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The economic literature suggests that policy areas characterized by strong 
returns to scale, efficiency gains, relevant cross border spill-over effects and 
where heterogeneity of preferences is limited or could be sufficiently 
reduced, should be managed at higher levels of Government. When this does 
not occur, one could consider that there is a waste of resources. Building on 
these insights, we propose a methodology, based on Data Envelopment 
!ƴŀƭȅǎƛǎΣ ǘƻ ŜǎǘƛƳŀǘŜ άōǳŘƎŜǘŀǊȅ ǿŀǎǘŜέ ƛƴ aŜƳōŜǊ {ǘŀǘŜǎΩ ǎǇŜƴŘƛƴƎ ŀƴŘ ǘƻ 
compute potential benefits that could be achieved by allocating resources at 
the EU level. Waste is therefore the amount of money that could be saved, 
by producing the same amount of output in the most efficient way. We apply 
ƻǳǊ ǇǊƻǇƻǎŜŘ ƳŜǘƘƻŘƻƭƻƎȅ ǘƻ aŜƳōŜǊ {ǘŀǘŜǎΩ ǎǇŜƴŘƛƴƎ ƛƴ ŦƻǳǊ ŀǊŜŀǎΥ IŜŀƭǘƘ 
Care, Energy and Environment, Social Protection and Defence. For each area, 
we also compute the share of estimated waste due to unexploited returns to 
scale and the non-internalization of cross-border spill-over effects. We find 
large heterogeneity in efficiency across Member States and generally large 
ŀǾŜǊŀƎŜ ŀƳƻǳƴǘǎ ƻŦ ǿŀǎǘŜ ƛƴ ŎǳǊǊŜƴǘ 9¦ ŎƻǳƴǘǊƛŜǎΩ ǎǇŜƴŘƛƴƎΦ 
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Executive summary 

The subsidiarity principle states that policy areas should be assigned at the EU level only if it is proved 
that the desired objectives cannot be effectively achieved by means of actions taken at Member State 
(MS), regional or local level. In this Report, we interpret this principle as follows: a policy should be 
ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ 9¦ ƭŜǾŜƭ ƻƴƭȅ ƛŦ ǘƘŜ ƭŀǘǘŜǊ ŎƻǳƭŘ ƻŦŦŜǊ ǘƘŜ ǎŀƳŜ ǎŜǊǾƛŎŜǎ ǿƛǘƘ ƭŜǎǎ άǿŀǎǘŜέ ƻŦ ǊŜǎƻǳǊŎŜǎ 
than MS, where waste is the amount of money that could be saved by producing the same amount of 
output in the most efficient way.  

We propose to first identify and compute waste in MS spending by applying Data Envelopment 
Analysis (DEA) to MS production of public services; that is, by using a benchmarking analysis that 
compares the capability of the different MS to reach the highest level of desirable output with the 
least use of inputs. The economic literature suggests to move to higher levels of governments policies 
characterized by strong returns to scale, relevant cross border spill-over effects and limited 
heterogeneity of preferences across different constituencies. For this reason, we also propose to use 
the same methodology to compute the portion of estimated waste induced by the presence of returns 
to scale that are not being fully exploited, and by cross-border spill-over effects in the production 
function of MS. Unless there is evidence of strong heterogeneity of preferences across different 
countries, policy areas or sub-areas characterized by these two elements should then be assigned to 
the EU level, as this would arguably lead to exploitation of returns to scale and internalization of spill-
over effects, thus minimizing waste. 

We apply the proposed methodology to four highly relevant policy areas: Health Care, Climate and 
Energy Policy, Social Protection and DefenceΦ CƻǊ ǘƘŜǎŜ ǇƻƭƛŎƛŜǎΣ ōŜǎƛŘŜǎ ŀǇǇƭȅƛƴƎ 59! ǘƻ ŎƻǳƴǘǊƛŜǎΩ 
production levels and estimating returns to scale and spill-over effects, we also check for differences 
in preferences across MS. Concerning the estimation of waste in national production of these services, 
our main results are summarized in Table 1. The Table reports the total estimated waste (in billion 
euro), the weighted average level of waste among MS in the production of services, and the average 
level of dispersion of the waste indicator across MS (using the coefficient of variation, the standard 
variation divided by the mean). 

We find both a high average level of waste, ranging from 9% to 52% of MS spending and a large 
heterogeneity in the efficiency indicator across MS, with an average variation in efficiency with 
respect to the mean level that in some cases is close to or above 100%. More specifically, as can be 
seen by Table 1, our benchmarking analysis suggests that MS could save up to ϵ175 billion in the 
provision of health care services, or 19% of total spending, if each MS produced the services in the 
most efficient way. Similarly, MS could collectively save up to ϵ41 billion, or 26% of total spending, if 
each country were as efficient as the best performer in organizing its unemployment benefit system, 
ϵ13 billion in military procurement or 52% of total spending, if each national procurement system was 
organized in the most efficient way and so on for all other services examined. In the case of Energy 
and Climate Policy, we particularly focus on the European Emission Trading System, and the relative 
inefficiency of each country is computed in each main regulated productive sector (Manufacturing, 
Transport and Energy Production) with respect to a production frontier where each sector produces 
ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ǘǿƻ ƻǳǘǇǳǘǎΣ ŀ άƎƻƻŘέ ƻƴŜ όD5tύ ŀƴŘ ŀ άōŀŘέ ƻƴŜ ό/h2 emissions). Thus, Table 1 says 
that, for example, in Manufacturing, national companies could save up to 47% of total inputs (labour, 
capital and energy) to reach the same combination of good and bad output if production in 
manufacturing in each country was organized in the most efficient way. 
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Table 1 Estimated waste in the production of services at national level 

Policy areas  Targets  

Estimated waste at the MS level  

Rate on 

total 

expenditure  

ϵ bn  Coef.Var  

Health Policy  

Aggregate spending  19% 175 0.73 

Of which: returns to scale related to procurement  12% 17 0.44 

Of which: returns to scale related to prevention  13% 3.5 0.51 

Climate and 
energy policy  

Manufacturing  47% - 0.37 

Energy production 28% - 0.70 

Transportation and Storage  8% - 1.43 

Social 
Insurance  

Unemployment cash benefits  26% 41 0.54 

Active labour market policies  9% 1.6 0.57 

Defence  
Deployable troops  26% 32 0.63 

Procurement and R&D  52% 13 0.43 

 

However, high levels of waste and large heterogeneity across MS in efficiency in the provision of 
services are not sufficient reasons for advocating common spending or common action at the EU 
level. MS might still learn from each other and the EU could still play an important role in attempting 
to inform and share the best practices, but there is no strong argument for supporting moving 
competences and resources on that policy area to the EU level. It has still to be proved that common 
spending or common action at the EU level might result in less waste of resources than MS spending. 
To this aim, we estimate whether the production function for these services exhibit relevant returns 
to scale or cross border spill-over effects. We generally find that only some sub-policy areas pass this 
test and exhibit a large amount of waste due to the presence of these two effects. On these bases, 
Table 2 summarizes our recommendations for the four policy areas.  

Concerning health policy, while our results suggest both a high level of average waste and a large 
heterogeneity across MS, we also find that for health care as a whole, scale inefficiency is not much 
relevant and the role of spillovers limited. Specifically, for curative care, the largest component of 
health care spending in each MS, we do not find any evidence of increasing returns to scale or cross-
border spill-over effects. There is therefore no efficiency argument in favor of EU common spending 
in this component. On the other hand, for specific sub-policies, in particular procurement and 
prevention, we not only find a lower level of average efficiency, but also strong evidence of both scale 
inefficiency and cross-border spill-over effects (see Table 1). According to our estimations, common 
spending at the EU level fully exploiting returns to scale, would imply for procurement an average 
increase in MS efficiency scores by 12%, saving ϵ17 billion; and for prevention, an improvement in 
efficiency of 13%, saving ϵ3.5 billion. Clearly, these savings could be used to increase service 
provision, leaving the same level of spending but centralizing provision. Moving all current 
expenditure in procurement and prevention to the EU level would entail an increase in common 
spending of up to 1,4% of current EU GDP; but obviously, one could also consider intermediate steps. 
Data on R&D spending at the MS level are not sufficiently detailed to allow us to run a formal analysis; 
however, research is also a field that typically exhibits strong returns to scale. Managing it at the EU 
level is then also likely to be beneficial.  
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Concerning climate and energy policy, our analysis is on the whole supportive for the EU Emissions 
Trading System (EU ETS), which is a crucial part of the EU Climate Action and the European Green Deal 
programmes. Specifically, we do not find any negative effects of the regulation on the economic 
performance of European companies, not even in the more restrictive phase 3 (2013-20). On the other 
hand, we find evidence of an effect of the regulation on curbing CO2 emissions, particularly for sectors 
and companies that had to buy emission allowances rather than receiving them freely. A back of the 
envelope computation of the advantages for the EU economy of the introduction of the EH ETS 
system suggests a cumulated saving of approximately ϵпнΦр billion, where we use the market price 
of the EU emission allowances to quantify for each year the economic value of reduced emissions. A 
comparison with the more decentralized US system also suggests a better performance of the EU 
system due to a larger and thicker market, more able to internalize cross-border environmental 
externalities, and to larger savings in administrative costs. In our benchmarking analysis, we also find 
a general improvement through time in the efficiency of the companies in the regulated sectors, with 
some convergence across MS in the Transport and Energy production sector but also some 
divergence for the Manufacturing sector. Consequently, our policy recommendations are for a 
strengthening of the ETS mechanism, extending it to other sectors and decreasing the free allocation 
of allowances, while supporting the ecological transition of the least efficient firms particularly in the 
Manufacturing sector. Given the current debate on strengthening the role of autonomous funding for 
the EU budget, we also investigate the potential role of emission allowances in this respect. We 
estimate in the medium/long run a potential revenue up to ϵрл billion per year from the auctioning 
of allowances. Hence, this should be considered as a potential source of funding for the EU budget.  

Table 2 Policy Recommendations and estimated savings by common actions at the EU level 

Policy areas Recomendations 
 

 

Health Policy  

- No common action at the EU level needed for curative care except diffusion of best 
practices to counteract the large heterogeneity in efficiency across MS. 

-Equity considerations also support a larger role of the EU level in the management of 
health care. 

- We recommend common EU spending for procurement (saving up to ϵмт billion) and 
prevention (saving up to ϵоΦр billion) in order to exploit returns to scale and properly take 
cross-border spill-over effects into account. A complete centralization of spending for 
these two functions would entail an increase in expenditure of about 1,4% of EU GDP at 
the EU level; intermediate steps could of course be considered. 

- R&D spending data are not sufficient to run a formal analysis; however managing 
research at the EU level is also likely to be beneficial.  

  

Climate and 
energy policy  

- Detailed analysis shows no evidence of negative effects of regulation on the economic 
performance of European companies. 

-Move towards Phase 4: Reinforce ETS mechanism, extend it to other sectors and 
decrease the free allocation of allowances.  

- Support the ecological transition of less efficient firms, particularly in Manufacturing 
where we detect some increasing divergence of performance across regulated companies 
of different MS. 

- In the medium to long run, we estimate potential revenues up to ϵрл billion per year 
from auctioning of emission allowances. This should be considered as a potential source 
of funding for the EU budget.  

  

Social 
Insurance  

- Large heterogeneity of preferences across MS does not support policy centralization in 
spite of the poor average performance and large heterogeneity in results. 
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-However, imperfect correlation across MS GDP growth rates and relevant returns to 
scale in risk diversification strongly suggest the introduction of an European 
unemployment insurance scheme to complement national ones, supporting national 
systems in case of relevant economic shocks. 

-A simple exercise run on historical data suggests that such a scheme, entailing a 
contribution of max 0,2% of GDP per country per year, would have limited by 175 billion 
the huge GDP losses supported by MS during the 2009-12 international crisis.   

Defence  

- Duplication of projects and bias towards national markets in procurement strongly 
impair the efficiency of the EU defence system.  

- Common action for troop deployment could save up to ϵон billion per year while 
common spending for procurement in military equipment could save up to ϵмо billion 
while still producing the same level of output in terms of R&D development. 

- We support allocating at least 25% of current spending in procurement to the EU level 
(saving 2,7 billions). 

-For troop deployment, our result speaks in favor of re-launching initiatives such as EU 
battlegroups. 

 

Concerning social insurance policy, we find that preferences and governance are highly 
heterogeneous across MS, leading to an up-to ten-fold difference in per-capita expenditure levels. 
DEA analysis suggests that efficiency of unemployment benefits and active labour market policies 
expenditure in smoothing economic shocks and reducing long term unemployment is also very 
heterogeneous among MS. Depending on the specification, the average rate of waste across MS for 
unemployment benefits is between 26% to 53% of expenditure, leading to an estimated total waste 
ōŜǘǿŜŜƴ ŀōƻǳǘ ϵпм ōƛƭƭƛƻƴ ŀƴŘ ϵул ōƛƭƭƛƻƴ ǇŜǊ ȅŜŀǊΦ ¢ƘŜ ǿŀste rate for active labour market policies is 
ōŜǘǿŜŜƴ ф҈ ŀƴŘ оо҈Σ ƭŜŀŘƛƴƎ ǘƻ ŀ ǘƻǘŀƭ ǿŀǎǘŜ ōŜǘǿŜŜƴ ϵн ōƛƭƭƛƻƴ ŀƴŘ ϵс ōƛƭƭƛƻƴ ǇŜǊ ȅŜŀǊ (see also 
Table 1). We also show that the correlation between economic cycles across EU countries is large but 
not perfect, creating a strong economic rationale for fiscal co-insurance across EU countries. 
Moreover, unemployment-related expenditure is more stable in larger countries and at the EU or EA 
level than in any Member State, suggesting the presence of strong returns to scale for risk 
diversification. On this basis, we run a simulation exercise using historical data postulating the 
existence of a simple EU unemployment co-insurance scheme built so as to avoid permanent transfers 
across countries and complementing national ones. According to our estimations, a limited amount 
of co-insurance, with a maximum expenditure of 0.2% of GDP per annum per country, introduced in 
the 2000s, while being roughly in equilibrium along the period,  would have reduced by ϵ175 billion 
the GDP cumulative loss in 2009-12 (ϵпп billion per year). Thus, our results clearly support the 
introduction of a European unemployment scheme to complement national ones, supporting national 
systems in case of relevant economic shocks. 

Concerning defence, we confirm the existence of large inefficiencies due to duplication of military 
projects, lack of effective competition and largely non-integrated markets. An illustrative comparison 
with the more integrated US system is telling. Roughly speaking, for any large military project run in 
the US, three are run in the EU, each with a third of the funding, thus losing any potential benefits that 
could arise from exploiting returns to scale. Our benchmarking analysis on troop deployment and 
spending on procurement for military projects confirm the existence of large amounts of waste. In 
both cases, the estimated production function also exhibits very relevant returns to scale. Larger 
countries are always characterized by higher levels of efficiency. Our computations suggest that by 
coordinating troop deployment and by common spending in military procurement, so as to exploit the 
returns to scale, MS could save up to ϵ32 billion in military spending and up to ϵ13 billion in military 
procurement whilst still obtaining the same result in terms of deployable troops and investment in 
R&D. Specifically, common spending for at least 25% of military procurement, about 7 billion euro, a 
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realistic target, would save 2,7 billion. Our results on troop deployment also support re-launching 
initiatives such as the EU battlegroups. 
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1. Introduction 

1.1. The general problem 

The question of which policy areas ς and related resources ς should be assigned to the European level 
and which should instead remain, or return, to Member States (MS) or even sub-national 
governments, is central in the political debate. The assignment problem is also a long-debated 
question in the relevant scientific literature (see Chapter 2 for a discussion). On normative grounds, 
the fundamental difficulty in addressing this issue arises from the specific nature of the European 
Union (EU), somewhat a unique example in history. Although the EU has some features common to 
many other world federations (including a bi-cameral legislature made up by an elected Parliament, 
representing EU citizens, and a Council, representing the MS) the EU is not (yet) a fully-fledged 
federation, as MS have surrendered only very limited sovereignty to EU institutions and only in a 
limited subset of policies. On the other hand, the EU is much more than just a trade or a currency 
agreement among sovereign states. A set of shared and core values lies at its heart (like commitments 
to democracy, peace, human rights, rule of law and a common preference for a market economy 
tempered by strong welfare nets) which goes much beyond purely economic features. The stated long-
ǘŜǊƳ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ 9¦ ƛǎ ǎǘƛƭƭ ǘƘŀǘ ƻŦ ŀƴ άŜǾŜǊ ŎƭƻǎŜǊ ǳƴƛƻƴέ ŀƳƻƴƎst MS. Clearly, the insights of the 
traditional fiscal federalism literature apply with difficulty to such a novel organization. This literature 
typically assumes the existence of a common sovereignty among constituent units and a potentially 
much larger role for the central government ς all issues that do not represent the reality of the present 
EU.  

Yet, the assignment question remains crucial. While historical developments have shaped both the 
size and the allocation of the present EU budget, the ability of the EU to reach its future goals and 
respond to the demands of European citizens in times of crisis crucially depends on its ability to expand 
and mobilize resources to support common goals. The recent COVID-19 pandemic has made this 
problem painfully clear. A Union aiming free mobility of people, companies, capital and commodities 
simply cannot work if the health crisis and the subsequent economic crisis are not addressed in a 
coordinated way. The EU has indeed taken some unprecedented and welcome steps to address the 
epidemic. For example, enforcing a stronger coordination in health matters among MS, forcing 
countries to keep their borders open for medical equipment, introducing temporary funds financed 
with European debt to support unemployment benefits and economic recovery, reallocating 
resources to invest more in research related to the pandemic and so on. However, it is certainly not 
the time for complacency as much more needs to be done. 

1.2. Our approach 

In this report, we address this fundamental issue by following a different route from the ones 
proposed by the previous literature. Rather than presenting just a theoretical discussion, based on 
some general normative principles, we attempt to ground the discussion on the results of an empirical 
analysis aimed at computing the economic benefits and/or costs that would follow from putting in 
common MS policies ŀǘ ǘƘŜ 9ǳǊƻǇŜŀƴ ƭŜǾŜƭΦ /ŜƴǘǊŀƭ ǘƻ ƻǳǊ ŀǇǇǊƻŀŎƘ ƛǎ ǘƘŜ ƴƻǘƛƻƴ ƻŦ άǿŀǎǘŜέ ς how 
many resources could have been saved to reach the same output from a particular policy if this was 
provided at the European level rather than remaining in the hands of MS. To identify this waste, we 
rely mostly upon Data Envelopment Analysis (DEA) (see Chapter 3). The main idea behind DEA is to 
ƛŘŜƴǘƛŦȅ ŀ άǇǊƻŘǳŎǘƛƻƴ ŦǊƻƴǘƛŜǊέ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŎǳǊǊŜƴǘ ƻōǎŜǊǾŀǘƛƻƴǎ ƻŦ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǎŜǊǾƛŎŜǎ ōȅ 
different productive units and then computing the amount of waste in terms of the inputs that could 
be saved if all units produced the same total volume of outputs at the efficient frontier. For the aims 
ƻŦ ǘƘƛǎ ǊŜǇƻǊǘΣ ǘƘŜ άǇǊƻŘǳŎǘƛǾŜ ǳƴƛǘǎέ ŀǊŜ ƛƴ Ƴƻǎǘ ŎŀǎŜǎ ƛŘŜƴǘƛŦƛŜŘ ǿƛǘƘ ǘƘŜ MSΦ ¢ƘŜ άƛƴǇǳǘǎέ ǳǎŜŘ ƛƴ 
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the production are mostly the resources allocated in the MS budgets to produce that particular 
ǎŜǊǾƛŎŜΦ άhǳǘǇǳǘsέ ŀǊŜ alternatively identified as the general outcomes of the services (typically, some 
public good, such as health care or defence), or more specific outputs that can be thought of as 
intermediate production needed to produce those public goods.  

Building on the theoretical literature surveyed in Chapter 2, we focus on sectors and policy areas 
where the existence of efficiency gains due to increasing returns to scale in the production of services 
and relevant spill-overs across MS is more likely. As argued in Chapter 2, both increasing returns to 
scale and cross border spill-overs provide strong prima-facie arguments for common spending at the 
European level. However, an important advantage of our analytical approach is that these two 
features ς increasing returns of scale and spill-overs ς rather than just being assumed, can be directly 
computed from the application of the methodology, thus offering a solid empirical basis for the 
discussion of common policy action at the EU level. As with any other technique, DEA has its own 
limitations, further emphasized in our case by the difficulties in collecting in some cases comparative 
data across MS. For this reason, we complement our main analysis with a large battery of robustness 
exercises, which use alternative definitions of inputs and outputs, and alternative methodologies 
(mostly regression techniques) to clarify important causality nexus between inputs and outputs. 

Finding and quantifying the existence of waste in the MS production of some services with respect to 
a potential European production is not by itself enough to support common spending, as this potential 
benefit need be contrasted with the amount of shared MS sovereignty and the resulting increased 
difficulty in representing potential heterogeneity of preferences across MS constituencies. However, 
in line with the subsidiarity principle, it is an element to be taken into account in the debate, as it 
suggests that by allocating competences and resources to the European level, European citizens could 
save important resources for given outputs or they could receive more services (output) for given 
ƛƴǇǳǘΦ CƻŎǳǎƛƴƎ ƻƴ άǿŀǎǘŜέΣ ǘƘŀǘ ƛǎΣ ƻƴ ŀƴ ƛƴǇǳǘ ƳŜŀǎǳǊŜ ƻŦ ƛƴŜŦŦƛŎƛŜƴŎȅΣ Ƙŀǎ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ŀŘǾŀƴǘŀƎŜ 
of avoiding the need to define ǘƘŜ άŎƻǳƴǘŜǊŦŀŎǘǳŀƭέ ƻŦ ǿƘŀǘ ǿƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǘƘŜ ƻǳǘǇǳǘ ǇǊƻŘǳŎǘƛƻƴ 
in case that particular policy area, or sub-function, was allocated at the European level. In this sense, 
our approach is agnostic. It just limits itself to ask how many resources could be saved by moving that 
policy area to the EU level but keeping the output fixed, under the assumption that by offering that 
policy at the EU level the existing increasing returns to scale would be fully exploited and the spill-
overs fully internalized. However, there is clearly a strict link between input and output measures of 
ƛƴŜŦŦƛŎƛŜƴŎȅΣ ŀǎ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ άǿŀǎǘŜέΣ ŀǎ ǿŜ ŘŜŦƛƴŜ ƛǘΣ ƛƳǇƭƛŜǎ ǘƘŀǘ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ƻŦ ƻǳǘǇǳǘ ŎƻǳƭŘ ōŜ 
obtained by using the same inputs. As an exercise, we then also produce some estimations of the extra 
output that could be produced by allocating the function to the EU level at fixed inputs, again under 
the assumption of a full exploitation of returns of scale and full internalization of spill-over effects at 
the European level.  

We are of course perfectly aware of the rather mechanical nature of our exercise. Should a particular 
policy area be allocated to the European level and the relative resources into the European budget, 
European institutions and politics will determine where and how this money is spent. The resulting 
levŜƭ ƻŦ άƻǳǘǇǳǘέ ŦƻǊ ǘƘŀǘ ǇƻƭƛŎȅ might then be very different from what we observe now, when the 
function is allocated at MS level. It is then better to think of our exercise as providing some empirical 
basis of the potential financial advantages of allocating a policy area to the EU level, rather than an 
attempt to predict how that function would be executed if indeed it were allocated to the EU level. 
LƴǘǊƻŘǳŎƛƴƎ ŀ ǎǇŜŎƛŦƛŎ άŎƻǳƴǘŜǊŦŀŎǘǳŀƭέ ŦƻǊ ǘƘŜ 9ǳǊƻǇŜŀƴ ŀƭƭƻŎŀǘƛƻƴ ǿƻǳƭŘ ƘŀǾŜ ƳŀŘŜ ƻǳǊ ŀƴŀƭȅǎƛǎ 
more precise, but also more arbitrary. However, as a robustness exercise, in order to confront this 
objection and in search of some external support for the results of our analysis, we also look at the 
experience of other federations, specifically to the US, to check whether the centralization of the 
functions we examine here indeed led to positive returns in terms of efficiency. 
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1.3. This Report 

The report is organized as follows. Chapter 2 discusses the theoretical framework that supports our 
analysis, by discussing the relevant literature and its previous application to the European case. The 
aim of this chapter is to identify a set of criteria that might or might not support common spending on 
a given policy area, taking into account the specificity of the EU situation and the already large level 
of public spending in MS. These criteria are then used for guiding and interpreting our empirical 
analysis. Chapter 3 is a technical chapter that introduces and explain intuitively the methodology that 
we use, trying to make it understandable even for non-practitioners. Chapters 4 to 7 are the heart of 
this Report. For each specific policy field, these chapters discuss the current allocation of competences 
between the Union and the MS, illustrate the data collected, perform our analysis and draw our 
conclusions. The technical analysis that supports our conclusions can be found in the Annex to each 
chapter at the end of the Report and it is left to the more technically minded readers. Chapter 8 
compares our results with the US experience in the same fields, to learn from this experience and find 
support for our policy conclusions. Chapter 9 briefly concludes by summarizing what we have learned 
and by suggesting avenues for future applications of our methodology. 
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2. Conceptual framework 

2.1. Introduction 

In this chapter we search for normative criteria to guide our empirical analysis, looking for arguments 
that can support or oppose the allocation of a given policy area to the EU level. We begin with an 
analysis of the fiscal federalism literature. Although this literature has been developed in different 
contexts from the EU, it provides plenty of theoretical and empirical results that can be useful to 
discuss the issues of centralization/decentralization at the EU level. We specifically conclude that for 
our aims, ǘƘŜ ƻǊƛƎƛƴŀƭ hŀǘŜǎΩ ǊŜŎƛǇŜ ŦƻǊ όŘŜ-)centralization is still useful, although in discussing its 
application to specific policy fields we will also make reference to the insights of the most recent 
ƭƛǘŜǊŀǘǳǊŜ όάǎŜŎƻƴŘ-ƎŜƴŜǊŀǘƛƻƴέ ƳƻŘŜƭǎύΦ .ǳƛƭŘƛƴƎ ƻƴ ǘƘƛǎ ƎŜƴŜǊŀƭ ŘƛǎŎǳǎǎƛƻƴΣ ǿŜ ǘƘŜƴ ǇǊŜǎŜƴǘ ƛƴ ŘŜǘŀƛƭ 
the approach that we will follow in the next chapters to estimate the potential advantages of moving 
a function from MS to the European budget. Key to our research is the notion of waste; how much 
money could be saved if this function was moved to the EU level. We explain the methodology that 
we follow in the next chapters to measure this waste as well as the limitations of our approach. We 
also compare our approach with previous attempts in the literature, explaining the advantages and 
limits of our approach with respect to others. The chapter concludes with a road-map for the empirical 
chapters that follow. 

2.2. Insights from the literature on fiscal federalism 

2.2.1. "First generation" models 

Economic theory justifies government intervention in the economy to redress ΨƳŀǊƪŜǘ ŦŀƛƭǳǊŜǎΩΣ ƛΦŜΦΣ 
cases where the market provision of goods/services does not deliver a fully efficient outcome (Pareto 
optimal allocation), either because of some specific, technological, characteristics of the 
ƎƻƻŘκǎŜǊǾƛŎŜǎΣ ƻǊ ōŜŎŀǳǎŜ ǘƘŜ άƳŀǊƪŜǘέ ŘƻŜǎ ƴƻǘ ŜȄƛǎǘ ƻǊ ƛǘ ƛǎ ƴƻǘ ŎƻƳǇŜǘƛǘƛǾŜ. In this study, we are 
ǇŀǊǘƛŎǳƭŀǊƭȅ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ƳŀǊƪŜǘ ŦŀƛƭǳǊŜǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘǎ ƻŦ άǇǳōƭƛŎ ƎƻƻŘǎέ (Samuelson, 
1954) ŀƴŘ άŜȄǘŜǊƴŀƭƛǘƛŜǎέΣ ǘƘŜ ǘǿƻ ƪŜȅ ŦŜŀǘǳǊŜǎ ǳǎŜŘ ōȅ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǘƻ ŘƛǎŎǳǎǎ ƛǎǎǳŜǎ ƻŦ allocation of 
competences to different levels of government. 

 A (pure) public good is a good that is non-rival and not excludable in consumption, 
meaning that the consumption of a good by a consumer does not reduce the consumption 
possibilities of others, and that no consumer can be excluded from its consumption (at 
reasonable cost). For these goods, market provision is usually thought to be impossible 
(since they are not excludable, no private producer could impose a price on the 
consumption of these goods) and therefore government needs to step in to fund its 
provision. Defence is the canonical example of a pure public good. However, many other 
ƎƻƻŘǎ ŀƴŘ ǎŜǊǾƛŎŜǎΣ ŜǾŜƴ ƛŦ ƴƻǘ ǎǘǊƛŎǘƭȅ ǎǇŜŀƪƛƴƎ άǇǳǊŜέ ǇǳōƭƛŎ ƎƻƻŘǎΣ ƘŀǾŜ ƭŀǊƎŜ ǇǳōƭƛŎ 
characteristics (Education, Health Care, etc.) so that by repeating similar arguments one 
can still find an efficiency rationale for government intervention, both in terms of funding 
ŀƴŘ ǇǊƻǾƛǎƛƻƴΦ Lƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎΣ ǿŜ ǿƛƭƭ ǳǎŜ ǘƘŜ ǘŜǊƳ άǇǳōƭƛŎ ƎƻƻŘέ ƛƴ ǘƘƛǎ ōǊƻŀŘŜǊ ǎŜƴǎŜΦ 
Of course, particularly for these types of mixed goods, distributive considerations also 
play an important role in determining government intervention. 

 Externalities ŀǊŜ ǎƛǘǳŀǘƛƻƴǎ ǿƘŜǊŜ ŜŎƻƴƻƳƛŎ ŀƎŜƴǘǎ ŀŦŦŜŎǘ ƻǘƘŜǊǎΩ ǳǘƛƭƛǘȅ ƻǊ ǇǊƻŘǳŎǘƛƻƴ 
functions without going through the market, that is, without receiving a price if they 
provide a benefit to other agents, or without paying a cost if they impose a damage. 
Because private and social costs and benefits do not match in the presence of 
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externalities, there is the presumption that market equilibria will not in general be Pareto 
efficient. Typically, we expect the good to be underprovided if externalities are positive 
and overprovided in the presence of negative externalities. Externalities might also occur 
because markets do not exist at all, as for some goods and services it is difficult or 
impossible to define and enforce property rights. Environmental issues and freely shared 
natural resources (commons) are typical examples of this form of externalities. Notice 
that the European Emission Trading System that we will discuss later on, it is an example 
of an attempt to solve an efficiency problem related to an environmental externality by 
ŎǊŜŀǘƛƴƎ ŀ άƳŀǊƪŜǘέ όŦƻǊ ŜƳƛǎǎƛƻƴǎ ǇŜǊƳƛǘǎύ ǘƘŀǘ ƳŀƪŜǎ ǇǊƻŘǳŎŜǊǎ ŎƻƴǎƛŘŜǊ ǘƘŜ ŜȄǘernal 
costs of their activity. 

 In economics, efficiency is associated with the notion of Pareto efficiency ς that is a 
situation where all mutual gains from trade and production are exhausted. It is therefore 
impossible to make someone, whether that is an individual, a company or a country, 
better off without making someone else worse off. Conversely, equilibria may be Pareto 
inefficient if, at least in principle, it is possible to find an outcome that makes someone 
better off without making someone else worse off. In turn, Pareto efficiency can be 
defined in many different ways depending on the context: producer efficiency, consumer 
efficiency, technical efficiency and so on. 

The literature on fiscal federalism moves from the above discussion on the rationale for government 
intervention to propose an optimal attribution of competences among the different levels of 
government. In the first-generation of these studies, the government is assumed to act as a 
benevolent social planner (e.g., Boadway and Tremblay 2012; Oates 1972; Oates 2008; Tiebout 1956), 
maximizing some general function that captures the welfare of the citizens. In this setting, a crucial 
role in defining the optimality of (de-)centralization of public good provision is given by three 
arguments: 1) spill-over effects between jurisdictions, 2) preference heterogeneity across 
constituencies and 3) economies of scale.  

The spill-over effect extends the notion of externalities between private agents to the relationship 
between governments. The basic idea is that policy actions taken by a given government level might 
have economic consequences even on the constituencies of other governments, tƘŜǊŜŦƻǊŜ άǎǇƛƭƭƛƴƎ 
ƻǾŜǊέ ǘƻ ƻǘƘŜǊ ƧǳǊƛǎŘƛŎǘƛƻƴǎΦ {ƛƴŎŜΣ ŀǎ ƻƴŜ ǿƻǳƭŘ ŜȄǇŜŎǘΣ ŀ ǇŀǊǘƛŎǳƭŀǊ ƎƻǾŜǊƴƳŜƴǘ ƛǎ only interested in 
the welfare of her/his own constituency, it has no incentives to take these spill-over effects into 
account when making policy decisions. Spill-over effects might be positive or negative; but in both 
cases, if they are relevant, there is the strong theoretical presumption that the choices taken by each 
government will not be efficient, meaning that all constituencies could in principle be made better off 
by agreeing to different governmental choices. For example, if spill-over effects are positive, 
governments might have a tendency to άfree-rideέ on each other, spending less on the good/service 
in question and waiting for others to provide it. In equilibrium, if every government behaves like that, 
the good/service will then be underprovided.  

In a multi-tiered government framework such as the EU, where the economies of the MS are strongly 
interconnected by trade, common currency and agentsΩ mobility, the possibilities for spill-over effects 
are very large. For instance, with open and well-integrated economies, is well known that the effect 
of a fiscal expansion in one country typically benefits other countries as well, as part of the additional 
aggregate demand created in a country becomes demand for imported rather than domestically 
produced goods. Hence, a fiscal expansion in one country might produce positive spill-over effects on 
others that are not necessarily internalized by that country. It follows that a purely decentralized 
allocation of fiscal policy might not be optimal, inducing too little support in the case of an economic 
slump. This is also the reason why traditional theory suggests moving fiscal and monetary stabilization 
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policy to the highest possible level of government in a federation.1 One lesson which was surely 
followed by Euro Area countries in the context of monetary policy (but not on fiscal policy), by 
immediately forming a European Central Bank following the adoption of a single currency. Another 
example, closer to our analysis here, is health protection: an efficient health care system in one 
country might benefit other countries as well. In the event case of an epidemic, illness will spread less 
to other countries. There are therefore positive spill-over effects that are not internalized by the single 
country in deciding how much to spend on epidemic prevention and this might lead to overall limited 
spending.  

It is interesting to note that, analogous to what was proposed to solve the problem of externalities,2 
cross-border spill-over effects could in principle be internalized as a result of a bargaining across MS 
or local governments. Countries could acknowledge the mutual advantage of acting together, thus 
internalizing the effects of their choices on other countries. There would then be no need to move 
that policy to a higher level of government. However, this is a theoretical consideration without much 
practical usefulnessΦ CƛǊǎǘΣ ōŀǊƎŀƛƴƛƴƎ ƛǎ ƎŜƴŜǊŀƭƭȅ Ŏƻǎǘƭȅ όάǘǊŀƴǎŀŎǘƛƻƴ ŎƻǎǘǎέΣ ƛƴ ǘƘŜ ƭŀƴƎǳŀƎŜ ƻŦ /ƻŀǎŜΣ 
are not zero; see note 2), both in terms of time and resources, particularly when the number of 
participants becomes large. Secondly, bargaining usually occurs in an environment where the 
ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ƻƴŜΩǎ ŀŎǘƛƻƴ are uncertain, and asymmetric information between players (with some 
players having private information on some aspects of the bargaining) may prevent an efficient 
solution from being reached. The same type of reasoning can be extended to bargaining across 
governments. The suggestion of the traditional literature in this context is then quite clear: whenever 
a particular policy is characterized by relevant spill-overs across governments, that particular policy 
should be centralized at the highest possible level. This is because by centralizing the policy, the 
highest level of (benevolent) government would automatically internalise spill-over effects. 

A second element considered by the traditional literature in defining the optimal allocation of 
competences across levels of government, this time in the opposite direction, concerns the presence 
of heterogeneity and stability in preferences across constituencies ς ǿƘŜǊŜ ǘƘŜ ǘŜǊƳ άǇǊŜŦŜǊŜƴŎŜǎέ 
must be interpreted as a catch-all term to define differences in economic conditions, culture, 
economic interests and so on. Either because a local government is benevolent (as assumed in this 
approach) or because it is interested in being re-elected, it needs to take into account local 
preferences when deciding policy choices. It follows that if preferences are very heterogeneous across 
localities, the optimal local policies can be very different. Assuming that preferences are stable and 
independent from on-going changes, there could then be a cost associated with centralizing this 
policy. A central government, even if well motivated, can only partially take in account these 
differences and the policy choice will tend to be uniform across territories. Under these assumptions, 
centralizing the policy might then lead to a Pareto inefficient allocation, where a significant proportion 
of the population is less satisfied than they would be with a decentralized equilibrium.  

How important are differences in preferences across European citizens is an open question. Clearly, 
in a community that speaks 27 different languages and that comes from different histories, having 
also developed quite different institutions, one would expect these differences to be quite large. 
However and perhaps surprisingly, recent researches suggest that the preferences of EU citizens are 
already largely homogenous in many fields (European Commission, 1974-2019; Alesina et al., 2017). 
Alesina et al. (2017) use the results of different European and international social surveys to study the 

 

1 The opposite argument could be made for monetary expansion in a single country in the context of a common currency. In 
this case, spill-over effects are negative.  

2 ²Ŝ ǊŜŦŜǊ ƘŜǊŜ ǘƻ ǘƘŜ ǎƻ ŎŀƭƭŜŘ ά/ƻŀǎŜ ¢ƘŜƻǊŜƳέΥ ƛƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ȊŜǊƻ άǘǊŀƴǎŀŎǘƛƻƴέ Ŏƻǎts and well defined property 
rights all externalities could be internalized by rational agents through bargaining between themselves; see e.g. 
Dasgupta 1996. 
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differences in preferences (concerning economic issues but also cultural, social, religious etc.) across 
Europeans belonging to EU countries. They find that the dispersion in these preferences is much larger 
inside any EU country than across EU countries and that, for example, the heterogeneity across EU MS 
is not larger than that among US states. The measures of dispersion proposed seems also to suggest 
that on average, EU Europeans are closer to themselves than, for instance, to US Americans.  

Furthermore, contrary to what assumed in the traditional literature, preferences are likely to be 
endogenous to social, environmental and economic developments, sometimes rapidly evolving when 
changes occur at a fast pace as demonstrated for instance by the emergence of a climate change 
consciousness. One could argue for instance that a stronger concentration of competences at the EU 
level, and the intensified democratic debate that would follow, could harmonise preferences across 
MS even further. We will discuss further potential heterogeneity of preferences with reference to the 
specific policy field analysed in later chapters.  

A third argument considered in this literature when discussing (de)-centralization relates to the 
technological properties of the production function of public goods or services. The term άŜŎƻƴƻƳƛŜǎ 
ƻŦ ǎŎŀƭŜέ refer to cost-reductions that may result from the increase in the quantities produced, for 
instance due to the reduction of fixed costs per unit sold. This is typically due to the presence of large 
up-front investments; indeed, if these are too large, the good might simply not be provided at all if all 
Ŏƻǎǘǎ ŀǊŜ ōƻǊƴŜ ōȅ ŀ ǎƛƴƎƭŜ ƎƻǾŜǊƴƳŜƴǘ όάǘƘǊŜǎƘƻƭŘ ŜŦŦŜŎǘέύΦ /ŀƴƻƴƛŎŀƭ ŜȄŀƳǇƭŜǎ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ǿƛǘƘ 
important returns to scale are net industries (utilities), where the cost of the service is very much 
concentrated in building infrastructures, while the marginal cost of providing the service is very low 
or even close to zero. However, important scale economy effects might also appear in the form of 
coordination and administrative savings.  

There are many examples of policies in the EU context that present these technological characteristics 
across countries, such as infrastructures concerning electricity, gas, transportation, digital connections 
etc. There are also several examples of very costly common projects that no single European country 
could ŦƛƴŀƴŎŜ ōȅ ƛǘǎŜƭŦ ōŜŎŀǳǎŜ ƻŦ ŀ άǘƘǊŜǎƘƻƭŘ ŜŦŦŜŎǘέ όŀǎ ŜȄŀƳǇƭŜǎΣ ƻƴŜ ŎƻǳƭŘ ǘƘƛƴƪ ǘƻ DŀƭƛƭŜƻ ƻǊ 
CERN). In latu sensu, the regulatory activity performed by the Union can also be thought of as offering 
policies with returns to scale to MS. An EU standard, once reached, saves the costs that MS would face 
from deciding and co-ordinating standards necessary to facilitate international trade. From this point 
of view, the Single Market is the best example of an EU institution that has allowed large cost savings 
whilst also creating important benefits in terms of output growth (e.g. Campos et al., 2014). Moreover, 
and a theme that we will explore in the following chapters, important returns to scale might also 
appear from common spending in many policy fields, such as procurement (saving unitary cost and 
avoiding duplications), research (avoiding repetition and allocating resources to the more efficient 
researcher in a larger pool of potential ones) and so on.  

Summing up, the first generation fiscal federalism literature provides a quite simple and clear message 
about how to optimally allocate policies (and therefore resources) at different levels of government. 
¢Ƙƛǎ ƛǎ ŀǇǘƭȅ ǎǳƳƳŀǊƛȊŜŘ ōȅ ǘƘŜ ǎƻ ŎŀƭƭŜŘ άŘŜŎŜƴǘǊŀƭƛȊŀǘƛƻƴ ǘƘŜƻǊŜƳέ όhŀǘŜǎΣ мфтнύ ƻǊ ŜǾŜƴ ōŜǘǘŜǊ ƛƴ 
ǘƘŜ hŀǘŜǎΩ (de)-ŎŜƴǘǊŀƭƛȊŀǘƛƻƴ άǊŜŎƛǇŜέΥ 

ά/ŜƴǘǊŀƭƛȊŜ ǇƻƭƛŎƛŜǎ ǿƛǘƘ ǎǘǊƻƴƎ ǊŜǘǳǊƴǎ ǘƻ ǎŎŀƭŜ ŀƴd/or relevant spill-over effects and/or 
low heterogeneity of preferences; decentralize policies with limited returns to scale 
and/or limited spill-ƻǾŜǊ ŜŦŦŜŎǘǎ ŀƴŘκƻǊ ƘƛƎƘ ƘŜǘŜǊƻƎŜƴŜƛǘȅ ƻŦ ǇǊŜŦŜǊŜƴŎŜǎέΦ 

The fundamental insight of the first generation of fiscal federalism models is then quite sharp, 
although of course it might be difficult to apply it in practice. Measuring returns to scale, spill-over 
effects or heterogeneity of preferences is obviously neither simple nor uncontroversial. A further 
difficulǘȅ ƛǎ ǘƘŀǘ ǘƘŜ hŀǘŜǎΩǎ ǊŜŎƛǇŜ ƛŘŜƴǘƛŦƛŜǎ potential Pareto improvements; starting from any specific 
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allocation, centralizing or de-centralizing a particular function will generate different outcomes 
amongst MS. Moreover, although by definition Pareto improvement transfers could mean that all MS 
are still better off, this compensation needs to take place for a potential Pareto improvement to 
become effective. This is a crucial point; it is hard to think of any possible 
centralization/decentralization of policy at the European level that however potentially beneficial on 
efficiency grounds would not produce differentiated outcomes. This might then lead to resistance to 
change if not properly addressed. On the other hand, one would also suppose that the higher the 
efficiency gains the easier would be tƻ ŦƛƴŘ ǿŀȅǎ ǘƻ ǎƻƭǾŜ ǘƘƛǎ ǇǊƻōƭŜƳΣ ŜƴǎǳǊƛƴƎ ƛƴǘŜǊŜǎǘǎΩ 
convergence. 

¢ƘŜ hŀǘŜǎΩ ǊŜŎƛǇŜ ƻƴƭȅ ŘƛǎŎǳǎǎŜǎ ŜŦŦƛŎƛŜƴŎȅ ǊŜŀǎƻƴǎ ŦƻǊ όŘŜύ-centralization. Obviously, in any 
application of the theory to the real world, other criteria should be considered in deciding the 
allocation of policies to specific levels of government and this is true for the EU case too. For instance, 
in an important recent book, Inman and Rubinfeld (2020) in discussing the pros and cons of 
άŘŜƳƻŎǊŀǘƛŎ ŦƛǎŎŀƭ ŦŜŘŜǊŀƭƛǎƳέ place at least as much importance on the ability of decentralized 
settings to stimulate citizens participation to the public debate and protect the rights of individuals 
and minorities than on economic efficiency considerations. 

2.2.2. "Second generation" models 

¢ƘŜ hŀǘŜǎΩ ǊŜŎƛǇŜ Ŏŀƴ ŀƭǎƻ ōŜ ŎǊƛǘƛŎised from a different point of view. The traditional model is based 
on an overly simplified view of governments; it also takes for granted a number of assumptions that 
ŘŜǎŜǊǾŜ ƳǳŎƘ ƳƻǊŜ ǎŎǊǳǘƛƴȅΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ άƛƴŦƻǊƳŀǘƛƻƴŀƭέ ŀǎǎǳƳǇǘƛƻƴΣ ƛΦŜΦΣ Ƙƻǿ ƳǳŎƘ different 
levels of government really know about citizens preferences, or the implicit assumption that a central 
government could not differentiate policies at local level as well as local governments could do 
(Triesman, 2007). A large literature has grown to discuss these issues, collectively defined as the 
άsecond-generationέ fiscal federalism models. Drawing from ideas already discussed in the literature 
(e.g., Brennan and Buchanan, 1980; Inman and Rubinfeld, 1997; Wicksell, 1896), these models depart 
from the assumption of welfare-maximising politicians to consider the fiscal and political incentives 
faced by sub-national officials/politicians in different institutional settings (e.g., Oates 2005, Weingast 
2009; Triesman, 2007). Several studies analyse through this new lens the 
centralization/decentralization trade-off by investigating in this new institutional context the 
assignment of tasks in a multi-tiered government, the allocation of tax resources, the structure of 
intergovernmental transfers, the efficiency role of fiscal and yardstick competition across 
governments, the impact on the efficiency of good provisions etc. (e.g., Ambrosanio and Bordignon, 
2015; Besley and Coate, 2003; Cremer and Palfrey, 1996; Lockwood, 2002, 2008). Building on the 
information revolution in economics (Tirole, 1988) and the new theory of the firm (Grossman and 
Hart, 1986), the informational assumptions of the traditional model have also been scrutinized in 
depth (e.g. Bordignon et al., 2001; Salmon, 2019; Bordignon et al., 2003, 2004).  

Given our aims here, there is no need to enter into the details of this huge literature because many of 
these studies are specific to the financial and political organization of sub-national governments in 
national states, a framework that is very far from the EU present organization. However, three general 
observations are relevant to our discussion. First, when political mechanisms and other distortions are 
taken in consideration, policies tend to be more biased and inefficient under either centralization or 
decentralization, typically leading in all cases to sub-optimal outcomes. The choice between 
centralizing/decentralizing a particular policy area is then typically a comparison between a set of 
second best equilibria and it is a relative matter to decide what is best in any specific circumstance. 
Second, in spite of all the niceties introduced by this new literature, it is fair to say that the basic 
ƳŜǎǎŀƎŜ ƻŦ ǘƘŜ hŀǘŜǎΩ ǊŜŎƛǇŜ ǘŜƴŘǎ ǘƻ ōŜ ŎƻƴŦƛǊƳŜŘ ƛƴ ǘƘŜǎŜ ƳƻǊŜ ŎƻƳǇƭŜȄ ŀǇǇǊƻŀŎƘŜǎΣ ŀƭǘƘƻǳƎƘ ǿƛǘƘ 
various specifications (e.g. Besley and Coate, 2003; Lockwood 2015). In particular, the presence of 
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relevant technological returns to scale and cross-border spill-over effects remain important 
arguments for centralization. Third, this more complex approach provides evidence on other 
important elements that directly concern our discussion here.  

For example, in the traditional framework it is not possible to ask questions about the accountability 
of politicians and the perceived legitimacy of their decisions, because governments are supposed to 
be benevolent or in any case it is assumed the democratic system would force them to always behave 
ŀŎŎƻǊŘƛƴƎ ǘƻ ŎƛǘƛȊŜƴΩǎ ƛƴǘŜǊŜǎǘǎΦ3 On the contrary, an important result of this new literature is that the 
issue of centralizing/decentralizing a particular policy area, and of the tax resources needed to fund 
it, should also be examined in lieu of the incentives this provides to governments to remain 
accountable to their citizens (e.g. Ambrosanio and Bordignon, 2015). Accountability in turn increases 
ŎƛǘƛȊŜƴǎΩ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ŀƴŘ ǇƻƭƛǘƛŎŀƭ ƭŜƎƛǘƛƳŀŎȅΦ ¢Ƙƛǎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƛƴǎƛƎƘǘ ǘƘŀǘ ƛǎ ƻŦ ŎƻǳǊǎŜ ǊŜƭŜǾŀƴǘ 
even for any discussion concerning common policies at the EU level.  

Furthermore, once one acknowledges that governments might be subject to various political 
imperfections, the issue of common spending should also be addressed from a different perspective. 
For instance, one of the advantages of moving a policy area to the EU level might simply be that it 
reduces wasteful spending by MS, as countries otherwise could compete by offering subsidies and 
distorting tax systems in order to restrict competition. Given the diffusion of organized interest 
groups, particularly on the supply side of the economy (Grossman and Helpman, 2001), and the 
potential negative effects of lobbying on policy choices, it is also important to ask whether these 
distortions would become more or less severe if a policy was moved to the EU level. The theoretical 
literature suggests that this depends on whether the interests of different national interests  are 
aligned or in conflict, and makes a strong point for centralization in this latter case (see Bordignon et 
al., 2008). Interestingly, and in line with this insight, Thomas Philippon (2019) has recently and 
convincingly argued that centralizing regulation and competitive policies at the EU level has resulted 
in more efficient allocation and a reduced role of lobbying with respect not only to maintaining these 
policies in the hands of MS governments, but also with respect to other federations, specifically the 
US (see also Gutiérrez and Philippon, 2018). 

2.3. Our methodological approach 

2.3.1. ¢ƘŜ ƳŜŀǎǳǊŜ ƻŦ ǿŀǎǘŜ ƛƴ aŜƳōŜǊ {ǘŀǘŜǎΩ ōǳŘƎŜǘ 

In this Report we attempt to offer a methodology, based on empirical analysis, of the relative 
advantages of allocating policy areas and relative resources to the EU or MS level. We only discuss the 
spending side of the EU budget, although similar analyses could be replicated for the funding side.  

Central to our approach is the notion oŦ άǿŀǎǘŜέΤ ƛΦŜΦΣ Ƙƻǿ Ƴŀƴȅ ǊŜǎƻǳǊŎŜǎ ŎƻǳƭŘ ƘŀǾŜ ōŜŜƴ ǎŀǾŜŘ ƛŦ ŀ 
particular policy area and relative funding was allocated to the European level rather than remaining 
ƛƴ ǘƘŜ ƘŀƴŘǎ ƻŦ a{Φ ! ƭŀǊƎŜ άǿŀǎǘŜέ suggests that there is an economic argument for moving this policy 
area to the EU level, as it implies that resources could in principle be saved by EU citizens by 
transferring this policy from MS to the EU budget. These saved resources could in turn be used to 
reduce taxes or to increase expenditure in a more efficient way. Given the already high level of 
spending and taxing in many EU countries, it is important that resources are allocated where they can 
ōŜ ǎǇŜƴǘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘƭȅΦ ¢ƘŜ ƴƻǘƛƻƴ ƻŦ άǿŀǎǘŜέ ƛǎ ƛƴ ŀŎŎƻrdance with the EU principle of subsidiarity, 
ǿƘƛŎƘ ǎǘŀǘŜǎ ǘƘŀǘ άaction should only be taken at EU level when the desired objectives cannot be 

 

3 This is for example the result of assuming that governments commit to their electoral promises and citizens are informed 
enough to be able to check for these promises (see Persson and Tabellini, 2016). 
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ŜŦŦŜŎǘƛǾŜƭȅ ŀŎƘƛŜǾŜŘ ōȅ ƳŜŀƴǎ ƻŦ ŀŎǘƛƻƴ ǘŀƪŜƴ ŀǘ a{ ƻǊ ǊŜƎƛƻƴŀƭ ƭŜǾŜƭέΦ Lǘ ƛǎ ŀƭǎƻ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ 
principle of proportionality, which states that the action of the EU must be limited to that necessary 
to achieve the common European aims as they are set up in the EU legislation. Finally, the notion of 
ǿŀǎǘŜ ƛǎ ǎǘǊƛŎǘƭȅ ŎƻƴƴŜŎǘŜŘ ǿƛǘƘ ǘƘŜ ƴƻǘƛƻƴ ƻŦ ǘƘŜ άŎƻǎǘ ƻŦ non-9ǳǊƻǇŜέ όEuropean Parliamentary 
Service, 2019, hereinafter CONE Report), the benefits forgone for not having common spending in 
ǎǇŜŎƛŦƛŎ ǇƻƭƛŎȅ ŀǊŜŀǎΣ ŀƴŘ ǘƘŜ ǎƛǎǘŜǊ ƴƻǘƛƻƴ ƻŦ ά9ǳǊƻǇŜŀƴ ŀŘŘŜŘ ǾŀƭǳŜέΣ ǿƘƛŎƘ ƛǎ ƛƴŘŜŜŘ ŀ ƳŜŀǎǳǊŜ ƻŦ 
the collective gains that could be reaped by centralizing expenditure at the EU level in that specific 
policy field. Clearly, if EU provision can minimize waste more than MS provision then this is indeed a 
prima facie argument for moving that policy to the EU level, in line with the above principles. 

Lƴ ƻǊŘŜǊ ǘƻ ŎƻƳǇǳǘŜ ǘƘŜ ƭŜǾŜƭ ƻŦ άǿŀǎǘŜέ ƛƴ ǘƘŜ a{ ǇǊƻŘǳŎǘƛƻƴ ƻŦ ǎŜǊǾƛŎŜǎΣ ǿŜ ŜȄǇƭƻƛǘ ǘƘŜ ǘŜŎƘƴƛǉǳŜǎ 
developed in the economic literature to identify economic inefficiency in the production of goods and 
services by both the private and the public sector. Among the possible tools developed in the literature 
to this aim, for the reasons spelled out in detail in Chapter 3, we choose to use mainly Data 
Envelopment Analysis (DEA), a useful and flexible non-parametric method to estimate production 
ƛƴŜŦŦƛŎƛŜƴŎȅΦ ¢ƘŜ Ƴŀƛƴ ƛŘŜŀ ōŜƘƛƴŘ 59! ƛǎ ǘƻ ƛŘŜƴǘƛŦȅ ŀ άǇǊƻŘǳŎǘƛƻƴ ŦǊƻƴǘƛŜǊέΣ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ŎǳǊǊŜƴǘ 
observations of the production of services by different productive units and then computing the 
amount of waste in terms of the inputs that could be saved in the production of the same output if all 
units produced at the frontier.  

In line with previous research (see Chapter 3 for a discussion) in most of our analysis we identify the 
άǇǊƻŘǳŎǘƛǾŜ ǳƴƛǘǎέ ǿƛǘƘ ǘƘŜ a{ ŀƴŘ ǘƘŜ άƛƴǇǳǘǎέ ǳǎŜŘ ƛƴ ǘƘŜ ǇǊƻŘǳŎtion with the resources allocated 
ƛƴ ǘƘŜ a{ ōǳŘƎŜǘǎ ǘƻ ǇǊƻŘǳŎŜ ǘƘŀǘ ǇŀǊǘƛŎǳƭŀǊ άƻǳǘǇǳǘέΦ Lƴ ǘǳǊƴΣ άƻǳǘǇǳǘέ ƛǎ ŀƭǘŜǊƴŀǘƛǾŜƭȅ ƛŘŜƴǘƛŦƛŜŘ ǿƛǘƘ 
the general outcomes of the services (typically, some public good, such as health care or defence), or 
more specific outputs that can be thought of as intermediate production levels needed to produce 
those public goods. In one case, (our application to the Energy Sector, where production is actually 
ƳŀŘŜ ōȅ ǇǊƛǾŀǘŜ ŦƛǊƳǎ ǘƘŀǘ ǇǊƻŘǳŎŜ ŦƻǊ ǘƘŜ ƳŀǊƪŜǘǎύΣ άƛƴǇǳǘǎέ ŀǊŜ ǘƘŜ Ǉroductive factors used in 
ǇǊƻŘǳŎǘƛƻƴ όŎŀǇƛǘŀƭΣ ƭŀōƻǳǊΣ ŜƴŜǊƎȅύ ǿƘƛƭŜ άƻǳǘǇǳǘέ ƛǎ ōƻǘƘ ŀ άƎƻƻŘέΣ ǘƘŜ ǾŀƭǳŜ ŀŘŘŜŘ ǇǊƻŘǳŎŜŘ ōȅ 
ŜŀŎƘ ŦƛǊƳ ƛƴ ŜŀŎƘ ǎŜŎǘƻǊ ƛƴ ŜŀŎƘ ŎƻǳƴǘǊȅΣ ŀƴŘ ŀ άōŀŘέ Σ ǘƘŜ ƭŜǾŜƭ ƻŦ Ǉƻƭƭǳǘŀƴǘ ŜƳƛǎǎƛƻƴǎΦ  

For the sectors and the functions analysed in this report, we collect the relevant data for each MS for 
several years and apply our methodology. This empirical exercise provides a measure of the relative 
level of efficiency of the different MSAs the input in most of our applications is just money (measured 
at some reference year), we can then compute the level of waste, in monetary terms, for each country 
in producing the given service. As we have analysed several years, we can also study the evolution of 
waste across time; and as we have several ǇƻǘŜƴǘƛŀƭ ǇǊƻȄƛŜǎ ŦƻǊ ōƻǘƘ άƻǳǘŎƻƳŜǎέ ŀƴŘ άƻǳǘǇǳǘǎέ ǿŜ 
can ŜȄǇƭƻǊŜ ǘƘŜ ǊƻōǳǎǘƴŜǎǎ ƻŦ ƻǳǊ ǊŜǎǳƭǘǎ ǘƻ ŀƭǘŜǊƴŀǘƛǾŜ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ άƻǳǘŎƻƳŜǎέ ŀƴŘ άƻǳǘǇǳǘǎέΦ 
When needed, we can also use alternative methodologies (mostly regression techniques) to clarify 
important causality nexus between inputs and outputs. 

This empirical exercise is interesting by itself and to the best of our knowledge original, in the sense 
that for several of the functions we discuss in the next chapters this type of analysis has never been 
performed before. However, this does not respond to the question of which policy areas should be 
allocated to the EU level; it just measures the level of waste in the different countries with respect to 
the estimated frontier. To address this question, in line with the insights of the fiscal federalism 
literature discussed above, we exploit some recent advancements in the DEA technique (see Chapter 
3) to check for each policy or sub-policy considered, whether the estimated production function 
exhibits returns to scale and cross-border spill-over effects. Somewhat more informally, when 
discussing the policy implications of our results, we also take into account the potential problem of 
heterogeneity of preferences and the political economy considerations emphŀǎƛȊŜŘ ōȅ ǘƘŜ άǎŜŎƻƴŘ 
ƎŜƴŜǊŀǘƛƻƴέ ƻŦ ŦƛǎŎŀƭ ŦŜŘŜǊŀƭƛǎƳ ƳƻŘŜƭǎΦ 
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If the estimated production technology for a particular policy or sub-policy does not exhibit significant 
returns to scale or cross-border effects, we conclude that there is no compelling economic argument 
for moving it to the EU level. MS might still learn from each other and the EU could still play an 
important role in attempting to inform and diffuse the best practices, but there is no strong argument 
for supporting the movement of that policy area to the EU level. To put it differently, the subsidiarity 
principle test for centralization is not passed according to our methodology for that specific function. 

On the contrary, when it turns out that returns to scale and cross-border effects for the estimated 
production function are large, we conclude that there is an argument for centralization; i.e. a single 
policy maker that produced the same output with the same technology estimated for MS, could save 
considerable resources by internalizing the observed spill-overs effects and by exploiting the returns 
to scale. Indeed, we can do more. We can actually compute exactly how much money could have been 
saved for a given level of output if that policy had been allocated to the EU level to start with. Our 
ŎƻƳǇǳǘŜŘ άǿŀǎǘŜέ ƛǎ ŀƴ input measure of inefficiency, not an output one; but of course if X money 
could be saved by MS by moving that policy to the EU level and the price of a particular good/ service 
is P, one can loosely say that by allocating that policy to the EU level X/P additional units of the 
good/service could have been bought.4 To make this clear to the reader, we also present some 
simulations to this effect in the relevant chapters. 

It is important to stress that our approach assumes that EU production would occur with the same 
technology (the production function) estimated from the observations on actual production by MS; 
and that we also assume that EU production would lead to an internalization of cross-border effects 
and the full exploitation of returns to scale. In a number of cases we consider, and where we do indeed 
find robust evidence of returns to scale/cross-border effects (procurement, research, investment in R 
&D in Defence and Health Care, co-insurance in Social Security, vaccination in Health Care and so on), 
these assumptions seem quite innocuous; in other cases they might be more questionable. But the 
point is that we do not really know how that particular policy would be executed once transferred to 
the EU level and trying to guess it, or producing some other artificial counter-factual, seems even more 
problematic that just keeping output and the production function fixed.  

It is then important to stress the limits of our exercise; we attempt to provide some empirical bases 
of the potential financial advantages of moving a policy area to the EU level, we do not attempt to 
predict how that function would be executed if indeed it was allocated to the EU level. Should a 
particular function be allocated to the European level and the relative resources to the European 
budget, European institutions and politics will determine where and how this money is spent. The 
ǊŜǎǳƭǘƛƴƎ ƭŜǾŜƭ ƻŦ άƻǳǘǇǳǘέ ŦƻǊ ǘƘŀǘ ŦǳƴŎǘƛƻƴΣ ƻǊ ǇŜǊƘŀǇǎ ŜǾŜƴ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ŦǳƴŎǘƛƻƴΣ ƳƛƎƘǘ ǘƘŜƴ ōŜ 
different from what we observe now, when the function is performed at MS level. 

In order to counteract the potential objections that this approach can generate, we present an 
ŜȄǘŜƴǎƛǾŜ άǊƻōǳǎǘƴŜǎǎ ŜȄŜǊŎƛǎŜέΦ Lƴ /ƘŀǇǘŜǊ у ǿŜ ƭƻƻƪ ŀǘ ǘƘŜ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ŀƴƻǘƘŜǊ ŦŜŘŜǊŀǘƛƻƴ 
comparable to the EU, the US, to check whether in this case centralization of the policies indeed led 
to improved efficiency. The exercise is of course not conclusive because US institutions are different 
from those of the EU, but clearly if we find positive effects of centralization in the US case, this 
corroborates our findings for the policies we propose to move to the EU level. 

Finally, it should be noted that, in spite of its limits, our approach has some advantages. First, given 
the quite rigorous test that we impose for concluding that a particular policy area or sub-function 

 

4 As explained in Chapter 3, input and output measures of inefficiency using the DEA methodology produce exactly the same 
results if the technology turns out to be characterized by constant returns to scale. Results however differ if the 
technology is characterized by increasing returns to scale, which however justify common spending at the EU level. 
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should be allocated to the European level (an empirical test supported by several robustness exercise), 
the estimated efficiency benefits for centralization turn out to be quite large. They should then be 
enough to guarantee an improvement of efficiency and ensure effective consensus among MS. 
Second, as only a limited subset of sub-functions pass our centralization test in the four policy areas 
considered, the amount of extra money one would have to allocate at the EU budget turns out to be 
quite limited. This of course does not mean that it would not be desirable to move other functions to 
the EU budget or return some of the existing ones to MS; it just means that in the context of the 
important policy areas we consider, large returns of efficiency could be gained by transferring overall 
limited resources to the EU budget. 

2.3.2. Comparisons with alternative exercises 

Several different studies have already discussed the issue of the optimal allocation of functions at the 
EU level and estimated the cost of non-Europe, in the sense of the economic benefits that are currently 
forgone by not allocating policies and competencies to the EU level. The Cecchini Report (1988) is an 
early example of an attempt to compute the cost for EU countries of not completing the Single Market 
and has been instrumental to the legislative progress made in this field. More recently, since 2012, 
the European Value Added Unit of the EU Parliament Research Services (EPRS) has been producing 
regular estimations of the potential economic gains, computed in terms of the additional GDP 
generated, that could be achieved through better coordination of spending at the EU and MS level in 
selected policy areas. In the last version of this report (CONE Report, 2019),5 the study covers 50 policy 
areas, ranging from completion of the Single Market to the digital economy to Justice and Economic 
affairs to EU exǘŜǊƴŀƭ ǇƻƭƛŎȅΦ ¢ƘŜ ǎǘǳŘȅ ŎƻƴŎƭǳŘŜǎ ǘƘŀǘ ǘƘŜ ƻǾŜǊŀƭƭ άŎƻǎǘ ƻŦ ƴƻƴ-9ǳǊƻǇŜέ ƛƴ ŀƭƭ ǘƘŜǎŜ 
policy fields can be computed as above ϵ2 tri llion, or about 14% of the actual total EU GDP. In the 
same direction, many attempts have been made in the scientific literatǳǊŜ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ά9ǳǊƻǇŜŀƴ 
ŀŘŘŜŘ ǾŀƭǳŜέΣ ōǊƻŀŘƭȅ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŜŎƻƴƻƳƛŎ ŀŘǾŀƴǘŀƎŜ ŦƻǊ ŀ ŎƻǳƴǘǊȅ ǘƻ ōŜ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ 9¦Σ 
using a plurality of techniques and approaches. In an interesting recent example, Campos et al. (2014) 
builds a synthetic counterfactual to try to understand the benefits to countries for joining the EU, 
using in particular the sample of the countries that joined the EU in the subsequent rounds of 
enlargement from 1973 to 2004. They conclude that these benefits, mostly as a result of larger 
economic integration with the rest of the EU, have been considerable, at about 12% of GDP on 
average. 

Closer to our own approach, other studies have instead tried to address the issue by starting from 
some broad normative principles, generally coinciding with the insights of the fiscal federalism 
literature or some political arguments, to propose an assignment of tasks, reforming or revising the 
present ones, to the EU and the MS. Most of this work is qualitative in nature but there have been 
already some more specific quantitative attempts. An early one is due to Alesina, Angeloni and 
Schuknecht, (2005). They use fiscal federalism principles, the preferences of Europeans as captured 
by Eurobarometer, data on the EU budget, and a measure of legislative incidence of the Union in the 
different policy areas to comment upon the correspondence between optimal and current allocation 
of tasks (see also Alesina, Angeloni and Etro, 2005). A much more ambitious work, commissioned by 
the Commission, the ECORYS, CPB and IFO (2008) report, reviews critically EU spending in fourteen 
policy areas of the EU budget, offering suggestions for improvement. Although institutionally very 
detailed and well argued, this work does not produce new empirical analysis of its own, but rather 
discusses qualitatively actual spending and actual allocations with a list of criteria similar to those 

 

5 But see also the previous studies published in 2014 and 2017 (European Parliament, 2019). 
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described in section 2.2 above. The work also does not cover potential functions that are not already 
funded in the EU budget. 

The most ambitious study in the field to date is by Bertelsmann Stiftung (2017) which builds on an 
earlier work from the same authors (2013). This work also starts from fiscal federalism principles, but 
adds features that are perceived as specifically important for the EU context such as the coherence of 
ǊŜŦƻǊƳ ǇǊƻǇƻǎŀƭǎ ǿƛǘƘ ǘƘŜ ŎƻƳƳƻƴ ƳŀǊƪŜǘ όάƛƴǘŜǊƴŀƭ ƳŀǊƪŜǘ ŎƻƴǎƛǎǘŜƴŎŜέύ ŀƴŘ ǘƘŜ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ 
sufficient competitive impulses for both companies and ŎƻǳƴǘǊƛŜǎ όάŎƻƳǇŜǘƛǘƛƻƴέύΦ ¢ƘŜ study also 
considers policy areas currently not funded by EU budget programs, but chosen for their general 
potential relevance (on the whole, 8 policy areas, including corporate taxation). The study is particular 
for the more rigorous approach used in the analysis, attempting to identify for each area currently 
covered by MS spending a precise counterfactual if this function were allocated to the EU level (and 
vice versa, in case the function was already covered at the EU level). The aim of the study is to define 
and compare the net benefit of spending at the EU level with the net benefit of spending at the MS 
level; if the difference is positive, the function should be allocated to (or remain at) the EU level; if 
negative, the function should be allocated (or return) to the MS level. In this way, the study also offers 
ŀ ǇǊŜŎƛǎŜ ƳŜŀƴƛƴƎ ǘƻ ǘƘŜ ƴƻǘƛƻƴ ƻŦ ά9ǳǊƻǇŜŀƴ ǾŀƭǳŜ ŀŘŘŜŘέ όǿƘƛŎƘ Ŏŀƴ ǘƘŜƴ ōŜ ƴŜƎŀǘƛǾŜύ όǎŜŜ Stiftung 
Bertelsmann, 2013). The study also performs original econometric analysis to estimate returns to scale 
or heterogeneity of preferences, although not employing consistently a specific methodology as we 
choose to do in this Report.  

It is worth stressing that in spite of the different methodologies and objectives, the basic message 
emerging from the literature is largely convergent. Alesina et al. (2005) finds that EU spends too much 
ƻƴ !ƎǊƛŎǳƭǘǳǊŜ ŀƴŘ /ƻƘŜǎƛƻƴ tƻƭƛŎȅ ŀƴŘ ǘƻƻ ƭƛǘǘƭŜ ƻƴ άǇǳōƭƛŎ ƎƻƻŘǎέ ǎǳŎƘ ŀs Defence or Border 
protections. The ECORYS, CPB and IFO (2008) report concludes that the EU should spend more on 
Research & Development, Environment, Network Industries and Foreign Aid (only slightly more for 
Defence), and less in Cohesion Policy and Agriculture. This study also does not think the EU should be 
involved in macro-economic stabilization policy, health care or social affairs, reflecting the leading 
opinions of the time. The Bertelsmann Stiftung (2017) study also concludes that the EU spends too 
much in Agriculture (payments to farmers should be nationalized), too little for Asylum and Refugee 
policy (Asylum Services should be harmonized at the EU level), Development Aid and Defence. They 
also find a rationale for a European unemployment scheme to complement national ones and for 
harmonization of corporate taxation.  

The task of our analysis in the next chapters is slightly different from the one of these previous studies: 
computing the level of budgetary waste in a number of policies actually assigned to MS. Moreover, 
the policies considered only partially coincide with the ones analysed in the above studies. Still, in the 
concluding chapter we will briefly contrast our results with those of these previous studies. 

2.4. Conclusions and a road map to the empirical analysis 

As already anticipated in Chapter 1, we focus our analysis on four functions only, chosen together with 
the EU Parliament offices, for their policy relevance at the current political juncture and given the 
political agenda of EU institutions. The first function we discuss is health care. EU competences in this 
field are currently very limited (see Chapter 4), but the COVID-19 pandemic has painfully made clear 
the potential advantages of a larger role of the EU in this context, from procurements to research, to 
ŀ ōŜǘǘŜǊ ŎƻƻǊŘƛƴŀǘƛƻƴ ƻŦ ŎƻǳƴǘǊƛŜǎΩ ǇƻƭƛŎƛŜǎ ŀƴŘ ǎƻ ƻƴΦ LƴŘŜŜŘΣ ƴƻǘ ƻƴƭȅ ǘƘŜ /ƻƳƳƛǎǎƛƻƴ ŀƴŘ ǘƘŜ 9¦ 
Parliament (European Parliamentary Research Service 2020a) but also several EU countries have 
already asked for a reinforced role of the EU in the provisions of health services. Chapter 4 then uses 
our methodology to study the relative efficiency of health care provisions in EU countries both for the 
whole function and for specific components, selected for their potential policy relevance in the EU 
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context. In particular, we discuss in detail the procurement of medical machinery and drugs, and 
prevention policy.  

In Chapter 5 we discuss environmental and energy policy. Environment is a key priority of the EU 
current political agenda and one where the EU has already made large progress (European Parliament 
DG IPOL, 2019). We analyse the EU Emissions Trading System (EU ETS), which is a crucial part of the 
EU Climate Action and the European Green Deal programmes. We are specifically interested in 
understanding the impact of the system on performance and emissions of companies, in particular 
after the tightening of regulations in 2013. Exploiting our results and those of the previous literature, 
we can also provide a rough estimation of the advantages that the introduction of the EU ETS system 
had on the EU economy. Concerning our benchmarking analysis, given the particular features of this 
ǇƻƭƛŎȅ ŦƛŜƭŘΣ ǿŜ ƛŘŜƴǘƛŦȅ άƛƴǇǳǘǎέ ŀǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŎŀǇƛǘŀƭΣ ƭŀōƻǳǊ ŀƴŘ ŜƴŜǊƎȅ ƛƴǾŜǎǘŜŘ ƛƴ ŜŀŎƘ ǎƛƴƎƭŜ 
sector (Transport, ManufacturingΣ 9ƴŜǊƎȅύ ŀƴŘ άƻǳǘǇǳǘǎέ ŀǎ ōƻǘƘ ŀ άƎƻƻŘέ όD5tύ ŀƴŘ ŀ άōŀŘέ ό/h2 
emissions) for each sector. The benchmarking analysis is performed across sectors/countries, and data 
allows us to study divergence and convergence of efficiency results for sectors/countries across time. 
Finally, given the current debate of allocating environmental tax revenues to the EU budget, we also 
discuss the potentiality of the EU ETS as a source of own revenues.  

In Chapter 6, we discuss Social Insurance and Unemployment Benefits. In this field, EU competencies 
are currently very limited, but there has been already an extensive political debate to extend them for 
both the EU and the Euro Area.  Political commitments by the EU Commission and EU Parliament to 
advance this debate -studying in particular the potential advantages of introducing an EU based 
unemployment co-insurance mŜŎƘŀƴƛǎƳ ǎǳǇǇƻǊǘƛƴƎ 9¦ ŎƻǳƴǘǊƛŜǎΩ ƴŀǘƛƻƴŀƭ ǎȅǎǘŜƳǎ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ 
large shocks- have already been taken, but so far with little progress (CONE Report, 2019). Faced with 
the devastating economic effects of the COVID-19 pandemic, EU countries, following a proposal of the 
Commission supported by the EU Parliament, have introduced a special mechanism to support MS 
employment policy, the SURE initiative, financed with the issuance of European debt. However, this 
system is only a temporary measure and it only consists of loans to countries that ask for help. 
Confronted with this scenario, we use our methodology to assess the relative efficiency in MS social 
protection systems and the presence of returns to scale in the provision of unemployment insurance. 
We also perform a simulation exercise on historical data to examine the relative efficiency of a simple 
EU unemployment co-insurance scheme (built to avoid permanent transfers across EU countries) 
designed to support national ones.  

Finally, in Chapter 7, we address the longstanding issue of providing a common defence policy to EU 
countries (CONE Report, 2019). After a discussion of the (limited) progress made so far in advancing a 
common EU policy, particularly with the PESCO initiative, and the results of several previous studies 
devoted to assess the efficiency of common spending in the defence sector, we apply our 
methodology to selected sub-sectors, where our methodology can be more fruitfully applied. 
Specifically, we discuss the potential advantages of common spending in troop deployment in 
international missions and in defence procurement, considering in particular its effects in increasing 
R&D expenditure. 
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3. Empirical methodology 

3.1. Measuring efficiency in economics 

Efficiency is one of the keywords in economics. As resources are scarce, research in economics is 
devoted to understanding which institutional mechanisms can allocate them efficiently. A central 
theme in this area is the measurement of the efficiency of production units operating in private 
markets. The topic is crucial in microeconomic theory and there is a huge literature on empirical 
applications in many different economic sectors, ranging from agriculture to electric power 
generation, and there has been a growing attention to the measurement of efficiency of government 
spending in the last decades (World Economic Forum 2019; OECD 2017).  

Efficiency measurement is built on the microeconomic theory of production, using concepts including 
the άproduction functionέ and the άcost functionέ. Efficiency can be simply understood as the ratio 
between inputs and outputs of the production process, where inputs are economic resources 
consumed in the process. Or, it can be ŜȄǇǊŜǎǎŜŘ ŀǎ ǘƘŜ άŘƛǎǘŀƴŎŜέ ōŜǘǿŜŜƴ ǘƘŜ ǉǳŀƴǘƛǘȅ ƻŦ ƛƴǇǳǘ ŀƴŘ 
output characterizing a production unit, and the quantity of input and output that defines a 
comparable but fully efficient production unit.  

But this is just one of the many concepts of efficiency identified and defined in the literature. First, 
technical efficiency rests on the relationship between inputs and outputs. According to Koopmans 
όмфрмΣ ǇΦ слύ άŀƴ ƛƴǇǳǘ-output vector is technically efficient if, and only if, increasing any output or 
ŘŜŎǊŜŀǎƛƴƎ ŀƴȅ ƛƴǇǳǘ ƛǎ ǇƻǎǎƛōƭŜ ƻƴƭȅ ŘŜŎǊŜŀǎƛƴƎ ǎƻƳŜ ƻǘƘŜǊ ƻǳǘǇǳǘ ƻǊ ƛƴŎǊŜŀǎƛƴƎ ǎƻƳŜ ƻǘƘŜǊ ƛƴǇǳǘέΦ  
Second, allocative efficiency allows for the optimal choice of the input mix, considering the price of 
inputs and the behavioural assumption of cost minimization. In other words, allocative efficiency 
measures the ability of production units to choose the optimal set of inputs for a given set of input 
prices (Farrell, 1957). Third, another concept of efficiency is cost efficiency, defined as the ability of a 
production unit to produce a given quantity of output at the minimum feasible cost of production. To 
be cost efficient, a production unit needs to respect both technical and allocative efficiency. Finally, 
an additional concept defined in the literature is the concept of scale efficiency, namely whether a 
unit is operating at the optimal scale of production, or if increasing or decreasing the scale may lead 
to efficiency improvement.   

Defining which concept of efficiency to investigate is the starting point; the next step consists in 
identifying a methodology to estimate efficiency. The first rigorous analytical tools to efficiency 
measurement were proposed by Koopmans (1951) and Debreu (1951), and then applied empirically 
by Farrell (1957). Both Debreu (1951) and Farrell (1957) introduced and developed an input distance 
function measuring the degree of inefficiency. Similarly, an output distance function introduced by 
Shepard (1970) characterizes the efficient production technology in the presence of multiple products 
and is used to construct output quantity and productivity indexes (Daraio and Simar, 2007). When 
applied to data, these measures of efficiency rely on the construction of a benchmark that defines the 
optimal frontier.  

While it is easy to theoretically define the boundary of the production set and the measures of 
inefficiency, the empirical estimation of the production function (and the cost function) requires both 
appropriate data and ǎǘŀǘƛǎǘƛŎŀƭ ǘƻƻƭǎΦ !ǇǇǊƻǇǊƛŀǘŜ Řŀǘŀ ŀƭƭƻǿǎ ǘƘŜ άōŜǎǘ ǇǊŀŎǘƛŎŜ ŦǊƻƴǘƛŜǊέ to be 
defined as the boundary of the production set, based on the best performing units in the sample 
(Daraio and Simar 2007). Two main approaches are followed by scholars to estimate the frontier using 
appropriate statistical tools. The first is a non-parametric approach that defines the optimal frontier 
by solving linear programming models (Førsund and Sarafoglou 2002). The second is a parametric 
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approach that assumes a specific functional form for the frontier whose main parameters are 
estimated through regression methods, such as the COLS (Corrected OLS) model or MLE (Maximum 
likelihood estimators).  

The two approaches have been refined leading to the development of two estimators that have 
become well established in the literature: Data Envelopment Analysis (DEA), initiated by Farrell (1957), 
developed by Charnes, Cooper and Rhodes (1978) and further extended to account for variable 
returns-to-scale by Banker, Charnes and Cooper (1984); and the Stochastic Frontier Analysis (SFA), 
discussed for instance in Lovell (1995). Compared to less advanced benchmarking techniques, both 
methods require very little a priori technological information and are able to cope with multiple inputs 
and outputs (e.g., Bogetoft and Otto 2011).  

However, when studying efficiency of public firms or, even more, ƎƻǾŜǊƴƳŜƴǘǎΩ ŜŦŦƛŎƛŜƴŎȅ, an 
additional issue needs to be discussed: while it is clear what resources are consumed (say, public 
spending), it is much less easy to define the outputs of the production process. Profit maximisation is 
not necessarily the sole objective for public firms; and government units often produce intermediate 
outputs that contribute to the production of outcomes, typically public goods, or goods with strong 
publicness characteristics. This is a problem that will be discussed at length in the empirical 
applications below. Our approach will be to consider a production set defined by outputs (or 
outcomes) that can be obtained consuming public resources, thus considering the concept of technical 
efficiency.  

In this chapter, after describing in more details the two methodologies in section 3.2, in section 3.3 
we define and motivate the approach that we will follow in the rest of the analysis. Section 3.4 
describes the implementation of the empirical strategy to the study of the budgetary waste rate in 
the EU, particularly focusing on explaining the different techniques used to measure the potential 
added-value of reallocating some MS policies to the EU. Finally, section 3.5 describes some additional 
regression models applied to efficiency scores that we will estimate through the main analysis.  

3.2. The tools for benchmarking 

Following the definition of budgetary waste introduced in the conceptual framework (Chapter 2), the 
ŎŜƴǘǊŀƭ ƛǎǎǳŜ ƛƴ ƛŘŜƴǘƛŦȅƛƴƎ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ǘƘŜ ŜƳǇƛǊƛŎŀƭ ŀƴŀƭȅǎƛǎ ƛǎ Ƙƻǿ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ ΨǇǊƻŘǳŎǘƛƻƴ 
ŦǊƻƴǘƛŜǊΩΦ ²Ŝ ŘŜŦƛƴŜ ǘƘƛǎ ƘŜǊŜ ŀǎ ǘƘŜ minimum amount of public resources needed to achieve a fixed 
desired level of output/outcome or, conversely, the largest possible amount of output/outcome that 
can be obtained given a fixed level of input (e.g. public spending). 

Several benchmarking techniques exist in the literature for this purpose. In this section, we focus on 
the two most popular estimators: DEA and SFA. The former is a non-parametric technique that 
requires only mild assumptions on the production set, but it is more affected by measurement errors 
in the data. The latter is a parametric technique requiring the parameterization of the production set, 
but it can account for measurement errors in the data. 

DEA is a linear programming technique. The basic DEA model solves a linear program to obtain either 
the maximum achievable outputs/outcomes given a fixed level of inputs, or the minimum level of 
inputs that each Decision Making Unit (DMU - a standard term used in this literature to identify the 
decision-taking unit) should consume in order to be on the efficient boundary (Daraio and Simar 2007). 
Once the efficient frontier has been defined, input-based or output-based technical (in)efficiency for 
each unit is measured by considering the radial distance from the observed point to its corresponding 
production or cost frontier (Daraio and Simar 2007).  
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In contrast to DEA, SFA is a parametric approach that requires the definition of the production set 
based on specific functional forms linking inputs with outputs, where the links are identified by the 
parameters to be estimated. The basic empirical framework for SFA is a regression model specification 
that relates observed outputs/outcomes to the production frontier, or observed costs to the input 
requirement function. Parameters defining the frontier are generally estimated via Maximum 
Likelihood Estimation (MLE), while output-based or input-based measures of technical (in)efficiency 
are identified from the error term by separating the inefficiency score from the usual random noise 
(Jondrow et al. 1982; Coelli et al. 2005; Cornwell and Schmidt 2008). Also, the identification of the 
inefficiency component of the error term requires parameterization of the distribution of the error 
term.  

DEA and SFA have been extensively used to perform benchmarking analyses, mainly considering firms 
in many different sectors: from agriculture, where hypotheses related to competitive markets for 
inputs and outputs are more likely to be satisfied, to education and healthcare, where the role of 
public producers is very large and outputs have been combined with outcomes in defining the 
production set. As the benchmarking used in these techniques can be applied to any units that have 
to decide how to consume inputs, these approaches have also been used for the analysis of the 
performance of different levels of government. The techniques have been applied to many levels of 
government, from municipalities to entire countries, considering single services or the whole array of 
the public services supplied to citizens. For instance, the DEA approach has been followed by several 
authors to assess the efficiency of public spending for specific sectors, such as education and health 
(Herrera and Pan, 2005; Afonso and St. Aubyn 2005; Sutherland et al. 2007; St. Aubyn et al. 2009), or 
more generally to evaluate overall government performances (Afonso, Schuknecht and Tanzi 2005; 
Afonso and Fernandes 2008; Lin, Lee and Ho 2011; Afonso, Romero and Monsalve 2013; Afonso and 
Kasemi 2017). Most of these analyses focus on central government spending, while some look at the 
level of spending by local governments (Afonso and Fernandes 2008; Lin, Lee and Ho 2011). Similarly, 
using the SFA methodology, authors have investigated government efficiency both at the MS level 
(Greene 2004; Kumbhakar et al. 2010) and at the sub-national level (Kalb et al. 2012; Boetti et al. 2012; 
Piacenza and Turati 2014). 

Among these papers, it is worthwhile to mention the recent contribution of Afonso and Kasemi (2017). 
In this study, the authors follow the DEA approach to assess public spending efficiency in 20 OECD 
countries. The study looks both at the general performance of governments and at performances in 
some specific functions such as: administration, health, education and public infrastructure. As input 
ƳŜŀǎǳǊŜǎ ŦƻǊ 59!Σ ǘƘŜȅ ǳǎŜ ƎƻǾŜǊƴƳŜƴǘǎΩ ǘƻǘŀƭ ŀƴŘ ǎŜŎǘƻǊ ǎǇŜŎƛŦƛŎ ǎǇŜƴŘƛƴƎ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜ ƻŦ D5tΣ 
while as output measures they use either general performance indicators when using the total 
spending as an input, or more specific sub-indicators when using the sector specific spending as the 
input. Some examples of general output indicators used are: GDP per capita, the standard deviation 
of inflation and the Gini index. For sector specific indicators they use, for example: the level of 
corruption and judicial independence for administration, PISA scores and secondary school enrolment 
for education, the life expectancy for health, and infrastructure quality for public infrastructure. As we 
discuss in section 3.4, in our analysis we apply a similar approach to estimate the budgetary waste 
rate of Member States in some specific functions. 

3.3. The pros and cons of DEA and SFA 

There is a general consensus in the literature that there is no optimal methodology able to estimate 
efficiency across all situations. Unsurprisingly, both the DEA and the SFA approaches have pros and 
cons. Standard considerations suggest that while DEA is non-parametric, it does not allow a proper 
role for variables outside the control of the decision maker in each production unit, whereas SFA does 
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allow for the impact of random noise but requires strong parameterization assumptions. In particular, 
SFA allows the estimation of standard errors and allows for a formal testing of hypotheses. For 
instance, using SFA, hypotheses on the technological properties of the production function and on the 
distribution of efficiency measures can be statistically tested (e.g., Kalirajan and Shand 1999). 
However, the main drawback of SFA is that it requires a specific functional form for the frontier to be 
imposed a priori on the production set, and it also needs to impose some particular distributional 
assumptions for the part of error term describing technical efficiency (e.g., Hjalmarsson et al. 1996).  

DEA does not assume any functional form for the production frontier and does not impose any specific 
distributional form for the inefficiency scores. However, it produces results that are particularly 
sensitive to variable selection and data error (e.g., Kalirajan and Shand 1999). Moreover, with DEA, it 
is more difficult to implement statistical hypothesis tests. However, there are several different 
approaches that can be followed to overcome these limits. One possibility relies on a semi-parametric 
two-stage procedure that combines efficiency measurement by DEA with a regression analysis that 
uses DEA efficiency scores as dependent variables. In these analyses, the second stage is typically a 
censored (Tobit) or truncated regression to account for the bounded nature of efficiency scores 
(Badunenko and Tachmann, 2018). A second approach is to follow the parametric bootstrap 
procedure proposed by Simar and Wilson (2007). The advantage of this methodology is that it 
considers that efficiency scores are estimated from a common sample of data, and therefore, applying 
a bootstrap procedure, generates estimated standard errors and confidence intervals that account for 
the correlation between estimated efficiency scores and are therefore unbiased. 

3.4. Using DEA for the analysis of budgetary waste in the EU 

The methodology we follow in this report focuses on the DEA approach. When discussing 
ƎƻǾŜǊƴƳŜƴǘǎΩ ǇǊƻŘǳŎǘƛƻƴΣ ƛǘ ƛǎ ǉǳƛǘŜ ŘƛŦŦƛŎǳƭǘ ǘƻ ǘƘƛƴƪ ŀōƻǳǘ ŀ ǎǇŜŎƛfic form for the production function, 
ƻǊ ŜǾŜƴ ǘƻ ǘƘƛƴƪ ƻŦ ŀ άǇǊƻŘǳŎǘƛƻƴ ŦǳƴŎǘƛƻƴέ ŀǎ ǎǳŎƘΤ therefore a non-parametric approach is preferable 
since it avoids the need to parameterize the production set. However, to account for the drawbacks 
of DEA, we complement the analysis with the Simar and Wilson (2007) procedure that allows us to 
study the determinants of efficiency scores and implement some hypothesis tests. 

The first step in applying the DEA approach is to define input and output measures. With output 
variables, following specifically Afonso, Schuknecht and Tanzi (2005) and Afonso and Kasemi (2017), 
we consider specific indicators that assess the performance of different government policies. For input 
variables, we collect data on public expenditure that should be appropriately linked to the related 
output indicator.  

In the empirical applications, depending on the sector, we adopt both an input-based and an output-
based approach. In the former case we define budgetary waste as the amount of public spending in 
excess of the optimal level to obtain a given level of output. This approach is particularly appealing in 
order to provide a measure of the amount of resources that could be saved or reinvested by acting 
efficiently. In the latter case we define budgetary waste as the difference between the maximum 
achievable level of output and the realized level of output for a given level of input. This approach is 
particularly appealing in all cases where outputs can be defined in monetary terms and we want to 
discuss the possibilities of expanding outputs keeping constant the level of spending. Nevertheless, 
input and output oriented measures are clearly related, being exactly the same in the DEA-model with 
constant returns to scale (CRS).  

Building on the conceptual framework discussed above (see Chapter 2), it is particularly important for 
our analysis to account for and estimate scale and scope economies. As for scale economies, DEA may 
be adapted to different returns to scale specifications (e.g., Tsai and Molinero 2002; Daraio and Simar 
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2007; Hernandez Villafuerte et al. 2017). The original DEA model proposed by Charnes, Cooper and 
Rhodes (1978) was based on a constant returns to scale (CRS) assumption. Thereafter, Banker, 
Charnes and Cooper (1984) introduced the variable returns to scale (VRS) DEA model. Estimating and 
comparing the two models, it is then possible to separate total efficiency measure into pure technical 
efficiency and scale efficiency. Indeed, technical efficiency (TE) computed through the CRS-DEA model 
corresponds to the pure technical efficiency (PTE), while technical efficiency computed through the 
VRS-DEA model is given by the pure technical efficiency multiplied by the scale efficiency (SE) 
component (Marselli and Vannini 2004; Ji and Lee 2010). In other words, using a simple formula: 

ὝὉ ὖὝὉὛὉ 

Using this formula, we can derive the expression for computing SE, which is equal to the ratio between 
the technical efficiency calculated under the assumption of constant returns to scale and the technical 
efficiency calculated under the assumption of variable returns to scale. This analysis is needed to 
understand whether inefficiency is caused by inefficient operations or by a suboptimal scale of 
production. In our analysis, identifying the returns to scale characterizing the production set will help 
to assess the potential efficiency gains coming from a reallocation of competences from the MS to the 
larger scale of the EU level. Large returns to scale provide an argument for centralization, as by 
centralizing production at the EU level, returns to scale could be exploited to produce more outputs 
with the same inputs, or to reduce inputs (saving money) to produce the same outputs (Chapter 2). 

²ƘŜƴ ŀǇǇƭȅƛƴƎ 59! ǿƛǘƘ ǾŀǊƛŀōƭŜ ǊŜǘǳǊƴǎ ǘƻ ǎŎŀƭŜΣ ǘƘŜ {ǘŀǘŀ ǊƻǳǘƛƴŜ άŘŜŀέ ǇǊƻŘǳŎŜǎ ŀǎ ŀƴ ƻǳǘǇǳǘ - in 
addition to efficiency scores - a further variable indicating whether the production function of each 
DMU is characterized by increasing, constant or decreasing returns to scale (Ji and Lee 2010). In the 
empirical analysis of the following chapters, we exploit this information and conclude that the 
reallocation of competences to the EU level will lead to: i) no changes of the SE when the production 
function is characterized by constant returns to scale, ii) an increase of the SE to the maximum value 
equal to one when the production function is characterized by increasing returns to scale, iii) an 
equivalent decrease of the SE when the production function is characterized by decreasing returns to 
scale. Calculating this measure for each DMU, we are then able to estimate the potential benefit/cost 
in terms of efficiency that could be obtained from shifting production to a larger/smaller scale. The 
implicit and important assumption here is that the production frontier (hence the production process) 
is the same between MS and the EU. This assumption is likely to be innocuous in a number of cases 
(e.g. public procurement); it might be more debatable in a number of other contexts (see the general 
discussion in Chapter 1 and 2 and the discussion in each  empirical chapter). It is however the only 
possible assumption to make, as trying to predict how the production frontier would change if a 
particular function were allocated at the EU level would be highly arbitrary. Finally, it is important to 
note that in the following analysis, in order to test for the robustness of our results, we will also 
experiment with different definitions of inputs and outputs. 

The DEA methodology can also be used to derive productivity indexes, such as the Malmquist 
productivity index (MPI), the Luenberger and the Bennet-Bowley indicators that we consider in 
Chapter 5 when discussing an empirical application on the energy and environmental sector. The MPI 
is generally used to evaluate productivity changes for a DMU between two periods in time. It is equal 
ǘƻ ǘƘŜ ǇǊƻŘǳŎǘ ƻŦ ǘƘŜ άŎŀǘŎƘ-ǳǇέ ŀƴŘ ǘƘŜ άŦǊƻƴǘƛŜǊ-ǎƘƛŦǘέ ŎƻƳǇƻƴŜƴǘǎ ό¢ƻƴŜΣ нллпύΦ ¢ƘŜ ŦƛǊǎǘ 
component reflects the efficiency improvement experienced by a DMU over time, while the latter 
captures the shifts in the efficient boundary between the two periods of time. Technically speaking, 
the MPI is defined as ratios of distance functions that can be calculated through DEA models (Caves 
et al. 1982, Färe et al. 1994). In the analysis of Chapter 5, we measure the productivity change in the 
presence of undesirable outputs (like pollution). In this case it is more appropriate to use variations of 
the MPI index, such as the Luenberger indicator (Chambers 1996, Färe et al. 2010) or, when data on 
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input and output prices are available, the Bennet-Bowley indicator (Chambers 2002, Färe et al. 2010), 
which is given by a simple formula and does not require any optimization.   

3.5. Additional regression models 

Starting from the efficiency scores estimated through the DEA model, we implement further 
regression analyses in order to investigate the role of cross border spill-overs, and to evaluate the 
effect of a specific program impacting the efficiency of governments. As discussed in Chapter 2, the 
presence of large spill-over effects constitute another important reason for centralization at EU level, 
as by centralizing at the EU level, it is more likely that these spill-over effects across countries would 
be internalized by the decision maker.  

DEA can account for spill-
over effects by applying 
spatial regression models to 
the estimated efficiency 
scores (Ramajo et al. 2017). 
To apply the spatial analysis, 
we start from the GeoDist 
database (described in 
Mayer and Zignago, 2011) 
that includes geographical 
variables valid for pairs of 
countries, such as the 
bilateral distances for most 
countries across the world 
and a dummy variable 
indicating whether the two 
countries for each pair are 
contiguous. As a second 
step, we merge this database 
with the data used for the 
DEA model. Since each 
observation identifies a pair 
of countries (i and j), for each 
unit we include the efficiency 
scores and a set of control 
variables of both country i 
and j. Finally, we apply a 
regression analysis where the dependent variable is the efficiency score of country i — , while 
covariates include a set of controls for both country i and j ὤȟὤ , and our main variables of interest 

that are the level of spending of country j (Ὓ and the interaction term between the level of spending 

of country j  and the dummy variable indicating whether the two countries are contiguous ὧέὲὸὭὫ: 

—  Ὓ Ὓ ὧέὲὸὭὫὤ ὤ ‐  

Here the coefficient  captures the average effect of the level of spending of other EU countries on 
the efficiency score of each Member State, while the coefficient  captures the differential effect of 

Figure 3.1: Contiguous countries and spill-over effects 

 

Source: Eurostat. 
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spending by contiguous countries compared to the average effect of spending.6 As an example, 
consider as single country i, Germany. Then the coefficient   captures the average effect of the level 
of spending of other Member States on the efficiency score of Germany, while the coefficient  
captures the differential effect of the level of spending by contiguous countries, that in Figure 3.1 are 
indicated in orange (Denmark, Belgium, Netherland, Luxembourg, France, Austria, Czech Republic and 
Poland). 

For the purpose of our analysis, a statistically significant coefficient (either negative or positive) 
indicates the presence of spill-over effects that, in the case of coordinated production at the EU level, 
could be internalized. The size of the coefficient measures the economic relevance of these spill-over 
effects; the larger the spill-overs the larger are the likely inefficiencies generated by MS production. 
As a consequence, centralization is more likely to generate an efficiency and social improvement 
compared to the production at the MS level.  

As a further econometric tool, in some chapters we complement the DEA analysis with a Difference-
in-Differences (Diff-in-Diff) model. This counterfactual technique relies on the comparison over time 
of two groups (ǘƘŜ ΨtreatmentΩ and ǘƘŜ ΨcontrolΩ group) that are identified based on the (random) 
assignment of a treatment at a certain point in time ǘƻ ǘƘŜ ΨǘǊŜŀǘƳŜƴǘΩ ƎǊƻǳǇ ǿƘƛƭŜ ƭŜŀǾƛƴƎ ǘƘŜ ΨŎƻƴǘǊƻƭΩ 
group unaffected. The causal effect of the treatment is obtained by comparing the average change 
that occurred in the outcome between the post- and the pre- treatment period for the treatment and 
the control groups. The basic assumption behind this strategy is that, after controlling for observable 
differences, the control group is subject to the changes the treatment group would have experienced 
in the absence of the treatment, providing the counterfactual needed to evaluate the impact of the 
treatment. This strategy allows us to control for unobservable differences between groups that are 
constant over time and for other common (macro) time effects. Moreover, both parametric and non-
parametric methods can be used in the estimation. Applying the Diff-in-Diff together with the DEA 
analysis facilitates the comparison of changes over time of efficiency scores of a treatment and a 
control group of countries. This will always be helpful in understanding the source of inefficiency in 
MS production. 

 

 

6 In some regressions we use alternative dependent variables, such as output or input data of country i to better investigate 
the direction of the spill-over effects. 
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4. Health policy 

Main Findings 

 Economies of scale and spill-overs cannot be used as efficiency arguments to justify a 
reallocation of core competences (curative and long-term care) at the EU level. However, 
the EU intervention may still be justified on equity ground since healthy life years across 
MS are still very heterogeneous.  

 On the other hand, for the procurement and the prevention sub-ŦǳƴŎǘƛƻƴǎΣ ŎƻǳƴǘǊƛŜǎΩ 
average efficiency scores are much lower and this inefficiency is due to both scale 
inefficiency and cross-border spill-over effects. In other words, these competences could 
be better managed at the EU level. 

 According to our estimations, a reallocation of competences to the EU level would imply 
ŦƻǊ ǇǊƻŎǳǊŜƳŜƴǘ ŀƴ ŀǾŜǊŀƎŜ ƛƴŎǊŜŀǎŜ ƛƴ aŜƳōŜǊ {ǘŀǘŜǎΩ ŜŦŦƛŎƛŜƴŎȅ ǎŎƻǊŜǎ ōȅ мн҈Σ ǎŀǾƛƴƎ 
мт ōƛƭƭƛƻƴ ϵ ŀƴŘ ŦƻǊ ǇǊŜǾŜƴǘƛƻƴΣ ŀƴ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ŜŦŦƛŎƛŜƴŎȅ ƻŦ мо҈Σ ǎŀǾƛƴƎ оΦр ōƛƭƭƛƻƴ ϵ.  
These estimates take into account differences in purchasing power among countries. 

 In terms of budgetary consequences, allocating the entire current MS spending on 
procurement and prevention at the EU level would imply an additional spending at this 
level by 1.4% of GDP per year. 

 Procurement and prevention spending also present important cross-border spill-over 
effects, which lead to inefficiency. For procurement, countries increase their spending if 
neighbouring countries are spending more; for prevention, a higher spending from 
neighbouring countries decreases the percentage of total internal deaths due to 
infectious disease, but also the percentage of people aged 65 and over that decide to 
vaccinate against influenza. 

 The coordination of policies in the prevention and procurement fields would allow 
Member States to exploit economies of scale and internalize spill-overs, choosing more 
efficiently the optimal level of spending.  

 For R&D spending, data are not sufficient to run a formal analysis. However, the COVID-
19 pandemic has shown that managing research (especially when it concerns vaccines and 
new drugs) at the EU level may be beneficial for Member States and may help to reduce 
inequalities in access to health care.  
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The reduction of health disparities across gender and countries is one of the most important goals of 
current EU policy (CONE Report, 2019). While reducing inequalities is a long-run goal requiring changes 
in individual behavior (like adopting an healthier lifestyle), as the current pandemic crisis has shown, 
healthcare is a crucial tool in working towards this objective. EU MS are primarily responsible for 
organizing and managing their own healthcare systems, but the EU complements these MS policies 
and several actions have been undertaken to reduce disparities (European Commission, 2013). Our 
ŀƛƳ ƛƴ ǘƘƛǎ ŎƘŀǇǘŜǊ ƛǎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǿƘŜǘƘŜǊ 9¦ ŎƛǘƛȊŜƴǎΩ ǿŜƭŦŀǊŜ Ŏŀƴ ōŜ ƛƳǇǊƻǾŜŘ ōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ 
current role of the EU with respect to healthcare spending. In terms of public spending, health care 
represents around 9.6% of the European GDP; however its relevance goes far beyond this number, as 
the quality and the effectiveness of health care systems increase the well-being of citizens, reduce 
inequalities and contribute to economic progress (WHO, 2019). Using the methodology discussed in 
Chapter 3, we find that MS can on average increase their spending capacity by about 20% by adopting 
common actions in healthcare. In addition, heterogeneity among countries in terms of efficiency 
scores is considerable. More precisely, we estimate that by spending more efficiently, MS could 
release approximately 175 billion ú worth of resources (in PPP - Purchasing Power Standard adjusted); 
these resources could be used to improve health care provision and to reduce inequalities between 
and within MS.   

To determine whether budgetary waste could be reduced by centralizing some health care 
expenditure, we study the presence of economies of scale and spatial spill-overs, and we find that - 
considering aggregate spending - the health production function is characterized by decreasing 
returns to scale in many MS, while spill-over effects among States are limited. Therefore, from this 
analysis we conclude that the allocation of health care expenditure as a whole to the EU level would 
likely not be beneficial in terms of efficiency. However, if we look at the composition of health care 
expenditure, around 60% is represented by curative care, a function for which we can expect 
decreasing return to scale and differences that may depend on local characteristics (in terms of 
population density, age profile, etc.). For this reason, we also study some sub-functions separately, 
especially those for which we may expect returns to scale and spill-over to produce efficiency 
improvements. In particular, we focus our attention on procurement and prevention. 

We find that a reallocation of procurement competences to a larger scale, such as the EU level, may 
allow MS to increase their efficiency scores by 12%, thus providing around 17 billion ú worth of 
resources to spend on medical equipment (in PPP). In the prevention sub-function, we estimate an 
improvement in efficiency by 13%, equivalent to around 3.5 billion ú.  

For these functions, spill-overs also play an important role: in fact we find that: a) MS increase their 
procurement spending if neighbouring countries are spending more, but this does not increase their 
level of efficiency; b) a higher spending from neighbouring countries decreases the percentage of total 
domestic deaths due to infectious disease, and also the percentage of people aged 65 and over that 
decide to vaccinate against influenza. Coordination at the EU level would allow governments to 
internalize these spill-over effects, meaning more efficient spending and better social outcomes. 
Common spending would also improve redistribution: medical devices and vaccination could be 
redistributed among MS with a view to reduce inequalities among MS, which is one of the primary 
objectives of the EU as concerns public health (European Commission, 2013). 

The chapter is organized as follows. In section 4.1 we present the current allocation of competences 
in the health sector between EU and MS, and we provide a general picture about the organization of 
MS systems, health care spending, outputs and outcomes in the EU. In section 4.2 we describe our 
data and model estimations. In section 4.3 we present the results of the DEA methodology applied to 
public health care. In section 4.4 we use our data to study an efficient and plausible scenario of 
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centralization that involves some specific functions. In section 4.5 we perform several robustness 
checks to the main analysis. In section 4.6 we conclude. 

4.1. The current situation in EU MS 

According to Article 168 of the Treaty on the Functioning of the European Union (TFEU), competences 
ƛƴ ΨǇǳōƭƛŎ ƘŜŀƭǘƘ ŎŀǊŜΩ ŀǊŜ Ŏǳrrently shared between the EU and each MS. MS are in charge of defining 
and delivering health services and medical care, while the EU seeks to complement MS policies to: 
prevent illness/disease by promoting healthier lifestyles; facilitate access to better and safer 
healthcare; contribute to innovative, efficient and sustainable health systems; deal with cross-border 
threats; keep people healthy throughout their lifetimes; and harness new technologies and practices. 
These are clearly broad goals which deal more with the determinants of health than with the provision 
of healthcare services per se, which are left to MS. The EU's Health program (2014-20) has a limited 
budget of about 450 million ú compared to public spending for healthcare in MS,7 and this budget is 
mainly used to support projects to improve Europeans' health via prevention campaigns and reduce 
health inequalities.  

The organization and finance of MS healthcare systems is different along several dimensions across 
MS (Levaggi and Levaggi, 2020; Siciliani et al., 2017). For instance, competences in terms of healthcare 
services definition and delivery are shared between MS and subnational (in particular, regional) 
governments in countries like Spain, Italy, but also Denmark, while a single country-wide health 
insurance fund purchases services for all Greek citizens after the 2011 reform of the National 
Organisation for the Provision of Health Services (EOPYY) (Adolph et al., 2012; Costa-Font and Greer, 
2016). A tax-funded national healthcare system characterizes countries like Spain and Italy, while 
social insurances characterize countries like France, Germany and Austria. However, with few notable 
exceptions, most healthcare expenditure is publicly funded in MS (OECD and European Commission, 
2016; Paris et al., 2010). Figure 4.1 provides evidence: total health spending in EU MS accounted for 
9.6% of the GDP in 2017, 72% of which was public funded. While these percentages were almost stable 
during the last seven years, variation across countries is significant. 

Public health spending covers several types of services, from vaccinations (part of preventive care) to 
hospital services (part of curative care) to medical devices (a proxy for resources available for effective 
health care). Figure 4.2 shows the composition of public spending by sub-function for each MS 
(average value for the period 2011-2017). In all MS, curative care represents the majority: apart from 
Belgium, it represents more than half of total health care spending (over 70% for the Czech Republic 
and Poland). This is an important characteristic, since curative care is generally characterized by fewer 
spill-overs than, say, spending for prevention. 

The goal of health systems is to improve the health of citizens, prevent the insurgence of disease and 
to cure illnesses whenever they occur. To measure health outcomes, most of the literature makes 
reference to measures of health at population level, utilizing measures such as Healthy Life Years (HLY, 
also called disability-free life expectancy), defined as the number of years that a person is expected to 
continue to live in a healthy condition; or (the inverse of) some measure of mortality. HLY is also the 
indicator the EU recommends to use (Robine et al., 2013). The health status of the population, besides 
the quality of the health system and the services it offers, depends on a number of other factors 
including: genetic characteristics, age and gender profile of the population, the social determinants of 
health (such as education and employment), the prevalence of healthy behaviors and the health 
literacy of citizens, and the quality of the environment (not only in terms of pollution, but also the 

 

7 This amount does not include investment and structural funds.  
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social environment) (Jagger et al., 2008). The contribution of healthcare systems to these final 
outcomes is made through intermediate outputs, which include all the services provided to citizens 
by spending public monies. Typical intermediate outputs in terms of curative care are, at the aggregate 
level, the number of hospital discharges or the number of bed-days produced by hospitals and other 
healthcare facilities. For preventive care, important indicators are the number of vaccinations out of 
the total population and the scale of screening programs. For procurement, the rate of medical 
equipment per 100,000 people in the total population is a possible output. Table 4.1 reports the 
average values for the period 2011-2017 of selected outcome and output measures for each of MS. 

4.2. Data and model estimations 

Our empirical strategy is based on the identification of input, output and outcome measures to define 
ŀ ΨƘŜŀƭǘƘΩ ǇǊƻŘǳŎǘƛƻƴ ŦǳƴŎǘƛƻƴΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘƛǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴΣ ǿƘƛŎƘ ƛǎ ǉǳƛǘŜ ǎǘŀƴŘŀǊŘ ƛƴ ǘƘŜ 
literature (e.g., Piacenza and Turati, 2014; Kumbhakar, 2010; Greene, 2004), inputs are consumed to 
produce intermediate healthcare services (output) which are used to ƛƳǇǊƻǾŜ ŎƛǘƛȊŜƴǎΩ ƘŜŀƭǘƘ 
(outcome).  

For input measures, we use the ratio of public health spending (PPP) to GDP (at market prices) for 
each MS. For (intermediate) output indicators, we use data on the number of discharges per 1,000 
inhabitants and the self-reported percentage of met needs for medical examination by people within 
the lower quantile of the income distribution. Finally, for outcome indicators, we consider Healthy Life 
Years (HLY) and the inverse ratio of treatable and preventable deaths over total deaths (NPTM). Given 
the nature of healthcare services (an input itself in the production of health), output and outcomes 
cannot be considered together. Output measures help to understand the role of technical efficiency 
(i.e., the ability of MS to transform inputs into health care services) while the outcomes allow us to 
ŎŀǇǘǳǊŜ ǘƘŜ ΨŀǇǇǊƻǇǊƛŀǘŜƴŜǎǎΩ ƻŦ ŎŀǊŜ ƛƴ ƛƳǇǊƻǾƛƴƎ ŎƛǘƛȊŜƴǎΩ ƘŜŀƭǘƘΦ ¢ƘŜ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ ƻǳǘǇǳǘ 
and outcome is typical of many public services, such as healthcare. Consuming services does not 
necessarily imply an improvement in outcome, because the relationship between output and outcome 
depends on several factors outside the efficiency of health care systems. In this respect, the two 
measures are per se interesting in understanding how to tackle the problem of reducing health 
disparities, which are related both to reducing disparities in healthcare access and disparities in, e.g., 
behaviours affecting health.  

We use input-oriented DEA estimators to compute budgetary waste rates for MS. We then compute 
how budgetary waste rates can be translated into potential increase of outputs that could have been 
achieved by each MS using the same level of inputs, but acting efficiently.  

We specify two main general models: a model where all intermediate outputs are modelled as 
function of inputs, and a model where outcomes are modelled as a function of inputs. As robustness 
checks, we include an additional output (bed-days per capita) and we also estimate separate models 
for each output and outcome.8  

As health outcomes are not only a function of healthcare services (the intermediate output) but also 
depend on health behaviours and the quality of the environment, we consider a second stage analysis 
in order to identify the determinants of the efficiency scores in the production of health outcomes.9 
In particular, as explanatory variables, following the institutional and the academic literature (Jagger 

 

8 In Annex A.4 we report the rank correlation between different models (Figure A.4.1 and A.4.2). We did not include bed-
days per capita directly in the main analysis because of the lack of data for some countries.  

9 ¢ŜŎƘƴƛŎŀƭƭȅΣ ǘƘƛǎ Ŏŀƴ ōŜ ŘƻƴŜ ƛƴ ŘƛŦŦŜǊŜƴǘ ǿŀȅǎΦ IŜǊŜ ǿŜ ŎƻƴǎƛŘŜǊ ǘƘŜ ΨǎƛƳŀǊǿƛƭǎƻƴΩ {ǘŀǘŀ ƳƻŘǳƭŜ ǇǊŜǎŜƴǘŜŘ ƛƴ .ŀŘǳƴŜƴƪƻ 
and Tauchmann (2019). 
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et.al, 2008; Fouweather et al, 2008), we include: a proxy for education (the percentage of the 
population with tertiary education), proxies for unhealthy behaviours (the percentage of daily 
smokers and people who are overweight), proxies for healthcare needs (the percentage of people 
over 70), and variables measuring private health care expenditure (the amount of voluntary health 
spending and household out-of-pocket health expenditure). Finally, we also consider the Gross 
Domestic Product and the number of doctors per 1,000 inhabitants as a proxy for possible supplier-
induced demand.  

Figure 4.1: Public Health spending by function, average values 2011-2017 

 

Source: Eurostat. 
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Figure 4.2: Health spending in 2017 by Member States (% GDP) 

 

Source: Eurostat. 
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Given the differences in spill-overs and the variance across MS, we will also discuss additional model 
specifications which consider healthcare spending on specific sub-functions such as prevention and 
procurement, i.e., those sub-functions for which we can expect higher returns from centralization 
according to the methodology defined in Chapter 3. 

Table 4.1: Average values of outcomes and outputs 

Country 

 

OUTCOMES OUTPUTS 

HLY PTM IM Discharges 
(҉) 

Bed- days 
(҉) 

UN (%) MT vacc. 
(%) 

AT 58.70 0.23 9.14 245.17 1,584.71 17.00 8.49 20.30 

BE 63.96 0.21 22.18 164.19 1,124.62 . 0.00 58.00 

BG 64.26 0.28 8.07 . . 17.30 9.33 2.40 

CY 64.63 0.22 13.53 80.44 450.66 9.40 13.05 32.40 

CZ 63.03 0.31 16.84 186.57 1,124.24 17.30 6.35 19.13 

DE 61.21 0.21 22.21 233.58 1,790.81 30.30 6.61 40.08 

DK 60.53 0.25 16.34 . . 29.80 8.19 43.37 

EE 55.67 0.32 9.66 154.79 911.51 38.80 5.24 1.93 

EL 64.86 0.20 24.66 177.62 . 30.20 13.81 48.91 

ES 65.67 0.18 14.43 110.62 660.98 25.70 6.70 56.34 

FI 60.37 0.25 5.58 165.24 1,105.61 30.20 10.68 41.99 

FR 63.49 0.19 17.02 158.28 901.71 . 3.41 51.31 

HR 59.10 0.29 9.16 159.75 1,065.73 24.40 7.15 22.64 

HU 59.53 0.37 8.13 174.12 981.33 22.50 4.98 27.87 

IE 67.50 0.26 6.17 136.19 797.93 40.60 6.41 57.19 

IT 63.59 0.17 21.92 109.13 744.91 31.00 12.27 54.73 

LT 58.56 0.36 22.40 224.77 1,526.09 17.50 6.59 10.44 

LU 63.04 0.24 14.34 141.24 1,039.52 37.30 8.61 40.85 

LV 53.76 0.36 14.78 147.71 872.55 41.80 8.28 3.31 

MT 72.24 0.25 6.34 146.57 773.56 23.00 9.55 54.60 

NL 60.40 0.22 17.32 99.74 500.95 12.30 3.95 68.28 

PL 61.56 0.30 5.77 167.66 1,134.57 32.30 5.30 9.70 

PT 59.53 0.20 21.16 107.94 779.10 39.80 0.00 51.07 

RO 58.54 0.36 13.52 196.73 1,235.03 15.50 3.28 10.56 

SE 71.56 0.19 22.26 149.59 . 22.30 0.00 47.66 

SI 56.93 0.27 5.82 164.93 1,096.56 26.10 6.27 12.30 

SK 54.60 0.37 7.57 171.26 1,120.00 11.40 7.09 15.30 

Total 61.73 0.26 13.94 158.95 1,014.03 25.75 6.73 33.43 

OUTCOMES: HLY ς Healthy Life Years, PTM ς ratio between Preventable and Treatable deaths and total deaths, IM - deaths 
related to infectious diseases per 100.000 inhabitants ; OUTPUTS: discharges ς n. of yearly hospital  discharges per 1,000 
inhabitants, bed-days ς n. of yearly hospital bed days per 1,000 inhabitants,  UN ς self reported % of unmet needs for 
health care, MT ς medical technology per 100,000 inhabitants (sum of Computed Tomography Scanners, Magnetic 
Resonance Imaging Units, Gamma cameras, Angiography units, Lithotriptors, PET scanners, Radiation therapy 
equipment, Mammographs), % vacc. ς  Vaccination against influenza of population aged 65 and over.  

Source: Eurostat 
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4.3. The empirical exercise on total spending 

To identify budgetary waste by MS, we first need to estimate the production frontier using the 
benchmarking techniques discussed in Chapter 3. As discussed above, the first model (model A) uses 
the ratio of total public health expenditure to GDP as an input, and two intermediate output 
indicators: the number of discharges per 1,000 inhabitants (discharges) and the percentage of self-
reported met needs for medical examination by people within the lower quantile of the income 
distribution (MN), to account for a measure of (in)equality in the access to services. In the second 
model (model B), we consider the same input measure (total public health expenditure as a 
percentage of GDP), while as outputs we select two outcome indicators: Healthy Life Years (HLY) and 
the inverse ratio between preventable and treatable deaths and total deaths (NPTM).  

Figures 4.3 and 4.4 show the relationship between total public health care expenditure and 
outcome/output, which easily allows us to determine the benchmark MS in each exercise. In both 
figures, input and outcome/output measures are represented as the ratio between the MS level for 
each MS and the average EU level. In the upper right quadrant, we find countries characterized by 
both spending and output/outcome higher than the average; while in the lower left quadrant we find 
countries for which both spending and output/outcome are below the EU average. The remaining 
quadrants are characterized by either input or output/outcome above/below the EU average. 
Benchmark countries can be identified by keeping constant spending and looking for those countries 
that obtain the highest output/outcome; or, alternatively, by keeping output/outcomes constant and 

Figure 4.3: Output and Public Health Spending 

 

In the graph the two outputs are equally weighted. The horizontal line 1 represents the average EU level of output 
indicator, while the vertical line 1 represents the average EU level of health expenditure. 

Source: Eurostat 
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looking for those countries that minimize spending (which is what we do in our exercises here to 
identify budgetary waste rate).  

From Figures 4.3 and 4.4, we can identify a number of differences in the relationships between health 
expenditure and, respectively, intermediate outputs and outcomes. Figure 4.3 shows that the levels 
of outputs are generally positively related to the level of public expenditure. However, in Figure 4.4, 
we observe that several countries - although investing more than the EU average level - are 
underperforming in terms of outcomes, and vice-versa. This very simple and intuitive graphical 
analysis confirms the insights of a large theoretical literature suggesting that health outcomes depend 
on variables other than health spending, such as health behaviours and other specific characteristics 
of the population (Nixon and Ulman, 2006; Fouweather et al., 2015; Jagger et al., 2008) From these 
figures, we can also observe that there are two countries (Cyprus and Luxemburg) whose level of 
spending is significantly lower compared to other MS. Since DEA is very sensitive to the presence of 
outliers, we decided to exclude these countries when conducting our benchmarking analysis. 

The estimated efficiency scores are reported in Figure 4.5 (model A, output=f[input]) and 4.6 (model 
B, outcome=f[input]). Both figures show a large heterogeneity among countries. Moreover, comparing 
the two figures we can also note that MS efficient in terms of outcomes are not necessarily as efficient 
in terms of outputs. The complete efficiency scores estimates are provided in Table A.4.1 Annex A.4. 
The average EU score is equal to 0.81 for model A and 0.78 for model B, meaning that MS could 

 

 

Figure 4.4: Outcome and Public Health Spending 

 

In the graph the two outcomes are equally weighted. The horizontal line 1 represents the average EU level of outcome 
indicator, while the vertical line 1 represents the average EU level of health expenditure. 

Source: Eurostat 
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increase their output available financial resources by 19% or 22% if able to reach the efficient 
boundary.10  

These average values allow us to compute the extra resources that could have been obtained by 
spending more efficiently. Indeed, by eliminating waste, MS could obtain approximately an extra 175 
billion ú to use on services able to increase the number of discharges per 1,000 inhabitants and the 
percentage of met needs. In other words, spending more efficiently could result in more services and 
in more equal access to services. This increase in intermediate outputs will lead in the medium term 
to an increase in outcomes, i.e., an improvement in the health status of the population. As a general 
caveat, however, it is important to recognize that results in terms of outcomes depend also on other 
factors besides health services, such as the behaviour of individuals, which might outweigh the 
positive impact stemming from the availability of more services. 

For this reason, we perform a second stage regression to study the determinants of the efficiency 
scores obtained from model B (involving the relationship between input and outcome). We find 
positive correlations between efficiency and education (scores improve by about 2% with a one 
percentage increase in the share of people with tertiary education), and efficiency and the availability 
of doctors (scores improve by 6.72% with a unit increase of doctors per 1,000 inhabitants). Other 
determinants such as the percentage of overweight, daily smoker or elderly people, GDP of the MS, 
the level of spending in voluntary health insurance schemes and household out-of-pocket payment 
are not significantly correlated with efficiency scores (Table A.4.3 Annex A.4).  

 

10 Average efficiency scores do not change substantially when considering the average value weighted for the level of 
spending of each MS.  

Figure 4.5: Efficiency estimations, model: 
output=f(input) 

 
Source: own estimates on Eurostat data 

 

 

Figure 4.6: Efficiency estimations, model: 
outcome=f(input) 

 
Source: own estimates on Eurostat data 
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Finally, we test whether economies of scale or spill-overs play a role in explaining the size of 
inefficiencies. This analysis is fundamental in understanding whether a reallocation of health care 
competences from the MS to the EU level may be beneficial in terms of reduction of budgetary waste.  

As discussed in Chapter 3, identification of returns to scale characterising the production function is 
generally done by comparing DEA scores obtained with a Constant Returns to Scale (CRS) specification 
with DEA scores obtained with a Variable Returns to Scale (VRS) specification. In both models, the 
production function of MS exhibits in most cases the presence of increasing returns to scale, but the 
scale efficiency is particularly high for both models (0.95 and 0.93).  

To analyze the role of spill-overs, we use a spatial model (technically, a spatial lag model) intended to 
check whether the level of efficiency of each MS is affected by the level of public health spending of 
neighbouring countries. In particular, neighbouring countries are defined as bordering countries. 
Applying a truncated regression model, which accounts for the fact that our dependent variable is 
bounded between zero and one, we find that there are some spill-over effects since the efficient 
scores estimated through model B are negatively affected by the level of public expenditure in 
neighbouring countries. However, the effect on scores is quite limited (Table A.4.4 Annex A.4).  

Recalling that more than 70% of total spending is used for curative and long-term care (see Figure 4.1), 
we conclude that economies of scale and spill-overs cannot be used as arguments to justify a 
reallocation of core competences to the EU level. These results are not surprising and are in line with 
results of the empirical and theoretical literature suggesting that health services, especially curative 
care (which represent the highest share in health spending), should be decentralised to lower levels 
of governments, typically subnational governments in unitary countries.11  

However, the recent pandemic has revealed some weaknesses in the national organization of health 
care systems and has emphasized the need for an enhanced coordination of specific functions within 
the health sector at the EU level. For instance, the Prime Ministers of Belgium, Denmark, Germany, 
{ǇŀƛƴΣ CǊŀƴŎŜ ŀƴŘ tƻƭŀƴŘ ǎǳƎƎŜǎǘ άŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ measures, including accessibility of relevant and 
comparable data, stronger and more targeted research and development, common procurement and 
cooperation on critical stocks as well as some ideas to strengthen European resilience in certain, 
ŎǊƛǘƛŎŀƭ ǎǳǇǇƭȅ ŎƘŀƛƴǎΦέΦ  Lƴ ǘƘŜ next section we focus on identifying areas where a reallocation of 
competences from the MS to the EU level may be beneficial for MS. Following the suggestion provided 
by the letter of prime ministers, we analyse the prevention and the procurement sub-functions and 
we discuss the potential development of common R&D programs. 

4.4. Common action in prevention/procurement/R&D 

As shown in Figure 4.1, the procurement and the prevention functions represent 15.6% and 2.9% of 
the total health spending respectively. They account for 1,2% and 0.2% of EU GDP respectively and 
they might be serious candidates for centralization at the EU level according to the theoretical 
framework developed in Chapter 2.  

We start by analyzing procurement. Following the approach used in the previous section, we consider 
two models. Both models use the procurement spending in PPP as a percentage of the GDP at market 
prices as an input measure; as the output/outcome, we use an intermediate measure of output (the 

 

11 For instance, recent systematic reviews of the empirical evidence show that diseconomies of scale for hospitals emerge 
for small facilities under 200 beds and larger ones with more than 600 beds; these numbers suggest that economies of 
scale are limited for hospitals and justify the provision of these services at the local level (see, e.g., Giancotti et al., 2017). 
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ΨŀƳƻǳƴǘΩ ƻŦ ƳŜŘƛŎŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ - MT) in model A, and a measure of outcome (HLY) in model B.12 To 
measure medical technology, we use as a proxy the number of Computed Tomography Scanners, 
Magnetic Resonance Imaging Units, Gamma cameras, Angiography units, Lithotriptors, PET scanners, 
Radiation therapy equipment, and mammographs per 100,000 inhabitants. The results of this exercise 
are summarized in Table 4.2. 

In Table 4.2, ̒ represents the level of technical efficiency estimated using the DEA model. We can first 
note that the average levels of budgetary waste-rates for the procurement sub-function are much 
higher than for those calculated for the general health care function (see Table A.4.1 in Annex A.4). 
For instance, looking at the first model, the average level of budgetary waste rate is equal to 57%, 
while for the general model is equal to 19%. Part of this inefficiency is explained by the sub-optimal 
scale that, for most countries, should be increased as shown in Table 4.нΦ Lƴ ǘƘŜ ŎƻƭǳƳƴ ά҈ ŎƘŀƴƎŜέ 
we report the percentage change in efficiency that could be obtained by a change in technology from 
a crs (constant return to scale) to a vrs (variable returns to scale) production function. To assess 
whether a change to a larger scale (EU level) is beneficial for MS, we consider the percentage change 
to be positive when returns to scale are increasing and negative when they are decreasing. As a result, 
we can say that on average moving to a larger scale should imply an increase in efficiency of around 
12%. MS could use these savings to reduce taxes, to spend in other fields, or to acquire more 
equipment. In this last case, as the total level of procurement spending is equal to 136 billion ú (in 
PPP) and knowing that the unitary cost of equipment is between 500,000 ú and 3 million ú,13 by 
increasing the production scale MS can potentially rise the total number of acquired equipment from 
a lower bound of 5,400 units to an upper bound of 32,500 units, with an average value of 19,000 units 
ς that means around 700 more for each MS each year. Results are confirmed when considering model 
B, in which we note that the optimal scale should be increased, and the movement to a larger scale 
can potentially rise the average efficiency in the production of outcomes by 5%. These results are in 
line with the literature (e.g., Bandiera et al., 2009; Baldi and Vannoni, 2017). For instance, Bandiera et 
al. (2009) using Italian data show that when buying from a centralized procurement agency, public 
governments save on average 12 percentage points. 

To analyze the role of spill-overs, we consider a spatial model that aims to check whether the level of 
efficiency of each MS is affected by the level of public health spending of bordering countries. We find 
that the level of spending by neighbouring countries negatively affects the efficiency scores derived 
from model A, while there is no significant effect on the efficiency scores derived from model B (see 
Table A.4.5, Annex A.4). To understand the causes of this result, we check whether the level of 
procurement spending or the level of outcome in one country is affected by the level of procurement 
spending in neighbouring countries. Although we find no significant effect on the level of outcome, 
we detect a positive and significant effect on the level of procurement spending (Beer et al., 2018).  

For prevention, we consider as output both an intermediate output measure (the vaccination against 
seasonal influenza of population aged over 65 (vacc)), and an outcome measure (the inverse of deaths 
related to infectious diseases over total deaths (IIM)). Table 4.3 presents results from models using 
DEA estimation. 

Similarly to what we observed for procurement, the efficiency scores are much lower than for the 
general function. Indeed, budgetary waste-rates are quite relevant and correspond to 44% for the first 
model and 34% for the second model. When looking at economies of scale we find that most countries 
exhibit increasing returns to scale, and potentially an increase of scale could lead to a rise in efficiency 

 

12 We consider measures that are more specific to the procurement function. 

13 These values largely depend on the type of machinery that is acquired: a Gamma camera may cost around 500,000 euros, 
while a Magnetic Resonance Imaging Units may cost around 3m euros.  
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of 13% when looking at the first model (considering output), and of 25% when looking at the second 
model (considering outcome). Knowing that in total the prevention spending in PPP corresponds to 
26.975 billion ϵ, and considering that the cost for vaccinating an individual throughout his life may 
vary between 400 and 3,400 ϵ (Ethgen et al., 2016), we can estimate that, by saving 3.5 billion ϵ, MS 
could increase the number of vaccinated people by somewhere between 1,020,000 to 8,750,000, with 
an average value of 4,890,000, or around 180,000 more people for MS. Alternatively, these extra 
resources could be used in a more targeted way to increase the provision of vaccines in those countries 
where the rate of vaccination is rather low compared to the EU average, redistributing resources (in 
kind) without any extra spending and reducing health inequalities across EU countries in terms of 
health outcomes. 

As with spill-overs, applying our simple spatial analysis we find that (see Table A.4.6, Annex A.4): i) the 
efficiency scores of an MS are not affected by the level of prevention spending of other countries; ii) 
the rate of 65+ vaccinated against influenza is positively affected by the level of prevention spending 
of other countries, but negatively by the level of public spending in neighbouring countries; iii) the 
percentage of total deaths due to infectious diseases is negatively affected by the level of prevention 
spending in neighbouring countries. 

Overall, our analysis suggests that both economies of scale and spill-overs are substantial arguments 
for improving common action in the procurement and prevention policies within healthcare. The case 
for a more substantial role in terms of prevention and procurement by the EU is emphasized also by 
the recent COVID-19 pandemic. For instance, during the pandemic the Commission has launched four 
joint procurements of personal protective equipment in order to help MS meet their demand for 
medical goods, and has mobilized a substantial amount of funds to develop vaccines, new treatments, 
diagnostic tests and medical systems to prevent the spread of the coronavirus and save lives (EU 
website, 2020).   

For R&D a formal analysis is not possible because poor quality data and the multinational dimension 
of the health care industry make it rather difficult to determine the link between public expenditure 
in R&D and innovation (the main output of such activity). Furthermore, in recent years, most 
governments have outsourced R&D to private industries and prefer to pay for it through a higher 
product price (Lakdawalla, 2018). However, there might be more efficient ways to invest in innovation 
(Mazzucato and Roy, 2019). In this respect the EU could play an important role by developing models 
of risk-sharing between the industry and the EU in the development of new health technologies. The 
recent experience with the COVID-19 pandemic has shown the importance of acting at EU level. In 
particular, the EU is working together with MS for the development and distribution of a safe COVID-
19 vaccine accessible for all (European Parliamentary Research Service, 2020a). European 
coordination is fundamental in order to collect funds, develop a common strategy for collecting data, 
promote knowledge sharing, and prevent ex-post inequality in the access to new COVID-19 treatments 
(Sturkenboom et al., 2019; European Parliamentary Research Service, 2020a).  
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Table 4.2: EU countries efficiency scores in both models (procurement) 

Country 

 

Model A: outputs=f(input) Model B: outcomes=f(input) 

○►▼  ╬►▼ rts SE % 
change 

○►▼  ╬►▼ rts SE % 
change 

AT 0.39 0.38 drs 0.98 -0.02 0.41 0.39 drs 0.96 -0.04 

BE . . - . . 0.44 0.41 drs 0.92 -0.08 

BG 0.28 0.26 drs 0.93 -0.07 0.23 0.20 irs 0.88 0.12 

CZ 0.24 0.19 irs 0.78 0.22 0.24 0.19 irs 0.81 0.19 

DE 0.22 0.18 irs 0.81 0.19 0.27 0.25 drs 0.93 -0.07 

DK 1.00 1.00 crs 1.00 0.00 1.00 1.00 crs 1.00 0.00 

EE 0.36 0.23 irs 0.64 0.36 0.36 0.27 irs 0.76 0.24 

EL 1.00 0.32 drs 0.32 -0.68 0.26 0.23 drs 0.90 -0.10 

ES 0.31 0.26 irs 0.82 0.18 0.59 0.43 drs 0.72 -0.28 

FI 1.00 0.87 drs 0.87 -0.13 0.67 0.66 irs 1.00 0.00 

FR 0.26 0.11 irs 0.42 0.58 0.37 0.33 drs 0.89 -0.11 

HR 0.18 0.18 drs 0.99 -0.01 0.18 0.15 irs 0.86 0.14 

HU 0.16 0.10 irs 0.61 0.39 0.16 0.11 irs 0.67 0.33 

IE 0.44 0.35 irs 0.78 0.22 0.44 0.42 irs 0.95 0.05 

IT 1.00 0.53 drs 0.53 -0.47 1.00 0.52 drs 0.52 -0.48 

LT 0.32 0.26 irs 0.80 0.20 0.32 0.22 irs 0.69 0.31 

LV 0.40 0.40 drs 0.99 -0.01 0.39 0.27 irs 0.69 0.31 

MT 0.35 0.32 drs 0.92 -0.08 0.28 0.27 irs 0.98 0.02 

NL 0.49 0.24 irs 0.48 0.52 0.59 0.55 drs 0.94 -0.06 

PL 0.35 0.22 irs 0.65 0.35 0.35 0.28 irs 0.82 0.18 

PT . . . . . 0.42 0.38 drs 0.91 -0.09 

RO 0.17 0.07 irs 0.40 0.60 0.17 0.12 irs 0.69 0.31 

SE . . . . . 1.00 0.88 drs 0.88 -0.12 

SI 0.32 0.25 irs 0.77 0.23 0.32 0.29 irs 0.91 0.09 

SK 0.14 0.12 irs 0.87 0.13 0.14 0.10 irs 0.66 0.34 

           

Total 0.43 0.31  0.74 0.12 0.42 0.36  0.84 0.05 

The columns are: —  -   total technical efficiency with variable return to scale, —  -   total technical efficiency with constant 
return to scale, rts- returns to scale, SE- Scale efficiency, % change- % change in total efficiency moving from crs to vrs 
(+ for irs, - for drs). 

Source: Eurostat. 
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Table 4.3: EU countries efficiency scores in both models (prevention) 

Country 

Model A: outputs=f(input) Model B: outcomes=f(input) 

○►▼  ╬►▼ rts SE % 
change 

○►▼  ╬►▼ rts SE % 
change 

AT 0.63 0.25 irs 0.40 0.38 0.76 0.59 drs 0.78 0.22 

BE 0.73 0.56 drs 0.76 -0.17 0.49 0.20 drs 0.40 0.60 

BG 0.20 0.01 irs 0.05 0.19 1.00 0.35 irs 0.35 -0.65 

CZ 0.29 0.11 irs 0.37 0.18 0.30 0.16 irs 0.54 0.46 

DE 0.30 0.24 irs 0.78 0.06 0.30 0.14 drs 0.45 0.55 

DK 0.52 0.44 irs 0.85 0.08 0.53 0.27 crs 0.50 0.50 

EE 0.55 0.02 irs 0.04 0.53 0.70 0.61 irs 0.87 0.13 

EL 0.78 0.75 irs 0.96 0.03 0.83 0.46 drs 0.55 0.45 

ES 0.59 0.48 drs 0.83 -0.10 0.46 0.24 drs 0.53 0.47 

FI 0.52 0.43 irs 0.82 0.09 1.00 0.84 irs 0.84 -0.16 

FR 0.68 0.68 drs 0.99 -0.01 0.68 0.31 drs 0.46 0.54 

HR 0.30 0.13 irs 0.44 0.17 0.41 0.40 irs 0.97 0.03 

HU 0.40 0.22 irs 0.55 0.18 0.64 0.59 irs 0.92 -0.08 

IE 1.00 0.81 drs 0.81 -0.19 0.88 0.70 irs 0.80 0.20 

IT 0.35 0.30 drs 0.87 -0.05 0.28 0.12 drs 0.43 0.57 

LT 0.48 0.10 irs 0.20 0.38 0.51 0.27 irs 0.54 0.46 

LV 0.56 0.04 irs 0.06 0.52 0.66 0.49 irs 0.75 0.25 

MT 0.70 0.61 drs 0.87 -0.09 0.74 0.66 irs 0.89 0.11 

NL 1.00 0.48 drs 0.48 -0.52 0.36 0.17 drs 0.45 0.55 

PL 0.37 0.07 irs 0.19 0.30 1.00 0.62 irs 0.62 -0.38 

PT 1.00 1.00 crs 1.00 0.00 1.00 0.44 drs 0.44 0.56 

RO 0.53 0.11 irs 0.21 0.42 0.63 0.47 irs 0.74 0.26 

SE 0.43 0.41 irs 0.93 0.03 0.43 0.17 drs 0.38 0.62 

SI 0.48 0.11 irs 0.24 0.36 0.83 0.73 irs 0.88 -0.12 

SK 0.72 0.21 irs 0.30 0.50 1.00 1.00 irs 1.00 0.00 

           

Total 0.56 0.34  0.56 0.13 0.66 0.44  0.64 0.25 

The columns are: —  -   total technical efficiency with variable return to scale, —  -   total technical efficiency with constant 
return to scale, rts- returns to scale, SE- Scale efficiency, % change- % change in total efficiency moving from crs to vrs 
(+ for irs, - for drs). 

Source: Eurostat. 
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4.5. Robustness checks 

We performed several robustness checks to the main analysis modifying the variables used in our DEA 
models. 

1 Alternative outputs ς general analysis. Model A in the analysis of section 4.3 includes 
as output variables met needs and the number of discharges, while as input variable 
includes the public health spending as a percentage of GDP. As a robustness check we 
consider each output separately and we include the number of bed days as an 
additional output measure. Figure A.4.1 in the appendix shows that the rank 
correlations among the different models are always above 0.65.  

2 Alternative outcomes ς general analysis. Model B in the analysis of section 4.3 includes 
as outcome variables HLY and NPM, while as an input variable the public health 
spending as a percentage of GDP. As a robustness check we consider each outcome 
separately and we show that the rank correlations among the different models are 
always above 0.88 (Figure A.4.2).  

3 A composite indicator. Despite the arguments discussed above, we also tested for 
completeness, a model in which we consider a production process producing a 
composite indicator that includes all outputs (met needs and discharges) and all 
outcomes (HLY and NPM) with equal weight, while as an input we consider the level 
of public spending (in PPP) as a percentage of the GDP. The rank correlations between 
this model and our two benchmark models is respectively equal to 0.85 with model B 
and 0.88 with model A.  

4 Alternative outputs ς procurement function. As an alternative output we use a proxy 
for the value of machineries (a weighted sum that considers the cost of each 
machinery). Figure A.4.3 in the appendix show that the rank correlations between all 
procurement models are always above 0.80.  

5 Rank correlation ς prevention function. Figure A.4.4 in the appendix shows the rank 
correlation between prevention models. We can observe that the rank changes 
significantly when moving from model 1 to model 2. This result is not surprising and is 
explained by the difference between output and outcome measures. Indeed, 
countries where the deaths related to infectious diseases are numerous due to, for 
instance, the geographical or social proximity among individuals, are also countries 
with a strong need/demand of vaccination against seasonal influenza. The result 
confirms how important it is to distinguish between output and outcome measures. 

4.6. Conclusions 

In this chapter we discuss a benchmarking exercise focused on spending for healthcare, a function 
largely in the hands of MS. We first estimated DEA efficiency scores on aggregate spending, and then 
we repeat a similar exercise for two sub-functions, prevention and procurement. When looking at 
aggregate spending, our results do not support the view that centralizing spending for healthcare will 
provide improvement for the welfare of EU citizens. However, we do find supporting evidence for 
centralizing both spending for prevention and spending for procurement.  

The COVID-19 pandemic has already mobilized a European response for enhancing the cooperation 
that EU countries were not able to achieve when the outbreak started. For instance, in a letter 
addressed to the president of the EU commission, six countries (Belgium, Denmark, Germany, Spain, 
France and Poland) asked for an EU strategy to avoid shortages of critical medicines, medical devices, 
PPE, and vaccines needed to face future pandemics. This strategy needs: i) efficient monitoring and 
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data sharing at the EU level, with an increased role of ECDC; ii) a better distribution and coordination 
of supplies, which starts from an optimization of EU production and the consideration of common 
strategic stocks of critical medicines and devices; iii) a strong investment in R&D, for a joint vaccine 
development, for developing better diagnostic testing procedures, and for sharing research data on 
treatments; iv) to ensure resilience by guaranteeing the free flow of trade across borders, define 
Antitrust guidelines relevant during crises and to develop joint procurement agreements; v) provide 
incentives to invest in production capacity in Europe of selected critical active ingredients, raw 
materials and medicines. Our results support this strategy, suggesting that coordination at the EU level 
is required in the presence of spill-overs and scale economies that can be better exploited on 
procurement, prevention, and R&D at the EU level. 
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5. Climate and energy policy 

Main Findings 

 The EU Emissions Trading System (ETS) is the largest greenhouse gas emissions trading 
system in the world. It allows for maximal thickness of the market, minimal administrative 
costs and an overall higher allocative efficiency compared to systems based on 
local/regional/national markets for emissions. 

 The estimated reduction of CO2 emissions obtained by means of more stringent regulation 
in phase 3 (2013-20) with respect to phase 2 (2008-12), equals about 150 thousand 
tonnes, 5.7% of emissions in 2008, and has a (lower bound) value using EUAs prices of 
about ϵмΦмр ōƛƭƭƛƻƴΦ 

 Relying both on our results and those presented in previous empirical literature on phases 
1 and 2, we calculate that the total reduction on emissions induced by the EU ETS since 
its introduction (in 2005) to the last available year (2018) is roughly 3350 MtCO2. Using 
EUAs prices, this amounts to ŀōƻǳǘ ϵпнΦр ōƛƭƭƛƻƴ of gains for the EU economy. 

 We find no evidence of any adverse effect of the stricter regulation implemented in phase 
о ƻƴ ŎƻƳǇŀƴƛŜǎΩ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ŘƛŦŦŜǊŜƴǘ ǎŜŎǘƻǊǎΣ ŀ ǊŜǎǳƭǘ ǘƘŀǘ ŎƻƴŦƛǊƳǎ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΩǎ 
findings for the less strictly regulated phases 1 and 2. 

 Our benchmark analysis suggests that the current amount of waste (for the last available 
year, 2018) ς that is the increase in GDP and/or reduction in CO2 emissions which could 
be obtained by a more efficient use of inputs (capital, labour and energy) ς is, on average 
across MS, 8%, 28%, 47% in the Transportation, Energy and Manufacturing sectors 
respectively. However, all three sectors have experienced a rise in average efficiency 
between 2008 and 2018, with the Manufacturing sector outperforming the other two 
thanks to the strong dynamics of the best performers.  

 Our results also suggest that incentives from the EU ETS are much stronger when 
companies need to purchase the allowances instead of having them freely allocated. This 
evidence sheds a favourable light on the progressive tightening of free allocation 
programmed for the upcoming phase 4, and calls for a careful consideration of any 
instance where exceptions are made.  

 We characterize the role played by the EU ETS as a source of revenues so far. Our 
estimates of revenues follow the price dynamic of the emissions allowances and prove to 
ōŜ ǎƛȊŜŀōƭŜΥ ϵс ōƛƭƭƛƻƴ ƛƴ нлмн-нлмтΣ ϵмс ōƛƭƭƛƻƴ ƛƴ нлму ŀƴŘ ϵнл ōƛƭƭƛƻƴ ƛƴ нлмфΦ  

 Due to the increasing efforts of the EU to fight climate change, prices of EAUS are 
expected to rise in the future suggesting that potential revenues from EU ETS in the 
medium-long term can be expected to be ŀōƻǾŜ ϵрл ōƛƭƭƛƻƴ per year. (Part of) these 
revenues could then become an important source of autonomous funding of the EU 
budget and would be able to cover up to one-third of the current EU budget.  
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5.1. Introduction 

Climate change is one of the main challenges of our time and European citizens support EU action in 
this field (European Commission 2017). Addressing the problems posed by climate change is complex, 
but the rewards are also considerable: creation of jobs, improved competitiveness, economic growth, 
development of new technologies, etc. For example, the CONE Report (2019) estimates that the 
economic loss that could be avoided from limiting the raise in temperature to below 2 degrees Celsius 
by the end of the century,14 is about ϵ160 billion per year while achieving a target of 20% renewable 
energy by 2020 would create 400,000 jobs. EU action in this field is also likely to generate substantial 
EU Value Added given the gain/losses at stake and the relevant negative externalities characterizing 
emissions of greenhouse gases (GHG). Indeed, such externalities would lead to sub-optimal results if 
uncoordinated efforts by MS were implemented.  

With the 1997 Kyoto Protocol, 37 countries agreed on legally binding emissions reduction targets of 
GHG to be met in the period 2008-2012. The EU Emissions Trading System (ETS), the main tool devised 
by the EU Commission to meet the agreed commitment, was established shortly after with the 2003 
9¦ 9¢{ ŘƛǊŜŎǘƛǾŜΦ ¢ƘŜ άǇƛƭƻǘέ ǇƘŀǎŜ м ǿŀǎ ƭŀǳƴŎƘŜŘ ƛƴ нллрΦ  

The energy sector is clearly one of the most important for reaching the emissions targets, accounting 
for more than 35% of CO2 emissions. It has been estimated (CONE Report 2019) that a more integrated 
energy market could generate potential benefits equivalent to ϵ231 billion per year. In 2009 the EU 
set the 2020 package to meet its energy policy objectives of developing a sustainable, secure and 
competitive energy system. The 2020 package is a set of binding legislation identifying three key 
targets (20-20-20): 

 20% cut in GHG emissions compared to 1990 levels; 
 20% of EU energy from renewables; 
 20% improvement in energy efficiency (compared to baseline projections). 

These measures had a substantial impact on the EU energy system. The share of renewable energy in 
EU gross energy consumption rose from 9.6% in 2004 in 18.9% to 2018 and most MS are expected to 
meet their 2020 renewable energy targets. The distance between final energy consumption and the 
2020 target halved between 2006 (6%) and 2018 (3%). 

Following the Paris Agreement (2015), the EU set the new 2030 Climate and Energy Policy identifying 
three key targets: 

 At least 40% cuts in GHG emissions compared to 1990 levels; 
 At least 32% share for renewable energy; 
 At least 32.5% improvement in energy efficiency. 

A core objective of the European Green Deal is to generate a climate-neutral EU by 2050, and the GHG 
emission target is a necessary step towards this goal. Increasing efforts towards this end are 
represented by the upward review of the renewable energy target in 2018 (from 27%), and by upward 
revision clauses for 2023 for both the renewable energy target and the energy efficiency target. 

In the wake of the COVID-19 crisis, the efforts of the EU towards a greener, sustainable, economic 
model has intensified. As reported in European Parliamentary Research Service (2020a), at a time 
when private-sector investment in climate-friendly technologies is likely to be reduced due to 
economic hardship, the publicly funded recovery packages represent an opportunity to kick-start the 
European Green Deal and advance the transition towards a greener economy. The policies 

 

14 See IPCC (2018). 
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implemented to fight the coronavirus outbreak led to high costs and financial stresses for companies 
and citizens. However, on the environmental side, CO2 emissions dropped substantially (by up to 17%) 
worldwide. Most of the reduction in CO2 emissions can be explained by the lower social and economic 
activity, but also adaptation strategies and behavioural shifts have played an important role. The 
flexibility allowed by this moment of change offers an opportunity to induce a long-lasting 
modernization of working practices and reduce the impact on traffic-related CO2 emissions. More so, 
the pandemic has demonstrated the importance of international cooperation, a renewed awareness 
that might be exploited in the environmental setting to foster the development of low-carbon and 
clean energy technologies, adaptation practices and joint responses to risks.  

5.1.1. The EU ETS 

The EU ETS is the largest multi-country, multi-sector GHG emissions trading system in the world. It 
was the first of its kind and covers more than 11,000 heavy energy-using installations and the aviation 
industry in 30 countries (about 45% of total EU GHG emissions). The system sets a cap on the total 
amount of GHG that can be emitted by the regulated companies. The cap is split in individual European 
Union emission Allowances (EUAs), which give the right to the holder to emit GHG equivalent to a ton 
of CO2.  

Each year installation/operators under the EU ETS must surrender allowances to cover for their 
reported emissions.15 The EU ETS Registry keeps track of EUAs holders and ensures an effective 
enforcement of the regulation by identifying and imposing heavy fines on non-compliers. 

Allowances can be obtained either through free allocation, auctions or on the secondary market.16 
The carbon price is determined through the auction/market of EUAs and arises at the equilibrium 
between the demand of EUAs from companies and the supply, as determined by the cap. The market 
for EUAs, by allowing the free trade of allowances and identifying a carbon price, ensures that effort 
to reduce emissions is undertaken at the lowest possible cost, and incentivizes investment in low-
carbon technologies. Evidence from the US SO2 cap-and-trade system (see the discussion in Chapter 
8) shows that this market-based policy instrument, when correctly implemented, reduces policy costs 
from 15% to 90% compared to traditional command-and-control programs such as production taxes 
or emissions fees (Carlson et al., 2000; Ellerman et al., 2000, Keohane, 2006, Schmalensee and Stavins, 
2017, 2019).  

The EU ETS has gone through different phases. Phase 1 (2005-2007) acted as a trial stage to set up the 
monitoring, reporting, verification, and market infrastructure of the EU ETS, ensuring its functionality 
by the start of phase 2 (2008-2012), which coincides with the first commitment period of the Kyoto 
ǇǊƻǘƻŎƻƭΦ tǊƻƎǊŜǎǎƛǾŜƭȅ ǎǘǊƛƴƎŜƴǘ ŀƴŘ ƛƳǇǊƻǾŜŘ ŜƳƛǎǎƛƻƴǎΩ ǊŜƎǳƭŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ƛƳǇƭŜƳŜƴǘŜŘ ƻǾŜǊ 
time, with phase 3 spanning 2013 to 2020 (second Kyoto protocol commitment period) and phase 4 
ranging from 2021 to 2030. 

5.1.2. Phase 1 (2005-2007) 

In phase 1, the EU ETS regulated the CO2 emissions of the most emissions-intensive industries of the 
EU-27 countries.17 The cap set by the EU ETS is a hard constraint ensuring the reduction of total 

 

15 Limited (qualitatively and quantitatively) amounts of international credits, ERUs and CERs, established by the mechanisms 
of Joint Implementation and Clean Development Mechanism can also be used to this end. 

16 Allowances not surrendered by a company can be used in the future or be sold on the market. 

17 Power stations and other ŎƻƳōǳǎǘƛƻƴ Ǉƭŀƴǘǎ җнлa²Σ ƻƛƭ ǊŜŦƛƴŜǊƛŜǎΣ ŎƻƪŜ ƻǾŜƴǎΣ ƛǊƻƴ ŀƴŘ ǎǘŜŜƭ ǇƭŀƴǘǎΣ ŎŜƳŜƴǘ ŎƭƛƴƪŜǊΣ ƎƭŀǎǎΣ 
lime, bricks, ceramics, pulp, paper and board. 
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emissions and it was set to 2.058 Gton of CO2. EUAs distribution in this pilot phase was almost 
completely done by means of free allocation (Є98% of the total).  

5.1.3. Phase 2 (2008-2012) 

In phase 2, the EU ETS expanded to Norway, Iceland and Liechtenstein and aviation was added to the 
sectors regulated.18 The cap set for CO2 emission was lowered to 1.859 Gton of CO2 and MS could opt 
in for the regulation of some emissions of N2O and PFC. Even in phase 2, the main channel of EUAs 
distribution remained free allocation (Є96% of the total). When a company is allocated EUAs freely, it 
is not burdened with the cost of complying with the regulations but it might still have an incentive to 
curb emissions so as to profit from selling the EUAs at the carbon market price.19 However, with free 
allocation, lower capital is needed to comply with the EU ETS in terms of EUAs purchasing or emissions 
abatement investments. Hence, the urgency to reduce emissions is lessened, especially if the future 
evolution of the regulation is uncertain. Finally, free allocation might result in windfall profits to 
companies able to pass through the cost of allowances to their customers (due to limited competition 
in the market they operate). Evidence from phase 1 and phase 2 shows that this indeed occurred with 
companies in the energy industry (Lise et al., 2010; Joltreau and Sommerfeld, 2019).  

5.1.4. Phase 3 (20013-2020) 

In phase 3, Croatia joined the EU ETS and the sectors covered expanded to further industrial ones.20 
The cap on CO2 emissions was set at 2084 Gton for 2013 and will diminish each year by 1.74% until 
the beginning of phase 4, when the decreasing step will be set to 2.2%/year. The regulation is also 
extended to N2O emissions from all nitric, adipic and glyoxylic acid production and PFC emissions from 
aluminium production. 

In this phase, reflecting the above-mentioned drawbacks, the proportion of freely allocated EUAs was 
reduced to 43%. This result was achieved by imposing 100% auctioning for power generation 
installations and by setting a progressively higher target of auctioning for industrial installations, 
increasing from 20% in 2013 to 70% in 2020 (the target for 2030 is 100%). The main purpose of free 
allocation in phase 3 is to prevent the relocation of emission-intensive internationally-competing 
industries towards countries with laxer environmental regulation, causing loss in jobs and market 
ǎƘŀǊŜǎΣ ŀƴŘ ǇƻǘŜƴǘƛŀƭƭȅ ƻŦŦǎŜǘǘƛƴƎ ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ 9¦Ωǎ ŜƳƛǎǎƛƻƴǎ Ǿƛŀ ŎŀǊōƻƴ ƭŜŀƪŀƎŜΦ ¢ŀǊƎŜǘŜŘ ŦǊŜŜ 
allocation allows the support of investment in emissions reductions and energy efficiency technology 
while pursuing emissions reduction objectives. 

As a part of the increased effort against climate change, the determination of the quantities of freely 
allocated EUAs was also improved in phase 3, moving from being based on historical emissions 
όάƎǊŀƴŘŦŀǘƘŜǊƛƴƎέύΣ ǘƻ ǳǎƛƴƎ ōŜƴŎƘƳŀǊƪǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜƭŜŀǎŜ ƻŦ DID ōȅ ǘƘŜ ōŜǎǘ ǇŜǊŦƻǊƳŜǊǎ ŦƻǊ ŀ 
given production process. As a result, for firms subject to free allocation, the least polluting companies 
have their EUAs needs entirely covered by free allocation, while heavily polluting companies need to 

 

18 The cap on aviation emissions is separate from the one of the other sectors and for phase 3 it has been set at a constant 
level equivalent to 95% of the historical aviation emissions. From 2021 onwards the linear reduction factor of 2.2% that 
applies to stationary installations will also apply to the aviation cap. 

19 While the Coase theorem (Coase 1960) showed that in theory the initial allocation of permits, while having distributional 
impacts, should not be expected to influence the incentives, its strong assumptions are seldom met. For example, in 
presence of taxes (Goulder et al. 1999). 

20 Aluminium, petrochemicals, ammonia, nitric, adipic and glyoxylic acid production, CO2 capture, transport in pipelines and 
geological storage of CO2. 
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purchase EUAs for their extra emissions and are therefore incentivised to improve their environmental 
performances. 

A well-functioning EUAs market is pivotal for the effectiveness of the EU ETS. However, since 2009, 
the EUAs market has been characterized by a temporary oversupply, reaching a 2 billion surplus by 
the start of 2013, largely due to the economic crisis of 2008, unexpectedly high imports of 
international carbon credits and, to some degree, the significant increase in the use of renewables. 
The large surplus led to low carbon prices in the period 2012-2017, lessening the incentive to reduce 
emissions. It has been argued (Martin et al. 2016; Joltreau and Sommerfeld, 2019) that the proper 
functioning of the carbon market was hindered during phase 2 and the initial part of phase 3 by the 
free allocation of allowances and the considerable over-allocation (Joltreau and Sommerfeld, 2019; 
Klemetsen et al., 2020). The EU Commission short-term response to postpone the auction of some 
ŀƭƭƻǿŀƴŎŜǎ όάōŀŎƪ ƭƻŀŘƛƴƎέύ ŜŦŦŜŎǘƛǾŜƭȅ ǊŜŘǳŎŜŘ ǘƘŜ ǎǳǊǇƭǳǎ ǘƻ мΦту ōƛƭƭƛƻƴ ōȅ нлмрΦ ¢ƘŜ ƭƻƴƎ-term 
response was the implementation of the Market Stability Reserve (MSR) that began operating in 2019. 
Working on pre-defined rules, the MSR adjusts the supply of allowances based on circulating EUAs. 
Carratù et al. (2020) show that, while in phases 1 and 2 most of the sectors display an over-allocation 
of allowances, this problem was reduced in the period 2013ς2016. Using our data, we confirm this 
dynamic up to 2018 (see the next section).  

The purpose of this chapter is three-fold. First, we investigate the impact of the EU ETS on 
performance and on CO2 emissions across countries and sectors. Specifically, given the significant 
regulatory changes occurring between phase 2 and phase 3, we provide a causal estimation of the 
impact of the regulatory changes in 2013 on emissions and performance. As this change affected both 
the intensity of the regulation (the sectors covered by the ETS systems) and the share of EUAs that 
companies need to buy on the markets, we provide different estimates for the effects of the two 
regulatory changes. We emphasize that for phase 3, to the best of our knowledge, we are the first to 
perform this analysis. Combining our results with those of the previous empirical literature on phase 
1 and 2 we can also provide a rough estimation of the overall effect of the EU ETS system on the EU 
economy since its implementation. Second, we perform our benchmarking analysis using DEA 
methodology across MS and sectors, focusing in particular on Transportation, Energy and 
Manufacturing. Given the specificity of the field analysed in this chapter, we postulate a production 
function where in each sector inputs (capital, labour and energy) are used to produce two outputs, a 
άƎƻƻŘέ ƻƴŜ όD5tύ ŀƴŘ ŀ άōŀŘέ ƻƴŜ όǇƻƭƭǳǘƛƻƴύΦ ²Ŝ ŘŜǊƛǾŜ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ŦǊƻƴǘƛŜǊǎ ŀŎǊƻǎǎ ŎƻǳƴǘǊƛŜǎ ŀƴŘ 
sectors and study the dynamic of efficiency across different periods. Finally, given the current debate 
on using EU ETS as a source of revenues for the EU budget, we compute the revenues that could have 
been obtained at the current allocation prices and study its potential for the future.  

The rest of the chapter is organized as follows: in Section 5.2 we present the dataset that we collected 
for this analysis; in Section 5.3 we study the impact of the EU ETS on emissions and performance; in 
Section 5.4 we perform our benchmarking analysis; in Section 5.5 we study the potential use of the 
EU ETS as a source of revenues. Finally, we draw our conclusions in Section 5.6. 

5.2. The Data 

We consider yearly data with the unit of observation consisting of the sector of a given country. 
Analysing each sector separately allows us to account for the peculiarities (market, technology, etc.) 
characterizing each sector regulated under the EU ETS. We consider six different sectors according to 
the NACE classification (see the Section 5.3 for details). Given the relevant changes undergone by the 
EU ETS, the use of yearly data (from 2008 to 2018, phases 2-3) allows us to investigate the evolution 
of the effects of the policy through time. The production function we postulate is a standard 
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production function in which capital, labour and energy are used to produce an output, which is 
however characterized by a negative externality (pollution).  

In more detail, to analyse the performance of each sector we use five variables, three inputs: capital 
(fixed asset at currenǘ ǊŜǇƭŀŎŜƳŜƴǘ Ŏƻǎǘ ƛƴ нлмр ttt ϵύΣ ƭŀōƻǳǊ όǘƘƻǳǎŀƴŘ ƘƻǳǊǎ ǿƻǊƪŜŘύ ŀƴŘ ŜƴŜǊƎȅ 
(in tera joule)ς and two outputs ς the ŘŜǎƛǊŀōƭŜ D5t όƛƴ нлмр ttt ϵύ ŀƴŘ ǘƘŜ ǳƴŘŜǎƛǊŀōƭŜ /h2 
emissions (in thousand tonnes). All data comes from the Eurostat database. For capital, labour and 
emissions, we use the original data to perform the analysis. The energy data (from energy balances 
dataset) was imputed to sectors in accordance with the Energy Balance Guide (Eurostat 2019), the 
Manual for Air Emissions Accounts (Eurostat 2015) and the Validation rules for Air Emissions Accounts 
(Eurostat 2020).21 Eurostat national accounts do not directly report GDP at the sector level; therefore 
we computed it by first identifying taxes and subsidies and then subtracting them from the sectoral 
gross value added. The representativeness of our dataset is high, with only 1.4% missing values, and 
we obtain a balanced panel by imputing the closest observation from the past. 

We further extend our dataset with data on verified emissions, surrendered EUAs and freely allocated 
EUAs from the Union Registry database. To match the Union Registry data, that is reporting 
information at the installation level, with the sector of activity that we are using in the analysis, we 
use the proceedings of the stakeholder meeting on the results of the preliminary carbon leakage list 
for phase 4 of the EU Emissions Trading System (European Commission 2018). Using this imputation 
method, the resulting dataset covers 88% to 94% of emissions in the period 2008-2018 (91% on 
average). Data on the EUAs market spot price comes from the International Carbon Action Partnership 
(ICAP) database. 

5.3. Impact of EU ETS on Emissions 

In this section, we investigate the effectiveness of the EU ETS regulation in attaining its main goal, 
namely to reduce CO2 emissions. Several studies discuss this issue, focusing on phase 1 and phase 2 
(see Table 5.1 for a summary of results). 

Ellerman and Buchner (2008) and Anderson and Di Maria (2011) shows a 3% reduction in emissions in 
phase 1 while Abrell et al. (2011) finds that the growth rate of emissions was 3.6% higher in 2005/06 
vs. 2007/08. Egenhofer et al. (2011), using macro-data at country level shows a modest 1% CO2 
reduction for each year in 2006-2008 and of 5% in 2009. Petrick and Wagner (2014), using German 
data, finds that regulated manufacturing plants reduced emissions by 18% more than non-regulated 
firms in phase 1 and by 20% in the first years of phase 2. A similar study undertaken by Wagner et al. 
(2014) on French manufacturing plants identifies a reduction of emission intensity (emissions/gdp) of 
8ς12% in the first three years of phase 2 but not before. Bel and Joseph (2015), using data at the 
country level for 2005-2012, argue that emissions reduction in the first two phases was mainly due to 
the impact of the economic crisis. Focusing on a panel of 5,000 Lithuanian firms in 2003-2010, Jaraite 
and Di Maria (2016) finds that ETS participation did not lead to a reduction in CO2 emissions and only 
induced slight decreases in emission intensity for the year 2007. Dechezleprêtre et al. (2018), using 
firm level data in France, Netherlands, Norway and UK finds a statistically non-significant emission 
reduction of 6% in phase 1 but a significant reduction of 15% in phase 2. Similarly, the study by 

 

21 As a robustness check we also developed a less-conservative specification of energy data by following the International 
Recommendations for Energy Statistics (United Nations Statistical Commission 2018) to impute residual items. The 
results of the analysis are not significantly affected by the imputation method and are available upon request. 
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Klemetsen et al. (2020) on Norwegian manufacturing installations reports a statistically significant 30% 
reduction of emissions in phase 2 but insignificant effects in phase 1.22 

Table 5.1: Impact of EU ETS on CO2 emissions - Evidence from the Literature  

Study Geo Sample Method 
Impact of EU ETS on 

CO2 emissions 

Ellerman and 
Buchner (2008) 

Environ Resource 
Econ 

24 EU 
countries 

Analysis at 
country level 

Difference between Business as Usual (BAU) 
estimate and observed emissions. BAU 
computed as historical emissions corrected 
by GDP growth and emissions intensity 
dynamics 

CO2 emissions were about 
3% (60 MtCO2) lower than 
the allocated allowances 
of 2005-2006 

Anderson and Di 
Maria (2011) 

Environ Resource 
Econ 

EU-25 Analysis at 
country level 
(some sectorial 
heterogeneity 
considered)  

Difference between BAU and observed 
emissions. BAU computed using flow 
adjustment model (dynamic panel) forecast 
of emissions accounting for lagged emissions, 
sector, energy prices and weather 

2.8% net CO2 emissions 
abatement in 2005-2007, 
84.2 (2005), 61.7 (2006) 
and 27.6 (2007) MtCO2 

 

Abrell et al. (2011)  

Bruegel WP 

18 EU 
regions or 
countries  

2101 firms 
(3608 
installations), 
Ғрф҈ ƻŦ ǘƻǘŀƭ 
verified 
emissions 

Diff-in-Diff regressing (third difference of) 
emissions over turnover and labour 
accounting for country and sector. Effect is 
captured by time dummies at the change in 
phase. The ETS impact on emissions from the 
first to the second phase is identified by time 
dummies 

 

Reduction of growth rates 
of CO2 emissions is 3.6 pct. 
points in 2005-2008 

Egenhofer et al. 
(2011) 

CEPS report 

EU-25 Analysis at 
country level 

Difference between BAU and observed 
emissions. BAU computed as historical 
emissions corrected by GDP growth and 
emissions intensity dynamics 

Reduction of CO2 
emissions is 1% 2006-2008 
and 5% 2009 

Petrick and 
Wagner (2014) 

MIMEO 

Germany 400 regulated 
firms matched 
to 1600 
unregulated 
firms 

Semiparametric conditional Diff-in-diff using 
nearest-neighbour propensity score for 
matching. Propensity score is computed using 
a probit entailing sector and state dummies 
and accounting for levels and squares of: CO2 
emissions, gross output, export share of 
output, number of employees, and the 
average wage 

Not statistically significant 
increase of CO2 emissions 
in phase 1 and statistically 
ǎƛƎƴƛŦƛŎŀƴǘ Ғнр҈ ǊŜŘǳŎǘƛƻƴ 
in phase 2  

Wagner et al. 
(2014) 

Fifth World 
Congress of 

Environmental and 
Resources 

Economists 

France 287 regulated 
firms matched 
to 4302 
unregulated 
ones 

Semiparametric conditional Diff-in-diff using 
nearest-neighbour propensity score for 
matching. Propensity score is computed using 
probit entailing the carbon intensity in the 
announcement year of the EU ETS (2000) 
while matching exactly on the 2-digit sector 

No reduction of CO2 
emissions in phase 1, 13.5-
19.8% reduction in phase 2  

Bel and Joseph 
(2015) 

Energy Economics 

EU-25 Analysis at 
sector-by-
country level 

Difference between BAU and observed 
emissions. BAU computed using flow 
adjustment model (dynamic panel) forecast 
of consumption and prices of emissions 
accounting for lagged emissions, sector, 
energy prices, weather, GDP growth, crisis 
(2008), differences between ETS and non ETS 
firms 

 

Reduction in CO2 emission 
from ETS is 33.78 - 40.76 
MtCO2 όҒмн҈ύ ƻŦ нфпΦр 
MtCO2 total reduction in 
2005-2012 

 

22 Albeit not always significant in the robustness checks. 
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Jaraite and Di 
Maria (2016) 

The Energy Journal 

Lithuania 205 regulated 
firms matched 
ǘƻ Ғнулл 
unregulated 
firms 

Semiparametric conditional Diff-in-diff using 
nearest-neighbour propensity score for 
matching. Propensity score is computed using 
probit entailing the amount of fossil-fuel-
based energy used, the stock of tangible 
capital, turnover, and a sectoral dummy for 
NACE 40 industry 

No reduction of CO2 
emissions in phases 1-2, 
slight decrease of 
emissions intensity in 2007  

Dechezleprêtre et 
al. (2018) 

OECD WP 

France, 
Netherlands, 
Norway and 

UK 

240 regulated 
installations 
ƳŀǘŎƘŜŘ ǘƻ Ғ 
1200 
unregulated 
ones 

Conditional Diff-in-diff using nearest-
neighbour propensity score for (full) 
matching. Propensity score is computed 
accounting for log of average pre-ETS 
emissions, emissions growth rate and, 
exactly, country and the 3-digit NACE sector 

Statistically insignificant 
emissions reduction of 6% 
phase 1 and a significant 
15% reduction in phase 2 

Klemetsen et al. 
(2020) 

Climate Change 
Economics 

Norway 152 regulated 
installations 
and 513 
unregulated 
ones 

 

Diff-in-diff using nearest-neighbour 
propensity score for matching and fixed 
effects specification. Propensity score is 
computed accounting for predetermined 
levels of emissions (as proxy for capacity 
limit) and number of employees while exact 
match is performed on type of pollutant and 
ƻƴ ǇƭŀƴǘǎΩ ǘȅǇŜ ƻŦ ŀŎǘƛǾƛǘȅ όн-digit level) 

Negative but not 
statistically significant 
effect in phase 1 and 2013. 
Statistically significant 30% 
reduction of emissions in 
phase 2  

Source: Own elaboration based on the scientific literature. 

 

The effects of Phase 3 of the EU ETS have not yet been considered in the literature (except for the 
year 2013 in Klemetsen 2020). To fill this gap, in this section we provide what is, to our knowledge, 
the first assessment of the impact of the increased stringency of phase 3 relative to phase 2 of the 
EU ETS regulation on CO2 emissions. As outlined in the introduction, there are several reasons to 
believe phase 3 was more effective in curbing emissions, chiefly due to the more stringent cap 
enforced, but also as a result of other aspects of the tighter regulation it implements, such as the 
reduction in freely allocated EUAs and the switching from grandfathering to a benchmark-based 
quantification of the freely allocated EUAs.  

Figure 5.1: Emissions by Country 

 
Source: Own elaboration based on Eurostat data. 
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We start our discussion by illustrating how representative is our sample, in terms of countries and 
sectors covered. Figure 5.1 reports the evolution of CO2 emissions by country during the period 2008-
2019. The blue line represents the total emissions from EU-27. Notice that our sample does not include 
(in order of CO2 contributions) Spain, Romania, Bulgaria, Latvia, Cyprus and Malta, due to data 
availability issues.23 Total emissions follow a downward trend for the whole period considered. The 
distribution of emissions displays some degree of concentration among countries, showing that 
Germany, UK, Poland, Italy, France, Netherlands, and Belgium, account for 70% of emissions in 2019. 

Figure 5.2 illustrates the contribution of each sector in our sample to the total emissions and highlights 
a marked sectoral concentration. The most polluting industry is Energy, accounting for 35% of 
emissions, followed by Manufacturing (29%), Transportation (19%), Agriculture, Forestry and Fishing 
(4%), and Construction and Mining contributing 2% each. 

Despite dropping some countries due to a lack of data, our sample obtains good coverage, equal to 
79% of total emissions. More importantly, as shown in Figures 5.1 and 5.2, the evolution of our sample 
closely resembles that of total emissions so we can be reasonably confident that our analysis is 
considering an undistorted representation of the real dynamics.  

To properly address the possible impact of EU ETS on CO2 emissions, it is crucial to identify to what 
extent the emissions dynamics has been driven by the change in regulation and/or is a result of 
changes in the economic environment. Ideally, we would like to estimate the difference between 
observed emissions as compared to the (counterfactual) emissions that would have been observed 
whether the EU ETS stayed the same between phase 2 and phase 3. While this counterfactual is 
obviously unobservable, in the econometric literature several techniques have been developed to this 
end. 

 

23 See the Annex for a complete break-down of the CO2 emissions contribution by country and by sector. 

Figure 5.2: Emissions by Sector 

Source: Own elaboration based on Eurostat data. 
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The first technique that we will use is an event study,24 a method that allows the investigation of how 
a policy change has affected a variable of interest. In our setting, the variable of interest is CO2 
emissions while the policy change is the implementation of phase 3, which occurred at the end of 
2012. To identify if the policy change has had an impact on the effectiveness of the regulation, we 
exploit the differences in how intensely sectors have been subject to the EU ETS. Intuitively, the 
emissions of two sectors that are regulated by the EU ETS to a different extent will respond differently 
to the shifting regulation and we can use this difference for the identification of the switching impact 
on emissions. Using Eurostat and Union Registry data, we develop two measures of how strong are 
the incentives that the ETU ETS regulation is imposing on companies. 

The first, that we call EU ETS intensity, is the share of emissions regulated under the EU ETS relative 
to the total emissions of that sector. The idea is that the larger the share of emissions covered by EU 
ETS, the stronger the response to the regulation incentives. The best measure to quantify the share of 
emissions that are regulated under the EU ETS would be the surrendered EUAs, because verified 
emissions might be affected by non-compliance. Unfortunately, the Union Registry only reports the 
cumulated surrendered allowances for phase 2. However, compliance under the EU ETS is almost 
perfect. The share of the verified emissions under EU ETS that are met by surrendered EUAs is between 
98.9% and 99.5% in 2013-2018 and >99.9% for the cumulative period 2008-2012. Given that data on 
verified emissions are available for the whole period 2008-2018, in the analysis we then use verified 
emissions to compute the measure of EU ETS Intensity.  

However, a more relevant measure of the incentives induced by the EU ETS on regulated companies 
might be represented by the amount of EUAs that they have to purchase, since as we discussed above, 
the part of their emissions that are matched by freely allocated allowances would provide companies 
with only minor incentives to change their behaviour.25 Following this line of thought, we define a 

 

24 See the Annex for technical details. 

25 The idea of exploiting the variation between emissions and freely allocated EUAs is not new in the literature, see i.e., Anger 
and Oberndorfer (2008), Abrell et al. (2011), Carratù et al. (2020). 

Figure 5.3: Verified Emissions and Freely Allocated EUAs 

 
Source: Own elaboration based on Eurostat and Union Registry data. 






























































































































































































































