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IITRODIJCTION 

Water is a substance which plays a c ruc ia l  pa r t  i n  the existence of  l i f e  on 
Earth. It  forms the l i v ing  mass and, together with the s o i l  and the a i r ,  r e p r e  
sents  the  l i v ing  environment. The energy which is accepted by t h i s  system from 
the universe helps t o  sus ta in  essent ia l  l i f e  processes. The hydrological cycle, 
o r  the process of permanent movement and transformation of water, connects the 
human being with a l l  the  elements of t h i s  environment i n  such a manner tha t  any 
change r e su l t s  i n  a chain of consequences which spread throughout the ecologi- 
ca l  system. 

For b i l l i ons  of years the development of the ecosystem was determined by the 
interplay of uncertain causes. A fundamental change occurred with the emergence 
of c iv i l i za t ion .  Man s t a r t ed  t o  influence th i s  system in teh t iona l ly  and syste- 
matically: gradually mankind's everyday existence came t o  have a more ser ious 
and detrimental e f f ec t  on the  environment. Up u n t i l  now the  energy which man- 
kind used during h i s  development has been negl ig ib le  i n  comparison with the 
amount of energy used through na tura l  processes. Nevertheless, even the water 
management and agr ic i i l tu ra l  a c t i v i t i e s  of ancient  c iv i l i za t ions  already had a 
d ra s t i c  and i r reparable  impact on waste areas  as  a r e su l t  of systematic e f fo r t s  
over long periods of time. 

Today the  march of technology appears i r r ep res ib l e  and i r r eve r s ib l e  through- 
out the world. The process of deforestat ion,  land cu l t iva t ion ,  urbanization and 
indus t r ia l iza t ion  a r e  rapidly changing the character  of the ea r th ' s  surface and 
the qua l i ty  of the  water, s o i l  and a i r ,  as  well a s  a f fec t ing  the  acceptance of 
so l a r  energy. The sca l e  of these human a c t i v i t i e s  has now reached such a pro- 
portion t h a t  the  impact of one s ingle  generation is comparable with the impact 
of a l l  preceding generations. The amunt  of  energy current ly  manipulated by man 
is no longer negl ig ib le  i n  comparison with the t o t a l  amunt  of energy used d u r  
ing natural  processes. Civ i l iza t ion  confines the  world and mankind to  mnoto- 
nous, unambiguous s t ruc tures  which a r e  very d i f f i c u l t  t o  control e f fec t ive ly .  
Man a l t e r s  the  na tura l  equilibrium without considering the global consequences 
of h i s  ac t ions .  I n  the course of a few decades he is  ab le  to  exhaust some natu- 
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r a l  resources and i r revers ib ly  pol lu te  h i s  environment. An unfavourahle accumu- 
l a t ion  of the negative consequences of h i s  a c t i v i t i e s ,  t ransferred i n  the  
framework of the hydrological cycle ,  threatens hi:; own existence. Man has s t a r -  
ted to  l i v e  a t  the  cos t  of fu ture  generations. 

The roots  of t h i s  incomprehensible s i t ua t ion  l i e  not only i n  mankind's m i s -  
guided endeavour to  achieve maximum economic benef i t s  through minimum e f fo r t s  
and without considering secondary e f f ec t s ,  but  a l so  i n  h i s  t rad i t iona l  thinking 
processes. These were formed i n  the  period when man s t i l l  observed natural  
phenomena separately,  without taking account of t h e i r  in te r re la t ionship .  I n  the 
past  the observer of natural  phenomena in  one s c i e n t i f i c  d i sc ip l ine  had no 
reason t o  follow up t h e i r  inter-discipl inary relat ionships .  The in te r re la t ion-  
ship of natural  phenomena and the l i ke ly  consequences of such a re la t ionship 
were not taken in to  consideration. 

This s i tua t ion  is a l so  re f lec ted  i n  the  f i e l d  of water resources. The theo- 
r e t i c a l  background t o  t h i s  f i e l d  is  t r ad i t i ona l ly  formed by: 
- hydraul ics  ( the study of the physical re f l i l a r i t i es  of water motion and 
function) ; 
- hydrochemistry ( the  study of the  physical ,  chemical, biological  and bacte- 
r io logica l  propert ies  of water) ; 
- hydrology ( the  study of t he  time and space d i s t r ibu t ion  of various aspects 

of the hydrological cycle) and 
- 
waters and t h e i r  geological environment). 

d i f fe ren t  categories  of phenomena. 

I 

hydrogeology ( the  study of the occurrence and mvgnent of subterranean 

?he descr ip t ive  s c i e n t i f i c  d i sc ip l ines  a r e  concerned with the  study of two 

The f i r s t  category comprises phenomena which a r e  based on simple relat ion-  
ships among several  var iables .  Here i t  is necessary t o  neglect those var iables  
whose influence is unimportant and t o  der ive the mathematical re la t ionships  
among these var iables  whose influence is decisive. 

The second category includes phenomena with a high degree of occurrence. 
Here it is  not  necessary to  t r ace  t h e i r  mutual re la t ionships ,  but  r a the r  t o  
study the r e s u l t  of t he i r  interplay,  when the  r e l a t ions  between causes and con- 
sequences a r e  t o  be determined and c l a s s i f i ed  on the  bas i s  of s t a t i s t i c a l  
methods and the  theory of probabi l i ty .  

However the  s i ze  and number of water pro jec ts  and o ther  development ac t iv i -  
ties which influence the  hydrological cycle have reached such proportions tha t  
the majority of problems involved extend beyond the boundaries of the above 
t rad i t iona l  d i sc ip l ines .  These problems cannot be solved with the too ls  of the 
above methods. Present-day water management problems a r e  i n t e r d i s c i p l i n a r y  in  
nature  and a s  such include complex phenomena with complicated mutual inter-  
re la t ionships .  These in te r re la t ionships  a r e  more important than the number of 
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variables  involved. 
It is not enough t o  inves t iga te  these problems by researching se lec ted  im 

portant var iables  and relat ionships .  Using s t a t i s t i c a l  methods and the  theory 
of probabi l i ty  f o r  t h i s  purpose represents a complicated mathematical exercise  
with only l i t t l e  relevance t o  r e a l i t y .  Such an approach is unlikely t o  lead to 
the desired goal. 

The so lu t ion  of inter-discipl inary problems i n  water development and 
management prac t ice  on the bas i s  of the t rad i t iona l  approach tends to  ignore 
the key development and environmental fac tors .  This leads among other  things 
to  : 
- 

- 

- 

excluding m r e  valuable uses ,  
- 
very p o s s i b i l i t i e s  and o ther  water saving prac t ices ,  
- 
t i a l l y  easy u t i l i z a t i o n ,  and 
- 
many water and o ther  development pro jec ts .  

the separate  development of e i t h e r  surface o r  groundwater resources, 
the use of high qua l i ty  water f o r  low qual i ty  requirements and vice versa, 
the over-excessive use of water f o r  cer ta in  purposes, thus inh ib i t ing  o r  

the neglecting of water re-use, water re-cycling, and waste material reco- 

the  loss  of nu t r ien ts  or raw mater ia ls  from the place of i m e d i a t e  o r  poten- 

the neglecting of important secondary aspects ,  constraints  and hazards of 

The t r ad i t i ona l  approach is  a l so  one of the reasons of :  
over-excessive use of na tura l  resources, 
the increasing de ter iora t ion  of the  natural  environment, and 
the economic f a i lu re  of many water development pro jec ts .  
When invest igat ing contemporary water development and management problems 

- 
- 
- 

including t h e i r  ecological ,  economic and soc ia l  aspects ,  i t  is necessary to  
analyze a la rge  nmber  of elements whose in te r re la t ionships  depend on the pre- 
va i l ing  conditions. Such problems can be solved by l imi t ing  the problem area,  
simplifying i t  t o  the  point  of ana ly t i c  t r a c t a b i l i t y ,  and defining systems 
which preserve a l l  v i t a l  aspects  a f fec ted  by various possible  amendments. A l l  
important elements and dynamic in te r re la t ionships  should be analyzed and not 
j u s t  general ly ,  but a l s o  on the bas i s  of t h e i r  spec i f ic  behaviour. It  is nece- 
ssary to  employ a combination of  d i f f e ren t  probabi l i s t ic  and ana ly t ic  methods, 
including modelling and inves t iga t ing  the sens i t i v i ty  of the outputs to  the 
assumptions rrade and t o  face ts  of t he  problem excluded from the f o m l  analysis .  

Ney s c i e n t i f i c  methods f o r  the  so lu t ion  of the  contemporary problems i n  
water management include analogy, operat ion research, system analysis  and 
cybernetics. The d i s t inc t ive  features  of these methods a r e  t h e i r  emphasis on 
measurement and on the use of conceptual models described i n  quant i ta t ive  t e rn ,  
the ve r i f i ca t ion  of t h e i r  theore t ica l  predict ions,  and t h e i r  awareness tha t  
concepts a r e  conditional and subject  t o  growth and continuous change. 



This new approach should be defined within the framework of water resources 
management, i . e .  within a complex of a c t i v i t i e s  whose objective i s  the optimum 
u t i l i z a t i o n  of water resources with regard to t h e i r  qua l i ty  and ava i l ab i l i t y  
and the requirements of society.  These water management a c t i v i t i e s  should a t  
the same time a l so  ensure an optimum l iv ing  environment, above a l l  through pro- 
tec t ion  of water resources against deterioration and exhailstion a s  well a s  
through the protection of  society against  the harmful e f f ec t s  of water. In the 
course of these a c t i v i t i e s  water resources management should ava i l  i t s e l f  of 
the en t i r e  spectrum of exp l i c i t  sciences, gradually coming to  form the sphere 
of i t s  own theory. 

The present monograph deals with the fundamental in te rd isc ip l inary  problems 
of t h i s  complex sphere, an understanding of which is  indispensable for success- 
f u l  water resources mnagement i n  the widest sense of i ts  soc ia l  functions and 
environmental consequences. 




