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PREFACE 

One of  t h e  p r i n c i p a l  r e s e a r c h  themes o f  t h e  Resources  and 
Environment ( R E N )  A r e a ' s  s t u d i e s  i n  w a t e r  q u a l i t y  mode l l ing  and 
management (1977-1982) h a s  been t h e  Lake B a l a t o n  Case Study ( s e e ,  
f o r  example,  WP-82-79). The c a s e  s t u d y  was a  c o l l a b o r a t i v e  
p r o j e c t  i n v o l v i n g  s c i e n t i s t s  from a  number o f  Hungarian r e s e a r c h  
i n s t i t u t i o n s ,  IIASA, and o t h e r  r e s e a r c h  o r g a n i z a t i o n s .  The 
p r o j e c t ' s  o b j e c t i v e  was t o  examine t h e  problems o f  c o n t r o l l i n g  
e u t r o p h i c a t i o n  i n  g e n e r a l  and ,  more s p e c i f i c a l l y ,  t h e  problems 
o f  e u t r o p h i c a t i o n  c o n t r o l  i n  l a r g e ,  s h a l l o w  l a k e s .  

This  p a p e r  r e p o r t s  t h e  r e s u l t s  o f  an a n a l y s i s  of  t h e  dynamic 
( d a i l y ,  s e a s o n a l ,  and a n n u a l )  v a r i a t i o n s  i n  t h e  n u t r i e n t  l o a d i n g s  
d i s c h a r g e d  t o  Lake B a l a t o n  from t h e  Zala  R i v e r ,  t h e  p r i n c i p a l  
t r i b u t a r y  o f  t h e  Lake ( s e e  a l s o  CP-81-2 1  ) . A s  w i t h  t h e  m a j o r i t y  
o f  t h e  r e s e a r c h  under taken  d u r i n g  t h e  c a s e  s t u d y ,  t h e  emphasis  
i n  t h e  a n a l y s i s  o f  t h i s  r e p o r t  i s  on phosphorus a s  t h e  c r i t i c a l l y  
i m p o r t a n t  r a t e - l i m i t i n g  n u t r i e n t .  The focus  o f  t h e  a n a l y s i s  on 
t h e  Zala  R i v e r  a l s o  r e f l e c t s  t h e  o v e r r i d i n g  s i g n i f i c a n c e  o f  t h i s  
p a r t i c u l a r  t r i b u t a r y  a s  a  t a r g e t  f o r  implementing f a c i l i t i e s  
f o r  t h e  c o n t r o l  o f  e u t r o p h i c a t i o n  i n  Lake B a l a t o n  (see a l s o  
WP-82-70) . 
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TIl4E-SERIES ANALYSIS OF NUTRIENT LOADINGS 
I N  THE ZALA RIVER, LAKE BALATON 

M.B. Beck 

1. INTRODUCTION 

The d i s t i n c t i o n s  between p o i n t  and n o n p o i n t  s o u r c e s  o f  wa te r -  

s h e d  n u t r i e n t  l o a d i n g s  and between t h e  p h y s i c a l  and chemica l  forms 

o f  t h e s e  l o a d i n g s ,  i . e .  between forms b e i n g  a v a i l a b l e  o r  u n a v a i l -  

a b l e  f o r  metabol i sm i n  phy top lank ton  growth ,  a r e  i m p o r t a n t  f a c t o r s  

f o r  t h e  c o n t r o l  o f  l a k e  e u t r o p h i c a t i o n .  I t  i s  n o t  a  t r i v i a l  prob- 

lem, however, t o  make a c c u r a t e  q u a n t i t a t i v e  e s t i m a t e s  of  t h e  

r e l a t i v e  d i s t r i b u t i o n s  o f  n u t r i e n t  l o a d i n g s  among d i f f e r e n t  t y p e s  

from d i f f e r e n t  s o u r c e s  (see, f o r  example,  J o l a n k a i  and ~ 0 m l y 6 d y ,  

1 9 8 1 ) .  More g e n e r a l l y ,  t h e r e  i s  c o n s i d e r a b l e  u n c e r t a i n t y  a s s o -  

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

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

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

r e c e i v i n g  l a k e .  The f r e q u e n c y  o f  sampl ing  f o r  t h e  o b s e r v a t i o n s  

o f  s t r e a m  n u t r i e n t  c o n c e n t r a t i o n s  i s  normal ly  much s l o w e r  t h a n  

t h e  f a s t  dynamic c h a r a c t e r i s t i c s  o f  s t o r m  e v e n t s ,  d u r i n g  which 

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

t r a n s p o r t e d .  T h i s ,  q u i t e  a p a r t  from t h e  a d d i t i o n a l  d i f f i c u l t i e s  

o f  d e s c r i b i n g  t h e  mechanisms by which n u t r i e n t s  r e a c h  t h e  s t r e a m  

from, f o r  example,  a g r i c u l t u r a l  n o n p o i n t  s o u r c e s  ( H a i t h  and  

Tubbs, 1 9 8 1 ) ,  a c c o u n t s  f o r  t h e  s i g n i f i c a n t  u n c e r t a i n t y  i n  com- 

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

dynamic v a r i a t i o n s .  
-1- 



The River  Zala  i s  t h e  p r i n c i p a l  t r i b u t a r y  o f  Lake Ba l a ton ,  

a  l a r g e  shal low l a k e  i n  t h e  wes te rn  p a r t  o f  Hungary (see F igu re  

I ) ,  and t h e  s u b j e c t  o f  a  major c a s e  s t udy  i n  e u t r o p h i c a t i o n  con- 

t r o l  (van S t r a t e n  e t  a l ,  1979; van S t r a t e n  and Somly6dy, 1980; 

Somly6dy, 1982) .  A s  i n d i c a t e d  i n  F igu re  1 ,  t h e  Zala watershed 
2 (wi th  an  a r e a  o f  2622 km ) occupies  over  h a l f  o f  t h e  t o t a l  l a k e  

2  watershed (4522 km ) .  According t o  t h e  e s t i m a t e s  o f  J o l a n k a i  

and Somlybdy ( 198 1 ) an average  l o a d  o f  abou t  225 kg day-' t o t a l  

phosphorus ( T P )  , o f  which some 104 kg day-' i s  or thophosphate-P 

and 128 kg day-' ava i l ab l e -P ,  e n t e r s  t h e  wes te rn  end of  t h e  l a k e  

from t h e  Zala d i s c h a r g e .  Th is  makes t h e  Zala River  t h e  s i n g l e  

most impor tan t  c o n t r i b u t o r  o f  n u t r i e n t s  t o  t h e  l a k e ;  i n  a d d i t i o n ,  

f o r  example, it c o n t r i b u t e s  a n  average  l o a d  o f  approx imate ly  

2500 kg day-' o f  t o t a l  n i t r o g e n  ( T N )  . The r o l e  o f  t h e  n u t r i e n t  

l oads  d e l i v e r e d  from t h e  Zala  watershed must c l e a r l y  be cons ide red  

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

i n  t h e  observed s t a t e  o f  e u t r o p h i c a t i o n  (see van S t r a t e n  e t  a l ,  

1979 ) ,  w i th  b a s i n  I i n  F igu re  1 be ing  t h e  most p o l l u t e d  s e c t o r  

o f  t h e  l a k e .  Hughes' (1982) s t udy  o f  op t ima l  a l l o c a t i o n s  o f  

inves tments  f o r  t h e  c o n t r o l  of  e u t r o p h i c a t i o n  i n  Lake Bala ton 

i n d i c a t e s  t h a t  t h e  i n s t a l l a t i o n  o f  phosphorus removal f a c i l i t i e s  

a t  t h e  two major sewage t r e a t m e n t  p l a n t s  i n  t h e  Zala  ca tchment  

would t end  t o  dominate t h e  most e f f e c t i v e  c o n t r o l  o p t i o n s .  

Approximately e q u a l l y  e f f e c t i v e  i n  t e r m s  o f  c o n t r o l  would be 

t h e  c o n s t r u c t i o n  of  a  sha l low r eed  pond, t h e  Kis-Balaton ( sma l l  

B a l a t o n ) ,  a t  t h e  mouth o f  t h e  Zala where fo rmer ly  marshland 

e x i s t e d  b e f o r e  d r a inage  i n  t h e  l a s t  c en tu ry  (see van S t r a t e n  

e t  a l ,  1979; see a l s o  F igu re  1 ) .  

The undoubted s i g n i f i c a n c e  o f  t h e  River  Zala was t h e r e f o r e  

i n s t r u m e n t a l  i n  t h e  i n i t i a t i o n  o f  a  d a i l y  sampling programme f o r  

moni to r ing  t h e  d i s c h a r g e  o f  sediment  and n u t r i e n t  l o a d s  t o  t h e  

wes te rn  end of  Lake Ba la ton  ( Jo6 ,  1980) .  These measurements 

were begun i n  J u l y ,  1975, a t  t h e  Fenekpuszta s i t e  a t  t h e  mouth 

o f  t h e  Zala and subsequen t ly ,  i n  January ,  1977, a t  t h e  Z a l a a p a t i  

s i t e  25 km upstream from Fenekpuszta (F igu re  1 ) . The r e s u l t i n g  

r eco rd  o f  o b s e r v a t i o n s  p rov ides  a  unique b a s i s  f o r  a s s e s s i n g  t h e  

magnitudes and v a r i a t i o n s  o f  water-borne sediment  and n u t r i e n t  



Zala watershed 

F i g u r e  1 .  Map of  Lake B a l a t o n  and i t s  s u r r o u n d i n q  w a t e r s h e d ,  
showing t h e  l o c a t i o n  o f  t h e  r i v e r  Zala  and t h e  
d i v i s i o n  o f  t h e  Lake i n t o  f o u r  component b a s i n s  
(I-IV) 



load ings  from a  predominantly a g r i c u l t u r a l  watershed.  The purpose 

of  t h i s  s tudy  was t h e r e f o r e  t o  use methods of t ime- se r i e s  analy- 

s i s - - i n  p a r t i c u l a r ,  a  r e c u r s i v e  i n s t rumen ta l  v a r i a b l e  ( I V )  e s t i -  

mator (Young, 1 9  74) --to determine t h e  p o r t i o n s  of  t h e  load ings  

d e r i v i n g  from p o i n t  and nonpoint  sou rces ,  t h e  p o s s i b l e  d i s t r i b u -  

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

a v a i l a b l e ,  and unava i l ab l e  forms, and t h e  dynamic r e l a t i o n s h i p s  

between t h e s e  f r a c t i o n s  ( a s  o u t p u t s )  and meteoro log ica l  v a r i a t i o n s  

and o t h e r  d i s t u r b a n c e s  ( a s  i n p u t s )  occu r r ing  i n  t h e  watershed.  

The input /ou tpu t  models on which t h i s  s tudy  i s  based a r e  essen-  

t i a l l y  v e h i c l e s  i n  t h e  process  o f  a c q u i r i n g  unders tanding.  This 

does n o t  debar  t h e  models from be ing  a p p l i e d  subsequent ly  f o r  

gene ra t ing  s c e n a r i o s  i n  t h e  e v a l u a t i o n  of  management s t r a t e g i e s ,  

f o r  example i n  gene ra t ing  i n p u t  sequences t o  a s s e s s  t h e  pe r fo r -  

mance of t h e  Kis-Balaton p r o j e c t .  However, unders tanding ,  a l b e i t  

of a  p re l iminary  k ind ,  i s  t h e  key o b j e c t i v e  of  t h i s  d i s c u s s i o n .  

The o r g a n i z a t i o n  of t h e  paper i s  a s  fo l lows .  Sec t ion  2 

o u t l i n e s  t h e  procedure  of t h e  a n a l y s i s ,  w i thou t  going i n t o  t h e  

d e t a i l s  of  t h e  a lgo r i t hm used f o r  model i d e n t i f i c a t i o n  and para- 

meter e s t i m a t i o n .  S e c t i o n  3 p r e s e n t s  t h e  main body of  t h e  r e s u l t s  

f o r  t h e  a n a l y s i s  of  d i s cha rge ,  suspended s o l i d s  (SS) l oad ,  t o t a l  

phosphorus ( T P )  l oad ,  and t o t a l  n i t rogen  ( T N )  l oad  v a r i a t i o n s  

f o r  t h e  yea r  1978 and f o r  both  t h e  Za laapa t i  and Fenekpuszta 

l o c a t i o n s .  I n  s e c t i o n  4 t h e  same models a r e  used t o  e s t i m a t e  t h e  

corresponding load  v a r i a t i o n s  ( a t  Fenekpuszta on ly )  f o r  t h e  yea r s  

1975-1 977; t h i s  can be cons idered  i n  p a r t  a s  an e x e r c i s e  i n  model 

v a l i d a t i o n  ( o r  i n v a l i d a t i o n ) .  There i s  a l s o  i n  s e c t i o n  4 a  more 

e x t e n s i v e  d i s c u s s i o n  of t h e  var ious  problems of  s easona l  f a c t o r s  

a f f e c t i n g  t h e  in-s t ream phosphorus c y c l e ,  and t h e  s i g n i f i c a n c e  

of marshland dra inage  and snowmelt i n  determining t h e  p a t t e r n s  

of  TP load  v a r i a t i o n s .  Sec t ion  5  b r ings  t o g e t h e r  t h e  essence  

of what has  been l e a r n e d  of  t h e  behaviour o f  t h e  watershed a s  

a  source  of n u t r i e n t s  d e l i v e r e d  t o  Lake Balaton;  it a l s o  sugges t s  

p o s s i b l e  d i r e c t i o n s  f o r  f u r t h e r  exper imental  work and f o r  t h e  use 

of  t h e  models i n  e v a l u a t i n g  t h e  performance of t h e  Kis-Balaton 

p r o j e c t .  



2 .  PROCEDURE 

The procedure  of  t h e  a n a l y s i s  i s  s e p a r a t e d  i n t o  f o u r  phases :  

(i) a  p r e l i m i n a r y  c o r r e l a t i o n  a n a l y s i s ;  

(ii) t h e  i d e n t i f i c a t i o n  o f  model s t r u c t u r e ;  

(iii) a n a l y s i s  of  t h e  t r a j e c t o r i e s  of  t h e  r e c u r s i v e  

parameter  e s t i m a t e s ;  

( i v )  e v a l u a t i o n  o f  t h e  g iven  model s t r u c t u r e s  and 

paramete r  e s t i m a t e s  i n  t h e  c o n t e x t  o f  v a l i d a t i o n /  

i n v a l i d a t i o n .  

The p r e l im ina ry  c o r r e l a t i o n  a n a l y s i s  i s  i n t ended  t o  i n d i c a t e  

b road ly  promis ing t y p e s  o f  model s t r u c t u r e  t o  be a s s e s s e d  i n  

more d e t a i l  i n  t h e  second phase o f  t h e  p rocedure .  This  is  

conven t iona l  p rocedure ,  a l though  h e r e  conducted w i th  less 

s o p h i s t i c a t i o n  t h a n ,  f o r  i n s t a n c e ,  i n  Box and J e n k i n s  ( 1 9 7 0 ) .  

The impor tan t  p o i n t ,  i n  f a c t  wi th  r e s p e c t  t o  a l l  phases  of t h e  

a n a l y s i s ,  i s  t h a t  it i s  n o t  w e l l  known a  p r i o r i  how t h e  i n p u t  

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

observed o u t p u t  responses  of t h e  SS, TP ,  and TN l o a d i n g s  a t  

Fenekpuszta and Z a l a a p a t i .  

The second phase  o f  t h e  p rocedure ,  i d e n t i f i c a t i o n  o f  an 

a p p r o p r i a t e  model s t r u c t u r e ,  i s  conducted f o r  t h e  fo l l owing  

c l a s s  o f  d i s c r e t e - t i m e  m u l t i p l e  i n p u t / s i n g l e  o u t p u t  (MISO) 

models,  

i n  which u  (t  ) , R = 1 , 2 , .  . . , m  and y  (tk) a r e  r e s p e c t i v e l y  obser-  R k  
v a t i o n s  o f  t h e  m u l t i p l e  ( m )  system i n p u t s  and t h e  system o u t p u t  

a t  t h e  k t h  sampling i n s t a n t ;  E ( t k )  i s  a  sequence of  zero-mean, 
- 1 random e r r o r s  o r  d i s t u r b a n c e s .  q  i s  t h e  backward s h i f t  

o p e r a t o r ,  d e f i n e d  a s  

e t c . ,  

- 1 
A(q 1 and Be (q - ' )  a r e  polynomials  o f  q - l ,  of  o r d e r s  n  and p, 

r e s p e c t i v e l y ,  w i th  paramete rs  a  and b i j  t o  be e s t i m a t e d ,  
j  



Provided t h e  e s t i m a t o r  can o p e r a t e  reasonably e f f e c t i v e l y  i n  t h e  

presence of  h igh l e v e l s  of  no i se  ( < ( t k ) )  which i s  u s u a l l y  t h e  

ca se  f o r  t h e  I V  e s t i m a t o r ,  f u r t h e r  d i s cus s ion  o r  i d e n t i f i c a t i o n  

of t h e  p r o p e r t i e s  o f  5 w i l l  n o t  be of  concern.  Again, t h e  impor- 

t a n t  p o i n t  i s  t h a t  t h e  primary purpose of  t h e  a n a l y s i s  i s  t o  

i d e n t i f y  t h e  s t r u c t u r e  of t h e  r e l a t i o n s h i p s  among t h e  va r ious  

combinations of  i n p u t  and ou tpu t  v a r i a b l e s .  Accuracy of t h e  

parameter e s t i m a t e s ,  b u t  n o t  n e c e s s a r i l y  t h e i r  unbiasedness ,  i s  

of  secondary importance.  The speeds and magnitudes of t h e  

responses  i n  an o u t p u t  v a r i a b l e  t o  changes i n  an i n p u t  v a r i a b l e  

a r e  t h e  kind of  macroscopic model p r o p e r t i e s  o f  g r e a t e r  i n t e r e s t  

i n  t h i s  a n a l y s i s .  

A b a s i c  assumption f o r  t h e  e s t i m a t i o n  of t h e  parameters  a i  

and bi i n  t h e  A (q- ' ) and BQ (q- l ) polynomials o f  equa t ion  ( 1 ) i s  

t h a t  t h e s e  parameters  a r e  c o n s t a n t .  This assumption may be 

r e l axed  i n  o r d e r  t o  ana lyze  t h e  t r a j e c t o r i e s  o f  t h e  r e c u r s i v e  

parameter  e s t i m a t e s ,  a s  i n  t h e  t h i r d  phase of  t h e  procedure .  

L e t  us suppose t h a t  we have t h e  fo l lowing .gene ra1  "model" of  

t h e  v a r i a t i o n s  with t i m e  f o r  t h e  v e c t o r  of  parameters  - a ,  

( con ta in ing  e lements  a  and bi ) , 
j 

where < ( tk )  i s  a  v e c t o r  of zero-mean, whi te-noise  sequences wi th  - 
covar iance ma t r ix  

i n  which E C . )  i s  t h e  e x p e c t a t i o n  o p e r a t i o n  and s u p e r s c r i p t  T 

denotes  t h e  t r anspose  of  a  v e c t o r  o r  mat r ix .  According t o  t h i s  

model t h e  parameters  a r e  assumed t o  vary i n  an unknown random 

walk f a sh ion  with  D = 0 r e p r e s e n t i n g  t h e  s p e c i a l  c a s e  i n  which 

t h e  parameters a r e  t r u l y  c o n s t a n t .  Let  us now suppose t h a t  a  

s e t  of  e s t i m a t e s  - B has  been ob ta ined  f o r  t h e  i d e n t i f i e d  model 



s t r u c t u r e ,  under  t h e  assumpt ion  t h a t  D = 0 ,  and t h a t  t h e  a  

p o s t e r i o r i  c o v a r i a n c e  m a t r i x  o f  a s s o c i a t e d  p a r a m e t e r  e s t i m a t i o n  

e r r o r s  i s  g i v e n  by P, i . e .  

where 2 i s  a  v e c t o r  o f  e s t i m a t i o n  e r r o r s ,  and where P  i n  t h i s  - 
c a s e  can  be approx imate ly  d e r i v e d  from t h e  I V  e s t i m a t i o n  a l g o r i t h m  

(Young, 1 9 7 4 ) .  A f u r t h e r  p a s s  through t h e  s e t  of  o b s e r v a t i o n s  

y  ( tk) , g ( t k )  , f o r  k  = 1 , 2 ,  . . . ,N, c o u l d  be made f o r  which t h e  

a  p r i o r i  pa ramete r  e s t i m a t e s  a r e  chosen a s  B - and where D i s  

s p e c i f i e d  a s  b e i n g  p r o p o r t i o n a l  t o  P  i n  some way. Those para-  

meters t h a t  a r e  p o o r l y  e s t i m a t e d  and t h u s  a s s o c i a t e d  w i t h  t h e  

l a r g e r  e l ements  o f  P--in p a r t ,  p o s s i b l y  because  t h e  p r e v i o u s  

assumpt ion  o f  c o n s t a n t  pa ramete r s  i s  inval id--would have a  h i g h e r  

p r o b a b i l i t y  o f  hav ing  estimates f o r  t h i s  t y p e  o f  a n a l y s i s  t h a t  

e x h i b i t  c o n s i d e r a b l e  v a r i a t i o n  w i t h  t i m e .  The o p p o s i t e  would 

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

under  t h e  assumpt ion  t h a t  t h e  i n t e n s i t y  o f  v a r i a t i o n s  i n  t h e  

pa ramete r  e s t i m a t e s  a r e  l i k e l y  t o  b e  p r o p o r t i o n a l  t o  t h e  magni- 

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

i n  t h i s  manner i s  t an tamount  t o  an e v a l u a t i o n  o f  t h e  a p p r o p r i a t e -  

n e s s  o f  t h e  i d e n t i f i e d  model s t r u c t u r e .  S i g n i f i c a n t  v a r i a t i o n s  

i n  t h e  r e c u r s i v e  p a r a m e t e r  e s t i m a t e s  can  be i n d i c a t i v e  bo th  o f  

t h e  f a i l u r e ,  o r  inadequacy ,  o f  t h e  model s t r u c t u r e  and o f  p o s s i b l e  

m o d i f i c a t i o n s  t h a t  might  b e  made t o  improve i t ,  e s p e c i a l l y  i f  t h e  

pa ramete r  v a r i a t i o n s  are a p p a r e n t l y  c o r r e l a t e d  w i t h  t h e  v a r i a t i o n s  

i n  some o f  t h e  obse rved  v a r i a b l e s  ( f o r  f u r t h e r  d i s c u s s i o n  o f  t h e  

use  o f  r e c u r s i v e  e s t i m a t i o n  a l g o r i t h m s  f o r  t h i s  purpose ,  see, f o r  

i n s t a n c e ,  Young, 1978; Beck, 1979, 1 9 8 2 ) .  

The f o u r t h  phase  o f  t h e  a n a l y s i s  i s  t h e  more f a m i l i a r  m a t t e r  

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

p r e s e n t  c a s e  i s  t o  e s t a b l i s h  d i s c r e p a n c i e s  between t h e  behav iour  

o f  t h e  Zala  wa te r shed  a s  i d e n t i f i e d  f o r  1978 and t h e  obse rved  

behav iour  f o r  1975-1977. I n  o t h e r  words w e  s h a l l  make t h e  con- 

f i d e n t  assumption t h a t  b e h a v i o u r  o v e r  1975- 19 78 i s  e n t i r e l y  

c o n s i s t e n t  i n  o r d e r  t o  emphasize,  and hence t o  i n t e r p r e t ,  t h e  

more obvious  i n c o n s i s t e n c i e s .  



3. ANALYSIS FOR 1978 

The r e a s o n s  f o r  choos ing  t o  b e g i n  t h e  a n a l y s i s  w i t h  t h e  

y e a r  1978 a r e  t w o f o l d .  F i r s t ,  t h e r e  a r e  comple te  r e c o r d s  a t  

b o t h  t h e  Fenekpuszta  and Z a l a a p a t i  s i t es  f o r  t h e  y e a r s  1977 and 

1978 o n l y  ( o b s e r v a t i o n s  f o r  subsequen t  y e a r s  have been made, 

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

s t u d y ) .  Second, o f  t h e s e  two y e a r s  t h e  r e c o r d s  f o r  1977 s u g g e s t e d  

i n i t i a l l y  a n  a p p a r e n t l y  i r r e g u l a r  behav iour  i n  t h e  obse rved  

n u t r i e n t  l o a d i n g s  d u r i n g  t h e  w i n t e r  o f  t h a t  y e a r .  Beginning t h e  

a n a l y s i s  w i t h  1978 was t h e r e f o r e  t h o u g h t  t o  b e  somewhat s i m p l e r  

and less l i k e l y  t o  l e a d  t o  ambiguous r e s u l t s .  

3.1 C o r r e l a t i o n  A n a l y s i s  

F i g u r e  2 shows t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n s  between 

p r e c i p i t a t i o n  ( P ) ,  a s  i n p u t ,  and t h e  s t r e a m  d i s c h a r g e  (Q), SS, 

TP, and TN l o a d i n g s  a t  Fenekpuszta  and Z a l a a p a t i ,  a s  o u t p u t s .  

F i g u r e  3  shows t h e  c r o s s - c o r r e l a t i o n  f u n c t i o n s  between t h e  up- 

s t r e a m  ( i n p u t )  and downstream ( o u t p u t )  d i s c h a r g e s  and l o a d i n g s .  

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

few. T r e a t i n g  t h e  c o r r e l a t i o n  f u n c t i o n s  a s  approximate  impulse  

r e s p o n s e s ,  however, it i s  n o t a b l e  t h a t  t h e  downstream d i s c h a r g e  

a t  Fenekpuszta ,  i n  r e s p o n s e  t o  a  p r e c i p i t a t i o n  e v e n t ,  i s  more 

a t t e n u a t e d  and more w i d e l y  d i s t r i b u t e d  t h a n  t h e  ups t ream d i s c h a r g e ,  

a s  would be e x p e c t e d  ( F i g u r e  2 ( a ) ) .  The Fenekpuszta  SS l o a d  

response  t o  p r e c i p i t a t i o n  i s  a p p a r e n t l y  d e l a y e d  by one day 

r e l a t i v e  t o  t h e  Z a l a a p a t i  l o a d  ( F i g u r e  2 ( b )  ) . The ups t ream 

and downstream TP l o a d  r e s p o n s e  t o  p r e c i p i t a t i o n  a r e  n o t a b l y  

s imul taneous  ( F i g u r e  2 ( c )  ; a l s o  F i g u r e  3  ( c )  ) and  o n l y  t h e  SS 

l o a d  e x h i b i t s  any s t r o n g  tendency towards t h e  e x i s t e n c e  o f  an  

i d e n t i f i a b l e  s t r e a m  t r a n s p o r t  d e l a y  between Z a l a a p a t i  and 

Fenekpuszta  ( F i g u r e  3)  . 
Most o f  t h e  c o n c l u s i o n s  t o  be  drawn from t h i s  a n a l y s i s  a r e  

o f  a  weakly n e g a t i v e  c h a r a c t e r .  The r e a s o n a b l y  h i g h  c o r r e l a t i o n s  

between p r e c i p i t a t i o n  and t h e  o u t p u t s  o f  F i g u r e  2 a r e  s u p e r f i c i a l l y  

p romis ing  f o r  t h e  model i d e n t i f i c a t i o n  and pa ramete r  e s t i m a t i o n  

a n a l y s i s  t h a t  f o l l o w s .  The d i f f i c u l t y ,  however,  i s  t h a t  t h e  

r e s u l t s  o f  F i g u r e s  2 and 3  a r e  ve ry  p robab ly  dominated by o n l y  



(a)  Discharge (0) 

F i g u r e  2 .  C r o s s - c o r r e l a t i o n  f u n c t i o n s  between p r e c i ~ i t a t i o n  a s  
t h e  i n p u t  t i n e - s e r i e s  and ( a )  s t r e a m  d i s c h a r g e  (Q) , 
( b )  SS l o a d ,  (c )  TP l o a d ,  and  ( d )  T N  l o a d  a s  o u t p u t  

t i m e  series.  The c o n t i n u o u s  l i n e s  r e p r e s e n t  t h e  
r e s p e c t i v e  o u t ~ u t s  a t  Z a l a a p a t i ;  t h e  dashed  l i n e s  
r e p r e s e n t  t h e  r e s p e c t i v e  o u t p u t s  a t  Fenekpusz ta  

(b) SS Load 

(c) TP Load (d) TN Load 
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(c) TP Load (d) TN Load 

F i g u r e  3 .  C r o s s - c o r r e l a t i o n  f u n c t i o n s  between u?stream ( Z a l a a p a t i )  
i n p u t  o b s e r v a t i o n s  anc  downstream (Fenekpusz ta )  o u t p u t  
o b s e r v a t i o n s  f o r  ( a )  s t r e a m  d i s c h a r c e  (Q) , ( b )  SS l o a d ,  
( c )  TP l o a d ,  and ( d )  TN l o a d  



two, and a t  most f o u r ,  major f l o o d  e v e n t s ,  which,  a l t hough  t hey  

a r e  c l e a r l y  o f  c r i t i c a l  impor tance  t o  t h e  problem a t  hand, a r e  

l i k e l y  t o  d i s t o r t  t h e  performance o f  any e s t i m a t i o n  a lgo r i t hm.  

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

between p r e c i p i t a t i o n  and l o a d i n g s  a t  t h e  two s p a t i a l  l o c a t i o n s  

p r ec ludes  t h e  p o s s i b i l i t y  o f  examining models f o r  t h e  r e l a t i o n -  

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

between Z a l a a p a t i  and Fenekpuszta .  The d i f f e r e n c e  i n  t h e  water-  

shed  a r e a s  a t  t h e s e  two p o i n t s  i s  q u i t e  s i g n i f i c a n t  ( abou t  1000 

kmL) and one would have expec ted  nonpoin t  s o u r c e  c o n t r i b u t i o n s  

t o  be  e q u a l l y  s i g n i f i c a n t  and i d e n t i f i a b l e .  However, d i f f e r e n -  

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

TP,  merely h a s  t h e  common e f f e c t  of  amp l i fy ing  t h e  a p p a r e n t l y  

s t o c h a s t i c  component of  t h e  r e s u l t i n g  sequences .  T h i r d ,  t h e  

v e l o c i t y  o f  t h e  s t r e a m  d i s c h a r g e  d u r i n g  t h e  impor t an t  f l o o d  
- 1  e v e n t s  can be  e a s i l y  g r e a t e r  t han  0.5 m s  , i n  which c a s e  t h e  

t r a v e l - t i m e  between t h e  two l o c a t i o n s  i s  less than  one h a l f  o f  

t h e  sampl ing i n t e r v a l  o f  t h e  o b s e r v a t i o n s  (one d a y ) .  Th i s  t o o  

ha s  t h e  e f f e c t  of  obscu r ing  any p o s s i b l e  d i s t i n c t i o n s  between 

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

3.2 Model S t r u c t u r e  I d e n t i f i c a t i o n  

The r e s u l t s  from t h e  a n a l y s i s  o f  model s t r u c t u r e  i d e n t i f i c a -  

t i o n  a r e  summarized i n  Tables  1  and 2, t h e s e  be ing  t h e  " b e t t e r "  

model s t r u c t u r e s  f o r  each  c a t e g o r y  i n d i c a t e d .  The fo l l owing  

n o t a t i o n a l  conven t ions  app ly .  The model deno ted  p f . 1  i n  Table  

1 ,  f o r  example, r e f e r s  t o  a  model o f  t o t a l  phosphorus l o a d  v a r i a -  

t i o n s  a t  t h e  Fenekpuszta  l o c a t i o n  and would be  w r i t t e n  acco rd ing  

t o  e q u a t i o n  (1  ) a s ,  

where u l  i s  t h e  obse rved  p r e c i p i t a t i o n  i n p u t  ( i n  mm day-' ) , u2 

i s  t h e  obse rved  SS l o a d  a t  Fenekpuszta ( i n  kg day - ' ) ,  and bq0  

r e p r e s e n t s ,  i n  e f f e c t ,  a  c o n s t a n t  "base"  l o a d  o f  t o t a l  phosphorus 

( i n  kg day - ' ) .  The b  c o e f f i c i e n t s  t h e r e f o r e  have u n i t s  o f  
1  j  

[kg day-']  [mm day-' I - l ,  and t h e  b  c o e f f i c i e n t s  [kg TPl [kg S S I - l .  
21  

U1 
i s  a  mean a r e a l  v a l u e ,  based  on o b s e r v a t i o n s  a t  f i v e  l o c a t i o n s  



Table 1 .  Summary of parameter e s t i m a t e s  and e r r o r  s t a t i s t i c s  f o r  model 
s t r u c t u r e  i d e n t i f i c a t i o n  ( 1 9 7 8  d a t a )  

Model Auto- P r e c i p i  t a t o n  i n p u t  (ul)' SS l o a d  i n p u t ( u 2 )  R e s p e c t i v e  B i a s  S t a n d a r d  C o e f f i c i e n t  
Code* r e g r e s -  c o e f f i c i e n t s  c o e f f i c i e n t s  u p s t r e a m  t e rm d e v i a t i o n  o f  d e t e r -  

s i v e  l o a d  i n p u t  o f  e r r o r s  m i n a t i o n  
t e rm (u3) 

"1 bll b12 b 1 3  b14 b15 b20 .b21 b30 b31 b40 o R: 

D i s c h a r g e :  

1 -0.907 0 . 0 7 8  0 . 1 5 3  0 . 0 2 3  2.862 0 . 7 8  

q f  .2  -0 .811  0 .067  0 .152  0 . 0 4 0  0 . 7 3  2.274 0 . 8 9  

q z . 1  -0.747 0 . 1 1 8  0 .228  -0 .065 0 .53  1 .685  0 . 8 8  

SS l o a d :  

s f .  -0.079 7091 -0 2864 .O 1623  .O 3709 .O 57 . 8 5 ( l o 3 )  0 - 4 3  

s f . 2  -0.105 2586 .O 0 .232 0 .433  28 .26 ( lo3 )  0 .86  

s z .  1 -0 .155 5275.0  5587.0 586.0  5932.0 78.40(1o3)  0 .37  

TP l o a d :  

1 -0.524 4 .78  0 .07  3 .92 0 .00102  68.9  1 0 2 . 0  0 . 8 8  

p f . 2  -0.730 4 . 9 5  7 . 0 5  5 .64 30.6 142 .0  0 .76  

p f . 3  -0.602 4 .55  3 .19 2 .95  0 . 2 4 5  122  .O 0 . 7 9  

p z . 1  -0 .512 8 . 2 8  12.76 0 .00097 42 .3  170 .0  0 .76  

p z . 2  -0.678 8 .79 1 7 . 1 3  4.67 1 5 . 8  202.0  0 . 6 6  

TN l o a d :  

n f . 1  35.9 56 .3  78.6 0.01444 1485  .O 1179  .O 0 .82  

n f . 2  -0.234 26.2 143 .8  39.6  64.0 111 .3  956.0  1378.0  0 . 7 5  

n f . 3  -0 .712 11.0 89 .6  -61.0  0 .300  1128.0  0 . 8 3  

n z . 1  -0.545 42 .2  106.7  0 .00395 389.0  911  .O 0 .84  

112.2 -0 .692 64 .7  125 .7  -23.3  218.0 1057 .0  0 . 7 8  

-1 - 1 
*q d e n o t e s  d i s c h a r g e  ( i n  rn3s-l); s d e n o t e s  SS l o a d  ( i n  k g  day  ); p d e n o t e s  TP l o a d  ( i n  k g  day 1; n d e n o t e s  TN 

l o a d  ( i n  k g  d a y - l ) ;  f  d c n o c e s  F r n e k p u s z t a  l o c a t i o n ;  z  d e n o t e s  Z a l a a ~ a t i  l o c a t i o n .  
- 1 i s  n ~ c a s u r e d  i n  rnm d a y  . 



T a b l e  2 .  E s t i m a t e d  average ra tes  of  d a i l y  l o a d i n g s  f r o m  
d i f f e r e n t  m o d e l  source  t e r m s  f o r  t h e  year  1 9 7 8 ;  
a l l  loads g i v e n  i n  k g  d a y ' l .  

Mode 
C o d e  

1 A v e r a g e  load  A v e r a g e  load A v e r a g e  l o a d  A v e r a g e  A v e r a g e  
f r o m  p r e c i p i -  f r o m  SS load f r o m  u p s t r e a m  b i a s  t o t a l  
t a t i o n  ( u l )  (u2  ( u 3 )  (base) load 

load 
(b4 0  ) 

SS load: 

s f .  1  2 7 . 7  ( l o 3 ) ,  - - - 2 7 . 7 ( 1 0 3 ) *  

s f . 2  4 . 8  ( l o 3 )  - 1 8 . 3 ( 1 0 3 )  - 2 3 . 1  ( l o 3 )  

s z .  I  3 4 . 3 ( 1 0 3 )  - - - 3 4 . 3 ( 1 0 3 ) *  

TP load: 

p f .  I  3 0 . 8  4 6 . 0  - 1 4 4 . 7  2 2 1 . 5  

p f  . 2  1 0 9 . 1  - - 1 1 3 . 3  2 2 2 . 4  

p f . 3  4 4 . 9  - 1 2 7 . 7  - 1 7 2 . 6 *  

p z .  I  7 2  . O  4 8 . 8  - 8 6 . 7  2 0 7 . 5  

p z .  2  1 5 8 . 7  - - 4 9 . 1  2 0 7 . 8  

TN load: 

n f . 1  2 8 5 . 0  3 1 0 . 0  - 1 4 8 5 . 0  2 0 8 0 . 0  

n f  . 2  8 3 9 . 0  - - 1 2 4 8 . 0  2 0 8 7 . 0  

n f . 3  2 3 0 . 0  - 1 6 8 0 . 0  - 2 0 1 0 . 0  

n z . 1  5 4 6  . O  2 1 3 . 0  - 8 5 5 . 0  1 6 1 4 . 0  

n z .  2  9 0 6 . 0  - - 7 0 8 . 0  1 6 1 4 . 0  

* 
T h e s e  e s t i m a t e d  t o t a l  loads d i f f e r  s u b s t a n t i a l l y  f r o m  the  
observed values  (see T a b l e  3 )  . 



a c r o s s  t h e  watershed;  where an SS l oad  i n p u t  ( u 2 )  i s  i n d i c a t e d  

i n  Table  1 ,  t h i s  r e f e r s t o  t h e  SS l oad  a t  t h e  same l o c a t i o n  a s  

t h e  cor responding  o u t p u t  (TP o r  TN l o a d ) .  The r e s p e c t i v e  up- 

s t r eam l o a d  i n p u t  (u3)  r e f e r s  t o  t h e  SS l o a d  ( o r  TP o r  TN l o a d )  

a t  Z a l a a p a t i  i n  a  model f o r  t h e  cor responding  o u t p u t  l o a d  a t  

Fenekpuszta .  The u n i t s  o f  t h e  b  c o e f f i c i e n t s ,  l i k e  t h e  a  
3  j j 

c o e f f i c i e n t s ,  a r e  t h e r e f o r e  d imens ion less .  The c o e f f i c i e n t  o f  

de t e rmina t i on  ( o r  t o t a l  c o r r e l a t i o n  f u n c t i o n )  i n d i c a t e d  i n  Table 
2 

1 a s  RT i s  d e f i n e d  a s  

where € ( tk )  i s  t h e  d e t e r m i n i s t i c  model response  e r r o r  d e f i n e d  by 

w i th  2, t h e  d e t e r m i n i s t i c  model response ,  g iven  by 

I n  t a b l e  2 t h e  e s t i m a t e d  average  r a t e s  o f  d a i l y  l o a d i n g s  

from the v a r i o u s  i n p u t  ( s o u r c e )  t e r m s  a r e  computed from 

i n  which lR is  t h e  average  observed va lue  of  i n p u t  R f o r  1978 

and K~ i s  t h e  cor responding  s t e a d y - s t a t e  g a i n  c o n s t a n t  f o r  i n p u t  

R d e r i v e d  from t h e  model a s  

- 
I n  t h e  c a s e  of  t h e  base  l o a d ,  y4 i s  simply 

I t  i s  impor tan t  t o  c l a r i f y  a t  t h e  o u t s e t  what p o s s i b l e  

i n t e r p r e t a t i o n s  can be  a t t a c h e d  t o  t h e s e  f o u r  s e p a r a t e  inpu t - source  

terms ( u ~ , u ~ , u ~ , ~ ~ ~ ) .  I t  i s  e a s i e s t  t o  a s s i g n  a  concep tua l  i n t e r -  

p r e t a t i o n  t o  t h e  l a s t  o f  t h e s e  t e rms ,  namely t h e  b i a s ,  o r  ba se  l o a d ,  



bQO:  l e t  us suppose t h a t  it r e f l e c t s  t h e  l oad  c a r r i e d  by t h e  

s t ream under cond i t i ons  o f  ze ro  p r e c i p i t a t i o n  and zero  SS load .  

One would expec t  t h i s  load  i n  p r a c t i c e  t o  be dominated both by 

n u t r i e n t s  de r ived  from poin t - source  sewage d i scha rges  and by 

non-pa r t i cu l a t e  forms of  n u t r i e n t s .  The upstream l o a d  (u3)  i s  

perhaps most u s e f u l l y  i n t e r p r e t e d  by i t s  complement: a l l  l oads  

e s t ima ted  o t h e r  t han  those  d e r i v i n g  from u3 a r e  probably dominated 

by l a t e r a l  in f lows  t o  t h e  s t ream ( t r i b u t a r i e s ,  s u r f a c e  r u n o f f )  

t h a t  r e f l e c t  l oads  n o t  t r a n s p o r t e d  downstream from Za laapa t i  t o  

Fenekpuszta. The SS l o a d  ( u 2 )  r e f e r s  t o  a  l oad  ( concep tua l ly )  

dominated by p a r t i c u l a t e  forms o f  n u t r i e n t s .  The p r e c i p i t a t i o n -  

induced load  ( u l ) ,  when e s t ima ted  j o i n t l y  w i th  an SS load  ( i . e .  

i n  models p f .  1 ,  pz.  1 ,  n f .  1 ,  and nz .  1 ) , i s  assumed t o  be i nd i ca -  

t i v e  of  a  n u t r i e n t  l oad  a s s o c i a t e d  wi th  s u r f a c e  runoff  t h a t  i s  

e s s e n t i a l l y  n o t  dominated by p a r t i c u l a t e  forms o f  n u t r i e n t s .  

Otherwise,  t h i s  source  term r e f l e c t s  l oads  t h a t  a r e  e i t h e r  not  

t h e  base  l oad  o r  n o t  a  t r a n s p o r t e d  load ,  depending upon t h e  

p a r t i c u l a r  model. 

The main p o i n t  t o  be borne i n  mind du r ing  t h e  fo l lowing  

d i scuss ion  i s  t h a t  a l though  t h e  a n a l y s i s  i s  c a s t  w i t h i n  a  frame- 

work of t h e  r e l a t i v e l y  microscopic  ( shor t - te rm)  dynamic behaviour 

o f  t h e  watershed,  t h e  key o b j e c t i v e  i s  t o  r e c o n s t r u c t  an e s t i m a t e  

of  r e l a t i v e l y  macroscopic n u t r i e n t  load ing  c h a r a c t e r i s t i c s .  The 

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

load ings  between p o i n t  and nonpoint  sources  and between a v a i l a b l e  

and unava i l ab l e  forms.   ow ever, t h e s e  l a t t e r  d i s t r i b u t i o n s  

obviously  cover  i n t e r s e c t i o n s  and unions among t h e  s e t s  of source  

terms de f ined  above. This complicat ion i n  t u r n  w i l l  be exacerba ted  

dur ing  t h e  e s t i m a t i o n  procedure  by a  l a c k  of complete s t a t i s t i c a l  

independence among t h e  i n p u t  v a r i a b l e s  ( f o r  example, p r e c i p i t a t i o n  

( u l )  i s  undoubtedly c o r r e l a t e d  wi th  both t h e  SS load  ( u 2 )  and t h e  

upstream load  ( u 3 ) ) .  C lea r  d i s t i n c t i o n s  i n  t h e  r e s u l t s  f o r  t h e  

primary o b j e c t i v e  of  t h e  a n a l y s i s  a r e  t h e r e f o r e  n o t  expected.  

I n s i g h t s  i n t o  t h e  microscopic  dynamic behaviour o f  t h e  Zala 

watershed w i l l  be regarded a s  p o s s i b l e  a d d i t i o n a l  d ividends of  

t h e  a n a l y s i s .  



Overa l l  Comments 

F igu re s  4 ,  5 ,  6 ,  and 7  show t h e  obse rved  p r e c i p i t a t i o n  

sequence  ( u l )  f o r  1978 and t h e  r e s u l t s  of  t h e  d i s c h a r g e  models 

(qz .  1  and q f .  2) , two SS l o a d  models ( s z .  1  and s f .  1  ) , two TP 

l o a d  models ( p z .  1  and p f .  1 )  and two TN l o a d  models ( nz .  1 and 

n f .  1 )  compared w i t h  t h e i r  r e s p e c t i v e  o b s e r v a t i o n s .  I n  a l l  o f  

t h e s e  f i g u r e s  t h e  d e t e r m i n i s t i c  model r e sponse  ( 2  from e q u a t i o n  

( 1 0 ) )  i s  shown. 

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

t h e  y e a r  a r e  c h a r a c t e r i z e d  by f o u r  major ( " c o n v e n t i o n a l " )  p r ec ip -  

i t a t i o n - r u n o f f  e v e n t s  ( ( 1 )  a t  t lO5 + t l lO ;  ( 2 )  t140 +t155; 

( 3 )  t 1 6 0  +t170;  and ( 4 )  t 1 8 5  +t210)  and by t h r e e  ( o r  f o u r )  minor 

such e v e n t s  ( ( 5 )  a t  t85 + tgo; ( 6 )  t230 -+ t235 , which i s  a  border-  

l i n e  c a se ;  ( 7 )  t275 +t280; and ( 8 )  t330 + t335 . The major  e v e n t s  

occu r  d u r i n g  t h e  p e r i o d  A p r i l  t o  J u l y  and t h e y  a r e  a l l  n o t a b l y  . 
c h a r a c t e r i z e d  by what may b e  obse rved  ir, F i g u r e  4 ( a )  t o  - be ,  i n  

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

The b o r d e r l i n e  minor e v e n t  ( 6 )  occu r s  d u r i n g  August  and i s  a  

t y p i c a l  summer e v e n t  where v i r t u a l l y  a l l  t h e  p r e c i p i t a t i o n  would 

be e i t h e r  " l o s t "  i n  e v a p o t r a n s p i r a t i o n  p r o c e s s e s  o r  t aken  up by 

r educ ing  t h e  s o i l  m o i s t u r e  d e f i c i t  a f t e r  a  r e l a t i v e l y  d ry  p e r i o d .  

One major ( "unconven t i ona l "  ) r uno f f  e v e n t ,  most p robab ly  due t o  

t h e  e f f e c t s  o f  snowmelt,  o c c u r s  ove r  t h e  p e r i o d  t45 +tG5 (February ,  

March).  The e v e n t  i s  r e v e a l e d  by a n  exces s  o f  obse rved  d i s c h a r g e ,  

TP, and TN l o a d s  ( b u t  n o t  SS l o a d )  o v e r  t h e  v a l u e s  e s t i m a t e d  by 

t h e  models and i s  p a r t i c u l a r l y  e v i d e n t  a t  t h e  Fenekpuszta s i t e .  

The p a t t e r n s  o f  a l l  f o u r  o u t p u t  v a r i a b l e s  ( Q ,  SS, TP,  and 

TN l o a d s )  a t  t h e  Z a l a a p a t i  s t a t i o n  e x h i b i t  a  more obv ious ly  

c o n s t a n t  base  l o a d  c h a r a c t e r i s t i c ,  y e t  h i g h e r  and narrower  

r e sponse s  t o  t h e  major  e v e n t s  t h a n  t h e  cor responding  p a t t e r n s  

a t  Fenekpuszta .  The obse rved  cumula t ive  l o a d s  f o r  t h e  two 

s t a t i o n s  ( exp re s sed  i n  Table  3  as d a i l y  average  l o a d s )  i n d i c a t e  

t h e  n o t a b l e  p o i n t  t h a t  t h e  SS l o a d  a t  t h e  downstream l o c a t i o n  

i s  less t han  a t  t h e  upstream l o c a t i o n .  Th i s  aga in  s u g g e s t s  

t h e  g r e a t e r  impor tance  o f  i n - s t r e am mechanisms a s  f a c t o r s  hav ing  

a  more dominant e f f e c t  on t h e  obse rved  SS l o a d i n g  v a r i a t i o n s  

t h a n ,  f o r  example, e r o s i o n  p r o c e s s e s  i n  t h e  watershed.  The most 
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Figure  4 .  ( a )  Observed p r e c i p i t a t i o n  sequence ( u l )  f o r  1 9 7 8 ;  
observed and e s t ima ted  s t ream d ischarge  a t  ( b )  
Za l aapa t i  and ( c )  Fenekpuszta 

(c) Discharge at Fenekpuszta (m3 s-' ) 
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(b) SS load at Fenekpuszta ( lo3 kg day-') 
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Figure 5. Observed and estimated SS load at (a) ~alaapati and 
( b )  Fenekpuszta 



(a) TP load at Zalaapati (lo3 kg day-' ) 
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F i g u r e  6 .  Observed  a n 2  e s t i m a t e d  TF l o a d  a t  ( a )  Z a l a a p a t i  
and  (b) F e n e k p u s z t a  
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Figu re  7 .  Observed and e s t i m a t e d  TN l o a d  a t  ( a )  ~ a l a a ~ a t i  
and ( b )  Senekpuszta  
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r e a s o n a b l e  hypo theses  f o r  t h e  lower  l o a d  a t  Fenekpuszta  a r e  t h a t  

s t r e a m  v e l o c i t y  and bed-scour ing  ( o r  d e p o s i t i o n )  c h a r a c t e r i s t i c s ,  

o r  c h o i c e  o f  sampl ing  p o i n t  i n  t h e  v e r t i c a l  p l a n e ,  o r  t h e  de- 

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

c a u s e s  of  t h i s  e f f e c t .  The r e s u l t s  from t h e  c o r r e l a t i o n  a n a l y s i s  

have  a l r e a d y  been i n t e r p r e t e d  a s  b e i n g  l i k e w i s e  s u g g e s t i v e .  The 

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

base  l o a d  and v e r y  h i g h  f l o o d  e v e n t  r e s p o n s e s  f o r  t h e  SS l o a d s  

a t  bo th  Z a l a a p a t i  and Fenekpuszta  prompts t h e  s p e c u l a t i o n  t h a t  

t h e  SS l o a d  i s  p r i n c i p a l l y  a  f u n c t i o n  o f  s tream-bed e r o s i o n  

o p e r a t i n g  above a  t h r e s h o l d - l i k e  v a l u e  f o r  t h e  s t r e a m  v e l o c i t y .  

The snowmelt e v e n t  and t h e  minor e v e n t  ( 5) , a t  tS5 +- tgo , b o t h  

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

major  e v e n t s ,  y e t  n e i t h e r  w e r e  a s s o c i a t e d  w i t h  any s i g n i f i c a n t  

SS l o a d  r e s p o n s e .  Thresho ld  v a l u e s  below which e r o s i o n  i n  t h e  
3  -1  s t r e a m  i s  n e g l i g i b l e  might  t h e r e f o r e  be  approx imate ly  1 2  m s 

f o r  t h e  d i s c h a r g e  a t  Fenekpuszta  and 8-9 m 3 s - I  f o r  t h e  d i s c h a r g e  

a t  Z a l a a p a t i .  The c o r r e s p o n d i n g  obse rved  s t r e a m  v e l o c i t i e s  w e r e  
- 1 - 1 a b o u t  1 .6  m s  a t  Fenekpuszta  and 0.75 m s  a t  Z a l a a p a t i .  

Given t h e  o v e r r i d i n g  concern  w i t h  phosphorus a s  t h e  r a t e -  

l i m i t i n g  n u t r i e n t  f o r  phy top lank ton  growth i n  t h e  c a s e  o f  Lake 

Ba la ton  (van S t r a t e n  and ~ o m l y 6 d y ,  1980; J o l a n k a i  and SomlyBdy, 

1 9 8 1 ) ,  w e  s h a l l  now f o c u s  on a n  i n t e r p r e t a t i o n  f o r  t h e  Zala  TP 

l o a d  v a r i a t i o n s  u s i n g  i n t e r p r e t a t i o n s  o f  t h e  SS and TN l o a d s  a s  

s u p p o r t i n g  e v i d e n c e .  Th i s  does n o t  mean t h a t  t h e  l a t t e r  a r e  n o t  

o f  i n t e r e s t  i n  t h e i r  own r i g h t ,  b u t  it does  r e f l e c t  t h e  p r i n c i p a l  

purpose  o f  t h i s  a n a l y s i s  a s  p a r t  of  t h e  c a s e  s t u d y  a s  a  whole. 

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

TP l o a d s  d e f i n e d  p r e v i o u s l y .  

The Base Load 

According t o  t h e  e s t i m a t e s  o f  Table  2 t h e  b a s e  TP l o a d  forms 

a b o u t  50% ( o r  more) o f  t h e  y e a r l y  average  t o t a l  TP l o a d  a t  

Fenekpuszta  and between a b o u t  25% and 4 0 %  o f  t h e  t o t a l  l o a d  a t  

Z a l a a p a t i .  Two q u e s t i o n s  a r e  i m p o r t a n t  w i t h  r e g a r d  t o  t h e s e  

e s t i m a t e s  : 



(i) do they concur  wi th  independent e s t i m a t e s  of t h e  l oads  

de r ived  from point-source  sewage d i scha rges ;  

(ii) can they  be s a i d  t o  be  l a r g e l y  non-pa r t i cu l a t e  f r a c -  

t i o n s  of t h e  t o t a l  load? 

I n  response t o  t h e  f i r s t  ques t ion ,  J o l a n k a i  and Somly6dy 

(1981) g ive  e s t i m a t e s  o f  t h e  sewage loads  a t  Fenekpuszta and 
- 1 

Za l aapa t i  r e s p e c t i v e l y  a s  130.8 kg day ( c f .  1 1  3.3 o r  1 4 4 . 7  

kg daym1 from Table 2 )  and 87.4 kg day-' ( c . f .  49.1 o r  86.7 

kg d a y - ' ) .  The s i m i l a r i t i e s  among these  e s t i m a t e s ,  excep t  f o r  

t h e  e s t i m a t e  from model pz.2 a t  Za l aapa t i ,  t end  toward t h e  con- 

c l u s i o n  t h a t  t h e  base  TP loads  a r e  predominantly composed of  

m a t e r i a l  de r ived  from poin t - source  sewage d i scha rges .  In spec t ion  

of t h e  r e s u l t s  from models p f .  1 and pz . 1 (F igure  6 )  and models 

p f .2  and pz.2 ( n o t  shown) i n d i c a t e s  t h a t  t h e  e s t i m a t e s  o f  113.3 

kg day-' and 86.7 kg day-' would be t h e  p r e f e r r e d  va lues  f o r  t h e  

base  l oads  a t  Fenekpuszta and Za laapa t i  r e s p e c t i v e l y .  For compari- 

son,  t h e  corresponding TN base  loads  ( a l s o  drawn from J o l a n k a i  

and Somlyody, 1981) a r e  841 kg daye1 ( c . f .  1248 o r  1485 kg day-' 

from Table 2 )  and 483 ( c . f .  708 o r  855 kg day- ' )  a t  Fenekpuszta 

and Za laapa t i  r e s p e c t i v e l y .  A s i g n i f i c a n t  p o r t i o n  of  t h e  TN 

base  l oad ,  u n l i k e  t h e  TP base  l oad ,  is  thus  de r ived  presumably 

from sources  o t h e r  than sewage d i scha rges .  Some of t h e s e  e s t i m a t e s  

f o r  t h e  base  l o a d  c h a r a c t e r i s t i c s ,  however, w i l l  need t o  be  re-  

app ra i sed  i n  t h e  l i g h t  o f  t h e  subsequent  a n a l y s i s  f o r  t h e  y e a r s  

1975-77 ( s e c t i o n  4 )  . 
An important  p a r t  of t h e  response t o  t h e  second o f  t h e  above 

ques t ions  i s  t h e  assumption t h a t  a l l  p a r t i c u l a t e  phosphorus is  

observed a s  p a r t  of t h e  SS load  and t h a t  t h e  r a t i o  o f  p a r t i c u l a t e  

phosphorus t o  suspended p a r t i c u l a t e  m a t t e r  i s  cons t an t .  Under 

t h i s  assumption, and given t h a t  t h e  observed dry-weather SS load  
3 

i s  5.0 ( 1 0  1 kg day- ' ,  t h e  r e s u l t s  of  models p f .  1 and pz. 1 ( i n  

Table 1 )  i n d i c a t e  t h a t  1 0  kg day-' of  t h e  base  TP l o a d  could be 

expected t o  be of p a r t i c u l a t e  form. The s t e a d y - s t a t e  ga in  con- 

s t a n t s  ( K  ) f o r  t h e s e  models d e f i n e  t h e  y i e l d  of  TP p e r  kg SS R 
t o  be about 0 . 0 0 2  kg (both  a t  Za l aapa t i  and Fenekpuszta)  . Such a 

dry-weather " p a r t i c u l a t e "  TP load  is  d i s t i n c t  from, and n o t  in -  

c luded i n ,  t h e  base  TP l o a d  e s t i m a t e  according t o  o u r  scheme of  

conceptual  d i f f e r e n t i a t i o n  among t h e  components of t h e  o v e r a l l  

TP load .  This does n o t  imply, however, t h a t  t h e r e  i s  no d i s t o r -  

t i o n  r e s u l t i n g  from t h e  ove r l ap  between t h e  e s t i m a t e s  of  t h e s e  



two component ba se  l o a d s  t h a t  i s  i n t r o d u c e d  through t h e  i n e v i t a b l e  

i nadequac i e s  o f  t h e  e s t i m a t i o n  p rocedure .  The s i g n i f i c a n c e  o f  

t h e  r e l a t i v e l y  low dry-weather  p a r t i c u l a t e  TP l o a d  i s  t h e r e f o r e  

t h a t  it s u p p o r t s  t h e  p r o b a b i l i t y  t h a t  t h e  b a s e  l o a d  a s  e s t i m a t e d  

i s  i n  f a c t  ve ry  l a r g e l y  composed o f  n o n - p a r t i c u l a t e  forms o f  

phosphorus.  

The P a r t i c u l a t e  Load 

The ave rage  TP l o a d s  d e r i v i n g  from SS m a t t e r  a r e  e s t i m a t e d  

t o  b e  a b o u t  21% and 24% of  t h e  t o t a l  TP l o a d s  a t  Fenekpuszta and 

Z a l a a p a t i  r e s p e c t i v e l y ,  a  perhaps  somewhat lower  pe r cen t age  than  

might  have  been expec t ed  ( t h e  co r r e spond ing  f i g u r e s  f o r  TN a r e  

a l s o  small, be ing  15% and 13% r e s p e c t i v e l y ,  see Table  2 ) .  I n  

t h i s  c a s e  t h e  q u e s t i o n  t o  b e  asked  i s  whether  t h e  e s t i m a t e  o f  

t h e  TP l o a d  d e r i v i n g  from SS m a t t e r  ough t  t o  be h i g h e r .  I n  

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

e s t i m a t e d ,  w e  s h a l l  i n  f a c t  be  f o r c e d  t o  conc lude  t h a t  it  i s  

probab ly  a s  low a s  sugges t ed  h e r e .  

Table  4 summarizes an a n a l y s i s  o f  t h e  a g g r e g a t e  l o a d s  

obse rved  d u r i n g  t h e  f o u r  major  f l o o d  e v e n t s  ( even t s  ( 1 ) - ( 4 )  a s  

d e f i n e d  a b o v e ) .  I t  is  c l e a r  t h a t  t h e  f o u r  major  e v e n t s  dominate 

t h e  t o t a l  SS l o a d  f o r  t h e  whole y e a r  and it cou ld  t h u s  be a s s e r t e d  

t h a t  whatever  TP l o a d  i s  d e r i v e d  from t h e  SS l o a d  it i s  c o n t r i b u t e d  

p r i m a r i l y  d u r i n g  t h e s e  e v e n t s  a l o n e .  The model p f .  1 e s t i m a t e s  
3  t h e  agg rega t e  TP l o a d  f o r  t h e  f o u r  e v e n t s  a s  26.9 (10 ) kg,  which 

3  i s  n o t a b l y  c l o s e  t o  t h e  obse rved  v a l u e  o f  26.7 (10 ) k g ;  t h i s  

t o t a l  a g g r e g a t e  v a l u e ,  a cco rd ing  t o  t h e  model, b r eaks  down i n t o  
3  3  t h e  components o f  13.1 ( 10 ) kg d e r i v e d  from t h e  SS l o a d ,  8.0 ( 10 ) 

3 kg a s  a  base  l o a d ,  and 5 .8 (10  ) a s  p r e c i p i t a t i o n - i n d u c e d  non- 

p a r t i c u l a t e  TP l o a d  ( a s  d e f i n e d  p r e v i o u s l y ) .  The c o n t r i b u t i o n  

o f  t h e  ba se  l o a d ,  even d u r i n g  s to rm e v e n t s ,  i s  s t i l l  q u i t e  s i g -  

n i f i c a n t .  

L e t  us  s p e c u l a t e  t h a t  t h e  c l o s e  cor respondence  between t h e  

obse rved  " l o s s e s "  i n  t h e  TP and SS ( b u t  n o t  TN) l o a d s  between 

Z a l a a p a t i  and Fenekpuszta  (see Tab le  4 )  i s  ev idence  o f  a  s t r o n g  

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

c o n d i t i o n s .  I f  t h e  p r e c i p i t a t i o n  induced ,  n o n - p a r t i c u l a t e  TP 



Table 4 .  Observed e s t i m a t e s  o f  l oads  d e r i v e d  from t h e  f o u r  
major f l o o d s ,  e v e n t s  ( 1 ) - ( 4 ) ,  i n  1978 

Z a l a a p a t i  Fenekpusz t a  Net ga in  i n  l o a d  
between Z a l a a p a t i  

Load Aggregate % of Aggregate % of  and Fenekpuszta 

l o a d  f o r  4 y e a r ' s  l o a d  f o r  4 y e a r ' s  (kg)  % of  l o a d  
e v e n t s  (kg)  t o t a l  e v e n t s  (kg)  t o t a l  a t  

Z a l a a p a t i  

l o a d  were a f a l s e  a r t e f a c t  o f  t h e  e s t i m a t i o n  p rocedure  and i f ,  

t h e r e f o r e ,  a l l  t h e  non-base TP l o a d  f o r  t h e  f o u r  major f l o o d  

e v e n t s  were due s o l e l y  t o  t h e  SS l o a d ,  t h e n  K~ f o r  t h e  Z a l a a p a t i  

and Fenekpuszta l o c a t i o n s  would b e  r e s p e c t i v e l y  0.0025 and 0.003, 

a s  opposed t o  0.002, kg TP p e r  kg SS. The r e s p e c t i v e  i n c r e a s e s  

i n  t h e  average  TP l o a d  d e r i v i n g  from SS would b e  up t o  30% ( a t  

Z a l a a p a t i )  and 31% ( a t  Fenekpuszta)  o f  t h e  t o t a l  l o a d .  I f  t h e  

d i f f e r e n c e  i n  K~ a t  t h e  l o c a t i o n s  i s  s i g n i f i c a n t - - a n d  t h e  p r e f e r r e d  

lower  base  l oad  e s t i m a t e  a t  Fenekpuszta,  which has  n o t  been used  

i n  t h e s e  c a l c u l a t i o n s ,  would i n c r e a s e  t h e  difference--why does it 

occu r?  Fur thermore ,  i f  t h e  dynamic p a t t e r n s  o f  t h e  SS and TP 

l o a d  responses  t o  p r e c i p i t a t i o n  were t r u l y  p r o p o r t i o n a l ,  which 

i s  what t hey  should  b e  when superimposed on t h e i r  r e s p e c t i v e  

c o n s t a n t  base  l o a d s ,  t h e i r  t i m e  c o n s t a n t s  ( <  0.5 days f o r  a l l  t h e  

SS models and > 1.5 days f o r  a l l  t h e  TP models) ought  t o  be  more 

c o n s i s t e n t .  The l a c k  o f  s i m u l t a n e i t y  between t h e  SS and TP l o a d  

v a r i a t i o n s  is  f u r t h e r  s u b s t a n t i a t e d  by t h e  i d e n t i f i e d  s t r u c t u r e  

o f  model pz .1 ,  f o r  which t h e  TP l o a d  a t  Z a l a a p a t i  a t  t i m e  tk i s  

found t o  be s i g n i f i c a n t l y  r e l a t e d  t o  t h e  SS l o a d  a t  Z a l a a p a t i  

a t  t i m e  tk-l, i . e .  t h e  p r ev ious  day. I n  f a c t ,  t h e  peak TP l o a d s  

t h a t  precede and fo l l ow  t h e  main peak response  a t  Z a l a a p a t i  

du r ing  e v e n t  ( 2 ) ,  from t140 t o  t155, a r e  s t r i k i n g  d i s c r e p a n c i e s  

among t h e  SS and TP l o a d  responses  i n  g e n e r a l  ( F i g u r e s  5 and 6 ) .  

These two peaks a r e  n o t  s i g n i f i c a n t l y  r e f l e c t e d  e l sewhere  and 

a lmost  c e r t a i n l y  t h e i r  "absence"  from t h e  r e c o r d  a t  Fenekpuszta 

would account  f o r  t h e  a p p a r e n t  l o s s  of  TP l o a d  between t h e  two 

l o c a t i o n s .  The observed  agg rega t e  TP l o a d  o f  t h e  f i r s t  and 



t h i r d  peaks o f  e v e n t  ( 2 )  a t  Z a l a a p a t i ,  less  t h e  e s t i m a t e d  asso-  

c i a t e d  base  l oad  f o r  t h e  d u r a t i o n  o f  t h e s e  peak r e sponses ,  
3 amounts t o  7.0 (10 )kg .  Th is ,  when s u b t r a c t e d ,  r educes  t h e  

3 agg rega t e  l o a d  f o r  t h e  f o u r  f l o o d  even t s  t o  2 7.7 ( 10 ) kg a t  

Z a l a a p a t i ,  an  e s t i m a t e  c l o s e  t o  t h a t  o f  t h e  cor responding  down- 

s t r eam load  a t  Fenekpuszta .  Thus, assuming t h a t  sampling e r r o r  

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

e v e n t  ( 2 ) ,  t h e  mismatch between t h e  observed SS and TP l o a d  

p a t t e r n s  p o i n t s  towards a  conc lus ion  q u i t e  t h e  o p p o s i t e  o f  t h a t  

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

i n  t h e  TP l o a d  between Z a l a a p a t i  and F-enekpuszta du r ing  f l o o d  

c o n d i t i o n s  do n o t  correspond w i th  t h e  l o s s e s  i n  t h e  SS l o a d ;  

t h e s e  l o s s e s  i n  t h e  TP l o a d ,  i f  any th ing ,  a r e  more probably  due 

t o  l o s s e s  i n  t h e  n o n - p a r t i c u l a t e  f r a c t i o n  o f  t h e  o v e r a l l  l oad .  

Add i t i ona l  ev idence  r e f u t i n g  t h e  s p e c u l a t i o n  t h a t  t h e  par-  

t i c u l a t e  TP l o a d  ought  t o  be  l a r g e r  than  e s t i m a t e d  can be  found 

i n  t h e  fo l l owing  argument. The model s t r u c t u r e s  o f  p f .  1  and pz. 1  

i n  Table 1  a r e  n o t  w e l l  posed f o r  t h e  purposes  o f  i d e n t i f i c a t i o n  

and e s t i m a t i o n .  For  example, one o f  t h e  i n p u t s  ( u l )  i s  l i k e l y  

t o  be c a u s a l l y  r e l a t e d  t o  both  t h e  o u t p u t  ( y )  and t h e  second 

i n p u t  ( u 2 ) ,  and t h e  i n p u t  ( u 2 )  and o u t p u t  a r e  bo th  f u n c t i o n s  o f  

t h e  same v a r i a b l e  o f  s t r eam d i s c h a r g e  ( Q )  . These v i o l a t i o n s  o f  

good s t a t i s t i c a l  p r i n c i p l e s ,  a l b e i t  borne o f  n e c e s s i t y ,  can 

n e v e r t h e l e s s  be  t u r n e d  t o  some s o r t  o f  advantage.  I f  t h e  runof f -  

gene ra t ed  TP l o a d  and SS l o a d s  w e r e  f u l l y  p r o p o r t i o n a l ,  such 

h i g h l y  c o r r e l a t e d  p a t t e r n s  between i n p u t  and o u t p u t  cou ld  be 

expec ted  t o  dominate t h e  i d e n t i f i e d  model s t r u c t u r e  t o  t h e  

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

between i n p u t  p r e c i p i t a t i o n  ( u l )  and t h e  o u t p u t  TP load .  S ince  

t h i s  does n o t  o c c u r ,  and a  s i g n i f i c a n t  r e l a t i o n s h i p  between u, 

and y  p e r s i s t s ,  w e  a r e  aga in  l e d  towards t h e  o p p o s i t e  o f  t h e  

conc lus ion  t h a t  t h e  TP l o a d s  d e r i v i n g  from SS m a t e r i a l  should  

be h i g h e r  than  a s  e s t i m a t e d  i n  Table 2 .  The more r ea sonab l e  

conc lus ion  i s  t h a t  du r ing  f l o o d  e v e n t s  a  s i g n i f i c a n t  p o r t i o n  o f  

t h e  non-base TP l o a d  i s  n o t  d e r i v e d  from p a r t i c u l a t e  m a t t e r .  - 



I n  pa s s ing ,  w e  may n o t e  t h a t  t h e  a n a l y s i s  o f  t h e  r e l a t i o n s h i p  

between t h e  SS and TP l o a d s  r e v e a l s  a n o t h e r  a s p e c t  o f  p a r t i c u l a r  

i n t e r e s t .  The o b s e r v a t i o n  t h a t  t h e  Z a l a a p a t i  d i s c h a r g e  du r ing  

t h e  f i r s t  o f  t h e  t h r e e  TP l o a d  peaks f o r  e v e n t  ( 2 )  r eached  a  
3  -1  va lue  o f  1 2 . 6  m s , wi th  no s i g n i f i c a n t  s imul taneous  peak SS 

l o a d  be ing  observed ,  s u g g e s t s  t h a t  t h e  p r e v i o u s l y  quoted t h r e s -  

h o l d  va lue  f o r  t h e  d i s cha rge  below which i n - s t r eam bed e r o s i o n  
3  - 1  does n o t  occur  ( i . e .  8-9 m s ) should  be r e v i s e d  upwards. Th i s ,  

and t h e  co inc idence  between t h e  t h r e s h o l d  d i s c h a r g e  v a l u e s  a t  bo th  
3  -1  l o c a t i o n s  (about  12  m s 1 ,  f o r t u i t u o u s  o r  n o t ,  t e n d  t o  suppo r t  

t h e  conc lu s ion  t h a t  in - s t ream p roces se s ,  a s  opposed t o  watershed 

p r o c e s s e s ,  a r e  t h e  primary de t e rminan t s  i n  t h e  observed SS l o a d  

responses .  I n  t h i s  r e s p e c t  Jo6 (1980) n o t e s  t h a t  t h e  p a r t  o f  

t h e  Zala watershed upst ream o f  Z a l a a p a t i  i s  s u b j e c t  t o  a  h i g h e r  

degree  o f  s o i l  e r o s i o n  t h a n  t h e  remaining p a r t  o f  t h e  watershed.  

I n  o t h e r  words, one would expec t  t h a t  t h e  major p o r t i o n  o f  t h e  

p a r t i c u l a t e  m a t e r i a l  e n t e r i n g  t h e  stream from t h e  l o c a l  l a n d  

s u r f a c e  e n t e r s  upstream of  t h e  Z a l a a p a t i  s i t e .  

The r e s u l t s  o f  model s f .  2 (Tables  1 and 2 )  , which accord ing  
2 t o  t h e  RT s t a t i s t i c  a r e  s u p e r i o r  t o  t h e  o t h e r  SS-load models,  

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

( in - s t ream)  p r o c e s s e s .  K~ f o r  s f  . 2  i s  0.75--in e f f e c t ,  75% of  

t h e  SS-load v a r i a t i o n s  a t  Z a l a a p a t i  a r e  r e f l e c t e d  i n  t h e  SS l o a d  

v a r i a t i o n s  a t  Fenekpuszta--and o n l y  about  20% of t h e  average 

downstream SS l o a d  can be  expec ted  t o  o r i g i n a t e  from s o u r c e s  

between t h e  two measurement l o c a t i o n s .  The s i g n i f i c a n c e  of  bo th  

t h e  bj0 and b3, c o e f f i c i e n t s  ( i n  Table 1 )  probably  cove r s  a  

mixture  o f  in - s t ream SS t r a n s p o r t  p roces se s  between t h e  two p o i n t s  

and "s imul taneous"  e r o s i o n  p r e c i p i t a t e d  by t h e  s t r eam d i s c h a r g e s  

a t  both  p o i n t s  r i s i n g  s imul taneous ly  p a s t  t h e i r  r e s p e c t i v e  t h r e s -  

h o l d  l e v e l s  ( t h e  t im ing  of t h e  d i s cha rge  responses  a t  t h e  two 

p o i n t s  a r e  roughly  concur ren t ,  see F igure  (3a )  and t h e  b  c o e f f i -  
1 j 

c i e n t s  i n  Table 1 )  . 

The P r e c i p i t a t i o n - i n d u c e d  Non-par t i cu la te  Load 

The t h i r d  component o f  t h e  TP l o a d ,  t h e  p r e c i p i t a t i o n - i n d u c e d  

TP l oad  n o t  d e r i v i n g  from t h e  SS load ,  i s  c e r t a i n l y  n o t  n e g l i g i b l e ,  

be ing  about  1 4 %  and 35% of t h e  t o t a l  l oads  a t  Fenekpuszta and 



Z a l a a p a t i  r e s p e c t i v e l y .  The q u e s t i o n  i s ,  from*at t y p e  o f  s o u r c e  

does such a l o a d  o r i g i n a t e .  

I t  i s  e a s y  t o  p o s t u l a t e  t h a t  i f  t h i s  component l o a d  d e r i v e s  

p r i m a r i l y  from urban s u r f  a c e  runof f  channe led  p a r t l y  th rough  

sewage t r e a t m e n t  p l a n t s ,  it shou ld  g i v e  r ise  t o  a r e l a t i v e l y  

f a s t  b u t  s h o r t - d u r a t i o n  response  i n  t h e  in - s t r eam TP l o a d .  A 

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

h a s  a s l o w e r ,  l o n g e r ,  and more d i s t r i b u t e d  response  i n  t i m e .  The 

urban-runoff  h y p o t h e s i s  i m p l i e s  a l s o  t h e  s t r o n g  assumpt ion  t h a t  

such r u n o f f  c o n t a i n s  o n l y  n o n - p a r t i c u l a t e  phosphorus f r a c t i o n s .  

Our a n a l y s i s  i n  r e s p o n s e  t o  t h e  above q u e s t i o n  r e d u c e s  t o  a com- 

p a r i s o n  o f  t h e  i d e n t i f i e d  dynamic c h a r a c t e r i s t i c s  o f  t h e  p r e c i p -  

i t a t i o n - i n d u c e d  SS and non-SS components o f  t h e  TP l o a d .  Th i s  

i s  r e v e a l i n g  i n  t e r m s  o f  b o t h  t h e  t h e o r e t i c a l  impulse  r e s p o n s e s  

o f  t h e  model s t r u c t u r e s  i n  Table  1 and t h e  f o u r  obse rved  major  

r u n o f f  e v e n t s .  But t h e  a n a l y s i s  canno t  a c c u r a t e l y  r e s o l v e  t h e  

a m b i g u i t i e s  i n h e r e n t  i n  t h e  q u e s t i o n  it a d d r e s s e s .  

F i g u r e  8 d e f i n e s  t h e  numerous ways i n  which t h e  r e s p o n s e s  

t o  a u n i t  ( 1  mm) impulse  p r e c i p i t a t i o n  e v e n t  a t  nominal t i m e  t o  

c a n  b e  computed. Where t h e  o u t p u t  from one model, f o r  example 

t h e  SS-load a t  Z a l a a p a t i  (model s z . 1 1 ,  i s  a n  i n p u t  t o  a n o t h e r  

model, f o r  example f o r  e s t i m a t i n g  t h e  TP-load a t  Z a l a a p a t i  from 

model pz .1 ,  it h a s  been assumed t h a t  t h e  o v e r a l l  i n p u t / o u t p u t  

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

i n d i v i d u a l  i n p u t / o u t p u t  submodels .  F i g u r e  9  shows t h e  ( p r e c i p -  

i t a t i o n )  impulse  r e s p o n s e s  f o r  SS-derived and non-SS TP l o a d s  

d i s t i n g u i s h e d  as components ( f rom models pz .1  and p f . ?  a t  

Z a l a a p a t i ,  F i g u r e  9 ( a ) ,  and Fenekpusz ta ,  F i g u r e  9 ( c ) ,  r e s p e c t i v e l y ) .  

I t  a l s o  shows t h e  comparison between t h e  l i n e a r  s u p e r p o s i t i o n  o f  

t h e s e  components,  i . e .  t h e i r  summation, and t h e  i d e n t i f i e d  a g g r e g a t e  

p r e c i p i t a t i o n  r e s p o n s e s  o f  models pz .2  and p f . 2 .  Three p o i n t s  

a r e  n o t a b l e :  

( i) t h a t  t h e  non-SS component c l e a r l y  p r e c e d e s  t h e  SS- 

d e r i v e d  component r e s p o n s e ;  

(ii) t h a t  t h e  non-SS component i s  s i g n i f i c a n t l y  a t t e n u a t e d ,  

i n  a r e l a t i v e  s e n s e ,  a t  t h e  downstream l o c a t i o n ;  and 
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(iii) t h a t  t h e  i d e n t i f i c a t i o n  o f  t h e  components o f  t h e  

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

t h e  p a t t e r n  o f  t h e  e s t i m a t e d  a g g r e g a t e  r e s p o n s e .  The 

The double-peak c h a r a c t e r  o f  t h e  non-SS component r e s p o n s e s  

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

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

e v e n t s  l e d  t o  a s i n g l e  peak SS-load r e s p o n s e s  ( w e  have  a l r e a d y  

commented on t h i s  w i t h  r e s p e c t  t o  F i g u r e  4 ( a )  ) . The magni tudes  

o f  t h e  SS-der ived  components o f  t h e  TP l o a d  r e s p o n s e s ,  b u t  n o t  

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

They a r e  b a s e d  on  t h e  i n f e r i o r  models s z . 1  and  s f .  1 (see T a b l e  

1 1 ,  b o t h  o f  which c o n s i s t e n t l y  and  s i g n i f i c a n t l y  u n d e r e s t i m a t e  

t h e  SS-load r e s p o n s e s  a t  e v e n t s  ( 2 )  and ( 3 ) ,  see F i g u r e  5 .  

The g e n e r a l  p a t t e r n  whereby t h e  non-SS component p r e c e d e s  

t h e  SS- load-der ived  TP component i s  a p p a r e n t  when t h e  f o u r  

ma jo r  p r e c i p i t a t i o n  e v e n t s  a r e  r e c o n s t r u c t e d  t h r o u g h  models 

pz.1 and p f . 1 .  T h i s  i s  e s p e c i a l l y  a p p a r e n t  a t  t h e  Z a l a a p a t i  

s i t e .  F i g u r e  10 i l l u s t r a t e s  t h e  s e p a r a t e d  components f o r  e v e n t  

( 2 )  and  it i s  e v i d e n t  t h a t  t h e  p recedence  o f  t h e  non-SS component 

a t  Fenekpusz ta  i s  r e l a t i v e l y  ambiguous. From t h i s  a n a l y s i s  o n e  

c o u l d  t h u s  c o n c l u d e  t h a t  a " f i r s t - f l u s h "  e f f e c t  o f  n o n - p a r t i c u l a t e  

TP l o a d s  i s  l i k e l y  i n  t h e  e v e n t  o f  a s t o r m ,  b u t  t h e  e v i d e n c e  does  

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

l o a d .  

The T r a n s p o r t e d  Load and L a t e r a l  I n f l u x  

The f o u r t h  and  f i n a l  c a t e g o r y  o f  t h e  component TP l o a d s  

r e f e r s  t o  t h a t  i d e n t i f i e d  a s  b e i n g  t r a n s p o r t e d  downstream from 

Z a l a a p a t i  t o  Fenekpusz ta .  Such a l o a d  component i s  p e r h a p s  more 

i n t e r e s t i n g  i n  r e s p e c t  o f  p a r t  o f  i t s  complement,  i . e .  t h e  l o a d  

n o t  t r a n s p o r t e d  between t h e  two p o i n t s  y e t  i nduced  by a p r e c i p i t a -  - 
t i o n  e v e n t .  An estimate o f  t h i s  l a t t e r  t y p e  o f  l o a d  would a l l o w  

one  t o  draw i n f e r e n c e s  a b o u t  t h e  non-poin t  s o u r c e  l o a d s  r e l a t e d  

t o  t h e  w a t e r s h e d  be tween Z a l a a p a t i  and  Fenekpusz ta .  The a s s o -  

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

t i o n s h i p  between p r e c i p i t a t i o n  and  t h e  dynamic d i f f e r e n c e s  i n  
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F i g u r e  10.  R e c o n s t r u c t e d  e s t i m a t e  o f  e v e n t  ( 2 )  f o r  days  
130-158 o f  1978 



t h e  TP loads  observed a t  t h e  two l o c a t i o n s  ( s e e  a l s o  t h e  e a r l i e r  

comments on t h i s  p o i n t  a t  t h e  end of  s e c t i o n  3 . 1 ) .  The e s t i m a t e s  

of Table 2 sugges t  t h a t  of t h e  observed TP load  a t  Fenekpuszta 

about  57% i s  on average t r a n s p o r t e d  downstream from Za laapa t i ;  

about  20% i s  t h e  r e s u l t  of p rec ip i t a t i on - induced  runof f  e n t e r i n g  

t h e  r i v e r  between Za laapa t i  and Fenekpuszta ( c . f .  20% f o r  t h e  SS 

load  and 11% f o r  t h e  TN l o a d ) ;  and t h e  remainder,  some 23%, i s  

unaccounted f o r  by t h e  model pf .3 .  I t  i s  appa ren t  from t h e  re -  

s u l t s  o f  t h i s  model ( n o t  shown) t h a t  t h e  correspondence between 

t h e  f o u r  major f l o o d  even t s  a t  Za l aapa t i  and Fenekpuszta i s  w e l l  

i d e n t i f i e d ,  y e t ,  because of  t h e  h ighe r  r a t i o  o f  peak Za laapa t i /  

Fenekpuszta TP l oads  du r ing  t h e s e  pe r iods ,  t h e  base  l oad  c o n d i t i o n s  

( lower observed r a t i o  of Zalaapat i /Fenekpuszta  l o a d s )  a r e  con- 

s i s t e n t l y  underes t imated a t  Fenekpuszta. That i s ,  given a  model 

wi th  parameters  assumed t o  be c o n s t a n t  it i s  n o t  p o s s i b l e  t o  match 

a l l  a s p e c t s  o f  an observed r e l a t i o n s h i p  t h a t  appa ren t ly  v a r i e s  

w i th  t i m e .  We s h a l l  assume, t h e r e f o r e ,  t h a t  t h e  TP l oad  n o t  

accounted f o r  by t h e  model i s  due e n t i r e l y  t o  base  l oads  e n t e r i n g  

t h e  s t ream between t h e  two p o i n t s  under ze ro  p r e c i p i t a t i o n  condi- 

t i o n s .  I n  f a c t ,  it i s  no tab le  t h a t  t h e  lower and upper bounds 

f o r  t h e  range of  d i f f e r e n c e s  i n  t h e  base  l o a d  e s t i m a t e s  a t  

Za laapa t i  and Fenekpuszta would account  f o r  between 12% and 26% 

of  t h e  average t o t a l  TP l oad  a t  Fenekpuszta ( s e e  Table 2 )  . 
The s t e a d y - s t a t e  g a i n s  ( K ~ )  computed from Table 1 f o r  t h e  

va r ious  r e l a t i o n s h i p s  between p r e c i p i t a t i o n  a s  i n p u t  and t h e  TP 

l o a d  components a s  o u t p u t s  a r e  given i n  Table 5 .  Here, t h r e e  

p o i n t s  of s i g n i f i c a n c e  can be noted,  t h a t :  

(i) t h e  i d e n t i f i e d  aggrega te ,  p r ec ip i t a t i on - induced  load  

ag rees  roughly wi th  t h e  aggrega te  sum of  t h e  i d e n t i f i e d  

i n d i v i d u a l  components, i . e .  t h e r e  i s  a  reasonable  

degree of cons i s t ency  among t h e  model r e s u l t s ;  

(ii) t h e  l a t e r a l  i n f l u x  of  p rec ip i t a t i on - induced  TP l oads  

i d e n t i f i e d  a t  Fenekpuszta i s  j u s t  under h a l f  o f  t h e  

p rec ip i t a t i on - induced  load  i d e n t i f i e d  a t  Za l aapa t i  

and subsequent ly  t r a n s p o r t e d  t o  Fenekpuszta; 



Table  5. S t e a d y - s t a t e  g a i n s  ( K  ) computed from Table  1 f o r  
t h e  v a r i o u s  r e l a t i o n s A i p s  between p r e c i p i t a t i o n  a s  
i n p u t  and t h e  TP l o a d  components a s  o u t p u t s ;  t h e  
model sequences  f o r  each  g a i n  a r e  i n d i c a t e d  i n  
p a r e n t h e s e s  ( r e f e r  a l s o  t o  F igu re  8 ) .  A l l  g a i n s  
have u n i t s  [kg day-1 I [-I-' 

Loca t i on  Aggregate  SS-load Non- SS Aggregate o f  
l o a d  d e r i v e d  component components 
i d e n t i f i e d  component 

(1 ( 2 )  ( 1 ) + ( 2 )  
-- - - - - 

Z a l a a p a t i  95.00 40.93 
( d i r e c t )  * (pz  . 2 )  ( s z . 1 ; p z . l )  

Fenekpus z t a  65.33 34.86 
( d i r e c t )  * (pf  .2 )  ( s f . 1 ; p f . l )  

Fenekpuszta 58.90 25.38 
( i n d i r e c t ) * *  (pz .2 ;p f . 3 )  ( s z . 1 ; p z . l ;  

pf .3 )  

Fenekpuszta  (58.90) 32 . O O  
( i n d i r e c t )  + ( s z . l ; s f . 2 ;  

p f . 1 )  

Fenekpus z t a  26.86 6.19 
( l a t e r a l )  ++ ( p f .  3 )  ( s f .  2 )  

* 
A d i r e c t  r e l a t i o n s h i p  between p r e c i p i t a t i o n  and TP l o a d  a t  t h e  
g iven  p o i n t .  * *  
A r e l a t i o n s h i p  between p r e c i p i t a t i o n  and t h e  TP l o a d  t he r eby  
gene ra t ed  a t  Z a l a a p a t i  and subsequen t l y  t r an spo r t eddowns t r eam 
t o  Fenekpus z t a  . 

+ 
A r e l a t i o n s h i p  between p r e c i p i t a t i o n  and t h e  SS l o a d  t he r eby  
gene ra t ed  a t  Z a l a a p a t i  and subsequen t ly  t r a n s p o r t e d  downstream 
t o  Fenekpuszta and t h e r e  "conver ted"  t o  a  TP l o a d .  

++ 
A r e l a t i o n s h i p  between p r e c i p i t a t i o n  and TP l o a d s  e n t e r i n g  t h e  
s t r e a m  between Z a l a a p a t i  and Fenekpuszta .  



(iii) whereas t h e  SS-load-derived component i s  between 

43-4996 and 43-55% o f  t h e  a g g r e g a t e  p r e c i p i t a t i o n -  

induced TP l o a d  a t  Z a l a a p a t i  and Fenekpuszta 

r e s p e c t i v e l y  (depending on t h e  e s t i m a t e s  assumed 

f o r  t h e  a g g r e g a t e ) ,  it r e p r e s e n t s  o n l y  23% o f  t h e  

l a t e r a l  i n f l u x  of  TP l oads  between t h e  two s t a t i o n s .  

The dynamic c h a r a c t e r i s t i c s  o f  t h e  impulse response  f u n c t i o n s  

f o r  t h e s e  combinat ions  o f  t h e  i d e n t i f i e d  model s t r u c t u r e s  a r e  

n o t  a s  d i s t i n c t i v e l y  r e v e a l i n g  a s  f o r  t h e  p r eced ing  a n a l y s i s .  

Only t h e  i d e n t i f i e d  agg rega t e  l a t e r a l  i n f l u x  response  and i t s  

SS-load component a r e  compared i n  F igu re  11. The impor t an t  con- 

c l u s i o n  t h a t  t h u s  emerges is  t h a t  i f  t h e  p r e c i p i t a t i o n - i n d u c e d  

s o u r c e s  o f  TP o r i g i n a t i n g  from t h e  wa te r shed  between Z a l a a p a t i  

and Fenekpuszta a r e  predominant ly  a g r i c u l t u r a l  t h e y  a r e  composed 

l a r g e l y  o f  n o n - p a r t i c u l a t e  f r a c t i o n s .  There appea r s  t o  b e  a  

s i g n i f i c a n t l y  s m a l l e r  a g g r e g a t e  TP l oad  d e r i v i n g  from runo f f  

from t h e  subwatershed below Z a l a a p a t i  ( p e r  u n i t  a r e a )  t h a n  from 

t h a t  above Z a l a a p a t i ,  and t h i s  r uno f f  from t h e  lower  subwatershed 

c o n t a i n s  a  s i g n i f i c a n t l y  s m a l l e r  p o r t i o n  o f  p a r t i c u l a t e - b a s e d  TP 

l oad .  Both o f  t h e s e  l a t t e r  conc lu s ions  a r e  c o n s i s t e n t  w i t h  

~ 0 6 ' s  (1980) s t a t e m e n t  t h a t  t h e  lower  subwatershed i s  less s u b j e c t  

t o  e r o s i o n  (see a l s o  d e t a i l s  g iven  by van S t r a t e n  e t  a l ,  1 9 7 9 ) .  

3.3 T r a j e c t o r i e s  o f  t h e  Recurs ive  Parameter  Es t ima t e s  

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

pa ramete r  e s t i m a t e s  a r e  n o t  e s p e c i a l l y  i l l u m i n a t i n g ,  a t  l e a s t  

n o t  i n  t h e  s e n s e  demonst ra ted  f o r  a  s i m i l a r  problem by Whitehead 

e t  a 1  (1979 ) .  According t o  t h e  purposes  o u t l i n e d  i n  s e c t i o n  2 

f o r  t h i s  s t e p  o f  t h e  ( g e n e r a l )  p rocedure  f o r  a n a l y s i s ,  it cou ld  

be concluded t h a t  n e i t h e r  a r e  any o f  t h e  i d e n t i f i e d  model s t r u c -  

t u r e s  demonst rably  i nadequa t e  nor  a r e  any u s e f u l  m o d i f i c a t i o n s  

o f  t h e s e  s t r u c t u r e s  sugges t ed .  Le t  us  t a k e  t h i s  c o n c l u s i o n ,  

t h e r e f o r e ,  a s  ev idence  t h a t  t h e r e  is  no reason  f o r  t h e  t e n t a t i v e  

conc lu s ions  a l r e a d y  made i n  t h e  p reced ing  a n a l y s i s  t o  be amended. 

A more f r u i t f u l  i n t e r p r e t a t i o n  o f  t h e  r e c u r s i v e  e s t i m a t i o n  t r a -  

j e c t o r i e s ,  g iven  t h e  f a c t  t h a t  t h e y  r e f l e c t  t h e  con t inuous  adap ta -  

t i o n  o f  t h e  model s t r u c t u r e  t o  the changing obse rved  dynamics o f  

t h e  s t r e am d i s c h a r g e  and n u t r i e n t  l o a d i n g s ,  is  t o  view them a s  a  

means f o r  r e c o n s t r u c t i n g  smoothed snapsho t s  o f  t h e  p r i n c i p a l  

p r e c i p i t a t i o n  e v e n t s .  



1 TP load impulse response at Fenckpurna (kg day-' l 

A g g r e g a t e  lateral influx 

- - -SSderived lateral influx 

Figure 1 1 .  Precipitation-induced unit (1 mm) impulse responses 
for the lateral influx of TP load (in kg day-1) at 
Fenekpuszta 



The r e c u r s i v e  parameter  e s t i m a t i o n  t r a j e c t o r i e s  f o r  model 

p f . 2  i n  Table 1 ,  under t h e  assumption t h a t  t h e  paramete r  b40  i s  

c o n s t a n t ,  a r e  shown i n  F igu re  1 2 .  They a r e  t y p i c a l  o f  t h e  

r e s u l t s  i n  g e n e r a l .  The e s t i m a t e  g1 e x h i b i t s  a  c l e a r  s ea sona l  

v a r i a t i o n ,  a l b e i t  s u b j e c t  t o  q u i t e  s e v e r e  t r a n s i e n t  f l u c t u a t i o n s  

c o i n c i d e n t  w i th  t h e  major e v e n t s ,  t h e  midsummer r e c e s s i o n  t i m e -  

c o n s t a n t  ( -  1.5 days )  be ing  abou t  t w i c e  a s  f a s t  a s  t h a t  du r ing  
h 

w i n t e r  ( -  3.0 days )  . The e s t i m a t e s  b l  , f o r  c o e f f i c i e n t s  o f  t h e  

p r e c i p i t a t i o n  i n p u t ,  a r e  obv ious ly  adap ted  s i g n i f i c a n t l y  t o  t h e  

i n d i v i d u a l  major p r e c i p i t a t i o n  e v e n t s  b u t  show no tendency 

towards longer- term sea sona l  v a r i a b i l i t y .  I t  i s  p robab l e  t h a t  

t h e r e  is  such s e a s o n a l  v a r i a b i l i t y ,  which would be  due t o  t h e  

e f f e c t s  o f  t empera tu re  and s o i l  mois tu re  d e f i c i t  i n  modulat ing 

t h e  amount o f  runof f  a v a i l a b l e  a s  s t r eam d i s c h a r g e  ( a s  w e  s h a l l  

see i n  t h e  n e x t  s e c t i o n ) .  However, w e  can merely surmise  t h a t  

it i s  n o t  appa ren t  i n  t h e  r e s u l t s  f o r  1978, f o r  which y e a r  a l l  

f o u r  major e v e n t s  o c c u r r e d  w i t h i n  roughly  a  s i n g l e  q u a r t e r  o f  

t h e  y e a r .  

The range o f  dynamic c h a r a c t e r i s t i c s  imp l i ed  by t h e  r e c u r s i v e  

e s t i m a t e s  o f  F igu re  12 can be gauged by t h e  a s s o c i a t e d  model impulse 

responses  f o r  two of t h e  p r e c i p i t a t i o n  e v e n t s ,  a s  shown i n  F igure  

13. These impulse r e sponses  a r e  i n  f a c t  computed u s i n g  t h e  

average parameter  e s t i m a t e s  f o r  t h e  d u r a t i o n  o f  each even t .  

Event ( I ) ,  which occu r r ed  i n  e a r l y  A p r i l ,  1978, has  a  remarkably 

low peak r e sponse .  Over t w i c e  a s  much TP l o a d i n g  i s  " y i e l d e d "  

a t  Fenekpuszta from an i d e n t i c a l  amount o f  p r e c i p i t a t i o n  du r ing  

e v e n t  ( 3 )  , which o c c u r r e d  i n  mid-May . The e s s e n t i a l  d i f f e r e n c e  

i n  t h e  two r e sponses ,  which i s  s i m i l a r l y  appa ren t  from t h e  analy-  

s is  o f  t h e  d a t a  a t  Z a l a a p a t i ,  i s  due t o  t h e  r e l a t i v e l y  low mean 

c o n c e n t r a t i o n  o f  TP i n  t h e  runof f  a s s o c i a t e d  w i th  e v e n t  ( 1 ) .  The 

mean c o n c e n t r a t i o n s  o f  TP* i n  t h e  p r e c i p i t a t i o n - i n d u c e d  in-s t ream 

TP l o a d  f o r  e v e n t s  ( 1  1 -  ( 4 )  a r e  r e s p e c t i v e l y  0.31 gm-3, 0.66 gm-3, 

0.62 gm-3 and 0.62 gm-3 a t  Fenekpuszta ,  and a t  Z a l a a p a t i ,  0.46 c3me3, 

1.49 gm-3, 0.85 gm-3 and 0.96 gm-3. For  comparison t h e  mean base  l oad  

* 
The c o n c e n t r a t i o n  i s  computed from t h e  s t e a d y - s t a t e  g a i n  f o r  t h e  
p r e c i p i t a t i o n  t o  TP l o a d  response  d i v i d e d  by t h e  s t e a d y - s t a t e  
ga in  f o r  t h e  p r e c i p i t a t i o n  t o  s t r eam d i s c h a r g e  response .  



I (a) Model pf.2: parameter estimate i1 

(b) Model pf.2: parameter estimates i1 , i1 

Figure  12. Recurs ive  a r a m e t e r  e s t i m a t e s  f o r  model p f .  2 f o r  
t h e  y e a r  1978 



F i g u r e  13. Precipitation-induces u n i t  ( 1  rm) im3ulse  r e s p o n s e s  
f o r  t h e  TP l o a d  d u r i n q  e v e n t s  ( 1 ) and ( 3 )  o f  1 9 7 9  

28 -- 
(a) TP load impulse responses for rainfall-runoff 

events (1978) (kg day-' ) 



c o n c e n t r a t i o n s  o f  TP a r e  0.34 gm-3 and 0.27 gm-3 a t  Fenekpuszta 
and Z a l a a p a t i  r e s p e c t i v e l y .  The g e n e r a l l y  h i g h e r  c o n c e n t r a t i o n s  

i n  t h e  p r e c i p i t a t i o n - i n d u c e d  l o a d s ,  r e l a t i v e  t o  t h e  ba se  l o a d s ,  

and t h e  c o n s i s t e n t l y  h i g h e r  c o n c e n t r a t i o n s  i n  t h e  u rno f f  a t  

Z a l a a p a t i  a r e  n o t a b l e .  

To summarise, it i s  d i f f i c u l t  t o  o b t a i n  a  c l e a r  p i c t u r e  o f  

any s e a s o n a l  l o a d  v a r i a t i o n s  from such a  s m a l l  sample o f  e v e n t s  

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

d e s p i t e  t h e  v a r i a b i l i t y  o f  t h e  impulse  r e sponse s ,  it i s  n o t  pos- 

s i b l e  t o  i d e n t i f y  t h o s e  t i m e s  o f  t h e  y e a r  a t  which t h e  p o t e n t i a l  

o f  t h e  wa te r shed  t o  g e n e r a t e  n u t r i e n t  l o a d s  i s  more o r  less sen- 

s i t i v e  t o  a  major  p r e c i p i t a t i o n  e v e n t .  

4 .  ANALYSIS FOR 1975-1977 

The e s s e n t i a l  assumpt ion i n  u s ing  t h e  model s t r u c t u r e s  

i d e n t i f i e d  f o r  t h e  y e a r  1 9 7 8 i n o r d e r  t o  e s t i m a t e  t h e  cor responding  

l o a d s  f o r  1975-1977 i s  t h a t  1978 is  t y p i c a l  o f  a  y e a r l y  behav iour  

p a t t e r n  f o r  t h e  Za la  wa te r shed .  From t h e  p o i n t  o f  view o f  model 

v a l i d a t i o n  o r  i n v a l i d a t i o n  t h e  a n a l y s i s  i s  o f  i n t e r e s t  bo th  f o r  

t h e  r e g u l a r i t i e s  and i r r e g u l a r i t i e s  o f  behav iour  t h a t  a r e  

r e v e a l e d .  From t h e  r e s u l t s  o f  F igu re  14, where t h e  TP l o a d  

o b s e r v a t i o n s  a t  Fenekpuszta  f o r  1975-1977 a r e  compared w i t h  

e s t i m a t e s  d e r i v e d  from model p f . 1  w i t h  t h e  pa ramete r  v a l u e s  o f  

Table  1, it i s  a p p a r e n t  t h a t  many o f  t h e  hypo theses  made f o r  

i n t e r p r e t a t i o n  o f  t h e  1978 o b s e r v a t i o n s  shou ld  b e  d i sman t l ed  a s  

i n v a l i d .  The model i s  a  g r o s s l y  i nadequa t e  e s t i m a t o r  o f  t h e  

l o a d i n g  p a t t e r n s  f o r  t h e  second h a l f  o f  1975; it does ,  however, 

r e f l e c t  w e l l  t h e  two major  s to rm e v e n t s  o f  1976, b u t  n o t a b l y  

and s i g n i f i c a n t l y  ove r - e s t ima t e s  t h e  ba se  l o a d  f o r  t h i s  y e a r ;  

ove r - e s t i ma t i on  o f  t h e  ba se  l o a d  f o r  t h e  summer o f  1977 i s  a l s o  

e v i d e n t ,  a l t hough  t o  a  lesser e x t e n t  t h a n  f o r  1976, and t h e  

model is  c l e a r l y  i nadequa t e  f o r  t h e  p e r s i s t e n t l y  h igh  l o a d s  

t h a t  o c c u r r e d  d u r i n g  t h e  f i r s t  q u a r t e r  of 1977. 

I n  s p i t e  o f  t h e  advan tages  o f  u s ing  t h e  1978 " t e m p l a t e " ,  

a s  it w e r e ,  a s  a  means o f  emphasizing t h e  i r r e g u l a r i t i e s  between 

t h e  d i f f e r e n t  y e a r s ,  t h e r e  now fo l l ows  t h e  ext reme d i f f i c u l t y  o f  

a s s e s s i n g  why t h e s e  i r r e g u l a r i t i e s  a r e  obse rved .  I t  ha s  t o  be  



- Estimated 

Observed 

F i g u r e  1 4 .  O b s e r v e d  a n d  e s t i m a t e d  TP l o a d s  ( i n  l o 3  kg  d a y - l  ) a t  
F e n e k p u s z t a  f o r  t h e  y e a r s  1975-77.  



accep t ed  t h a t  p a r t s  o f  t h e  a n a l y s i s  f o r  1978, p a r t i c u l a r l y  t h e  

q u a n t i t y  and c h a r a c t e r i s t i c s  o f  t h e  ba se  l o a d ,  a r e  n o t  v a l i d  f o r  

o t h e r  y e a r s .  Th i s  would a rguab ly  n e g a t e  t h e  r e s u l t s  o f  t h e  

a n a l y s i s  f o r  1978, i f  it c o u l d  be  demonst ra ted  t h a t  behav iour  

f o r  t h e  y e a r s  1976 and 1977 e x h i b i t e d  a  g r e a t e r  deg ree  o f  

r e g u l a r i t y .  I t  is  much more e v i d e n t ,  however, t h a t  t h e  c o n t r a r y  

a p p l i e s :  t h a t  t h e  behav iour  o f  t h e  Zala  wa te r shed  f o r  t h e  y e a r s  

1975 t o  1978 i s  i r r e g u l a r ,  w i t h  v i r t u a l l y  o n l y  seven  o r  e i g h t  

i n d i v i d u a l ,  s h o r t - t e r m  s to rm e v e n t s  having a  c o n s i s t e n t ,  r epro-  

d u c i b l e  c h a r a c t e r .  The r e s u l t s  o f  t h e  1978 a n a l y s i s  remain con- 

d i t i o n a l l y  v a l i d  f o r  1978 a l o n e ,  b u t  w i th  t h e  impor t an t  c a v e a t  

t h a t  t h e  assumed c o n s t a n t  ba se  l o a d  c l e a r l y  i n d i c a t e s  an  ave rage  

y e a r l y  e s t i m a t e  t h a t  s i g n i f i c a n t l y  ove r - e s t ima t e s  a  s e a s o n a l  

summer v a r i a t i o n .  Th i s  ba se  l o a d  f i g u r e  may e q u a l l y  w e l l  under- 

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

appa ren t .  The unde r ly ing  c a u s e s  o f  t h e  summer b a s e  l o a d  d i s -  

c repancy ,  t o g e t h e r  w i th  t h e  o t h e r  longer - t e rm i r r e g u l a r i t i e s  

n o t  p r i n c i p a l l y  r e l a t e d  t o  sho r t - t e rm  p r e c i p i t a t i o n  e v e n t s ,  w i l l  

form t h e  b a s i s  f o r  t h e  d i s c u s s i o n  of  t h i s  s e c t i o n .  

The i r r e g u l a r i t i e s  t h a t  pervade t h e  obse rved  n u t r i e n t  l o a d  

c h a r a c t e r i s t i c s  f o r  t h e  y e a r s  1975-1978 a r e  n o t  due t o  v a r i a t i o n s  

i n  cumula t ive  y e a r l y  p r e c i p i t a t i o n  b u t  due t o  l a r g e  v a r i a t i o n s  

i n  s e a s o n a l  ( q u a r t e r - y e a r )  r a i n f a l l  p a t t e r n s ,  see Tab le  6 .  ( W e  

may n o t e ,  however, t h a t  J O ~  (1980) i n d i c a t e s  t h a t  t h e  obse rved  

p r e c i p i t a t i o n  o v e r  t h e  whole o f  t h i s  p e r i o d  was 10-15% less than  

average  .) The o d d i t y  o f  t h e  y e a r  1978 was t h a t  it had t h e  

w e t t e s t  second q u a r t e r  of  t h e  3% y e a r  r e c o r d ,  and t h r e e  of  

t h e  f o u r  major  c o n v e n t i o n a l  r a i n f a l l - r u n o f f  e v e n t s  o f  t h a t  y e a r  

o c c u r r e d  i n  t h i s  q u a r t e r .  I n  f a c t  t h e  second q u a r t e r  o f  1978 

was t h e  w e t t e s t  q u a r t e r  o f  t h e  recorded  p e r i o d .  

The ex t remely  h i g h  TP l o a d s  o f  t h e  summer o f  1975 a r e  a l s o  

obv ious ly  b u t  n o t  e x c l u s i v e l y  r e l a t e d  t o  t h e  e s p e c i a l l y  h igh  

p r e c i p i t a t i o n  o f  t h a t  q u a r t e r .  Other  f a c t o r s  a r e  p o t e n t i a l l y  

even more s i g n i f i c a n t .  For  example, t h e  SS and TN Loads ( n o t  

shown) a r e  most a t  v a r i a n c e  w i t h  t h e  TP l o a d  v a r i a t i o n s  d u r i n g  

t h e  l a s t  two q u a r t e r s  o f  1975. -The same i s  a p p a r e n t  from Tab le  

3, where t h e  average  r a t i o  o f  SS l o a d  t o  TP l o a d  i s  rough ly  



Table  6.  Aggregate q u a r t e r l y  p r e c i p i t a t i o n  i n  t h e  Zala 
wa te r shed  f o r  t h e  y e a r s  1975-1978 ( i n  mm) 

Year Days Days Days Days 
1-90 91-180 181-270 271-365 ( 6 )  T o t a l  

c o n s t a n t  a t  100:l  f o r  1977 and 1978, i s  182:l f o r  1976, and 

on ly  75.1 f o r  1975. The average  d a i l y  TN l o a d  f o r  a l l  f o u r  

y e a r s  i s  by c o n t r a s t  r e l a t i v e l y  i n v a r i a n t  w i t h  t i m e .  A r e l a t i v e  

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

e v i d e n t .  Both SS and TN l o a d  p a t t e r n s  f o r  1975 match t h e i r  

r e s p e c t i v e  1978 t e m p l a t e s  much b e t t e r  t h a n  t h e  TP l o a d s  shown 

i n  F i g u r e  1 4 ( a ) .  The p e r s i s t e n t  d i s c r e p a n c i e s  between t h e  

model r esponse  and o b s e r v a t i o n s  d u r i n g  t h e  two q u a r t e r s  o f  

1975 a r e  i n d i c a t o r s  t h a t  e r r o r s  i n  t h e  e s t i m a t e d  sho r t - t e rm  

p r e c i p i t a t i o n - i n d u c e d  r u n o f f  a r e  n o t  r e s p o n s i b l e  f o r  such 

i r r e g u l a r i t i e s .  The obse rved  TP l o a d  o v e r  t h e  p e r i o d  t lg5+ t230 

appea r s  t o  b e  dominated by a  much s lower  r e sponse  t o  a  p r e c i p i t a -  

t i o n  e v e n t ,  a s  i f  s u b s u r f a c e  d r a inage  ( a s  opposed t o  o v e r l a n d  

s u r f a c e  f l o w ) ,  and p o s s i b l y  a f t e r  e x t e n s i v e  f l o o d i n g ,  i s  a  

governing f a c t o r .  The i n t e n s i t y  of  t h e  mid-July (1975) e v e n t  

i s ,  however, matched by t h e  l a t e  A p r i l  e v e n t  o f  1976 a t  abou t  

5 2 0  (see F igu re  1 4 ( b ) ) ,  b u t  t h e  l o a d  r e sponse s  a r e  e n t i r e l y  

d i f f e r e n t .  The c o m ~ a r i s o n  u n d e r l i n e s  what appea r s  t o  be  a  

d i s t i n c t  " v u l n e r a b i l i t y "  o f  t h e  w a t e r s h e d ' s  p o t e n t i a l  f o r  

g e n e r a t i n g  h i g h  TP l o a d s  t o  a  midsummer s to rm e v e n t .  

The a b r u p t  i n c r e a s e  i n  t h e  TP l o a d  of  t h e  l a s t  q u a r t e r  o f  

1975 a t  t300, and i t s  e q u a l l y  a b r u p t  d e c l i n e  a t  t365, i s  due 

e n t i r e l y  t o  a  cor responding  i n c r e a s e  (and d e c l i n e )  o f  t h e  observed 

TP c o n c e n t r a t i o n  (from a  p reced ing  average  o f  rough ly  0 .3  gm-3 t o  

a  " p l a t e a u "  o f  0.8-0.9 gm-3 and back t o  a  succeed ing  average  o f  

0 . 3  gm-3) . An obvious  cho i ce  o f  f a c t o r  r e s p o n s i b l e  f o r  t h i s  h igh  

l o a d  i s  t h e  d r a inage  o f  marshland wa t e r s  w i t h  a n  e x c e p t i o n a l l y  h igh  

TP c o n c e n t r a t i o n .  The obse rved  s t r e a m  d i s c h a r g e  is n o t  n o t a b l y  



i nc reased  by t h e  supposed a d d i t i o n  of t h e  marshland w a t e r s ,  hence 

t h e  p o s t u l a t e d  high concen t r a t i ons  of TP i n  t h e s e  wa te r s .  Such 

high concen t r a t i ons  a r e  excep t iona l  i n  t h a t ,  i f  marshland dra inage  

was p r a c t i c e d  i n  t h e  f o u r t h  q u a r t e r s  o f  each of  t h e  f o u r  yea r s  of  

t h e  r eco rd ,  t h e  observed f e a t u r e s  of t h e  1975 TP load  a r e  n o t  

repea ted  wi th  anything l i k e  t h e  same s i g n i f i c a n c e  i n  subsequent 

y e a r s .  Since n e i t h e r  t h i s  "excess"  l oad  of  t h e  f o u r t h  q u a r t e r  

o f  1975 nor  t h e  "excess"  l oads  of  t h e  preceding t h i r d  q u a r t e r  

a r e  r e f l e c t e d  i n  t h e  observed o r  e s t ima ted  SS l o a d s ,  it can be 

assumed t h a t  t h e s e  high loads  a r e  composed predominantly of  non- 

p a r t i c u l a t e  TP ma t t e r .  It  i s  tempting t o  s p e c u l a t e  f u r t h e r  t h a t  

t h e  p o s t u l a t e d  high concen t r a t i on  marshland wa te r s  a r e  a  f u n c t i o n  

o f  t h e  e a r l i e r  summer s torm even t s .  

Apart  from t h e  extreme c h a r a c t e r  of  t h e  summer p r e c i p i t a -  

t i o n  and TP loads  of  1975 t h e  t h i r d  q u a r t e r s  of  t h e  o t h e r  t h r e e  

yea r s  have roughly e q u i v a l e n t  cumulative p r e c i p i t a t i o n  f i g u r e s .  

Why, then, i s  t h e  1976 summer TP l o a d  so  low? I n  f a c t ,  i f  it 

i s  assumed t h a t  t h e  p rec ip i t a t i on - induced  TP l o a d  f o r  1976 i s  

we l l  e s t ima ted  by t h e  model, an e s t i m a t e  o f  t h e  y e a r l y  average 

base  l oad  can be made by s u b t r a c t i n q  t h e  e s t i m a t e  of t h e  

p rec ip i t a t i on - induced  TP load  from t h e  t o t a l  observed l o a d .  The 

r e s u l t i n g  e s t i m a t e  i s  a  va lue  of 62.3 kg day-' f o r  t h e  base  l o a d ,  

i . e .  between on ly  43% and 57% of t h e  base l o a d  f o r  1978 (depending 

upon t h e  d i f f e r e n t  f i g u r e s  de r ived  from models pf . l  o f  pf . 2 ) .  

However, t h i s  base  l oad  e s t i m a t e  is  s t i l l  about  42% of t h e  t o t a l  

TP load  f o r  1976 ( c f  . between 5 1 %  and 65% f o r  1978) . The cor -  

responding e s t i m a t e  f o r  t h e  p a r t i c u l a t e  TP load  component f o r  

1976 i s  about  39% of  t h e  t o t a l  l o a d  ( c f .  21% f o r  1978) .  

There could be s e v e r a l  exp lana t ions  f o r  t h e  p a r t i c u l a r l y  

low summer TP l o a d  i n  1976 drawn from va r ious  combinations of  

t h e  fol lowing f o u r  reasons  : 

(i) t h e  f i e l d  obse rva t ions  were p e r s i s t e n t l y  i n  e r r o r ;  

(ii) t h e  po in t - source  sewage d i scha rges  of  TP were s i g -  

n i f i c a n t l y  lower i n  t h a t  summer; 

(iii) h ighe r  t empera tures  caused a  g r e a t e r  l o s s  of  

p r e c i p i t a t i o n  through h ighe r  r a t e s  o f  evapot ransp i ra -  

t i o n ;  



( i v )  h i g h e r  t empe ra tu r e s  and lower  s t r e a m  d i s c h a r g e s  

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

a p p a r e n t  l o s s  o f  in - s t ream TP by,  f o r  example, 

t h e  growth o f  a t t a c h e d  p l a n t s  and by d e p o s i t i o n  

t o  t h e  bed sed iments .  

There i s  no ev idence  t o  s u s p e c t  t h e  p r e sence  o f  t h e  f i r s t  o f  

t h e s e  r ea sons .  The second reason  a l s o  a p p e a r s  t o  be  improbable ,  

a l t hough  it would r e q u i r e  a  much more d e t a i l e d  unde r s t and ing  o f  

t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  r e l e v a n t  was tewate r  t r e a t -  

ment p l a n t s  t h a n  i s  p o s s i b l e  h e r e .  Reason (iii) i s  p robab l e ,  

a l t hough  t h e  p o i n t  under d i s c u s s i o n  concerns  t h e  obse rved  ba se  

l o a d  and n o t  t h e  TP l o a d  due t o  p r e c i p i t a t i o n - i n d u c e d  r u n o f f .  

The most p e r t i n e n t  and p robab l e  c a n d i d a t e  r e a son  ( o r  r a t h e r  

h y p o t h e s i s )  i s  t h u s  t h e  f o u r t h .  I f ,  however, t h e  phosphorus 

c y c l e  i n  t h e  s t r e a m  sys tem w e r e  assumed t o  be e s s e n t i a l l y  c l o s e d  

( t h e  cor responding  n i t r o g e n  c y c l e  would b e  open i f  s i g n i f i c a n t  

d e n i t r i f i c a t i o n  w e r e  t o  o c c u r )  , t h e n  one would e x p e c t  t o  obse rve  

subsequen t l y  a  co r r e spond ing  a p p a r e n t  g a i n  o f  TP a s  t h e  a t t a c h e d  

p l a n t s  d i e  and decay o r  a s  t h e  sediments  a r e  s cou red  by h igh  

f lows .  

Our a p p a r e n t  l o s s  and ga in  s p e c u l a t i o n  f o r  t h e  TP l o a d  

l ooks  a t t r a c t i v e  when now c o n s i d e r i n g  t h e  p e r s i s t e n t  under- 

e s t i m a t i o n  of  t h e  obse rved  l o a d s  f o r  t h e  w i n t e r  1976/7 ( F i g u r e  

1 4 ( c ) ) .  During t h e  f i r s t  120 days  o f  1977 t h e  t o t a l  obse rved  
3  TP l o a d  i s  unde re s t ima t ed  by an agg rega t e  amount o f  11 .1 (10  ) 

kg TP. Taking an  ave rage ,  low f i g u r e  f o r  t h e  a p p a r e n t  r a t e  o f  

l o s s  o f  t h e  ba se  l o a d  i n  1976 w i t h  r e g a r d  t o  t h e  e s t i m a t e  f o r  

1978 from model p f . 2 ,  i . e .  a  r a t e  o f  l o s s  o f  51 kg day- ' ,  it 

would have t aken  a  p e r i o d  o f  abou t  220 days  f o r  t h e  "excess"  

l o a d  o f  e a r l y  1977 t o  have accumulated i n  t h e  s t r e am sys tem i n  

1976. The l e n g t h  o f  t h i s  p e r i o d  i s  n o t a b l y  c l o s e  t o  t h e  p e r i o d  

between t h e  two major  s t o rm  e v e n t s  o f  1976. T h i s ,  o f  c o u r s e ,  

p roves  no th ing ,  and a  c o u n t e r  argument can  r e a d i l y  b e  cons t ruc -  

t e d .  For  example, t h e  f i r s t  120 days o f  1977 a r e  c h a r a c t e r i z e d  

by a  p e r s i s t e n t l y  h igh  s t r e a m  d i s c h a r g e ,  n e a r l y  always above 

10 m 3 s - I  and o f t e n  g r e a t e r  t han  20 m 3 s - I .  The autumn and w i n t e r  

p e r i o d s  o f  1976 and 1.977 w e r e  r e l a t i v e l y  w e t  p e r i o d s  ( s e e  Table  



6 ) .  One can assume t h a t  from e a r l y  on i n  t h e  w i n t e r  pe r iod  t h e  

s o i l  mois ture  d e f i c i t  and e v a p o t r a n s p i r a t i o n  r a t e  would both  

b e  low such t h a t  a  much g r e a t e r  p ropor t ion  of  t h e  p r e c i p i t a t i o n  

would be  observed a s  runoff  t o  s t ream d i scha rge .  I f  it i s  a  

c o n t i n u a l l y  h ighe r  r a t e  of  runoff  t h a t  i s  r e s p o n s i b l e  f o r  t h e  

high TP l oads  t h i s  would sugges t  t h a t  t h e  p r e c i p i t a t i o n  + 

watershed + l oad  system has  a  high "throughflow",  a s  opposed 

t o  a  low "throughflow" with  high r e l e a s e  r a t e s  o f  p rev ious ly  

accumulated in-s t ream m a t e r i a l .  Again, i f  t h e  long-term sea- 

sona l  accumulat ion-re lease  hypothes i s  i s  t o  be co r robora t ed  by 

o t h e r  evidence,  why appa ren t ly  does t h e  same mechanism n o t  

r e c u r  du r ing  t h e  1977/8 win t e r?  

The occur rence  of snowmelt, s i g n i f i e d  both  by an obviously  

asynchronous observed and e s t ima ted  response t o  a  p r e c i p i t a t i o n  

e v e n t  and by peak TN and TP loads  i n  t h e  absence of  corresponding 

SS l o a d s ,  might a l s o  be  suspec ted  f o r  t h e  w in t e r  o f  1976/7. The 

absence of  a  d i s c e r n i b l e  SS load  response i s ,  however, condi-  

t i o n a l  upon s t r eam d i scha rge  remaining below t h e  t h r e s h o l d  a t  

which scour ing  o f  t h e  streambed would t a k e  p l ace ,  f o r  example, 

below 10- 1 2  m 3 s - I  a s  a l r e a d y  noted.  The s imul taneous e s t ima ted  

and observed TP l o a d  peaks between t l  and t55 i n  1977 (F igure  

1 4 ~ 1 ,  which correspond c l o s e l y  wi th  SS l o a d  peak responses ,  is  

evidence p o i n t i n g  away from t h e  s i g n i f i c a n c e  o f  snowmelt. In- 

s p e c t i o n  of F igures  6 ( b )  and 7 ( b ) ,  r e l a t i n g  t o  1978, shows i n  

comparison a  much more probable  occurrence of snowmelt ove r  

t h e  pe r iod  t45 +t65 f o r  t h a t  yea r .  Snowmelt might a l s o  be o f  

minor s i g n i f i c a n c e  i n  t h e  w i n t e r  of 1976 (F igure  1 4  (b )  ) , where 

an e s t ima ted  TP load  response i s  given a t  about  t65 +t70 b u t  

an observed response occu r s  a t  t75 + tsO. This even t  f o r  1976 

i s  more d i s t i n c t  i n  t h e  TN l oad  v a r i a t i o n s  ( n o t  shown) and 

g e n e r a l l y  it appears  t h a t  snowmelt gene ra t e s  a  g r e a t e r  TP o r  

TN load  response than  a  convent ional  r a i n f a l l - r u n o f f  ep i sode .  

5.  A SCENARIO FOR INTERPRETATION AND FURTHER EXPERIMENTATION 

I t  i s  impor tan t  t o  s t e p  back from t h e  d e t a i l  of t h e  preceding 

two s e c t i o n s  i n  o r d e r  t o  summarize t h e  i n t e r p r e t a t i o n  o f  t h e  

observed p a s t  behaviour  o f  n u t r i e n t  load ings  i n  t h e  Zala water- 

shed.  S ince  many ques t ions  about  t h i s  behaviour  remain open, 



l e t  us c a l l  t h e  i n t e r p r e t a t i o n  a  s c e n a r i o .  The s c e n a r i o  can 

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

l y ,  f o r  example, on a d d i t i o n a l  exper imenta l  work i n  r e l a t i o n  t o  

some of  t h e  open q u e s t i o n s ,  and on t h e  use  o f  t h e  r e s u l t s  o f  t h e  

p r e s e n t  a n a l y s i s  f o r  e v a l u a t i o n  of  t h e  Kis-Balaton p r o j e c t .  

During 1978 t h e  base  l o a d  o f  t o t a l  phosphorus ,  under  ze ro  

p r e c i p i t a t i o n  c o n d i t i o n s ,  was about  87 kg day-' a t  Z a l a a p a t i  

and 113 kg day-' a t  Fenekpuszta.  The l a t t e r  i s  approximate ly  

50% o f  t h e  t o t a l  TP l o a d ,  and o u r  r e s u l t s  s u g g e s t  t h a t  t h i s  i s  

a  low e s t i m a t e  f o r  t h e  ba se  l o a d  f o r  t h a t  y e a r .  The e s t i m a t e s  

a r e  i n  good agreement w i th  t h e  e s t i m a t e s  quo ted  p r e v i o u s l y  by 

J o l a n k a i  and ~omly6dy  ( 1981 ) . This  base  l o a d  i s  composed 

predominantly o f  n o n - p a r t i c u l a t e  phosphorus m a t e r i a l  d e r i v i n g  

from po in t - source  d i s c h a r g e s  and i n  t h i s  s ense  can be  cons ide red  

t o  be l a r g e l y  a  form o f  phosphorus a v a i l a b l e  f o r  a l g a l  growth. 

The base  l o a d  e s t i m a t e  f o r  1976 a t  Fenekpuszta i s ,  however, 

cons ide rab ly  lower ,  roughly  h a l f  t h a t  f o r  1978, a l t hough  it 

s t i l l  comprises  some 42% o f  t h e  t o t a l  TP l o a d  f o r  1976. The 

p a r t i c u l a t e  f r a c t i o n  of t h e  TP l o a d ,  be ing  r e s p e c t i v e l y  39% and 

21% of  t h e  o v e r a l l  l o a d s  a t  Fenekpuszta f o r  t h e  y e a r s  1976 and 

1978 r e s p e c t i v e l y ,  i s  very  s t r o n g l y  a s s o c i a t e d  w i th  t h e  major 

p r e c i p i t a t i o n  e v e n t s .  For example, 85% and 78% r e s p e c t i v e l y  

o f  t h e  ( y e a r ' s )  p a r t i c u l a t e  TP l o a d s  a t  Z a l a a p a t i  and Fenekpuszta 

f o r  1978 were t r a n s p o r t e d  d u r i n g  f o u r  major p r e c i p i t a t i o n  e v e n t s .  

A non -neg l ig ib l e  p o r t i o n  o f  t h e  p r e c i p i t a t i o n - i n d u c e d  TP l o a d  

i s ,  however, o f  a  n o n - p a r t i c u l a t e  form. Approximately 14% of  

t h e  o v e r a l l  l o a d  a t  Fenekpuszta i n  1978 i s  e s t i m a t e d  t o  be  from 

t h i s  " sou rce" ,  which (dynamica l ly )  can be  l i k e n e d  t o  a  " f i r s t -  

f l u s h "  e f f e c t  o f  a  p r e c i p i t a t i o n  even t .  

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

t h e  o r i g i n s  o f  t h e  p r e c i p i t a t i o n - i n d u c e d  TP l oads .  Th is  is  

p a r t l y  due t o  t h e  mechanisms i d e n t i f i e d  a s  governing t h e  e n t r y  

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

from o u r  a n a l y s i s  is  a s  fo l lows .  Both p a r t i c u l a t e  and non- 

p a r t i c u l a t e  f r a c t i o n s  of  t h e  l o a d  can  be assumed t o  e n t e r  t h e  

r i v e r  s imu l t aneous ly  du r ing  a  s to rm even t .  I f  t h e  s t r e a m  

d i s cha rge  is  below a  c e r t a i n  t h r e s h o l d  v a l u e -  ( e s t i m a t e d  t o  be 

abou t  10-12 m 3 s - I  a t  bo th  Z a l a a p a t i  and Fenekpuszta)  , t h e  



p a r t i c u l a t e  f r a c t l o n  se t t les  t o  t h e  streambed.  Only subsequen t ly ,  

when t h e  s t r eam d i s c h a r g e  becomes s u f f i c i e n t l y  h igh  f o r  s cou r ing  

o f  t h e  bed t o  occu r ,  i s  a  s i g n i f i c a n t  SS l o a d  observed  a t  t h e  

two measuring s i tes .  The dominance o f  t h e  in-s t ream d e p o s i t i o n  

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

coup l ing  between wate rshed  e r o s i o n  and observed  in - s t ream TP 

l o a d .  A f i r s t - f l u s h  e f f e c t  i s  e q u a l l y  s o  a  complement o f  t h i s  

d i s t o r t i o n ,  such t h a t  it i s  n o t  p o s s i b l e  t o  conclude whether 

t h i s  n o n - p a r t i c u l a t e  l o a d  d e r i v e s  from urban runof f  channeled 

p a r t l y  through t r e a t m e n t  p l a n t s  o r  from a g r i c u l t u r a l  r u n o f f .  

There is  g r e a t e r  c l a r i t y  abou t  t h e  p robab l e  a r e a l  d i s t r i b u -  

t i o n  o f  nonpoin t  s o u r c e  TP l oads .  The major p o r t i o n  o f  observed  

p a r t i c u l a t e  m a t e r i a l  c a r r i e d  by t h e  s t r eam e n t e r s  upstream o f  

Z a l a a p a t i .  Loads gene ra t ed  by runof f  e n t e r i n g  t h e  s t r eam between 

Z a l a a p a t i  and Fenekpuszta a r e  s i g n i f i c a n t l y  s m a l l e r  ( p e r  u n i t  

a r e a )  and c o n t a i n  a  s m a l l e r  f r a c t i o n  o f  p a r t i c u l a t e  m a t e r i a l .  

These conc lu s ions  a r e  c o n s i s t e n t  w i t h  t h e  a r e a l  d i s t r i b u t i o n  

o f  t h e  w a t e r s h e d ' s  s u s c e p t i b i l i t y  t o  e r o s i o n  p r o c e s s e s  ( s e e  ~ 0 6 ,  
1980; van S t r a t e n  e t  a l l  1979) .  The average  c o n c e n t r a t i o n  o f  

TP i n  runof f -genera ted  s t r eam d i s c h a r g e  i s  g e n e r a l l y  cons ide rab ly  

h i g h e r  t h a n  t h a t  i n  t h e  base  s t r eam d i s c h a r g e .  

Some o f  t h e  most impor t an t  unreso lved  q u e s t i o n s  about  t h e  

behaviour  o f  t h e  Zala  wate r shed  a r i s e  from t h e  a n a l y s i s  o f  t h e  

longer- term l o a d i n g  v a r i a t i o n s  o v e r  t h e  p e r i o d  1975-78. Never- 

t h e l e s s ,  it i s  appa ren t  from t h i s  a n a l y s i s  t h a t  t h e  sho r t - t e rm  

dynamic response  o f  t h e  l oad ings  t o  a  major ,  b u t  n o t  ext reme,  

p r e c i p i t a t i o n  e v e n t  i s  r e l a t i v e l y  w e l l  c h a r a c t e r i z e d  and should  

n o t  be a  p r i o r i t y  f o r  f u r t h e r  exper iment  and a n a l y s i s .  The 

s e a s o n a l  v a r i a b i l i t y  o f  was tewate r  t r e a t m e n t  p l a n t  performance 

and more s o  t h e  s e a s o n a l  v a r i a t i o n s  i n  in-s t ream f a c t o r s  a f f e c t i n g  

t h e  phosphorus c y c l e ,  f o r  example, t h e  uptake  o f  phosphorus by 

a t t a c h e d  s t r eam p l a n t s ,  r e q u i r e  more d e t a i l e d  examinat ion.  That  

t h e s e  f a c t o r s  might  be r e s p o n s i b l e  f o r  an  average  r e d u c t i o n  o f  

up t o  50% (50 kg day-' o r  more) o f  t h e  base  l o a d  d e l i v e r e d  from 

t h e  Zala River  t o  t h e  l a k e  makes them s i g n i f i c a n t .  They a r e  

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

c y c l e ,  t h e  same amount o f  TP l o a d ,  a l b e i t  p o s s i b l y  i n  a  l e s s  

r e a d i l y  a v a i l a b l e  form, i s  r e l e a s e d  from t h e  r i v e r  sys tem d u r i n g  



autumn and w i n t e r  pe r iods  by, f o r  example, t h e  dea th  and decay 

of  o rgan ic  m a t e r i a l .  That they  may be a s s o c i a t e d  wi th  t h e  cor-  

r e l a t i o n  between t h e  low Zala base  TP load  o f  1976 and t h e  

absence of  an observed ch lorophyl l -a  peak i n  t h e  Keszthely  b a s i n  

of  t h e  l a k e  f o r  t h a t  y e a r  i s  an a d d i t i o n a l l y  s u g g e s t i v e  c o i n c i -  

dence of  p o t e n t i a l l y  c o n s i d e r a b l e  s i g n i f i c a n c e .  Within t h e  s t ream 

phosphorus c y c l e  bed sediment p roces se s  may a l s o  be impor tan t  

f o r  t h e  longer- term t r a n s f o r m a t i o n  o f  phosphorus forms. However, 

t h e  observed l o s s  o f  SS-load between Za l aapa t i  and Fenekpuszta 

( f o r  t h e  y e a r  1978) i s  u n l i k e l y  t o  r e s u l t  from p roces se s  o f  

biochemical  t r ans fo rma t ion  of  pa r t i cu l a t e -bound  phosphorus. A 

g r e a t e r  amount o f  SS-load i s  observed t o  be  " l o s t "  du r ing  t h e  

major p r e c i p i t a t i o n  e v e n t s  a l o n e ,  when r e s idence  t i m e s  a r e  

smallest, t han  t h e  l o s s  f o r  t h e  whole of t h e  y e a r  (i .e.  t h e r e  

is a  n e t  "ga in"  o f  s o l i d s  du r ing  non-storm c o n d i t i o n s ) .  

The c a p a c i t y  o f  t h e  watershed t o  gene ra t e  extremely h igh  

TP loads  i n  response  t o  very  h igh  p r e c i p i t a t i o n  e v e n t s  o c c u r r i n g  
- 1 du r ing  t h e  summer p e r i o d  ( a  l oad  o f  n e a r l y  10,000 kg day was 

observed on one day i n  1975) i s  impor tan t  because of  t h e  s h e a r  

s c a l e  of  t h e  e v e n t .  I t  i s  a l s o  impor tan t  because o f  o t h e r  

poor ly  unders tood f a c t o r s  t h a t  i n f l u e n c e  t h e  medium-term response  

of  t h e  TP l oad  t o  such an  e v e n t ,  i n  p a r t i c u l a r  t h e  p o s s i b i l i t y  

of  slow dra inage  of f looded  l and .  A c a r e f u l  r e t r o s p e c t i v e  

a n a l y s i s  o f  t h a t  p a r t i c u l a r  e v e n t  i n  1975--the a r e a s  t h a t  w e r e  

f looded and whether t h e  e v e n t  i n f luenced  t h e  c o n c e n t r a t i o n  of 

TP i n  t h e  subsequent  ( d e l i b e r a t e )  d ra inage  of marshland t h e  

fol lowing autumn--might be  q u i t e  r e v e a l i n g  and s i g n i f i c a n t ,  

e s p e c i a l l y  w i t h  r e s p e c t  t o  t h e  performance o f  t h e  Kis-Balaton 

p r o j e c t .  

The computat ional  l o a d  o f  a l l  t h e  models d i s cus sed  i n  t h i s  

paper  i s  t r i v i a l l y  sma l l .  I t  is  t r u e  t h a t  such models can  n o t  

be used t o  a s s e s s  t h e  changes i n  n u t r i e n t  l oad  v a r i a t i o n s  t h a t  

would r e s u l t  from changes of  watershed management p r a c t i c e s .  

They a r e  n e v e r t h e l e s s  q u i t e  s u i t a b l e  f o r  t h e  gene ra t i on  o f  i n p u t  

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

behaviour  o f ,  and c o n t r o l  s t r a t e g i e s  f o r  t h e  reed- lake system 

t o  be l o c a t e d  a t  Kis-Balaton. The t ime-sca le  of  t h e  models i s  

admi t t ed ly  r e l a t i v e l y  smal l  w i th  r e s p e c t  t o  t h e  p o s s i b l e  t i m e -  

c o n s t a n t s  o f  t h e  reed- lake system. However, t h e  c o s t  o f  working 



with  a  d a i l y  t ime-s tep f o r  t h e s e  models i s  smal l  when compared, 

a t  l e a s t  i n i t i a l l y ,  w i th  t h e  p o t e n t i a l  g a i n  of p re se rv ing  a  

wide range of dynamic c h a r a c t e r i s t i c s  f o r  t h e  t e s t  i n p u t  sequences 

t o  t h e  reed- lake system. Whether t h e  models de r ived  f o r  Za l aapa t i  

a r e  more a p p r o p r i a t e  than  those  der ived  f o r  Fenekpuszta depends 

upon t h e  p r e c i s e  l o c a t i o n  of t h e  p r o j e c t .  For e i t h e r  c a s e  t h r e e  

i n t e r a c t i n g  models would be necessary ,  f o r  example, qz . 1 , s z .  1 ,  

and pz.1,  i n  o r d e r  t o  s imu la t e  d i scha rge  v a r i a t i o n s  and t o  d i s -  

t i n g u i s h  between p a r t i c u l a t e  and non-pa r t i cu l a t e  f r a c t i o n s  of  

t h e  TP load .  The model s t r u c t u r e s  of  Table 1 might f u r t h e r  be 

prudent ly  adapted i n  o r d e r  t o  i n t roduce  a  degree of s ea sona l  

v a r i a t i o n ,  e s p e c i a l l y  i n  view of t h e  d i s c u s s i o n  of  s e c t i o n  4 ,  

and t o  compensate f o r  t h e  shortcomings of  t h e  SS-load models 

i n  c h a r a c t e r i z i n g  t h e  non l inea r ,  t h r e sho ld - l i ke  behaviour o f  

in-s t ream bed scour ing .  These mod i f i ca t ions  could  e a s i l y  be  

i nco rpo ra t ed  i n  a  model of  t h e  fo l lowing  form (from q f . 2 ,  s f . 1 ,  

and p f .  1 ) : 

1 j 1 1 
Discharge (Q): X l  ( tk) = a l x l  ( tk) + 1 b l j  ( tk-j)ul  ( t k - j ) +  b 4 f  ( l 4 a )  

j= l  

where x l ,  x2 ,  and x  3 a r e  r e s p e c t i v e l y  t h e  s t ream d i scha rge ,  

SS-load, and TP load ,  and where, f o r  example, 

1 2 
b l  

(tk) = f  { O  (tk) 1 ; and s i m i l a r l y  f o r  b  (tk) and 
1 j  



i n  which O ( t k )  i s  an  o b s e r v a t i o n  o f  a i r  t empe ra tu r e .  The expres -  

s i o n  f l  would t h e r e f o r e  b e  i n t ended  t o  account  f o r  t h e  s e a s o n a l  

v a r i a t i o n s  i n  s o i l - m o i s t u r e  d e f i c i t  and e v a p o t r a n s p i r a t i o n ;  f 2  

would account  f o r  t h e  n o n l i n e a r  i n f l u e n c e  of  a  h igh  s t r eam d i s -  
3 -1 charge  ( > I 0  m s , f o r  i n s t a n c e )  on t h e  SS-load; and f 3  would 

account  f o r  t h e  e f f e c t s  of  l a r g e  in-s t ream r e s i d e n c e  t i m e s  and 

h igh  t empera tu res  on t h e  s e a s o n a l  uptake and r e l e a s e  o f  TP.  

The observed r e c o r d s  o f  u l ,  p r e c i p i t a t i o n ,  and O would presumably 

p rov ide  a  s u i t a b l e  s e t  o f  i n p u t  sequences f o r  t h e  above model 

under t h e  assumption t h a t  they  would r e f l e c t  s i g n i f i c a n t  s e a s o n a l  

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

t h e  a n a l y s i s  ske t ched  i n  t h i s  d i s c u s s i o n  cou ld  be conducted 

w i t h i n  t h e  framework of  Monte Ca r lo  s i m u l a t i o n  u s i n g  t h e  d i s t r i b u -  

t i o n s  o f  parameter  e s t i m a t e s  impl ied  by t h e  var iance-covar iance  

m a t r i c e s  P  o f  e q u a t i o n  ( 6 ) .  Care would be r e q u i r e d ,  however, 

i n  ensu r ing  t h a t  i n t u i t i v e l y  a p p r o p r i a t e  c o r r e l a t i o n s  among t h e  

paramete rs  of e q u a t i o n s  ( 1  4 )  a r e  p r e se rved .  

6 .  CONCLUSIONS 

This  a n a l y s i s  of  n u t r i e n t  l oad ings  i n  t h e  Zala River  has  

been fo rmula ted  a t  t h e  r e l a t i v e l y  microscop ic  l e v e l  of  day-to-day 

v a r i a t i o n s  i n  behav iour ,  a l t hough  t h e  o b j e c t i v e s  o f  t h e  s t udy  

have been r e l a t i v e l y  macroscopic ,  i . e .  t o  d i s t i n g u i s h  t h e  aggre-  

g a t e ,  o r  average ,  d i s t r i b u t i o n  of  t h e  phosphorus l oad ings  between 

p o i n t  and nonpoint  sou rce s  and between forms a v a i l a b l e  and n o t  

a v a i l a b l e  f o r  phytoplankton growth. There has  a l s o  been an  i m -  

p l i c i t  o b j e c t i v e  o f  de te rmin ing  t h e  q u a n t i t y  of  n u t r i e n t s  t r a n s -  

p o r t e d  t o  t h e  l a k e  d u r i n g  s to rm e v e n t s ,  a  f a c t o r  s t r o n g l y  in -  

f l u e n c i n g  t h e  e s t i m a t e s  o f  agg rega t e  l o a d s  b u t  u s u a l l y  n o t  e a s i l y  

i d e n t i f i e d  due t o  t h e  slow sampling f requency of  t h e  a v a i l a b l e  

f i e l d  d a t a .  With r e f e r e n c e  t o  t h e s e  o b j e c t i v e s  a  p a r t i a l  succes s  

ha s  been ach ieved  i n  s e p a r a t i n g  t h e  e s t i m a t e s  o f  p a r t i c u l a t e  and 

n o n - p a r t i c u l a t e  f r a c t i o n s  of  t h e  TP l o a d ,  which approximate ly  

cor responds  wi th  t h e  d i v i s i o n  between u n a v a i l a b l e  and a v a i l a b l e  

forms of  phosphorus. However, it has  been s u r p r i s i n g l y  d i f f i c u l t  

t o  i d e n t i f y  a  c o n s i s t e n t  e s t i m a t e  among d i f f e r e n t  y e a r s  o f  t h e  

po in t - source  TP l o a d  du r ing  dry-weather c o n d i t i o n s  and,  r a t h e r  



more a s  expec ted ,  e q u a l l y  d i f f i c u l t  t o  d i s t i n g u i s h  unambiguously 

between l o a d s  d e r i v i n g  from p o i n t  and nonpoin t  s o u r c e s  d u r i n g  

p r e c i p i t a t i o n  e v e n t s .  

The r e s u l t s  emphasise t h e  o b s e r v a t i o n  t h a t  t h e  v a r i a t i o n s  

o f  TP l oad ings  i n  t h e  Zala River  f o r  t h e  y e a r s  1975-78 e x h i b i t  

few f e a t u r e s  t h a t  a r e  r e g u l a r .  Th i s  v a r i a b i l i t y  o f  behav iour  i s  

due p r i m a r i l y  t o  c o n s i d e r a b l e  v a r i a t i o n s  i n  t h e  a g g r e g a t e  quar-  

t e r l y  p r e c i p i t a t i o n  p a t t e r n s  o f  t h e s e  y e a r s .  For t h e  y e a r  1978, 

t o  which most o f  t h e  a n a l y s i s  r e f e r s ,  t h e  ave r age  dry-weather ,  

po in t - source  TP l o a d  ha s  been e s t i m a t e d  t o  range  between 110-145 

kg day 
- 1 a t  t h e  mouth o f  t h e  Zala River ,  i . e . ,  abou t  50-60% o f  

t h e  t o t a l  a g g r e g a t e  TP l o a d  f o r  t h a t  y e a r .  I n  1976, however, 
- 1 

t h i s  l o a d  cou ld  have been a s  low a s  60 kg day ( abou t  40% o f  

t h e  ave r age  d a i l y  t o t a l  l o a d )  and one can  on ly  s p e c u l a t e  t h a t  

t h i s  low v a l u e  r e f l e c t s  s i g n i f i c a n t  in - s t ream up take  o f  TP be- 

tween t h e  po in t - sou rce  d i s c h a r g e s  and t h e  mouth o f  t h e  Zala a t  

Fenekpus z t a  . 
The TP l o a d s  a r i s i n g  from p a r t i c u l a t e  (SS) m a t e r i a l  a r e  

s t r o n g l y  dependent  upon t h e  major  p r e c i p i t a t i o n  e v e n t s .  I n  1978 

t h e  SS-derived TP l o a d  was on ave rage  45 kg day - 1 (20% o f  t h e  

t o t a l )  and f o r  1976 it was abou t  60 kg day - 1 (40% of  t h e  t o t a l  

f o r  t h a t  y e a r ) .  The s u r p r i s i n g l y  low f i g u r e  f o r  t h i s  t y p e  of  l o a d  

f o r  1978 i s ,  however, u n l i k e l y  t o  be s e r i o u s l y  i n  e r r o r .  The 

major f a c t o r  a f f e c t i n g  t h e  SS-load v a r i a t i o n s ,  and hence t h a t  

component of  t h e  TP l o a d  d e r i v e d  from SS m a t e r i a l ,  i s  t h e  s t r e a m  

d i s c h a r g e ,  which de t e rmines  t h e  r a t e  of  d e p o s i t i o n  o r  s c o u r i n g  

o f  p a r t i c l e s  t o  and from t h e  bed sed iments .  The t h r e s h o l d  v a l u e  
3 -1 f o r  t h e  d i s c h a r g e  above which s c o u r i n g  o c c u r s  i s  rough ly  10-12 m s . 

I n  g e n e r a l ,  and f o r  a l l  t h e  y e a r s  1975-78, t h e  o v e r a l l  c h a r a c t e r -  

i s a t i o n  o f  t h e  sho r t - t e rm  (day-to-day) TP l o a d  r e sponse  t o  a  

p r e c i p i t a t i o n  e v e n t  i s  one  of  t h e  few r e g u l a r  f e a t u r e s  i n  t h e  ob- 

s e r v e d  behav iour  o f  t h e  watershed.  

Only a p a r t  o f  t h e  TP l o a d  a r i s i n g  from a p r e c i p i t a t i o n  

e v e n t  i s  due t o  a  p a r t i c u l a t e  f r a c t i o n .  There i s  a l s o  a non- 

p a r t i c u l a t e  f r a c t i o n ,  whose dynamics resemble  a f i r s t - f l u s h  
- 1 

e f f e c t ,  and which amounted t o  an  ave rage  TP l oad  o f  30 kg day 



i n  both 1976 and 1978. This type  of  l oad  could w e l l  be of an 

a v a i l a b l e  phosphorus form, a l though it i s  n o t  p o s s i b l e  t o  i n f e r  

whether i t o r i g i n a t e s  from a  p o i n t  o r  a  nonpoint  sou rce .  I n  view 

of t h e  e q u a l i t y  of  t h i s  load  f o r  t h e  two yea r s  1976 and 1978, 

which r e f l e c t s  merely an e q u a l i t y  of y e a r l y  aggrega te  p r e c i p i t a -  

t i o n ,  t h e  maximum d i f f e r e n c e  i n  t h e  p o t e n t i a l l y  a v a i l a b l e  phos- 

phorus d e l i v e r e d  t o  Lake Balaton i s  simply t h e  d i f f e r e n c e  i n  t h e  

above two e s t i m a t e s  o f  t h e  base ,  dry-weather TP l o a d ,  i . e . ,  some 

85 kg day-' on average.  I f  phosphorus were t o  behave a s  a  con- 

s e r v a t i v e  subs tance ,  and t h e r e  being no sed imenta t ion  of  t h i s  

non -pa r t i cu l a t e  f r a c t i o n ,  t h e  d i f f e r e n c e  i n  t h e  r e s u l t i n g  s teady-  

s t a t e  TP concen t r a t i ons  i n  t h e  Keszthely bay o f  Lake Balaton 

might be about  0.1 gm-3 (which i s  a c t u a l l y  i n  a b s o l u t e  terms about  

t h e  maximum va lue  of TP concen t r a t i on  observed i n  t h i s  p a r t  of 

t h e  l a k e  over  t h e  pe r iod  1976-1978, s e e  van S t r a t e n  e t  a l . ,  1979) .  

Such a  v a r i a t i o n  i n  average dry-weather l oad ing  r a t e s  and i t s  

causes  a r e  c l e a r l y  of cons ide rab le  s i g n i f i c a n c e .  Fu r the r  s tudy  

i n  t h i s  d i r e c t i o n  would be d e s i r a b l e .  

F i n a l l y ,  t h e r e  a r e  two o t h e r  i n t e r - r e l a t e d  r e s u l t s  of t h e  

a n a l y s i s  t h a t  l i k e w i s e  deserve  f u r t h e r  s tudy .  I n  t h e  summer of 

1975 extremely high TP loads  were observed fol lowing a  s torm 

even t ,  and over  and above t h e  r e g u l a r  shor t - te rm dynamic response 

of  t h e  load  a  longer-term, s lower  response i n  t h e  TP load  a t  

Fenekpuszta appeared t o  have been s t i m u l a t e d .  This l a t t e r  p a r t  

of  t h e  response could  have been due t o  t h e  f l ood ing  and subse- 

quent  slow d ra inage  of  marshland; t h e  p o t e n t i a l  of t h e  watershed 

t o  gene ra t e  such high and r e l a t i v e l y  p e r s i s t e n t  loads  i s  aga in  a  

f e a t u r e  o f  cons ide rab le  s i g n i f i c a n c e  and worthy of f u r t h e r  re-  

s ea rch .  The s i g n i f i c a n c e  of  t h i s  f e a t u r e  i s  indeed enhanced 

given t h e  l o c a t i o n  of  t h e  Kis-Balaton reed-pond p r o j e c t .  The 

s imple  models developed from t h e  p r e s e n t  a n a l y s i s  would provide 

a  u s e f u l  s t a r t i n g  p o i n t  f o r  t h e  gene ra t ion  of t y p i c a l  TP load  

t ime- se r i e s  a s  i n p u t  d i s t u r b a n c e  sequences f o r  e v a l u a t i n g  t h e  

p o s s i b l e  performance of  t h i s  p r o j e c t  a s  a  c o n t r o l  op t ion  f o r  

l a k e  e u t r o p h i c a t i o n  management. 
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