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ABSTRACT 

T h i s  paper  r a i s e s  economic i s s u e s  r e l a t e d  to  ground-water  deve lopment  f o r  
c o n s i d e r a t i o n  by p o l i c y  makers  and t e c h n i c a l  s p e c i a l i s t s  i n  d e v e l o p i n q  
c o u n t r i e s .  Those i s s u e s  i n c l u d e :  f a c t o r s  a f f e c t i n g  t h e  costs o f  qround w a t e r ;  
t h e  economics o f  c o n j u n c t i v e  u s e  and c o n s e r v a t i o n ;  a n d ,  p u b l i c  vs .  p r iva te  
development  of  t h e  r e s o u r c e .  C o n s t r a i n t s  t o  s u s t a i n a b l e  ground-water  
development  a r e  p r e s e n t e d ,  as w e l l  a s  p o l i c i e s  to  overcome them, i n c l u d i n q  
cost r e c o v e r y  measures .  Government policies which might  be i n t r o d u c e d  t o  
promote s u s t a i n a b l e  development  a r e  s u g q e s t e d  i n c l u d i n q  measures  r e l a t e d  t o  
r e g u l a t i o n ,  r a t  ion i n g  and p r i c i n g  . 

1 INTRODUCTION 

Economic issues r e l a t e d  t o  qround w a t e r  have become i n c r e a s i n g l y  

i m p o r t a n t  i n  r e c e n t  y e a r s  w i t h  t h e  widespread  expans ion  i n  ground-water  

r e s o u r c e s  development  t h r o u g h o u t  t h e  World and t h e  e n s u i n q  danqer  of d e p l e t i o n  

o f  t h e  r e s o u r c e  in  some a r e a s .  The p u r p o s e  o f  t h i s  paper is t o  r a i s e  

i m p o r t a n t  economic issues which  m u s t  be  c o n s i d e r e d  by t e c h n i c i a n s  and  p o l i c y  

makers  i n  t h e  p r o c e s s  o f  makinq i n v e s t m e n t  d e c i s i o n s  r e q a r d i n g  qround-water  

development .  I n  t h i s  r e q a r d ,  i t  is n o t  s u f f i c i e n t  simplv to  have  an e x c e l l e n t  

s o u r c e  of  qround water .  Also p r e s e n t  must be  t h e  in f ras t ruc ture ,  p o p u l a t i o n ,  

n a t u r a l  c o n d i t i o n s  and m a r k e t s  t o  p l a c e  t h e  i n v e s t m e n t  w i t h i n  an a c c e p t a b l e  

economic c o n t e x t .  The costs and b e n e f i t s  of  a l t e r n a t i v e  methods o f  d e v e l o p i n q  

water  r e s o u r c e s  should  be compared and t h e  optimum c h o i c e  based  on t h e  

p r e v a i l i n g  economic and f i n a n c i a l  s i t u a t i o n  f a c i n q  t h e  c o u n t r y  or t h e  

i n d i v i d u a l .  

The types of economic issues which w i l l  be d i s c u s s e d  i n c l u d e  f a c t o r s  

a f f e c t i n q  t h e  costs of  ground w a t e r ;  t h e  economics of  c o n s e r v a t i o n  and  

c o n j u n c t i v e  u s e ;  p u b l i c  v s  p r i v a t e  deve lopment  of  t h e  r e s o u r c e ;  and methods of 

meet ing  t h e  r e q u i r e d  costs, i n c l u d i n g  p r i c i n g  policies. F o l l o w i n g  t h e  

r e c e s s i o n  o f  t h e  e a r l y  1980s and a c o n t r a c t i o n  o f  f u n d s  a v a i l a b l e  f o r  



i n t e r n a t i o n a l  t e c h n i c a l  co-opera t ion ,  n o  coun t ry  can a f f o r d  t o  was te  i t s  

l i m i t e d  f i n a n c i a l  and n a t u r a l  rf?SOUKCeS. The t a s k  o f  supply inq  t h e  world wi th  

adequate  q u a n t i t i e s  of accep tab le  q u a l i t v  water would r e q u i r e  t h o  moh i i i za t ion  

of g r e a t l y  inc reased  f i n a n c i a l  resources dur inq  a time of r e c e s s i o n  and heavy 

e x t e r n a l  deb t .  C o s t  recovery  policies and f i n a n c i a l  p lanninq  a r e  r equ i r ed  a t  

t h e  n a t i o n a l  l e v e l ,  a s  components o f  water r e s o u r c e s  development. 

1.1 The ub iqu i ty  of ground water i n  t h e  world 

Ground water i s  t h e  l a r g e s t  SOUKCe of f r e s h  water  a v a i l a h l e  on t h e  

e a r t h .  The e s t ima ted  amount of qround water to  a dep th  o f  t w o  miles i n t o  t h e  

c r u s t  of t h e  e a r t h ,  is about  18 m i l l i o n  k m 3  (Uni ted  Na t ions ,  1975) .  

ground water c o n s t i t u t e s  a v a s t  and a lmost  u b i q u i t o u s  r e s o u r c e  f o r  s a t i s f v i n q  

water requi rements  o f  a l l  k inds .  Ground water is o f t e n  t h e  on lv  sou rce  of 

water in a r i d  and semi-ar id  r e q i o n s  of t h e  e a r t h ,  and in such r e q i o n s  it is of 

fundamental  importance to  any social o r  economic development.  In  humid p a r t s  

of t h e  world, where r i v e r s  and l a k e s  have h i s t o r i c a l l y  supp l i ed  much of t h e  

water needed by man, t h e  va lue  of ground water h a s  tended to  he over looked .  

In r e c e n t  decades ,  however, a s  sur face-water  s u p p l i e s  have been d e p l e t e d  o r  

contaminated, ground water has become a major source  of water sunplv ,  even in  

many humid c o u n t r i e s .  In  some cases, where s u r f a c e  water had to  be pumped 

through lonq p i p e l i n e s  f o r  d e l i v e r y  t o  u s e r s ,  qround water has  hrouqht  abou t  

s av ings  on p i p e l i n e s  and t r ea tmen t .  

T h i s  

The t echno log ica l  improvements of t h e  p a s t  40  y e a r s  c o n s t i t u t e  an 

important f a c t o r  t h a t  has  rendered  p o s s i b l e  t h e  l a r g e - s c a l e  e x p l o i t a t i o n  of 

qround water .  E f f e c t i v e  methods and tools a r e  now a v a i l a h l e  f o r  

hydrogeologica l  r e s e a r c h  and e x p l o i t a t i o n  and ,  t h e r e f o r e ,  f o r  t h e  

unders tandinq  of ground water .  The g r e a t l y  inc reased  knowledqe o f  t h e  qeoloqy 

and hydroloqy of t h e  a r e a s  i n v e s t i g a t e d ,  t h e  more d e t a i l e d  unders tandinq  of 

t h e  h y d r a u l i c s  of ground-water f low and r echa rge ,  t h e  improved methods of 

hydro loq ica l  a n a l y s i s  and t h e  a p p l i c a t i o n  o f  computer model l inq  and remote 

sens inq  t o  ground-water problems have l ed  t o  a more a c c u r a t e  q u a n t i t a t i v e  

de t e rmina t ion  of t h e  water r e sources  s t o r e d  underqround and of t h e  n a t u r e  of 

t h e i r  r ep len  i shmen t . 

1 . 2  Advantages of ground-water development 

Over t h e  p a s t  few decades  t h e  economic v i a b i l i t y  of u s ing  qround water  

fo r  water supply p r o j e c t s  h a s  l e d  t o  r ap id  growth in i ts  u s e ,  pa r t i cu la r1 .y  in 

Asia.  Tubewells a r e  i n c r e a s i n q l y  used f o r  both p u b l i c  and p r i v a t e  
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e x p l o i t a t i o n  of ground water.  Any a r e a  wi th  a s h o r t a q e  of s u r f a c e  water 

sources  and p r e c i p i t a t i o n  bu t  w i th  qood q u a l i t y  a q u i f e r s  can c l e a r l y  b e n e f i t  

from ground-water development. 

Ground water may be p a r t i c u l a r l y  v a l u a b l e  in  auqmentinq s u r f a c e  water 
s u p p l i e s  du r ing  r e l a t i v e l y  s h o r t  p e r i d s  o f  peak demand, e s p e c i a l l y  f o r  

a g r i c u l t u r e .  Wells can be s i t e d  a d j a c e n t  t o  t h e  a r e a  to be i r r i g a t e d  or t h e  

indus t ry  served ,  and, t h e r e f o r e ,  c o s t l y  d i s t r i b u t i o n  systems can be  avoided .  

I r r i g a t i o n  systems based on w e l l s  can be brought i n t o  o p e r a t i o n  much more 
r a p i d l y  and e f f i c i e n t l y  than systems based on r e s e r v o i r  c o n s t r u c t i o n  and 

c a n a l s ,  which may t a k e  more than  a decade  to  complete. Moreover, 

ground-water development can be phased wi th  demand, avoid inq  costlv e x c e s s  

c a p a c i t y  in t h e  e a r l y  s t a g e s  of development. Ground water  p rov ides  a 
r e l i a b l e  supplement to  r a i n f a l l  and s u r f a c e  water ,  and can be  tapped whenever 

needed (Car ru the r s  and C la rk ,  1983).  

In community water supply ,  e x p l o i t a t i o n  o f  qround water h a s  been t h e  

main means t o  p rov ide  access  t o  c l ean  d r i n k i n q  water f o r  popu la t ions  in  r u r a l  

a r e a s  under programmes o f  t h e  I n t e r n a t i o n a l  Drinkinq Water Supply and 

S a n i t a t i o n  Decade, 1981-1990. Usinq low-cost t echno log ie s  in many a r e a s ,  

ground water pumped by hand is an inexpens ive  way to  improve t h e  l i v e s  of 

m i l l i o n s  of people.  N o t  on ly  has access  t o  c l ean  water (a lonq  wi th  h e a l t h  

educa t ion )  had a p o s i t i v e  e f f e c t  on t h e  h e a l t h  and well-beinq of t h e  people ,  

bu t  it has a l s o  had a p o s i t i v e  e f f e c t  on income i n  a r e a s  where women f r e e d  

from c a r r y i n q  water have used t h e i r  time t o  g e n e r a t e  income. 
I n d u s t r i e s  loca ted  in  deve loping  c o u n t r i e s  o f t e n  d r i l l  t h e i r  own wells 

in  o rde r  to  have imnediate access t o  a r e l i a b l e  water supply.  I f  t hey  had to  

depend on t h e  p u b l i c  system, t h e r e  might be  de l ays ,  as  w e l l  as  i n t e r r u p t i o n s  

in  s e r v i c e .  Moreover, t h e  q u a l i t y  requi rements  f o r  ground water  used by 

i n d u s t r y  may be less s t r i n g e n t  than f o r  d r i n k i n g  water supply.  S i n c e  

i n d u s t r i e s  u s u a l l y  have some sort of e l e c t r i c i t y  supply ,  t h e  a d d i t i o n a l  

e l e c t r i c i t y  r equ i r ed  t o  pump t h e  water e n t a i l s  verv  l i t t l e  cost. 

1.3 Disadvantages of ground-water development 

In many a r e a s ,  ground-water resources a r e  l i m i t e d  in  r e l a t i o n  t o  
p o t e n t i a l  a g r i c u l t u r a l  needs .  Some ground water is of poor q u a l i t y  and t h e  

complex, c o s t l y  technology f o r  a b s t r a c t i o n  is o f t e n  beyond t h e  means o f  t h e  

users .  Seldom do i n s t i t u t i o n a l  means e x i s t  to ensure a f a i r  d i s t r i b u t i o n  of 

t h e  r e source  t o  a l l  who need it  ( C a r r u t h e r s  and S tone r ,  1981) .  
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Ground-water i r r i q a t i o n  is g e n e r a l l y  expens ive  and appea r s  t o  be  

economic mainly in t h e  case o f  h igh  va lue ,  low-water-usinq c rops .  Pumps 

u s u a l l y  have t o  be powered by c o s t l y  d i e s e l  f u e l  or e lectr ic i tv ,  and 

maintenance and r e p a i r  costs f o r  t h e  equipment may be  h iqh .  I f  r e t u r n s  t o  

investment in terms of h igher  a q r i c u l t u r a l  p r o d u c t i v i t y  and qood p r i c e s  a r e  

n o t  appa ren t ,  users may n o t  be a b l e  to  s u s t a i n  t h e  h iqh  r e c u r r e n t  costs. 

For urban water supply  and i n d u s t r y ,  overpumping can  l e a d  t o  problems OC 

l and  subs idence ,  s a l t -wa te r  i n t r u s i o n  and d e t e r i o r a t i o n  in  qround-water 

q u a l i t y ,  e s p e c i a l l v  i n  c o a s t a l  a r e a s .  Some i n d u s t r i e s  have been induced t o  

r e c y c l e  water t o  save  on produc t ion  costs and r educe  p o l l u t i o n .  

For community water supply  t h e  main c o n s t r a i n t  to  qround-water u se  is  

cost. People  have t r a d i t i o n a l l y  used water from s u r f a c e  sou rces  o r  sha l low 

dug wells, which d i d  n o t  cost them anv th ing .  The i n t r o d u c t i o n  o f  a 

ground-water supply  wi th  a handpump or s t a n d p o s t  e n t a i l s  costs f o r  

i n s t a l l a t i o n  and equipment, as w e l l  a s  f o r  r e p a i r s ,  o p e r a t i o n  and 

maintenance. Many r u r a l  people  a r e  n e i t h e r  w i l l i n g  nor  a b l e  to  spend monev 

on water, which they  cons ide r  t o  be  a g i f t  from God. 

1.4 R o l e  of t h e  i n t e r n a t i o n a l  community 

The s t a t e d  aim of ex te rna l  t e c h n i c a l  and f i n a n c i a l  a s s i s t a n c e ,  o t h e r  

than emergency a s s i s t a n c e ,  is t o  promote lonq-term s e l f - s u s t a i n a b l e  

development, which in  time should d imin i sh  t h e  dependence on e x t e r n a l  

f i nanc inq .  The i n t e r n a t i o n a l  community also has  an impor tan t  advocacv role 

to p l a y  in promoting s e l e c t e d  impor tan t  programmes such a s  t h e  Mar d e l  P l a t a  

Action P lan ,  r e s u l t i n q  from t h e  Uni ted  Na t ions  Water Conference in  1977, and 

t h e  I n t e r n a t i o n a l  Dr inking  Water Supply and S a n i t a t i o n  Decade (IDWSSn) , 
1981-1990. 

The United Na t ions  S e c r e t a r i a t  has  recoqnized  t h e  importance of qround 

water i n  t h e  economic devel.opment o f  many c o u n t r i e s  s i n c e  t h e  e a r l y  1960s. 

Through its s u b s t a n t i v e  o f f i c e s  s p e c i a l i z i n g  in n a t u r a l  r e s o u r c e s  f c u r r e n t l v  

wi th in  t h e  Department of Techn ica l  Co-operation f o r  Development), t h e  Uni ted  

Na t ions  h a s  been involved in  a l a r q e  number of p r o j e c t s  r e l a t i n q  t o  

ground-water exp lo ra t ion  and development. Over a pe r iod  o f  more than 25 

y e a r s  t h e  United Na t ions  s e c r e t a r i a t  h a s  c a r r i e d  o u t  more than  200  p r o j e c t s  

i n  t h e  ground-water f i e l d  i n  75  c o u n t r i e s ,  with t o t a l  e x p e n d i t u r e s  of over  

$250 m i l l i o n  i n  c o n v e r t i b l e  cur rency .  

Through United Na t ions  p r o j e c t s ,  governments and p o p u l a t i o n s  have been 

made aware o f  t h e  importance of qround water as a n a t u r a l  r e s o u r c e ,  of i t s  



va lue ,  i ts  cost and its ub iqu i ty ,  and of rational and economic t echn iques  f o r  

i t s  exp lo ra t ion  and development. They have also been made aware of its 

l i m i t a t i o n s  in terms of s a f e  y i e l d s  per  w e l l ,  q u a l i t y ,  v u l n e r a b i l i t y  to  

p o l l u t i o n  and, in some c a s e s ,  i ts f i n i t e  a v a i l a b i l i t y .  

S ince  t h e  e a r l y  198Os, however, t h e  domest ic  inves tments  by t h e  

deve loping  c o u n t r i e s  themselves  t h a t  had been cons idered  necessa ry  f o r  

o v e r - a l l  water r e sources  development by t h e  United Na t ions  system have n o t  

been forthcoming, because of adve r se  economic c i rcumstances .  E x t e r n a l  

suppor t  a s  a pe rcen taqe  of ove r -a l l  inves tments  in t h e  d r i n k i n g  water supnly  

and s a n i t a t i o n  s e c t o r ,  f o r  example, increased ,  making developinq  c o u n t r i e s  

more dependent on o u t s i d e  f inanc ing  in  1985 than in 1979. While t h e  IDWSSD 

has  r a i s e d  consc iousness  and s t imu la t ed  programmes in d r i n k i n q  water supply 

and s a n i t a t i o n ,  rap id  popula t ion  growth h a s  l i m i t e d  t h e  p r o g r e s s  made. 

t h e  number of i n d i v i d u a l s  unserved a t  t h e  end o f  1985 w a s  p robably  t h e  same 

a s  a t  t h e  end of 1979. w i thou t  t h e  Decade e f f o r t ,  however, t h e  s i t u a t i o n  

would have been much worse. 

Thus, 

Con t r ibu t ions  in t h e  form of t e c h n i c a l  co-opera t ion  g r a n t s  from t h e  

United Nat ions  system (which inc ludes  t h e  s p e c i a l i z e d  a g e n c i e s ) ,  as w e l l  as  

loans  and c r e d i t s  from t h e  World Bank and I n t e r n a t i o n a l  Development 

Assoc ia t ion  (IDA) f o r  water - re la ted  p r o j e c t s ,  rose r a p i d l y  from 1973 t o  1983 

b u t  then began to  l e v e l  o f f  a t  around $1.5 b i l l i m  pe r  year .  Even i f  

a s s i s t a n c e  from b i l a t e r a l  donors  were inc luded ,  t h e  l e v e l  o f  e x t e r n a l  

a s s i s t a n c e  is wholly inadequate  t o  meet t h e  needs  of deve loping  c o u n t r i e s  f o r  

water r e sources  development. The developing  c o u n t r i e s  themselves have to  

become t h e  prime movers f o r  p r o q r e s s  in t h e  realm of water  r e s o u r c e s  

development. While t h e  i n t e r n a t i o n a l  community may a c t  a s  a c a t a l y s t  to  

ground-water development and conse rva t ion  o f  t h e  r e source ,  a decreased  

dependence on e x t e r n a l  a s s i s t a n c e  is requ i r ed  f o r  s u s t a i n e d  development. 

Cost recovery ,  i n s t i t u t i o n a l  e f f i c i e n c y  and a c t i v e  p a r t i c i p a t i o n  from t h e  

o u t s e t  by user  communities need t o  be emphasized. 

The United Na t ions  system is i n c r e a s i n q l y  recommendinq t h e  use  o f  

lower-cost l o c a l l y  produced a l t e r n a t i v e s ,  p a r t i c u l a r l y  f o r  r u r a l  water supplv  

purposes.  These t echno log ie s  improve t h e  p o s s i b i l i t i e s  f o r  s u s t a i n e d  

development by reducing  dependence on e x t e r n a l  f i nanc ing .  I t  is impor tan t  

f o r  donors ,  banks and developing  c o u n t r i e s  t o  accep t  t h a t  low-cost 

t echno log ie s  r e p r e s e n t  v i a b l e  s o l u t i o n s .  Moreover, donors  must e n s u r e  t h a t  

p rov i s ion  is made f o r  cover ing  r e c u r r e n t  ope ra t ion  and maintenance costs, 

whether by d i r e c t  c o n t r i b u t i o n s  or through community p a r t i c i p a t i o n .  The 
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i n t e r n a t i o n a l  community could  a l s o  p l a y  a c a t a l y t i c  role i n  a s s i s t i n q  

governments to d e v i s e  s u i t a b l e  cost r ecove ry  and o p e r a t i o n  and maintenance 

schemes in  t h e  implementation o f  p r i o r i t v  p r o j e c t s  and t h e  achievement o f  

meaninqful user  p a r t i c i p a t i o n .  

2 ECONOMIC ISSUES 

2.1  F a c t o r s  a f f e c t i n g  t h e  costs o f  qround water 

The t o t a l  cost of a q iven  qround-water p r o j e c t  is comprised of f i x e d  and 

r e c u r r e n t  costs. Fixed costs inc lude  t h e  i n i t i a l  costs o f  e x p l o r a t i o n ,  d a t a  

c o l l e c t i o n  and a n a l y s i s ,  d r i l l i n q  and i n s t a l l i n g  a system, amor t ized  over  

t i m e ,  whi le  r e c u r r e n t  costs inc lude  those  f o r  enerqy ,  l abour ,  o p e r a t i o n  and 

maintenance and i n t e r e s t  cha rqes .  In many c o u n t r i e s ,  t h e  q e n e r a l  e x p l o r a t i o n  

phase has  a l r e a d y  been completed by a government or i n t e r n a t i o n a l  aqency. 

D e t a i l e d  hydrogeologica l  s t u d i e s ,  based on p iezomet r i c  ne tworks  and d a t a  

g a t h e r i n g ,  can be expens ive ,  however, and should  be  cons ide red  in  t h e  

o v e r - a l l  costs of l a r g e - s c a l e  ground-water developments.  

The more obvious  economic e lements  t o  cons ide r  f i r s t  a r e  t h e  costs o f  

d r i l l i n g  and i n s t a l l i n g  a system, which depend on such f a c t o r s  a s  t h e  dep th  

t o  t h e  a q u i f e r ,  t h e  type  o f  necessa ry  d r i l l i n g  equipment, t h e  d i ame te r  of t h e  

w e l l ,  t h e  well-screen l e n g t h ,  t h e  des ign  d i s c h a r q e  l e v e l  and t h e  a v a i l a b l e  

drawdown. The type of d r i l l i n g  equipment needed w i l l  be de te rmined  by t h e  

urqency of t h e  s i t u a t i o n  and t h e  hydroqeoloqica l  c o n d i t i o n s  a t  t h e  s i te .  

C a r r u t h e r s  and Stoner  (1981) have developed a simple methodoloqy to  de te rmine  

t h e  costs of a w e l l .  These costs w i l l  be r e l a t e d  t o  t h e  t y p e  o f  pump t o  be 

used, which is another  major f ixed  cost. 
Rela ted  f a c t o r s  which w i l l  have to  be cons ide red  when c a l c u l a t i n q  f i x e d  

costs a r e  t h e  l o c a t i o n  o f  t h e  w e l l  and t h e  sur roundinq  qeoloqy and t h e  cost 

and a v a i l a b i l i t y  of d i f f e r e n t  t ypes  of energy. The l a t t e r  is impor tan t  f o r  

de te rmining  t h e  b e s t  t ype  o f  pump t o  purchase .  Pump s e l e c t i o n  h a s  a 

s i g n i f i c a n t  impact on t o t a l  costs. Lower-cost pumps f o r  sha l low wel ls ,  some 

developed wi th  Uni ted  Na t ions  suppor t ,  a r e  now wide ly  a v a i l a b l e  and a r e  be inq  

produced in  many developing  c o u n t r i e s .  Recent  t e c h n i c a l  developments 

regard inq  m a t e r i a l s  and t h e i r  p rocess ing  promise  f u r t h e r  r e d u c t i o n s  in  costs. 

For t h e  same type  of i n s t a l l a t i o n ,  costs o f  qround-water development 

w i l l  be lower in a r e a s  wi th  f avourab le  hydro loqeo loq ica l  c o n d i t i o n s  and 

sha l low water t a b l e s ,  where m a t e r i a l s  and s k i l l s  are  a v a i l a b l e  l o c a l l y ,  and 

where q r e a t e r  i n p u t s  a r e  a v a i l a b l e  from t h e  u s e r  communities themselves .  On 

t h e  o t h e r  hand, in a r i d  a r e a s  unde r l a in  wi th  hard rock ,  w i th  d i s p e r s e d  
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p o p u l a t i o n  s e t t l e m e n t s  and l i t t l e  i n f r a s t r u c t u r e ,  such  costs may be  e x t r e m e l y  

h igh .  

The costs o f  bor rowing  w i l l  be d e t e r m i n e d  by t h e  i n t e r e s t  r a t e  and 

repayment p e r i o d .  The w i l l i n q n e s s  of  banks t o  l e n d  f o r  such  p r o j e c t s  w i l l  

a l s o  be r e l a t e d  t o  t h e  c r e d i t - w o r t h i n e s s  o f  t h e  bor rower  and t h e  l a t t e r ' s  

a b i l i t y  to  r e c o v e r  h i s  costs. Moreover, i n  many c o u n t r i e s ,  t h e  amount oP 

f o r e i g n  exchange a v a i l a b l e  may be less t h a n  what is r e q u i r e d  f o r  c e r t a i n  

t y p e s  of  equipment .  T h i s  c o n s t r a i n t  h a s  t o  h e  c o n s i d e r e d  a t  t h e  p l a n n i n q  

s t a g e .  

F i n a l l y ,  t h e  o p e r a t  ion and main tenance  costs ( r e c u r r e n t  costs) are v c r v  

i m p o r t a n t  components  of total  qKOUnd-WateK development  costs. The costs f o r  

energy ,  l a b o u r  and s p a r e  p a r t s  must he c o n s i d e r e d  b e f o r e  t h e  i n v e s t m e n t  is 

made. I f  any  o n e  o f  t h e s e  is d i f f i c u l t  to  o b t a i n ,  r e c u r r e n t  costs mav become 

too h i g h  to  keep  t h e  equipment  r u n n i n q  p r o p e r l y .  Where e l e c t r i c i t y  is 

r e a d i l y  a v a i l a b l e ,  t h e  inves tment  may be  f a c i l i t a t e d  a s  opposed t o  remote  

a r e a s  where d i e s e l  f u e l  would have t o  be t r a n s p o r t e d  to operate pumps. 

Renewable energy  s o u r c e s  ( s o l a r ,  wind,  etc.) may o f f e r  a d v a n t a s e s  i n  such  

remote a r e a s  b e c a u s e  of t h e i r  l o w  o p e r a t i o n  and main tenance  costs. MOKeOVer, 

t h e  technology h a s  improved, r e s u l t i n q  i n  lower i n i t i a l  costs and h i q h e r  

e f f i c i e n c y .  

The t o t a l  cost t h u s  e q u a l s  t h e  a n n u a l  payment f o r  c a p i t a l  ( d u l y  

a m o r t i z e d  a t  t h e  c u r r e n t  d i s c o u n t  r a t e )  p l u s  t h e  a n n u a l  r e c u r r e n t  costs €or 
o p e r a t i o n  and main tenance .  The t o t a l  a n n u a l  cost d i v i d e d  bv t h e  number of 

u n i t s  o f  ground w a t e r  produced q i v e s  us t h e  cost p e r  u n i t  ( i . e . ,  $US/m ) .  

For low cost ground-water  t e c h n o l o g i e s ,  i t  is u s e f u l  to compare a n n u a l  per 

u s e r  costs, which t a k e  i n t o  a c c o u n t  t h e  n e c e s s a r y  c a p i t a l  i n v e s t m e n t  l e v e l s  

s p r e a d  over  d i f f e r e n t  p o p u l a t i o n s .  When t h e  i n v e s t m e n t  is made to  e x t e n d  an 

e x i s t i n g  sys tem,  t h e  m a r q i n a l  cost (cost o f  t h e  l a s t  u n i t  to  be  d e v e l o p e d )  

must be c o n s i d e r e d .  

3 

2.2 C o n j u n c t i v e  u s e  o f  ground and s u r f a c e  w a t e r  

The d e c i s i o n  on whether  t o  u s e  s u r f a c e  or qround w a t e r  or a c o m b i n a t i o n  

o f  t h e  two h a s  p h y s i c a l ,  economic and s o c i a l  d imens ions .  O f t e n  s u r f a c e  w a t e r  

is p r e f e r r e d  by u s e r s :  it may be  t h e  t r a d i t i o n a l  w a t e r  s o u r c e ;  p e o p l e  a r e  

used t o  i t s  tas te ;  it is f r e e .  I n  some a r e a s ,  s u r f a c e  water may n o t  be 

a v a i l a b l e  a t  a l l ,  however, and i n  o t h e r s  it may be  c o n t a m i n a t e d  O r  

u n r e l i a b l e .  With t h e  r e l a t e d  problems of p o p u l a t i o n  qrowth ,  o v e r u s e  and 

c o n t a m i n a t i o n  of r i v e r s  and s t r e a m s ,  a s w i t c h  t o  e i t h e r  qround water o r  
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c o n j u n c t i v e  use  f o r  water supply  may be necessa rv  and indeed d e s i r a b l e ,  even 

though more expensive a t  times. 

In t h e  i n i t i a l  s t a g e s ,  t app ing  of qround water s o u r c e s  may be a boon to  

a Water-Short or depressed  a r e a .  S ince  1960 qround-water u se  in many p a r t s  

o f  t h e  world has  expanded wide ly ,  o f t e n  provinq  a more r e l i a b l e  and 

c o n t r o l l a b l e  supply  f o r  i r r i q a t i o n  and water supply  than  s u r f a c e  water .  

Between 1960 and 1980 more than  t w o  m i l l i o n  tobewe l l s  were i n s t a l l e d  in t h e  

North China P l a i n ;  t h e  number p r i v a t e l y  i n s t a l l e d  i n  t h e  Indus  P l a i n s  o f  

Pak i s t an  rose from less than  5,000 t o  200,000 and an e s t ima ted  t w o  m i l l i o n  

more were i n s t a l l e d  in I n d i a ' s  Ganqet ic  P l a i n .  I n  a r e a s  where a q u i f e r s  are  
sha l low,  seepaqe from s u r f a c e  water c a n a l s  adds  t o  t h e  supply  underqround. 

Therefore ,  r ecap tu r ing  water throuqh qround-water w e l l s  e f f e c t i v e l v  i n c r e a s e s  

i r r i g a t i o n  supply and can also p reven t  t h e  water t a b l e  from r i s i n o  and 

water loqging  t h e  root zone ( P o s t e l ,  1985) .  

To some e x t e n t  con junc t ive  use  h a s  been fo rced  upon c o u n t r i e s  where 

s u r f a c e  water i r r i g a t i o n  sources  have been f u l l y  u t i l i z e d  and f u r t h e r  

development involves  supplementing s u r f a c e  s o u r c e s  by qround wa te r ,  

e s p e c i a l l y  in  t h o s e  c a s e s  where t h e r e  is a d r a i n a q e  b e n e f i t  from qround-water 

pumping. T h i s  is t h e  common f e a t u r e  of many p r o j e c t s  in t h e  Indo-Ganqetic 

P l a i n .  

Ground water may be used f o r  i r r i g a t i o n  by supplementinq e r r a t i c  

r a i n f a l l  in o rde r  t o  ensu re  adequate  y i e l d s  o r  by ex tendinq  t h e  qrowinq 

season or provid inq  water f o r  an a d d i t i o n a l  c rop .  I n t e g r a t i o n  wi th  e x i s t i n q  

s u r f a c e  water i r r i q a t i o n  systems immediately s u q q e s t s  a f u r t h e r  ranqe  of 

p o s s i b i l i t i e s ,  such a s  t h e  use of a d d i t i o n a l  s u r f a c e  water  which hv i t s e l f  

would be i n s u f € i c i e n t  f o r  a c rop .  Such s u r f a c e  s u p p l i e s  miqht be  s u f f i c i e n t  

when supplemented by ground water a t  e i t h e r  end o f  t h e  season  o r  a t  t h e  peak 

( C a r r u t h e r s  and S tone r ,  1981) .  The b e n e f i t s  de r ived  from t h e  a d d i t i o n  o f  

ground water in terms o f  income can be c o n s i d e r a b l y  h iqhe r  than  t h e  cost of 

e x t r a c t i n q  it .  

The wise use  o f  ground-water r e s o u r c e s  can p l a y  a s i q n i f i c a n t  r o l e  in 

reducing  t h e  impact of drouqht  in both urban and r u r a l  envi ronments ,  s av inq  

l a r g e  p o t e n t i a l  losses in a q r i c u l t u r e  and indus t ry .  Computer models can be 

used t o  e s t i m a t e  t h e  volume of p ro jec t ed  water r equ i r emen t s ,  volume of qround 

water t h a t  can s a f e l y  be used over a long  o r  s h o r t  pe r iod ,  t h e  annua l  

r echa rge  of a q u i f e r s  r e l a t e d  t o  p r e c i p i t a t i o n  and so on. There is a need to 

d e f i n e  t h e  s a f e  y i e l d  in a lonq-term s t a t i s t i c a l  sense, so t h a t  g r e a t e r  

wi thdrawals  would be  pe rmi t t ed  in  times o f  drouqht  t o  minimize t h e  impact on 
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a g r i c u l t u r a l  p roduct ion .  During p e r i o d s  o f  drought ,  t h e  r a t e  of qround-water 

recharge  is Usual ly  i n s u f f i c i e n t  t o  keep pace wi th  wi thdrawals  or d i s c h a r g e s  

t o  r i v e r s .  The re fo re ,  it is comon f o r  t h e  ground-water t a b l e  to f a l l  

s e v e r a l  f e e t  or more over a pe r iod  of y e a r s ,  p a r t i c u l a r l y  where ground water 

use  is high. Even fo l lowing  severe  d rough t s ,  however, when r a i n f a l l  r e t u r n s  

t o  its u s u a l  p a t t e r n ,  t h e  ground-water l e v e l s  r e t u r n  r a p i d l y  t o  normal,  

g e n e r a l l y  wi th in  s i x  to 1 2  months ( D K i S C O l l ,  1986).  

In a s i t u a t i o n  where both s u r f a c e  and ground water  are used i n t e n s i v e l y ,  

t h e  impact on s u r f a c e  water economics may be  cons ide rab le .  For example, 

tubewel l  pumping t h a t  lowers  t h e  water t a b l e  ad jacen t  t o  a s t reamflow w i l l  

induce inc reased  seepage t o  ground water ,  and reduce  downstream f lows ,  to t h e  

de t r imen t  o f  t h e  h o l d e r s  of s u r f a c e  flow r i g h t s  downstream. In  a s i t u a t i o n  

where t r a d i t i o n a l  downstream i r r i g a t o r s  r e c e i v e  cons ide rab ly  reduced water 
s u p p l i e s ,  s e r i o u s  s o c i a l  consequences may r e s u l t .  

On t h e  o t h e r  hand, U S e K S  of ground water w i l l  b e n e f i t  from seepaqe  from 

s u r f a c e  water sources .  Such seepage, which can be a r t i f i c i a l l y  induced, 

should r e t a r d  t h e  f a l l i n g  of t h e  water t a b l e ,  s a l t  water i n t r u s i o n  and t h e  

need to  d i q  deeper wells. The key t o  wise con junc t ive  use  is to  u s e  both 

ground and s u r f a c e  water wi th in  a c c e p t a b l e  l i m i t s  (which can be c a l c u l a t e d  

and modelled).  

2.3 Economics o€ conse rva t  ion 

Mounting p r e s s u r e  on t h e  wor ld ' s  ground-water r e s o u r c e s  is e v i d e n t  from 

d e p l e t i o n  of s u p p l i e s ,  f a l l i n g  water l e v e l s  and d r y  wells i n  a r e a s  such  a s  

Southern I n d i a ,  Northern China,  t h e  Va l l ey  of Mexico and t h e  south-wes tem 

Uni ted  S t a t e s .  I n c r e a s i n q l y  widespread qround-water p o l l u t i o n  f u r t h e r  l i m i t s  

a v a i l a b i l i t y  o f  t h e  r e s o u r c e  and p o i n t s  up t h e  need t o  p l a c e  ground-water use 

on a s u s t a i n a b l e  foo t ing .  

Even where recharge  does  occur ,  ground water is o f t e n  pumped a t  r a t e s  

t h a t  exceed rep len ishment ,  d e p l e t i n g  f u t u r e  water r e sources .  T h i s  "mining" 

suppor t s  on ly  shor t - te rm p r o s p e r i t y  and eventual1.y leads to s a l i n e  i n t r u s i o n  

in  c o a s t a l  a r e a s ,  i n c r e a s e s  in pumping costs o r  t o t a l  d e p l e t i o n .  

Rather than responding only  by augmenting supply through d r i l l i n g  deeper 

wel ls ,  it is now accepted t h a t  conse rva t ion ,  or demand management, i s  t h e  key 

t o  s u s t a i n a b l e  use of t h e  resource. Without some r e s t r i c t i o n s  on expans ion ,  

p r i v a t e  deve lope r s  may d e p l e t e  r e s e r v o i r s ,  caus ing  o t h e r  u s e r s  t o  have to  

deepen t h e i r  W e l l s  o r  d r i l l  t o  deeper a q u i f e r s  a t  much g r e a t e r  expense f o r  

d r i l l i n g  and pumping. To p reven t  such economic consequences,  t h e r e  must be a 



con c i o u s  e f f o r t  to manage a q u i f e r  sys tems,  whether on a n a t i o n a l  o r  local.  

l e v e l .  T h i s  may e n t a i l  r e s t r i c t i o n s  on pumping rates,  s D e c i f i c  minimum w e l l  

spac ing ,  t a x e s  OK t a r i f f s  on water  use, or l i m i t e d  i s suance  o f  permits to  

c o n t r o l  wi thdrawals  and r e s t o r e  a ba lance  between pumpinq and r echa rge .  

Water p r i c i n g  measures a r e  d i scussed  in section I V .  

Areas where water is s c a r c e  and expens ive  a re  most conducive  t o  

r e s t r i c t i o n s  on excess ive  u s e .  A l l o c a t i o n s  of i r r i q a t i o n  water can be 

r e s t r i c t e d  and s u p p l i e s  f o r  i n d u s t r i a l  and munic ipa l  u s e  can be r a t i o n e d .  

P a r t i c u l a r l y  du r ing  drought ,  people  unders tand  t h e  n e c e s s i t y  €or conse rv inq  

water .  

2 . 4  Type of ownership 

The economics of a ground-water development a r e  also a f f e c t e d  by whether 

t h e  investment has  been made by p u b l i c  or p r i v a t e  e n t i t i e s .  There  a r e  

s e v e r a l ,  sometimes c o n f l i c t i n g ,  arquments f o r  each  type of development,  and 

t h e  cho ice  depends upon l o c a l  c o n d i t i o n s .  In  many c a s e s  a mix tu re  o f  p u b l i c  

and p r i v a t e  development is op t ima l ,  e.g., p u b l i c  f a c i l i t i e s  f o r  d i s t r i b u t i o n  

of e l e c t r i c i t y  and privately-owned w e l l s  ( C a r r u t h e r s  and C l a r k ,  1983) .  

( i )  P u b l i c  sector development.  Under c e r t a i n  c i r cums tances ,  p u b l i c  

i n i t i a t i v e s  may be d e s i r a b l e  f o r  t h e  development of qround-water i r r i q a t i o n ,  

as  well a s  community water supply.  For example, p u b l i c  demonst ra t ion  

p r o j e c t s  us ing  ground water f o r  i r r i q a t i o n  or water supDly, can i n i t i a l l y  he 

opera ted  by a p u b l i c  water a u t h o r i t y .  These may s t i m u l a t e  i n i t i a l  i n t e r e s t  

and widespread development of ground water by t h e  p r i v a t e  sector. P u b l i c  

s e c t o r  development may a l s o  be a p p r o p r i a t e  in ve ry  poor areas, where t h e  

communities cannot  a f f o r d  to  i n v e s t  i n  OK ma in ta in  p r i v a t e  f a c i l i t i e s ,  o r  

where e q u i t y  g o a l s  r e q u i r e  a r a t i o n i n g  of s c a r c e  s u p p l i e s .  

A l a r g e  p u b l i c  a u t h o r i t y  would also have a t e c h n o l o q i c a l  advantage  in 

a r e a s  wi th  d i f f i c u l t  hydrogeo log ica l  c o n d i t i o n s  or f o r  l a r q e - s c a l e  

ground-water developments and would have a pol i t ical  advantaqe  i n  n e q o t i a t i n q  

and accep t ing  f o r e i q n  a s s i s t a n c e .  

Most impor tan t  to t h e  f u t u r e  of qround-water development, however, is 
t h e  involvement of t h e  p u b l i c  sector in i n t e q r a t e d  manaqement of t h e  water 

r e sources  of t h e  coun t ry .  Where ground-water q u a l i t y  h a s  t o  be  ma in ta ined  

fo r  d r i n k i n g  water purposes ,  o r  when o v e r e x p l o i t a t i o n  o f  qround water  

r e sources  may c a u s e  adve r se  economic, p h y s i c a l  and s o c i a l  consequences ,  some 

government c o n t r o l  OK r e g u l a t i o n  over  t h e  r e s o u r c e s  is recommended. 

r e g u l a t i o n  can l i m i t  t h e  number of wells and maximize qround-water 

P u b l i c  
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e x p l o i t a t i o n  (Car ru the r s  and S tone r ,  1983) . 
( i i )  P r i v a t e  sec to r  develoopment. The tremendous expansion in 

ground-water development in t h e  1970s was mainly a r e s u l t  of f a rmers '  

response  to  p r o f i t  i ncen t ives .  In Asia t h e s e  developments c o n t r i b u t e d  to t h e  

"green r evo lu t ion"  and s e l f - s u f f i c i e n c y  in  g r a i n  p roduc t ion ,  bu t  a l s o  led  t o  

o v e r e x p l o i t a t i o n  of water in some a reas .  

Farmers can ob ta in  high ope ra t ing  e f f i c i e n c i e s ,  because they  adopt  

measures t o  avoid breakdowns and t o  ob ta in  r e p a i r s  qu ick lv .  S ince  p r i v a t e  

o p e r a t o r s  have t h e  cos t - sav ing  incen t ive  to  use  water s t r i c t l v  in l i n e  wi th  

needs ,  t h e r e  is l i t t l e  wasted water , in c o n t r a s t  to  publicly-manaqed p r o j e c t s .  

P r i v a t e  i n i t i a t i v e s  have a l s o  led  t o  verv e f f e c t i v e  low-cost innova t ions  

which use l o c a l l y - a v a i l a b l e  m a t e r i a l s  and technoloqy. Low-cost t echno loq ie s ,  

inc ludinq  va r ious  types  of handpumps, have become t h e  b a s i s  f o r  c u r r e n t  

United Nat ions  proqrammes promotins l o c a l  manufacture of equipment f o r  

community water supply in r u r a l  a r e a s .  

On t h e  o t h e r  hand, uncont ro l led  p r i v a t e  development, even with low-level 

technology, can lead  to excess ive  investment per u n i t  of a r e a .  I n  t h e  e f f o r t  

f o r  each farmer to  have h i s  own well, t h e r e  a r e  c a s e s  of 10 o r  more wells in 

an a rea  which could  e a s i l y  be i r r i q a t e d  by one. Tf i n d i v i d u a l  f a rmers  

withdraw what they  cons ider  op t ima l ,  i t  may n o t  be op t ima l  from an o v e r - a l l  

or s o c i a l  viewpoint.  P r i v a t e  development is unpred ic t ab le  and d i f f i c u l t  t o  

manage. I t  is also d i f f i c u l t  t o  mobi l ize  e f f e c t i v e  back-up f o r  complementarv 

inpu t s  such a s  a g r i c u l t u r a l  ex tens ion  and marketinq s e r v i c e s  ( C a r r u t h e r s  and 

C la rk ,  1983). 

Another problem is t h a t  in p r a c t i c e  only  t h e  l a r q e  fa rmers  can command 

t h e  resources  r equ i r ed  t o  i n s t a l l  wells. They subsequent ly  inc rease  t h e i r  

incomes but  may a t  t h e  same time c r e a t e  l a r q e r  income d i s p a r i t i e s  wi th  t h e  

poorer farmers.  Moreover, a s  l a r g e r  fa rmers  use  inc reas inq  q u a n t i t i e s  o f  

ground water ,  t h e  water l e v e l s  in a q u i f e r s  f a l l ,  f u r t h e r  a f f e c t i n q  sma l l  

fa rmers  us ing  sha l low wells. 

( i i i )  Mixed systems. In  poor r u r a l  a r e a s ,  i n d i v i q u a l  u s e r s  may n o t  have 

t h e  means to c o n s t r u c t  a well o r  o p e r a t e  and maintain it. Some form o f  

co-opera t ive  o r  j o i n t  ownership may then a r i s e ,  o f t e n  with t h e  i n i t i a t i v e  or 

f i n a n c i a l  suppor t  coming from t h e  government. Government suppor t  o f t e n  t a k e s  

t h e  form of a loan t o  t h e  fa rmers '  group or water committee, repayable  on 

very favourable  terms. T h e r e a f t e r ,  ope ra t ion  and maintenance is t h e  

r e s p o n s i b i l i t y  of t h e  qroup. 
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Both p u b l i c  and p r i v a t e  s e c t o r s  t h u s  have a compara t ive  advantaqe  f o r  

c e r t a i n  t a s k s .  While f a rmers  can o p e r a t e  wells e f f i c i e n t l y ,  t hev  a re  n o t  

equipped to manaqe an a q u i f e r .  P u b l i c  a u t h o r i t i e s  can manaqe an a q u i f e r ,  h u t  

may no t  o p e r a t e  wells e f f i c i e n t l y  f o r  t h e i r  best use. S t r i k i n q  t h e  r i g h t  

ba l ance  is n o t  easy  and c e r t a i n l v  v a r i e s  from p r o i e c t  to p r o i e c t .  Tn most 

c o u n t r i e s ,  wells may have t o  be l i censed  in  t h e  f u t u r e  and, f o r  a q iven  

a q u i f e r ,  t h e  number and d i s c h a r q e  r e s t r i c t e d  t o  avoid  o v e r e x p l o i t i n g  t h e  

resource .  These types of f u n c t i o n s  w i l l  have t o  be handled by qovernments. 

3 SUSTAINING GROUND-WATER DEVELOPMENT 

The key t o  s u s t a i n a b l e  qround-water development is t o  main ta in  ba l ance  

between pumping and recharqe ,  between supply  and demand, between e f f i c i e n c y  

and equ i ty .  While s u s t a i n a b l e  development remains a h i q h l y  d e s i r a b l e  

o b j e c t i v e ,  t h e r e  a r e  many c o n s t r a i n t s  to i ts  achievement.  There a r e  a l s o  

many measures t h a t  can be t aken  to ensu re  a more ba lanced  devel.opment of 

gKOUnd-Water r e sources .  

3.1 C o n s t r a i n t s  t o  s u s t a i n a b l e  ground-water development 

While gKOUnd-WateK development is in many c a s e s  a technica l lv-sound way 

t o  p rov ide  water supply  t o  a community or a r e a ,  it h a s  n o t  brought  t h e  

expected b e n e f i t s  to  many a r e a s  because of widespread breakdowns of sys tems,  

which have r e s u l t e d  from r i g i d i t i e s  i n  t h e  ways water supply  is d e l i v e r e d  to 

needy a reas .  S ince  t h e  e a r l y  198Os, many c o u n t r i e s  have come to depend 

h e a v i l y  on t h e  i n t e r n a t i o n a l  community t o  p rov ide  them with equipment f o r  t h e  

p rov i s ion  of water supply t o  s e r v e  t h e i r  people .  In some c o u n t r i e s  t h e  u s e r  

communities have taken  r e s p o n s i b i l i t y  €OK payinq t h e  cost of local water 

supply  systems, which has  been shown t o  be t h e  most v i a b l e  means oE 

s u s t a i n i n g  development. I t  is d e s i r a b l e  t h a t  deve lopinq  c o u n t r i e s  themselves  

inc rease  a l l o c a t i o n s  o f  f i n a n c i a l  resources f o r  water r e sources  development 

t o  reduce  dependence on ex te rna l  sou rces .  

( i )  The impact o f  f o r e i g n  a i d  on technoloqy.  The amount and type  o f  

e x t e r n a l  a s s i s t a n c e  a v a i l a b l e  h a s  a d i r e c t  e f f e c t  on t h e  s i z e  of t h e  

investment and t h e  technology chosen f o r  qround-water e x p l o i t a t i o n .  Over t h e  

y e a r s ,  s e v e r a l  problems have r e s u l t e d  from t h e  requi rements  f o r  " t i e d  a i d "  in 

many donor agencies .  Tied a i d  has  o f t e n  r e s u l t e d  i n  a p r o l i f e r a t i o n  o f  

d i f f e r e n t  types of equipment such a s  pumps and d r i l l i n q  r i q s ,  which tend to 

overwhelm t h e  c a p a c i t y  of a n a t i o n a l  agency to  manage, o p e r a t e  and ma in ta in  

them. Moreover, t h e  equipment provided h a s  o f t e n  been u n n e c e s s a r i l y  
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s o p h i s t i c a t e d  f o r  t h e  u s e r s ,  or ove r s i zed  in  r e l a t i o n  to t h e  demand. The 

problem a r i s e s  from r e s t r i c t i v e  requi rements  w i th in  donor aqenc ie s  to p rov ide  

c e r t a i n  equipment from t h e  donor count ry ,  as w e l l  as t h e  i n a b i l i t y  o f  

n a t i o n a l  agenc ie s  to i n s i s t  upon s t a n d a r d j z a t i o n  of equipment. Too o f t e n ,  

t h e  problems a r e  worsened because t h e r e  a re  too many s e p a r a t e  channe l s  of 

n e g o t i a t i o n s  between donors  and n a t i o n a l  aqenc ie s .  By channel inq  such 

communications through a s i n g l e  n a t i o n a l  body, deve lopinq  c o u n t r i e s  should  be 

a b l e  t o  c o n t r o l  t h e  p r o l i f e r a t  ion of d i f f e r e n t  types of equipment and 

encouraqe t echno log ica l  s t anda rd iza t ion  (United Nat ions ,  1987) . 
Many developing c o u n t r i e s ,  e s p e c i a l l y  a t  t h e  l o c a l  l e v e l ,  do  n o t  have 

t h e  f i n a n c i a l  or t e c h n i c a l  c a p a c i t y  to o p e r a t e ,  main ta in  and r e p a i r  a 

p r o l i f e r a t i o n  of s o p h i s t i c a t e d  non-standardized equipment. Aid donors  could  

c o n t r i b u t e  to  an improvement in t h e  performance of t h e i r  p r o j e c t s  by o f f e r i n g  

technology a p p r o p r i a t e  t o  t h e  c o u n t r y ' s  needs ,  as determined by n a t i o n a l  

agenc ie s  in t h e  water r e sources  s e c t o r .  S t anda rd iza t ion  of t e c h n o l c q i e s  

wi th in  t h e  developing coun t ry  should be cons ide red  a p r i o r i t v .  Local water 

a u t h o r i t i e s  could  survey, document and in t roduce  t h e i r  own local,  simple and 

s u c c e s s f u l  t echno log ie s  t o  fo re ign  c o n s u l t a n t s  or donors  f o r  c o n s i d e r a t i o n  

with o the r  a l t e r n a t i v e s  in t h e i r  f e a s i b i l i t y  s t u d i e s .  

( i i )  Operation and maintenance. Bes ides  a v a i l a b i l i t y  of t h e  r e source ,  

t h e  main t e c h n i c a l  c o n s t r a i n t  t o  v i a b l e  qround-water schemes in  deve louinq  

c o u n t r i e s  r e l a t e s  to t h e  maintenance of pumps and motors. Mechanics wi th  

s u f f i c i e n t  s k i l l  t o  main ta in  s o p h i s t i c a t e d  modern machinery a re  d i f f i c u l t  t o  

f i n d  in many c o u n t r i e s ,  e s p e c i a l l y  in r u r a l  a r eas .  

The t e c h n i c a l  problem then becomes an economic one, because t h e  e x i s t i n q  

system is running w e l l  below its s t a t e d  c a p a c i t y  and is n o t  producing t h e  

expected b e n e f i t s .  I t  is t h e r e f o r e  e s s e n t i a l  to bu i ld  i n t o  cost c a l c u l a t i o n s  

s u f f i c i e n t  amounts f o r  ope ra t ion  and maintenance o f  t h e  equipment. 

There a r e  s e v e r a l  economic a s p e c t s  of ope ra t ion  and maintenance which 

should be cons idered  when p lanninq  a ground-water investment.  The f i r s t  is 

whether it is p o s s i b l e  to r e h a b i l i t a t e  an e x i s t i n q  system be fo re  bu i ld ing  a 

new one. I t  h a s  been demonstrated t h a t  in t h e  qround-water sector t h e  most 

economic use of pub l i c  r e sources  is t o  ma in ta in ,  and f a i l i n q  t h a t ,  

r e h a b i l i t a t e  e x i s t i n q  p r o j e c t s  (Car ru the r s  and S tone r ,  1981).  

The second important cons ide ra t ion  r e l a t e s  to t h e  s o u r c e s  of ene rgy  

a v a i l a b l e  and t h e i r  comparative costs. The main power cho ice  is between 

e l e c t r i c i t y  and d i e s e l  power. Water pumped by d i e s e l  u n i t s  costs on t h e  

o rde r  of 1.5 to 2 .0  times t h e  cost per cub ic  metre of water pumped by 



e l e c t r i c i t y ,  and d i e s e l  pumps a r e  f a r  more troublesome. where e l e c t r i c i t y  is 

a v a i l a b l e ,  it g e n e r a l l y  p rov ides  a r e l a t i v e l y  low-cost w p p l y  of enerqv. 

E l e c t r i c i t y  s u p p l i e s  a r e  o f t e n  e r r a t i c ,  however, e s p e c i a l l y  du r inq  peak 

pe r iods .  Diesel f u e l  can be purchased in advance and t h e  enerqy  supplv  is 

t h u s  s l i g h t l y  more secure (Car ru the r s  and S tone r ,  1981) .  Where f u e l  costs 

a r e  very h igh ,  an a q r i c u l t u r a l  p r o j e c t  based on pumped ground water can 

qu ick ly  become uneconomic. The example of fa rmers  in t h e  western TJnited 

S t a t e s  pumpinq t h e i r  own ground water can be c i t e d .  The costs of ene rav  t o  

t h o s e  fa rmers  inc reased  a lmost  four - fo ld  between 1974 and 1980. Tha t ,  

combined with a f a l l i n g  water t a b l e ,  increased  i r r i q a t i o n  costs to  

p r o h i b i t i v e  l e v e l s ,  caus ing  many fa rmers  to cease i r r i g a t i o n  ( P o s t e l ,  1985) .  

The t h i r d  c o n s i d e r a t i o n  is whether low-cost t echno loq ie s ,  which can be 

produced and r epa i r ed  l o c a l l y  would be a p p r o p r i a t e  f o r  t h e  q iven  use. These 

t echno loq ie s ,  being promoted under t h e  World Bank-UNDP handpumps p r o j e c t ,  

emphasize "Vi l lage  Level Opera t ion  and Maintenance" (VLOM), which may make a 

c o n s i d e r a b l e  d i f f e r e n c e  in cost e f f e c t i v e n e s s  a t  t h e  v i l l a q e  l e v e l .  I f  t h e  

v i l l a g e  can take r e s p o n s i b i l i t y  f o r  t h e  system and c o n t r i b u t e  to  t h e  costs of 

upkeep and waqes f o r  a c a r e t a k e r ,  t h e  system g e n e r a l l y  f u n c t i o n s  b e t t e r  than 

when t h e  government is t h e  r e s p o n s i b l e  p a r t y .  

The f o u r t h  c o n s i d e r a t i o n  is whether p r i v a t e  deve lope r s  would be more 

e f f e c t i v e  in  keeping a ground-water sys tem f u n c t i o n i n a  p r o p e r l y  than t h e  

pub l i c  s e c t o r .  Where a p p l i c a b l e ,  t h e  qovernment may p rov ide  o v e r - a l l  

management and d i r e c t i o n ,  whi le  farmer qroups  and t h e  p r i v a t e  s e c t o r  become 

r e s p o n s i b l e  for  ope ra t ion  and maintenance. 

3 .2  Recover inq t h e  costs of qround-water development 

I t  is important t h a t  b e n e f i c i a r i e s  of a qround-water scheme, be i t  

p r i v a t e  or pub l i c ,  unders tand  t h a t  water can no lonqe r  be t r e a t e d  a s  a f r e e  

good. Even in c a s e s  where f o r  socio-economic and c u l t u r a l  r easons  t h e  

r e s o u r c e  i t s e l f  h a s  t o  be cons ide red  a s  " f r e e " ,  t h e  costs o f  development,  

t r ea tmen t ,  d e l i v e r y  and manaqement could be charged  f o r  and should  he an  

i n t e q r a l  p a r t  of t h e  c a l c u l a t i o n s  f o r  p r o j e c t  f i nanc inq .  Moreover, t h e  costs 

of d e p l e t i o n  o r  d e t e r i o r a t i o n  of an a q u i f e r  should  a l s o  be compensated by 

pr  i va t  e deve loper  s , 

I t  h a s  become c r u c i a l  to  s e l f - s u s t a i n a b l e  development t h a t  cost recovery  

policies be formulated and implemented, and t h a t  r easonab le  c h a r q e s  be  

imposed d i r e c t l y  upon t h e  b e n e f i c i a r i e s ,  accord inq  to a b i l i t y  to pav, as  a 

means of ensu r ing  t h e i r  i n t e r e s t  and suppor t .  Any p u b l i c  scheme us inq  ground 
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water f o r  community water  s u p p l y  or i r r i q a t i o n  should  i n c l u d e  a p r o v i s i o n  f o r  

r e a l i s t i c  cost r e c o v e r y  commensurate  w i t h  local c o n d i t i o n s ,  a t  least f o r  t h e  

p r o v i s i o n  of l a b o u r  and m a t e r i a l s  (Uni ted  N a t i o n s ,  1987). 

A t  t h e  same time, p r o j e c t  f o r m u l a t i o n  should  be p r e c e d e d  by a sound 

e v a l u a t i o n  o f  costs and b e n e f i t s ,  based n o t  o n l y  on e x p e n s e s  and r e v e n u e ,  b u t  

a l s o  on t h e  costs o f  f o r e i g n  exchange to t h e  economy. 

( i )  Consumer c a t e g o r i e s .  Governments may choose  to  impose d i f f e r e n t  

t y p e s  o f  c h a r g e s  on d i f f e r e n t  c a t e g o r i e s  o f  ground-water  u s e r s .  C h a r q e s  mav 
be based  on q u a n t i t i e s  o r  q u a l i t i e s  used and on t h e  p u r p o s e  o f  w a t e r  use. 

G e n e r a l l y ,  w a t e r  laws  i n c l u d e  some type of r a n k i n q  o f  o r i o r i t y  uses, which 

comes i n t o  e f f e c t  in times o f  water  s h o r t a q e .  

The main u s e s  of  ground-water  i n v o l v e  consumpt ive  uses f o r  d o m e s t i c ,  

m u n i c i a a l ,  i n d u s t r i a l  and a q r i c u l t u r a l  p u r p o s e s .  I n  most water laws ,  top 

p r i o r i t y  r a n k i n g  w i l l  qo t o  domest ic  use i n  times of s h o r t a g e .  

Domestic u s e  may i n v o l v e  whole communi t ies  u s i n q  p i p e d  w a t e r ,  s t a n d p o s t s  

or handpumps, as  w e l l  a s  i n d i v i d u a l s  w i t h  t h e i r  own wells. The p r i o r i t y  to 

d o m e s t i c  u s e  h a s  a l s o  been t h e  emphasis  o f  t h e  I n t e r n a t i o n a l  D r i n k i n q  Water 

Supply and S a n i t a t i o n  Decade and h a s  become an i n t e q r a l  p a r t  o f  many n a t i o n a l  

development  p l a n s .  I n  g e n e r a l ,  r u r a l  and per i -urban  consumers  h a v e  n o t  been 

e x p e c t e d  to  pay t h e  f u l l  costs o f  water  s e r v i c e s ,  which have  been c h a r q e d  to 

t h e  n a t i o n a l  b u d g e t s  a s  s o c i a l  s e r v i c e s  f o r  t h e  poor. However, i n c r e a s i n g l v ,  

communit ies  have been r e q u i r e d  to c o v e r  t h e  o p e r a t i o n  and  main tenance  

e x p e n d i t u r e s  and a r e  asked  t o  t a k e  f u l l  r e s p o n s i b i l i t y  f o r  t h e  community 

w a t e r  supply .  

I n  many a r e a s  t h e  p r e f e r e n c e  a c c o r d e d  t o  d o m e s t i c  use a l s o  e x t e n 8 s  to 
m u n i c i p a l  ( u r b a n )  and i n d u s t r i a l  water s u p p l y ,  which c a n  i n v o l v e  huqe amounts  

o f  water  and c o n s i d e r a b l e  was te .  These  u s e s  may come i n t o  s h a r p  conf l ic t  
w i t h  i r r i q a t i o n  through t h e  e x e r c i s e  of  t h e  domest ic -use  p r e f e r e n c e  i n  times 
o f  s h o r t a g e .  

The a d v a n t a g e  t h a t  i n d u s t r i a l  and m u n i c i p a l  users o f t e n  h a v e  o v e r  

f a r m e r s  and r u r a l  consumers  is t h a t  t h e y  can  q e n e r a l l y  b e t t e r  a f f o r d  to  pay 

f o r  t h e  costs o f  w a t e r ,  i n c l u d i n q  o p e r a t i o n  and main tenance  o f  svstems. 
T h e r e f o r e ,  where t h e  qovernment c o n t r o l s  t h e  pumpinq of ground w a t e r ,  it may 

n o t  want to  j e o p a r d i z e  t h e  r e v e n u e s  from t h e s e  s o u r c e s .  I n  f a c t ,  u rban  and 

i n d u s t r i a l  consumers  a r e  o f t e n  r e q u i r e d  to  pay h i g h e r  costs for w a t e r  i n  

o r d e r  t o  s u b s i d i z e  r u r a l  u s e r s .  

The r e g u l a t o r y  body may encouraqe  h i g h  water -us ing  i n d u s t r i e s  to pump 

l o w e r - q u a l i t y  water  f rom d e e p e r  a q u i f e r s ,  by c h a r g i n g  lower p r i c e s  f o r  t h a t  



water .  Hiqher q u a l i t y  water is then r e l e a s e d  f o r  domest ic  purposes .  On t h e  

o t h e r  hand, h igher  t a r i f f s  f o r  i n d u s t r i a l  water u se  may encourage  r e c y c l i n q ,  

less wastage and reduced p o l l u t i o n .  

The use of qround water fo r  i r r i q a t i o n  h a s  become i n c r e a s i n q l v  

widespread, a s  mentioned i n  Sec t ion  1I.B. Much o f  t h e  pumpinq f o r  

a g r i c u l t u r e  is done by p r i v a t e  fa rmers ,  who b e n e f i t  from t h e  r e l i a b l e  and 

c o n s i s t e n t  supply o f  t h e i r  own wells. The laws o f  some developinq  c o u n t r i e s  

in La t in  America have g iven  water use  p r e f e r e n c e  ( i n  times of s h o r t a g e )  to 

small fa rmers .  P re fe rence  may be on t h e  b a s i s  of s i z e  of hol r l inqs ,  l a r q e r  

fa rms  r e c e i v i n g  lower p r i o r i t y .  I n  a r e a s  depending on s u b s i s t e n c e  fa rminq ,  

t h i s  p r i o r i t y  is c o n s i s t e n t  wi th  b a s i c  needs  and domes t i c  u se  g o a l s .  

C o s t  recovery  s t r a t e g i e s  f o r  ground-water p r o j e c t s  i nvo lv inq  small 

fa rmers  may e n t a i l  simply a nominal f i x e d  cha rqe  accord inq  to  farm s i z e .  

A f t e r  b a s i c  needs  are m e t ,  ground-water use by l a r g e  fa rmers  can be 

c o n t r o l l e d  by r e g u l a t i o n s ,  cha rges ,  t a x e s  or mutual aqreement.  A s  t h e  costs 

of water i nc rease ,  fa rmers  may swi tch  to c r o p s  r e q u i r i n q  less water  and t o  

more e f f i c i e n t  i r r i g a t i o n  systems, i n  o r d e r  to ensu re  an adequa te  r e t u r n  on 

t h e i r  investment.  

( i i )  The r o l e  of p r i c e s .  A government may choose to impose cha rqes  on 

ground-water use  f o r  a v a r i e t y  of o b j e c t i v e s ,  rlependinq on t h e  s i t u a t i o n .  I n  

de te rmining  how to allocate s c a r c e  r e s o u r c e s  e f f i c i e n t l y ,  p r i c e  can  s e r v e  a s  

an impor tan t  ins t rument  o f  p o l i c y .  

The most immediate o b j e c t i v e  is t h e  n e c e s s i t y  to  recover  costs i n c u r r e d ,  

p a r t i c u l a r l y  from borrowed funds.  When p r o j e c t s  c o n t a i n  mechanisms f o r  cost 

recovery  and promise to be se l f - suppor t inq ,  governments o r  i n t e r n a t i o n a l  

donors  a r e  l i k e l y  to  f i n d  t h e  necessa ry  f inance .  Such mechanisms miqht 

i nc lude  d i r e c t  c o l l e c t i o n  of f e e s ,  r evo lv ing  funds  and o t h e r s .  When 

programmes a r e  s e l f - s u s t a i n a b l e ,  more people  can be reached and t h e  

government is no t  faced  wi th  an i n c r e a s i n q  d e b t  burden. 

When b e n e f i c i a r i e s  a r e  r equ i r ed  to repay  t h e  qovernment f o r  t h e  b e n e f i t s  

they  r ece ive ,  ano the r  o b j e c t i v e  is f u r t h e r e d :  t h a t  of e f f i c i e n c y  in use. 

Users w i l l  have an i n c e n t i v e  t o  u s e  on ly  t h e  water they  need when a d d i t i o n a l  

q u a n t i t i t e s  e n t a i l  h ighe r  costs. Water p r i c i n q  on e f f i c i e n c y  qrounds  can  

in f luence  both t h e  q u a n t i t y  and q u a l i t y  of qround water u t i l i z e d .  While 

h ighe r  p r i c e s  may induce lower consumption, lower prices f o r  lower q u a l i t y  

should  induce c e r t a i n  c a t e g o r i e s  o f  consumers t o  u s e  lower q u a l i t v  wa te r .  

Another o b j e c t i v e  of  p r i c i n g  systems is t o  promote d i s t r i b u t i o n a l  

equ i ty .  T h i s  o b j e c t i v e  is o f t en  in c o n f l i c t  with t h e  q o a l  of economic 



501 

e f f i c i e n c y ,  and a t t empt s  to ach ieve  both involve  compromises or t r a d e - o f f s  

among o b j e c t i v e s .  The t r ade -o f f s  can be eva lua ted  by comparinq t h e  need €or 

gene ra t ing  revenue wi th  t h e  importance of s u b s i d i z i n g  water supply  in r u r a l  

a r e a s  or €OK poorer segments o f  t h e  s o c i e t y .  For very  poor a r e a s ,  it m y  n o t  

be p o s s i b l e  to  charge  t h e  people  anyth ing  f o r  water .  But i n  most a r e a s ,  some 
c o n t r i b u t i o n  in terms of labour ,  m a t e r i a l s  or a nominal f e e  f o r  a r e l i a b l e  

and a c c e s s i b l e  sou rce  of water should be f e a s i b l e .  The c h a l l e n q e  f o r  water  

a d m i n i s t r a t o r s  is to  f ind  a reasonably  s t a b l e  combination o f  r e g u l a t i o n s  and 

p r i c e s  t h a t  w i l l  l e ad  to t h e  e f f i c i e n t  use of water ,  to c a p i t a l  recovery  f o r  

investment p r o j e c t s  and to an e q u i t a b l e  r e d i s t r i b u t i o n  o f  income. 

Conservation of ground water is ano the r  o b i e c t i v e  which p r i c i n q  may h e l p  

to  achieve .  Charges may be imposed on i n d u s t r i e s  f o r  excess ive  use or f o r  

contamination o f  a q u i f e r s .  Excessive-use cha rges  mav a l s o  be imposed on 

l a r g e  fa rmers  or communities t o  reduce wastaqe and conserve  water.  

3.3 P r i v a t e  s e c t o r  approaches  

A t  t h e  fa rmer ,  or p r i v a t e  sector level,  a common response  to 

o v e r e x p l o i t a t i o n  of ground water r e sources  is t h e  formation of a Water Use r s '  

Assoc ia t ion  o r  Water Committee. Genera l ly  u s e r s  p r e f e r  to  have mme cont ro l .  

over water a l l o c a t i o n s  a t  t h e  l o c a l  l e v e l ,  and they  can base t h e i r  d e c i s i o n s  

on maximum e f f i c i e n c y ,  g r e a t e s t  need, e q u i t y  or whatever they  choose. 

Whatever t h e  goa l ,  it is l i k e l y  t h a t  t h e  Water Users '  Assoc ia t ion  w i l l  o u t  

some r e s t r i c t i o n s  on use by members and may impose f i n e s  where necessa ry .  

Another response  with a s i q n i f i c a n t  economic component is to v o t e  f o r  

t a x e s  on pumping. T h i s  may r e l i n q u i s h  s o m e  c o n t r o l  by fa rmers  over  l o c a l  

pumping, bu t  it concedes t h a t  a more c e n t r a l i z e d  control may be needed t o  
manage water r e sources .  

4 GOVERNMENT MEASURES TO PROMOTE SUSTAINABLE DEVELOPMENT 

Ground water has  served as an engine  of qrowth in many a r e a s  o f  t h e  

world where s u r f a c e  water r e sources  were inadequate  or u n r e l i a b l e .  While 

incomes and p r o d u c t i v i t y  have r i s e n ,  however, in some c a s e s  water t a b l e s  have 

f a l l e n .  Conscious management of t h e  r e source  is necessa ry  to f o r e s t a l l  

adve r se  e f f e c t s  on t h e  economy, inc luding  land  subs idence ,  s a l t -wa te r  

i n t r u s i o n ,  d e p l e t i o n  of t h e  r e source  and a d e t e r i o r a t i o n  in water q u a l i t y .  

The long te rm e f f e c t s  of ground-water mininq may a f f e c t  a whole r eg ion  

or count ry .  

non-renewable ground-water r e sources  a r e  pumped each year  (one-f i f t h  o f  t h e  

In t h e  United S t a t e s ,  f o r  example, 26 b i l l i o n  m 3  o f  
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t o t a l  pumped). The u s e r s  of t h i s  water pay on1.y t h e  p r i v a t e  costs o f  

pumping, n o t  t h e  pub l i c  costs. Nothinq is charqed f o r  d e p l e t i n q  t h e  water 

r e se rve ,  even though such d e p l e t i o n  d imin i shes  t h e  n a t i o n ' s  f u t u r e  food and 

water s e c u r i t y  ( P o s t e l ,  1985).  

The v a r i o u s  measures r equ i r ed  to  s u s t a i n  qround-water development 

involve  p o l i t i c a l ,  economic, l e g a l  and t e c h n i c a l  p o s s i b i l i t i e s .  They can be  

implemented by t h e  pub l i c  o r  p r i v a t e  sector and a t  any l e v e l .  They a r e  

g e n e r a l l y  in t roduced  when a s e r i o u s  d e t e r i o r a t i o n  becomes e v i d e n t ,  i .e.,  when 

w e l l s  run dry .  

4.1 I n s t i t u t i o n a l  measures 

The qovernment through its policies can have a d i r e c t  impact on t h e  t y p e  

and i n t e n s i t y  of ground-water development.  In  t h e  e a r l y  s t a q e s ,  t h e  

government may encourage development throuqh sponsor sh ip  o f  e x p l o r a t i o n  and 

demonst ra t ion  p r o j e c t s  and by p rov id ing  i n c e n t i v e s  ( s u b s i d i e s )  to  t h e  p r i v a t e  

s e c t o r  f o r  ground-water development. Where overdevelopment t h r e a t e n s  

d e p l e t i o n  o f  t h e  r e source ,  then governments should in t roduce  some c o n t r o l s .  

( i )  Regula t ions  and r a t i o n i n q .  Two common re sponses  o f  qovernments a r e  

r equ la t ion  and r a t i o n i n g .  Regula t ion  of ground water pumping is r e l a t e d  to 

l e g a l  r i g h t s  of i n d i v i d u a l s .  Con t ro l  over  water use mav involve  t h e  i s suance  

of pe rmi t s  to a l l o w  p r i v a t e  deve lope r s  t o  d r i l l  wells, i n  some c a s e s  

spec i fy inq  depth o f  a q u i f e r  and maximum d i scha rqe .  Such a sys tem aims a t  

op t imiz ing  t h e  number of wells in a given a r e a  f o r  most e f f i c i e n t  use.  

Legal  water r i g h t s  vary  from coun t ry  to coun t ry ,  b u t  qovernments can  

r e g u l a t e  r i g h t s  in t h e i r  e f f o r t s  t o  control d e p l e t i o n .  De ta i l ed  laws on 

t r a n s f e r  of r i g h t s  and q u a n t i f i c a t i o n  of water use  r i g h t s  e x i s t  and can be 

used a s  examples. 

A model a t t empt  to ba lance  water budqets  i n  a d r y  req ion  o f  t h e  Uni ted  

S t a t e s  is Ar izona ' s  1980 Ground Water Management A c t .  I t  r e q u i r e s  

conse rva t ion ,  c a l l s  f o r  taxes on qround-water wi thdrawals  and a l lows  f o r  t h e  

e v e n t u a l i t y  of t h e  S t a t e  t o  beqin buying and r e t i r i n q  farmland ( P o s t e l ,  

1985) .  In I s r a e l  e f f i c i e n c y  s t a n d a r d s  have been set f o r  v a r i o u s  u s e s  and 

consumption above t h o s e  s t anda rds  may r e s u l t  in p e n a l t i e s .  Appl iances ,  

i r r i g a t i o n  and o t h e r  water supply sys tems must be o f  t h e  most e f f i c i e n t  t ype  

ava i l a b l e  . 
Regu la t ions  on water use  g e n e r a l l y  imply t h a t  t h e  qovernment h a s  f i x e d  

p r i o r i t i e s  among uses ,  wi th  d r i n k i n g  water havinq h i q h e s t  p r i o r i t y .  When 
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w a t e r  r e s o u r c e s  become s e r i o u s l y  s c a r c e ,  w a t e r  may be r e s t r i c t e d  f o r  

low-pr i o r i t y  u s e s  such a s  l a n d s c a p i n q .  

Under ex t reme water  s c a r c i t y  c o n d i t i o n s  t h e  qovernment  may h a v e  to 

r e s o r t  to r a t i o n i n g  of  some o r  a l l  t y p e s  o f  water  consumption.  T h i s  is  

p o s s i b l e  o n l y  where t h e  qovernment  h a s  c o n t r o l  over t h e  d i s t r i b u t i o n  svstem. 
I t  is more f e a s i b l e  where p i w d  svstems w i t h  m e t e r s  e x i s t .  

Water can be r a t i o n e d  by volume or time. V o l u m e t r i c  r a t i o n i n g  can  

i n v o l v e  i n t e r r u p t i n g  s e r v i c e  when a u s e r  e x c e e d s  h i s  water l i m i t  OK imposinq 

f i n e s  when u s e  is more t h a n  a q i v e n  q u o t a .  R a t i o n i n g  bv time is commonly 

used  in  d e v e l o p i n g  c o u n t r i e s  where p i p e d  w a t e r  svstems o r  s t a n d p o s t s  a r e  

used .  Of ten  w a t e r  is p r o v i d e d  f o r  o n l y  a few h o u r s  per day. One problem 

w i t h  t h a t  approach  is t h a t  p e o p l e  t e n d  t o  l e a v e  taps open, w a i t i n q  f o r  t h e  

w a t e r ,  which may l e a d  to  was taqe .  

( i i)  T e c h n i c a l  r e s p o n s e s .  Other  measures  i n v o l v e  t e c h n i c a l  improvements 

t o  t h e  w a t e r  d i s t r i b u t i o n  system. Modern l e a k  d e t e c t i o n  d e v i c e s  can  be  used 

t o  i d e n t i f y  where r e p a i r s  a r e  needed,  r e p a i r s  can  be c a r r i e d  o u t  and 

d i s t r i b u t i o n  svstem losses reduced .  

Computer models  have  p r o v i d e d  an i m p o r t a n t  t e c h n i c a l  manaqement tool to 

c o n t r o l  ground-water a l l o c a t i o n s  and use .  They h a v e  improved t h e  c a p a b i l i t y  

t o  manage a complex water  b a l a n c e  i n  a c o u n t r y .  Such models may l i n k  a q u i f e r  

(and s u r f a c e  water) c h a r a c t e r i s t i c s ,  f a r m e r s '  r e s p o n s e s  and manaqement 

d e c i s i o n s .  T h e r e  a r e  t w o  main types of models  which l i n k  a q u i f e r  s i m u l a t i o n  

w i t h  management d e c i s i o n  making. Models a imed p r i m a r i l y  a t  managinq 

ground-water  stresses such a s  pumping and r e c h a r q e  a r e  c l a s s i f i e d  a s  

h y d r a u l i c  manaqement models .  These  models t r e a t  t h e  s t r e q s e s  and h y d r a u l i c  

h e a d s  d i r e c t l y  as management d e c i s i o n  v a r i a b l e s .  Models which s i m u l a t e  t h e  

behaviour  of economic a q e n t s ,  where t h e  envi ronment  i n c l u d e s  complex m o u n d  

and s u r f a c e  water  i n t e r a c t i o n s  and s p e c i f i c  i n s t i t u t i o n a l  c o n t e n t  a r e  

c l a s s i f i e d  a s  p o l i c y  e v a l u a t i o n  and a l l o c a t i o n  models. Such models  c a n  h e  

used  t o  a d d r e s s  t h e  v e r y  d i f f i c u l t  c o - o r d i n a t i o n  and c o n t r o l  problems of 

e f f i c i e n t  c o n j u n c t i v e  u s e  (O'Mara, 1 9 8 4 ) .  They can be  very u s e f u l  i n p u t s  f o r  

a d e c i s i o n  maker f a c e d  w i t h  a r a n g e  of p o l i c y  c h o i c e s .  

4 . 2  P r i c i n g  p o l i c y  

The p r i c e  of  water  m u s t  r e f l e c t  i ts t r u e  v a l u e  f o r  h i q h e s t  u s e  i f  

c o n s e r v a t i o n  and t h e  wise u s e  o f  ground water are e v e r  t o  be a c h i e v e d .  

Economis ts  g e n e r a l l y  recommend p r i c i n q  w a t e r  a t  i ts  m a r q i n a l  cost -- t h e  cost 

of  s u p p l y i n g  t h e  n e x t  increment  f rom t h e  b e s t  a v a i l a b l e  s o u r c e .  Consumers 



would thus  pay more a s  s u p p l i e s  become more scarce. I n  r e a l i t y  water is 

r a r e l y  p r i c e d  a t  i ts marqina l  cost; cha rqes  o f t e n  bear l i t t l e  r e l a t i o n  t o  t h e  

r e a l  cost and q u a n t i t y  of water s u p p l i e d .  In most c o u n t r i e s  r u r a l  

communities and fa rmers  us ing  pub l i c ly - supp l i ed  water r a r e l y  pay t h e  t r u e  

costs of producinq and d e l i v e r i n g  t h e  wa te r .  When water u s e r s  draw t h e i r  own 

water from wells, t hey  pay only  t h e  cost of pumpinq t h e  water and d e l i v e r i n q  

it t o  t h e i r  house o r  farm. 

I t  m u s t  be remembered t h a t  an a c c e s s i b l e  supply  of water can n o t  o n l v  

i n c r e a s e  a pe r son ' s  a g r i c u l t u r a l  o u t p u t  and income, bu t  it can a l s o  i n c r e a s e  

t h e  va lue  of h i s  land  d i s p r o p o r t i o n a t e l y .  The lucky  fa rmers  b e n e f i t t i n g  from 

a c c e s s i b l e  water a r e  probably  t h e  r i c h e r  ones  t o  begin wi th ,  and such 

developments,  p u b l i c  o r  p r i v a t e ,  may i n c r e a s e  t h e  gap between r i c h  and poor.  

By charg inq  u s e r s  f o r  t h e  p r i v i l e q e ,  less water w i l l  be wasted and i t  may be  

d i s t r i b u t e d  more equ i t ab ly .  

As water becomes more va luab le ,  meter inq  and m m i t o r i n q  become cost 

e f f e c t i v e .  Meter ing of water s e r v i c e  i n e v i t a b l y  d r i v e s  down consumption 

because u s e r s  become more consc ious  o f  costs. Meterinq may a l s o  p rov ide  d a t a  

on t h e  s i z e  of t h e  a q u i f e r  system, and i n p u t s  i n t o  demand p r o j e c t i o n s .  For 

piped  water systems in urban a r e a s ,  cha rqes  per c u b i c  me t re  used a r e  commonly 

imposed in many c o u n t r i e s .  Gene ra l ly  saeak inq ,  c h a r q e s  a r e  f a r  below t h e  

costs of e x t r a c t i n q ,  t r e a t i n q  and d e l i v e r i n g  t h e  water.  I n  some c o u n t r i e s ,  

t h e  p r i c e  d e c l i n e s  a s  consumption i n c r e a s e s ,  t he rebv  d i scouraq inq  e f f i c i e n t  

use. 

T a r i f f s  can be used to reduce  e x c e s s i v e  use and conserve  water .  POI- 

example, t h e  owners of wells in a r e a s  wi th  f a l l i n g  water t a b l e s  could  he  

g iven  i n c e n t i v e s  t o  e x p l o i t  less. High margina l  t a r i f f s ,  r e p r e s e n t i n q  t h e  

s o c i a l  cost of excess ive  use ,  could  be charged  f o r  water withdrawn in e x c e s s  

o f  b a s i c  ground-water a l lo tmen t s .  

( i )  I r r i g a t i o n  water p r i c i n q .  Requ la t ions  and p r i c e s  o f  anv tyoe ,  

inc luding  systems of  q u o t a s  and marqina l  prices,  f o r  i r r i g a t i o n  water  r e f l e c t  

c o n f l i c t i n g  goa ls :  ( a )  t h e  need to  encouraqe  e f f i c i e n t  use o f  wa te r ;  (b)  t h e  

d e s i r e  t o  r e d i s t r i b u t e  income towards a q r i c u l t u r e ;  (c) t h e  d e s i r e  t o  recovpr  

c a p i t a l  costs from u s e r s ;  (d )  t h e  d e s i r e  to  favour  sma l l  fa rmers ;  and ( e l  t h e  

need t o  minimize a d m i n i s t r a t i v e  costs. 

Because no one system o f  a l l o c a t i o n  can  be recommended f o r  a l l  r e q i o n s  

OK p r o j e c t s  wi th in  a coun t ry ,  r i q i d  p r e s c r i p t i o n s  o f  policies would be 

i nappropr i a t e .  

cond it ions .  

Water laws need to  a l low f o r  a v a r i e t y  of s i t e - s p e c i f i c  
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D e s i r e s  to  s u b s i d i z e  a q r i c u l t u r e  r e d u c e  t h e  p o s s i b i l i t y  of e f f i c i e n c y  

p r i c i n g  which would r e f l e c t  t h e  h i g h  v a l u e  o f  w a t e r .  One way t o  combine t h e  

d u a l  g o a l s  of s u b s i d v  and e f f i c i e n c v  is t o  use t w o  o r  more prices combined i n  

a sys tem of  p e r m i t s  o r  q u o t a s  p l u s  p r o q r e s s i v e  p e n a l t i e s  f o r  e x c e e d i n g  them. 

The sys tem can use low-priced q u o t a s  p l u s  h i q h  m a r g i n a l  costs f o r  p u r c h a s i n q  

more t h a n  o n e ' s  q u o t a  and r e b a t e s  f o r  u s i n g  less t h a n  q u o t a s .  I t  is 

p r a c t i c a l  p a r t i c u l a r l y  when c o n j u n c t i v e  use  o f  s u r f a c e  and  qround-water  is 

in tended .  Economic e f f i c i e n c y  w i l l  a l s o  be i n c r e a s e d  i f  q u o t a s  a r e  

t r a n s f e r a b l e  or exchanqeable  amonq u s e r s  or i f  t h e  state is r e a d y  t o  buv 

unused q u o t a s .  

The a p p r o a c h e s  s e l e c t e d  f o r  p r i c i n q  w a t e r ,  i n c l u d i n q  p e r m i t s  and 

p e n a l t i e s ,  have  e f f e c t s  on both  t h e  d i s t r i b u t i o n  of  income and t h e  a l l o c a t i o n  

o f  r e s o u r c e s .  S u b s i d i z e d  water  r a t e s  a r e  o f t e n  used to r e d i s t r i b u t e  income 

to  p a r t i c u l a r  groups .  They have  been used a s  a p o l i c y  i n s t r u m e n t  t o  a t t r a c t  

i n d u s t r y  to s e l e c t e d  l o c a l i t i e s  and to p r o v i d e  p o t a b l e  water o f  a c c e p t a b l e  

q u a l i t y  to  poor communit ies .  The t r e n d  may be to p r i c e  w a t e r  u s i n q  

" p r o g r e s s i v e "  b lock  r a t e s  or s y s t e m s  w i t h  low-priced quotas and p r o q r e s s i v e  

p e n a l t i e s  f o r  u s i n g  more t h a n  o n e ' s  q u o t a .  

( i i )  Households  and i n d u s t r i e s .  S i n c e  m u n i c i p a l  and i n d u s t r i a l  w a t e r  

s u p p l i e s  have n o t  t r a d i t i o n a l l y  been h e a v i l y  s u b s i d i z e d ,  p r i c i n g  on t h e  b a s i s  

o f  " u s e r s  pay cost of s e r v i c e "  would be more a p p l i c a b l e  t o  t h e s e  s e c t o r s ,  

w i t h  g r e a t e r  p o s s i b i l i t y  o f  inducinq  economic e f f i c i e n c y .  

When water  is in  s c a r c e  s u p p l y ,  m e t e r i n q  c o u o l e d  w i t h  e f f e c t i v e  p r i c i n g  

p o l i c y  can c o n s e r v e  w a t e r  and improve e f f i c i e n c y  i n  u s e .  S u b s t a n t i a l  

r e d u c t i o n s  in  t h e  q u a n t i t y  o f  water  used a r e  p o s s i b l e  when m e t e r i n q  and 

a p p r o p r i a t e  p r i c i n g  s t r u c t u r e s  a r e  i n t r o d u c e d .  

5 CONCLUSIONS 

Ground water  h a s  p r o v i d e d  a n  economic a l t e r n a t i v e  to t r a d i t i o n a l  

sur face-water  s o u r c e s  in  many a r e a s  where t h e  l a t t e r  were  e i t h e r  i n a d e q u a t e  

i n  t e r m s  of  q u a n t i t y ,  c o n t a m i n a t e d ,  o r  where d i s t a n c e  made t h e  cost of 

conveying  t h e  w a t e r  t o  p o i n t s  of  u s e  undulv h i q h .  

I t  is v e r y  impor tan t  f o r  governments  to  bear  in  mind, however ,  t h e  

i m w r t a n c e  o f  p r e v e n t i n g  o v e r e x p l o i t a t i o n  and t h e  lonq-term d e p l e t i o n  o f  t h e  

r e s o u r c e .  In  o r d e r  to  p l a n  ahead f o r  such  e v e n t u a l i t i e s ,  e s p e c i a l l v  i n  

w a t e r - s h o r t  a r e a s ,  governments  should  p r o v i d e  o v e r - a l l  management and 

d i r e c t i o n  f o r  t h e  development  and u s e  o f  qround water .  Manaqement of an 

a q u i f e r  w i l l  e n t a i l  d e c i s i o n s  on minimum w e l l  s p a c i n q ,  t a x e s  and t a r i f f s  f o r  
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water u s e ,  and r a t i o n i n g  and pe rmi t s  to c o n t r o l  water withrfrawals i n  o r d e r  to 

r e s t o r e  ba lance  between pumpinq and recharqe .  The qovernment could  a l s o  set  

s t anda rds  fo r  e f f i c i e n t  use ,  beyond which p e n a l t i e s  w i l l  be imposed. 

Within t h i s  framework, t h e  p r i v a t e  s e c t o r  may develop  qround water to 

meet i ts  needs ,  where a p p r o p r i a t e .  P r i v a t e  s e c t o r  developments tend  to  

o p e r a t e  m r e  e f f i c i e n t l y  on an i n d i v i d u a l  b a s i s  and engender innova t ive  

t echno loq ie s ,  bu t  may no t  s u f f i c i e n t l y  take i n t o  account  t h e  i n t e r e s t s  and 

needs  of t h e  community. 

A t  t h e  community l e v e l ,  it is impor tan t  f o r  t h e  l o c a l  Water Users ’  

Assoc ia t ion  or Water Committee to  t a k e  r e s p o n s i b i l i t y  f o r  a qround-water 

supply system, e s p e c i a l l y  its ope ra t ion  and maintenance. T t  is g e n e r a l l y  

agreed  t h a t  a community-owned and ope ra t ed  system f u n c t i o n s  b e t t e r  than  a 

system under government r e s p o n s i b i l i t v .  

B e n e f i c i a r i e s  of a ground-water scheme must unders tand  t h a t  water which 

is developed, t r e a t e d ,  managed and d e p l e t e d  cannot  be cons ide red  a f r e e  

good. Water h a s  an economic va lue ,  a s  do p roduc t s  which u s e  ground water a s  

an input  t o  product ion .  The people  who qa in  economic b e n e f i t s  from a 

ground-water scheme must pay an economic cost f o r  t h a t  p r i v i l e g e .  Moreover, 

they  cannot  o v e r e x p l o i t  t h e  r e source  to  t h a t  p o i n t  t h a t  o t h e r s  ( i n c l u d i n s  

f u t u r e  g e n e r a t i o n s )  w i l l  be adve r se ly  a f f e c t e d .  I t  is wi th  t h i s  

unders tandinq  t h a t  f u t u r e  deve lopnent  of qround-water r e s o u r c e s  can go  

forward r a t  i o n a l l y  and economically.  
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