Table 2 for 
the specific parameter calibration). Second, as already outlined, we considered two 
alternative correlations between the two certificate prices: (1) We would observe a high 
positive correlation between permit and REDD+ prices if REDD+ schemes were integrated in 
the global carbon market as it is currently the case for CDM. This would most likely result in 
strong co-movements of permit and offset prices (in the following “market-based REDD+”). 
(2) A low positive correlation would reflect the situation of a segmented sectoral REDD+ 
market, in which REDD+ prices mainly reflect landowners' opportunity costs (OC) of 
conserving forest (i.e. forgone agricultural returns). This “OC-based REDD+” approach 
would imply a weak price dependency between permits and offsets.  

(7) 
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Table 3 - Overview of price scenarios 

  Correlation regime 
  High Low 

V
olatility regim

e 

Medium 
 

Market-based REDD+ 
(S-1) 

OC-based REDD+ 
(S-2) 

Low Market-based REDD+/ low uncertainty 
(S-3) 

OC-based REDD+/ low uncertainty 
(S-4) 

High Market-based REDD+/ high uncertainty 
(S-5) 

OC-based REDD+/ high uncertainty 
(S-6) 

 

Our baseline is the medium volatility and high correlation combination (S-1 in Table 3) 
which reflects a market-based REDD+ approach and a price volatility in line with the spread 
over current predictions by IAMs.  

3.1.1 Investment behavior  
We first address the question how investment behavior and, in particular, the transition to 
wind energy is influenced by the (unrestricted) inclusion of REDD+ credits. Figure 1 presents 
the simulated frequency of wind investment over the planning horizon for the six market 
environment scenarios S-1 to S-6 (colored lines). To facilitate comparisons, we also plot the 
results of our benchmark model without offsets (black line).13 

Figure 1 - Investment probability

 

 

A comparison of the settings with and without the full inclusion of REDD+ illustrates the 
crowding-out effect of relatively cheap offsets: while investment in wind is increasing over 

                                                           
13 For the sake of brevity, we only show the no REDD+ case for the medium volatility regime. 
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time in both cases, the speed of transition as well as the magnitude of wind investments are 
higher when the firm does not have the option to use REDD+ credits. For instance, under the 
medium volatility regime, without REDD+, investment into wind starts after period 5 and 
reaches about 85% at the end of the planning horizon, while with REDD+, investments 
unfold only after period 10 and the wind investment share remains close to 50%.  

However, a second important finding is that the strength of crowding out effect hinges 
critically on the volatility of the two certificate prices. We observe a significantly higher 
(lower) wind investment probability under the low (high) volatility regime. In fact, with less 
volatile permit and REDD+ prices, the wind investment share also reaches about 85% (as in 
the case without REDD+ in the medium volatility regime). Still, the transition to the clean 
technology is delayed until around period 20 as the possibility to resort to REDD+ credits 
gives the investor the flexibility to reap the option value of delaying the transition. In 
contrast, a market environment with highly volatile permit and credit prices bears the risk of a 
long-term carbon lock-in, which is reflected by our finding that the wind investment 
frequency in the high-volatility scenarios stagnates at around 10-20%. An important side 
question is whether permit or credit price fluctuations drive the volatility effect that we 
observe with respect to investment. To clarify, we also run simulations reducing only the 
permit or credit price volatility. Figure A1 in the appendix shows that it is, indeed, the 
REDD+ price volatility that is almost exclusively driving the result, while the impact of 
permit price variability is negligible.  

The impact of price volatility on the investment behavior is obviously what we would expect 
from real options theory (Dixit & Pindyck, 1994): high uncertainties about the future path of 
carbon prices induce investors to wait until uncertainty has been resolved (Fuss et al., 2009). 
Or, to put it in other words, investors will be more willing to invest into capital-intensive low-
carbon technologies if carbon prices are more certain. Yet, we believe that this result is 
highly underappreciated in the REDD+ controversy that fails to relate the strength of the 
crowding-out effect to the state of price volatility. In addition, we have shown that it is 
mainly the credit price variability that matters. Since credits are less expensive than permits, 
firms will in general have incentives to use credits for compliance, which in turn explains 
why credit price uncertainty is the critical factor for investment decisions. Acknowledging 
the volatility effect would result in a more balanced view on the adverse impact of REDD+ 
on low-carbon investments. In addition, it has an important policy implication, since it 
indicates that specific price stabilization mechanisms are more likely to be effective in 
inducing low-carbon investment than excluding REDD+ completely as a compliance option. 
We will explore this policy option in 3.2.  

The third interesting finding from Figure 1 is that the degree of correlation between the two 
price processes has only a modest impact on the amount of wind investment. In general, we 
observe more wind investment under the high-correlation regime (i.e. in the case of market-
based REDD+) and this effect is more pronounced in more volatile price regimes. However, 
the correlation effect remains in the single digits (2-9%) and almost disappears in the low-
volatility setting. Our finding is consistent with the standard real option prediction: under a 
low price correlation (i.e. in the case of OC-based REDD+) offset usage becomes more 
attractive because it may offer risk diversification opportunities (that, in turn, increase with 
volatility) and, thus, the crowding out of wind investment is more pronounced. The policy 
implication from this observation is that a market-based (rather than OC-based) REDD+ 
mechanism is more likely to be effective in inducing low-carbon investments. 

7.3 Results 173



9 
 

Finally, the REDD+ offset usage behavior in our simulations is noteworthy. As discussed 
above, our model does not deterministically imply that all available offsets are used by the 
firm. Instead, our simulations rather suggest mixed strategies in REDD+ usage, which is in 
line with empirical findings in Naegele (2015) and Braun et al. (2014). Figure 2 shows our 
results for the offset usage in the baseline scenario (S-1).14 Using all credits is a dominant 
strategy in the early periods of the 50-year planning horizon. However, the firm gradually 
switches to a strategy of using some but not all REDD+ credits. Finally, towards the end of 
the planning period we find a gradual phase-out of credit usage and using no credits becomes 
the dominant strategy, as the transition to wind gets completed.  

Figure 2 - Variation in REDD+ usage with market-based REDD+ and medium volatility

 

3.1.2 Profit distribution 
While analyzing the impact of low-carbon investment is important from the perspective of a 
policymaker, who wants to effectively reduce emissions, the framework used here also 
enables us to say something about the costs and benefits of firms of doing so in different 
ways. Therefore, in addition to the (adverse) effect on wind investments, we seek to shed 
light on the (favorable) risk hedging effect of REDD+. In fact, Fuss et al. (2011) show that 
the inclusion of REDD+ in an emissions trading program can help to smooth out carbon price 
fluctuations, thereby reducing the risks that producers might be exposed to. Our simulations 
reinforce this finding and provide further insights into the role of the market environment in 
terms of volatility and correlation regimes for permit and offset prices.  

Figure 3 shows the profit distributions for the case without an REDD+ offset scheme (Panel 
A) and for several cases where REDD+ credits can be bought (Panel B, C, and D). The figure 
clearly shows that the inclusion of REDD+ has a positive effect on profits: not only the 
average level of profits increases significantly but also the risk (i.e. standard deviation) 
associated with the profit flows decreases. As expected, we find a more narrow profit 

                                                           
14 Results for the other market environment scenarios are qualitatively very similar and not reported for the sake 
of brevity. 
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distribution in the setting with a low price volatility (relative to the medium volatility regime; 
see Panel B and D). In line with expectations, we also find that the risk diversification effect 
is (slightly) more pronounced under a low-correlation regime (Panel C). In other words, 
profits are more certain under an OC-based REDD+ approach but the effect of the permit-
credit correlation in general remains limited. 

Figure 3 - Profit distributions  

A: No REDD+

 

B: Market-based / medium volatility (S-1) 

 
C: OC-based / medium volatility (S-2) 

 

D: Market-based / low volatility (S-3) 

 
 

3.2 Policy simulations: design options for permit-offset linkage 
Subsequently, we examine model settings with specific policy options that can be introduced 
when a REDD+ offset scheme and a cap-and-trade program are linked. Our emphasis in this 
part of the results section is on identifying policy regimes that may balance the adverse 
crowding-out effect with the favorable risk hedging effect of REDD+. To this end, we first 
deviate from the prior assumption of a full and unrestricted inclusion of REDD+ offsets. 
Instead, we introduce offset quotas (3.2.1). Second, we introduce price stabilization 
mechanisms with both a price floor and a price ceiling for certificates, which is a widely 
unexplored policy option in the context of permit-offset linkage (3.2.2). Finally, we combine 
both policy options and explore the effects of a policy regime with price collar and offset use 
limitations (3.2.3). All following experiments are built on the baseline scenario S-1, reflecting 
a market-based REDD+ approach and price volatility in line with IAM predictions. 

3.2.1 Quota policy 
We have assumed hitherto that the offset usage is not restricted by policymakers. We now 
extend the basic model allowing for offset quotas. In fact, the full inclusion of REDD+ or 
other offsets is rarely observed in real-world cap-and-trade programs. Instead, most existing 
and planned cap-and-trade schemes restrict the quantity of offsets usable by firms. Offset 
quotas are mainly motivated as a means of ensuring that the bulk of emission reduction is 
achieved within the emissions trading system (Trotignon, 2012).  
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Table 4 - Overview of quota scenarios 

REDD+ quota Example 
≤5% Regional Greenhouse Gas Initiative (RGGI)  [2009-]    3.3% 
≤10% California Cap-and-Trade Program  [2013-] 8%  

EU ETS  [2013-2020] varies 
Korean ETS  [2015-2020] 10% 
Swiss ETS  [2008-] 8% 
Quebec Cap-and-Trade System [2013-] 8% 

≤15% Australian Clean Energy Act  [2012-] 12.5% 
EU ETS  [2008-2012] 13.4% 

≤30% US Waxman-Markey bill  [2013] 30% 
≤50% Korean ETS  [2021-2025] 50% 
100% New Zealand ETS  [2008-] unlimited 
Source: (ICAP, 2015; Newell et al., 2014; Ranson & Stavins, 2014) 

 

Table 4 gives an overview of offset entitlement rules in different cap-and-trade programs. 
Although the exact definition of quantity limits varies across programs, we generally observe 
a relatively low offset quota between around 3% and 13% of the cap in almost all legislated 
programs. The New Zealand Emissions Trading Scheme (NZ ETS) is the only legislated 
program with unlimited offset usage.15 Interestingly, the offset quota of 30% in the proposed 
federal US cap-and-trade system – the Waxman-Markey bill – was relatively high. A high 
offset quota of up to 50% is also planned in a future trading phase (2021-2025) of the Korean 
ETS. Similarly, Brazil and Mexico commit to emissions reductions through avoided 
deforestation in their Intended Nationally Determined Contributions (INDCs) and relatively 
high offset quotas could be expected for potential trading or tax schemes in these countries. 

In order to reflect the observed quota policy in our modeling, we implement four stylized 
policy scenarios with a 5%, 10%, 30% and 50% offset quota. Panel A of Figure 4 shows how 
the investment behavior is influenced by the existence of an offset quota by comparing the 
four quota simulations with the no-quota baseline and the no-offset scenario. The key finding 
from this experiment is that offset use limitations significantly reduce the crowding-out effect 
of REDD+. With a relatively low quota, as legislated in most ETS, the crowding-out risk is 
indeed negligible. Under a 10% offset quota, the wind investment share throughout the 
planning horizon is very close to the case without REDD+. Interestingly, we observe only a 
slightly higher wind investment probability under a 5% quota.  

 

                                                           
15 This policy design can partly be explained by the central fact that in New Zealand’s program no auctions are 
held and regulated firms comply with any unmet permit need by purchasing offsets. 
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Figure 4 - Investment probability under different policy scenarios 

Panel A: with REDD+ quota

 
Panel B: with price collar

 

Panel C: with quota and price collar
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This has important policy implications: the benefits of introducing very low quotas or 
decreasing the quota from an already low level can be limited in terms of preventing 
crowding-out effects. Our simulations indeed suggest that 10% would be a sufficient 
restriction if policymakers are concerned about the crowding-out of low-carbon investments. 
While a relatively low quota would not stipulate more wind investments, it would, however, 
restrict the beneficial risk hedging effect thus decreasing the cost of the transition to low-
carbon technologies to society.16 To illustrate this trade-off, Panel A of Figure 5 shows the 
profit distribution in a setting with a 10% and 50% quota (in addition to the benchmark 
without REDD+). The simulations highlight that the level of profits is increasing and the risk 
of profits is decreasing in the offset quota. In fact, the profit distribution with a 50% quota is 
very similar to the distribution in a setting with unlimited REDD+ usage (see Panel B in 
Figure 3), while the distribution with a 10% quota partly overlaps with the benchmark 
distribution without REDD+. 

3.2.2 Price stabilization policy 
In virtually all emissions trading programs policy makers have been concerned about permit 
prices that are either too low or too high (Goulder, 2013). A particular concern relates to the 
potential difficulties of firms to make investment decisions when the prices of permits (and 
the associated costs of compliance and abatement) are volatile and subject to uncertainty (see 
e.g. Blyth et al., 2007; Hepburn, 2006). The idea that significant swings in permit prices 
should be avoided, led many cap-and-trade program designers (e.g. in California, RGGI and 
Australia) to include mechanisms to stabilize permit prices at economically and politically 
tolerable levels. The most obvious provision to limit price variations is to set a price floor and 
ceiling, i.e. a so-called price collar. This type of price stabilization mechanism is investigated 
in this section.  

Price collars could in principle be implemented either in the cap-and-trade market (i.e. for 
permits) or in the offset scheme (i.e. for credits). For permits, the price ceiling is achieved 
through provision of more allowances at a predetermined price, while the regulator could set 
a price floor either through a minimum auction reserve price or through commitment to buy 
and retire allowances at the predetermined floor price (Fell et al., 2012a). Credit price 
collars/floors have been considered e.g. in the context of the Australian emissions trading 
scheme, where one option of implementing such a floor would have been to require a fee on 
conversion of an offset into a unit equivalent to a domestic permit, if the price of the offset is 
below the floor price. Alternatively, an Australian government agency could have bought 
offsets at going rates and sold to domestic emitters at the same price as the market price or 
reserve price for Australian permits (Jotzo, 2011).  

We model both price stabilization options. For the sake of analysis, we consider a permit and 
credit floor of   CO2 and  CO2, respectively (i.e. 50% of the 
respective starting price). The ceiling is set to  CO2. In line with real-
world price collars, these price levels increase over time (by 5% p.a.).17 Given our above 
finding that low volatility regimes are conducive to low-carbon investments, the introduction 
of price collars in general should have a positive impact on wind investments. However, we 
have also shown that it is the credit price volatility that is almost exclusively driving the 
                                                           
16 We do not discuss the REDD+ offset usage in the quota policy scenarios because they simply reflect the 
patterns observed in section 3.1.2. 
17 We have also experimented with different calibration (in particular, a higher floor price), but results remain 
qualitatively similar. 
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result. It is precisely for this reason interesting to investigate the effects of a credit price 
collar.  

Figure 5 - Profit distribution under different policy scenarios 

Panel A: with REDD+ quota

 
Panel B: with price collar

 
Panel C: with quota and price collar
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Panel B of Figure 4 shows the wind investment behavior for the two price collar scenarios 
(and for comparison again the results from the no-quota baseline and the no-offset 
benchmark). While the permit price collar has only a very limited effect on the probability to 
invest in wind, the credit price collar leads to a significantly higher wind investment share. 
With a minimum and maximum price for REDD+, the wind investment share reaches about 
75% (compared to 85% in the case without REDD+). Yet, similar to the effect of lower 
volatility regime, the transition to the clean technology is delayed, as long as the option value 
exceeds the costs of waiting; the higher wind investment activity can only be observed after 
around period 30. These findings are in line with the above observation that the REDD+ price 
volatility dominates the investment effect, while the impact of permit price variability is 
negligible. Recall that the underlying reason for this asymmetry is that firms will in general 
have incentives to use the less expensive credits for compliance, which in turn explains why 
credit price uncertainty is the critical factor for investment decisions.  

Panel B of Figure 5 also illustrates the benefits of REDD+ price collars in terms of risk 
diversification. We find that the impact of a price stabilization provision on firm’s profits is 
very limited. Indeed, the profit distributions with and without an offset price collar are almost 
identical. The introduction of the price collar mainly seems to cut the extreme right tail of the 
distribution, reflecting the presence of the minimum price. Taken together, our results 
indicate that price stabilization mechanisms have strong positive effects on the investment 
behavior, while the impact on the profit spread is negligible. It is noteworthy that this impact 
is in contrast to the effect of a quota policy: with an offset quota there is a trade-off between 
higher wind investments and the profitability of firms.  

While the finding that a price collar helps incentivizing investments in innovations is well 
established, we believe that our investigation of price collars in pollution control system with 
multiple compliance instruments (permits and credits) provides some new perspectives. To 
date only permit price collars are implemented in real-world cap-and-trade programs. We 
have shown, however, that in a policy regime in which offsets are relatively cheaper than 
permits, the classical permit price collar will not effectively change investment behavior. This 
finding reflects the fact that in a stylized real options model it is the volatility of the cheaper 
compliance instrument that is the driving force for investment. Under these conditions, a 
price collar for credits emerges as a largely overlooked policy option to foster investment 
incentives.18 From a political economy perspective, this is particularly interesting finding 
because the institutional feasibility of a price collar in an offset scheme rather than a cap-and-
trade program may be significantly higher. Prior research indeed identified political 
feasibility as the major problem for the implementation of a permit price collar.19 This is 
because a price collar in an ETS may be interpreted as a tax; taxes however, as all fiscal 
measures, are subject to unanimity rules or supermajority requirements. It seems questionable 
whether a similar tax interpretation of a price collar in an offset scheme such as REDD+ is 
tenable. In the case of an offset scheme, it is rather likely that the benefits of providing a 
steady source of revenue are paramount, which may increase the political acceptability of a 
credit price collar. 

                                                           
18 A notable exception is Fell et al. (2012b) who explore an offset price collar mechanism in a dynamic 
abatement cost model. 
19 Recent discussions in the EU ETS are a prime example for the limited political feasibility of permit price 
collars (Knopf et al., 2014). 
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3.2.3 Combination 
Finally, we consider the combination of an offset use limitation and a price collar. Given our 
finding that low offset quotas have beneficial features in terms of investment incentives but 
adverse effect on profits, we are particularly interested whether a combination of a higher 
offset quota with an offset price collar could deliver both investment incentives and risk 
diversification. For the sake of brevity, we focus on the specific combination of a 30% credit 
quota and a 2-40 US$/ton CO2 credit price collar. Panel C of Figure 4 illustrates that wind 
investments over time under this policy design are very close to the investment pattern in an 
environment without offsets. A comparison to the wind investment share under an exclusive 
30% quote in Panel A shows that the gain of adding the price collar in term of higher 
investment is particularly pronounced towards the end of the planning period. In fact, the 
addition of the price collar ultimately ensures a wind investment share of about 85% as in the 
case without REDD+. If we also look at the profit distribution for this policy scenario (Panel 
C of Figure 5), we observe that the peak width of the profit distribution is slightly increasing. 
This observation indeed indicates a beneficial risk diversification effect of the quota-collar 
combination, although the magnitude of this effect remains limited. Summarizing, the 
additional benefits from introducing both a quota and price collar are significant though of 
moderate magnitude.  

4 Conclusions and policy implications 
The positive outcome of the most recent climate negotiations (COP21) in Paris could well 
lead to renewed interest in linking existing emissions trading systems and emerging offset 
schemes. In that respect, REDD+ offsets represent one source of low cost abatement options. 
Concomitantly, allowing forestry offsets from less developed and emerging economies into 
existing and new ETS can strengthen international cooperation. Yet, such a strategy has been 
met with the concern that it could entail the risk of crowding out low-carbon investments of 
ETS-covered entities. Therefore, we use a real options model to investigate the investment 
behavior of a firm which can comply by using REDD+ credits or permits. We particularly 
focus on the impact of different designs of linking the credits into the permit trading scheme.   

Our results confirm the investment crowding-out effect when ETS-covered entities have 
access to cheaper REDD+ credits. Although renewables investment (here represented by a 
wind park of the size comparable to the existing coal-fired capacity of a typical firm) 
increases over time, the speed of transition and the magnitude of the investment frequency 
are higher when firms do not have the access to cheaper offsets that allow them to postpone 
the transition while still being in compliance. Yet, several important insights on price 
processes emerge from our results. First, low-carbon investment critically depends on price 
volatility. We find significantly more investment with lower volatility. On the contrary, 
highly volatile ETS and REDD+ prices entail a higher risk of carbon lock-in, as the transition 
to less carbon-intensive energy is delayed. Second, wind investment also responds positively 
– though to a very limited extent – to the degree of price correlation. This reflects the risk 
diversification opportunity provided by lower correlation, which increases the attractiveness 
of postponing clean investments in the face of carbon price uncertainty.  

The choice of policy design has likewise essential implications. We first investigate different 
quota levels for REDD+ credits as it was implemented for CDM in the majority of existing 
ETS. Our findings confirm that lower quotas significantly reduce the crowding-out effect on 
wind investment. Interestingly, for low quota levels (for instance 5% and 10%) investment 
behavior is virtually identical. In addition, we show that access to offsets impacts positively 
the level of firm profits while reducing uncertainty. We then explore various price 
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management provisions, also reflecting policy choices made – or being under discussion – in 
several jurisdictions. We find that a permit price collar with unrestricted offset access does 
not avoid the crowding-out of wind investment. Yet, applying the same price management 
instrument to REDD+ credits increases wind deployment significantly. We then propose a so 
far overlooked policy design combining a relatively high offset quota with a price collar for 
those REDD+ offsets. Interestingly, we show that such design leads to much higher wind 
investment (almost identical to a regime without access to offsets). It also has a moderate but 
positive impact on firm profit levels. From a political economy perspective, this option has 
the advantage of limiting price intervention in the compliance market while ensuring a 
minimum return to REDD+ offset sellers.  

This implies for policy, that the risk-hedging benefits of allowing REDD+ credits into an 
ETS can be reaped without jeopardizing the transition to low-carbon energy supply. At the 
same time, it provides a good basis for linking carbon-reduction efforts in tropical nations 
with emissions trading activities in industrialized countries, thereby increasing climate 
finance for REDD+ and allowing for a more efficient decarbonization pathway. Linking 
REDD+ to existing carbon markets could thus be a promising approach to strengthen the 
global climate architecture, while potentially reducing the compliance costs of regulated 
entities. However, policymakers will have to pay close attention to the exact policy design, in 
particular considering offset quota, stabilization mechanisms for credit price as well as the 
appropriate mechanism to price REDD+ credits.  
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Appendix 
 

Figure A1: Investment probability under different volatility regimes 
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Chapter 8

Synthesis and Outlook

The European Union Emissions Trading System (EU ETS) has been in operation

for a decade. As the first and, so far, the largest carbon market, it provides rich

insights into the functioning of such a regulatory tool. These lessons are valuable

to policymakers in Europe seeking reform but also, and perhaps even more so, to

policymakers in countries following the European example in designing their own

trading systems. The thesis’ main ambition has been to offer a novel view on car-

bon markets by providing a New Institutional Economics perspective to EU ETS

reform discussions. In doing so, it provided both an ex-post analysis and an ex-ante

perspective on the reform agenda. Methodologically, the main contribution of this

thesis was a qualitative analysis, but it has also drawn on results from empirical and

modelling work.

This final chapter intends to unravel and synthesize the key policy implications

as well as provide a forward-looking perspective on research gaps. Chapter 8 is

structured according to the main research questions investigated in this thesis as

laid out in Chapter 1. The chapter is based on the analysis provided in the thesis

and also offers a more explorative yet informed outlook beyond the current state of

knowledge in the field. This approach is aimed at bringing fresh insights, grounded

in academic literature, to the current policy discussions.

8.1 Ex-post lessons from the EU ETS

8.1.1 What drives price formation?

An emissions trading system is a price-based regulatory instrument and as a re-

sult, the price signal is of special interest to observers of the market. Prior to the

implementation of carbon markets, potential price hikes were the main concern of

policymakers. What eventually materialized in the EU ETS was, however, exactly

the opposite. The price collapse in period II of the EU ETS (2008-2012) has had

important policy implications and led many observers to question the adequacy of
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the instrument.

Consequently, the first key question examined in this thesis is: what drove this price

decline? In Chapter 2, three categories of price drivers were identified from eco-

nomic theory as possible explanatory factors: (i) an exogenous (demand) shock

driven by abatement-related fundamentals, including the economic crisis and over-

lapping policies, (ii) the lack of credibility of political commitment and (iii) market

imperfections. Empirically, however, Chapter 3 has shown that abatement-related

fundamentals explain only a modest share of the price decline. In other words, what

has often been conjectured in the literature as the main driver was proven to be sig-

nificantly less important than previously thought. Furthermore, Chapter 3 provided

preliminary evidence that regulatory events sharply increase the ability to explain

price fluctuations in the EU ETS. Through an event study, Chapter 4 subsequently

examined in detail the role of political uncertainty on price formation. The study ex-

plored the price feedback from 29 hand-collected regulatory announcements related

to the EU ETS that took place between 2008 and 2014.

The studies corroborated previous intuitions and showed that the legislative process

to implement backloading has shaken the faith of market participants in the future

prospects of the EU ETS. In fact, a significant price decline occurred as market

participants learned about the difficulty of legislating any reform, even an arguably

unambitious cap-neutral one as backloading. In other words, the attempt of Eu-

ropean policymakers to anchor higher price expectations through backloading has

failed. What is perhaps more alarming is that the subsequent long-term policy an-

nouncements as the 2030 policy package only slightly influenced price formation –

although it could be explained by the legislative implementation still having been

in progress. However, it could provide evidence that an increase in ambition does

not raise the perceived degree of political commitment or alternatively that market

participants are myopic.

These findings point towards an underappreciated feature of cap-and-trade systems:

price mirrors the perception of market participants regarding the political commit-

ment on future targets. In a nutshell, this is the reflection of an oft-forgotten feature

of the EU ETS: it is admittedly a market but more than anything else a political one.

This clearly distinguishes an ETS from a carbon tax, where a price feedback from

speculation of regulatory commitment does not occur, even if it is clear that market

participants can also anticipate a change in tax rate and adjust their behaviour ac-

cordingly. This nonetheless raises questions on new asymmetries between tax and

cap-and-trade systems.
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8.1.2 Is a low price per se a problem?

The second question that was examined in this thesis is whether a low price is a

problem per se warranting regulatory intervention. Chapter 2 has shown the diver-

gence in opinions and conclusions regarding the low price. In fact, whether it is

perceived as a problem depends on the goals associated with the European carbon

market. Although most observers agreed that the main objective of the EU ETS

is to achieve least cost emissions reduction, there were major disagreements when

it came to defining the time-dimension of cost-effectiveness, some taking a rather

short-term perspective while others maintain a long-term one. If cost-effectiveness

is intended in the short-term (static efficiency) a low price is good news. In con-

trast, if long-term cost-effectiveness is sought (dynamic efficiency) a low price can

be problematic. In fact, a low price can jeopardize the least cost objective if it

leads to suboptimal investment strategies and carbon lock-in. In addition, beyond

cost-effectiveness, other implicit goals for the EU ETS could justify a higher price;

they include having a price reflecting the social cost of carbon or signalling global

leadership in climate policy. Consequently, whether a low price threatens the effec-

tiveness of the instruments is determined by its underlying objective. The type of

regulatory intervention depends on what actually drives the price down.

8.1.3 How to strengthen the credibility of commitment? Which
reform and institutions are needed?

This thesis has argued and presented first evidence that the price drop in the EU

ETS mirrored a drop in the credibility of European climate policy. Although many

policies suffer from a lack of credible commitment, one can conjecture on the con-

tributing factors to explaining why the phenomenon is exacerbated in the EU ETS

context. First, the time frame of the policy is particularly stretched. Decarboni-

sation is a decade-long process with upfront costs and delayed benefits. Second,

climate policy is redistributive, which implies a reallocation of wealth within gen-

erations (for instance, from coal owners to windmill producers) as well as across

generations (for example, the baby boom generation may have to carry a significant

share of the costs of the transition but is unlikely to be greatly affected by climate

change). Third, conflicting views coexist among Member States in terms of their

ambition regarding climate policy. At the same time, the complex decision-making

structure within EU institutions reduces the chance for consensus. Fourth, Euro-

pean climate policy and ambition directly depend on international climate policy

developments, as the EU is unlikely to maintain its ambition level unchanged in-

dependently from what other countries do. As a result, a long-term climate policy

like the EU ETS, which needs to rely on society’s consensus, appears particularly

vulnerable to political changes and power shifts among Member States and inter-

nationally. All those factors point towards the same conclusion: the regulatory risk
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embedded in the EU ETS is likely high and this is well-understood by market par-

ticipants, who then consistently evaluate or perhaps bet on the long-term credibility

of the instrument.

What are the solutions to overcome weak policy credibility? Delegation has often

been suggested as a possible remedy in other policy fields. The overarching idea

is to tie politicians’ hands either (i) by legislating rules or alternatively (ii) by del-

egating the governance of the market to an independent body within a pre-defined

mandate. The EU ETS Reform Space suggested in Chapter 2 offers a new frame-

work to structure the discussions on delegation in the European carbon market. It

provides a two-dimensional mapping of EU ETS reform options. The first dimen-

sion is the degree of delegation embodied in a reform and the second dimension the

extent to which it enhances price certainty. The following policy conclusions can

be drawn from the concept of delegation in the EU ETS.

Adjustment rules in the EU ETS: In a carbon market, legislated rules can be price-

based – for instance with a price floor – as well as quantity-based such as the Market

Stability Reserve (MSR) adopted by the European Union, which will automatically

maintain the number of banked permits in the market within a certain range starting

from 2019. Yet if a new rule is legislated, it should serve a specific purpose as well

as provide a response to a market dysfunction. If low credibility or other market

imperfections lead to a deviation from the socially optimal price pathway, a rule

can be justified if it enables mimicking behaviour that would otherwise occur in a

first-best world. A price floor could support investments and technological develop-

ment, thereby reducing the risk of carbon lock-in. Similar to a tax, it provides more

certainty regarding price developments. On the other hand, if myopic behaviour

of market participants or incomplete markets threaten dynamic efficiency, the MSR

could be justified. As such, it is unclear, however, how a cap-neutral mechanism

that is not tied to price formation can strengthen credibility and stabilize expecta-

tions of market participants regarding political commitment. Importantly, it appears

from Chapter 3 that regulatory and institutional uncertainty have destabilized the

expectations of market participants, whereas empirical evidence for other market

failures is currently scarce, raising further questions about the appropriateness of

the MSR.

Nonetheless, rules have substantial limitations. First and foremost, due to the con-

siderable degree of uncertainty facing policymakers with respect to climate impacts,

mitigation costs, international climate policy developments, it is particularly chal-

lenging to define the rule ex-ante. It will likely need to rely on modelling work, for

instance to investigate the optimal price path or to reflect to the social cost of car-

bon, which itself raises many questions. In addition, it is unclear whether a political

process can bring about to an adequate rule in such an uncertain context. Second, a

rule can mitigate some of the effect of low credibility on cost-effectiveness, for in-

stance by maintaining a price level that reduces carbon lock-ins. Yet it is unlikely to

be the perfect substitute for regulatory credibility. Laws and rules can be modified
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over time, even if it requires a majority, which in the European context is difficult

to reach.

An independent authority in the EU ETS: Another approach to underpin the cred-

ibility of political commitment is to locate decision-making outside the political

sphere. A prominent example of such regulatory choice materialized in monetary

policy with the creation of independent central banks having discretionary power

within a long-term mandate such as keeping price stability. As a result, independent

central banks have often been praised for the reduction in inflation. This strategy

was also applied to other policy fields such as telecommunication or infrastructure

regulation characterized by large upfront investments, which are particularly at risk

of time-inconsistency. Such a set-up has two major advantages in the context of

the EU ETS. First, if it succeeds in strengthening the credibility of commitment,

price formation could move closer to a first-best setting. The planning horizon of

market participants might be extended and the discount rate applied to future prices

reduced. Yet the success of such an agency will rely on a well-crafted mandate.

Time is also an important factor, as a longer time period allows the independent

regulator to build a reputation; thereby strengthening her credibility. Second, it of-

fers the flexibility to respond swiftly to “unknown unknowns” which could decrease

the risk of speculation in the market. In fact, the mere threat of an intervention from

the independent regulator can make it redundant.

The delegation of discretionary power to an independent authority nonetheless en-

tails significant obstacles. First, the democratic legitimacy of such independent

body remains questionable, in particular as it involves making decision that redis-

tributes wealth across groups of society. Second, as with rules, defining the adequate

mandate for such an entity is difficult. Third, its political feasibility is debateable.

In fact, implementing such an agency would likely entail a modification of the Eu-

ropean treaties, which is a political gamble. In addition, it would require a strong

majority to be adopted in the first place and recent legislative events related to the

EU ETS have shown how difficult that is. Nonetheless, some of those obstacles are

shaped by the current European context, where reaching consensus on reform has

been difficult as illustrated by the backloading process. Their severity is likely to

differ among jurisdictions that have implemented or foresee the implementation of a

carbon market. The lessons from the thesis should therefore be seen in this broader

context.

The old debate of rules vs. discretion in governing specific policy fields is therefore

not settled for carbon markets either. An important dimension to take into consid-

eration is the timing of implementation. An appropriate rule – such as a price floor

– could be easier to implement in the short-term and several jurisdictions, such as

California, have already chosen this approach. A price floor provides a clearer price

signal in the short to medium-term, reduces carbon lock-ins, and supports techno-

logical development. In a second step, however, an independent body with some

degree of discretionary power might be considered and offer a solution to simul-
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taneously reinforce credibility while providing more flexibility. Nevertheless, this

currently appears more of a long-term option.

8.2 Ex-ante perspective on EU ETS reform, broaden-
ing carbon pricing

Reforming the EU ETS is a vast task. In addition to investigating how to improve

the functioning of the market based on ex-post insights, a more comprehensive re-

form agenda is essential. In fact, as known from economic theory, carbon pricing

across sectors and jurisdictions increases the cost-effectiveness of the instrument.

Concomitantly, climate change as a global issue requires an international response.

In that sense, carbon price is all the more important, as market-based instruments are

likely to help minimize the costs of achieving the transition towards a low-carbon

economy.

Even if an increasing number of carbon pricing initiatives are emerging, it remains

an arguably fragmented policy. At the same time, existing initiatives are thus far to

a large extent autarkic, thereby foregoing some of the gains that could be garnered

from broader coverage. Part II of this thesis therefore sought to embed the reform

discussion into this bigger picture by providing an ex-ante perspective on sectoral

and geographical expansion of carbon markets.

8.2.1 How to overcome the barriers to price emissions from Eu-
ropean agriculture?

Chapter 6 has focused on carbon pricing in agriculture and has highlighted the com-

plexity of this sector. The complexity arises from the sector’s structure, comprising

a large number of small players, as well as from the heterogeneity of emissions

sources and the associated mitigation technologies. Politically, the challenges are

substantial. In fact, agriculture as a heavily protected and subsidized sector is tradi-

tionally characterized by strong political involvement. Therefore, it is unlikely to be

a coincidence that the sector has been so far often largely ignored in climate policy

discussions.

As a result, although modelling work has shown the cost-effective mitigation poten-

tial of the sector, it remains largely dormant. This is due to barriers in the sector that

impede the implementation of climate policy, which can be classified into categories

(i) transaction costs, (ii) leakage risks and (iii) negative distributional impacts. By

suggesting a nexus to structure the discussions, Chapter 6 has provided keys to ex-

plore policies that allow mitigating the obstacles. This mapping of detailed policy

options highlighted the trade-offs related to the implementation barriers and dimen-

sions of the policy design.
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Three key dimensions of climate policy design were examined: (i) coverage, (ii)

instrument and (iii) the interaction with the Common Agricultural Policy (CAP).

Looking at these dimensions enables the identification of crucial policy implica-

tions. First, a restricted coverage focusing on larger farms and few emission sources

could cover a large share of agricultural emissions.

Second, the instrument chosen has significant implications regarding the three bar-

riers. Voluntary instruments due to their self-selective character, greatly reduce the

risk of unbearable transaction costs for farmers. Farmers will only participate if

it is profitable for them, including transaction costs. Likewise, leakage risks are

virtually non-existent and voluntary instruments tend to benefit farmers. However,

they entail substantial risks such as creating subsidy lock-ins and reducing the costs

of emissions-intensive agricultural products. The third dimension, the transfers to

farmers from the interaction of climate policy and the CAP, has often been underap-

preciated in policy discussions. Chapter 6 provides some ad-hoc options to visualize

possible interactions and highlight trade-offs.

In summary, a simplistic one-size-fits-all solution is unlikely to work in agricul-

ture. Furthermore, agriculture is a prime example for a sector where the first-best

world perspective of neoclassical thinking appears far off reality. In fact, taking into

consideration the institutional context is especially relevant here.

The timing of climate policy is likewise important. Social inertia and what could be

called “transaction cost lock-in” are likely to be more significant in agriculture,

due to a large extent to its structure, than in other sectors. From that point of

view, a gradual phase-in of policies could strengthen political feasibility and en-

able learning-by-doing. Yet this comes at a risk of creating perverse incentives and

distorting carbon pricing. Therefore, such gradual policy should be embedded in a

clear long-term planning that envisions carbon pricing across the entire sector.

8.2.2 What are the implications of interacting national and in-
ternational policy designs on clean investments?

Although a global carbon price is a necessary long-term instrument to cost-

effectively decarbonise the worldwide economy, it will likely not emerge in the

near future, as we were reminded during the COP21 in Paris. As expressed by

Christiana Figueres, head of the UNFCCC, a global carbon price “would have been

a Paris deal breaker”(Point Carbon, 2015).

Likewise, very few linking initiatives have so far materialized despite their ex-

pected economic benefits. Important institutional and political economy obstacles

stand in the way of such policy move. They include concerns of losing legislative

sovereignty throughout the linking process as well as fears of greater exposure to

external shocks. These are likely fuelled by the price development in the EU ETS.

In the meantime, shifts less radical than full linking could lay the groundwork for
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a global carbon pricing. In this context, although future prospects of Clean De-

velopment Mechanism under the Kyoto Protocol appear currently limited, other

initiatives have seen the light of day. Linking emerging carbon markets to new

mechanisms such as offsets from REDD+ programs could become a cornerstone in

incentivizing the bottom-up construction of a global carbon price.

Yet linking relatively low-cost offset schemes such as REDD+ with compliance

markets has led to concerns of a crowding-out effect on low carbon investments. A

broad range of linking design could nonetheless be developed with varying impacts

on investments. This was the focus of Chapter 7 of this thesis. Using a real options

model, it explored the investment behaviour of a firm that could comply using either

permits or REDD+ offsets under varying regulatory designs.

A number of key insights emerged from Chapter 7. First, the results showed that the

volatility and correlation of permit and offset prices determine the magnitude of the

crowding-out effect. More volatility – in other words more uncertainty – discour-

aged investment in low-carbon technologies. On the other hand, less than perfect

price correlation between permit and offsets increased the crowding-out effect, as it

allowed for risk diversification. Second, offset quotas greatly reduced the risk of a

crowding-out effect and improve firm profits. Third, a price floor for imported off-

sets, so far overlooked as a policy option, substantially mitigated the risk of reduced

low-carbon investment and enhanced profits of regulated entities.

Such a price floor could be relatively easily implemented, for instance through a

variable import tariff on offsets (similarly to the UK price floor on EU ETS permits).

From a political economy point of view, an offset price floor is attractive, as it limits

the needs for price intervention in the domestic market and provides more revenue

certainty to REDD+ countries. In a nutshell, a well-designed link with REDD+

offset would not jeopardize the transition to a low carbon economy and would offer

a promising mechanisms to support tropical nations in contributing cost-effectively

to the global emission reduction efforts.
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8.3 Future research: outlook

Many open questions remain regarding the reform of carbon markets. This thesis

has highlighted the importance of taking an institutional perspective in analysing

such a political market as the European carbon market. More specifically, commit-

ment credibility has been underlined as a substantial threat to dynamic efficiency

for a long-term term policy as the EU ETS. Yet it remains unclear how and if com-

mitment credibility can be measured, which would enlighten the debate as a first

step. Understanding the role of various institutional designs in strengthening policy

credibility more clearly appears essential, in particular, delegation as a commitment

device should be further examined. In this endeavour, behavioural experiments

could arguably improve our comprehension of the behaviour of market participants

with adjustment rules or discretionary power from an independent authority. New

commitment devices such as securitization have also emerged in the carbon market

debates (for a review see Brunner, Flachsland, & Marschinski, 2012). For instance,

as suggested by Ismer & Neuhoff (2009), a government could issue put-options re-

quiring it to buy back carbon permits at a certain price in the future. This would

provide an incentive to policymakers to respect their commitment and allow com-

panies to fence their interest through an independent judiciary system (Brunner et

al., 2012). These new mechanisms likely deserve further investigation and could

represent an interesting alternative to strengthen political commitment.

As discussed in this thesis, fundamental asymmetries between emissions trading

systems, taxes and command-and-control policies arise in the presence of imper-

fect commitment. In this context, deepening the understanding of the respective

strengths and weaknesses of these instruments regarding dynamic efficiency would

be valuable. Importantly, economists need to better comprehend the adequate pol-

icy mix needed to achieve the decarbonisation of the economy. Overlapping poli-

cies - for example carbon pricing and renewable support - schemes are likely to

remain, partly due to the multiplicity of political objectives. Consequently, a better

understanding of the appropriate policy response to deal with such interactions is

necessary.

Beyond the credibility problem, other market imperfections – notably myopia and

market incompleteness – can threaten cost-effectiveness. Yet the empirical weight

of these factors in price formation remains unclear. Evaluating their severity would

allow an enhanced assessment of the benefit of various reform options.

An enhanced comprehension of the instruments needed to price emissions from

complex sectors such as agriculture is likewise crucial. This is the case for the EU

but perhaps even more so globally, given the potential for emission increase in the

sector due to demographic and economic growth. Strengthening the reflection of the

heterogeneity of agriculture – for instance in transaction costs and distributional im-

pacts – in modelling work would be valuable. In this framework, further research on
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tailored climate policies for agriculture with different policy implementation speeds

across actors and emission sources appears important. In Europe, the CAP’s role in

the transition of the sector is a fundamental question. Although a reform to “green

the CAP” has been implemented it is unlikely to trigger high emission reductions.

Yet the existence of such a large transfer programme to European farmers could be

a chance to soften an ambitious climate policy. The possible interaction between

the CAP and a future climate policy for European agriculture should therefore be

well understood.

From a political economy perspective, reforming carbon markets and carbon pricing

development would likely benefit from being embedded in a larger fiscal reform. A

higher carbon price with broader coverage is not only necessary if one intends to

minimize carbon lock-ins and incentivize technological development; it is also at-

tractive from a public finance point of view (Edenhofer, 2014). This dimension has

often been underappreciated in the debate, but is a missed opportunity in a context

of budgetary constraints and a relatively high debt burden. Reducing distortionary

taxes and increasing corrective ones could lead to so-called double-dividends by

achieving emission reductions and job creation (Goulder, 1995). In fact, in the

current situation of lower economic growth, competitiveness and leakage concerns

will remain a central question in carbon pricing discussions. This multi-dimensional

perspective and, more specifically, the interaction between carbon pricing, fiscal re-

form and competitiveness issues, appear particularly promising avenues for future

research.
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