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Th e  p re se n t  s tu d y  a s se ss e s  d i sp ar i t i es  i n  th e  s p a t i a l  d i s t r i but i o n  o f  th re e  7 

i nd i c a to r s  e v al u at i ng  re sp ec t i ve l y  e co no mi c  g ro w th  ( p er  c ap i ta  v al u e  add ed) ,  8 

su s t ai n ab l e  de v e l op me n t  ( a  su s t ai n ab l e  de v e l op me n t  i nd e x  co m po si n g  99  9 

i nd i vi d u al  v ar i a bl e s )  a nd t he  q u al i t y  o f  the  n atu r al  c api t a l  ( E n vi ro n me n ta l  10 

S en s i t i ve  Ar e a  I nde x  co mpo si ng  1 4  i n d i vi d u al  v ar i abl es )  i n  I t a l y .  T he  a n al ys i s  11 
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pro vi d e  a n  i nfo r m a t i v e  b as e  to  i m pl e me n t  su s t ai n a bi l i t y  po l i c i es  i n  c o u ntr i e s  23 

c h ar ac te r i ze d  by  p er s i s te n t  so c i o e c ono mi c  d i sp ar i t i e s .  24 

 25 

Ke yw o rd s :  Te r r i to r i a l  d i s p ar i t i es ,  S us t a i n a bl e  de v e l op me n t ,  E co no m y,  26 

En vi r o n me nt ,  I t a l y .  27 

28 



 

2 
 

1 .  I n t rodu c t i on  1 

 2 

En vi r o n me nt a l  t r e nd s  -  to ge the r  wi th  so c i o - de mo gr ap hi c  p roc e s se s  a nd  e c ono mi c  3 

f ac to rs  -  r ep r e se n t  a  cru c i a l  i s s u e  fo r  s p a t i a l l y- ba l a nc e d  s us t ai n a bl e  d e ve l o p me nt  4 

( Tu m pel - G ug ere l l  a nd  M o o sl ec h ne r ,  2 0 03 ) .  Mo ni tor i ng  c o m pl e x  so c i o -5 

en vi ro n me nt al  d yn ami c s  o ve r  t i m e  a nd  s p a ce  i s  an  i mp or t a n t  c h al l e n ge  fo r  6 

sc i e nc e  and  m a y s u p po r t  the  de ve l op me n t  o f  ad v an c ed  po l i c y  s t r a te g i es  to w ar d s  7 

su s t ai n ab i l i ty  ( S tee r ,  1 99 8 ) .  T he  a n al ys i s  o f  s u s ta i n a bl e  so c i o -e n vi ro n m e nt a l  8 

s ys te m s i s  a  ke y  t a rge t  i n  m ul t i - d i s c i p l i n ar y  r e s e ar c h  f oc u s i ng  on  ec o no mi c  9 

gro w th ,  e n vi ro n m e nt al  d e g r ad a t i o n  a nd the  re l a te d  p o l i c y  r es pon s e  ( B r i as sou l i s ,  10 

2 01 1 ) .  T a ke n as  a  l e adi n g  p at h  o f  ba l a nce d  d e v e l o p me n t  f ro m b ot h  11 

so c i o ec o no mi c  and  e n vi ro n m e nta l  pe rs pe c t i v es ,  s u s ta i n a bi l i ty  i s  a  nor m a t i ve  12 

c on c e p t  an d  r e qu i r e s  to  be  c o r r ec t l y  i m pl em e nt ed  a t  a l l  d ec i s i on  l e v e l s  ( Di n d a,  13 

2 00 4 ;  S t er n ,  2 00 4 ;  G a l eo t t i ,  2 00 7 ) .  O nc e  ben c h m ar ki n g c o nd i t i on s  are  i d e nt i f i e d  14 

f o r  t he  v a r i o us  d i m e n s i o n s  o f  s u s t ai n abi l i ty  ( e . g .  e co nomi c ,  s o c i a l ,  e c o l o gi c a l ,  15 

c ul t ur a l ,  i n s t i t u t i o n al ,  po l i t i c a l ) ,  nor m at i v e  c r i t e r i a  de f i ne  t he  o p por t uni ty  s p ac e  16 

f o r  s u s ta i n a bl e  d e ve l o pm e nt  (L a w n,  2 00 3 ) .  17 

Ho we v er ,  w hi l e  su s t ai n a bl e  de ve l op m e nt  h a s  me an t ,  f o r  a  l o n g t i m e ,  ho w  to  18 

rec o nc i l e  e c o no mi c  gro w th wi t h e n vi ro n me n t al  qu al i t y ,  i t  i s  no w wi d e l y  19 

rec o g ni z ed  t h a t  a  r e al l y  s us t ai n a bl e  an d  bal a n ced  d e ve l op me n t  p a t h s ho ul d  20 

i n vo l ve  mu c h mo re  c om pl e x  i ss u e s  wi t h  so c i a l ,  ec o no mi c  a nd ,  e s p ec i a l l y ,  21 

t e r r i to r i a l  r e l e v a n c e  ( Z ui n d e a u,  20 0 6 ) .  E n vi ro n m e nt al  d e gr ad at i o n co up l ed  wi th  22 

so c i o - c ul t ur a l  d i vi de s  a nd e co no mi c  po l ar i z a t i o n  m a y ac c e l e ra te  t e r r i to r i a l  23 

u n bal a nc es  w hi c h ul t i m at e l y  l e ad  to  i n c re as ed  so c i a l  co nf l i c t s  a nd pre v e n ts  t he  24 

su s t ai n ab l e  d e v e l o p me n t  o f  e nt i r e  re g i o n s  ( Ko k  e t  a l . ,  2 0 04 ;  Io s i f i d es  and  25 

Po l i t i d i s ,  20 0 5 ;  O n ate  an d  Pec o ,  2 00 5 ) .  26 

Ke y e xa m pl es  o f  t he  i n te rp l a y  be t wee n  pr o xi m a te  c a us es  a nd u nd er l y i n g  f a c to rs  27 

of  co mpl e x  s us t a i n a bl e  de v e l o p me n t  p a th s  h a v e  bee n  pro vi de d  an al y zi n g j o i nt l y  28 

ec o no mi c  p er f o r m a n c es ,  s o c i a l  i ne q u al i ty ,  i n s t i t u t i o n al  po l i c i e s  a nd  t he i r  29 

re l a t i o ns  wi t h  the  qu al i ty  o f  t h e  e n vi ro n me n t  ( S i n g h  a nd  S i n g h,  1 9 95 ;  C ho pr a  30 

a nd G ul a t i ,  1 9 9 7 ;  S te er ,  1 99 8 ;  B ar bi e r ,  2 0 0 0 ;  S c her r ,  20 0 0 ;  a mo n g o t h er s ;  fo r  t he  31 

sp ec i f i c  i s s ue  o f  s us t a i n a bl e  ur b a n  d e ve l o p me nt  se e  th e  re vi e w i n  H a s s a n  and  32 

Le e ,  20 1 5) .  Wi th i n  t h i s  pe r s pe c t i v e ,  su s t ai n a bi l i ty  h as  bee n  r e l a te d  to  a  33 

t heo re t i c a l  d e f i n i t i o n  o f  dy n ami c  b al anc e  a mo n g  de ve l op m e nt  do m ai n s  34 
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( H a mdo uc h  a nd Z ui nd e au ,  20 10 )  a nd  a n  a dd i t i o n a l  co n d i t i o n  h a s  be en  ad d ed,  1 

t h at  s us ta i n a bl e  d e v e l o p me n t  s hou l d  b e  d ef i ne d  as  s p at i a l l y  ba l an ce d  and  2 

c on s i s te n t  o ve r  t i me  ( Z ui n de a u,  2 00 7 ) .  3 

In  E ur op e ,  te r r i to r i a l  co h es i o n  i s  c o n s i de r ed  as  a  r e l e v a n t  po l i c y  i ss u e  a nd t hi s  4 

obj ec t i ve  h as  b ee n  r eg a r de d as  a  t hi rd  d i me n si o n  to  mo st  t ra di t i o n a l  p o l i cy  5 

t ar ge t s  s uc h  as  eco no mi c  and  so c i a l  c oh e s i on  ( T u mp el - Gu ge re l l  and  Moo sl ec h n er ,  6 

2 00 3 ) .  A t  t he  s ame  t i m e ,  t he  i nc re a sed  pre s su re  o n  eco s ys t em s de ter mi ne d ,  7 

es pec i a l l y  o ve r  t he  mo s t  rec e nt  de c ad es ,  a  de c l i ne  i n  t h e  q u al i ty  o f  t he  8 

en vi ro n me nt  as soc i a ted  wi t h  t he  p rog re ss i ve  l o s s  i n  n a tu r a l  re s ou rc e s ,  t h e  9 

c on se q ue n t  re du ct i o n  o f  eco sy s te m  s er vi ce s  an d  ne g at i ve  e f f ec t s  o n  r ur al ,  10 

m ar gi n al  and  e co no m i ca l l y - d i s ad v an t a ge d ar e as  ( S al va t i  a nd  C a r l uc c i ,  2 0 11 ) .  11 

Al tho u g h i s s ue s  re l a ted  to  t he  u n ba l a nc ed  d i s t r i b ut i o n  o f  n atu r a l  re so ur c e s ,  12 

ec o no mi c  po l ar i za t i o n  a nd so c i a l  d i s p ar i t i es  re v e al ed  p ar t i c u l ar l y  co mpl e x  to  13 

a s se ss  and  to  ap pr o ac h wi t h  e f f ec t i v e  p o l i cy  s t r a te gi e s  i n  E u ro p e ,  e co no mi c -14 

en vi ro n me nt al  g a ps  ar e  p a rt i c ul ar l y  i n te n se  i n  t r adi t i o n a l l y- d i v i d e d  c ou n tr i e s  15 

( Zu i n de au ,  2 00 7 )  su c h  a s  tho se  f ro m  t he  nor t her n  Me di te r r a ne a n  are a .  T he  j o i n t  16 

e v al u a t i on  o f  ec o no mi c  a n d e n vi ro n me n ta l  d i vi d e s  r e qu i r e s  a  m ul t i d i sc i p l i n ar y  17 

a ppro ac h  b as ed  o n  th e  an a l y s i s  o f  the  i n te rp l ay  b e t we e n r e gi on al  proc es se s  and  18 

pl a c e - sp ec i f i c  f a c tor s  ( P ui gdef a b r e g as  a nd M e ndi za b al ,  1 9 9 8 ) .  Mu l t i v ar i a t e  19 

a ppro ac he s  pro v ed  to  be  u s e f ul  to  i d e n t i f y  te r r i to r i a l  d e v e l o p me nt  p a t hs  wi t h  20 

de vi a t i o n s  f ro m a n a -p r i o r i  ( o r  e v e n  d y n ami c a l l y )  de f i ned  s p at i a l l y- b a l a nc e d  21 

c on d i t i on  ( S a l v at i  a n d C ar l u cc i ,  2 0 11 ) .  A t  the  s a me t i m e ,  mor e  e f f e c t i ve  p o l i c y  22 

s t r at eg i e s  -  m ai nl y  i n  t he  f or m o f  i n t eg r a te d  a s se m bl a ge s  o f  s t r a te g i c  23 

en vi ro n me nt al - e co no mi c  m e asu re s  (B r i as s oul i s ,  20 1 1)  -  a re  ne c e s s ar y  to  pro mo t e  24 

a s p at i a l l y - ba l a nce d  de ve l o p me nt  ( Z ui nd e a u,  20 0 6) .  25 

Ho we v er ,  e mpi r i c a l  a n al ys es  de vo t ed  to  as se s s  s o c i o -e n vi ro n me n ta l  d i s p a r i t i e s  26 

a nd t he  s p a t i a l  var i a bi l i t y  o f  su s t a i n a bl e  de ve l op me n t  p a t h s  are  s t i l l  sc ar c e  27 

( S al va t i  a n d  C ar l u c c i ,  2 01 4 ) .  T hi s  re pr ese n t s  a  se r i o u s  l i mi ta t i on  f or  t h e  28 

de ve l o p me nt  o f  s p at i a l l y - bal anc ed  d e ve l op me n t  s t r a t eg i e s .  Pre v i o u s  s t u di e s  29 

h a ve  a n al y z ed  t he  sp at i a l  r e l at i o ns hi p  b e t we e n t he  l e v e l  o f  l a n d vul ne r a bi l i t y  to  30 

de gr ad at i on  a nd  s o c i o eco no mi c  co n d i t i on s  as  d e pi c ted  b y  a  wi d e  se t  o f  31 

e l e m e nt a ry  i nd i c a to r s  ( see  S al va t i ,  2 0 1 4  and  re f e re nc e s  t he re i n ) .  Re sul ts  o f  t he s e  32 

s t ud i e s  s hed  so me l i g h t  on  t he  sp a t i a l  l i nk a ge s  be tw ee n e co no m i c- e n vi ro n me n t a l  33 

dy n a mi c s  a nd su s t ai n a bl e  d e v e l o p me n t  p a th s  on  a  l o c al  s c al e .  T he  pre se n t  p ap er  34 



 

4 
 

c on tr i bu te s  to  t h i s  de ser v i ng  i s s u e  i l l us tr a t i n g  an  i n te g r a ted  an a l y s i s  o f  1 

ec o no mi c ,  e n vi r o n me n t al  a nd  su s t ai n a b l e  de ve l o p me nt  d i sp ar i t i e s  i n  I t a l y  ba s ed  2 

on s i m pl e  s t at i s t i c a l  t o o l s  wi t h  t h e  a i m to  v er i f y  s p at i a l  c o n v er ge nc e  i n  th e  thr e e  3 

di me n si on s .  I t a l y  re p res e nt s  a  p a r adi g m a t i c  c a se  s t ud y i n  Med i ter r a ne a n E u rop e  4 

du e  to  o f  th e  de ve l op m e nt  d i vi d e  b e t w e e n nor t h  a nd s o ut h  I t a l y .  E c o no mi c  5 

di sp a r i t i e s  i n  I t a l y  r e ve al  t he i r  wi d e- r a n ge  i mp a c ts  o n  t h e  en vi ro n me nt  an d 6 

i n vo l ves  so c i o - de mo gr ap hi c  pr oc es se s  ac t i n g  o n  v as t l y  d i f fe re nt  s c al e s ,  f ro m  7 

reg i o n al  to  l o c a l  ( S a l v a t i  a nd  Zi t t i ,  2 0 08 ) .  8 

Th e  ap pro ac h  pro po s ed  i n  t h i s  s tu d y  w a s  ba s ed  o n a  m u l t i va r i a te  a n al y s i s  o f  9 

t hre e  i n di c ato r s  a ss es s i n g e co no mi c ,  so c i a l  and  e n vi ro n m e n t a l  f ac tor s  a t  a  10 

di s a gg r e g at ed  sp a t i a l  sc al e :  pe r  c ap i t a  v al ue  a dd e d  ( t ake n  as  a  pro xy  o f  11 

ec o no mi c  d e v e l o p me n t  a n d te rr i tor i a l  co m pe t i t i ve ne s s ) ,  a  c o m pos i t e  i nd e x  o f  12 

S u st ai n a bl e  De v e l o p me n t  w hi c h  co n s i d ers  tog et h er  t he  thr e e  p i l l a r s  o f  13 

su s t ai n ab i l i ty  ( e n vi r o n me n t al  pro te c t i o n,  s oc i a l  c h a n ge s ,  e c o no mi c  gro w th )  by  14 

i n t eg r at i n g  9 9  i n di vi d u al  v a r i abl e s  -  an d  th e  E n vi ro n m en t al l y  S e n s i t i v e  Are a  15 

In de x a s s e s s i n g t he  qu al i ty  o f  n a t ur a l  c a pi t a l  ba sed  o n  1 4  b i o p h ysi c al  v ar i abl e s .  16 

O ur  s t u d y  c o n t r i b u te s  to  i m pl e me nt  e f f ec t i ve  po l i c i e s  fo r  a  s p a t i a l l y - ba l a nc ed ,  17 

su s t ai n ab l e  de ve l o p m en t  i n  af f l u e n t  b u t  e c o no mi c a l l y - po l ar i z ed  c ou n tr i e s .  18 

 19 

2 .  Me t h od ol ogy  20 

 21 

2 .1 .  S t ud y  a r e a  22 

 23 

I t a l y  e x t e nd s  ne ar l y  3 01 ,3 3 0  k m 2 .  amo n g w hi c h  23 %  i s  f l a t ,  42 %  u pl and ,  a nd 3 5 %  24 

mo u nt ai n s .  T he  c o u n tr y  i s  c h a r ac ter i ze d  by  a  r e l e v a n t  d i v i d e  i n  so c i o e c o nomi c  25 

c on d i t i on s  b e t w ee n n o rt her n  a nd  sou t he r n  re gi o ns  ( e . g .  Ni e der t sc he i d er  a nd  Er b ,  26 

2 01 4 ;  Iu zz o l i no  e t  a l . ,  20 1 3 ;  D al l ar a  a nd  Ri z zi ,  2 0 12 ;  F l o r i d i  e t  a l . ,  20 1 1 ;  Fe l i c e ,  27 

2 01 0 ) .  No r th er n  I t a l y  i s  o ne  o f  t he  mo st  d e v e l o pe d  an d af f l ue nt  re g i on s  i n  28 

Eu ro p e ;  i t  e x t en d s  o v er  the  Po  r i v er  va l l e y  be i n g  s ep ar a te d  f ro m  c e n t r al  E urop e  29 

by  Al p s .  Ce nt r al  I t a l y ,  se p a r ated  f ro m n o r the r n  I t a l y  by  t h e  Ap e n ni ne s  i s  an  30 

ec o no mi c a l l y- po l ar i ze d  r e g i o n  wi t h  a  m ar k ed u r ba n - r ur a l  d i v i d e  c e n t r ed  o n  31 

Ro me an d  F l or e n ce .  S o ut h er n  I t a l y ,  i n c l u di n g  t he  m ai n  i s l a n ds  o f  S i c i l y  an d  32 

S a rdi ni a ,  l i e s  ba c k w ar d ,  wi t h  a n  eco n o mi c  s t r u c tu re  c e nt red  o n  l o w-  and  33 

me d i u m-i nco me ag r i c ul t ur e  a nd  t r a di t i on al  t e r t i a r y  ac t i v i t i e s  ( c o n s t r uc t i on s ,  34 
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c om m e r c e  a nd  t he  p u bl i c  s ec to r )  co nce n t r a ted  i n  t he  m ai n  u r ba n  ce n tre s  ( N ap l es ,  1 

Ba r i ,  P a l e r mo,  C a gl i ar i ) .  As  a  c o n se q ue nc e ,  I t a l y  s ho ws i m p or t an t  re gi o n al  2 

di sp a r i t i e s  i n  v a r i abl es  s u c h  as  p o p u l a t i o n  d e n s i t y ,  ur b an  mo rp hol o gy ,  3 

a gr i c ul t ur a l  i n te ns i ty  a n d n at ur a l  re sou rc e  e ndo w me n ts  ( S a l v at i  a n d  Zi t t i ,  20 0 8) .  4 

 5 

2 .2 .  I nd ica t o r s  6 

 7 

Th re e  i nd i c a to r s  a t  t he  s a me  s p a t i a l  sc al e  ( 81 0 1  m u ni c i p al i t i e s )  w e re  u se d  i n  t h e  8 

pre se n t  s tu d y :  ( i )  pe r -c a pi t a  v al ue  ad de d  ( eu ro s)  pro vi de d  by  Ce n s i s  ( 20 0 4 )  f or  9 

2 00 2  ( I NC) ,  ( i i )  a  C o m p o si te  I nde x  o f  S u st ai n abl e  D e ve l o p m e nt  ( CIS D )  10 

i n t r od u c e d  b y S a l v at i  and  C a r l uc c i  ( 20 1 4)  a nd  ( i i i )  t he  E n vi ro n me n t a l l y  S e ns i t i ve  11 

Are a In de x ( ES AI )  c a l c ul a te d  ac c ord i n g  to  S al va t i  ( 2 0 14 ) .  Bo t h  t he  C IS D a nd t he  12 

ES AI  r e f e r  to  a  t i m e  per i o d  e nc o m p a ss i n g  t he  e ar l y- 2 0 00 s  s i nc e  t he y a re  b a se d  o n  13 

c e ns u s  va r i ab l e s  c o l l e c t ed  p r i m ar i l y  i n  t he  ye a rs  2 00 0 ,  2 0 01  a nd 20 0 2 .  T he s e  14 

i nd i c a to r s  w er e  se l ec te d  to  i n v e s t i ga te  d i f f e re n t  ec o no mi c ,  s oc i a l  an d  15 

en vi ro n me nt al  f a c to r s  o n a  m u ni c i p a l  sc al e :  ( i )  a  p ure  e c o no mi c  i nd e x ( IN C )  as  a  16 

pro xy f o r  ec o no mi c  d e ve l o p me nt  and  te r r i tor i a l  c o m pet i t i ve ne s s ,  ( i i )  a  p u r e  17 

en vi ro n me nt al  i nd e x  (E S AI )  qu a n t i f y i n g  t he  qu al i t y  o f  n atu r a l  c a pi t a l  ba se d  o n  18 

v ar i o u s  b i o p h ys i c al  d i me n si o n s  i n c l ud i n g  s o i l ,  v e ge t a t i o n ,  c l i m ate  a n d  u se  o f  19 

l a nd  a nd  ( i i i )  a  c ompo si t e  i nd e x  ( C I S D )  i n te gr a t i n g  t he  t h ree  p i l l a r s  o f  20 

su s t ai n ab i l i ty ,  i . e .  e n vi ro n m e nt al  p ro t ec t i on ,  soc i a l  c h an ge s ,  ec o no mi c  g ro wt h.  21 

Th e  va r i a bl e s  c o l l ec t ed  i n  o u r  d ata s e t  re p re se n t  t h e  mos t  r ec en t  p o i n t  i n  t i me  22 

wi t h  an  e nou g h l ar ge  a va i l a bi l i ty  o f  so c i oec ono mi c  i nd i c a to r s  o n  a  mu ni c i p a l  23 

sc al e  i n  I t a l y .  C h an ge s  i n  c e ns u s  t ec h ni q ue s ,  t he  u n a vai l a bi l i ty  o f  so me  va r i a bl e s  24 

i n  t h e  mo st  rec e nt  ye a rs ,  th e  d i ss e mi n a t i on  p ro gr a m f o r  se ver a l  v a r i a bl es  25 

ov er p as s i n g  2 0 15  p r e v e nt ed  u s  to  co l l ec t  a  c o mp a r a bl e  d at as e t  f o r  the  l a s t  ye ar s .  26 

Th e  C om p o si te  I nd e x  o f  S u st ai n abl e  De v e l opm e nt  ( C IS D )  pro po s ed  b y  S a l v at i  27 

a nd C ar l u c c i  (2 0 14 )  w a s  b as ed  o n  a  F ac tor  Wei ght i n g  Mod el  c om po s i n g 9 9  28 

e l e m e nt a ry  v ar i abl e s  t h a t  c o ve r  f i ve  g e ne r a l  th e me s  ( De mo gr a p hy ,  H u m an 29 

c ap i t a l ,  L o c a l  d e ve l opme n t  a nd c o mp et i t i v e ne s s ,  Qu al i t y  o f  l i f e ,  R u r a l  30 

de ve l o p me nt  a n d e n vi r o n m e nt )  i n  t ur n  s u b di vi d ed i nto  1 4  r e se arc h  d i me n si o n s  31 

( Po p ul at i o n  s t r uc t ur e ,  Te r r i to r i a l  c h ar a cte r i s t i c s /u r ba n  s t ru ct ure ,  E d u c at i on ,  32 

La b o u r  m ar ke t ,  E co n omi c  s t r uc t ure ,  To u r i s m s pe c i a l i za t i o n ,  I n c o m e a n d w e al th ,  33 

Cri me ,  W a te r  m an a ge me n t ,  L a nd  t e nu r e ,  R ur a l  l a nd sc a pe ,  Cro p  i nt e ns i ty ,  34 
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Q u al i ty  and  i n no v at i o n  i n  ag r i c ul tu re ,  H u m a n c api t a l  i n  a gr i c u l tur e ) .  T he  wei g h t  1 

a s s i g ne d  to  e ac h  i nd i c a to r  w a s  d e te r mi n e d u s i n g  a n  o bj e c t i v e  w ei g ht i n g s y s t e m 2 

ba s ed  o n  a  P r i n c i p a l  Co m po ne n t  A n al ys i s  ( Kh at u n,  2 0 09 ) .  T he  CI S D r a n ge s  3 

be tw ee n 0  and  1  a n d s ho w s a  s p a t i a l l y  c o m pl e x d i s tr i but i o n  i n  I t a l y  wi t h  a  4 

no r t h– so u t h  g r ad i e n t  r e f l ec t i n g  t he  so c i oe co no mi c  d i sp ar i t i e s  o bs er ve d  be t w e e n 5 

c om p e t i t i ve  ( no r t he r n)  and  d i s ad v a n ta g e d  ( so u t her n )  r eg i o n s .  T he  ou tc o me s  o f  6 

t he  CI S D we re  v al i d a te d  us i n g t hre e  i nd e pe nd e nt  v a r i abl e s  and  e v a l u a ted  fo r  7 

s t a bi l i ty  u s i n g  se n s i t i vi t y  to  c h a n ge s  i n  t he  c om p o s i n g i n d i c a tor s  ( S a l v at i  an d 8 

C ar l u c c i ,  2 0 1 4) .  9 

Th e  E n vi r o n me n t al  S e ns i t i ve  Are a  I nd e x p ro vi de s  a  m ul t i - d i me n si o n a l  10 

a s se ss m e nt  f r a me w o r k o f  f o ur  th e m at i c  d om ai ns  ( c l i m a te  q u al i ty ,  s o i l  q u a l i t y ,  11 

v e ge t at i o n  qu al i t y  a n d l a nd- u se  q u al i t y )  r e l a ted  to  n atu r al  r e s o urc e  a va i l a bi l i ty  12 

a nd e n vi ro n me n t a l  d egr a d at i on  p roc e s se s  i n  the  M ed i t er r an e a n r e gi o n  ( B a s s o  e t  13 

al . ,  2 00 0 ) .  T h e  pr o ce d u re  u se s  a  geo me tr i c  a v er a ge  a p pro ac h  to  co m po s e  f o u rt e e n  14 

v ar i a bl e s  ( 3  f or  c l i m ate  qu al i ty ,  4  f o r  so i l  q u a l i t y ,  4  f o r  v e ge t a t i on  q u al i ty  and  3  15 

f o r  l an d - us e / l an d  m an a ge m en t )  i n to  a  s c ore  i nde x  r a n gi n g be tw ee n 1  a nd 2 .  16 

Hi g he r  v al ue s  i nd i c a te  d e c r e a s i n g qu al i t y  o f  th e  n at u r al  c ap i t a l  a nd i n c re a s i n g 17 

ph e no me n a  o f  l a nd  d eg r ad at i o n  ( se e  S al va t i  an d  Zi t t i ,  2 0 08  f or  t he  l i s t  o f  18 

v ar i a bl e s  an d  t ec h ni c al  de t ai l s ) .  T he  ou t c om es  o f  t he  E S AI  we re  v al i d a te d  o n  19 

se ve r al  s i t e s  i n  Po r t ug al ,  S p ai n ,  I t a l y  a n d Gr e ec e  ( s ee  L a v ad o  Co n t ado r  e t  a l . ,  20 

2 00 9  a nd  r e f er e n ce s  t her e i n) .  Mo r eo v er ,  Fe r r ar a  e t  a l .  ( 2 01 2 )  h a ve  te s te d  t he  21 

s t a bi l i ty  o f  t he  E S AI  co m pu ti n g se n s i t i vi ty - to - c h an ge s  i n  th e  c o m po si n g  22 

i nd i c a to r s .  23 

 24 

2 .3 .  S t a t i s t i c a l  an a ly s i s  25 

 26 

Tw o  d e sc r i pt i v e  s ta t i s t i c s  ( av er a ge  an d  co ef f i c i e n t  o f  v ar i a t i on)  fo r  t he  thre e  27 

i nd i c a to r s  d e sc r i be d  a bo ve  ( IN C,  C IS D  an d  E S AI )  we re  c al c ul a ted  s e p ar a te l y  f o r  28 

di f f ere n t  sp at i a l  d o m ai ns :  ( i )  3  geo gr a p hi c a l  d i vi s i on s  ( nor t he r n,  c e nt r al  an d 29 

so u t he rn  I ta l y ) ,  ( i i )  2 0  ad mi ni s tr a t i ve  re g i o n s  and  ( i i i )  10 3  p ro vi n c e s  ( ba s ed  o n  30 

t he  2 0 01  ad mi ni s tr a t i ve  s t r uc t ure  i n  I ta l y ) .  T he  co ef f i c i e nt  o f  v ar i a t i o n  i s  31 

c on s i de re d  a s  a  re l i a bl e  p ro x y  o f  te r r i to r i a l  d i sp ar i t i e s  i n  t he  s t ud i e d  va r i a bl e  32 

( S al va t i  a n d Zi t t i ,  2 0 0 8) .  M o reo v er ,  to  pro vi d e  a  c o mpr e he n s i ve  p i c tu re  o f  33 

reg i o n al  d i s p ar i t i e s ,  mi ni m u m  a nd  m a xi m u m v a l u es  tog et h e r  wi t h  t h e  r a t i o  o f  34 
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t he  r a ng e  ( m ax  -  mi n )  to  t h e  av er a g e  va l u e  f or  e a c h  o f  t h e  t hre e  i n d i c a tor s  we re  1 

c al c ul a ted  f o r  th e  3  g eo gr a p hi c a l  d i v i s i o n s  o f  I t a l y  ( s e e  a bo ve) .  T h e  us e  o f  th re e  2 

sp at i a l  do m ai n s  a l l o w s  to  ve r i f y  r es ul t s '  s t a bi l i t y  o n  d i f f e r en t  g eo gr ap hi c a l  3 

sc al e s  a n d to  o ve rco me  i n d i rec t l y  t he  Mo di f i a bl e  Ar e a U ni t  P r o bl e m ,  i . e .  t h e  r i sk  4 

to  o b ta i n  r e s ul t s  v ar y i ng  wi th  t he  bo u nd ar i es  o f  t he  e l e m e nta ry  a n al ys i s  u ni t .  A n  5 

ad d i t i o n a l  a n al y s i s ,  b a sed  o n p ai r - w i se  P e ar so n  c or re l a t i o n  c oe f f i c i e n t s ,  w as  r u n  6 

wi t h  the  a i m to  v er i f y  th at  bo t h  av er a ge  a nd co ef f i c i e n t  o f  v a r i a t i on  va l u e s  fo r  7 

t he  t hr ee  i nd i c a to r s  we r e  no t  a f f e c te d  b y  t he  n u m ber  and  s i ze  o f  mu ni c i p al i t i e s  8 

i n  e ac h  r egi o n  o r  pro vi n ce  ( a l l  c o m p ari son s ,  p  >  0 .0 5 )  9 

A P r i n c i p a l  Co m po ne n t  A n al ys i s  ( PC A)  w as  r u n s e p ar a te l y  o n  t wo  d at a  m at r i ce s  10 

c om p os e d  o f  s i x  va r i a bl e s  ( av er a ge  and  co ef f i c i e n t  o f  va r i a t i on  o f  t he  th re e  11 

i nd i c a to r s  d e sc r i be d  ab o ve )  a nd,  r es pe ct i v e l y ,  20  r e g i on s  or  10 3  pro vi nc es ,  wi t h  12 

t he  a i m to  su m m ar i z e  sp a t i a l  p a t t er n s  an d ter r i tor i a l  d i s p ar i t i es  i n  t he  s e l e c t e d  13 

i nd i c a to r s  (S al va t i  a nd Zi t t i ,  2 0 09 ) .  A s  t he  P CA  w as  ba s e d  o n  t he  co r re l a t i o n  14 

m a tr i x,  the  nu m be r  o f  s i g ni f i c a nt  a xe s  ( m)  w a s  c ho s e n  by  r e t a i n i ng  t he  15 

c om p o ne n ts  wi t h  e i g en v a l u e  >  1 .  T he  qu al i t y  o f  P CA  ou tp u ts  w as  c hec ke d  by  16 

me a n s  o f  t he  K ai ser - M e yer - Ol ki n  ( KM O)  me a s ur e  o f  s amp l i n g  ad e qu ac y  and  17 

Ba r t l e t t ’ s  t e s t  o f  sp h er i c i t y .  T he s e  t e s t s  i ndi c a te  i f  the  P CA  i s  app rop r i a te  to  18 

a n al yze  t h e  o r i g i n al  da t a .  Re gi o ns  ( o r  p ro vi n c e s )  wer e  c l as s i f i ed  i n to  d i s t i nc t  19 

gro up s  a c co r di n g to  c o mp o n e nt  s c ore s .  20 

 21 

3 .  Res ul t s  22 

 23 

A pre l i mi n a r y  a n al ys i s  o f  t h e  d i s t r i bu t i o n  o f  the  thre e  i ndi c a tor s  i n  t h e  t hr ee  24 

ge o gr a p hi c al  d i v i s i o n s  ( no r th ,  c e ntr e ,  so ut h)  i s  re po r ted  i n  T a bl e  1 .  T he  a n al y s i s  25 

ou t l i n e s  re l e va n t  sp a t i a l  d i s p ar i t i e s  f o r  e ac h  i n di c a to r .  Al t ho ug h  wi t h  sp ec i f i c  26 

l o ca l - sc al e  p at t er n s ,  I NC,  C IS D and  ES A I  s ho we d  a  m ar ke d  nor t h- so u t h  gr ad i e nt  27 

( F i g ur e  1 )  wi th  no r t h er n  r egi o n s  sh a r i ng ,  on  av er a ge ,  h i gh e r  i nc o m e l e v e l s  an d 28 

be t te r  a t t a i n m e nt s  i n  t e r ms  o f  bo t h  s u s t ai n ab l e  de ve l op me n t  a nd  q u al i t y  o f  29 

n a tu r al  c a pi t a l .  T hi s  r e sul t  wo r k s  aga i n st  t h e  b e l i e f  t h a t  nor t her n  r eg i o n s  30 

pe rf o r m we l l  i n  s o c i o ec o no mi c  i s s ue s  a nd  ba dl y  i n  e n vi ro n m en t al  o ne s ,  w i t h  t he  31 

oth er  w a y r ou n d f o r  s o ut he r n  r egi o n s  ( F l o r i d i  e t  a l . ,  2 0 11 ) .  32 

W hi l e  the  d i f f ere n c e  i n  t he  a ve r ag e  l e ve l s  be tw e e n g eog r ap hi c al  ar e as  s ho w a  33 

c om mo n be h av i o ur  f o r  t he  t h r ee  i n d i c ato rs ,  th e  c o ef f i c i e nts  o f  var i a t i o n  wi t h i n  34 
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ar e a s  s ho w di v er g i ng  p a t t er n s .  T he  C IS D c oe f f i c i e nt  o f  v ar i at i o n  ( C V s )  i nc r e a se d  1 

f rom  no r the r n  to  sou th er n  I ta l y  an d  t he  re v er se  p a t ter n  w as  o b ser v e d  fo r  t he  2 

ES AI  ( C Ve) .  T he  h i g h es t  co e f f i c i e n t  o f  va r i a t i o n  f o r  pe r -c a pi t a  va l u e  a dd e d  ( C Vi )  3 

w a s f o un d  i n  no r t he r n  I t a l y ,  t h e  l ow e s t  i n  c e nt r al  I t a l y .  T a bl e  2  repo r t s  av er a ge s  4 

a nd  co e f f i c i e nt s  o f  v a r i at i o n f o r  t he  t h ree  i ndi c a to r s  i n  t h e  tw e nt y  I ta l i a n  5 

reg i o n s .  Re s ul t s  o f  t he  an a l y s i s  c ar r i ed  o ut  a t  d i s a gg re g at ed  s p a t i a l  sc al e s  6 

c onf i r m  t h e  sp at i a l  p a t t er n  o b s er v ed  a t  t h e  g eo gr ap hi c a l  d i v i s i o n  l e ve l .  7 

Th e  P CA c ar r i e d  o u t  on  the  r e gi o n al  d a ta  m atr i x  e x t r ac t ed  t wo  c om p o ne n ts  wi t h  8 

a bso l ut e  e i ge n va l u e  >  1  a nd c u m ul at i ve  va r i a nce  hi gh e r  t h a n  7 2 % (F i g ur e  2 ) .  9 

Bo t h  K ai s er – M e yer– Ol k i n ' s  and  B ar t l e t t ’ s  te s t s  (p  <  0 . 0 01 )  i n d i c at e  th e  10 

a ppro pr i a te ne s s  o f  t h e  P CA mo del .  Co mpo ne n t  1  ac c ou n ted  f or  5 1 % o f  t he  to t a l  11 

v ar i a nc e  and  w as  as s o c i a ted  ne ga t i ve l y  wi t h a ve r age  l e v e l s  o f  I N C  and  CI S D and  12 

po si t i v e l y  wi t h C V s  and  t he  a ve r age  E S A I  ( l ow  s c o re s  o f  t he  ES A I  m e an go od  13 

l a nd  q u al i ty) .  T ake n  to g et he r ,  th e  a n a l y s i s  co nf i r m s  t he  af or e me n t i on ed  s p at i a l  14 

p at te r n  b as e d  o n  the  no r th- so ut h  d i v i d e  i n  I t a l y .  A s  r e g ar d s  s u st ai n abl e  15 

de ve l o p me nt ,  t h es e  r e s ul t s  su g ge st  t h a t  be t ter  per f o r mi n g re g i on s  are  a l so  mo re  16 

sp at i a l l y - ho mo ge neo u s ,  s ho wi ng  l o w er  d i sp ar i t i e s  i n  t he  C IS D  ( a s  me a s ure d  by  17 

t he  C V s)  t h an  r e g i o n s  wi t h  l ow  CIS D  v al ue s .  Co mpo n e nt  2  e x tr ac te d  21 %  o f  t he  18 

to t a l  v a r i a nc e  a nd  as s i g ne d r es pe ct i v e l y  a  po s i t i ve  a n d ne gat i v e  l oadi n g to  C V e  19 

a nd C Vi .  T hi s  i nd i c a te s  t h at  h i g he r  d i s p ar i t i es  i n  n atu r a l  re s o u rc e  qu al i ty  w ere  20 

ob s e r ve d i n  r egi o n s  wi th  l o wer  i n c o me d i sp ar i t i es .  A s  e xp ec t ed ,  CVi  a nd  C V e  21 

we re  u n c orr e l a te d  wi th  C V s  s u gg es t i n g  a  p os s i bl e  ro l e  o f  c o m pe n s ato ry  22 

me c h a ni s m s o f  ec o n o mi c  a n d e n vi ro n me n t al  d i s p ar i t i es  i n  s h a pi n g the  s p at i a l  23 

di s t r i bu t i o n  o f  t h e  s us t a i n a bl e  d e v e l op m en t  i n de x ,  po s s i bl y  d ue  to  t he  l i ne ar i ty  24 

of  t he  a ggre g at i o n  f o r m ul a  u s ed  to  c o m pu te  t he  C IS D ( Mu n d a a nd  S ai s an a ,  2 0 1 1 ) .  25 

Co m po ne n t  1  sc o re s  o r d er ed  th e  I t a l i a n  r e gi o ns  a l o ng  the  no r t h-s o u th  gr ad i e nt  26 

( F i g ur e  2 ) .  S o u t her n  I t a l i an  r e gi o n s  c l u s t e r  a l o n g  t h e  p o s i t i ve  s i d e  o f  co mpo ne n t  27 

1  and  are  c h a r ac te r i z ed  by  the  h i ghe s t  CV s  va l u es .  Nor t her n  a nd  c e nt r al  I t a l i a n  28 

reg i o n s  c l us te r  to ge the r  a l o n g  t he  c om pon e nt  1  n e g at i v e  s co re s  and  a re  29 

c h ar ac te r i ze d  b y  a bo ve- a v er a ge  v al u e s  o f  bo t h  p e r  c a pi t a  v al u e  a dd e d  a nd  t h e  30 

su s t ai n ab l e  de ve l o p me n t  i nde x .  Ho w e v er ,  t he y  f or m t wo  s u b - gro u p s  a l o n g 31 

c om p o ne n t  2  ac c o rd i n g  to  the  sp a t i a l  d i s p ar i t i e s  o b s er v ed  r es pec t i ve l y  i n  t he  32 

ec o no mi c  v a r i ab l e  o r  i n  t h e  e n vi ro n me nta l  va r i a bl e  u nd er  i n v es t i g at i o n .  33 

Fi gu r e  3  i l l us tr a te s  the  re s u l t s  o f  t he  P C A  r u n o n  t he  s a me  var i a bl e s  c al cul a ted  34 



 

 9

on a  d i s a ggr e g ate d  s p at i a l  sc al e  ( 1 0 3  p ro vi n c e s)  i n  I t a l y .  Co m po n e nt  l o adi n g s  1 

c onf i r m  t he  f i n d i n g s  i l l u s t r a ted  ab o ve  an d  s ho w a  c o h ere n t  s p at i a l  p a t te r n  o f  2 

IN C and  C IS D c o nt ra s t i n g  wi t h  t he  s p at i a l  d i s t r i b ut i o n  o f  t he  CV s  a l o ng  3 

c om p o ne n t  1  ( 44 %  o f  t he  to ta l  v ar i anc e ) .  T he  C Vi  c o r re l a ted  n ega t i v e l y  wi t h  4 

c om p o ne n t  2  (2 4 % o f  t he  to t al  v ar i a n c e) .  Th e  m ai n  d i f fe r e nc e  w i t h t he  r e gi o n a l  5 

a n al ys i s  l i e s  i n  th e  s p at i a l  p a t t er n  o f  t he  ES A I  a nd  C Ve .  T he se  v ar i a b l e s  s ho we d  6 

a c o n tr a s t i n g  sp a t i a l  d i s t r i bu t i on  and  are  a sso c i a te d  to  bo t h  pr i nc i p a l  7 

c om p o ne n ts .  T hi s  r e f l e c t s  t he  i m por t a n c e  o f  l o c a l - sc al e  de t er mi n a n t s  i n  t h e  8 

di s t r i bu t i o n  o f  n a t u ra l  c ap i t a l .  I n  f ac t ,  i t  c ou l d  be  m uc h mor e  d i f f i c ul t  to  9 

i d en t i f y  a  u ni q ue  d e ve l o p me nt  p a th  c o mp a t i bl e  wi th  t he  th ree  p i l l ar s  o f  10 

su s t ai n ab i l i ty  o n  t h e  p ro vi nc i a l  s c a l e  ( D al l ar a  an d  Ri zz i ,  2 0 12 ) .  Co mpo ne n t  11 

sc o r e s  o rde re d  I t a l i a n  pr o vi nc es  a l o n g  the  no rt h- so ut h  gr a di e n t  a nd  i d e nt i f y  12 

c e nt r al  I t a l y  as  a  r egi o n  c h a r ac ter i ze d  by  i n te r me di a te  c ond i t i on s  i n  bo t h  13 

su s t ai n ab l e  de v e l o p me n t  a n d e n vi ro n me n t a l -e co no mi c  d y n ami c s  i n  re sp ec t  to  14 

no r t h  and  so ut h  I ta l y .  15 

 16 

4 .  D i sc us s i on  17 

 18 

T ak e n as  bo th  po s i t i v e  a nd no r m a t i ve  co nc ep t ,  s u s ta i n a bi l i ty  w a s  re l a ted  to  t he  19 

dy n a mi c  bal anc e  a mo n g d i f f ere n t  d i me n si o n s  ( Zu i nd e au ,  20 0 7) .  S p at i a l  20 

eq ui l i br i u m  a nd  c o n s i s te nc y  o v er  t i me  we re  def i ne d  a s  c ru c i a l  co ndi t i o n s  fo r  21 

su s t ai n ab l e  de ve l o p me n t  ( Z ui nde a u,  2 0 0 6) .  Re gi o n al  d i s p ar i t i e s  an d  h u m a n  22 

pre s su re s  thr e at eni n g  the  n a tu r a l  c ap i t a l  h a ve  b e e n  se e n  a s  f ac t ors  de te r mi ni ng  a  23 

de vi a t i o n  f r om a  s p at i a l l y- b a l anc e d  d e v e l o p me n t  p a t h.  T h e  m ul t i p l e  pr e -24 

c on d i t i on s  f o r  a  su s t ai n abl e  de v e l op m e nt  re q ui re  p e r m a ne n t  a ss e ss m e nt  and  a n  25 

i n t eg r at ed  p o l i c y  re s po n se  a t  v as t l y  d i f f er en t  ge og r ap hi c al  sc al es ,  f ro m n a t i on a l  26 

to  l o c al  ( e .g .  N eu m a ye r ,  2 00 1 ) .  27 

Thi s  p ap e r  s t udi e s  t he  e co no mi c- e n vi ro n m en t  d yn ami c s  o f  l oc al  sy s te m s  28 

t hro u g h h i gh- re so l u t i on  s p a t i a l  p ar t i t i on s .  We p rop o se  a  mul t i v ar i at e  ap pro ac h  29 

w hi c h  i d e n t i f i ed  c o m pl e x sp a t i a l  p at te r ns  ( i )  i n  t he  e n vi ro n me n t al  i nd e x  a t  bo th  30 

l o ca l  a n d  r e g i o n al  s c al e ,  ( i i )  i n  t he  e co no mi c  i n de x ,  d i s c r i mi n at i n g  a f f l u e nt  f ro m  31 

di s ad v a n ta ge d a re a s  i n  t he  c o u n tr y ,  a nd ( i i i )  i n  t he  r e l a t i on  b e t we e n  t he se  two  32 

i nd e xe s ,  a s  r e f l ec te d  i n  t h e  sp a t i a l  d i s t r i bu t i o n  o f  t he  s us ta i n a bl e  de ve l op m e nt  33 

i nd e x .  S p a t i a l  p at te r n s  i n  t he  e co no mi c- e n vi ro n me nt a l  sy s te m  are  t her e fo re  34 
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i n t erp re ted  i n  t he  l i g ht  o f  c o n s o l i d ate d  gr ad i en t s  s h a pi n g  th e  d i s t r i but i o n  o f  1 

bo t h  n a tu r al  and  ec ono mi c  r e so u rc e s  i n  I t a l y .  T he  s p a t i a l  d i ve r ge nc e  i n  th e  2 

t hre e  i n d i c ato rs  i n v e st i g at ed  re f l e c t s  t he  e co nomi c  g ap s  b e tw e en I t a l i a n  re g i o n s .  3 

O ur  s t ud y s ug ge s t s  t h a t  t he  s p at i a l  d i s t r i b ut i o n  o f  t h e  th re e  i ndi c a to r s  i s  4 

i n f l ue n ce d  by  c o m pl e x so c i oec o no mi c  l oc al  c on te x t s  w hi c h  re du ce  t h e  5 

ef f ec t i ve n e ss  o f  su s t ai n abl e  d e v e l o p me n t  p o l i c i es .  I t a l y  i s  a  d i v i d e d  c o u nt ry  6 

wi t h  so c i o ec o no mi c  d i s p ar i t i e s  e xal te d  b y  t he  d i ve rg e nt  d y n a mi cs  o f  e n do ge nou s  7 

f ac to rs  and  no n- su s ta i n a bl e  d e v e l o p me n t  pa th s  ( F l o r i d i  e t  a l . ,  20 11 ) .  I n  s u c h  a  8 

c on te x t ,  t he  co o r di n a t i o n  o f  mul t i - sc al e  ( n a t i o n al ,  r eg i o n al ,  l o ca l )  a nd  m ul t i -9 

t ar ge t  ( ec o no mi c ,  so c i a l ,  e n vi ro n me n t a l )  m eas ur es  m ay  s u b s t a n t i a l l y  i m pro v e  t h e  10 

ef f ec t i ve n e ss  o f  s u st a i n a bl e  d e v e l op me n t  s t r a te g i es  ( Br i a s so ul i s ,  2 0 11 ) .  P o l i c i e s  11 

ar e  i nc r e as i n gl y  r e q u i r ed  to  r ec o n s i d e r  t he  re gi o n al  d i me n si on  i n  t he  su s t ai n ab l e  12 

de ve l o p me nt  i s su e  by  i d e nt i f y i ng  t he  re l at i o ns hi p  be t w e en e n vi ro n me n t -13 

ec o no mi c  p ro c e s s e s  a nd  s p at i a l l y- ba l a nc ed  d e v e l o p me n t  p a th s  .  14 

Th e  a pp ro ac h  i l l u s t r a ted  i n  t h e  p re se n t  s tu d y c a n  b e  e xp and ed  to  a dd r es s  15 

c om p l e x  e c o l og i c al - e c o no mi c  p ro bl e m s.  T he  f r a me wo r k p re se n ted  he re  ( i )  s h ed s  16 

l i gh t  o n  m ul t i d i me n si on al ,  s p a t i a l  p ro c e ss e s  se e n  f ro m  v a r i ous  d i sc i p l i n ar y  17 

pe r sp ec t i ve s ,  ( i i )  i n te gr a te s  d at a  f ro m  d i f f ere n t  so u rc e s  an d  p ro vi d e s  l oc a l  18 

s t a ke ho l d er s  wi th  a n al yt i c al  to o l s  a n d  i ndi c a to r s  a n d ( i i i )  i d ent i f i e s  a  19 

rep re se nt a t i ve  p a t t e rn  o f  r e g i on al  d i s p ar i t i e s  as  a  p o te n t i a l  t ar ge t  f o r  20 

su s t ai n ab l e  de v e l o p me n t  po l i c i es .  T hi s  p ape r  f i n al l y  ou t l i n e s  the  ro l e  o f  l o n g 21 

t i m e  s er i e s  d a t a  an d  s p at i a l l y - d i s ag gre gat ed  i ndi c a to r s ,  w hi c h  ar e  v i t a l  to  22 

su cc es s f ul l y  a pp l y  m ul t i - d i me n si on al  s t a t i s t i c a l  t ec h ni q ue s  to  so c i o -23 

en vi ro n me nt al  pro bl e m s.  24 

 25 

5 .  C on c lu s i on s  a nd  f ut u re  re s e a r ch  l i n e s  26 

 27 

S tu d i e s  l i ke  t h e  p r es e n t  o ne  h av e  bo th c o gni t i ve  ( i . e .  r e s e arc h)  a nd  nor m a t i v e  28 

( i . e .  po l i cy  su p po rt )  i m pl i c a t i o n s .  U nde r s t an d i n g  t h e  s p at i a l  p a t t er n s  re l a ted  29 

wi t h  s o c i o ec o no mi c  a nd  e c o l o gi c a l  i s su e s  c o nt r i bu te s  to  i d e n t i f y  s u st ai n abl e  30 

de ve l o p me nt  p a t h s  and  re pre s en t s  a  me ani ngf ul  too l  fo r  mo n i to r i n g s t r a te gi es  31 

a nd  po l i c y  i mp l e m e n t at i o n  i n  eco l o gi c a l l y- f r a gi l e  and  eco n o mi c al l y - d i vi d e d  32 

c ou n tr i e s  ( S t ee r ,  1 9 9 8 ;  D u m a ns k i  a n d  Pi e r i ,  20 0 0 ;  Z al i d i s  e t  a l . ,  2 0 0 2 ,  2 00 4 ;  Ve ro n  33 

e t  a l . ,  20 0 6 ;  No ur r y ,  2 00 8 ) .  T he  d i ac hro ni c  i mpl e m e nt a t i o n  o f  t he  an a l y t i c a l  34 
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of  EU  a gr i e n vi ro n m en ta l  m e as ur e s  e f fe c t i v en e ss .  J o ur n al  o f  E n vi ro n m e nt a l  1 

Ma n a ge m e nt  7 0 ,  3 15 - 3 2 1 .  2 

Z ui n d e a u,  B .  2 00 6 .  S p at i a l  ap p r o ac h  to  s us t a i n a bl e  d e ve l o p m en t :  C h al l e n ge s  o f  3 

eq ui t y  a n d e f f i c ac y .  Re g i o n al  S t udi e s  40 ( 5 ) ,  4 59 – 47 0 .  4 

Z ui n d e a u,  B .  2 0 0 7 .  T er r i tor i a l  e q u i ty  a nd s us t a i n a bl e  de ve l o p m e nt .  5 

En vi r o n me nt a l  V al u e s  1 6 ,  2 53 - 26 8 .  6 

 7 



 

 

Table 1. Disparities in the spatial distribution of  the three indicators (per-capita value added, sustainable 1 

development index, environmentally sensitive area index) by geographical division in Italy. 2 

 3 

Region Average Min Max Coefficient of variation Range/mean 

Per capita value added (INC*) 

North 10,221 1282 83,987 65 8.1 

Centre 8,282 1668 40,123 52 4.6 

South 5,606 810 41,190 58 7.2 

Italy 8,549 810 232,658 69 27.1 

Sustainable Development Index (CISD**) 

North 0.39 0.02 1.00 15 2.5 

Centre 0.34 0.11 0.57 17 1.4 

South 0.26 0.00 0.49 19 1.9 

Italy 0.34 0.00 1.00 23 2.9 

Environmentally Sensitive Area Index (ESAI***) 

North 1.338 1.156 1.569 5.6 0.31 

Centre 1.353 1.202 1.563 5.3 0.27 

South 1.398 1.229 1.628 4.6 0.29 

Italy 1.358 1.156 1.628 5.4 0.35 
* euros per-capita; ** score ranging from 0 to 1; *** score ranging from 1 to 2. 4 

5 
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Table 2. Disparities in the spatial distribution of the three indicators (per-capita value added, sustainable 1 

development index, environmentally sensitive area index) by administrative region in Italy (N: North 2 

Italy, C: Central Italy and S: South Italy). 3 

 4 

Region 

Average Coefficient of variation 

Per-capita 
value 
added 

Sustainable 
development 

index 

Environmentally 
sensitive area 

index 
  

Per-capita 
value added 

Sustainable 
development 

index 

Environmentally 
sensitive area 

index 

Aosta valley (N) 9,343 0.36 1.319 0.82 0.14 0.039 

Piedmont (N) 11,634 0.42 1.284 0.77 0.10 0.024 

Lombardia (N) 10,737 0.39 1.352 0.66 0.13 0.059 

Trentino Alto Adige (N) 9,641 0.43 1.270 0.47 0.12 0.031 

Veneto (N) 10,934 0.41 1.378 0.43 0.11 0.055 

Friuli Venezia Giulia (N) 9,683 0.39 1.322 0.58 0.11 0.057 

Liguria (N) 8,405 0.33 1.302 0.59 0.15 0.040 

Emilia Romagna (N) 11,638 0.41 1.389 0.43 0.15 0.047 

Tuscany (C) 9,820 0.38 1.341 0.44 0.14 0.039 

Umbria (C) 7,945 0.35 1.319 0.38 0.14 0.039 

Marche (C) 9,357 0.37 1.402 0.38 0.12 0.058 

Latium (C) 6,497 0.30 1.337 0.67 0.17 0.050 

Abruzzo (S) 7,169 0.29 1.368 0.67 0.20 0.057 

Molise (S) 5,467 0.27 1.385 0.79 0.19 0.048 

Campania (S) 5,848 0.26 1.400 0.44 0.17 0.043 

Apulia (S) 5,856 0.27 1.429 0.38 0.13 0.031 

Basilicata (S) 4,990 0.27 1.399 0.52 0.16 0.037 

Calabria (S) 4,647 0.24 1.359 0.53 0.17 0.038 

Sicily (S) 5,327 0.24 1.428 0.51 0.19 0.044 

Sardinia (S) 5,409 0.26 1.413   0.70 0.17 0.035 
 5 


