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PREFACE 

This  r e p o r t  i s  one of  t h e  r e s u l t s  of  t h e  c o l l a b o r a t i o n  i n  
the  framework of  IIASA's Lake Balaton Case Study between t h e  
Hungarian Balaton Eu t roph ica t ion  Modelers Group (BEM) and 
IIASA's Resources and Environment Area t a s k  on Models f o r  
Environmental Q u a l i t y  Cont ro l  and Management. The approach 
t o  t h e  e u t r o p h i c a t i o n  management problem of  Lake Balaton 
proposed i n  t h i s  r e p o r t  i s  an a t t empt  t o  bypass t h e  d e t a i l e d  
modell ing o f  watershed and waterbody p rocesses ,  c o n s t i t u t i n g  
t h e  o t h e r  Line o f  r e s e a r c h  pursued i n  t h e  Balaton Case Study. 
A s  such,  it t a k e s  a s p e c i a l  p l a c e  i n  t h e  spectrum of  modell ing 
a c t i v i t i e s  around Lake Balaton,  deserv ing  a t t e n t i o n  p r e c i s e l y  
because o f  i t s  d i f f e r e n t  angle  of a t t a c k .  

The work f o r  t h i s  r e p o r t  was done dur ing  s e v e r a l  s h o r t  
v i s i t s  of t h e  Hungarian a u t h o r s  t o  IIASA. I t  i s  obvious t h a t  
t h e  r e s u l t s ,  though promising,  a r e  o f  i n t e r m e d i a t e  n a t u r e .  
L e t  t h e  r e a d e r  t h e r e f o r e  n o t  h e s i t a t e  t o  convey t o  t h e  a u t h o r s  
any c r i t i c a l  remarks and comments he might have, i n  t h e  i n t e r e s t  
of  f u r t h e r  development o f  t h i s  r e sea rch .  





ABSTRACT 

The approach t o  long-term management o f  t h e  e u t r o p h i c a t i o n  
o f  a l a k e  proposed i n  t h i s  paper  i s  based on  t h e  hypo thes i s  
t h a t  a c l o s e  r e l a t i o n  e x i s t s  between t h e  human a c t i v i t y  i n  t h e  
watershed and t h e  degree  o f  e u t r o p h i c a t i o n  i n  t h e  a d j a c e n t  
waterbody. The method b u i l d s  on t h e  watershed development 
approach a p p l i e d  e a r l i e r  t o  water r e s o u r c e s  p lanning .  

To tes t  t h e  b a s i c  hypo thes i s  and t o  i n v e s t i g a t e  t h e  
r e l a t i o n s h i p  i n  q u a n t i t a t i v e  form a n  a p p l i c a t i o n  t o  t h e  e u t r o -  
p h i c a t i o n  problem o f  Lake Bala ton  has  been a t tempted.  For t h i s  
purpose t h e  Bala ton  catchment w a s  s e p a r a t e d  i n t o  r e g i o n a l  u n i t s  
w i t h  d i f f e r i n g  deg rees  o f  development. I n  view o f  t h e  main 
water t r a n s p o r t  d i r e c t i o n  i n  Lake Bala ton ,  t h e  a d j a c e n t  water- 
bod ie s  can  be cons ide red  a s  a  h i e r a r c h i c a l  system. For t h i s  
m u l t i r e g i o n a l ,  h i e r a r c h i c a l  sys tem a model w a s  fo rmula ted  i n  
which t h e  e f f e c t s  o f  t h e  r e l e v a n t  watershed development f a c t o r s  
and n a t u r a l  f a c t o r s  on t h e  n u t r i e n t  l o a d i n g  from t h e  watershed 
a r e  expressed  i n  one condensed watershed development f i g u r e .  
Comparison o f  t h e  development f i g u r e  f o r  v a r i o u s  t i m e  i n s t a n t s  
and v a r i o u s  r e g i o n s  w i t h  h i s t o r i c a l  and s p a t i a l  d a t a  f o r  t h e  
deg ree  o f  e u t r o p h i c a t i o n  should  then  a l l ow t h e  s p e c i f i c a t i o n  
o f  t h e  r e l a t i o n  i n  a  numer ica l  form. 

The a c t u a l  a p p l i c a t i o n  p r e s e n t e d  i n  t h i s  paper  i s  o f  
p re l imina ry  n a t u r e  because d a t a  f o r  t h e  e x i s t i n g  l e v e l  o f  
watershed development (1975-76) were a v a i l a b l e  on ly .  A system 
o f  25 n u t r i e n t  l o a d i n g  e f f e c t i n g  watershed development c r i t e r i a  
w a s  des igned  on t h e  b a s i s  o f  50 development and n a t u r a l  f a c t o r s  
s e l e c t e d  from a v a i l a b l e  s t a t i s t i c a l  d a t a .  The 25 c r i te r ia  w e r e  
then  composed i n t o  a development i n d i c a t o r  f o r  t h e  f o u r  water-  
shed r eg ions  u s i n g  7  a l t e r n a t i v e  weight ing  systems.  The r e s u l t s  
were compared w i t h  3 a l t e r n a t i v e  e u t r o p h i c a t i o n  i n d i c e s  d e r i v e d  





from phytoplankton biomass data. The model relationship was 
analyzed by means of correlation analysis, and a tentative 
assessment was made of the sensitivity to weighting system and 
eutrophication index. 

The first numerical results support the idea behind the 
basic hypothesis of the watershed development approach. The 
quantitative results agree with subjective opinions on the 
present situation in the Balaton region. The overall conclusion 
is that it is worthwhile to pursue the line of research of this 
report as a perspective tool in the simulation of the effects 
of long-term watershed development policies on the eutrophication 
of the lake. The collection of the necessary historical data 
for this purpose is highly recommended. 
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A WATERSHED DEVELOPMENT APPROACH TO THE 
EUTROPHICATION PROBLEM OF LAKE BALATON 
(A Mul t i r eg iona l  and M u l t i c r i t e r i a  Model) 

Laszlo David, Lasz lo  Telegdi ,  and G e r r i t  van S t r a t e n  

1.  INTRODUCTION 

The e u t r o p h i c a t i o n  of  Lake Balaton i n  Hungary, a r e l a t i v e l y  
2 l a r g e  (600 km ) ,  shal low (3.5 m average depth)  l a k e ,  w i th  a 

watershed o f  5 180 km2 (Figure  1 ) , has cons iderably  a c c e l e r a t e d  

s i n c e  t h e  1960 's .  Socio-economic development on t h e  watershed 

and subsequent harmful phenomena a f f e c t i n g  t h e  lake-ecosystem 

must be he ld  r e s p o n s i b l e  f o r  t h i s  a c c e l e r a t i o n .  To ana lyze  

t h i s  process ,  p r e d i c t  i t s  l a t e r  cour se  and determine t h e  s t e p s  

r e q u i r e d  t o  p r o t e c t  t h e  water  q u a l i t y  i n  f u t u r e ,  it is  d e s i r a b l e  

t o  i n v e s t i g a t e  t h e  e u t r o p h i c a t i o n  problem o f  t h e  l a k e  n o t  on ly  

from t h e  p h y s i c a l ,  chemical  and b i o l o g i c a l  p o i n t  o f  view, b u t  

a l s o  from t h e  p o i n t  o f  view of watershed development. 

The concept  o f  r i v e r  b a s i n  (watershed) development a s  a 

process  was o u t l i n e d  by David (1976) .  The aim o f  t h i s  process  

i s  t o  e s t a b l i s h  a cont inuous ba lance  among n a t u r a l  water  s u p p l i e s  

and socio-economic and environmental  requirements  ove r  space ,  

t i m e ,  q u a l i t y ,  q u a n t i t y  and -energy a s p e c t s  on a basin-wide s c a l e  

dur ing  t h e  socio-economic development. Therefore ,  it is  an 

i n c r e a s i n g l y  i n t e g r a t e d ,  planned and comprehensive long-term 

process ,  t h e  purpose o f  which i s  t o  achieve  t h e  opt imal  use  and 

c o n t r o l  o f  n a t u r a l  wa te r  resources .  The c r i t e r i a  f o r  opt imal  

use  and c o n t r o l  b a s i c a l l y  depend on t h e  c o n s t r a i n t s  of  socio-  

economic growth. 
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From t h e  p e r s p e c t i v e  o f  water  r e sources  management, t h e  

development process  o f  t h e  watershed can be d iv ided  i n t o  t h r e e  

consecut ive  pe r iods :  ( I )  a n a t u r a l ,  (11) a developing,  and 
i 

(111) a f u l l y  developed phase.  

I n  p e r i o d  I t h e r e  i s  no s i g n i f i c a n t  human i n t e r f e r e n c e  i n  

t h e  watershed; t h e  q u a n t i t y  and q u a l i t y  o f  water  r e sources  a r e  

v i r t u a l l y  conform t o  n a t u r a l  c o n d i t i o n s ,  and f l u c t u a t e  wi th  them. 

I n  p e r i o d  11, d e l i b e r a t e  human i n t e r f e r e n c e  i s  r e s t r i c t e d  t o  

t h a t  o f  a l o c a l  and r e g i o n a l  c h a r a c t e r  and expands s t e p  by s t e p  

t o  basin-wide dimensions. Under i t s  i n f l u e n c e ,  t h e  n a t u r a l  run- 

o f f  system g r a d u a l l y  changes and becomes more r egu la t ed .  ~ u l t i -  

purpose i n t e g r a t e d  water  p r o j e c t s  and growing systems a r e  con- 

s t r u c t e d  wi th  i n c r e a s i n g l y  l a r g e  c a p a c i t i e s .  The usab le  water  

r e sources ,  t h e  importance o f  water  demand c o n t r o l ,  t h e  amount o f  

sewage e f f l u e n t ,  t h e  number o f  p o i n t  and non-point sewage sources ,  

and t h e  e x t e n t  o f  sewage t r ea tmen t ,  etc. ,  a l s o  i n c r e a s e  accord ing  

t o  t h e  socio-economic and environmental  c o n d i t i o n s .  The d e t e r i o -  

r a t i o n  o f  t h e  water  q u a l i t y  has  begun and induces  t h e  development 

of water  q u a l i t y  c o n t r o l .  F i n a l l y ,  p e r i o d  111 is  t h a t  o f  t o t a l  

r e g u l a t i o n  of  t h e  watershed,  where t h e  r e d i s t r i b u t i o n  o f  com- 

p l e t e l y  r e g u l a t e d  water  r e s o u r c e s  among u s e r s  and t h e  prevent ion  

o f  water  damages, e t c . ,  a r e  cont inuous ly  undertaken by t h e  f u l l y  

developed, basin-wide and c o n t r o l l e d  mult ipurpose water  r e sources  

system a s  a u n i t .  

The main elements  and f e a t u r e s  o f  watershed development and 

t h e i r  changing importance du r ing  t h e  p rocess  have been charac- 

t e r i z e d  by David (1978 a ) .  The s t r u c t u r e  and t h e  r a t i o  o f  t h e  

b a s i c  a c t i v i t i e s  a l s o  depend on t h e  s t a g e  o f  development. 

For e v a l u a t i o n  and modell ing of  t h e  p rogres s  o f  watershed 

development, a m u l t i c r i t e r i a  a n a l y s i s  based on a system o f  i n d i c e s  

was proposed by David (1978 b ) .  This  m u l t i c r i t e r i a  a n a l y s i s  is  

needed because o f  t h e  g r e a t  number of  e lements  and c r i t e r i a  in-  

volved i n  watershed development. Based on t h i s  p r o p o s i t i o n ,  t h e  

I n s t i t u t e  f o r  Water Management (1979) i n  Budapest eva lua ted  t h e  

progress  o f  watershed development i n  t h e  r i v e r  b a s i n  (main water-  

sheds)  of Hungary. According t o  t h i s  i n v e s t i g a t i o n ,  t h e  r i v e r  

bas in  of  Lake Balaton p r e s e n t l y  i s  i n  t h e  f i r s t  phase o f  p e r i o d  



I1 o f  development  and r e l a t i v e l y  less deve loped  t h a n  some o t h e r  

r i v e r  b a s i n s  o f  t h e  c o u n t r y .  

The i n t e g r a t i o n  o f  t h e  w a t e r s h e d  development  approach  and 

water q u a l i t y  c o n t r o l  h a s  been p roposed  p r e v i o u s l y  by David 

(1978 a ) .  The problem o f  t h e  e u t r o p h i c a t i o n  o f  Lake B a l a t o n  

seems t o  p r o v i d e  a s u i t a b l e  example f o r  a n a l y s i s  w i t h i n  t h i s  

framework. 

The p r e s e n t  r a t i o  o f  t h e  d e g r e e  o f  e u t r o p h i c a t i o n  i n  t h e  

l a k e  i s  e s t i m a t e d  t o  be r o u g h l y  8:4:2:1 f o r  t h e  K e s z t h e l y ,  t h e  

S z i g l i g e t ,  t h e  Szemes and S i o f o k  B a s i n s ,  r e s p e c t i v e l y .  The d a t a  

o f  t h e  a d j a c e n t  w a t e r s h e d  a r e a s  show a s i m i l a r  r a t i o ,  s u g g e s t i n g  

a  c l o s e  r e l a t i o n  between d e g r e e  o f  e u t r o p h i c a t i o n  and t h e  con- 

n e c t e d  w a t e r s h e d .  Such marked d i f f e r e n c e s  i n  e u t r o p h i c a t i o n  

were n o t  o b s e r v e d  i n  t h e  e a r l y  1 9 5 0 ' s  (Herodek,  1 9 7 6 ) ,  when t h e  

w a t e r s h e d s  were i n  t h e  n a t u r a l  ( I )  phase  o f  development .  There-  

f o r e ,  t h e  e u t r o p h i c a t i o n  s h o u l d  be c o n s i d e r e d  as  t h e  r e s u l t  o f  

t h e  r e g i o n a l  and w a t e r  management development  p r o c e s s  o n  t h e  

w a t e r s h e d  d u r i n g  t h e  l a s t  20-30 y e a r s .  The s i m i l a r i t y  i n  b o t h  

s p a c e  and t i m e  q u a l i t a t i v e l y  s u g g e s t s  t h a t  t h e  i d e a  o f  a p p l y i n g  

t h e  w a t e r s h e d  development  approach  t o  t h e  e u t r o p h i c a t i o n  problem 

i s  a p p r o p r i a t e .  

The d e g r e e  o f  development  o f  t h e  w a t e r s h e d s  i s  d i f f e r e n t ,  

and s o  i s  t h e  w a t e r  q u a l i t y  i n  t h e  a d j a c e n t  w a t e r b o d i e s .  There-  

f o r e ,  t h e  f o l l o w i n g  b a s i c  h y p o t h e s i s  i s  made: t h e r e  i s  a  c l o s e  

c o n n e c t i o n  b s t w e e n  e u t r o p h i c a t i o n  o f  t h e  l a k e  and t h e  human-made 

watershed  deve lopment .  

The purpose o f  t h e  p r e s e n t  paper i s  t o  o u t l i n e  t h e  m u l t i -  

r e g i o n a l  and mu2 t i c r i t e r i a  model f o r  long- te rm c o n t r o  2 o f  

e u t r o p h i c a t i o n  i n  Lake Ba la ton ,  based  on t h e  wa tershed  d e v e l o p -  

ment approach,  and t o  p r e s e n t  t h e  p r e l i m i n a r y  a p p l i c a t i o n  o f  t h e  

mode2 t o  t h e  p r e s e n t  s t a g e  o f  wa tershed  deve lopment .  The model 

p u r p o s e l y  p a r a l l e l s  t h e  f a m i l y  o f  models on  e u t r o p h i c a t i o n  o f  

Lake B a l a t o n ,  t h e  d e t a i l e d  s t r u c t u r a l  m o d e l l i n g  on n u t r i e n t  

l o a d i n g  and t h e  models o f  e u t r o p h i c a t i o n  p r o c e s s e s  o f  t h e  w a t e r -  

body. T o g e t h e r  w i t h  t h e s e  models ,  i t  c a n  form a sys tem o f  sup- 

p lementa ry  models  on B a l a t o n  e u t r o p h i c a t i o n .  



The paper  i s  organized  i n  t h e  fol lowing way. I n  t h e  nex t  

chap te r  t h e  d e s c r i p t i o n  of t h e  model i s  p resen ted .  Next, t h e  

pre l iminary  a p p l i c a t i o n  of  t h e  model i s  d i scussed .  F i n a l l y ,  

t h e  r e s u l t s  o f  t h e  p re l imina ry  a p p l i c a t i o n  and t h e  conclus ions  

o f  t h e  a p p l i e d  approach a r e  summarized. 

2 .  NATERSHED DEVELOPfmNT MODEL 
FOR EUTROPHICATION CONTROL 

I n  t h i s  c h a p t e r ,  t h e  concept and t h e  composit ion o f  t h e  

watershed development model i s  o u t l i n e d  and i t s  c a p a b i l i t y  f o r  

long-term e u t r o p h i c a t i o n  c o n t r o l  i s  desc r ibed .  

2 . 1  ~ p p r o a c h e s  t o  Eu t roph ica t ion  Modelling 

A s  can be seen  i n  F igure  2 ,  t h e r e  a r e  two b a s i c  approaches 

t o  modell ing t h e  e u t r o p h i c a t i o n  problems a t  Lake Balaton.  The 

f i r s t  approach i n d i c a t e d  by (A)  r e l a t e s  watershed development 

wi th  n u t r i e n t  l oad ing  which, i n  t u r n ,  a f f e c t s  e u t r o p h i c a t i o n ,  

whi le  t h e  second approach ( B )  d i r e c t l y  connec ts  watershed develop- 

ment t o  e u t r o p h i c a t i o n .  For e u t r o p h i c a t i o n  c o n t r o l  purposes ,  

both approaches a r e  impor tan t .  

I n  t h e  c a s e  o f  ( A ) ,  t h e  processes  have t o  be desc r ibed  by 

f a i r l y  d e t a i l e d ,  s t r u c t u r a l  models. Once developed such models 

a r e  extremely u s e f u l ,  i n  p a r t i c u l a r  f o r  shor t - te rm c o n t r o l .  

However, t h e  c o n s t r u c t i o n  of  r e l i a b l e  models r e q u i r e s  a  good 

i n t e r d i s c i p l i n a r y  knowledge about many phys ica l  and o t h e r  proces- 

ses. I n  most s i t u a t i o n s  a d d i t i o n a l  i n v e s t i g a t i o n s  w i l l  be neces- 

s a r y  involv ing  l a b o r i o u s  and coord ina ted  d a t a  c o l l e c t i o n  programs, 

a  time-consuming ope ra t ion .  Furthermore,  it i s  d i f f i c u l t  and i n  

many cases  imposs ib le  t o  c o l l e c t  t h e  h i s t o r i c a l  va lues  o f  t h e  

var ious  types  o f  d a t a  involved.  

I n  t h e  c a s e  o f  approach ( B ) ,  a  d i r e c t  r e l a t i o n  i s  sought  i n  

terms o f  an i n t e g r a t e d ,  m u l t i c r i t e r i a  empi r i ca l  model which can 

be used e s p e c i a l l y  f o r  long-term c o n t r o l  o f  e u t r o p h i c a t i o n .  The 

long-term e f f e c t s  o f  human a c t i v i t i e s  can be measured and simu- 

l a t e d  by t h i s  approach s i n c e  t h e  h i s t o r i c a l  time-series of  t h e  

b a s i c  f a c t o r s  needed a r e  u s u a l l y  a v a i l a b l e  from r e g u l a r  s t a t i s -  

t i c a l  d a t a .  The development of such a  model r e q u i r e s  a  
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r e l a t i v e l y  s h o r t  t ime. However, cons ider ing  t h e  d e t a i l e d  pro- 

cesses  involved,  t h i s  approach can only be considered a s  a rough 

approximation. The i n t e g r a t e d  c h a r a c t e r  does n o t  supply in fo r -  

mation on t h e  a c t u a l  behaviour of t h e  ind iv idua l  watershed and 

waterbody processes  t h a t  may p lay  a r o l e .  

There i s  a p ress ing  socio-economic need t o  c o n t r o l  t h e  

eu t roph ica t ion  of  Lake Balaton,  and both approaches a r e  neces- 

sa ry  t o  accomplish t h i s  goa l .  The model descr ibed  i n  t h e  pre- 

s e n t  paper employs approach ( B ) ,  whi le  approach ( A )  i s  t h e  

o b j e c t  of o t h e r  modelling e f f o r t s  conducted by t h e  BEM (Balaton 

Eut rophica t ion  Modelling) p r o j e c t .  

2 . 2  Regional iza t ion  of t h e  Balaton Basin 

The a r e a  considered i n  t h i s  approach involves  n o t  only  t h e  

l a k e  i t s e l f ,  but  a l s o  i t s  watersheds.  Lake Balaton and i t s  

watersheds form a u n i t  r i v e r  bas in ,  which we propose should be 

c a l l e d  t h e  Balaton Basin.  This name can express  t h a t  t h e  l a k e  

i t s e l f  i s  an inseparab le  p a r t  of  t h e  bas in .  A s  t h e  water  flows 

through t h e  l a k e  from west t o  e a s t ,  t h e  l a k e  i t s e l f  can be con- 

s ide red  a s  a s p e c i a l  " r i v e r " .  (The l a k e  s u r f a c e  i s  approximately 

t e n  percent  of t h e  bas in  a r e a . )  Its reaches a r e  t h e  waterbodies ,  

which a r e  connected t o  t h e  watersheds.  A r e g i o n a l i z a t i o n  o f  t h e  

bas in  i s  proposed (Figure  I ) ,  i n  which four  waterbodies  a f t e r  

Baranyi ( 1  9 7 4 )  and seven watersheds should be considered.  The 

four  waterbodies ,  which have previous ly  been mentioned, a r e  

Keszthely Bay, and t h e  S z i g l i g e t ,  Szemes and Siofok Basins.  

Keszthely Bay i s  connected t o  one watershed, while  t h e  o t h e r s  

a r e  connected t o  two watersheds on each s i d e .  Because qf t h e  

d i r e c t i o n  of t h e  flow i n  t h e  Balaton Basin and geographical  and 

economical f a c t o r s ,  every waterbody and watershed p lays  a s p e c i a l  

r o l e  and has a s p e c i a l  system of  connect ions.  They cannot be 

interchanged o r  rep laced  by one another .  

Therefore,  t h e  B a l a t o n  Basdn c o u l d  b c  c o n s i d e r e d  a s  a  m u l t i -  

r e g i o n a l ,  and w i t h  r e s p e c t  t o  t h e  wa terbody ,  a l s o  a s  a  h i e r a r -  

c h i c a l  s y s t e m .  There a r e  e leven reg iona l  u n i t s  ( f o u r  waterbodies 

and seven watersheds) which a r e  connected by h i e r a r c h i c a l  o r d e r  

based on t h e  d i r e c t i o n  of  water  flow. According t o  t h i s  



h i e r a r c h i c a l  c h a r a c t e r  f o u r  b a s i n  l e v e l s  ( B  . )  a r e  c o n s i d e r e d ,  
7 

a l l  o f  them a t  t h e  o u t f l o w  s e c t i o n  o f  t h e  c o r r e s p o n d i n g  wate r -  

bod i e s .  T h i s  m u l t i r e g i o n a l ,  h i e r a r c h i c a l  sys tem o f  t h e  Ba l a ton  

Bas in  i s  shown i n  F i g u r e  3 .  Also ,  t h e  r e g i o n s  covered  by t h e  

s e p a r a t e  wa te r shed  and waterbody mode l l i ng  e f f o r t s  a c c o r d i n g  t o  

approach  (A)  a r e  i n d i c a t e d .  Some n a t u r a l  c h a r a c t e r i s t i c s  o f  

t h e  Ba l a ton  Bas in  a c c o r d i n g  t o  t h e  proposed r e g i o n a l i z a t i o n  

a r e  l i s t e d  i n  Tab l e  1 .  

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

sys tem o f  t h e  Ba l a ton  Bas in  i s  g iven  by 

where B d e n o t e s  t h e  t o t a l  Ba l a ton  Bas in ,  WB.  d e n o t e s  t h e  j - t h  
7 

waterbody,  and WSi - w i t h  i = i ( j )  - d e n o t e s  t h e  i - t h  wa te r shed .  

A s  a  r e s u l t  o f  t h e  h i e r a r c h i c a l  d e s c r i p t i o n ,  1 i m p l i e s  

where B d e n o t e s  t h e  j - t h  l e v e l  o f  Ba l a ton  Bas in .  
j 

The o u t f l o w  o f  t h e  f i r s t  l e v e l  i s  a t  t h e  e a s t e r n  edge o f  

Kesz the ly  Bay, t h e  o u t f l o w  o f  t h e  f o u r t h  l e v e l  and o f  t h e  whole 

Ba la ton  Bas in  i s  a t  S i o f o k .  

2 . 3  D e s c r i p t i o n  o f  t h e  Model 

The f o r m u l a t i o n  o f  t h e  wa te r shed  development  model f o r  

e u t r o p h i c a t i o n  c o n t r o l  o f  Lake Ba l a ton  i s  based on t h e  f o l l o w i n g  

b a s i c  assumpt ions :  

1 .  t h e  i n c r e a s e  o f  e u t r o p h i c a t i o n  i n  t h e  l a k e  i s  t h e  

r e s u l t  o f  t h e  r e g i o n a l  w a t e r  management development 

p r o c e s s  i n  t h e  wa t e r shed ;  

2 .  t h e  l a k e  and i t s  wa t e r sheds  form a  u n i t  h y d r o l o g i c a l  

b a s i n ,  which i s  c o n s i d e r e d  a s  a  m u l t i r e g i o n a l ,  h i e r -  

a r c h i c a l  sys tem composed o f  e l e v e n  wa t e r shed  and wate r -  

body u n i t s ,  and i n  which t h e  d i r e c t i o n  o f  w a t e r  f low 

shou ld  be fo l l owed  and i s  unchangeable ;  



Figure 3. The multiregional, hierarchical system of 
the Balaton Basin. 
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T a b l e  1 .  Some n a t u r a l  c h a r a c t e r i s t i c s  o f  B a l a t o n  B a s i n .  
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3 .  t h e  r e g i o n a l  (wa t e r shed )  u n i t s  can  be  i n  a  d i f f e r e n t  

s t a g e  o f  wa te r shed  development.  

Using t h e  above assumpt ions ,  t h e  d e g r e e  o f  e u t r o p h i c a t i o n  

(ET) on B l e v e l  c a n  be  d e s c r i b e d  a s  f o l l o w s :  
j  

where ET(B , t)  and ET ( B  , t )  d e n o t e  t h e  e u t r o p h i c a t i o n  on t h e  
j j - I  

j - t h  and j - l t h  l e v e l  i n  ( d i s c r e t e )  t i m e  t ,  NL(WSiIt) d e n o t e s  

t h e  n u t r i e n t  l o a d i n g  coming from t h e  i - t h  wa t e r shed  connec t ed  

t o  WB i n  t i m e  t ,  and AET(WBj,t) d e n o t e s  t h e  change o f  e u t r o -  
j  

p h i c a t i o n  i n  WB i n  t i m e  t ,  a c c o r d i n g  t o  t h e  p r o c e s s e s  i n  t h e  
j  

waterbody.  S i n c e  w e  want t o  c h a r a c t e r i z e  t h e  e u t r o p h i c a t i o n  

a s  a  long-range p r o c e s s ,  t h e  t i m e  v a r i a b l e  t i s  c o n s i d e r e d  i n  

y e a r s .  S i n c e  t h e  y e a r  a s  a  t i m e  s c a l e  i s  i n  t h e  same o r d e r  o f  

magnitude a s  t h e  f low t i m e ,  and s i n c e  t h e  model p r i m a r i l y  ad- 

d r e s s e s  long- term phenomena, p o s s i b l e  t i m e  d e l a y s  between i n p u t  

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

According t o  o u r  mode l l i ng  approach ,  w e  c o n s i d e r  t h e  change 

o f  e u t r o p h i c a t i o n  caused  by t h e  p r o c e s s e s  i n - t h e  waterbody a s  

a  b l a c k  box, s o  t h a t  Equa t i on  3 can be t r an s fo rmed  a s  f o l l o w s :  

Using o u r  b a s i c  h y p o t h e s i s ,  t h e  n u t r i e n t  l o a d i n g  coming 

from t h e  i - t h  wa t e r shed  can  be d e s c r i b e d  i n  t h e  f o l l o w i n g  form 



where F n u f  Fdu and F a r e  t h e  u - t h  n a t u r a l ,  t h e  u- th  r e g i o n a l  
W P  

development  and t h e  p- th  w a t e r  management b a s i c  f a c t o r s  i n  t h e  

w a t e r s h e d  i n f l u e n c i n g  t h e  n u t r i e n t  l o a d i n g ,  a l l  i n  t i m e  t .  

According t o  t h e  w a t e r s h e d  development  approach  E q u a t i o n  5 

can  be t r a n s f o r m e d  i n t o  t h e  f o l l o w i n g  form by g r o u p i n g  t h e  

b a s i c  f a c t o r s  

where Di i s  t h e  s t a g e  o f  w a t e r s h e d  development  o f  t h e  i - t h  

wa te r shed  and Hi i s  t h e  i n d i c a t o r  o f  t h e  n a t u r a l  c h a r a c t e r  o f  

WSi. Here Di ,  c a l l e d  t h e  development  f i g u r e ,  i n d i c a t e s  t h e  

s t a t e  o f  t h e  r e g i o n a l  and w a t e r  management development  w i t h  

r e s p e c t  t o  t h e i r  i n f l u e n c e  on n u t r i e n t  l o a d i n g  i n  t i m e  t. Di 
depends on a  l a r g e  number o f  d i f f e r e n t  k i n d s  o f  b a s i c  f a c t o r s .  

I t  i s  assumed t h a t  Hi i s  c o n s t a n t  i n  t i m e ;  it i n d i c a t e s  t h e  

n a t u r a l  r o l e  o f  i - t h  w a t e r s h e d  i n  t h e  m u l t i r e g i o n a l  h y d r o l o g i c a l  

b a s i n  sys tem and depends on some c o n s t a n t  n a t u r a l  f a c t o r s .  

The a im o f  t h e  i n t r o d u c t i o n  o f  t h e  development  f i g u r e  i s  

t o  e x p r e s s  i n  i n t e g r a t e d  form t h e  l e v e l  o f  r e g i o n a l  and w a t e r  

management a c t i v i t i e s  on t h e  w a t e r s h e d  i n  t i m e  t ,  which i n -  

f l u e n c e  t h e  n u t r i e n t  l o a d i n g  coming from t h e r e .  I n  t h i s  s e n s e  

t h e  development  f i g u r e  can be viewed a s  a  m u l t i a t t r i b u t e  u t i l i t y  

f u n c t i o n  (Keeney, R a i f f a ,  1976) . T h e r e f o r e ,  a c c o r d i n g  t o  t h e  

m u l t i c r i t e r i a  u t i l i t y  t h e o r y ,  i t  c a n  be w r i t t e n  a s  

where Ik i s  t h e  k - th  i n d i c a t o r  o r  c r i t e r i o n  i n d e x  t o  e x p r e s s  a  

w a t e r s h e d  development  c r i t e r i o n  i n f l u e n c i n g  n u t r i e n t  l o a d i n g  i n  

t i m e  t .  I t  has  t o  be  composed from t h e  b a s i c  f a c t o r s  F. Wk i s  

t h e  w e i g h t i n g  f a c t o r  o f  Ik .  I t  i s  assumed t h a t  W k  i s  c o n s t a n t  
K 

i n  t i m e  and k&,  Wk = 1 .  A l l  o f  t h e  Ik c r i t e r i a  a r e  d imension-  

less; most o f  them a r e  t ime-dependent ,  p a r t l y  s h o r t  and p a r t l y  

long- term manageable;  t h e y  e x p r e s s  p o s s i b l e  i n f l u e n c e  on n u t r i e n t  



l o a d i n g ;  t h e y  a r e  s i m p l e  f u n c t i o n s  o f  t h e  b a s i c  f a c t o r s  w i t h  a n  

a p p a r e n t  meaning and t h e i r  i n c r e a s e  i m p l i e s  t h e  i n c r e a s e  o f  

n u t r i e n t  l o a d i n g .  

To g e t  Ik i n  a  d i m e n s i o n l e s s  form, a  t r a n s f o r m a t i o n  i s  

a p p l i e d  as f o l l o w s  

where I 1 1 0  and  I l o O f k  0 ,k  - mean t h e  l o w e s t  and h i g h e s t  p o s s i b l e  

v a l u e s  o f  1: d u r i n g  t h e  w a t e r s h e d  development  p r o c e s s  and  where 

1: i s  a  c o m p o s i t i o n  o f  t h e  b a s i c  F f a c t o r s  i n  t h e i r  o r i g i n a l  

d imens ions .  The minimum v a l u e  I r e f e r s  t o  t h e  n a t u r a l  s t a g e  
O,k 

o f  development ,  t o  t h e  n u t r i e n t  l o a d i n g  w i t h o u t  any human i n -  
1 f l u e n c e ,  t h e  maximum v a l u e  I l o O f k  t o  a maximal s t a g e  o f  develop-  

ment,  t o  a  maximal human i n f l u e n c e .  They c a n  b e  c a l c u l a t e d  on 

t h e  b a s i s  o f  t h e  a c t u a l  and h i s t o r i c a l  v a l u e s  and  on  t h e  e x p e c t e d  

development  c o n d i t i o n s  o f  t h e  i n d i c e s  I The i n t e r v a l  
1 k '  ] i n d i c a t e s  t h e  p o s s i b l e  r a n g e  o f  1: d u r i n g  t h e  ['Ofkt '100,k 

w a t e r s h e d  development .  I n  o t h e r  words,  it i s  a  s c a l e  t o  measure 

t h e  u t i l i t y  o f  t h e  c r i t e r i o n .  The d e f i n i t i o n  o f  Ik i n  Equa t ion  

8 i m p l i e s  t h a t  

where Ik = 0  means no i n f l u e n c e  on n u t r i e n t  l o a d i n g ,  Ik = 100 

a  maximal one .  

I n  c e r t a i n  c a s e s ,  t h e  c o m p o s i t i o n  o f  F f a c t o r s  l e a d s  t o  an  

i n d e x  I;, whose i n c r e a s e  i n d i c a t e s  d e c r e a s i n g  e f f e c t  on n u t r i e n t  

l o a d i n g .  I n  t h e s e  c a s e s  t h e  t r a n s f o r m a t i o n  

i s  s u g g e s t e d ,  i n  o r d e r  t o  match t h e  c o n v e n t i o n  t h a t  a  h i g h e r  

i n d e x  v a l u e  e x p r e s s e s  a  h i g h e r  e f f e c t  on n u t r i e n t  l o a d i n g .  



According t o  t h e  above c o n s t r a i n t s  it a l s o  f o l l o w s  t h a t  

where Di changes  i n  t i m e  p a r a l l e l  w i t h  t h e  development  o f  t h e  

w a t e r s h e d  a s  f a r  a s  it a f f e c t s  t h e  n u t r i e n t  l o a d i n g  from t h e  

wa te r shed .  T h i s  i m p l i e s  t h a t  t h e  v a l u e  o f  Di can  d e c r e a s e  i n  

t i m e  i f  t h e  n u t r i e n t  l o a d i n g  d e c r e a s e s .  

With r e s p e c t  t o  t h e  n a t u r a l  c h a r a c t e r  o f  w a t e r s h e d s ,  w e  

assume t h a t  E q u a t i o n  6 can  be r e w r i t t e n  a s  

I n  o t h e r  words,  t h e  n u t r i e n t  l o a d i n g  i s  a  f u n c t i o n  o f  t h e  p r o d u c t  

o f  t h e  n a t u r a l  w a t e r s h e d  f a c t o r  ( i n  p r a c t i c e  main ly  based  o n  t h e  

w a t e r s h e d  a r e a )  and t h e  development  f i g u r e .  The term HiDi i s  

t h u s  t h e  n u t r i e n t  l o a d i n g  i n d i c a t o r  o f  WSi, d e n o t e d  by n l ( w s i , t ) .  

For  t h e  e n t i r e  w a t e r  b a s i n  t h e  Hi can  be n o r m a l i z e d  t o  f u l f i l l  
7 
I 

t h e  c o n s t r a i n t  izl  Hi = 1 ,  s o  t h a t  H e x p r e s s e s  t h e  w e i g h t  t o  be 

a s s i g n e d  t o  t h e  w a t e r s h e d  development  f i g u r e  o f  e a c h  b a s i n  due 

t o  i t s  n a t u r a l  c h a r a c t e r .  

Given E q u a t i o n  13  and t h e  d e f i n i t i o n  E q u a t i o n  ( 7 )  t h e  b a s i c  

r e l a t i o n  e x p r e s s e d  by   qua ti on 4 can  be f o r m u l a t e d  i n  terms o f  

t h e  c r i t e r i a  i n d e x e s  and Hi a s  

where i = 1 , 2  ... 7,  j = 1 ,  ... 4 and k = 1 , 2  ... K .  
I 

T h i s  e q u a t i o n  d e s c r i b e s  t h e  dynamic m u l t i r e g i o n a l  and m u l t i -  

c r i t e r i a  form o f  t h e  w a t e r s h e d  development  model f o r  t h e  e u t r o -  

p h i c a t i o n  c o n t r o l  i n  Lake B a l a t o n .  

Assuming t h a t  t h e  n u m e r i c a l  form o f  t h e  f u n c t i o n  c a n  be 

d e t e r m i n e d  by r e g r e s s i o n  a n a l y s i s ,  c o n s i d e r i n g  h i s t o r i c a l  d a t a  

series,  t h e  model c a n  be  used f o r  t h e  s i m u l a t i o n  o f  d i f f e r e n t  



long-term wate rshed  development p o l i c i e s  and t h e r e f o r e  f o r  t h e  

s i m u l a t i o n  o f  t h e i r  e f f e c t s  on e u t r o p h i c a t i o n .  I n  o t h e r  words, 

w i t h  t h e  h e l p  o f  t h i s  model d i f f e r e n t  long- term e u t r o p h i c a t i o n  

c o n t r o l  measures o r  p o l i c i e s  can be s imu la t ed  and e v a l u a t e d  on 

a  m u l t i c r i t e r i a  b a s i s .  

F u r t h e r  work i s  o r i e n t e d  t o  t h e  development o f  t h e  p h y s i c a l  

c o n t e n t  and numer ica l  form o f  t h e  model. 

3. PRELIMINARY APPLICATION OF THE MODEL 

I n  t h i s  c h a p t e r  t h e  p r e l i m i n a r y  a p p l i c a t i o n  o f  t h e  model 

i s  d i s c u s s e d  f o r  t h e  p r e s e n t  l e v e l  o f  wate rshed  development. 

The aim of  t h i s  p r e l i m i n a r y  a p p l i c a t i o n  i s  t o  deve lop  t h e  con- 

c r e t e ,  p h y s i c a l  sys tem o f  v a r i a b l e s  and t o  f i n d  t h e  numerical  

form o f  connec t ions  invo lved  i n  t h e  model f o r  one s p e c i f i c  

p o i n t  i n  t i m e .  Based on t h i s ,  t h e  a p p l i c a b i l i t y  o f  t h e  wate r -  

shed development approach i s  e v a l u a t e d  and t h e  p r e l i m i n a r y  

r e s u l t s  a r e  p r e s e n t e d .  

I n  l i g h t  o f  t h e  p r e s e n t  a v a i l a b i l i t y  o f  d a t a ,  t h i s  f i r s t  

numerical  a p p l i c a t i o n  of  t h e  model i s  performed w i t h  wate rshed  

development d a t a  o f  t h e  y e a r  1975 and e u t r o p h i c a t i o n  d a t a  o f  

t h e  y e a r  1976. The combination of  t h e  d a t a  from bo th  y e a r s  i s  

a c c e p t a b l e  i n  t h i s  p r e l i m i n a r y  s t a g e ,  because  on t h e  one hand 

t h e  v a l u e s  o f  t h e  b a s i c  f a c t o r s  a r e  changing s lowly ,  and on t h e  

o t h e r  hand, t h e  r e g i o n a l  and w a t e r  management development should  

i n  any c a s e ,  p recede  changes i n  e u t r o p h i c a t i o n .  

3.1 Dete rmina t ion  o f  I n p u t  V a r i a b l e s  

According t o  Equa t ion  1 4 ,  t h e  fo l l owing  i n p u t  v a r i a b l e s  

should  be composed and fo rma l i zed :  r e g i o n a l  u n i t s ,  b a s i c  f a c t o r s  

and wate rshed  development c r i t e r i a  ( i n d i c a t o r  i n d i c e s ) ,  t h e  

sys tem o f  t h e i r  we igh t ing  f a c t o r s ,  n a t u r a l  watershed i n d i c a t o r s  

and e u t r o p h i c a t i o n  f a c t o r s .  

3.1 . 1 Regional  Un i t s  

The p r e s e n t  a v a i l a b i l i t y  o f  wate rshed  d a t a  d i d  n o t  a l l ow  

t h e  a n a l y s i s  o f  t h e  f u l l  se t  o f  wate rsheds  acco rd ing  t o  F i g u r e  

3. I n s t e a d ,  t h e  two wate rsheds  a d j a c e n t  t o  a  s i n g l e  waterbody 



were combined i n t o  o n e  w a t e r s h e d  f o r  t h i s  p r e l i m i n a r y  a p p l i c a -  

t i o n .  Thus,  a  s y s t e m  o f  f o u r  w a t e r b o d i e s  a n d  f o u r  w a t e r s h e d s  

r e s u l t s  f o r  t h e  t i m e  b e i n g .  

A c c o r d i n g  t o  t h e  p r e v i o u s  n o t a t i o n s ,  t h e  r e g i o n a l  u n i t s  

c o n s i d e r e d  a r e  t h e  f o l l o w i n g  (see F i g u r e  1 a n d  F i g u r e  3 ) :  

T h e r e f o r e ,  t h e  m u l t i r e g i o n a l  model i n  t h i s  c a s e  i s  composed 

o f  e i g h t  r e g i o n a l  u n i t s .  

3 .1 .2  Wate r shed  Development  C r i t e r i a  

From t h e  b a s i c  f a c t o r s  c h a r a c t e r i z i n g  t h e  s t a g e  o f  r e g i o n a l  

deve lopmen t  o f  a  w a t e r s h e d ,  50 f a c t o r s  were s e l e c t e d  which  i n  

some way c o u l d  b e  o f  i m p o r t a n c e  w i t h  r e s p e c t  t o  n u t r i e n t  l o a d i n g s .  

They i n c l u d e  12 n a t u r a l ,  14 r e g i o n a l  deve lopmen t  a n d  24 w a t e r  

management f a c t o r s .  T h e i r  n o m i n a t i o n ,  d e s c r i p t i o n  a n d  v a l u e s  

f o r  1975 by r e g i o n a l  w a t e r s h e d  u n i t  a r e  l i s t e d  i n  T a b l e  2.  

Note t h a t  t h e s e  p r e s e n t e d  v a l u e s  a r e  o n l y  p r e l i m i n a r y ,  as  t h e y  

were e s t i m a t e d  f rom l a r g e r  and  d i f f e r e n t  t e r r i t o r i a l  u n i t s .  

The s e l e c t e d  b a s i c  f a c t o r s  h a v e  t h r e e  f u n c t i o n s :  1 )  mos t  

o f  them a r e  d i rec t  e l e m e n t s  o f  t h e  w a t e r s h e d  deve lopmen t  c r i -  

t e r i a  ( i n d i c a t o r  i n d i c e s ) ;  2 )  some o f  them p r o v i d e  a b a s i s  f o r  

comput ing  t h e  f a c t o r s  i n v o l v e d  i n  t h e  p r e v i o u s  g r o u p ;  3 )  a  few 

a r e  n o t  y e t  d i r e c t l y  u s e d ,  b u t  p r e s e n t e d  i n  o r d e r  t o  p r o v i d e  a n  

o u t l o o k  f o r  f e a t u r e s  o f  t h e  w a t e r s h e d  deve lopmen t  p r o c e s s  which  

migh t  p o s s i b l y  a p p e a r  i n  t h e  f u t u r e .  

On t h e  b a s i s  o f  t h e s e  s e l e c t e d  f a c t o r s  a  s y s t e m  o f  w a t e r -  

s h e d  deve lopmen t  c r i t e r i a  ( i n d i c a t o r  i n d i c e s )  was composed. 

The 25 c r i t e r i a  d e f i n e d  a r e  p r e s e n t e d  i n  T a b l e  3 ,  t o g e t h e r  w i t h  

a v e r b a l  d e s c r i p t i o n  o f  e a c h  c r i t e r i o n  a s  w e l l  a s  a  d e s c r i p t i o n  

o f  i t s  e f f e c t s  on n u t r i e n t  l o a d i n g .  I t  s h o u l d  be n o t e d  t h a t  

t h e r e  i s  no a  p r i o r i  r e l a t i o n s h i p  be tween t h e  number o f  f a c t o r s  

a n d  t h e  number o f  i n d i c e s ,  a s  i s  p e r h a p s  s u g g e s t e d  by t h e  i n c i -  

d e n t a l  r a t i o  o f  2  i n  t h i s  a p p l i c a t i o n .  T y p i c a l l y ,  t h e r e  i s  a 

c o n f l i c t  be tween t h e  w i s h  f o r  more d e t a i l e d  c r i t e r i a  and  t h e  

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



Table 2 .  Bas ic  f a c t o r s  f o r  i n d i c a t i n g  watershed 
development and t h e i r  impact on n u t r i e n t  
l oad ing  ( d a t a  f o r  1975). 

I .  Na tu ra l  f a c t o r s  . 

Fac to r  Uni t  US1 
US23 US45 WS67 

D e s c r i p t i o n  
Code (US2+WS3) (WS4+WS5) (WSb+WS7) 

1 l a k e  a r e a  connected 3 

t o  US km' 40 ?40 190 2 30 

2 
ground s u r f a c e  a r e a  
of  WS kmZ 2750 1650 5 30 250 

3 
the  d i s t a n c e  of t h e  
average e l e v a t i o n  of 

m 
WS and WB above sea  65 70 75 95 

1 eve 1 

4 d i s t a n c e  between the  
a r e a l  g r a v i t y  c e n t e r  
of  the  WS and the  km 30 12 6 4 

connected WB 

F5 average s lope  of 
a r a b l e  land of US 

I 11 7 8 10 

6 
average y e a r l y  

m 
p r e c i p i t a t i o n  7 50 710 6 60 6 50 

7 
maximum pre- 
c i p i t a t i o n  f o r  mm 70 5 2 5 1 5 3 
one day 

F8 
average number 
of d r y  days i n  days 29 3 281 277 275 
a y e a r  

9 t o t a l  l e n g t h  of 
water  courses  km 1410 704 21 2 104 

10 l e n g t h  of r i v e r s  km 4 0 - - - 

Fll  
p o t e n t i a l  wa te r  
r e sources  (mu1 ti- 6 3 

annual  average 600 
yea r  280 100 20 

runof f )  

F1 2 average v o l m e  of 
water  i n  the  l a k e ' s  
UB connected w i t h  10 m 80 410 600 810 

the  watersheds  

J 



Table 2 (contd..) 

11. Regional (socio-economic) development factors. 

Factor 1 Code Description Unit 

1 '13 number of constant 
population 

3 
10 head 180 

number of population 3 10 head 
vorking in industry 

23 

'15 
number of population 3 10 head 
vorking in agriculture 

26 

l visitor's day 
3 

10 head 1200 
x day 

settle- 
number of settlements 180 

ments 

/ '19 number of large 
animal farms 

vineyards and 
orchards 

F22 
forest land km2 710 330 210 80 

'23 
urbanized area l a 2  ,170 100 G 0 70 

number of standard 3 10 head 
(full-grown) animals 

7 0 

F25 
total amount of ferti- 
lizers used in equiva- lo3t 37 23 7 3 
lents P205 year 

length of motoring 
(paved) roads 



Table 2 .  (contd.  . ) 
111. Water management f a c t o r s .  

Uni t  WS1 US23 WS45 YSi7 1 
'27 

t o t a l  o f f i c i a l  6 3 
f r e s h  water  

10 m 
yea r  

3 1 5 1 32 2 8 
demand 

1 '28 
t o t a l  a c t u a l  
water  use  

yea r  

'29 
a c t u a l  domest ic  
water  u s e  

6 3 
10 m 
yea r  

1 '30 
a c t u a l  i n d u s t r i a l  
wa te r  u s e  

y e a r  

/ /31 
a c t u a l  i r r i g a t i o n  
water  u s e  

y e a r  

I F32 

a c t u a l  w a t e r  u s e  of 6 3 
animal farming 

10 rn 
y e a r  

F33 
water  use  wi th  
d r i n k i n g  wa te r  
q u a l i t y  

6 3 
10 m 
y e a r  

F 
34 

amount of 6 3 
consmed  water  10 m 

y e a r  
6 16 13 11 

F35 
amount of  
reused w a t e r  

6 3 
10 
y e a r  

I F36 

amount of wa te r  import  6 3 
10 m f r o =  o u t s i d e  t h e  water-  - 

shed yea r  

/ /37 
amount of wa te r  e x p o r t  l o 6 m 3  
t o  o u t s i d e  the  b a s i n  y e a r  

F38 
underground wa te r  
r e s o u r c e s  t aken  o u t  1 0 % ~  14 10 8 4 

y e a r  



Table  2 .  ( con td .  . )  

111. Water management f a c t o r s .  (Cont inued . )  

Factor I Code Description Unit 

1 '39 
peak actual water 
use in August 

1 F40 irrigation water 
use in August 

F4 1 
total effluent dis- 6 3 10 m 
charge collected by 

8 8 
year 

sevage vorks 

I '42 
treated effluent 6 3 10 m 4 .O 1 .O 0 .5  
discharge from F 4 1 year 0-5 I 
existing storage 
capacity 

number of reservoirs reservoir 5 6 1 
(and fish ponds) (fish ponds) (4) (12) (2) 

F45 
number of population 3 
supplied vith vater- 10 head 7 4 5 9 
vorks 

'46 
number of population 
supplied vith sewage 

3 
10 head 30 2 9 

works 

irrigated area km2 18 25 20 

F4 8 
drainage area !a2 160 7 5 5 - 

length of beaches 
used for recreation km 

F50 
number of existing 
water right licenses licenses 5 50 1100 
for wacer use and 
waterworks 



There fo re ,  a  r e a s o n a b l e  ba l ance  shou ld  be  found.  For  t h e  pre-  

s e n t  a p p l i c a t i o n  reasoned  judgment drawing upon p e r s o n a l  expe- 

r i e n c e  ha s  been t h e  b a s i s  o f  t h e  s e l e c t i o n  o f  t h e  25 c r i t e r i a  

l i s t e d .  A s  soon a s  more i n f o r m a t i o n  and d a t a  a r e , a v a i l a b l e ,  

s l i g h t  changes  might  be d e s i r a b l e .  

The compos i t ion  o f  t h e  i n d i c a t o r  i n d i c e s  from t h e  b a s i c  

f a c t o r s  can be done i n  many ways. I n  p r a c t i c e  t h e  compos i t ion  

w a s  gu ided  by t h e  wish  t o  s e p a r a t e  t h e  v a r i o u s  wate rshed  develop- 

ment p r o c e s s e s  a s  much a s  p o s s i b l e  i n  o r d e r  t o  make t h e  i n f l u e n c e  

o f  management d e c i s i o n s  t r a n s p a r e n t .  A s  a  r e s u l t  21 o u t  o f  25 

c r i t e r i a  are manageable on t h e  s h o r t  o r  l o n g  term. The remaining 

f o u r  (J -J ) e x p r e s s  n a t u r a l  f a c t o r s  which can  h a r d l y  be  i n -  
2  5  

f l uenced ,  b u t  t h e y  have been i n c l u d e d  because  o f  s i g n i f i c a n t  

e f f e c t s  on n u t r i e n t  l o a d i n g s .  

The a c t u a l  v a l u e s  of  t h e  25 c r i t e r i a  f o r  1975 were ca l cu -  

l a t e d  i n  two s t e p s .  F i r s t ,  t h e  p h y s i c a l  v a l u e s  o f  t h e s e  water-  

shed development c r i t e r i a  were c a l c u l a t e d  acco rd ing  t o  t h e i r  

a l g o r i t h m s  l i s t e d  i n  Tab le  3, u s i n g  t h e  d a t a  o f  t h e  a p p r o p r i a t e  

b a s i c  f a c t o r s  from Table  2.  These p h y s i c a l  v a l u e s  are p r e s e n t e d  

i n  Table  4 .  T h i s  t a b l e  a l s o  c o n t a i n s  t h e  lower and upper  l i m i t s  

o f  t h e  c r i t e r i a  s c a l e ,  t h e  l i m i t s  b e i n g  needed f o r  t h e  normal iz-  

a t i o n  o f  t h e  c r i t e r i a  (Chapte r  2 . 3 ) .  The development o f  t h i s  

s c a l i n g  was based  bo th  on t h e  a c t u a l  p r e s e n t  range  o f  t h e  cr i -  

t e r i a  and a  s u b j e c t i v e  judgement o f  t h e i r  h i s t o r i c a l  and f u t u r e  

development.  

Next, a s  a  second s t e p ,  t h e  normal ized ,  d imens ion l e s s  

v a l u e  o f  e ach  o f  t h e  c r i t e r i a  was c a l c u l a t e d  a c c o r d i n g  t o  

Equat ion 8 ,  and u s i n g  t h e  d a t a  o f  Tab le  4 .  The r e s u l t s ,  t h e  

normal ized v a l u e s  o f  wa te r shed  development c r i t e r i a  f o r  t h e  

f o u r  wa te r shed  u n i t s ,  a r e  l i s t e d  i n  Tab le  5 .  

3 . 1 . 3  Weighting Systems 

To e x p r e s s  t h e  d i f f e r e n t  i n f l u e n c e s  o f  t h e  wate rshed  devel-  

opment c r i t e r i a  on n u t r i e n t  l o a d i n g  acco rd ing  t o  Equa t ion  7 ,  

t h e r e  i s  a  need t o  deve lop  a  sys tem o f  we igh t ing  f a c t o r s  f o r  

t h e  s e l e c t e d  c r i t e r i a .  W e  assume t h a t  t h e  we igh t ing  sys tem i s  

c o n s t a n t  f o r  a l l  r e g i o n a l  u n i t s .  



Table 3. The watershed development criteria (indicator indices). 

Note: According to Eq. 8 Jk denotes the normalized, dimensionless, 
while J1; denotes the original (physical) form of the k-th 
criterion or indicator index. 

Populat ion 
d e n s i t y  

q u a n t i t y  
d i s t r i b u -  
t i o n  of 
p rec ip-  
i t a t i o n  

Uni t  , D e s c r i p t i o n  of  t h e  
of  l e f f e c t s  of  J i  on 
J; n u t r i e n t  l oad ing  

I 
C r i t e r i a  

Code 

Ji = F13/F2 
number of  c o n s t a n t  popula t ion  

a r e a  of WS 

Name of 
the  
c r i t e r i a  

1 sewage wa te r  and 
r e g i o n a l  develop- 
ment, e t c . )  

Composition 
and d e s c r i p t i o n  

of J i  

head - 
2 

km 

I max. one J! av = F71F6 ~ r e c l ~ i t a t i o n  

h i g h e r  va lue  i n d i c a t e s  
h ighe r  e f f e c t s  (more 
water  demand, more 

average y e a r l y  p r e c i p i t a t i o n  

h ighe r  va lue  i n d i c a t e s  
more wash o u t  from 
the  s o i l ,  more e r o s i o n  

I I 
i time 1 J ; = 1  365 - Fg 

3 1 d i s t r i -  F8 
' bu t ion  1 

number of  wet days ) of pre-  1 - number of dry days I c i p i t a -  

day 1 h ighe r  va lue  i n d i c a t e s  
- I l e s s  uniform d i s t r i b u -  

day ! t i o n  of r a i n f a l l  which 
i s  worse f o r  wash o u t ,  

: w a t e r  demand, water  
j management c o n t r o l  , 1 
I causes  more e r o s i o n ,  I 

4 d e n s i t y  
0 f  

n a t u r a l  
water  
courses  

J i  = F9 /F2 : m h ighe r  va lue  i n d i c a t e s  
1-7 I 
;km- ,more e r o s i o n ,  more 

l e n g t h  of wa te r  cou r se s  : p o s s i b i l i t i e s  t o  c o l -  
a r e a  of WS l l e c t  and t r a n s f e r  bo th  

I p o i n t  and non-point 
1 sou rces  

na t u r a  1 J; = F IF  
energy 

3  4 

po ten-  average s l o p e  of the s u r f a c e  
t i a l  of  of WS 

0100 h ighe r  va lue  i n d i c a t e s  
more e r o s i o n ,  more run- '  
o f f ,  s h o r t e r  c o l l e c t i o n ,  
t i m e ,  e t c .  



Table  3 (contd..) 

C r i t e r i a  
Code 

Name of  
t h e  
c r i t e r i a  

Composit ion 
and d e s c r i p t i o n  

o f  J i  
Uni t  

o f  

i 

D e s c r i p t i o n  o f  t h e  
e f f e c t s  o f  J k  on 
n u t r i e n t  l o a d i n g  

p o p u l a t i o n  
r a t i o  i n -  
volved i n  
i n d u s t r y  

head 
head 

h i g h e r  v a l u e  i n d i c a t e s  
g r e a t e r  importance o f  
i n d u s t r y ,  t h e r e f o r e  
more e c o l o g i c a l  prob- 
l e m s ,  more w a t e r  de- 
mand, more sewage 
w a t e r ,  more demand f o r  
r e c r e a t i o n ,  e t c .  

~ o ~ u l a t i o n  i n  i n d u s t r v  
cons  t a n t  p o p u l a t i o n  

p o p u l a t i o n  
r a t i o  i n -  
volved i n  
a g r i c u l -  
t u r e  

head 
head 

h i g h e r  v a l u e  i n d i c a t e s  
g r e a t e r  importance o f  
a g r i c u l t u r e ,  more non- 
p o i n t  s o u r c e s ,  f e r t i l -  
i z e r  and chemical  u s e ,  

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

v i s i t o r  j J i  = F  I F  16 1 3  
v i s i -  \ h i g h e r  v a l u e  i n d i c a t e s  

( t o u r i s t )  I 1 t o r  m o r e  NL t o  t h e  WS and 
l o a d i n g  v i s i t o r ' s  day ' day t h e  WB, more need f o r  - ,  

, c o n s t a n t  p o p u l a t i o n  head i n f r a s t r u c t u r e ,  more 
I 
I non-cons t a n  t popula- , 

I t i o n ,  e t c .  
! 

d e n s i t y  ' J; = (F17 + F18 + 
h i g h e r  v a l u e  i n d i c a t e s  

o f  pos- I c e s  more p o i n t  s o u r c e s ,  more 
s i b l e  ( s e t t l e m e n t s ,  i n d u s t r i a l  2 NL, more need f o r  t r e a t -  
p o i n t  ; p l a n t s ,  animal  fa rms)  lookm ment f a c i l i t i e s ,  e t c .  
s o u r c e s  I o v e r  a r e a  of WS 

2  
km h i g h e r  v a l u e  i n d i c a t e s  J1o I r a t i o  o f  

I a r a b l e  
- - 

kn2 more non-point  n u t r i e n t  
l o a d i n g s  more e r o s i o n ,  1 and 

1 f o r e s t  
( l a n d  

a r a b l e l f o r e s t  l a n d  
more run-of f ,  e t c .  

! I use 
I 

, 
I 

i J l l  
, urban- 
I i z e d  

km2 ' h i g h e r  v a l u e  i n d i c a t e s  - 
,,2 more sewage w a t e r ,  more 

1 i n f i l t r a t i o n  t o  t h e  
I s o i l ,  more u rban  r u n o f f ,  
/ s h o r t e r  c o l l e c t i o n  t ime,  

I p a r t  u r b a n i z e d  a r e a  
! o f  t h e  a r e a  of WS 
; WS 



Table 3 (contd..) 

C r i t e r i a  l ~ a m e  o f  
Code 1 t h e  

j C r i t e r i a  

Composit ion 
and d e s c r i p t i o n  

o f  JL 

U n i t  
o f  

JL 

v i n e y a r d s  and o r c h a r d s  
i n d i c a t e  t h e  most dan- 
g e r o u s  t y p e  o f  a g r i c u l -  
t u r a l  l a n d  use  from t h e  
p o i n t  o f  v iew o f  ero-  

D e s c r i p t i o n  o f  t h e  
e f f e c t s  of J i  on 
n u t r i e n t  l o a d i n g  

12 

s i o n  because  o f  t h e  
h i g h e r  f e r t i l i z e r  use  
and h i g h e r  s l o p e s ;  
h i g h e r  v a l u e  i n d i c a t e s  
more e r o s i o n .  

1 3  
; f e r t i l i z e r  
i u se  

r a t i o  o f  
v i n e y a r d s  
and o r -  
c h a r d s  

t o t a l  amount o f  used 

J i 2  = F  /F 21 20 

a r e a  o f  v i n e y a r d s  a n d o r c h .  
a r a b l e  l a n d  

f e r t i l i z e r  
a r a b l e  l a n d  

h i g h e r  v a l u e  i n d i c a t e s  
more n u t r i e n t  l o a d i n g s  

d e n s i t y  o f  
an imal  

h e a d  
13 

h i g h e r  v a l u e  i n d i c a t e s  
more NL (more sewage 
w a t e r ,  more p a s t u r e  
l a n d  u s e ,  more w a t e r  

, 
I popu la t io r ,  
I 

I 1 demand, e t c . )  I 
I ----- 

number o f  s t a n d a r d  an imals '  
a r e a  o f  WS 

! 

J15  
d e n s i t y  of 

I motor ing 
I 

i 
roads  l e n g t h  o f  motor ing  r o a d s  

a r e a  o f  WS 

I 
h i g h e r  v a l u e  i n d i c a t e s  
more r e g i o n a l  develop- 
ment,  more t r a f f i c ,  more 
t o u r i s t s ,  more non-point  
t r a f f i c  and a g r i c u l t u r a l  

i I ! s o u r c e s  
I I I i 
1 '16 use  o f  1 J i6  = F28/F11 
I po ten- I 

h i g h e r  v a l u e  i n d i c a t e s  
more u s e  o f  n a t u r a l  

t i a l  1 t o t a l  a c t u a l  w a t e r  use  I I r e s o u r c e s ,  more r e g i o n a l  
w a t e r  1 p o t e n t i a l  w a t e r  r e s o u r c e s  development ,  more w a t e r  

I / r e s o u r -  1 management a c t i v i t i e s  I 
c e s  I 



Table 3 (con td .  . ) 

C r i t e r i a  
Code 

Name of 
the  
C r i t e r i a  

Composition Desc r ip t i on  of t h e  
and d i s c r i p t i o n  

of  J i  
e f f e c t s  of t he  J i  on 
n u t r i e n t  l oad ing  

used water  
i n f i l t r a t e d  
i n t o  t he  
s o i l  

h ighe r  va lue  i n d i c a t e s  
more sewage water  in- 
f i l t r a t i o n  t o  t he  s o i l ,  
which has  a  long-range 
NL e f f e c t ,  d e t e r i o r a -  
t i o n  o f  s o i l  and ground- 
water ,  e t c .  

t o t a l  a c t u a l  water  u se  minus 
t he  sum of consumed, reused ,  
and c o l l e c t e d  sewage wa te r  
over  a r e a  of WS 

~ t i o  of  I J i 8 = l  - F  42 /F 41 h ighe r  vi 
. - _ _ _  _ - _  3 m3 1 &IT 

2 
km 

uncrea L e a  

sewage 
d i scha rge  

- 
t r e a t e d  e f f l u e n t  d i s c h a r g e  3  

1 - t o t a l  e f f l u e n t  d i s cha rge  I 

slue i n d i c a t e s  i 

r a t i o  of 
unregu- 
l a  t ed  
run0 f  f  

I J ; ,  = 1 - F /F 43 11 i yea r  
I 

e x i s t i n g  s t o r a g e  capac i ty  i 
p o t e n t i a l  water  resources  I 

! 

h ighe r  va lue  i n d i c a t e s  
more n u t r i e n t  load ing ,  
because l e s s  water  can 
be s t o r e d  be fo re  g e t t i n g  
t o  Balaton 

i r a t i o  of 
J20 popula- 

t i o n  sup- 
1 p l i e d  

wi th  

I d r i nk ing  
water  

I j works 

I r a t i o  of  ; Ji l  = F 4 6 / ~ 1 3  
popula- 

J;o = F451F13 I head 

1 head 

t i o n  sup- popu la t i on  supp.  wi th  S . W .  

p l i e d  ,number of cons t an t  popula- 
w i t h  t ion  
sewage 
works 

h ighe r  va lue  i n d i c a t e s  
g r e a t e r  development, 

h ighe r  va lue  i n d i c a t e s  
more sewage water  f a c i l -  
i t i e s ,  than more n u t r i e n t  
load ing .  

popu la t i on  supp l i ed  wi th  more water  demand, more 
~ . w . w .  i I sewage e f f l u e n t s ,  e t c .  

number of cons t an t  popula- ' 

t ion  I 
I i 



Table 3 ( c o n t d . . )  

- -  -- - ~u 

I 

D e s c r i p t i o n  o f  t h e  
e f f e c t s  of t h e  J i  on 
n u t r i e n t  l o a d i n g  

h i g h e r  v a l u e  i n d i c a t e s  
h i g h e r  c u l t i v a t i o n ,  
more wash o u t  p o s s i b i l -  
i t i e s ,  e t c .  

h i g h e r  v a l u e  i n d i c a t e s  
more e r o s i o n ,  more wash 
o u t  from t h e  a r a b l e  
l and ,  t h u s  more NL 

h i g h e r  v a l u e  i n d i c a t e s  
more r e g i o n a l  develop- 
ment, more p o s s i b l e  
s o u r c e s  of n u t r i e n t  
l o a d i n g  

( h i g h e r  va lue  i n d i c a t e s  

I 

l e n g t h  
; i nd i ca -  
, :or f o r  

! 
, 

I i ;;:k;sin 
I 

i 
i 

! beach '25 1 

C r i t e r i a  
Code 

J22 

Name of 
t he  
C r i t e r i a  

r a t i o  o f  
i r r i g a -  
t i o n  and 
d r a inage  

Composit ion 
and d e s c r i p t i o n  

of JL 

- J i2  - (F47+F48)/F20 

a r e a  of i r r i g a t i o n  and d r a inage  
a r a b l e  l a n d  

Ji3 = F5 F7 

sLope of  a r a b l e  l and  x  max. 
one day p r e c i p i t a t i o n  

km 

J23 I 
e r o s i o n  
p o t  en- 
t i a l  

I 

d e n s i t y  '24 

Un i t  
o  f  

JL 

2  
km 

% x mm 

i d i r e c t  

2  I km 
number o f  wa t e r  r i g h t s  

a r e a  o f  WS 

more n u t r i e n t  l o a d i n g  
(more v i s i t o r s ,  more 
r e c r e a t i o n  l o a d i n g  of 

J i 4  = F50/F2 1 works l -  

wate r )  

J i 5 =  LOO - F I F  1 2  49 
6 3  10  m - 



T a b l e  4 .  The p h y s i c a l  v a l u e s  o f  w a t e r s h e d  development  
c r i t e r i a  i n  1375  and t h e i r  sca les .  

I 
C r i  t e r i a j  Uni t  1 Code 

I 1 v i s i t o r  1 J8 , 
, i day lhead  
I 

P h y s i c a l  v a l u e s  * S c a l e  w i t h  l i m i t s  
lower ,  JAB upper  J '  100 .k 



Table  4 (contd . .  1 

Criteria Unit 
Code 1 Physical 

WS1 i WS23 
Scale with limits 

lower, J 1 upper J' 100. k 



Table 5. Normalized values of watershed development criteria. 

I I 

I 
Jll 

I 
I I 20 1 i 

70 I 
I 

Cri t er ia  
I 

Normalized values of Jk 1 Code I I 1 WSl WS23 1 WS45 WS67 , 



Becwse o f  t h e  l a c k  o f  e x a c t  and s t r u c t u r a l  knowledge on' 

t h i s  t y p e  o f  p h y s i c a l  w e i g h t i n g ,  f i v e  e x p e r t s  o f  t h e  BEM team 

were i n t e r v i e w e d ,  r e s u l t i n g  i n  f i v e  s e p a r a t e  w e i g h t i n g  s y s t e m s  

on t h e  b a s i s  o f  t h e  i n d i v i d u a l s '  p r a c t i c a l  knowledge o f  t h e  

B a l a t o n  Bas in .  The f i v e  w e i g h t i n g  s y s t e m s ,  i n d i c a t e d  by SWa, 

a  = 1 , 5 ,  a r e  p r e s e n t e d  i n  T a b l e  6 .  F u r t h e r m o r e ,  SW6 was con- 

s t r u c t e d  w i t h  t h e  h e l p  o f  m a t h e m a t i c a l  s t a t i s t i c s ,  b a s i c a l l y  

by combining t h e  w e i g h t i n g  s y s t e m s  t h a t  maximized t h e  c o r r e l a -  

t i o n  between t h e  development  f i g u r e  and e a c h  o f  t h e  e u t r o p h i c a -  

t i o n  i n d i c e s  (see C h a p t e r  3 . 1 5 ) .  System 7 i n  t h i s  t a b l e  

i n d i c a t e s  t h e  un i fo rm w e i g h t i n g  a s  a  b a s i s  f o r  compar ison.  

The u s e  o f  t h e  a l t e r n a t i v e  w e i g h t i n g  s y s t e m s  i n  t h e  p r e s e n t  

s t a g e  o f  development  o f  t h e  i n v e s t i g a t i o n  a l l o w s  f o r  t h e  e v a l u a -  

t i o n  o f  t h e  s e n s i t i v i t y  t o  t h e  w e i g h t i n g  sys tem.  T h i s  i s  impor- 

t a n t  s i n c e  t h e  w e i g h t i n g  a l s o  w i l l  i n f l u e n c e  t h e  c o n c l u s i o n s  f o r  

c o n t r o l  d e r i v e d  from t h e  model.  I t  a l s o  makes c l e a r  t h a t  t h e  

model r e p r e s e n t s  a  means o f  combining,  i n  a  f o r m a l i z e d  and ex- 

p l i c i t  way, t h e  s u b j e c t i v e  judgement o f  e x p e r t s  i n  t h e  f i e l d .  

3 . 1 . 4  Watershed I n d i c a t o r s  

The Hi i n d i c a t o r s  used  t o  e x p r e s s  t h e  role o f  t h e  w a t e r s h e d  

i t s e l f  i n  t h e  m u l t i r e g i o n a l  h y d r o l o g i c a l  s y s t e m ,  a r e  c a l c u l a t e d  

a s  t h e  r a t i o  o f  t h e  i n d i v i d u a l  w a t e r s h e d  a r e a s  t o  t h e  t o t a l .  

T h i s  approx imate  approach  i s  c o n s i d e r e d  a c c e p t a b l e  f o r  t h i s  

p r e l i m i n a r y  a p p l i c a t i o n ,  s i n c e  t h e  s i t e  o f  t h e  w a t e r s h e d  i s  o f  

dominant  i n f l u e n c e  on t h e  a b s o l u t e  v a l u e  o f  n u t r i e n t  l o a d i n g .  

Thus, a c c o r d i n g  t o  t h e  d a t a  o f  T a b l e  1 ,  t h e s e  i n d i c a t o r s  a r e  a s  

f o l l o w s :  

3 .1 .5  E u t r o p h i c a t i o n  I n d i c e s  

I n  a c c o r d a n c e  w i t h  t h e  s u g g e s t i o n s  o f  t h e  b i o l o g i c a l  ex- 

p e r t s  o f  t h e  BEM team i n  t h e  B i o l o g i c a l  Research  I n s t i t u t e ,  

Tihany,  t h e  p h y t o p l a n k t o n  b iomass  was s e l e c t e d  t o  c h a r a c t e r i z e  

t h e  e u t r o p h i c a t i o n  i n  t h e  w a t e r s h e d  development  model. The 



Table 6 .  A l ~ e r n a t i v e  systems of weightina factors .  

- 
F i  ter ial Alternative weighting systems, SW, x = 1, . . .  7 

I 1 Value of weighting factors (Wk) 1 

- -  1 TO cal 1.00 I 1.00 1.000 1.00 1.00 1 1.00 1 .OO 



s e l e c t i o n  had t w o  c r i t e r i a :  1 )  t h e  c a p a b i l i t y  o f  c h a r a c t e r i z i n g  

t h e  e u t r o p h i c a t i o n  i n  i n t e g r a t e d  form; 2 )  t h e  a v a i l a b i l i t y  o f  

h i s t o r i c a l  d a t a  f o r  a p p r o x i m a t e l y  t h e  l a s t  20-25 y e a r s .  The 

p h y t o p l a n k t o n  b iomass  a s  a n  i n d i c a t o r  meets b o t h  c r i t e r i a .  

F o r  t h e  c h a r a c t e r i z a t i o n  o f  t h e  e u t r o p h i c a t i o n  by phyto-  

p l a n k t o n  b i o m a s s ,  t h e  d a t a  l i s t e d  i n  T a b l e  7 ,  were u s e d  ( V 8 r 8 s  

1979,  and  p e r s o n a l  communica t ion)  . T h e s e  are  t h e  r e s u l t s  o f  

mon th ly  measurements  on p h y t o p l a n k t o n  b iomass .  The c o r r e s p o n d -  

iqg s a m p l i n g  p o i n t s  are shown i n  F i g u r e  4 ,  i n d i c a t i n g  t h a t  a l l  

o f  t h e  f o u r  c o n s i d e r e d  w a t e r b o d i e s  were sampled  i n  a t  l e a s t  o n e  

p l a c e  (see F i g u r e  ~ 1 a l s o )  . 
F o r  f i n d i n g  t h e  b e s t  e u t r o p h i c a t i o n  i n d i c a t o r ,  t h r e e  a l t e r -  

n a t i v e  e u t r o p h i c a t i o n  i n d i c e s  (ETB, where  f3 = 1 ; 2 , 3 )  were d e v e l -  

oped  f rom t h e  d a t a  p r e s e n t e d  i n  T a b l e  7 ,  as  f o l l o w s :  

ET 1  - y e a r l y  a v e r a g e  

ET 2 - summer maximum 

ET 3  - y e a r l y  maximum 

o f  p h y t o p l a n k t o n  b iomass .  T h e s e  i n d i c a t o r  i n d i c e s  f i r s t  w e r e  

c a l c u l a t e d  f o r  t h e  s a m p l i n g  p l a c e s ,  r e p r e s e n t i n g  t h e  w a t e r b o d i e s .  

Then,  i n t e r -  and  e x t r a p o l a t i n g  t h e s e  f i g u r e s  e x p o n e n t i a l l y  a l o n g  

t h e  l o n g i t u d i n a l  s e c t i o n  o f  Lake B a l a t o n ,  t h e  v a l u e s  o f  t h e  

e u t r o p h i c a t i o n  i n d i c e s  (ET . f o r  t h e  o u t f l o w  p o i n t s  of t h e  
B l  

w a t e r b o d i e s ,  e . g .  f o r  t h e  f o u r  b a s i n  l e v e l s ,  were e s t i m a t e d .  

The c o m p l e t e  l i s t  o f  t h e s e  e u t r o p h i c a t i o n  i n d i c e s  are  p r e s e n t e d  

i n  T a b l e  8. 

The a l t e r n a t i v e  i n d i c e s  o f f e r  a n o t h e r  p o s s i b i l i t y  f o r  s e n -  

s i t i v i t y  a n a l y s i s .  However, i n  t h e  s u b s e q u e n t  a p p r o a c h ,  t h e  

v a l u e s  f rom t h e  w a t e r  b a s i n  b o u n d a r i e s  have  been  u s e d ,  s i n c e  

t h e y  r e f l e c t  i n  some way t h e  e f f e c t s  o f  i n t e r n a l  p r o c e s s e s  on  

t h e  w a t e r b o d y  ( c o n s i d e r e d  t o  b e  a b l a c k  box  i n  o u r  a p p r o a c h ) .  

3 . 2  I n d i c a t i o n  o f  N u t r i e n t  Load ing  
by W a t e r s h e d  Development  

Using  t h e  n o r m a l i z e d  v a l u e s  o f  w a t e r s h e d  deve lopmen t  c r i -  

t e r i a  ( T a b l e  5 ) ,  and  t h e  d i f f e r e n t  w e i g h t i n g  s y s t e m s  ( T a b l e  6 ) ,  





Table 7 .  Observed d a t a  of  phytoplankton biomass i n  
Lake Bala ton  i n  1976  ( a f t e r  La jos  Vbrbs) . 

Table 8 .  The l i s t  o f  e u t r o p h i c a t i o n  i n d i c e s .  

I 
Sampl ing  

p l a c e s  

K e s z t h e l y B a y ,  WB1 

S z i g l i g e t B a s i n ,  WB2 

Szemes-Zanka,WB3 

P h y t o p l a n k t o n  b iomass  i n d i c e s  (B) 

P l a c e s  

Months 

1 Y e a r l y  a v e r a g e  I 

! ET1 
I sumermax.  ET2 

I V  V I I  

y e a r l y  max. 
ET3 

T i h a n y ,  WB4 1 5 . 2 7  

m g l l  n e t  w e i g h t  

V I I I  

FllzfU, WB4 
+ 

Cesz the ly  Bay, WB1 

m g l l  n e t  w e i g h t  

6 . 8 8  

b a s i n  I c v e l ,  B 1  I 6 . 0  8 . 5  1 1 . 2  

1 2 . 1 5  

7 .18  

5 . 8 8  

0 . 7 2  

0 . 6 3  

1 . 6 3  

1 . 9 7  

0 .35  

0 . 6 6  

S z i g l i g e t  B a s i n ,  WB2 ' 4 . 1  5 . 9  7 . 2  
I 

I X  

1 . 1 2  

1 . 2 9  

b a s  i n  l e v e l ,  B2 3 . 4  

X I  X  

1 . 2 0  

1 . 3 3  

Szemes-Zanka, WB3 i 2 . 0  

X I  I 

b a s i n  l e v e l ,  B3 2 . 1  2 . 8  5 . 4  
I 

I i 

7 . 5 1  

5 .15  

1 . 0 6  

3 .55  

1 . 7 7  

1 . 6 3  

2 .72  

2.39 

2 .30  

1 . 9 1  

0 . 8 3  

1 . 9 3  

2.00 

3 .38  

2.69 

1 .97  

1 0 . 3 4  

0 . 9 2  

1.81 

I I I 

b a s i n  l e v e l ,  B4 

11 .07  

5 .92  

1.88 

1 1 . 3 8  

6 .82  

1 . 7 7  

1 . 5  2 . 3  1 4 .7  



t h e  m u l t i c r i t e r i a  deve lopmen t  f i g u r e s  o f  t h e  d i f f e r e n t  w e i g h t i n g  

s y s t e m s  ( D  ) f o r  e a c h  o f  t h e  f o u r  w a t e r s h e d  u n i t s  were c a l c u -  
c t i  

l a t e d  a c c o r d i n g  t o  E q u a t i o n  7. These  deve lopmen t  f i g u r e s  a r e  

p r e s e n t e d  i n  T a b l e  9 .  They measu re  t h e  " u t i l i t y "  o f  t h e  w a t e r -  

s h e d  f o r  n u t r i e n t  l o a d i n g  r e s u l t i n g  f rom t h e  l e v e l  o f  deve lop -  

ment i n  1975.  

Based on t h e  m u l t i c r i t e r i a  deve lopmen t  f i g u r e s ,  t h e  n u t r i e n t  

l o a d i n g  i n d i c a t o r s  ( n l i x )  w e r e  computed a c c o r d i n g  t o  E q u a t i o n  

13, u s i n g  t h e  w a t e r s h e d  i n d i c a t o r s  ( H i )  l i s t e d  i n  S e c t i o n  3 .14 .  

They a r e  l i s t e d  i n  T a b l e  10. These  i n d i c a t o r s  e x p r e s s  t h e  

r e l a t i v e  c o n t r i b u t i o n  t o  t h e  n u t r i e n t  l o a d i n g  by t h e  w a t e r s h e d  

w i t h i n  t h e  m u l t i r e g i o n a l  b a s i n  s y s t e m  a t  t h e  e s t a b l i s h e d  l e v e l  

o f  deve lopmen t .  

Because  o f  t h e  f i x e d  t i m e  i n  t h e  p r e s e n t  p r e l i m i n a r y  a p p l i -  

c a t i o n ,  b o t h  t h e  deve lopmen t  f i g u r e s  a n d  t h e  n u t r i e n t  l o a d i n g  

i n d i c a t o r s  b a s i c a l l y  c a n  o n l y  be  u s e d  f o r  t h e  r e l a t i v e  compar- 

i s o n  among t h e  w a t e r s h e d s  a n d  f o r  t h e  s e n s i t i v i t y  a n a l y s i s  o f  

t h e  w e i g h t i n g  s y s t e m .  They w e r e  c o n s i d e r e d  a l so  a s  i n p u t  d a t a  

i n  t h e  f i r s t  s t e p  towards t h e  n u m e r i c a l  f o r m u l a t i o n  o f  t h e  

b a s i c  e q u a t i o n  o f  t h e  w a t e r s h e d  deve lopmen t  model .  L a t e r  t h e s e  

d a t a  w i l l  b e  u s e d  a s  o n e  p o i n t  i n  t i m e  i n  t h e  f o r t h c o m i n g  dyna- 

m i c  i n v e s t i g a t i o n s .  

3 . 3  Numer ica l  Approach t o  t h e  B a s i c  R e l a t i o n s h i p  

I n  v i ew o f  t h e  f i x e d  t i m e  l e v e l  i n  t h i s  f i r s t  a p p l i c a t i o n  

a  n u m e r i c a l  a n a l y s i s  o f  t h e  b a s i c  r e l a t i o n s h i p  o f  E q u a t i o n  14 

was aimed o n l y  a t  t h e  i n v e s t i g a t i o n  w h e t h e r  t h e  assumed r e l a -  

t i o n  among t h e  v a r i a b l e s  ET, D and  H e x i s t s  o r  n o t .  To a c h i e v e  

t h i s  g o a l  a  m u l t i p l e  c o r r e l a t i o n  a n a l y s i s   endal all and  S t u a r t ,  1 9 6 6 )  

was done  u s i n g  t h e  p r e v i o u s l y  p r e s e n t e d  i n p u t  d a t a .  

Accord ing  to  E q u a t i o n  1 4 ,  t h e  e u t r o p h i c a t i o n  o f  t h e  o u t f l o w  

s e c t i o n  o f  a  g i v e n  w a t e r b o d y  depends  o n  t h e  deve lopmen t  f i g u r e  

and  t h e  n a t u r a l  c h a r a c t e r  o f  t h e  a d j a c e n t  w a t e r s h e d ,  a n d  f u r t h e r -  

more,  on  t h e  e u t r o p h i c a t i o n  o f  t h e  o u t f l o w  s e c t i o n  o f  t h e  p r e -  

v i o u s  wa te rbody .  T h e r e f o r e ,  c o n s i d e r i n g  i = j i n  t h e  p r e s e n t  

a p p l i c a t i o n ,  l e t  u s  d e n o t e  by ET t h e  B-th t y p e  e u t r o p h i c a t i o n  
Bj 

i n d e x  a t  t h e  o u t f l o w  s e c t i o n  o f  t h e  j - t h  w a t e r b o d y ,  e.g. a t  t h e  

j - t h  b a s i n  l e v e l ,  by D a j  t h e  deve lopmen t  f i g u r e  o f  t h e  w a t e r s h e d  



- 3 6 -  

T a b l e  9 .  ~ e v e l o p m e n t  f i g u r e s  ( D i )  U n i t  %. 

T a b l e  1 0 .  N u t r i e n t  l o a d i n g  i n d i c a t o r s  ( n l i )  . 

Watersheds 

WS 1 

WS23 

WS4 5 

1 WS67 

Systems o f  weighting (x) 

Watersheds 

Systems o f  weighting (x) I 
! 

SW7 

42.0 

39.8 

43.1 

60.0 

SWl 1 SW2 SW3 1 SW4 SW5 1 SW6 SW7 ! 
I 

SW1 

42.8 

38.6 1 

43.7 

59.8 

SW4 

43.4 

40.7 

45.4 

61.6 

1 
SW2 j SW3 SW5 

41.9 

41.5 

45.1 

61.3 

47.5 

39.1 

44.5 

59.7 

SW6 

42.7 

38.4 

45.4 

62.4 

41.4 

40.2 

45.6 

60.3 



c o n n e c t e d  t o  t h e  j - t h  waterbody c a l c u l a t e d  under  t h e  a - t h  

w e i g h t i n g  s y s t e m  and by H t h e  v a l u e  o f  t h e  w a t e r s h e d  i n d i c a t o r  
j 

c o n n e c t e d  t o  t h e  j - t h  waterbody.  O b v i o u s l y ,  a c c o r d i n g  t o  t h e  

c h a r a c t e r  o f  t h e  m u l t i r e g i o n a l  sys tem,  it i s  assumed t h a t  ET 
Bo 

= 0.  For  f i x e d  B and  a ,  l e t  t h e  numbers a l ,  b 2 ,  and  c j  be  

d e t e r m i n e d  by 

L 

[ E T ~ ~  - ( a l ~ ~  + b2Da + c H ) ]  = minimum . ( 1 5 )  
j  = 1  B ,  1-1 3 j 

I n  o r d e r  t o  r e d u c e  t h e  dominant  e f f e c t  o f  t h e  n a t u r a l  water- 

shed  i n d i c a t o r  ( e s s e n t i a l l y  t h e  w a t e r s h e d  a r e a )  a  t r a n s f o r m a t i o n  

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

Now d e f i n e  

t h e n  e q u a t i o n  (15)  can  b e  r e s t a t e d  as  

4 
I [ E T - .  - x 

6 I I' = minimum 
j=1 Ba j 

The c o e f f i c i e n t s  a ,  b  and c c a n  be  found by p a r t i a l  d i f f e r e n t i a -  

t i o n ,  e q u a t i o n  t o  z e r o  and  s o l v i n g  f o r  t h e  r e s u l t i n g  s y s t e m  o f  

l i n e a r  e q u a t i o n s .  

For  f i x e d  B and  a ,  l e t  u s  d e n o t e  by a t h e  m u l t i p l e  c o r -  

r e l a t i o n  c o e f f i c i e n t  between ET'  on t h e  o n e  hand ,  and on  t h e  
B j 

o t h e r  hand ET' and  D a j :  t h e n  a i s  t h e  ( o r d i n a r y )  c o r r e l a t i o n  B ,  1-1 
c o e f f i c i e n t  o f  ET' and X 

B j  Baj 
(see E q u a t i o n s  17-18) .  

For  f i x e d  e u t r o p h i c a t i o n  i n d i c e s  t h e  e f f e c t i v e n e s s  o f  t h e  

v a r i o u s  w e i g h t i n g  s y s t e m s  w a s  c h a r a c t e r i z e d  by t h e  c o r r e l a t i o n  



c o e f f i c i e n t s  0 ,  which r e f l e c t  t h e  c o n n e c t i o n  o f  ET w i t h  
B j 

E T ~ ,  j-1 and D a j t  c l e a n e d  o f  t h e  e f f e c t  o f  H 
1. 

The v a l u e s  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  o c a l c u l a t e d  

a c c o r d i n g  t o  t h e  d e s c r i b e d  method, a r e  l i s t e d  i n  T a b l e  11. For 

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

l i s t e d  i n  T a b l e  8 ,  and  t h e  development  f i g u r e s  l i s t e d  i n  T a b l e  

9 ,  w e r e  used.  

A s  shown by T a b l e  11 ,  t h e  r e s u l t s  o f  t h i s  f i r s t  n u m e r i c a l  

i n v e s t i g a t i o n  i n d i c a t e  t h e  v e r y  s t r o n g ,  p r a c t i c a l  f u n c t i o n a l  

c o n n e c t i o n  among t h e  b a s i c  v a r i a b l e s  o f  t h i s  approach .  

4 .  EVALUATION OF RESULTS 

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

a p p l i c a t i o n  o f  t h e  model a r e  d i s c u s s e d  and  e v a l u a t e d ,  t h e n  t h e  

main c o n c l u s i o n s  o f  t h e  m o d e l l i n g  work a r e  p r e s e n t e d .  

4.1 D i s c u s s i o n  o f  R e s u l t s  

On t h e  b a s i s  o f  t h e  p r e l i m i n a r y  a p p l i c a t i o n  o f  t h e  model,  

t h e  f o l l o w i n g  r e s u l t s  have been o b t a i n e d .  

1 .  Based on t h e  c o r r e l a t i o n  a n a l y s i s  per formed f o r  t h e  

p r e s e n t  ( 1  975-76) l e v e l  o f  w a t e r s h e d  development ,  

it c a n  be  s t a t e d  t h a t  t h e  b a s i c  a s sumpt ion  o f  t h e  

m u l t i r e g i o n a l  and m u l t i c r i t e r i a  dynamic w a t e r s h e d  

development  model h y p o t h e s i z i n g  a c l o s e  c o n n e c t i o n  

between e u t r o p h i c a t i o n  and human w a t e r s h e d  development ,  

i s  u n d e r l i n e d  by t h e  f i r s t  n u m e r i c a l  r e s u l t s .  I t  a l s o  

means t h a t  approach  ( B )  t o  e u t r o p h i c a t i o n  m o d e l l i n g  

(see C h a p t e r  2 .1 )  i s  f e a s i b l e .  F u r t h e r m o r e ,  it j u s -  

t i f i e s  t h e  n e c e s s i t y  o f  r e g i o n a l i z a t i o n  o f  t h e  B a l a t o n  

Bas in  a c c o r d i n g  t o  t h e  deve loped  s o l u t i o n .  

2. A h i g h  c o r r e l a t i o n  was found between e u t r o p h i c a t i o n  

and development  f i g u r e .  The c o r r e l a t i o n  was h i g h e s t  

i f  t h e  a l g a l  summer maximum biomass was used a s  a  

measure o f  e u t r o p h i c a t i o n  (be tween 0.94 and 0.99 

depending on t h e  w e i g h t i n g  s y s t e m ) .  Also  a  h i g h  

c o r r e l a t i o n  was found  w i t h  t h e  y e a r l y  a v e r a g e  (0.90- 

0 . 9 7 ) .  The r e l a t i o n  between development  f i g u r e  and  



Table 1 1 .  Correlation coefficient (c) 

E u t r o p h i c a t i o n  
i n d i c e s  (B) 

y e a r l y  
a v e r a g e  
B = 1  

s urnme r 
maximum 
B = 2  

y e a r l y  
maximum 
B = 3  

Sys tems o f  w e i g h t i n g  ( x )  

SW1 
x= 1 

0 . 9 0 1  

0 . 9 4 1  

SW6 
x=6 

0 . 9 5 1  

0 . 9 7 7  

0 .848  

SW7 
x'7 

0 .934  

0 . 9 6 5  

0 .783  

SW2 
x= 2 

0 . 9 4 7  

0 . 9 8 2  

0 . 7 8 8  0 . 8 2 6  0 . 8 2 4  
I 
I 
I 

0 . 7 7 5  
0.807 I 

i 
! 

SW3 
x= 3  

0 . 9 7 0  

0 . 9 9 0  

I 

SW4 
x=4 

0 . 9 4 7  

SW5 
x=5 

0 . 9 5 1  

0 .9771  0 . 9 7 9  

I 



y e a r l y  maximum i s  less pronounced,  a l t h o u g h  t h e y  a r e  

s t i l l  c o r r e l a t e d .  

A comparison o f  t h e  r e s u l t s  f o r  t h e  7  w e i g h t i n g  sys tems  

used a l l o w s  f o r  a  p r e l i m i n a r y  a n a l y s i s  o f  t h e  s e n s i t i v -  

i t y  o f  t h e  method t o  t h e  we igh t i ng .  From T a b l e  1 1  it 

can be  s e e n  t h a t  c o r r e l a t i o n  i s  s t r o n g  i r r e s p e c t i v e  o f  

t h e  w e i g h t i n g  sys tem.  However, on  t h e  whole,  t h e  

un i fo rm w e i g h t i n g  p r o v i d e s  s l i g h t l y  lower  c o r r e l a t i o n s ,  

which s u g g e s t s  t h e  need f o r  we igh t i ng .  Fur the rmore ,  

i t  shou ld  be  r e a l i z e d  t h a t ,  w i t h  one s i n g l e  p o i n t  i n  

t i m e ,  a  r i g i d  s e n s i t i v i t y  test  i s  n o t  p o s s i b l e .  

Tab l e  9 i n d i c a t e s  t h a t  t h e  d i f f e r e n c e s  i n  development ,  

a c c o r d i n g  t o  t h e  w e i g h t i n g  sy s t ems ,  a r e  n o t  ve ry  

l a r g e  among t h e  wa t e r sheds .  R e l a t i v e l y  l a r g e  d i f -  

f e r e n c e s  would have been needed to  d e t e c t  t h e  s e n s i t i v -  

i t y  t o  t h e  w e i g h t i n g  o f  t h e  d i f f e r e n t  i n d i c e s .  Con- 

s e q u e n t l y ,  t h e  c h o i c e  o f  t h e  m o s t  s u i t a b l e  w e i g h t i n g  

sys tem and e u t r o p h i c a t i o n  i ndex  can  be  performed o n l y  

l a t e r  when time-series a r e  a v a i l a b l e .  N e v e r t h e l e s s ,  

t h e  above p r e l i m i n a r y  r e s u l t s  can  n o t  o n l y  p r o v i d e  

g u i d e l i n e s  f o r  t h e  f u r t h e r  a n a l y s i s  o f  e u t r o p h i c a t i o n  

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

c o u r s e  o f  a c t i o n  t o  t h e  most i m p o r t a n t  measures .  

E v a l u a t i n g  t h e  p r e s e n t  l e v e l  o f  development o f  t h e  

w a t e r s h e d s ,  a s  e x p r e s s e d  by t h e  development  f i g u r e s  

i n  Tab l e  9 ,  it can  be  s t a t e d  t h a t  wa t e r shed  67 i s  a t  

t h e  h i g h e s t  l e v e l ,  abou t  60% o f  wa t e r shed  development ,  

a s  f a r  a s  it e f f e c t s  n u t r i e n t  l o a d i n g .  The wa t e r shed  

w i t h  t h e  n e x t  h i g h e s t  l e v e l  o f  wa t e r shed  development 

i s  WS 45, w i t h  a b o u t  45%,  t h e n  WS 1 w i t h  a b o u t  42-45%, 

and  f i n a l l y  WS 2 3  w i t h  a b o u t  40%. 

The l a s t  two w a t e r s h e d s  can  be  c o n s i d e r e d  v i r t u a l l y  on 

t h e  same l e v e l  o f  development ,  whereas  WS 45 i s  abou t  

10% more deve loped  and WS 67 i s  a b o u t  50% more deve loped  

Th i s  r a n k i n g  c o r r e s p o n d s  w i t h  t h e  g e n e r a l  o p i n i o n  o f  

t h e  w a t e r  management and r e g i o n a l  development e x p e r t s .  



B u t  w i t h  t h e  h e l p  o f  t h e  m u l t i c r i t e r i a  deve lopmen t  

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

d i f f e r e n c e s  among t h e  r e g i o n a l  u n i t s .  

4 .  Based  o n  t h e  d e v e l o p m e n t  f i g u r e s ,  t h e  n u t r i e n t  l o a d i n g  

i n d i c a t o r s  e x p r e s s  t h e  n o r m a l i z e d  n u t r i e n t  l o a d i n g  

coming f r o m  t h e  w a t e r s h e d s  as p a r t  o f  t h e  who le  m u l t i -  

r e g i o n a l  b a s i n  s y s t e m .  T h e r e f o r e ,  t h e  d a t a  o f  T a b l e  10 

show t h a t  i f  t h e  n u t r i e n t  l o a d i n g  f o r  WS 67 i s  3  u n i t s ,  

t h e n  i t  i s  4 .5  u n i t s ,  12.5-13.0 u n i t s  a n d  22.0-23.0 

u n i t s  f o r  WS 4 5 ,  WS 23 and  WS 1 ,  r e s p e c t i v e l y .  I t  

means t h a t  t h e  r a t i o  o f  t h e  n u t r i e n t  l o a d i n g  among t h e  

f o u r  w a t e r s h e d s  c o n n n e c t e d  t o  t h e  w a t e r b o d i e s  c a n  be  

e s t i m a t e d  a s  7 .5 :  4 .3:  1 .5 :  1 .  The d i f f e r e n c e s  w i t h  

t h e  r a t i o  o f  t h e  n a t u r a l  w a t e r s h e d  area,  wh ich  i s  

1 1 :  6 .6:  2 .1 :  1 e x p r e s s  t h e  e f f e c t  o f  t h e  w a t e r s h e d  

d e v e l o p m e n t  o n  n u t r i e n t  l o a d i n g  o f  t h e  l a k e .  A t  a b o u t  

t h e  same l e v e l  o f  d e v e l o p m e n t  i n  WS 1 a n d  WS 23 ( 4 0 % )  

d i f f e r e n t  estimates o f  t h e  c o n t r i b u t i o n  t o  t h e  l a k e ' s  

p o l l u t i o n  o c c u r  ( 5 0 %  f rom WS 1  ; 30% f r o m  WS 23)  . 
S i m i l a r l y ,  t h e  ro le  o f  t h e  h i g h e s t  d e v e l o p e d  r e g i o n s  

(WS 45 a n d  e s p e c i a l l y  WS 67)  i n  t h e  who le  B a l a t o n  

s y s t e m  i s  smaller b e c a u s e  o f  t h e  n a t u r a l  l o c a t i o n  o f  

t h e s e  a r e a s  i n  t h e  m u l t i r e g i o n a l  h i e r a r c h i c a l  s y s t e m  

( " d o w n s t r e a m " ) .  

T h e s e  p r e l i m i n a r y  r e s u l t s ,  e s p e c i a l l y  t h e  r a t i o  o f  

n u t r i e n t  l o a d i n g ,  c a n  b e  u s e d  to estimate t h e  a c t u a l  

amount o f  n u t r i e n t  l o a d i n g  f o r  t h e  who le  l a k e  i f  a  

v a l u e  f o r  j u s t  o n e  o f  t h e  f o u r  w a t e r b o d i e s  o r  w a t e r s h e d s  

i s  a v a i l a b l e .  F u r t h e r m o r e ,  t h e s e  r e s u l t s  u n d e r l i n e  t h e  

w e i g h t  o f  t h e  n a t u r a l  h y d r o l o g i c a l  c h a r a c t e r  i n  t h e  

s y s t e m ,  a n d  p r o v i d e  d i r e c t i o n  t o  where  w e  h a v e  t o  con-  

c e n t r a t e  t h e  e u t r o p h i c a t i o n  c o n t r o l  e f f o r t s  so as  t o  

u s e  t h e  a v a i l a b l e  economic  r e s o u r c e s  i n  a most e f f e c t i v e  

way. 

I t  s h o u l d  b e  s t r e s s e d  t h a t  t h e  methods  f o r  c a l c u l a t i o n  

o f  t h e  w a t e r s h e d  i n d i c a t o r  ( H i )  a n d  o f  t h e  n u t r i e n t  

l o a d i n g  i n d i c a t o r  ( n l i )  f rom t h e  d e v e l o p m e n t  f i g u r e  



are preliminary and should be further developed, having 

once obtained more historical data. 

5. Considering the composition of the multicriteria 

development figure, the selected system of criteria 

seems appropriate for characterizing the long-term 

watershed development as indicated by the impact on 

nutrient loading. 

4.2 Conclusions and Recommendations 

1. The outlined multiregional and multicriteria dynamic 

watershed development approach can be considered as 

an essential element of the decision analysis in the 

long-range control of the eutrophication in Lake 

Balaton. Therefore, it is recommended that a numer- 

ical and detailed form of this model be developed, 

under consideration of the preliminary results of the 

present application. 

2. It is recommended that the historical data needed for 

the evaluation of the time patterns of development 

figure and eutrophication indices be collected, on 

the basis of the finalized system of criteria. This 

should be done for the seven watershed units separately. 

In possession of these data, one should apply the 

present methodology for the analysis of the time series, 

and in general, of the watershed development process. 

3. Using the proposed dynamic multiregional and multicri- 

teria watershed development model, different long-term 

watershed development policies and their effects on 

eutrophication can be simulated. These can serve as 

a basis for decisions on control actions. 

4. Based on the numerical results of the present prelim- 

inary application, one should, in the case of limited 

monetary resources, concentrate the control actions as 

soon as possible to watersheds 1 and 23. By doing this, 

the most effective application of the economic resour- 

ces available for eutrophication control can be achieved. 
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