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GROUND WATER EXTERNALITIES 

28'011 Madrid, Spain. 

ABSTRACT 

Ground water  i s  a n a t u r a l  resource wh ich  p rov ides  t h e  b e n e f i t s  i n h e r e n t  t o  
i t s  use as a f i n a l  commodity o r  as an i n p u t  t o  a p r o d u c t i v e  process. 
Cons ider ing  t h e  problem o f  c o s t  assessment, and d i s r e g a r d i n g  t h e  p o s s i b l e  
e f f e c t s  on wa te r  q u a l i t y ,  t h r e e  types  o f  e x t e r n a l  effects can be d i s t i n g u i s h e d  
which a re  n o t  cons idered by i n d i v i d u a l s :  a )  a w i thdrawal  of f l o w  f rom t h e  
hyd ro log i ca l  cyc le ;  b )  an ener  c o s t  induced on to  t h e  remain ing  ground wa te r  

depends on t h e  d i s t r i b u t i o n  o f  t he  we l l s ;  and c )  a degradat ion  o f  t h e  p o t e n t i a l  
energy o f  t h e  groundwater r e s e r v o i r  when i t s  reserves  have been dep le ted  beyond 
t h e  optimum l e v e l .  

Th is  paper i l l u s t r a t e s  t h e  na tu re  o f  t h e  e x t e r n a l  f a c t o r s  i n v o l v e d  w i t h  
s imp le  examples and descr ibes  t h e  o p p o r t u n i t i e s  f o r  c o r r e c t i o n  a v a i l a b l e  t o  t h e  
Bas in  Au tho r i t y .  

F i n a l l y  i t  descr ibes  t h e  p o s s i b i l i t i e s  o f  i n t e r v e n t i o n  p rov ided  by t h e  new 
Spanish Water Law t o  reduce t h e  e f f e c t s  o f  ground wa te r  e x t e r n a l i t i e s ,  
d i s t i n g u i s h i n g  between a c t i o n  on s p e c i f i c  cases and a q u i f e r  management 
gu ide l i nes ,  t o  be de f i ned  i n  t h e  Basin Water Plans. 

users,  i n t r i n s i c  t o  t h e  boun + a r i e s  and p r o p e r t i e s  o f  t h e  a q u i f e r  and which 

1. ECONOMIC CONCEPT OF OVERDRAFT AND ITS CONTROL 

A s imple example w i l l  h e l p  t o  show c l e a r l y  why renewable resources  a r e  

o v e r e x p l o i t e d  and which f a c t o r s  c o n t r o l  t h e  process. 

L e t  us suppose t h a t  a l a r g e  r e s e r v o i r  e x i s t s  w i t h  a u n i f o r m  h o r i z o n t a l  c ross-  

s e c t i o n  A i n t o  which water  f l o w s  a t  a cons tan t  r a t e  o f  R and where t h e  n a t u r a l  

o u t f l o w  occurs a t  t he  he igh t  hN over  t h e  datum p lane (F ig .  1). 

An u n l i m i t e d  capac i t y  pump i s  i n s t a l l e d  

s o l d  a t  p r i c e  p, w h i l e  K i s  t h e  u n i t  energy c o s t  p e r  met re  o f  e l e v a t i o n .  

I f  the re  i s  no t ype  o f  i n t e r e s t  i n  t h e  economic system t o  wh ich  t h i s  

p roduc t i ve  a c t i v i t y  belongs, independent o f  t ime  and t h e  

op t ima l  ope ra t i on  p o l i c y  i s  Q ( t )  = R, h ( t )  = hN, p rov ided  t h a t  p > k (ho - hN). 

I f  t h e  c o s t  o f  e l e v a t i n g  f rom l e v e l  hN i s  h ighe r  than t h e  p r i c e  o f  t h e  water,  

none w i l l  be pumped, and when they  are  b o t h  t h e  same t h e r e  w i l l  be no economic 

advantage whether any pumping i s  done o r  n o t .  

p resent  money i s  always va lued more h i g h l y  than f u t u r e  money by  

means o f  a d i scoun t  r a t e  r and i f  p > k (ho-hN), then t h e  opera to r  w i l l  f e e l  

a t  ho t o  e x t r a c t  water  wh ich  can be 

t h e  va lue  o f  money i s  

I n  p rac t i ce ,  
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- -  

Fig .  1 

encouraged t o  increase the  r a t e  o f  pumping because t h e  i n i t i a l  p r o f i t s  a r e  

h igher ,  though he w i l l  have t o  reduce i t  l a t e r  on. The problem o f  maximiz ing 

t h e  present  va lue o f  h i s  t o t a l  p r o f i t s  i s  s t a t e d  as:  

OD -rt e max B = Q ( t ) ( p  - k [ h o - h ( t ) l  d t ;  dh/dt  = [ R - Q ( t )  1 /A 

The s o l u t i o n  can be ob ta ined  by app ly ing  variational calculus and 

e n t a i l s  two p o l i c i e s :  

1) permanent pumping w i t h  Q = R i n  the  p o s i t i o n  

h* = h + R / r A  - p/k ( 2 )  0 

2 )  instantaneous e x t r a c t i o n  i n  t=o  o f  t h e  water  volume inc luded  between t h e  

i n i t i a l  p o s i t i o n  (whatever i t  was) and t h a t  o f  t h e  permanent p o l i c y .  

Consequently, i f  the  i n i t i a l  p o s i t i o n  were l ower  than h*, no water  must be 

pumped u n t i l  t he  opt imal  p o s i t i o n  i s  reached. 

The opt imal  depth o f  t h e  water, ho - h* = p/K - R / r A ,  e s t a b l i s h e s  t h e  balance 

between t h e  p r o f i t s  o f  t h e  i n i t i a l  m in ing  and those o f  t h e  permanent p o l i c y .  

The water w i l l  be deeper the h ighe r  a re  p and r and t h e  lower  i s  R/A, t h a t  i s ,  

t he  u n i t  recharge o f  t he  r e s e r v o i r .  

t o  Q max, t h e  optimum 

p o l i c y  c o n s i s t s  o f  making Q ( t )  = Q max u n t i l  t he  same h* p o s i t i o n  i s  reached and 

then t o  cont inue t o  e x t r a c t  t he  recharge R.  

I t  can be shown t h a t  when pumping c a p a c i t y  i s  l i m i t e d  

L e t  us suppose t h a t  i ns tead  o f  one s i n g l e  ope ra to r  e x i s t i n g  and producing 

water  a t  a c o s t  o f  K(ho-h*) = p - RK/rA, t h e  o p p o r t u n i t y  t o  operate i s  a v a i l a b l e  

t o  many owners o f  pumps a l ready  i n s t a l l e d  who take  t h e i r  dec i s ions  

independent ly.  Each one o f  them w i l l  t h i n k  t h a t  t h e  o t h e r  ope ra to rs  w i l l  go on 

pumping i n d e f i n i t e l y  as l o n g  as they o b t a i n  p r o f i t s  because no-one knows what 

w i l l  hamen i n  the f u t u r e .  Consequently they  w i l l  n o t  s top  a t  h* l e v e l  b u t  a t  a 



363 

l ower  one, ho-h = p /k .  As has been shown, t h i s  o p e r a t i o n  i s  n o t  economica l l y  

t h e  bes t  and t o  two d i f f e r e n t  s o l u t i o n s  c o u l d  be adopted, e i t h e r  o f  

which should be p u t  i n t o  p r a c t i c e  a t  t h e  moment i n  which temporary m i n i n g  ceases 

and cons tan t  pumping begins.  

c o n s i s t s  o f  ass ign ing  t h e  i n f l o w  R i n  i n d i v i d u a l  quotas; 

i f  a l l  t h e  opera to rs  a re  work ing  i n  i d e n t i c a l  p roduc t i on  c o n d i t i o n s  t h e  

assignment w i l l  i n e v i t a b l y  be a r b i t r a r y .  I n  the  oppos i te  case, i f  t h e  theo ry  of  

economic o p t i m i z a t i o n  i s  app l ied ,  g r e a t e r  shares w i l l  be assigned t o  t h e  most 

e f f i c i e n t  opera tors ,  those who have a l ower  ho, k, o r  those who b e n e f i t  f rom a 

g r e a t e r  marg ina l  p r o d u c t i v i t y  o f  t he  water.  Th i s  would be e q u i v a l e n t  t o  

g r a n t i n g  l a r g e r  f u t u r e  p r o f i t s  t o  those who a1 ready ob ta ined  l a r g e r  p r o f i t s  

d u r i n g  the  m in ing  stage. 

An a l t e r n a t i v e  s o l u t i o n  which has been proposed i s  t o  e s t a b l i s h  a u n i t  t a x  on 

t h e  p roduc t i on  o f  va lue  Rk/rA, because i t  means reduc ing  t h e  p r i c e  o f  Sale of  

t h e  water  t o  t h e  p o i n t  a t  wh ich  each o p e r a t o r  does n o t  go below l e v e l  h*. The 

problem then a r i s e s  o f  d i s t r i b u t i n g  t a x  revenues, s i n c e  i t  would be nonsense t o  

r e t u r n  the  amount p a i d  t o  each one. The conc lus ion ,  t he re fo re ,  i s  t h a t  t h e  t a x  

a u t h o r i t i e s  shou ld  use t h i s  income i n  works and a c t i o n s  o f  genera l  i n t e r e s t .  

The e x t r a o r d i n a r y  ope ra t i on  p r o f i t s  o f  t h e  permanent p o l i c y  would then pass f rom 

t h e  opera to rs  t o  the  general  p u b l i c  and, moreover, t h e  i n t e r e s t s  o f  f u t u r e  

genera t ions  would be preserved. 

The example g i ven  o f f e r s  c e r t a i n  ana log ies  w i t h  t h e  way a q u i f e r s  a r e  opera ted  

where one e s s e n t i a l  p o i n t  i s  t h e  unequal c o s t  c o n d i t i o n s  o f  t h e  users .  T h i s  

f e a t u r e  reduces the  sharpness o f  t h e  f a l l  o f  Q f rom P2 (F ig .  2 ) ,  because t h e  

w e l l s  s i t u a t e d  a t  h ighe r  e l e v a t i o n s  and/or i n  zones o f  lower t r a n s m i s s i v i t y  w i l l  

p rog ress i ve l y  l eave  t h e  process. A f t e r  p o i n t  P3 o n l y  t h e  b e s t  w i l l  con t i nue  t o  

operate,  which they  w i l l  do i n d e f i n i t e l y  as l o n g  as t h e  presupposed 

circumstances cont inue.  The Bas in  A u t h o r i t y  shou ld  impose r e g u l a t o r y  measures 

a t  p o i n t  P i ,  which does n o t  p rove  easy t o  determine a n a l y t i c a l l y  as a r e s u l t  o f  

t h e  v a r i e d  ground sur face  topography, t h e  geometry and t h e  d i s t r i b u t i o n  o f  t h e  

parameters i n  t h e  a q u i f e r .  I t  should, however, be no ted  t h a t  t h e  general  

conc lus ions  o f  s imp le  a n a l y s i s  a re  a t  t h e  very  l e a s t  i n d i c a t i v e ,  and t h a t  t h e  

p o i n t  o f  i n t e r v e n t i o n  by the  A u t h o r i t y  i s  when a u n i t  t a x  o f  R K / r A  va lue  would 

s t a b i l i z e  t h e  r a t e  o f  pumping (a  range o f  0.004 t o  0.25 $ pe r  cub ic  met re  f o r  

most a q u i f e r s  i n  Spa in) .  

p revent  i t  

The f i r s t  s o l u t i o n  

2. INTERNAL EXTERNALITIES 

I n  the  fo rego ing  example t h e  water  su r face  was always h o r i z o n t a l ,  and i t s  

f a l l  was due s o l e l y  t o  the  f a c t  t h a t  Q > R.  Pumping f rom w e l l s  causes drawdowns 

a t  a l l  p o i n t s  i n  t h e  a q u i f e r  which i nc rease  w i t h  t h e  amount ex t rac ted .  

I n  t h e  f o l l o w i n g  paragraphs we s h a l l  admi t  t h a t  t h e  behav iour  o f  t h e  a q u i f e r  
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F i g .  2. E v o l u t i o n  o f  Q and h i n  a f r e e l y  opera ted  a q u i f c r  under t h e  
assumption o f  p and r = c t e  and w i t h  no water  q u a l i t y  deg rada t ion  

i s  p e r f e c t l y  e l a s t i c ,  and t h a t  t h e  s t o r a t i v i t y  i s  n e g l i g i b l e  so t h a t  t h e  e f f e c t s  

occur  and a r e  t r a n s f e r r e d  immediately.  Any v a r i a t i o n  i n  pumping p a t t e r n s  

generates an immediate adap ta t i on  o f  t h e  p iezomet r i c  su r face  and an au tomat ic  

i nc rease  i n  t h e  volume o f  wa te r  e n t e r i n g  f rom t h e  ou ts ide ,  i f  t h i s  were 

necessary. 

L e t  us suppose t h a t  N w e l l s  e x i s t  i n  which t h e  n a t u r a l  und is tu rbed  wa te r  

l e v e l s  a re  ho i ,  each one o f  wh ich  i s  managed independent ly  by  an  o p e r a t o r  who 

s e l l s  t h e  water  a t  p r i c e  p. i s  k, and t h e  

drawdown induced a t  p o i n t  j by a u n i t  pumping d i scha rge  i n  i i s  de termined by  

element a i j  o f  a m a t r i x  N x N (F ig .  3 ) .  The u n i t  c o s t  o f  e l e v a t i o n  a t  p o i n t  i 

w i l l ,  t he re fo re ,  be 

The u n i t  c o s t  p e r  me t re  o f  e l e v a t i o n  

N 
ci = k (hOi t c a . .  . Q;) 

j=1 J '  

The behav iour  o f  each 

s o l u t i o n  o f  which i s  

(3) 
J 

ooera to r  w i l l  he d i c t a t e d  by max zi = Qi ( p  - ci), t h e  

N 
marg ina l  c o s t  = K (hoi + C a . .  . Qj) t Kaii Qi = p 

j=1 J '  
(4) 
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F i g .  3.- Drawdowns and r i v e r  recharge induced by pumping 

Fig. 3 

I f  the re  were a s o l e  owner, t h e  problem would be s t a t e d  as max Z = Czi, wh ich  

f o r  w e l l  i i s :  

(marginal  cos t ) i  = K (hoi t C a . .  . Q j )  + K Ca . .  . Q j  = p ( 5 )  
J 1  J 1  

It can be shown t h a t  c e n t r a l i z e d  management leads  t o  a lower  p r o d u c t i o n  a t  

a l l  w e l l s  and t o  a h ighe r  o v e r a l l  p r o f i t ,  Z* > Cmax z i .  Th i s  i s  why as t h e  

d i f f e r e n c e  between ( 4 )  and ( 5 )  i s  C K a i j  Qj, a u n i t  t a x  on p roduc t i on  has been 

proposed, amounting t o  C aij Qj, as an i ns t rumen t  t o  c o r r e c t  t h e  

i n d i v i d u a l i s t i c  behaviour o f  ope ra to r  5 .  N a t u r a l l y ,  t h i s  t a x  rep resen ts  t h e  

induced c o s t  t o  the  r e s t  o f  t h e  users.  

I f  the  a d m i n i s t r a t i v e  a u t h o r i t i e s  c o l l e c t  t h e  t a x  i n d i c a t e d  f rom u s e r  i, i t  

seems l o g i c a l  t o  compensate him subsequent ly w i t h  t h e  amounts k a j i  Qj Qi, 

c o l l e c t e d  from users j as pumping cos ts  induced t o  him. I n  t h i s  case, t h e  n e t  

payment of t h e  f i r s t  would be C k ( a i j  - a j i )  Qi Qj, which may be e i t h e r  

p o s i t i v e  o r  negat ive .  Consequently, i n  t h e  f i n a l  se t t l emen t  some opera to rs  w i l l  

r ece i ve  more money than the  amount a l ready  p a i d  on account, and t h e  remainder 

w i l l  n o t  recover  t h e  t a x  they  have pa id .  Cons ider ing  t h e  phys i ca l  meaning o f  

t h e  c o e f f i c i e n t s  a i j ,  t he  f i n a l  r e s u l t  cou ld  be viewed as t h e  owners o f  t h e  

"wors t  l oca ted"  w e l l s  s u f f e r i n g  p e n a l i z a t i o n s  p r o f i t e d  by the  owners o f  t h e  

"bes t  1 ocated" we1 1 s .  

The imbursement i n t o  t h e  P u b l i c  Treasury  o f  t h e  e n t i r e  funds  c o l l e c t e d  would 

a l s o  be chal lenged, as the  l e s s  favoured ( l a r g e r  a i j )  would make a g r e a t e r  
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c o n t r i b u t i o n  t o  p u b l i c  expenses. F i n a l l y ,  the a l l o c a t i o n  o f  the quotas 

r e s u l t i n g  from the optimal s o l u t i o n  o f  c e n t r a l i z e d  management would a1 so be 

unsa t i s fac to ry  f o r  the owners o f  the worse wel ls ,  because t h e i r  p r o f i t  would be 

lower than i n  a f r e e l y  operated s i  

3. EFFECTS ON RIVER FLOW 

Under natura l  hydro log ica l  cond 

i n  the form o f  springs o r  d i f f u s e  

out f low t o  the r i v e r s  i s  reduced 

uation. 

t i o n s  the aqu i fe r  recharge goes t o  the  r i v e r s  

out f lows.  When the aqu i fe r  i s  exp lo i t ed  the  

and i t  can even occur t h a t  the na tu ra l  

d i r e c t i o n  o f  f l ow  i s  i nve r ted  (F ig .  3 ) .  

o v e r a l l  l oss  o f  value 4 can 

detracted. 

The r i v e r  water may i n  i t s  t u r n  be used f o r  d i f f e r e n t  purposes, so t h a t  an 

be induced on downstream users f o r  each cubic  metre 

The fo l l ow ing  questions are reasonable i n  such circumstances: 

D i r e c t  problem: t o  maximize the o v e r a l l  p r o f i t  o f  a l l  the users, what 

quan t i t y  o f  water should be ext racted from the aqu i fe r?  How should i t  be 

d i s t r i b u t e d  among the d i f f e r e n t  w e l l s  o r  groups o f  w e l l s ?  How should the cos t  

o f  r i v e r  water de t rac t i on  be imputed? 

Symmetric problem: i f  i t  i s  necessary t o  pump a se t  amount from the  a q u i f e r  

t o  supply an imposed demand and we wish t o  minimize the o v e r a l l  cost  o f  

f u l f i l l i n g  it, how should the ex t rac t i ons  be d i s t r i b u t e d ,  and how should the  

cos t  o f  r i v e r  de t rac t i on  be imputed? 

3 . 1  Confined Aqui fers  

Under the assumption o f  e l a s t i c  and instantaneous response o f  aqui fers  

considered up t o  t h i s  p o i n t  the d e t r a c t i o n  caused by each we l l  i s  e x a c t l y  equal 

t o  the amount o f  water pumped. The formulat ion o f  the problems s ta ted  above i s  

s i m i l a r  t o  t h a t  o f  the previous example, and i n  both cases the optimal s o l u t i o n  

i s  the one the users would reach on t h e i r  own i f  they considered an a d d i t i o n a l  

u n i t  pumping cost which f o r  user i i s  

Qj 
add cost = 4 + C K aij . 

j#i 

The considerations made i n  2 regarding the f e a s i b i l i t y  o f  ob ta in ing  the  

socioeconomic optimum under condi t ions o f  ind iv idual ly -owned proper ty  a l so  apply 

t o  t h i s  case. The co r rec t i ng  tax w i l l  be opposed by the owners o f  the worst  

wel ls ,  arguing t h a t  they are obl iged t o  con t r i bu te  more t o  the  cos t  o f  r i v e r  

water det ract ion.  The mere i n t r o d u c t i o n  o f  a uniform r a t e  w i l l  l ead  t o  an 

amount o f  water being abstracted from t h e  r i v e r  i n  excess o f  the optimum and 

which, combined w i t h  the ass ignat ion o f  the optimal quotas, would be i n  

detr iment t o  the output  o f  the poorer wel ls ,  and so on successively. 

The soc ia l  i n e q u i t y  o f  economic op t im iza t i on  i s  a r e s u l t  o f  s e t t i n g  the 

ob jec t i ve  o f  ob ta in ing  maximum p r o f i t  o r  minimum o v e r a l l  cost, and t h i s  can o n l y  
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be achieved by s t reng then ing  t h e  a c t i v i t i e s  o f  t h e  most e f f i c i e n t  w e l l s  i n  
de t r imen t  t o  t h e  r e s t .  Another byproduc t  o f  o p t i m i z a t i o n  i s  a lower  consumption 

o f  t h e  p roduc t i on  f a c t o r s  (water  f rom t h e  r i v e r  and energy i n  t h i s  case) .  

I f  the  w e l l  owners opera ted  f r e e l y ,  even pay ing  a u n i t  t a x  2, t h e  amount o f  

t h e  water resource  - and energy - used would be h ighe r .  Op t im iza t i on  a c t s  as a 

conserva t i on  i ns t rumen t  f o r  n a t u r a l  resources, p r e s e r v i n g  them f o r  p o s s i b l e  

f u t u r e  use. 

To sum up, economic a n a l y s i s  does n o t  use c r i t e r i a  o f  s o c i a l  j u s t i c e  i n  t h e  

t rea tment  o f  e x t e r n a l i t i e s .  It s imp ly  s t a t e s  t h a t  p u b l i c  ownership o f  t h e  means 

o f  p roduc t i on  would perhaps be p r e f e r a b l e  and p rov ides  t h e  o v e r a l l  economic c o s t  

o f  t h e  p o s s i b l e  dec i s ions  f o r  t h e  c o r r e c t i o n  o f  e x t e r n a l i t i e s .  

3.2 Unconfined Aqu i fe rs  

Fo r tuna te l y ,  t he re  a re  v e r y  few p e r f e c t l y  con f ined  a q u i f e r s .  I n  most cases, 

s to rage p lays  an impor tan t  r o l e  i n  t h e  way pumping opera t i ons  a f f e c t  wa te r  

l e v e l s  and t r a n s f e r s  o f  f l o w  w i t h i n  t h e  a q u i f e r .  The s teady  s t a t e  response t o  a 

sus ta ined change i n  pumping p a t t e r n  may t a k e  years  t o  achieve. 

The i n f l u e n c e  c o e f f i c i e n t s  grow i n  t ime  towards t h e i r  f i n a l  a i j  values. 

Unt i l  these a r e  reached, t h e  Basin A u t h o r i t y  does n o t  possess s u f f i c i e n t  

evidence t h a t  c o r r e c t i v e  measures need t o  be taken and, fu r thermore ,  i t  i s  v e r y  

l i k e l y  t h a t  t h e  va lue  o f  t he  parameters N, K and p w i l l  a l s o  remain uns tab le .  

Admi t t i ng  t h a t  a steady pumping p a t t e r n  w i l l  f i n a l l y  be es tab l i shed ,  i t  would 

be p e r f e c t l y  j u s t i f i e d  by economic theo ry  f o r  t h e  A u t h o r i t y  t o  e s t a b l i s h  a t a x  

c o n s i s t i n g  o f  one sum t o  compensate t h e  r i v e r  users,  another  t o  c o r r e c t  t h e  

i n f l uences  between we l l s ,  and perhaps a t h i r d  one t o  a v o i d  o v e r d r a f t .  

However, steady opera t i on  p r a c t i c e s  v e r y  r a r e l y  e x i s t  i n  wa te r  resources  

systems: a q u i f e r  recharge and s t reamf low a re  random magnitudes, t h e  most 

impor tan t  groundwater e x p l o i t a t i o n  i s  u s u a l l y  seasonal , and t h e  u n i t  va lue  o f  

t h e  r i v e r  water  a l s o  v a r i e s  depending on i t s  abundance o r  s c a r c i t y .  

Consequently, t h e  t ime v a r i a b l e  must be p resen t  i n  t h e  e v a l u a t i o n  of  

e x t e r n a l i t i e s .  For  t h i s  purpose f l o w  models a r e  used which s i m u l a t e  boundary 

and recharge c o n d i t i o n s  o f  t h e  aqu i fe r ,  i t s  hydrodynamic parameters and t h e  

space-time d i s t r i b u t i o n  o f  t h e  pumping (Young, R. and Bredehoeft ,  J., 1970 and 

1972). have been developed more r e c e n t l y ,  

i n c l u d i n g  Kernel  o r  i n f l u e n c e  f u n c t i o n s  (Maddock, T. 111, 1972) o r  t h e  method o f  

e igenva lues  (Sahuqu i l lo ,  A., 1983). 

One impor tan t  problem i n  t h e  economic s tudy  o f  these e x t e r n a l  e f f e c t s  i s  t o  

s e t  va lue  - c of t he  u n i t  l o s s  t o  t h e  r i v e r  users,  wh ich  o f t e n  r e q u i r e s  s tudy ing  

t h e  remaining hyd ro log i ca l  f a c t o r s  govern ing  these uses. A l t e r n a t i v e l y ,  t h e  

l i m i t s  of t h e  system be ing  op t im ised  can be extended f rom t h e  a q u i f e r  t o  t h e  

o v e r a l l  a q u i f e r - r i v e r  u n i t .  Th is  i n t e r n a l i z a t i o n  o f  t h e  e x t e r n a l  c o s t s  i s  t h e  

Other more compact t o o l s  o f  a n a l y s i s  
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approach adopted i n  t h e  c o n j u n c t i v e  use the  s imp les t  v e r s i o n  o f  which 

c o n s i s t s  o f  d e t r a c t i n g  f rom the  amount o f  water  pumped a phys i ca l  compensation 

equ iva len t  t o  the  amount abs t rac ted  f rom the  r i v e r .  

We s h a l l  f i n a l l y  i n d i c a t e  t h a t  as pumpings made near a r i v e r  have a much 

g rea te r  e f f e c t  on the  streamflow than those f u r t h e r  away, d i s tance  i s  a key 

v a r i a b l e  i n  the  assignment o f  pumping quotas and nega t i ve  ( o r  p o s i t i v e )  e x t e r n a l  

e f f e c t s  on t h e  d i f f e r e n t  groups o f  w e l l s ,  p rov ided  the  importance o f  t h e  

d e t r a c t i o n  l i e s  i n  the  f a c t  t h a t  i t  takes p lace  i n  a s e t  p e r i o d  o f  t h e  yea r .  

These ideas have been developed i n  Topic 4 o f  t h e  Symposium and f o r  t h i s  reason 

we s h a l l  s imp ly  i n d i c a t e  t h a t  i n  these circumstances o f  seasona l i t y  t h e  s i t i n g s  

we c l a s s i f i e d  e a r l i e r  as "worst  l oca ted"  a re  the  ones t o  have preference.  

schemes, 

4. OTHER EXTERNALITIES 

The most impor tan t  ones are those r e f e r r i n g  t o  t h e  q u a l i t y  o f  t h e  water .  

Excessive and/or bad ly  l o c a t e d  pumping opera t i ons  can l e a d  t o  sea water  

i n t r u s i o n  i n t o  coas ta l  a q u i f e r s  o r  o f  b r a c k i s h  water  i n t o  i n l a n d  a q u i f e r s .  The 

mere d i s t o r t i o n  o f  t he  n a t u r a l  balance between t a k i n g  up and r e l e a s i n g  o f  s a l t s  

i n  the  a q u i f e r  g r a d u a l l y  leads t o  another  e q u i l i b r i u m  w i t h  a lower  q u a l i t y  o f  

t h e  s to red  water .  

I n  i n t r u s i o n  problems, what i s  u l t i m a t e l y  o f  i n t e r e s t  i s  n o t  t h e  c o n t r o l  and 

p r e v i s i o n  o f  t he  degree t o  which q u a l i t y  dec l i nes ,  b u t  r a t h e r  be ing  c e r t a i n  t h a t  

i t  does n o t  d e c l i n e  below a minimum admiss ib le  l e v e l ;  t h e  c o n t r o l  v a r i a b l e  o f  

t h e  phenomenon i s  piezometry.  Furthermore, o p e r a t i o n a l  s i t e s  become useless 

much more r a p i d l y  than i n  pure o v e r d r a f t  processes. Other c i rcumstances, such 

as the  f a c t  t h a t  waters o f  d i f f e r e n t  q u a l i t y  c o n s t i t u t e  d i f f e r e n t  commodities, 

t h e  complex i ty  o f  t he  phys i ca l  models, l a c k  o f  knowledge o f  t he  parameters 

i n v o l v e d  i n  these models, t h e  i n a p p l i c a b i l i t y  o f  t a x a t i o n  systems, e tc . ,  w i l l  

imp ly  t h a t  f o r  a l o n g  t ime  the  use o f  t h e  resource w i l l  be f a r  f rom economic 

o p t i m i z a t i o n  i n  t h e  r e a l  t rea tmen t  o f  these problems. 

imposing minimum l i m i t s  on p iezomet r i c  l e v e l s  

c l o s e  t o  t h e  coast, an o b j e c t i v e  t h a t  can be achieved by ass ign ing  maximum 

pumping discharges which can e v e n t u a l l y  be m o d i f i e d  i f  necessary on t h e  bas i s  o f  

p iezomet r i c  c o n t r o l  and maximum depths i n  the  w e l l s .  

e x i s t  means t h a t  t h e  p u b l i c  i s  

n o t  s u f f i c i e n t l y  aware o f  them and i n  p a r t  t h i s  may be due t o  the  smal l  number 

o f  economic assessments made d u r i n g  o r  a f t e r  t h i s  s o r t  o f  processes, such as t h e  

one presented t o  us by C.M. De l a  Cruz r e f e r r i n g  t o  the  Bay o f  Mani la  o r  cases 

such as t h e  one recounted by Tushaar Shah i n  t h e  Saurashtra Region i n  I n d i a .  

Ground water  e x t e r n a l i t i e s  can a l s o  be p o s i t i v e ,  i n  which case a premium 

should be granted t o  product ion,  e q u i v a l e n t  t o  t h e  induced p r o f i t .  A c l e a r  

example o f  t h i s  type i s  p rov ided  by zones w i t h  dra inage problems, such as t h e  

Cor rec t i ve  measures c o n s i s t  o f  

The f a c t  t h a t  sea water  i n t r u s i o n  problems do 
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one presented by Tushaar Shah i n  h i s  paper on Gu ja ra t  and many o t h e r  areas i n  

I n d i a .  

as reserve f a c i l i t i e s  a g a i n s t  

droughts, a p o l i c y  which always under1 i e s  con junc t i ve  use. I n  these schemes, 

each cubic  metre o f  ground water  ex t rac ted  i s  equ iva len t  t o  K > 1 c u b i c  metre o f  

guaranteed supply, s ince  the K - 1 d i f f e r e n c e  i s  ob ta ined  through a l e s s  

conservat ive use o f  sur face r e s e r v o i r s .  

A s i m i l a r  s i t u a t i o n  a r i s e s  f rom us ing  a q u i f e r s  

5. GROUND WATER EXTERNALITIES I N  SPANISH LEGISLATION 

The Water Law i n  force u n t i l  1985 dated from 1879 and i t  s c a r c e l y  p a i d  

a t t e n t i o n  t o  ground water.  I t  considered ground water  suscep t ib le  t o  p r i v a t e  

app rop r ia t i on ,  except i n  two bands 100 m wide on each s i d e  o f  r i v e r s ,  w i th  no 

l i m i t a t i o n s  o t h e r  than a minimum d is tance  o f  100 m between w e l l s  and those 

de r i ved  from t h e  general precepts  o f  t he  C i v i l  Code. One s i n g l e  precept ,  a r t .  

23, es tab l i shed  the p r o h i b i t i o n  t h a t  "nobody s h a l l  have the  r i g h t  t o  d i v e r t  o r  

separate p u b l i c  o r  p r i v a t e  waters from t h e i r  n a t u r a l  course", b u t  t he  terms were 

so general and ambiguous t h a t  o n l y  i n  m a n i f e s t l y  no to r ious  cases c o u l d  they be 

app l i ed  t o  ground waters.  

I t  seems t h a t  t he  gaps i n  the  Law were n o t  f e l t  u n t i l  t h e  n ine teen  f i f t i e s ,  

due t o  the p r o l i f e r a t i o n  o f  w e l l s  i n  t h e  a l l u v i a l  v a l l e y  o f  t he  R i v e r  Segura 

(Murc ia) .  Based on the  aforementioned a r t .  23, an Order o f  t he  Government 

Presidency i n  1959 c l a s s i f i e d  as p u b l i c  a l l  the waters o f  t h e  a l l u v i a l  aqu i fe r ,  

which was exp ress l y  def ined; from thencefor th ,  t h e  waters  o f  t he  Segura V a l l e y  

cou ld  o n l y  be used w i t h  S ta te  granted concessions. I n  1962 a spec ia l  Law was 

passed f o r  t he  Canary I s lands  where d e t r a c t i o n  between users was common and a 

c l e a r  danger emerged o f  overexpl  o i  t a t i o n .  Fac i  1 i t i e s  t o  use ground water  were 

subjected t o  a system o f  au tho r i za t i on ,  a f t e r  a formal requirement o f  a p u b l i c  

i n fo rma t ion  p e r i o d  t o  those who might  be af fected,  b u t  t he  water  was s t i l l  

c l a s s i f i e d  as p r i v a t e .  

The d r i l l i n g  boom which occurred d u r i n g  t h e  second h a l f  o f  t h e  s i x t i e s  

o b l i g e d  the  Government t o  pub1 i s h  two Decree-Laws imposing temporary 

p r o h i b i t i o n s  i n  s p e c i f i c  areas o f  Andalusia and Majorca. I n  1973 a Decree 

prov ided r e q u l a t i o n s  on the a d m i n i s t r a t i v e  procedures t o  c r e a t e  new w e l l s  i n  t h e  

Province o f  the Ba lea r i c  Is lands,  and a s i m i l a r  Decree was issued i n  1980 f o r  

t he  bas in  o f  t he  R ive r  Andarax i n  Almeria Provi,nce. 

Several at tempts were made t o  re form t h e  Water Law f rom 1961 onwards b u t  f o r  

one reason o r  another they were unsuccessful .  The White Paper produced i n  1971 

proposed t h a t  ground waters should be considered p u b l i c ,  and t h i s  i dea  became 

d e f i n i t i v e l y  strengthened as the  t ransformat ions f rom d r y  farming t o  i r r i g a t e d  

lands spread from the  Mediterranean coasts  t o  i n l a n d  bas ins.  

The new Water Law approved i n  1985 inco rpo ra ted  ground waters  i n t o  goods o f  
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p u b l i c  domain, be ing s u s c e p t i b l e  t o  p r i v a t e  use w i t h  o f f i c i a l  g ran ted  

concession; t h e  r i g h t  o f  an owner o f  a p i e c e  o f  l a n d  t o  e x t r a c t  t he re f rom up t o  

a maximum o f  7,000 m3 pe r  annum i s  recognised i n  the  Law, w i t h  the  d i s tance  

l i m i t s  s e t  i n  the  Regulat ions.  

The t reatment  o f  e x t e r n a l i t i e s  may be summarised as f o l l o w s :  

5.1 Grant ing o f  Concessions 

These a r e  granted t a k i n g  i n t o  account t h e  terms o f  t h e  Water P lan rega rd ing  

t h e  r a t i o n a l  use o f  t he  bas in  water  resources, and those o f  t he  s p e c i f i c  

hydrogeologica l  u n i t ,  such as maximum pumping d ischarge d i s tance  between w e l l s  

and t o  r i v e r s .  

r i g h t s  o f  

t h i r d  p a r t i e s ,  who have t h e  p u b l i c  i n f o r m a t i o n  

stage. The Basin A u t h o r i t y  may impose o r  propose among t h e  c o n d i t i o n s  o f  t h e  

concession the  payment o f  phys i ca l  o r  economic compensation t o  t h e  owners o f  

o t h e r  l e g a l i s e d  f a c i l i t i e s  which prove t o  be a f f e c t e d .  

Concessions may be exp rop r ia ted  and t h e i r  c o n d i t i o n s  may be m o d i f i e d  when 

t h i s  i s  necessary t o  b r i n g  them i n t o  l i n e  w i t h  the  Basin Water Plan. I n  b o t h  

cases the  i n j u r e d  p a r t y  has the  r i g h t  t o  an indemni ty .  

A l l  concessions are understood t o  be made w i t h o u t  p r e j u d i c e  t o  t h e  

p o s s i b i l i t y  o f  appeal ing a t  t h e  

5.2 O v e r e x p l o i t a t i o n  o f  Aqu i fe rs  

The Basin A u t h o r i t y  may o f f i c i a l l y  dec la re  t h a t  an a q u i f e r  o r  hydrogeologica l  

u n i t  i s  o v e r e x p l o i t e d  o r  i n  danger o f  becoming so and a d e c l a r a t i o n  o f  t h i s  k i n d  

produces t h e  f o l l o w i n g  e f f e c t s :  

a)  s topping o f  a l l  a p p l i c a t i o n s  f o r  new concessions o r  t o  modi fy  e x i s t i n g  ones; 

b )  compulsory c r e a t i o n  o f  a Users Associat ion;  
c )  o b l i g a t i o n  t o  draw up a comprehensive Plan which regu la tes  the  w i thd rawa ls  

f rom t h e  a q u i f e r .  

The a d m i n i s t r a t i v e  d e f i n i t i o n  o f  t he  concept i s  r e l a t i v e l y  vague, r e f e r r i n g  

t o  the  q u a n t i t y  o f  t h e  renewable resources o f  t h e  a q u i f e r  o r  t o  a se r ious  

d e c l i n e  i n  i t s  q u a l i t y .  Up t o  t h e  p resen t  moment, t h e  Basin A u t h o r i t i e s  have 

i ssued  f o u r  d e c l a r a t i o n s  o f  o v e r e x p l o i t a t i o n ,  t h e  formula has been a p p l i e d  b y  

Decree i n  o t h e r  areas, and a spec ia l  Law has been approved f o r  t he  Segura Basin 

which, among o t h e r  measures, con ta ins  a s o r t  o f  concealed d e c l a r a t i o n  f o r  t h e  

e n t i r e  Basin.  

5.3 Sea and Brack ish Water I n t r u s i o n  

The Basin A u t h o r i t y  may dec la re  t h a t  a zone i s  i n  t h e  process o f  s a l i n i z a t i o n  

and i s  thereby au tho r i sed  t o  impose l i m i t s  on e x t r a c t i o n s  and t o  r e d i s t r i b u t e  

them i n  space. 
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The a d m i n i s t r a t i v e  procedures a re  i d e n t i c a l  t o  those s e t  f o r t h  f o r  

overexpl  o i  t a t i o n .  

5 . 4  A f f e c t i o n s  Between Users 

The mere v a r i a t i o n  o f  t he  water  l e v e l  i n  a w e l l  due t o  pumping i n  another i s  

n o t  considered an a f f e c t i o n ,  b u t  r a t h e r  a r e d u c t i o n  i n  t h e  a v a i l a b l e  f low,  o r  a 

d e t e r i o r a t i o n  i n  i t s  q u a l i t y  p reven t ing  i t s  use f o r  t h e  purpose t o  wh ich  i t  was 

assigned. n o t  cons idered a 

d e t r a c t i o n  i f  the  a v a i l a b l e  remainder i s  equal t o  o r  l a r g e r  than t h e  amount 

a c t u a l l y  used. 

and must be checked by 

t h e  Basin A u t h o r i t y .  I f  the  check i s  p o s i t i v e ,  t h e  works o r  i n s t a l l a t i o n s  t o  be 

made i n  o rde r  t o  ensure t h e  p r e - e x i s t i n g  c o n d i t i o n s  must be determined, and 

t h e i r  cos t  must be borne by the  ho lde r  o f  t he  most r e c e n t  concession. I f ,  even 

by these means, t he  prev ious  sca le  o f  ope ra t i on  cannot be res to red ,  t h e  

p o s s i b i l i t i e s  open a re  the  phys i ca l  r e s t o r a t i o n  o f  t h e  f l ow ,  an indemni ty  by 

mutual agreement, or  a r e v i s i o n  o f  t he  most recen t  concession. 

The reduc t i on  o f  t he  f l o w  o f  a s p r i n g  o r  g a l l e r y  i s  

A f f e c t i o n s  can be repo r ted  by the  concession ho lders  
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