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Exchange rate between scientific currencies
-  an application to the marine environment
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EACH SCIENTIFIC PARADIGM has its own valuation 
system. Ecologists design m aps w ith environm ental 
values assuming their relevance for the sustainability of 
the ecosystem. Socio-cultural scientists value things 
according to their role in society along space and time.
Economists prefer cost-benefit analysis where everything 
can be translated into money (Nunes et al, 2001; de 
Groot et al, 2002; Färber et al, 2002; Limburg et al,
2002). The question is, how  to com bine different 
disciplinary perspectives in a consistent decision support 
methodology?

T h e  ob jec tive  o f th e  m e th o d o lo g y  p re se n te d  in  th is  artic le  is to 
give an  an sw er to  th is  q u es tio n . It is a s su m e d  th a t  th e  
eco n o m ic , eco log ica l a n d  c u ltu ra l v a lu a tio n s  c o m p le m e n t 
ra th e r  th a n  su b s titu te  each  o ther. It is also  su p p o s e d  th a t  each 
o n e  o f th ese  v a lu a tio n s  can  b e  a llo ca ted  to  so m e  spa tia l 
refe ren tia l or m ap . Finally, it  is be lieved  th a t  p u b lic  decisions 
sh o u ld  b e  c o n s is te n t so th a t  trade-o ffs b e tw een  sim ilar va lues 
m u s t b e  th e  sam e a lo n g  all decisions. B ased o n  th a t, th e  id ea  o f 
an  ex change ra te  b e tw een  d isc ip lin ary  v a lu a tio n s  is exp la in ed  
a n d  a p p lie d  for th e  Faial-P ico  C hannel.

Methodology
In  every p o in t o f a regu la tion  b o u n d a ry  (f) th a t lim its alternative 
uses o f th e  env ironm en t, th e  to ta l value for one  u se  (Vfa) m u st be 
exactly  th e  sam e as th e  to ta l va lue  for a d ifferent u se  (Vfb).

1. Vfa = Vfb

O n  th e  o th e r h an d , each  to ta l v a lu e  (Vfa, Vfb) re su lts  from  
a d d in g  to g e th e r th e  eco n o m ic  v a lues (Vfea.Vfeb), th e  ecological 
v a lues (Vfba.Vfbb) a n d  th e  so c io -cu ltu ra l va lu es (Vfca.Vfcb), 
each  o n e  o f th e m  m u ltip lie d  by  an  E xchange R ate F u n c tio n . 
T h e  E xchange R ate F u n c tio n  (p) re la tes th e  eco n o m ic  valu es to 
th e  ecological values. T h e  E xch an g e  Rate F u n c tio n  (o) re la tes 
th e  eco n o m ic  v a lues to  th e  so c io -cu ltu ra l values.

2. Vfa = Vfea + V fba x  p + Vfca x  O

3. Vfb = V feb + V fbb x  p + Vfcb x  O

In  th e  b o u n d a ry  (f), th e  valu e  asso c ia ted  w ith  a lte rn a tiv e  uses 
(a,b) are  equal. Therefore:

4. (Vfea-Vfeb) = (V fbb-Vfba) x  p + (Vfcb-Vfca) x  O

N o tice  th a t  th e  b o u n d a ry  lin e  has m an y  p o in ts . A ssu m in g  th a t 
it  is p o ss ib le  to  o b ta in  th e  econom ic , so c io -cu ltu ra l an d  
ecological va lu es for d ifferen t a lte rn a tiv es ( a ,b . ..), th e n  it  is also 
p o ss ib le  to  es tim ate  th e  fu n c tio n s  (p) a n d  (o). If th e se  fu n c tio n s  
are  j u s t  s im p le  p a ram eters , th e n  th ey  can  be  co n s id e red  as 
“ex change ra tes  b e tw e e n  d isc ip lin a ry  v a lu a tio n s ’: b e tw een  
e c o n o m is ts  a n d  eco lo g is ts  (p), b e tw e e n  e c o n o m is ts  a n d  
h is to rian s  (o ) , a n d  also  b e tw een  eco log ists a n d  h is to rian s  (o /p ) . 
N o te  th a t  if  th e re  is no  d ifference b e tw een  so c io -cu ltu ra l va lues 
for a lte rn a tiv e  u ses th e n  (Vfca-Vfcb) = 0 and :

5. p = (Vfea -  Vfeb) /  (Vfbb-Vfba)
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Fig 1. Environmental values fo r the actual use in Faial-Pico Channel.
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Fig 2. Economic values fo r the actual use in Faial-Pico Channel.

Application to Faial-Pico Channel, Azores
T h e  ap p lica tio n  o f  an  ex ch an g e  ra te  b e tw een  d isc ip lin a ry  v a lu a tio n s  for th e  Faial- 
Pico C h a n n e l is b ased  o n  a G eog rap h ica l In fo rm a tio n  S ystem  (GIS). T h e  s tu d y  
area  w as d iv id ed  in to  sq u a re  p arce ls o f  1 0 0 m  x  100m . E ach  o n e  o f th ese  sm all 
areas w as v a lu a ted  in  e n v iro n m en ta l te rm s, b ased  on  th e  b o tto m  ty p e  a n d  th e  
b a th y m e try  a n d  tak in g  in to  a c c o u n t th e ir  re levance  for th e  eco sy stem  (Figure 1). 
S hallow  areas w ere  g iven a h ig h e r v a lu e  th a n  d eep e r areas, as th ey  co n cen tra te  
h ig h er b io m ass  a n d  b iodiversity . R ocky b o tto m s w ere  c o n s id e red  m o re  v aluab le  
th a n  so ft b o tto m s, as th ey  c o n c e n tra te  m o st o f th e  c o n sp ic u o u s  b io d iv ersity  a n d  
fishery  resou rces. A reas d es ig n a ted  for co n se rv a tio n  a n d  h a rv est refug ia  (nam ely  
u n d e r  N a tu ra  2 0 0 0  sites a n d  n o -tak e  areas for lim pets) rece ived  a h igher 
en v iro n m en ta l value. T h is  a p p ro a c h  re su lts  in  in fra -litto ra l (< 50m  deep) rocky  
b o tto m s w ith in  d es ig n a ted  areas b e in g  assig n ed  th e  h ig h es t value.

O n  th e  o th e r h a n d , d e p e n d in g  on  th e  ac tiv ities a llo w ed  by  reg u la to ry  m easures, 
each  o n e  o f  th ese  sm all a reas has an  asso c ia ted  eco n o m ic  valu e  re la ted  to  th e  
e m p lo y m e n t s u p p o r te d  b y  d ifferen t activ ities: fisheries, to u r is m  a n d  h a rb o u r  
log istics (Figure 2).
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Fig 3. Optimal regulation [p = 0.023; p = 0.053; p = 0.087].
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Fig 4. Total sea use value [p = 0.087].

R e g u la to ry  b o u n d a r ie s  a re  th e  r e s u l t  o f  
d isc u ssio n s b e tw een  experts, s ta k e h o ld e rs  a n d  
p o litic ians. In  each  p a rce l b e lo n g in g  to  these  
b o u n d a r ie s  it  can  be  ex p ec ted  th a t  th e  en v iro n ­
m en ta l a n d  eco n o m ic  valu e  asso c ia ted  w ith  
in c lu s io n  in s id e  th e  reg u la to ry  re s tr ic tio n  is 
exactly  th e  sam e as th e  v a lu e  o f b e in g  o u ts id e  
o f th a t  ru le . T herefore , tak in g  a c c o u n t o f  th e  
u ses o f  th e  sea a llow ed  or fo rb id d en  in  th e  
d ifferen t p arce ls o f reg u la to ry  b o u n d arie s , a n d  
b ased  o n  th e  en v iro n m en ta l a n d  eco n o m ic  
valu es o f  b e in g  in s id e  or o u ts id e  o f th o se  
lim its, it is p o ss ib le  to  have es tim ates for (p) in  
ex p ress io n  (5).

In th e  Faial-P ico  C han n e l, th e re  are  on ly  th ree  
reg u la to ry  b o u n d a r ie s  fro m  w h ic h  it  is po ss ib le  
to  derive  ex change ra tes  b e tw een  d isc ip lin ary  
valu a tio n s. Table 1 p re se n ts  th ese  cases, tak in g  
a c c o u n t o f  th e  valu es o f b e in g  in s id e  or o u ts id e  
o f th e  reg u la to ry  b o u n d a ry  for th e  sm a ll areas 
w h ere  th o se  b o u n d a r ie s  are  defined .

H av in g  (p), it is th e n  p o ss ib le  to  gen era te  
v a r io u s  in te re s t in g  o u tc o m e s . F irs t, i t  is 
p o ss ib le  to  o b ta in  th e  b es t m arin e  reg u la to ry  
m ap  (Figure 3 ), by  choosing , for each  parcel, 
th e  ru le  th a t  lead s to  th e  m a x im u m  Total Value 
a m o n g  all th e  o th e r reg u la to ry  a lte rn a tiv es (1 = 
m a in ta in  th e  ru le; 2 = m o re  co n se rv a tio n is t 
ru le; 3 = m o re  in ten siv e  u se  ru le). L o o k in g  at 
F igu re  3, it  is clear th a t, for all th e  estim ated  
exch an g e  ra tes  (p = 0 .0 2 3 ; p = 0 .0 5 3 ; p = 
0 .0 8 7 ) th e  o p tim isa tio n  o f  reg u la tio n  w ill lead  
to  a co n s is ten t reg u la to ry  m ap  th a t  rep re sen ts  
a m o re  c o n s e rv a tio n is t  so lu tio n  th a n  th e  
p re se n t one. In  th is  co n se rv a tio n is t scenario , 
all o f th e  ch an n e l w ith  th e  ex cep tio n  o f  H o rta  
P ort, M ad a len a  P o rt a n d  P o rto  P in t Bay w o u ld  
b e  a n a tu ra l p a rk  [as p rev io u sly  p ro p o se d  by 
T em pera  ef aJ (2001) a n d  T em pera  & San tos 
(2003)].

S econd , it is p o ss ib le  to  des ign  th e  m ap s o f 
Total Sea U se V alues for each  o n e  o f  th e

exch an g e  ra te s  a n d  th e ir  re sp ec tiv e  p lans . 
W h e n  th e  exch an g e  ra te  is [p = 0 .0 8 7 ], th e  
Total V alue o f  th e  C h a n n e l is eq u iv a len t to  
3 7 7 0  em p lo y m en ts  (Figure 4 ).

Conclusion
T h e  challenge w as to  co m b in e  th e  d ifferen t 
d is c ip lin a ry  p e rsp e c tiv e s  in  a c o n s is te n t  
d ec is io n  s u p p o r t  m ethodology . T h e  re su lts  
se em  q u ite  in te restin g . F irst, th e re  is a m e th o d  
to  m o n e ta rise  n o n -m o n e ta ry  values. Second , 
th is  m e th o d  is also su itab le  to  va lu e  n o n -u se  
valu es w ith o u t th e  expensive  a d o p tio n  o f  th e  
C o n tin g en cy  V aluation . Finally, th e  exchange 
ra te  b e tw een  d isc ip lin es can  also b e  u se d  to  
assess th e  in te rn a l co n sisten cy  o f  reg u la to ry  
p la n s  o r to  des ign  d ifferen t p lan s acco rd in g  to  
v a rio u s  ex change rates.
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Table 1. E xchange ra te s  b e tw e e n  ecological an d  e c o n o m ic  va lu es  in re  

Economic Value

g u la to ry  b o u n d a

Ecological Value

ries o f Faial-P ico  C h an n e l.

Exchange Rate
Fish In Fish O u t Tour In Tour O u t Total In Total O u t In O u t P = [Vfe(in) -  Vfe(out)]/[Vfb(out)-Vfb(in)]

Regulation on limpets 
(50% of coastal area): 0.0110 0.016 0.0340 0.0060 0.0450 0.0225 3 2 P = 0.023
Regulation that forbids tourism 
and fisheries in "Monte da Guia": 0.000 0.030 0.000 0.057 0.000 0.087 5 3 P = 0.087
Regulation that forbids 50% of 
fisheries in "Baixa do Sul": 0.1322 0.1983 0.0510 0.0382 0.1832 0.2366 4 3 P = 0.053
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