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ABSTRACT 

Many c i t i e s  i n  t h e  Uni ted S t a t e s  a r e  c o n s i d e r i n g  s u r c h a r g e s  on indus-  

t r i a l  w a s t e s  h a v i n g  a  s t r e n g t h  g r e a t e r  t h a n  domes t ic  w a s t e s  because  (1) 

i n d u s t r i a l  was tes  have r i s e n  a  g r e a t  d e a l  due,  i n  p a r t ,  t o  i n c r e a s e d  wages, 

(2 )  w a s t e  t r e a t m e n t  requ i rements  and c o s t s  have been r i s i n g ,  and (3 )  t h e  

Environmental  P r o t e c t i o n  Agency i s  r e q u i r i n g ,  a s  a  p r e - c o n d i t i o n  f o r  t h e i r  

g r a n t s ,  t h a t  i n d u s t r i e s  pay an  e q u i t a b l e  s h a r e  of m u n i c i p a l  w a s t e  t r e a t m e n t  

c o s t s ,  T h i s  s t u d y  i s  d i r e c t e d  a t  h e l p i n g  c i t i e s  make d e c i s i o n s  abou t  t h e s e  

c h a r g e s  by e s t i m a t i n g  t h e  e f f e c t  of s u r c h a r g e s  on i n d u s t r i a l  w a s t e s  d i s -  

charged i n t o  munic ipa l  sys tems  and on t h e  q u a n t i t y  o f  w a t e r  demanded from 

munic ipa l  sys tems by i n d u s t r i a l  f i r m s .  The g a i n s  t o  s o c i e t y  t h a t  a r e  pos- 

s i b l e  w i t h  t h e  i n t r o d u c t i o n  of s u r c h a r g e s  are a l s o  e s t i m a t e d .  

M u l t i p l e  r e g r e s s i o n  e q u a t i o n s  based  upon a n  o p e r a t i o n a l  t h e o r y  of how 

i n d u s t r i e s  respond t o  sewage s u r c h a r g e s  were  s p e c i f i e d  f o r  e s t i m a t i n g  

e l a s t i c i t i e s  o f  demand. Next,  198 t i m e - s e r i e s  o b s e r v a t i o n s  were o b t a i n e d  

from 34 c i t i e s  i n  t h e  Uni ted S t a t e s  t h a t  have been u s i n g  s u r c h a r g e s .  Cities 

do n o t  change t h e i r  w a s t e  and w a t e r  charges  v e r y  o f t e n .  Hence, t h e  d a t a  

c o n t a i n e d  p r a c t i c a l l y  no p r i c e  and q u a n t i t y  v a r i a t i o n  w i t h i n  c i t i e s ,  b u t  

t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  a c r o s s  c i t i e s .  

N e v e r t h e l e s s ,  t h e  d a t a  from t h e s e  c i t i e s  do s u b s t a n t i a t e  t h e  n e g a t i v e  

r e l a t i o n s  hypothes ized  among t h e s e  p r i c e s  and q u a n t i t i e s .  Surcharges  do 

seem t o  cause  a r e d u c t i o n  i n  i n d u s t r i a l  w a s t e s ,  and t h e  c i t i e s  w i t h  h i g h  

s u r c h a r g e s  on BOD have less i n d u s t r i a l  b i o d e g r a d a b l e  w a s t e  t o  t r e a t  t h a n  

t h o s e  w i t h  low s u r c h a r g e s .  Surcharges  on w a s t e s  a l s o  c a u s e  a r e d u c t i o n  i n  

t h e  i n d u s t r i a l  u s e  of w a t e r .  The a v a i l a b l e  ev idence  a l s o  s u p p o r t s  t h e  con- 

c l u s i o n  t h a t  c i t i e s  which charge  t h e  most f o r  w a t e r  s e l l  l e s s  w a t e r  t o  

i n d u s t r y  p e r  $1000 v a l u e  added i n  manufac tu r ing  and r e c e i v e  fewer pounds o f  



w a s t e  from i n d u s t r y .  The l e v e l  of conf idence  i n  t h e s e  r e s u l t s  i s  q u i t e  low. 

Confidence levels a r e  expressed  i n  terms of p r o b a b i l i t i e s  i n  t h e  f i n a l  p a r t s  

of S e c t i o n s  V and V I .  About a l l  t h a t  can be  s a i d  i s  t h a t  h i g h e r  s u r c h a r g e s  

and p r i c e s  f o r  w a t e r  do seem t o  have a  n e g a t i v e  e f f e c t  on w a s t e  l e v e l s  and 

t h e  u s e  of v a t e r i  I t  i s  somewhat c l e a r e r  t h a t  h i g h e r  r e a l  wage r a t e s  have 

been a s s o c i a t e d  w i t h  i n c r e a s e d  use  of water by i n d u s t r y  t o  f low avay more 

pounds of w a s t e .  

iii 
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I. SUMMARY AND CONCLUSIONS 

The r e a l i z a t i o n  t h a t  t he  a s s i m i l a t i v e  capac i ty  of our  a q u a t i c  environ- 

ment i s  now a va luab le  resource  has made water  p o l l u t i o n  an i s s u e  of 

n a t i o n a l  concern i n  r e c e n t  years .  A t  t h e  same time t h a t  t he  i n d u s t r i a l  out- 

pu t  of wastes  has been inc reas ing ,  c i t i z e n s  of t he  United S t a t e s  have become 

l e s s  w i l l i n g  t o  l i v e  wi th  po l lu t ed  waters .  A s  a  r e s u l t ,  var ious  government 

p o l i c i e s  a r e  being s tud ied  t o  reduce or  c o n t r o l  t he  d ischarge  of i n d u s t r i a l  

wastes .  One such po l lu t ion -con t ro l  s t r a t e g y  involves  t h e  Environmental Pro- 

t e c t i o n  Agency's requirement t h a t  i n d u s t r i a l  waste t rea tment  payments t o  

c i t i e s  be equal  t o  t h e  municipal  c o s t  of t r e a t i n g  i n d u s t r i a l  wastes .  Th i s ,  

i n  t u r n ,  has  caused many c i t i e s  i n  t he  United S t a r e s  t o  levy surcharges  on 

i n d u s t r i a l  wastes  . 
Sewer surcharges a r e  based on t h e  s t r e n g t h  of i n d u s t r i a l  was tes .  They 

a r e  u sua l ly  l e v i e d  on biochemical  oxygen demand (BOD) o r  suspended s o l i d s  

(SS) above some minimum l e v e l .  Surcharges provide an i n c e n t i v e  f o r  i n d u s t r y  

t o  reduce the  water -car r ied  wastes  they d ischarge  t o  t h e  c i t y  t h a t  i s  not  

p re sen t  i n  ord inary  sewer charges based on the  volume of water  a lone .  Sur- 

charges a r e  n o t  a  replacement f o r  r e g u l a t i o n s .  Mun ic ipa l i t i e s  s t i l l  pro- 

t e c t  themselves a g a i n s t  t h e  d ischarge  of u n t r e a t a b l e  wastes  i n t o  t h e i r  sewers 

through t h e  use  of r egu la t ions .  Surcharges a r e  l e v i e d  on those  was tes  which 

can be convenient ly handled a t  municipal t reatment  f a c i l i t i e s .  Regulat ions 

a r e  used t o  p r o h i b i t  t he  d ischarge  of t o x i c  wastes  and o t h e r  i n d u s t r i a l  

p o l l u t a n t s  which cannot be t r e a t e d  by the  c i t y .  

One mot iva t ing  f o r c e  behind t h i s  s tudy was a need t o  desc r ibe  and under- 

s t and  surcharges  and t h e i r  r e l a t i o n s h i p  t o  water  q u a l i t y  management. Also, 

c i t y  managers need some ideas  about how indus t ry  w i l l  respond t o  surcharges  



when t h e y  p r e s e n t  such  p r o p o s a l s  t o  c i t y  c o u n c i l s  and when t h e y  p l a n  f a c i l i -  

t i e s  f o r  w a t e r  and w a s t e  t r e a t m e n t ,  S p e c i f i c  o b j e c t i v e s  were  t o  e s t i m a t e :  

(1) t h e  e f f e c t  of s u r c h a r g e s  on t h e  q u a n t i t y  of was te  d i s c h a r g e d  by 

f i r m s  i n t o  munic ipa l  sys tems ,  , 

(2 )  t h e  e f f e c t  of s u r c h a r g e s  on t h e  q u a n t i t y  o f  w a t e r  demanded by f i r m s  

from m u n i c i p a l  sys tems ,  and 

(3)  t h e  g a i n s  t o  s o c i e t y  t h a t  a r e  p o s s i b l e  w i t h  t h e  i n t r o d u c t i o n  of 

s u r c h a r g e s .  

The p rocedure  fol lowed i n  t h i s  s t u d y  invo lved  t h e  development of an  

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

d e r i v e d  i n d i c a t i n g  how f i r m s  respond t o  changes i n  s u r c h a r g e s ,  t h e  p r i c e  

of w a t e r  and normal sewer ,  and wage r a t e s  under  t h e  assumption t h a t  t h e y  

a r e  maximizing p r o f i t s .  The t h e o r y  was t h e n  t r a n s l a t e d  i n t o  o b s e r v a b l e  

v a r i a b l e s ,  and m u l t i p l e  r e g r e s s i o n  p rocedures  were  s p e c i f i e d  f o r  e s t i m a t i n g  

e l a s t i c i t i e s  of demand f o r  w a t e r  and w a s t e  t r e a t m e n t .  Next, 198 a n n u a l  

o b s e r v a t i o n s  from 34 Uni ted S t a t e s  c i t i e s  w i t h  s u r c h a r g e s  were  o b t a i n e d  s o  

t h a t  r e g r e s s i o n  c o e f f i c i e n t s  cou ld  b e  e s t i m a t e d  and t h e  e l a s t i c i t i e s  ca lcu-  

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

a l s o  e s t i m a t e d .  

Surcharges  a r e  b e i n g  used by c i t i e s  of w i d e l y  d i f f e r e n t  s i z e s  and 

i n d u s t r i a l  composi t ions .  Most of t h e  c i t i e s  which s u p p l i e d  d a t a  are l o c a t e d  

i n  t h e  s o u t h e r n  and w e s t e r n  p a r t s  of t h e  Uni ted S t a t e s  and have  o n l y , s t a r t e d  

u s i n g  s u r c h a r g e s  w i t h i n  t h e  las t  few y e a r s ,  Surcharge  and w a s t e  l e v e l s ,  

a l o n g  w i t h  . the  p r i c e s  of w a t e r  and normal sewer s e r v i c e  and w a t e r  usage  

l e v e l s ,  tended t o  b e  c o n s t a n t  w i t h i n  c i t i e s  r e l a t i v e  t o  between c i t i e s .  As 

a r e s u l t ,  t h e  d a t a  b a s e  c o n t a i n e d  mos t ly  c r o s s - s e c t i o n a l  v a r i a t i o n  and t h e  

time-series component of t h e  d a t a  d i d  n o t  c o n t a i n  enough v a r i a t i o n  t o  



es t ima te  t h e  i n d u s t r i a l  response t o  surcharges w i t h i n  c i t i e s .  The l a c k  of 

w i th in -c i ty  v a r i a t i o n  i n  t h e  d a t a  base and unexplained d i f f e r e n c e s  among 

c i t i e s  meant t h a t  t h e  e r r o r s  i n  some of t h e  r eg re s s ion  equat ions  were no t  

independent ly d i s t r i b u t e d .  The f i n a l  p a r t s  of Sec t ions  V and V I  e x p l a i n  

t h e  wide confidence i n t e r v a l s  t h a t  should be  assigned t o  t h e  c o e f f i c i e n t s  

and p re sen t  r e s u l t s  from s e v e r a l  subse t s  of t h e  da t a .  

Two reg res s ion  equat ions  were chosen t o  i l l u s t r a t e  t h e  economic impli- 

c a t i o n s  of levying  a  surcharge.  They were based on a l l  of t he  a v a i l a b l e  

d a t a  and provide an average which i s  a s soc i a t ed  mainly wi th  d i f f e r e n c e s  

among c i t i e s .  Not a l l  c i t i e s  should expect  t o  observe responses t h i s  

l a r g e ,  s i n c e  t h e s e  a r e  merely averages,  nor should they expect  t he  t o t a l  

e f f e c t  t o  show up i n  

t i o n s  were: 

1 )  A 45 percent  

t h e  f i r s t  yea r .  The main conclusions from t h e s e  equa- 

reduct ion  i n  pounds of BOD pe r  $1000 va lue  added i n  

manufacturing would be expected i f  a  modest surcharge  of $27.00 pe r  1,000 

pounds of BOD were introduced where none had been used be fo re ,  This  sur -  

charge could a l s o  r e s u l t  i n  a  42 percent  r educ t ion  i n  water  usage. 

2) A t  t h i s  average surcharge  of $27.00, an i n c r e a s e  of 10 pe rcen t  i n  

t he  surcharge (above and beyond t h e  r a t e  of i n f l a t i o n )  would be expected t o  

cause an 8 percent  r educ t ion  i n  wastes  and a  6 percent  r educ t ion  i n  water  

use.  The impos i t ion  of a  surcharge  could have even l a r g e r  e f f e c t s  i f  

i ndus t ry  f i n d s  i t  easy t o  move t o  another  c i t y .  The above e s t ima te s  were 

based on the  assumption t h a t  modest changes i n  surcharge  r a t e s  would n o t  

cause indus t ry  t o  r e l o c a t e .  

3 )  Assuming a  g ros s  marginal  p r i c e  of water  of $.40 pe r  1,000 ga l lons ,  

a  10 percent  i n c r e a s e  i n  t h e  r e a l  water  r a t e  (above and beyond the  r a t e  of 

i n f l a t i o n )  would be expected t o  cause a 7 percent: r educ t ion  i n  water  usage 



and about  a 1 0  p e r c e n t  r e d u c t i o n  i n  the pounds of i n d u s t r i a l  w a s t e s .  

4)  I n c r e a s e s  i n  wage r a t e s  r e l a t i v e  t o  c o s t  o f  o t h e r  p r o d u c t i v e  i n p u t s  

and r e l a t i v e  t o  t h e  c o s t  of w a t e r  and sewer s e r v i c e s  have been a s s o c i a t e d  w i t h  

d r a m a t i c  i n c r e a s e s  i n  t h e  u s e  o f  w a t e r  t o  f low away was tes .  Tha t  i s ,  b o t h  

i n d u s t r i a l  w a t e r  usage  and w a s t e  loads have i n c r e a s e d  d i r e c t l y  w i t h  i n c r e a s e s  

i n  wage r a t e s  i n  t h e  r e c e n t  p a s t .  

5) The average  g a i n  t o  s o c i e t y  as a whole from t h e  i n t r o d u c t i o n  of s u r -  

charges  of $27.00 p e r  1 ,000 pounds s f  BOD was es t fmated  t o  be  $ . 5 3  p e r  $1000 

v a l u e  added i n  manufac tu r ing ,  The v a l u e  added i n  manufac tu r ing  by t h e  f o u r  

major  i n d u s t r i e s  c o n t r i b u t i n g  BOD was e s t i m a t e d  t o  be  $85 b i l l i o n  i n  1970. 

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

charges  on BOD was $45 m i l l i o n  p e r  y e a r ,  Cos t s  of m o n i t o r i n g  w a s t e s  and 

a d m i n i s t e r i n g  s u r c h a r g e s  were n o t  s u b t r a c t e d  i n  a r r i v i n g  a t  t h e  above e s t i -  

mate.  P a r t i a l l y  o f f s e t t i n g  t h i s ,  o t h e r  i n d u s t r i e s  c o n t r i b u t e  roughly  7 per -  

c e n t  of t h e  i n d u s t r i a l  BOD and some e s t a b l i s h m e n t s ,  such as commercial 

l a u n d r i e s ,  would l o g i c a l l y  pay s u r c h a r g e s .  I n c i d e n t a l l y ,  t h i s  $45 m i l l i o n  

f i g u r e  i s  a l s o  a rough e s t i m a t e  o f  t h e  c o s t  t o  i n d u s t r y  o f  t h e  45 p e r c e n t  

r e d u c t i o n  i n  t h e i r  BOD mentioned i n  (1) above. T h i s  amount p e r  y e a r  i s  

modest compared w i t h  o t h e r  e s t i m a t e s  t h a t  one s Q e s  r e g a r d i n g  c o s t s  o f  w a s t e  

t r e a t m e n t .  



Recommendations Regarding Use of Surcharges  

Cities t h a t  a r e  r e c e i v i n g  s i z e a b l e  amounts of i n d u s t r i a l  w a s t e  m a t e r i a l s  

which a r e  a l s o  c o s t l y  t o  t r e a t  o r  d i s c h a r g e  t o  rivers shou ld  b e  c h a r g i n g  

i n d u s t r y  a c c o r d i n g  t o  t h e  pounds of t h e s e  w a s t e s ,  T h i s  a p p l i e s  t o  items l i k e  

phospha tes  a s  w e l l  a s  t o  BOD. Charges p r o v i d e  l o g i c a l  i n c e n t i v e s  t o  i n d u s t r y  

t o  r e d u c e  t h e s e  w a s t e s  t o  whatever  e x t e n t  t h e y  c a n  r e d u c e  them a t  t h e  s o u r c e  

more cheaply  t h a n  t h e  c i t y  o r  s a n i t a r y  d i s t r i c t  can t r e a t  them. I n  o r d e r  t o  

c o n t r i b u t e  t o  g e n e r a l  w e l f a r e ,  t h e  c i t y  shou ld  charge  no more t h a n  i t  c o s t s  

t h e  c i t y  t o  t r e a t  t h e  w a s t e s .  T h i s  recommendation t h a t  s u r c h a r g e s  b e  used 

on ly  a p p l i e s  i f  t h e  c o s t s  o f  moni to r ing  and b i l l i n g  can  b e  k e p t  much lower  

t h a n  t h e  cor responding  c h a r g e s ,  The recommendation h a s  l i t t l e  t o  do w i t h  t h e  

s t u d y  b e i n g  r e p o r t e d  h e r e ,  b u t  t h e  s t u d y  does  r e i n f o r c e  t h e  i d e a  t h a t  s u r -  

charges  do work and do p r o v i d e  an i n c e n t i v e  t o  reduce  w a s t e s .  

I n  c o n j u n c t i o n  w i t h  t h i s  r e s e a r c h  and i n  c o o p e r a t i o n  w i t h  t h e  Water 

Q u a l i t y  D i v i s i o n  of t h e  North  C a r o l i n a  Department of N a t u r a l  and Economic 

Resources ,  t h e  Water Resources  Research I n s t i t u t e  (1972) p u b l i s h e d  a p a c k e t  

of "Sugges t ions  and G u i d e l i n e s  f o r  C i t i e s  Tha t  Are C o n s i d e r i n g  Surcharges .  I t  1 

Qne s i m p l e  b i l l i n g  p rocedure  d e s c r i b e d  i n  t h i s  p a c k e t  i s  t h a t  used by Tarboro ,  

North  C a r o l i n a ,  where i n d u s t r i a l  sewer s e r v i c e  b i l l s  a r e  e i t h e r  60 p e r c e n t  o f  

t h e  w a t e r  b i l l  o f  1 0  c e n t s  p e r  pound of  BOD, whichever  happens t o  b e  g r e a t e r .  

T h i s  g e t s  around t h e  n e g a t i v e  e f f e c t  of d e f i n e d  normal l e v e l s  i n  t h a t  t h e y  

r e d u c e  t h e  n e t  c o s t  o f  a d d i t i o n a l  w a t e r  ( s e e  t h e  d i s c u s s i o n  of F i g u r e  3 

below).  Another way t o  a v o i d  t h e  p e r v e r s e  e f f e c t  of d e f i n e d  normals  i s  t o  

b i l l  i n d u s t r y  s e p a r a t e l y  f o r  volume and f o r  w a s t e  l o a d s .  Salem, Oregon; 

'copies may b e  o b t a i n e d  from t h e  Water Resources  Research I n s t i t u t e ,  
124 Ridd ick  B u i l d i n g ,  North  C a r o l i n a  S t a t e  U n i v e r s i t y ,  R a l e i g h ,  N. C. 27607 
f o r  $W6; dr.3.,~-% 
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Chicago, I l l i n o i s ;  and some o t h e r  c i t i e s  a r e  do ing  t h i s .  Chicago f u r t h e r  

r e q u i r e s  t h a t  f i r m s  c a l c u l a t e  and pay t h e i r  own b i l l s .  

Recommendations f o r  F u r t h e r  Research 

F u r t h e r  s t u d y  of i n d u s t r i a l  r e s p o n s e  a l o n g  t h e  l i n e s  of t h i s  s t u d y  i s  

n o t  recommended a t  t h i s  t i m e .  The d a t a  b a s e  i s  t o o  small and t h e  o t h e r  

s o u r c e s  of d i f f e r e n c e  from c i t y - t o - c i t y  t o o  l a r g e  t o  make r e a s o n a b l y  s i g n i -  

f i c a n t  r e s u l t s  p o s s i b l e .  B e s i d e s ,  f o r  most p o l i c y  p u r p o s e s ,  one wants  t o  

estimate t h e  t i m e - s e r i e s  response  f o r  a g i v e n  s e t  o f  i n d u s t r i e s  r a t h e r  t h a n  

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

any p a s t  t e n d e n c i e s  f o r  wa te r -us ing  i n d u s t r i e s  t o  have l o c a t e d  and s t a y e d  

where w a t e r  and w a s t e  t r e a t m e n t  c o s t s  were low. 

One a l t e r n a t i v e  i s  t o  t a k e  a  c a s e  s t u d y  approach and e s t i m a t e  indus-  

t r i a l  r e s p o n s e s  t o  s u r c h a r g e s  w i t h i n  i n d i v i d u a l  c i t i e s  t h a t  do have s e v e r a l  

y e a r s  e x p e r i e n c e .  By s t u d y i n g  t h e  w a s t e  and w a t e r  usage  l e v e l s  of s e l e c t e d  

i n d u s t r i a l  groups  w i t h i n  c i t i e s  b e f o r e  and a f t e r  a  s u r c h a r g e  i s  imposed, 

c i t y  e s t i m a t e s  of t h e  i n d u s t r i a l  demand f o r  w a s t e  t r e a t m e n t  and w a t e r  can  

be  q u a n t i f i e d .  The o v e r a l l  r e s p o n s e  of a  p a r t i c u l a r  i n d u s t r i a l  group wi th -  

i n  a  c i t y  would be  of i n t e r e s t  t o  o t h e r  c i t i e s  which have similar i n d u s t r i a l  

compos i t ions  and a r e  c o n s i d e r i n g  a d o p t i n g  s u r c h a r g e s ,  T h i s  approach s h o u l d  

a l s o  p e r m i t  d e s c r i p t i o n  of major  a d j u s t m e n t s  i n  i n d u s t r i a l  p r o c e s s e s  i n  

terms o f  changes i n  waste l o a d s  and w a t e r  l e v e l s  o v e r  t ime ,  

Another meaningful  unanswered q u e s t i o n  p e r t a i n s  t o  m u n i c i p a l  w a s t e  

t r e a t m e n t  c o s t  f u n c t i o n s .  The approach i n  t h i s  s t u d y  h a s  been t o  assume 

t h a t  m u n i c i p a l i t i e s  have c o n s t a n t  w a s t e  t r e a t m e n t  c o s t  f u n c t i o n s  and t h a t  

s u r c h a r g e s  r e f l e c t  t h e i r  n e t  c o s t s  of t r e a t i n g  BOD. Re levan t  i n f o r m a t i o n  

f o r  a  p a r t i c u l a r  c i t y  i s  how c o s t s  change w i t h  h e a v i e r  w a s t e  l o a d i n g s  and 

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



Recommendations Regarding Stream Charges 

The e f f e c t i v e n e s s  of surcharges  w i t h i n  c i t i e s  does no t  imply t h a t  s t a t e s  

should levy  s t ream charges on c i t i e s  and i n d u s t r i e s  t h a t  a r e  us ing  our  r i v e r s .  

There i s  a n a t u r a l  tendency t o  use  evidence of i n d u s t r i a l  response t o  sur -  

charges t o  support  t h e  i d e a  of s t ream charges.  This  s tudy  only lends suppor t  

t o  t h e  

charge 

To the  

i d e a  t h a t  i n d u s t r i e s  and c i t i e s  would respond. The h igher  t h e  s t ream 

t h e  l e s s  w i l l  b e  t h e  quan t i t y  of t r e a t e d  waste  dumped i n t o  t h e  r i v e r .  

ex t en t  t h a t  c i t i e s  and i n d u s t r i e s  could t r e a t  t h e i r  wastes  f o r  l e s s  

than  s t ream charges,  they would "vo lun ta r i l y"  do so .  

However, t h e r e  may be b e t t e r  a l t e r n a t i v e s ,  b e t t e r  i n s t i t u t i o n s  than  

s t ream charges,  f o r  t h e  management of water  q u a l i t y .  Water and sewer u t i l i t i e s  

can be key i n s t i t u t i o n s  i n  t h e  process  of any change toward more r a t i o n a l  use 

of our  r i v e r s .  These u t i l i t i e s  o f t e n  draw water  from s t reams,  t r e a t  i t ,  and 

d ischarge  wastes .  U t i l i t i e s  departments a r e  a l s o  l i k e l y  t o  be aware of 

demands on s t reams by parks  and r e c r e a t i o n  departments.  Hence, t h e  water  and 

sewer departments of one c i t y  should b e  i n  an i d e a l  p o s i t i o n  t o  n e g o t i a t e  w i th  

s i m i l a r  departments i n  o t h e r  c i t i e s  f o r  h ighe r  ( o r  lower) s t ream s t anda rds .  

S t a t e  governments can e s t a b l i s h  i n s t i t u t i o n s  which encourage t h i s  kind of 

n e g o t i a t i o n  among c i t i e s  and o t h e r  major d i scha rge r s  t h a t  must s h a r e  t h e  same 

r i v e r .  One type  of i n s t i t u t i o n a l  change would invo lve  s t a t e  governments o r  

r i v e r  a u t h o r i t i e s  i s s u i n g  "discharge r i g h t s . "  A s  descr ibed  by Mar (1971), 

t h e s e  should be " t r ans fe rab le"  among u s e r s  and de f ined  i n  terms of t h e  q u a l i t y  

of t h e  r i v e r  a t  a p o i n t .  Permission t o  d ischarge  would no t  be  t r a n s f e r a b l e  

among reaches.  If a downstream c i t y  o r  f i s h i n g  group pays an upstream c i t y  

f o r  p a r t  of i t s  r i g h t s  t o  d ischarge  wastes ,  then t h i s  p a r t  of t h e  upstream 

c i t y ' s  r i g h t s  a r e  withdrawn o r  ssmply given up f o r  t h e  s p e c i f i e d  time per iod .  



Surcharges  now i n  u s e  by many c i t i e s  d o n a t  c a r r y  any i m p l i c a t i o n  t h a t  , 

stream c h a r g e s  a r e  more d e s i r a b l e  t h a n  a  sys tem of  t r a n s f e r a b l e  d i s c h a r g e  

r i g h t s .  Mar 's  sys tem of  t r a n s f e r a b l e  d i s c h a r g e  r i g h t s  c o u l d  g i v e  c i t i e s  and 

i n d u s t r i e s  t h e  same t y p e  of i n c e n t i v e  t o  reduce  t h e i r  w a s t e s  a s  would stream 

charges .  Once a  c i t y  r e a l i z e s  t h a t  they  can  s e l l  t h e i r  d i s c h a r g e  r i g h t s  t o  

downstream i n t e r e s t s ,  t h e y  w i l l  b e  aware of t h e  v a l u e  o f  t h e s e  r i g h t s .  The 

o p p o r t u n i t y  t o  s e l l  t h e  r i g h t s  means t h a t  t h e y  have a  v a l u e  ( c o s t )  e v e r y  b i t  

a s  r e a l  as a stream charge .  One economic advan tage  of t h e  i d e a  of encourag- 

i n g  t r a n s f e r s  as opposed t o  c h a r g e s  f i x e d  by t h e  s t a t e  i s  t h a t  t r a n s f e r  

p r i c e s  w i l l  convey more i n f o r m a t i o n  about  t h e  v a l u e  of a  c l e a n e r  s t ream.  A 

p o l i t i c a l  advan tage  i s  t h a t  g r a n t i n g  d i s c h a r g e  r i g h t s  approx imate ly  e q u a l  t o  

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

s t r e a m  charge .  

One i m p o r t a n t  t h i n g  t o  remember a s  our  l e g i s l a t u r e s  d e b a t e  t h e  i d e a  of 

s t r e a m  charges  i s  t h a t  n o t  a11 p o i n t s  8n a  s t r e a m  have t h e  same v a l u e  (im- 

p l i c i t  s c a r c i t y  v a l u e  of t h e  w a t e r  i t s e l f  o r  i m p l i c i t  v a l u e  of w a s t e  ass imi -  

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

L e g i s l a t e d  p r i c i n g  schemes a r e  a lmos t  always going t o  b e  t o o  s i m p l e  t o  ace 

comodate t h e s e  d i f f e r e n c e s  i n  vq lue .  

It shou ld  be  e v i d e n t  t h a t  t h i s  n o t e  of c a u t i o n  abou t  s t r e a m  charges  i s  

n o t  based on t h e  s t u d y  a t  hand, It  i s  based on r e l a t e d  thought  and a d e s i r e  

t o  keep t h e  r e s u l t s  of t h i s  s t u d y  from b e i n g  extended t o o  f a r .  There  i s  a  

need t o  c o n s i d e r  a d m i n i s t r a t i v e  and economic a s p e c t s  o f  a l t e r n a t i v e  i a s t i t u -  

t i o n s  f o r  t h e  management of s t r e a m  q u a l i t y .  



111. BACKGROUND AWD THEORY 

The I n t e r n a t i o n a l  C i t y  Management A s s o c i a t i o n  (1970) r e p o r t e d  t h a t  11 

p e r c e n t  of t h e  1 ,160  c i t i e s  surveyed l e v i e d  sewer  s u r c h a r g e s  on i n d u s t r i a l  

f i r m s  which d i s c h a r g e d  s t r o n g  w a s t e s ,  The survey  i n d i c a t e d  t h a t  many l a r g e  

w e s t e r n  c i t i e s  were  u s i n g  s u r c h a r g e s ,  

Nine c i t i e s  i n  North  C a r o l i n a  -- Ahoskie,  C h a r l o t t e ,  C l i n t o n ,  Durham, 

Goldsboro,  Greensboro,  Monroe, Tarboro ,  and Winston-Salem -- a r e  k n ~ w n  t o  

b e  l e v y i n g  s u r c h a r g e s  on i n d u s t r i a l  w a s t e s .  T a b l e  1 shows t h e  c u r r e n t  s u r -  

charge  r a t e  i n  s e v e r a l  c i t i e s ,  whether  it f s  l e v i e d  on BOD, SS o r  b o t h ,  and 

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

I n  a d d i t i o n ,  Lumberton w i l l  b e g i n  l e v y i n g  a  s u r c h a r g e  of $43.60 p e r  1 ,000  

pounds o f  BOD i n  e x c e s s  of 500 p a r t s  p e r  miEPfon, ppm, a s  soon a s  t h e i r  new 

w a s t e  t r e a t m e n t  p l a n t  i s  completed,  

I n  Durham, North  C a r o l i n a ,  f a r  example, t h e  sewer  s u r c h a r g e  b i l l  f o r  

f i r m s  hav ing  a  BOD s t r e n g t h  of mare t h a n  250 ppm i s  c a l c u l a t e d  a s  f o l l o w s :  

where 

P = 

MG = 

B = 

8 . 3 4  6 

Then 

where 

S =  

C = 

thousands  of pounds of BOD to which s u r c h a r g e  a p p l i e s ,  

m i l l i o n  g a l l o n s  o f  was tewate r  d i s c h a r g e d ,  

s t r e n g t h  o f  was tewate r  i n  pounds o f  BOD p e r  m i l l i o n  pounds of 
w a t e r ,  ppm, o v e r  250, aad 

pounds p e r  g a l l o n  w a t e r .  

s u r c h a r g e  b i l l  p a r  month, and 

s u r c h a r g e  r a t e ,  now $80 p e r  1 ,000  pounds o f  BOD. 



Table  1. Surcharge  r a t e s  o f  North  C a r o l i n a  c i t i e s  a s  of March, 1972 

Number 
s u r c h a r g e  

e f f e c t  charged 

C h a r l o t t e  1956 2 1 
C l i n t o n  Feb. 1972 1 
Durham J u l y  1970 24 
Goldsboro 1971  5 
Greensboro 1962 2 0 

H e n d e r s o n v i l l e  Apr. 1972 0 
Lumberton 0 
Monroe J a n ,  1970 8 
Tarboro March 1972 5 
Winston-Salem 1970 1 5  

Surcharges  i n  Waste s t r e n g t h  
d o l l a r s / 1 , 0 0 0  i n  ppm o v e r  which 

ounds 

a B i l l  i s  based on t o t a l  number of pounds of BOD d i s c h a r g e d  t i m e s  $. 1 0 / l b ,  
o r  a s  60 p e r c e n t  of w a t e r  b i l l ,  whichever  i s  g r e a t e r .  

P r e v i o u s  Work 

E t h r i d g e  (1970) h a s  summarized a s i z e a b l e  l i t e r a t u r e  i n  which economis t s  

have p o i n t e d  o u t  t h e  impor tance  of economic i n c e n t i v e s  i n  p o l l u t i o n  c o n t r o l .  2 

I n  g e n e r a l ,  e f f l u e n t  charges  c r e a t e  a m a r k e t - l i k e  s i t u a t i o n  i n  which pro- 

d u c e r s  a r e  p rov ided  a s i g n a l  r e l e v a n t  t o  t h e i r  p r o d u c t i o n  d e c i s i o n  a b o u t  

w a s t e  removal. E t h r i d g e  a l s o  developed a t h e o r y  o f  i n d u s t r y ' s  r e s p o n s e  t o  

sewage s u r c h a r g e s  g iven  t h e  a l t e r n a t i v e s  of i n - p l a n t  w a s t e  r e d u c t i o n ,  munici-  

p a l  t r e a t m e n t ,  and f low augmentat ion.  E t h r i d g e  t h e n  used r e g r e s s i o n  a n a l y s e s  

t o  e s t i m a t e  t h e  e f f e c t  of s u r c h a r g e s  on t h e  w a s t e s  d i s c h a r g e d  from p o u l t r y  

p r o c e s s i n g  p l a n t s  and on t h e  q u a n t i t y  of w a t e r  demanded by p o u l t r y  p r o c e s s i n g  

' ~ e f e r e n c e s  t h a t  p r o v i d e  a d d i t i o n a l  background on s u r c h a r g e s  a r e  Mays t re  
and Geyer (1970) ,  Kneese and Bower (1968),  Penman (1967) and Schroep t e r  (1951) . 
An a r t i c l e  by E t h r i d g e  (1972) p r o v i d e s  a c o n c i s e  summary of h i s  t h e s i s .  



f i rms .  He a l s o  q u a n t i f i e d  t h e  r e l a t i o n s h i p s  between water  use ,  t h e  water  and 

normal sewer charge,  and t h e  surcharge.  Ethridge s p e c i f i e d  an i n v e r s e  expo- 

n e n t i a l  mathematical s t r u c t u r e  t o  exp la in  t h e  r e l a t i o n s h i p  between BOD d i s -  

charges by pou l t ry  process ing  f i rms and surcharges .  A s  shown i n  Table 2 ,  he 

found t h a t  a one percent  i n c r e a s e  i n  t h e  surcharge  was a s soc i a t ed  wi th  a .51 

percent  decrease  i n  BOD. A one percent  i n c r e a s e  i n  t h e  water  and normal sewer 

charge was a s soc i a t ed  wi th  a . 7 5  percent  decrease  i n  BOD. When a l i n e a r  

r a t h e r  than an i n v e r s e  exponent ia l  r e l a t i o n s h i p  was s p e c i f i e d  between pou l t ry  

p l a n t  wastes  and surcharges ,  E thr idge  obta ined  a s i m i l a r  e s t ima te  of ,45 f o r  

t he  percent  decrease  i n  BOD wi th  a one percent  i n c r e a s e  i n  t h e  surcharge .  

Ethr idge  s p e c i f i e d  an exponent ia l  r e l a t i o n s h i p  between surcharges  and munici- 

p a l  water  use by pou l t ry  process ing  p l a n t s .  A one pe rcen t  i n c r e a s e  i n  t h e  

surcharge  was a s s o c i a t e d  wi th  a .44 percent  decrease  i n  water  use.  A one 

percent  i n c r e a s e  i n  t h e  water  and normal sewer charge was a s s o c i a t e d  w i t h  a 

.63 pe rcen t  decrease  i n  water  use.  

E th r idge  a n t i c i p a t e d  two of t h e  p o t e n t i a l  va lues  of t h i s  s tudy  by n o t i n g  

t h a t  r eg re s s ions  could be  s p e c i f i e d  t o  exp la in  t h e  i n t e r a c t i o n s  between sur -  

charges,  i n d u s t r i a l  waste  t rea tment ,  and i n d u s t r i a l  wa te r  use  f o r  c i t i e s  a s  

a whole. I n  a d d i t i o n ,  he recognized t h a t  adjustments  f o r  d i f f e r e n c e s  i n  

i n d u s t r i a l  mix and output  acroxx c i t i e s  and over t ime would be a major prob- 

lem i n  t h i s  contex t .  He f e l t  t h a t  t hese  e s t ima te s  of changes i n  t h e  demands 

f o r  waste  t rea tment  and water  use would be u s e f u l  t o  c i t y  p lanners .  E th r idge  

a l s o  i d e n t i f i e d  t h e  s o c i a l  r e t u r n s  t o  municipal  sewer surcharges  and explained 

how s o c i a l  r e t u r n s  might be c a l c u l a t e d ,  However, he d i d  no t  make a quant i -  

t a t i v e  e s t ima te  of t h e  c o n t r i b u t i o n  of surcharges  t o  s o c i a l  e f f i c i e n c y .  



Table  2 ,  E l a s t i c i t i e s  from E t h r i d g e ' s  r e g r e s s i o n  a n a l y s i s  of f i v e  p o u l t r y  
p r o c e s s i n g  f i r m s  t h a t  have been paying s u r c h a r g e s  d u r i n g  r e c e n t  
y e a r s  (27 o b s e r v a t i o n s )  

Surcharge  on BOD and SS .44 .51  

A one p e r c e n t  i n c r e a s e  i n  t h e  
p r i c e  l i s t e d  i n  t h i s  column 

Water and normal  sewer charge  $63 , 75 

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

Water u s e  BOD 

Source:  E t h r i d g e  (197'0). 

G r a p h i c a l  E x p l a n a t i o n  of Response t o  Surcharges  

How w i l l  f i r m s  respond t o  t h e  i m p o s i t i o n  of a s u r c h a r g e  i f  t h e y  a r e  

maximizing p r o f i t s ?  F i g u r e  1 shows a  h y p o t h e t i c a l  e x p o n e n t i a l  c o s t  curve  

f o r  wastes removed by an  i n d u s t r i a l  f i r m .  The upward s l o p i n g  smooth c u r v e  

shows t h e  c o s t  p e r  pound of  removing each a d d i t i o n a l  amount of w a s t e  and 

i s  t h e  m a r g i n a l  c o s t  o f  removing p o l l u t a n t s  from t h e  w a s t e  w a t e r ,  t a k i n g  

i n t o  account  a d j u s t m e n t s  i n  o t h e r  p r o d u c t i v e  i n p u t s ,  i n c l u d i n g  reduced c o s t  

of w a t e r ,  due t o  t h e  i n - p l a n t  was te  r e d u c t i o n .  I t  r e p r e s e n t s  t h e  l e a s t -  

c o s t  c o n d i t i o n  f o r  i n - p l a n t  w a s t e  removal. If t h e r e  were no s u r c h a r g e  a t  

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

w a s t e  i n d i c a t e d  by OT2. I f  t h e  c i t y  l e v i e d  a  s u r c h a r g e  e q u a l  t o  S p e r  pound 

of  BOD, t h e  f i r m  would p r o f i t a b l y  move t o  p o i n t  R s i n c e  t h e  f i r m ' s  c o s t s  a r e  

l e s s  than  t h o s e  of t h e  c i t y  f o r  removing w a s t e s  o v e r  t h e  range  TITZ. Wastes 

d i s c h a r g e d  t o  t h e  c i t y  a r e  now e q u a l  t o  t h e  amount OT1 a l o n g  t h e  h o r i z o n t a l  

a x i s .  The w a s t e  r e d u c t i o n ,  TIT2, c o s t s  t h e  f i r m  a n  amount e q u a l  t o  B o r  t h e  

a r e a  under  t h e  c o s t  curve ,  b u t  t h e  s a v i n g s  t o  t h e  c i t y  i s  r e p r e s e n t e d  by t h e  

a r e a s  A + B, s o  t h a t  area A r e p r e s e n t s  t h e  n e t  s a v i n g s  t o  s o c i e t y  from levy-  

i n g  a  s u r c h a r g e  on t h e  f i rm.  
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Figure 1. E f f e c t  of surcharges  on i n d u s t r i a l  waste  d ischarges  

One assumption which i s  involved i n  t h e  i d e n t i f i c a t i o n  of a r e a  A w i t h  

s o c i a l  ga in  is t h a t  c i t i e s  have cons tan t  waste  t rea tment  c o s t s  per  pound of 

waste  t r e a t e d  and t h a t  t h e  surcharge  i s  s e t  equal  t o  t h i s  average and mar- 

g i n a l  c o s t  t o  t h e  c i t y  of removing a pound of BOD. Since c i t i e s  are  p r i -  

mar i ly  i n t e r e s t e d  i n  c o l l e c t i n g  from f i rms  t h e  t o t a l  c o s t  of t r e a t i n g  indus- 

t r i a l  was tes ,  t h e  surcharge  can probably be  assumed t o  be  s e t  equal  t o  OS, 

t h e  long-run average s h a r e  of c o s t s  a s soc i a t ed  wi th  t r e a t i n g  pounds of 

waste.  

F l ipp ing  Figure  1 over  and aggrega t ing  from t h e  f i r m  t o  t h e  indus t ry  

l e v e l  w i t h i n  c i t i e s  g ives  Figure 2 ,  which w i l l  now be c a l l e d  i n d u s t r i e s '  



D o l l a r s  p e r  
pound o f  BOI 

Pounds o f  BOD d i s c h a r g e d  by i n d u s t r y  
p e r  y e a r  o r  demand f o r  waste t r e a t -  
ment by f i r m s  

F i g u r e  2 .  industriesi demand c u r v e  f o r  w a s t e  t r e a t m e n t  

demand c u r v e  f o r  m u n i c i p a l  t r e a t m e n t .  Aggrega t ion  from t h e  f i r m  t o  t h e  

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

f i r m  shou ld  n o t  a f f e c t  a n o t h e r ' s  r e s p o n s e .  The d i s t a n c e  OT now r e p r e -  2 

s e n t s  t h e  q u a n t i t y  of w a s t e s  p e r  y e a r  t h a t  i n d u s t r y  w i l l  s end  t o  t h e  c i t y  

i n  t h e  absence  o f  a  s u r c h a r g e .  A l l  f i r m s  a r e  assumed t o  b e  p r i c e  t a k e r s  

i n s o f a r  a s  t h e  s u r c h a r g e  i s  concerned,  and w i t h  a  s u r c h a r g e  e q u a l  t o  S ,  

i t  would pay i n d u s t r y  t o  send t o  t h e  c i t y  t h e  q u a n t i t y  o f  w a s t e s l y e a r  

i n d i c a t e d  by OT1 I f  i n d u s t r y  reduces  i t s  wastes below T1, i t  w i l l  c o s t  

i t  more p e r  u n i t  o f  w a s t e  r e d u c t i o n  t h a n  i t  c o s t s  t o  have t h e  c i t y  do t h e  



job.  I f  i t  h a s  a  w a s t e  l o a d  t o  t h e  r i g h t  of T1, t h e n  i n d u s t r y  w i l l  b e  l o s i n g  

money by pay ing  t h e  c i t y  more t h a n  t h e  c o s t  of i n - p l a n t  w a s t e  removal,  Area 

B now r e p r e s e n t s  i n d u s t r y "  added c o s t  of i n - p l a n t  removal o f  w a s t e s ,  and 

a r e a  A r e p r e s e n t s  t h e  t o t a l  s o c i a l  g a i n  from t h e  c i t y ' s  a d o p t i o n  of a  s u r -  

c h a r g e ,  It shou ld  b e  no ted  t h a t  t h i s  t h e o r y  does  n o t  y e t  t a k e  i n t o  account  

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

The v e r t i c a l  a x i s  shows t h e  p r i c e  OS o r  s u r c h a r g e ,  and t h e  h o r i z o n t a l  

a x i s  shows t h e  q u a n t i t y  OT P r i c e  t imes  q u a n t i t y  g i v e s  t h e  a r e a  OSRT1, 1" 

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

p r i v i l e g e  of d i s c h a r g i n g  t h a t  q u a n t i t y  of w a s t e .  However, f i r m s  do n o t  pay 

t h e  s u r c h a r g e  on a l l  of  t h e i r  w a s t e s ,  j u s t  on t h e  w a s t e s  above some d e f i n e d  

normal c o n c e n t r a t i o n ,  NW. The shaded a r e a ,  E ,  i n d i c a t e s  t h e  s u r c h a r g e  p a i d  

on w a s t e s  hav ing  a  c o n c e n t r a t i o n  above t h e  d e f i n e d  normal l e v e l ,  The amount 

t o  t h e  l e f t  of E i s  c o n s i d e r e d  " f r e e "  because  t h e s e  w a s t e s  a r e  p a i d  f o r  i n  

t h e  w a t e r  and normal sewer  b i l l ,  T h i s  s u g g e s t s  t h a t  i f  t h e  d e f i n e d  normal 

i s  set h i g h ,  t h e  amount o f  t h e  s u r c h a r g e  p a i d  cou ld  b e  q u i t e  small. Sur- 

charges  could  s t i l l  have a  d r a m a t i c  e f f e c t  on w a s t e s  a s  l o n g  a s  t h e  d e f i n e d  

normal i s  below t h e  w a s t e  c o n c e n t r a t i o n  of t h e  major  u s e r s .  

A h y p o t h e t i c a l  i n d u s t r i a l  demand c u r v e  f o r  w a t e r  i s  shown i n  F i g u r e  3 .  

Block r a t e s  o r  t h e  m a r g i n a l  w a t e r  and normal. sewer  r a t e s  a r e  i n d i c a t e d  on 

t h e  v e r t i c a l  a x i s ,  and t h e  q u a n t i t y  of w a t e r  purchased by i n d u s t r y  i s  i n d i -  

c a t e d  on t h e  h o r i z o n t a l  a x i s .  The w a t e r  r a t e  s t e p s  downward a t  f i r s t ,  and 

t h e n  t h e  m a r g i n a l  r a t e  becomes c o n s t a n t  t o  l a r g e  volume u s e r s .  S i n c e  t h e  

normal sewer  charge  i s  some f i x e d  p e r c e n t a g e  of t h e  w a t e r  b i l l ,  t h e  r e l e -  

v a n t  w a t e r - p r i c e  v a r i a b l e  i s  t h e  c o s t  of w a t e r  and sewer ,  The r a t e  t h a t  

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

t h e  a d d i t i o n a l  c o s t  of w a t e r  and normal sewer s e r v i c e  p e r  one miPl ion  pounds 



Marginal  
of w a t e r  
sewer ,  
$ / m i l l i o n  

I f  f i r m s  a r e  a c t u a l l y  pay ing  a s u r c h a r g e ,  t h e  n e t  c o s t  
o f  a d d i t i o n a l  w a t e r  i s  reduced from G t o  N where N G 
- (NW) (S) 

Another  e f f e c t  of a s u r c h a r g e  i s  t o  reduce  w a t e r - c a r r i e d  
w a s t e s  and t o  i n d u c e  t h e  whole demand c u r v e  f o r  w a t e r ,  
s a y  from D t o  D' , s o  t h a t  w a t e r  consumption d e c l i n e s  from 
W t o  W ' .  

F i g u r e  3 .  Q u a n t i t y  o f  w a t e r  demanded by i n d u s t r i a l  f i r m s  



of w a t e r .  However, t h e  f i r m  t h a t  is  pay ing  a s u r c h a r g e  w i l l  pay l e s s  t h a n  G 

f o r  any added w a t e r  i t  u s e s .  The s u r c h a r g e  and t h e  d e f i n e d  normal work to- 

g e t h e r  t o  reduce  t h e  c o s t  of a d d i t i o n a l  w a t e r  t o  N .  The c o s t  of a d d i t i o n a l  

w a t e r  i s  reduced by an  amount e q u a l  t o  t h e  d e f i n e d  normal ,  NW, t imes  t h e  su r -  

charge .  For example, an  NW of 300 p a r t s  p e r  m i l l i o n  o r  300 pounds of BOD p e r  

m i l l i o n  pounds of w a t e r  t imes  a s u r c h a r g e  of 8 c e n t s  p e r  pound of BOD e q u a l s  

a $ 2 4  s a v i n g  p e r  m i l l i o n  pounds of w a t e r .  T h i s  means t h a t  t h e  m a r g i n a l  r a t e  

schedu le ,  G, i s  s h i f t e d  down by an  amount e q u a l  t o  (NW)(S). 

The upper  demand curve  f o r  w a t e r  i n  F i g u r e  3, D ,  r e p r e s e n t s  t h e  indus-  

t r i a l  water consumption and p r i c e  r e l a t i o n s h i p  which would e x i s t  i n  t h e  

absence of a s u r c h a r g e .  Surcharges  make i n - p l a n t  w a s t e  removal p r o f i t a b l e  

f o r  f i r m s  and t h e r e b y  reduce  t h e  q u a n t i t y  of w a t e r  r e q u i r e d  t o  c a r r y  away 

t h e  s m a l l e r  w a s t e  l o a d s ;  hence ,  t h e  whole demand c u r v e  f o r  w a t e r  i s  reduced 

t o  D ' .  The demand f o r  w a t e r  would d e c r e a s e  a s  d r y  methods o f  w a s t e  removal 

a r e  s u b s t i t u t e d  f o r  wet methods. The q u a n t i t y  of w a t e r  demanded might  b e  

expec ted  t o  end up a t  a p o i n t  l i k e  B a f t e r  a s u r c h a r g e  h a s  been i n s t i t u t e d  

s o  t h a t  w a t e r  u s e  d e c l i n e s  from W t o  W'. 

The b a s i c  i d e a s  expressed  i n  t h i s  s e c t i o n  were  conver ted  i n t o  opera-  

t i o n a l  t h e o r y  o r  r e g r e s s i o n  models,  For example, i t  was hypothes ized  t h a t  

t h e  p r i c e  of w a t e r  and normal sewer and t h e  i n d u s t r i a l  wage r a t e  would 

a f f e c t  t h e  q u a n t i t y  of i n d u s t r i a l  w a s t e s  o r  t h e  p o s i t i o n  of t h e  demand c u r v e  

i n  F i g u r e  2 .  Hence, t h e s e  two p r i c e s  and t h e  s u r c h a r g e  were  used i n  t h e  

e q u a t i o n s  f o r  w a s t e  t r e a t m e n t .  The same t h r e e  b a s i c  p r i c e s  were  assumed t o  

a f f e c t  t h e  q u a n t i t y  of w a t e r  purchased by i n d u s t r y .  These models and t h e  

r e s u l t s  a r e  d e s c r i b e d  b r i e f l y  i n  t h e  n e x t  s e c t i o n  and t h e  r e s u l t s  a r e  sum- 

marized i n  S e c t i o n s  I V  and V. They were d e s c r i b e d  comple te ly  a l o n g  w i t h  

' a l l  t h e  r e s u l t s  by E l l i o t t  (1972).  



IV. REGRESSION MODELS AND DATA 

O p e r a t i o n a l  Theory f o r  I n d u s t r i a l  Responses t o  Surcharges  

The f o l l o w i n g  i d e n t i t y  was used t o  i l l u s t r a t e  t h e  a l t e r n a t i v e s  a v a i l a b l e  

t o  f i r m s  w i t h  a g iven  volume of o u t p u t  f o r  r e d u c i n g  t h e i r  w a s t e s ,  

T E WCW - PR 
where 

T = t o t a l  i n d u s t r i a l  w a s t e s  d i s c h a r g e d  t o  t h e  c i t y  w i t h  t h e  s u r c h a r g e  
(pounds o f  BOD p e r  u n i t  of t i m e ) ,  

WCW = w a t e r - c a r r i e d  wastes d i s c h a r g e d  t o  t h e  c i t y  i n  pounds of BOD p e r  
u n i t  of t ime i n  t h e  absence of t h e  s u r c h a r g e ,  and 

PR = i n - p l a n t  w a s t e  removal due t o  t h e  s u r c h a r g e  measured i n  pounds o f  
BOD p e r  u n i t  of t ime.  

I n  terms o f  F i g u r e  1, 

WCW i s  n o t  o b s e r v a b l e  once s u r c h a r g e s  a r e  i n s t i t u t e d  b u t  i t  can b e  t h o u g h t  

of as a l i n e a r  f u n c t i o n  of real v a r i a b l e s ,  such  a s  wage r a t e s  and t h e  c o s t  

of w a t e r  and sewer ,  Lee., 

The d e f l a t e d  p r i c e  of l a b o r ,  P ,  i s  expec ted  t o  have a p o s i t i v e  e f f e c t  on 

WCW due t o  t h e  i n t r o d u c t i o n  of l a b o r  s a v i n g  technology.  I n c r e a s i n g  real  

wage r a t e s  have been one o f  t h e  most i m p o r t a n t  changes i n  p r i c e s  p a i d  by 

i n d u s t r y  o v e r  t i m e .  Wages have gone up f a s t e r  t h a n  t h e  p r i c e s  of w a t e r  

and t h e  v a l u e s  of by-products  t h a t  could  b e  recovered .  These  r e l a t i v e  

i n c r e a s e s  i n  wages were  hypothes ized  t o  c a u s e  a n  i n c r e a s e  i n  w a t e r - c a r r i e d  

w a s t e s ,  S i m i l a r l y ,  t h e  g r o s s  m a r g i n a l  c o s t  o f  w a t e r  and normal  sewer ,  G ,  

was expec ted  t o  have a n e g a t i v e  e f f e c t  on WCW because  a n  i n c r e a s e  i n  t h e  



p r i c e  of w a t e r  shou ld  reduce  t h e  usage of w a t e r  t o  f low away w a s t e s .  1 3 ~  and 

B 2  shou ld  b e  thought  of a s  p a r t i a l  d e r i v a t i v e s  of WCW w i t h  r e s p e c t  t o  t h e  

p r i c e s  P  and G. It  was hypothes ized  t h a t  t h e s e  c o e f f i c i e n t s  would have pos i -  

t i v e  and n e g a t i v e  s i g n s ;  L e g , ,  > 0 and B 2  < 0. 
8 1  

As shown i n  F i g u r e  1, f i r m s  a r e  expected t o  respond t o  a  s u r c h a r g e  by 

r e d u c i n g  t h e i r  w a s t e s  up t o  t h e  p o i n t  where t h e  m a r g i n a l  c o s t  of removing a n  

a d d i t i o n a l  pound of BOD, MC i s  e q u a l  t o  t h e  d e f l a t e d  s u r c h a r g e ,  S ,  L.e., 
p r  $ 

The m a r g i n a l  c o s t  of i n - p l a n t  w a s t e  r e d u c t i o n  i s  expec ted  t o  i n c r e a s e  w i t h  

t h e  amount of i n - p l a n t  r e d u c t i o n :  

dMC 
MC = f (PR) ,  & > 0 . 

P r  
( 5 )  

I f  i t  i s  assumed t h a t  t h e  form of t h i s  r e l a t i o n s h i p  i s  e x p o n e n t i a l ,  ghen 

where B 3  and B 4  a r e  expec ted  t o  be  g r e a t e r  t h a n  z e r o  and 

I f  i t  i s  assumed t h a t  t h e  form of t h e  i n - p l a n t  w a s t e  r e d u c i n g  r e l a t i o n s h i p  

i s  l i n e a r ,  t h e n  

where B 5  i s  expected t o  b e  g r e a t e r  t h a n  z e r o  

S u b s t i t u t i n g  t h e  e x p o n e n t i a l  f u n c t i o n a l  

and assuming e q u a t i o n  (3)  i s  l i n e a r  i n  P  and 

and 

form i n t o  t h e  o r i g i n a l  i d e n t i t y  

G p e r m i t s  t h e  r e w r i t i a g  o f  



e q u a t i o n  (1) i n  t h e  f o l l o w i n g  form: 

where 

T i t  
= i n d u s t r i a l  w a s t e  f o r  c i t y  i i n  t i m e  p e r i o d  t d i v i d e d  by t h e  

cor responding  d e f l a t e d  v a l u e  added i n  manufac tu r ing ,  

Pit = d e f l a t e d  p r i c e  of l a b o r  f o r  c i t y  i i n  time p e r i o d  t ,  

Git = t h e  d e f l a t e d  g r o s s  m a r g i n a l  c o s t  of w a t e r  and normal  sewer  f o r  
c i t y  i i n  t ime p e r i o d  t ,  

'it 
= t h e  d e f l a t e d  s u r c h a r g e  on i n d u s t r i a l  was te  f o r  c i t y  i i n  t i m e  

p e r i o d  t ,  and 

where t h e  consumer p r i c e  i n d e x  w i t h  1970 = 100 i s  used as t h e  d e f l a t i o n  index .  

S u b s t i t u t i n g  t h e  l i n e a r  f u n c t i o n a l  form i n t o  t h e  o r i g i n a l  i d e n t i t y  and 

assuming e q u a t i o n  (3)  i s  l i n e a r  i n  P and G y i e l d e d :  

Equa t ions  (LO) and (11) a r e  unders tood  t o  have an  e r r o r  term, e 
i t '  

t h e  

p r o p e r t i e s  of which w i l l  be  d i s c u s s e d  b r i e f l y  i n  S e c t i o n  V i n  c o n n e c t i o n  

w i t h  t e s t s  o f  s i g n i f i c a n c e .  The l i n e a r  f u n c t i o n a l  form was chosen i n  t h e  

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

w a s t e  t r e a t m e n t .  A number of o t h e r  s p e c i f i c a t i o n s  were developed by E l l i o t t  

(1972) t o  test s p e c i f i c  hypotheses ,  t h e  r e s u l t s  o f  which a r e  summarized 

b r i e f l y  i n  t h e  n e x t  s e c t i o n ,  

Aggregate  i n d u s t r i a l  w a s t e  d a t a  were  a v a i l a b l e  from s e l e c t e d  c i t i e s ,  

but t h e  c i t i e s  have wide ly  d i f f e r e n t  i n d u s t r i a l  s i z e s .  A s  a r e s u l t ,  indus -  

t r i a l  w a s t e s  were  s t a n d a r d i z e d  f o r  v a r i a t i o n s  i n  i n d u s t r i a l  o u t p u t  a c r o s s  

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

added i n  manufac tu r ing  (1957-59) = (100).  S t a n d a r d i z i n g  f o r  v a r i a t i o n s  i n  

i n d u s t r i a l  o u t p u t  w i t h  v a l u e  added i n  manufac tu r ing  u n f o r t u n a t e l y  a l s o  



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

charge .  I n d u s t r i a l  w a s t e s  b e i n g  d i s c h a r g e d  i n t o  c i t y  t r e a t m e n t  sys tems would 

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

l e v y i n g  of s u r c h a r g e s .  However, t h e  v a l u e  added i n  manufac tu r ing  by t h e  

c i t y ' s  i n d u s t r y  would s i m i l a r l y  d e c l i n e ,  s o  t h a t  t h e  d e c l i n e  i n  i n d u s t r i a l  

w a s t e s  a s s o c i a t e d  w i t h  a  d e c l i n e  i n  v a l u e  added i n  manufac tu r ing  a r e  n o t  

r e f l e c t e d  by t h e  r e g r e s s i o n  c o e f f i c i e n t s .  

O p e r a t i o n a l  Theory f o r  t h e  I n d u s t r i a l  Demand f o r  Water 

I t  was hypothes ized  t h a t  t h e  q u a n t i t y  of w a t e r  used by i n d u s t r i a l  f i r m s  

i s  a n e g a t i v e  f u n c t i o n  of t h e  r e a l  n e t  m a r g i n a l  c o s t  of w a t e r  and sewer  

s e r v i c e s ,  N ,  and t h e  r e a l  s u r c h a r g e ,  S ;  and a  p o s i t i v e  f u n c t i o n  of t h e  r e a l  

p r i c e  of l a b o r ,  P. A s  i n  t h e  c a s e  o f  i n d u s t r i a l  w a s t e ,  a d j u s t m e n t s  f o r  d i f -  

f e r e n c e s  i n  i n d u s t r i a l  o u t p u t  had t o  b e  made. I n d u s t r i a l  w a t e r  usage  was 

s t a n d a r d i z e d  f o r  v a r i a t i o n s  i n  i n d u s t r i a l  o u t p u t  a c r o s s  c i t i e s  and o v e r  time 

by d i v i d i n g  by t h e  v a l u e  added i n  manufac tu r ing*  

S i n c e  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  between s t a n d a r d i z e d  i n d u s t r i a l  

w a t e r  usage  and N ,  S ,  and P were n o t  c l e a r l y  d e f i n a b l e  on a t h e o r e t i c a l  

b a s i s ,  s e v e r a l  f u n c t i o n a l  forms were  s p e c i f i e d  f o r  t h e  w a t e r  e q u a t i o n s ,  The 

l i n e a r  r e l a t i o n s h i p  was: 

Wit = a O  C alNit -t- a2Sit + agPit 

where 

Wit = i n d u s t r i a l  w a t e r  usage f o r  c i t y  i i n  t i m e  p e r i o d  t d i v i d e d  by 
t h e  cor responding  d e f l a t e d  v a l u e  added i n  manufac tu r ing ,  and 

= t h e  d e f l a t e d  n e t  m a r g i n a l  c o s t  of w a t e r  and normal  sewer  f o r  
N i t  

c i t y  i i n  t i m e  p e r i o d  t [Nit = Git - (Sit)  (Nwit)]. 

Equa t ion  (12) i s  unders tood  t o  have an  e r r o r  term, e i t ,  t h e  p r o p e r t i e s  of 

which w i l l  b e  d i s c u s s e d  i n  S e c t i o n  V I .  I t  was a l s o  hypothes ized  t h a t  t h e  

i n d u s t r i a l  compos i t ion  of a  c i t y ,  e s p e c i a l l y  t h e  p r o p o r t i o n s  o f  v a l u e  added 



i n  manufac tu r ing  r e p r e s e n t e d  by food and k i n d r e d  and t e x t i l e  and a l l i e d  

p r o d u c t s  i n d u s t r i e s ,  would be  i m p o r t a n t  e x p l a n a t o r y  v a r i a b l e s ,  E x p o n e n t i a l  

and power f u n c t i o n s  were a l s o  developed t o  e x p l a i n  i n d u s t r i a l  w a t e r  usage  

b u t  t h e  l i n e a r  form was s e l e c t e d ,  These o t h e r  models and t h e i r  r e s u l t s  were 

d e s c r i b e d  i n  d e t a i l  by E l l i o t t  (1972) and summarized b r i e f l y  a t  t h e  begin-  

n i n g  o f  S e c t i o n  V I  below. 

R e ~ r e s s i o n  Data  

The p r imary  d a t a  f o r  t h i s  s t u d y  were o b t a i n e d  from c i t i e s  t h a t  were 

thought  t o  have s u r c h a r g e s .  They p rov ided  d a t a  on t h e  pounds o f  i n d u s t r i a l  

w a s t e s  r e c e i v e d  by y e a r s  from i n d u s t r i e s  pay ing  s u r c h a r g e s ,  t h e  w a t e r  con- 

sumption o f  t h e s e  same i n d u s t r i e s  and i n f o r m a t i o n  about  t h e i r  s u r c h a r g e s  

and c h a r g e s  f o r  w a t e r  and normal sewer s e r v i c e .  Ninety-nine  c i t i e s  were 

c o n t a c t e d  by m a i l  w i t h  follow-ups by phone,  Only 1 5  d i d  n o t  r espond .  

T h i r t y - f o u r  c i t i e s  were a b l e  t o  p r o v i d e  complete and u s e f u l  d a t a ,  w h i l e  t h e  

remaining 50 e i t h e r  were unab le  t o  f u r n i s h  d a t a  o r  d i d  n o t  r e a l l y  have a  

s u r c h a r g e .  

Data  on v a l u e  added i n  manufac tu r ing  f o r  c i t i e s  were o b t a i n e d  from t h e  

Census of Manufactur ing (U. S. Department of Commerce, 1961, 1966, 1971) .  

Value added d a t a  are on ly  a v a i l a b l e  f o r  t h e  y e a r s  1958, 1963, and 1967, and 

t o t a l  wage payments i n  manufac tu r ing  f o r  each c i t y  and y e a r  were  used t o  

i n t e r p o l a t e  and e x t r a p o l a t e  t h e  v a l u e  added f i g u r e s  f o r  t h e  non-census 

y e a r s .  T o t a l  wage payments a l o n g  w i t h  a v e r a g e  h o u r l y  e a r n i n g s  i n  manufac- 

t u r i n g  f o r  t h e  t h i r t y - f o u r  c i t i e s  were  o b t a i n e d  by l e t t e r  from t h e  d e p a r t -  

ments of r e s e a r c h  and s t a t i s t i c s  i n  t h e  r e s p e c t i v e  states. The consumer 

p r i c e  i n d e x  from t h e  S t a t i s t i c a l  A b s t r a c t  (U, S.  Department of Commerce, 

1970) was used t o  c o n v e r t  v a l u e  added f i g u r e s  and a l l  o t h e r  nominal d o l l a r  

f i g u r e s  t o  1970 d o l l a r s .  



Data were  c o l l e c t e d  from c i t i e s  i n  wide ly  d i f f e r e n t  geograph ic  l o c a t i o n s .  

However, most of t h e  c i t i e s  which responded a r e  l o c a t e d  i n  e i t h e r  t h e  sou th-  

e r n  o r  w e s t e r n  p a r t s  o f  t h e  Uni ted S t a t e s o  Major d i f f e r e n c e s  among c i t i e s  

e x i s t  i n  terms of c i t y  s i z e ,  s u r c h a r g e s ,  d e f i n e d  normals and t h e  p r i c e  o f  

w a t e r  and normal sewer.  Surcharges  ranged from z e r o  t o  $80 p e r  1 ,000  pounds 

of BOD; d e f i n e d  normal levels were t y p i c a l l y  300 ppm b u t  ranged a s  h i g h  a s  

800. The range  on t h e  lowes t  b l o c k  r a t e  t o  l a r g e  u s e r s  f o r  w a t e r  and normal 

sewer s e r v i c e s  was from $.063 t o  $.go0 p e r  1 ,000  g a l l o n s .  The u s e f u l  d a t a  

c o l l e c t e d  from t h e  t h i r t y - f o u r  surveyed c i t i e s  a r e  l i s t e d  i n  Appendix 1. 

A number of t r a n s f o r m a t i o n s  were  made on t h e  d a t a  p r i o r  t o  runn ing  t h e  

r e g r e s s i o n s .  Each c i t y ' s  i n d u s t r i a l  BOD l o a d i n g ,  e x p r e s s e d  i n  m i l l i o n s  o f  

pounds p e r  y e a r ,  and each  c i t y ' s  y e a r l y  i n d u s t r i a l  w a t e r  l e v e l ,  expressed  

i n  m i l l i o n s  of g a l l o n s  p e r  day ,  was d i v i d e d  by t h e  cor responding  d e f l a t e d  

v a l u e  added i n  manufac tu r ing .  M u l t i p l y i n g  b o t h  q u o t i e n t s  by 1 ,000  y i e l d e d  

pounds of BOD p e r  y e a r  p e r  $1000 v a l u e  added p e r  y e a r  and g a l l o n s  p e r  day 

p e r  $1000 v a l u e  added p e r  y e a r  as t h e  w a s t e  and w a t e r  dependent v a r i a b l e s .  

R e l a t i v e  q u a n t i t i e s  o f  BOD and SS can v a r y  c o n s i d e r a b l y  from f i r m  t o  

f i r m ,  depending on t h e  n a t u r e  o f  t h e  w a s t e s  invo lved .  T h i s  i s  t h e  r e a s o n  

t h a t  s u r c h a r g e s  a r e  o f t e n  l e v i e d  on b o t h  BOD and SS. To o b t a i n  the BOD 

s u r c h a r g e  v a r i a b l e ,  S t ,  f o r  c i t i e s  h a v i n g  b o t h  BOD and SS c h a r g e s ,  t h e  two 

were  added. Summing t h e  two charges  was based on t h e  o b s e r v a t i o n  t h a t  

o v e r a l l  average  w a s t e  s t r e n g t h s  measured i n  p a r t s  p e r  m i l l i o n  of BOD were  

of abou t  t h e  same magnitude a s  t h e  cor responding  numbers f o r  suspended 

s o l i d s .  Also,  many c i t i e s  have chosen t h e  same d e f i n e d  normal l e v e l ,  NW, 

f o r  b o t h  pa ramete rs .  For  t h e s e  r e a s o n s ,  t h e  t o t a l  s u r c h a r g e  was s e t  e q u a l  

t o :  



where 

'it (BOD) = t he  r e a l  surcharge  on i n d u s t r i a l  BOD f o r  c i t y  i i n  time 
per iod  t expressed i n  d o l l a r s  per  1,000 pounds, and 

'it (SS) = t h e  r e a l  surcharge on i n d u s t r i a l  SS f o r  c i t y  i i n  time 
per iod  t expressed i n  d o l l a r s  per  1,000 pounds. 

The gross  marginal  c o s t  of water  and normal sewer s e r v i c e s ,  Gi t ,  used 

i n  t h e  r e g r e s s i o n  procedure was based upon t h e  block r a t e  t o  a  f i rm  us ing  

500,000 cubic  f e e t  o r  3,740,000 galZons of water  per  month. A s  shown i n  

F igure  3 ,  t h e  incremental  r a t e s  s t e p  downward a t  f i r s t ,  and then  t h e  mar- 

g i n a l  r a t e  becomes cons tan t  t o  l a r g e  volume use r s .  I n d u s t r i a l  wa te r  and 

normal sewer usage of 500,000 cubic f e e t  per  month f a l l s  i n  t he  h o r i z o n t a l  

range of most r a t e  s t r u c t u r e s ,  Since n e a r l y  a l l  surcharged water  and 

sewer u s e r s  consume more than  500,000 cubic  f e e t  pe r  month, t he  incrementa l  

r a t e  corresponding t o  t h i s  h o r i z o n t a l  s e c t i o n  of t he  r a t e  schedule  was 

obtained from t h e  sampled c i t i e s  and was expressed i n  d o l l a r s  pe r  1 ,000 

ga l lons .  

A s  d i scussed  i n  t he  s e c t i o n  on the  i n d u s t r i a l  response t o  surcharges ,  

t h e  surcharge  and t h e  def ined  normal i n t e r a c t  t o  lower t he  marginal  c o s t  of 

water  and normal sewer t o  i n d u s t r i a l  f i rms.  The n e t  marginal  c o s t  of water  

and normal sewer v a r i a b l e ,  N , was generated t o  al low f o r  t h e  e f f e c t  of i t  

t h e  surcharge  and the  def ined  normal, The new v a r i a b l e ,  N , was a l s o  i t  

expressed i n  d o l l a r s  pe r  1,000 ga l lons ,  



V. ANALYSIS OF WASTE TREATMENT REGRESSIONS 

Summary of Equations F i t t e d  

Af t e r  t h e  d a t a  were c o l l e c t e d  from the  c i t i e s  us ing  surcharges ,  a  

number of d i f f e r e n t  r eg re s s ion  models were f i t t e d .  These equat ions  were 

descr ibed completely by E l l i o t t  (1972) and w i l l  be summarized only b r i e f l y  

he re .  Negative s i g n s  were expected and found on t h e  p r i c e  c o e f f i c i e n t s  

f o r  water  and normal sewer s e r v i c e ,  G, and t h e  surcharge ,  S ,  wh i l e  posi- 

t i v e  s i g n s  were hypothesized f o r  t he  p r i c e  of l a b o r ,  P. Most of t h e  

equat ions  were designed t o  answer t h e  fol lowing ques t ions :  

1. Should a  l i n e a r  o r  an inve r se  exponent ia l  s p e c i f i c a t i o n  be used 

t o  exp la in  t h e  r e l a t i o n s h i p  between T and S? 

2. Should i n d u s t r i a l  composition c o e f f i c i e n t s  be included i n  t h e  

s e l e c t e d  r eg re s s ion  equat ion? 

3 .  Should an adjustment c o e f f i c i e n t  be inc luded  i n  t he  s e l e c t e d  

r e g r e s s i o n  equat ion  t o  r e f l e c t  rime requi red  t o  a d j u s t  t o  p r i c e  changes? 

The s p e c i f i c a t i o n  ques t ion  was t e s t e d  on s e v e r a l  subgroups of d a t a  

and on t h e  o v e r a l l  d a t a .  The l i n e a r  s p e c i f i c a t i o n  was s e l e c t e d  because 

i t  usua l ly  gave b e t t e r  f i t s  and more c o n s i s t e n t  r e s u l t s  than t h e  i n v e r s e  

exponent ia l .  

I n d u s t r i a l  composition v a r i a b l e s  performed poor ly  i n  t h e  waste  models. 

These v a r i a b l e s  were in t roduced  e x p l i c i t l y  and i m p l i c i t l y  i n t o  s e v e r a l  of 

t h e  BOD r e g r e s s i o n  equat ions .  When t h e  propor t ions  of t o t a l  c i t y  va lue  

added accounted f o r  by each of t he  f o u r  major i n d u s t r i a l  BOD c o n t r i b u t o r s ,  

food and k indred ,  t e x t i l e  m i l l ,  paper  and a l l i e d ,  and chemical and a l l i e d ,  

were in t roduced  e x p l i c i t l y  a s  independent v a r i a b l e s ,  they tended t o  have 

unexpected nega t ive  s i g n s  and/or  tended t o  lower t h e  s i g n i f i c a n c e  of the  

o ther  va r i ab l e s .  These unexpected r e s u l t s  may have been due t o  o t h e r  



c r i t i c a l  p ropor t i ons  t h a t  were c o r r e l a t e d  w i th  i n d u s t r i a l  p ropor t i ons ,  

namely, t h e  p ropor t i on  of t h e  i n d u s t r y  connected t o  t h e  municipal  sewer 

system and t h e  p ropor t i on  included i n  t h e  va lue  added i n  manufacturing. 

The r e s u l t s  ob ta ined  from t h e  i n c l u s i o n  of a dummy v a r i a b l e  f o r  each c i t y  

were a l s o  d i s appo in t ing  i n  t h a t  t h e  c i t y  dummies picked up v a r i a t i o n  i n  T 

prev ious ly  expla ined  by S ,  G, and P. 

None of t h e  approaches used t o  t r y  t o  e s t i m a t e  t h e  speed of ad jus t -  

ment t o  a surcharge  were considered s a t i s f a c t o r y ,  O f  t h e  t h r e e  approaches 

used, one based on a s p e c i f i e d  adjustment  c o e f f i c i e n t  of .70 was l e a s t  

damaging t o  t h e  l i n e a r  r e l a t i o n s h i p  of t h e  i n s t an t aneous  adjustment  model. 

An Economic Analysis  of One Equat ion 

The fo l lowing  equa t ion ,  T-12, was s e l e c t e d  t o  i l l u s t r a t e  t h e  economic 

i m p l i c a t i o n s  of l evy ing  a surcharge  on i n d u s t r i a l  waste:  

where 

T pounds of BOD pe r  $1000 va lue  added i n  manufactur ing,  

S = t he  su rcha rge  i n  d o l l a r s  p e r  1 ,000 pounds of BOD, 

G = t h e  gross  marginal  c o s t  of water  and normal sewer i n  d o l l a r s  p e r  
1,000 g a l l o n s ,  

P = t h e  p r i c e  of l a b o r  i n  d o l l a r s  p e r  hour ,  and 

where t h e  consumer p r i c e  index was used t o  conver t  a l l  monetary va lues  i n t o  

1970 d o l l a r s .  

The e l a s t i c i t y  of T wi th  r e s p e c t  t o  t h e  surcharge  i s  e s t ima ted  t o  be  

-0.84, assuming S = $27.00, G $ ,40 ,  and P = $ 3 . 3 5 .  These pr ices  are 

about equa l  t o  t h e  means, The r e l a t i o n s h i p  between T and S can be  p l o t t e d  

a s  shown i n  F igure  4. The fo l lowing  concfusions can be drawn about p a r t i a l  

e f f e c t s  i n  model T-12: 



I n d u s t r i a l  w a s t e  (T) i n  pounds of BOD p e r  
$1000 v a l u e  added i n  manufac tu r ing  p e r  y e a r  

F i g u r e  4. I n d u s t r i a l  demand f o r  m u n i c i p a l  w a s t e  t r e a t m e n t  based  on 
e q u a t i o n  T-12 w i t h  G = $.40 and P = $ 3 . 3 5  

1. A s u r c h a r g e ,  S,  does  a f f e c t  t h e  q u a n t i t y  o f  i n d u s t r i a l  w a s t e ,  T ,  

t r e a t e d  by c i t i e s .  A 1 0  p e r c e n t  i n c r e a s e  i n  S r e s u l t s  i n  a d e c r e a s e  o f  

abou t  8 p e r c e n t  i n  T.  

2 .  The g r o s s  m a r g i n a l  c o s t  of w a t e r  and sewer ,  G ,  d o e s  a f f e c t  t h e  

q u a n t i t y  o f  i n d u s t r i a l  w a s t e ,  T, t r e a t e d  by c i t i e s .  A 1 0  p e r c e n t  i n c r e a s e  

i n  G r e s u l t s  i n  a d e c r e a s e  o f  abou t  1 0  p e r c e n t  i n  T. I f  i n c r e a s e s  i n  G o r  

S a c t u a l l y  d r i v e  i n d u s t r y  away from a c i t y ,  t h e n  t h e  p e r c e n t a g e  change i n  

t o t a l  i n d u s t r i a l  w a s t e  would b e  l a r g e r  t h a n  t h e s e  i n d i c a t e d  changes i n  T 

which are pounds o f  BOD p e r  $1000 v a l u e  added. 



3. Wage r a t e s ,  P ,  have a f f e c t e d  t h e  q u a n t i t y  of i n d u s t r i a l  was te ,  T, 

t r e a t e d  by c i t i e s  i n  r e c e n t  y e a r s s  A 10 p e r c e n t  i n c r e a s e  i n  P was a s s o c i -  

a t e d  w i t h  an  i n c r e a s e  of about  26 p e r c e n t  i n  T, 

A s  d i s c u s s e d  i n  S e c t i o n  I S ,  i t  can p robab ly  be  assumed t h a t  c i t i e s  

have c o n s t a n t  w a s t e  t r e a t m e n t  c o s t  f u n c t i o n s  and t h a t  s u r c h a r g e s  are 

equated t o  t h e  average  c o s t  of t r e a t i n g  i n d u s t r i a l  w a s t e ,  Levying t h e  

average  s u r c h a r g e  of $27,00 p e r  L,000 pounds of BOD c a u s e s  i n d u s t r y  t o  

reduce  i t s  w a s t e  d i s c h a r g e s  t o  p o i n t  K i n  F i g u r e  4. T h i s  w a s t e  r e d u c t i o n ,  

O K ,  c o s t s  i n d u s t r y  a n  amount e q u a l  t o  OKE o r  t h e  a r e a  under  t h e  demand 

curve ;  t h e  s a v i n g s  t o  t h e  c i t i e s  i s  r e p r e s e n t e d  by t h e  a r e a  OKEJ, s o  t h a t  

a r e a  OJE r e p r e s e n t s  a  s a v i n g s  t o  s o c i e t y  due  t o  i n s t i t u t i n g  t h e  s u r c h a r g e .  

T h i s  i g n o r e s  t h e  c o s t s  s f  moni to r ing  t h e  w a s t e s  and a d m i n i s t e r i n g  t h e  s u r -  

charge ,  which have been s i z e a b l e  i n  t h e  c a s e  of some c i t ies .  

The s a v i n g s  t o  s o c i e t y  cor responding  t o  a r e a  OJE was e s t i m a t e d  i n  

Appendix 2  t o  be  $.53 p e r  $1000 of v a l u e  added p e r  y e a r .  The s o c i a l  g a i n  

f o r  t h e  33 c i t i e s  f u r n i s h i n g  BOD d a t a ,  which had a  combined v a l u e  added 

of $11.7 b i l l i o n  expressed  i n  1970 d o l l a r s ,  would b e  about  $6 m i l l i o n  p e r  

y e a r .  A rough e s t i m a t e  of t h e  a g g r e g a t e  s o c i a l  g a i n  of s u r c h a r g e s  t o  t h e  

Uni ted S t a t e s  might b e  based upon t h e  v a l u e  added by t h e  major  waste-  

r e l a t e d  i n d u s t r i e s .  The v a l u e  added by t h e  food and k i n d r e d ,  t e x t i l e  m i l l ,  

p a p e r  and a l l i e d  p r o d u c t s  and chemical  and a l l i e d  i n d u s t r i e s  i n  1967 was 

e s t i m a t e d  t o  b e  $85 b i l l i o n  expressed  i n  1970 d o l l a r s .  These i n d u s t r i e s  

c o n t r i b u t e d  a b o u t  93 p e r c e n t  of t h e  i n d u s t r i a l  BOD, Assuming t h a t  i t  

would b e  l o g i c a l  and p o s s i b l e  t o  l e v y  t h e  average  s u r c h a r g e  a g a i n s t  a l l  

t h e s e  i n d u s t r i e s ,  t h e  a g g r e g a t e  s o c i a l  g a i n  might be  a s  h i g h  a s  $45 m i l -  

l i o n  p e r  y e a r .  
3 

3 ~ h e s e  a r e  ex t remely  rough estimates o f  t h e  n e t  b e n e f i t s  t o  s o c i e t y  
from a d o p t i n g  s u r c h a r g e s .  Many paper  and chemical  f i r m s  t r e a t  t h e i r  own 



Leve l  of Confidence i n  R e s u l t s  

It shou ld  b e  r e c a l l e d  t h a t  t h e  b a s i c  d a t a  used i n  t h i s  a n a l y s i s  were  

a g g r e g a t e  pounds of w a s t e  r e c e i v e d  by c i t i e s  from f i r m s  t h a t  were  pay ing  

s u r c h a r g e s .  These was te  l o a d s  were  t h e n  s t a n d a r d i z e d  f o r  c i t y  s i z e  by 

s imply d i v i d i n g  by t h e  v a l u e  added i n  manufactur ing.  The t h r e e  p r i c e  

v a r i a b l e s  i n  e q u a t i o n  T-12 above on ly  accounted f o r  17 p e r c e n t  of t h e  

v a r i a t i o n  i n  t h i s  dependent  v a r i a b l e .  Other  f a c t o r s  such  a s  t h e  indus-  

t r i a l  mix, d i s c r e p a n c i e s  between w a s t e  t r e a t m e n t  s e r v i c e  boundar ies  and 

VAM boundar ies  and measurement e r r o r s  would account  f o r  t h e  unexplained 

83 p e r c e n t ,  These o t h e r  v a r i a b l e s  had t o  b e  i g n o r e d  o r  a t  l e a s t  t h e i r  

i n f l u e n c e  was averaged o u t  i n  t h e  r e g r e s s i o n  a n a l y s i s ,  I n  t h i s  s e c t i o n ,  

two e q u a t i o n s  b e s i d e s  T-12 a r e  chosen and l i s t e d  i n  T a b l e  3 t o  i l l u s t r a t e  

a range  of r e s u l t s  and t h e  l e v e l  of c o n f i d e n c e  i n  t h e  a n a l y s i s .  

w a s t e s ,  s o  t h a t  some of t h i s  payoff  t o  s u r c h a r g e s  might  need t o  b e  i d e n t i -  
f i e d  w i t h  s o c i a l  g a i n s  from r e g u l a t i o n s  o r  from u s i n g  stream c h a r g e s .  
S o c i a l  g a i n  e s t i m a t e s  a r e ,  a s  mentioned above,  based upon t h e  a s s u m p t i ~ n  
t h a t  m u n i c i p a l i t i e s  have c o n s t a n t  w a s t e  t r e a t m e n t  c o s t  f u n c t i o n s  and t h a t  
t h e  average  s u r c h a r g e  e q u a l s  t h e  average  and m a r g i n a l  c o s t  of w a s t e  f r e a t -  
ment. I f  m u n i c i p a l i t i e s  have upward s l o p i n g  c o s t  f u n c t i o n s  f o r  waste 
t r e a t m e n t ,  t h e  s o c i a l  g a f n s  e s t i m a t e s  g iven  above u n d e r s t a t e  t h e  g a i n s  from 
a d o p t i n g  s u r c h a r g e s ;  a l t e r n a t i v e l y ,  t h e  s o c i a l  g a f n s  e s t i m a t e s  a r e  over-  
s t a t e d  i f  m u n i c i ~ a l i t i e s  have dpwnward s l o p i n g  c o s t  f u n c t i o n s  f o r  w a s t e  
t r e a t m e n t .  Other  assumptions  t h a t  are invo lved  i n  such  e s t i m a t e s  of s o c i a l  
g a i n s  a r e  (1 )  t h a t  t h e  m a r g i n a l  u t i l i t y  of e v e r y  d o l l a r  of e y t r a  c o s t  t o  
i n d u s t r y ,  r e p r e s e n t e d  by a r e a  OKE, i s  e q u a l  t o  t h e  u t i l i t y  o f  every  gov- 
e rnmenta l  t a x  d o l l a r  saved ,  and (2)  t h a t  t h e  movement a l o n g  t h i s  demand 
curve  from 0  t o  E i s  n o t  accompanied by n e t  changes i n  p r o d u c e r s  and con- 
sumers s u r p l u s  i n  o t h e r  m a r k e t s ,  For examyle, t h e  reduced p r i c e  o f  some 
by-products would c a u s e  an  i n c r e a s e  i n  consumer s u r p l u s  f o r  i t s  b u y e r s ,  
As a  counter-example,  i m p o s i t i o n  of s u r c h a r g e s  migh t  c a u s e  i n c r e a s e d  u s e  
of l a b o r  t o  r e c o v e r  by-products and reduced u s e  of water t o  f low away 
w a s t e s .  These s a v i n g s  and e x t r a  expenses  a r e  i n c o r p o r a t e d  i n t o  t h e  r e l a -  
t i o n s h i p  between T  and S o r  t h e  marg ina l  c o s t  of i n - p l a n t  w a s t e  r e d u c t i o n  
a s  i t  is  conceived h e r e .  

The a r e a  OKE i n  F i g u r e  4 r e p r e s e n t s  t h e  n e t  added c o s t  t o  i n d u s t r y  
a s s o c i a t e d  w i t h  i n - p l a n t  removal of t h e  q u a n t i t y  o f  w a s t e s ,  OK. T h i s  a r e a  
a l s o  e q u a l s  $45 m i l l i o n  p e r  y e a r  f o r  t h e  4 i n d u s t r i e s  t h a t  c o n t r i b u t e  93 
p e r c e n t  of t h e  w a s t e s .  I t  s u g g e s t s  t h a t  3 . 3  b i l l i o n  pounds of t h e  BOD 
( t h e  f i r s t  45 p e r c e n t )  can b e  removed a t  a  c o s t  e q u a l  t o  one-half  of t h e  
assumed s u r c h a r g e  o r  1 . 3 5  c e n t s  p e r  pound. 



Table  3, Three  waste t r e a t m e n t  r e g r e s s i o n  e q u a t i o n s  s e l e c t e d  t o  i l l u s t r a t e  
r e s t s  of s i g n i  f i c a n c e  

Model 

* 
Denotes s i g n i f i c a n c e  a t  the , I 0  l e v e l ,  2?* d e n o t e s  s i g n i f i c a n c e  a t  t h e  

.05 l e v e l ,  and *&?k d e n o t e s  s i g n i f i c a n c e  a t  t h e  .01 l e v e l .  These  cou ld  b e  
exaggera ted  f o r  T-12 and T-19, a s  e x p l a i n e d  i n  t h e  t e x t .  

T-1 f o r  1.970' 

a  The t - r a t i o s  as t h e y  came from o r d i n a r y  l e a s t  s q u a r e s  on a l l  190 
w a s t e  o b s e r v a t i o n s  a r e  shown i n  p a r e n t h e s e s  below t h e  e s t i m a t e d  c o e f f i c i e n t s .  

b ~ h e  t - r a t i o s  a s  t h e y  came from o r d i n a r y  l e a s t  s q u a r e s  on t h e  1.57 
w a s t e  o b s e r v a t i o n s  remain ing  when d a t a  from n i n e  c i t i e s  w i t h  l a r g e  r e s i d u a l s  
were excluded from t h e  r e g r e s s i o n  a r e  shown i n  p a r e n t h e s e s  below t h e  e s t i -  
mated c o e f f i c i e n t s .  

9s ak 
T = 117 ,55  - 3.335 - 28,13G + 20.76P 

(-2,24) (-0.17) (0 .41)  

The t - r a t i o s  a s  they  came from o r d i n a r y  least  s q u a r e s  on t h e  30 waste 
o b s e r v a t i o n s  f o r  c i t i e s  p r o v i d i n g  d a t a  i n  1970 a r e  shown i n  p a r e n t h e s e s  
below t h e  e s t i m a t e d  c o e f f i e i e n t ~ ~  

.20 

When t h e  r e s i d u a l s  a s s o c i a t e d  w i t h  model T-12 were p l o t t e d  a g a i n s t  

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

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

r e s i d u a l s  a s s o c i a t e d  w i t h  t h e  d a t a  from t h e s e  n i n e  c i t i e s  accounted f a r  7 2  

p e r c e n t  of t h e  e r r o r  sums of s q u a r e s ,  When t h e  33 o b s e r v a t i o n s  a s s o c i a t e d  

w i t h  t h e s e  n i n e  c i t i e s  were  excluded from t h e  d a t a ,  t h e r e  was,  as i n d i -  

2  
c a t e d  by t h e  R v a l u e  f o r  model 5 1 9 ,  r e l a t i v e  t o  t h a t  f o r  T-12, a major  

improvement i n  e x p l a n a t o r y  power, (See T a b l e  3 .  ) 

The r e s i d u a l s  a s s o c i a t e d  w i t h  model T-12 were a l s o  p l o t t e d  a g a i n s t  

t i m e .  I n  g e n e r a l ,  t h e  t i m e - s e r i e s  d a t a  from a  p a r t i c u l a r  c i t y  tended t o  



have abou t  t h e  same e r r o r  v a l u e s  o v e r  t i m e ,  i n d i c a t i n g  t h a t  some of t h e  

e r r o r s  were n o t  independen t  of o t h e r s .  T h i s  l a c k  of independence of e r r o r s  

may c a u s e  t h e  o r d i n a r y  l e a s t  s q u a r e s  r e g r e s s i o n  p r o c e d u r e s  t o  y i e l d  coef-  

f i c i e n t s  which appear  t o  b e  more h i g h l y  s i g n i f i c a n t  t h a n  t h e y  a r e ,  The t- 

r a t i o s  o f  t h e  c o e f f i c i e n t s  a r e  o v e r e s t i m a t e d  whenever t h e  in te rdependence  

o f  t h e  o b s e r v a t i o n s  i s  n o t  accounted f o r ,  I f  t h e  a v e r a g e  number of obser-  

v a t i o n s  p e r  c i t y  i n  e q u a t i o n s  T-92 and T-19 were  s i x ,  t h e n  t h e  h i g h  t- 

r a t i o s  g i v e n  i n  T a b l e  3 cou ld  b e  exaggera ted  upward by a s  much a s  t h e  

s q u a r e  r o o t  of s i x ,  o r  2 , 4 ,  
4  

Equa t ion  T-12 i s  used above t o  i l l u s t r a t e  t h e  e f f e c t  of s u r c h a r g e s .  

The c o e f f i c i e n t ,  - l , 4 6 ,  i n d i c a t e s  t h a t  an  i n c r e a s e  i n  t h e  s u r c h a r g e  o f  

$1.00 p e r  1 ,000  pounds of BOD is a s s o c i a t e d  w i t h  a  r e d u c t i o n  o f  1 .46 

pounds s f  BOD p e r  $1000 sf v a l u e  added i n  manufac tu r ing ,  The v a r i a t i o n  

i n  c o e f f i c i e n t s  o f  S from - 0 4 1  f o r  T-19 t o  - 3 . 3 3  f o r  T-1 might  b e  viewed 

a s  p r o v i d i n g  upper  and lower l i m i t s  on t h e  c o e f f i c i e n t  from T-12, T h i s  

i g n o r e s  t h e  need t o  a s s i g n  a p r o b a b i l i t y  t o  t h e s e  l i m i t s .  A c o n s e r v a t i v e  

a l t e r n a t i v e  would b e  t o  s imply  m u l t i p f y  t h e  s t a n d a r d  e r r o r  of t h e  s u r -  

c h a r g e  c o e f f i c i e n t  from T-12, .36,  by 2 . 4  and assume t h a t  sb = .86.  As- 

sume t h a t  one wants  t o  e s t a b l i s h  90 p e r c e n t  p r o b a b i l i t y  l i m i t s  on t h e  

s u r c h a r g e  c o e f f i c i e n r  -1.46. A t - r a t i o  o f  1 , 6 4 8  l e a v e s  5 p e r c e n t  o f  t h e  

a r e a  under  t h e  t d i s t r i b u t i o n  i n  each t a i l ,  Now, -1 ,46 - f (1 .648)( .86)  = 

-1.46 - -I- 1 . 4 4  and t h e  90 p e r c e n t  conf idence  i n t e r v a l  e x t e n d s  from 0.02 t o  

4 ~ a c h  t - r a t i o  is  t h e  c o e f f i c i e n t  d i v i d e d  by t h e  s t a n d a r d  e r r o r  of t h e  
c o e f f i c i e n t ,  s The v e c t o r  of s t a n d a r d  e r r o r s  o f  t h e  c o e f f i c i e n t s  can  be  

P a  r e p r e s e n t e d  by.  

- x ' x  -1 112 ., = [E IT I 
2 where s , t h e  sums s f  squared  r e s i d u a l s  d f v i d e d  by t h e  d e g r e e s  of freedom, 

i s  e s s e n t i a l l y  independen t  of t h e  number of o b s e r v a t i o n e .  The m a t r i x  
i s  a l s o  independen t  of t h e  number of o b s e r v a t i o n s .  Thus,  Zb would 
change i n v e r s e l y  w i t h  t h e  s q u a r e  r o o t  of t h e  number of o b s e r v a t i o n s ,  n. 



-2.90. I f  i t  were p o s s i b l e  t o  draw r e p e a t e d  samples 

t h e s e  d a t a ,  one would expec t  t h e  e s t i m a t e d  s u r c h a r g e  

of 33 c i t i e s  s i m i l a r  t o  

c o e f f i c i e n t  t o  f a l l  

w i t h i n  t h e  range  -0,02 t o  -2,90 nine" t imes  o u t  o f  t e n ,  The chances  a r e  less 

than  5 p e r c e n t  t h a t  such  an estimate of t h e  s u r c h a r g e  c o e f f i c i e n t  would b e  

p o s i t i v e ,  

T h i s  l a c k  of independence of che e r r o r s  f e  a s s o c i a t e d  w i t h  t h e  combina- 

t i o n  of rime-series and c r o s s - s e c t i o n a l  o b s e r v a t i o n s  f o r  most of t h e  c i t i e s .  

T h i s  problem would n o t  o c c u r  i n  s e p a r a t e  t i m e - s e r i e s  o r  c r o s s - s e c t i o n a l  

a n a l y s i s  of t h e  d a t a .  Equa t ion  T-1, l i s t e d  i n  T a b l e  3 ,  was f i t t e d  t o  t h e  

p u r e l y  c r o s s - s e c t i o n a l  o b s e r v a t i o n s  f o r  2 9 7 0 ,  The t - r a t i o s  g i v e n  i n  paren-  

t h e s e s  under  t h e  coefficients were s m a l l  b u t  unb iased ,  Only t h e  s u r c h a r g e  

c o e f f i c i e n t ,  3 . 3 3 ,  was c l e a r l y  s ~ g n f f i c a n t % y  d i f f e r e n t  from z e r o  and i t  was 

s u s p i c i o u s l y  l a r g e  when compared w i t h  the average  n e t  e f f e c t s  of S i n  t h e  

o t h e r  e q u a t i o n s o  Time-ser ies  d a t a  were r e q u e s t e d  of c i t i e s  i n  o r d e r  t o  

o b s e r v e  r e s p o n s e  t o  s u r c h a r g e s  a v e r  t ime  w i t h i n  c i t i e s ,  For example, one 

can examine t h e  d a t a  f o r  Durham, North C a r o l i n a  and Richmond, V i r g i n i a  i n  

Appendix 1 and o b s e r v e  t h e  expec ted  n e g a t i v e  response .  However, d a t a  were 

g e n e r a l l y  n o t  a v a i l a b l e  f a r  y e a r s  b e f o r e  s u r c h a r g e s  began and t h e r e  were  

t o o  few v a r i a t i o n s  i n  s u r c h a r g e s  and w a s t e  l e v e l s  once t h e  s u r c h a r g e  d i d  

b e g i n  t o  o b t a i n  much i n f o r m a t i o n  from t h e  p u r e l y  t i m e - s e r i e s  component o f  

t h e  d a t a .  

The p l o t  of t h e  e q u a t i o n s ,  T-1, T-12, and T-69 i n  F i g u r e  5 p r o v i d e s  

a n o t h e r  s o r t  of conf idence ,  The only d i f f e r e n c e  i n  t h e s e  l e a s t - s q u a r e s  

f i t s  i s  t h a t  d i f f e r e n t  s e t s  of t he  d a t a  were  used t o  g e n e r a t e  them. T-19 

i s  s t e e p e r  t h a n  t h e  o t h e r s  because  o b s e r v a t i o n s  w i t h  ex t remely  h i g h  and 

low w a s t e  l e v e l s  were  d e l e t e d ,  T-1 probab ly  errs f n  t h e  d i r e c t i o n  of 

b e i n g  t o o  f l a t ,  T-12 u s e s  a l l  t h e  d a t a  and l i e s  between them. A l l  o f  t h e  



I n d u s t r i a l  w a s t e  (T)  i n  pounds of BOD p e r  $1000 v a l u e  
added i n  manufac tu r ing  p e r  y e a r  

F i g u r e  5. I n d u s t r i a l  demand f o r  munic ipa l  w a s t e  t r e a t m e n t  u s i n g  models T-1, 
T-12 and T-19 w i t h  G $.40 and P = $3.50 

o t h e r  w a s t e  t r e a t m e n t  e q u a t i o n s  t r i e d  by E l l i o t t  (1972) t o  i l l u s t r a t e  d i f -  

f e r e n t  f u n c t i o n a l  forms and ad jus tment  models had n e g a t i v e  c o e f f i c i e n t s  f o r  S. 



VL. ANALYSIS OF WATER USAGE REGRESSIONS 

Summary of Equa t ions  P i t t e d  

Equa t ions  t h a t  were f i t r e d  t o  e w p h i n  i n d u s t r i a l  w a t e r  usage were  

d e s c r i b e d  i n  d e t a i l  by E l l i o t t  ( 1 9 7 2 1 ,  S i n c e  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  

between W, N ,  S ,  and P were n o t  c l e a r l y  d e f i n a b l e  on a t h e o r e t i c a l  b a s i s ,  

s e v e r a l  f u n c t i o n a l  forms were  s p e c i f i e d  f o r   he water e q u a t i o n .  I n  add i -  

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

a l s o  sought  by f i t t i n g  d i f f e r e n t  r e g r e s s i o n  e q u a t i o n s ,  They were:  

1. Should i n d u s t r i a l  composi t ion b e  i n c l u d e d  i n  t h e  w a t e r  e q u a t i o n ?  

2. W i l l  N o r  G b e  t h e  b e t t e r  w a t e r - p r i c e  v a r i a b l e  i n  e x p l a i n i n g  t h e  

v a r i a t i o n  i n  W? 

S ince  t h e  ad jus tment  p rocedures  hypothes ized  f o r  t h e  T e q u a t i o n s  performed 

s o  p o o r l y ,  i t  was dec ided  t h a t  aY1 s p e c i f i c a t i o n s  of t h e  w a t e r  e q u a t i o n s  

should be  based upon t h e  assumption o f  i n s t a n t a n e o u s  ad jus tment .  

Four a l t e r n a t i v e  s p e c i f i c a t i o n s  f o r  t h e  r e l a c i o n s h i p  between W,  N ,  S  

and P were  t e s t e d  on t h e  w a t e r  d a m ,  A finear model seemed t o  b e  s u p e r i o r  

2 t o  t h e  o t h e r  t h r e e  s p e c i f i c a t i o n s  i n  t h a t  ir had t h e  h i g h e s t  R o f  t h e  

group. One i n d u s t r i a l  eomposi t fon v a r i a b l e ,  food and k i n d r e d ,  was found t o  

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

When t h e  g r o s s  m a r g i n a l  c o s t  of w a t e r  and normal sewer ,  G, r a t h e r  t h a n  t h e  

n e t  m a r g i n a l  c o s t  o f  w a t e r  and sewer ,  N ,  was i n t r o d u c e d  a s  t h e  independen t  

w a t e r - p r i c e  v a r i a b l e ,  t h e r e  was no improvement i n  model ' s  e x p l a n a t o r y  

power. Given i t s  t h e o r e t i c a l  advanrage,  N was c o n s i d e r e d  t h e  a p p r o p r i a t e  

w a t e r - p r i c e  v a r i a b l e ,  These e o n s i d e r a t i o n s  l e d  t o  t h e  s e l e c t i o n  of equa- 

t i o n  W-3 t o  d e s c r i b e  t h e  i n d u s t r i a l  demand f o r  w a t e r .  Equa t ion  W-3 had 

t h e  f o l l o w i n g  c o e f f i c i e n t s :  



where 

W = g a l l o n s  of w a t e r  p e r  day p e r  $1000 v a l u e  added i n  manufac tu r ing ,  

N = t h e  n e t  m a r g i n a l  c o s t  of w a t e r  and normal sewer  i n  d o l l a r s  p e r  
1 ,000  g a l l o n s ,  N = 6 - .OOOO8344 (NW) (S) , 

S t h e  s u r c h a r g e  i n  d o l l a r s  p e r  1 ,000  pounds of BOD, 

P = t h e  p r i c e  o f  l a b o r  i n  d o l l a r s  p e r  hour ,  

FK = t h e  p r o p o r t i o n  of c i t y  v a l u e  added accounted f o r  by food and 
k indred  p r o d u c t s ,  and 

where t h e  consumer p r i c e  i n d e x  was used t o  c o n v e r t  a l l  monetary v a l u e s  i n t o  

1970 d o l l a r s .  

The p l o t t e d  r e l a t i o n s h i p  between W and N shown i n  F i g u r e  6 i l l u s t r a t e s  

t h e  r e d u c t i o n  i n  d a i l y  g a l l o n s  of w a t e r  p e r  $1000 v a l u e  added a s s o c i a t e d  

w i t h  an  i n c r e a s e  i n  t h e  n e t  c o s t  o f  w a t e r  and sewer .  The s u r c h a r g e ,  t h e  

wage r a t e ,  and t h e  p r o p o r t i o n  of t o t a l  c i t y  v a l u e  added accounted f o r  by 

food and k i n d r e d  i n d u s t r i e s  a r e  assumed t o  b e  c o n s t a n t  a t  $27.00, $3.35,  

and $.20, r e s p e c t i v e l y ,  i n  F i g u r e  6.  An i n c r e a s e  i n  t h e  s u r c h a r g e  would 

have t h e  e f f e c t  of s h i f t i n g  t h e  demand c u r v e  t o  t h e  l e f t .  

Assuming as w e l l  t h a t  t h e  n e t  c o s t  of a d d i t i o n a l  w a t e r ,  N = $ .35 ,  t h e  

f o l l o w i n g  c o n c l u s i o n s  can b e  drawn about  t h e  p a r t i a l  e f f e c t s  i n  model W-3: 

1. The n e t  m a r g i n a l  c o s t  of water and normal sewer, N ,  does  a f f e c t  

t h e  q u a n t i t y  o f  i n d u s t r i a l  w a t e r ,  W ,  demanded by i n d u s t r i a l  f i r m s .  A LO 

p e r c e n t  i n c r e a s e  i n  N r e s u l t s  i n  a d e c r e a s e  of around 7 p e r c e n t  i n  W. 

2. The l e v e l  o f  t h e  s u r c h a r g e ,  S ,  a f f e c t s  t h e  q u a n t i t y  of i n d u s t r i a l  

w a t e r ,  W, demanded by i n d u s t r i a l  f i r m s .  A 1 0  p e r c e n t  i n c r e a s e  i n  S 

r e s u l t s  i n  a d e c r e a s e  of around 6 p e r c e n t  i n  w . ~  I f  i n c r e a s e s  i n  N o r  S 

50ne needs  t o  b e  c a r e f u l  i n  t a k i n g  t h e  d e r i v a t i v e  of W w i t h  r e s p e c t  
dW t o  S t o  remember t h a t  N = G - ,000008344 (NW) (S) .  Hence, - = -36.7 

(-. 000008344 [ N W ] )  - .S2. Assuming NU = 300, t h e n  $ = .4$8.  The elas- 
t i c i t y  o f  W w i t h  r e s p e c t  t o  S i s  t h e  p e r c e n t a g e  chan e i n  W d i v i d e d  by 
t h e  p e r c e n t a g e  change i n  S o r  T-I d W . S = - . 4 2 8  !! 7 = - . 6 1  w / s = ? E  w TY 

3 5 



Figure 6. 

Industrial water (W) in gallons per day per 
$1000 of annual value added in manufacturing 

Industrial demand for municipal water based on equation W-3 
and S = $27.00, P = $3.35, and FK = $.20 



a c t u a l l y  d r i v e  i n d u s t r y  away from a  c i t y ,  then  t h e  p e r c e n t a g e  changes i n  

t o t a l  w a t e r  s a l e s  would be  l a r g e r  than  t h e s e  i n d i c a t e d  changes i n  W which 

a r e  s a l e s  of w a t e r  p e r  $1000 v a l u e  added. 

3 .  Wage r a t e s ,  P ,  have a f f e c t e d  t h e  q u a n t i t y  o f  i n d u s t r i a l  w a t e r ,  W ,  

demanded by i n d u s t r i a l  f i r m s  i n  r e c e n t  y e a r s .  A 1 0  p e r c e n t  i n c r e a s e  i n  P 

was a s s o c i a t e d  w i t h  an  i n c r e a s e  o f  around 15 p e r c e n t  i n  W. 

4 .  Food and k i n d r e d  i n d u s t r i e s  have a f f e c t e d  t h e  q u a n t i t y  of indus-  

t r i a l  w a t e r ,  W ,  demanded by i n d u s t r i a l  f i r m s  i n  r e c e n t  y e a r s .  A 1 0  per-  

c e n t  i n c r e a s e  i n  FK was a s s o c i a t e d  w i t h  a n  i n c r e a s e  o f  around 8 p e r c e n t  i n  

L e v e l  of Confidence i n  R e s u l t s  

A v a r i e t y  of r e s u l t s  a r e  l i s t e d  i n  Tab le  4 and F i g u r e  7  t o  i l l u s t r a t e  

t h e  t e n t a t i v e  n a t u r e  of t h e  c o n c l u s i o n s  from e q u a t i o n  W-3 o u t l i n e d  above.  

The t - r a t i o s  from W-3 a r e  b i a s e d  upward because  some of  t h e  e r r o r s  o v e r  

t i m e  w i t h i n  c i t i e s  a r e  n o t  independen t .  A c o n s e r v a t i v e  c o u r s e  t o  f o l l o w  

t o  i l l u s t r a t e  conf idence  i n  t h e  c o e f f i c i e n t s  f o r  w a t e r  demand would be  t o  

i n c r e a s e  t h e  s t a n d a r d  e r r o r  by a  f a c t o r  l i k e  2 .4 ,  s i n c e  i t  i s  p o s s i b l e  

t h a t  t h e  number of independen t  o b s e r v a t i o n s  h a s  been exaggera ted  by a  fac -  

tor of about 6. The s t a n d a r d  e r r o r  of bN i s  10.27 and 2 . 4  times t h i s  i s  

24.65. Nine ty  p e r c e n t  p r o b a b i l i t y  l i m i t s  on b  = -36.79 would t h e n  b e  n  

i n d i c a t e d  by -36.79 - + (1 .648)(24,65)  = -36,79 - + 40.62. I t  i s  f e l t  t h a t  

t h e s e  p r o b a b i l i t y  l i m i t s  l e a v e  5 p e r c e n t  of t h e  d i s t r i b u t i o n  i n  each t a i l .  

A b e t t e r  way of s a y i n g  t h i s  i s  t h a t  r e p e a t e d  samples o f  30 c i t i e s  w i t h  179 

o b s e r v a t i o n s  would be  expec ted  t o  produce a c o e f f i c i e n t  f o r  N t h a t  i s  

'L 
n e g a t i v e  93 p e r c e n t  of t h e  time (Lee., -36.79 + 24.65 = -1.49 and Prob u  < 

-1.49 = .07 from t h e  u n i t  normal d i s t r i b u t i o n ) .  Equa t ion  W-10 f o r  1970 



Table  4. Three  w a t e r  r e g r e s s i o n  e q u a t i o n s  s e l e c t e d  t o  i l l u s t r a t e  t e s t s  
s f  s i g n i  f i c a n e e  

%( 
Denotes s i g n i f i c a n c e  aL t h s  (10 Level,,  de denotes s i g n i f i c a n c e  a t  t h e  

.05 l e v e l ,  and ?k*$edenotes s i g n i f i c a n c e  a2 $he ,81 l e v e l ,  These  cou ld  b e  
exaggera ted  upward as i n d i e a c e d  i n  the Kexr, 

a  
The t - r a t i o s  a s  they  came from o r d i n a r y  Leas t  s q u a r e s  on a l l  179 

w a t e r  o b s e r v a t i o n s  a r e  shown i n  p a r e n t h e s e s  below the  e s t i m a t e d  c o e f f i c i e n t ,  

b ~ h e  t - r a t i o s  a s  they  came from o r d ~ n s r y  h a s c  s q u a r e s  on t h e  80 w a t e r  
o b s e r v a t i o n s  from t h e  28 c i t i e s  fu rn i sh ing  water d a t a  f o r  t h e  l a s t  f o u r  
y e a r s ,  $,go,  1963,  1968, 1969, 1970, are shown i n  p a r e n t h e s e s  below t h e  
e s t i m a t e d  c ~ e f f i c i e n e s ~  

c  The t - r a t i o s  a s  t h e y  cam from o r d ~ n a r g  l e a s t  s q u a r e s  on t h e  29 w a t e r  
o b s e r v a t i o n s  f o r  197Q are sbawn 5-L pareg$hases below t he  c o e f f i c i e n t s ,  

was f i t t e d  t o  purely c r o s s - s e @ t f o a a %  da ta  and p rov ided  c o e f f i c i e n t s  f o r  N 

and S l e s s  t h a n  h a l f  as l a r g e  as W-3, The s t a n d a r d  e r r o r s  from W-10 are 

unbiased b u t  much l a r g e r  t h a n  t h e i r  corresponding c o e f f i c i e n t s .  Hence, 

one must a c c e p t  t h e  n u l l  h y p o t h e s i s  t h a t  %he t r u e  c o e f f i c i e n t s  might  b e  

g r e a t e r  t h a n  z e r o .  

Three  w a t e r  e q u a t i o n s  are p l s c c e d  i n  F igu re  7 ,  The l i n e s  f o r  t h e s e  

t h r e e  e q u a t i o n s ,  two from d i f f e r e n t  s u b s e t s  a f  %he d a t a ,  W-9 and W-10, and 

W-3 from a l l  s f  t h e  a v a i l a b l e  d a t a ,  are r e a s o n a b l y  s i m i l a r  i n  s l o p e  and 

i m p l i c a t i o n s .  The o t h e r  w a t e r  equatPows, which ~ e s t e d  d i f f e r e n t  f u n c t i o n a l  

forms and i n d u s t r y  v a r i a b l e s  and are r e p o r t e d  i n  E l l i o t t  (1972) ,  a l l  pro- 

duced n e g a t i v e  s l o p e s ,  On b a l a n c e ,  i n d u s t r i a l  consumption o f  w a t e r  does  



I n d u s t r i a l  w a t e r  consumption,  W ,  i n  g a l l o n s  
p e r  day p e r  $1000 VAM i n  1970 

F i g u r e  7 .  I n d u s t r i a l  demand c u r v e s  f o r  m u n i c i p a l  w a t e r  from e q u a t i o n s  W-3, 
W-9 and W-10 f o r  1970 assuming S = 27, P = 3.35 and FK = - 2 0  

appear  t o  b e  n e g a t i v e l y  a f f e c t e d  by i n c r e a s e s  i n  t h e  p r i c e  of w a t e r  and by 

i n c r e a s e s  i n  s u r c h a r g e s  on i n d u s t r i a l  w a s t e s ,  a s  e x p e c t e d .  
6 

6 
I n  a d d i t i o n  t o  t h e  a t t e m p t s  t o  q u a n t i f y  l a c k  of c o n f i d e n c e  i n  T-12 and 

W-3 r e p o r t e d  h e r e  and i n  S e c t i o n  V ,  g e n e r a l i z e d  l e a s t  s q u a r e s  a n a l y s e s  were  
a t t empted  u s i n g  d a t a  from 20 c i t i e s  f o r  1967-70. Problems encounte red  i n  
i n t e r p r e t i n g  q u i t e  d i s t i n c t i v e  r e s u l t s  and p r e s e n t a t i o n  w i l l  b e  d e f e r r e d  
u n t i l  such  t ime  a s  t h e  l a r g e  d i f f e r e n c e s  i n  t h e  c o e f f i c i e n t s  can b e  e x p l a i n e d .  

3 9 
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APPENDICES 



No da ta  availablk prior to supcharge (i. e. , i963)  

I 
I 

I 
I 

Units: 

a.  m i l l i o n s  of pounds p e r  year  o the r  pounds pe r  day 



Appendix 1 Table  2, Data  f rom t h e  c i t i e s  which responded t o  t h e  
ques  ti o n n a i r e a  

C i t y  No, 1: C i n c i n n a t i ,  Ohio;  s u r c h a r g e  began i n  1953 

C i t y  No. 2: Montgomery, Alabama; s u r c h a r g e  began i n  1963 

C i t y  No, 3: Modesto, C a l i f o r n i a ;  s u r c h a r g e  began i n  1967 

1968 13 28.980 13,344 8,OO 0,O 300 0 .I94 104 3.19 
1969 20 34,932 19,587 8,OO 0,O 300 0 ,194 112 3.23 
1970 18 42,996 19.443 8,OO 0,O 300 0 ,194 122 3.39 

C i t y  No. 4: Saerameneo, C a l i f , ;  s u r c h a r g e  began i n  1970 

1968 3 11.315 7.100 O o O  0,O 0 0 .214 205 3.76 
1969 3 9.490 6,800 OaO 0,O 0 0 ,214 216 3.93 
1970 3 12.045 7,500 O o O  16,O 400 400 ,214 225 4.10 

C i t y  No, 5: San J o s e ,  C a l i f , ;  s u r c h a r g e  began i n  1968 

C i t y  Non 6: Stock ton ,  C a l i f , ;  s u r c h a r g e  began i n  1963 



Appendix 1 T a b l e  2 (con t inued)  

A B C D E F G H I J  K 

s t o c k t o n ,  C a l i f .  ( con t inued)  

1964 6  7.500 5.559 5 .06 0 . 0  400 0 ,250 117 2.87 
1965 6  8.700 6.370 5.06 0 . 0  400 0  .250 1 2 1  3 .01  
1966 6  9.400 5.893 5.06 0 .0  400 0  .250 94 3 .13 
1967 6  8.400 5.910 5 .06 0 . 0  400 0  ,250 116 3  - 3 0  
1968 8  11.300 7.778 5 .06 0 .0  400 0  ,250 124 3 . 4 1  
1969 9  10.700 6 .668 5 .06 0 . 0  400 0  .250 134 3.62 
1970 1 0  10 ,300  7.520 5.06 0 . 0  400 0  .320 1 4 1  3.86 

C i t y  No. 7: J a c k s o n v i l l e ,  F l a . ;  s u r c h a r g e  began i n  1969 

C i t y  No. 8 :  A t l a n t a ,  Georgia ;  s u r c h a r g e  began i n  1967 

C i t y  No. 9 :  L a f a y e t t e ,  I n d i a n a ;  s u r c h a r g e  began i n  1967 

1967 1 18.396 1.319 8 .00  0 .0  750 0  ,160 119 3 . 1 3  
1968 1 11.272 1 .205 8.00 0 . 0  750 0  .160 120 3.36 
1969 1 9.992 1 . 3 3 1  8 .00 0 . 0  750 0  ,160 1 4 1  3.54 
1970 1 4.002 0 .891  8.00 0 .0  750 0  . I 6 0  142 3.74 

C i t y  No. 10 :  Des Moines, Iowa; s u r c h a r g e  began i n  1962 

C i t y  No. 12: S p r i n g f i e l d ,  Mo.; s u r c h a r g e  began 

C i t y  No. 13 :  Br idge ton ,  N .  J . ;  s u r c h a r g e  began i n  L969 



Appendix 1 Table  2 (on t inuad)  

A B C D E F G H I J K  

C i t y  No. 14: Albuquerque,  N. M . ;  s u r c h a r g e  began i n  1967 

C i t y  No. 15: C h a r l o t t e ,  N, C . ;  s u r c h a r g e  began i n  1956 

16 3.156 1 ,583  0 0 0 0  0,OO 250 0 ,063 147 1 . 4 4  
17  2.936 1 ,670  41.16 Q , 0 0  250 0 -063  156 1 . 5 3  
20 2.654 1 0 7 0 1 4 5 0 0 4  0 , 0 0  250 0 ,063 160 1 .57  
20 3.204 1 .416 45074  0.00 250 0 .119 172 1 .52 
20 3.398 1.707 44.99 0.00 250 0 . I19 178 1 .67  
20 3.364 1.574 4 4 , 8 1  0.00 250 0 ,190 183  1 . 7 1  
22 4.029 1.809 4 b 0 1 4  OO0O 250 0 . I 9 0  1 9 1  1 , 7 7  
23 4.023 1 ,970  43.18 0 ,00  250 0 ,190 196 1 . 8 2  
23 4.582 2.052 42,85 0.00 250 0 .190 207 1 . 8 5  
23 4.006 2 ,283 46.09 0 .00 250 0 . I 9 0  224 9 . 9 1  
24 4.070 2.332 49.04 0 .00 250 0 .190 249 2.02 
24 4.965 2 , 5 3 1 5 2 . 7 9  0 .00  250 0 .190 265 2.13 
25 4.824 2.972 53.76 0.00 250 0 .190 299 2.27 
23 4.065 2.120 56.43 0 .00 250 0 .220 334 2 .43 
2 1  3.845 2.174 59.55 0 .00 250 0 .220 366 2.59 

C i t y  No. 16 :  Durham, N. C . ;  s u r c h a r g e  began i n  1970 

30 3.350 1 . 0 1 1  0.00 0.00 250 0 .230 212 1 . 6 2  
3 1  5.054 1 , 0 3 1  0.00 0 .00  250 0 .350 213 1 . 6 8  
3 1  5.407 1.040 0.00 0.00 250 0 -350 211 1 .73  
32 6 ,152  2.158 0.00 O o O O  250 0 .350 203 1 . 8 1  
30 6 .031  2.102 0.00 0 .00 250 0 ,350 193 1 . 8 8  
30 7.350 2.418 0.00 0.00 250 0 .350 194 1 .99 
30 5.622 1 ,569  0.00 0.00 250 0 ,350 199 2.19 
23 4.962 1 .562 0.00 0.00 250 0 .380 223 2 .38  
24 3.422 1.490 0 .00  0.00 250 0 .380 241 2.55 
24 2.665 1 .547 80.00 0.00 250 0 .380 266 2.74 

C i t y  No. 17 :  Greensboro,  N .  C . ;  s u r c h a r g e  began i n  1962 



Appendix 1 Table  2 (con t inued)  

A B C D E F G H I J  K 

C i t y  No. 18:  Monroe, N .  C.;  s u r c h a r g e  began i n  1970 

1969 8 1 .007 0.804 25.00 0.00 250 0 ,375 37 2.43 
1970 8 0.613 1 . 0 7 6 2 1 . 0 0  0 . 0 0 2 5 0  0 .425 4 1 2 . 5 9  

C i t y  No. 19 : Archbold,  Ohio; s u r c h a r g e  began i n  1970 

C i t y  No. 20: Hamil ton,  Ohio;  s u r c h a r g e  began i n  1957 

C i t y  No. 21: Middletown, Ohio; s u r c h a r g e  began i n  1964 

1964 3 1.364 1.509 19 -40  19.40 240 300 ,308 1 9 1  3.74 
1965 3 1.935 2.060 20.81 20.81 240 300 .308 202 3 .89 
1966 3 1.736 1 . 6 2 1  1 3 . 1 8  13.18 240 300 .308 207 3.99 
1967 3 2.495 2.633 12.02 1 2 , 0 2  240 300 .308 195 4 . 0 1  
1968 3 3.074 2.964 12.66 12.66 240 300 -308 214 4.39 
1969 3 1 .988 3.009 13.84 13.84 240 300 .308 227 4 .63  
1970 3 1 .561  1 .529  22.63 22.63 240 300 .402 238 4.84 

C i t y  No. 22: C o r v a l l i s ,  Oregon; s u r c h a r g e  began i n  1967 

C i t y  No. 23: Eugene, Oregon; s u r c h a r g e  began i n  1959 



Appendix 1 Table  2 (con t inued)  

C i t y  No. 24: Salem, Oregon, s u r c h a r g e  began i n  1965 

C i t y  No. 25: P i t t s b u r g h ,  Penna. ;  s u r c h a r g e  began i n  1965 

C i t y  No. 26: York, Penna. ;  s u r c h a r g e  began i n  1954  

C i t y  No. 27:  D a l l a s ,  Texas;  s u r c h a r g e  began i n  1960 

C i t y  No, 28: El Paso,  Texas;  s u r c h a r g e  began i n  1967 

1968 1 14.262 3,180 20,OO 0,OO 350 0 ,268 186 2.06 
1969 1 18.036 3,620 28,OO 0,OO 350 0 ,268 225 2 . 1 1  
1970  1 18.168 3,877 20,OO O o O O  350 0 .268 2 8 1  2 . 2 1  

C i t y  No, 29: Lubbock, Texas;  s u r c h a r g e  began i n  1960  














