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Abstract 

This article evaluates the evolution of environmental performance in the context 
of the European Union (EU), over the period 1993–2010. The context is 
particularly relevant, due to the traditionally high concerns of the EU about these 
issues, which has triggered off several initiatives and regulations on 
environmental protection. In this setting, we conduct a two-stage analysis which 
develops environmental performance indicators in the first stage for each pair 
country-year, and evaluates its evolution in the second. More specifically, in the 
first stage we estimate specific efficiencies for three air-pollutants (CO2e, SO2, 
NOx), along with an eco-efficiency indicator, for which we use the slack-free 
directional distance functions in the Data Envelopment Analysis framework (as 
opposed to the more extended intensity ratios), whereas in the second stage we 
propose using a model of explicit distribution dynamics which takes into account 
how the entire distributions of these indicators evolve. Our results indicate that the 
dynamics underlying the evolution of the indicators analyzed are indeed 
remarkable. Although the eco-efficiency indicator has improved over the last two 
decades, it has been during the last decade when performance has shown a more 
convergent path. However, in the case of the more traditional indicators (CO2e, 
SO2, NOx) the abatement opportunities are still remarkable, especially in the case 
of SO2e. 

Keywords: distribution dynamics, efficiency, energy, environmental 
performance, European Union 
 
JEL classification: Q4, Q43 
 

Roberto Gómez-Calvet  
European University of Valencia  

Business Department 
roberto.gomezcalvet@uem.es 

 

David Conesa 
Universitat de València 

Statistics and Operational Research Department 
conesa@uv.es 

 

Emili Tortosa-Ausina 
IVIE & Universitat Jaume I 
Department of Economics  

tortosa@eco.uji.es 

Ana Rosa Gómez-Calvet  
Universitat de València 

Business Finance Department 
ana.rosa.gomez@uv.es 

 



⇤ † † ‡

2 2 x

2 2 x

2

⇤
†
‡



2 x

3

2



2 x

x



S
x 2 Rm

+ y

g 2 Rs1
+ y

b 2 Rs2
+

S = {(x,yg

,y

b

) : x (y

g

,y

b

)}.



v p

= {(v,p) : v p}

o

=

v

o

P (p

o

)

P K

P (p

o

) =

KX

i=1

w

n

p

n

w

n

n

PGT

[

L

v 2 R1⇥L

+

p = [p1, . . . ,pL

] 2 Rs⇥L

+

[
=

8
<

:(v,p)|v 
LX

j=1

�

j

v

j

, p �
LX

j=1

�

j

p

j

, l  e�  u

9
=

;

� 2 RL

+ l u



�!
0 {v,p;g = (g

v

,�g

p

)} = {� / (v + � g

v

,p� � g

p

) 2 }

g = (g

v

,�g

p

) �

� = 0

�

h i

g = (g

v

,�g

p

)



�!
g 0 = (v0,�p

0

)

�

⇤
= max�

v� � v0 + �v0

p�  p0 � �p0

e� � 0 ,�

�

⇤
= max�

v� � v0 (1 + �)

p�  p0 (1� �)

e� � 0 ,�

[0, 1)

�

�



�

⇤
= max

"
�

⇤
+

1

1 + s

 
S

+
v

v

+
r0

+

sX

r=1

S

p

r

p

r0

!#

v�� +
= v0 (1 + �

⇤
)

p�+ S

p

= p0 (1� �

⇤
)

e� � 0 ,

+ � 0 ,S

p � 0

�

⇤

+
S

p

v

⇤
0 = v

g

0 + �

⇤
v0 + S

+

p

⇤
0 = p0 � �

⇤
p0 � S

p

v

⇤
0 � v0

v0
=

�

⇤
0v0 + S

+

v0
= �

⇤
0 +

S

+

v0

p0 � p

⇤
0

p0
=

�

⇤
0p0 + S

p

p0
= �

⇤
0 +

S

p

p0

2 x 2

2 x

2



b
f(x) = 1/(Nh)

NP
i=1

K

⇣
kx�X

i

k
x

/h

⌘
x

X N

h k · k
x

X

K(x) K(x)

s

i,t

i 2 x 2

t F

t

(s) s

i,t

F

t

(s) �

t

((�1, s]) = F

t

(s), 8s 2 R



t �

t

�

t

= P

⇤
(�

t�1, ut

), t,

{u
t

: t} P

⇤

P

⇤

t�1

t P

⇤

�

t+⌧

= (P

⇤ · P ⇤ · . . . · P ⇤
)�

t

= (P

⇤
)

⌧

�

t

s k 2 {1, . . . ,K} P

⇤

�

t+1 = P

⇤ · �
t

�

t

K ⇥ 1

t

F

t

e

k

k = 1, . . . ,K

K 5 ⇥ 5

p

kl

k l

T

e

k

e

k

= (0.2, 0.4)

0.2 0.4

p

kl

p

kl

=

1
T�1

T�1P
t=1

n

t
kl

n

t
k

T n

t

kl

k l n

t

k

l



2 x 2

{X
n

}
P V = (v1, v2, . . .) v

i

2 [0, 1]

P
v

i

= 1

V P = V V {X
n

}
P

V V P = V, V e = 1, e = (1, 1, . . .)

⇡

j

i

j p

ij

⇡1

⇡2
=

p21

p12
,

⇡2

⇡3
=

p32

p23
,

⇡3

⇡4
=

p43

p34
,

⇡4

⇡5
=

p54

p45

x 2

2

2

2



x 2 2

2

2

2 2

x



)0, 1]

2 x

2

2 x 2

2

2

2 x

x x

2

t t+ 1 t+ 5 t+ 17



t

a11 t+ 1

92.6%

a12 7.4% t

0.565

2

2

2

0.84 0.87 2 x

0.753 0.787

2

0.523

a55 2



2

a55 = 0.500

a54 = 0.500

2

x

2

2

2 2

x

2





2









2



2
2

x





(t, t+ 1)

(t, t+ 5)



2

(t, t+ 1)

(t, t+ 5)

(1993, 2010)



2

(t, t+ 1)

(t, t+ 5)



x

(t, t+ 1)

(t, t+ 5)



0e+00 1e+06 2e+06 3e+06 4e+06 5e+06
Aggregated CO2 e emissions (Thousands − tonnes)

0.0e+00 5.0e+06 1.0e+07 1.5e+07 2.0e+07
Aggregated SO2 emissions (tonnes)

0.0e+00 5.0e+06 1.0e+07 1.5e+07

●

●

●
●

●

●

●

●
●

●
●

●
●

●
●

●

●
●

Aggregated NOx emissions (tonnes)

0 2000 4000 6000 8000 10000 12000
Aggregated GDP (1000 million (bn) PPS)

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Year

●

CO
2  e

SO
2

NO
x

G
DP



1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Eco−efficiency Simple Average, for each EU enlargement

EU 12

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU15 without EU12

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU25 excluding EU15

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU27 excluding EU25

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU27

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Eco−efficiency Weighted Average, for each EU enlargement

EU 12

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU15 without EU12

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU25 excluding EU15

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU27 excluding EU25

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

EU27



0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 1994 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 1996 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 1998 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 2000 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 2002 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 2004 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 2006 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 2008 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

( 2010 )

D
en

si
ty



2

x

2

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 1994 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 1996 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 1998 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 2000 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 2002 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 2004 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 2006 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 2008 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

( 2010 )

D
en

si
ty

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0.
0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

1.
0

0.0

0.5

1.0

1.5

2.0

2.5

3.0


