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E n h a n c i n g P r o d u c t i v i t y o f W a t e r t h r o u g h I n t e g r a t e d 
W a t e r R e s o u r c e s M a n a g e m e n t 

M Y Zainudeen 

Abstract: G rowing popula t ion , increased economic activities and improved s t anda rds of living create 
increased compet i t ion a n d conflicts over the l imited fresh wate r resource. A combina t ion of social 
inequity, economic marginal izat ion and lack of effective pover ty alleviation p rog rams also force people 
living in extreme pover ty to over exploit soil and forestry resources, which often resul ts in negat ive 
impac t s on w a t e r r e sources . Fu r the r po l l u t i on from domes t i c , ag r i cu l tu ra l a n d indus t r i a l w a s t e 
deteriorate the wate r quali ty which influences wate r usability downs t r eam, threatens h u m a n heal th 
and the functioning of aquatic ecosystems, leading to poor overall product ivi ty of water . Water scarcity 
will become more acute over t ime in the absence of significant efforts to enhance the product ivi ty of 
water in all water use sectors and mainta in ing ecological balance and sustainabili ty. 

The a b o v e p r o b l e m s are a g g r a v a t e d by the sh o r t co min g s in the m a n a g e m e n t of wa te r . Sectoral 
approaches to water resources managemen t have domina ted all over a n d are still prevai l ing in m a n y 
par ts of the wor ld , leading to f ragmented and uncoordina ted deve lopment and m a n a g e m e n t of the 
source. Thus the overall problem, low product iv i ty of water , is caused by both increased compet i t ion 
for finite resources and inefficient water governance. 

Productivi ty of water is a m u c h spoken topic a m o n g the policy makers , investors , and managers in the 
water resources deve lopmen t sector at Internat ional level, bu t it has no t ga ined m u c h publici ty or 
a t t en t i on local ly , e spec ia l ly a m o n g the po l i t i c ians a n d w a t e r u se r s . C u r r e n t s cena r io seeks a n 
envi ronmenta l ly sus ta inable and socially acceptable policy f ramework for deve lop ing & m a n a g i n g 
water resources. 

In the event of d imin i sh ing availabil i ty of fresh wa te r and increas ing d e m a n d necessi tates a n e w 
approach for wa te r resources m a n a g e m e n t - Integrated water resources managemen t - which is gaining 
the at tention of the wa te r professionals, policy makers and mangers all over wor ld . 
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1. Introduction 

Wate r p r o v i d e s the bas is for the exis tence of 
living being and main ta in ing the ecosystem in 
the globe at the same t ime it is at the core of bo th 
deve lopment and envi ronmenta l problems. The 
p r imary reason for env i ronmenta l p rob lems is 
the activi t ies of the h u m a n in the l andscape , 
ei ther in o rde r to h a v e access to water , food, 
fodder, fuel-wood, t imber, energy, or to dispose 
s a n i t a r y w a s t e , so l i d w a s t e , a n d i n d u s t r i a l 
effluents, u n d e r the cover of deve lopment . 

W a t e r sec to r is in a s t a t e of c r i s i s in m a n y 
developing countries , especially in the arid and 
s e m i - a r i d r e g i o n s d u e to p o l l u t i o n , o v e r 
ext rac t ion , lack of a l loca t ion & m a n a g e m e n t 
pol ices etc. In m o s t c o u n t r i e s a l m o s t all t he 
po ten t ia l w a t e r r e s o u r c e s h a v e a l r e a d y been 
d e v e l o p e d a n d c o n s u m e d w i t h o u t a n y 
c o n s i d e r a t i o n to t h e w e l f a r e of t h e f u t u r e 

generat ions. It is t rue that wa te r is a renewable 
r e s o u r c e b u t t h e r e a l i t i e s of r e n e w a b l e 
p h e n o m e n a , l a rge ly d e p e n d s on the overa l l 
m a n a g e m e n t pract ices exercised p resen t ly on 
the available water . N e w sources of wa te r are 
b e c o m i n g scarce, m o r e expens ive to d e v e l o p , 
and require more expertise and technical k n o w 
h o w for p l a n n i n g , d e s i g n i n g a n d 
implementa t ion since the a m o u n t of avai lable 
fresh water is l imited in any count ry on a long-
te rm basis. 

Further, natural condi t ions a n d h u m a n activities 
have , over the pa s t few decades , affected the 
qua l i ty a n d q u a n t i t y of ava i lab le wa te r . This 
s i tua t ion a l a r m s tha t w a t e r can n o longer be 
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c o n s i d e r e d as a c h e a p r e s o u r c e for u s e a n d 
a b u s e , w i t h o u t a p e n a l t y in t h e f u t u r e of 
mankind . 

The entire wa te r wor ld is facing a severe crisis 
d u e to the strong, ongoing globalization process, 
w h i c h is ve ry c o m p l e x by it-self. Fur the r , in 
spite of this scenario, the ad-hoc and isolated 
usage practice of wa te r resources has b rough t 
th i s sec tor in to a s e v e r e d i s t r e s s . C u r r e n t l y 
agricultural sector uses a large a m o u n t of water, 
product ivi ty of such use is to be established and 
justified. The sector will face severe challenges 
in the future, in the light of d imin ish ing fresh 
water resources and increasing d e m a n d for the 
s a m e p o s e d b y t h e i n c r e a s i n g p o p u l a t i o n 
associated wi th improved living s t andards and 
urbanizat ion. This will be further aggravated by 
the d e m a n d c rea t ed b y the i n d u s t r i a l sector 
which assures a considerable economic growth 
in the u rban as well as in the rural sector 

If this current t rend cont inues, water sector will 
b e c o m e a m a j o r p r o b l e m , w i t h s e r i o u s 
consequences on heal th , food p roduc t ion and 
s u s t a i n a b i l i t y of t h e e c o s y s t e m a n d h e a v y 
i n v e s t m e n t t o o v e r c o m e t h e p r o b l e m a t i c 
situation. Since wate r is indispensable for life, 
economic deve lopmen t and ecological balance, 
water m a n a g e m e n t needs to be v iewed wi th a 
wider horizon, n e w d imens ions and innovat ive 
s t r a t e g i e s i n a n i n t e g r a t e d m a n n e r , w h i c h 
should be reactive to the current problems and 
pro-active to take care of the future scenarios, in 
o r d e r to ove r c o m e the cr is is a n d to e n s u r e 
sustainability of water sector in the future. N e w 
m a n a g e m e n t a p p r o a c h e s a r e r e q u i r e d to 
enhance the product iv i ty of water in all water 
use sectors t h rough secur ing water for the needs 
of t h e p e o p l e . T h i s r e q u i r e s a n i n t e g r a t e d 
approach for wa te r resources managemen t . 

2. Water in General 
2.1 Water as a Natural Resource 

Water is a un ique na tura l resource, because of 
its dis t inguished characteristics. It is an essential 
basic resource in every sphere of life of living 
being. It plays a major role in communi ty needs 
& san i t a t i on , a g r i c u l t u r e (food p r o d u c t i o n ) , 
industry, h y d r o p o w e r generat ion, recreation & 
tourism, protect ion of na tu re and so forth. The 
more impor tan t characteristic of water is that it 
is renewable. In general, the availability of water 

v a r i e s f r o m o n e loca l i t y to a n o t h e r a n d is 
dependan t on climatic pa t tern wor ldwide . It is 
distr ibuted in the oceans, lakes, and rivers and 
in the aquifers beneath the surface as b lue water 
and in the soil and plants as green water . Most 
of the fresh wa te r avai lable for h u m a n use is 
found on or very near to the surface of the land 
and this is greatly governed by the topography, 
geology and vegetat ion cover. 

W a t e r is a lso mob i l e ; it wil l f low a l o n g the 
slopes u n d e r na tu ra l condi t ions . This impl ies 
t w o m e a n i n g s . O n e is i ts mob i l i t y o v e r a n d 
unde r the land surface, the other being its ability 
to m o v e across the m a n m a d e pol i t ica l /socia l 
b o u n d a r i e s , w h i c h m a y h a v e d i f f e r e n t 
jurisdiction. Mobility of wa te r across different 
ju r i sd ic t ion has c rea ted so m u c h of poli t ical , 
decision-making and managemen t problems. 

2.2 Role of Water in Life, Deve lopment and 
Environment 

Life p r o s p e r s a n d decl ines d e p e n d i n g on the 
abundance of water; consequent ly a var iety of 
life fo rms h a v e b e c o m e a d a p t e d to v a r y i n g 
a m o u n t of water . This indicates that each life 
form, whe ther plant or animals , has developed 
tolerance to a certain variability in the a m o u n t 
of wa te r avai lable. In ex t r eme condi t ions , i.e. 
du r ing d rough t s less tolerant species m a y die 
out, similarly du r ing floods life m a y also suffer. 
M a n y h u m a n ac t iv i t i e s h e a v i l y r e ly o n t h e 
s u p p l y of w a t e r of a d e q u a t e q u a l i t y a n d 
q u a n t i t y . L a c k of w a t e r c a u s e s m a n y 
inconveniences to life, affects the plant g rowth 
a n d e c o s y s t e m . A l s o w a t e r h a s a g r e a t e r 
influence on rel igious a n d cul tural affairs and 
hence regarded as a spiritual reverence. 

Water is also of vital impor t ance to all socio­
economic activities. Much of wa te r w i t h d r a w n 
for e c o n o m i c d e v e l o p m e n t a c t i v i t i e s is 
eventual ly r e tu rned to the na tu ra l sys tem bu t 
m o s t l y w i t h c o n t a m i n a t i o n , p o l l u t i o n a n d 
thermally changed. Fur ther water is an essential 
commodi ty for recreation and tourism. 

Water, a lubricant, moves th rough the biosphere 
d r i v e n b y s o l a r e n e r g y to t r a n s p o r t a n d 
redistr ibute the heat. It is a m o d e of t ranspor t for 
chemicals which are soluble in water , nutr ients , 
pol lutants and diseases from one par t of the life 
system to another, thus demons t ra t ing its role & 
i n f l u e n c e o n t h e l i v e s , e n v i r o n m e n t & 
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ecosystem. Its availability in adequa te quant i ty 
a n d qua l i ty is i n d i s p e n s a b l e for the efficient 
functioning of the biosphere . 

T h e o v e r a l l p e r c e p t i o n a b o u t w a t e r , 
d e v e l o p m e n t a n d e n v i r o n m e n t , a m o n g t h e 
majori ty of the d e v e l o p i n g n a t i o n s h a s b e e n 
ve ry p o o r in the pas t , conf in ing on ly to the 
extent of mee t ing their shor t - t e rm needs . The 
considerable regard a n d pervasive feeling about 
water and envi ronment , that had existed, based 
on religious and cul tural heri tage, for ages, got 
e roded d u r i n g the last few decades unde r the 
i n c r e a s i n g p r e s s u r e of p o v e r t y , h u n g e r , 
m i s m a n a g e m e n t of n a t u r a l r e s o u r c e s a n d 
u n p l a n n e d d e v e l o p m e n t activities. This could 
have resul ted d u e to political reasons , lack of 
k n o w l e d g e & t echno logy , lack of f u n d i n g or 
even due to ignorance. Whatever the reason, this 
may end u p in dest ruct ion of deve lopment and 
ecosystem in the long run . Water , env i ronment 
a n d d e v e l o p m e n t , i n t e r ac t w i t h each o the r , 
i n d i v i d u a l l y a n d co l l ec t ive ly e t e r n a l l y a n d 
hence it is impossible to consider them singly, in 
i sola t ion. U n d e r n a t u r a l c o n d i t i o n s t hey are 
m u t u a l l y d e p e n d e n t o n e a c h o t h e r a n d 
separat ion is impossible. 

2.2.1 Perspectives about Water 

Water provides the basis for life, deve lopment 
and envi ronmenta l p rob lems too. Every one in 
t h e soc ie ty , c o m m u n i t y or w i t h i n a def ined 
t e r r i to ry h a s d i f fer ing in t e res t a n d dif fer ing 
perspec t ives abou t wa te r . Wa te r user g roups , 
cultural , political, a n d rel igious organizat ions , 
a n d N G O ' s p l a y a c o n s i d e r a b l e r o l e in 
d e v e l o p i n g , u s i n g a n d m a n a g i n g w a t e r 
resources. Everyone looks at certain aspects of 
wa te r r e source d e v e l o p m e n t & m a n a g e m e n t , 
and advocates or p romotes ideas cor responding 
to their in teres t w i th cer ta in b iasness bu t the 
wa te r m a n a g e r is expec ted to cons ider every 
aspect wi th an unbiased approach. 

In spite of the above, w h a t is of more concern in 
today ' s context is the absence of ra t ional and 
meaningful perspect ive in the political agenda, 
a b o u t w a t e r , in m a n y d e v e l o p i n g coun t r i e s . 
T h e r e a re m a n y m i n i s t r i e s a n d g o v e r n m e n t 
agencies to admin i s t e r and m a n a g e the wa te r 
based deve lopment sectors bu t no agencies exist 
for e s t a b l i s h i n g a n d a d m i n i s t e r i n g w a t e r 
policies (developing, allocating, managing , and 
protecting). The vulnerabil i ty of this resource is 

least felt by the pol i t ic ians a n d the affairs of 
wa te r sector are go ing as a "usua l bus iness" . 
The effort taken by the wate r professionals to 
br ing the water business to the political agenda 
seems to be insufficient and ineffective. 

3. Productive Use of Water 
3.1 Food Production 

Agricul ture remains as the dominan t economic 
factor for many developing countries, in terms 
of food s e c u r i t y , p o v e r t y a l l e v i a t i o n a n d 
employment generation, since majority of their 
popula t ion is in the rural areas. Current ly they 
a r e m o s t l y e n g a g e d in a g r i c u l t u r e to feed 
t hemse lve s as wel l as the u r b a n p o p u l a t i o n . 
They will cont inue this exercise in the future too, 
n o t o n l y to feed t h e e x i s t i n g a n d r a p i d l y 
increasing rural popula t ion, but also to that of 
urban popula t ion. The agricultural sector mus t 
n o t on ly p r o d u c e m o r e food for t h e r i s i n g 
populat ion, but also save water for other uses. 
T h i s n e c e s s i t a t e s to , a p p l y w a t e r - s a v i n g 
technologies and m a n a g e m e n t practices on one 
h a n d a n d to e n c o u r a g e t h e c o m m u n i t i e s to 
in t roduce n e w approaches for bo th rain-fed and 
irrigated agricul ture on the other. 

3.1.1 Blue Water Concept 

Agricul ture is said to represent two thirds of all 
w a t e r w i t h d r a w a l s in the w o r l d , or twice as 
m u c h as domes t i c a n d indus t r i a l needs . This 
refers only to the w a t e r abs t rac ted from b lue 
w a t e r (surface w a t e r a n d r e n e w a b l e g r o u n d 
w a t e r ) r e s e r v e ( l akes , r i v e r s a n d a q u i f e r s ) , 
w h i c h is t h e w a t e r f l o w c o n v e n t i o n a l l y 
cons ide red as an economic r e sou rce . Lots of 
d e b a t e is g o i n g on the p e r f o r m a n c e of b l u e 
water based (irrigated) agr icul ture in- terms of 
efficiency, sustainabili ty and economic growth . 
Lack of focus on t h e h u g e a m o u n t of g r e e n 
water flow utilized in current food product ion 
and p rov id ing ecosystem services seems to be 
s imply disregarded. 

3.1.2 Green Water Concept 

Plants d o not d e p e n d on b lue w a t e r directly, 
w h a t h a p p e n s is r o o t s t a k i n g u p t h e so i l 
mois ture and releasing to the a tmosphere . Soil 
m o i s t u r e c o u l d be m a i n t a i n e d by i r r i ga t ion 
a n d / o r precipi tat ion, for a heal thy planta t ion. 
This involves h u g e a m o u n t s of water , of which 
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irrigated (blue water) quant i ty could usually be 
assessed bu t the quant i ty of green wate r used 
remains un-assessed . In o ther w o r d s , rain-fed 
agr icul ture p lays a vital role in p r o v i d i n g the 
staples for the rura l communi t i e s in the regions 
w h e r e even i r r igat ion has been in practice for 
centur ies . T h u s food (gra ins , cereals & meat ) 
product ion largely d e p e n d s on the direct use of 
g r e e n w a t e r i n r a i n - f e d a g r i c u l t u r e a n d 
livestock. 

F u r t h e r m o r e , g r e e n w a t e r is e v e n m o r e 
i m p o r t a n t as the basis for h u m a n wel l be ing 
since it sustains b iomass in all b iomes, which in 
t u r n de l ive r s a n u m b e r of crucia l e cosys t em 
s e r v i c e s t o t h e s o c i e t y . T h e m o s t o b v i o u s 
services are food, t imber, fodder, renewable fuel 
a n d f i be r s , a n d l e s s o b v i o u s - b u t n o t l e ss 
important-biodiversi t ies . 

3.1.3 Water Use Efficiency and Allocation 
Policies 

At present , in m a n y deve lop ing countries , wa te r 
is dis t r ibuted for va ry ing purposes wi thou t any 
formal al location policy to each sector. Abou t 
85% of the deve loped wa te r (d iver ted, s tored 
and extracted from aquifers) is w i t h d r a w n for 
i r r i g a t i o n . T h i s is v e r y h u g e a n d n e e d s 
r e c o n f i r m a t i o n for i ts c o n t i n u i t y , e spec ia l ly 
w h e r e w a t e r r e s o u r c e s a r e s c a r c e . S i n c e 
irrigation is the largest wa te r use sector, it can 
a l s o c o n t r i b u t e g r e a t l y t o w a r d s w a t e r 
conservat ion. In m a n y pa r t s of the wor ld it is 
c o m m o n t h a t m o r e t h a n hal f of t h e w a t e r 
diver ted for agricul ture does not reach the farm, 
i n d i c a t i n g a h i g h e r c o n v e y a n c e lo s s ( f rom 
personal experience). Fur ther a large quant i ty of 
w a t e r is j u s t w a s t e d in t h e f a r m d u e to 
inappropriate application me thods and on farm 
management practices. This situation promotes 
not only the wast ing of scarce, developed water 
but also contributes to water logging and salinity, 
r e s u l t i n g in l o w p r o d u c t i v i t y . T h e r e is a 
considerable scope for conservation of water by 
improving conveyance & application efficiencies 
in irrigated schemes. Unde r the circumstances, it 
is very impor t an t for every na t ion to deve lop 
meaningful water allocation policies to maximize 
the product ive use of water . 

3.1.4 Negative impacts of irrigated Agriculture 

The i n v e s t m e n t in t h e i r r i g a t e d a g r i c u l t u r e 
sector h a s r e su l t ed in inc reased benefi ts , b u t 

p r o d u c t i v i t y r e s p o n s e a n d s u s t a i n a b i l i t y of 
i r r iga t ion sy s t ems h a v e b e e n c o n s t r a i n e d by 
salinity, water logging, low yields, lower prices 
and p o o r marke t s . The use of agro-chemicals 
a n d fe r t i l i ze r s , in a g r i c u l t u r a l a n d f a r m i n g 
activities, have created considerable changes in 
qua l i ty of r e t u r n wa te r , b iod ivers i ty , aqua t ic 
e c o s y s t e m s a n d c h a n g e of so i l p r o p e r t i e s , 
caused by w a t e r l o g g i n g a n d sa l in i ty . These 
changes include blanket-weed g rowth and algae 
b l o o m s in r i v e r s a n d r e s e r v o i r s , w h i c h a re 
detr imental to h u m a n use. Fur ther soil erosion 
and overexploitation of natura l resources are the 
o t h e r a d v e r s e effects c a u s e d by th i s sec tor . 
S u s t a i n a b i l i t y of food p r o d u c t i o n m a i n l y 
d e p e n d s on the sound and efficient wa te r use 
a n d c o n s e r v a t i o n p r a c t i c e s , p r i m a r i l y in 
i rr igated and rain-fed agr icul ture , a n d also in 
livestock, inland fisheries and agro forestry. 

3.2 Water Supply & Sanitation 

Al though mos t count r ies give first pr ior i ty to 
satisfy the basic h u m a n n e e d s for wa te r , one 
fifth of the wor ld ' s popu la t ion is w i thou t safe 
access to safe d r ink ing wate r whi le half of the 
p o p u l a t i o n l a cks a d e q u a t e s a n i t a t i o n . Safe 
d r i n k i n g w a t e r s u p p l y a n d e n v i r o n m e n t a l 
sanitation plays a vital role in social uplif tment 
by i m p r o v i n g t h e h e a l t h c o n d i t i o n s a n d 
a l l ev ia t ing p o v e r t y in o u r c o m m u n i t i e s a n d 
protect ing the envi ronment . Clean wate r m u s t 
be accessible to each and every one irrespective 
of their social and economic status and place of 
living. The water needs of the people l iving in 
s e m i - u r b a n a n d s q u a t t e r a reas w i t h u l t ima te 
pover ty should be considered in par wi th those 
wi thou t pover ty for p rov id ing access to clean 
water . The first s tep to el iminate worse pover ty 
is to el iminate pover ty caused by lack of clean 
wa te r . The w a t e r sc ient is t s a n d m a n a g e r s at 
n a t i o n a l , r e g i o n a l a n d loca l l e v e l s s h o u l d 
p r i o r i t i z e t h i s in t h e i r a g e n d a for w a t e r 
resources deve lopment & managemen t . Lack of 
clean wate r is the main cause for wa te r borne 
diseases, wi th dua l functions; one is mak ing the 
people to consume contaminated water and the 
other being leading to poor sanitat ion practices, 
which deteriorate the available water. 

3.2.1 Water Pollution Abatement 

In m a n y ci t ies of d e v e l o p i n g c o u n t r i e s t h e 
u n p r e c e d e n t e d p o p u l a t i o n g r o w t h is m u c h 
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faster than the city authori t ies can ever manage 
to run . It increases pol lut ion g rowth , des t roys 
their o w n wa te r resources , whi le n e w sources 
are very remote and may be prohibi t ive in te rms 
of cost. Also another d i l emma is the industr ies 
s u p p o r t i n g economic g r o w t h ; gene ra t e la rge 
quant i t ies of pol lu t ion , wh ich increases m u c h 
f a s t e r t h a n t h e p o p u l a t i o n a n d t h e G N P . 
A l r e a d y w a t e r p o l l u t i o n h a s e n o r m o u s 
d imens ions , affecting fresh and g r o u n d wate r 
s o u r c e s a n d the en t i r e e c o s y s t e m . A l t h o u g h 
i m p r o v e d w a t e r q u a l i t y m a n a g e m e n t 
procedures and technologies are available in the 
w e s t e r n w o r l d , t h e y a r e n o t v i a b l e in p o o r 
c o u n t r i e s m a i n l y d u e to e c o n o m i c r e a s o n s . 
T h e r e f o r e , a b a t e m e n t of w a t e r p o l l u t i o n 
becomes of fundamenta l impor tance requi r ing a 
radically improved approach . 

3.2.2 Recycling Process 

T h e e s c a l a t i n g w a t e r p o l l u t i o n i n v i t e s 
a n t i c i p a t i v e p l a n n i n g r a t h e r t h a n r e a c t i v e 
a p p r o a c h to the crisis . In s o m e cases w a s t e d 
wate r is seen as a resource for bo th water and 
n u t r i e n t s t h a t c o u l d b e m a d e u s e a f te r 
r ec l ama t ion a n d t r e a t m e n t . Rec la imed u r b a n 
was tewa te r can be used for agr icul ture in the 
u rban and per i -urban area; the food p roduced 
would be for the farmers as well as for the u rban 
populat ion. The heal th hazard embodied in this 
process can be mit igated by s imple inexpensive 
t rea tment m e t h o d s . H o w e v e r accumula t ion of 
salts in soils and g round water that follows the 
reuse is a potential threat on long-term usage for 
irrigation & other uses. 

3.3 Water for O the r Uses 

3.3.1 Power Generation 

A l t h o u g h h y d r o p o w e r g e n e r a t i o n d o e s no t 
c o n s u m e wate r , it occupies a large land area, 
covered by the w a t e r level of the rese rvo i r s , 
which may be prohibi t ive in te rms of habitats, 
forest, wild life and loss of fertile land. Further 
these wi l l c h a n g e t h e c l imat ic a n d l a n d use 
pat tern in the ca tchments area causing adverse 
effects in the future. However , in poor countries, 
w h e r e w a t e r r e sources cou ld be afforded for 
power genera t ion, seems to be the favourable 
op t ion aga ins t a l t e rna t i ve p o w e r , at least o n 
s h o r t t e r m bas i s . H o w e v e r , c o n s t r u c t i o n of 
reservoirs for p o w e r generat ion will change the 
r i v e r life a n d t h e f low r e g i m e in t h e 

d o w n s t r e a m , caus ing i r revers ible d a m a g e s to 
the ecosystem and flora fauna. 

3.3.2 Industry 

Industr ies use water mainly for three purposes , 
namely , for consuming , cooling, and cleaning. 
In some industr ies , major por t ion of the wate r 
ab s t r ac t ed wil l be c o n s u m e d or t a k e n a w a y 
while a little will be d ischarged in to the natura l 
system, mostly pol luted. There are certain types 
of food p r o c e s s i n g i n d u s t r i e s , d i s c h a r g i n g 
effluents in to the na tura l systems, which cannot 
be p e r m i t t e d , if n o t t r e a t e d . T h e i n d u s t r i e s , 
which abstract wa te r for cooling, will discharge 
a re turn flow, thermally changed. This m a y be 
harmful to some useful microorganisms in the 
r e c e i v i n g w a t e r b o d y a n d a l s o c o u l d a l t e r 
natural climate of the system. 

T h e r e a re c e r t a i n o t h e r t y p e s of i n d u s t r i e s , 
which discharge concentrated effluents, harmful 
to t h e r e c e i v i n g w a t e r b o d y a n d t h e 
envi ronment . Envi ronmenta l scientists and the 
l aw enforc ing au thor i t i e s s h o u l d p a y se r ious 
attention to this and take necessary prevent ive 
& r e g u l a t o r y m e a s u r e s , to p ro t ec t the w a t e r 
resources and the envi ronment . 

3.4 Env i ronmen ta l Protec t ion 

3.4.1 Environmental Needs 

The exact w a t e r r e q u i r e m e n t for the secu red 
cont inui ty of ecosys tems is not k n o w n clearly 
bu t it is the river flow, w h i c h is needed for a 
h e a l t h y e c o s y s t e m . E c o s y s t e m s a r e w a t e r 
dependen t due to different functions of wa te r in 
it, namely bui ld ing matter , nut r ient carrier and 
cooler. Terrestrial ecosystems in the ups t r eam of 
a basin are impor tan t for ra inwater infiltration, 
g round water recharge and river flow regimes. 
A q u a t i c e c o s y s t e m s p r o d u c e a r a n g e of 
economic benefits such as t imber, fuel w o o d and 
medicinal plants , and they also p rov ide wild life 
habitats and s p a w n i n g g rounds . The ecosystems 
d e p e n d on wate r flows, seasonali ty and wate r 
table f luctuations a n d h a v e wa te r qual i ty as a 
fundamenta l de terminant . H u m a n system plays 
a major role in harness ing all the benefits that 
could be accrued from these physical systems, 
p a y i n g l i t t l e o r n o a t t e n t i o n to t h e i r 
s u s t a i n a b i l i t y . L a n d a n d w a t e r r e s o u r c e s 
managemen t m u s t ensure that vital ecosystems 
are mainta ined and that adverse effects on other 
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n a t u r a l r e s o u r c e s a re c o n s i d e r e d a n d w h e r e 
poss ible ame l io r a t ed w h e n d e v e l o p m e n t a n d 
m a n a g e m e n t dec i s ions a re m a d e . U n d e r the 
c i rcumstances , complex n a t u r e of fresh wa te r 
s y s t e m s d e m a n d s a ho l i s t i c a n d i n t e g r a t e d 
approach rather than a piece-meal approach for 
m a n a g e m e n t of w a t e r a s w e l l as t h e 
environment . 

3.4.2 Water Quality Monitoring 

T h e m a i n o b j e c t i v e of i n t e g r a t e d w a t e r 
m a n a g e m e n t is to i n c o r p o r a t e w a t e r qua l i ty 
mon i to r ing a n d m a n a g e m e n t p r o c e d u r e s into 
t h e w a t e r m a n a g e m e n t p r o c e s s so t h a t t h e 
sustained main tenance of ecosystems integrity, 
protection of public heal th and h u m a n resources 
d e v e l o p m e n t cou ld be a s s u r e d . The effective 
protec t ion of w a t e r resources a n d ecosys tems 
m a i n l y d e p e n d s o n t h e c a p a c i t i e s of t h e 
responsible ins t i tu t ions , avai lable skilled staff 
a n d the m o n i t o r i n g n e t w o r k s . W a t e r qua l i ty 
m a n a g e m e n t p r o g r a m s r e q u i r e a c e r t a i n 
m i n i m u m infrastructure, equ ipmen t and staff to 
moni to r , ana lyze , ident i fy a n d to i m p l e m e n t 
appropr ia te solutions and to enforce regulatory 
m e a s u r e s . O n t h e o t h e r h a n d , s u s t a i n e d 
o p e r a t i o n a n d m a i n t e n a n c e of the faci l i t ies 
established for wa te r qual i ty moni to r ing faces 
m a n y c o n s t r a i n t s , d u e to t h e c o n t i n u o u s 
m o n i t o r i n g e x e r c i s e s i n v o l v e d a n d t h e 
availability of physical and financial resources. 

4. Water Management 

4.1 Traditional Water Management 

T r a d i t i o n a l l y w a t e r h a s b e e n m a n a g e d o n 
s u p p l y - o r i e n t e d b a s i s to sa t i s fy e v e r y o n e , 
w i thou t pay ing sufficient a t t en t ion to op t ions 
for inf luencing w a t e r d e m a n d a n d increas ing 
water use efficiency. This has evolved th rough 
m a n y an era wi th different objectives, s tar t ing 
from increased food p roduc t i on , e m p l o y m e n t 
generation, then equi ty and reliability of supply , 
p o v e r t y a l lev ia t ion a n d t h e n p r o d u c t i v i t y of 
water , economic g rowth and so on. It is t rue that 
these objectives have been realized to a certain 
extent, bu t wi th a very low wate r use efficiency 
and some irreversible negat ive impacts too, and 
c r e a t i n g a s i t u a t i o n , i n w h i c h t h e w a t e r 
m a n a g e m e n t p ro fess ion a n d t h e socie ty at a 
large are facing a challenge, the magn i tude and 
complexity of which n o earlier generat ion has 

had to face. The conventional se tup of sectoral 
water m a n a g e m e n t practices is ha rd ly capable 
of coping u p wi th the current water problems, 
which d e m a n d an integrated approach to water , 
land use and ecosystems on the one hand , and 
a d d r e s s t h e r o l e of w a t e r for s o c i a l a n d 
economical deve lopment on the other. 

A n o t h e r m a j o r o b s t a c l e to e f fec t ive w a t e r 
managemen t is fragmentat ion and over lapping 
of the responsibilit ies a m o n g a large n u m b e r of 
agencies involved in the exploitation, allocation, 
r e g u l a t i o n a n d u s e of w a t e r r e s o u r c e . Th i s 
fragmentation has to be avoided if better results 
are expec ted from w a t e r m a n a g e m e n t sector 
and that could be ach ieved t h r o u g h effective 
communica t ion and closer coopera t ion a m o n g 
c o n c e r n e d m i n i s t r i e s , d e p a r t m e n t s a n d 
agencies. 

4.2 Integrated Approach for Water 
Management 

T h o u g h a d e q u a t e a n d g o o d q u a l i t y w a t e r 
provides the basis for life, the extent to which the 
w a t e r r e s o u r c e d e v e l o p m e n t s u p p o r t s t h e 
e c o n o m i c g r o w t h a n d soc ia l w e l f a r e w i t h 
i m p r o v e d l i v i n g c o n d i t i o n s is n o t m u c h 
unders tood by many. Reaching a secure situation 
by satisfying water security, food security and 
environmental security, d e m a n d s an integrated 
approach wi th proper coordinat ion and certain 
degree of consensus building. The conventional 
way has been participation, but experience shows 
that the civil society may behave in two opposite 
ways , in h a r m o n y or in protest . However , this 
situation demands a holistic approach to consider 
fresh water as a finite and vulnerable resource 
and to in tegra te the sectoral w a t e r p l ans a n d 
p r o g r a m s w i t h i n the f r a m e w o r k of n a t i o n a l 
e c o n o m i c a n d socia l po l i cy , for s u s t a i n a b l e 
development. Thus integration can be considered 
under two basic categories. 

• T h e n a t u r a l s y s t e m , w i t h i t s c r i t i c a l 
i m p o r t a n c e for r e s o u r c e ava i l ab i l i t y a n d 
quali ty and 

• The h u m a n system, which fundamental ly is 
r e s p o n s i b l e for r e s o u r c e u s e , w a s t e 
product ion & pol lut ion of the source 

I n t e g r a t i o n h a s to o c c u r b o t h w i t h i n a n d 
b e t w e e n t h e s e c a t e g o r i e s , c o n s i d e r i n g t h e 
variability in t ime and space. 
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4.2.1 Natural System Integration 

N a t u r a l s y s t e m h a s a l a r g e n u m b e r of 
components wh ich actively involve in the affairs 
taking place in it. Basin is the natura l territory 
and h y d r o l o g y is the n a t u r a l science dea l ing 
wi th the dynamics and behavior of water in it, 
w h i c h is the in t eg ra t ed na tu ra l uni t . In mos t 
countries the approach for water managemen t is 
based on adminis t ra t ive and p lann ing systems 
in te rms of regions, districts, municipali t ies and 
u s a g e u n i t s ( p r o j e c t s ) , w h i c h h a v e a 
g e o g r a p h i c a l c o n f i g u r a t i o n t h a t r a r e l y 
corresponds to the natura l resource units . Social 
h a r m o n y g rea t ly d e p e n d s on the d iv i s ion of 
l a n d s c a p e , w h i c h is ful ly g o v e r n e d b y t h e 
natural laws and sciences. Therefore it creates a 
shift in th inking t owards rev iewing the existing 
adminis t ra t ive and p lann ing systems in order to 
a d d r e s s the i ssues m e r g e d from the g r o w i n g 
pressure on water . Therefore, most appropr ia te 
g e o g r a p h i c a l e n t i t y for i n t e g r a t e d w a t e r 
management , inc luding the integration of land 
and water-related aspects, appear to be the basin 
or sub-basin. This is t rue both for basins within 
a country and for t r ans -boundary basins. 

Wi th in the na tu ra l sys tem, in tegra t ion has to 
t a k e p l a c e b e t w e e n l a n d a n d w a t e r 
management , "Green and Blue Water" , surface 
water and g r o u n d wate r managemen t , quali ty 
a n d q u a n t i t y of w a t e r m a n a g e m e n t a n d 
u p s t r e a m a n d d o w n s t r e a m w a t e r r e l a t e d 
interests. 

4.2.2 Human System Integration 

Successful na tura l sys tem integrat ion d e p e n d s 
largely on successful involvement of the h u m a n 
system integrat ion, a ra ther difficult system to 
opt imize. All aspects of integrat ion require an 
unders tanding of the natural system, its capacity, 
v u l n e r a b i l i t y a n d l imi t s . Such i n t e g r a t i o n is 
inevitably a complex task and perfect integration 
is rarely achievable. It involves 

• G o v e r n m e n t , d e a l i n g w i t h p o l i t i c a l , 
financial, legislative a n d regulat ive issues 

• P r iva te sec tor - fac i l i ta t ing technologica l , 
p roduct ion and consumpt ion choices based 
on real va lue of water and the need to sustain 
the natura l resource base and 

• W a t e r u s e r s , s t a k e h o l d e r s a n d t h e c ivi l 
society adher ing to good water governance 

Integrat ive measures are requ i red at all levels 
f r o m t h e i n d i v i d u a l t o h o u s e h o l d to 
international markets . 

On the one h a n d there are p r imary stakeholders , 
like polluters, user associations, authori t ies and 
local N G O s . O n the o the r , t he r e a re g r o u p s 
whose welfare is influenced or at stake by water 
r e source m a n a g e m e n t dec i s ions . S t akeho lde r 
i n v o l v e m e n t is c r i t i ca l in a c h i e v i n g soc ia l 
acceptance of the outcome. There has to be rules 
for the part icipation process to secure legitimacy 
of v i e w p o i n t s a n d lega l r e c o g n i t i o n . W a t e r 
manager s have to help in si tuat ion to analyze, 
a n d p r o v i d e e a s i l y u n d e r s t a n d a b l e 
e x p l a n a t i o n s . S u c c e s s f u l c r o s s - s e c t o r a l 
dialogues also d e p e n d on access to terminology 
that br idges the unde r s t and ing gaps , and on the 
deve lopment of an easily unders tandab le meta­
language. 

4.3 Policy Deve lopment 

Pr io r i t i z ing a n d o p t i m i z i n g the w a t e r b a s e d 
deve lopmen t sectors are necessary in o rder to 
achieve the desired economic growth , improved 
l i v i n g c o n d i t i o n , p o v e r t y a l l e v i a t i o n a n d 
c o n s e r v a t i o n of r e s o u r c e b a s e s a n d 
e n v i r o n m e n t . It is i m p e r a t i v e to increase the 
status of water in society and a m o n g politicians 
a n d p o l i c y m a k e r s . P o l i t i c i a n s , w i t h t h e i r 
i n t e r e s t in t h e " r e - e l e c t i o n a m b i t i o n " a r e 
p r i soners of their vo ters a n d t h u s can best be 
r eached t h r o u g h the la t ter . This necess i t a tes 
c o n d u c t i n g pub l i c a w a r e n e s s p r o g r a m s w i t h 
regard to the real s i tuat ion of the water related 
deve lopment sectors, in order to create adequate 
u n d e r s t a n d i n g . Water resources m u s t become 
par t of the political a g e n d a a n d be in tegra ted 
wi th nat ional economic policy as well as wi th 
national sectoral policies. Conversely economic 
a n d soc ia l p o l i c i e s n e e d to r e c o g n i z e t h e 
impl ica t ions of the wa te r resource policies as 
wel l . In p u r s u i n g in t eg ra t ed w a t e r r e sources 
m a n a g e m e n t social , e c o n o m i c a l a n d n a t u r a l 
condit ions need to be recognized. 

• Equity - the basic r ight for all people to have 
access to w a t e r of a d e q u a t e q u a n t i t y a n d 
qua l i ty for the s u s t e n a n c e of h u m a n wel l 
being. 

• Economic efficiency of water use Because of 
the increasing scarcity of wa te r and financial 
resources, the finite and vulnerable na tu re of 
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w a t e r a s a s o u r c e , a n d t h e i n c r e a s i n g 
d e m a n d u p o n it, wa te r m u s t be used w i th 
o p t i m u m efficiency a n d product ivi ty . 

• Environmental and Ecological Sustainability 
- P r e s e n t u s e of t h e r e s o u r c e s h o u l d be 
managed in a w a y that does not unde rmine 
t h e life s u p p o r t s y s t e m t h e r e b y 
c o m p r o m i s i n g use by fu ture genera t ion of 
the same source. 

4.4 Institutional Deve lopment 

Properly des igned and const i tuted insti tutional 
a r r a n g e m e n t is v i t a l for s u c c e s s f u l 
imp lemen ta t ion of policy decisions. The ma in 
responsibilities of the inst i tut ions are to ensure 
i n d e p e n d e n t a n d u n b i a s e d a p p r o a c h in 
p lanning, deve lopment , allocation, conservat ion 
a n d m a n a g e m e n t of t h e r e s o u r c e , i n c l u d i n g 
p r o t e c t i o n of e n v i r o n m e n t a n d e c o s y s t e m s 
ensur ing p roper distr ibution, m a n a g e m e n t and 
mon i to r ing . Invo lv ing the publ ic in decis ion­
making process, implement ing , controll ing and 
m a n a g e m e n t of the sys tem is another impor tan t 
s tep t o w a r d s effective w a t e r governance . This 
s h o u l d b e h e l p f u l in d e v e l o p i n g t h e m o s t 
appropr ia te insti tutional a r rangement , capacity 
b u i l d i n g a n d s t r e a m l i n i n g t h e m a n a g e m e n t 
processes. 

4.5 Economics of Water Resource Development 

The increasing scarcity of good quali ty water in 
m a n y d e v e l o p i n g c o u n t r i e s , c o m b i n e d w i t h 
higher d e m a n d s from munic ipal , industr ial and 
a g r i c u l t u r a l u s e r s , is m a k i n g it i nc reas ing ly 
i m p o r t a n t t h a t t h e g o v e r n m e n t s i n t r o d u c e 
measures to recover a large propor t ion of fixed 
a n d r e c u r r e n t c o s t s i n w a t e r r e s o u r c e 
deve lopment projects. The users will realize the 
ac tua l cost of exp lo i ta t ion , d e v e l o p m e n t a n d 
distr ibution only w h e n it is transferred to them. 
More attention should be given to the economic 
e f f ic iency of w a t e r d e v e l o p m e n t p r o j e c t s , 
greater reliance on wa te r pricing, mobil izat ion 
of resources of pr ivate sector and communi t ies . 
E c o n o m i c e f f i c i ency of p r o j e c t s c o u l d b e 
improved by rehabil i tat ing the defective system, 
min imiz ing the w a s t a g e a n d unaccounted- for 
water, recycling a n d reus ing was ted water and 
i m p r o v i n g o p e r a t i o n a n d m a i n t e n a n c e . This 
approach may be more effective in m a n y cases 
than funding for n e w projects. 

F u r t h e r a m u c h n e e d e d a c t i o n is t o c r e a t e 
awareness a m o n g the w a t e r users (Irr igation, 
domestic, indust ry etc.) on the current s tatus of 
this sector, economic aspects of wa te r resources 
deve lopment , scarcity for capital , d imin i sh ing 
n a t u r e of f r e s h w a t e r r e s o u r c e s , a d v e r s e 
consequences of was t ing deve loped water and 
more than anyth ing the cost of not hav ing wate r 
w h e n it is needed. This needs to be fostered by 
the government organizat ions, non government 
organizat ions , civil society, p r iva te sector and 
even the re l igious o rgan iza t ions . Wate r crisis 
m u s t be g iven equa l pub l ic i ty as tha t for an 
energy crisis. 

5. Conclusions 

T h e m a i n c h a l l e n g e s faced b y m o s t of t h e 
coun t r i es s t rugg l ing for e conomic a n d social 
d e v e l o p m e n t a r e r e l a t e d to w a t e r . W a t e r 
sho r t ages , p o o r access to c lean w a t e r , w a t e r 
q u a l i t y d e t e r i o r a t i o n a n d e n v i r o n m e n t a l 
d e g r a d a t i o n a n d flood impac t s are the major 
t h r e a t s w h i c h r e q u i r e a t t e n t i o n a n d ac t ions 
th rough an integrated approach . 

T h e r e ex i s t a s t r o n g l i n k b e t w e e n w a t e r 
resources a n d agr icu l tu re , forestry, tor rent ia l 
a n d a q u a t i c e c o s y s t e m s a n d u r b a n 
d e v e l o p m e n t . P r e sen t life s tyle c h a n g e s a n d 
asp i ra t ions , i nc lud ing signif icant increases in 
the s t anda rd of l iving and per capi ta income, 
c o n t i n u e d p o p u l a t i o n g r o w t h , i n d u s t r i a l 
development , agricultural t rends and increased 
u r b a n i z a t i o n - al l d e m a n d h i g h e r w a t e r 
c o n s u m p t i o n in t h e d e c a d e s to c o m e . T h i s 
r e q u i r e s a g rea t e r focus o n w a t e r r e s o u r c e s 
p l a n n i n g i s s u e s a n d to a d o p t s u s t a i n a b l e 
d e v e l o p m e n t , p r o d u c t i o n a n d c o n s u m p t i o n 
pat terns th rough an integrated process in order 
to fulfill all the water needs . This is the holistic 
approach required to enhance the product ivi ty 
of water . Also this approach should ensure that 
safe water quality s t andards are mainta ined and 
t h e e n v i r o n m e n t is p r o t e c t e d . I n t e g r a t e d 
approach need to be practiced even in the areas 
w h e r e w a t e r r e sou rce s a re in a b u n d a n c e , in 
order to minimize the threats to the heal th and 
to enhance overall product iv i ty of water . 

I n t e g r a t i o n h a s t w o m a i n a s p e c t s , n a t u r a l 
s y s t e m i n t e g r a t i o n a n d h u m a n s y s t e m 
integration. In water sector p lanning, very often, 
facts r e l a t ed to the n a t u r a l s y s t e m (basin or 
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catchment) and their behavior including that of 
water (hydrological aspects) are not given d u e 
p r o m i n e n c e ; t h e i r b a s i c i m p o r t a n c e is 
overlooked. Water resources come from systems 
w h i c h i n c l u d e r i v e r s , l a k e s , w e t l a n d s a n d 
aquifers. Their p lann ing and managemen t m u s t 
therefore be considered in association wi th their 
func t ions in t h e h y d r o l o g i c cycle a n d the i r 
i n t e r a c t i o n s w i t h p h y s i c a l , c h e m i c a l a n d 
biological p rocesses in terrestr ia l ecosys tems. 
Therefore most appropr ia te geographical entity 
for integrated water managemen t , including the 
in tegra t ion of l and a n d wate r - re la ted aspects 
a p p e a r to b e t h e b a s i n or s u b - b a s i n as t h e 
natural system. 

Success of na tura l sys tem integrat ion d e p e n d s 
largely on successful & effective involvement of 
the h u m a n sys tem integration, a ra ther difficult 
sys tem to opt imize . Voices of the civil society 
and stakeholders; especially the affected groups , 
m u s t be h e a r d by t h e G o v e r n m e n t officials 
(policy makers) a n d wate r manager s so that a 
full cross section of the scenar io is disclosed. 
Therefore it is very vital to integrate the h u m a n 
s y s t e m ( G o v e r n m e n t , p r i v a t e s e c t o r , c iv i l 
society, wa te r users and stakeholders) in to one 
c o m m o n fo rum in a g iven na tu ra l sys tem for 
better results. 

Integration should p a y d u e at tention on equity 
i s sues , eff icient u s e of w a t e r r e s o u r c e s a n d 
sustainability of env i ronment and ecosystem. In 
mos t w a t e r resources d e v e l o p m e n t activit ies, 
too often, the i m m e d i a t e economic and social 
benefits are g iven h igher p rominence w i t h o u t 
giving sufficient emphas ize on their interrelated 
a d v e r s e i m p a c t s o n o t h e r s e c t o r s a n d 
ecosys tems in the long run . This necess i ta tes 
i n t eg ra t i on to fo l low m u l t i d i sc ip l ina ry a n d 
m u l t i s e c t o r a l a p p r o a c h to i n c o r p o r a t e all 
poss ib l e benef i t s as we l l as a d v e r s e effects. 
T h e r e f o r e i n t e g r a t i o n n e e d s to c o n s i d e r , 
coo rd ina t e a n d m o n i t o r d e v e l o p m e n t , u s a g e 
a n d ecosys t em act iv i t ies in a s ingle d o m a i n , 
closely in order to ensure that the deve lopment 
is protective, p roduct ive & sustainable. 

Integration is greatly influenced and affected by 
the policies adopted ; wil l ingness of the society 
to change & embrace integrated process and the 
readiness to pract ice n e w m e t h o d s . Therefore 
c r e a t i n g a w a r e n e s s o n t h e i m p o r t a n c e of 
integrated water resources managemen t a m o n g 
the policy makers , water users & stakeholders , 

p r iva te sector a n d N G O s is of ve ry vital , for 
better results. Also they need to be enl ightened 
wi th the economic aspects of w a t e r resources 
deve lopment as well. 

T h e s u c c e s s of t h e e f fo r t s t a k e n t h r o u g h 
integration mainly d e p e n d s on 

(a) C o n t i n u e d s a t i s f a c t o r y p e r f o r m a n c e of 
d e v e l o p m e n t s y s t e m s w h i c h de l i ve r t h e 
desired benefits at least d u r i n g the designed 
period leading t owards prosper i ty and 

(b) T h e s y s t e m s g e n e r a t e m i n i m u m or n o 
a d v e r s e e f fec ts o n t h e e c o s y s t e m , 
envi ronment and on the related sectors. 

The ul t imate goals of integrated water resources 
m a n a g e m e n t a r e to r e a l i z e p r o s p e r i t y a n d 
happiness a m o n g the people th rough improved 
economic & social deve lopment resul t ing from 
enhanced food secur i ty condi t ions , i m p r o v e d 
w a t e r secur i ty & h e a l t h c o n d i t i o n s , r e d u c e d 
pover ty , a n d sus t a ined a n d lively ecosys tem. 
This status reflects good wate r governance and 
e n h a n c e d p r o d u c t i v i t y of w a t e r in a g i v e n 
c o m m u n i t y / t e r r i t o ry /na t i on / coun t ry . 
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