


e''
G
?
#; $ustainalle leuelnmenl and Planniru lll

V @ L T J N 4 t r
Volume 102 oÍ the WIT Transactions on Ecology and the Environment

The increaslng urbanisation oÍtheworld, coupledwiththe global issuesof environmental
pollution, resources shortage and economic restructuring, demand that we make our
cit ies places worlh l iving in. However, problems oÍ environmental management and
planning are not restricted to urban areas. Environments such as rural areas, forests,
coastal regions and mountains Íace their own problems that require urgent solutions
in order to avoid irreversible damage. The use of modern technologies in planning
gives us new potential to monitor and prevent environmental degradation.

With papers presented atthe 3rd I nternational ConÍerence on Sustainable Development
and Planning, this book addresses the subjects oÍ sustainable development and
regional planning in an integrated way keeping in mind that present generations have
to find the appropriate way to satisÍy their needs withouÌ compromising the abil ity
oÍ Íuture generations. lt has become apparent that planners, environmentalists,
architects, engineers, policy makers and economists have to work together in order
to ensure that sustainable development and planning can be achieved. The increase
in spatial problems that can be seen in many countries has lead to planning crises.
Planning problems are oÍten connected with uneven development, deterioration oÍ
the quality oÍ urban life and environmental pollution.

Titles of related interest:

Energy and Sustainability
Editors: C. A. BREBBIA & V. POPOV
WIT Transactions on Ecology and the Environment
ISBN: 978-1-84564-082-82007 apx400pp

Sustainable Tourism ll
Editors: F. D. PINEDA & C. A. BREBBIA
WIT Transactions on Ecology and the Environment
ISBN:1-84564-044-6 2006 384pp

The Sustainable City lV
Urban Regeneration and Sustainability
Ed i to rs :  U .  MANDER,  C.  A .  BREBBIA &E. fEZZl
WIT Transactions on Ecology and the Environment
ISBN:1-84564-040-3 2006 848p

ISBN: 978-í-84564-069-9 (Volume 1)

ISBN: 978-1-84564-102-3 (Volume 2)
ISBN: 978-1-84564-103-0 (Set)
ISSN: 1746-448X (print)

ISSN: 1743-3541 (on-line)

@"wlrpR'ss
Email:witpress @ witpress.com

www.witpress.com

r s B N  9 7 8 - 1 - 8 4

ilililt|
781845640699



aE€o
ú

I
 

=
9

.
=

 
5

,
O

*
 

=
 

Ë
E

e
9

ã
=

1
8

,
.

=
F

X
+

!
L

=

E
E

Ë
i

E
I

9
-

 
"

.
;

;
.

i
 

È
 

i
ó

ã
5

F
Ë

F
:

-
3

I
 

L
L

I
.

g
 Ë

 ì

: Ê
ã

 9E
 g ã

t
ã

X
E

a
ç

;
=

n
È

 ã
E

 í
>

Ã
o

o
È

x
E

c
*Ë

;e
ã

Ë
E

E
>

9
Ë

.
ì

r
-

F
;

 
É

E
'

-
€

r
,

Ë
-

;'E
Ë

:ã
c

: 
>

i 
ã

 
>

ã
i 

-
-

Ë

E
 Ë

 ã ë
E

 lí s
ã

 íir
-

 ë
 X

 H
>

#
=

l
r

*
-

;
>

 
a

F
H

d
:

X
 

:
õ

6
.

-
F

À
 

d
6

L

tv

Ê!
d

\

F=

É=
Õ

.a 
.:

.
:

!
)

-

3
E

Ë
É

o
q

'-
€

 
c

.
x

Ë
9

x
>

À
x

 
<

=
-*Ë

 È
.ã

: i
ç

'
F

 
ì

i
i

.
g

È

9
>

â
'õ

9
>

h

(rl
(/)
t{J

Ê

ria-F
(

f-{
t-{
f{bol-.

È
t

. rr{

Êt4Ërü
F

{ÈEErË

r{.Ì?lÈ
{

qJéÁÈ
{

ÈoF
{OA

J
âolrtsrË14Ëo

ti(ü
.Pa5(,t)



r
i

,
-

ì
a

ç
f

à

- 
=

 
'i 

'; 
i 

o
- 

.i 
>

 
â

 
=

=
â

 ã
! 

È
 

?
 

*ã
 

=
 S

; e
5

 
E

 .=
€

_
 E_

!;-E
ã

u
!g

'È
Ë

s 
Ë

Ë
=

Ë
Ë

Ë
;i4

 
ÍË

; 
!ã

Ë
tã

Ë
ã

;=
t;; 

É
?

!
z

t
 

?
=

 
è

z
 

-
=

 
;

>
È

a
5

 
Ë

 
Ë

 
Ê

 
ç

;
s

 
Z

 
s

 
È

 
5

-
z

õ
)

ê

v
 

Ë
+

ò
u

 
.

!
È

à
s

 
.

s
v

õ
"r\ 

* 
ì

ì
-

 
s

 È
.ìS

 È
 

.ã
À

 :
ç

*
 È

 ç
 s

 È
=

 sÈ
 ã

: S
$

g
\

.
 

ã
 ô

v
õ

'È
e

. ,Ê
F

ì
s

 i 
È

8
õ

 Ë
 

Ë
ç

n
S

 
-I E

S
 

F
È

È\

o
 

1
o

 
V

v
-

a
-

:

€
 

E
 

=
 5

<
 <

É
 

=
 -

õ
á

<
 x

c
s

 
r

5
ì

8
ã

t
-

H

?
p

 3
E

E
 9

"
X

;
: 

õ
 

c
Ê

 o
 ã

Y
 

G
)

.q
 E

_
€

E
5

=
E

t
l

c
s

:
Ë

-
È

t
-

 
0

,
\

 
Ë

 
Í

,
 

*
)

\
=

 
t

r
v

.
=

=
ç

:
?

 
c

l
l

 
-

T
 

E
=

a
 

.
,

 
ô

 
e

È
 

I
E

 
F

 
3

<
 

ã
.

=
È

 
g

 
c

iá
e

Q
.

OF
r

FE

rrì
írl

liËã
x

o
z

 Ë
 r

 $
;

 E
3 

-.i
à

v
ú

v
ì

=
É

.
=

-

Ís
È

 ,4
:È

Ë
S

 
€

O
 

.
s

 C
 

Y
 

ú
ú

 
g

Ì
 

e

4
 ï

e
 

Z
 l

t
<

È
 

2
ú

 
3

] ^
 

i 
i 

- 
,l.S

 
rir

I
 

.
S

 
E

 
-

.
S

v
è

 
õ

7
,

*
+

l
s

,
ã

v
9

4
;

/
5

Ã
>

k
F

u
s

 
Õ

 s
s

 az*.E
]

FZ

ìr'l

íl

Z
Z

 
F

c
z

, 
z

tÍì 
Z

, 
r?

f
--r' 

tÊ
\

J
-

\
t

A
Ê

, 
à

ã
,

a
 

È
IA

>
 

A
tJ. 

1 
\/

1
: 

F
l

!ç
 

F
l

:fi
<

F
 

í:l
z

=
 

A
rìY

 
l-

.v. 
!

H
Ê

r
-

ì
<

ì 
rli

Z
l 

F
.r

ú
| 

rìl'\
rrì --

=
:

3
n

 
z

^
'

7

E
E

E
F

 
I

i
F

3
 

ft
Ln

J(n

=
-

:
Ì

Ã
s

.-- 
=

c
à

*
9

3
c

 
x

ã
g

 c
0

 ó
 

ã
Ê

Z
{

.
i

 ã
.

F
 -

-
v

E
i t; Ê

Z
 > 

+

v@
E

E

E
r

d
9

ç
Y

L
J

È
X

Y
i

.
 

k
_

Y
 

=
 

9
Q

r
Ï

t
't

;
v

C
>

<
ê

4
t'i

ì
:

=
;

>
ì

õ
 o

 ü
3

!
: 

x
 ã

9
 ts

=
á

 =
 =

ú
/

d
G

È
\

m
m

m
^

>
,

À
ú

ü
a



à
o

5
>

3
=

=
=

E
Z

É
1

=
i

-
€

ì
ú

-
Z

 =
ï 

2
 .ri 

ì 
ã

 
=

 
! 

s
! 

._
i 

?
 

?
 

"r
;io

!:-
i: 

=
E

 E
!,-

y
i-

E
ã

=
i=

=
'?

.É
-

4
i 

r
=

 
r

=
 

''Í
ã

=
?

 -
i

E
Í

 
+

.
:

r
z

 rl
v

 
É

E
i

 
a

-
?

 
ã

i
 

i
Ë

,
:

 
:

-
"

.
ã

 Ê
;

ì
5

_
=

 
ú

l
_

 
_

-
.

,
d

ã
5

 
ï;3

 E
:=

::5
 

l:z
jìi 3

:F
Ë

;È
 

Ë
ig

 Ê=
g

=
;*F

ì;Ë
;=

-
:

*
 

-
-

 
>

=
 

ú
>

 
<

=
-

J
 _

;
L

 
:

i
-

 
-

 t
(

.
 ?

t
-

 
?

i
-

 
)

 
^

t
"

 -
?

=
 ̂

Z
'1

 =E
 =g

 =E
 "E

 -Ë
-:F

 
rE

 -Ë
 .Ë

 "Ë
ã

'
u

s
l

l
E

ã
:

-
g

<
i

Ë

ã
.Ë

.; 
ã

 i,Ì ë
 Ë

 Ë
 Ë

-
ã

 
ã

Ë
Ë

E
z=

Ë
ã

" 
Ë

€
 

rE
:n

i?
z 

Ë
Ë

c 
Ë

Ë
r 

Ë
ã

a
;iu

 
rË

, Ëã
z:Ë

ç 
Ë

l t
õ

:g
i:E

 ã
Ë

5
 Ãts

5
v

Ë
,*

 >
Ë

 t?
 :!o

 :Ë
t :i'- !Ê

^
;;- ;E

=
 =a

tjE
Ë

 
g

Ë
"

-ò
 ; 

- 
õ

 
; "' 

E
 

ë
 

; 
5

 ^
E

 5
 ;ï

- 
s 

t 
s 

E
 Ë

 Ë
 Ë

 Ë
 " 

s 
; ;'5

õ

.
!

r

f
i

 
Ë

 "
 

Ë
,

ã
 

-
 

â
-

s
?

"
i

'
ì

-
ã

,
i

i
Ã

r
o

Ë
:

à
€

.
Ë

'?
 =

i 
+

] -! 
+

E
 

A
 =

! É
i 

!=
 

I 
=

b
 

=
 

2
?

 "Ë
 a

E
 .=

ë
 "Ë

 -I

i Ë
 = Ë Ì' : g ; i i, : ãã

 
Ë

 ãu
 

Ë
 ! : Ë

 Ë' t l ': ã* i gË
 

i 1,, 
ïi=

 
Ë

 ãË
 

Ë
 Ë : g i, ii,r1

'
<

=
 

'*
 

r
.t 

>
,:

'''l u
i 

=
=

 '; 
;S

 
-9

 
>

i 
;S

 
o

{, 
.Ê

': 
V

 t: 
É

 -=
 

-4
 

-g
 

Ë
"

- 
5

 
E

 
g

 
.v

 
' 

a
 -; 

€
 

: 
€

 -E
 

r 
u

 
È

 
' 

+
.

ã
Í

i
-

Ë
Ë

E
>

Ë
"

ã
D

ã
F

f

Ë
=

à
>

o
<

r
t

;
E

â
-

Ë
b

e
*

>
"

8
4

Ë
-Ì 

r =
s

 --=
 2

 
e

 .z
 e

?
 =

ã
 Ë

 ! 
r 

Ê
 a

 =
ï ?

É
 =i 

j

ii, ii=
 È; z1

it 
;iÈ

 ;=l 
' E

E
=

É
=

 
' !ã

e
 

E
?

=
 

!i€
, 

z:rZ
t*: 
e

i ËE
lsçã

; 
Ë

í; :ìu
,-l'=

É
; 

::* IË
=

 
ïF

E
=

rË
=

 
=

Z
' 

=
ã

' 
:Ë

'=
;=

 
i=

-:: iã
s 
;=

, :E Ë8
" 

3
é

r=
E

=
:

c
r

-
Â

8
E

-
E

'
5

'
F

Õ

i
z



1@
ì;âE

.

Errl

t4hIJJ

v.
Ì

-
Ì--\,t-

.LaéÈ
l

o(4F
I

IIi\ 
F

rl
tJi 

ir{
o

r-{
ã

b
o

t\?
È

t
F

l

A
'E

 s
t.{ 

Ê
 

!
€

J
-g

 
F

F
{

 
^

,
 

-

sq
Ë

t
r

i
'

Ë
t

t
+

.(n5c/)



ããË
ããË

;glË
igiãlË

Ë
ãË

Ë
Ë

Ë
gãggsg 

l'Ë
l

*È
 

E
Ë

* Ë
ã

ìÈ
ã

Ë
Ë

g
Ë

Ë
É

 
+

 
S

È
ç

;ã
 Ëã

â
Ë

ã
 

4
 

È
Ë

 
,"

:â
ã

 -€
E

s

s
 

É
s

 ã
r

E
Ë

Ë
s

.È
Ë

Ë
ã

ã
g

Ë
ã

ã
s

Ë
s

 
ã

*
ã

,g
;3

;;ï:s
z

-z
s

 
iÈ

ã
Ë

€
 

È
Ê

Ë
ã

È
 È ã ia

Ë
' 

E
 *a

ïia
 

ã
 ãE

 
Ë

ffiã
; 

sS
 

g
ã

ã
, 

;Ë
 íËË

, a
È

 
Ë

È
 

s
È

 a,íã
Ë

ê
 

* Ë
Ë

Ë
Ë

: 
ã

 ç
Ë

 ÌÈ
Ë

ï$
 

5
e

- 
Ë

ã
3

Ë
 :ë

 r! ÍÈ
 É=

r=
ã

s
 

! s
r;E

=
 

Ë
 

:;a
a

à
à

s
 

ig
€

Ë
Ë

 
=

g
 ãã

;



-
-

n
t

'
t

ó
*

n
\

o
:

:
:

:
:

:
:

N

c.ì

d=X()
A

E
.

7
:

A
+

(Ë'õ
z

E
\

J
E

r
ì

 
o

v
Ë

i
:

i
=

:
:

i
,

.
 

:
 

:
 E

 
:

ë
:

 
i

 
i

: 
: 

: 
^

õ
"

 
: 

E
: 

i 
i

.
:

:
õ

N
:

ç
t

:
:

c
 

i
 

i
 

:
 

=
 Ë

i
 

=
:

 
i

;
 

i
 

:
 p

:
 

i
:

 
ì

i
 

t
,

 
:

y
 

i
 

i
 

Ê
:

 
i

 
e

 Ç
 i

 
=

 i
 

i
 

ü
:

I 
: 

: 
ã

.9
 

i 
E

 
è

 
i 

€
 

i 
i 

'L
s

 
: 

: 
o

_
B

r : 
ë

 
È

 
i 

5
 

i 
: 

É
 :

3
 

:
 

*
 '

 
-

í
 

i
 

:
 

ì
€

 
:

 
Ë

 ì
 

Ë
ì

 
i

 
:

8
d

 i
 

õ
 i

 
:

 
i

i
;

 
:

 È
:

 
í

ú
 

i
 

ã
x

<
 i =

i
 

E
 

i
 

i
,

E
 

,
õ

i
 

í
F

 
i

 
H

Ë
s

i
 =

:
 ã

 
i

 =
:

ï
 

i
 f

t
i

 =
;

 i
 Ë

;
*

i
 õ

i
E

 
i

ã
,

-
 

:
 o

i
 y

=
 :

 =
i

È
i

,
E

i
!

 :
 l

.
+

 
i

 Ë
i

 
=

'
á

 :
 Ë

Ë
Ç

:
 Ë

i
 

=
 

3
 

e
p

:
*

:
 

i
 

r
:

 
-

ã
 

'
 

É
'

a
e

 
i

'
Ë

i
 

t
 

S
 

-
=

:
'

=
 E

*
 i

 
i

 I
 E

a
 .

 
i

E
ü

i
 

ï
i

 
*

 
e

 
7

i
=

 
É

ã
:

 
!

 i 
Ë

;
 

*
 

Ê
E

S
:

 e
.

i ã
ü

ç
-

;
 ii i

è
 +

5
i

 E
r

 =
i

 Ê
 ;

;
-

i
 g

È
 g

g
:

 €
:

ã
 

E
Ë

i
 

=
.

:
 

Í
Í

 
,

-
i

 =
á

<

Ë
 Ë

;: 3
: E

;"
: E

ã
s

ì q
Ì E

Ë
ï Í i

r
 

q
'Ë

;
-

 
i Ë

iç
$

Ë
!

 Ë
iÈ

S
 á

ì
 

á
P

Ë
 Ë

S
e

 
1

. ÍE
: 

Í=
i $

Ë
5

ì A
Ë

Ç
ï ïs

 
:H

ì 
È

':È
=

 : É
g

ì l*
 ;E

is
 ï=

a
ì E

Ë
 =

;t E
È

ã
 

; 
:i.È

 =
ì 

S
E

Ë
r ã

3
€

- 3
È

 €
{ì 

=
{

o
;

 
=

 
ú

 Õ
.

c
b

o
o

G
!

;
.

:
Ë

 
;

ç

3
c

€
 

2
Y

=
:

 õ
 

€
 È

*
 

õ
=

 
=

 
!

?

I
J

E
.

.
!

 
9

=

*
 "

.
=

 
Ë

:
j

o
c

:
C

-
ì

é
 

.
õ

9
,

! x
.c

 
:.:

;
í

 
o

 
=

/
o

-
:

=
3

;
È

-
.

fi€
 =

 b
 e

,::
Ë

ì
i

Ê
e

E
E

E
i,--:i

a
 

; 
l- 

Ò
O

'"
 

C
,

€
.

^
Y

:
=

:
-

Õ
-

-
í

^
9

=
o

õ
ï

 
à

6
=

.
o

'
E

-
-

-
a

o
Ë

y
 

- 
Ã

 
o

 
.t 

c
-

'
c

 
õ

.
o

-
J

 
-

-
.

2
 =

 
-

 
!

'
=

:
i

 
=

 
í

i
 -

a
2

-

.
:

 'Ë
 ã

;
=

 È
R

 
t

 
a

-
a

 
?

 
a

 
\

J
 a

E
 v

.?
- e í 

.,5
?

n
=

_
l-

-
E

E
c

 ËR
:

i
=

3
ï

i
í

=
 

Ë
3

-: 
\ ã

 - . ;,
=

=
ì

 
o

5
 

9
_

.
O

r
-

E
 

=
y

.
 

=
ì

.4:*:.:zi:4ìii1:sj;r:;;::,r.:.;;

=c
 

.
.

=
E

 
a

t
h

 
:

 
3

'5
0

 Ë
 

ò
o

 "u
"=

É
 

=
^

 
- 

F
.

!
E

.
=

ü
'

,
2

=
'

=
Í

?
É

=
=

1
=

=
^

=
7

Í
-

t
È

È
*

=
_

ã
3

i.
4

i'J
Y

?
,

-
n

!
=

i
.

-
l

=
=

 -
E

 ü
-

e
 Ë

!
 õ

s
 E

E
;

õ
=

-
=

j
ã

=
v

ì
ì

?
p

*
=

e
E

ç
'

È
i

 *
a

a
&

.ã
.e

,3
.ã

a
-

=
o

a
o

a
a

t
a

o
a

o



n*:ii
 :

n
ç

.r i 
=

'i
'

x
 

:
 

o
:

v
.

l
'

:
 

g
=

.
=

 :
 

=
=

?
ì

 
I

 
:

 
õ

 Ê
'=

.'- €
=

o
:

x
!

â
-

è
 

o
-

c
v

?
 

i
 

a
r

Q
)

'

:
 

!
?

 :
 

-
9

=

ì
 

Ë
 i

 
:

;
Ê

È
 

ó
:

 
.

=
's

E
c

€
 

Ë
 

ì
 

-
-

o
o

^
 

-
 

l
:

.
2

 
o

 
:

 
È

=
-

?
,

J
 €à

.
È

:
F

-
il 

:
 

ì
 

';
 

-
:

.
-

- 
í]à

 
-,"/^

)
G

.
:

q
i

.
:

i
Ì

ì

E
 

u
v

 
?

õ
Ë

o
 

o
-- 

o
 

o
 

>
É

 
*

q
 

E
-

É
:

 
c

^
!

 
.

l
:

-
o

Y
 

-
 

-
 

-
 

=
-

-
=

:
't 

õ
 s

 
õ

'Ê
.=

N
 

-
q

 
=

ì
 

;
=

H
c

J
 

.
.

 
r

:
l

 
j

 
È

o
E

 
\

ô
 

õ
S

 
3

=
ú

E
 

-
 

'.E
.3

 
i 

õ
Ë

=
 

=
 

s
ê

 
E

€
=

.
-

 
-

>
 

.
F

 
=

_

o
 

E
 

ã
r

 
g

i
=

n
r

N
\

D
v

v

:
:

:
:

:
i

:
:

:
:

:
:

i

:
>

:
õ

: 
'Ã

 
i 

/

:
!

 
ç

 i
 

;
F

'
:

 
6

 
i

 
Ê

õ
È

 
+

 
:

 
g

l:=
 

'=
 

: 
g

r
ì

.
<

 
i

 
:

 
ã

-
V

ã
:

*
+

r
 

c
 

i 
:

:
ã

=
ì

=
x

:
!

a

=
ã

 
=

 
!

 
ã

.
:

s
 

o
:

 
.

=
t

r
ê

 
:

-
;

 
'

i
=

ï
ç

 
d

 
È

 
õ

 
Ë

F
-

ç
>

.
,

t

E
 

K
 

ç
a

c
a

 
: 

Ë
d

.
;

 
y

.
.

 
=

 
É

Ê
a

 
!

È
 

!
 

(
€

'
=

h
9

E
C

!
i

 
N

:
ì

 
d

 
!

*
^

 
.E

q
 E

fr
õ

+
 

=
s

i 
Ê

=
Ç

 
r

 
Y

:
 

.
'

.
i

Y
O

È
-

Ë
;

í
^

"
è

 
à

o
*

 
ú

t
ã

s
 

É
'<

 
Ê

. g
=

!
 

!
,

.
 

H
E

ë
ã

 
;.-

. 
-

o
 È

o
 

-
 

:
.

\
 

a
 

L

>
u

 
ú

s
 

F
€

rs+

ào È
.

H
ü

x
v

>
,

È

E
-

i
\

-

6
(

l

g
N

o
J

E
N

r.f,::
o

:
à

ô
:

d
:

s
i

i
j

::

,
a

::

Ã
:

È
;

:
q

õ
s;

: 
-Â

 È-;

È
 s

+
õ

 
1

o
u

õ
a

+
(

2
-

 
-

L
Ç

:
A

'
-

 
è

-g
 >

.Y
.

-
 

=
!

\

d
 

c
Q

rÕ
ì

$

:
.

-
:

:

;
Ë

Ã
 iË

r
:

 
"

r
À

 
i

 
ú

 
!

i
Ë

Ë
F

.
:

 
H

:
:

o
F

È
:

o
:

.
'

=
=

N
.

:

i 
s

*
Ë

6
 i 

X
 :

i Ë
ïì : Ë

 :
:

 
q

:
:

<
 

:
 

c
d

 i

i c
J

iE
 : i

:
 

P
E

è
€

 
È

 i
i

ç
8

?
È

 2
:

:
 

;
9

p
È

:
 

;
 

i

i ;Ë
ì! #

 i
I 

€
È

È
r 

E
 :

R
 È

â
È

Y
 =

i
à

 
g

Ë
v

; :=
 i

v
 

ã
>

t
ì

 
=

 |
ü

 
-

\1
 

ã
 

,

<
 

*
=

Ì
Â

d
 

ü
 

i
È

 5
;S

>
 :ã

r
v

 
f5

:s
 

ã
s

d
 

Ë
'E

;>
 

<
o

ì

è0òo

Eaoddo
ã

Y
G

=
V

: 
ra^

.
!

o
o

P

^
^

o
,

=
:

<
ã

e È
 

g 
i

Y
<

!
;

:

;
 

c
à

 
*

r
 

i

lr k
\ 

õ
 T

 
:

à
9

+
r

 
=

á
 

:
>

;
.

s
 

b
€

 
:

ì
=

 è
 

E
.

 
i

È
E

<
 F

8
 

:
õ

Z
N

 
b

í
i

 
:

o
;

.
 

^
 

a
 

Y
 

I

E
E

3
 õ

X
 è

E
 F

,
S

 
8

ã
 

3
!

.
Y

c
â

 
-

 
o

 
Ê

ç
tr>

 â
E

 È
á

e
s

 
x

Ë
 F

E
Ë

s
 É

#
 *

5
õ

':
ì

 
-

9
,

tr
<

s
 

-
,Á

ë
 s

=
 a

)
 <

 
o

 -
 

ê
9

t 
5

 
õ

 
õ

 
È

i
ls

È
 È

+
 i

3
;

õ
 

o
.

=
-

 ü
E

 à
x

 
Ë

E
€

S
e

.
j 

-
 

.=
 

^
!

 
E

 
S

.E
È

 s
 Ë

 r3
ã

 Ë
È

 
Ë

 =
 F

 I
:

 
ã

-
.

 
z

:
:

 
õ

.
ì

s
Ì

ã
'

.
 

9
;

d
v

s
 

o
<

 
-

 
o

 
c

v

i
'

i 
v

r+
 

.
.Ë

 : 
s

g
 

i
s

 
1

 
'ì

9
 

i
ã

 
;

 
.

g
ã

F
 

i
i 

:
 Ë

:
;

 
i

^
q

 
ó

 
:

 
:

Ë
P

 
:

Ë
 E

 
i

 
ã

Ë
i

 
:

â
 

í
_

 
:

 
^

g
r

 
:

9
 

a
 

a
 

<
 ô

't 
:

ô
 

*
 

:
 

^
-

i
-

c
a

 
ú

 
i 

3
a

l:.] 
:

Ë
 

Ë
 

: 
:,:<

.?
 

i
F

 
o

 
: 

õ
<

 
9

P
 

:
ã

 
€

 
: 

ç
:tË

 
i

.
=

 
:

 
i

 
ô

:
)

,
 

:

E
 : 

i 
frF

Z
 :

t
 

2
á

:
 

<
í

=
 

i
Ë

 
È

'r
o

 
;

:
a

:
 

I
Ë

 
*

E
s

 
Ë

!iE
 *

.: 5
:t 

E
e

.=
 È

È
 

3
8

c
.

i ;
=

5
 

e

Ë
 

E
;

X
 

=
=

È
 

È
.E

 E
;.ì g

g
B

a
Ë

s
;

i
=

v
>

>
O

r
r

ì
v

ú
 

i;o
 

õ
6

E
d

.-

r
r

r
€

s
s

s
s

ULt\eRL*i\

U:PÈÈt4\

i
:

: 
.=

 
: 

>
ì

o
i

È
:

ç

6
t

í
i

i
:

,
i

Ã
À

:
È

v
:

ã
:

=
a

=
t

=

Ë
:

:
:

_
=

:
X

:
d

.
o

:
:

:
o

È
i

'
y

:
t

r

9
:

è
o

i
F

È
5

 i
E

 $
È

ê
:

Ç
,

:
s

!
o

:
à

À
2

,
9

=
:

=
.

=
 

| 
a

 
\

 
ã

r
i

A
"

|
V

9
:

i
.

-
=

=
;

e
:

x
-

F
 

: 
I 

c
o

N
 

;
-

 
:

 
a

.
!

^
:

'
.

O
 

:
 

'
=

.
^

!
 

o
'

i
.

 
;

 
<

õ
\

 
!

;ì 
: 

=
'd

ã
.

^
 

:
 

(
Ë

=
?

ì
 

*
-

*
 

:
 

c
 

u
 

-
 

x

Ë
Ë

^
,, 9

È
S

 
1

-
=

s
È

 sË
$

 íg
i

:
 

È
 

o
.

9
ì

=
 

.
E

:

ì 
!ì^

.ì 
=

 ta
 

õ
ô

-
Íq

 H
A

<
 

O
 õ

?
i 

à
.=

*F
;

r
F

-
n

\
o

:
:

;
:

s::
:

oì:
:

::

rramos
Rectangle



-êoOe2
-

ã
á

Z
z

ã
:

Ë
È

 r
=

.È
 ÈÌ

F
 

ã
:

t
>

á

€í

! Ê
Ë

 : i =
 E : F

3
z

" 
Ê

3
 ?c

 p a y:z
Ë

 =*: 
c

E
Í=

;,=
:i: 

E
 i Ë

ì ãÊ
 

Í Í
Ítíi:z+

iï;;=
Ë

É
Í:;;iE

E
ãa

=
,E

 
a

 t,í-r;Ë
 

Ë
 g =

+
 E t 7

2
i i1

 ",8

Ë
 íe i.I;Ï€

 
E

Ë
Ê

 
ã

ã
g

 
E

Ë
 

É
Ë

 
;Ê

S
s

;; E
 ;l Ë

e
+

 
s

ã
 ;Ë

 -5
:E

ë
 

i :Ë
Ë

;ì
E

1
â

â
E

 
ã

 Ë Ë ÍË
e

 ã ; Z
z;-s 

u
=

Ë
 

+
s

a
 ãÈ

 
ï;e

Ë
Ë

Ë
 

iE
 ãË

g
;Ë

 
j; ;Ë

Ë
ì

a
 r É

Ë
;;: 
i: ã

s
: ! Ë

 E"ç
 

E
?

E
ë

! 
È

Ë
 í!s

Ë
Ë

É
3

! 
Ë

 uË
ïÈ

!;ã
i 

!È
Ë

È
ã

Ë
 

E
 Ës; 
ã

: : íã
 i ã; ËË

 
Ë

 + Ëã
Ë

 
ì

i E
=

E
i;ã

iÉ
;Ë

:-È
 

Í,:: Ë =lE
?

Ê
È

-"
i ! ã

Ë
Ë

Ë
Ë

 
tË

È
È

É
Ë

É
Ê

Ë
Ê

.Ë
Ë

ã
1

Ë
è

Id*ta

>
.

s
a

s
-

è
6

:_
\

! 
rÀ

ì

€
Ì

@
i

ì
C

ir 
v

'ú \-
O

Ê
r

s
S

z
ür

t! 
À

t

LlHU
'

()NIF
,o

h
r

n
O

+
J 

:?
ã

N

=
a

)

)
'-

r
r

Ê

f-s.=ã;o3'õa



Evaluating conflict zones of air pollution in a 
mid-sized city 

J.F.G. Mendes1, L.T. Silva1 
1 Department of Civil Engineering, University of Minho, Portugal 

Abstract 

The urban argument assumes currently an extreme level of relevance for the 
governments and the society in general, due to the exponential increase of people 
living in cities and the consequent associated degradation of quality of life 
growth is continuously applying pressures over resources, infrastructures and 
facilities, affecting negatively the standard of living in cities. In this context, 
evaluating and monitoring the urban environmental quality has become a main 
issue particularly important when considered as a decision-support tool that 
contributes to more liveable and sustainable cities. Viana do Castelo is a mid-
sized city located on the northwest seaside, which undertook the challenge of 
developing an environmental program leading to the integration in a Healthy 
Cities European Network. The identification of urban air quality levels and 
people exposure was considered a priority in this program. The scientific toolbox 
adopted  to develop the studies includes air quality simulation models and a GIS 
platform. Based on traffic and site physical characteristics, air pollution maps 
were created and overlaid together with the land-use and population distribution 
layers. This combination was the basis for the identification of critical zones, 
both in terms of air quality levels and people exposure to this kind of pollution. 
Furthermore, the results were used to sort out mitigation measures and priorities, 
particularly important in a context of limited resources. This paper aims to 
present the approach, including the theoretical framework, and to discuss the 
results and their role within the city’s quality of life argument. 
Keywords:  Urban air pollution; Air pollution modelling 



1 Introduction 

The Project Healthy Cities is, today, a worldwide movement, having on its basis 
the concept Health for All (HFA) in the year 2000 of the World Organization of 
Health and the strategies of the Letter of Ottawa which searched a way of testing 
the application of these principles in a local level. 
In 1986 the World Health Organization (WHO) selected eleven cities in order to 
demonstrate that the new approaches in public health defended by HFA worked 
in practice. This is how the concept Healthy Cities was born. 
Viana do Castelo is a mid-sized city located on the northwest Portuguese seaside, 
which undertook the challenge of developing an environmental program leading 
to the integration in a Healthy Cities European Network. Within this program, 
the identification of urban air pollution levels and people exposure was 
considered a priority. 
In line with most of the EU countries, Portuguese specific legislation requires 
local government authorities to manage air quality in their areas, with the aim of 
achieving the objectives laid out in table 1. 
 

Table nº1 – Portuguese annual limit values for the protection of human health 
[1,2] 

Pollutant Averaging period Value 
Nitrogen dioxide (NO2) Calendar year 40 µg/m3 
Particulate matter (PM10) Calendar year 40 µg/m3 
Ozone (O3) 8 hours (rolling average) 110 µg/m3 
Benzene (C6H6) Calendar year 5 µg/m3 

 
The objective of this paper is to evaluate critical air pollution disturbance zones 
in a mid-sized Portuguese city – Viana do Castelo. The scientific toolbox 
adopted to develop the studies includes an air pollutants dispersion model and a 
GIS platform. 
Based on traffic data and site physical characteristics, air pollution maps were 
created and overlaid together with the Portuguese limits values and population 
distribution layers. This combination was the basis for the identification of  air 
quality levels and people exposure to this kind of pollution. 
 

2 Urban air pollution 

Urban air pollution became one of the main factors of degradation of the quality 
of life in cities. This problem tends to worsen due to the unbalanced 
development of urban spaces and the significant increase of mobility and road 
traffic. As a consequence, the total emissions from road traffic have risen 
significantly, assuming the main responsibility for the disregard of air quality 
standard [3]. 
The atmospheric pollutants are emitted from existent sources and, subsequently, 
transported, dispersed and several times transported in the atmosphere reaching 



several receivers through wet deposition (through rainout and washout of the rain 
and snow) or dry deposition (through the adsorption of particles). In urban 
environment the typical anthropogenic sources are mainly the road traffic and, 
when existing, the industrial activity. 
The compounds from the exhaustion gases of the road vehicles released to the 
atmosphere create impacts in a different geographical scales and time [4]. 
Certain compounds possess an immediate and located effect. For instance, a 
plume of black smoke is instantly unpleasant for people observing it, while at a 
longtime scale repeated exhibitions to the black smoke of the exhaustion of  
vehicles can cause, through deposition of particles on the surface of the 
buildings, the darkening of their facades. 
The combustion of hydrocarbon fuel in the air generates mainly carbon dioxide 
(CO2) and water (H2O). However, the combustion engines are not totally 
efficient, which means that the fuel is not totally burned. In this process the 
product of the combustion is more complex and could be constituted by 
hydrocarbons and others organic compounds, carbon monoxide (CO) and 
particles (PM) that contain carbon and other pollutants. On the other hand, the 
combustion conditions - high pressures and temperatures - originate partial 
oxidation of the nitrogen present in the air and in the fuel, forming oxides of 
nitrogen (mainly nitric oxide and some nitrogen dioxides) conventionally 
designated by NOx. 
Many of the atmospheric pollutants once emitted from the road vehicles react 
with the components of the air or react together and form the so-called secondary 
pollutant [5]. Due to the dispersion effect happened during the reaction, the 
concentration of the secondary pollutants doesn't usually reach maximum values 
near to the emission source. The impact can however extend to great areas not 
confined to the area of the road traffic. 
As previously referred, atmospheric pollutants can also result from industrial 
sources and domestic dispersed sources. In a 1999 study for the United Kingdom 
[6] the average contribution of the road traffic was determined, as illustrated in 
the figure 1. 
 

Emission sources of atmospheric pollution

0 20 40 60 80 100

CO

VOCNM

NOx

PM10(black smoke)

PM10(granulometric)

CO2

(%)

Road Traf f ic Other sources  
Figure 1: Contribution of the road traffic and other sources for the atmospheric 

pollution (adapted from [5]) 
 



In areas with high flow of heavy traffic, these percentages can be much higher. 
Inversely, in areas with low or insignificant traffic flow and with other sources 
such as industries or power generation plants those percentages can locate much 
below the pointed average to United Kingdom. 
Air pollution caused by road traffic is the most often nuisance cited by roadside 
residents. For existing roads, it is first of all necessary to define the magnitude of 
the problem. New infrastructure can improve the surrounding area by easing 
traffic flow on existing roads. Hence the construction of new roads can bring 
about environmental benefits through a better distribution of traffic flows in the 
network and the various associated transport systems. The quantitative 
evaluation of traffic air pollution levels is the basis on which air pollution control 
policies stand. 
Traffic air pollution levels can be evaluated by two different means: 
measurements and prediction. The measurement method is only feasible when 
applied to existent situations; the prediction methods are used with advantage 
from the very start of the planning process to the final detailed design of air 
pollution abatement measures. 
Prediction methods have proved to be very useful and applied in a wide range of 
air pollution situations. When a calculation method is used, a large number of 
scenarios can be greeted by introducing different traffic flows, several types of 
vehicles, variable number of reception points, and air pollution abatement 
measures designs. By contrast, measurements results give information only about 
a very limited situation (the specific traffic and meteorological  condition at the 
time the measurements are made). 
There are available in the market numerous dispersion models, which constitute 
an important toolbox in the simulation of the air pollution situation. The model 
adopted for this research, was developed by CERC in the United Kingdom. This 
model has been used in over half of the pollution  pilot studies carried out 
recently in UK [7].  It uses a parameterization of the boundary layer physics in 
terms of boundary layer depth and Monin-Obukhov length and use a skewed-
Gaussian concentration profile in convective meteorological conditions. In stable 
and neutral meteorological conditions the model assumes for the distribution of 
the concentration profile a Gaussian plume with reflection at ground and 
inversion layer. 
The dispersion model has a methodological processor which uses the input 
variables, typically day of the year, time of the day, cloud cover, wind speed and 
temperature, to calculate the parameters for use in the model such as boundary 
layer depth and Monin-Obukhov length. The model does not take into account 
anthropogenic heat sources and the effect of the increased roughness in towns 
and cities. 
An additional and important feature of the dispersion model, which makes 
suitable modelling in urban environment, is the inclusion of the chemistry 
scheme making possible the calculation of  the chemical reaction between nitric 
oxide, nitrogen dioxide, ozone and volatile organic compounds in the 
atmosphere. 
 



3 Evaluating critical air pollution disturbances zones in Viana 
do Castelo 

The study undertaken aimed evaluating critical air pollution disturbance zones in 
the Portuguese city of Viana do Castelo, located on the northwest seaside. This is 
a mid-sized city, which has a population of 36.544 inhabitants living in an 
overall area of 37,04 Km2. The most remarkable air pollution source is a main 
road that crosses the city  dividing it in two parts. 
Based in traffic data and in physical characteristics of the area, horizontal maps 
of four main pollutants were created: NO2, C6H6, PM10 and O3. A range of 
numerical models were used to produce results. The ADMS-Urban model was 
used for the pollutants dispersion, the Hills model was used to calculate air flow 
and turbulence over complex terrain, including the effects of variable surface 
roughness [8] and the COPERT4 [9] based on CORINAIR v.5 [10] was used to 
estimate traffic emissions. 
The dispersion model, which is linked to a GIS (Geographical Information 
System), has been extensively validated in several works present in the literature 
[6, 7]. 
 

3.1 Calculation of horizontal air pollution maps 

The modelling of dispersion of air pollution in built-up urban areas must 
integrate all the parameters which influence the dispersion, among others, the 
topography, the site, and meteorological condition like the wind and the 
heterogeneousness of the atmosphere. 
For the sources characterization, and considering that Viana do Castelo is a 
touristy seaside city, two traffic counting campaigns were carried out, one in 
winter time and another one in summer time, of which resulted the data for two 
scenarios. Each campaign included most of the city streets and  traffic was 
counted round-the-clock in a typical week day. 
A full survey, including topographic characteristics, location of reception points 
(points for which the air pollutants are to be calculated), surface roughness and 
the specification of the emission sources, cross and longitudinal profiles (for 
canyon roads) was carried out for the whole city.  
Taking the data gathered, the model was used to produce horizontal maps of four 
important urban air pollutants (C6H6, NO2, PM10 and O3) for winter and 
summer traffic-scenarios. The following calculation parameters were adopted: 
Meteorological conditions: Data supplied by the Portuguese Institute of 
Meteorology (hourly) 
Monin-Obukhov length: 30 m 
Surface roughness : 0,5 m 
Emissions inventory: database prepared for Viana do Castelo including road 
sources and industrial sources 
Background file: annual average background concentration of NO2, CO, PM10 
and O3 at background monitoring sites [11] 



Average speed: variable  
 
Main and secondary roads were modelled explicitly, as were major point 
industrial sources. Two single profiles were developed to represent the hourly 
variation of traffics flows on all the roads for the winter and summer scenario. 
The maps of the concentrations of the pollutants should be understood as the 
average situation of the atmospheric pollution i.e. representative maps of one 
year, winter and summer scenarios. 
Figures 2, 3, 4 and 5 shows the NO2, PM10, O3 and C6H6 maps, respectively, 
obtained for summer and winter scenario. 
 

(a) summer scenario (b) winter scenario 
Figure 2: Air pollution map, NO2  

 

(a) summer scenario (b) winter scenario 
Figure 3: Air pollution map, PM10  

 
 



  
(a) summer scenario (b) winter scenario 

Figure 4: Air pollution map, O3  
 

 
(a) summer scenario (b) winter scenario 

Figure 5: Air pollution map, Benzene 
 
Results presented in Figures 2 to 5 reveal concentrations over de legal limits only 
for NO2. For the other pollutants (PM10, C6H6 and O3) values in Viana do 
Castelo are well below the limits.  The following sub-chapters aims to 
identifying the critical zones, both in terms of air quality levels, based on the 
pollutant with concentrations over de legal limit (NO2) and people exposure to 
this kind of pollution. 
 

3.2 Overlay of air pollution maps on population 

The 2001 population data obtained from the Census Bureau CENSO2001 and 
georeferenced to the smallest geographical spatial unit available – the census 
block – was stored in a topological GIS coverage and overlaid together with the 
NO2 maps in order to find out the percentage of people subjected to relevant 
ranges of the several species of pollutant. For this purpose, a uniform distribution 
of the population within the blocks was assumed. The results can be observed in 
Table 2. 
 



Table 2. Population exposed to NO2 
Winter scenario Summer scenario Ranges of 

NO2 
(µg/m3) 

Population % Population % 

]0;26] 1601 5,61% 706 2,47% 
]26;27] 6051 21,19% 5352 18,74% 
]28;29] 6480 22,69% 5975 20,92% 
]29;30] 4504 15,77% 5054 17,70% 
]30;31] 3851 13,48% 4089 14,32% 
]31;32] 2105 7,37% 2781 9,74% 
]32;33] 1747 6,12% 1773 6,21% 
]33;34] 973 3,41% 1025 3,59% 
]34;35] 586 2,05% 724 2,54% 
]35;36] 340 1,19% 435 1,52% 
]36;37] 191 0,67% 253 0,89% 
]37;38] 81 0,28% 209 0,73% 
]38;39] 38 0,13% 103 0,36% 
]39;40] 10 0,04% 51 0,18% 
]40;41] 1 0,00% 27 0,09% 
]41;42] 0 0,00% 2 0,01% 

 

3.3 Air pollution criticality zones 

At this point, the air pollution maps, may be weighted by the population in order 
to identify problematic zones. 
The index conflict zones of air pollution, denoted C (equation 1), is given by the 
concentration (µg/m3 NO2) deviation to the legal limit, DL, multiplied by the 
population living in that zone PopD: 
 

DLPopDC ×=                                        (1) 
 
The use of the deviation to the legal limit instead of the actual concentration 
(µg/m3 NO2) value is due to the fact that the first considers the Portuguese 
annual limit values for the protection of human health. 
The calculation of the index of conflict zones of air pollution C for the study 
area, within the GIS environment, resulted in the maps of conflict zones for 
summer and winter scenarios presented in Figure 6. 
 



 
(a) summer scenario (b) winter scenario 

Figure 6: Air pollution map, PM10  
 

4 Discussion and conclusions 

The first conclusion reveled from this study is that Viana do Castelo has indeed a 
good air quality. 
Results presented in figures 2 to 5 reveal concentrations over de legal limits only 
for the NO2 specie. For the other species (PM10, C6H6 and O3) the 
concentrations are well below the legal limits.  However the same maps show the 
existence of a ring around the historical downtown where the air pollution levels 
are substantially superior. This ring includes: Avenida 25 de Abril (east-north), 
Rua dos Bombeiros Voluntários (north-west), Avenida dos Combatentes (west-
south), and Avenida Marginal (south-east). 
Inversely, the air quality within the historical center is quite good as it shows 
values clearly under the limits. This high quality is due to the severe traffic 
limitations imposed by the municipality in this zone. 
Figures 2, 3 and 4 show that the concentrations of PM10, NO2 and Benzene are 
higher near the sources, i.e. in the areas adjacent to the roads of heavy traffic. 
The same doesn't happen with Ozone (Figure 5), a secondary pollutant, where 
highest concentrations happen far away from the emission sources.  
Overall, for the study area and both summer and winter scenarios, less than 1% 
of the population is exposed to a concentration over 40 µg/m3 of NO2. 
The air pollution and population values, combined through an air pollution 
criticality index, revealed the existence of three criticality zones, as show in 
Figure 6. These zones should assume a first priority status when it comes to 
developing an air pollution mitigation plan. 
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