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FOREWORD
The European Union imports more than �fty percent of its energy
consumption and growing energy demand implies that Europe's en-
ergy import dependency is increasing rapidly. The bulk of the energy
imports originate from unstable regions and suppliers entailing major
political and economic risks. The recent energy supply crises have
in�amed the European debate on the security of energy supply.

The European Commission has proposed a common energy policy
conducted in a spirit of solidarity among Member States as an in-
strument to address the issue of energy security. The authors of
this report, ChloÈ Le Coq and Elena Paltseva, highlight that such
a common energy policy may entail biased economic incentives and
thereby cause problems with so-called moral hazard. Moral hazard
arises because the Member States do not bear the full cost of their
own risky energy consumption. Therefore, the Member States may
have a tendency to increase the consumption of risky energy, which
could increase the risk exposure of the European Union.

The authors stress that there is a need to establish a strong regulatory
energy agency to coordinate the energy decisions of the Union and
to solve the problems that are related to a common energy policy.
They also discuss the bene�ts of integrating all energy policy issues
into one single agreement and achieving more equal allocation of
decision power within the Union. In addition, they provide a set
of new indexes that measure the risks associated with the external
supply of gas, oil and coal for each Member State.

SIEPS conducts and promotes research and analyses of European
policy issues within the disciplines of political science, law, and eco-
nomics. SIEPS strives to act as a link between the academic world
and policymakers at various levels. This report is unique in bringing
the moral hazard mechanism into the context of energy policy. By
issuing this report SIEPS hopes to make a contribution to both acad-
emic and popular debate on a European common energy policy and
the security of external supply.

Stockholm, February 2008

Jˆrgen Hettne
Acting Director
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EXECUTIVE SUMMARY

In the Green Paper "Secure, Competitive and Sustainable Energy for
Europe" from March 2006, the European Commission de�ned three
main objectives to be achieved by a Common Energy Policy: com-
petitiveness of energy supply that would yield a ìreasonableî energy
price, security of supply ensuring energy availability, and sustain-
ability, accounting for environmental constraints.

One of these objectives, the security of energy supply, has received
particular attention in recent years. The EU imports more than 50%
of its energy consumption and growing energy demand implies that
import dependence will increase rapidly over time. Many of the en-
ergy imports originate from unstable regions and suppliers, putting
European countries under serious risk. The recent energy supply
crises caused by the Russian-Ukrainian and Russian-Belorussian con-
�icts resulting in some supply disruption further highlighted the need
to enhance the security of energy supply within the EU.

Different tools to improve the security of supply have been discussed
by policy-makers. Some tools focus on the demand side, aiming at
a reduction in energy consumption whenever a country's exposure
to the risky energy is considered too large. Other tools regulate the
energy supply by, for example, imposing the ìrightî energy mix - the
share of coal, nuclear, gas or renewable energies - to ensure a diver-
si�ed energy portfolio. The relationship between Member States and
external suppliers, such as the terms of the contractual arrangements
and price negotiations, could be another tool of the common energy
policy.

These ideas and tools for a European common energy policy have
been frequently debated and profoundly analyzed in various stud-
ies. However, the bulk of the studies seem to address the issue of
the security of energy supply from the political perspective, or focus
on regulating internal energy markets. In this study, we demonstrate
how a common energy policy might provide the wrong economic in-
centives and create a so-called moral hazard problem, undermining
the security of supply and resulting in inef�cient energy consump-
tion. The moral hazard mechanism is well known in economic lit-



9

erature, but has rarely been discussed within the context of energy
policy. To our knowledge, this study is the �rst to provide a formal
analysis of this mechanism applied to the European common energy
policy.

Approach. We focus our attention on the security of external sup-
ply, that is, supply provided by other parties to the members of the
EU. We also concentrate on a particular aspect of the common en-
ergy policy, namely the principle of mutual insurance, also referred
to as ìsolidarityî among Member States by the European Commis-
sion (2006b, p.8). A common view is that solidarity will bene�t the
Member States by improving the security of energy supply. In other
words, countries within the Union may choose to compensate each
other when there are supply disruptions, which would smoothen the
energy consumption and thus increase welfare. However, a common
energy policy involving mutual insurance against supply shocks may
create a moral hazard problem. Mutual insurance allows the Mem-
ber States to share the costs associated with their own risky energy
consumption. Therefore it may induce members to increase their
consumption of risky energy. This, in turn, increases the Union's
exposure to risk.

Purpose and main contributions. The objective of this report is
to analyze the bene�ts of a common energy policy and the possible
costs that "mutual insurance" may involve. The two main contribu-
tions of this report are: (i) an index that evaluates the risks associated
with the external energy supply for each Member State and for three
energy types (gas, oil and coal) (ii) a formal analysis of the poten-
tial moral hazard problem associated with a common energy policy
based on solidarity among Member States.

Outline. The report consists of two parts. The �rst part discusses the
security of energy supply in Europe while the second part provides
a formal analysis of costs and bene�ts faced by countries relying on
the common energy policy, in particular on its solidarity aspect. The
�rst two chapters give a general overview of the problem of the secu-
rity of energy supply in Europe. Chapter 1 de�nes the key concepts
of the security of supply and in particular the notion of risky sup-
pliers directly linked to the notion of supply disruption. Chapter 2
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provides a brief overview of the debate on the security of supply in
Europe and potential ways of addressing the problem of the secu-
rity of supply. Chapter 3 presents an index that evaluates the risks
associated with the countries' external energy supply. Our index is
designed to access the short-run risk to the security of energy supply.
The particularity of our approach is that we present a separate in-
dex for each energy type and classify European countries according
to each index. Our index combines a net import dependency ratio
with a proxy of the political risks existing in the supplying country
and with a measure of risks of energy transport from the supplying
country to the consuming country. Using IEA data from 2006, we
construct the indexes for our sample of eighteen European countries
and for three basic energy types: oil, gas and coal. Most other studies
propose an aggregate index of the security of supply that combines
different types of energy. We �nd that the EU countries' exposure
to risks is not the same for different energy types. This implies that
an aggregate energy security index may be somewhat misleading at
least as regards the discussion of the short-term response to risks.
Relying on an aggregate risk index without controlling for its com-
position may be a costly simpli�cation since it is not possible to sub-
stitute different energy types in the short run. Poland, for example,
has relatively high risk index for the supply of oil and a relatively low
index for the supply of gas while the situation is the reverse for Por-
tugal. Poland is therefore more likely to face an oil supply disruption
than Portugal while the opposite holds true as regards a gas supply
disruption. With our index we are able to evaluate the potential dam-
age caused by a supply disruption in a speci�c energy market in a
speci�c country. This would not be possible with an aggregate index
that estimates an average risk of an energy supply disruption.

The second part of this report provides a formal analysis of the poten-
tial moral hazard problem associated with a common energy policy
based on solidarity in terms of mutual insurance between members.
We provide both a non-technical summary (Chapter 4) and a more
rigorous treatment (Chapter 5) of our model. Our modelling frame-
work allows us to relate the intensity of the moral hazard problem to
the degree of policy coordination within the union, and to study the
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implications of moral hazard for the energy consumption and soli-
darity among member countries. More speci�cally, we analyze the
choices of countries consuming energy from safe and risky sources.
The countries can either operate in an autarky or form a union. If they
form a union, they are subject to the common energy policy via a mu-
tual insurance agreement. In other words, in a union, the countries at
least partly insure each other against possible supply disruptions by
redistributing the energy from a non-affected partner to the affected
one. Three different regimes are considered. In an autarky there is no
mutual insurance and countries take independent decisions. In a co-
ordinated union the countries aim at maximizing its joint welfare, co-
ordinating all the decisions (including the risky energy consumption
and the level of mutual insurance). In an uncoordinated union coun-
tries insure each other against supplier default risk; however, coun-
tries make their energy consumption decisions separately, and do not
internalize the effects these may have on the other country. Such for-
malization makes it possible to compare risky consumption, mutual
insurance and welfare outcomes under the three regimes. The cost-
bene�t analysis depends on the type of coordination between union
members, the degree of symmetry between countries, the agenda set-
ter of the policy, and the possibility of redistribution among member
states.

The results show that if countries are perfectly coordinated, the moral
hazard problem does not arise. Therefore such a union outperforms
the autarky due to the mutual insurance. However, whether each
country is better off depends on the degree of asymmetry in the
union. If the countries are identical, they both gain from forming
the union, but if the asymmetry is suf�ciently strong, one of the
countries may end up being worse off than under an autarky. The
reason is that providing mutual insurance is costly; the higher the
probability of a supply disruption faced by the other members the
higher the cost for a speci�c country. When countries face differ-
ent probabilities of default, the mutual insurance can become very
costly. A union will exist if there are transfers from the winners to
the losers, or additional bene�ts associated with union membership.
In an uncoordinated union the insurance opportunity creates a free-
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riding incentive that leads to an overconsumption of risky energy.
The member who has leverage over the energy policy, tries to lower
its increased exposure to risk by adjusting the mutual insurance rule.
This ampli�es the inef�ciency and lowers the welfare as compared
to the outcome of the coordinated union, but can reduce the risky
energy consumption. Whether or not all union members gain in the
uncoordinated union again depends on the countries' asymmetry, but
in the presence of side payments an uncoordinated union improves
upon the autarky. However, the coordinated union's level of welfare
dominates.

Given these predictions, we address the issue of union formation, in
particular, the incentives for a country to join the union even though
it is costly to do so. We discuss the cases of additional bene�ts as-
sociated with union membership and the costs of staying outside the
union. We also relate the allocation of power within the union to
union stability and performance.

Summary of the results and policy implications. There are several
policy implications based on the main results of the report.

First, the report proposes a set of new indexes measuring the risks
associated with the external supply of different energy types (gas, oil
and coal). We �nd that the risk exposure and risk ranking among the
EU members differ for different energy types. This suggests that an
approach based on estimates of risk by energy type i.e., a sectoral ap-
proach to the common energy policy would provide a more reliable
base for quantifying the short-term external energy risks. Moreover,
since the energy risks of countries may vary among different energy
types, supply security may require different policy tools for each en-
ergy type, which again can be determined only with the help of a
sectoral approach.

Second, the welfare analysis in the model suggests that the free-
riding problem occurs when countries are not perfectly coordinated
and can be very costly for the Member States. This implies that there
is a need for establishing a strong regulatory energy agency to solve
the moral hazard problem associated with a common energy policy
based on solidarity between Member States.
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Third, we demonstrate that the risky energy exposure does not need
to be correlated with the ef�ciency. Despite the absence of moral
hazard, member countries may consume more risky energy in the
presence of such a coordinating agency. The uncoordinated union,
led by the more in�uential member, might end up with a relatively
low risky energy consumption. For example, when the leading coun-
try faces much smaller risks than the other union member, it may
choose low mutual insurance coverage to avoid the moral hazard
costs. This, in turn, decreases the risky energy consumption of both
countries. However, such level is still inef�cient as countries con-
sume too much of expensive safe energy and have too little of mu-
tual insurance. This implies that one should be cautious when using
the level of risky energy consumption as a measure of the union per-
formance as it is commonly done to discuss the security of supply
issue. While being very reliable for a cross-country comparison at
each given point in time, in the over-time perspective it may re�ect
not only risk exposure but also the institutional changes in the union.
Therefore,

(i) in quantifying the security of energy supply, especially its devel-
opment over time, one should take institutional developments within
the union into consideration rather than rely on pure quantitative sup-
ply measures;

(ii) a common energy policy aimed at the security of energy sup-
ply should not necessarily require less consumption from the risky
sources, as long as it improves the coordination between the parties
involved.

Finally, we argue that when certain union members have more in-
�uence over energy policy decisions than the remaining members, it
shifts the bene�ts of mutual insurance towards the more in�uential
group. One way to achieve a more fair distribution of gains within
the union would be to have the possibility of separate agreements on
different energy policy issues. In this case the less in�uential mem-
bers could choose to participate only in those agreements that bene-
�t them, which would put a limit on the power of an agenda setter.
However, a better way would be to integrate the energy policy issues,
at the same time ensuring more equal allocation of the energy pol-
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icy setting power among the Member States. This would bene�t the
EU both through achieving more ef�cient outcomes and improving
the stability of the Union. The attempts to abuse the agenda setting
power in one issue will be prevented by the threat of a punishment in
the other energy issues, which will lead to more cooperative behav-
iour. Therefore, an integrated union with dispersed agenda setting
power is likely to outperform the set of separate unions each cover-
ing single energy issue.
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Part I

INTRODUCTION

Since the establishment of the European Coal and Steel Community
(ECSC) in July 1952 there exists the view that European countries
would be better off if they managed to create a supranational institu-
tion to help them coordinate on different issues, in particular energy
issues. In the Green Paper "Secure, Competitive and Sustainable
Energy for Europe" from March 2006, the European Commission
has stimulated a new debate on the priorities of a common energy
policy for the European Union. It emphasizes three objectives of a
European energy policy: competitiveness, the security and sustain-
ability of energy supply. Competitiveness of supply would imply
a reasonable energy price, the security of supply would ensure the
availability of energy, and sustainability would take environmental
constraints into account.

In this report, we concentrate on the security of energy supply issue.
We intentionally abstract from the European energy policy complex-
ity, which allows us to provide a more detailed analysis of the secu-
rity issue. Moreover, we focus on the external energy supply, i.e.,
the energy that comes from outside the EU. Part of this report is de-
voted to assessing the current state of the security of energy supply
within the EU. We provide an index that evaluates the risks associ-
ated with the external energy supply for each EU member and for
different energy types. In the second part of the report we use a styl-
ized model of the EU to discuss the costs and bene�ts of a common
energy policy aimed at improving the security of energy supply. We
show how a common energy policy may distort economic incentives
of the Member States and create a so-called moral hazard problem.

The security of energy supply has received particular attention in
recent years. European countries purchase more than 50% of their
energy from the outside sources. Since the demand for energy is
growing in the EU, the dependence on foreign suppliers will increase
rapidly over time. Many of the energy imports originate from unsta-
ble regions and suppliers associated with a substantial risk of supply
disruption, which puts European countries under serious pressure.
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The recent energy supply crises caused by the Russian-Ukrainian and
Russian-Belorussian con�icts resulting in some disruption of supply
stressed the need for creating a coordinated EU energy policy aimed
at achieving the security of energy supply.

The security of external supply can be enhanced through a range of
policy tools available at the European level and actively discussed by
policy-makers. Some tools focus on the demand side, e.g. aiming at
reducing the consumption of energy whenever a country's exposure
to risky energy is considered too large. Other tools impose rules on
the supply of energy by, for example, prescribing the ìrightî energy
mix - the share of coal, nuclear, gas or renewable energies - to ensure
a diversi�ed energy portfolio. Energy security may also be improved
by diversifying the energy suppliers or by revising the relationship
between the Member States and external suppliers, such as the terms
of the contractual arrangements and price negotiations.1

In this study we focus on one particular tool to improve the security
of energy supply within the EU - the solidarity among the Member
States. The solidarity is considered to be an important mechanism to
address the problems of a sudden energy supply crisis. In the Presi-
dency Conclusions (March 2007) the European Council stresses the
need to enhance security of supply by developing more effective cri-
sis response mechanisms, on the basis of mutual cooperation.2 Mem-
ber States are characterized by different energy portfolios and are
therefore exposed to different risks of supply default. Hence, co-
operation and mutual assistance may strongly improve the security
of their energy supply. However, mutual cooperation may have its
downsides.

In this report we address the potential moral hazard problem created
by a common energy policy involving mutual insurance against ran-
dom supply disruptions. In other words, we argue that while mutual
insurance would indeed smoothen the energy supply shocks within
the Union, it might induce members to increase their consumption
of risky energy. This, in turn, would increase the Union's exposure
1See e.g. De Jong et al. (2007) or European Commission, (2007a) for more
detailed discussion.

2Presidency Conclusions (March 2007), p.18
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to risk, which could, in some situations, lead to a loss for individual
members as compared to a scenario without a common energy pol-
icy. While the moral hazard mechanism is well known in economic
literature, it has been rarely discussed within the context of energy
policy. To our knowledge, this study is the �rst to provide a formal
analysis of this mechanism applied to the European common energy
policy.

The report consists of two main parts: Part II discusses the security
of energy supply in Europe and Part III presents the formalization of
the moral hazard problem associated with the common energy policy
mentioned above. The �rst two chapters give a general overview of
the problem of the security of energy supply in Europe. Chapter 1
de�nes the key concepts of the security of supply and in particular
the notion of a risky supplier directly linked with the notion of sup-
ply disruption. Chapter 2 provides a brief overview of the debate of
the security of supply issues at the European level and potential ways
of addressing the problem. Chapter 3 discusses different approaches
used to quantify the security of energy supply and suggests a new
measure for the supply security for the European Union. For differ-
ent energy types (gas, oil or coal) we provide an index of the short-
term risk of supply disruption for most of the Member States. To do
so, we combine the net import dependency ratio with the political
risk and the measure of risk of energy transport between the supply-
ing and the consuming countries. For each energy type we obtain a
relative ranking of the risk exposure that every Member State faces
when it purchases energy from outside its domestic market. The
ranking varies between energy types since different Member States
have different energy portfolios and therefore a different risk expo-
sure.

We then proceed to the formal analysis of the positive and negative
effects of adopting a common energy policy based on solidarity be-
tween Member States in case of an energy supply disruption. We
use a stylized model of the EU that is simpli�ed to encompass only
the necessary features to capture the mechanisms we want to ana-
lyze. We concentrate on the mutual insurance mechanism and asso-
ciated moral hazard problem, providing both a non-technical sum-
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mary (chapter 4) and a more rigorous treatment (chapter 5) of our
model. We show that the cost-bene�t analysis of the policy depends
on the extent of coordination between individual union members,
the degree of symmetry between countries, the identity of the policy
agenda setter, and the institutional possibility of �nancial transfers
between member countries. We also address the issue of union for-
mation, and relate the allocation of power within the union to the
union stability and performance.

Finally, Part IV presents some policy implications of our study. First
of all, we demonstrate that the risk of exposure for each Member
State (and therefore the bene�t of the mutual insurance) varies for
different energy types. Therefore a common energy policy, or at least
its aspects concerning the short-term response to the random supply
disruptions would strongly bene�t from a sectoral, i.e., according
to energy type, approach. We also argue that Europe would need a
strong regulatory energy agency to solve the moral hazard problem
associated with a common energy policy based on solidarity between
Member States. Interestingly it might be the case that the ìoptimalî
risky energy consumption level could be higher with such an agency.
The reason is the following. Assume that one of the Member States
faces a high risk of supply disruption. Then the mutual insurance
might be very costly for the other Member State. If the latter country
is the one deciding on the percentage of losses covered by the union,
it will choose a low coverage compared to the one maximizing the
joint welfare. This low level of mutual insurance would make all
Member States reduce their consumption of risky energy. Hence it
might be the case that uncoordinated union with a leading country
facing a comparatively low default risk might end up with a lower
level of risky energy consumption than the one in coordinated union.
This implies that one should be cautious when using the level of risky
energy consumption as a measure of the EU's performance as it is
commonly done to discuss the security of supply issue. While being
very reliable for a cross-country comparison at each given point in
time, in the over-time perspective it may re�ect not only risk expo-
sure but also the institutional changes in the Union. Therefore, one
needs to control for the institutional adjustments when discussing the
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evolution of risky energy consumption over time. Finally we discuss
the costs of having some member countries keeping a long-lasting
leverage over the decisions on the common energy policy. It appears
that Europe could bene�t from more equal allocation of the agenda
setting power on different energy issues among the member coun-
tries. In this case a union encompassing different energy issues may
limit the sel�sh behavior of each agenda setter due to the potential
punishment in the other energy issues. Therefore, such an integrated
union is likely to induce more cooperative behavior and to outper-
form the set of separate unions each covering single energy issue.

We conclude this report by suggesting potential extensions of our
modelling setup.

Part II

THE SECURITY OF ENERGY SUPPLY IN EUROPE

The security of energy supply in the European Union has been on the
political agenda for some time. Recently, increasing dependence on
energy imports, often originating from politically unstable regions
and countries, intensi�ed the discussion on the security of energy
supply and made it one of the key concerns for EU policy. In this part
we introduce the basic concepts used in the security supply debate,
summarize the current view on the security of supply in Europe, and
provide a quantitative assessment of the risks associated with the
external energy supply in the European Union.

1 KEY CONCEPTS

1.1 The security of supply
Egenhofer & Legge (2001) broadly de�ne the security of supply "as a
variety of approaches aimed at insuring against supply risks". In this
report we restrict our attention to the interpretation of the security
of supply as a guarantee that all the energy volumes demanded will
be available at a reasonable price. This corresponds to the de�nition
used by the European Commission which states:
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"Energy supply security must be geared to ensuring [. . . ] the
proper functioning of the economy, the uninterrupted physical
availability [. . . ] at a price which is affordable [. . . ] while respect-
ing environmental concerns.[. . . ] Security of supply does not seek
to maximize energy self-suf�ciency or to minimize dependence,
but aims to reduce the risks linked to such dependence" (European
Commission, 2000, p. 2).

The notion of security of supply includes security of "internal" sup-
ply and security of "external" supply. A security of internal supply
is ensured when demand and supply are in balance in the domestic
market at a reasonable price. A security of external supply is en-
sured if there is no interruption of energy supplied by the producers
from outside the Union. In this report we focus on the notion of the
security of external supply.

1.2 The notion of risk
As mentioned above the security of energy supply is associated with
the continuity of energy supplies. Therefore the risk that we address
in the report is the risk of an event affecting supply. More precisely,
we focus on the disruption risk and not the price risk that can be
associated with the security of supply.

There could be different reasons for energy supply disruptions. Van
der Linde et al. (2004) list several of them: "deliberate policy changes
in producing countries or producer country organizations, prolonged
inadequate investments levels in production, transportation and pro-
cessing and distribution capacity and/or maintenance, macro-econo-
mic instability in producer countries, socio-political instability in
producer countries and/or regions, regulatory instability in consumer
countries, market failures and government failuresî. Since we con-
centrate on the external supply, we only address the risks associated
with foreign suppliers. One important key in this case is the politi-
cal dimension related to securing access to primary energy. The idea
is that energy traded with outside partners involves not only eco-
nomic rationale but also political objectives. Rˆller et al. (2007,
p.13) point out that "government-controlled foreign monopolist may
restrict output beyond what a monopolist may do, in order to extract
political concessions. In this case, supply security is a concern".
Indeed, when rationing (interruption of supply) occurs, the market,
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by increasing prices, can not solve this problem. Hence if the en-
ergy import largely comes from a single large player in the market,
it may cause concerns for the security of external supply. This de-
pendence is not very problematic if the trading partner restricts out-
put only according to economic rationales (for example, in order to
raise prices). However, when this is not the case, i.e., when political
pressure in�uences the seller's economic decisions, such a trading
partner is viewed as a "risky" supplier. In other words, a contract
with a "risky" producer leads to a high probability of energy supply
interruption. It also needs to be mentioned that the aim of this report
is not to isolate the causes of the disruptions of supply but more to
analyze the potential reaction(s) of the recipient countries towards
these disruptions.

There are different types of supply disruptions: short-term vs. long-
term disruption, systemic (for the entire market) or speci�c risk,
exogenous or endogenous to the consumer country, contractible or
not, etc. Obviously different kinds of disruption may have differ-
ent consequences (Luciani, 2004). In this report we concentrate on
the risk associated with the short-term, exogenous, speci�c and non-
contractible disruption of supply. The risk we consider is a short-
term one since we are studying the case of a sudden disruption in
supply that cannot immediately be accommodated by the market due
to a lack of �exibility. It is exogenous since we assume that the con-
sumer country cannot affect the probability of disruption. Finally,
the risk is speci�c since it is associated with one particular energy
supplier. Below we also address the vulnerability of EU Member
States to such risks by constructing a measure of the security of en-
ergy supply in the EU.

2 THE SECURITY OF SUPPLY IN THE CURRENT
EUROPEAN DEBATE

The security of supply is one of the three main dimensions of Euro-
pean energy policy, together with environmental objectives and eco-
nomic competitiveness. It has been a recurrent concern for Europe
at least since the oil crisis in the 1970s. Moreover the debate on it
has become fairly heated in recent years. At least two recent events
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have brought concerns about the security of supply in the headlines,
putting pressure on the policy makers. First, in 2006 Russia decided
to suspend gas deliveries to Ukraine and this resulted in a shortfall of
100 million tons of gas undersupplied to Western Europe. The same
happened for oil deliveries via Belarus in January 2007, when the
pipeline with a capacity of 50 million tons of oil was shut down.

So far Europe has succeeded in building a fairly strong internal en-
ergy policy. This policy focused on electricity and gas, imposing the
same norms/obligations/market design for all European electricity
and gas markets. The idea was to create a single, integrated Euro-
pean energy market. This was implemented through the Directive
for Internal Market for Electricity (1996) and the Directive for Inter-
nal Market for Natural Gas (1998). However it becomes increasingly
obvious that a common "external" energy policy is needed. The de-
mand for energy and consequently energy prices have increased sub-
stantially over the last few decades and are predicted to increase even
more. As a result, the concept of an "affordable price", a crucial
component of the security of energy supply becomes increasingly
eroded. In addition, it is likely that Europe will increase its energy
imports from non-European suppliers. This leads to further discus-
sions about necessary measures to be taken to ensure stability in the
energy markets.3

Example: the supply of gas. The case of the gas supply in Europe
is a good example to illustrate the problem of the security of external
supply. The major gas suppliers of the EU have a monopoly posi-
tion in their domestic markets and are controlled by their states. This
implies that the supply from these companies may be heavily based
on political motives. In other words, there is a risk of interruption in
the supply of gas that may result from political considerations/events
that are completely unrelated to the market conditions. GazProm is
the most important gas supplier in Europe. Trading with GazProm
can be considered risky because: (i) GazProm is not a fully inde-
pendent company since there are strong ties between GazProm and
the Russian Government, (ii) any delivery of Russian gas to Europe

3See van der Linde (2007) for an historical review of the energy policy in the
EU.
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Table 1. Largest Gas Suppiers of European Union

Country % Main exporting company State ownership

Norway 17 Statoil 70
Russia 29 OAO GazProm 50
Algeria 13 Sonatrach 100
Nigeria 1 BBOC 100
Qatar 1 Qatargas 65
Source: Rˆller et. al. (2007)

has to go through (and be accepted by) a third country. It is beyond
the scope of this report to give a precise measure of the risk level of
GazProm as a gas supplier.4 Here we only argue that such a supplier
can be viewed as a risky supplier.

It is also important to mention that European countries depend on
Russian gas to a varying extent. Spain, Portugal, the Netherlands,
Belgium, Denmark and Sweden do not import Russian gas. The
United Kingdom makes occasional purchases. On the other hand,
Germany, Finland, France, Poland and other Member States regu-
larly purchase Russian gas. Hence GazProm can be viewed as a
risky supplier for some of the European countries but not for all of
them.

The contribution of the EU. The common understanding is that the
European Union may contribute to solving the problems of external
energy security through several channels including the following:

1. Solidarity. The Green Paper explicitly mentions solidarity as a
way of dealing with the consequences of any energy supply disrup-
tion, whether it is due to internal causes (like damaged infrastruc-
ture) or external cause (gas supply disruption). Solidarity among the
Member States could allow the redistribution of energy between the
members in the case of shocks. The EU would then be able to pro-
vide a mutual insurance among Member States.5

4See Hedenskog and Larsson (2007) for the relevant discussion.
5"With respect to the physical security of infrastructure, two main actions merit
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Table 2. Share of Russian Gas in Total Consumption of Selected EU
Countries

Country Import Russian gas import/Consumption
Bem %

Slovakia 7.5 100
Finland 4.5 100
Baltic 5.5 100
Greece 2.4 86.8
Czech. Rep 7.4 80.8
Austria 6.8 73.4
Hungary 9 63.4
Poland 7 50.2
Germany 36 36
France 13.2 26.8
Italy 22 26
Source: Finon and Locatelli (2007)

2. "One voice". The idea is that the EU should speak with one
voice to the outside world. This harmonization would make the EU a
stronger negotiator and reduce political interference in the economic
market. The fact that Member States can pool their storage facili-
ties may also affect the bargaining position vis-‡-vis the energy sup-
plier.6 However, the amount of coordination that could be expected
from European countries is an open question.

further consideration. Firstly, a mechanism could be developed to prepare for
and ensure rapid solidarity and possible assistance to a country facing dif�-
culties following damage to its essential infrastructureî (Green Paper, 2006,
p.8). The Green paper also argues for a "... new legislative proposal con-
cerning gas stocks to ensure that the EU can react to shorter term emergency
gas supply disruptions in a manner that ensures solidarity between Member
States, whilst taking account of the different potential for storage in different
parts of the EUî (Green Paper, 2006, p.9).

6See, e.g. Helm (2005).
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3. Information effect. The EU Member States can bene�t from ex-
changing information about their energy contracts with external sup-
pliers, such as the total contracted positions and terms of the con-
tracts. This may potentially improve their position when negotiating
with the suppliers.

In our formalization we focus on the �rst point, leaving the po-
tential increased bargaining power and the information effect aside.
We consider a particular mechanism of a common energy policy -
the agreement of the members of the Union to provide assistance
to a country facing supply disruptions by redistributing (some) of
the unaffected energy supplies. We therefore ask whether a com-
mon energy policy, through solidarity among members, might im-
prove the welfare of the Member States.7 Obviously the European
energy policy affects (inter)national actors, intra-governmental and
non-governmental institutions and organizations. In this study, we
consider the role of governments and therefore do not separately an-
alyze the role and in�uence of these other participants on government
policies.

3 MEASURING THE SECURITY OF EXTERNAL ENERGY
SUPPLY IN EUROPE

In this section we construct an index that evaluates the risk associated
with a country's external energy supply and propose a classi�cation
of the European countries according to this index. The particularity
of our approach is to present one index for each energy type. Given
our focus on short-term risk exposure where substitutability among
different energy types is not possible, an aggregate index that ac-
counts for all energy types together may not be appropriate.

We start with an overview of the existing approaches to measuring

7Note that it is compulsory for the EU Member States to maintain strategic
reserves equivalent to 90 days of domestic oil consumption. One can there-
fore argue that the solidarity among the Member States would not make much
sence, at least for the oil. However, it is not clear whether these reserve re-
quirements would suf�ce to cover any supply disruption that a country might
face. Moreover, holding strategic reserves is costly. Therefore, solidarity
among EU Member States might be a cheaper alternative to ensure the secu-
rity of external energy supply.
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energy security. Then we address the methodology and the data used
to construct our index. We proceed by presenting the indexes ob-
tained for the sample of eighteen European countries and three basic
energy types: oil, gas and coal. We �nd that the EU countries' expo-
sure to risks is not the same for different energy types. Finally, we
discuss potential ways of improving and extending our methodology.

3.1 Approaches in the literature
The de�nition of the security of supply suggests that there are a num-
ber of country characteristics that could be used to measure the po-
tential risks of the external energy supply. For example, Jansen et al.
(2004) mention .i/ net import dependency, that may additionally be
weighted by the type and intensity of use of primary energy sources,
.i i/ the composition of energy imports by source of origin, .i i i/ the
geopolitical stability of sources, .iv/ allowance for resource deple-
tion, .v/ differences in energy demand and demand preferences, .vi/
the degree of collaboration between nation states, .vi i/ transport dis-
tances and modes of imported energy resources, .vi i i/ and, �nally,
the marginal supply costs for each distinct energy source. A sin-
gle energy security index cannot take all these factors into account.
As a result, the literature describes several different ways of mea-
suring the security of energy supply, and there is no clear consensus
about a "correct" index. In this section we address some of these
approaches.8

One of the most common ways to quantify the security of external
energy supply is to measure it by looking at the import dependency.
Due to their simplicity, these measures are often used in a general
discussion about energy security or serve as a component of more
complex energy security indexes that account for both internal and
external security. For example, De Jong et al. (2007) construct a
"Crisis Capability Index", by which they aim to quantify the poten-
tial impact of a sudden energy supply interruptions for a country, and
the capability of that country to manage and mitigate these impacts.
In this index they account for the security of external supply by using

8See Jansen, Arkel and Boots (2004) or Blyth and Lefevre (2004) for a review
of the methodology.
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the share of imports of different types of energy in the total energy
imports. They weight these imports by their own assessment of risk
associated with each energy type. To complete the index, they com-
bine this resulting measure of external energy security with similar
measures of the stability of the internal energy supply and energy
transportation system.

This measure of external security ignores the extent of importance
of energy imports for domestic consumption. Rˆller et al. (2007)
account for this aspect of energy security by suggesting an import
dependency index, calculated as the ratio of the energy net imports
to the total energy consumption. They further combine this index
with a measure of "operating reliability" given by the percentage of
installed capacity in excess of peak load electricity demand. As a
result, they construct a general energy security index where both the
external energy supply (measured by the import dependency index)
and the internal energy supply (measured by the power system ca-
pacity) are taken into account. De Jong et al.(2007) use a similar
approach towards measuring external risks in their long-term Sup-
ply/Demand index. There they further subdivide the imports by the
source (EU/non-EU) to account for different risks associated with
different suppliers and use a complicated methodology to assess the
"security" of the contracts. On top of import risks, this index also
accounts for the demand side as well as energy conversion and trans-
port.

The problem with the import dependency index calculated as a ra-
tio of total energy imports to the energy consumption is that it does
not account for the diversity of the energy suppliers that contribute
to these imports. Obviously, the diversi�cation/concentration of the
suppliers may be crucial for the security of external energy supply.
It can be captured in several ways, and the energy literature mainly
relies on the two methodologies we address below.

The Shannon-Wiener concentration indexmeasures diversity by mul-
tiplying the market share for each participant by the log of the market
share and summing up the absolute values of resulting products over
all the market participants. A higher value of the index means a lower
concentration and the minimum value for the index is achieved when
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there is only one supplier. This index puts weight on the impact of
smaller participants. The argument for using this index for the en-
ergy market is that it is the smaller suppliers that provide the options
for potential switching between energy sources. The Her�ndahl-
Hirschman concentration index equals the sum of the squares of each
participant's market share. More concentrated markets are charac-
terized by a higher value of the index and the maximum is achieved
when there is only one supplier. This index places extra emphasis
on the contributions of participants with the largest shares. The logic
behind applying this index as the measure of the security of external
energy supply is that the foreign suppliers that constitute the larger
share of domestic energy consumption may potentially also cause
more problems to energy security.

These indexes seem to capture more of the underlying complexity
of the energy security than the import dependency indexes. How-
ever, they are clearly incomplete and, thus, are normally extended
by further factors to provide a more precise measure of the secu-
rity of external energy supply. For example, Neumann (2004 and
2007) adjusts the Shannon-Wiener index by taking into account the
indigenous production of the export country and the political stabil-
ity of the import supplier country. Blyth and Lefevre (2004) use the
Her�ndahl-Hirschman index focusing on the energy supplier charac-
teristics and the availability of the fuel supply in the supplier coun-
try. They argue that the market for each country is determined by
all potential foreign suppliers and by their potential exports (produc-
tion minus consumption). For each fuel they calculate the market
shares of each supplier in that market. Then they combine the result-
ing Her�ndahl-Hirschman index with a political risk rating associ-
ated with the supplier country and a measure of the market liquidity
(given by the ratio of the total supply available on the market divided
by the consumption).

3.2 Methodology and data
We aim at providing a measure of short-term energy risks associated
with the external security of supply for each EU Member State. We
disaggregate the index for the different types of energy as we concen-
trate on the short-term response to risk and do not address the issue
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of substitutability between different energy types. Therefore such a
disaggregation allows us to better re�ect the speci�c risks for each
energy type. In building our index we follow the general strategy
described above. However, our approach has some important differ-
ences compared to the ones we mentioned in the previous section.

Methodology. We measure the diversi�cation of the energy port-
folio of each country using the Her�ndahl-Hirschman index rather
than the Shannon-Wiener index used by Neumann (2004, 2007).
The Her�ndahl-Hirschman index places emphasis on larger suppli-
ers, and is thus, we believe, better suited to capture the risks as-
sociated with the nondiversi�ed energy portfolios. To calculate the
market shares for each foreign supplier9 we take the ratio of net pos-
itive imports from this supplier to the total energy consumption in
the country in question. This allows us to indirectly account for the
indigenous production without introducing an additional term into
the formula as is done in Neumann (2004). The logic behind us-
ing the net positive imports as a measure of risk is as follows: If
the net imports from a supplier are negative, the country in question
exports more energy to the supplier country than it receives from
this supplier. Therefore in the case of a default from this supplier a
consuming country may compensate for its losses by cutting the re-
spective exports. We also believe that this measure provides a better
account of risks than the Blyth and Lefevre (2004) measure based on
potential exports. The reason is that the potential exports market of
Blyth and Lefevre (2004) may not re�ect the short-term threats in the
actual energy market faced by the country in question. For example,
consider a country with all its energy consumption coming from one
single supplier, that is small on the market of potential exports. In
this case a high risk associated with this supplier is quite detrimental
to the country's energy security but it is not captured by the Blyth and
Lefevre index. One could argue that their index is better suited for
re�ecting the possibility of substitution between different suppliers.
However, in our index we mostly address a short-term adjustment to
shocks in which case such a substitution may not be relevant.

9We only look at the supplying countries and not �rms due to the non-
availability of the data.
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We also supplement this index by a measure of the political stability
of the supplying country which proxies for the political risks asso-
ciated with the energy supplies. Additionally, we take the distance
between the consuming and the supplying countries into account.
The idea here is that the distance can be viewed as the proxy for
the ease of energy delivery from the supplier. A supplier country
may be in a state of political con�ict. In this case it is more likely
that the consuming country will be affected if this con�ict is taking
place "on the path" of the transport of energy from the supplier to the
consumer country. For example, in 2006 Russia decided to suspend
gas deliveries to Ukraine which resulted in a shortfall of 100 million
tons of gas undersupplied to Western Europe. So our distance mea-
sure allows us to proxy the number of transit countries that have to
be passed through in order to provide the energy. Note that this mea-
sure is more relevant for the energy types that are (at least partially)
supplied through networks or pipelines, such as gas and oil, and less
relevant for coal. Therefore we are not including this measure in our
coal index.

Finally, we quantify the importance of each energy type for the con-
suming country. In order to do so we multiply our index by the share
of the respective fuel in total energy consumption of the considered
country. This allows us to approximate the impact of a potential en-
ergy supply disruption on the country's economy.

We �rst calculate a Risky External Energy Supply (REES) Index for
each Member State and each energy type considered (gas, oil and
coal). As a result, for each fuel type f the REES index for country a
is de�ned by the following equation:

REES f
a D SF f

a
X
i

 
N P I f

ai

C f
a

!2

ridia;

where SF f
a is a share of fuel f in country a's total energy consump-

tion, N P I f
ai are the net positive imports of energy f from country i

to country a,10 C f
a is the total consumption of fuel f of country a,
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ri is the political risk index of the supplier country and dia is some
measure of a distance between countries i and a This index gives
an estimate of how much external security energy supply matters for
each country. Note that it decreases with the number of suppliers
and the proximity of the consuming and supplying countries and in-
creases with political risks.

The second index measures the contribution of each Member State
to the risk that the EU is facing due to external energy supply. We
believe that the problems faced by large EU countries have a greater
impact on the EU energy security than the problems of the smaller
EU members. We approximate the degree of in�uence of each coun-
try on the EU risk by this country's share in total EU imports. Then
we construct the Contribution to EU Risk Exposure (CERE) index
that measures the relative impact of each Member State on the ag-
gregate EU risk. It is calculated as the REES index multiplied by the
share in EU imports over the sum of these products for all Member
States

CERE f
a D REES f

a � Share f
aP

j2EU
�
REES f

j � Share f
j

�;

where Share f
j corresponds to the share of country j in net EU im-

ports of fuel f .11 As we will see, such adjustment might change
the ranking of the EU Member States in terms of the external energy
security.

Data. We construct our indexes for three main types of energy: oil,
gas and coal. The data on the exports, imports and consumption
for each energy type comes from the International Energy Agency.
More precisely, we use the import volume, export volume, consump-
tion level of crude oil, natural gas and hard coal, respectively. We

where M f
ai is the import of energy f from country i to the country a, and

X f
ai is the export of energy f from country a to country i:

11

Share f
j D

X
i

N P I f
ji

.�
M f

EU � X f
EU

�

where M f
EU � X f

EU measures the European Union's net import of fuel f .
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Table 3a. Energy Pro�le of EU Member States: Gas

Country Cons Prod Net M Net M Share**
non-EU*

Million M3 %

Austria 8909 1819 7843 6177 41.6
Belgium 16467 0 16500 4300 37.4
Czech Republic 9325 169 9680 7249 21.8
Denmark 5060 10414 -5237 0 41.6
Finland 4750 0 4750 4750 30.4
France 44699 1208 44511 20568 33.4
Germany 100445 19609 82088 39405 35.7
Greece 3314 22 3295 3295 57.5
Hungary 14202 3095 11526 10562 26.6
Ireland 4697 510 4187 0 55.5
Italy 84484 10979 77030 58615 44.5
Netherlands 47804 77295 -29485 0 39.6
Poland 16336 5963 10876 10005 24.0
Portugal 4175 0 4200 4200 57.8
Slovak Republic 6575 123 6441 6940 20.8
Spain 33963 60 34409 32309 48.4
Sweden 976 0 976 0 28.4
United Kingdom 94404 83821 11165 3399 35.6
*) Net gas imports excluding imports from EU and Norway; **) Share of
gas in total energy consumption. Source: International Energy Agency and
Eurostat

also use the identity of the main supplier country(ies) that provided
each of the energy commodities to the members of the EU in 2006.
We were only able to obtain the complete set of data for eighteen
EU members: Austria, Belgium, the Czech Republic, Denmark, Fin-
land, France, Germany, Greece, Hungary, Ireland, Italy, the Nether-
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Table 3b. Energy Pro�le of EU Member States: Oil

Country Cons Prod Net M Net M, Share**
non-EU*

Kt %

Austria 8640 859 7698 7674 24.3
Belgium 31656 0 31553 25090 25.7
Czech Republic 8114 265 7725 7767 17.2
Denmark 7958 16753 -8786 -1096 22.5
Finland 10617 0 10441 7428 10.4
France 82909 1066 81821 60144 14.9
Germany 113428 3382 109099 74747 23.4
Greece 18804 83 18782 18782 7.5
Hungary 7098 886 6104 6104 43.3
Ireland 3233 0 3183 0 22.9
Italy 91989 5890 85964 82001 37.8
Netherlands 48038 1350 47065 38025 43.6
Poland 20452 792 19531 19494 13.0
Portugal 13478 0 13363 11296 14.1
Slovak Republic 5635 27 5528 5557 30.5
Spain 60933 139 60468 54783 20.8
Sweden 18791 0 19343 8423 1.6
United Kingdom 76804 69709 6742 4220 36.6
*) Net oil imports excluding imports from EU and Norway; **) Share of
oil in total energy consumption. Source: International Energy Agency and
Eurostat

lands, Poland, Portugal, the Slovak Republic, Spain, Sweden, the
United Kingdom. However, we believe that these countries are suf-
�ciently representative for the EU energy pro�le. The data on the
share of each fuel in total energy consumption of each EU Member
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Table 3c. Energy Pro�le of EU Member States: Coal

Country Cons Prod Net M Net M, Share**
non-EU*

Kt %

Austria 3884 0 4105 549 11.9
Belgium 8989 0 6978 7437 9.9
Czech Republic 22196 13747 -4734 -254 44.9
Denmark 9259 0 8447 7703 19.0
Finland 5694 0 6671 6105 14.3
France 18897 0 20251 17084 5.2
Germany 65379 23762 41062 29475 24.0
Greece 514 0 482 358 28.7
Hungary 1676 0 1755 871 11.1
Ireland 3036 0 2939 2574 17.8
Italy 24793 70 24634 24290 8.8
Netherlands 23060 0 13234 17210 10.1
Poland 113815 94405 -11455 2331 58.7
Portugal 6097 0 5777 5617 12.5
Slovak Republic 4817 0 4865 3085 22.1
Spain 34690 8353 23704 23590 14.4
Sweden 2873 0 3054 2477 5.1
United Kingdom 69352 17253 50926 49625 16.4
*) Net coal imports excluding imports from EU and Norway; **) Share of
coal in total energy consumption. Source: International Energy Agency and
Eurostat

State comes from Eurostat agency.12 Tables 3a, 3b and 3c present
the overview of the energy pro�le for the countries in our sample.
12We had to use the data from 2005, as 2006 data was not available. However
the composition of energy portfolio of EUMember States is relatively stable
over time, so we believe it does not have much impact on our indexes.
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Our measure of political risks is based on the index produced by the
PSR Group. The PSR Group's political risk rating assigns to the
countries the values between 1 and 100, with higher values being
associated with lower risk. We compute our risk measure as

ri D 100� PSR_Risk
100

;

so that higher values are associated with a higher political risk and
the variable ri is between 0 and 1.13

Finally, we construct a measure of distance as a proxy for the poten-
tial risks of energy transportation. We do not believe that the ease
of delivery is linearly dependent on the actual geographical distance.
That would put a disproportionately high weight on the suppliers fur-
thest away. The safety of delivery falls the further away the suppliers
are, but it does not decrease drastically with distance (as long as we
account for associated political risks). Therefore, instead of using
the geographical distance between the countries, we create a cate-
gorical distance variable: We classify all country pairs into 3 groups
according to the distance between their capitals: under 1500 km, be-
tween 1500 and 4000 km and above 4000 km, with these groups
being assigned a distance index of 1, 2 and 3 respectively

dia D

8>><
>>:

1; if dist_btw_capitals < 1500 km
2; if 1500 � dist_btw_capitals < 4000 km
3; if dist_btw_capitals � 4000 km

:

The idea behind choosing these thresholds is as follows: The Euro-
pean countries would not have much dif�culty supplying energy to
each other and they roughly belong to the �rst group. From that cat-
egory on the index (weakly) increases with the distance between the
supplying and consuming countries, but it takes greater and greater
distance to fall into the next category.

13PSR Group has no data on the geopolitical risk for Turkmenistan and Uzbek-
istan. We approximate it by the risk associated with Kazakhstan, assuming
that the Kazakhstan's index might re�ect a regional risk.
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3.3 Results
The results of our estimations are presented in Tables 4 and 5. We
see that the countries' ranking based on both the REES and CERE
indexes differs for different energy types. Also, the range of REES
indexes differs between energies. We provide more details on that as
we proceed to the discussion about the index for each energy type.
Note also that the CERE indexes change the country risk ranking,
moving larger countries up and smaller countries down the risk scale.
This is due to the de�nition of the CERE index, since it is based on
the counties' REES indexes weighted by the share of each respective
country in the total EU imports. This re�ects our belief that, other
things being equal, countries, which are responsible for larger part
of EU net imports, are also greater contributors to the overall EU
external energy supply risk.

Gas indexes. Different EU Member States face different situations
in the gas market: Some of them have substantial indigenous pro-
duction, others obtain most of their imports from EU suppliers or
Norway, while the third ones only purchase their gas from outside
the EU/Norway area. Moreover, for some of the Member States nat-
ural gas constitutes a substantial share of their energy portfolio, while
other Member States rely more on oil, coal or other fuel types (see
Table 4). As a result, countries can be subdivided into three groups
with respect to their REES index. The group with a relatively high
index includes Austria, the Czech Republic, Hungary and the Slo-
vak Republic. These countries do not produce any gas and usually
import most of their gas from non-EU/Norway suppliers, which im-
plies that both the distance and political risk factor contribute to a
higher index value. The share of gas in their total energy consump-
tion is relatively high. On top of that, some of these countries do not
have well-diversi�ed external gas supply. Finland, Germany, Greece,
Italy, Ireland, Portugal and Spain constitute the group of medium
risk, with better diversi�ed gas imports and/or less reliance on gas in
their aggregate energy portfolio. The remaining countries have a rel-
atively low index either due to their indigenous production (like the
Netherlands, or the United Kingdom) or to their mostly European
import origin.
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Table 4. REES Index (higher values correspond to higher risk)

Country Natural Gas Crude Oil Hard Coal

Austria AT 8.1 3.5 1.3

Belgium BE 1.5 6.3 0.6

Czech Republic CZ 7.3 7.1 0.0

Denmark DK 0.0 0.6 1.3

Finland FI 3.6 4.9 2.1

France FR 0.9 1.7 0.2

Germany DE 2.8 3.3 0.4

Greece GR 3.6 10.6 3.1

Hungary HU 12.9 16.9 0.8

Ireland IE 3.4 4.7 1.4

Italy IT 3.6 2.9 0.6

Netherlands NL 0.0 5.6 1.0

Poland PL 1.2 7.3 0.0

Portugal PT 5.2 3.7 1.6

Slovak Republic SK 23.5 14.0 2.5

Spain ES 2.8 4.1 0.4

Sweden SE 0.3 2.1 0.3

United Kingdom UK 0.1 0.9 0.9

Average 4.5 5.6 1.0

Standard deviation 5.8 4.4 0.9

CERE gas ranking moves Germany and Italy up the scale, making
them the most important contributors to EU risk exposure. This is a
result of their gas consumption being relatively important at the EU
level. However, smaller countries like Hungary and the Slovak Re-
public are still in the top risk group because they rely almost entirely
on non-EU suppliers for their gas imports.
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Table 5. CERE Index (higher values correspond to higher risk)

Country Natural Gas Crude Oil Hard Coal

Austria AT 5% 1% 3%
Belgium BE 2% 5% 3%
Czech Republic CZ 6% 1% 0%
Denmark DK 0% 1% 6%
Finland FI 1% 1% 8%
France FR 3% 12% 2%
Germany DE 21% 17% 10%
Greece GR 1% 5% 1%
Hungary HU 12% 1% 1%
Ireland IE 1% 1% 2%
Italy IT 22% 17% 9%
Netherlands NL 0% 8% 10%
Poland PL 1% 2% 0%
Portugal PT 2% 3% 5%
Slovak Republic SK 14% 1% 9%
Spain ES 8% 13% 6%
Sweden SE 0% 2% 1%
United Kingdom UK 0% 8% 25%

Total, 18 EU members 100% 100% 100%

Oil indexes. The supply of oil to EU countries bears slightly more
risk than gas, but the difference between the countries is lower. In-
deed, the average value of the REES index increases from 4.5 to 5.6
between the gas and oil indexes and the standard deviation decreases
from 5.8 to 4.4. This is mostly due to the two main reasons: �rst,
the share of oil in Member States' energy consumption is higher on
average than the share of gas. That suggests that a disruption of oil
supply would be associated with higher costs, and thus cause higher
risks to the economy. In the same time, oil market is more global
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than the gas market, implying that the difference in risks between
EU Member States should be lower for the oil consumption. As
Table 4 suggests, all EU members can be roughly subdivided into
three groups. Greece, Hungary and the Slovak Republic represent
the group of countries with the highest risk exposure. Neither of
these three counties has a well-diversi�ed oil supply. Hungary and
Slovak Republic purchase most of their oil from a single and some-
what risky supplier, namely Russia. Greece oil imports come mostly
from Russia, Iran and Saudi Arabia and its economy is heavily de-
pendent on oil which increases the risk index. Then Belgium, the
Netherlands, the Czech Republic and Poland constitute a middle risk
group. The �rst two countries in this list have a somewhat more di-
versi�ed oil import structure, while still consuming a most of their
oil imports from a few relatively risky producers. The second two
countries still purchase a sizable part of their imports from one or
two risky supplier, but their economy does not heavily rely on oil
as the primary energy source. Finally, the remaining countries have
a relatively low external oil supply risk as measured by the REES
index. This is due to more diversi�cation and, in some cases (e.g.
Denmark or the UK), noticeable domestic oil production.

As regards contribution to the EU's risk exposure represented by the
CERE oil index, the countries at the top are mostly major oil im-
porters (e.g. Germany or Italy), some of which also have a substan-
tial share of oil in their energy portfolio.

Coal indexes. The security of coal supply is usually not considered
to be a serious problem, because the world coal market is well di-
versi�ed, many Member States have indigenous coal production and
coal is easy to store. Indeed, the average coal REES index is much
smaller than for gas or oil, and so is the difference in risk between
the EU Member States, measured as a standard deviation of the in-
dex. Greece, Finland and the Slovak Republic have the highest REES
index due to a poor diversi�cation of suppliers, non-EU/Norway im-
ports and no indigenous production. However when controlling for
the relative share in the total EU imports through the CERE index,
the United Kingdom, the Netherlands and Germany go to the top of
the ranking list.
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Table 6. Other Energy Security Indexes (higher values correspond
to higher security)

De Jong et al. Rˆller et al. Neumann
(1) (2) (3)

Country Gas Coal Oil

Austria 57 1.8
Belgium 57 5.7
Czech Republic 64 3.4
Denmark 82 4.4
Finland 53 5.1 1.3 1.2 1.6
France 64 4.4
Germany 63 4.6 1.3 1.3 1.4
Greece 44 3.8
Hungary 55 5.1
Ireland 75 5.8
Italy 50 4.5 1.3 1.0 1.3
Netherlands 69 4.8 3.3 0.8 1.5
Poland 60 1.6
Portugal 47 4.5
Slovak Republic 51 4.7
Spain 51 4.2 1.1 1.2 1.5
Sweden 70 4.9
United Kingdom 80 4.8 1.7 1.1 3.3
Source: (1) De Jong et al.(2007), Supply-Demand Energy Security Index,
(2) Rˆller et al. (2007), Security of Supply Index, (3) Neumann (2007),
Security of Supply Index

In Table 6 we also provide a summary of the three other energy se-
curity indexes: Rˆller et al. (2007), De Jong et al. (2007) and Neu-
mann (2007). Note that it is only the Neumann index that is directly
comparable to ours. The other two indexes do not concentrate on
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the external security of supply, as they also deal with other security
aspects and aggregate measure over different energy types. Indeed,
one can see that the �rst two indexes are not even mutually consis-
tent: for example Poland is classi�ed as a relatively secure energy
consumer by Rˆller et al., while it has a rather risky position accord-
ing to the De Jong et al. index. The reverse is true for Portugal.
Our classi�cation shows that Poland is exposed to more risks in the
oil market (REES=7.3 for Poland vs. 3.7 for Portugal), while Por-
tugal is more vulnerable in the gas market (REES =1.2 for Poland
and 5.2 for Portugal). Therefore, the aggregation of different energy
types may indeed lead to inconsistent results due to differences in
methodologies.

The Neumann index is more consistent with our results. However,
we believe that our index produces more precise classi�cation of
countries. For example, the Neumann index ranks Finland and Ger-
many equally in the gas market. Our index suggests that Finland is
more vulnerable to the risks of gas supply disruption than Germany.
The same observation holds for the comparison of the Netherlands
and Spain in the oil market - they have the same Neumann index,
while our index suggests that Spain oil supply is less secure. We be-
lieve this distinction arises from two main differences between our
and Neumann's approaches: �rst, our index is better suited to re�ect
the threat of badly diversi�ed energy sources, second, it accounts for
the importance of each fuel in the total energy portfolio.

As our discussion above suggests, the EU countries' exposure to
risks is not the same for different energy types. This is easy to see in
Figure 1, that plots the CERE index for different energies. This im-
plies that an aggregate energy security index (provided for example
by Rˆller et al. or De Jong et al.) may be somewhat misleading at
least for the discussion of the short-term response to risks. In other
words, in the short-term the substitutability among different energy
types is problematic, and thus relying on an aggregate risk index
without controlling for its composition may prove to be a costly sim-
pli�cation.
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Figure 1. Contribution to EU Risk Exposure

0%

5%

10%

15%

20%

25%

30%

AT BE CZ DK FI FR DE GR HU IE IT NL PL PT SK ES SE UK

NATURAL GAS

CRUDE OIL

HARD COAL

3.4 Possible extensions and problems
Our methodology can be extended in several ways. First, our mea-
sure of the energy portfolio diversi�cation is somewhat incomplete.
For example, it does not address the technological aspect of energy
supply. Gas can be transported through pipelines or as LNG, which
also has implications for the way it can be stored. Clearly, the ex-
tent of diversi�cation of energy supply with respect to technology
may have an impact on the security of the supply and we do not ac-
count for it in our index. Second, our index does not account for the
possibility of correlated energy shocks such as a correlation between
different suppliers (e.g. due to certain natural disasters or political
events) or a correlation of shocks to the supply of the same energy to
different EU members (e.g. due to a reliance on the same pipeline).
Taking these effects into account would, however, be dif�cult due
to the lack of respective systematic data. Third, no environmental
constraints are taken into account.

Our index deals with the short-term response to the energy shocks
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and thus provides a static measure of risk. It can be extended to a
more long-term measure. In this case several more aspects should
be taken into account. First, one needs to consider the possibility of
substitutions between different energy types, addressing the issues of
energy supply dependence across fuels. Second, the effect of change
in energy demand should be included in the index. For example, the
domestic consumption of many EU countries as well as supplying
countries is predicted to rise, which may boost competition for the
energy and change the availability and prices of the supply (Stern,
2006). Also, the competition may become more global, as it already
tends to be for LNG gas between the EU, North America and the
Paci�c region, which might also affect energy security. Moreover, it
is anticipated that the indigenous gas production of the EU Member
States will stagnate, which again may have some impact on the secu-
rity of supply. Finally, new sources of energy may also affect energy
security.

Part III

FORMALIZATION OF THE MORAL HAZARD
PROBLEM

In this section we provide a formal analysis of the costs and bene�ts
faced by countries relying on a common energy policy, in particular
on its solidarity aspect. A common view is that solidarity will ben-
e�t the member states by improving the security of energy supply.
In other words, countries within the union may choose to compen-
sate each other in case of supply disruption which would smoothen
the energy consumption shocks and thus increase welfare. However,
a common energy policy involving mutual insurance against supply
shocks may create a moral hazard problem. Mutual insurance al-
lows the member countries to share the costs associated with risky
energy consumption while still fully enjoying the consumption ben-
e�ts. Therefore it may induce members to increase their consump-
tion of risky energy. This, in turn, would increase the union's ex-
posure to risk. In some cases the effect would be suf�ciently strong
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to make some union members worse off compared to being in an au-
tarky (where no union is formed and thus there is no room for mutual
insurance).

To analyze this problemwe use a highly stylized model of the energy-
related mutual insurance within the European Union. It is simpli�ed
to encompass only the necessary features to capture the mechanisms
we are interested in. Making the model more complex would sig-
ni�cantly complicate the analysis without adding much qualitative
difference to the results. However, we address the validity of our
simpli�cations and assumptions throughout the report and discuss
their impact on the model predictions after presenting the main re-
sults.

The model we suggest is closely related to several areas in eco-
nomic literature. First it draws on the classic aspects of an insurance-
associated moral hazard originating from Arrow (1963). Moreover,
as the problem involves mutual insurance, a moral hazard is created
in the absence of informational asymmetries. Each country has an
incentive to share the costs associated with supply disruption and the
reciprocity within the union forces the countries to agree to cover
a part of another party costs. As a result, this agreement results in
free-riding within the union: each country has an incentive to over-
consume risky energy.

The model also parallels some of the literature on �scal federalism
and the political economy of international unions (e.g. Besley and
Coate (2003), Persson and Tabellini (1996), Alesina et al (2005) etc.)
that studies the provision of local public goods. The arguments there
suggest that if public goods within a union can be provided locally
but have to be �nanced at the federal level, the economy faces a com-
mon pool problem. This means that each union member (or country's
region) tends to overprovide public goods which results in an inef�-
cient outcome. In our setting one might think of risky energy con-
sumption as a local public good and of mutual insurance cost sharing
as a union-wide �nancing of the public good provision.

In addition, there is a link between our model and the literature on
the bank runs. This literature argues that an interconnected banking
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system would provide an insurance against local liquidity shocks,
but may at the same time result in �nancial contagion (see e.g. Fecht
and Gr¸ner (2005)). Similar effects take place in our model.

However, to our knowledge these approaches have not yet been ap-
plied to the issues of security of energy supply, which is the key of
our model. Our framework allows us to discuss the welfare impact of
the introduction of a common energy policy. Additionally, our for-
mal model yields results that we �nd important for quantifying the
discussion on energy security. We show that one should be careful
in relying on risky energy consumption as a measure of the security
of supply, at least from the ef�ciency perspective. A common stance
is that the moral hazard problem would imply the overconsumption
of risky energy. However, we demonstrate that in some cases a more
ef�cient (i.e., less subject to moral hazard) common energy policy
may be associated with higher risky consumption. This implies that
a) in quantifying the security of energy supply, especially its devel-
opment over time, one should take into consideration institutional
developments within the union rather than rely on pure quantitative
supply measures; b) a common energy policy aimed at the security of
energy supply should not necessarily require less consumption from
risky sources, as long as it improves the coordination between the
parties involved.

4 NON-TECHNICAL SUMMARY

4.1 The objective
This section presents the main conclusions of our formalization with-
out the technical developments. We try to be as precise as possible
but for a more careful analysis (especially in terms of comparative
statics) we refer the reader to the model section.

In the previous sections we provided a general discussion about a
common energy policy, explaining the different objectives and tools
of such a policy. In our formalization we choose a more restrictive
notion of common energy policy, focusing on the degree of solidarity
between member states. In particular, by solidarity we mean that
member states will redistribute energy among themselves if there is
an interruption of supply. Such solidarity can be viewed as a mutual
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insurance between member states and the extent of mutual insurance
(solidarity) is characterized by the amount of energy that a country
agrees to transfer to another member country affected by a supply
default.

Our purpose is to analyze the bene�ts of having a common energy
policy and the possible costs that the mutual insurance may involve
by providing the member countries with the wrong incentives and
creating a moral hazard problem.

We focus on three types of union constellations associated with dif-
ferent solidarity rules. Our formalization allows us to discuss differ-
ent issues related to the common energy policy, in particular:

� The level of risky consumption. How much risky energy con-
sumption can we expect given the union constellation consid-
ered? Is energy consumption a good measure for the security of
energy supply?

� The level of mutual insurance. Is the extent of mutual insurance
correlated with the union constellation considered?

� The level of welfare. How do different constellations compare
in terms of welfare?

4.2 The context
The energymarket. We consider a market where each member state
purchases a single type of energy (e.g. oil, gas etc.) from two sup-
pliers, a "safe" one and a "risky" one. The "safe" energy supplier
always delivers the exact contracted amount. The "risky" energy
supplier may sometimes default on delivery. In other words, this
supplier may fail to provide the contracted amount to the consumers
even though the payment has been made. In section 3.2 above we
describe the energy consumption pro�les of the EU members. We
show that every country purchases energy from a set of suppliers,
each associated with its own degree of risk (measured by the polit-
ical risk index and the distance between the supplier and the home
country). Here we use a simpli�ed interpretation with each country
being exposed to one safe energy supplier (with no associated risk)
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and one risky energy supplier (associated with a positive risk of in-
terruption of supply). The countries face the same risky energy price,
because the energy comes from the same producer. However, they
may face different prices for the safe energy. The intuition behind
this is that countries may differ as regards the ease (and the price) of
access to safe energy - some of them produce it domestically while
others have to import from "safe" outside sources, such as other EU
members etc. For each country the "risky" energy is cheaper than the
"safe" energy, otherwise no risky energy would ever be consumed.

The security of energy supply for each member state. Each state
aims to satisfy its energy consumption needs and lower the negative
effects created by an energy supply disruption. Any supply failure
requires adjustment costs that all countries want to minimize. That
is, the welfare of each country is given by its targeted energy con-
sumption less the costs of not meeting this target. A contract with
the producer of "safe" energy provides a country with an insurance
against default. At the same time, "safe" energy is more expensive.
Therefore, in choosing its energy bundle, the country must decide
whether it should buy an extra unit of safe energy that is more costly
than a risky energy unit but might be needed in case of supply dis-
ruption.

Union constellations. Countries may choose to form a union with
a common energy policy promoting solidarity among the member
countries. We consider a particular type of solidarity: member coun-
tries agree to cover a share of the others' losses if there is a default.
Clearly, this type of mutual insurance is at work if only one country
faces a default. It lowers the default loss of the affected member at
the expense of the other party.

We analyze three types of union constellations:(i) an autarky, (ii) an
uncoordinated union and (iii) a coordinated union. A union constel-
lation is characterized by the degree of solidarity between the mem-
ber states (i.e., the percentage of losses covered by the non-affected
party) and how such a degree is decided inside the union constella-
tion. Hence, each union constellation has its own rules for a common
energy policy.
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An autarky, or degenerate union, is a constellation with no mutual
insurance so that each country's decision (in terms of energy con-
sumption) does not depend on the other country's default risk.

In a coordinated union (hereafter CU) there is perfect coordination
among the member states and all the policy decisions (including the
risky energy consumption and the level of mutual insurance) are cho-
sen to bene�t the entire union.

In an uncoordinated union (hereafter UU), countries also use the op-
portunity of mutual insurance provided by the union. However, they
take their energy consumption decisions separately, not accounting
for the effect on the other union members. In other words, they do
not coordinate on the choice of the risky energy consumption. We as-
sume that the degree of mutual insurance (the share of loss covered in
case of default) is, in turn, decided by only one leading country. This
assumption is a simpli�ed way to capture the unequal distribution of
power within the European Union, documented by several studies.
For example, Tallberg (2007) argues that "negotiations on budgets,
institutional reform, foreign policy, and other contentious dossiers,
indicate that bargaining power in the European Council is unequally
distributed" or that "the preferences of France, Germany, and the UK
most often set the parameters of European Council negotiations."
This argument can also be extrapolated on the issues of energy pol-
icy. For example, during the six months of German presidency in the
European Union common energy policy was an important part of the
political agenda, and Germany had a strong in�uence over the policy
measures taken at the European level. On the other hand, Poland's
2006 proposals concerning common energy policy were rejected by
major EU members such as Germany and France. However we also
address the implications of relaxation of this assumption.

The timing. First, countries decide to form a union constellation
with a speci�c common energy policy (or degree of solidarity). Then,
given the chosen union constellation, they decide on their energy
portfolio, that is, the consumption of safe and risky energy needed
for their economies. In case only one country faces a supply default,
the solidarity commitment implies that the other country covers part
of the losses. Note that if both countries face a default, it is assumed
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4.3 Results
4.3.1 Different effects at play
We discuss here the different effects that are at play in this formaliza-
tion. We focus on energy consumption since it is directly linked to
the potential moral hazard problem (or free-riding problem) created
by a common energy policy involving mutual insurance against sup-
ply shocks. Since we argue that a union with a common energy pol-
icy would indeed reduce the impacts of energy supply disruptions, it
might induce members to increase their consumption of risky energy.
This, in turn, would increase the union's exposure to risk, which
could, in some situations, lead to a loss for (a) member(s) compared
to being in a union with no mutual insurance (an autarky). We start
by describing the price and default risk effect as well as the free-
riding problem assuming that the mutual insurance rule within the
union is �xed, that is, we study partial effects of these variables. We
then proceed by letting the mutual insurance rule vary. We inves-
tigate the effect of prices and default risks on choice of the mutual
insurance rule and then take this effect into account in studying the
full effect of prices and default risks on risky consumption and wel-
fare.

Price and default risk effect given a mutual insurance. Assume
�rst that the mutual insurance rule is given. Consider the effect of
the safe energy price and the default probability effect on risky con-
sumption.

Price (partial) effect. For a given redistribution rule cheaper (own)
safe energy decreases risky energy consumption. This is a rather in-
tuitive result: risky energy is not being supplied in the default state of
nature, so it is only consumed in this economy because it is cheaper
than the safe one. As the price of the risky energy becomes relatively
more expensive, it is substituted by the safe energy in the consump-
tion bundle.

Default Risk (partial) effect. There are four possible states of nature
depending on the correlation between the defaults, and four corre-
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sponding probabilities. More precisely, each country distinguishes
between a safe state when neither country faces a default, a local de-
fault state when a country is the only one facing a default, a foreign
default state when the other country is the only one facing a default
and the double default state when both countries are affected. As
the sum of all four probabilities is one, the effect of a change in the
probability of one of the states can be found as a linear combina-
tion of the other three effects. We concentrate on the change in the
probabilities of the states when at least one country faces a default.
More precisely, a default probability for a country is the sum of the
local default probability and the double default probability. An in-
crease in each of these two probabilities holding the other one �xed
lowers the consumption of the risky energy since in both these states
this country pays (at least part of) the costs of consuming risky en-
ergy. The higher each probability, the higher the associated cost and
thus the lower the incentive to purchase risky energy is. So if an in-
crease in the probability of default results from an increase in both
components, it lowers the risky energy consumption of a country.
However, the general relationship between the default probability
and risky consumption is unclear. For example, an increase in the
total default probability may be caused by an increase in the local
default probability accompanied by a smaller decrease in the double
default probability. In this case the effect on risky consumption is
ambiguous.

The mutual insurance effect. Let us �rst consider an uncoordinated
union. As with any mutual insurance problem, each country has an
incentive to free-ride on the other union member. In our case free-
riding leads to the overconsumption of risky energy. Moreover, the
more mutual insurance there is, the stronger the free-riding incentive
and the higher the consumption of the risky energy.

For a coordinated union the policy decision takes into account the
potential free riding problem when deciding on the level of risky
consumption. For low levels of coverage the cost imposed by the
mutual insurance obligations is not too high so that more insurance
induces higher risky energy consumption. However, as the mutual
insurance coverage increases, so does the associated cost. To com-
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pensate for this the social planner reacts by lowering the level of
risky consumption.

Table 7 summarizes the price and risk default partial effects and the
mutual insurance effect on risky consumption.

Table 7. Partial Effects on the Risky Energy Consumption

Effects Risky consumption
Autarky UU CU

Price Own safe price + + +
(partial) effect Other safe price 0 0 0

Default risk Double default - - -
(partial) effect Local default - - -

Foreign default 0 0 0

Mutual insurance Redistribution 0 (by def.) + +/-
effect rule

Optimal choice of mutual insurance. So far we have discussed the
partial effects on risky consumption when the mutual insurance rule
is given. We now turn to the determination of the mutual insurance
rule (or more precisely the percentage of losses covered by the non-
affected party) in different union constellations. Then we discuss the
full effect of exogenous variables assuming that the redistribution
rule may vary.

Optimal mutual insurance is the result of a trade-off between redis-
tributing the cost of supply interruption and avoiding the moral haz-
ard problem. For each country, the optimal mutual insurance choice
is in�uenced by the response in its own as well as the other party's
risky energy consumption. As a result, in a coordinated union the
mutual insurance coverage is always set at 50%. As long as the
cost of supply disruption increases more than proportionally to the
amount of underprovided energy, two countries in the union are best
off when the cost of disruption is equally split between the affected
and non-affected members. Mutual insurance in an uncoordinated
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union can be above or below 50% depending on the asymmetry be-
tween the union members. However, if the members are exactly
identical, the coverage rate set in an UU always falls short of the
50% rule of a coordinated union. This is due to the moral hazard
incentive provided by the mutual insurance. Indeed, each country
overconsumes risky energy as it does not account for the cost this
consumption entails for the other union member(s). Therefore the
leading country has to cut on the coverage rule to lower its costs of
compensating the other country's default losses.

Full effects. Now let us turn to the full effect of the change in price or
default probability on the risky consumption. Namely, we take into
account the adjustment of the optimal insurance rule. In an autarky
there is no mutual insurance, so obviously the full effect coincides
with the partial effect. However, in the presence of mutual insur-
ance the full effect is often ambiguous. For example, consider an
UU where the leading country faces an increasing probability of for-
eign default. This increases the frequency of the states in which the
leading country has to compensate the other country, which induces
the leading country to choose a lower redistribution rule. Second,
other things being equal, an increasing probability of default lowers
the other country's consumption of risky energy. This implies lower
costs for the leading country (partially) compensating the other coun-
try's default loss, while the leading country's gains from the mutual
insurance stay the same. Thus the leading country's consumption
in UU can be higher or lower as the probability of foreign default
increases.

4.3.2 Welfare analysis
We provide a welfare analysis and compare the outcome between
different constellations. We use the autarkic equilibrium, i.e., the
absence of any common energy policy as a benchmark.

Autarky vs union. The results show that if countries are perfectly
coordinated, the moral hazard problem does not arise. Therefore a
perfectly coordinated union outperforms the autarky in terms of the
aggregate welfare due to the possibility of sharing risks through the
mutual insurance. Mutual insurance also bene�ts the members of an
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uncoordinated union. In particular, if the countries are completely
symmetric, both of them achieve higher welfare in an uncoordinated
union than in an autarky.

However providing mutual insurance is costly; the higher the prob-
ability of the others facing a supply disruption, the greater the cost
for each speci�c country. Consider the situation when the countries
are asymmetric (in terms of safe energy prices or the risk of default)
and they are unable to compensate each other with transfers (which
should be understood very broadly, and can include subsidies, excep-
tions to the common rules, etc.). In this case it is no longer evident
that each member in a union gains as compared to an autarky. This
might especially be the case for the uncoordinated union where the
member with leverage over the energy policy tries to lower its own
exposure to risk by adjusting the mutual insurance rule at the ex-
pense of the other party. With suf�ciently high asymmetry, the union
might become a burden for the less in�uential member country, mak-
ing it worse off than it would be outside the union. For example, this
might occur when the leading country faces a much higher supply
disruption risk. In this case the ìlosingî country would only join the
union if the union membership were associated with certain addi-
tional bene�ts. We discuss examples of such bene�ts in more detail
below. Moreover, the uncoordinated union may be worse than an au-
tarky even in terms of aggregate welfare, again, at the cost of its less
in�uential member. However, when the bargaining power within the
union is more equally distributed so that none of the members has a
strong leadership, an uncoordinated union is likely to improve upon
an autarky.

If the institutional structure of the union allows for transfers, all
members of the coordinated union always achieve higher welfare
than in the autarky. The reason is that the coordinated union may
always compensate the "loser" by arranging a transfer from the "win-
ner". Indeed, since the union maximizes the joint countries' welfare,
the sum of the two welfares in CU will be always higher than in au-
tarky, which means that such a transfer will always be possible. In
an uncoordinated union, when the leading country is "myopic", i.e.
does not account for the possibility of transfers in setting the com-
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mon energy policy, this is not always the case. As was mentioned
above, this is due to the potential asymmetries as well as the free-
riding problem arising in such constellation. If the leading country
prefers much more insurance than the other member, it may distort
the welfare so much that its own gains will not be enough to com-
pensate for the loss of the other member. Again, such a union should
provide some additional participation incentives which we address
below. However, if the leading country in the UU takes the transfer
possibility into account, it may always ensure an outcome that is at
least as good as in an autarky for both parties.

Uncoordinated union vs. coordinated union. Now we turn to the
comparative welfare analysis of a coordinated vs an uncoordinated
union. In an uncoordinated union each country ignores the negative
impact of an increase in its own "risky" energy consumption on the
other member state welfare. Therefore the joint welfare is always
lower in an uncoordinated union than in a coordinated one, suggest-
ing that at least one country always loses in an uncoordinated union
as compared to the socially optimal case of a coordinated union.
Again, whether or not each country loses is unclear and depends on
the asymmetry between the countries. Typically the country that sets
the policy in an uncoordinated union loses less or even gains if the
asymmetry is suf�ciently high.

4.3.3 The risky energy measure
For the same redistribution rule an uncoordinated union always con-
sumes more risky energy due to the moral hazard effect. Does this
imply that the absence of coordination leads to an overconsumption
of risky energy? Or, to put it differently, is more risky energy a good
measure of social welfare? It turns out that this is not necessarily
the case. Assume that the asymmetry between the countries is suf�-
ciently high (in particular the other country is more exposed to risks
than the leading country). The leading country, being the decision
maker in an uncoordinated union, chooses the mutual insurance rule
to be below the one in the coordinated union to avoid high moral
hazard costs. This, in turn, decreases not only the risky energy con-
sumption of the other country, but also the risky consumption of the
leading country. So it might be the case that the risky energy con-
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sumption in an UU is smaller than in a CU. However, the aggregate
welfare in UU is lower than in CU as the countries end up consuming
too much of expensive safe energy and having too low level of mu-
tual insurance. Therefore, risky energy consumption may not always
be a relevant measure to predict the welfare outcomes of different
constellations or to discuss the security of energy supply, especially
when not controlling for the union form. It is important to use other
proxies for an adequate welfare analysis.

4.3.4 Union participation
As we discussed above, in the absence of side payments some union
constellations may make one member worse off than in an autarky.
Obviously, the question is what would make this member enter the
union.

Choice of the redistribution rule. In an uncoordinated union the
leading country may always ensure the participation of the other
country by choosing a redistribution rule that provides a slightly
higher level of welfare than in an autarky. This weakens the lead-
ing country's decision-making power over the distribution rule but it
is still bene�cial to the leading country due to the possibility of mu-
tual insurance. The same arrangement can be used in a coordinated
union if the side payments are non-feasible or too costly.

Other motives. The countries may choose to stay in the union even
if they lose from being part of the mutual insurance agreement if
there are other bene�ts from joining the union, or other costs from
staying outside it. There could be many kinds of bene�ts or losses.
For example, the formation of a union may cause its members to im-
prove their collaboration within the union, lowering the transaction
costs on trade and related issues. A union may also link several is-
sues on the agenda, such as common policies on different types of
energy. In this case, losses along one dimension can be compensated
by the gains along the other dimensions. At the same time, a union
may impose costs on outsiders, for example by excluding them from
a common infrastructure. This may provide the outside countries
with an incentive to join the union in the absence of direct bene�ts
from mutual insurance.



56

In all these cases the fact that some countries join the union even
without an obvious gain in some of the issues on the agenda im-
plies a redistribution of welfare within the union towards its more
powerful members. To limit their power and to ensure a fair bal-
ance within the union one may unlink the agenda issues. In this case
the countries that previously lost out would be able to agree to the
common policy only on the issues they found bene�cial. This would
improve their bargaining position and put a restrain on the leading
country(ies). To some extent this approach is currently followed by
the European Union as it sets separate storage requirements for gas
and oil. However, this may be not the most ef�cient outcome.

The way to improve ef�ciency would be to share the agenda setting
power, in other words, to let different union members be proposers
on different issues. In this case the integration would put a limit
on the sel�sh behaviour of an agenda setter on each separate energy
issue and allow for mutually bene�cial trade-offs. Indeed, a non-
cooperative choice in one area can always be punished by a response
in the other areas covered by the union. Therefore, one could expect
an integrated union to outperform the "collection" of unions on each
separate energy type.

5 THE MODEL
We now proceed to modelling the choices of two countries consum-
ing energy from safe and risky sources. We assume that the coun-
tries can either operate in an autarky or choose to form a union. In
the latter case they are subject to the common energy policy focusing
on solidarity/mutual insurance between these states. More precisely,
the policy instrument we consider is the agreement to cover a share
of losses when one of the members but not the other faces a negative
energy supply shock. We provide an analysis, comparative statics
and compare the welfare outcomes of three constellations:

- countries operating in autarky;

- countries forming an uncoordinated union (UU), the members of
which "insure" each other against potential supplier default risks.
Each country makes its energy consumption decision ignoring the
effects it may have on the other country;
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- and countries forming a coordinated union (CU). Here the members
still "insure" each other, but all the policies are targeted to maximiz-
ing the joint welfare of the union.

Consider two countries i D 1; 2 that consume a single type of en-
ergy. Each country can write contracts for the delivery of energy
with two types of producers, a "safe" one and a "risky" one. Country
i's amount of energy contracted with the "safe" ("risky") producer is
denoted by si (ri ) i D 1; 2, respectively. The energy from these two
sources is perfectly substitutable in consumption. The difference be-
tween them is that the producer of the "safe" energy delivers exactly
the contracted amount in all states of nature.14 The "risky" energy
producer faces exogenous probability of default. In other words, in
some states of nature this producer will fail to supply the contracted
amount to the consumers even though the payment has been made.

States of the nature. Let the respective set of the states of nature be
denoted by � D f.k; l/g ; k; l 2 fn; dg where each state corresponds
to the default risks faced by the two country members. First index k
refers to country 1, second index l refers to country 2, "n" stands for
"no default" and "d" stands for "default". For example,

.n; n/ D {country 1 does not face a default
country 2 does not face a default},

.d; n/ D {country 1 faces a default,
country 2 does not face a default}, etc.

In what follows we refer to state .n; n/ as the safe state and to state
.d; d/ as the state of double default. Also, for each country i , the
state when i , but not j faces a default is called the state of local
default, and the state when j but not i faces a default is called the
state of foreign default. For example, for country 1 the state of local
default is state .d; n/ and the state of foreign default is state .n; d/.

14Alternatively, one can interpret the "safe" energy as the energy storage within
the country, and the cost of the "safe" energy as the cost of building and
serving that storage. However this interpretation would be more appropriate
in a dynamic extention of our static setting.
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The probability of each state taking place is given by akl :

Country 2
no default default

Country 1 no default ann and
default adn add

To make our problem more realistic we introduce an additional as-
sumption.

Assumption 1. Each country faces a default in less than 50% of the
cases.

This assumption implies that the probability of neither of the coun-
tries facing a default ann is positive.15 To strengthen our argument
we further assume that the default probabilities cannot get in�nitely
close to 1/2, i.e., that there exists some positive lower bound of the
joint no-default probability ann � � > 0.

Prices. We assume that the energy prices are exogenously given
and normalize the price of risky energy to 1. We also assume that
the countries face the same risky energy price (as it comes from the
same producer) but may differ in the ease (and price) of access to the
safe energy - some of them produce it at home while others have to
import from the ("safe") outside sources, such as other EU members
etc. Therefore the prices of the safe energy in the two countries are
denoted by psi , i D 1; 2. Clearly the equilibrium price of "risky"
energy pr D 1 should be below the price of the "safe" energy psi for
each country, otherwise no risky energy would ever be consumed

psi > 1:
Therefore, a contract with the producer of "safe" energy S provides
country i with an insurance against default. In other words, in choos-
ing how much "safe" energy to consume, country i weights the cost
of having an extra unit of "safe" energy in the non-default state (when
the safe energy is more expensive than the risky one) against the ben-
e�t of holding it in a default state, (when the safe energy is the only
option available).
15See appendix for the derivation.
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Utility function. Each country maximizes its energy consumption
in a safe state, while deviation from this level is costly. Namely, we
consider the following payoff function

Ui D enni �
X

k;l2fn;dg
aklC.ekli � enni /;

where ekli is the aggregate energy consumption in the respective state
of nature, akl is the probability of this state of nature and C.:/ is
the cost of deviating from the energy consumption level in a safe
state, concave and increasing function. To simplify our argument we
choose

C.x/ D x2

2
:

The respective energy budget is given by Bi ; i D 1; 2:

Intuitively, this utility function would correspond to the case of a
country choosing an optimal level of energy to satisfy its daily needs.
Energy supply falling short of this level of consumption results in the
underprovision of energy to some of the country's customers, which
in turn requires a costly adjustment. This choice of the utility func-
tion is in line with the literature on the economic impact of an energy
supply failure16. This literature focuses on the negative externalities
created by an energy supply disruption and argues that supply fail-
ures entail adjustment costs.17

Policy instrument. We concentrate on a particular aspect of a com-
mon energy policy - mutual insurance within the union. The mem-
bers of the union insure each other against default risks by redistrib-
uting energy in the states of nature when only one of the members
faces the default - states .n; d/ and .d; n/. Clearly, this mutual insur-
ance can only work if the default risks towards member countries are
not perfectly correlated, i.e., when and C adn > 0. In what follows
we consider a special type of mutual insurance: we assume that the
countries agree on a percentage � of the default losses to be covered
16See CIEP report, 2004, pp.77-78 for a brief review.
17E.g., "the main short-term issues at stake in adjustment involve the decline in
productivity and sticky wages, the premature obsoleteness of energy inten-
sive capital goods and rigidities in factor prices and allocation." CIEP report
(2004, p.78)



60

by the unaffected member.18 We also assume that the mutual insur-
ance outcomes are fully contractible and not renegotiable. In other
words, the participating countries sign an agreement about the extent
of mutual insurance and stick to that rule.

Timing. There are at most two stages in the game:

Stage 1. Countries 1 and 2 decide on rule � that governs redistribu-
tion in case of asymmetric risks. In other words, if country i but not
country j faces a default, country j transfers �ri units of energy to
country i . No action takes place in an autarky.

Stage 2. Countries 1 and 2 simultaneously choose their consumption
of risky and safe energy, ri and si , given their budget Bi , i D 1; 2.
Then uncertainty is realized and transfers are made if needed. No
redistribution occurs in the case of no default in both countries, or
double default. No redistribution takes place in an autarky.

The way the �rst stage decision is taken depends on a particular
union constellation. We discuss this in more detail in the respective
sections.

In what follows we present our results and support them by intuition.
All proofs and derivations are relegated to the Appendix.

5.1 Autarky
In an autarky each country operates on its own and there is no com-
mon energy policy, i.e., no mutual insurance is employed. We start
by considering the energy consumption decision of a single country
i . Here country i contracts on the amounts of safe energy si and
risky energy ri and then the uncertainty is realized. Country i's de-
cision does not depend on whether or not country j faces a default.
The consumption of energy in each state of nature is summarized in
Table 8.

Therefore country 1 chooses its risky and safe energy consumption

18In the model we think of the mutual insuranse in terms of a physical transfer
of energy. However, we believe that the same qualitative results would hold
in case mutual insurance is implemented through monetary compensations.
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Table 8. Different State Outcomes in Autarky

State of Prob Total energy consumption Deviation from the
nature country 1, ekl1 country 2, ekl2 safe state cons. enni

country 1 country 2

.n; n/ ann enn1 D r1 C s1 enn2 D r2 C s2 0 0

.n; d/ and end1 D r1 C s1 end2 D s2 0 �r2

.d; n/ adn edn1 D s1 edn2 D r2 C s2 �r1 0

.d; d/ add edd1 D s1 edd2 D s2 �r1 �r2

by maximizing

max
r1

s1 C r1 � 1=2
h
.adn C add/.r1/2

i

s:to ps1s1 C r1 � B1

Taking the �rst order conditions and solving them yields the optimal
consumption of risky energy for country 1:

r A1 D 1� 1=ps1
adn C add

: (1)

where the subscript A stands for "autarky". Similarly, country 2 con-
sumes r A2 units of risky energy,

r A2 D 1� 1=ps2
and C add

: (2)

Comparative statics.
We see that the risky consumption increases with the price of the
(substitutable) safe energy and decreases with the risk of default. De-
note the welfare of country i resulting from solving this problem by
W �

A;i . Then the following result holds.

Result 1 The welfare of country i decreases with the price of its own
safe energy

dW �
A;i

dpsi
< 0; i D 1; 2
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as well as with the aggregate risk of default
dW �

A;1
d .adn C add/

< 0;

dW �
A;2

d .and C add/
< 0:

Intuitively, a higher price of the safe energy implies that country i
has to cut its aggregate energy consumption, which, in turn, leads to
a welfare loss. A higher risk of default leads to a shift towards safe
energy in country 1's energy consumption bundle. Since safe energy
is more expensive, this shift lowers country 1's welfare.

5.2 Uncoordinated union
Now the two countries 1 and 2 form a union with a common en-
ergy policy. This implies that they can rely on the mutual insurance
provided within the union. We analyze the bene�ts of joining the
union and possible costs that the mutual insurance may involve by
providing the member countries with the wrong incentives.

Mutual insurance implies that there could be four potential outcomes
at stage 2, which are summarized in Table 9. In other words, mutual
insurance lowers the default loss of the affected member at the ex-
pense of the other party. The utility of each country member in the
union is given by

U1.s1; r1; r2;�/

D s1 C r1 � and .�r2/2 C adn ..1� �/r1/2 C add.r1/2

2
(3)

and

U2.s2; r2; r1;�/

D s2 C r2 � and ..1� �/r2/2 C adn .�r1/2 C add.r2/2

2
: (4)

Consider a situation where countries 1 and 2 make uncoordinated
decisions at the second stage of the game. Namely, they use the
mutual insurance opportunity provided by the union but they take
their decisions about si and ri , i D 1; 2, separately, not taking the
effect on the welfare of the other union member into account.
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We also assume that the mutual insurance rule, i.e., the proportion of
loss coverage � is chosen by country 1. We refer to country 1 as the
leading country. There are several reasons why one of the member
countries may have more in�uence over the common energy policy.
The country may be overrepresented in a joint legislative body, e.g.
because it is more populous, or it may be an agenda setter in this
body and thus have leverage over the decisions. Alternatively, some
union members may be more in�uential than the others for certain
institutional or historical reasons. Indeed, this seems to be the case
within the European Council, as documented by Tallberg (2007) who
argues that "the states most advantaged in structural terms ñ France,
Germany, and the UK ñ also tend to exert the greatest in�uence in
European Council negotiations" despite formally equal treatment of
all EU members.19 Example 1 provides some evidence for the un-
even allocation of energy policy bargaining power in the EU. Finally,
this may be an outcome of the unanimity decision rule, widely used
in the decision-making process in the European Union. It is known
in the literature that the unanimity rule may bias policy decisions to-
wards the preferences of one of the members. In particular, Berglof
et al. (2007, 2008) argue that in a heterogeneous union the unanimity
rule may bene�t weak members, holding back the entire union and
hampering reforms.20 Thus, our assumption corresponds to the case
of a strong imbalance as regards the allocation of policy in�uence,
with all of the bargaining power concentrated in hands of only one
union member. Later on in the report we address the implications of
relaxing this assumption.

Example 1 (Energy policy in�uence disparity) Since 2005 Germa-
ny has consistently pushed for the construction of the "Nord-Stream"
pipeline, a German-Russian gas link, arguing that ìit is the project
of the whole Europe that is needed for diversi�cation of Europe's
energy supply channels,î (Frank-Walter Steinmeier, Minister of For-
19One can interpret the two countries in our model as a simpli�cation of the
situation with two groups of countries, one being more in�uential than the
other.

20Our further discussion of the case of asymmetric countries, with country
1 more affected by risks than country 2, provides an example of a weak
member gaining at the expense of the other party.
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eign Affairs of Germany, 12 July 2007, Baltic Business News). The
project progresses despite strong opposition from Poland which loses
its negotiating power and economic advantage from the energy tran-
sit. So, in some sense, Poland has been put into a take-it-or-leave-it
position, facing a choice of either joining the European common en-
ergy programme (and thus agreeing to a Germany-imposed policy
suggestion) or just staying completely outside it. At the same time,
an early 2006 energy solidarity initiative proposed by Poland was
rejected by Germany and France (Geden et al., 2006). These obser-
vations suggest that different EU members may indeed exert a very
uneven level of in�uence over the common energy policy.

The game is solved by backward induction, starting with the de-
cisions of the second stage and then rolling backwards to the �rst
stage.

Stage 2. At the second stage each member country determines its
consumption of risky and safe energy taking � as given. Country 1
maximizes

max
r1

U1.s1; r1; r2;�/

s:t: ps1s1 C r1 � B1;

where U1.s1; r1; r2;�/ is given by equality (3). The respective FOC
yields the best-preferred choice of risky energy consumption of coun-
try 1 in an uncoordinated union as a function of redistribution rule �
and the exogenous parameters of model

rUU
1 .�/ D 1� 1=ps1

adn.1� �/2 C add
: (5)

Similarly, country 2's choice of risky energy for the given redistrib-
ution rule � is

rUU
2 .�/ D 1� 1=ps2

and.1� �/2 C add
: (6)

Partial comparative statics for risky energy consumption.
Before proceeding backwards to the �rst stage, we analyze the partial
comparative statics of this choice with respect to the exogenously
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given risk probabilities, prices and the �rst-period decision variable
�:

As concerns one more exogenous parameter of the model, the energy
budget B, the model is speci�ed in such a way that B only affects
country's welfare through the safe energy consumption, having no
impact on this risky energy consumption and the mutual insurance
rule �. Other things equal, countries with higher energy budget en-
joy higher welfare. This simpli�cation is done to keep the model
tractable and can be relaxed. That may allow for the discussion of
the effect of country's size on its behavior within the union. However
we believe that it will not change the qualitative predictions concern-
ing the moral hazard problem.

Mutual insurance and risky energy. The more mutual insurance
there is, the higher the consumption of risky energy.

@rUU
i
@�

> 0:

This is a result of a free-riding incentive resulting from the mutual
insurance provided in the union. We later refer to it as to a moral
hazard effect.

Price and risky energy. The cheaper the (own) safe energy is for
the country, the lower the consumption of risky energy.

@rUU
i

@psi
> 0:

This is a fairly intuitive result: the risky energy is not being supplied
in the default state of nature, so it is only consumed in this economy
because it is cheaper than the safe one. As the price of the risky
energy becomes relatively more expensive, it is substituted with the
safe energy in the consumption bundle.

Default probability and risky energy. Unlike in the case of the au-
tarky, the effect of an arbitrary increase in the probability of default
adn C add that country 1 faces on its consumption of risky energy
is now ambiguous. Indeed, this probability can be decomposed into
two parts: probability of "double default" add and probability adn of
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the local default state .d; n/. An increase in each of these two prob-
abilities holding the other one �xed lowers the consumption of risky
energy

@rUU
1

@adn
< 0;

@rUU
1

@add
< 0:

The intuition here is similar to the one in the autarky case: in both
these states country 1 pays (at least part of) the costs of consuming
risky energy. The higher the respective probability, the higher the
associated cost and thus the lower the incentive to purchase risky
energy. So if an increase in the probability of default is a result of
a (weak) increase in both components, it lowers the risky energy
consumption of country 1.

However, if an increase in the probability of default adnCadd is, say,
caused by an increase in the probability of double default add accom-
panied by less than a proportional decrease in adn, the overall effect
of this increase is now ambiguous. Indeed, a higher add provides a
stronger incentive to cut the risky consumption, while a lower adn
provides an opposite incentive so that the net effect is unclear.

Also, the effect of a change in the risk of double default add on the
risky energy consumption is stronger than the effect of the same size
change in unilateral default adn. For example, assume that the total
probability of default in country 1 stays the same, so that the increase
in the probability of being bailed out is exactly offset by the decrease
in the probability of double default.

eadn Ceadd D eeadn Ceeadd;
eadn D eeadn C �;

eadd D eeadd � �:

In this case country 1 consumes more risky energy.

rUU
1 .�;eadn;eadd/ > rUU

1
�
�;eeadn;eeadd

�

This is due to the fact that the mutual insurance makes country 1
face only part of the costs of the risky energy consumption when it is
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bailed out. As a result, country 1 is less sensitive to a change in the
respective probability.

Also, at this stage the choice of country 1 is not in�uenced by the
foreign default probability, i.e., the probability of the state in which
it has to bail out the second country and .21 This is due to the fact that
country 1 cannot affect the decisions of country 2 on risky energy
consumption.

Obviously, the same set of arguments and results works for country
2.

Stage 1. Now we proceed to stage 1 - the choice of �. If country 1 is
the one deciding on the degree of compensation �, it sets � by maxi-
mizing its utility while taking into account the reaction of country 2
to the choice of � in stage 2. Therefore country 1 solves:

max
�

s1 C r1 � 1
2

h
and .�r2/2 C adn ..1� �/r1/2 C add.r1/2

i
s:to ps1s1 C r1 � B

r1 D 1� 1=ps1
adn.1� �/2 C add

r2 D 1� 1=ps2
and.1� �/2 C add

Taking the �rst order conditions with respect to �, using the envelope
theorem for the optimally chosen r1 and substituting the expression
for @r2=@� from (6) we arrive at an implicit equation that determines
the choice of redistribution by country 1 in an uncoordinated union
�UU
1

��UU
1

 
andr22 C adnr21 C

2�UU
1 .1� �UU

1 /a2ndr
3
2�

1� 1=ps2
�

!
C adnr21 D 0;

(7)
where ri are given by equations (5) and (6). The best-preferred � for
the second country can be found in the same way.

Lemma 1 There exists a �UU 2 .0; 1/ that maximizes country 1's
utility.
21As far as an interior solution is concerned.
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Lemma 1 suggests that such a � always determines an interior solu-
tion. To put it differently, country 1 will always prefer some mutual
redistribution to remaining in an autarky and will never choose to
cover all of country 2's losses. If there are more than one � 2 .0; 1/
maximizing country 1's utility, country 1 may benevolently pick the
one preferred by country 2. However in what follows (especially in
the comparative statics discussion) we concentrate on the case when
such a �UU is unique.

Assumption 2. The set of the exogenous parameters of the model
ensures that each country has a unique best-preferred redistribution
rule.

This assumption is not very restrictive. In particular, all the cases
where countries are not very asymmetric in terms of default risks,
including all of our numerical simulation examples fall into this cat-
egory. More technical discussion on this assumption can be found in
the Appendix.

Example 2 (Symmetric case, Uncoordinated Union) Consider a
union of two completely identical countries facing identical risks
(and D adn; psi D ps and r1 D r2 D r). The equation (7) then
becomes

�UU D 1
2
� and

�
�UU�2 .1� �UU /

and.1� �UU /2 C add
. (8)

The equation determining the best-preferred � of country 2 will be
exactly identical. Note that the equation (8) implies that in the sym-
metric case the insurance coverage in an uncoordinated union will
never exceed 1/2, because

and�2.1� �/

and.1� �/2 C add
> 0;

and will always be above 0 (see Appendix). Therefore, a symmetric
case always yields an interior solution for �.

Comparative statics for redistribution rule �.
This subsection addresses the reaction of country 1's preferred re-
distribution rule to the change in the exogenous parameters of our
model.
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Redistribution rule and the price of the safe energy. Consider �rst
the effect of the price of the own safe energy. The more expensive
country 1's safe energy is, the more risky energy country 1 consumes
and the greater proportion of its energy bundle is affected by risks.
Other things being equal, this increases country 1's willingness to
raise the coverage in the mutual insurance agreement. Now turn to
the effect of the price of the risky energy in the second country. Sim-
ilarly to above, the higher this price is, the more risky energy the sec-
ond country consumes. As a result, the cost of bailing out the second
country increases for country 1, which is thus willing to reduce the
mutual insurance compensation. We summarize this intuition in the
following statement:

Result 2 Other things being equal, an uncoordinated union with more
expensive safe energy in country 1 is associated with higher mutual
insurance �. In contrast, a union with a higher price of safe energy
in country 2 is characterized by a lower redistribution rule.

d�UU

dps1
> 0I d�UU

dps2
< 0:

Redistribution rule and default probabilities. There are 4 possible
states of nature (and 4 corresponding probabilities). As the sum of all
4 probabilities is 1, the effect of a change in the probability of one of
the states can be found as a linear combination of the other 3 effects.
We concentrate on the change in the probabilities of the states when
at least one country faces a default. Namely, we consider changes
in probability adn of the state when only country 1 faces a default,
probability and of the state when only country 2 faces a default and
probability add of the state when both countries face a default. To
isolate the respective effects in the analysis below we assume that
an increase in probability adn (or and , or add) is accompanied by the
same magnitude decrease in the probability of safe state ann.22 A
more precise interpretation of this assumption will be discussed in
each of the cases considered below.

Start with the effect of the probability of the state when only country
1 faces a default adn. In this case an increase in adn accompanied
22So that the sum of the 4 probabilities is still equal to 1.
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by a decrease in ann corresponds to a situation where the aggregate
probability of default (and aggregate probability of no default) for
country 2 does not change.

Country 2
no default default

Country 1 no default ann � � and
default adn C � add

Moreover, none of the probabilities of the states when country 2
faces a default and , add is altered. Therefore, country 2's choice of
risky energy rUU

2 given by formula (6) can only be affected through
a change in redistribution rule �.

An increase in adn has two effects. First, the state in which country
1 is bailed out is realized more frequently, which induces country 1
to choose a higher �. Second, other things being equal, a higher adn
lowers country 1's consumption of risky energy. As a result, country
1 does not value the compensation of share � of risky consumption
as much as before. In other words, a higher adn reduces country 1's
bene�ts from mutual insurance and thus, an optimal � should fall.
When adn is small relative to add , the �rst effect dominates as the
risky energy consumption of country 1 is not very sensitive to the
change in adn (see equation (5)). As adn increases, the relative size
of the two effects changes. For high values of adn the second effect
may dominate.

Now let us turn to the increase in the probability of the foreign default
for country 1, i.e., the state when only country 2 faces a default and
accompanied by the same sized decrease in ann. Similarly to above,
it corresponds to the situation when the total probabilities of default
for the �rst country are unaffected by this change, and thus the effect
on country 1's choice of risky consumption only comes through �.

Again, an increase in and has two effects. First, it increases the fre-
quency of the states in which country 1 has to compensate country 2,
which induces country 1 to choose a lower �. Second, other things
being equal, an increase in and presses down country 2's consump-
tion of risky energy. This implies lower costs for country 1 (partially)
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compensating country 2's default loss, while country 1's gains from
the mutual insurance stay the same. Thus an optimal � should in-
crease. When and is small relative to add the �rst effect dominates,
because the risky energy consumption of the second country r2 is not
very sensitive to a change in and ( see (6)). Therefore � falls as and
increases. For high values of and the second effect dominates and a
further increase in and may cause an increase in �.

Finally, consider the effect of the increase in the probability of double
default add . This change does not have a direct impact on the mu-
tual insurance incentives, but it may in�uence it indirectly through
the risky energy choices of the member countries. A higher add de-
creases the risky energy consumption of the second country which
would induce a higher �. At the same time it decreases the risky
energy consumption of the �rst country which would lower �. The
�nal outcome depends on the relative size of the two effects.

The following statement summarizes the �ndings concerning the im-
pact of default probabilities on the redistribution rule.

Result 3 The probability of local default for country 1 adn, the prob-
ability of foreign default for country 1 and, and the probability of
double default add have an ambiguous effect on the redistribution
rule �.

Full comparative statics for risky energy consumption.
In this subsection we study the total impact of the exogenous parame-
ters (such as prices and default probabilities) on the countries' choice
of risky energy consumption. To analyze it, one needs to account for
two effects: First, there is a direct effect that has been addressed in
the discussion on the partial comparative statics. Second, there is an
effect coming through the redistribution rule � (chosen by the lead-
ing country - country 1).

A higher price of the own safe energy raises country 1's risky energy
consumption as both effects work in the same direction. More expen-
sive safe energy shifts country 1's consumption bundle towards the
risky energy which provides a stronger incentive to rely on mutual
insurance. The latter, in turn, increases the risky energy consumption
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even further. As for the second country, the effect of an increase in
its own safe energy price is not clear, as the direct effect of ps2 on
r2 is positive, but the indirect effect that comes through � is negative
as shown in Result 2. Indeed, higher risky consumption in country 2
makes country 1 less willing to get involved in the mutual insurance
agreement, which lowers redistribution rule �.

The safe energy price in country i does not have a direct impact of
on the risky energy consumption in country j . Therefore, all the
effect comes through the change in redistribution rule �. Country
2's safe energy price ps2 decreases the redistribution rule and thus
lowers the risky consumption in country 1. In turn, country 1's safe
energy price ps1 raises � which has a positive impact on the risky
energy consumption in country 2 r2. These results are summarized
in the following table

drUU
1

dps1
> 0I drUU

2
dps1

> 0I
drUU

1
dps2

< 0I drUU
2

dps2
>< 0:

Since the probabilities of different states have an ambiguous effect on
redistribution rule �, the risky energy consumption in both countries
may also change in either direction with respect to changes in and ,
adn and add .

Result 4 Consider two uncoordinated unions. Other things being
equal,

a. Both members of a union with a higher safe energy price in
country 1 consume more risky energy. If the union faces more
expensive safe energy in the second country, country 1 cuts its
risky consumption, while the effect on the second country is un-
clear.

b. The default probabilities have an ambiguous effect on risky en-
ergy consumption in both countries.
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Comparative statics for welfare.
Country 1. We start by discussing the results for country 1. Being
a leading union member, country 1 determines redistribution rule �.
Thus both � and risky energy consumption r1 are chosen to maximize
country 1's utility. As a result, a change in � and r1 caused by the
change in the exogenous parameters, such as safe energy prices or
default probabilities, will not affect the welfare of country 1.23 The
overall impact of an exogenous parameter on the welfare of country
1 will be composed of direct effect @W1=@akl (or @W1=@psi ) and
the indirect effect through the change in country 2's risky energy
consumption r2.

Country 1. Effect of prices. A higher price of own safe energy
lowers country 1's welfare since for a given budget it implies a lower
(total) energy bundle

dW1

dps1
< 0:

A higher price of country 2's safe energy increases country 2's risky
energy consumption. As country 1 has to (partially) compensate
country 2 for the loss of this energy in the state when only country 2
faces a default, it lowers country1's welfare

dW1

dps2
< 0:

Country 1. Effect of default probabilities. A higher probability
of local default adn implies that country 1 faces an undersupply of
energy more often which decreases its welfare

dW1

dadn
D @W1

@adn
< 0:

A higher probability of foreign default and has an ambiguous effect
on the welfare of country 1

dW1

dand
D @W1

@and
C dW1

dr2
@r2
@and

<> 0:

23Mathematically, this outcome follows from the envelope theorem.
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Indeed, it increases the costs of country 1 due to a higher probability
of compensating country 2. At the same time, it lowers the risky con-
sumption of country 2 which decreases the value of compensation.

Finally, a higher probability of double default add has an ambigu-
ous effect too: it lowers the risky consumption of country 2, which
increases country 1's welfare. At the same time it increases the prob-
ability of default for country 1 which is costly for country 1.

dW1

dadd
D @W1

@add
C dW1

dr2
@r2
@add

<> 0:

Note that it also lowers the risky energy consumption of country 1
but this does not have any effect on the welfare due to the ef�cient
choice of r1 (and the envelope theorem).

Country 2. Now we turn to the analysis of the welfare of the second
country. Consider an effect of a change in an exogenous parameter.
The envelope theorem can only ensure no effect through the choice
of r2 since r2 is chosen to maximize country 2's welfare. However,
mutual insurance rule � is no longer optimal from country 2's point
of view. So the welfare will be affected both through mutual insur-
ance rule � and the risky energy consumption of the other country
r1. Namely, the overall effect of a change in the exogenous para-
meter (such as a price or a probability of a respective state) on the
welfare of country 2 will consist of a direct and an indirect effect.
The latter re�ects the change in r1 and the change in redistribution
rule �. For example, for the own safe energy price ps2;

dW2

dps2
D @W2

@ps2
C @W2

@�

d�
dps2

C @W2

@r1
dr1
dps2

D @W2

@ps2
C @W2

@�

d�
dps2

as dr1=dps2 D 0.

Country 2. Effect of prices. The effect of own price on welfare
will be determined by the characteristics of the second country. The
direct effect of the increase in the own safe energy price is negative
and redistribution rule � decreases with the price of the safe energy
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Figure 2. Welfare of Union Members as a Function of
Redistribution Rule

W

W 2

W 1

*
1

*
2

in the second country.
@W2

@ps2
< 0;

d�
dps2

< 0:

Assumption 5.2 suggests that there is a single best preferred redis-
tribution rule for each country. If country 2 prefers more mutual
insurance than country 1 (��2 > ��1), its welfare decreases with a de-
crease in � around the best preferred choice of the leading country
��1 (see Figure 2 for illustration).
As a result, the overall effect of an increase in the price of the safe
energy in country 2 on country 2's welfare will be negative

dW2

dps2
D @W1

@ps2
C @W1

@�

d�
dps2

< 0:

In other words, the welfare of country 2 decreases with the price of
its own safe energy as it drives country 2 away from its preferred
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redistribution rule. If instead country 2 prefers less redistribution
than country 1, the overall effect of ps2 on country 2's welfare is
ambiguous. On the one hand, country 2 suffers from facing a more
expensive energy consumption bundle (direct effect). On the other
hand, its welfare increases from a lower �, i.e., it gains from moving
closer to its best preferred redistribution rule ��2:
Now let us look at the effect of the increase in country 1's safe energy
price ps1. A higher price of country 1's safe energy increases risky
energy consumption in country 1. This lowers country 2's welfare
as it has to compensate country 1 when there is a unilateral default.
At the same time, a higher ps1 implies a higher �. The effect of this
increase in � on country 2's welfare depends on the mutual insurance
preferences of country 2. If country 2 prefers less redistribution than
country 1, its welfare will decrease with ps1. Indeed, a higher ps1
implies higher risky consumption in country 1 and, as a result, more
redistribution, both of which are detrimental to country 2's welfare.
If instead country 2 prefers more redistribution than country 1, the
effect is ambiguous.

Country 2. Effect of default probabilities. A change in all 3 prob-
abilities will generally have an ambiguous effect on the welfare of
country 2 (as it has an ambiguous effect on redistribution rule �).

The following statement summarizes the �ndings of this subsection.

Result 5 Compare two uncoordinated unions. Other things being
equal,

a. The welfare of the leading country - country 1 - is lower in a
union with more expensive safe energy;

b. If country 2 prefers more mutual insurance than country 1, it is
worse off in a union facing a higher price on country 2's safe
energy. If country 2 is relatively less interested in redistribution,
its welfare is lower in a union with more expensive country 1's
safe energy. Otherwise the effect is ambiguous;

c. A higher probability of local default decreases country 1's wel-
fare. All other default probability effects on both countries are
unclear.
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5.3 Coordinated union
Now consider the case of a union where the behaviour of its members
is perfectly coordinated. Mutual insurance implies that the outcomes
in such a union are still summarized by Table 9 and the utility of
union members is given by formulas (3) and (4) (similarly to the
uncoordinated union). However, the incentives within the union are
different now. Namely, there is a social planner that maximizes the
joint welfare of the two countries U1 CU2

U1.s1; r1; r2;�/CU2.s2; r2; r1;�/ D�
s1 C r1 � 1

2

h
and .�r2/2 C adn ..1� �/r1/2 C add.r1/2

i

Cs2 C r2 � 1
2

h
and ..1� �/r2/2 C adn .�r1/2 C add.r2/2

i�
;

and prescribes choices to both countries. Again, we solve the prob-
lem by backward induction.

Stage 2. At the second stage the social planner chooses the risky
consumption of both countries by solving

max
r1;r2

U1.s1; r1; r2;�/CU2.s2; r2; r1;�/ (9)

s:t: psi si C ri � Bi ; i D 1; 2:

Solving the FOC conditions for risky consumption r1 and r2 yields:

rCU1 .�/ D 1� 1=ps1
adn

�
.1� �/2 C �2

�C add
; (10)

rCU2 .�/ D 1� 1=ps2
and

�
.1� �/2 C �2

�C add
(11)

The (partial) comparative statics effects with respect to psi , the risk
of default and the correlation between the shocks have the same signs
as these effects in an uncoordinated union. In other words, the con-
sumption of risky energy rCUi increases with the price of safe energy
psi . The effect of a higher overall default probability is ambiguous,
and the effect of its two components is negative.

However, the effect of the mutual insurance is different from the case
of an uncoordinated union. The social utility maximizer takes into
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account the negative externality imposed on country j by the risky
energy consumption of country i . For small values of � this exter-
nality cost is low and the union bene�ts from higher redistribution.
However for suf�ciently high values of � .> 1=2/ the cost becomes
disproportionally high compared to the bene�ts of mutual insurance
and the social planner reacts by decreasing the risky energy con-
sumption.

Note also that for the same redistribution rule � the consumption of
risky energy in an uncoordinated union always exceeds the consump-
tion of risky energy in a coordinated union due to the free-riding
(=moral hazard) effect:

rUU
1 .�/ D 1� 1=ps1

adn
�
.1� �/2

�C add

>
1� 1=ps1

adn
�
.1� �/2 C �2

�C add
D rCU1 .�/

Stage 1. The social utility maximizer chooses how much insurance
�CU to provide. Solving the FOC of maximization problem (9) with
respect to � yields

�CU D 1=2:

Note that this result does not depend on the degree of asymmetry
between the countries, or, more generally on the default probabilities
or safe energy prices. The intuition behind this result is as follows:
the social planner minimizes the joint loss from the redistribution in
each of the states when one but not the other country faces a default.
For our utility speci�cation the optimal redistribution rule implies
that each party covers the cost of exactly half the default loss no
matter what the asymmetry between the countries is. Moreover, the
result is independent of the functional form of the adjustment cost
function as long as it is concave.

The substitution of �CU D 1=2 into the equations (10) and (11)
yields the risky consumption of the two union members in a coor-
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dinated union:

rCU1 D 1� 1=ps1
adn=2C add

rCU2 D 1� 1=ps2
and=2C add

Example 3 (Symmetric case, Coordinated Union) In a completely
symmetric case the decision of the social planner concerning the
choice of the risky energy consumption is given by

rCU1 D rCU2 D rCU � 1� 1=ps
adn=2C add

:

Note that in the case of symmetric countries the redistribution rule
�CU D 1=2 corresponds to the full insurance policy between the two
states with asymmetric shocks (d,n) and (n,d). That is, it equalizes
the energy consumption between these two states for both countries:

si C ri � 1=2r j D si C 1=2ri ; i D 1; 2:

Comparative statics for welfare.
In this subsection we analyze the effects of the exogenous parameters
on the welfare of country 1. Clearly the effects on the welfare of
country 2 will be symmetric. Note also that the envelope theorem
cannot be applied to the analysis of the welfare response in each
country as both the energy consumption and the redistribution rule
are chosen to maximize the joint welfare of the union.

Effect of prices. The effect of the own safe energy price ps1 on coun-
try 1's welfare is ambiguous in the case of a coordinated union. The
reason for it is as follows. On the one hand, the direct effect is nega-
tive as before: a higher price of safe energy means a more expensive
consumption bundle which decreases welfare. On the other hand,
for a given redistribution rule � D 1=2, country 1's best preferred
risky energy consumption will exceed the one chosen by the social
planner in a CU due to the free-riding incentive. Therefore a higher
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safe energy price increases risky consumption and brings country 1
closer to its "unilateral" optimum, which has a positive impact on
welfare. If the probability of country 1 facing a local default adn is
low, the free-riding incentive is weak and the "unilateral" choice of
risky consumption of country 1 does not differ much from the so-
cially optimal one. As a result the welfare effect of an increase in
risky consumption is weak and the overall effect of the increase in
ps1 is negative due to the direct effect. If instead adn is high, coun-
try 1's best preferred risky consumption is much higher than in a
CU. Therefore country 1 obtains a substantial marginal welfare gain
from an extra unit of risky consumption. For suf�ciently high adn
the overall effect of the increase in ps1may become positive.

The welfare of country 1 decreases with the price of the safe en-
ergy in the second country ps2. The more expensive safe energy in
country 2 is, the higher risky consumption in country 2. Country 1
has to (partially) compensate for the loss of this consumption in the
state when country 2 faces a unilateral default, therefore its welfare
decreases.

Effect of default probabilities. An increase in the local default
probability adn has a negative effect on welfare. It imposes higher
costs on country 1 through the direct (probability) effect. At the same
time adn decreases the risky consumption which has an ambiguous
effect on welfare. However the �rst effect always dominates.

The higher probability of bailing out the other country and has an am-
biguous effect. As before, the direct (probability) effect is negative,
while the indirect effect through the fall in the risky consumption
of country 2 is positive. If the chances of bailing out country 2 are
suf�ciently small (and is low), the �rst effect dominates.

Finally, a higher probability of joint default add has an ambiguous
effect on country 1's welfare. It decreases the risky consumption
of country 2, which bene�ts country 1. At the same time it has a
direct negative (probability) effect on the welfare of country 1 and
an indirect effect through a decrease in risky consumption which has
an ambiguous sign.
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Result 6 Other things being equal, in a coordinated union with a
higher safe energy price in country i , i D 1; 2 the other country
j 6D i is worse off. Also, a country's welfare decreases with the local
default probability. The effects of the other exogenous parameters
are ambiguous.

5.4 Welfare analysis
In this section we study the welfare outcomes of different constella-
tions. The purpose is to see whether any union constellation is al-
ways preferable to the others. We start by comparing the two union
constellations to the outcome of the autarkic equilibrium. Then we
proceed with a comparative welfare analysis of the coordinated vs.
uncoordinated union.

Unions vs. autarky. The possibility of mutual redistribution in
risky states of nature provides the member countries with insurance
against uncertainty and helps to smoothen their energy consumption.
Therefore it is natural to expect that a union would increase the wel-
fare of the member countries, at least in a completely symmetric
case when both countries have identical preferences about the re-
distribution rule. Indeed, the revealed preference argument suggests
that the welfare of countries in a symmetric uncoordinated union ex-
ceeds the welfare in an autarky (since country 1 can always choose
zero redistribution converting the union into an autarky). In a coor-
dinated union the social planner maximizes joint utility, which in a
symmetric case is equivalent to the utility maximization of each of
the member countries. The same revealed preference argument im-
plies that a symmetric coordinated union also entails higher utility
levels than in the autarky. These results are illustrated by the numer-
ical simulation in column (1) of Table 10. This simulation gives the
welfare outcomes of all 3 constellations in the symmetric case when
the countries' energy budget is 10, the price of safe energy in each
country is 5=4, the probability of facing unilateral default is 3=16 and
the probability of a "double-default" is 1=16.

By continuity of the utility function, both a coordinated and uncoor-
dinated union also welfare-dominate the autarky when asymmetry is
low. However, as asymmetry increases, being in a union may become
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a burden. For example, in an uncoordinated union the member that
has a leverage over the choice of � (country 1 in our setting) may pre-
fer much more redistribution than the other member. As a result, the
free-riding introduced by the mutual insurance becomes increasingly
costly for the member that does not decide on �. So at some point
this member may actually lose out from being in an uncoordinated
union. The simulations in columns (5) and (6) in Table 10 illustrate
this point. Here, all of the asymmetry between the countries comes
from the probability of facing a unilateral default. In column (5) the
respective probability is 3 times higher for country 1 than for coun-
try 2 (3/16 vs. 1/16). This asymmetry is not suf�ciently large yet
to overcome the positive effect of an access to the mutual insurance
- each country bene�ts from being in an UU. However, when the
asymmetry increases so that country 1 becomes 6 times more likely
to face a local default than country 2 (3/16 vs. 1/32), the welfare of
country 2 falls short of the autarkic level.

Similarly, if countries differ a great deal, we cannot be certain that
a coordinated union will be welfare-enhancing for both members.
The reason for this is as follows: the redistribution rule in a coordi-
nated union is always set at �CU D 1=2. If countries are suf�ciently
asymmetric, it may well be the case that one of them prefers more
redistribution than in a CU (�1 > 1=2), while the other prefers much
less (�2 > 1=2). For the �rst country being in a coordinated union is
always better than staying in an autarky, because the union member-
ship enables it to get closer to its best preferred redistribution rule.
For the second country �CU D 1=2 may or may not be preferred
to the zero redistribution in the autarky case. For example, if the
asymmetry is strong, the second country may end up losing from the
obligation to cover the losses of a more risk-exposed partner. This
situation is illustrated in column (2) of Table 10. Country 2 faces
expensive safe energy and as a result consumes a lot of risky energy.
In a coordinated union country 1 is forced to compensate this con-
sumption which reduces its welfare below the autarkic level. The
symmetric situation (with country 2 suffering from being in a union)
is presented in column (3).

Obviously, the question is what makes this member stay in the union.
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First the institutional structure may allow for side payments. In this
case the social planner of the coordinated union may always compen-
sate the "loser" by arranging a transfer from the "winner". Indeed,
as the social planner maximizes the joint countries' welfare, the sum
of two welfares in a CU will be always higher than in an autarky,

W �
CU;1 CW �

CU;2 > W �
A;1 CW �

A;2;

so such a redistribution will always be possible. However, this is
not necessarily the case for an uncoordinated union as long as the
leading country does not take the possibility of side payments into
account while making its decisions. If one of the member countries
has the power to set the redistribution rule, it may abuse this power
so much that the sum of the welfare of two member countries in an
UU falls short of that one in an autarky

W �
UU;1 CW �

UU;2 < W �
A;1 CW �

A;2:

An example of such an outcome is presented in columns (3) and
(6) of Table 10. In such a situation no side payments would induce
one of the countries to enter the union. If the leading country takes
the possibility of side payments into account, it may overcome this
situation. The way to do so would be to maximize the joint welfare
(given the second stage behaviour) and then compensate the other
country to the exact autarkic welfare level.

Also, if the decision to enter the union can be conditioned on redis-
tribution rule �, country 1 may always ensure the participation of
country 2 by choosing such a redistribution rule that provides coun-
try 2 with the exact level of autarkic welfare (plus " > 0). This
weakens country 1's decision-making power over � but it is still ben-
e�cial for country 1 due to the possibility of mutual insurance. For
example, the cases corresponding to Columns (3) and (6) of Table 10
would take the form presented in Table 11. Indeed, while the entire
union now improves over the autarkic outcome (as measured by the
sum of two welfares), country 1's gain from mutual insurance is now
much less than in corresponding columns of Table 10 since country
1 now has to ensure country 2's participation in the union. The same
arrangement can be used in a coordinated union if the side payments
are non-feasible or too costly to make.
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Table 11. Welfare Outcomes In the Case Union Participation
Decision Can Be Conditioned on �

Countries' NO: Higher safe energy NO: Local default more
symmetry price in country 1 likely in country 1

ps1 > ps2 adn > and
(3') (6')

Parameters (B=10)
and; adn; add 3

16;
3
16;

1
16

1
32;

3
16;

1
16

ps1; ps2 5=4; 25=24 5=4; 5=4

Autarky, � D 0
W A

1 8: 08 8: 08
W A

2 9: 603 2 8: 213 3
W A

1 CW A
2 17:6832 16:2933

Uncoordinated union
�UU 0:06946 0:482 99
WUU

1 8: 088 9 8: 148 5
WUU

2 9: 603 2 8: 213 3
WUU

1 CWUU
2 17: 692 16: 362

Finally, the countries may choose to stay in the union even if they
lose from being part of the mutual insurance agreement if there are
other bene�ts from joining the union, or other costs from staying
outside it. We return to this question in the discussion in section
5.5.

Coordinated vs uncoordinated unions. Now we turn to the com-
parative welfare analysis of two union constellations. In an unco-
ordinated union each country ignores the negative impact of an in-
crease in its own "risky" energy consumption on the partner's wel-
fare. Therefore, for the same redistribution rule each country con-
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sumes too much "risky" energy in equilibrium as compared to the
socially optimal level Obviously this also has an impact on the choice
of � at the �rst stage of the game. Therefore the joint welfare is al-
ways lower in an uncoordinated union than in a coordinated one.

W �
UU;1 CW �

UU;2 < W �
CU;1 CW �

CU;2: (12)

Again, whether or not each country loses as compared to the �rst best
outcome of a CU is unclear and depends on the asymmetry between
the countries. Typically we would expect the country that is setting
the policy in an uncoordinated union to lose less or even to gain if
the asymmetry is suf�ciently high (like in columns (2), (3), (5) and
(6) of Table 10). However equation (12) suggests that at least one
country always loses in an uncoordinated union as compared to the
socially optimal case of a coordinated union.

We summarize the discussion of this section in the following result.

Result 7 (Welfare Comparison) Assume that union participation is
given.

a. If the institutional setting allows side payments, the coordinated
union welfare-dominates the other constellations. If the lead-
ing member takes into consideration the possibility of side pay-
ments, an uncoordinated union is better than an autarky. If the
leading member does not account for side payments, the wel-
fare ranking between the uncoordinated union and the autarky
is ambiguous and depends on the asymmetry between the union
members.

b. In the absence of side payments the autarkic outcome may be
preferred to the union constellations by one (and only one) coun-
try if the asymmetry between the countries is suf�ciently high.

One of the questions raised by our analysis concerns possible mea-
sures a union can undertake to correct the negative externality result-
ing from the mutual insurance. To put it differently, what economic
mechanisms can be implemented by the union to improve coordina-
tion among its members? The standard approach suggests imposing
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so called "Pigouvian" tax that would lower the consumption or pro-
duction of the good associated with externality and, thus, improve ef-
�ciency. In our case such a tax would be levied on risky energy con-
sumption. However, "Pigouvian" tax may be insuf�cient to improve
the situation, if the power is unequally distributed within the union
and the union members are suf�ciently asymmetric. The reason is
that "Pigouvian" tax aims at correcting inef�ciency in risky energy
consumption but does not have suf�cient power to correct inef�cien-
cies in the choice of the redistribution rule. When the asymmetry
between the countries is strong, the leading member may choose the
redistribution rule that bene�ts him at the cost of the other members,
and the presence of "Pigouvian" tax will not compensate for this
inef�ciency. This suggests a need to study further possible mech-
anisms to improve coordination and achieve ef�ciency within the
union, which is however beyond the scope of this report.

5.5 Risky energy consumption as an ef�ciency measure
We have seen above that for the same redistribution rule an uncoordi-
nated union overconsumes risky energy. How general is this conclu-
sion? Should we necessarily expect the absence of coordination to
lead to the overconsumption of risky energy? Or, to put it differently,
we know that free-riding in the uncoordinated union leads to it be-
ing welfare-dominated by a CU, at least in the presence of transfers.
Does this imply that more risky energy is always worse for social
welfare? Can we use risky energy consumption as a proxy for the
effectiveness of collaboration within a union? In this section we aim
to answer this question by comparing the risky energy consumption
in an uncoordinated and a coordinated union.

With the same redistribution rule � the consumption of risky energy
in an UU is always higher than in a CU due to the moral hazard
effect. However, consider the case of suf�ciently high asymmetry
between the countries. In particular let country 2 be much more ex-
posed to risks/risky energy than country 1. In this case country 1,
being the decision-maker in an uncoordinated union, chooses lower
redistribution than the one of a coordinated union to avoid high moral
hazard costs. As the consumption of risky energy in the uncoordi-
nated union increases with �, the �nal effect is unclear.



89

Table 12. Risky Consumption of Different Union Constellations
(numerical simulations)

Countries' YES NO: Higher safe energy price
symmetry in country 2 in country 1

ps1 < ps2 ps1 > ps2
(1) (2) (3)

Parameters (B=10)
and; adn; add 3

16;
3
16;

1
16

3
16;

3
16;

1
16

3
16;

3
16;

1
16

ps1; ps2 5=4; 5=4 25=24; 5=4 5=4; 25=24

Uncoordinated union
�UU 0:3772 0:0365 0:9515
rUU
1 1: 479 0 0:169 09 3: 177 6
rUU
2 1: 479 0 0:845 44 0:635 52

Coordinated union, � D 1=2
rCU1 1: 28 0:256 1: 28
rCU2 1: 28 1: 28 0:256

When �UU exceeds �CU , the consumption of risky energy is clearly
higher in an UU than in a CU. In this case both effects work in the
same direction: both the free-riding incentive and the higher � boost
risky energy consumption in an UU. This outcome is supported by
the simulations in column (3) of Table 12.

When �UU is lower than �CU D 1=2 but not too different from �CU ,
the free-riding effect of increasing the risky energy consumption at
the expense of the other party exceeds the negative effect on the risky
energy consumption coming from underinsurance (= lower �). In-
deed, in this case the countries are not too different and nor are their
preferred risky energy consumption levels. So country 1 is willing to
set a relatively high �. This outcome is illustrated by column (1) of
Table 12. But when �UU is signi�cantly lower than �CU D 1=2, the
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risky energy consumption of an UUmay fall short of the risky energy
consumption of a CU. In this case the threat of country 2 abusing mu-
tual insurance is very strong and country 1 will try to protect itself by
suppressing redistribution rule �. This, in turn, forces down not only
the risky energy consumption of country 2 (as intended), but also the
risky energy consumption of country 1. An illustration of such an
outcome is presented in column (2) of Table 12.

For example, if all of the asymmetry comes from the prices of safe
energy (like in Table 12), we obtain the following result.

Result 8 (Risky energy consumption) Assume that the countries are
exactly symmetric in terms of shocks and the price of safe energy in
country 1 is lower than the price of safe energy in country 2. For each
set of shock probabilities there exists a pair of safe energy prices�
ps1; ps2

�
such that the risky energy consumption in an UU is below

that of a CU for both country members.

rUU
i < rCUi : (13)

Moreover, for the same ps1, the higher the ratio of the probability
of a local default to the probability of double default and=add is, the
higher the price of country 2's safe energy ps2could be for effect (13)
to still take place.

The �rst part of this result states that if the asymmetry between the
countries is high enough, country 1 will always choose a suf�ciently
low � so that the moral hazard effect will be reduced by this fall in �.
The intuition behind the second part of this result is as follows: We
start in a situation where the risky consumption in an UU is below
that of a CU. As the ratio of probability of unilateral default to the
probability of the double default increases, bailing out country 2 (that
faces higher safe energy prices) becomes more costly for country
1. As a result, country 1 tries to protect its welfare by lowering
�UU , which in turn lowers the risky consumption as compared to the
CU. A slight increase in the price of risky energy in country 2 is not
suf�cient to revert the result.

To summarize, countries staying in an uncoordinated union consume
an inef�cient amount of risky energy, but it should not necessarily
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be above the optimal level of a coordinated union. In other words, a
common energy policy targeted to improve the security of energy
supply should not necessarily imply limiting energy consumption
from risky sources. With adequate coordination, more (cheap) risky
energy may actually improve ef�ciency.

5.6 Formation of the union
We have seen that when countries are suf�ciently asymmetric, coun-
try 2 may lose from being part of the mutual insurance agreement
when country 1 chooses its best-preferred redistribution rule. The
question that we address now is whether these outcomes can be sus-
tained in a union in the setting with no institutional possibility for
side payments. In other words, could we observe the formation of a
union with the 1st country implementing its best-preferred choice of
redistribution rule � and the second country only achieving a welfare
level below the autarkic one?

As stressed above, this situation is only possible if staying outside the
union imposes certain costs on the non-members or, alternatively, if
membership of the union is associated with some additional bene�ts.
Clearly, there are many ways in which a union may provide extra
gains to members or be detrimental to outsiders. The formation of a
union may cause its members to divert collaboration efforts from the
non-member countries. For example, a country joining a union may
create a common infrastructure with the union members, leaving be-
hind countries outside the union. In other words, union outsiders
may be adversely affected by the existence of the union. This may
provide them with incentive to join the union even in the absence of
direct bene�ts of mutual insurance against energy risks.24

At the same time, a union created to achieve higher energy security
may improve coordination among its members, which, in turn may
lower the transaction costs in different areas of economic activity,
such as trade. In this case, an "energy union" membership would
yield some bene�ts beyond the �eld of energy security.

24See Dixit (2003) for a relevant discussion.
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It could also be the case that the institutional structure of the union
"links" several issues on the agenda. In this case the union members
may compensate the losses along one agenda dimension with the
gains along other dimensions. This argument works even if the union
only covers the issues related to the energy security.

More precisely, suppose that countries consume two types of energy,
say, oil and gas. For each energy, type the market is identical to
the model above, with "safe" and "risky" energy suppliers, the latter
being associated with occasional defaults. Assume further that the
countries are unable to reach separate agreements on the union sta-
tus for each energy type. That is, either the countries operate in an
autarky, or they insure each other for both types of energy. We also
keep the assumption that country 1 is the agenda setter for both types
of energy.

Suppose that in the gas market there is a strong asymmetry between
the countries: country 1 prefers a lot of redistribution, while country
2 prefers just a bit. For example, country 1 has neither any indige-
nous gas production nor an easy access to the safe gas producers,
while country 2 produces gas domestically. As we have seen above,
in this case country 2 may lose from joining the union. In other
words, country 2 may have higher utility in autarky than under a mu-
tual insurance scheme with country 1's best preferred redistribution
rule. However, the asymmetry between the countries does not need
to be correlated for different types of energy. It could well be the
case that country 1 faces a relatively greater risk in the gas market
(as compared to country 2), while their positions in the oil market
do not differ much. Moreover, the direction of asymmetry may be
reversed, with country 2 facing higher risks and preferring more re-
distribution. This implies that country 2 bene�ts from joining the
union in the oil market. In this case country 2 may indeed decide to
join the union even if it loses in the gas market.

Example 4 (Uncorrelated Assymetry for Different Energy Types)
According to our classi�cation in section 3.3, Germany contributes
one of the highest shares to the EU risk of external gas supply with
CERE_gas=21%, while the Netherlands has one of the strongest po-
sitions in the gas market contributing nothing to the European risk
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with CERE_gas=0%. (This is due to the fact that it is the second
largest gas producer in Europe). At the same time, their positions
with respect to the security of external oil supply differ much less:
here Germany has a CERE_oil index of 17%, and the Netherlands
8%.
The argument of the absence of systematic asymmetry becomes even
stronger if one instead relies on the REES index. The relative risk
position of these two countries as regards gas consumption is the
reverse of the one for oil. In the gas market Germany is relatively
more exposed to risk with REES_gas=2.8, while the Netherlands has
REES_gas=0.0. As concerns the external supply of oil the situation
is inverted: the Netherlands faces a higher risk with REES_oil=5.6
compared to a more moderate risk for Germany with REES_oil of
3.3.

Obviously, if it were possible to have separate memberships, country
2 would choose to join the union in the oil market (which improves
its welfare) but to remain outside the union in the gas market (which
imposes costs on country 2). However, under our assumption, union
membership cannot be conditioned on the policy issue. Therefore, if
the bene�ts from mutual insurance in the oil market are suf�ciently
high to compensate for the losses in the gas market, country 2 would
choose to join the union.

Therefore the unconditional membership rule yields an additional
bargaining power to the agenda setter (in our example, country 1).
The unconditional membership allows the agenda setter to trade off
the bene�ts of one union against the costs of the other, which relaxes
the participation constraints of country 2. This, in turn, leads to re-
distribution of welfare within the union from country 2 to country 1,
which may not be politically desirable.

Howwould one ensure an adequate and fair balance within the union?
One way to limit the leverage of country 1 would be to allow for
separate memberships. In other words, there could be some advan-
tage in designing unrelated common policy rules for different energy
types. This may help to improve the "fairness" within the union. To
some extent this is the approach currently followed by the European
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Union, for example, in setting separate storage requirements for gas
and oil. However, this may lead to some ef�ciency losses as linked
agenda issues in some cases facilitate policy cooperation (e.g. see
Spagnolo (1999) or Horstmann et al (2001)).

Probably a better way to keep the balance within the union would be
to allocate the agenda setting power on different issues to different
union members. In this case integrating policy on different energy
types may be bene�cial. An integrated union would limit the sel�sh
behaviour of an agenda setter on each separate energy issue. In-
deed, a non-cooperative decision of such an agenda setter would be
punished by the agenda setters in other areas covered by the union
(compare to Maggi (1999)). As long as the power within the union
is reasonably spread out, one may expect an integrated union to out-
perform the collection of unions on each separate energy type.

5.7 A better balanced union
So far we have assumed that country 1 always has full bargaining
power as regards the determination of the mutual insurance rule in
an uncoordinated union. How important is this assumption for the
conclusions of the model? In this subsection we address the impli-
cations of relaxing the "leading country" assumption.

Assume that the union is more balanced, i.e., the bargaining power
over the energy policy is more evenly allocated. While the partial
comparative statics results stay the same, the full comparative statics
results are likely to be affected. The way policy rule � and the union
members' welfare respond to the change in the exogenous model pa-
rameters, such as safe energy prices and default probabilities, will
depend on the relative bargaining power in the union and may well
be ambiguous. Also, since both countries have an impact on the
common energy policy the welfare gains of mutual insurance should
be redistributed more evenly. In particular, situations in which one
of the union members loses compared to the state of autarky become
less likely. However, the main predictions of the welfare analysis do
not change much, because a better balance within the union does not
eliminate the moral hazard problem. As a result, the joint outcome
of a coordinated union still dominates over the one of an uncoordi-
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nated union, which, in turn, outperforms the autarky. Moreover, for
a suf�ciently symmetric allocation of bargaining power this result is
likely to hold for each of the union members. This implies that even
with complete parity within the union there is still a strong call for
improving union coordination.

Now let us turn to risky energy consumption as an ef�ciency mea-
sure. A more even allocation of the bargaining power within the
union also implies that the mutual insurance rule is not likely to be
extreme. In the original model, a high � resulted from country 1 be-
ing much more affected by risks than country 2. Similarly, a low �
was an outcome of country 1 being unwilling to share the stronger
risks affecting country 2. Now, even in the case of strong asymmetry
between the union members they jointly in�uence the mutual insur-
ance rule, which yields more moderate levels of �. This implies that
the situations with a low � become less frequent. As a result, the
risky consumption in an UU is more likely to exceed the one of a
CU, i.e., the risky consumption in a more balanced union is a better
re�ection of union performance. However, one still has to be care-
ful in using the risky consumption as an ef�ciency measure. Other
things being equal, at each point in time a higher risky energy con-
sumption of some union members may indeed re�ect their suscepti-
bility to external energy shocks. However, the time evolution of this
variable may re�ect not only a change in the degree of coordination
within the union but also the reallocation of the bargaining power. In
other words, a lower risky consumption may correspond to a better
coordinated union as well as a shift in the bargaining power to the
member who is less exposed to energy risks. Therefore, in analyzing
union performance over time one also needs to account for certain
institutional characteristics.
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Part IV

CONCLUSIONS AND POLICY IMPLICATIONS

This report addresses the security of supply aspects of a common
energy policy in the European Union. A common energy policy can
bene�t the Member States by ensuring the security of supply through
the increased solidarity among the Member States. At the same time
a common energy policy may also impair the states' welfare by cre-
ating a moral hazard problem. The report suggests a new approach
to quantifying the security of external energy supply and provides a
formal treatment of the moral hazard problem caused by a common
energy policy.

Summary of the results. Based on the previous approaches in the
literature, the report proposes a new set of indexes measuring the
risks associated with the external supply for different energy types.
It argues that these indexes are better suited for capturing the short-
term energy supply risks associated with foreign suppliers. These
indexes take into account the energy consumption structure of the
consuming country, the risks associated with the supplying country
and the transport of energy as well as the relative impact of different
EU members on the aggregate energy risk in the EU. It also shows
that the risk exposure and risk ranking among the EUmembers differ
for different energy types.

The formal analysis in the report addresses the costs and bene�ts as-
sociated with a particular aspect of a common energy policy, the soli-
darity that results in a mutual insurance mechanism. When countries
face several energy suppliers with different degrees of riskiness, they
trade off prices and risk to build an ìenergy portfolioî. If countries
decide to form a union with a common energy policy, they can in-
sure each other against the local shocks by redistributing energy be-
tween the member countries. This smoothens energy consumption's
shocks of each individual member and allows countries to consume
more of the cheap risky energy. Therefore, if the countries' deci-
sions are perfectly coordinated, a union is an improvement over an
autarky. Whether or not each individual country is better off, depends
on the degree of asymmetry in the union. If countries are identical,
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they both gain from joining the union, while if there is a suf�ciently
strong asymmetry between the countries, some of the countries may
lose. In order to insure that the welfare of each member increases,
one needs to establish a transfer mechanism that will allow side pay-
ments from the winners to the losers. However, the mutual insurance
opportunity creates free-riding incentives and results in a moral haz-
ard problem. If countries do not account for negative externalities
they impose on the others members through their risky consumption
(i.e., they are in an uncoordinated union), they tend to purchase inef-
�ciently high volumes of risky energy. To lower the costs associated
with the increased exposure to risks, the agenda setting members of
the union react by adjusting the mutual insurance rule, which esca-
lates the inef�ciency. As a result, at least one of the members of an
uncoordinated union de�nitely loses as compared to the case of per-
fect coordination and may, under some circumstances, lose even as
compared to an autarky. The possibility of transfers allows the un-
coordinated union to be an improvement as compared to the autarkic
outcome, but the coordinated union still welfare-dominates.

A common energy policy union may form even if one of its members
is worse off than in an autarky. Clearly this outcome only takes place
if there are additional bene�ts from being a member of the union or
costs from staying outside it. For example, a common energy policy
may link different types of energy to the same agenda. As shown in
the discussion on the risk indexes, countries may have different rela-
tive risk positions for different energy types. In this case a loss within
one type of energy can be compensated by the gain from being part of
the mutual insurance agreement on the other energy type. However,
such a linkage may cause a shift of welfare within the union towards
its more powerful members, which may be undesirable from a policy
perspective.

The modelling framework suggests also that risky energy consump-
tion is an imperfect measure of the security of energy supply, at least
from the ef�ciency perspective. Indeed, a super�cial view of the
moral hazard problem created by the solidarity within an uncoordi-
nated union would suggest that, other things being equal, the risky
energy consumption is always higher in an uncoordinated union than
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in a coordinated union. Therefore one could rely on the risky con-
sumption as an observable criterion of the ef�ciency of a common
energy policy. However, this logic is misleading. The report shows
that the countries in an uncoordinated union indeed consume an in-
ef�cient amount of risky energy, but the level may be lower than the
one of a coordinated union. This effect comes through the adjust-
ment in the mutual insurance rule. For example, if the country that
has more leverage over the common energy policy is less affected
by risks than the other member, it lowers the mutual insurance cov-
erage. This allows to cut the mutual insurance costs it bears as it
decreases risky consumption of the other member. For suf�ciently
high asymmetry between the countries this decrease in risky energy
consumption may dominate the free-riding overconsumption effect.
In this case the risky consumption in the uncoordinated union falls
short of the one in the coordinated union.

Policy Implications. There are several policy implications based on
the discussion in the report. First, the energy security index results
suggest that one needs to rely on a more sectoral approach in quan-
tifying the short-term external energy risks. Since the short-term
substitution among different types of energy is problematic or very
costly, an aggregate risk index may be too imprecise to evaluate the
potential damage caused by a supply disruption in a speci�c energy
market. The sectoral estimates of risk would provide a more reliable
base for such an evaluation. Similarly, since the countries' energy
risks may differ for different energy types, supply security may re-
quire different policy tools for each type, which again can only be
determined with the help of a sectoral approach.

The welfare analysis in the model implies that there is a need for es-
tablishing a strong regulatory agency that would coordinate the ac-
tions of individual country members and make them obey the jointly
developed rules. This coordination would improve the ef�ciency of
a common energy policy. If the creation of such an agency is im-
possible or very costly, one should seriously consider the potential
costs of implementing a common policy. This echoes the European
Commission proposal to create an Agency for the Cooperation of
Energy Regulators (ACER), with the main task of ensuring cooper-
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ation between national regulators and between transmission system
operators (European Commission, 2007). Interestingly, this proposal
mentions that the agency would have ìindividual decision powerî
and would "decide on the regulatory regime applicable to infrastruc-
ture within the territory of more than one Member Stateî. This might
be regarded as the desire of the EU to create an agency with strong
coordination power.

In addition, the discussion on union membership suggests that to pro-
vide a more balanced distribution of common energy policy gains
within the union one needs to control for a reasonably equal al-
location of the policy setting power. The allocation of bargaining
power over separate energy issues to different union members would
restrain the discretion of each agenda setter and induce more co-
operation within the union, bene�tting all its members. The Euro-
pean Union seems to target this objective through the rotating Presi-
dency practice, however, more effort is needed to ensure more equal
power allocation. An alternative approach to improve the fair bal-
ance within the union would be unlinking different energy issues.
However, this approach provides a second best option as it may cause
an ef�ciency loss compared to the integrated union with dispersed
bargaining power.

Finally, the argument on the risky energy consumption being uncor-
related with union ef�ciency also has an obvious policy implication:
A common energy policy aimed at improving the security of energy
supply does not need to be too restrictive on risky energy consump-
tion. With adequate coordination, more (cheap) risky energy may be
ef�ciency-enhancing. In other words, risky energy consumption may
not be a good measure of union performance. This caution is es-
pecially relevant in analyzing the development of the situation with
risky energy consumption over time. This means that, within a given
union at each point in time a higher risky consumption of some mem-
bers may indeed be a sign of greater energy security vulnerability.
However an evolution of risky consumption over time may be af-
fected by the degree of coordination within the union and does not
need to re�ect the risk exposure. Therefore, one needs to rely on
additional measures of the institutional structure and the welfare of
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union members when judging the effect of a particular common en-
ergy policy aspect.

Extensions. This report can be extended in several directions. The
security supply index can be extended to account for longer-term
reaction to energy supply risks. The modelling framework can be
modi�ed to formally model the dynamic aspects of a common en-
ergy policy and the related moral hazard problems. One can for-
mally study the union creation and union participation decisions, as
well as different decision rules governing the common energy policy
within the union. Moreover, a common energy policy may have an
impact on the bargaining power between the union members and the
risky producer. The possibility of coordinating decisions may im-
prove the union members' bargaining power and thus lower the risky
energy price. This would provide an additional bene�t of joining a
common energy policy agreement. Finally one can study possible
mechanisms to achieve better coordination within the union.
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Part V

APPENDIX

A.1. Interpretation of the Assumption 1
The sum of all four probabilities is

X
k;l2fn;dg

akl D 1;

since they cover all possible states of nature. The probability of
country 1 facing a default is given by the sum of adn and add . Simi-
larly, the probability of country 2 facing a default is given by the sum
of and and add . If ann were equal to 0, the sum of the two default
probabilities would be

.and C add/C .adn C add/
kannD0kD ann C and C adn C 2add���Pk;l2fn;dg aklD1

���
D 1C add � 1:

Therefore at least one of the two default probabilities should be above
1/2 which contradicts our assumption.

A.2. Risky energy demand in an autarky (equations (1)
and (2))
Country 1 maximizes

max
r1

s1 C r1 � 1
2

h
.adn C add/.r1/2

i

s:to ps1s1 C r1 � B1

First order conditions with respect to r1 is given by

� 1
ps1

C 1� .adn C add/r1 D 0

which yields

r1 D 1� 1=ps1
adn C add

:

Risky energy consumption of country 1 is found in the same way.
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A.3. Proof of Result 1
Inserting the budget constraint into the utility maximization results
in

max
r1

B � r1
ps1

C r1 � 1
2

h
.adn C add/.r1/2

i

Risky energy consumption is chosen ef�ciently. Therefore the en-
velope theorem ensures that the effect of exogenous parameters on
welfare is given by the partial derivative with respect to the these
parameters, which yields the comparative statics results.

A.4. Risky energy demand in an uncoordinated union (equa-
tions (5) and (6))
Country 1 maximizes

max
r1

s1 C r1 � 1
2

h
and .�r2/2 C adn ..1� �/r1/2 C add.r1/2

i

s:t: ps1s1 C r1 � B1:

Inserting the budget constraint into the utility maximization yields

max
r1

B � r1
ps1

C r1 � 1
2

h
and .�r2/2 C adn ..1� �/r1/2 C add.r1/2

i
:

First order conditions are

� 1
ps1

C 1�
�
adn.1� �/2 C add

�
r1 D 0:

Solving for r1 we get

rUU
1 .�/ D 1� 1=ps1

adn.1� �/2 C add
:

A.5. Proof of Lemma 1 (Existence of �)
Being a continuous function of �, the welfare of country in uncoordi-
nated union, U1.s1; rUU

1 ; rUU
2 ; �/, reaches its maximum on compact
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set [0; 1]. The derivative of it with respect to � is positive at � D 0

@U1.s1; rUU
1 ; rUU

2 ; �/

@�

�����
�D0

D ��

�
and

�
rUU
2

�2 C adn
�
rUU
1

�2�

� .�/2 .1� �/
2a2nd

�
rUU
2

�3
�
1� 1=ps2

� C adn
�
rUU
1

�2�����
�D0

D adn
�
rUU
1

�2
> 0;

and negative at � D 1

@U1.s1; rUU
1 ; rUU

2 ; �/

@�

�����
�D1

D ��

�
and

�
rUU
2

�2 C adn
�
rUU
1

�2�

D � .�/2 .1� �/
2a2nd

�
rUU
2

�3
�
1� 1=ps2

� C adn
�
rUU
1

�2�����
�D1

D �and
�
rUU
2

�2
< 0:

In other words, country 1's utility increases at � D 0 and decreases
as � approaches 1. As U1.s1; rUU

1 ; rUU
2 ; �/ is a continuous function

of �, the maximum is reached at an interior point of [0; 1] where

8.�/ � ��

�
and

�
rUU
2

�2 C adn
�
rUU
1

�2�

� .�/2 .1� �/
2a2nd

�
rUU
2

�3
�
1� 1=ps2

� C adn
�
rUU
1

�2
(14)

D 0:

That completes the proof of country 1's optimal redistribution rule
�UU
1 being given by an interior solution.

Moreover, 8.�/, being a polynomial function of polynomial frac-
tions rUU

i , is itself a ratio of two polynomials in �, and the one in
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the denominator is always positive. Thus the roots of 8.�/ are de-
termined by the polynomial in the numerator and there could only be
a �nal number of them. As a result, there is a �nal number of local
maxima on .0; 1/ which implies that there is a �nal number of global
maxima too.

A.6. Discussion on Assumption 2
Assumption 2 ensures that there is only one local maximum of the
�rst country's utility function U1.s1; rUU

1 ; rUU
2 ; �/ which then also

becomes a global maximum. That suggests that the second deriva-
tive of U1.s1; rUU

1 ; rUU
2 ; �/ at the maximum point is negative. This

requirement is not very demanding. In fact, it demanded a signi�-
cant effort to �nd a case that contradicts this requirement. We only
provide a suf�cient condition for the model's parameters to ensure
assumption 2 is satis�ed. Then we demonstrate that it holds for coun-
tries that are symmetric in terms of default probabilities. Finally we
argue that if the asymmetry is not too high, the maximum is still
unique. The arguments for country 2 are identical.

Consider the second derivative of U1.s1; rUU
1 ; rUU

2 ; �/ with respect
to �. It is given by

@2U1.s1; rUU
1 ; rUU

2 ; �/
.

@�2
���
extremum

D adn
�
1� 1

ps1

�2 3adn .1� �/2 � add�
adn .1� �/2 C add

�3 (15)

� and
�
1� 1=ps2

�2
�
and .1� �/2 C add

�4 [4.and C add/and�.1� 2�/

C3a2nd�
4 C .and C add/2

i

If we only consider the second derivative in the local extremum
(where the �rst order conditions are satis�ed with equality, i.e., equa-
tion (14) holds), we can use equation (14) to rewrite the �rst term in
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equation (15) as

adn
�
1� 1

ps1

�2 3adn .1� �/2 � add�
adn .1� �/2 C add

�3
D �

�
1� 1

ps2

�2
�

� and
�
and

�
1� �2

�C add
� �
3adn .1� �/2 � add

�
�
and .1� �/2 C add

� �
adn .1� �/2 C add

�
.1� �/

:

The entire expression (15) thus takes the following form:

@2U1.s1; rUU
1 ; rUU

2 ; �/
.

@�2
���
extremum

D
�
�
1� 1

ps2

�2
and

�
and

�
1� �2

�C add
� �
3adn .1� �/2 � add

�
�
and .1� �/2 C add

�3 �adn .1� �/2 C add
�
.1� �/

� and
�
1� 1=ps2

�2
�
and .1� �/2 C add

�4 �
�
�
4.and C add/and�.1� 2�/C 3a2nd�

4 C .and C add/2
�

or, equivalently,

@2U1.s1; rUU
1 ; rUU

2 ; �/
.

@�2
���
extremum

D and
�
1� 1=ps2

�2
�
and .1� �/2 C add

�4 �adn .1� �/2 C add
�
.1� �/

�
�
3a2ndadn�

6 � 2and .7andadn � 2andadd C 4adnadd/ �5

�and .�25andadn C 5andadd � 22adnadd/ �4

�4 .and C add/ .5andadn C 2andadd � adnadd/ �3

C .and C add/ .5andadn C 14andadd � 9adnadd/ �2

C2 .and C add/ .andadn � 2andadd C 3adnadd/ �
� .and C add/2 .adn C add/

�
:
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As the expression

and
�
1� 1=ps2

�2
�
and .1� �/2 C add

�4 �adn .1� �/2 C add
�
.1� �/

is positive, the sign of the second derivative in the extremum is de-
termined by the sign of

S .and; adn; add; �/ ��
3a2ndadn�

6 � 2and .7andadn � 2andadd C 4adnadd/ �5

�and .�25andadn C 5andadd � 22adnadd/ �4

�4 .and C add/ .5andadn C 2andadd � adnadd/ �3

C .and C add/ .5andadn C 14andadd � 9adnadd/ �2

C2 .and C add/ .andadn � 2andadd C 3adnadd/ �
� .and C add/2 .adn C add/

�

Therefore the suf�cient condition for the local extremum �� to be a
maximum is that

S .and; adn; add; �/ < 0 (16)
for all � 2 [0; 1]. Note also that there could be only one maximum in
this case as country 1's utility is increasing at � D 0 and decreasing
as � ! 1, therefore to have two local maxima, one needs to have a
local minimum inbetween. This requires that S .and; adn; add; �/ is
positive at that point, which contradicts our condition (16).

However, condition (16) is dif�cult to interpret. Let us demonstrate
that if countries are symmetric in terms of default risks (adn D and �
a), it will always hold.

S .a; a; add; �/
� 3a3�6 � 2a2 .7a C 2add/ �5 C a2 .25a C 17add/ �4

�4a .a C add/ .5a C add/ �3 C 5a .a C add/2 �2

C2a .a C add/2 �� .a C add/3

D
�
3a2�4 � 4a .2a C add/ �3 C 6a .a C add/ �2 � .a C add/2

�
�

�
�
a.1� �/2 C add

�
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The �rst part of this product is always positive. Consider the second
part of this product

s .a; a; add; �/ � 3a2�4 � 4a .2a C add/ �3

C6a .a C add/ �2 � .a C add/2

We see that the derivative of s .a; a; add; �/ with respect to � is al-
ways positive so that s .a; a; add; �/ is increasing in � over [0; 1]

s0 .a; a; add; �/ � 12a� .1� �/ .add C a.1� �// > 0

s .a; a; add; 0/ D � .a C add/2 < 0
s .a; a; add; 1/ D �a2dd < 0:

Thus, s .a; a; add; �/ reaches its maximum at � D 1 and it is negative
there

s .a; a; add; 1/ D �a2dd < 0:
That implies that S .a; a; add; �/ < 0 for all � 2 [0; 1], or, equiv-
alently, that in the case where countries face symmetric risks, they
always have a single best preferred redistribution rule.

Finally, since S .and; adn; add; �/ is continuous in its arguments, the
uniqueness of maximum is also ensured as long as the countries are
not too asymmetric in terms of default risks (which holds for all our
numerical examples).

It also needs to be mentioned that the asymmetry of risks is not suf-
�cient to yield a non-concavity in � for the utility function. Many
constellations with very asymmetric risks will still produce a single-
maximum utility outcome.

A.7. Proof that � > 0 in Example 1
In a union of two completely identical countries the mutual insurance
rule is given by equation

�UU D 1
2
� and

�
�UU�2 .1� �UU /

and.1� �UU /2 C add
.

It can be rewritten as
.1� �UU /

�
3�UU � 1

�

.1� 2�UU /
D add

and
:
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The LHS of this equation changes monotonically increases from 0 to
C1 when � changes from 1

3 to 1
2. Therefore for any values of add

and and there is a unique solution of this equation �UU 2
h
1
3;

1
2

�
.

A.8. Proof of Result 2
Consider the equation that determines the interior solution for �

8 � adn
�
1� 1=ps1

�2 1� ��
adn.1� �/2 C add

�2

�and�
�
1� 1=ps2

�2 and � �2and C add�
and.1� �/2 C add

�3 (17)

D 0:

Taking the full derivative with respect to � and psi implies that

d�
dpsi

D �@8=@psi
@8=@�

:

As in the interior solution @8=@� > 0, the sign of d�=dpsi is equal
to the sign of @8.�/=@psi .

@8

@ps1
D 2adn

�
1� 1=ps1

� 1� ��
adn.1� �/2 C add

�2
1�
ps1

�2 > 0

@8

@ps2
D �2and�

�
1� 1=ps2

� and � �2and C add�
and.1� �/2 C add

�3
1�
ps2

�2 < 0

which proves Result 2.

A.9. Proof of Result 3
Similarly to the proof of Result 2 (Appendix A.6.), the sign of the
impact of each default probability on � is equal to the sign of the
partial derivative of 8 with respect to this default probability.

@8

@adn
D � �

1� 1=ps1
� .1� �/

�
adn.1� �/2 � add

�
�
adn.1� �/2 C add

�3

This derivative can have either sign depending on the relative size of
adn and add and optimal �.
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@8

@and
D ��

�
1� 1=ps2

�2
�
and.1� �/2 C add

�4
h
a2nd�

4 � 2a2nd�
3 � 4andadd�2

Cand .2add C and/ �� a2nd C a2dd
i

Again, the sign of this derivative is ambiguous.

Finally,

@8

@add
D �2

adn
�
1� 1=ps1

�2
.1� �/

�
adn.1� �/2 C add

�3

C2and�
�
1� 1=ps2

�2 and.�2�2 C �C 1/C add�
and.1� �/2 C add

�4

The �rst component of this sum is negative, while the second one is
positive (as �2�2 C �C 1 � 0 for � 2 [0; 1]). Therefore the overall
sign of this derivative is ambiguous, which completes the proof.

A.10. Proof of Result 4
Own safe energy prices in�uence risky energy consumption both di-
rectly and through redistribution rule �. However, as already men-
tioned in the text, each country's risky energy consumption is not
affected directly by the other country's safe energy prices. There-
fore, the impact of a change in the risky price of the other country
comes only through a change in �.

drUU
i

dpsi
D @rUU

i
@psi

C drUU
i
d�

d�
dpsi

drUU
i

dps j
D drUU

i
d�

d�
dps j

for j 6D i .

We know from equations (5) and (6) that @rUU
i =@psi > 0 and
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drUU
i =d� > 0. From this and Result 2 it follows that

drUU
1

dps1
> 0;

drUU
2

dps1
> 0;

drUU
1

dps2
< 0;

and the sign of drUU
2 =dps2 is ambiguous as @rUU

2 =@ps2 > 0 and
drUU

2 =d� � d�=dps2 < 0.

A.11. Proof of Result 5
Consider the effect of a change in the exogenous parameter b (where
b can denote the safe energy price in either country ps1, ps2 or either
of the default probabilities and , adn, add) on country 1's welfare.

dW1

db
D @W1

@b
C @W1

@�

d�
db

C @W1

@r1
@r1
@b

C @W1

@r2
@r2
@b

:

(where the partial derivatives of ri capture the effect of the exoge-
nous parameters on W directly through ri , while the effect through
� enters through @W1=@�/. In the second stage country 1 optimally
chooses its risky energy consumption. Therefore the envelope theo-
rem ensures that @W1=@r1 D 0. Similarly, being a leading country in
the union, country 1 chooses � to maximize its own welfare, which,
by envelope theorem, results in @W1=@� D 0. Therefore for any
exogenous parameter b

dW1

db
D @W1

@b
C @W1

@r2
@r2
@b

:

For example,
dW1

dps1
D @W1

@ps1
C @W1

@r2
@r2
@ps1

D @W1

@ps1
;

as r2 does not depend of ps1 directly. Therefore

dW1

dps1
D r1

p2s1
> 0
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Similarly,

dW1

dps2
D @W1

@ps2
C @W1

@r2
@r2
@ps2

D @W1

@r2
@r2
@ps2

:

As @r2=@ps2 > 0 and

@W1

@r2
D �and�2r2 < 0

we conclude that
dW1

dps2
< 0:

The effects of the default probabilities are calculated in a similar
way:

dW1

dadn
D @W1

@adn
C @W1

@r2
@r2
@adn

D @W1

@adn
D �.1� �/2r21

2
< 0

dW1

dand
D @W1

@and
C @W1

@r2
@r2
@and

D @W1

@and
C @W1

@r2
@r2
@and

D �.�r2/2

2
C and�2r2

�
1� 1=ps2

�
.1� �/2

�
and.1� �/2 C add

�2 :

The �rst component of the sum is negative and the second positive,
so that the overall effect is unclear.

dW1

dadd
D @W1

@add
C @W1

@r2
@r2
@add

D @W1

@add
C @W1

@r2
@r2
@add

D �.r1/2

2
C and�2r2

�
1� 1=ps2

�

�
and.1� �/2 C add

�2 :

Again, the overall effect is ambiguous.

Now let us turn to the welfare of the second country. The envelope
theorem ensures that @W2=@r2 D 0 due to the ef�cient choice of r2 in
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the second stage of the game. However, the impact of an exogenous
parameter b through � is now non-zero:

dW2

db
D @W2

@b
C @W2

@r1
@r1
@b

C @W2

@�

d�
db

:

The implications of having this additional component (@W2
@�

d�
db ) in the

expression for the derivative are discussed in the main text.

A.12. Risky energy demand in a coordinated union (equa-
tions (10) and (11))
The maximization problem of the social planner in the second stage
is given by

max
r1;r2

U1.r1; r2;�/CU2.r2; r1;�/

D max
r1;r2

(
s1 C r1 �

�
and .�r2/2 C adn ..1� �/r1/2 C add.r1/2

�
2

Cs2 C r2 �
�
and ..1� �/r2/2 C adn .�r1/2 C add.r2/2

�
2

)

s:t: psi si C ri � Bi ; i D 1; 2:

The �rst order conditions with respect to the risky consumption of
each country are

� 1
ps1

C 1�
�
adn.1� �/2 C adn .�/2 C add

�
r1 D 0

� 1
ps2

C 1�
�
and.1� �/2 C adn .�/2 C add

�
r2 D 0

which yields equations (10) and (11).

A.13. Proof that �CU D 1=2
At the �rst stage the social planner of a coordinated union chooses
� taking into account the choice at the second stage. As the second-
stage decisions are made ef�ciently, the envelope theorem ensures
that

@
�
U1.r1; r2;�/CU2.r2; r1;�/

�
@ri

D 0:
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Therefore the �rst order conditions for the choice of redistribution
rule � is

�andr22�C adn.1� �/r21 C and.1� �/r22 � adn�r21 D 0

which can be rewritten as

� D adnr21 C andr22
2
�
adnr21 C andr22

� D 1
2
:

A.14. Proof of Result 6
The fact that �CU D 1=2 allows to rewrite the welfare of the �rst
country as

WCU
1 D B � rCU1

ps1
C r1 (18)

�
and

�
1
2r

CU
2

�2 C adn
�
1
2r

CU
1

�2 C add.rCU1 /2

2
where

rCU1 .�/ D 1� 1=ps1
adn=2C add

;

rCU2 .�/ D 1� 1=ps2
and=2C add

:

Substituting the risky energy demand in an UU into the formula (18)
and taking the derivatives thus yields the effect of prices on the wel-
fare of country 1

dWCU
1

dps1
D � 1

p2s1

�
B � rCU1

.3adn C 4add/
2 .adn C 2add/

�
<> 0I

dWCU
1

dps2
D �

�
1� 1=ps2

�
and

p2s2 .and C 2add/2
< 0:

Similarly, the effect of default probabilities is given by the following
expressions: The effect of the local probability of default is negative

dWCU
1

dadn
D �

�
1� 1=ps1

�2
.3adn C 2add/

2 .adn C 2add/3
< 0I
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The effect of the foreign probability of default may be positive or
negative depending on the relation between and and add

dWCU
1

dadn
D �

�
1� 1=ps1

�2
.and � 2add/

.and C 2add/3
<> 0

and �nally, the effect of the double default probability is ambiguous
as well

dWCU
1

dadd
D �4

�
1� 1=ps1

�2 .adn C add/
.adn C 2add/3

C2
�
1� 1=ps2

�2 and
.and C 2add/3

< > 0

since the �rst component of the sum is negative and the second is
positive. The results for the second country are completely symmet-
ric.

A.15. Proof of Result 8
If the countries are exactly symmetric in terms of default probabil-
ities (and D adn), the equation (17) that determines the choice of �
by country 1 in an UU takes form

�
1� 1

ps1

�2 �
1� �UU

�
�

�UU
�
1� 1

ps2

�2 and
�
1� �

�UU�2�C add�
and.1� �UU /2 C add

� D 0

Denote by K the function of relative prices of safe energies in two
countries

K D
�
1� 1=ps1

�2
�
1� 1=ps2

�2 ;
K < 1 because the price of safe energy in country 1 is lower than
the price of safe energy in country 2. Then the equation (17) can be
further rewritten as
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8.�UU ; K / D K
�
1� �UU

�
�

�UU
and

�
1� �

�UU�2�C add�
and.1� �UU /2 C add

� D 0: (19)

Fix the set of default probabilities (and , adn, and add). Then the
redistribution rule �UU increases in K as

d�
dK

D �@8=@K
@8=@�

and @8=@� < 0 in interior maximum, while

@8=@K D
�
1� �UU

�
> 0:

If countries are symmetric in terms of default probabilities, the risky
energy consumption in CU exceeds the one is UU iff

rCUi D 1� 1=psi
adn=2C add

>
1� 1=psi

adn.1� �UU /2 C add
D rUU

i (20)

which is equivalent to

�UU < 1�p
1=2:

As we have shown that redistribution rule �UU increases in K , given
set of the default probabilities, there should be a threshold K such
that �UU < 1 � p

1=2 if and only if K < K . In other words for
relation (20) to hold, K should belong to

�
0; K

�
, where K is de�ned

by substituting �UU D 1�p
1=2 into the equation (19)

K
p
1=2�

�
1�p

1=2
� and

�p
2� 1

2

�
C add

.and=2C add/
D 0

or equivalently

K D
�p

2� 1
� and

�p
2� 1

2

�
C add

.and=2C add/
: (21)

Clearly, K > 0, so the set of prices ensuring that the risky energy
consumption in an UU is below the one of a CU for both country
members is non-empty. This proves the �rst part of the Result 8.
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Moreover, equation (21) can also be rewritten as

K D
�p

2� 1
�
�p

2� 1
2

�
and=add C 1

1=2 .and=add/C 1

which implies that

dK
d .and=add/

D 4
p
2� 1

.and=add C 2/2
> 0:

Namely, higher values of the ratio of the probability of a local default
to the probability of double default and=add lower the threshold K ,
which for the same ps1 corresponds to a higher ps2. This completes
the proof of Result 8.
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Part VI

SVENSK SAMMANFATTNING

I grˆnboken av den 8 mars 2006, "En europeisk strategi
fˆr en hÂllbar, konkurrenskraftig och trygg energifˆrsˆrjning",
formulerar den Europeiska Kommissionen tre huvudprinciper fˆr en
gemensam europeisk energipolitik: 1) konkurrenskraft, fˆr att trygga
rimliga energipriser, 2) fˆrsˆrjningstrygghet, fˆr att s‰kerst‰lla
energitillfˆrseln och 3) hÂllbarhet, fˆr att ta miljˆh‰nsyn.

En av dessa principer, fˆrsˆrjningstrygghet eller energis‰kerhet,
har Âdragit sig s‰rskild uppm‰rksamhet under de senaste Âren.
EU importerar ˆver h‰lften av sin energikonsumtion och en
v‰xande efterfrÂgan inneb‰r att importberoendet kommer att ˆka
ytterligare. En stor del av energiimporten h‰rstammar frÂn politiskt
instabila regioner och frÂn ett fÂtal leverantˆrer, vilket ‰r fˆrenat
med stora politiska och ekonomiska risker. De senaste Ârens
energikriser orsakade av rysk-ukrainska och rysk-vitryska kon�ikter
har ytterligare understrukit vikten av att ˆka energis‰kerheten inom
EU.

Ett �ertal strategier fˆr att trygga energifˆrsˆrjningen har fˆrts fram i
den europeiska debatten. Vissa Âtg‰rder fokuserar pÂ efterfrÂgesidan,
andra reglerar energiutbudet och ytterligare fˆrslag fokuserar pÂ
fˆrbindelserna mellan medlemsstaterna och energileverantˆrerna.
Dessa strategier fˆr en gemensam energipolitik ‰r v‰ldiskuterade
och har grundligt analyserats i en m‰ngd studier. Huvuddelen
av studierna tycks dock analysera fˆrsˆrjningstrygghet frÂn
ett s‰kerhetspolitiskt perspektiv eller fokusera pÂ den inre
energimarknadens funktionss‰tt. I den h‰r studien demonstrerar
vi hur en gemensam energipolitik kan ge upphov till snedvridande
ekonomiska incitament och d‰rigenom skapa sÂ kallade îmoral
hazardî-problem.25 Denna îmoral hazardî-mekanism ‰r v‰lk‰nd

25îMoral hazardî ‰r ett v‰letablerat engelsk begrepp inom nationalekonomi
som hittills saknar svensk ˆvers‰ttning. îMoral hazardî uppstÂr fˆr att en
fˆrs‰krad individ eller institution inte sj‰lv drabbas fullt ut av de negativa
effekterna av sitt handlande och d‰rfˆr har en tendens eller ett incitament att
handla mindre fˆrsiktig ‰n annars.
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inom den ekonomiska litteraturen, men har s‰llan diskuterats inom
ramen fˆr energipolitik. Oss veterligen ‰r denna studie den fˆrsta
som gˆr en formell analys av îmoral hazardî i relation till en
europeisk energipolitik.

Angreppss‰tt. Analysen fokuserar pÂ extern energis‰kerhet, det
vill s‰ga pÂ energiimport frÂn leverantˆrer utanfˆr EU. Vidare
koncentrerar vi oss pÂ en s‰rskild aspekt av den europeiska
energipolitiken, n‰mligen principen om ˆmsesidig fˆrs‰kring, av
den Europeiska Kommissionen ‰ven refererad till som solidaritet
bland medlemsstaterna. En vanlig uppfattning ‰r att denna
solidaritetsmekanism kommer att fr‰mja en trygg energifˆrsˆrjning.
Medlemsstaterna kompenserar varandra vid leveransavbrott, vilket
tryggar en j‰mn energikonsumtion varvid v‰lf‰rden ˆkar. Emellertid
kan en gemensam energipolitik som innefattar ˆmsesidig fˆrs‰kring
vid bristsituationer leda till problem med îmoral hazardî.
Fˆrs‰kringsmekanismen inneb‰r att medlemsstaterna inte sj‰lva b‰r
de kostnader som den egna konsumtionen av riskfylld energi ger
upphov till. Detta kan ge medlemsstaterna incitament att ˆka
konsumtionen av riskfylld energi, vilket i sin tur ˆkar unionens
exponering fˆr risk.

Syfte. Syftet med den h‰r Siepsrapporten ‰r att analysera nyttan
av en gemensam energipolitik och de potentiella kostnader som
en solidarisk fˆrs‰kringsmekanism kan ge upphov till. Rapportens
tvÂ viktigaste bidrag ‰r (i) ett index som uppskattar graden av risk
fˆrenad med extern energis‰kerhet, dels fˆr varje medlemsstat och
dels fˆr fyra sorters energislag (gas, olja, elektricitet och kol), (ii)
en formell analys av de îmoral hazardî-problem som kan uppstÂ i
samband med en europeisk energipolitik som innefattar en solidarisk
fˆrs‰kringsmekanism.

Disposition. Rapporten bestÂr av tvÂ delar. Den fˆrsta delen
diskuterar europeisk fˆrsˆrjningstrygghet medan den andra delen
presenterar en formell analys av kostnader och nytta av en gemensam
energipolitik, s‰rskilt med avseende pÂ en solidaritetsmekanism.
De tvÂ fˆrsta kapitlen ger en ˆverblick av den europeiska
energis‰kerhetsproblematiken: kapitel ett de�nierar viktiga begrepp
relaterade till energis‰kerhet och kapitel tvÂ presenterar en ˆversikt
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av den europeiska debatten om fˆrsˆrjningstrygghet och redogˆr fˆr
mˆjliga strategier att hantera fˆrsˆrjningskriser.

Kapitel tre presenterar ett index som skattar graden av risk fˆrenad
med energiimport. Detta index ‰r konstruerat fˆr att komma
Ât den kortsiktiga risken. Det som gˆr vÂr metod speciell
‰r att vi presenterar ett separat index fˆr varje energislag och
rangordnar de europeiska l‰nderna i enlighet med respektive index.
VÂrt index kombinerar nettoimportberoende med en proxy fˆr
den politiska risken i det exporterande landet och den uppm‰tta
distansen mellan det konsumerande landet och de exporterande
l‰nderna. Genom att anv‰nda IEA-data frÂn 2006, har vi konstruerat
index fˆr arton europeiska l‰nder och fˆr tre konventionella
energislag: olja, gas och kol. De �esta andra studier fˆreslÂr
aggregerade energis‰kerhetsindex som kombinerar olika energislag.
Ett aggregerat index riskerar dock att vara vilseledande, i synnerhet
med avseende pÂ kortsiktig risk. Det kan visa sig vara en kostbar
fˆrenkling att fˆrlita sig till ett aggregerat riskindex utan att ta
h‰nsyn till energimix eftersom det inte ‰r mˆjligt att substituera
olika energislag pÂ kort sikt. Polen uppvisar till exempel ett
hˆgt indexv‰rde fˆr oljefˆrsˆrjning och ett relativt lÂgt index fˆr
gasfˆrsˆrjning, medan situationen ‰r omv‰nd fˆr Portugal. Det
‰r alltsÂ en stˆrre risk fˆr fˆrsˆrjningsavbrott av olja i Polen ‰n
i Portugal medan motsatsen g‰ller i frÂga om fˆrsˆrjningsavbrott
av gas. Med detta index har vi mˆjlighet att uppskatta den
potentiella skadan orsakad av fˆrsˆrjningsavbrott pÂ en speci�k
energimarknad i ett givet land. Detta skulle inte vara mˆjligt med
ett aggregerat index som approximerar den genomsnittliga risken fˆr
fˆrsˆrjningsavbrott.

Rapportens andra del utgˆrs av en formell analys av de îmoral
hazardî problem som kan uppstÂ i samband med en europeisk
energipolitik som baseras pÂ en solidaritetsprincip med ˆmsesidig
fˆrs‰kring. Vi ger sÂv‰l en icke-teknisk sammanfattning (kapitel
fyra) som en rigorˆs analys (kapitel fem) av modellen. VÂrt
modellramverk lÂter oss relatera graden av îmoral hazardî med
graden av politisk koordinering inom energisamarbetet samt studera
hur îmoral hazardî pÂverkar energikonsumtionen och graden av
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solidaritet bland medlemsstaterna. Mer speci�kt kan modellen
beskrivas pÂ fˆljande s‰tt: Vi analyserar de ekonomiska beslut som
fattas i de l‰nder som kan konsumera dyr energi frÂn s‰kra (utan
risk fˆr leveransavbrott) leverantˆrer eller billig energi frÂn riskfyllda
(med risk fˆr leveransavbrott) leverantˆrer. L‰nderna kan antingen
agera i autarki eller bilda en union. Om de bildar en union ‰r de
bundna till en gemensam energipolitik genom en ˆverenskommelse
om ˆmsesidig fˆrs‰kring. Med andra ord kan l‰nderna, Âtminstone
delvis, fˆrs‰kra varandra mot leveransavbrott genom att ˆverfˆra
energi frÂn ett icke-drabbat till ett drabbat partnerland. Tre
typer av system behandlas. I autarki �nns ingen ˆmsesidig
fˆrs‰kringsmekanism och l‰nderna fattar beslut oberoende av
varandra. I en koordinerad union str‰var unionen efter att maximera
den totala v‰lf‰rden genom att samordna beslutsfattandet, bÂde
betr‰ffande konsumtion av riskfylld energi och betr‰ffande den
solidariska fˆrs‰kringens t‰ckningsgrad. ƒven i en okoordinerad
union fˆrs‰krar medlemsl‰nderna varandra mot leveransavbrott.
Emellertid best‰mmer varje land sin energikonsumtion oberoende
av varandra och ingen h‰nsyn tas till de negativa effekter denna
kan ge upphov till fˆr ˆvriga medlemsl‰nder. Genom att
formalisera analysen pÂ detta s‰tt ‰r det mˆjligt att j‰mfˆra
konsumtionsnivÂn av riskfylld energi, den solidariska fˆrs‰kringens
t‰ckningsgrad samt v‰lf‰rdseffekter under tre olika energipolitiska
system. Kostnads-nyttoanalysen ‰r beroende av vilken typ av
koordination mellan medlemsl‰nderna, graden av symmetri (med
avseende pÂ riskexponering och energipriser) mellan l‰nderna,
vilket land som s‰tter agendan samt mˆjligheten att fÂ till stÂnd
kompenserande transfereringar mellan l‰nderna.

Resultaten visar att om l‰nderna ‰r perfekt koordinerade uppstÂr inte
problemen med îmoral hazardî. D‰rfˆr ‰r en perfekt koordinerad
union ˆverl‰gsen autarki pÂ grund av den ˆmsesidiga fˆrs‰kringen.
Emellertid beror varje enskilt lands vinning pÂ graden av asymmetri
i unionen. Om l‰nderna ‰r identiska vinner b‰gge pÂ att bilda
en union, men om asymmetrin ‰r tillr‰ckligt stor riskerar ett av
l‰nderna att hamna i ett s‰mre l‰ge ‰n under autarki. Anledningen
‰r att det ‰r kostsamt att tillhandahÂlla ˆmsesidig fˆrs‰kring; ju
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hˆgre risk fˆr fˆrsˆrjningsavbrott hos ˆvriga partnerl‰nder desto
hˆgre kostnader fˆr varje enskilt land. N‰r l‰nderna mˆter olika
hˆg risk fˆr leveransavbrott, kan solidarisk fˆrs‰kring bli ytterst
kostsam. En union kommer enbart att existera om det utbetalas
kompenserande transfereringar frÂn vinnarna till fˆrlorarna, eller om
ytterligare fˆrdelar ‰r fˆrbundna med ett unionsmedlemsskap.

I en okoordinerad union skapar fˆrs‰kringssituationen incitament
att handla med mindre fˆrsiktighet (s.k. îfree-ridingî) och
ˆverkonsumera riskfylld energi. Ett medlemsland som har ett stort
in�ytande ˆver energipolitiken och kan s‰tta agendan fˆrsˆker att
minska sin ˆkade riskexponering genom att korrigera fˆrs‰kringens
t‰ckningsgrad. Detta fˆrst‰rker ineffektiviteten hos ett okoordinerat
energipolitiskt samarbete men minskar samtidigt konsumtionen av
riskfylld energi. Huruvida alla unionsmedlemmar vinner i en
okoordinerad union beror Âter igen pÂ l‰ndernas grad av asymmetri,
men om kompenserande transfereringar utbetalas ‰r en okoordinerad
union ˆverl‰gsen autarki. Emellertid ger en koordinerad union alltid
hˆgst v‰lf‰rd.

Givet dessa resultat, avhandlar vi problematiken kring uppkomsten
av en energipolitisk union, i synnerhet de incitament som �nns fˆr
ett land att ingÂ i ett samarbete trots att det ‰r kostsamt att delta.
Vi diskuterar de fˆrdelar som kan t‰nkas vara fˆrenade med ett
unionsmedlemsskap och de kostnader som ‰r fˆrbundna med att stÂ
utanfˆr. Vi diskuterar ‰ven sambanden mellan maktfˆrdelningen
inom unionen och samarbetets stabilitet och utfall.

Sammanfattning av resultaten och policyimplikationer. Ett antal
slutsatser kan dras frÂn rapportens huvudresultat.

1. Rapporten fˆreslÂr en upps‰ttning nya index som m‰ter risken
fˆrbunden med extern energifˆrsˆrjning fˆr tre olika energislag
(gas, olja och kol). Indexen visar att riskexponeringen
och riskrangordning bland EU:s medlemsstater skiljer sig
fˆr olika energislag. Detta inneb‰r att en metod som
baseras pÂ riskv‰rdering av skilda energislag, dvs. ett
sektorialt angreppss‰tt, skulle bidra till en tillfˆrlitligare
skattning av de kortsiktiga externa energiriskerna. Eftersom
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medlemsstaternas energirisk varierar fˆr olika energislag, kan
en tryggad energifˆrsˆrjning kr‰va olika policyinstrument fˆr
varje energislag, vilket endast kan bedˆmas utifrÂn ett sektorialt
angreppss‰tt.

2. V‰lf‰rdsanalysen visar att det uppstÂr problem med îfree-
ridingî, dvs. att medlemsl‰nder inte b‰r de egna kostnaderna
utan Âker snÂlskjuts pÂ ˆvriga medlemmar, n‰r medlemmarnas
ekonomiska beslut inte ‰r perfekt koordinerade. Detta kan visa
sig vara mycket kostsamt fˆr medlemsl‰nderna. Slutsatsen blir
att det ‰r nˆdv‰ndigt att inr‰tta en stark central energimyndighet
fˆr att lˆsa de îmoral hazardî problem som kan uppstÂ
i samband med en gemensam energipolitik som bygger pÂ
solidaritet mellan medlemsstater.

3. Analysen visar att graden av riskexponering inte alltid ‰r
korrelerad till effektivitet. ƒven utan îmoral hazardî-effekter
kan medlemsl‰nderna komma att konsumera en hˆg andel
riskfylld energi under en central energimyndighet som driver
en samordnad energipolik. En okoordinerad union med oj‰mn
maktfˆrdelning kan d‰remot ge upphov till en lÂg konsumtion
av riskfylld energi. Om exempelvis det ledande landet ‰r
exponerat fˆr en l‰gre grad av risk ‰n ˆvriga medlemsl‰nder,
kan det v‰lja en lÂg fˆrs‰kringsgrad fˆr att minimera
kostnaderna fˆr îmoral hazardî-effekterna. Detta i sin tur
minskar konsumtionen av riskfylld energi i alla medlemsl‰nder.
Emellertid ‰r en sÂdan lÂg nivÂ ineffektiv eftersom l‰nderna
konsumerar en alltfˆr stor andel s‰ker, men dyr, energi och
innehar en alltfˆr lÂg fˆrs‰kringst‰ckning. Detta betyder att
fˆrsiktighet bˆr iakttas n‰r konsumtionsnivÂn av riskfylld energi
anv‰nds sommÂtt pÂ fˆrsˆrjningstryggheten, vilket ofta har varit
fallet i den europeiska debatten. Medan tillfˆrlitlighetsgraden ‰r
stˆrre vid en j‰mfˆrelse av olika l‰nder vid en given tidpunkt,
re�ekteras inte enbart riskexponeringsgraden utan ‰ven de
institutionella fˆr‰ndringarna i unionen i ett l‰ngre perspektiv.
D‰rfˆr bˆr

(i) institutionella fˆr‰ndringar inom unionen snarare ‰n rent
kvantitativa mÂtt beaktas, n‰r energifˆrsˆrjningstryggheten
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ska estimeras, s‰rskilt fˆr att fÂ ett lÂngsiktigt perspektiv;
(ii) en gemensam energipolitik med syfte att trygga

energifˆrsˆrjningen inte nˆdv‰ndigtvis fordra en
l‰gre konsumtionsnivÂ av riskfylld energi sÂ l‰nge
energisamarbetet inneb‰r en utˆkad koordination mellan
medlemsl‰nderna.

4. Vi h‰vdar slutligen att n‰r vissa medlemsl‰nder har stˆrre
in�ytande ˆver energipolitiken ‰n andra medlemmar skiftar
nyttan med en ˆmsesidig fˆrs‰kring mot den mer in�ytelserika
gruppen. Ett s‰tt att uppnÂ en r‰ttvisare fˆrdelning av vinsterna
inom energisamarbetet kan vara att ha en upps‰ttning separata
ˆverenskommelser fˆr varje energipolitisk frÂga. Under dessa
fˆrhÂllanden skulle de mindre in�ytelserika medlemsl‰nderna
v‰lja att enbart delta i de energisamarbeten som gynnar
dem, vilket skulle begr‰nsa de agendas‰ttande l‰ndernas makt.
Emellertid skulle det vara b‰ttre att integrera de energipolitiska
frÂgorna och samtidigt tillfˆrs‰kra en j‰mnare maktfˆrdelning
med avseende pÂ energipolitiken bland medlemsl‰nderna. Detta
skulle gynna EU, bÂde genom effektivare utfall och genom
att fˆrb‰ttra energisamarbetets stabilitet. Fˆrsˆk att missbruka
maktpositioner skulle fˆrhindras av risken fˆr vederg‰llning i
ˆvriga energifrÂgor och d‰rigenom leda till ett mer samordnat
agerande. Fˆljaktligen ‰r det troligt att en integrerad
energipolitisk union med j‰mlik maktdelning ‰r ˆverl‰gsen en
upps‰ttning separata ˆverenskommelser fˆr varje energipolitisk
frÂga.
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