
EPA-230-12-85-026
September 1985

METHODS DEVELOPMENT FOR ENVIRONMENTAL
CONTROL BENEFITS ASSESSMENT

Volume VIII

THE BENEFITS OF PRESERVING VISIBILITY IN THE
NATIONAL PARKLANDS OF THE SOUTHWEST

by

William D. Schulze and David S. Brookshire
University of Wyoming
Laramie, Wyoming 82071

Eric G. Walther
Visibility Research Center of the John Muir Institute

University of Nevada-Las Vegas
Las Vegas, Nevada 89154

Karen Kelley
National Park Service

Washington, D.C. 20240

Mark A. Thayer
San Diego State University
San Diego, California 92182

Regan L. Whitworth
Billings, Montana

Shaul Ben-David
University of New Mexico
Albuquerque, New Mexico

William Maim and John Molenar
Environmental Monitoring Systems Laboratory

U s . Environmental Protection Agency
Las Vegas, Nevada 89114

USEPA Grant # R805059-01-0

Project Officer

Dr. Alan Carlin
Office of Policy Analysis

Office of Policy, Planning and Evaluation
U * S . Environmental Protection Agency

Washington, D.C. 20460

OFFICE OF POLICY ANALYSIS
OFFICE OF POLICY, PLANNING AND EVALUATION

U.S. ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460



Volume 6, The Value of Air Pollution Damaqes to Agricultural Activities in
Southern California, EPA-230-12-85-024.

This volume contains three papers that address the econanic implications
of air pollution-induced output, input pricing~ cropping, and location pat-
tern adjushents for Southern California agriculture. The first paper esti-
mtes the econanic  losses to fourteen highly valued vegetable and field crcps
due to pollution. ‘IIWsecond  estimates earnings losses to field workers ex-
posed to oxidants. The last uses an econometric model to measure the reduction
of econanic surpluses in Southern California due to oxidants.

Volume 7, Methods Development for Assessing Acid Deposition Control Benefits~
EPA-230-12-85-025.

This volume suggests types of natural science research that would be most
useful to the economist faced with the task of assessing the econcmic benefits
of controlling acid precipitation. Part of the report is devoted to develop-
ment of a resource allocation process framework for explaining the behavior of
eccsystms that can be integrated into a benefit/ccst analysis, addressing
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models useful
consideration
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ABSTRACT

T h e  n a t i o n  n e e d s  t o  k n o w  h o w  m u c h  visibility is w o r t h  i n  o r d e r  t o  e v a l u a t e
t h e  b e n e f i t s  o f  a i r  pollution c o n t r o l  f o r  t h e  p u r p o s e  o f  v i s i b i l i t y  p r o t e c t i o n .
T h i s  s t u d y  w a s  d e s i g n e d  t o  m e a s u r e  t h e  e c o n o m i c  v a l u e  o f  p r e s e r v i n g  v i s i b i l i t y
i n  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e  S o u t h w e s t . D u r i n g  t h e  s u m m e r  o f  1 9 8 0 ,  o v e r
s i x  h u n d r e d  p e o p l e  i n  D e n v e r ,  L o s  A n g e l e s , A l b u q u e r q u e  a n d  C h i c a g o  w e r e  s h o w n
s e t s  o f  p h o t o g r a p h s  d e p i c t i n g  f i v e  l e v e l s  o f  r e g i o n a l  v i s i b i l i t y  ( h a z e )  i n
M e s a  V e r d e ,  Z i o n  a n d  G r a n d  C a n y o n  N a t i o n a l  P a r k s .  A l t h o u g h  o u r  c a l c u l a t i o n s
s u g g e s t  t h a t  p r o j e c t e d  e m i s s i o n s  w i t h  e x i s t i n g  a n d  c u r r e n t l y  p l a n n e d  S 0 2  c o n -
t r o l s  w o u l d  n o t  p r o d u c e  a  p e r c e i v e d  d e c l i n e  i n  v i s i b i l i t y ,  c o m p l e t e  d e c o n t r o l
o f  S 0 2  emissfis b y  p r o j e c t e d  p o w e r  p l a n t s  i n  t h e  r e g i o n  i n  1 9 9 0  w o u l d  r e s u l t
i n  a  d e c r e a s e  i n  t y p i c a l  s u m m e r  v i s i b i l i t y  f r o m  t h a t  w h i c h  w a s  r e p r e s e n t e d  i n
t h e  p h o t o g r a p h s  a s  “ a v e r a g e ” v i s i b i l i t y  t o  t h a t  w h i c h  w a s  r e p r e s e n t e d  a s  “ b e l o w
a v e r a g e ” v i s i b i l i t y . O n  t h e  b a s i s  o f  t h i s , t h e  s u r v e y  p a r t i c i p a n t s  w e r e  a s k e d
h o w  m u c h  t h e y  w o u l d  b e  willing”to pay i n  h i g h e r  e l e c t r i c  u t i l i t y  b i l l s  t o  p r e -
s e r v e  t h e  c u r r e n t  a v e r a g e  c o n d i t i o n - - m i d d l e  p i c t u r e - - r a t h e r  t h a n  a l l o w  v i s i -
b i l i t y  t o  d e t e r i o r a t e ,  o n  t h e  a v e r a g e ,  t o  t h e  n e x t  w o r s e  c o n d i t i o n  a s  r e p r e -
s e n t e d  i n  t h e  p h o t o g r a p h s  ( a n  e s t i m a t e  o f  t o t a l  p r e s e r v a t i o n  v a l u e ) . T h e y
w e r e  also a s k e d  a b o u t  t h e i r  w i l l i n g n e s s  t o  p a y  i n  t h e  f o r m  o f  h i g h e r  m o n t h l y
e l e c t r i c  p o w e r  b i l l s  t o  p r e v e n t  a  p l u m e  f r o m  b e i n g  s e e n  i n  a  p r i s t i n e  a r e a .
T o  r e p r e s e n t  p l u m e  b l i g h t , t w o  p h o t o g r a p h s  w e r e  t a k e n  f r o m  G r a n d  C a n y o n
N a t i o n a l  P a r k ,  o n e  w i t h  a  v i s i b l e  p l u m e . T h e  s u r v e y i n g  h a d  a  v e r y  h i g h  r e s p o n s e
r a t e  ( f e w  r e f u s a l s ) . I n d i v i d u a l  h o u s e h o l d  b i d s  r a n g e d  f r o m  a n  a v e r a g e  o f  $3.72
p e r  m o n t h  i n  D e n v e r  t o  $ 9 . 0 0  p e r  m o n t h  i n  C h i c a g o  f o r  p r e s e r v i n g  v i s i b i l i t y  a t
t h e  G r a n d  C a n y o n . T h e s e  a v e r a g e  b i d s  w e r e  i n c r e a s e d  b y  $ 2 . 8 9  t o  $ 7 . 1 0  p e r
m o n t h  p e r  h o u s e h o l d  i n  t h e  f o u r  c i t i e s  i f  v i s i b i l i t y  p r e s e r v a t i o n  w a s  t o  b e
e x t . e n d e d  t o  t h e  G r a n d  C a n y o n  R e g i o n  as a w h o l e  a s  r e p r e s e n t e d  b y  t h e  p h o t o g r a p h s
t a k e n  f r o m  M e s a  V e r d e  a n d  Z i o n . P r e v e n t i o n  o f  a  v i s i b l e  p l u m e  a t  t h e  G r a n d
C a n y o n  w a s  w o r t h  o n  t h e  a v e r a g e  b e t w e e n  $2.84 a n d  $4.32 p e r  m o n t h  f o r  t h e  f o u r
c i t i e s  s u r v e y e d . E x t r a p o l a t i n g  t h e s e  b i d s  t o  t h e  n a t i o n  i m p l i e s  t h a t  p r e s e r v i n g
v i s i b i l i t y  i n  t h e  G r a n d  C a n y o n  R e g i o n  i s  w o r t h  a l m o s t  6  b i l l i o n  d o l l a r s  p e r
y e a r .  T h i s  i s  t h e  b a s e  f i g u r e  f r o m  w h i c h  t h e  b e n e f i t s  o f  p o w e r  p l a n t  S 0 2  c o n -
t r o l s ,  p r o j e c t e d  t o  b e  i n  p l a c e  i n  t h e  r e g i o n  i n  1 9 9 0 ,  a r e  d e t e r m i n e d .
A d j u s t i n g  t h i s  n u m b e r  f o r  1 9 9 0  p o p u l a t i o n  l e v e l s  a n d  u s i n g  a  1 0  p e r c e n t  d i s -
c o u n t  rate o v e r  a  t h i r t y  y e a r  p o w e r  p l a n t  l i f e  g i v e s  a n  a n n u a l i z e d  v a l u e  o f
7 . 6  b i l l i o n  d o l l a r s  a s  t h e  b e n e f i t s  o f  p o w e r  p l a n t  S 02  c o n t r o l .  T h e  c o r r e -
s p o n d i n g  c o n t r o l  c o s t s  a r e  e s t i m a t e d  t o  b e  a p p r o x i m a t e l y  t h r e e  b i l l i o n  d o l l a r s
a n n u a l l y . T h e r e f o r e , t h e  e x i s t i n g  a n d  p r o p o s e d  c o n t r o l  l e v e l  i n  t h e  R e g i o n  i s
n o t  w i t h o u t  e c o n o m i c  j u s t i f i c a t i o n . A d d i t i o n a l l y ,  p r e v e n t i o n  o f  a  v i s i b l e
p l u m e  a t  t h e  G r a n d  C a n y o n  i s  w o r t h  a l m o s t  t w o  b i l l i o n  d o l l a r s  t o  t h e  n a t i o n .
T h e s e  r e s u l t s  s u g g e s t  t h a t  p r e s e r v a t i o n  v a l u e s  d e r i v e d  f r o m  k n o w l e d g e  t h a t  a
u n i q u e  n a t u r a l  w o n d e r  r e m a i n s  p r e s e r v e d  m a y  b e  v e r y  l a r g e  f o r  t h e  G r a n d  C a n y o n
Reg i on. F i n a l l y ,  t h e  m e t h o d o l o g y  u s e d  m u s t  b e  c o n s i d e r e d  e x p e r i m e n t a l  s i n c e
t h i s  i s  t h e  f i r s t  s t u d y , t o  o u r  k n o w l e d g e ,  t o  i n c l u d e  a n  e s t i m a t e  o f  p r e s e r v a -
t i o n  v a l u e  f o r  a  u n i q u e  n a t i o n a l  t r e a s u r e .

. . .
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EXECUTIVE SUMMARY

,THE B E N E F I T S  O F  P R E S E R V I N G  V I S I B I L I T Y  I N  T H E. .
NATIONAL PARKLANDS OF THE SOUTHWEST

T h e  n a t i o n  n e e d s  t o  k n o w  h o w  m u c h  v i s i b i l i t y  i s  w o r t h  i n  o r d e r  t o  e v a l -
u a t e  t h e  b e n e f i t s  o f  a i r  p o l l u t i o n  c o n t r o l  f o r  t h e  p u r p o s e  o f  v i s i b i l i t y  p r o -
t e c t i o n . T h i s  s t u d y  w a s  d e s i g n e d  t o  m e a s u r e  t h e  e c o n o m i c  v a l u e  o f  p r e s e r v i n g
v i s i b i l i t y  i n  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e  S o u t h w e s t .

H i s t o r i c a l l y  A m e r i c a n s  h a v e  p l a c e d  a  h i g h  v a l u e  o n  g o o d  v i s i b i l i t y ,
t h a t  i s , t h e  a b i l i t y  t o  s e e  d i s t a n t  o b j e c t s  c l e a r l y . T h i s  y e a r n i n g  f o r  a n d
a p p r e c i a t i o n  o f  a t m o s p h e r i c  v i s u a l  c l a r i t y  i s  e v i d e n c e d  i n  t h e  c o u n t r y ’ s  e a r l y
l i t e r a t u r e  a n d  a r t , i n c l u d i n g  t h e  J o u r n a l s  o f  L e w i s  a n d  C l a r k  a s  w e l l  a s  t h e
m a s t e r p i e c e s  o f  t h e  g r e a t  A m e r i c a n  l a n d s c a p e  a r t i s t s  o f  t h e  1 9 t h  c e n t u r y .
T o d a y  t h a t  l o v e  o f  v i s i b i l i t y  i s  d e m o n s t r a t e d  n o t  o n l y  b y  t h e  m i l l i o n s  w h o
f l o c k  e a c h  y e a r  t o  o u r  w e s t e r n  p a r k s , b u t  a l s o  i n  t h e  h i g h  p r i c e s  b r o u g h t  b y
t h o s e  a r t i s t s ’  w o r k  o f  a  c e n t u r y  a g o  a n d  b y  t h e  i n t e r e s t  i n  Ansel A d a m s ’
s i m p l e ,  y e t  d r a m a t i c a l l y  c l e a r  b l a c k  a n d  w h i t e  p h o t o g r a p h s  o f  Y o s e m i t e  a n d
o t h e r  w o n d e r s  o f  t h e  U . S .  N a t i o n a l  P a r k  S e r v i c e .

O v e r  t h e  p a s t  1 0 0  y e a r s , C o n g r e s s  h a s  a c t e d  t o  p r e s e r v e  m a n y  o f  o u r
n a t i o n ’ s  n a t u r a l  w o n d e r s . [ t  d i d  s o  b y  c r e a t i n g  a n d  c o n t i n u a l l y  e x p a n d i n g  t h e
N a t i o n a l  P a r k s ,  N a t i o n a l  W i l d e r n e s s  A r e a s ,  N a t i o n a l  M o n u m e n t s ,  N a t i o n a l
R e c r e a t i o n  A r e a s , a n d  W i l d  a n d  S c e n i c  R i v e r s .

S i n c e  t h e  1 9 5 0 s  t h e r e  s e e m s  t o  h a v e  b e e n  a n  i n c r e a s i n g  c o n c e r n  t h a t
t h i s  b e a u t y  i s  t h r e a t e n e d  b y  i n d u s t r i a l  d e v e l o p m e n t  a n d  p o p u l a t i o n  g r o w t h .
P o l l u t i o n  f r o m  c o a l - f i r e d  p o w e r  p l a n t s  b e c a m e  a  s p e c i a l  c o n c e r n  w i t h  t h e  a d v e n t
i n  1 9 6 3  o f  t h e  f i r s t  u n i t  o f  t h e  F o u r  C o r n e r s  P o w e r  P l a n t  n e a r  F a r m i n g t o n ,  N e w
M e x i c o . I t  p r o d u c e d  a  p l u m e  t h a t  c o u l d  b e  s e e n  c l e a r l y  f o r  m a n y  m i l e s ,
r e d u c i n g  t h e  c l a r i t y  o f  t h e  v i s u a l  e x p e r i e n c e  i n  a r e a s  o f  n o r t h w e s t e r n  N e w
M e x i c o , s o u t h e a s t e r n  U t a h ,  s o u t h w e s t e r n  C o l o r a d o  a n d  n o r t h e a s t e r n  A r i z o n a .

B y  t h e  l a t e  1960s a n d  t h e  e a r l y  7 0 s , s m o g  b e g a n  t o  a p p e a r  i n  Y o s e m i t e
V a l l e y  o n  w a r m  sumger d a y s . B a t t l e s  e r u p t e d  o v e r  p r o p o s e d  c o a l - f i r e d  p o w e r
p l a n t s  o n  t h e  K a i p a r o w i t s  P l a t e a u  a n d  n e a r  C a p i t o l  R e e f  N a t i o n a l  P a r k ,  b o t h
i n  s o u t h e r n  U t a h ,  b e c a u s e  o f  t h e i r  p o s s i b l e  e f f e c t s  o n  v i s i b i l i t y . T h e
i n c r e a s e d  p u b l i c i t y  a n d  c o n c e r n  r e s u l t e d  i n  m a g a z i n e  a n d  n e w s p a p e r  a r t i c l e s
d e c r y i n g  t h e  l o s s  o f  v i s u a l  c l a r i t y ,  p a r t i c u l a r l y  i n  t h e  w e s t e r n  U n i t e d  S t a t e s ,
a n d  p r e c i p i t a t e d  p o l i t i c a l  p r e s s u r e s  i n  C o n g r e s s  f o r  l e g i s l a t i v e  s t e p s  t o  p r o -
t e c t  v i s i b i l i t y . T h o s e  p r e s s u r e s  c u l m i n a t e d  i n  t h e  A u g u s t  1 9 7 7  a d o p t i o n  b y
C o n g r e s s  o f  t h e  n a t i o n ’ s  f i r s t  s p e c i f i c  v i s i b i l i t y  p r o t e c t i o n  r e q u i r e m e n t s  f o r
n a t i o n a l  p a r k s  a n d  n a t i o n a l  w i l d e r n e s s  a r e a s  a s  a m e n d m e n t s  t o  t h e  C l e a n  A i r
A c t  o f  1 9 7 0 . O n e  o f  t h e  l a r g e  i s s u e s  r a i s e d  b y  t h e s e  d e v e l o p m e n t s  i s  w h e t h e r
t h e  v a l u e  o f  v i s i b i l i t y  p r o t e c t i o n  o u t w e i g h s  t h e  c o s t ,  i n c l u d i n g  a i r  p o l l u t i o n
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c o n t r o l  e q u i p m e n t  a n d  t h e  r e g u l a t o r y  r e q u i r e m e n t s . T h e  s t u d y  r e p o r t e d  o n  h e r e
i s  d e s i g n e d  t o  i m p r o v e  o u r  a b i l i t y  t o  m e a s u r e  t h e  b e n e f i t s  o f  v i s i b i l i t y  a n d
t o  p r o v i d e  SOme a c t u a l  e s t i m a t e s  o f  t h e  v a l u e  o f  t h a t  v i s i b i l i t y  i n  s e v e r a l
m a j o r  n a t i o n a l  p a r k s  a n d  f o r  t h e  r e g i o n  i n  w h i c h  t h e y  a r e  l o c a t e d . T h e  r e g i o n
a n d  t h e  p a r k s  l o c a t e d  i n  i t  a r e  s h o w n  o n  t h e  m a p  b e l o w . W e  r e f e r  t o  t h i s  a r e a
a s  t h e  G r a n d  C a n y o n  R e g i o n .

El

. . . .
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REGIONAL MAP

) (7,178 ft.) Shiomck.  NM -35 miles I

from Mesa V*rch
[8,029 ft.) TrumbU  Mountain, AZ . w

In410s  from Zion and 1 rnila
from Gr&-td  CanVon

la
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V i s i b i l i t y  i s  t h e  a b i l i t y  t o  c l e a r l y  s e e  b o t h  c o l o r  a n d  d e t a i l  o v e r  l o n g
d i s t a n c e s . H u m a n  p e r c e p t i o n  o f  v i s u a l  a i r  q u a l i t y  i s  a s s o c i a t e d  w i t h  t h e  a p -
p a r e n t  c o n t r a s t  o f  d i s t a n t  v i s u a l  t a r g e t s  w i t h  r e s p e c t  t o  t h e i r  s u r r o u n d i n g s .
.% c o n t r a s t  i s  r e d u c e d ,  a  s c e n e  “ w a s h e s  o u t ”  b o t h  i n  c o l o r  a n d  i n  t h e
a b i l i t y  t o  s e e  d i s t a n t  d e t a i l .

W h a t  t h e n  i s  t h e  n a t u r e  o f  t h e  p r e s e r v a t i o n  v a l u e  o f  v i s i b i l i t y ?  T h a t
v a l u e  h a s  a t  least,two p o s s i b l e  c o m p o n e n t s .

F i r s t ,  a  s c e n i c  r e s o u r c e  s u c h  a s  t h e  G r a n d  C a n y o n  a t t r a c t s  m i l l i o n s  o f
r e c r e a t o r s  e a c h  y e a r . T h e  q u a l i t y  o f  t h e  e x p e r i e n c e  o f  t h e s e  r e c r e a t o r s

d e p e n d s  i n  g r e a t  p a r t  o n  a i r  q u a l i t y , b e c a u s e  s c e n i c  v i s t a s  a r e  a n  i n t e g r a l
p a r t  o f  t h e  G r a n d  C a n y o n  “ e x p e r i e n c e . ” T h u s ,  a i r  q u a l i t y  a t  t h e  G r a n d  C a n y o n
i s  v a l u a b l e  t o  r e c r e a t o r s .  W e  m i g h t  c a l l  t h i s  e c o n o m i c  v a l u e  u s e r  v a l u e ,
o r .  t h e  w i l l i n g n e s s  t o  p a y  b y  u s e r s  f o r  a i r  q u a l i t y  a t  t h e  Gran~nyon. Thus ;
r e c r e a t o r s  i n  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e  S o u t h w e s t  s h o u l d  b e  w i l l i n g  t o  p a y
s o m e  a m o u n t  t o  p r e s e r v e  a i r  q u a l  i t y  f o r  e a c h  d a y  o f  t h e i r  o w n  u s e  i f  t h e i r
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r e c r e a t i o n  e x p e r i e n c e  i s  i m p r o v e d  b y  g o o d  a i r  q u a l i t y . O n e  h y p o t h e t i c a l
m a r k e t  f o r  c o l l e c t i n g  u s e r  value i s  a n  i n c r e a s e  i n  e n t r a n c e  f e e s  t o  p a r k s  t o
b e  u s e d  t o  f i n a n c e  p r e s e r v a t i o n  o f  a i r  q u a l i t y ,  i . e . ,  p u r c h a s e  of air p o l l u -
t i o n  c o n t r o l  e q u i p m e n t . S u r v e y  q u e s t i o n n a i r e s  c a n  b e  d e s i g n e d  t o  e s t i m a t e
u s e r  v a l u e  b a s e d  o n  s u c h  a  h y p o t h e t i c a l  m a r k e t .

T h e  s e c o n d  c o m p o n e n t  o f  p r e s e r v a t i o n  v a l u e  i s  t e r m e d  e x i s t e n c e  v a l u e .
I n d i v i d u a l s  a n d  h o u s e h o l d s  w h i c h  m i g h t  n e v e r  v i s i t  t h e  G r a n d  C a n y o n  c a n  s t i l l
v a l u e  v i s i b i l i t y  there.,simply b e c a u s e  t h e y  w i s h  t o  p r e s e r v e  a  n a t i o n a l  t r e a s u r e .
V i s i t o r s  a l s o  m a y  w i s h  t o  k n o w  t h a t  t h e  G r a n d  C a n y o n  r e t a i n s  r e l a t i v e l y  p r i s -
t i n e  a i r  q u a l i t y  e v e n  o n  d a y s  w h e n  t h e y  a r e  n o t  v i s i t i n g  t h e  p a r k . C o n c e r n  o v e r
p r e s e r v i n g  t h e  G r a n d  C a n y o n  m a y  b e  j u s t  a s  i n t e n s e  i n  N e w  Y o r k  o r  C h i c a g o  a s  i t
i s  i n  n e a r b y  s t a t e s  a n d  c o m m u n i t i e s .

T h u s ,  p r e s e r v a t i o n  value h a s  t w o  a d d i t i v e  c o m p o n e n t s ,  u s e r  v a l u e  a n d
e x i s t e n c e  v a l u e .  H o w e v e r , i t  i s  d i f f i c u l t  t o  c o n s t r u c t  e v e n  a  h y p o t h e t i c a l
m a r k e t  t o  c a p t u r e  e x i s t e n c e  v a l u e  a l o n e . R a t h e r  o n e  c o u l d  i m a g i n e  a  l u m p  s u m
f e e  a d d e d ,  f o r  e x a m p l e ,  t o  e l e c t r i c  p o w e r  b i l l s  t o  p r e s e r v e  a i r  q u a l i t y  i n
t h e  G r a n d  C a n y o n  a n d  t h e  s u r r o u n d i n g  p a r k l a n d s . S u c h  a  h y p o t h e t i c a l  f e e  w o u l d
c a p t u r e  t o t a l  p r e s e r v a t i o n  v a l u e , t h e  s u m  o f  e x i s t e n c e  p l u s  u s e r  v a l u e ,  i f
u s e d  a s  t h e  b a s i s  o f  a  s u r v e y  q u e s t i o n n a i r e . I n  f a c t ,  t h e  s u r v e y  c o n d u c t e d
f o r  t h i s  s t u d y  a s k e d  a p p r o x i m a t e l y  o n e - t h i r d  o f  t h e  r e s p o n d e n t s  a  p u r e  u s e r
v a l u e  q u e s t i o n  ( h o w  m u c h  wouId t h e y  b e  w i l l i n g  t o  p a y  i n  h i g h e r  e n t r a n c e  f e e s
p e r  d a y  f o r  v i s i b i l i t y  a t  t h e  G r a n d  C a n y o n  o r  o t h e r  p a r k s ) .  T h e  o t h e r  two-
t h i r d s  o f  t h e  r e s p o n d e n t s  w e r e  a s k e d  h o w  m u c h  t h e y  w o u l d  b e  w i l l i n g  t o  p a y  a t
m o s t  a s  a  h i g h e r  m o n t h l y  e l e c t r i c  p o w e r  b i l l  t o  p r e s e r v e  v i s i b i l i t y  f i r s t  a t
t h e  G r a n d  C a n y o n  a n d  s e c o n d  t h r o u g h o u t  t h e  r e g i o n  a s  r e p r e s e n t e d  by p h o t o g r a p h s
o f  v i s t a s  a t  t h e  G r a n d  C a n y o n , M e s a  V e r d e  a n d - Z i o n  N a t i o n a l  P a r k s  ( t o t a l  ~re:
s e r v a t i o n  v a l u e  q u e s t i o n s ) . C l e a r l y ,  i f  t o t a l  p r e s e r v a t i o n  v a l u e  i s  m u c h
l a r g e r  t h a n  t o t a l  u s e r  v a l u e , t h e n  e x i s t e n c e  v a l u e  m u s t  b e  l a r g e .

D u r i n g  t h e  s u m m e r  o f  1 9 8 0 ,  o v e r  s i x  h u n d r e d  p e o p l e  i n  D e n v e r ,  L o s  A n g e
A l b u q u e r q u e  a n d  C h i c a g o  w e r e  s h o w n  s e t s  o f  p h o t o g r a p h s  d e p i c t i n g  b o t h  c l e a r
v i s i b i l i t y  c o n d i t i o n s  a n d  r e g i o n a l  h a z e  c o n d i t i o n s . E a c h  s e t  c o n s i s t e d  o f
5  p h o t o g r a p h s  r a n g i n g  f r o m  p o o r  t o  e x c e l l e n t  v i s i b i l i t y .  T h e  m i d d l e  p i c t u r e

e s ,

i n
e a c h  c a s e  a p p r o x i m a t e d  a v e r a g e  v i s i b i l i t y  d u r i n g  t h e  summer ( t h e  s e a s o n  o f  p e a k
v i s i t a t i o n ) . T h e  v i s t a s  w e r e  3  d i f f e r e n t  v i e w s  f r o m  t h e  G r a n d  C a n y o n ,  1  v i e w
f r o m  M e s a  V e r d e  a n d  1  v i e w  f r o m  Z i o n . T h e  8  b y  10 i n c h  t e x t u r e d  p r i n t s  w e r e
p l a c e d  o n  d i s p l a y  b o a r d s , e a c h  v i s t a  a  s e p a r a t e  r o w , a n d  e a c h  r o w  a r r a n g e d  w i t h
5  p h o t o g r a p h s  f r o m  l e f t  t o  r i g h t  i n  a s c e n d i n g  o r d e r  o f  v i s u a l  a i r  q u a l i t y  ( i . e . ,
p h o t o g r a p h  A  =  “ p o o r ” v i s i b i l i t y  a n d  p h o t o g r a p h  E  =  “ e x c e l l e n t ”  v i s i b i l i t y ) .

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  f i v e  l e v e l s  o f  v i s i b i l i t y  s h o w n  i n  t h e
p h o t o g r a p h s  t o  r e g i o n a l  e m i s s i o n s  c a n  b e  s u m m a r i z e d  a s  f o l l o w s : i f  ( 1 )  a l l
c o n t r o l s  o n  S 02  f o r  e x i s t i n g  p o w e r  p l a n t s  i n  t h e  r e g i o n  w e r e  r e m o v e d ;  ( 2 )
p r o p o s e d  p o w e r  p l a n t s  ( t h r o u g h  1 9 9 0 )  i n  t h e  r e g i o n  w e r e  t o  e m i t  S O  a t  t h e
m a x i m u m  u n c o n t r o l l e d  r a t e ; ( 3 )  e x i s t i n g  s m e l t e r  e m i s s i o n s  w e r e  h e l $ c o n s t a n t ;
a n d  ( 4 )  p a r t i c u l a t e  e m i s s i o n s  r e m a i n  a t  c u r r e n t  l e v e l s ,  v i s i b i l i t y  w o u l d  t h e n
d e c l i n e  f r o m  c u r r e n t  a v e r a g e  c o n d i t i o n s  ( m i d d l e  p h o t o g r a p h s )  b y  o n e  s t e p  t o
t h e  level p r e s e n t e d  i n  t h e  p h o t o g r a p h s  j u s t  t o  t h e  l e f t  o f  c e n t e r . Thus ,
w h e r e  t h e  p h o t o g r a p h s  c a n  b e  d e s c r i b e d  a s  r e p r e s e n t i n g  “ p o o r , ”  “ b e l o w  a v e r a g e , ”
“ a v e r a g e , “ “ a b o v e  a v e r a g e ” a n d  “ e x c e l l e n t ”  v i s i b i l i t y ,  c o m p l e t e  d e c o n t r o l  o f
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S O  e m i s s i o n s  b y  p r o j e c t e d  p o w e r  p l a n t s  i n  t h e  r e g i o n  i n  1990 w o u l d  r e s u l t  i n
a?le c r e a s e  i n  t y p i c a l  s u m m e r  v i s i b i l i t y  f r o m  t h a t  w h i c h  i s  r e p r e s e n t e d  i n  t h e
p h o t o g r a p h s  a s  “ a v e r a g e ” v i s i b i l i t y  t o  t h a t  w h i c h  i s  r e p r e s e n t e d  a s  “ b e l o w
a v e r a g e “ v i s i b i l i t y . T h e  c a l c u l a t i o n s  w h i c h  f o r m  t h e  b a s i s  o f  t h e  r e l a t i o n -
s h i p  b e t w e e n  t h e  l e v e l s  o f  v i s i b i l i t y  w h i c h  w e r e  s h o w n  i n  t h e  p h o t o g r a p h s  a n d
r e g i o n a l  e m i s s i o n s  a r e  p r e s e n t e d  i n  C h a p t e r  3 .

T h e  s u r v e y  p a r t i c i p a n t s  w e r e  a s k e d  e i t h e r  ( 1 )  h o w  m u c h  t h e y  w o u l d  b e
w i l l i n g  t o  pay.for v i s i b i l i t y  a s  s h o w n  i n  t h e  f i v e  s e t s  o f  p h o t o g r a p h s  f r o m
w o r s t  t o  b e s t  o n  t h e  d a y  o f  a  v i s i t  t o  t h e  G r a n d  C a n y o n  ( a n  e s t i m a t e  o f  u s e r
v a l u e )  o r  ( 2 )  h o w  m u c h  t h e y  w o u l d  b e  w i l l i n g  t o  p a y  i n  h i g h e r  e l e c t r i c  u t i l i t y
b i l l s  t o  p r e s e r v e  t h e  c u r r e n t  a v e r a g e  c o n d i t i o n - - m i d d l e  p i c t u r e - - r a t h e r  t h a n
a l l o w  v i s i b i l i t y  t o  d e t e r i o r a t e ,  o n  t h e  a v e r a g e ,  t o  t h e  n e x t  w o r s e  c o n d i t i o n
a s  r e p r e s e n t e d  i n  t h e  p h o t o g r a p h s  o f  t h e  G r a n d  C a n y o n  o r  o f  t h e  r e g i o n  ( a n
e s t i m a t e  o f  t o t a l  p r e s e r v a t i o n  v a l u e ) . T h e y  w e r e  also a s k e d  a b o u t  t h e i r
w i l l i n g n e s s  t o  p a y  i n  t h e  f o r m  o f  h i g h e r  m o n t h l y  e l e c t r i c  p o w e r  b i l l s  t o  p r e -
v e n t  a  p l u m e  f r o m  b e i n g  s e e n  i n  a  p r i s t i n e  a r e a . T o  r e p r e s e n t  p l u m e  b l i g h t ,
t w o  p h o t o g r a p h s  w e r e  t a k e n  f r o m  G r a n d  C a n y o n  N a t i o n a l  P a r k . B o t h  p h o t o g r a p h s
a r e  e s s e n t i a l l y  i d e n t i c a l  e x c e p t  o n e  h a s  a  p l u m e ,  a  n a r r o w  g r a y  b a n d ,  c r o s s i n g
t h e  e n t i r e  v i s t a  i n  t h e  s k y . T h e  s o u r c e  w a s  n o t  i n d u s t r i a l  o r  m u n i c i p a l  p o l -
l u t i o n  b u t  a  c o n t r o l l e d  b u r n  i n  t h e  a r e a  a r o u n d  t h e  G r a n d  C a n y o n .  H o w e v e r ,
t h e  e f f e c t  w a s  c o m p a r a b l e  t o  w h a t  a  l a r g e  u n c o n t r o l l e d  i n d u s t r i a l  s o u r c e  m i g h t
p r o d u c e .

T h e  b i d d i n g  g a m e  r e v e a l s  t h e  h o u s e h o l d ’ s  w i l l i n g n e s s  t o  p a y  f o r  p r e -
s e r v i n g  v i s i b i l i t y  i n  s p e c i f i c  l o c a t i o n s  a s  r e p r e s e n t e d  i n  t h e  p h o t o g r a p h s .
F o r  t h e  i n t e r v i e w e e s  a s k e d  t h e  p r e s e r v a t i o n  v a l u e  q u e s t i o n s  i n  t h e  s u r v e y ,
t h e  b i d s  i n c l u d e  b o t h  e x i s t e n c e  v a l u e  a n d  u s e r  v a l u e . T h e r e f o r e ,  w e  c o n c e n -
t r a t e  o n  t h e  p r e s e r v a t i o n  v a l u e  s e c t i o n  o f  t h e  s u r v e y  h e r e ,  s i n c e  u s e r  v a l u e s
a r e  i n c l u d e d  i n  t h e  p r e s e r v a t i o n  e s t i m a t e s .

T h e  s u r v e y i n g  h a d  f e w  r e f u s a l s ,  p a r t l y  b e c a u s e  o f  t h e  n a t u r e  o f  t h e
i n t e r v i e w s .  T y p i c a l l y ,  i n t e r v i e w s  w e r e  c o n d u c t e d  i n  t h e  l a t e  a f t e r n o o n  o r
e a r l y  e v e n i n g  h o u r s  i n  r e s i d e n t i a l  n e i g h b o r h o o d s . D u e  t o  t h e  l a r g e  s i z e  o f
t h e  d i s p l a y  b o a r d s , m o s t  i n t e r v i e w s  w e r e  c o n d u c t e d  o n  t h e  f r o n t  l a w n
o f  t h e  r e s p o n d e n t ’ s  h o m e . O f t e n ,  b o t h  h u s b a n d  a n d  w i f e  p a r t i c i -
p a t e d  j o i n t l y  i n  a n s w e r i n g  t h e  q u e s t i o n s . T h i s  w a s  v i e w e d  a s  a p p r o p r i a t e
s i n c e  t h e  p r i n c i p a l  q u e s t i o n  w a s “ h o w  m u c h  w o u l d  y o u  b e  w i l l i n g  t o  p a y  i n
h i g h e r  m o n t h l y  e l e c t r i c  u t i l i t y  b i l l s  t o  p r e s e r v e  v i s i b i l i t y  a t  t h e  G r a n d
C a n y o n  o r  i n  t h e  e n t i r e  G r a n d  C a n y o n  r e g i o n ? ”  H o u s e h o l d  m e m b e r s  w o u l d
o f t e n  e n g a g e  i n  e x t e n s i v e  d i s c u s s i o n  b e f o r e  g i v i n g  a  d o l l a r  a m o u n t .  in-
dividual b i d s  r a n g e d  f r o m  a n  a v e r a g e  o f  $ 3 . 7 2  p e r  m o n t h  i n  D e n v e r  t o  $ 9 . 0 0
p e r  m o n t h  i n  C h i c a g o  f o r  p r e s e r v i n g  v i s i b i l i t y  a t  t h e  G r a n d  C a n y o n .
T h e s e  a v e r a g e  b i d s  w e r e  i n c r e a s e d  f r o m  $ 2 . 8 9  t o  $ 7 . 1 0  p e r  m o n t h  p e r  h o u s e h o l d
i n  t h e  f o u r  c i t i e s  i f  v i s i b i l i t y  p r e s e r v a t i o n  w a s  t o  b e  e x t e n d e d  t o  t h e  G r a n d
C a n y o n  r e g i o n  a s  a  w h o l e . P r e v e n t i o n  o f  a  v i s i b l e  p l u m e  i n  t h e  G r a n d  C a n y o n
w a s  w o r t h  o n  t h e  a v e r a g e  b e t w e e n  $ 2 . 8 4  a n d  $ 4 . 3 2  p e r  m o n t h  f o r  t h e  f o u r  c i t i e s
s u r v e y e d .

T h e .  v a l i d i t y  o f  t h e s e  s u r v e y  r e s u l t s  d e p e n d s  o n  t h e  p e r c e p t i o n  b y  i n d i -
v i d u a l s  o f  v i s i b i l i t y  c o n d i t i o n s  a s  r e p r e s e n t e d  b y  p h o t o g r a p h s . A  l i n e a r
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r e l a t i o n s h i p  h a s  b e e n  s h o w n  t o  e x i s t  b e t w e e n  p e r c e i v e d  v i s i b i l i t y  a s  q u a n t i f i e d
b y  i n d i v i d u a l s  i n  a  n u m e r i c a l  o n e  t o  t e n  r a n k i n g  o f  v i s u a l  a i r  q u a l i t y  a s
r e p r e s e n t e d  i n  a n  actual v i e w  a n d  w i t h  t h e  s c i e n t i f i c  m e a s u r e  o f  t h e  a p p a r e n t
c o n t r a s t  i n  t h e  v i s t a  b y  a  m u l t i w a v e l e n g t h  t e l e r a d i o m e t e r . T h i s  c l o s e  l i n e a r
r e l a t i o n s h i p  b e t w e e n  p e r c e p t i o n  o f  a n  a c t u a l  v i s t a  a n d  t h e  a p p a r e n t  c o n t r a s t
o f  t h e  v i s t a  a l s o  e x t e n d s  t o  p e r c e p t i o n  o f  v i s i b i l i t y  c o n d i t i o n s  r e p r e s e n t e d
b y  s l i d e s  o r  8’I x  1 0 ”  c o l o r  p h o t o g r a p h s  a s  i s  s h o w n  i n  t h e  r e s e a r c h  p r e s e n t e d
i n  C h a p t e r  4 .

. . . .
T h e  b e n e f i t  e s t i m a t e s  d e r i v e d  f r o m  t h e  i n t e r v i e w  r e s u l t s  c a n  b e  e x t r a -

p o l a t e d  f r o m  t h e  s a m p l e  p o p u l a t i o n  t o  t h e  c o u n t r y  a s  a  w h o l e  b y  a p p l y i n g
s t a t i s t i c a l  e x t r a p o l a t i o n  t e c h n i q u e s  t o  t h e  r e s u l t s  o f  t h e  s u r v e y . T h e  b i d s
o f f e r e d  b y  i n t e r v i e w e e s  t o  p r e s e r v e  v i s i b i l i t y  a r e  s t a t i s t i c a l l y  r e l a t e d  t o
i n c o m e  a s  w e l l  a s  o t h e r  d e m o g r a p h i c  c h a r a c t e r i s t i c s . U s i n g  t h e  e s t i m a t e d
l i n e a r  r e l a t i o n s h i p  o f  b i d s  t o  p o p u l a t i o n  c h a r a c t e r i s t i c s ,  i t  i s  p o s s i b l e
t o  e s t i m a t e  t h e  v a l u e  o f  b e n e f i t s  t o  r e s i d e n t s  b o t h  f o r  t h e  e n t i r e  S o u t h w e s t
r e g i o n  a n d  f o r  t h e  e n t i r e  n a t i o n . T h i s  i s  d o n e  b y  s u b s t i t u t i n g  t h e  a v e r a g e
v a l u e  f o r  t h e s e  c h a r a c t e r i s t i c s  f o r  e a c h  s t a t e  i n t o  t h e  r e l a t i o n s h i p  a n d
c a l c u l a t i n g  t h e  a v e r a g e  v a l u e  o f  t h e  b i d  o f  a  p e r s o n  i n  t h a t  s t a t e . T h i s
v a l u e  i s  t h e n  m u l t i p l i e d  b y  t h e  n u m b e r  o f  h o u s e h o l d s  i n  t h e  s t a t e  t o  g e t
a  t o t a l  b i d  o r  b e n e f i t .

W h e n  t h e  a n a l y s i s  i s  p e r f o r m e d  f o r  t h e  s o u t h w e s t e r n  U . S .  ( f o r  r e s i d e n t s
o f  C a l i f o r n i a ,  C o l o r a d o ,  A r i z o n a , U t a h ,  N e v a d a ,  a n d  N e w  M e x i c o ) ,  t h e  f o l l o w i n g
v a l u e s  a r e  o b t a i n e d .

Y e a r l y  B e n e f i t s

P r e s e r v i n g  V
G r a n d  C a n y o n

P r e s e r v i n g  V
G r a n d  C a n y o n

f r o m : T o t a l  ($mill i o n )

s i b  l i t y  a t  t h e
4 7 0

s i b  l i t y  a t  t h e
Reg on 8 8 9

P r e v e n t i n g  P l u m e
G r a n d  C a n y o n

B l i g h t  a t  t h e
3 7 3

T o  e s t i m a t e  t h e  a g g r e g a t e  n a t i o n a l  b e n e f i t s  f o r  p r e s e r v i n g  v i s i b i l i t y ,
a  s i m i l a r  a n a l y s i s  i s  d o n e  f o r  t h e  e n t i r e  U . S . a n d  t h e  f o l l o w i n g  v a l u e s  a r e
o b t a i n e d .

Y e a r l y  B e n e f i t s  f r o m : T o t a l  ($mil l i o n )

P r e s e r v i n g  V i s i b i l i t y  a t  t h e
G r a n d  C a n y o n

P r e s e r v i n g  V
G r a n d  C a n y o n

P r e v e n t i n g  P
G r a n d  C a n y o n

3 , 3 7 0

sibility i n  t h e
R e g i o n 5 , 7 6 o

u m e  B l i g h t  a t  t h e
2 , 0 4 0
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T h e  b e n e f i t s  o f  p r e s e r v i n g  v i s i b i l i t y  c a n  b e  related t o  e m i s s i o n s  b y  n o t i n g
t h e  f o l l o w i n g . P r o j e c t e d  e m i s s i o n s  w i t h  e x i s t i n g  a n d  c u r r e n t l y  p l a n n e d  l e v e l s
o f  S02 c o n t r o l  would n o t  p r o d u c e  a  p e r c e i v e d  d e c l i n e  i n  v i s i b i l i t y  i n  1 9 9 0
a c c o r d i n g  t o  o u r  calc=tions a s  s h o w n  i n  C h a p t e r  3 . H o w e v e r ,  c o m p l e t e  d e c o n -
t r o l  o f  p r o j e c t e d  r e g i o n a l  p o w e r  plant e m i s s i o n s  o f  S 0 2  i n  1 9 9 0  w o u l d  d e c r e a s e
v i s i b i l i t y  b y  a p p r o x i m a t e l y  t h e  s a m e  a m o u n t  a s  t h e  d e c r e a s e  s h o w n  i n  t h e  p h o t o -
g r a p h s  w h i c h  f o r m  t h e  b a s i s  o f  t h e  p r e s e r v a t i o n  v a l u e  q u e s t i o n s  i n  t h e  s u r v e y .
T h u s ,  t h e  r e g i o n a l  b e n e f i t  f i g u r e  f o r m s  t h e  b a s e  f r o m  w h i c h  b e n e f i t s  f r o m
p o w e r  p l a n t  S 0 2  c o n t r o l s , p r o j e c t e d  t o  b e  i n  p l a c e  i n  1 9 9 0 ,  a r e  c a l c u l a t e d .

,..,

T w o  m o d i f i c a t i o n s  o f  t h e  r e g i o n a l  b e n e f i t  f i g u r e  a r e  n e c e s s a r y . F i r s t ,
b e n e f i t s  i n  1 9 9 0  m u s t  r e f l e c t  t h e  e x p e c t e d  p o p u l a t i o n  l e v e l s  i n  t h a t  y e a r .
S e c o n d ,  t h e  p r e s e n t  v a l u e  o f  f u t u r e  b e n e f i t s , b a s e d  o n  a  t h i r t y  y e a r  p o w e r
p l a n t  life a n d  a  1 0  p e r c e n t  r e a l  d i s c o u n t  r a t e  w h i c h  i s  c o n s i s t e n t  w i t h  t h e
O f f i c e  o f  M a n a g e m e n t  a n d  B u d g e t  g u i d e l i n e s ,  m u s t  b e  d e t e r m i n e d .  T h e s e  m o d i f i -
c a t i o n s  y i e l d  a n  a n n u a l i z e d  v a l u e  o f  7 . 6  b i l l i o n  d o l l a r s  a s  t h e  b e n e f i t s  o f
p o w e r  p l a n t  S 0 2  c o n t r o l s .

T h e  c o r r e s p o n d i n g  c o n t r o l  c o s t s ,  w h i c h  i n c l u d e  i n i t i a l  c a p i t a l  e x p e n d i -
t u r e s ,  r e c u r r i n g  e x p e n d i t u r e s  a n d  t h e  r e g u l a t o r y  s y s t e m  c o s t ,  a r e  e s t i m a t e d  t o
b e  a p p r o x i m a t e l y  t h r e e  b i l l i o n  d o l l a r s  a n n u a l l y . T h e r e f o r e ,  e s t i m a t e d  n a t i o n a l
b e n e f i t s  e x c e e d  c o n t r o l  c o s t s  a n d  t h e  p r o p o s e d  level o f  S 0 2  c o n t r o l  i s  n o t
w i t h o u t  s o m e  e c o n o m i c  j u s t i f i c a t i o n .

S e v e r a l  o t h e r  o b s e r v a t i o n s  o n  t h e  o u t c o m e s  o f  t h e  a n a l y s i s  o f  t h e  i n t e r -
v i e w  r e s u l t s  a r e  w o r t h  m e n t i o n i n g .

F i r s t , i n  t h e  c o n v e n t i o n a l  v i e w  o f  t h e  d e m a n d  f o r  e n v i r o n m e n t a l  qual ity,
t h e r e  i s  a  s m o o t h  t r a d e o f f  b e t w e e n  h i g h e r  s u c c e s s i v e  l e v e l s  o f  e n v i r o n m e n t a l
q u a l i t y  a n d  e c o n o m i c  b e n e f i t s ,  w i t h  s u c c e s s i v e  u n i t s  c o m m a n d i n g  l e s s  i n c r e m e n t a l
w i l l i n g n e s s  t o  p a y .

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

S e c o n d ,  a g a i n  s o m e w h a t  c o n t r a r y  t o  e x p e c t a t i o n s ,  n e i t h e r  p a s t  n o r  p r o -
s p e c t i v e  v i s i t s  t o  t h e  G r a n d  C a n y o n  R e g i o n  w e r e  s h o w n  t o  b e  i m p o r t a n t  d e t e r -
m i n a n t s  o f  p r e s e r v a t i o n  v a l u e . O n  t h e  a v e r a g e  t h o s e  w h o  h a d  n e v e r  s e e n  t h e
C a n y o n  v a l u e d  i t  a s  h i g h l y  a s  t h o s e  w h o  h a d .

T h i r d ,  o n c e  m o r e  u n e x p e c t e d , d i s t a n c e  f r o m  t h e  r e g i o n  h a d  n o  s i g n i f i c a n t
r e l a t i o n s h i p  t o  t h e  s i z e  o f  h o u s e h o l d  b i d s . P e o p l e  i n  C h i c a g o  b i d  f u l l y  a s
h i g h  a s  t h o s e  c l o s e r  b y  f o r  p r e s e r v i n g  v i s i b i l i t y  a t  t h e  G r a n d  C a n y o n .

F o u r t h ,  w h e r e a s  t o t a l  a n n u a l  p r e s e r v a t i o n  v a l u e  o f  t h e  G r a n d  C a n y o n
R e g i o n  f o r  t h e  n a t i o n  a p p r o a c h e s  s i x  b i l l i o n  d o l l a r s ,  u s e r  v a l u e  i s  o n  t h e
o r d e r  o f  t e n s  o f  m i l l i o n s  o f  d o l l a r s . T h u s ,  e x i s t e n c e  v a l u e  d o m i n a t e s  t h e
b e n e f i t s  o f  p r e s e r v i n g  v i s i b i l i t y .
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B e c a u s e  t h e  G r a n d  C a n y o n  i s  t h e  d o m i n a n t  f e a t u r e  i n  a  r e g i o n  w i t h  m a n y
v i s i t o r  a t t r a c t i o n s , o n e  m u s t  b e  e s p e c i a l l y  c a u t i o u s  i n  e x t e n d i n g  t h e s e
f i n d i n g s  t o  o t h e r  r e c r e a t i o n a l  a t t r a c t i o n s . I t  s e e m s  l i k e l y  t h a t  t h e r e  a r e
o n l y  a  v e r y  f e w  n a t u r a l  p h e n o m e n a  i n  t h e  U n i t e d  S t a t e s  a b o u t  w h i c h  A m e r i c a n s
h a v e  s u c h  s t r o n g  f e e l i n g s . O b v i o u s  c a n d i d a t e s  f o r  t h i s  s h o r t  l i s t  w o u l d  b e
O l d  F a i t h f u l  i n  Yel lowstone N a t i o n a l  P a r k , N i a g a r a  F a l l s  a n d  p e r h a p s  a  f e w
o t h e r s .

T h e  m a i n  conclu~,iou  o f  t h i s  s t u d y  i s  t h a t  t h e  m a g n i t u d e  o f  t h e  a n n u a l
y e a r l y  b e n e f i t s  f o r  p r e s e r v i n g  v i s i b i l i t y  w h e n  a g g r e g a t e d  a c r o s s  h o u s e h o l d s  i s
i m p r e s s i v e : n e a r l y  o n e  b i l l i o n  d o l l a r s  i n  t h e  s o u t h w e s t  a n d  a b o u t  s i x  b i l l i o n
i n  t h e  n a t i o n .

W h i l e  t h e s e  a r e  n e c e s s a r i l y  r a t h e r  c r u d e  e x t r a p o l a t i o n s ,  t h e  s u r v e y
r e s u l t s  r e v e a l  t h a t  A m e r i c a n s  p l a c e  g r e a t  v a l u e  o n  p r e s e r v a t i o n  o f  a i r  q u a l i t y
i n  t h e  G r a n d  C a n y o n  R e g i o n  a n d  t h a t  t h i s  v a l u a t i o n  i s  n o t  l o c a l i z e d  i n  t h e
s o u t h w e s t . A g a i n ,  i t  i s  w o r t h  n o t i n g  t h a t  p u r e  e x i s t e n c e  v a l u e  o v e r w h e l m s
u s e r  v a l u e  f o r  t h e  N a t i o n a l  P a r k s  i n  t h e  r e g i o n .

T h e  a c c u r a c y  o f  t h e s e  e s t i m a t e s , g i v e n  t h e  d i f f i c u l t y  o f  q u a n t i f y i n g  e n -
v i r o n m e n t a l  v a l u e  i n  d o l l a r  t e r m s , i s  p r o b a b l y  o n  t h e  o r d e r  o f  p l u s  o r  m i n u s
5 0  p e r c e n t .  H o w e v e r , t h e  m e t h o d o l o g y  u s e d  m u s t  s t i l l  b e  c o n s i d e r e d  e x p e r i m e n t a l .

T h e  r e p o r t  i s  o r g a n i z e d  a s  f o l l o w s : C h a p t e r  1  p r e s e n t s  t h e  h i s t o r i c a l ,
l e g a l  a n d  i n s t i t u t i o n a l  b a c k g r o u n d  f o r  v i s i b i l i t y  p r o t e c t i o n .  C h a p t e r  2
d e s c r i b e s  t h e  p h o t o g r a p h s  o f  v i s t a s  i n  t h e  N a t i o n a l  P a r k l a n d s  u s e d  i n  s u r v e y i n g
p e o p l e  i n  f o u r  m e t r o p o l i t a n  a r e a s  a b o u t  t h e  v a l u e  o f  p r e s e r v i n g  v i s i b i l i t y  i n
N a t i o n a l  P a r k s . C h a p t e r  3  r e l a t e s  t h e  l e v e l s  o f  a i r  q u a l i t y  s h o w n  i n  t h e
p h o t o g r a p h s  t o  r e g i o n a l  i n d u s t r i a l  e m i s s i o n s  u n d e r  t h r e e  a l t e r n a t i v e  s c e n a r i o s .
C h a p t e r  4  r e p o r t s  o n  a  s t u d y  o f  t h e  r e l a t i o n s h i p  b e t w e e n  p e r c e p t i o n  o f  a i r
q u a l i t y  b y  d i r e c t  o b s e r v a t i o n  a s  o p p o s e d  t o  t h a t  p r e s e n t e d  i n  s l i d e s  a n d  p h o t o -
g r a p h s . C h a p t e r  5  d e s c r i b e s  t h e  e c o n o m i c  t h e o r e t i c a l  b a s i s  f o r  t h e  s u r v e y
d e s i g n ,  w h i c h  i s  p r e s e n t e d  i n  C h a p t e r  6 . C h a p t e r  7  g i v e s  t h e  s u r v e y  r e s u l t s
w h i l e  C h a p t e r  8  d e v e l o p s  a n  a g g r e g a t e  b e n e f i t  m e a s u r e  f o r  p r e s e r v i n g  v i s i b i l i t y
i n  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e  s o u t h w e s t . T h e  o v e r a l l  s t u d y  t h u s  b r i n g s
t o g e t h e r  w o r k  f r o m  a t m o s p h e r i c  p h y s i c s  ( C h a p t e r s  2  a n d  3 ) ,  p s y c h o l o g y  a n d
s o c i o l o g y  ( C h a p t e r  4 ) ,  a n d  e c o n o m i c s  ( C h a p t e r s  5 - 8 )  t o  p r o v i d e  a n  e s t i m a t e  o f
t h e  b e n e f i t s  o f  p r e s e r v i n g  v i s i b i l i t y  i n  t h e  G r a n d  C a n y o n  R e g i o n . O n l y  w i t h
k n o w l e d g e  o f  ( 1 )  h o w  e m i s s i o n s  a f f e c t  v i s i b i l i t y ,  ( 2 )  h o w  p e o p l e  p e r c e i v e
c h a n g e s  i n  v i s i b i l i t y  a n d  ( 3 )  h o w  p e o p l e  v a l u e  c h a n g e s  i n  p e r c e i v e d  v i s i b i l i t y
i n  d o l l a r  t e r m s  c a n  a  v a l i d  e s t i m a t e  o f  s u c h  b e n e f i t s  b e  m a d e .



CHAPTER 1

INTRODUCTION
. . .

A . W h y  T h i s  S t u d y ?

T h e  n a t i o n  n e e d s  t o  k n o w  h o w  m u c h  v i s i b i l i t y  i s  w o r t h  i n  o r d e r  t o  e v a l -
u a t e  t h e  b e n e f i t s  o f  a i r  p o l l u t i o n  c o n t r o l  f o r  t h e  p u r p o s e  o f  v i s i b i l i t y  p r o -
t e c t i o n . T h i s  s t u d y  w a s  d e s i g n e d  t o  m e a s u r e  t h e  e c o n o m i c  v a l u e  o f  p r e s e r v i n g
v i s i b i l i t y  i n  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e  S o u t h w e s t .

B. T h e  V a l u e  o f  G o o d  V i s i b i l i t y  t o  S o c i e t y

H i s t o r i c a l l y  A m e r i c a n s  h a v e  p l a c e d  a  h i g h  v a l u e  o n  g o o d  v i s i b i l i t y ,
t h a t  i s , t h e  a b i l i t y  t o  s e e  d i s t a n t  o b j e c t s  c l e a r l y . T h i s  y e a r n i n g  a n d
a p p r e c i a t i o n  o f  a t m o s p h e r i c  v i s u a l  c l a r i t y  i s  e v i d e n c e d  i n  t h e  c o u n t r y ’ s  e a r l y
l i t e r a t u r e  a n d  a r t , i n c l u d i n g  t h e  J o u r n a l s  o f  L e w i s  a n d  C l a r k  a s  w e l l  a s  t h e
m a s t e r p i e c e s  o f  t h e  g r e a t  A m e r i c a n  l a n d s c a p e  a r t i s t s  o f  t h e  1 9 t h  C e n t u r y .
T o d a y  t h a t  l o v e  o f  v i s i b i l i t y  i s  d e m o n s t r a t e d  n o t  o n l y  b y  t h e  m i l l i o n s  w h o
f l o c k  e a c h  y e a r  t o  o u r  w e s t e r n  p a r k s , b u t  a l s o  i n  t h e  h i g h  p r i c e s  b r o u g h t  b y
t h o s e  a r t i s t s ’  w o r k  o f  a  c e n t u r y  a g o  a n d  b y  t h e  i n t e r e s t  i n  Ansel A d a m s ’
s i m p l e ,  y e t  d r a m a t i c a l l y  c l e a r  black a n d  w h i t e  p h o t o g r a p h s  o f  Y o s e m i t e  a n d
o t h e r  w o n d e r s  o f  t h e  U . S .  N a t i o n a l  P a r k  S e r v i c e .

O v e r  t h e  p a s t  1 0 0  y e a r s ,  C o n g r e s s  h a s  a c t e d  t o  p r e s e r v e  m a n y  o f  o u r
n a t i o n ’ s  n a t u r a l  w o n d e r s . I t  d i d  s o  b y  c r e a t i n g  a n d  c o n t i n u a l l y  e x p a n d i n g
t h e  N a t i o n a l  P a r k s ,  N a t i o n a l  W i l d e r n e s s  A r e a s ,  N a t i o n a l  M o n u m e n t s ,  N a t i o n a l
R e c r e a t i o n  A r e a s , a n d  W i l d  a n d  S c e n i c  R i v e r s .

S i n c e  t h e  1 9 5 0 s  t h e r e  s e e m s  t o  h a v e  b e e n  a n  i n c r e a s i n g  c o n c e r n  t h a t  t h i s
b e a u t y  i s  t h r e a t e n e d  b y  i n d u s t r i a l  d e v e l o p m e n t  a n d  p o p u l a t i o n  g r o w t h .  P o l l u t i o n
f r o m  c o a l - f i r e d  p o w e r  plants b e c a m e  a  s p e c i a l  c o n c e r n  w i t h  t h e  a d v e n t  i n  1 9 6 3  o f
t h e  f i r s t  u n i t  o f  t h e  F o u r  C o r n e r s  P o w e r  p l a n t  n e a r  F a r m i n g t o n ,  N e w  M e x i c o .  I t
p r o d u c e d  a  p l u m e  t h a t  c o u l d  b e  s e e n  c l e a r l y  f o r  s c o r e s  o f  k i l o m e t e r s ,  r e d u c i n g  t h e
t h e  ‘ c l a r i t y  o f  t h e  v i s u a l  e x p e r i e n c e  i n  a r e a s  o f  n o r t h w e s t e r n  N e w  M e x i c o ,
s o u t h e a s t e r n  U t a h ,  s o u t h w e s t e r n  C o l o r a d o  a n d  n o r t h e a s t e r n  A r i z o n a .

B y  t h e  l a t e  196os  a n d  t h e  early 7 0 s , s m o g  b e g a n  t o  a p p e a r  i n  Y o s e m i t e
V a l l e y  o n  w a r m  s u m m e r  d a y s . B a t t l e s  e r u p t e d  o v e r  p r o p o s e d  c o a l - f i r e d  p o w e r
p l a n t s  o n  t h e  K a i p a r o w i t s  P l a t e a u  a n d  n e a r  C a p i t o l  R e e f  N a t i o n a l  P a r k  a n d
Z i o n  N a t i o n a l  P a r k ,  b o t h  i n  s o u t h e r n  U t a h . T h e  i n c r e a s e d  p u b l i c i t y  a n d  c o n c e r n
r e s u l t e d  i n  m a g a z i n e  a n d  n e w s p a p e r  a r t i c l e s  d e c r y i n g  t h e  l o s s  o f  v i s u a l  c l a r i t y ,
p a r t i c u l a r l y  i n  t h e  w e s t e r n  U n i t e d  S t a t e s ,  a n d  p r e c i p i t a t e d  p o l i t i c a l
p r e s s u r e s  i n  C o n g r e s s  f o r  l e g i s l a t i v e  s t e p s  t o  p r o t e c t  v i s i b i l i t y . T h o s e
p r e s s u r e s  c u l m i n a t e d  i n  t h e  A u g u s t  1 9 7 7  a d o p t i o n  b y  C o n g r e s s  o f  t h e  n a t i o n ’ s
f i r s t  s p e c i f i c  v i s i b i l i t y  p r o t e c t i o n  r e q u i r e m e n t s  f o r  n a t i o n a l  p a r k s  a n d
n a t i o n a l  w i l d e r n e s s  a r e a s  a s  a m e n d m e n t s  t o  t h e  C l e a n  A i r  A c t  o f  1 9 7 0 .
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c . H i s t o r y  o f  F e d e r a l  V i s i b i l i t y  P r o t e c t i o n

T h e  1 9 7 7  C l e a n  A i r  A c t  A m e n d m e n t s

T h e  i n c r e a s i n g  p u b l i c  c o n c e r n  a b o u t a n d  C o n g r e s s i o n a l  i n t e r e s t  i n  p r o t e c t i n g
v i s i b i l i t y  r e s u l t e d  i n  s p e c i f i c  v i s i b i l i t y  p r o v i s i o n s - b e i n g  i n c l u d e d  i n  t h e  C l e a n
A i r  A c t  A m e n d m e n t  o f  1 9 7 7  (P.L. 95-9!5; A u g u s t  7 ,  1 9 7 7 ) .  T h e  H o u s e  C o m m e r c e  C o m -
m i t t e e  i n  i t s  r e p o r t  a c c o m p a n y i n g  t h e  a m e n d m e n t s  t o  t h e  C l e a n  A i r  A c t ,  s u m m a r i z e d
t h e  C o n g r e s s i o n a l  intent a s  f o l l o w s :

T h e r e  a r e  c e r t a i n  n a t i o n a l  l a n d s ,  i n c l u d i n g  n a t i o n a l  p a r k s ,
n a t i o n a l  m o n u m e n t s ,  n a t i o n a l  r e c r e a t i o n  a r e a s ,  n a t i o n a l  p r i m i t i v e
a r e a s ,  a n d  n a t i o n a l  w i l d e r n e s s  a r e a s , i n  w h i c h  p r o t e c t i o n  o f  c l e a n
a i r  q u a l i t y  i s  o b v i o u s l y  a  c r i t i c a l  n a t i o n a l  c o n c e r n . I n  f a c t  t h e
1916 N a t i o n a l  P a r k s  O r g a n i c  A c t  s t a t e s  t h e  p u r p o s e  o f  s u c h  l a n d s
“ i s  t o  c o n s e r v e  t h e  s c e n e r y  a n d  t h e  n a t u r a l  a n d  h i s t o r i c  o b j e c t s
a n d  t h e  w i l d l i f e  t h e r e i n  a n d  t o  p r o v i d e  f o r  t h e  e n j o y m e n t  o f  t h e
s a m e  i n  s u c h  a  m a n n e r  a n d  b y  s u c h  m e a n s  a s  w i l l  l e a v e  t h e m  u n i m -
p a i r e d  f o r  t h e  e n j o y m e n t  o f  f u t u r e  g e n e r a t i o n s ”  (I6 U . S . C . I ) .
S i m i l a r l y ,  t h e  1 9 6 4  W i l d e r n e s s  A c t  p r o v i d e s  t h a t  w i l d e r n e s s  a r e a s :

S h a l l  b e  a d m i n i s t e r e d  i n  s u c h  m a n n e r  a s  w i l l  l e a v e  t h e m  u n i m p a i r e d
f o r  f u t u r e  u s e  a n d  e n j o y m e n t  a s  w i l d e r n e s s ,  a n d  s o  a s  t o  p r o v i d e
f o r  t h e  p r o t e c t i o n  o f  t h e s e  a r e a s  ( a n d )  t h e  p r e s e r v a t i o n  o f  t h e i r
w i l d e r n e s s  c h a r a c t e r . (16u. s.c. 1 1 3 1  ( C ) )

I n  t h e  C o m m i t t e e ’ s  v i e w ,  t h e s e  u n i q u e  n a t i o n a l  l a n d s  s h o u l d
n o t  b e  d e s p o i l e d  o r  h e a v i l y  s h r o u d e d  i n  d e n s e  i n d u s t r i a l  p o l l u -
t i o n . I n d e e d ,  t h e  m i l l i o n s  o f  A m e r i c a n s  w h o  t r a v e l  t h o u s a n d s  o f
m i l e s  e a c h  y e a r  t o  v i s i t  Y o s e m i t e  o r  t h e  G r a n d  C a n y o n  o r  t h e
N o r t h  C a s c a d e s  w i l l  f i n d  l i t t l e  e n j o y m e n t  i f ,  f o r  e x a m p l e ,  u p o n
r e a c h i n g  t h e  G r a n d  C a n y o n  i t  i s  d i f f i c u l t  i f  n o t  i m p o s s i b l e  t o
s e e  a c r o s s  t h e  g r e a t  c h a s m . i f  t h a t  w e r e  t o  c o m e  t o  p a s s  -  a n d
s e v e r a l  o f  o u r  g r e a t  n a t i o n a l  p a r k s ,  i n c l u d i n g  t h e  G r a n d  C a n y o n ,
a r e  t h r e a t e n e d  t o d a y  b y  s u c h  a  f a t e  -  t h e  v e r y  v a l u e s  w h i c h
t h e s e  u n i q u e  a r e a s  w e r e  e s t a b l i s h e d  t o  p r o t e c t  w o u l d  b e  i r r e -
p a r a b l y  d i m i n i s h e d ,  p e r h a p s  d e s t r o y e d . F o r m e r  S e c r e t a r y  o f
I n t e r i o r  R o g e r s  M o r t o n  r e c o g n i z e d  t h e  v a l u e  o f  t h e s e  l a n d s  a n d
t h e i r  t h r e a t e n e d  l o s s  w h e n  i n  J u n e  1 9 7 3  s p e a k i n g  o f  t h e  n a t i o n a l
p a r k  l a n d s  i n  t h e  s o u t h w e s t ,  h e  s t a t e d :

T h e  scenic b e a u t y  o f  t h e  r u g g e d  S o u t h w e s t  l a n d -
s c a p e ,  c o u p l e d  w i t h  t h e  c l a r i t y  o f  t h e  a i r  i n  t h e
v i c i n i t y ,  a r e  n a t i o n a l  a s s e t s  o f  m a j o r  i m p o r t a n c e ,
w o r t h y  o f  p r o t e c t i o n  f o r  t h e  e n j o y m e n t  o f  f u t u r e
g e n e r a t i o n s  o f  A m e r i c a n s .

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

o f  a i r  q u a l i t y  p r o v i d e s  s p e c i a l  p r o t e c t i o n  f o r  t h e s e  n a t i o n a l
l a n d s  b e l o n g i n g  t o  a l l  A m e r i c a n s ,  t h e i r  b e a u t y  m a y  b e  l o s t
f o r e v e r .
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1 9 8 0  V i s i b i l i t y  R e g u l a t i o n s

O n  De~ember 2 ,  1 9 8 0 ,  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  p r o m u l g a t e d
r e g u l a t i o n s t o  i m p l e m e n t  t h e  C l e a n  A i r  A c t ’ s  v i s i b i l i t y  p r o t e c t i o n  p r o v i s i o n s .
K e y  p r o v i s i o n s  o f  t h e s e  r e g u l a t i o n s  i n c l u d e :

a ) P h a s e d  A p p r o a c h  - T h e  r e g u l a t i o n s  r e c o g n i z e  t w o  d i s t i n c t
t y p e s  o f  a i r  p o l l u t i o n  w h i c h  i m p a i r  v i s i b i l i t y :

4...

1 )  s m o k e ,  d u s t , c o l o r e d  g a s  p l u m e s  o r  l a y e r e d
h a z e  e m i t t e d  f r o m  s t a c k s  w h i c h  ob:
s k y  o r  h o r i z o n  a n d  a r e  r e a s o n a b l y
table t o  a  s i n g l e  s o u r c e  o r  a  s m a ’
o f  s o u r c e s , c a l l e d  “ p l u m e  b l i g h t ”

2 )  w i d e s p r e a d  r e g i o n a l l y  h o m o g e n e o u s

c u r e  t h e
a t t r i b u -
1  g r o u p

and

h a z e  f r o m
a  m u l t i t u d e  o f  s o u r c e s  w h i c h  i m p a i r s  v i s i -
b i l i t y  i n  e v e r y  d i r e c t i o n  o v e r  a  l a r g e  a r e a ,
c a l l e d  “ r e g i o n a l  h a z e . ”

Because of “. . . c e r t a i n  s c i e n t i f i c  a n d  t e c h n i c a l
l i m i t a t i o n s  .  .  . “ E P A  p r o m u l g a t e d  a  p h a s e d
a p p r o a c h  t o  v i s i b i l i t y  p r o t e c t i o n  r e g u l a t i o n s .
P h a s e  I  o f2 t h e  p r o g r a m  r e q u i r e s  c o n t r o l  o f
i m p a i r m e n t t h a t  c a n  b e  t r a c e d  t o  a  s i n g l e
e x i s t i n g  s t a t i o n a r y  f a c i l i t y  o r  small g r o u p
o f  s t a t i o n a r y  f a c i l i t i e s . 3

b )  B A R T  A n a l y s i s / R e - a n a l y s i s  a n d  i m p l e m e n t a t i o n  -
T h e  S t a t e s  m u s t  p e r f o r m  a  “ B e s t  A v a i l a b l e  R e t r o f i t
T e c h n o l o g y ”  (BART) a n a l y s i s  o n  a n y  a p p l  icable
e x i s t i n g  s o u r c e  t o  w h i c h  t h e  S t a t e  c a n  r e a s o n a b l y
a t t r i b u t e  ( t h r o u g h  v i s u a l  o b s e r v a t i o n  o r  o t h e r
m o n i t o r i n g  t e c h n i q u e )  v i s i b i l i t y  i m p a i r m e n t  i n
a n y  a p p l i c a b l e  C l a s s  I a r e a  o r  i n t e g r a l  v i s t a .
I n  t h e  B a r t  A n a l y s i s , t h e  S t a t e s  d e t e r m i n e  w h a t
a d d i t i o n a l  c o n t r o l s , i f  a n y ,  a r e  n e e d e d  o n  t h e
s o u r c e s  o f  e x i s t i n g  i m p a i r m e n t  i n  o r d e r  t o  r e m e d y
o r  r e d u c e  t h e  visibil i t y  i m p a i r m e n t .

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

c ) N e w  S o u r c e  R e v i e w  - T h e  r e g u l a t i o n  a l s o  r e q u i r e s  t h e  m e l d i n g  o f
t h e  v i s i b i l i t y  p r o t e c t i o n  r e q u i r e m e n t s  o f  S e c t i o n
1 6 5 ( d )  w i t h  t h o s e  o f  S e c t i o n  169A, f o r  p u r p o s e s
o f  p r e v e n t i n g  n e w  i m p a i r m e n t  r e s u l t i n g  f r o m  p r o -
p o s e d  m a j o r  e m i t t i n g  f a c i l i t i e s .
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S e c t i o n  1 6 5 ( d )  a p p l i e s  t o  a i r  p o l l u t i o n  i m p a c t s
w i t h i n  a  C l a s s  I  a r e a  a n d  d o e s  n o t  p r o v i d e  f o r
t h e  b a l a n c i n g  o f  e c o n o m i c ,  e n e r g y  a n d  o t h e r  non-
a i r  f a c t o r s  w i t h  a i r  q u a l i t y  f a c t o r s . U n d e r
S e c t i o n  1 6 9 A ,  t h e  S t a t e s  m a y  w e i g h  o t h e r  f a c t o r s ,
s u c h  a s  e c o n o m i c s ,  w i t h  p r o t e c t i o n  o f  i n t e g r a l
v i s t a s .

d )  L o n g - T e r m ’ - ’ S t r a t e g y -  T h e  r e g u l a t i o n s  r e q u i r e  e a c h  a p p l i c a b l e
S t a t e  t o  d e v e l o p  a n d  i n c l u d e  i n  i t s  S t a t e
I m p l e m e n t a t i o n  P l a n  ( S I P )  a  l o n g - t e r m  ( 1 0  t o  1 5
y e a r )  s t r a t e g y  f o r  m a k i n g  r e a s o n a b l e  p r o g r e s s
t o w a r d  r e m e d y i n g  e x i s t i n g  a n d  p r e v e n t i n g  f u t u r e
v i s i b i l i t y  i m p a i r m e n t .

I n  j u d g i n g  r e a s o n a b l e  p r o g r e s s ,  t h e  S t a t e s  m a y
w e i g h  e c o n o m i c s ,  e n e r g y ,  a n d  o t h e r  n o n - a i r  q u a l  i t y
f a c t o r s  a g a i n s t  i m p r o v e m e n t s  i n  a i r  q u a l i t y .

D . I s s u e s

T h e  o v e r a l l  i s s u e  i s  t h e  v a l u e  o f  v i s i b i l i t y  p r o t e c t i o n  c o m p a r e d  t o  t h e
c o s t , i n c l u d i n g  a i r  p o l l u t i o n  c o n t r o l  e q u i p m e n t  a n d  the r e g u l a t o r y  s y s t e m .  P a r t
o f  t h e  v a l u e  o f  v i s i b i l i t y  i s  e c o n o m i c ,  e x p r e s s e d  i n  m a n y  w a y s  s u c h  a s  t h e  e x t r a
p r i c e  p e o p l e  p a y  f o r  h o m e s  w i t h  g o o d  v i s t a s  a n d  t h e  p r i c e  p e o p l e  p a y  t o  t r a v e l
l o n g  d i s t a n c e s  t o  s e e  v i s t a s  w i t h  h i g h  v i s u a l  a i r  q u a l i t y .  A  r e l a t e d  i s s u e  i s
w h a t  p e o p l e  s e e  w h e n  t h e y  l o o k  a t  a  v i s t a . W h a t  i n s t r u m e n t  m e a s u r e m e n t  a n d
v i s i b i l i t y - r e l a t e d  v a r i a b l e s  d e s c r i b e  v i s i b i l i t y  i n  a,way c o n s i s t e n t  w i t h  h u -
m a n  p e r c e p t i o n ? H o w  s h o u l d  v i s t a s  b e  p r e s e n t e d  t o  p e o p l e  i n  o r d e r  t o  q u e s t i o n
t h e m  a b o u t  t h e  e c o n o m i c  v a l u e  o f  v i s i b i l i t y ? T h e s e  i s s u e s  a r e  t h e  s u b j e c t s  o f
o n - g o i n g  r e s e a r c h . T h i s  s t u d y  i s  b a s e d  o n  t h e  m o s t  u p - t o - d a t e  u n d e r s t a n d i n g  o f
t h e s e  i s s u e s ,  m u c h  o f  w h i c h  w a s  d e v e l o p e d  b y  o u r  r e s e a r c h  e f f o r t s .

E . O r g a n i z a t i o n  o f  t h e  R e p o r t

C h a p t e r  2  d e s c r i b e s  t h e  p h o t o g r a p h s  o f  v i s t a s  i n  t h e  N a t i o n a l  P a r k l a n d s
u s e d  i n  s u r v e y i n g  p e o p l e  i n  f o u r  m e t r o p o l i t a n  a r e a s  a b o u t  t h e  v a l u e  o f  p r e -
s e r v i n g  v i s i b i l i t y  i n  N a t i o n a l  P a r k s . C h a p t e r  3  r e l a t e s  t h e  l e v e l s  o f  a i r
q u a l i t y  s h o w n  i n  t h e  p h o t o g r a p h s  t o  r e g i o n a l  i n d u s t r i a l  e m i s s i o n s  u n d e r  t h r e e
a l t e r n a t i v e  s c e n a r i o s . C h a p t e r  4  r e p o r t s  o n  a  s t u d y  o f  t h e  r e l a t i o n s h i p
b e t w e e n  p e r c e p t i o n  o f  a i r  q u a l i t y  b y  d i r e c t  o b s e r v a t i o n  a s  o p p o s e d  t o  t h a t  p r e -
s e n t e d  i n  s l i d e s  a n d  p h o t o g r a p h s . C h a p t e r  5  d e s c r i b e s  t h e  e c o n o m i c  b a s i s  f o r
t h e  s u r v e y  d e s i g n ,  w h i c h  i s  p r e s e n t e d  i n  C h a p t e r  6 . C h a p t e r  7  g i v e s  t h e  s u r v e y
r e s u l t s  w h i l e  C h a p t e r  8  d e v e l o p s  a n  a g g r e g a t e  b e n e f i t  m e a s u r e  f o r  p r e s e r v i n g
v i s i b i l i t y  i n  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e  S o u t h w e s t . T h e  o v e r a l l  s t u d y  t h u s
b r i n g s  t o g e t h e r  w o r k  f r o m  a t m o s p h e r i c  p h y s i c s  ( C h a p t e r s  2  a n d  3 ) ,  p s y c h o l o g y
a n d  s o c i o l o g y  ( C h a p t e r  4 ) ,  a n d  e c o n o m i c s  ( C h a p t e r s  5 - 8 )  t o  p r o v i d e  a n  e s t i -
m a t e  o f  t h e  b e n e f i t s  o f  p r e s e r v i n g  v i s i b i l i t y  i n  t h e  G r a n d  C a n y o n  R e g i o n .
O n l y  w i t h  k n o w l e d g e  o f  ( 1 )  h o w  e m i s s i o n s  e f f e c t  v i s i b i l i t y ,  ( 2 )  h o w  p e o p l e
p e r c e i v e  c h a n g e s  i n  v i s i b i l i t y  a n d  ( 3 )  h o w  p e o p l e  value c h a n g e s  i n  p e r c e i v e d
v i s i b i l i t y  i n  d o l l a r  t e r m s  c a n  a  v a l i d  e s t i m a t e  o f  s u c h  b e n e f i t s  b e  m a d e .
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CHAPTER 2

REPRESENTING VISIBILITY WITH PHOTOGRAPHS
. . .

A . P h o t o g r a p h s  U s e d  I n  T h e  S u r v e y

D u r i n g  t h e  s u m m e r  o f  198o, o v e r  6 0 0  p e o p l e  i n  D e n v e r ,  L o s  A n g e l e s ,
A l b u q u e r q u e  a n d  C h i c a g o  w e r e  s h o w n  5  s e t s  o f  p h o t o g r a p h s  d e p i c t i n g  r e g i o n a l
h a z e ,  e a c h  s e t  c o n s i s t i n g  o f  5  p h o t o g r a p h s  o f  a  n a t i o n a l  p a r k  v i s t a  w i t h
d i f f e r e n t  v i s u a l  a i r  q u a l i t y . T h e  v i s t a s  a r e  f r o m  G r a n d  C a n y o n ,  M e s a  V e r d e
a n d  Z i o n  Natiorial P a r k s .  T h e  o b s e r v a t i o n  s i t e s , v i s t a  n a m e s  a n d  s p e c i f i c a t i o n s
a r e  g i v e n  i n  T a b l e  1 . S u m m e r  v i s i b i l i t y  c o n d i t i o n s  w e r e  c h o s e n  f o r  t h e  s u r v e y
b e c a u s e  i t  i s  t h e  s e a s o n  o f  p e a k  p a r k  v i s i t a t i o n .

T h e s e  p h o t o g r a p h s  w e r e  p l a c e d  o n  d i s p l a y  b o a r d s  a s  f u l l  f r a m e  8  b y  1 0  i n c h
t e x t u r e d  p r i n t s ,  a r r a n g e d
q u a l i t y  w i t h  e a c h  v i s t a  a
a t  t h e  G r a n d  C a n y o n  a n d  F
t h e  G r a n d  C a n y o n  R e g i o n ) .
w i l l i n g  t o  p a y  f o r  visibi’

f r o m  l e f t  t o  r i g h t  i n  a s c e n d i n g  o r d e r  o f  v i s u a l  a i r
s e p a r a t e  r o w  ( s e e  F i g u r e  1 r e p r e s e n t i n g  v i s i b i l i t y
g u r e  2  r e p r e s e n t i n g  v i s i b i l i t y  c o n d i t i o n s  t h r o u g h o u t

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

P a r t i c i p a n t s  i n  t h e  s u r v e y  w e r e  a l s o  a s k e d  a b o u t  t h e i r  w i l l i n g n e s s  t o  p a y
t o  p r e v e n t  a  p l u m e  f r o m  b e i n g  s e e n  i n  a  C l a s s  I  a r e a . T w o  p h o t o g r a p h s  w e r e
u s e d ,  o n e  w i t h  a n d  t h e  o t h e r  w i t h o u t  a  p l u m e . T h e  p h o t o g r a p h s  w e r e  t a k e n  f r o m
G r a n d  C a n y o n  N a t i o n a l  P a r k  a t  t h e  H o p i  f i r e t o w e r  o b s e r v a t i o n  p o i n t  a n d  t o w a r d s
M t .  T r u m b u l l  ( w e s t ) . T h e s e  t w o  p h o t o g r a p h s ,  s h o w n  i n  F i g u r e  3 ,  w e r e  b o t h
t a k e n  a t  9 a . m .  s o  t h e  l i g h t i n g  o n  t h e  c a n y o n  w a l l  a n d  o t h e r  f e a t u r e s  a r e  t h e
s a m e . B o t h  p h o t o g r a p h s  h a v e  t h e  s a m e  l i g h t  h i g h  c i r r u s  cloud l a y e r .
T h e  p l u m e  i s  a  n a r r o w  g r a y  b a n d  c r o s s i n g  t h e  e n t i r e  v i s t a  i n  t h e  s k y ,  e x c e p t
w h e r e  i t  i s  i n  f r o n t  o f  t h e  t o p  o f  M t .  T r u m b u l l . We b e l i e v e  t h e  s o u r c e  w a s  a
c o n t r o l l e d  b u r n  n e a r  t h e  G r a n d  C a n y o n .
T a b l e  2 .

B . D a t a  B a s e

T h e  p h o t o g r a p h  s p e c i f i c a t i o n s  a r e  i n

T h e  p h o t o g r a p h s  w e r e  t a k e n  w i t h  a
m a t i c  e x p o s u r e  c a m e - r a s  a t  G r a n d  C a n y o n ,

3 5 m m  l e n s  o n  s i n g l e  l e n s  r e f l e x  a u t o -
M e s a  V e r d e  a n d  Z i o n  N a t i o n a l  P a r k s

d u r i n g  t h e  p e r i o d s  s h o w n  i n  T a b l e  1 . T h e s e  c a m e r a s  a r e  o p e r a t e d  a s  p a r t  o f  t h e
p h o t o g r a p h i c  p r o g r a m  i n  t h e  EPA/NPS r e g i o n a l  v i s i b i l i t y  m o n i t o r i n g  n e t w o r k .
T h e  n e t w o r k  a l s o  p r o v i d e s  t e l e r a d i o m e t e r  m e a s u r e m e n t s  o f  t h e  a p p a r e n t  g r e e n
c o n t r a s t  o f  t a r g e t s  v i e w e d  f r o m  t h e s e  p a r k s , f r o m  w h i c h  s t a n d a r d  v i s u a l  r a n g e ,
a t t e n u a t i o n  c o e f f i c i e n t  a n d  o t h e r  v i s i b i l i t y - r e l a t e d  v a r i a b l e s  a r e  c o m p u t e d .
T h e  a p p a r e n t  g r e e n  c o n t r a s t  i s  m e a s u r e d  o n  e a c h  s l i d e  w i t h  a  m a n u a l  multiwave-
l e n g t h  t e l e r a d i o m e t e r . T o  d o  s o ,  t h e  s l i d e  i s  p r o j e c t e d  o n  a  s c r e e n  a n d  t h e
a p p a r e n t  g r e e n  r a d i a n c e  N i s  m e a s u r e d  o n  t h e  t a r g e t  u s e d  i n  t h e  n e t w o r k  a n d
t h e  a d j a c e n t  s k y . T h e  ap~arent c o n t r a s t  Cr i s  c o m p u t e d  w i t h  e q u a t i o n  ( 2 )  f r o m
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T a b l e  1

V i s t a s  f o r  S u r v e y

I ,,
O b s e r v a t i o n

P a r k S i t e

Grand Canyon H o p i  P o i n t

Grand Canyon H o p i  P o i n t

Grand Canyon H o p i  P o i n t

M e s a  V e r d e I F a r  V i e w
V i s i t o r  C e n t e r

Z i o n L a v a  P o i n t

I D i r e c t i o n

V i s t a ! (“true)

D e s e r t  V i e w I 9 6

Trumbuli M t . 2 9 3

T r u m b u l l  M t . I 2 9 3

S h i p r o c k  a n d 2 0 8
Lukachukai Mts.

T r u m b u l l  M t . I 90

9AM

9AM

3PM

9AM

10AM

T a r g e t
D i s t a n c e

(km)

3 0

9 6

9 6

6 8  to
Shiprock

130 t o
Lukachukai
I t s . , T a r g e t
lumber 1

. P e r i o d
P h o t o g r a p h e d

O c t .  7 9  t o  p r e s e n t

O c t .  7 9  t o  p r e s e n t

O c t .  7 9  t o  p r e s e n t

O c t .  7 9  t o  p r e s e n t

J u l y - N o v e m b e r  1 9 7 9









T a b l e  2

P h o t o g r a p h s  f o r  Plume Q u e s t i o n

P h o t o g r a p h A r c h i v e  # D a t e ~~nle(MST) C l o u d ’
4

w i t h o u t  plume Gc 3 9 5 2 7  NOV. 1 9 7 9 8 : 5 o  a . m . C i r r u s

,with p l u m e GC 4 0 5 2 8  NOV. 1 9 7 9 9:20 a . m . C i r r u s
A

Table J

T a r g e t  S~lflcatlon~  and S1 Ides for Sumner  1980 Survey

Photograph

Observat  Ion Tl,m  of Day -1 Archive

(local  time) co
a~[km ) r (km) F(%) a (q

Target Site
cNumber ~

‘fp m

Trurnbul  I Hopi  Fire
—

9AM -.735 . no927 96 GC 84 - o h 8 k.21
Tower,

Grand Canyon
GC  92b

-.10 35 2,30
fled  i an -.12 50 1.92
GC 171 -.20 0.86
GC 268 -.z6 z 0.31
GC 204 - . 3 0 99.9 0.01

Tw&ul  I Hopi Fire 3PM -.8 .00927 96 cc 519 - . 0 8 9 2. gt,
Twer GC 102 -.lk 30 1.78

Grand Canyon Median -.17 50 1.37
GC s36 -.18 1.25
GC 313 -.24 ix 0,6s
Gc 54s -.30 97 0.19

0e3ert View Hopi Flra 9AM - . 8 8 oo93b9 30 Gc 9 - . 2 6
Tower

6.26
cc 501

Grand  Canym
-.37 2; 3.91

GC 94 -.43 w 2.90
Hedlan -.45 50 2.6o
GC 311 -.59 90 0.80
GC 406 -.71 99.1 0

,ukachuka  I I Far View 9&H .7 .009076 106 tlv 54 - . 0 2 4.89
ihiprock  View) Visi tor

Center,
W 48 - . 0 4 i 3.59

w 133 - . 0 8 32 2.28
Hem Verde Hed I an -.10 1.86

w 23fl -.14 :: 1.22
w 21 -.24 99.99 0.20

Tnmbul  I Lava Point , IOM -.82 .009181 105 2 2 -.02
Zion

5.24
z 16 -.07 2.85

tied Ian -.12 50 1.82
2 190 -,15 1.40
2  119 -.18 1.05
2 146 -.24 0.50

:.mulat  I ve Frequeqcy ( less  thrn  or equal  ) of occurrence of speci  f led target apparent green cent rast

bMed  lan of measur&nts  taken  during  S-C 1 9 7 9 .



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

I t  i s  i m p o r t a n t  t o  k n o w  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e  p h o t o g r a p h e d
v i s u a l  a i r  q u a l i t y  a t  e a c h  o f  t h e  v i s t a s . T h e  c u m u l a t i v e  f r e q u e n c y  o f  t h e
a p p a r e n t  c o n t r a s t  o f  t h e  o f f i c i a l  n e t w o r k  t a r g e t  i n  e a c h  p h o t o g r a p h  i s  c o m p u t e d
f r o m  teleradiometer m e a s u r e m e n t s  t a k e n  d u r i n g  s u m m e r  1 9 7 9  ( s e e  T a b l e  3 ) .  T h e
5  p h o t o g r a p h s  f o r  e a c h  v i s t a  w e r e  c h o s e n  t o  h a v e  p e r c e p t i b l e  d i f f e r e n c e s
( M a i m ,  e t  a l . 1 9 8 0 a ) ,  b e t w e e n  a d j a c e n t  p a i r s ,  a n d  t h e  m i d d l e  p h o t o g r a p h  i s

n e a r e s t  t h e  m e d i a n  v i s i b i l i t y  o b s e r v e d  d u r i n g  s u m m e r  1 9 7 9 .  O n l y  t h e  M t .  T r u m b u l l
m o r n i n g  s e r i e s  i s  s l i g h t l y  s k e w e d , w i t h  t h e  o b s e r v e d  m e d i a n  b e i n g  c l o s e r  t o
t h e  s e c o n d  p h o t o g r a p h .
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CHAPTER 3

R E G I O N A L  E M I S S I O N S  A N D  V I S I B I L I T Y
. . . . .

A . I n t r o d u c t i o n

T h e  p r i n c i p a l  o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  m e a s u r e  t h e  b e n e f i t s
o f  p r e s e r v i n g  v i s i b i l i t y . H o w e v e r ,  b e n e f i t  m e a s u r e s  a s s o c i a t e d  w i t h  a m b i e n t
a i r  q u a l i t y  m u s t  b e  r e l a t e d  t o  e m i s s i o n s  b y  i n d u s t r i a l  s o u r c e s  s o  t h a t  a
c o m p a r i s o n  o f  b e n e f i t s  t o  c o n t r o l  c o s t s  c a n  b e  m a d e . T h i s  c h a p t e r ,  a l o n g
w i t h  A p p e n d i x  A ,  p r o v i d e s  t h e  b a s i s  f o r  r e l a t i n g  b e n e f i t s  t o  i n d u s t r i a l
e m i s s i o n s .

B . R e l a t i n g  V i s i b i l i t y  t o  E m i s s i o n s

T h e  a p p a r e n t  t a r g e t  c o n t r a s t ,  Cr ,  d i s t a n c e  b e t w e e n  t h e  t a r g e t  a n d  o b s e r v e r ,
r , a n d  i n h e r e n t  g r e e n  contrast, C , o f  t h e  t a r g e t  a l l o w  u s  t o  c o m p u t e  t h e  m e a n
a t t e n u a t i o n  c o e f f i c i e n t ,  a ,  o f  t~e s i g h t  p a t h , u s i n g  e q u a t i o n  ( 1 1 )  f r o m
A p p e n d i x  A .

c
Ci =+1+

r
(1)

T h e  m e a n  a t t e n u a t i o n  c o e f f i c i e n t  c o m p r i s e s  t h r e e  p a r t s ,  c o n t r i b u t e d  b y  f i n e
p a r t i c u l a t e , N02 a n d  t h e  n o r m a l  g a s e o u s  c o n s t i t u e n t s  o f  a i r ,  s o  t h a t

a =  afp +  ‘NO. +  aR ( 2 )

‘ h e r e  afp
=  f i n e  particulate~attenuation  co~fficient ( k m - ’ ) ,

atjo2
= N 02  a t t e n u a t i o n  c o e f f i c i e n t  ( k m  )  a n d

‘R
=  s i g h t  p a t h  w e i g h t e d  Rayleigh a t t e n u a t i o n  c o e f f i c i e n t  ( k m - ’ ) .

O n l y  t h e  f i n e  p a r t i c u l a t e  i s  s h o w n  h e r e ,  r a t h e r  t h a n  t o t a l  p a r t i c u l a t e ,  b e c a u s e
t h e  f i n e  p a r t i c u l a t e  d o m i n a t e s  t h e  c o a r s e  p a r t i c u l a t e  c o n t r i b u t i o n  t o  visi-
bility (Macias, e t  a l . , 1 9 7 9 ) ,  e x c e p t  p o s s i b l y  i n  d u s t  s t o r m s .

I n  o r d e r  t o  e v a l u a t e  t h e  r e l a t i v e  m a g n i t u d e  o f  aNo ,  i n f o r m a t i o n  i s  n e e d e d
2

o n  i t s  c o n c e n t r a t i o n  i n  c l e a n  a i r  a n d  t h e  a t t e n u a t i o n  p e r  u n i t  p a t h  l e n g t h  a n d
p e r  u n i t  c o n c e n t r a t i o n . T h e  a t t e n u a t i o n  c o e f f i c i e n t  f o r  a  g a s  t h a t  a b s o r b s
l i g h t  m u c h  m o r e  t h a n  o n e  t h a t  s c a t t e r s  light i s  g i v e n  b y :

a =A=aC
-1

w h e r e  A =  a b s o r p t i o n  c o e f f i c i e n t  (~m-l), a =  a b s o r p t i v i t y  ( k m- ’ m o l e  l i t e r  )
and C = c o n c e n t r a t i o n  ( l i t e r  m o l e - ’ ) .  B a c k g r o u n d
S o u t h w e s t  a r e  a b o u t  6  p a r t s  p e r  b i l l i o n  ( W a l t h e r ,

c o n c e n t r a t i o n s  o f  N 02  i n  t h e
e t  a ] . ,  1978) a n d  t h e  a b s o r p -
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-1 -1
tivity ( H a l l  a n d  Blacet, 1 9 5 2 )  a~4550-~m  i s  31.1 m o l e  c m  ,  h e n c e  t h e  N O
a b s o r p t i o n  c o e f f i c i e n t  i s  8.3*Io by “-l In c o m p a r i s o n ,  a  t y p i c a l  Rayleig i!
a t t e n u a t i o n  c o e f f i c i e n t  i s  a b o u t  1 0  k m  ,  o v e r  o n e  m a g n i t u d e  l a r g e r . T h e
f i n e  p a r t i c u l a t e  a t t e n u a t i o n  c o e f f i c i e n t  i s  usually a t  least a s  l a r g e  a s  t h e
R a y l e i g h  a t t e n u a t i o n  c o e f f i c i e n t  ( M a i m ,  e t  a l . ,  1980c), a n d  h e n c e  a l s o  o v e r
o n e  m a g n i t u d e  l a r g e r  t h a n  t h e  N02 a t t e n u a t i o n  c o e f f i c i e n t . T h e r e f o r e ,  w e
a s s u m e  t h e  n i t r o g e n  d i o x i d e  c o n c e n t r a t i o n  i s  l o w  e n o u g h ,  s o  t h a t

a=afp+-’aR. ( 3 )

C o m b i n i n g  ( 1 )  a n d  ( 2 ) ,  w e  g e t

c
afp  +  

aR
=  :ll&

r

o r
c

afp
=  :1+- ;R

.
r

( 4 )

W e  k n o w  &R f o r  t h e  s i g h t  p a t h  b e c a u s e  w e  k n o w  t h e  e l e v a t i o n  o f  t h e  o b s e r v a t i o n
s i t e s  a n d  e a c h  t a r g e t .

A  c o n s t a n t  o f  p r o p o r t i o n a l i t y ,  k ,  b e t w e e n  f i n e  p a r t i c u l a t e  a t t e n u a t i o n
c o e f f i c i e n t  a n d  c o n c e n t r a t i o n ,  w a s  d e r i v e d  b y  o t h e r s  (Macias a n d  H u s a r ,  1 9 7 6 ) :

afp
=  kxfp ( 5 )

w h e r e  k  = 5*10-3km-’ (vgm-3)-’ a n d

Xfp
=  f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n  (~gm-3).

I n  t h e  E P A / N P S  r e g i o n a l  v i s i b i l i t y  n e t w o r k ,  s t a n d a r d  v i s u a l  r a n g e  (SVR)
i s  c o m p u t e d  w i t h  t h e  r e l a t i o n

SVR =
3 . 9 1 2 ( 6 )

;-;R+.O1

C o m b i n i n g  ( 3 )  a n d  ( 6 ) ,

SVR’=
3 . 9 1 2

( 7 )

afp
+  . 0 1

a n d  c o m b i n i n g  ( 5 )  a n d  ( 7 ) ,  w e  g e t  t h e  e q u a t i o n  f o r  k  a s  a  f u n c t i o n  o f  S V R  a n d
X fp  :

k=~

( )

3 . 9 1 2— -  . 0 1
Xfp

SVR
( 8 )
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F r o m  t h e  EPA/NPS n e t w o r k ,  c o m p u t a t i o n s  f o r  19 locations over 6  s e a s o n s  f r o m
s u m m e r  1978 t h r o u g h  f a l l  1 9 7 9  i n d i c a t e  a n -~veral 1  g e o m e t r i c m e a n  s t a n d a r d  v i s u a l
r a n g e  o f  165 k m . I f  w e  a s s u m e  x o v e r  t h e  t e s t  r e g i o n  (t~ b e  d e  c~”bed
i n  C h a p t e r  2 B )  a n d  t i m e  p e r i o d , ~~; ?~~mof ( 8 )  l e a d s  to k  =  4.6010 3(w9ti3) l’.
T h i s  a g r e e s  w i t h i n  10% t o  t h e  v a l u e  f o u n d  b y  Macias a n d  Husar ( 1 9 7 6 ) .

U s i n g  a i r p o r t  o b s e r v a t i o n s  i n  t h e  s o u t h w e s t ,  N A S N  ( N a t i o n a l  A i r  S a m p l i n g
N e t w o r k )  d a t a ,  a n d  e m i s s i o n s  d a t a , t h e  r a t e  o f  c h a n g e  o f  a t t e n u a t i o n  c o e f f i c i e n t
w i t h  S O  e m i s s i o n s  Ms.been s t u d i e d  b y  Marians a n d  Trijonis (1979). we will
d e f i n e  ?uch a  c h a n g e  b y  t h e  c o e f f i c i e n t  b :

b -
=  d%02.

B e c a u s e  w e  a s s u m e  t h a t  f i n e  p a r t i c u l a t e  d o m i n a t e s  t h e  v a r i a t i o n  o f  a t t e n u a t i o n
c o e f f i c i e n t ,  t h e n ‘afp

‘a=dafp’ sob=q”
2

S o l v i n g  f o r  t h e  c h a n g e  i n  f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n  a s  a  f u n c t i o n  o f  c h a n g i n g
S 02 e m i s s i o n s ,

‘xfP - >.!@=b/k,

% 02 % 02 ‘afp

Marions a n d  Trijonis (1979) f o u n d

d~fp II - 1— . 2*10-3km-1  ( 1 0 0 0  t o n s  S 02  p e r  d a y )  .
‘Eso.

-;
dxfp ‘3 (100otpd S 02 )  .Ifwe l e t  k = 5 0 1 O  k m- l  (pgm-3)-1, then~ =  0 . 4  ugm

- 1

S 02

T h i s  r o u g h  r e l a t i o n s h i p  i s  u s e d  h e r e  w i t h  p r o j e c t e d  c h a n g e s  i n  t h e  S 02 e m i s s i o n
i n v e n t o r y  a f f e c t i n g  t h e  r e g i o n  t o  e s t i m a t e  t h e  r e s u l t i n g  c h a n g e  i n  fine p a r t i c u -
l a t e  c o n c e n t r a t i o n . I t  i s  a  r o u g h  r e l a t i o n s h i p  b e c a u s e  t h e  r e g r e s s i o n  a n a l y s i s
u s e d  t o  p r o d u c e  t h e  c o e f f i c i e n t  d o e s  n o t  t a k e  c a r e f u l  a c c o u n t  o f  d i f f e r e n t
c a t e g o r i e s  o f  s o u r c e s ,  t h e  v a r i o u s  m e c h a n i s m s  b y  w h i c h  t h e s e  s o u r c e s  l e a d  t o
a m b i e n t  f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n s , a n d  t h e  r e s u l t i n g  a t t e n u a t i o n  c o e f f i c i e n t .

W e  c a n  d e r i v e  a n  e s t i m a t e  o f  t h e  f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n  p r e v a i l i n g
i n  a  p i c t u r e .  C o m b i n i n g  ( 4 )  a n d  ( 5 ) ,  w e  g e t

c

Xfp
! 11A- Q.= k(r Cr

2 2

( 9 )



E q u a t i o n  ( 9 )  i s  u s e d  t o  c o m p u t e  t h e  f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n  w e
e x p e c t  t o  b e  a s s o c i a t e d  w i t h  e a c h  p h o t o g r a p h  u s e d  i n  t h e  s u r v e y ,  a s s u m i n g  t h e
p a r t i c u l a t e  c o n c e n t r a t i o n  i s  u n i f o r m  t h r o u g h o u t  t h e  v i s t a .

c . E m i s s i o n  S c e n a r i o s

N o w  w e  w a n t  t o  d e v e l o p  s c e n a r i o s  o f  f u t u r e  anthropogenic e f f e c t s  o n  v i s -
i b i l i t y  i n  a  t e s t  r e g i o n  d e f i n e d  a s  s o u t h e r n  U t a h ,  s o u t h w e s t e r n  C o l o r a d o ,
n o r t h e r n  A r i z o n a  a n d . n o r t h w e s t e r n  N e w  M e x i c o  ( s e e  F i g u r e  4 ) .  O n e  o f  t h e  i m p o r -
t a n t  d r i v i n g  f o r c e s  w i l l  b e  t h e  i n c r e a s e  i n  e n e r g y  r e l a t e d  a c t i v i t i e s ,  i n c l u d i n g
c o a l  m i n i n g ,  c o a l  c o m b u s t i o n  t o  g e n e r a t e  e l e c t r i c i t y ,  coal c o n v e r s i o n  t o  l i q u i d
a n d  g a s e o u s  f u e l s  a n d  t h e  d i v e r s e  a c t i v i t i e s  o f  n e w  p e o p l e  m o v i n g  i n t o  t h e
r e g i o n .

A l l  t h e s e  a c t i v i t i e s  c r e a t e  p o l l u t a n t  g a s e s  a n d  p a r t i c u l a t e ,  s o m e  e m i t t e d
i n  t h e  r e g i o n  a n d  s o m e  t r a n s p o r t e d  i n t o  t h e  r e g i o n  f r o m  s i m i l a r  a c t i v i t i e s
u p w i n d . F u l l y  r e c o g n i z i n g  t h e  p o s s i b i l i t y  t h a t  o t h e r  s o u r c e s  m a y  b e  m o r e
i m p o r t a n t ,  w e  w i l l  a r b i t r a r i l y  s i m p l i f y  t h i s  c o m p l e x  s e t  o f  s o u r c e s  a n d  p o l l u -
t a n t s  b y  f o c u s i n g  o n  o n l y  c o a l - f i r e d  p o w e r  p l a n t s ,  t h e  S 02  t h e y  e m i t  a n d  t h e
r e s u l t i n g  s u l f a t e  f i n e  p a r t i c u l a t e  t h a t  a f f e c t s  v i s i b i l i t y . T h i s  a p p r o a c h  s e e m s
j u s t i f i e d  i n  t h i s  s p e c i f i c  t e s t  r e g i o n  b e c a u s e  t h e  p r o p o s a l s  f o r  c o a l - f i r e d
p o w e r  p l a n t s  t h e r e  f a r  o u t w e i g h  t h e  p r o p o s a l s  f o r  o t h e r  m a j o r  s o u r c e s  o f  a i r
p o l l u t i o n  i n  t h e  s a m e  r e g i o n  (Walther a n d  Comarow, 1 9 7 9 ) .

T h e  s c e n a r i o s  a r e  d e v e l o p e d  f o r  s o u r c e s  t h a t  a r e  p r o p o s e d  t o  b e  c o n s t r u c t e d
b y  1 9 9 0 - 1 9 9 5 ,  b e c a u s e  i n f o r m a t i o n  f r o m  v a r i o u s  e n e r g y  p r o j e c t i o n s  i s  a v a i l a b l e
o n l y  t o  t h i s  f u t u r e  t i m e  p e r i o d .

S c e n a r i o  O

T h e r e  m a y  b e  n o  a p p r e c i a b l e  c h a n g e  i n  S 02 e m i s s i o n s  ( E P A ,  1 9 7 9 ;  Mitre
C o r p . ,  1 9 7 9 )  b e c a u s e  t h e  i n c r e a s e  i n  p o w e r  p l a n t  e m i s s i o n s  m a y  b e  o f f s e t  b y  t h e
d e c r e a s e  i n  s m e l t e r  e m i s s i o n s . I f  w e  a s s u m e  n a t u r a l  S 02 e m i s s i o n s  a l s o  d o  n o t
c h a n g e ,  t h e n  w e  a r e  l e d  t o  a  p r o j e c t i o n  o f  n o  c h a n g e  i n  s u l f a t e  f i n e  p a r t i c u -
l a t e . I f  w e  a l s o  a s s u m e  t h a t  s u l f a t e  d o m i n a t e s  f i n e  p a r t i c u l a t e ,  t h e n  w e  p r o -
j e c t  n o  c h a n g e  i n  a m b i e n t  f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n ,  h e n c e  n o  c h a n g e  i n
t h e  a t t e n u a t i o n  c o e f f i c i e n t  o f  f i n e  p a r t i c u l a t e . T h e r e  would b e  n o  c h a n g e  i n
a p p a r e n t  c o n t r a s t  o f  a n y  t a r g e t  i n  t h e  t e s t  r e g i o n . T h i s  ‘ n o  c h a n g e ’
p r o v i d e s  n o  b a s i s  f o r  a s k i n g  p e o p l e  a b o u t  t h e  e c o n o m i c  v a l u e  o f  a  r e g
c h a n g e  i n  v i s i b i l i t y  r e l a t e d  t o  e n e r g y  d e v e l o p m e n t .

S c e n a r i o  1

I n  o r d e r  t o  d e v e l o p  a  s c e n a r i o  b a s e d  o n  a  d e f i n i t e  c h a n g e  i n  e m ’
t h e  s m e l t e r  e m i s s i o n s  c o n t r i b u t i n g  t o  t h e  t e s t  r e g i o n  a r e  a s s u m e d  t o
c o n s t a n t .

I n  t h e  t e s t  r e g i o n  t h e  c u r r e n t  m a j o r  s o u r c e s  o f  S 02  a r e  l i s t e d
4 .  A l l  t h e s e  s o u r c e s  a r e  c o a l - f i r e d  p o w e r  p l a n t s .

s c e n a r i o
onal

sions, t h e
rema i n

n  T a b l e

T h e  s i z e  i s  g i v e n  a s  a  r a n g e  w h e r e  v a r i o u s  s o u r c e s  o f  i n f o r m a t i o n  d i f f e r .
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F i g u r e  4

T e s t  R e g i o n

UTAH  . , 1-

ARIZONA
- .

S t a t e

A r i z o n a

C o l o r a d o

A p a c h e
-  Coconino

Mohave
N a v a j o
Yovapa i

Archuleta
D o l o r e s
L a  Plata
Montezuma
S a n  J u a n

C04.ORAOO

3
NEWM c o

I

S t a t e QQY

N e w  M e x i c o S a n  J u a n
R i o  Arriba
M c K i n l e y

U t a h S a n  J u a n
Kane
W a s h i n g t o n
I ron
G a r f i e l d
Wayne
Emery
G r a n d
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Table 4

C u r r e n t  M a j o r  S 02 E m i s s i o n s  I n  T e s t  R e g i o n

Su ‘ur  Dioxide

Leve I

‘ %02 / 106BTU
—

Emissions
Pc++er

(m)

Control

(%)

R a t e  ( t o n s

Control led

72.137

7-13

8.5-20.5
8.5-2o.5

10-24
90-160
90-160

7
35

21.5
21.5

40,463,502,64
40,46, s0,64

46.73,55  .7: J31.3
46.73,55 .74,81.3
46.73,55.7 ,81.3

r day)

Uncontrol  ledName

—
nitLocat  ion

I1O-II5
250-270

22-4o
22-4o

>90’
>gol

Cholla , oseph  C i t y ,  A Z

irtland,  NM

I
2 .

Four
C0rners3 190

I 90
245
770
718

65
65

0
0
0

35

::
160
160

Hunter
(Emery) astie Dale,  UT

Huntington, UT

00( N)-430(G)
00( N)-430(G)

400
415
82o
82o
770
770
770

50( N)-395(G)

80
80
80
80

0
0
0
0

26
26
26
26

Iunt  i ngt0n2

40-64
40-64

Nohave

Nava jo

lull  head  C i t y ,  A Z

‘age ,  AZ 46.7 -81.3
46.7 -81.3
46.7 -81.3

113

.5zl6

.5216

.52J6

.816
0

66*CorOnado

Reid
Gardner5

38

16.7
16.7
16.7
22
21
35-— .-—

692- 10?4

t. J o h n s ,  AZ

110-130
110-130
110-130

360
350
500

80
80
80

:;.5
67

83.3
83.3
83.3

67
65

106——
1398-1587

Ioapa, NV

San Juan3 “ruitland,  NH .55
.53
.55

2 3  u n i t sTOTALS
.——

N =  net  ra t ing  =  gross  ra t ing  minus  on  s i te  consumpt ion  of p o w e r

G =  gross  r a t i n q

* =  .8  o f  to ta l  f low Is c o n t r o l l e d  t o  8 2  p e r c e n t  l e v e l

Sources:
(1)  Roberts ,  Edwin, 1 9 8 0 ,  p h o n e  ccmsnur,lcation  to Arizona Publ  ic Serv ice  Company,  June 30;  (2 )  Chr is t ian,  John,
i980,  p e r s o n a l  comnunlcation  to  Nat ional  Park  Serv ice ,  A i r  Qual i ty  Of f ice ,  June 2 ;  (3 )  Copeland,  John O. ,  1 9 7 9 ,
EPA memo to Steve Eigstl,  July 17; (4) N o o n , D o n ,  1 9 8 0 ,  p h o n e  corrnrunication  to Salt Rive Project, July 9; and

(5) Syzedek,  Laura ,  198o,  persona I conunun  I cat ion to Nevada Power Company, June 19.



T h e  t w o  s i z e s  a r e  sometims t h e  n e t  a n d  g r o s s  r a t i n g s ,  r e s p e c t i v e l y .  Some refer

t o  m a x i m u m  p o s s i b l e  e l e c t r i c a l  o u t p u t  while o t h e r s  r e f e r  t o  t h e  n o r m a l  o u t p u t .
T h e s e  d i f f e r e n c e s  a r e  small e n o u g h  t o  n e g l e c t  f o r  t h e  p u r p o s e  o f  t h i s  s t u d y .
E a c h  g e n e r a t i n g  u n i t  i s  l i s t e d  s e p a r a t e l y  b e c a u s e  w e  m u s t  a c c o u n t  f o r  t h e  g r e a t
v a r i a t i o n  o f  size? c o n t r o l  e q u i p m e n t  a n d  S 02 e m i s s i o n s  t h a t  s o m e t i m e s  e x i s t s
b e t w e e n  u n i t s  o f  t h e  s a m e  p o w e r  p l a n t .

T h e  c o n t r o l l e d  e m i s s i o n  r a t e  o f  S 02
i s  r e a s o n a b l y  w e l l  k n o w n  f o r  t h e s e

s o u r c e s . A  l i s t  o f  u n i t s  p r o p o s e d  t o  o p e r a t e  b y  1 9 9 0  is p r e s e n t e d  i n  Table 5 .
T h e  p r o j e c t e d  SO. e m i s s i o n s  f o r  t h e s e  u n i t s  a r e  n o t  s o  r e a d i l y  a v a i l a b l e .
Each”  ut~lity com~any w a s  r e q u e s t e d  t o  p r o v i d e
t h e r e  e x i s t e d  n o  r e p o r t  w i t h  t h e  i n f o r m a t i o n .

U s i n g  t h e  r e l a t i o n s  f o r
da

f p  a n d ‘Xfp ,

‘Eso. ‘Eso.

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

t h e  i n c r e a s e  i n  c o n t r o l l e d  S 02

L L

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

Axfp = 0.19-0.20 ugm - 3

T h i s  c h a n g e  i s  s m a l l , b u t  m u s t  b e  t r a n s l a t e d  i n t o  t h e  c h a n g e  i n  a p p a r e n t  c o n -
t r a s t  o f  s p e c i f i c  t a r g e t s  i n  o r d e r  t o  j u d g e  p e r c e p t i b i l i t y . P e r c e p t i b l e
c h a n g e s  a r e  r e q u i r e d  i n  o r d e r  t o  a s k  p e o p l e  q u e s t i o n s  a b o u t  t h e i r  e c o n o m i c
w i l l i n g n e s s  t o  p a y  t o  p r e v e n t  s u c h  c h a n g e s . S e l e c t e d  l o c a t i o n s  a n d  t a r g e t s
a r e  l i s t e d  i n  T a b l e  6  a l o n g  w i t h  t h e  i n f o r m a t i o n  u s e d  t o  c o m p u t e  c o n t r a s t  c h a n g e .
E q u a t i o n  4  i s  u s e d  i n  t h e  f o r m

- (kxfp+lR) r,
C r  =  Co e

T h e  c h a n g e  i n  t h e  a p p a r e n t  g r e e n  c o n t r a s t  b e t w e e n  c o l u m n s  7 a n d  8  o f  T a b l e  6
c a n n o t  b e  p e r c e i v e d  ( M a i m ,  e t  a l . ,  1 9 8 0 a ) . T h i s  f i n d i n g  s u g g e s t s  t h a t  t h e  a d d i -
t i o n  o f  3 9 2 - 4 1 0  t o n s  o f  S 02  p e r  d a y  t o  t h i s  r e g i o n  w o u l d  b e  i n s i g n i f i c a n t  t o
v i s i b i l i t y . F o r  c o m p a r i s o n , t h e  1 9 7 9  S 02 e m i s s i o n s  f r o m  c o p p e r  s m e l t e r s  i n
s o u t h e r n  A r i z o n a  w e r e  2 4O O  t o n s  p e r  d a y ,  a l m o s t  5  t i m e s  a s  m u c h  ( B i l l i n g s ,
1980)  . A n o t h e r  a p p r o a c h  i s  t o  c o m p u t e  a n  a r t i f i c i a l l y  l a r g e r  s c e n a r i o  t h a t
c a u s e s  a  p e r c e p t i b l e  c h a n g e  i n  c o n t r a s t  w h i c h  c o u l d  b e  u s e d  i n  a  q u e s t i o n n a i r e .

S c e n a r i o  2

T h e  c u r r e n t  a n d  p r o p o s e d  p o w e r  p l a n t s  f o r  t h e  t e s t  r e g i o n  w i l l  b e  s u p p o s e d
t o  e m i t  S 02 a t  t h e  m a x i m u m  p o s s i b l e  u n c o n t r o l l e d  r a t e . D i r e c t  p a r t i c u l a t e
e m i s s i o n s  w i l l  contjnue t o  b e  c o n t r o l l e d . T h e  u n c o n t r o l l e d  S O  e m i s s i o n s  a r e
l i s t e d  i n  T a b l e s  4 a n d  5 . T h e  i n c r e a s e d  e m i s s i o n s  w o u l d  b e  3632-4327 ~~ns p e r
d a y . T h e s e  u n c o n t r o l l e d  S 02 e m i s s i o n s  w o u l d  c a u s e  AX

fp .
=  1.48-l.73ugm o v e r

t h e  s u m m e r  1 9 7 9  f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n s  l i s t e d  In T a b l e  6 .  T h e  c h a n g e s
i n  a p p a r e n t  c o n t r a s t  s h o w n  i n  c o l u m n  9  o f  T a b l e  5  v a r y  b e t w e e n  .05 a n d  . 0 9 ,  a n d
a r e  p e r c e p t i b l e  c h a n g e s  ( M a i m ,  e t  a l . ,  1980a).

T h e  a c t u a l  p h o t o g r a p h s  u s e d  i n  t h e  s u m m e r  1 9 8 0  p e r c e p t i o n / e c o n o m i c  s u r v e y
a r e  l i s t e d  i n  T a b l e  3  w i t h  i n f o r m a t i o n  o n  t h e  t a r g e t  n a m e ,  t i m e  o f  d a y ,  i n h e r e n t
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Table 5
Major S02 Sources Proposed for  Test  Region by 1990

t Suifur D i o x i d e
,

.,.. C o n t r o l Level S02 Emission Rate

I{ame Unit
~ (tons per day)

Power (nw) % Control led Uncontrol led
Harry Al  Ien’ I 500 92 .17

2
1 0 I 29

500 92 10 129
3 500 .;;
b

ID 129
500 ;; .17 10 129

Green River . I 000 90 .2 25 250

Werner Valley’ I 250 92 .17
2

5 65
250 92 .17 5 65

Garfield I 400 90 .2 10 I 00

Inter-Mountain I () ()
750w::(:) I x .2 18-20 184-2oo

2 7 5 0 ( N)-820(G) .2 18-20 184-2oo
3 90 .2 18-20 184-2oo

;;) N)-820(G)  I 904 .2 18-2o 184-2oo

Hunter 3 400-430 ~ 90 .2
4

10 100-106
400-430 90 .2 10 100-106I

Colorado I 250 90 .2 6 61

Cholla 242-289 .06- .07 2
: 350-375

20

[ :!
.07

5 ;2 30
350-375 .07 30

Coronado 2 350-395 66a 83-9 ;$:’::; 113-127
3 350-395 66 :83.9 113-127

Spri ngervi I Ie I 350 60 .6 25:’: 62.5
2 350 .6 2 52’4

62.5
3 350 E .25 10 ‘ 61

Moon I ake 800 90 , .2 20 I 200

San Juan 4 ’ 500 67 .55 3 5 106

Plains
Electric I 210 90 .2 5 50

New Mexi co I 500 80 .34 21 105
G.S. 2 500 80 .34 21

3
105

500 80
4

.34 21 105
500 80 .34 21 105

Reid Gardner /+ 250-295 85 .14-. I6 10 67

Totals 33 units 12,704-13,480 48 I -h99 3328-3432

aOnly 80 percent of total flow is directed through wet scrubbers with 82 percent control
N = net

G = gross

Sources:
( 1 ) Syzedek,  Laura, 1980, persona I consnun  i cat ion to Nevada power CmPany,
Associates, 1979, Update Report; (3) Noon, Oon, 1980. phone communication
and (4) Fleck, Lowell, 1980, phone consnunication  to Tucson Electric Power

June 19; (2) Energy Impact
to Salt Rive Project, July 9;
Ccumoany, July Il.
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c o n t r a s t ,  Rayleigh a t t e n u a t i o n  c o e f f i c i e n t ,  d i s t a n c e  b e t w e e n  t h e  o b s e r v e r  a n d
t h e  t a r g e t ,  a r c h i v e  n u m b e r ,  a p p a r e n t  c o n t r a s t  m e a s u r e d  w i t h  a  t e l e r a d i o m e t e r
o n  t h e  s l i d e  i m a g e  p r o j e c t e d  o n  a  s c r e e n , a n d  t h e  a s s o c i a t e d  f i n e  p a r t i c u l a t e
c o n c e n t r a t i o n .

T h e  r e g i o n a l  a n a l y s i s  o f  t h e  c h a n g e  i n  v i s i b i l i t y  f r o m  t h e  c u r r e n t  ( s u m m e r
1 9 7 9 )  m e d i a n  t o  t h e  1 9 9 0  u n c o n t r o l l e d  S 02

e m i s s i o n s  u s e d  t h e  s l i d e s  l i s t e d  i n
T a b l e  7 ,  w h o s e  s p e c i f i c a t i o n s  a r e  l i s t e d  i n  T a b l e  3 .

. . .

D . C o n c l u s i o n s

T h e  p h o t o g r a p h s  c o l l e c t e d  i n  a  r e g u l a r  p h o t o g r a p h i c  m o n i t o r i n g  p r o g r a m  o v e r
a  p e r i o d  o f  a t  l e a s t  h a l f  a  y e a r  a r e  n u m e r o u s  a n d  v a r i e d  e n o u g h  t o  p r o v i d e  s e t s
f o r  s u r v e y i n g  p u r p o s e s . T h e  p h o t o g r a p h s  c a n  b e  p r e s e n t e d  a s  s l i d e  i m a g e s  o n  a
s c r e e n  ( M a i m ,  e t  a l . ,  1980a) o r  a s  p r i n t s . T h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  e a c h
p h o t o g r a p h  c a n  b e  c o m p u t e d  r o u g h l y  f r o m  t h e  p h o t o g r a p h  c o l l e c t i o n  ( W a l t h e r  a n d
C a r e y ,  198o) o r  f r o m  t h e  s e t  o f  t e l e r a d i o m e t e r  m e a s u r e m e n t s  o f  t h e  a p p a r e n t
g r e e n  c o n t r a s t  o f  a  t a r g e t  i n  t h e  s c e n e . T h e  a p p a r e n t  g r e e n  c o n t r a s t  o f  t h e
t a r g e t  i n  e a c h  p h o t o g r a p h  d i f f e r s  f r o m  t h e  a d j a c e n t  p h o t o g r a p h s  i n  i t s  s u b s e t
b y  . 0 2  t o  . 1 2 . T h e s e  d i f f e r e n c e s  a r e  p e r c e p t i b l e ,  b u t  t h e y  a r e  n o t  u n i f o r m
b e c a u s e  t h e  p h o t o g r a p h i c  m o n i t o r i n g  p e r i o d  w a s  n o t  l o n g  e n o u g h  t o  p r o d u c e  e v e r y

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

T h e  l o c a t i o n s  o f  t h e  E P A / N P S  r e g i o n a l  v i s i b i l i t y  m o n i t o r i n g  p r o g r a m  c a m e r a s
a n d  t e l e r a d i o m e t e r s  c o n s t r a i n e d  t h e  r e g i o n  t h a t  c o u l d  b e  c h o s e n  f o r  t h e  s c e n a r i o s
o f  f u t u r e  c h a n g e s  t h a t  m a y  a f f e c t  v i s i b i l i t y . T h e  t e s t  r e g i o n  r e p r e s e n t s  a n
a r e a  w h e r e  g o o d  v i s i b i l i t y  i s  p r o b a b l y  n e c e s s a r y  f o r  t h e  h i g h  s o c i a l  v a l u e
p e o p l e  p l a c e  o n  t h e  r e g i o n ’ s  m a n y  n a t i o n a l  p a r k s  a n d  m o n u m e n t s . C o a l - f i r e d
p o w e r  p l a n t s  a r e  t h e  m o s t  n u m e r o u s  f u t u r e  s o u r c e s  o f  a i r  p o l l u t i o n  p r o p o s e d  f o r
t h i s  t e s t  r e g i o n  a n d  t h e y  h a v e  b e e n  t h e  m o s t  c o n t r o v e r s i a l  a i r  p o l l u t i o n  s o u r c e s
i n  t h e  p a s t  h i s t o r y  o f  t h i s  r e g i o n . B e c a u s e  f i n e  p a r t i c u l a t e  i s  t h e  s i n g l e
m o s t  i m p o r t a n t  k i n d  o f  p o l l u t a n t  a f f e c t i n g  v i s i b i l i t y  i n  t h i s  r e g i o n  ( W a g g o n e r ,
etal., 1981) a n d  b e c a u s e  S 02 e m i s s i o n s  a r e  t h e  m o s t  i m p o r t a n t  c o n t r i b u t i o n  t o
f i n e  p a r t i c u l a t e , ( W h i t e  a n d  R o b e r t s , 1 9 7 7 )  v i s i b i l i t y  w i l l  h e r e  b e  d i r e c t l y
r e l a t e d  t o  S 02  e m i s s i o n s .  T h i s  r e l a t i o n s h i p  w a s  d e v e l o p e d  b y  o t h e r s  o n  t h e
b a s i s  o f  a i r p o r t  v i s i b i l i t y  o b s e r v a t i o n s  a n d  t h e  S 02  e m i s s i o n  i n v e n t o r y  h i s -
t o r y  o f  t h e  s o u t h w e s t  (Marians a n d  Trijonis, 1 9 7 9 ) . A s  s u c h  i t  i s  a  r o u g h
m o d e l ,  b u t  i t  i s  c o n s i s t e n t  w i t h  t h e  r o u g h n e s s  o f  t h e  e c o n o m i c  i n f o r m a t i o n
o b t a i n e d  b y  asking:people h o w  m u c h  t h e y  w o u l d  b e  w i l l i n g  t o  p a y  o n  t h e i r  m o n t h l y
p o w e r  b i l l s  t o  p r o t e c t  v i s i b i l i t y .

O n e  s c e n a r i o  o f  t h e  f u t u r e  s u g g e s t s  n o  d e t e r i o r a t i o n  o f  v i s i b i l i t y
b e c a u s e  s m e l t e r  S 02 e m i s s i o n s  n e a r  t h e  t e s t  r e g i o n  m a y  d e c r e a s e  m o r e  t h a n  t h e
S 02 e m i s s i o n s  m a y  I n c r e a s e  f r o m  p r o p o s e d  c o a l - f i r e d  p o w e r  p l a n t s .  T h i s  s c e n a r i o
p r o v i d e s  n o  b a s i s  f o r  t h e  s u r v e y  p r o c e s s . A  s e c o n d  s c e n a r i o  b a s e d  o n  t h e
a c t u a l  S 02 e m i s s i o n s  e x p e c t e d  f r o m  t h e  p r o p o s e d  p o w e r  p l a n t s  s u g g e s t s  t h e r e  w i l l
b e  n o  p e r c e p t i b l e  d e t e r i o r a t i o n  o f  v i s i b i l i t y ,  a g a i n  p r o v i d i n g  n o  b a s i s  f o r  a
s u r v e y . T h e  t h i r d  s c e n a r i o  i s  h y p o t h e t i c a l , b a s e d  o n  t h e  t o t a l l y  u n c o n t r o l l e d
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T a b l e  7

,., S l i d e s  i n  R e g i o n a l  S c e n a r i o
U n c o n t r o l l e d  S 02 E m i s s i o n s

o f

Slides

L o c a t i o n T a r g e t
C u r r e n t 1 9 9 0  S c e n a r i o
M e d i a n U n c o n t r o l l e d  S 02

Z i o n T r u m b u l l  M t . Z190 z 1 6

M e s a  V e r d e L u k a c h u k a i  1 MV133 M V4 8

G r a n d  C a n y o n D e s e r t  V i e w GC94 GC501
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r e l e a s e  o f  all SO- t h a t  c a n  b e  c r e a t e d  f r o m  t h e  s u l f u r  i n  t h e  coal f o r  b o t h
e x i s t i n g  a n d  prop$sed  p o w e r  p l a n t s . T h e  r , e g r e s s i o n - b a s e d  r e l a t i o n s h i p  o f  v i s i -
b i l i t y  a n d  SO, e m i s s i o n s  is combined with this hypothetical scenario t o  c o m p u t e
a  p e r c e p t  iblekdeteriorat i o n  o f  v i s i b i l i t y  f r o m  t h e  middle p h o t o g r a p h  o f  e a c h
v i s t a  t o  t h e  n e x t  w o r s e  p h o t o g r a p h . T h i s  c h a n g e  allows c o m p a r i s o n  o f  t h e
value o f  t h e  v i s i b i l i t y  i n c r e m e n t  t o  t h e  c o s t  o f  a i r p o l l u t i o n  e q u i p m e n t
n e e d e d  t o  r e d u c e  t h e  u n c o n t r o l l e d  e m i s s i o n s  t o  t h e  a c t u a l l y  p r o j e c t e d  l e v e l
o f  c o n t r o l .

<,.
A l l  t h r e e  s c e n a r i o s  o f  f u t u r e  S 02  e m i s s i o n s  i n  t h e  t e s t  r e g i o n  s h o u l d  b e

r e c o m p u t e d  w i t h  t h e  u s e  o f  a  l o n g  r a n g e  t r a n s p o r t  m o d e l ,  a l l o w i n g  f o r : 1 )  t h e
t r a n s p o r t  o f  d i s t a n t  e m i s s i o n s  i n t o  t h e  r e g i o n ;  2 )  t h e  c h e m i s t r y  o f  S 02  c o n -
v e r s i o n  t o  s u l f a t e  f i n e  p a r t i c u l a t e ; 3 )  t h e  r e m o v a l  b y  d r y  a n d  w e t  d e p o s i t i o n
o f  p o l l u t a n t s  a f f e c t i n g  v i s i b i l i t y ; a n d  4 )  t h e  i n c l u s i o n  o f  s m e l t e r  a n d  u r b a n
e m i s s i o n s .
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CHAPTER 4

4,, P E R C E P T I O N  O F  V I S I B I L I T Y

A . I n t r o d u c t i o n

V a l u i n g  v i s i b i l i t y  i n  e c o n o m i c  t e r m s  r e q u i r e s  a  c l e a r  u n d e r s t a n d i n g  o f
h o w  people p e r c e i v e  v i s u a l  a i r  q u a l i t y . T h i s  c h a p t e r  s u m m a r i z e s  o u r  c u r r e n t
u n d e r s t a n d i n g  o f  p e r c e p t i o n  o f  v i s i b i l i t y  a n d  p r e s e n t s  s o m e  n e w  r e s u l t s  o f
a  s t u d y  u t i l i z i n g  p h o t o g r a p h s  s i m i l a r  t o  t h e  o n e s  u s e d  i n  t h e  e c o n o m i c s  p o r t i o n
o f  t h e  s t u d y .

V i s i b i l i t y  i s  c o m m o n l y  i n t e r p r e t e d  a s  v i s u a l  r a n g e ,  w h i c h  r o u g h l y
s p e a k i n g ,  i s  t h e  d i s t a n c e  a n  o b s e r v e r  w o u l d  h a v e  t o  b a c k  a w a y  f r o m  a  t a r g e t
f o r  i t  t o  d i s a p p e a r . V i s u a l  r a n g e  c a n n o t  b e  m e a s u r e d  d i r e c t l y ,  n o r  i s  i t
n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  w h a t  a n  o b s e r v e r  “ s e e s . ” M o r e  i m p o r t a n t l y ,
v i s i b i l i t y  i n v o l v e s  h u m a n  p e r c e p t i o n  o f  c o l o r ,  f o r m  a n d  t e x t u r e  o f  n e a r  a n d
d i s t a n t  n a t u r a l  s t r u c t u r e s .

0 . Sunrnary  o f  P e r c e p t i o n  S t u d i e s

C h a r a c t e r i z a t i o n  o f  v i s i b i l i t y  i n v o l v e s  a  s e l e c t i o n  o f  p h y s i c a l  v a r i -
a b l e s  t h a t  c a n  b e  d i r e c t l y  m e a s u r e d  a n d  c o r r e l a t e d  w i t h  h u m a n  p e r c e p t i o n  o f
c h a n g e s  i n  visual a i r  q u a l i t y . P r e v i o u s  f i e l d  e x p e r i m e n t s  h a v e  e x a m i n e d  t h e
r e l a t i o n s h i p s  b e t w e e n  p h y s i c a l  p a r a m e t e r s  o f  v i s i b i l i t y  s u c h  a s  a p p a r e n t  t a r -
g e t  c o n t r a s t ,  c o l o r  c o n t r a s t ,  s u n  a n g l e ,  a n d  h u m a n  p e r c e p t i o n  o f  c h a n g e s  i n
t h o s e  p a r a m e t e r s  ( s e e  M a i m ,  e t  a l . ,  1980a, 1980b). T h e s e  s t u d i e s  a l s o  a d -
d r e s s e d  h u m a n  p e r c e p t i o n  o f  c h a n g e s  i n  a i r  q u a l i t y  a s  p r e s e n t e d  i n  d i f f e r e n t
m e d i a , c o m p a r i n g  o b s e r v e r  j u d g m e n t s  o f  c o l o r  s l i d e s ,  c o l o r  p h o t o g r a p h s ,  a n d
t h e  a c t u a l  s c e n e  a s  v i e w e d  o n - s i t e .

T h e  o r i g i n a l  s t u d y  w h i c h  e x a m i n e d  t h e s e  v a r i a b l e s  w a s  c o n d u c t e d  b y  t h e
N a t i o n a l  P a r k  S e r v i c e  (NPS) a n d  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  ( E P A )  a t
Canyonlands  N a t i o n a l  P a r k  d u r i n g  t h e  s u m m e r  o f  1 9 7 9 .  V i s i t o r s  t o  t h e  Island
i n  t h e  S k y  D i s t r i c t  o f  t h e  p a r k  w e r e  a s k e d  t o  r a t e  c o l o r  s l i d e s  r e p r e s e n t i n g
v a r i a t i o n s  i n  a i r  q u a l i t y ,  s u n  a n g l e ,  m e t e o r o l o g i c a l  c o n d i t i o n s ,  g r o u n d  c o v e r ,
a n d  l a n d s c a p e  elenients. I t  w a s  a s s u m e d ,  a  priori, t h a t  s u c h  v a r i a b l e s  w o u l d
b e  i m p o r t a n t  f a c t o r s  a f f e c t i n g  h u m a n  p e r c e p t i o n  o f  v i s u a l  a i r  q u a l i t y .  T h u s ,
t h e s e  f a c t o r s  w e r e  s p e c i f i c a l l y  c o n t r o l l e d  s o  t h a t  t h e  e f f e c t  o f  c h a n g e s  i n
a i r  p o l l u t i o n  o n  p e r c e i v e d  v i s u a l  a i r  q u a l i t y  c o u l d  b e  e x p l i c i t l y  s t u d i e d .
T h i s  a p p r o a c h  m a y  b e  c o n t r a s t e d  t o  t h a t  o f  r a n d o m l y  s a m p l i n g  t h e  j o i n t  o c c u r -
r e n c e s  o f  all o f  t h e s e  v a r i a b l e s  a n d  t h e n ,  a  p o s t e r i o r i ,  a t t e m p t i n g  t o  s e p a r a t e
t h e i r  e f f e c t s  b y  m e a n s  o f  s t a t i s t i c a l  r e g r e s s i o n  p r o c e d u r e s  ( L a t i m e r ,  e t  a l . ,
1980)  . B o t h  a p p r o a c h e s  c a n  m a k e  v a l i d  a n d  v a l u a b l e  c o n t r i b u t i o n s  t o  t h e  u n d e r -
s t a n d i n g  o f  v i s i b i l i t y  p e r c e p t i o n . W h e r e  a  p u r e l y  s t a t i s t i c a l  a p p r o a c h  m a y
h a v e  p r o b l e m s  i n  e x p l i c i t l y  e x t r a c t i n g  t h e  t a r g e t e d  r e l a t i o n s h i p s  b e t w e e n  p e r-
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c e p t i o n  o f  a i r  q u a l i t y  a n d  e l e c t  ro-optical p a r a m e t e r s ,  i t  m a y  a c h i e v e  g r e a t e r
g e n e r a l i z a t i o n  i n  p r e d i c t i n g  t h e  e f f e c t s  o f  i l l u m i n a t i o n  a n d  m e t e o r o l o g i c a l
c o n d i t i o n s .

T h e  s t u d y  s l i d e s ,  a 11 o f  t h e  s a m e  s c e n e ,  w e r e  c h o s e n  f r o m  o v e r  1 0 0 0  slides
t a k e n  t h r o u g h o u t  t h e  p r e v i o u s  y e a r  a s  a  p a r t  o f  t h e  N P S / E P A  v i s i b i l i t y  m o n i -
t o r i n g  p r o g r a m . A t  t h e  t i m e  e a c h  s l i d e  w a s  t a k e n ,  t e l e r a d i o m e t e r  r e a d i n g s  o f
a p p a r e n t  t a r g e t  c o n t r a s t , c o l o r  c o n t r a s t ,  a n d  v a r i o u s  m e t e o r o l o g i c a l  m e a s u r e -
m e n t s  w e r e  m a d e .  ~her.efore, f o r  e a c h  s l i d e  r a t e d  b y  v i s i t o r s ,  t h e  p h y s i c a l
a n d  o p t i c a l  p a r a m e t e r s  o f  a i r  q u a l i t y  w e r e  k n o w n . A f t e r  v i e w i n g  1 0  p r e v i e w
slides r e p r e s e n t i n g  t h e  f u l l  r a n g e  o f  air q u a l i t y  c o n d i t i o n s ,  visitors rated
4 8  e v a l u a t i o n  s l i d e s  o n  a  1 to 1 0  scale, w i t h  1  r e p r e s e n t i n g  v e r y  p o o r  v i s u a l
a i r  q u a l i t y  a n d  10  r e p r e s e n t i n g  v e r y  g o o d  v i s u a l  a i r  q u a l i t y . I n t e r s p e r s e d
w i t h  t h e  4 8  e v a l u a t i o n  s l i d e s  w e r e  1 5  c o n t r o l  s l i d e s  u s e d  t o  d e t e r m i n e  t h e
p r e c i s i o n  w i t h  w h i c h  e a c h  v i s i t o r  u s e d  t h e  r a t i n g  s c a l e .  A f t e r  r a t i n g  t h e
s l i d e s ,  v i s i t o r s  c o m p l e t e d  a  d e m o g r a p h i c  q u e s t i o n n a i r e  a n d  w e r e  a d m i n i s t e r e d
a  t e s t  f o r  c o l o r - b l i n d n e s s .  F i n a l l y ,  t h e y  e n t e r e d  a  s e c o n d  r o o m  o f  t h e
s u r v e y  t r a i l e r  w h e r e  t h e y  could v i e w  t h e  L a  S a l  M o u n t a i n s  t h r o u g h  a  w i n d o w ,
f r a m e d  m u c h  l i k e  t h e  s l i d e s . T h e  v i s i t o r s  w e r e  t h e n  a s k e d  t o  r a t e  t h e  v i s u a l
a i r  q u a l i t y  o n  t h a t  d a y  a s  v i e w e d  t h r o u g h  t h e  w i n d o w  o n  t h e  s a m e  1  t o  1 0  s c a l e
u s e d  f o r  r a t i n g  t h e  s l i d e s . A  c o l o r  s l i d e  a n d  t e l e r a d i o m e t e r  r e a d i n g  w e r e
t a k e n  t o  c o r r e s p o n d  w i t h  e a c h  o n - s i t e  r a t i n g . L a t e r  i n  t h e  s u r v e y  p e r i o d ,
t h e s e  s l i d e s  w e r e  s h o w n  t o  v i s i t o r s ,  w h o  a g a i n  r a t e d  visual a i r  q u a l i t y  o n  t h e
1  t o  1 0  r a t i n g  s c a l e . N e a r l y  7 0 0  v i s i t o r s  c o m p l e t e d  t h e  s u r v e y .

a n d
i nc

S t u d i e s  s i m i l a r  t o  t h e  C a n y o n l a n d s  s t u d y  w e r e  c o n d u c t e d  a t  M e s a  V e r d e
G r a n d  C a n y o n  N a t i o n a l  P a r k s  d u r i n g  t h e  s u m m e r  o f  1980. T h e  d i f f e r e n c e s
u d e :

-  W h e r e  t h e  C a n y o n l a n d s  s t u d y  u s e d  o n l y  o n e  s c e n e ,  t h e  1 9 8 0
s t u d i e s  u t i l i z e d  s e v e r a l  v i s t a s  l o c a t e d  i n  d i f f e r e n t
n a t i o n a l  p a r k s ;

w h e r e  t h e  f i r s t  s t u d y  a l l o w e d  v i s i t o r s  t o  r a t e  a  t h r e e
d i m e n s i o n a l  s c e n e  c o n s t r a i n e d  b y  a  w i n d o w  t o  m i m i c  t h e
i d e n t i c a l  s c e n e  a s  v i e w e d  i n  t h e  s l i d e s ,  t h e  198o s t u d i e s
a l l o w e d  t h e  v i s i t o r  t o  r a t e  p h y s i c a l l y  u n r e s t r i c t e d  v i e w s
o f  a  v i s t a  i n  t h e  s a m e  g e n e r a l  d i r e c t i o n  a s  t h e  s l i d e s
w e r e  t a k e n .  T h e s e  o n - s i t e  r a t i n g s  w e r e  t h e n  c o m p a r e d  t o
r a t i n g s  ( b y  o t h e r  o b s e r v e r s )  o f  color s l i d e s ;

-  w h e r e  t h e  Canyonlands  s t u d y  r e p o r t e d  r e s u l t s  f o r  a l l
v i s i t o r s  c o m b i n e d  a s  a  g r o u p ,  t h e  l a t e r  s t u d i e s  s p e c i f i -
c a l l y  i n v e s t i g a t e d  t h e  e f f e c t s  o f  a  n u m b e r  o f  s o c i a l
a n d  d e m o g r a p h i c  c h a r a c t e r i s t i c s  o n  j u d g m e n t s  o f  p e r c e i v e d
v i s u a l  a i r  q u a l i t y ;

w h e r e  t h e  1 9 7 9  s t u d y  f o c u s e d  p r i m a r i l y  o n  a  d e t e r m i n a t i o n
o f  a  h u m a n l y  p e r c e p t i b l e  a m o u n t  o f  c h a n g e  i n  v i s u a l  a i r
q u a l i t y ,  t h e  1980 s t u d i e s  a l s o  e x a m i n e d  s o c i a l  a n d  e c o n o m i c
i s s u e s  a s s o c i a t e d  w i t h  c h a n g e s  i n  v i s u a l  a i r  q u a l i t y ;

3 3



a n d ,  w h e r e  t h e  f i r s t  s t u d y  c o m p a r e d  o n l y  v i s i t o r s ’  j u d g m e n t s
o f  c h a n g e s  i n  a i r  q u a l i t y  s h o w n  i n  c o l o r  s l i d e s  a n d  t h e
a c t u a l  s c e n e ,  t h e  1 9 8 0  s t u d i e s  c o m p a r e d  v i s i t o r s ’  j u d g m e n t s
o f  a i r  q u a l i t y  r e p r e s e n t e d  i n  c o l o r  s l i d e s ,  t h e  a c t u a l
s c e n e s ,  a n d  c o l o r  p r i n t s .

c. S t u d y  R e s u l t s

V i s i t o r s  used’’the 1  t o  1 0  r a t i n g  s c a l e  w i t h  p r e c i s i o n ,  a s  i s  e v i d e n c e d
b y  t h e i r  r a t i n g s  o f  t h e  1 5  c o n t r o l  s l i d e s  u s e d  i n  t h e  Canyonlands s t u d y .  T h e
c o n t r o l  s l i d e  m e a n  r a t i n g  (CSMR) f o r  50, 1 0 0 ,  o r  3 0 0  o b s e r v e r s  v a r i e d  b y  l e s s
t h a n  . 0 1  a n d  t h e  m e a n  o f  t h e i r  s t a n d a r d  d e v i a t i o n s  v a r i e d  b y  l e s s  t h a n  0 . 4 .
S i m i l a r  a n a l y s i s  o f  t h e  e v a l u a t i o n  s l i d e s  s h o w s  a l m o s t  i d e n t i c a l  r e s u l t s .
G e n e r a l l y  s p e a k i n g ,  s l i d e s  w i t h  e x t r e m e l y  g o o d  o r  e x t r e m e l y  p o o r  v i s u a l  a i r
q u a l i t y  w e r e  u n i v e r s a l l y  r a t e d  t h e  s a m e  b y  a l l  o b s e r v e r s . S l i d e s  w h i c h  r e p r e -
s e n t e d  i n t e r m e d i a t e  l e v e l s  o f  v i s u a l  a i r  q u a l i t y  w e r e  m o r e  d i f f i c u l t  t o  r a t e ;
c o n t r o l  s l i d e  r a t i n g s  i n d i c a t e d  t h a t  s o m e  o b s e r v e r s  t e n d e d  t o  b e  e x t r e m e l y
p r e c i s e  a n d  c o n s i s t e n t  i n  t h e i r  r a t i n g s  w h i l e  o t h e r s  h a d  m o r e  d i f f i c u l t y  i n
u s i n g  t h e  r a t i n g  s c a l e . I t  i s  i m p o r t a n t  t o  n o t e ,  h o w e v e r ,  t h a t  t h e  a v e r a g e
r a t i n g  g i v e n  e a c h  slide b y  a  s e r i e s  o f  o b s e r v e r s  d i d  n o t  c h a n g e  w h e n  t h o s e
o b s e r v e r s  w i t h  a  c o n t r o l  s l i d e  s t a n d a r d  d e v i a t i o n  (CSSD) o f  g r e a t e r  t h a n  1 . 0
w e r e  e l i m i n a t e d  f r o m  t h e  d a t a  s e t , n o r  d i d  t h e  i n t r o d u c t i o n  o f  m o r e  o b s e r v e r s ,
b e y o n d  a p p r o x i m a t e l y  50,change t h e  a v e r a g e  r a t i n g  g i v e n  e a c h  s l i d e .

T h e r e  w a s , h o w e v e r ,  a n  o r d e r i n g  e f f e c t  w h e n  a  s l i d e  r e p r e s e n t i n g  a v e r a g e
v i s u a l  a i r  q u a l i t y  w a s  p r e c e d e d  b y  a  s l i d e  r e p r e s e n t i n g  e x t r e m e l y  g o o d  o r
p o o r  v i s u a l  a i r  q u a l i t y . T h i s  e f f e c t  w a s  m i n i m i z e d  b y  r e v e r s i n g  t h e  o r d e r
o f  t h e  s l i d e s  h a l f - w a y  t h r o u g h  t h e  s t u d y  p e r i o d . T h u s ,  a  s l i d e  t h a t  i n i t i a l l y
f o l l o w e d  a n  e x t r e m e l y  g o o d  o r  p o o r  s l i d e ,  w o u l d  b e  e v a l u a t e d  f i r s t ,  n o r m a l -
i z i n g  t h e  o v e r a l l  s l i d e  r a t i n g s .

T h e r e  s e e m e d  t o  b e  littleor n o  d i f f e r e n c e  i n  t h e  w a y  o b s e r v e r s  w i t h
d i f f e r e n t  d e m o g r a p h i c  b a c k g r o u n d s  u s e d  t h e  r a t i n g  s c a l e .  H o w e v e r ,  a  Z - s c o r e
a n a l y s i s  w a s  c a r r i e d  o u t  t o  m i n i m i z e  t h e  e f f e c t  o f  v a r i a t i o n s  b e t w e e n  i n d i v i -
d u a l  o b s e r v e r s . T h i s  Z - s c o r e  a n a l y s i s  t h e n  a l l o w e d  f o r  c a l c u l a t i o n  o f
I n d e x e s  o f  P e r c e i v e d  V i s u a l  A i r  Q u a l i t y  (IPV’S).

F i g u r e  5 i s  a  p l o t  o f  m e a n  IPV’S v e r s u s  a p p a r e n t  t a r g e t  c o n t r a s t ,  C  ,
5a t  550nm ( a s  m e a s u r e d  b y  a  m u l t i w a v e l e n g t h  t e l e r a d i o m e t e r )  f o r  c l e a r  s k y  a y s

( 9 9  p e r c e n t  c o n f i d e n c e  l i m i t s  a r o u n d  t h e  m e a n  is~O. 11). T h e  b r o k e n  a n d
s o l i d  l i n e s  c o r r e s p o n d  t o  s n o w  a n d  t r e e  c o v e r e d  s c e n e s ,  r e s p e c t i v e l y . I t  i s
e v i d e n t  t h a t  t h e  f u n c t i o n a l  r e l a t i o n s h i p  b e t w e e n  P e r c e i v e d  V i s u a l  A i r  Q u a l i t y
(IPV) a n d  c o n t r a s t  ( C  )  i s  l i n e a r .

!“
T h e  c o r r e l a t i o n  c o e f f i c i e n t s ,  s i g n i f i c a n t

a t  t h e  9 9  p e r c e n t  c o n  tdence level, b e t w e e n  IPV a n d  C  f o r  t h e  s i x  m e t e o r o l o g -
i c a l  a n d  a i r  q u a l i t y  c o n d i t i o n s  m e a s u r e d  a r e  p r e s e n t e $ i n  Table8.
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T a b l e  8 . C o r r e l a t i o n  C o e f f i c i e n t s  b e t w e e n  IPV a n d  CG

C l e a r  S k y Cumulus C l o u d s Overcast Sky”

S n o w  c o v e r e d  m o u n t a i n 0.93 0.93 0.94

G r e e n  m o u n t a i n 0.90 0 . 9 8,.! 0 . 9 3

T h i s  f u n c t i o n a l  r e l a t i o n s h i p  c a n  b e  e x p r e s s e d  a s  f o l l o w s :

I P V  =  m CG  +b

w h e r e  I P V  i s  t h e  I n d e x  o f  P e r c e i v e d  V i s u a l  A i r  Q u a l i t y ,  CG i s  a p p a r e n t  t a r g e t
c o n t r a s t  ( t r e e  c o v e r e d  m o u n t a i n  i n  t h i s  c a s e ) ,  b  i s  t h e  y - i n t e r c e p t ,  a n d  m
i s  a n  i n d e x  i n d i c a t i n g  t h e  s e n s i t i v i t y  o f  a  g i v e n  v i s t a  t o  c h a n g e s  i n  a i r
p o l l u t i o n . T h e  s e n s i t i v i t y  o f  a  v i s t a  t o  t h e  i m p a c t  o f  a i r  p o l l u t i o n ,  t h e n ,
i s  t h e  s l o p e  o f  t h e  I P V  V S. C  c u r v e ;  t h e  s t e e p e r  t h e  slope, t h e  ~re sensi-

!t i v e  a  v i s t a  i s  t o  i n c r e m e n t s  c h a n g e s  i n  a i r  p o l l u t i o n . U p o n  c o m p a r i s o n  o f
t h e  s l o p e s  o f  t h e  c u r v e s  s h o w n  i n  F i g u r e s  5 , 6 a n d  7, i t  i s  c l e a r  t h a t  c u m u l u s
c l o u d s  a n d  o v e r c a s t  c l o u d  c o n d i t i o n s  c a u s e  m  t o  d e c r e a s e ;  w i t h  m  b e i n g  t h e
l o w e s t  f o r  t h e  c u m u l u s  c l o u d  c o n d i t i o n . C l o u d s  t e n d  t o  o b s c u r e  t h e  e f f e c t s
w h i c h  i n c r e a s e d  a i r  p o l l u t i o n  h a s  o n  p e r c e i v e d  v i s u a l  a i r  q u a l i t y .

P e r c e i v e d  v i s u a l  a i r  q u a l i t y  o f  a  v i s t a  u n d e r  c l e a r  s k y  c o n d i t i o n s  s e e m s
t o  b e  m o s t  s e n s i t i v e  t o  c h a n g e s  i n  a m o u n t s  o f  a i r  p o l l u t i o n . I n  a d d i t i o n ,
s n o w  i n  a  v i s t a  a p p e a r s  t o  i n c r e a s e  t h e  o b s e r v e r ’ s  r a t i n g  o f  v i s u a l  a i r  q u a l i t y
f o r  a l l  s k y  c o n d i t i o n s . I t  s h o u l d  b e  n o t e d  t h a t  e v e n  t h o u g h  a n  o b s e r v e r ’ s
r a t i n g  o f  v i s u a l  a i r  q u a l i t y  i n c r e a s e s  w i t h  a  s n o w  c o v e r e d  m o u n t a i n  ( i n d i c a t i n g
g r e a t e r  s c e n i c  q u a l i t y ) ,  t h e  s e n s i t i v i t y  o f  t h a t  v i s t a  t o  c o n t r a s t  c h a n g e ,  a n d
t h u s  a i r  p o l l u t i o n , r e m a i n s  a p p r o x i m a t e l y  t h e  s a m e  f o r  d i f f e r e n t  m e t e o r o l o g i c a l
c o n d i t i o n s .

I t  i s  i m p o r t a n t  t o  u n d e r s t a n d  t h a t  c h a n g e s  i n  a p p a r e n t  t a r g e t  c o n t r a s t
d u e  t o  i n c r e a s e d  a i r  p o l l u t i o n  a r e  d e p e n d e n t  o n  t h e  a m o u n t  o f  p o l l u t a n t s  i n
t h e  e x i s t i n g  a t m o s p h e r e . I n  a  c l e a n  a t m o s p h e r e ,  a  s m a l l  i n c r e a s e  i n  p a r t i c u -
l a t e  c o n c e n t r a t i o n  w i l l  c a u s e  a  l a r g e  d e c r e a s e  i n  c o n t r a s t ,  w h i l e  i n  a  r e l a t i v e l y
d i r t y  a t m o s p h e r e  t h a t  s a m e  i n c r e a s e  i n  p a r t i c u l a t e  c o n c e n t r a t i o n  m a y  n o t  b e
p e r c e p t i b l e . F i g u r e  8 g r a p h i c a l l y  s h o w s  t h e  e x p e c t e d  c h a n g e  i ~ c o n t r a s t
r e s u l t i n g  f r o m  a d d i t i o n s  o f  2  m i c r o g r a m s  p e r  c u b i c  m e t e r  (ug/m )  f i n e  p a r t i c u -
l a t e  ( 0 . 1  v - 1 . 0  p d i a m e t e r  p a r t i c l e s )  t o  a t m o s p h e r e s  c o n t a i n i n g  a p p r o x i m a t e l y
O ,  4 ,  8  a n d  18 Bg/m 3  f i n e  p a r t i c u l a t e  a s  a  f u n c t i o n  o f  yista d i s t a n c e . I t  h a s
b e e n  a s s u m e d  t h a t  a n  a t t e n u a t i o n  c o e f f i c i e n t  o f  0 . 0 1  k m

~
i s  e q u i v a l e n t  t o  a

f i n e  p a r t i c u l a t e  c o n c e n t r a t i o n  o f  2  pg/m . I t  i s  c l e a r  i n  a l l  c a s e s  t h a t  t h e
c l e a n e r  t h e  e x i s t i n g  a t m o s p h e r e ,  t h e  m o r e  s e n s i t i v e  i t  i s  t o  a n  i n c r e m e n t a l
i n c r e a s e  i n  p a r t i c u l a t e  l o a d i n g .

A l s o ,  a s  s h o w n  i n  F i g u r e  8 , t h e  m a x i m u m  s e n s i t i v i t y  t o  i n c r e m e n t a l  i n -
c r e a s e s  i n  a i r  p o l l u t i o n  o c c u r s  a t  a  v i s t a  d i s t a n c e  o f  a b o u

\
6O-1OO k i l o m e t e r s

i n  a  c l e a n  a t m o s p h e r e . I n  a n  a t m o s p h e r e  c o n t a i n i n g  18  pg/m p a r t i c u l a t e
t h i s  d i s t a n c e  o f  m a x i m u m  s e n s i t i v i t y  d e c r e a s e s  t o  1 0  k i l o m e t e r s .
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Figure 6
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Same as Figure 5 but for cumulus cloud conditions.
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F i g u r e  8
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A plot of contrast change resulting from an increase in
fine patliculate  concentration of 2 ug/m3 as a function
of vista distance for initial loadings of 0.0, 4, 8 and 18
uglma.
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Graph of I PV versus change in overall vista color.
Indices of perceived visual qir quality presented in
this graph, were derived from visitor’s ratings of
the morning and afternoon, snow, and no snow,
Clear sky conditions.
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R e s u l t s  o f  t h e  CanyonIands s t u d y  a l s o  i n d i c a t e  t h a t  a n y  i n c r e a s e  i n
c o l o r  o f  t h e  t o t a l  v i s t a  r@Sults i n  i n c r e a s e s  i n  t h e  IPV. T h e  c h a n g e  i n  o v e r -
a l l  c o l o r  c o n t r a s t ,  A:T, for each slide was plotted against the IPV, indicating
t h e  linear relationship s h o w n  i n  F i g u r e  9 . T h e  o b s e r v e r  r a t e d  t h e  v i s u a l  a i r
q u a l i t y  o f  a  s c e n e  i n  d i r e c t  p r o p o r t i o n  t o  t h e  a m o u n t  o f  c o l o r  p r e s e n t .

S u n  a n g l e  p l a y s  a n  i m p o r t a n t  r o l e  i n  v i s t a  color a n d  o b s e r v e r ’ s  j u d g -
ments  of  v isual  a i r  qual i ty . V i s i t o r s  w e r e  a s k e d  t o  r a t e  a  s e r i e s  o f  s l i d e s
o f  t h e  L a  Sal- M o u n t a i n s  w h i c h  w e r e  t a k e n  s t a r t i n g  a t  8:OO a . m .  a n d  c o n t i n u i n g
u n t i l  4:00 p . m . T h e  a i r  p o l l u t i o n  a s  m e a s u r e d  b y  a  t e l e r a d i o m e t e r  a n d  a n
i n t e g r a t i n g  n e p h e l o m e t e r  r e m a i n e d  u n c h a n g e d  t h r o u g h o u t  t h e  d a y . T h e  c a n y o n
w a l l s  i n  t h e  m i d - f o r e g r o u n d  o f  t h e  s c e n e  w e r e  i n  c o m p l e t e  s h a d o w  a t  8:00 a . m .
T h e  c o l o r  o f  t h e  c a n y o n  w a l l s  c o n t i n u a l l y  i n c r e a s e d  a s  t h e  d a y  p r o g r e s s e d  a n d
t h e  s u n  a n g l e  c h a n g e d . A s  m o r e  c o l o r  a p p e a r e d  i n  t h e  s c e n e ,  o b s e r v e r s  g a v e  i t
a  h i g h e r  r a t i n g  o f  v i s u a l  a i r  q u a l i t y . F i g u r e  1 0  s h o w s  t h i s  r e l a t i o n s h i p ,
p l o t t i n g  t h e  m e a n  slide r a t i n g  ( r a w  s c o r e )  f o r  5 0  o b s e r v e r s  a s  a  f u n c t i o n
o f  c o l o r  c o n t r a s t  f o r  t h e  g r e e n  p o r t i o n  o f  t h e  L a  S a l  M o u n t a i n s . T i m e  o f  d a y
i s  i n d i c a t e d  n e x t  t o  e a c h  d a t a  p o i n t . D u r i n g  t h e  c o u r s e  o f  t h e  d a y ,  t h e  c o n -
t r a s t  a t  5 5 0 n m  a c t u a l l y  d e c r e a s e d  b e c a u s e  o f  a  d e c r e a s e  i n  i n h e r e n t  c o n t r a s t ,
w h i l e  t h e  m e a n  r a t i n g  o f  t h e  s l i d e s  i n c r e a s e d . H o w e v e r , t h e  r e l a t i o n s h i p
b e t w e e n  c h a n g e  i n  c o l o r  c o n t r a s t  a n d  p e r c e i v e d  v i s u a l  a i r  q u a l i t y  r e m a i n s  l i n -
e a r .  T h e  c o r r e l a t i o n  c o e f f i c i e n t  b e t w e e n  t h e s e  t w o  v a r i a b l e s  i s  g r e a t e r  t h a n
0 . 9 ,  s i g n i f i c a n t  a t  t h e  9 9  p e r c e n t  c o n f i d e n c e  l e v e l .  T h i s  r e l a t i o n s h i p  a l s o
a p p e a r s  t o  b e  i n d e p e n d e n t  o f  t h e  d e m o g r a p h i c  c h a r a c t e r i s t i c s  o f  t h e  o b s e r v e r s .

O n c e  t h e s e  p h y s i c a l  a n d  p e r c e p t u a l  r e l a t i o n s h i p s  a r e  e s t a b l i s h e d ,  i t  i s
i m p o r t a n t  t o  a n a l y z e  t h e  r e l a t i o n s h i p s  b e t w e e n  h u m a n  p e r c e p t i o n  o f  c h a n g e s  i n
visual a i r  q u a l  i t y  a s  r e p r e s e n t e d  i n  d i f f e r e n t  m e d i a . D o  o b s e r v e r s  p e r c e i v e
c h a n g e s  i n  v i s u a l  a i r  q u a l i t y  i n  a n  a c t u a l  o n - s i t e  s i t u a t i o n  w i t h  t h e  s a m e
p r e c i s i o n  a s  t h e y  w o u l d  p e r c e i v e  t h e  s a m e  a m o u n t  o f  c h a n g e  a s  s h o w n  o n  a  c o l o r
s l i d e ? I n  o r d e r  t o  e x a m i n e  t h i s  q u e s t i o n ,  v i s i t o r s  i n  t h e  C a n y o n l a n d s  s t u d y
r a t e d  4 0  s l i d e s  t h a t  h a d  b e e n  t a k e n  d u r i n g  o n - s i t e  r a t i n g s  e a r l i e r  i n  t h e  s t u d y
p e r i o d . T h e  o p t i c a l  a n d  m e t e o r o l o g i c a l  d a t a  f o r  t h e  a p p r o x i m a t e l y  4 0 0  o n - s i t e
r a t i n g s  w e r e  i n s p e c t e d  t o  l o c a t e  c a s e s  r e p r e s e n t i n g  s u n  angle, m e t e o r o l o g i c a l
a n d  a i r  p o l l u t i o n  c o n d i t i o n s  a s  n e a r  a s  p o s s i b l e  t o  t h o s e  i n  e a c h  o f  t h e  4 0
s l i d e s . F o r  s o m e  s l i d e s ,  s e v e r a l  c o r r e s p o n d i n g  o n - s i t e  r a t i n g s  w e r e  f o u n d .
A  s t u d e n t  t - t e s t  w a s  u s e d  t o  d e t e r m i n e  w h e t h e r  t h e  s l i d e  r a t i n g s  w e r e  s t a t i s -
t i c a l l y  d i f f e r e n t  f r o m  o n - s i t e  r a t i n g s . S i n c e  t h e  t e s t  w a s  a p p l i e d  t o  t h e  n u l l
h y p o t h e s i s  t h a t  t h e  t w o  s a m p l e s  b e i n g  c o m p a r e d  w e r e  d r a w n  f r o m  t h e  s a m e  p o p u l a -
t i o n ,  c a l c u l a t i o n s  w e r e  m a d e  t o  d e t e r m i n e  t h e  p r o b a b i l i t y  o f  t h e  d i f f e r e n c e  b e -
t w e e n  m e a n s  o f  o n - s i t e  a n d  s l i d e  r a t i n g s  h a v i n g  a  v a l u e  a s  l a r g e  a s ,  o r  g r e a t e r
t h a n  o b s e r v e d .  The n u l l  h y p o t h e s i s  b e i n g  e x a m i n e d  a s s u m e d  t h a t  t h e  t w o  s a m p l e s
belong to the same population, consequently, the two variance estimates must
n o t  b e  s i g n i f i c a n t l y  d i f f e r e n t . This hypothesis was examined by means of the
F - t e s t .

Results of the comparisons are summarized in Table 9 while a scattergram
o f  t h e  o n - s i t e  a n d  s l i d e  r a t i n g s  i s  s h o w n  i n  F i g u r e  1 1 . T h e  f i r s t  c o l u m n  o f
T a b l e  9 g i v e s  t h e  t i m e  t h a t  t h e  s l i d e  w a s  t a k e n ; i t  i s  a l s o  t h e  t i m e ,  + 3 0  m i n -
u t e s ,  t h a t  t h e  o n - s i t e  r a t i n g s  w e r e  m a d e . C o l u m n  t w o  i s  a  meteorologi~al c o d e
i n d i c a t i n g  t h e  c l o u d  c o v e r  p r e s e n t  a t  t h e  t i m e  t h e  p h o t o g r a p h  w a s  t a k e n ;
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Figure 10
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Mean rating (raw scene) of a series of six slides that were taken of the
La Sal Mountains, starting at 8:00 A.M. and continuing until 5 P. M.,
as a function of color contrast change of the vista ( o ) or apparent
target green contrast of pine covered portion of the vista ( ● ).
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Table 9 ‘

S t a t i s t i c a l  A n a l y s i s  o f  O n  S i t e  a n d  S l i d e  R a t i n g s

sky G r e e n
S l i d e s O n  S i t e T e s t s

T i m e C o d e Con t. Nabs Mean SD 95%-CL Nobs l!ean SD 95%-CL T T(Crlt) F F(CritI

1000 2 .34 22 1.6 .66 8 1.9 1.36 .574 2.05 1.451 2.4
1030 I .40 208 ::: 1.7 .24 13 ;:; .84 .080 1.96 1.274 2.1
1100 0 .38 45 1.2 .37 10 4.5 ;:? .86 1.631 2.00 I .273 2.8
1100 2 .33 22 ;:! 1.7 .71 17 4.7 1.9 .94 .354 2.00 1.287 3.0
1130 I .36 45 1.2 .37 21 4.7 ;.; .60 .944 1.96 1.329 2.4
1130 2 .34 22 ::: 1.4 .59 18 5.2 .86 .523 2.00 1,696 2.8
1130 5 .34 22 4.8 1.3 .57 9 4.8 1:6 1.04 “.041 2.05 1.446 3.35
1130 4 .19 22 3.7 1.1 .48 9 4.3 1.1 .75 I .449 2.05 I .033 3.35
1330 2 .30 208 6.5 1.8 .25 15 6.o 2.1 1.07 1.029 1.96 1.323 2.o4
1330 2 .33 208 1.8 .25 23 1.1 .45 .057

i:: 1.4 ;:: 1.0
1.96 2.769 1.79

I 400 0 .36 45 .42 13 .53 3.802 2.00 2.153 2.66
I 400 0 .35 160 1.6 .26 8 7.3 -9 .63 .438 }.96 3.258 2.5i
I 400 0 .35 160 l:; 1.7 .27 8 7.3 .9 .63 .907 1.96 3.678 2.51



Figure 11
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v i s u a l  a i r  q u a l i t y  r a t i n g s  o f  1 3  d i f f e r e n t  three-dimen-
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o = Cloud]ess skies; 1 = no clouds in  the plane o f  t h e  observer, sun, a n d  vista;
2  =  O  t o  1 / 3  c l o u d  c o v e r ;  3  =  1 / 3  t o  2 / 3  c l o u d  c o v e r ;  4  =  2 / 3  t o  f u l l  c l o u d
c o v e r ;  and 5  =  o v e r c a s t . Column t h r e e  i s  t h e  a p p a r e n t  t a r g e t  c o n t r a s t  a t
550nmof a  f o r e s t e d  s e c t i o n  o f  t h e  L a  S a l  M o u n t a i n s  o n  t h e  d a y  w h e n  t h e  s l i d e
was taken;  i t  is  a lso  the  a p p a r e n t  t a r g e t  c o n t r a s t  + 0 . 0 1  o f  t h a t  s a m e  p o r t i o n
of the vista on the days that the three dimensional-on-site ratings were made.
Columns four to seven are the number of observations, arithmetic mean, standard
d e v i a t i o n , a n d  95 p e r c e n t  c o n f i d e n c e  i n t e r v a l  o f  t h e  s l i d e  ratings~ a n d  c o l u m n s
e i g h t  t o  e l e v e n  giv;’t~e s a m e  s t a t i s t i c s  f o r  t h e  o n - s i t e  r a t i n g s . Co 1 umns
t w e l v e  a n d  f o u r t e e n  a r e  t h e  t  a n d  F  s t a t i s t i c  w h i l e  c o l u m n s  t h i r t e e n  a n d  f i f -
t e e n  a r e  t h e  a s s o c i a t e d  “ c r i t i c a l ”  v a l u e s  w h i c h  t h e  t  a n d  F  n u m b e r  s h o u l d  n o t
exceed for  a  5 to 1 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e  r e s p e c t i v e l y . T h e s e  c a l c u l a -
t i o n s  w e r e  c a r r i e d  o u t  o n l y  i f  t h e r e  w e r e  a t  l e a s t  8 o n - s i t e  r a t i n g s .

A n  e x a m i n a t i o n  o f  t h e  F - t e s t  s h o w s  t h a t  o f  13 p o p u l a t i o n s  t h a t  w e r e
compared, the F value exceeds its crit ical value 3 t i m e s . F o r  t h e  r e m a i n i n g
10 p o p u l a t i o n s  t h e  d i f f e r e n c e  b e t w e e n  t h e  v a r i a n c e s  i s  n o t  s i g n i f i c a n t  a t  t h e
o n e  p e r c e n t  l e v e l . If the  ca lcu la ted  t  value is  greater  than the  tabula ted

c r i t i c a l  v a l u e  (5 p e r c e n t  l e v e l  o f  s i g n i f i c a n c e ) ,  t h e  n u l l  h y p o t h e s i s  i s
r e j e c t e d  a n d  t h e  c o n c l u s i o n  i s  t h a t  t h e  d i f f e r e n c e  b e t w e e n  t h e  o n - s i t e  a n d  slide
r a t i n g  i s  s i g n i f i c a n t . O r  c o n v e r s e l y , i f  t h e  v a l u e  o f  t  i s  l e s s  t h a n  t h e
c r i t i c a l  value i t  i s  c o n c l u d e d  t h a t  t h e r e  i s  n o  s t a t i s t i c a l l y  s i g n i f i c a n t
d i f f e r e n c e  b e t w e e n  o n - s i t e  a n d  s l i d e  r a t i n g s . I n  o n l y  o n e  c a s e  i s  t h e  c a l c u -
l a t e d  t  v a l u e  g r e a t e r  t h a n  i t s  a s s o c i a t e d  c r i t i c a l  v a l u e .  T h u s ,  t h e r e  a r e  9
c o m p a r i s o n s  o f  o n - s i t e  v e r s u s  s l i d e  r a t i n g s  t h a t  s h o w  n o  s i g n i f i c a n t  d i f f e r e n c e
b e t w e e n  t h e i r  m e a n s .

T h e  p r e v i o u s  s t a t i s t i c a l  t e s t s  d o  n o t  p r o v e  t h a t  t h e  m e a n s  o f  o n - s i t e
a n d  s l i d e  r a t i n g s  a r e  t h e  s a m e ,  o n l y  t h a t  t h e y  a r e  n o t  s t a t i s t i c a l l y  d i f f e r e n t .
H o w e v e r , t h e  a n a l y s i s  i n  c o n j u n c t i o n  w i t h  a  f a i r l y  h i g h  c o r r e l a t i o n  o f  0 . 9 4
b e t w e e n  t h e  o n - s i t e  a n d  s l i d e  r a t i n g s  a n d  t h e  c l o s e  p r o x i m i t y  o f  t h e  d a t a
p o i n t s  t o  t h e  l i n e  t h a t  s h o w s  w h e r e  t h e y  w o u l d  f a l l  i f  t h e r e  w e r e  a  one-to-
o n e  c o r r e s p o n d e n c e , s e e m s  t o  i n d i c a t e  t h a t  w h e n  t h e  a c t u a l  s c e n e  i s  c o n f i n e d
t o  t h e  s a m e  f o r m  a s  t h a t  o f  t h e  s l i d e s , s l i d e s  a r e  g o o d  s u b s t i t u t e s  f o r  t h e
a c t u a l  t h r e e  d i m e n s i o n a l  s c e n e s .

F o r  r e s e a r c h  d e s i g n  p u r p o s e s , i t  i s  also i m p o r t a n t  t o  k n o w  i f  o b s e r v e r s
p e r c e i v e  c h a n g e s  i n  v i s u a l  a i r  q u a l i t y  a s  s h o w n  i n  c o l o r  p r i n t s  w i t h  t h e  s a m e
p r e c i s i o n  a s  t h e y  p e r c e i v e  c h a n g e s  s h o w n  o n  c o l o r  s l i d e s . In t h e  1 9 8 0  G r a n d
C a n y o n  s t u d y ,  g r o u p s  o f  o b s e r v e r s  w e r e  a s k e d  t o  r a t e  s e t s  o f  3 0  r a n d o m l y
o r d e r e d  8  X  10  i n c h  color p r i n t s  o n  a  1 t o  1 0  s c a l e . T w o  s e t s  o f  p h o t o g r a p h s
w e r e  r a t e d ;  o n e  se~ c o n t a i n e d  M t .  T r u m b u l l  s c e n e s  u n d e r  d i f f e r i n g  g r o u n d
c o v e r , m e t e o r o l o g i c a l  a n d  a i r  q u a l i t y  c o n d i t i o n s ,  w h i l e  t h e  o t h e r  p h o t o g r a p h i c
s e t  c o n t a i n e d  D e s e r t  V i e w  s c e n e s  u n d e r  v a r y i n g  m e t e o r o l o g i c a l  a n d  a i r  q u a l i t y
c o n d i t i o n s  ( t h e  D e s e r t  V i e w  d a t a  s e t  d i d  n o t  c o n t a i n  a n y  s c e n e s  w i t h  s n o w  o n
t h e  g r o u n d ) . G r o u p s  o f  o b s e r v e r s  r a t e d  t h e  s e t s  o f  3 0  c o l o r  s l i d e s  f r o m  w h i c h
t h e  p h o t o g r a p h s  w e r e  m a d e . M e a n  r a t i n g s  f o r  a l l  s l i d e s  i n  e a c h  s e t  w e r e  t h e n
c o m p a r e d  t o  t h e  m e a n  r a t i n g s  f o r  e a c h  c o l o r  p h o t o g r a p h  f o r  g r o u p s  o f  a t  l e a s t
50 o b s e r v e r s .  C o m p a r i s o n s  w e r e  m a d e  b y  r e g r e s s i n g  t h e  s l i d e - b a s e d  r a t i n g s
( m e a n  r a t i n g s  o n  t h e  1  t o  1 0  s c a l e )  o n  t h e  r a t i n g s  o f  t h e  c o r r e s p o n d i n g  c o l o r
p h o t o g r a p h s . A g a i n ,  t h e  r e l a t i o n s h i p  i s  a  p o s i t i v e  o n e ,  a s  i n d i c a t e d  b y  a
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simple  corre la t ion
level, between the
analys is .

c o e f f i c i e n t  o f  . 9 6 ,  s i g n i f i c a n t  a t  t h e  99 p e r c e n t  c o n f i d e n c e
slides and corresponding photographs used in the economic

D. C o n c l u s i o n

T h e s e  p o s i t i v e  r e l a t i o n s h i p s  o f  h u m a n  p e r c e p t i o n  o f  c h a n g e s  i n  v i s u a l
a i r  q u a l i t y ,  w h e t h e r  v i e w e d  i n  a  c o l o r  s l i d e ,  c o l o r  p r i n t  o r  o n - s i t e ,  allow
for different resea”r’cl?”’  m e t h o d s . It appears that it may no longer be necessary
t o  c o n d u c t  a i r  q u a l i t y  p e r c e p t i o n  r e s e a r c h  o n l y  i n  o n - s i t e  s i t u a t i o n s . T h i s
f i n d i n g  e n a b l e s  r e s e a r c h e r s  t o  c o n d u c t  a i r  q u a l i t y  p e r c e p t i o n  s t u d i e s  i n
o t h e r  e n v i r o n m e n t s  t h r o u g h o u t  t h e  c o u n t r y , w i t h  s u b s t a n t i a l l y ’  r e d u c e d  c o s t s ,
b u t  m o r e  i m p o r t a n t l y ,  a l l o w s  f o r  a  s t a t i s t i c a l l y  r a n d o m  s a m p l e  o f  o b s e r v e r s
which is  n o t  p o s s i b l e  i n  o n - s i t e  s t u d i e s . It is important  that  researchers
continue to examine these relationships in order to develop a valid model
f o r  t h e  p r e d i c t i o n  o f  a i r  p o l l u t i o n  a n d  s c e n i c  q u a l i t y  e f f e c t s  o n  p e r c e p t i o n s
o f  v i s u a l  a i r  q u a l i t y .
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CHAPTER 5

MEASURING THE ECONOMIC VALUE

A . I n t r o d u c t i o n

OF V I S I B I L I T Y

V i s i b i l i t y  is a pure public g o o d  a s  d e s c r i b e d  b y  Samuelson  (1954) .  T h e
g o a l  o f  C o n g r e s s  i n  p a s s i n g  t h e  p r e v e n t i o n  o f  s i g n i f i c a n t  d e t e r i o r a t i o n  (PSD)
amendments to the Clean Air  Act  was, i n  g r e a t  p a r t ,  p r o v i s i o n  o f  v i s i b i l i t y  i n
t h e  N a t i o n a l  P a r k l a n d s . H o w e v e r ,  u t i l i t i e s  a n d  o t h e r  i n d u s t r i e s  h a v e  c l a i m e d ,
q u i t e  c o r r e c t l y ,  t h a t  p r e s e r v a t i o n  o f  v i s i b i l i t y  ( a i r  q u a l i t y )  i s  c o s t l y .  D o
t h e  b e n e f i t s  o f  p r e s e r v a t i o n  j u s t i f y  t h e s e  c o s t s ? T h e  p u r p o s e  o f  t h i s  c h a p t e r
i s  t o  p r o v i d e  a  m e t h o d o l o g y  f o r  a s s e s s i n g  t h e  b e n e f i t s  o f  p r e s e r v i n g  v i s i b i -
l i t y  s o  t h a t  t h e  q u e s t i o n  p o s e d  a b o v e  c a n ,  i n  p a r t ,  b e  a n s w e r e d .

E c o n o m i s t s  h a v e  u s e d  a  n u m b e r  o f  t e c h n i q u e s  f o r  v a l u i n g  p u b l i c  g o o d s .
T h e s e  i n c l u d e ,  f i r s t ,  d i r e c t  c o s t i n g  w h e r e i n , f o r  e x a m p l e ,  b e n e f i t s  o f  a i r
pol lu t ion  contro l  could  par t ly  be  measured as  the  reduced e c o n o m i c  d a m a g e  t o
m a t e r i a l  ( e . g . , p a i n t ) ,  v e g e t a t i o n  ( i n c l u d i n g  a g r i c u l t u r e )  a n d  h e a l t h  ( e . g . ,
i n u r e  p r o d u c t i v e  w o r k e r s ) . A  s e c o n d  t e c h n i q u e  c a l l e d  t h e  h e d o n i c  a p p r o a c h  u s e s
a n  i n d i r e c t  m e t h o d  t o  v a l u e  p u b l i c  g o o d s  b y  t r y i n g  t o  a s s o c i a t e  c h a n g e s  i n
m a r k e t  p r i c e s  w i t h  c h a n g e s  i n  publ ic g o o d s  a c r o s s  l o c a t i o n s . T h u s ,  u r b a n  p r o -
p e r t y  v a l u e  s t u d i e s  a r e  t y p i c a l l y  u t i l i z e d  i n  a r e a s  o f  h e a v i e r  a i r  p o l l u t i o n .
O n e  c a n  g e t  a n  i n d i c a t i o n  o f  h o w  p e o p l e  value c l e a n  a i r  b y  l o o k i n g  a t  t h e  p r e -
m i u m  p a i d  f o r  h o m e s  i n  c l e a n  a i r  a r e a s . B o t h  o f  t h e s e  m e t h o d s  a r e  d e s c r i b e d
i n  d e t a i l  b y  F r e e m a n  ( 1 9 7 9 )  a n d  M~ler ( 1 9 7 4 )  b u t  a r e  n o t  a p p l i c a b l e  t o  v a l u i n g
v i s i b i l i t y  i n  r u r a l  r e c r e a t i o n  a r e a s  s u c h  a s  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e
S o u t h w e s t .

T o  d e v e l o p  v a l u e  i n  s u c h  a  s i t u a t i o n ,  e c o n o m i s t s  h a v e  t u r n e d  t o  s u r v e y
methods . A  l a r g e  l i t e r a t u r e  h a s  d e v e l o p e d  a r o u n d  t h e  u s e  o f  s u r v e y  t e c h n i q u e s
i n  v a l u i n g  v i s i b i l i t y  w h i c h  i n c l u d e s , i n  p a r t ,  e a r l y  w o r k  b y  R a n d a l l ,  e t  a l .
( 1 9 7 4 )  a n d  B r o o k s h i r e ,  e t  a l . ( 1 9 7 6 ) ,  a n d  m o r e  r e c e n t l y  w o r k  b y  R o w e ,  e t  a l .
( 1 9 8 0 )  a n d  B r o o k s h i r e ,  e t  a l .  ( 1 9 8 0 ) . T h i s  l i t e r a t u r e  h a s  b e e n  s u m m a r i z e d  i n
Schulze, e t  a l . ( 1 9 8 1 )  s o  w e  w i l l  n o t  g o  i n t o  g r e a t  d e t a i l  h e r e .  H o w e v e r ,  i t
h a s  b e e n  s h o w n  t h a t - s u r v e y  t e c h n i q u e s  d o  p r o v i d e  w i l l i n g n e s s  t o  p a y  m e a s u r e s
f o r  a i r  q u a l i t y  i n  a n  u r b a n  s e t t i n g  ( L o s  A n g e l e s )  c o n s i s t e n t  w i t h  r e s u l t s  o f
a  h e d o n i c  p r o p e r t y  v a l u e  a n a l y s i s , l e n d i n g  s u p p o r t  t o  t h e  s u r v e y  a p p r o a c h
(see Brookshire ,  e t  a l .  [ 1 9 8 2 ] ) . T h i s  l a s t  s t u d y  i s  i n c l u d e d  a s  A p p e n d i x  B .

A d d i t i o n a l l y ,  s u r v e y  w o r k  w i t h  c o n s u m e r s  h a s  f a i l e d  t o  s h o w  a n y  e v i d e n c e
o f  s t r a t e g i c  b i a s  (Schulze , et al. [1981]) i n  v a l u i n g  p u b l i c  g o o d s . T h i s
r e s u l t  i s  i n  a g r e e m e n t  w i t h  t h e  w o r k  o f  G r e t h e r  a n d  plott (1979) and smith
( 1 9 7 8 )  w h i c h  a l s o  f a i l e d  t o  f i n d  e v i d e n c e  o f  s t r a t e g i c  e c o n o m i c  b e h a v i o r  i n
e x p e r i m e n t a l  s e t t i n g s . A  n u m b e r  o f  o t h e r  b i a s e s  w h i c h  h a v e  l o n g  b e e n  r e c o g -
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“ized in t h e  s u r v e y  l i t e r a t u r e  h a v e  b e e n  i d e n t i f i e d ,  b u t  s t a n d a r d  t e c h n i q u e s
d e v e l o p e d  i n  t h e  p o l i t i c a l  s c i e n c e , p s y c h o l o g y  a n d  s o c i o l o g y  s u r v e y  l i t e r a t u r e
h a v e  b e e n  e m p l o y e d  t o  c o p e  w i t h  t h e m  ( s e e  d e s c r i p t i o n  of  the  survey  p r o c e d u r e
i n  t h e  n e x t  s e c t i o n ) .

B. T h e  T h e o r e t i c a l  B a s i s - T h e  E c o n o m i c s  o f  P r e s e r v a t i o n

T h e  g o a l  o f  t h e  P S D  r e g u l a t i o n s  i s  p r e s e r v a t i o n  o f  t h e  n a t u r a l  e n v i r o n -
m e n t .  A n  i n t e g r a l  p a r t  o f  t h e  e n v i r o n m e n t  o f  t h e  n a t i o n a l  p a r k l a n d s  o f  t h e
s o u t h w e s t  i s  v i s i b i l i t y ,  t h e  a b i l i t y  t o  s e e  b o t h  c o l o r  a n d  d e t a i l  c l e a r l y  o v e r
long d i s t a n c e s . I t  h a s  b e e n  s h o w n  t h a t  h u m a n  p e r c e p t i o n  o f  v i s u a l  a i r  q u a l i t y  i s
a s s o c i a t e d  w i t h  t h e  a p p a r e n t  c o l o r  c o n t r a s t  o f  d i s t a n t  v i s u a l  t a r g e t s .  A s
c o n t r a s t  i s  r e d u c e d ,  a  s c e n e  “ w a s h e s  o u t ” b o t h  i n  t e r m s  o f  c o l o r  a n d  i n  t h e
a b i l i t y  t o  s e e  d i s t a n t  d e t a i l . C h a p t e r  3 h a s  r e l a t e d  d e c r e a s e s  i n  a p p a r e n t
color c o n t r a s t  t o  a i r  p o l l u t i o n ,  n o t i n g ,  o f  c o u r s e ,  t h a t  o n l y  p a r t  o f  t h e
r e g i o n a l  a i r  q u a l i t y  s i t u a t i o n  i s  a t t r i b u t a b l e  t o  i d e n t i f i a b l e  m a n - m a d e  a i r
p o l l u t i o n . C h a p t e r  4  h a s  q u a n t i f i e d  p e r c e p t i o n  o f  v i s u a l  a i r  q u a l i t y .  W e  n o w
a t t e m p t  t o  s p e c i f y  h o w  p e o p l e  v a l u e  p r e s e r v a t i o n  o f  p e r c e i v e d  v i s u a l  a i r  q u a l i t y .

T h e  e x i s t i n g  l i t e r a t u r e  i n  e n v i r o n m e n t a l  e c o n o m i c s  s u g g e s t s  t h a t  p r e -
s e r v a t i o n  v a l u e  h a s  t w o  p o s s i b l e  c o m p o n e n t s .

F i r s t ,  a  s c e n i c  r e s o u r c e  s u c h  a s  t h e  G r a n d  C a n y o n  a t t r a c t s  l a r g e  n u m b e r s
o f  r e c r e a t o r s . T h e  q u a l i t y  o f  t h e  e x p e r i e n c e  o f  t h e s e  r e c r e a t o r s  d e p e n d s  i n
g r e a t  p a r t  o n  a i r  q u a l i t y ,  i n  t h a t  s c e n i c  v i s t a s  a r e  a n  i n t e g r a l  p a r t  o f  t h e
G r a n d  C a n y o n “ e x p e r i e n c e ” . T h u s ,  a i r  q u a l i t y  a t  t h e  G r a n d  C a n y o n  i s  v a l u a b l e
t o  r e c r e a t o r s . W e  m i g h t  c a l l  t h i s  e c o n o m i c  v a l u e ,  o r  w i l l i n g n e s s  t o  p a y  f o r
a i r  q u a l i t y  a t  t h e  G r a n d  C a n y o n  t h a t  e n h a n c e s  t h e  q u a l  i t y  o f  t h e  r e c r e a t i o n
e x p e r i e n c e ,  u s e r  v a l u e . T h u s ,  r e c r e a t o r s  i n  t h e  N a t i o n a l  P a r k l a n d s  o f  t h e
S o u t h w e s t  s h o u l d  b e  w i l l i n g  t o  p a y  s o m e  a m o u n t  t o  p r e s e r v e  a i r  q u a l i t y  f o r  e a c h
d a y  o f  t h e i r  o w n  u s e  i f  t h e i r  r e c r e a t i o n  e x p e r i e n c e  i s  i m p r o v e d  b y  g o o d  a i r
q u a l i t y . T o t a l  a n n u a l  u s e r  v a l u e  i s  t h e n ,  s i m p l y ,  t h e  total n u m b e r  o f  a n n u a l
u s e r s  t i m e s  t h e  a v e r a g e  n u m b e r  o f  d a y s  s p e n t  i n  t h e  p a r k l a n d s  b y  e a c h  u s e r  p e r
y e a r  t i m e s  t h e  a v e r a g e  v a l u e  t o  u s e r s  o f  p r e s e r v i n g  v i s i b i l i t y  p e r  d a y .  O n e
h y p o t h e t i c a l  m a r k e t  f o r  c o l l e c t i n g  u s e r  v a l u e  i s  a n  i n c r e a s e  i n  e n t r a n c e  f e e s
t o  b e  u s e d  t o  f i n a n c e  p r e s e r v a t i o n  o f  a i r  q u a l i t y ,  i . e . ,  p u r c h a s e  o f  a i r  p o l -
l u t i o n  c o n t r o l  e q u i p m e n t . S u r v e y  q u e s t i o n n a i r e s  c a n  b e  d e s i g n e d  t o  e s t i m a t e
u s e r  v a l u e  b a s e d  o n  s u c h  a  h y p o t h e t i c a l  m a r k e t .

T h e  s e c o n d  c o m p o n e n t  o f  p r e s e r v a t i o n  value i s  t e r m e d  e x i s t e n c e  v a l u e .
I n d i v i d u a l s  a n d  h o u s e h o l d s  w h i c h  m a y  n e v e r  v i s i t  t h e  G r a n d  C a n y o n  m a y  s t i l l
v a l u e  v i s i b i l i t y  t h e r e  s i m p l y  b e c a u s e  t h e y  w i s h  t o  p r e s e r v e  a  n a t i o n a l
t r e a s u r e . V i s i t o r s  a l s o  m a y  w i s h  t o  k n o w  t h a t  t h e  G r a n d  C a n y o n  r e t a i n s  r e l a -
t i v e l y  p r i s t i n e  a i r  q u a l i t y  e v e n  o n  d a y s  w h e n  t h e y  a r e  n o t  v i s i t i n g  t h e  p a r k .
C o n c e r n  o v e r  p r e s e r v i n g  t h e  G r a n d  C a n y o n  m a y  b e  j u s t  a s  i n t e n s e  i n  N e w  Y o r k
o r  C h i c a g o  a s  i t  i s  i n  n e a r b y  s t a t e s  a n d  c o m m u n i t i e s .

T h u s ,  p r e s e r v a t i o n  v a l u e  h a s  t w o  a d d i t i v e  c o m p o n e n t s ,  u s e r  v a l u e  a n d
e x i s t e n c e  v a l u e .  H o w e v e r , i t  i s  d i f f i c u l t  t o  c o n s t r u c t  e v e n  a  hypotheti~
m a r k e t  t o  c a p t u r e  p u r e  e x i s t e n c e  v a l u e . R a t h e r  o n e  c o u l d  i m a g i n e  a  l u m p
f e e  a d d e d . ,  f o r  e x a m p l e ,  t o  e l e c t r i c  p o w e r  b i l l s  t o  p r e s e r v e  a i r  q u a l i t y
G r a n d  C a n y o n  a n d  t h e  s u r r o u n d i n g  p a r k l a n d s . S u c h  a  h y p o t h e t i c a l  f e e  c o u
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capture  to ta l  preservat ion  va lue , the sum of existence plus user value, i f
u s e d  as the  bas is  o f  a s u r v e y  q u e s t i o n n a i r e . [n f a c t ,  t h e  s u r v e y  d e s c r i b e d
i n  t h e  n e x t  c h a p t e r  a s k e d  a p p r o x i m a t e l y  o n e - t h i r d  of t h e  r e s p o n d e n t s  a  p u r e
u s e r  v a l u e  q u e s t i o n  (how  m u c h  would they  be  w i l l i ng  to p a y  i n  h i g h e r  e n t r a n c e
f e e s  p e r  d a y  f o r  v i s i b i l i t y  a t  t h e  Grand Canyon  o r  o t h e r  p a r k s )  a n d  t h e  o t h e r
t w o - t h i r d s  of t h e  r e s p o n d e n t s  h o w  m u c h  w o u l d  t h e y  b e  w i l l i n g  t o  p a y  a s
a  h i g h e r  m o n t h l y  p o w e r  b i l l  t o  p r e s e r v e  v i s i b i l i t y  i n  t h e  p a r k l a n d s ,  a  t o t a l
p r e s e r v a t i o n  v a l u e  q u e s t i o n . C l e a r l y ,  i f  totai p r e s e r v a t i o n  v a l u e  i s  m u c h
larger t h a n  total uk’er’ value, t h e n  e x i s t e n c e  v a l u e s  m u s t  b e  l a r g e .

F r o m  a n  e c o n o m i c - t h e o r e t i c a l  p e r s p e c t i v e ,  c o n s u m e r  p r e f e r e n c e s  c a n  b e
m o d e l e d  a s  f o l l o w s :

L e t C“ =

x=

q=

I n  g e n e r a l ,  a

c o l o r  c o n t r a s t  ( v i s i b i l i t y )  d u r i n g  a  v i s i t  t o  t h e  s i t e
b y  a  u s e r  h o u s e h o l d ;

a v e r a g e  c o l o r  c o n t r a s t  o v e r  t h e  y e a r  a t  t h e  s i t e ;

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

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

c o s t  p e r  m i l e  o f  t r a v e l ;

h o u s e h o l d  i n c o m e ;

c o m p o s i t e  c o m m o d i t y ;

q u a l i t y  o f  t h e  visit,a f u n c t i o n  q(C”) o f  v i s i b i l i t y  d u r i n g
t h e  v i s i t ;

q “ v = q u a n t i t y  o f  r e c r e a t i o n  o b t a i n e d  a t  t h e  s i t e ;

e n t r a n c e  f e e  p e r  v i s i t ;

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

hoqsehold  u t i l i t y ,  a  q u a s i - c o n c a v e  incre~sing f u n c t i o n
U(C,R,X,) o f  a v e r a g e  y e a r l y  v i s i b i l i t y ,  C ,  r e c r e a t i o n  a t
t h e  s i t e ,  R ,  a n d  c o n s u m p t i o n  o f  t h e  c o m p o s i t e  c o m m o d i t y ,  X .

h o u s e h o l d  w i l l  w i s h  t o  m a x i m i z e  u t i l i t y ,

U(~,R,X),

s u b j e c t  t o  t h e  a m o u n t  o f  r e t r e a t

R =  q(C”)V

w h i c h  w e  a s s u m e  i s  t h e  product o
bility d u r i n g  t h e  v i s i t ,  C  ,  a n d

o n  a t t a i n e d  b y  v i s i t i n g  t h e  s i t e

t h e  q u a l i t y  o f  t h e  v i s i t ,  a  f u n c t i o n  o f  visi-
t h e  n u m b e r  o f  v i s i t s ,  V . A d d i t i o n a l l y  w h e r e  .

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

X  Y-B-= ( E  +  2mD)V

o r  income m i n u s  a n y  l u m p  s u m  b i d  f o r  v i s i b i l i t y ,  B ,  m i n u s  a n y  e x p e n d i t u r e s
f o r  v i s i t i n g  t h e  s i t e  w h i c h  a r e  t h e  s u m  o f  e n t r a n c e  f e e s ,  E ,  a n d  t r a v e l  c o s t s ,
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2 m D ,  f o r  e a c h  v i s i t ,  V . N o t e ,  a n y  c o s t s  o t h e r  t h a n  t r a v e l  c o s t s  c o u l d  c o n -
c e p t u a l l y  b e  l u m p e d  w i t h  E . W e  t a k e  V ,  X ,  R ,  B ,  a n d  E  t o  b e  n o n - n e g a t i v e  a s
well.

T o  g e t  a t  u s e r  v a l u e , we w i l l  f i r s t  t a k e  B  t o  b e  i d e n t i c a l l y  equal t o
z e r o . T h e  f i r s t  o r d e r  c o n d i t i o n  f o r  u s e , V ,  w h e r e  w e  s u b s t i t u t e  t h e  c o n -
s t r a i n t s  i n t o  t h e  u t i l i t y  f u n c t i o n  i s  t h e n :

uRq’- Ux(%  +-2mD)  <  0 .

N o t e  t h a t ,  w i t h  t h e  t e r m s  r e a r r a n g e d ,  i f

~< E  +  2mD
Ux q

t h e n  V  =  O . I n  o t h e r  w o r d s , i f  the  s u m  o f  e n t r a n c e  f e e s  p l u s  t r a v e l  c o s t s
d i v i d e d  b y  q u a l i t y  ( t h e  r.h.s. a b o v e )  e x c e e d s  t h e  m a r g i n a l  r a t e  o f  s u b s t i t u -
t i o n  b e t w e e n  r e c r e a t i o n  a n d  t h e  c o m p o s i t e  c o m m o d i t y  ( t h e  v a l u e  o f  r e c r e a t i o n
w h i c h  i s  t h e  l.h.s. a b o v e ) , t h e n  v i s i t a t i o n  i s  z e r o  f o r  t h e  h o u s e h o l d . N o t e
t h e n ,  t h a t ,  w h e r e  d i s t a n c e  f r o m  t h e  s i t e , D ,  i s  l a r g e ,  V  m a y  w e l l  b e  z e r o ,
a  c o r n e r  s o l u t i o n . T h u s ,  s o m e o n e  f r o m  N e w  Y o r k  m a y  n e v e r  v i s i t  t h e  G r a n d
C a n y o n  a n d  c o n s e q u e n t l y  h a v e  a  z e r o  u s e r  v a l u e  a s  w e l l .  T o  s h o w  t h a t  u s e r  v a l u e
i s  z e r o  i f  v i s i t a t i o n  i s  ~ero l e t  u s  a s s u m e  t h a t  t h e  e n t r a n c e  f e e ,  E ,  i s  a
f u n c t i o n  o f  v i s i b i l i t y ,  C  ,  s o w e  h a v e  E(CU). T h e  c o n s u m e r  c a n  t h e n  h a v e  a
f i r s t  o r d e r  c o n d i t i o n  o v e r  c h o i c e  o f  C“ b y  p a y i n g  E(CU). T h i s  c o n d i t i o n  i s

v*(uRq’ - UXE’) = O.

I f  V  > 0 ,  t h e  u s e r  w i l l  t h e n  h a v e

‘ R
~q’ ‘E’.

x

S o  E ’  i s  a  m e a s u r e  o f  m a r g i n a l  u s e r  valueuof v i s i b i l i t y  p e r  v i s i t .  H o w e v e r ,
i f V = O ,  t h e  f i r s t  o r d e r  c o n d i t i o n  f o r  C i s  s a t i s f i e d  w i t h o u t  e q u a l i t y  o f
U q’  and U E’ ,  so E’  m e a s u r e s  n o t h i n g ,  i . e . , is of no relevance to the consumer.
Ti!us, logi~ally, a  c h a n g e  i n  e n t r a n c e  f e e s  will m e a s u r e  m a r g i n a l  w i l l i n g n e s s
t o  p a y  f o r  v i s i b i l i t y  i n  u s e  o n l y  f o r  u s e r s .

T o  g e t  a t  t o t a l  p r e s e r v a t i o n  v a l u e , l e t  u s  f i x  e n t r a n c e  f e e s  a t  E “  a n d
a l l o w  h o u s e h o l d s  tb m a k e  a  l u m p  s u m  b i d , B ,  f o r  v i s i b i l i t y  a t  t h e  s i t e  w h e r e
w e  a l s o  a s s u m e  t h a t  C“ = ~. I n  o t h e r  w o r d s ,  h o u s e h o l d s  a s s u m e  t h a t  t h e
pe~ted v i s i b i l i t y level f o r  t h e i r  v i s i t ,  C “ ,  i s  t h e  a v e r a g e  v i s i b i l i t y  ‘
c. S i n c e  w e  h a v e  m a d e  t h e  h o u s e h o l d  u t i l i t y  f u n c t i o n  p u r e l y  d e p e n d e n t
v i s i b i l i t y  a t  t h e  s i t e , t h e  m a r g i n a l  b i d  f o r  b e t t e r  v i s i b i l i t y  ( d e r i v e d
h o l d i n g  t h e  u t i l i t y  level c o n s t a n t  a n d  t o t a l l y  d i f f e r e n t i a t i n g  t h e  u t i l
f u n c t i o n )  t a k e s  t h e  f o r m

ex-
e v e l  ,
o n
b y
t y
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w h e r e  t h e  t e r m  i n  b r a c k e t s  “ a ”  i s  t h e  p u r e  m a r g i n a l  e x i s t e n c e  v a l u e  a n d  t h e
t e r m  i n  b r a c k e t s “ b ”  i s  m a r g i n a l  u s e r  v a l u e  p e r  v i s i t  ( s h o w n  t o  b e  E ’  a b o v e
f o r  u s e r s  i f  a n  e n t r a n c e  f e e  i s  c o l l e c t e d  f o r  v i s i b i l i t y ) .  T h u s ,  t h e  l u m p  s u m
b i d ,  B , ltcollectsll  b o t h  e x i s t e n c e  v a l u e  a n d  u s e r  v a l u e  f r o m  t h e  h o u s e h o l d .  B

i s  t h e n  a  m e a s u r e  o f  p r e s e r v a t i o n  v a l u e . T h e  sur~ey q u e s t i o n n a i r e  p r e s e n t e d
i n  t h e  n e x t  c h a p t e r  a t t e m p t s  t o  e s t i m a t e  b o t h  E ( C  )  a n d  B ( C )  a s  d e f i n e d  a b o v e
a n d  t h u s  p r o v i d e s  m e a s u r e s  o f  u s e r  a n d  total p r e s e r v a t i o n  v a l u e .

T h e  m o d e l  d e v e I o p e d  i n  t h e  p a r a g r a p h s  a b o v e  f o c u s e s  o n  t h e  d i f f e r e n c e
b e t w e e n  p u r e  u s e r  v a l u e  a n d  p u r e  e x i s t e n c e  v a l u e . T h e  n o t i o n  o f  p u r e  e x i s t e n c e
v a l u e  w a s  p u t  f o r w a r d  b y  Krutilla (1967) as  an  outgrowth  of  the  not ion  of
o p t i o n  v a l u e  d e v e l o p e d  b y  Weisbrod (1964). I n  p a r t i c u l a r ,  Weisbrod  a r g u e d  t h a t
a  p o t e n t i a l  u s e r  w h o  m i g h t  n e v e r  a c t u a l l y  v i s i t  a  p a r t i c u l a r  n a t i o n a l  p a r k  i n
h i s  l i f e t i m e  m i g h t  w e l l  b e  w i l l i n g  t o  p a y  t o  p r e s e r v e  t h e  o p t i o n  o f  u s e  o v e r
t h a t  l i f e t i m e . T h i s  n o t i o n  s i m p l y  a d j u s t s  t h e  c o n c e p t  o f  u s e r  v a l u e  ( a s
d e v e l o p e d  i n  t h e  m o d e l  a b o v e )  f o r  u n c e r t a i n t y . I n  o t h e r  w o r d s ,  a  p o t e n t i a l
u s e r  w h o  m i g h t  n e v e r  m a k e  t h e  t r i p  t o  t h e  G r a n d  C a n y o n  m i g h t  b e  w i l l i n g  t o  p a y
a  k i n d  o f  i n s u r a n c e  p r e m i u m  t o  r e t a i n  t h e  o p t i o n  o f  f u t u r e  u s e . T h e  n o t i o n  o f
p u r e  e x i s t e n c e  value i s , h o w e v e r ,  t o t a l l y  d i f f e r e n t  f r o m  u s e r  o r  o p t i o n  v a l u e ,
i n  t h a t ,  k n o w l e d g e  o f  t h e  c o n t i n u e d  e x i s t e n c e  o f  a  p r i s t i n e  n a t i o n a l  p a r k  i n
a n d  o f  i t s e l f  p r o v i d e s  s a t i s f a c t i o n . T h u s ,  a l t h o u g h  o p t i o n  v a l u e  m i g h t  a c c r u e
t o  i n d i v i d u a l s  w h o  m i g h t  n e v e r  v i s i t  t h e  G r a n d  C a n y o n ,  t h a t  v a l u e  i s  s t i l l
b a s e d  o n  p o t e n t i a l  u s e . A l t e r n a t i v e l y ,  e x i s t e n c e  v a l u e  h a s  n o  b a s i s  i n  a c t u a l
o r  p o t e n t i a l  u s e , r a t h e r  o n l y  o n  k n o w l e d g e  o f  t h e  c o n t i n u e d  p r e s e r v a t i o n  o f
a  u n i q u e  r e s o u r c e  s u c h  a s  t h e  G r a n d  C a n y o n .
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CHAPTER 6

SURVEY DESIGN
. . . .

A. I n t r o d u c t i o n

T h e  s u r v e y  i n s t r u m e n t  a d d r e s s e d  a  m u l t i p l e  s e t  o f  i s s u e s  i n  t h e  p r o b l e m
o f  v a l u i n g  v i s i b i l i t y  i n  t h e  n a t i o n a l  p a r k l a n d s . Firs t ,  the  park lands are
unique national treasures and part of the national heritage. Thus, the
p a r k l a n d s  a n d  t h e i r  c h a r a c t e r i s t i c s  ( i . e . , v is ib i l i ty )  might  be  va lued by a l l
c i t i z e n s ,  w h e t h e r  o r  not  they  have  o r  eve r  w i l l  v i s i t  the  a rea . The survey
i n s t r u m e n t  e l i c i t e d  v a l u a t i o n s  f o r  a c t u a l  u s e r s - - i n  t h e  n a t i o n a l  p a r k l a n d s .
S e c o n d ,  n e w  a n d  c u r r e n t  i n d u s t r i a l  f a c i l i t i e s  i n  t h e  s o u t h w e s t  i m p a c t  n o t  o n l y
s p e c i f i c  p a r k s  b u t  p o t e n t i a l l y  c o u l d  c o n t r i b u t e  t o  a  r e g i o n a l  d e t e r i o r a t i o n  o f
v i s i b i l i t y . T h e  s u r v e y  i n s t r u m e n t  a s  a  r e s u l t  o f  t h i s  l o c a l  v e r s u s  r e g i o n a l
d e t e r i o r a t i o n  p r o b l e m  a d d r e s s e d  t h e  v a l u a t i o n  o f  v i s i b i l i t y  i n  t h e  G r a n d  C a n y o n
a s  well a s  i n  a  r e g i o n a l  s c e n i c  s e t t i n g  w h i c h  i n c l u d e d  M e s a  V e r d e  a n d  Z i o n  N a t i o n a l
P a r k s . F i g u r e  1 2  d e p i c t s  a  r e g i o n a l  m a p  s h o w i n g  t h e  r e l a t i v e  l o c a t i o n  o f  t h e
t h r e e  n a t i o n a l  p a r k s ,  a n d  t h e i r  p r o x i m i t y  t o  a  p a r t i a l  l i s t  o f  e x i s t i n g  a n d  p r o -
p o s e d  i n d u s t r i a l  f a c i l i t i e s  i n  t h e  s o u t h w e s t .

T h e  f o l l o w i n g  s u b s e c t i o n  w i l l  c o n s i d e r  g e n e r a l  a s p e c t s  o f  t h e  o v e r a l l
q u e s t i o n n a i r e  d e s i g n . L a t e r  s u b s e c t i o n s  w i l l  a d d r e s s  t h e  a c t u a l  m e c h a n i c s  o f
t h e  v a l u a t i o n  q u e s t i o n s . A p p e n d i x  C  i n c l u d e s  t h e  c o m p l e t e  s u r v e y  i n s t r u m e n t .

B . S u r v e y  I n s t r u m e n t  S t r u c t u r e

T h e  s u r v e y  i n s t r u m e n t  f o l l o w s ,  i n  g e n e r a l , t h e  d e s i g n  t h a t  i s  s e t  f o r t h  b y
R a n d a l l  e t  al. ( 1 9 7 4 )  a n d  B r o o k s h i r e e t  a l .  ( 1 9 7 6 ) .  A  h y p o t h e t i c a l  m a r k e t  i s
e s t a b l i s h e d  a r o u n d  a  w e l l  d e f i n e d  n o n m a r k e t e d  g o o d  f o r  t h e  r e s p o n d e n t  a n d  a
b i d d i n g  v e h i c l e  i s  u t i l i z e d .  H o w e v e r , r a t h e r  t h a n  a  s u g g e s t e d  i n i t i a t i o n
p o i n t  f o r  t h e  b i d d i n g  p r o c e s s ,  a s e t  o f  c o l u m n s  r e p r e s e n t i n g  v a r y i n g  a m o u n t s
a r e  g i v e n  t o  t h e  r e s p o n d e n t  e n a b l i n g  h i m  t o  c h e c k  t h e  a p p r o p r i a t e  b i d . T h i s
a l l e v i a t e s  t h e  p o t e n t i a l  f o r  s t a r t i n g  p o i n t  b i a s  a s  d e s c r i b e d  i n  Brookshire
et al. ( 1 9 7 6 )  a n d  e m p i r i c a l l y  o b s e r v e d  i n  R o w e  e t  a l .  ( 1 9 8 0 ) . N o  s p e c i f i c
m e c h a n i s m s  w e r e  i n c o r p o r a t e d  i n t o  t h e  q u e s t i o n n a i r e  f o r  o t h e r  b i a s  c h e c k s .
I n  g e n e r a l ,  b i a s e s  h a v e  n o t  b e e n  f o u n d  t o  b e  a  s y s t e m a t i c  p r o b l e m  i n  b i d d i n g
g a m e s . F o r  a  s u m m a r y  a n d  a n a l y s i s  o f  b i d d i n g  g a m e s  i n  g e n e r a l  a n d  t h o s e  e x -
p l o r i n g  b i a s  p r o b l e m s  s e e  Schulze et al. ( 1 9 8 1 ) .

F i g u r e  13 p r e s e n t s  t h e  b a s i c  f l o w  o f  i n f o r m a t i o n  g a t h e r e d  b y  t h e  s u r v e y
i n s t r u m e n t .  A  b r i e f  i n t r o d u c t i o n e x p l a i n i n g  t h e  c a u s e s  o f  p o o r  v i s i b i l i t y
a n d  a n  e x p l a n a t i o n  o f  t h e  p h o t o g r a p h s  o f  t h e  G r a n d  C a n y o n  w a s  p r e s e n t e d  t o
e a c h  h o u s e h o l d . ( S e e  C h a p t e r  2  f o r  a  c o m p l e t e  d i s c u s s i o n  o f  t h e  p h o t o g r a p h s . )
A f t e r  t h e  i n t r o d u c t i o n ,  p a s t  a n d  p r o p o s e d  f u t u r e  u s e  b y  t h e  h o u s e h o l d  f o r  t h e
G r a n d  C a n y o n , Z i o n ,  M e s a  V e r d e ,  B r y c e ,  a n d  Canyonlands  N a t i o n a l  P a r k s  w a s
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Example list of Industrial Facilities

1. Navajo Power Plant, Page, AZ
2 San Juan Plant: Fruitland,NM
3. Four Corners: Farmington, NM
4. Copper smelters, throughout Arizol

Planned

5. Intermountain  Power Plant (Utah]
8. Garfield Power Plant (Utah)
7. Warner Power Plant (Utah)

Points of Interest

(7,1 78 ft.)

) (7,178 ft.)

(8,029 ft.)

III

Shiprock,NM

Shiprock, NM - 35 miles
from Mesa Verde
Trumbull Mountain, AZ - 50
miles from Zion and 1 mile
from Grand Canyon

DLORADO
EW MEXICO

●
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d e t e r m i n e d . H o u s e h o l d s  w e r e  a s k e d  h o w  m a n y  d a y s  i n  t h e  last t e n  y e a r s  t h e y
v i s i t e d  a n d  h o w  many  d a y s  i n  t h e  n e x t  t e n  Y e a r s  t h e y  a n t i c i p a t e  v i s i t i n g  t h e
a b o v e  l i s t e d  N a t i o n a l  P a r k s . T w o - t h i r d s  o f  t h e  r e s p o n d e n t s  w e r e  g i v e n  t h e
p r e s e r v a t i o n  v a l u e  q u e s t i o n s  ( i . e . ,  u s e r  p l u s  e x i s t e n c e  v a l u e s ) ,  w h i l e  one-
t h i r d  w e r e  g i v e n  t h e  u s e r  v a l u e  s e q u e n c e  o f  q u e s t i o n s . Every respondent was

a s k e d  a t  t h e  c o n c l u s i o n  o f  t h e  v a l u a t i o n  q u e s t i o n s  a  s e t  Of d e m o g r a p h i c / e c o n o m i c
q u e s t i o n s :  h o m e  z i p  c o d e ,  e d u c a t i o n , a g e  g r o u p ,  s e x ,  s i z e  o f  h o u s e h o l d ,  w h e t h e r

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

T h e  p h o t o g r a p h  s e t s  u t i l i z e d  w e r e  p r e s e n t e d  t o  t h e  r e s p o n d e n t s  i n  a  f o l d i n g
d i s p l a y . All respondents were shown identical displays but the valuation p r o -
c e s s  w a s  d i v i d e d  b e t w e e n  u s e r  a n d  p r e s e r v a t i o n  q u e s t i o n s . I n  e x p l a i n i n g  t h e
p h o t o g r a p h s  t h e  f o l l o w i n g  t y p e s  o f  i n f o r m a t i o n  w e r e  g i v e n  t o  t h e  r e s p o n d e n t :

T h e  G r a n d  C a n y o n  p i c t u r e  s e t  d i s p l a y s  a  t o t a l  o f  f i v e  l e v e l s  o f
v i s i b i l i t y  r e p r e s e n t e d  b y  C o l u m n s  A  t h r o u g h  E  a n d  t h r e e  v i s t a s
f r o m  H o p i  P o i n t  r e p r e s e n t e d  i n  t h e  r o w s .  C o l u m n  A  r e p r e s e n t s  p o o r
v i s i b i l i t y ,  B  b e l o w  a v e r a g e ,  C  a v e r a g e  v i s i b i l i t y ,  D  a b o v e  a v e r a g e
a n d  E  g o o d  v i s i b i l i t y . T h e  r o w s  i n  t h e  p i c t u r e  d i s p l a y  r e p r e s e n t
m o r n i n g  a n d  a f t e r n o o n  v i e w s  f r o m  H o p i  P o i n t  i n  t h e  G r a n d  C a n y o n .
T h e  f i r s t  r o w  r e p r e s e n t s  t h e  d i f f e r e n t  v i s i b i l i t y  a n d  a i r  q u a l i t y
c o n d i t i o n s  l o o k i n g  e a s t  i n  t h e  m o r n i n g  f r o m  H o p i  P o i n t . The second
row represents morning conditions looking west from Hopi Point. T h e
t h i r d  r o w  r e p r e s e n t s  t h e  v i e w  f r o m  H o p i  P o i n t  i n  t h e  a f t e r n o o n
l o o k i n g  w e s t .

The regional  p ic ture  set  d isp lay  represents  f ive  d i f ferent  l e v e l s
o f  a i r  q u a l i t y  f r o m  p o o r  v i s i b i l i t y ,  C o l u m n  A ,  t o  g o o d  v i s i b i l i t y ,
Column E. T h e  r o w s  r e p r e s e n t  m o r n i n g  c o n d i t i o n s  f o r  t h e  G r a n d
‘ C a n y o n ,  M e s a  V e r d e  a n d  Z i o n  N a t i o n a l  P a r k s .  R o w  1  l o o k s  o u t  f r o m
Hopi Point towards the east in the morning at the Grand Canyon.
Row 2 represents the vista from Mesa Verde at Far View Overlook
towards the south in the morning. F inal ly ,  Row 3 is at L a v a  P o i n t
i n  Z i o n  N a t i o n a l  P a r k  l o o k i n g  s o u t h e a s t  i n  t h e  m o r n i n g .

T h e  G r a n d  C a n y o n  a n d  r e g i o n a l  p i c t u r e  s e t  d i s p l a y s  w e r e  u t i l i z e d  f o r  u s e r
a n d  p r e s e r v a t i o n  v a l u e  q u e s t i o n s .

T h e  p l u m e  a n a l y s i s  p i c t u r e  d i s p l a y  r e p r e s e n t s  t w o  s i t u a t i o n s .
I n  P i c t u r e  A  n o  p l u m e  c a n  b e  s e e n  l o o k i n g  w e s t  f r o m  H o p i  P o i n t
i n  t h e  G r a n d  C a n y o n .  P i c t u r e  B  i s  i d e n t i c a l  e x c e p t  t h a t  a  p l u m e
i s  v i s i b l e .  ‘

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

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

ue r e s p o n d e n t s  u t i l i z e d  t h e  s a m e  plume

s t i e s  o f  t h e  q u e s t i o n n a i r e  a r e  w o r t h  men-
p r e s e r v a t i o n  v a l u e  G r a n d  C a n y o n  a n d  r e g i o n a l
i f  h a v i n g  b i d  z e r o ,–. w a s  a s k e d  t h e  r e a s o n :

1) the air q u a l i t y  i m p r o v e m e n t s  r e p r e s e n t e d  i n  t h e  c o l u m n s  w e r e  n o t  s i g n i f i c a n t ,
2 )  t h e  s o u r c e  o f  a i r  p o l l u t i o n  s h o u l d  b e  r e q u i r e d  t o  p a y  t h e  c o s t s  o f  i m p r o v i n g  t h e
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a i r  q u a l i t y  a n d  3 )  o t h e r  ( s p e c i f y ) .  S e c o n d ,  i f  t h e  r e s p o n d e n t  s t a t e d
confusion as to the sources and causes of air pollution or to the veracity of
the photographs, a specia l  verbal  explanat ion was given to the r e s p o n d e n t
e x p l a i n i n g  t h e  s o u r c e s  a n d  c a u s e s  o f  a i r  p o l l u t i o n  i n  m o r e  t e c h n i c a l  d e t a i l .
T h i s  i s  p r e s e n t e d  a s  a  s u p p l e m e n t  t o  t h e  q u e s t i o n n a i r e  i n  Ac)Dendix B . I t  wae
n o t e d
F i n a l
t h e  p
t h e  v

. - ..= -
o n  t h e  r e s p o n d e n t ’ s  q u e s t i o n n a i r e  ii t h i s  information’was r e q u e s t e d .
y ,  a l l  respondents  were  shown the  map in  F igure  12 .  This  was to  supplement
cture sets and verbal description in describing the regional nature of
sibility problepy .,

T h e  a r e a s  s a m p l e d  b y  t h e  s u r v e y  t e a m s  w e r e  c h o s e n  i n  a  s e m i - r a n d o m  f a s h i o n
i n  t h a t  i n c o m e  c l a s s  a n d  racial c o m p o s i t i o n  w e r e  i m p o r t a n t  f a c t o r s  i n  d e t e r -
m i n i n g  t h e  s a m p l e d  a r e a s . A p p r o x i m a t e l y  o n e - t h i r d  o f  t h e  s u r v e y s  w e r e  t o  b e
t a k e n  f r o m  e a c h  o f  t h e  f o l l o w i n g  i n c o m e  c l a s s e s ;  l o w ,  m e d i u m ,  a n d  h i g h . A l s o ,
i t  w a s  d e e m e d  d e s i r a b l e  t o  o b t a i n  a n  a p p r o p r i a t e  m i x  o f  r a c e s  r e p r e s e n t i n g  t h e
a v e r a g e  c o m p o s i t i o n  a c r o s s  A m e r i c a . R e l y i n g  p r i m a r i l y  o n  1 9 7 0  c e n s u s  t r a c t
d a t a  i t  w a s  d e t e r m i n e d  t h a t  s e v e r a l  a r e a s  s a t i s f i e d  t h e  i n c o m e  a n d  r a c e
c o n s i d e r a t i o n s . T h u s  t h e  a c t u a l  a r e a s  s a m p l e d  w e r e  c h o s e n  e s s e n t i a l l y  a t
r a n d o m . T h e  o u t - d a t e d  n a t u r e  o f  t h e  1 9 7 0  d a t a  m a d e  o n - s i t e  i n s p e c t i o n  o f  t h e
s e l e c t e d  a r e a s  n e c e s s a r y , b u t  w e  f o u n d  t h e  r e d i s t r i b u t i o n  o v e r  t h e  l a s t  d e c a d e
to b e  m i n i m a l . T a b l e s  1 0 ,  1 1  a n d  1 2  d e s c r i b e  i n  d e t a i l  t h e  a r e a s  s a m p l e d  a n d
p r o v i d e  s o m e  r e l e v a n t  c e n s u s  t r a c t  d a t a . A c t u a l  d a t a  o f  t h e  s a m p l e d  p o p u l a t i o n
i s  g i v e n  e l s e w h e r e .

B e f o r e  t h e  i n t e r v i e w i n g  c o m m e n c e d , a  pre-test o f  t h e  q u e s t i o n n a i r e  w a s
c a r r i e d  o u t  i n  L a r a m i e ,  W y o m i n g . T h i s  s e r v e d  t o  i d e n t i f y  p r o b l e m s  i n
t h e  q u e s t i o n n a i r e  a n d  t r a i n  t h e  i n t e r v i e w i n g  t e a m s . D u e  t o  t h e  s i z e  o f  t h e
p i c t u r e  d i s p l a y s  a n d  p o s s i b l e  r e l u c t a n c e  o f  s o m e  r e s p o n d e n t s  t o  b e  i n t e r v i e w e d
b y  m a l e s ,  m a l e  - f e m a l e  t e a m s  a d m i n i s t e r e d  t h e  s u r v e y s .

I n  a n y  i n t e r v i e w i n g  p r o c e d u r e ,  c a r e  m u s t  b e  t a k e n  t h a t  t h e  p r o c e s s  o f
s a m p l i n g  a n d  i n t e r v i e w i n g  d o e s  n o t  i n t r o d u c e  b i a s e s  i n t o  t h e  r e s p o n s e s . Thus
l o g  s h e e t s  w e r e  k e p t  b y  e a c h  i n t e r v i e w i n g  t e a m  d e t a i l i n g  w h e t h e r  a  h o u s e h o l d
c o n t a c t e d  w a s : 1 )  n o t  a t  h o m e , 2 )  w i s h e d  t o  b e  i n t e r v i e w e d  l a t e r  o r  3) r e f u s e d
t o  b e  i n t e r v i e w e d . T h i s  allows t h e  f i n a l  s u r v e y  r e s u l t s  t o  b e  c h e c k e d  f o r
n o n - r e s p o n d e n t  b i a s  a n d  a  t y p e  o f  s a m p l i n g  b i a s .

L e t  u s  t u r n  n o w  t o  a  m o r e  d e t a i l e d  l o o k  a t  t h e  c o n t e n t  a n d  s e q u e n c e  o f
u s e r  a n d  p r e s e r v a t i o n  v a l u e  q u e s t i o n s  f o c u s i n g  o n  s p e c i f i c  i n f o r m a t i o n  g i v e n
t h e  r e s p o n d e n t  a n d  t h e  m e c h a n i s m s  u t i l i z e d  f o r  e l i c i t i n g  a  r e s p o n s e .

c. U s e r  V a l u e  Q u e s t i o n s

T h e  u s e r  value q u e s t i o n s  a s k e d  r e s p o n d e n t s ’  w i l l i n g n e s s  t o  p a y  t o
i m p r o v e  v i s i b i l i t y  i n  t h e  G r a n d  C a n y o n ,  w i l l i n g n e s s  t o  p a y  t o  p r e v e n t  a  d e t e r i -
o r a t i o n  o f  v i s i b i l i t y  f r o m  t h e  c u r r e n t  a v e r a g e  f o r  t h e  S o u t h w e s t  r e g i o n  a n d
w i l l i n g n e s s  t o  p a y  t o  p r e v e n t  p l u m e  b l i g h t  o v e r  t h e  G r a n d  C a n y o n .

T h e  p a y m e n t  v e h i c l e  f o r  t h e  G r a n d  C a n y o n  u s e r  a n a l y s i s  w a s  i n c r e m e n t s
i n  a d d i t i o n a l  d a i l y  e n t r a n c e  f e e s . R e s p o n d e n t s  w e r e  t o l d  t h a t  a l l  v i s i t o r s
w o u l d  e n d  u p  p a y i n g  t h e  s a m e  t o t a l  d a i l y  f e e  a n d  f u r t h e r  t h a t  a l l  m o n i e s  c o l -
l e c t e d  w o u l d  b e  u s e d  t o  f i n a n c e  t h e  a i r  q u a l i t y  i m p r o v e m e n t s  r e p r e s e n t e d  i n  t h e
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T a b l e  1 0

Doscrlption  of the areas  s a m p l e d  f o r  t h e
. . . Nat ional  Park  Survey Los Angeles County

Name of community Boundar ies of  the Census  t r a c t Hean Percen t Percen t
o r  a r e a area sampled n umba ra i ncomab Blackc o t h e r  racesd

Santa  Nonica West: L i n c o l n  B l v d . 7022 1 1 , 9 2 4 1 . 6 5 . 2
N o r t h : Pico Blvd.
South: Ashland

East: 2 0 t h  S t r e e t

V e n i c e  D i s t r i c t west : !dashingt~  B lvd . 2733 7913 38.9 2.1
North: Rose ~~e.
South : Brooks  Ave.
East: 6th Ave.

V e n i c e  D i s t r i c t west : M a i n  S t r e e t 2736 9864 2 . 2 3.0
North: C a l i f o r n i a  A v e .
South : V e n i c e  B l v d .

East : L i n c o l n  B l v d .

I ng  I ewood west : Rosawood  Ave. 6 0 1 2 . 0 2 1 1 , 3 5 3 . 2 2.4
N o r t h : Arborv i tae  S t .
South: Century Blvd.

East : La Brea Ave.

Inglewood West: tister Ave. 7030 25,876 1. I 1.8
N o r t h : Slauson  Ave.
South: 6 2 n d  S t r e e t
East: Char iton  Ave.

San Flarino West: Los Rabies Ave. 4641 3 4 , 9 9 2 . 2 . 6
N o r t h : Mnterey  Road
South : Hunt ington Dr .

East : O a k  Knoll  Ave.

Nonrov  i a West: Myrtle Ave. 4303 13,513 . 2 . 7
N o r t h : Greystone Ave.
South: Lima Ave.

East : Shamrock Ave.

a. As de f ined  in  the  m a p s  o f  B l o c k  S t a t i s t i c s : Los Angeles - L o n g  B e a c h ,  C a l i f o r n i a ,  U r b a n i z e d  A r e a :
1977  C e n s u s  o f  tiousin~,  U . S .  D e p a r t m e n t  o f  Comnarce  B u r e a u  o f  t h e  C e n s u s  P u b l i c a t i o n  HC(3) - 18.

b .  From Table  P-4  “lncoma  C h a r a c t e r i s t i c s  o f  t h e  P o p u l a t i o n : 19701’  in  Census Tracts: L o s  A n g e l e s  - Lon~
B e a c h ,  C a l i f o r n i a  S t a n d a r d  Natropoi  itan  S t a t i s t i c a l  A r e a : 1970 Census of Population and Housing,  U.S.
Departr@nt of Cornnarce  P u b l i c a t i o n  PHC(l)  - 1 1 7 .

c.  From Table  P -1  Genera l  Character is t ics  of  the  Populat ion: 1970, i~i~.
d. Calculated from Ta%ie P-1, ;bid.
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Table 11

D e s c r i p t i o n  o f  t h e  a r e a s  s a m p l e d  f o r  t h e
N a t i o n a l  P a r k  S u r v e y : A l b u q u e r q u e  M e t r o p o l i t a n  a r e a .

Name of community Boundar ies of  the C e n s u s  t r a c t Mean Percen t Percen t
o r  a r e a area sampled n umbe  ra i ncomab .91ackc o t h e r  racesd

Albuquerque ‘West: W i l l i a m  S t r e e t 13 4968 1 1 . 2 2 . 9
N o r t h : Stadium Blvd.
South: Woodward Road

East : i - 2 5

Albuquerque ‘West: R i o  Grande R i v e r 31 10,312 .4 2.3
North: Mon Cano Road
South: Candelaria  Road

East : San Isidro  St. a n d
Guadalupe T .

Albuquerque Ues  t: S t a t e  HWY.  448 2 4 7860 3 . 2
N o r t h :

2 . 4
1 nterstate-40

South: Br idge Blvd.
East : Coors Blvd.  ,  Centra l  Ave. ,

and  R io  Grande R i v e r

Albuquerque west : 8 t h  S t .  a n d  5 t h  S t . 28 5919 7.9 4.7
North: interstate-40
South: Lomss  Blvd.

East: Broadway N.E.

Albuquerque West: i n t e r s t a t e - 2 5 16 7161 2.0 5.0
North: Grand Ave.
South: Haze Id I ve Ave.

East: U n i v e r s i t y  Blvd.

Albuquerque West: C a r l i s l e  B l v d . 5 1 0 , 8 3 3 . 3 2 . 2
N o r t h : Lomss B lvd .
South: Zun i Road

East : San Pedro Dr.

I A l b u q u e r q u e West: C a r l i s l e  B l v d . 2.01 12,254 1.1 1.2
N o r t h : Montgomery Blvd.
South : Candelaria  Road

East : L o u i s i a n a  B l v d .

A I buquerque West: San Pedro Or. 6.o1 15.,613 2.1 . 7
N o r t h : i n t e r s t a t e - 4 0
South: LOmSS 61 vd .

East : i n t e r s t a t e - 4 0

Albuquerque W e s t :  Eubank  B l v d . 1.02 12,432 1.5 !.2
North: Candel  ar id Road
South: Indian School Road

East : Chelwood  P a r k  B l v d .

a.

b.

c .

d .

A s  d e f i n e d  i n  t h e  m a p s  o f  B l o c k  S t a t i s t i c s : Al buquerque,  New Mexico, Urbani zed Area: 1970 Census of

=) ‘.s.  Oepartmant  0~ Co-rce  B u r e a u  o f  t h e  Census  pub{  Ication  pHC(l)  - 5 .

From Table  P-4  “  Income Character is t ics  of  the  Popuiat  ion of  1970”  in  Census Tracts:  Albuquerque,  New
M e x i c o  S t a n d a r d  Metropol  i  tan Stat ist ical  Area: 1970  Census of Populat  ion  and Housing- ,  U .S .  Depar tment
o f  Cormsarce  P u b l i c a t i o n  PHC (I) - 5 .
F r o m  T a b l e  P - 1  G e n e r a l  C h a r a c t e r i s t i c s  o f  t h e  P o p u l a t i o n : 1 9 7 0 ,  ibid.

C a l c u l a t e d  f r o m  T a b l e  P - 1 ,  i b i d .
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T a b l e  12

Description of the areas sampled for the
National Park Survey: The Denver Metropolitan area.

Name of community Boundaries of the Census tract Mean Percent Percent
or area area sampled numbers i n come b Blackc other races d

Denver East: York Blvd. 23 6582 83.1 1.7
South : 23rd Street
North: 32nd S t r e e t

.

West: Downing Ave.

Denver East: P la t te  R iver 6 6547 .3 2.7
South: Iflth Street
North: Speer Blvd.

West: Federal Ave.

Denver East: (I-25) Valley 40.03 12,365 .3 .7
South: Hampden
North: Yale

West: Colorado Blvd.

Denver East: Colorado Blvd. 39.01 25,892 .1 .4
South : Mississippi Blvd.
North: Alameda Blvd.

West: University Blvd.

a. As defined in the maps of, Census Tracts Denver, Colorado Standard Metropolitan Statistical Area: I 970
Census of Population and Housing, U.S. Department of Commerce Bureau of the Census Publication PHC(I)-56.

b. From Table P-4 “Income Characteristics of the Population: 1970,” ib id .

c. From Table P-1 “General Characteristics of the Population: 1970,” ib id .

d .  C a l c u l a t e d  f r o m  T a b l e  P - 1 ,  i b i d .



p i c t u r e s .  A f t e r  e x p l a i n i n g  t h e  a i r  q u a l i t y  p r o b l e m  i n  t h e  S o u t h w e s t  region
( v e r b a l l y  a n d  v i a  p i c t u r e s ) , the payment  vehicle ,  and stat ing the mean payment

c r i t e r i a ,  t h e  r e s p o n d e n t  w a s  a s k e d  to bid always c o m p a r i n g  t h e  proposed i m p r o v e d
a i r  q u a l i t y  ( i . e . ,  Columns  B  Or C  Or D  or E )  w i t h  t h e  lowest a i r  q u a l i t y  c o n d i -
t i o n s  a s  r e p r e s e n t e d  i n  Column  A  o n  t h e  p i c t u r e  d i s p l a y . F u r t h e r ,  t h e  r e s p o n -

d e n t  w a s  a s k e d  to a s s u m e ,  w h e n  b i d d i n g ,  t h a t  e a c h  p h o t o g r a p h  r e p r e s e n t e d  t h e
v i s i b i l i t y  o n  a  d a y  t h a t  h e  w o u l d  b e  v i s i t i n g  t h e  G r a n d  C a n y o n  N a t i o n a l  P a r k .
A n  e x a m p l e  p o r t i o n  o f  t h e  q u e s t i o n  p r e s e n t e d  t o  t h e  r e s p o n d e n t  i s :

. .-,

T h i s  i s  C o l u m n  A , r e p r e s e n t i n g  v e r y  p o o r  a i r  q u a l i t y  a n d
v i s i b i l i t y . P l e a s e  i n d i c a t e  o n  y o u r  a n s w e r  s h e e t  h o w
m u c h  o f  a n  i n c r e a s e  a b o v e  t h e  t o t a l  d a i l y  p a r k  f e e s  o f
$ 2 . 0 0  p e r  c a r  l o a d  y o u  w o u l d  b e  w i l l i n g  t o  p a y  f o r  y o u r
h o u s e h o l d  t o  i m p r o v e  t h e  v i s i b i l i t y  t o  t h a t  s h o w n  i n
C o l u m n  B . P u t  a  B  n e x t  t o  t h e  h i g h e s t  d o l l a r  a m o u n t  y o u
w o u l d  p a y  p e r  d a y  i f  y o u  w e r e  v i s i t i n g  i n  q u e s t i o n  E 5  o n
y o u r  a n s w e r  s h e e t .

W h i l e  t h e  b i d d i n g  f o r  C o l u m n  B  v e r s u s  C o l u m n  A  w a s  b e i n g  c o n d u c t e d ,  a l l
o t h e r  c o l u m n s  w e r e  c o v e r e d  u p . T h e  p r o c e s s  c o n t i n u e d  f o r  C o l u m n  A  v e r s u s
C o l u m n  C  e t c . , a g a i n  t h e  r e m a i n i n g  u n u s e d  c o l u m n s  w e r e  c o v e r e d .

T h e  r e g i o n a l  u s e r  v a l u e  q u e s t i o n s  v a r i e d  o n l y  s l i g h t l y  f r o m  t h a t  o f
t h e  u s e r  v a l u e  q u e s t i o n s  f o r  t h e  G r a n d  C a n y o n . F i r s t , t h e  p i c t u r e  s e t  w a s
d e s c r i b e d  e a r l i e r ;  s e c o n d ,  e n t r a n c e  f e e s  would b e  r a i s e d  n o t  j u s t  i n  t h e  G r a n d
C a n y o n  b u t  t h r o u g h o u t  t h e  n a t i o n a l  p a r k l a n d s  i n  t h e  S o u t h w e s t . F i n a l l y ,  t h e
f o l l o w i n g  a d d i t i o n a l  i n f o r m a t i o n  w a s  p r o v i d e d :

I f  c u r r e n t  e m i s s i o n  s t a n d a r d s  a r e  m a i n t a i n e d ,  t h e
a v e r a g e  c o n d i t i o n s  w i l l  b e  a s  s e e n  i n  C o l u m n  C .  I f ,
h o w e v e r ,  c u r r e n t  e m i s s i o n  s t a n d a r d s  o n  e x i s t i n g  a n d  p r o -
p o s e d  i n d u s t r i a l  f a c i l i t i e s  a r e  r e l a x e d  o r  n o t  e n f o r c e d ,
t h e n  a v e r a g e  a i r  q u a l i t y  a n d  v i s i b i l i t y  i n  t h e  r e g i o n
w i l l  b e  r e p r e s e n t e d  a s  i n  C o l u m n  B . A s  s h o w n  i n  C o l u m n
B  a  d e t e r i o r a t i o n  i n  v i s i b i l i t y  w o u l d  o c c u r  i n  t h e  G r a n d
C a n y o n ,  Z i o n  a n d  M e s a  V e r d e  N a t i o n a l  P a r k s .  A s  a  r e s u l t ,
c o n d i t i o n s  a s  p r e s e n t e d  i n  C o l u m n s  C ,  D ,  a n d  E  w i l l
o c c u r  l e s s  f r e q u e n t l y . C o n d i t i o n s  i n  C o l u m n s  A  a n d  B
w o u l d  o c c u r  m o r e  f r e q u e n t l y .  W e  w o u l d  l i k e  t o  k n o w  h o w
m u c h  t h e  m a i n t e n a n c e  o f  a v e r a g e  r e g i o n a l  a i r  q u a l i t y  a n d
v i s i b i l i t y  i s  w o r t h  t o  y o u .

T h e  b i d d i n g  q u e s t i o n  p r e s e n t e d  t o  t h e  r e s p o n d e n t s  w a s  t h e n  f o r  p r e -
v e n t i n g  a  d e t e r i o r a t i o n  f r o m  t h e  c o n d i t i o n s  r e p r e s e n t e d  i n  C o l u m n  C
d i t i o n s  i n  C o l u m n  B  a n d  t h u s  s h i f t i n g  t h e  f r e q u e n c y  o f  o c c u r e n c e  o f
c o n d i t i o n s  t o  a  g e n e r a l l y  p o o r e r  l e v e l  o f  v i s i b i l i t y  i n  t h e  r e g i o n .
valuation question was as follows:

H o w  m u c h  w o u l d  y o u  b e  w i l l i n g  t o  p a y  p e r  d a y  i n  a d d i t i o n
t o  e x i s t i n g  p a r k  e n t r a n c e  f e e s  f o r  y o u r  h o u s e h o l d  a t  t h e
Grand Canyon, Mesa Verde, or Zion National Parks to prevent
a  deter iorat ion in  v is ib i l i ty  in the r e g i o n  a s  r e p r e s e n t e d

t o  con-
a l l

T h e
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in moving from Column C to Column B. [SHOW p h o t o g r a p h s  A N D

POINT TO COLUMNS C AND B FOR GRAND CANYON, MESA VERDE AND
ZION]. Assume that  ent rance  fees would be ra ised throughout
t h e  N a t i o n a l  P a r k s  i n  t h e  S o u t h w e s t . P l e a s e  p u t  a n  R  n e x t
t o  t h e  d o l l a r  a m o u n t  c l o s e s t  t o  t h e  h i g h e s t  i n c r e a s e  i n
d a i l y  e n t r a n c e  f e e s  y o u  w o u l d  b e  w i l l i n g  t o  p a y  f o r  y o u r
h o u s e h o l d  f o r  a  r e g i o n - w i d e  p r e s e r v a t i o n  i n  v i s i b i l i t y  f o r
q u e s t i o n  E 6 .

. . .

F i n a l l y ,  t h e  p l u m e  a n a l y s i s  a d d r e s s e d  v i s i b i l i t y  p r o b l e m s  o t h e r  t h a n
r e g i o n a l  h a z e . T h e  p i c t u r e s  u t i l i z e d  w e r e  d i s c u s s e d  e a r l i e r .  A g a i n  t h e  b i d
w a s  i n  t e r m s  o f  d a i l y  e n t r a n c e  f e e s  f o r  t h e  p r e v e n t i o n  of”plume b l i g h t  w h i l e
v i s i t i n g  t h e  G r a n d  C a n y o n .

D. P r e s e r v a t i o n  V a l u e  A n a l y s i s

T h e  p r e s e r v a t i o n  v a l u e  a n a l y s i s  v a r i e d  o n l y  s l i g h t l y  f r o m  t h e  u s e r
a n a l y s i s . F i r s t , t h e  v e h i c l e  w a s  a n  i n c r e a s e  i n  m o n t h l y  e l e c t r i c  u t i l i t y
bills. A s  i n  t h e  u s e r  r e g i o n a l  a n a l y s i s  t h e  f o c u s  w a s  o n  t h e  p o s s i b i l i t y  o f  a
s h i f t  i n  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  t h e  v a r i o u s  v i s i b i l i t y  c o n d i t i o n s
r e p r e s e n t e d  b y  C o l u m n s  A  t h r o u g h  E . I n  p a r t i c u l a r  t h e  f o l l o w i n g  i n f o r m a t i o n
s e t  t h e  b a c k g r o u n d  f o r  t h e  b i d :

A g a i n ,  l e t  u s  l o o k  a t  t h e  p h o t o g r a p h s  r e p r e s e n t i n g  v i s u a l
a i r  q u a l i t y  r a n g i n g  f r o m  v e r y  p o o r  i n  C o l u m n  A  t o  v e r y
g o o d  i n  C o l u m n  E f o r  e a s t  a n d  w e s t  v i e w s  i n  t h e  m o r n i n g
a n d  a f t e r n o o n  f r o m  H o p i  P o i n t . I f  c u r r e n t  e m i s s i o n  s t a n -
d a r d s  a r e  m a i n t a i n e d  t h e  a v e r a g e  c o n d i t i o n s  w i l l  b e  a s
s e e n  i n  C o l u m n  C . If, h o w e v e r , t h e  c u r r e n t  e m i s s i o n
s t a n d a r d s  f o r  s u l f u r  o x i d e  a r e  n o t  e n f o r c e d ,  t h e n  a v e r a g e
a i r  q u a l i t y  a n d  v i s i b i l i t y  i n  t h e  r e g i o n  w i l l  b e c o m e  l i k e
C o l u m n  B . A s  a  r e s u l t ,  c o n d i t i o n s  a s  r e p r e s e n t e d  i n
C o l u m n s  C ,  D  a n d  E  w i l l  o c c u r  l e s s  f r e q u e n t l y .  C o n d i t i o n s
i n  C o l u m n s  A  a n d  B  w o u l d  o c c u r  m o r e  f r e q u e n t l y  i n  t h e
G r a n d  C a n y o n .  S u c h  e m i s s i o n  c o n t r o l s  w i l l  l i k e l y  m a k e
e l e c t r i c i t y  m o r e  e x p e n s i v e .

T h e  s p e c i f i c  b i d d i n g  q u e s t i o n  g i v e n  t o  t h e  r e s p o n d e n t s  w a s  a s  f o l l o w s :

W e  w o u l d  l i k e  t o  k n o w  i f  y o u  w o u l d  b e  w i l l i n g  t o  p a y
h i g h e r  e l e c t r i c  u t i l i t y  b i l l s  i f  t h e  e x t r a  m o n e y  c o l l e c t e d
would b e  u s e d  f o r  a d d i t i o n a l  a i r  p o l l u t i o n  c o n t r o l s  t o
p r e s e r v e  c u - r r e n t  a i r  q u a l i t y  a n d  v i s i b i l i t y  l e v e l s  a t  t h e
G r a n d  C a n y o n .  H o w  m u c h  e x t r a  w o u l d  y o u  b e  w i l l i n g  t o  p a y
a t  m o s t ,  p e r  m o n t h  a s  a n  i n c r e a s e  i n  y o u r  e l e c t r i c  u t i l i t y
b i l l  t o  p r e s e r v e  c u r r e n t  a v e r a g e  v i s i b i l i t y  a s  r e p r e s e n t e d
i n  C o l u m n  C  r a t h e r  t h a n  h a v e  t h e  a v e r a g e  d e t e r i o r a t e  t o
t h a t  s h o w n  i n  C o l u m n  B ?  P l e a s e  p u t  a n  X  n e x t  t o  t h e
h i g h e s t  a m o u n t  y o u  w o u l d  b e  w i l l i n g  t o  p a y  p e r  m o n t h  f o r
y o u r  h o u s e h o l d  o n  y o u r  a n s w e r  s h e e t  f o r  q u e s t i o n  E 8 .

60



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

b i l l s  a s  t h e  b i d d i n g  v e h i c l e , f o c u s e d  o n  a  s h i f t  i n  t h e  f r e q u e n c y  o f  o c c u r r e n c e
f r o m  t h e  c u r r e n t  a v e r a g e  i n  Column  C  t o  t h a t  i n  C o l u m n  B  a n d  u t i l i z e d  t h e
r e g i o n a l  p i c t u r e  s e t  b o a r d  d i s c u s s e d  e a r l i e r .

A d i f f e r e n c e ,  h o w e v e r ,  b e t w e e n  t h e  s t r u c t u r e  o f  t h e  r e g i o n a l  u s e r  a n d
p r e s e r v a t i o n  v a l u e  q u e s t i o n s  d o e s  e x i s t . R e c a l l  t h a t  t h e  r e g i o n a l  u s e r  q u e s t i o n
w a s  a  s e p a r a t e  b i d  f r o m  t h a t  f o r  p r e s e r v i n g  v i s i b i l i t y  j u s t  i n  t h e  G r a n d
C a n y o n . T h e  p r e s e r v a t i o n  r e g i o n a l  q u e s t i o n  w a s  a  w i l l i n g n e s s  t o  p a y  q u e s t i o n
t h a t  a s k e d  h o w  m u c h  m o r e  a b o v e  a n d  b e y o n d  t h e  a m o u n t  t h e  r e s p o n d e n t  s t a t e d
w h e n  o n l y  b i d d i n g  for visibility in the G r a n d  C a n y o n .

F i n a l l y ,  t h e  p r e s e r v a t i o n  v a l u e  p l u m e  b l i g h t  q u e s t i o n  m i r r o r e d  t h a t  o f
t h e  u s e r  q u e s t i o n  e x c e p t  t h a t  t h e  v e h i c l e  w a s  i n c r e a s e s  i n  e l e c t r i c  u t i l i t y
b i l l s . A g a i n ,  t h i s  w a s  f o r  p r e s e r v i n g ,  t h u s  p r e v e n t i n g  p l u m e  b l i g h t  o v e r  t h e
G r a n d  C a n y o n .
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CHAPTER 7

A. Int roduct ion

, .-, SURVEY RESULTS

In this chapter the results of the survey efforts described in Chapter
6 are presented and analyzed. Two groups of responses are analyzed. Survey
participants who answered questions concerning their wil l ingness to pay
an entrance fee to the Grand Canyon National Park are called “user value
respondents.” Those who were asked questions concerning their willingness
to  pay h igher  e lect r ic  ut i l i ty  b i l ls  to  preserve  or  improve a i r  qual i ty
in the Grand Canyon National Park and the surrounding region are referred
to as “preservation value respondents.”

Section B contains a discussion of various socio-economic and demographic
characteristics of the survey respondents. Section C presents a detailed
report of the f indings of the user value component of the survey. The pre-
servation value f indings are then presented in Section D.

B. Socio-economic and Demographic Characteristics of the Sample

There exists in each of the survey subsamples  a  substant ia l  s imi lar i ty
in gross demographic measures. These are presented in Tables 13a and Isb.
In both cases the Los Angeles and Denver groups are quite close in mean
years of formal education, age and income while the Albuquerque group
was on average younger, less well  educated and received substantially
lower incomes. The Chic go group consisted exclusively of preser-

?
vation value respondents and within this category occupied intermediate
positions in education and income. The Chicago respondents’ mean age was
sl ight ly  h igher  than that  o f  any  other  c i ty .

Within each city, the user value respondents tended to be younger,
better educated and the recipients of higher incomes than the preservation
value respondents. Visitation experience and plans of these respondents is
reported in  F igure  14. An exception to this tendency is that in Denver user
value respondents reported a mean income slightly less than did existence
value respondents. The d i f ference, t h o u g h ,  i s  s u f f i c i e n t l y  s m a l l  t h a t  i t
warrants  l i t t le  d iscussion g iven the  broad s imi lar i t ies  observed.

All these measures, then, bear relationships to one another which enhance
the i r  pr ima fac ie  p lausib i l i ty  as  the  resul ts  of  a  representat ive  survey of
United~e~izens. The household  s ize  and e lect r ic i ty  b i l ls  repor ted
similarly tend to confirm that an appropriate sample was selected.
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Table  lja

Socioeconomic characteristics of existence value
respondents by city (mean and standard deviation)

I Number of Education Age Household size Income Elect. Bill
(number of

Respondents (years) (years) members) (x $1000) (dollars/month)

Albuquerque 115 13.60 38.6o 3.23 19.02
(2.57) (14.47)

36.78
(1.79) (11.61) (22.99) I

4

Los Angeles 127 14.52 41.05 2.72 28.06 3 6 . 2 7
(2.21) (14.89) (1.70) (20.40) (25.79) ‘

Denver

I

110 14.76 40.84 2.54 30.57
(2.34) (14.61)

58.41
(}.41) (20.64) (39.79)

Chicago 98 13.91 42.66 3.8o 25.93
(2.39) (14.62)

55.64
(1.97) (18.25) (40.65)

Table  ljb
Socioeconomic characteristics of user value

respondent by city (mean and standard deviation)

Number of Education Age Household size Income Elect. Bill
(number of

Respondents (years) (years) members) (x $1000) (dollars/month)

Albuquerque 61 14.26 35.31 2.88 25.29 36.02
(2.29) (14.15) (1.52) (15.90) (17.24)

Los Angeles 60 14.90 36.60 2.98 30.77 42.53
(2.37) (13.06) (1.35) (20.59) (32.68)

Denver 45 15.02 37.11 3.09 30.14 47.67
(2.47) (15.36) (1.67) (15.89) (26.32)
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c. Value in Use to Visitors

The user value survey participants were asked to reveal the maximum
addi t ional  amount  over  the  current  $2.00 daily fee they would be wil l ing to
pay for daily admission to Grand Canyon National Park if this fee would be
used to maintain specif ied degrees of air quality. The question was phrased
as to ask the maximum total daily fee to maintain each of conditions B, C, D
and E over  condi t ion A,  a  s i tuat ion wi th  severe ly  impaired v is ib i l i ty .

.,
The mean and s’tandard  deviation of responses in each city are presented

i n  F i g u r e s  15a, 15b and 15c. A notable feature of these results is the uni-
form display of what might be called increasing returns to scale in air quality.
In  a l l  three  c i t ies  near ly  ha l f  o f  the  tota l  b id  for  very  h igh v is ib i l i ty  was
an increase over  only  s l ight ly  d iminished c lar i ty . This seems to contradict
the conventional assertion that incremental improvements in air quality
would yield ever smaller benefits to viewers.

Instead, ~re serious thought must be given to what has been called the
Dubos Hypothesis. This argument holds that for “natural wonders” it  is in
fact  the  pr is t ine  s ta te  that  is  va lued, and that once any degradation has
taken p lace  addi t ional  damage mat ters  re la t ive ly  l i t t le . The b ids  for  a i r
quality preservation at the Grand Canyon certainly appear to be consistent
wi th  th is  hypothesis , as does the decline in zero bids for greater improvements
i n  a i r  q u a l i t y . (Tables 14a and 14b present  th is  in format ion. )  Were  “not
s i g n i f i c a n t ” not the most frequently given reason for zero bids for the visi-
bil i ty change one would regard this as unremarkable, but the fact that the
init ial  improvements are regarded as insignificant by most zero bidders is in
i tse l f  noteworthy .

The v is i ta t ion exper
is consistent across income
Isb present mean visitation
class  respect ive ly . One ink

ence of user value respondents for the Grand Canyon
groups and city of residence. Tables 15a and
during the previous ten years by city and income
cresting aspect is that less than one day per ten

years separates the Los Angeles group (with the highest mean visitation) from
Denver (with the lowest) as is the similarity of visitation experience among
low, middle and high income groups.

As might be expected, use of other National Parks in the region varies
considerably among cities and income as well as among the parks themselves.
One suspects that a visit  to Grand Canyon National Park is the central feature
of most parklands tours with trips to other parks and national monuments
reflecting any number of family characteristics such as length of vacation,
later destinations and knowledge of the region.

V i s u a l  q u a l i t y  i n  t h e s e  o t h e r  a r e a s  i s  a p p a r e n t l y  l e s s  v a l u a b l e  t o  u s e r s  .
than at the Grand Canyon. Figure 16a presents the mean bid of respondents to
avoid a regional decrease in average air quality from C to B. The mean regional
bid in Albuquerque was $.99 more than the comparable Grand Canyon bid, while
in Los Angeles and Denver the increases were $1.24 and $2.40 respectively.
Only anmng Denver respondents did the surrounding region rival the Grand
Canyon as a source of viewing pleasure. This might be a result of Denver
res idents ’ relatively heavy use of other parklands parks as presented in Table
15a.
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Figure  15

Mean Bid for Specified Visibility Conditions
at Grand Canyon of User Value Respondents,
by CitY (with standard deviation).
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Sample size (number of households) for Albuquerque,
Los Angeles and Denver is respectively, 61, 60 and 45.
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Table 14a
Zero bids by user value respondents for

specified visibility improvements, by city
(number of zero bids)

%0 A-K A@ A-+

Albuquerque 10 6 4 2

Los Angeles 2 I I 1

Denver 12 8 6 4
. .

Table 14b

Zero bids by reason among user val w respondents

source shou Id
not significant pay other total

Albuquerque 9 2 I 12

Los Ange Ies 1 0 2 3
Denver 3 2 2 7

Table 15a

Soutlwest Nat iorml Park US- patterns (by city)
for user value respondents. (Number of days
at parks during previous ten years; mean and
standard deviation. )

I Grand Canyon Zion Mesa Verde Bryce Others

A I buquerque

Los Angeles

Oenver

2.69 .47 1.73
(3.60)

.52 2.08
(l. o6) (3.67) (1.35) (3.91)

3.28 1.77 1.35 1.65
(5.67)

3.20
(4.05) (4.21) (4. 30) (5.99)

2.51 .80 2.24 1.29
(2.82)

6.27
(1.44) (3.66) (2.36) (7.78)

Table 15b

Use patterns amang user value respondents by income c I asses
(Mean days in previous ten years)

G raod Can yon Zion Br yce Mesa Verde

Low I moms
(14,999 or less) 2.85 .78 .68 2.05

Middle !ncoma
(15,000 - 19,999) 2.98 1.26 1.47 1.33

High Income
(20,000 or more) 2 . 7 3 .97 1.11 1.92
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F i g u r e  16
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Denver user value respondents were also exceptional in their valuation
of  p lume bl ight . When asked to reveal the highest daily use fee they would
pay to avoid the presence of conspicuous Plume on the horizon, Albuquerque and
Los Angeles respondents offered a bid that averaged very close to the bid for
the maintenance of sl ight haze (situation D). In Denver the mean plume avoid-
ance bid was substantial ly higher than the bid for situation D. The plume
avoidance bids are depicted in Figure 16b.

D. Preservation Value . ,

Preservation value respondents in each of the four cities were asked how
much they would  be  wi l l ing  to  pay as  an increase in  e lect r ic  ut i l i ty  b i l ls  to
prevent  average v is ib i l i ty  dec l in ing f rom s i tuat ion C to  B.

While preservation value respondents were asked their visitation plans
and experience, no use was made of this information in the survey except that
respondents who had neither visited nor planned to visit the Grand Canyon were
forced into the preservation value group. Even so, a substantial portion of
the preservation value respondents in each city had visited the Grand Canyon
and a majority planned to visit . Figure 17 presents visitation experience and
plans for preservation value respondents in each city.

[n Table 16 the mean number of days spent at various southwestern national
parks can be seen. No data is offered for the Chicago respondents since they
were asked simply whether they had visited Grand Canyon and whether they
planned such a tr ip. Among the respondents in the other cit ies the pattern is
much the same as for user value respondents except that the numbers are smaller,
as would be expected. Mean days of visitation at the Grand Canyon is approx-
imately the same in each city and Denver respondents had used “other” parks in
the region much more than did residents of Albuquerque and Los Angeles.

The bids of preservation value respondents, it must be remembered,
include both a user value and a pure existence value and thus would be expected
to exceed a comparable user value bid. The bids used in the user and pre-
servat ion va lue  var iants  of  the  survey  descr ibed here  are  suf f ic ient ly  d is t inct
that some discussion seems appropriate.

The user value bids, i t  wi l l  be  recal led ,  are  formulated as  dai ly
increases in  entrance fees  dur ing a  v is i t  that  is  ant ic ipated. The preserva-
t ion  va lue  b ids  are  to  be  pa id  whether  or  not  the  respondent  actua l ly  uses
the Grand Canyon or surrounding parklands region. A user value bid comparable
to preservation value bids reported would  be, then, the product of the daily
bid and average number of days per month the fee will be paid. Whether one
uses actua l  v is i ta t ions in  the  past  or  dec lared in tent ions,  the  user  va lue
wil l  be insignificant compared to the preservation value bids reported in
Table 17. The Grand Canyon bids in this table are for the maintenance of
s i tuat ion C as  the  average v is ib i l i ty  condi t ion. If  the same relationships
held among preservation values for visibil i ty as among user values, an increase
in visibil i ty to situation E wouid  more  than double  these b ids . One hesitates
to assert  that such
Effect was observed
p o s s i b i l i t y .

is the case, but the consistency with which the Dubos
among user value bids requires at least a mention of this
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T a b l e  16
Southwest National Park use patterns (by city)
for preservation value respondents. (Number
of days at parks during previous ten years;
m e a n  a n d  s t a n d a r d  d e v i a t i o n .  )

Grand Canyon Zion Mesa Verde Bryce Others

Albuquerque 1.38 .35 .67 .28 1.79
(3 .25) (1.93) ( 1 . 5 8 ) ’ (1 .15) (4 .72)

Los Angeles 1.17 .83 .45 .68 1.65
(3 .06) (1.90) (1.58) (1 .72) (4 .40)

Denver 1.11 .26 1.50 .21 4.25
(2 .62) ( .69) (2.47) ( .54) (6.4o)

Table 17
Preservation value bids by city; mean and standard deviation ($)

Addi t ional
f o r P 1 ume

Grand Canyon Region Avoidance

Albuquerque 4.09 4.14 4.25
(11.68) (14.41) (13.42)

Los Angeles 5.14 4.50 2 . 8 4
(10 .79) (10.32) (4 .53)

Denver 3.72 2.89 2.89
(5.31) (4 .12) (4 .54)

Chicago 9 . 0 6 7.10 4.32

(30.49) (24.8o) (13.77)
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The preservation value of clean air in the region appears to be sub-
stantial  to residents of all four  c i t ies  surveyed,  as  does the  avoidance of
plumes. The regional  b ids  presented in  Table  17 are bids in addition to the
Grand Canyon bid. In an important sense, the plume avoidance bid is also an
additional bid since it  addresses a separate issue.

The magnitude of these bids when compared to user value bids, especially
given the large portion of the respondents who reported an intention to visit
the Parklands region;might cause some concern regarding the true apportion-
ment of user option value and pure existence value.

In Figures 18-20 mean bids are presented for respondents by city and by
vis i ta t ion exper ience and p lans. These partit ions of the sample suggest that
visitation plans are not an overwhelming factor in determining bids and that
knowledge acquired through past  v is i ts  is  a lso  of  re la t ive ly  l i t t le  importance.

Among Albuquerque participants previous or planned travel to the Grand
Canyon is associated with larger bid differences than for any of the other
c i t i e s . This may be a result of Albuquerque’s proximity to the Grand Canyon.
That  is , those who find such things attractive intend to visit  the Grand
Canyon. The 25.8%  of the Albuquerque sample that has no plans to visit the
Grand Canyon has the lowest average bid in every classif ication. A Grand
Canyon experience makes much less difference in the mean bid.

For both Grand Canyon and Parklands total bids the mean bid among Los
Angeles respondents was higher without experience or intention to see the
Grand Canyon, while visitation plans resulted in higher plume avoidance bids
and v is i ta t ion exper ience in  lower  b ids . This would seem to suggest a sub-
stant ia l  pure  ex is tence va lue .

Past exposure to the Grand Canyon made very little difference in mean
Grand Canyon or regional bids in the Denver sample, while anticipated Grand
Canyon travel made a large difference in both these measures. The same was
true of plume avoidance b ids , with travel plans being associated with sub-
s t a n t i a l l y  h i g h e r  b i d s .

The Chicago group had the highest mean bid in every category and with
only one exception past or planned visits to the Grand Canyon resulted in a
lower mean bid., The exception is the Grand Canyon specific bid in which
respondents planning a visit  made average bids slightly higher than did those
not planning a trip to the Grand Canyon.

One would have expected bids to decline with distance, and the substan-
tial  margin by which the Chicago bids were higher remains a topic of interest.
In the next chapter it will be seen that even when adjustments are made for
the income and age of respondents, distance has l i t t le discernible effect on
bids to preserve air quality in the Grand Canyon.
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Figure  18
Mean Grand Canyon Bids of preservation value respondents.

by city and past and future visitation
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Figure  19

Mean total regional bids of preservation value respondents,
by city and past and future visitation
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F i g u r e  2 0

Mean plume avoidance bids of preservation value respondents,
by city and past and future visitation
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REFERENCES

1. See Chapter 6 fot’a’”discussion  of the survey procedures used and the
modifications adopted for the Chicago sample.

2 . The name is taken from Rene Dubos who proposed that as the environment
deter iorates  people  care  less  and less  about  fur ther  deter iorat ion.  In
other words, people put a special value on pristine environmental
condi t ions.
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CHAPTER 8

AGGfiEGATE BENEFITS OF PRESERVING VISIBILITY

A. Int roduct ion

This chapter will present aggregate benefit  estimates for preserving
visibil i ty in the Grand Canyon and the southwest region as a whole. As
discussed, the survey enabled revelation of the household’s wil l ingness to pay
for  preserv ing and/or  improving v is ib i l i ty  in  speci f ic  parks  of  the  Grand
Canyon Region. Recall  the bids stated by respondents in the preservation
value section of the survey encompass both pure existence value and user’s
v a l u a t i o n  o f  p r e s e r v i n g  v i s i b i l i t y . Therefore , t o  e s t i m a t e  t h e  v i s i b i l i t y
preservat ion  benef i ts , it  suffices to concentrate on and work with the preser-
vation value section of the survey.

The benefits in question can be estimated by applying statistical tech-
niques to the results of the survey conducted for this study. It can be
hypothesized that the amount of the bids offered by interviewees to preserve
and/or improve visibil i ty in the areas where the survey focused is a function
of certain relevant independent variables such as income, age, race and
distance from a national park. Util izing such a relationship we can estimate
the benefits to residents of the southwest region as well  as the entire nation
resulting from the preservation of visibil i ty in the Grand Canyon National
Park and Parklands Region.”

B. Estimating the Benefit  Function for the Southwest

In  est imat ing an indiv idual  mean dollar benef i t  funct ion,  cer ta in  char -
acteristics of the sample population should be considered in that the cit ies
of Los Angeles, Albuquerque, Denver and Chicago are not homogeneous. That  is ,  in
order to aggregate across all populations the demographic and economic profile
of each city must be considered. Thus we hypothesize that a household bid is
a function of family income, age of the family head, race, the household’s dis-
tance from a national park and an error term.

To estimate the benefits to residents of the Southwestern U.S. (con-
s is t ing of  the  fo l lowing sta tes: California, Colorado, Arizona, Utah, Nevada,
and New Mexico) of preserving visibil i ty in national parks three benefit
functions have been estimated uti l izing the Albuquerque, Denver, and Los
Angeles data. T a b l e  18 summar izes  the  est imated benef i t  funct ions.  A  br ie f
analys is  of  the  resul ts  fo l lows.
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Table  18

Benefit Functions Estimated from
Albuquerque, Denver, and Los Angeles Data

Bid for Race Number
Preserving Income Age (white * 1) Distance of

V i s i b i l i t y  ( $ ) Constant [$1000) (years ) (nonwhite - O) (mi Ies) ~z Observat ions

Grand Canyon .05 -.14 2.03 -.0037
(?:;;)% .(1.79) (-4.01) (1.69) (-1.2) .06 352

Region
(Grand Canyon, 18.11 -.26 3.69

(1:;;;
-.0088

Mesa Verde and (4.11) (-3.7) (1.52) (-1.46) .05 352
Zion)

Plums Blight 8.67 .0014 -.12over the Grand 1.03
(4.54) (.o6) (-4.02)

-.0021
(.97) .05

Canyon (-.81) 352

at-statistics in parentheses

As Table 18 indicates , the relationship between income, age, race, d i s t a n c e
and the amount of bid-offered is as expected. Higher levels of income should,
normally,  raise the amount of bid offered. Age contributes in a negative
manner in all bid equations implying the young are seemingly mre concerned
with air quality problems in” the a r e a . Since “whites,” on average, fal l
in the “higher brackets” of income and education distribution in the United
States compared to “nonwhites,” it  is reasonable to expect higher bids from
whites than nonwhites. In  addi t ion, i t  is  l ike ly  that  “ race”  captures  other
socia l  and cul tura l  character is t ics  which are  not  eas i ly  observable . The re la -
t ive ly  low t -s ta t is t ic  possib ly  re f lects  a  substant ia l  d ivers i ty  wi th in  each
of the “white” and “nonwhite” groups. The negative relationship between dis-
tance and the amount of bid offered indicates that the greater the distance
from the national parks, the  less  the i r  overa l l  b id , However, the  re la t ionship
between distance and the amount of bid offered is not strongly signif icant.
Furthermore, as it  wil l  be seen shortly this result  does not appear consist ntly?
in  a l l  o f  the  analys is . Note also that the coefficient of determination (R )
in al l  three benefit  equations reported in Table 18 is extremely low. This
indicates that there may be other important independent variables that affect
the bidding behavior of the households, but which have not been accounted for
in  th is  s tudy.

Nevertheless, it  is possible to estimate the aggregate benefits accruing
to the Southwest region of the United States from preserving visibil i ty in the
Grand Canyon National Park area. Let  us  f i rs t  consider  the  benef i t  equat ion
for the Grand Canyon (Row 1, Table  18) .  Th is  equat ion indicates  that  i f  the
average family income, average age of the head of households, ratio of white
and nonwhites and the distance to the Grand Canyon from a particular state,
say Arizona, is substituted in the equation, then the amount of bid an average
household in Arizona would offer to preserve the visibil i ty in the Grand
Canyon would be estimated. Then if  the benefit  measure so estimated is multi-
plied by the number of households in the state of Arizona, the total amount of
nwney that the entire population of Arizona would be wil l ing to pay to preserve
visibil i ty in the Grand Canyon National Park is estimated. Following a similar
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procedure ,  i t  is  possib le  to  est
f ive states in the Southwest r~g
Southwest region is estimated.

Ag Table  19  indicates ,  the
f r o m  ~reservincl v i s i b i l i t y  i n  t h e

mate the aggregate
on, and hence, the

aggregate benefits

benef i ts  for the r e m a i n i n g
aggregate benefits to the

for the Southwestern region
Grand Canyon National Park, the encompass~n~

region (Grand Canyon, Mesa Verde, and Zion) and for avoiding plume blight ove~
the Grand Canyon is respectively $466 mil l ion, $889 million, and $373 million.

. . . .
Table 19

Annual Aggregate Benefits for the
Southwest  Reaicm---- ---- - ._=._..

Benefits for Preserving Visibility TOTAL ($ I.lilliOrtS)
in the:

Grand Canyon 466

T h e  R e g i o na -
Grand Canyon, Mesa 889
Verde and Zion
National Parks

Avoidance of Plume Blight 373
~

aBenefits for the region include benefits for the Grand Canyon

c. Estimating Benefit  Functions for the Nation

To est imate  the  aggregate  nat ional  benef i ts  f rom preserv ing v is ib i l i ty
in the Grand Canyon National Park, surrounding region and for avoidance of
plume blight, benef i t  funct ions in  Table  20  are  re -est imated,  u t i l i z ing

Table 20 summarizes the re-estimated benefit  func-
to estimate the aggregate national benefits of pre-

Table 20
Functions Estimated from Albuquerque

the interview data from Albuquerque, Denver, Los Angeles, and Chicago. Thus
the pr inc ipa l  d i f ference wi l l  be  the  in f luence of  the  bids~tained f r o m
respondents in Chicago.
tions which will  be used
s e r v i n g  v i s i b i l i t y .

Benefi t
Denver, Los Angeles, and Chicago Data

Bid for Race Number
Preserving I Ircoma Age (white - 1) Olstance R2 of

Visibility ($) Constant ($1000) (years) (nonwhite - O) (miles) Observat ions

Grand Canyon 8.36 .ob7 -.15 1.14 .0004
(4.76) (1.76) (-4.59) (1.02) (.39) .05 450

Region
(Grand Canyon, 15. b6 -.29 2.29 .0004

(2:1:) .05 450
tiesa Verde and (4,41) (-4.44) (1.04) (.19)
Zion)

Avoidance of
Plume Blight -.003 -.15 1.14

(:::2)
-.00014 .05 450

over the Grand (-1.78) (-4.6) (1,02) (-. I6)
Canyon

a
t-statistics in parentheses
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The benefit functions reported in Table 20 are for the most part
s i m i l a r  t o ,  a nd consistent  wi th ,  the  benef i t  equat ions obta ined f rom the  sub-
sample of the Albuquerque, Denver, Los Angeles interviews reported in Table
18. Examination of Tables 18 and 20 reveal that the degree of signifi-
cance of income is consistent in both sets of equations. Note that the
significance of income in the “plume” benef i t  equat ion is  lower  than the
other two equations in both Tables. Age remains strongly signif icant and
consistent in the two sets of equations. The behavior of the variable “white/
nonwhite” is very similar to that of the income. The d i rect ion of  the  re la -
t ionship  is  consistent ; so is the degree of significance among the benefit
equations of each table as well as between the two tables. The only major
difference is the relationship between distance and the amount of bid offered
when the Chicago interviews are not included (Table 18) and included (Table
20) . The d i rect ion of  the  re la t ionship  reverses i tse l f  f rom negat ive  to
positive when the Chicago data is added to the sample (except for the “plume”
equation) . Furthermore, s igni f icance leve l  for  the  d is tance var iab le  fa i ls  to
be consistent. Without the Chicago data, d i s t a n c e  i s  r e l a t i v e l y  m o r e  s i g n i f i -
cant  (except  in  the  “p lume’s”  benef i t  equat ion) ;  a f ter  the  Chicago  data is
added,  the  d i rect ion of  re la t ionship  of  th is  var iab le  changes and i t  a lso
fa i ls  to  be  s igni f icant ly  re la ted to  the  amount  of  b id . N e v e r t h e l e s s ,  it is
convincing to note that other than for the distance variable, when the sample
size is increased by some 21%, (as Chicago data is added to the sample), the
relationships remain consistent and stable.

The aggregate national benefit  estimation procedure is identical with the
procedure employed in the previous pages to estimate the benefits to the
Southwest region. Aggregate benefits to al l  states (except Alaska and Hawaii ,
but with the addition of the District of Columbia) have been summed to arrive
at  the  nat ional  aggregate  benef i ts  f rom preserv ing v is ib i l i ty . Table 21
summarizes the aggregate national benefits.

The benefits of preserving visibil i ty for the Southwest and the Nation
can be related to emissions by noting the following. Projected emissions
with currently planned levels of SO controls would  not produce a perceivable

i“decl ine  in  v is ib i l i ty  in  1990 accor Ing t o  t h e  c a l c u l a t i o n s  f r o m  C h a p t e r  3 .
However, complete decontrol of projected regional power plant emissions of
S 02 in 1990 would decrease visibil i ty by approximately the same amount as
shown in the photographs which form the basis of these benefit estimates.
Thus, one can interpret the aggregate bids to preserve regional visibil i ty as
the projected benefits of power plant S0 2 contro ls  in  1990.

The annual f igures presented in Tables 19 and 21 represent benefits to
the  Southwest  and the nation for preservation of visibil i ty in 1980. In order
to obtain benefit  estimates for 1990 power plant controls two modifications
are  requi red. F i r s t , the benefit  f igures are adjusted by the expected popula-
tion growth over the next decade. Bureau of Census estimates “
tion growth of approximately one percent per year is expected. ~ n d~ ~ ~ ~ ~dp

Op u l a -,  the
present value of future benefits must be calculated. Assuming a thirty year
l i fe span for power generating plants and real rates of discount of 3,  6,  and
9 percent,  Table 22 summarizes the present discounted value of future benefits
in constant 1980 dollars to the Southwest region and the entire nation from
preserving visibil i ty in the Grand Canyon National Park and the Parklands region.
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Table 21

Annual Aggregate National Benefits from Preserving
Visibil ity in the Grand Canyon National Park

Benefits from I TOTAL ($ Millions)

The Grand Canyon I 3,370

The Region - Grand
Canyon, Mesa Verde,
and Zion

Avoidance of Plume over
the Grand Canyon

5,760

2,040

The nine percent real discount rate case corresponds to a ten percent
discount rate and a continued one percent growth in population. This case is
therefore consistent with the Office of Management and Budget discount rate
guide l ines  (10  percent )  for  assessment  of  fu ture  benef i ts .  Thus,  the  n ine
percent case seems the most apropos for comparison to the associated pollution
control costs.

The comparison between benefits and costs can either be completed i n
present value or annual terms. Usuing the latter method requires annualization

of the present value figures reporterl  in Table 2 2 . Focusing on the nine percent

discount rate case and using a capital recovery factor based on a ten percent
ra te  of  in terest  the  re levant  annual ized benef i ts  for  preservat ion  of  reg ional
v i s i b i l i t y  a r~$1.173 billion and $7.6 bil l ion for the southwest and nation,
respect ive ly .

Clearly,  preserving visibil i ty in the Grand Canyon National Park region
also enta i ls  cer ta in  costs . These include capital expenditures for S0 2

removal equipment, recurring annual expenditures and the cost of the regulatory
system. The capital expenditures associated with SO removal for al l  current
and proposed power plants in the region (see Tables ? and 5  for  l is t ing)  are
estimated to be approximately $5.3 bil l ion or between 270 and 560 mil l ion
d o l l a r s  pet y e a r for  rea l  in terest  ra tes  of  three  and ten  percent  and a  th i r ty
y e a r  l i f e . In  addi t ion, the recurring annual expenditures are estimated to
be 2  b i l l ion dol lars  per  year . Final y, the regulatory system cost is approxi-
mate ly  .534  b i l l ion dol lars  per  year . !! Therefore , to ta l  costs  of  current ly
planned SO controls for the region are between 2.8 and 3.1 bil l ion dollars
a n n u a l l y  (?980  d o l l a r s ) . Therefore , n a t i o n a l  b e n e f i t s  ( $ 7 . 6  b i l l i o n  annually)
exceed the total control costs and these approximate values indicate that the
currently proposed level of control on S0 2 emissions are not without some
economic just i f icat ion.
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Table 22
Present value of future benefits

assuming thirty year l i fe span for power
g e n e r a t i n g  p l a n t s  ( i n  $ M i l l i o n )

Benefits to” the $out’hwest  from Discount Rate

p r e s e r v i n g  v i s i b i l i t y  i n 3% 6% 9%

The Region - Grand Canyon, Mesa
Verde and’Zion National Parks

20,209 14,484 11,060

Benefits to the Nation from
Discount Rate

p r e s e r v i n g  v i s i b i l i t y  i n I 3% 6% 9%

The Region - Grand Canyon, Mesa 130,957 93,860 71,667
Verde and Zion National Parks



D. Summa ry

There are three especially noteworthy observations which emerge from the
above analysis in Chapters 7 and 8: 1) contrary to conventional thinking,
survey respondents “placed a much higher value on higher levels of visual
clarity than on comparable subsequent decreases; 2)  ne i ther  past  nor  ant ic ipated
journeys to the Grand Canyon seemed to be important determinants of preservation
value; and 3) distance from the Grand Canyon had l i tt le statistical significance
in explaining the macjhitude  of household bids.

Because the Grand Canyon is the dominant feature in a region with many
v i s i t o r  a t t r a c t i o n s , one must be especially cautious in extending these
f indings to  other  recreat ional  a t t ract ions. I t  seems l ike ly  that  there  are
only a very few natural phenomena in the United States about which Americans
have such strong feelings. Obvious candidates for this short list would be
Old Fai thfu l  ( in  Yel lowstone Nat ional  Park) ,  and Niagara  Fa l ls .

The magnitude of the annual benefits for the region when aggregated
across households is impressive: $889 mill ion in the Southwest and $5.76
bi l l ion  in  the  nat ion.  The present  va lue  of  these benef i ts  s t reams over
t h i r t y  y e a r s , discounted at a 3 percent real rate, would be $20.2 bil l ion and
$ 1 3 1  b i l l i o n ,  r e s p e c t i v e l y .

In sum, the survey results revealed that Americans place great value on
the preservation of air quality in the Parklands Region and that this valu-
ation is not localized to residents in the Southwest. Fur ther , it was found
that pure existence value overwhelms a substantial  user value for the national
parks in the region.

Two qual i f icat ions are  important  in  in terpret ing these resul ts .

First,  the accuracy of the survey techniques used in this study to esti-
mate the benefits of preserving visibil i ty in the Grand Canyon Region can be
judged by comparison to other methodologies. Such comparisons suggest that
all  available techniques including survey methods, property value, wage and
travel cost studies, are subject to errors of about plus or minus 50 percent
(see Appendix B). I t  is  inherent ly  d i f f icu l t  to  quant i fy  envi ronmenta l  va lues
in dollar terms, but available ev idence ind icates  that  the  severa l  techniques
available al l  yield the same order of magnitude of benefits estimates when
applied to the same problem.

Second,  the  pr inc ipa l  benef i ts  of  preserv ing v is ib i l i ty  in  the  Grand
Canyon Region as estimated in this study, derive from the apparent desire of
Americans to preserve a national treasure, whether or not they intend to visit
or use the region themselves. Economists have termed this type of value
“ex is tence va lue .” To our knowledge, th is  is  the  f i rs t  s tudy a t tempt ing to
estimate existence values per se. Thus, the methodology used in this study
should be viewed as experimental.
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APPENDIX A

T h e o r y  o f  Visibility”” “

T h i s  d i s c u s s i o n  i s  l i m i t e d  t o  t h o s e  a s p e c t s  o f  v i s i b i l i t y  a d d r e s s e d  i n
t h i s  s t u d y . M o r e  c o m p l e t e  t r e a t m e n t s  c a n  b e  f o u n d  i n  M i d d l e t o n  ( 1 9 5 2 )  a n d
M c C a r t n e y  ( 1 9 7 6 ) . T h e  d i s c u s s i o n  c o v e r s  t h e  o p t i c s  o f  v i s i b i l i t y ,  a n d  t h e
c o n t r i b u t i n g  r o l e  o f  s p e c i f i c  g a s e o u s  a n d  a e r o s o l  p o l l u t a n t s  a n d  t h e  m o d e l i n g
o f  v i s i b i l i t y .

1 )  O p t i c s  o f  V i s i b i l i t y

A  p e r s o n  s e e s  b y  t h e  l i g h t  r e a c h i n g  h i s  e y e s  f r o m  o b j e c t s . L i g h t  i s
e l e c t r o m a g n e t i c  r a d i a t i o n  w i t h  w a v e l e n g t h s  c a p a b l e  o f  s t i m u l a t i n g  t h e  r e c e p t o r s
i n  h u m a n  e y e s ,  c o v e r i n g  t h e  r a n g e  o f  a p p r o x i m a t e l y  0 . 3 8  t o  0 . 7 7  vm. T h e  a m o u n t
o f  l i g h t  e n e r g y  p e r  u n i t  t i m e  r e c e i v e d  p e r  u n i t  a r e a  o f  d e t e c t o r ,  p e r  u n i t
s o l i d  a n g l e  f i e l d  o f  v i e w  o f  t h e  d e t e c t o r  a n d  p e r  u n i t  w a v e l e n g t h  i n t e r v a l  a t
a  s p e c i f i c  w a v e l e n g t h  ( s e e  F i g u r e  A l )  i s  c a l l e d  s p e c t r a l  r a d i a n c e ,  N . T h i s
s p e c t r a l  r a d i a n c e  i s  c a l l e d  i n h e r e n t  radiance> N  ~ if t h e  d e t e c t o r  i s  l o c a t e d
a t  d i s t a n c e ,  r ,  f r o m  t h e  o b j e c t . T h e  c o n t r a s t  o? a  t a r g e t  a g a i n s t  i t s  b a c k -
g r o u n d ,  u s u a l l y  t h e  s k y .  A s  w i t h  r a d i a n c e , c o n t r a s t  c a n  b e  d e s c r i b e d  a s  i n h e r -
e n t  o r  a p p a r e n t ,  d e p e n d i n g  o n  t h e  d i s t a n c e  b e t w e e n  t h e  o b s e r v e r  a n d  t h e  t a r g e t .
I n h e r e n t  s p e c t r a l  c o n t r a s t  C o ,  i s  d e f i n e d  a s :

a n d  a p p a r e n t

N N
Co=yp’

s o

s p e c t r a l  c o n t r a s t ,  Cr ,  i s  d e f i n e d  a s :

N N
Cr=tr; sr

s r

w h e r e  t N o  = i n h e r e n t2 s p e c t r a l  r a d i a n c e  o f  t h e  t a r g e t  a t  z e r o  d i s t a n c e
( w a t t / m  s t e r a d i a n  pm)

N
s o = inheren~ s p e c t r a l r a d i a n c e  o f  t h e  s k y  a t  t h e  t a r g e t

( w a t t / m  s t e r a d i a n  urn)

t N r  = apparen~  s p e c t r a l r a d i a n c e  o f  t h e  t a r g e t  a t  d i s t a n c e  r ,  a n d
( w a t t / m  steradian urn)

Ns r = a p p a r e n t  s p e c t r a l  r a d i a n c e  o f  t h e  s k y  a t  d i s t a n c e  r  f r o m  t h e
t a r g e t
( w a t t / m 2  steradian p m )
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S p e c t r a l  R a d i a n c e
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C o n t r a s t  i s  d i m e n s i o n l e s s  b e c a u s e  i t  i s  a  r a t i o  o f  r a d i a n c e s .  T h e
l i g h t  c o m i n g  f r o m  a  t a r g e t  i s  a t t e n u a t e d  b y  s c a t t e r i n g  a n d  a b s o r p t i o n  ( s e e
F i g u r e  A 2  a n d  A 3 ) . G a s  m o l e c u l e s  a n d  p a r t i c u l a t e  m a t t e r  s c a t t e r  s o m e  o f  t h e
i n h e r e n t  r a d i a n c e  o u t  o f  t h e  s i g h t  p a t h  a n d  a b s o r b  a n o t h e r  p o r t i o n . S k y l i g h t
a n d  l i g h t  r e f l e c t e d  f r o m  t h e  g r o u n d  i s  s c a t t e r e d  b y  p a r t i c u l a t e  a n d  g a s  m o l e -
c u l e s  i n t o  t h e  s i g h t  p a t h  t o w a r d s  t h e  o b s e r v e r  ( s e e  F i g u r e  A 4 ) .  T h e  r e s u l t  o f
t h e s e  p r o c e s s e s  i s  i l l u s t r a t e d  i n  F i g u r e  A 5 . A  b r i g h t  o b j e c t  l o s e s  r a d i a n c e
a s  t h e  d i s t a n c e  b e t w e e n  i t  a n d  t h e  o b s e r v e r  i n c r e a s e s ,  a p p r o a c h i n g  t h e  l i m i t i n g
v a l u e  o f  t h e  adjacenthcmizon  s k y  r a d i a n c e . A  p e r f e c t l y  black o b j e c t  h a s  n o
i n h e r e n t  r a d i a n c e . I t  a c q u i r e s  r a d i a n c e  a s  t h e  p a t h  b e t w e e n  i t  a n d  t h e  o b s e r v e r
i n c r e a s e s ,  a g a i n  a p p r o a c h i n g  t h e  h o r i z o n  s k y  r a d i a n c e  a s  t h e  l i m i t i n g  v a l u e .
A  d a r k  o b j e c t  i s  a n  i n t e r m e d i a t e  c a s e . T h e  a p p a r e n t  r a d i a n c e  r e a c h i n g  t h e

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

t N r  = tNoYr +  N  * ( A 3 )
r

w h e r e  T =  t r a n s m i t t a n c e  o f  l i g h t  f r o m  t h e  t a r g e t  t o  t h e  o b s e r v e r  a t  d i s t a n c e
r r  ( d i m e n s i o n l e s s )

N* =  s p e c t r a l  p a t h  r a d i a n c e  o v e r  d i s t a n c e  r ( w a t t / m2  s t e r a d i a n  pm).
r

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

N =  sNoTr +  N *
s r r

( A 4 )

I f  E q u a t i o n  A 4  i s  s u b t r a c t e d  f r o m  E q u a t i o n  A 3 ,  t h e n

t N r
-  sNr =  (t N o  -  sNo)Tr ( A 5 )

E q u a t i o n  A S  e x p r e s s e s  t h e  f a c t  t h a t  t h e  d i f f e r e n c e  i n  r a d i a n c e  b e t w e e n  t h e
t a r g e t  a n d  s k y  i s  t r a n s m i t t e d  t o  t h e  o b s e r v e r  w i t h  t h e  s a m e  a t t e n u a t i o n  a s  e a c h
i m a g e - f o r m i n g  r a y  o f  l i g h t . I f  w e  d i v i d e  b o t h  s i d e s  o f  E q u a t i o n  A 5  b y  t h e
b a c k g r o u n d  s k y  a p p a r e n t  r a d i a n c e  a n d  m u l t i p l y  t h e  r i g h t  s i d e  o f  t h e  e q u a t i o n
b y  sNo/sNo,  t h e n

t N r
- sNr ( N - sNo ) sNo=to
N N

N Tr

s r s o s r

C o m b i n i n g  E q u a t i o n s  A l , A 2 ,  a n d  A 6 ,  w e  g e t  t h e  f o l l o w i n g  r e l a t i o n  f o r  t h e
a p p a r e n t  c o n t r a s t  o f  a  t a r g e t :

N
Cr=Co~Tr

s r

( A 6 )

( A 7 )

A p p a r e n t  c o n t r a s t  d e p e n d s  o n  t h e  i n h e r e n t  c o n t r a s t  o f  t h e  t a r g e t ,  w h i c h  d e p e n d s
o n  t h e  t y p e  a n d  a m o u n t  o f  v e g e t a t i o n  o n  t h e  t a r g e t ,  t h e  i l l u m i n a t i o n  o f  t h e
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F i g u r e  A 2

.,. ,

I

/2

S c a t t e r i n g

Scattering: Photon on path I is backscattered  along path 2.
Photon on path 3 is forward scattering along paths 4 and 5.

F i g u r e  A 3

A b s o r p t i o n

Absorption: Photon on path 1 is absorbed by the gas
molecule or particle.
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F i g u r e  AS

T h e  D e p e n d e n c e  o f  T a r g e t  R a d i a n c e  o n  D i s t a n c e

. . . .
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t a r g e t  a s  a  f u n c t i o n  o f  t i m e  o f  d a y ,  l a t i t u d e ,  l o n g i t u d e ,  a z i m u t h  o f  t h e  sight
p a t h ,  a z i m u t h  o f  t h e  n o r m a l  t o  t h e  f a c e  o f  t h e  t a r g e t ,  a n d  t h e  s l o p e  a n g l e  o f
t h e  t a r g e t . T h e  r a t i o  o f  s k y  r a d i a n c e s  a t  t h e  t a r g e t  a n d  a t  t h e  o b s e r v e r  i s
e q u a l  t o  u n i t y  f o r  t h e  t h e o r e t i c a l  a s s u m p t i o n  o f  a  u n i f o r m  a t m o s p h e r e  a n d  a
h o r i z o n t a l  s i g h t  p a t h .

I f  t h e  a t m o s p h e r e  i s  h o m o g e n e o u s  i n  c o m p o s i t i o n
p a t h ,  t h e n  t h e  t r a n s m i s s i o n ,  T., c a n  b e  e x p r e s s e d  a s  a
t i o n  coefficierrt, be;t:’

-b r
T r = e ‘Xt

C o m b i n i n g  E q u a t i o n s

~.

A7 a n d  A8:

-b r
Cr =  Co e ‘ X t  (SNo/sNr)

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

( A 8 )

( A 9 )

If Cr a n d  C o  a r e  m e a s u r e d  w i t h  a  teleradiometer a n d  r  i s  k n o w n ,  t h e n  E q u a t i o n
A 9  c a n  b e  s o l v e d  f o r  t h e  a v e r a g e  e x t i n c t i o n  c o e f f i c i e n t :

T h e  r a t i o sN /  N  i s  u n i t y  f o r  a  h o r i z o n t a l  s i g h t  p a t h  t h r o u g h  homoge-
~sr

neous a i r  u n d e r  u n i  o r m  i l l u m i n a t i o n  o n  a  f l a t  e a r t h .

U n d e r  t h e s e  s a m e  c o n d i t i o n s  v i s u a l  r a n g e  i s  d e f i n e d  a s  t h e  d i s t a n c e  a t
w h i c h  t h e  a p p a r e n t  c o n t r a s t  o f  a  b l a c k  t a r g e t  i s  r e d u c e d  t o  2  p e r c e n t
( Cr  

=  - . 0 2 ) . E q u a t i o n  A 9  c a n  t h e n  b e  s o l v e d  f o r  v i s u a l  r a n g e ,  V R :

3 . 9 1 2 = 3.912VR=— —
G

c
e x t +1&

r

(A1O)

T h e  c h o i c e  o f  2  p e r c e n t  a s  t h e  t h r e s h o l d  c o n t r a s t  i s  e a s i l y  a d j u s t e d  t o
v a l u e s  a s  h i g h  a s  5.percent. Middleton ( 1 9 5 2 )  d i s c u s s e s  t h e  e x p e r i m e n t s  c o n -
d u c t e d  b y  o t h e r s  t o - d e r i v e  t h e  t h r e s h o l d  c o n t r a s t . I t  i s  i m p o r t a n t  t o  n o t
i n t e r p r e t  v i s u a l  r a n g e  t o o  l i t e r a l l y  a s  t h e  d i s t a n c e  a t  w h i c h  l a r g e  b l a c k  t a r -
g e t s  d i s a p p e a r . H e n c e  t h e  c h o i c e  o f  t h r e s h o l d  c o n t r a s t  i s  n o t  c r i t i c a l  b u t
n e e d s  t o  b e  c o n s i s t e n t  f o r  c o m p a r i n g  d i f f e r e n t  d a t a  s e t s .

T h i s  d e f i n i t i o n  o f  v i s u a l  r a n g e  a t t e m p t s  t o  a c c o u n t  f o r  d i f f e r e n t  d i s -
t a n c e s  b e t w e e n  t h e  o b s e r v e r  a n d  t a r g e t s , a n d  d i f f e r e n t  i n h e r e n t  c o n t r a s t s .  I t
d o e s  n o t  a c c o u n t  f o r  t a r g e t s  v i e w e d  a t  d i f f e r e n t  a l t i t u d e s ,  f o r  w h i c h  t h e
a t m o s p h e r e  h a s  a  d i f f e r e n t  c l e a n  a i r  (Rayleigh) e x t i n c t i o n  c o e f f i c i e n t .
M e a s u r e m e n t s  o f  t h e  a p p a r e n t  c o n t r a s t  o f  t a r g e t s  a t  d i f f e r e n t  a l t i t u d e s  a r e
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s t a n d a r d i z e d  b y  c o r r e c t i n g  the t o t a l  extinction f o r  t h e  Rayleigh c o m p o n e n t .
T h i s  c o r r e c t i o n  i s  m a d e  b y  s u b t r a c t i n g  t h e  a v e r a g e  R a y l e i g h  e x t i n c t i o n  c oe f -
f i c i e n t  o f  t h e  a c t u a l  s i g h t  p a t h  f r o m  t h e  m e a s u r e d  t o t a l  e x t i n c t i o n  a n d  c o -
e f f i c i e n t  a n d  t h e n  a d d i n g  b a c k  t h e  r e f e r e n c e  R a y l e i g h  e x t i n c t i o n  c o e f f i c i e n t .
T h i s  r e f e r e n c e  i s  s e t  a t  . 0 1  k m

- 1
c o r r e s p o n d i n g  t o  a n  a l t i t u d e  o f  1550m

( E l t e r m a n ,  1 9 6 8 ) . H e n c e  s t a n d a r d ’ v i s u a l  r a n g e  S V R ,  i s  d e f i n e d  b y :

SVR= .C . 3 . 9 1 2

+ll& -  Gext R + . 0 1
r 9

( A l l )

w h e r e  ~
e x t ,  R

=  a v e r a g e  e x t i n c t i o n  c o e f f i c i e n t  o f  t h e  s i g h t  p a t h .

T h e  v a r i a b l e s  d i s c u s s e d  s o  f a r  d e s c r i b e  v i s i b i l i t y  w i t h o u t  r e f e r e n c e  t o
w h a t  i t  w o u l d  b e  i n  a  Rayleigh atnmsphere, c o m p l e t e l y  u n p o l l u t e d  b y  n a t u r a l  o r
a n t h r o p o g e n i c  s o u r c e s . T h e  c h a n g e  i n  t h e  a p p a r e n t  c o n t r a s t  o f  a  t a r g e t  f r o m
i t s  b e s t  p o s s i b l e  v a l u e  i n  a  R a y l e i g h  a t m o s p h e r e  i s  c a l l e d  d e l t a  c o n t r a s t ,
A C ,  a n d  i s  d e f i n e d  b y :

-G
AC = Cr - Co e

ext,R(zm)r

Z .  +  Zt
w h e r e  Z  =

m 2

z
m

=  a l t i t u d e  o f  s i g h t  p a t h  m i d p o i n t  ( m ) .

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

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

2 )  R e l a t i n g O p t i c s  t o  P o l l u t a n t s

P a r t i c u l a t e  a n d  g a s e o u s  p o l l u t a n t s  a t t e n u a t e  l i g h t  b y  s c a t t e r i n g  a n d
a b s o r p t i o n  a s  a  f u n c t i o n  o f  t h e  g a s e o u s  nwlecuiar s t r u c t u r e ,  t h e  s i z e  a n d
c o m p o s i t i o n  o f  t h e  p a r t i c l e s ,  a n d  t h e  w a v e l e n g t h  o f  1  ight. M o s t  a b s o r p t i o n  i s
c a u s e d  b y  N O  a n d  c~rbon p a r t i c l e s

{
,  w h i l e  m o s t  s c a t t e r i n g  i s  c a u s e d  b y  p a r t i -

c l e s .  A n y  c  a n g e s  In s o u r c e  e m i s s i o n s  a n d  m e t e o r o l o g y  t h a t  c a u s e  h i g h e r  c o n -
c e n t r a t i o n s  o f  1  i g h t  s c a t t e r i n g  o r  a b s o r b i n g  p o l l u t a n t s  w i l l  r e s u l t  i n  i n -
c r e a s e d  v i s i b i l i t y  i m p a i r m e n t . S c a t t e r i n g  u s u a l l y  d o m i n a t e s  a b s o r p t i o n ,
e s p e c i a l l y  i n  c l e a n  a i r , w h e r e  78-95% o f  t h e  t o t a l  a t t e n u a t i o n  i s  c a u s e d  b y
s c a t t e r i n g . S c a t t e r i n g  i s  c l o s e r  t o  s5-63% o f  t h e  t o t a l  a t t e n u a t i o n  i n  h i g h l y
p o l l u t e d  u r b a n  a r e a s  ( W e i s s ,  e t  a l . ,  1 9 7 9 ) . T h e  p r o p o r t i o n a l  c o n t r i b u t i o n
o f  a b s o r p t i o n  t o  t o t a l  e x t i n c t i o n  ( a t t e n u a t i o n )  c a n  b e  s e e n  i n  F i g .  A 6 .
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(After Weiss, et al, 1979)
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2 - 1 )  G a s e o u s  S c a t t e r i n g

S c a t t e r i n g  o f  g a s e s  i s  t r e a t e d  s e p a r a t e l y  f r o m  s c a t t e r i n g  b y  p a r t i c l e s
b e c a u s e  o f  i m p o r t a n t  d i f f e r e n c e s . G a s e o u s  s c a t t e r i n g  h a s  a n  i n v e r s e  f o u r t h
p o w e r  d e p e n d e n c e  o n  w a v e l e n g t h , w h i c h  a c c o u n t s  f o r  t h e  b l u e  c o l o r  o f  s k y l i g h t .
I n  R a y l e i g h  u n p o l l u t e d  a i r ,  s c a t t e r i n g  i s  t h e  d o m i n a n t  p r o c e s s  b e c a u s e  t h e
n i t r o g e n ,  o x y g e n ,  a n d  o t h e r  g a s e s  a b s o r b  a  n e g l i g i b l e  a m o u n t  o f  v i s i b l e  l i g h t .
T h e  R a y l e i g h  s c a t t e r i n g  b y  g a s e s  d e p e n d s  s o m e w h a t  o n  t h e  d i r e c t i o n  o f  o b s e r -
v a t i o n  a s  showri i n  F19.’A7. M a x i m u m  f o r w a r d  a n d  b a c k w a r d  s c a t t e r i n g  i s  a t
o b s e r v a t i o n  a n g l e s  o f  O  a n d  1 8 0 ,  a n d  m i n i m u m  s c a t t e r i n g  i s  a t  9 0 ° .

M o r e  d e t a i l  o n  t h e  s c a t t e r i n g  b y  a n  i n d i v i d u a l  g a s  m o l e c u l e  c a n  b e  f o u n d
i n  M c C a r t n e y  ( 1 9 7 6 ) . I f  t h e  s c a t t e r i n g  b y  a i r  m o l e c u l e s  i n  a  s p e c i f i c  d i r e c -
t i o n  i s  s u m m e d  o v e r  a l l  p o s s i b l e  d i r e c t i o n s ,  t h e  t o t a l  scattering  can be
f o u n d . E x p r e s s i n g  t o t a l  s c a t t e r i n g  a s  a  c o e f f i c i e n t ,

$?e ~Tfec;e;:e’i;a;  ;:;;m o l e c u l a r  d e n s i t y  a p p r o p r i a t e  t o  s e a  l e v e l  i s  a b o u t  10 k m  .
s c a t t e r i n g  r e m o v e s  a b o u t  1% o f  t h e  i n c i d e n t  l i g h t  p e r  k i l o m e t e r  o f  h o r i z o n t a l
p a t h . U s i n g  E q .  A l O ,  t h i s  R a y l e i g h  s c a t t e r i n g  c o e f f i c i e n t  t r a n s l a t e s  i n t o  a
v i s u a l  r a n g e  o f  3 9 1  k m ,  a s s u m i n g  n o  abosrption n o r  p a r t i c u l a t e  s c a t t e r i n g .
D o  n o t  e x p e c t  t o  s e e  r e a l  o b j e c t s  o v e r  s u c h  d i s t a n c e s .  M o u n t a i n s  a r e  n o t  black
o b j e c t s  a n d  t h e y  a r e  n o t  t a l l  e n o u g h  t o  b e  s e e n  a t  s u c h  d i s t a n c e s .

2 - 2 )  P a r t i c u l a t e  S c a t t e r i n g

i t s e l f
c a l l e d
t h e o r y

S c a t t e r i n g  b y  p a r t i c l e s  i s  m o r e  c o m p l e x  i n  i t s  a n g u l a r  d e p e n d e n c e ,  w h
d e p e n d s  o n  t h e  s i z e  o f  t h e  p a r t i c l e . P a r t i c u l a t e  s c a t t e r i n g  i s  o f t e n
M i e  s c a t t e r i n g ,  a f t e r  t h e  s c i e n t i s t  w h o  d e v e l o p e d  t h e  f i r s t  successfu

c h

(Mie, 1 9 8 0 ) . A s  p a r t i c l e  s i z e  d e c r e a s e s , t h e  M i e  t h e o r y  o f  s c a t t e r i n g
a p p r o a c h e s  t h e  R a y l e i g h  t h e o r y ,  a p p r o p r i a t e  t o  p a r t i c l e s  o r  g a s  m o l e c u l e s  -

s m a l l e r  t h a n  1 / 1 0  t h e  w a v e l e n g t h  o f  l i g h t  ( M c C a r t n e y ,  1976).

T h e  M i e  t h e o r y  w a s  d e v e l o p e d  f o r  s p h e r i c a l  p a r t i c l e s  o f  u n i f o r m  c o m p o s i -
t i o n  a n d  h e n c e , u n i f o r m  i n d e x  o f  r e f r a c t i o n .  A m b i e n t  a e r o s o l ,  t h o u g h ,  c o m -
p r i s e s  s p h e r i c a l , i r r e g u l a r ,  p l a t e - l i k e , a n d  r o d - l i k e  p a r t i c l e s . I n  o r d e r  t o
u t i l i z e  t h e  M i e  t h e o r y  f o r  n o n s p h e r i c a l  p a r t i c l e s ,  a  c o m p r o m i s e  i s  m a d e .
S i z e  d i s t r i b u t i o n s  a r e  m e a s u r e d  b y  s o m e  i n s t r u m e n t s  i n  t e r m s  o f  t h e  a e r o d y n a m i c
b e h a v i o r  o f  t h e  p a r t i c l e s , f r o m  w h i c h  a n  e q u i v a l e n t  s p h e r i c a l  d i a m e t e r  i s  c o m -
p u t e d . T h i s  d i a m e t e r  i s  t h e n  u s e d  i n  t h e  M i e  t h e o r y  t o  p r e d i c t  t h e  a p p r o x i -
m a t e  s c a t t e r i n g  o f  comple,x  s h a p e d  a e r o s o l . T h e  a n g u l a r  d e p e n d e n c e  f a v o r s  t h e
f o r w a r d  d i r e c t i o n ,  a s  s h o w n  i n  F i g .  A 8 ,  w i t h  g r e a t e r  c o m p l e x i t y  a s  t h e  p a r t i c l e
s i z e  i n c r e a s e s .

A n  i m p o r t a n t  a s p e c t  o f  s c a t t e r i n g  i s  t h e  e f f i c i e n c y  w i t h  w h i c h  p a r t i c l e s
o f  d i f f e r e n t  s i z e  s c a t t e r  i n c i d e n t  l i g h t  i n  a l l  d i r e c t i o n s . T h e  s c a t t e r i n g
e f f i c i e n c y  f a c t o r  i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e  t o t a l  s c a t t e r i n g  c r o s s - s e c t i o n
a n d  t h e  g e o m e t r i c  c  oss-section.

5
F o r  a  s p h e r i c a l  p a r t i c l e ,  t h e  g e o m e t r i c

c r o s s - s e c t i o n  i s  ITr , w h e r e  r  i s  t h e  r a d i u s  o f  t h e  p a r t i c l e . T h e  t o t a l
s c a t t e r i n g  c r o s s - s e c t i o n  i s “ t h a t  c r o s s - s e c t i o n  o f  a n  i n c i d e n t  w a v e ,  a c t e d  o n
b y  t h e  p a r t i c l e , h a v i n g  a n  a r e a  s u c h  t h a t  t h e  p o w e r  f l o w i n g  a c r o s s  i t  i s  e q u a l
t o  t h e  t o t a l  p o w e r  s c a t t e r e d  i n  a l l  d i r e c t i o n s ”  ( M c C a r t n e y ,  1976). T h e
d e p e n d e n c e  o f  t h e  s c a t t e r i n g  e f f i c i e n c y  f a c t o r  o n  t h e  s i z e  p a r a m e t e r ,  a = 21T/A,
i s  s h o w n  i n  F i g .  A 9 . T h e  r e l a t i v e  s i z e  o f  t h e  p a r t i c l e  w i t h  r e s p e c t  t o  t h e
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w a v e l e n g t h  o f  i n c i d e n t  l i g h t ,  n o t  i t s  a b s o l u t e  s i z e ,  i s  t h e  i m p o r t a n t  i n d e p e n -
d e n t  v a r i a b l e ,  a s  impiied b y  t h e  u s e  o f  t h e  s i z e  p a r a m e t e r ,  a .  T h e  c u r v e  w i t h
i n d e x  o f  r e f r a c t i o n  m  = 1 . 3 3  r e p r e s e n t s  p a r t i c l e s  o f  w a t e r ,  w h i l e  t h e  m  =  1.s
c u r v e  a p p r o x i m a t e s  silica or a m m o n i u m  sulfate~ t w o  c r i t i c a l  c o m p o n e n t s  r e l a t e d
t o  s o i l  a n d  c o a l  c o m b u s t i o n  s o u r c e s  r e s p e c t i v e l y . I n  F i g .  Ag t h e  s c a t t e r i n g
e f f i c i e n c y  f a c t o r  oscillates less a n d  less around a  value o f  2  a s  r e l a t i v e
s i z e  b e c o m e s  v e r y  l a r g e . A t  t h i s  v a l u e  a  p a r t i c l e  r e f r a c t s ,  r e f l e c t s  a n d
d i f f r a c t s  t w i c e  t h e  r a d i a n t  p o w e r  i n c i d e n t  o n  t h e  g e o m e t r i c  c r o s s - s e c t i o n
( M c C a r t n e y ,  1 9 7 6 )  . White a n d  R o b e r t s  ( 1 9 7 7 )  f o u n d  t h a t  s u l f a t e s  a n d  n i t r a t e s
i n  t h e  L o s  A n g e l e s  a i r  b a s i n  s c a t t e r e d  l i g h t  m o r e  e f f i c i e n t l y  p e r  u n i t  m a s s
c o n c e n t r a t i o n  t h a n  o t h e r  c h e m i c a l  f r a c t i o n s  o f  t h e  a m b i e n t  a e r o s o l . T h e  h i g h
s c a t t e r i n g  e f f i c i e n c y  o f  s u l f a t e s  a n d  t h e  l a r g e  s t a t i o n a r y  s o u r c e  e m i s s i o n s  o f
s u l f a t e s  l e d  t h e s e  a u t h o r s  t o  s u g g e s t  t h a t  t h i s  s o u r c e  w a s  c o m p a r a b l e  w i t h
t h e  a u t o m o b i l e  i n  r e d u c i n g  v i s i b i l i t y  t h e r e .

T h e  s i z e  o f  p a r t i c l e s  a n d  t h e  r e s u l t i n g  l i g h t  s c a t t e r i n g  i s  s e n s i t i v e
t o  t h e  r e l a t i v e  h u m i d i t y  o f  t h e  a i r . W h e n  t h e  r e l a t i v e  h u m i d i t y  r i s e s  a b o v e
7 0 %  w a t e r  c o n d e n s e s  o n  p a r t i c l e s  a n d  m a k e s  t h e m  b i g g e r  (Charlson, W a g g o n e r  a n d
Thielke, 1978 ) . T h e  c o m p o s i t i o n  o f  t h e  p a r t i c l e  a f f e c t s  t h e  t h r e s h o l d  r e l a t i v e
h u m i d i t y ,  a b o v e  w h i c h  w a t e r  v a p o r  c o n d e n s e s  o n  t h e  p a r t i c l e .  T h e  r a t i o  o f
s c a t t e r i n g  c o e f f i c i e n t  a t  a n y  r e l a t i v e  h u m i d i t y  t o  t h a t  a t  3 0 %  i s  p l o t t e d  i n
F i g .  A 1 O .

2 - 3 )  A b s o r p t i o n

A b s o r p t i o n  o f  l i g h t  i s  t h e  p r o c e s s  b y  w h i c h  t h e  i n c i d e n t  l i g h t  a t  s p e c i f i c
w a v e l e n g t h s  i s  c o n v e r t e d  t o  i n t e r n a l  e n e r g y  o f  m o l e c u l e s  ( r o t a t i o n ,  v i b r a t i o n ,
a n d  e l e c t r o n i c  a r r a n g e m e n t ) . A  q u a n t u m  o f  e n e r g y  i s  a b s o r b e d  f o r  e a c h
d i s c r e t e  c h a n g e  i n  a n y  o f  t h e s e  f o r m s  o f  i n t e r n a l  e n e r g y .  T h e  e n e r g y  o f  a
q u a n t u m  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  w a v e l e n g t h  o f  t h e  l i g h t  o r  o t h e r
e l e c t r o m a g n e t i c  r a d i a t i o n .

T h e  o n l y  a b s o r p t i o n  o f  e n o u g h  c o n s e q u e n c e  i n  t h e  g a s e o u s  a i r  p o l l u t a n t s
f r o m  p o w e r  p r o d u c t i o n  i s  t h a t  o f  n i t r o g e n  d i o x i d e ,  N O  .  T h e  a b s o r p t i v i t y  i s
t h e  r e l a t i v e  l o s s  o f  i n c i d e n t  l i g h t  p e r  u n i t  l e n g t h  o $ a b s o r b i n g  p a t h  p e r
u n i t  c o n c e n t r a t i o n  o f  p o l l u t a n t . T h e  a b s o r p t i v i t y  o f  N 02  a s  a  f u n c t i o n  o f
w a v e l e n g t h  i s  s h o w n  i n  F i g . A l l  t a k e n  f r o m  H a l l  a n d  Blacet ( 1 9 5 2 ) .  T h e
a b s o r p t i v i t y  i s  s t r o n g e s t  i n  t h e  b l u e . A l s o ,  t h e r e  a r e  m a n y  d e t a i l e d  a b s o r p -
t i o n  p e a k s  i n  t h e  o v e r a l l  c u r v e ,  w h o s e  w a v e l e n g t h s  c o r r e l a t e  w i t h  s p e c i f i c
c h a n g e s  i n  t h e  i n t e r n a l  e n e r g y  o f  t h e  N 02  m o l e c u l e . T h e  s t r o n g  N O  a b s o r p t i o n
o f  b l u e  l i g h t  c a u s e s  p l u m e s  a n d  u r b a n  h a z e s  t o  a p p e a r  b r o w n . TS i m u  t a n e o u s
s c a t t e r i n g  o f  a l l  w a v e l e n g t h s  b y  p a r t i c l e s  a n d  s c a t t e r i n g  o f  b l u e  b y  a i r  l e a d s
t o  a  v a r i e t y  o f  brtin, g r a y ,  a n d  w h i t e  c o l o r s , d e p e n d i n g  o n  t h e  r e l a t i v e
c o n t r i b u t i o n  o f  t h e s e  p r o c e s s e s .

A b s o r p t i o n  o f  l i g h t  b y  p a r t i c l e s  i s  a t t r i b u t e d  t o  t h e i r  graphitic “ s o o t ”
c o n t e n t  ( R o s e n ,  e t  al.> 1979; Weiss$ e t  al.> 1979)” Faxvog a n d  Roessler
( 1 9 7 8 )  f o u n d  t h a t  c a r b o n  p a r t i c l e s  w e r e  m c s t  e f f e c t i v e  i n  r e d u c i n g  v i s i b i l i t y
i f  t h e i r  d i a m e t e r s  w e r e  1 5 - 5 0 %  o f  t h e  w a v e l e n g t h  o f  l i g h t . Roessler a n d
Faxvog ( 1 9 8 0 )  f o u n d  t h a t  85% o f  t h e  a c e t y l e n e  s m o k e  p a r t i c l e  a t t e n u a t i o n  o f
5 1 4  n m  l i g h t  w a s  c a u s e d  b y  a b s o r p t i o n  a n d  1 5 %  c a u s e d  b y  s c a t t e r i n g .  Roessler
a n d  Faxvog ( 1 9 8 1 )  f o u n d  t h a t  a b s o r b i n g  a e r o s o l s i n c r e a s e  t h e  v i s u a l  r a n g e  c o m -

98



F i g u r e  A I O

4.,

z
a

a
m

n
II

m

o
m

4-

3-

2-

1 -

.

1 I
,

I I
r

I I i i
I

I
,

I I

0 10 20 30 40 5 0 ° A  6 0

R E L A T I V E  H U M I D I T Y

70 80 9 0  100?0

Range of variability in Humidogram  data averaged
by site; vertically hatched area includes strongly
deliquescent  aerosol at Pr. Reyes and Tyson.
(Adapted from Chadson,  Waggoner and Thielke,  1980)

99



F i g u r e  A l l

,!

.

●

6

RESOLVED ABSORPTION SPECTRA OF NOZANO N~+
2

0

4

Noa
o

I I 1 I I I I I 1 I s I I I I 1
:25 . 3 0 ~35  wovelerigt~ (  ITI) - . 4 0 .45 , 5 0

A b s o r p t i v i t y  of N02 fid N O V S.
2 4

w a v e l e n g t h  &neosur#  at 25°C

Absorptivity of N02 as a function of Wavelength of
Incident Light
(After Hall and Blacet, 1952)



p u t e d  f o r  l i g h t  o b j e c t s  v i e w e d  a g a i n s t  t h e  h o r i z o n  s k y .  T h e  d e p e n d e n c e  o f
a b s o r p t i o n  o n  t h e  wavelength  o f  i n c i d e n t  v i s i b l e  l i g h t  i s  q u i t e  w e a k  a s  s h o w n
b y  t h e  c u r v e s  i n  F i g .  A l l  ( W e i s s ,  e t  a l . ,  1 9 7 9 ) .  T h e  e f f e c t  o f  a b s o r p t i o n
i n  o p t i c a l  c o m p u t a t i o n s  c a n  b e  e x p r e s s e d  i n  t e r m s  o f  a n  a b s o r p t i o n  c o e f -
f i c i e n t ,  a s  p l o t t e d  i n  F i g .  A 1 2 .

T h e  p r o c e s s e s  b y  w h i c h  l i g h t  i s  a t t e n u a t e d  a s  i t  m o v e s  t h r o u g h  a i r  h a v e
b e e n  d e s c r i b e d  t o  h e l p  u n d e r s t a n d  t h e  p h y s i c a l  m e a s u r e m e n t  o f  v i s i b i l i t y
v a r i a b l e s . TtTe’ disctisslon n o w  m o v e s  o n  t o  t h e  w a y  w e  c o n s t r u c t  c o m p l e t e
rrmdels o f  v i s i b i l i t y  a s  a  f u n c t i o n  o f  a i r  p o l l u t i o n .
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C H A R A C T E R I S T I C  A B S O R P T I O N  WAVELENGf’H

D E P E N D E N C E  M E A S U R E M E N T S

Absorption wavelength dependence measurements.

(After Weiss et al, 1979)
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APPENDIX B

V A L U I N G  P U B L I C  GO’ODS\ A COMPARISON OF SURVEY AND HEDONIC APPROACHES’

INTRODUCTION

A l t h o u g h  t h e  t h e o r y  o f  p u b l i c  g o o d s  h a s  p r o g r e s s e d  r a p i d l y  s i n c e
Samuelson’s  s e m i n a l  a r t i c l e  ( 1 9 5 4 ) ,  t h e  e m p i r i c a l  m e a s u r e m e n t  o f  t h e  v a l u e  o f
( d e m a n d  f o r )  p u b l i c  g o o d s  o n l y  r e c e n t l y  h a s  r e c e i v e d  i n c r e a s e d  a t t e n t i o n .
P e r h a p s  t h e  b e s t  k n o w n  a n d  m o s t  w i d e l y  a c c e p t e d  e m p i r i c a l  a p p r o a c h  h a s  b e e n
t h e  u s e  o f  h e d o n i c  p r i c e s  w h e r e i n ,  f o r  e x a m p l e ,  i t  i s  a s s u m e d  t h a t  e i t h e r
w a g e s  o r  h o u s i n g  v a l u e s  r e f l e c t  s p a t i a l  v a r i a t i o n  i n  p u b l i c  g o o d  c h a r a c t e r i s -
t i c s  o f  d i f f e r e n t  c o m m u n i t i e s . T h i s  i n d i r e c t  a p p r o a c h ,  b a s e d  o n  t h e o r e t i c a l
w o r k  o f  T i e b o u t  (1956)  , L a n c a s t e r  ( 1 9 6 6 ) ,  R o s e n  (197f+) a n d  o t h e r s  h a s  p r o v e n
q u i t e  s u c c e s s f u l . A m o n g  p u b l i c  g o o d s  o r  b a d s  w h i c h  h a v e  b e e n  v a l u e d  u s i n g
t h e  h e d o n i c  a p p r o a c h  a r e  c l i m a t e  [Hoch ( 1 9 7 4 ) ] ,  a i r  p o l l u t i o n  [ A n d e r s o n  a n d
Crocker ( 1 9 7 1 )  a n d  H a r r i s o n  a n d  Rubinfeld (1978)1, Social i n f r a s t r u c t u r e
[ C u m m i n g s ,  e t  a l . ( 1 9 7 8 ) ]  a n d  o t h e r  c o m m u n i t y  c h a r a c t e r i s t i c s  s u c h  a s  n o i s e
l e v e l  [ N e l s o n  ( 1 9 7 9 ) ]  a n d  e t h n i c  c o m p o s i t i o n  [Schnare ( 1 9 7 6 ) ] .

A n  a l t e r n a t i v e  a p p r o a c h  i s  t o  d i r e c t l y  a s k  h o u s e h o l d s  o r  i n d i v i d u a l s
t o  s t a t e  t h e i r  w i l l i n g n e s s  t o  p a y  f o r  p u b l i c  g o o d s  u s i n g  s u r v e y  t e c h n i q u e s .
D e s p i t e  a r g u m e n t s  t h a t  s t r a t e g i c  b i a s  w i l l  i n v a l i d a t e  s u r v e y  r e s u l t s ,  t h e r e
e x i s t s  t h e  n e e d  f o r  a n  a l t e r n a t i v e  t o  t h e  h e d o n i c  a p p r o a c h . A s  a n  e x a m p l e ,
c o n s i d e r  t h e  c a s e  o f  a  r e m o t e  a n d  u n i q u e  s c e n i c  v i s t a ,  v a l u a b l e  t o  r e c r e a t o r s ,
w h i c h  i s  t h r e a t e n e d  b y  a
t y p i c a l  s i t u a t i o n  i n  t h e
p r i n c i p l e , t o  i m p u t e  t h e
d e c l i n e  i n  l o c a l  v i s i t a t
i n f o r m a t i o n  o n  t h e  v a l u e
struction f o r  s o c i a l l y  OI
c o n t r o l  e q u i p m e n t . T h e  I

r  p o l l u t i o n  f r o m  a  p r o p o s e d  c o a l  f i r e d  p l a n t - - a
W e s t e r n  U n i t e d  S t a t e s . A l t h o u g h  i t  i s  p o s s i b l e ,  i n
v a l u e  o f  c l e a n  a i r  a n d  v i s i b i l i t y  f r o m  t h e  r e l a t i v e
o n  w h i c h  m i g h t  f o l l o w  c o n s t r u c t i o n  o f  a  p o w e r  p l a n t ,
o f  v i s i b i l i t y  a t  t h e  s i t e  i s  n e e d e d  p r i o r  t o  con-
timal d e c i s i o n m a k i n g  o n  p l a n t  l o c a t i o n  a n d  p o l l u t i o n
e d o n i c  a p p r o a c h  i s  u n a v a i l a b l e  b o t h  b e c a u s e  t h e

s c a r c i t y  o f  l o c a l  p o p u l a t i o n - - a s  o p p o s e d  t o  r e c r e a t o r s - - m a k e s  u s e  o f  w a g e  o r
p r o p e r t y  v a l u e  d a t a  i m p o s s i b l e  a n d  b e c a u s e  s c e n i c  v i s t a s  m a y  t h e m s e l v e s  b e
un i que. F o r  t h e s e  ’ r e a s o n s ,  R a n d a l l  e t  a l .  ( 1 9 7 4 )  f i r s t  a p p l i e d  s u r v e y
m e t h o d s  f o r  v a l u i n g  v i s i b i l i t y  a n d  o t h e r  e n v i r o n m e n t a l  e f f e c t s  o f  l a r g e  c o a l
f i r e d  p o w e r  p l a n t s  i n  t h e  F o u r  C o r n e r s  r e g i o n  o f  N e w  M e x i c o .  S i n c e  t h i s
i n i t i a l  a p p l i c a t i o n , t h e  s u r v e y  a p p r o a c h  h a s  b e e n  w i d e l y  u s e d  t o  v a l u e  e n v i r -
o n m e n t a l  c o m m o d i t i e s  w h e r e  m a r k e t  d a t a  f o r  h e d o n i c  a n a l y s i s  i s  d i f f i c u l t  t o
a c q u i r e  [ s e e , f o r  e x a m p l e ,  B r o o k s h i r e , I v e s  a n d  Schulze ( 1 9 7 6 ) ,  R o w e ,  e t  a l .
(198o), a n d  B r o o k s h i r e ,  e t  a l .  ( [ 1 9 8 0 ] ) .  O t h e r  early a t t e m p t s  t o
v a l u e  p u b l i c  g o o d s  u s i n g  t h e  s u r v e y  a p p r o a c h  i n c l u d e  D a v i s  ( 1 9 6 3 ) ,  B o h m
(1972) a n d  H a m m a c k  a n d  B r o w n  (1 9 7 4 ) .
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A l t h o u g h  r e s u l t s  o f  u s i n g  t h e  s u r v e y  a p p r o a c h  f o r  e s t i m a t i n g  t h e  v a l u e
o f  p u b l i c  g o o d s  a p p e a r  t o  b e  i n t e r n a l l y  c o n s i s t e n t ,  repl icable a n d  c o n s i s t e n t
w i t h  d e m a n d  t h e o r y  [ s e e  Schulze e t  a l . (forthcoming)], no external  v a l i d a -
t i o n  h a s  b e e n  r e p o r t e d  ( i . e . , a  c o m p a r a t i v e  a n a l y s i s  u s i n g  a n o t h e r  a p p r o a c h
i n d e p e n d e n t  o f  t h e  s u r v e y  h a s  n o t  b e e n  c o n d u c t e d ) .  T h u s ,  t h e  p u r p o s e  o f  t h i s
p a p e r  i s  t o  r e p o r t  o n  a n  e x p e r i m e n t  d e s i g n e d  t o  v a l i d a t e  t h e  s u r v e y  a p p r o a c h
b y  d i r e c t  c o m p a r i s o n  t o  a  h e d o n i c  p r o p e r t y  v a l u e  s t u d y .

T h e  L o s  Angel~s ‘ m e t r o p o l i t a n  area w a s  c h o s e n  f o r  t h e  e x p e r i m e n t  b e c a u s e
o f  t h e  w e l l  d e f i n e d  a i r  p o l l u t i o n  p r o b l e m  a n d  b e c a u s e  o f  t h e  e x i s t e n c e  o f
d e t a i l e d  p r o p e r t y  v a l u e  d a t a . Twelve c e n s u s  t r a c t s  w e r e  c h o s e n  f o r  s a m p l i n g
w h e r e i n  2g0 h o u s e h o l d  i n t e r v i e w s  w e r e  c o n d u c t e d  d u r i n g  M a r c h ,  1978. R e s p o n -
d e n t s  w e r e  a s k e d  t o  p r o v i d e  t h e i r  w i l l i n g n e s s  t o  p a y  f o r  a n  i m p r o v e m e n t  i n
a i r  qual i t y  a t  t h e i r  c u r r e n t  l o c a t i o n . A i r  q u a l i t y  w a s  d e f i n e d  a s  p o o r ,
fa~r, o r  g o o d  b a s e d  b o t h  o n  m a p s  o f  t h e  r e g i o n  ( t h e  p o l l u t i o n  g r a d i e n t  a c r o s s
t h e  L o s  A n g e l e s  M e t r o p o l i t a n  A r e a  i s  b o t h  w e l l  d e f i n e d  a n d  w e l l  u n d e r s t o o d  b y
local r e s i d e n t s )  a n d  o n  p h o t o g r a p h s  o f  a  d i s t a n t  v i s t a  r e p r e s e n t a t i v e  o f  t h e
d i f f e r i n g  a i r  q u a l i t y  l e v e l s . H o u s e h o l d s  i n  p o o r  a i r  q u a l i t y  a r e a s  w e r e
a s k e d  t o  v a l u e  a n  i m p r o v e m e n t  t o  f a i r  a i r  q u a l i t y  w h i l e  t h o s e  i n  f a i r  a r e a s
w e r e  a s k e d  t o  v a l u e  a n  i m p r o v e m e n t  t o  g o o d  a i r  q u a l i t y . H o u s e h o l d s  i n  g o o d
a i r  q u a l i t y  a r e a s  w e r e  a s k e d  t h e i r  w i l l i n g n e s s  t o  p a y  f o r  a  r e g i o n - w i d e  i m -
p r o v e m e n t  i n  a i r  q u a l i t y . T h e  r e g i o n - w i d e  r e s p o n s e s  a r e  r e p o r t e d  e l s e w h e r e
[ B r o o k s h i r e ,  e t  a l .  ( 1 9 8 0 ) ] .

F o r  c o m p a r i s o n  t o  t h e  s u r v e y  r e s p o n s e s , d a t a  w a s  o b t a i n e d  o n  6 3 4  s i n g l e
f a m i l y  h o m e  s a l e s  w h i c h  o c c u r r e d  b e t w e e n  J a n u a r y ,  1 9 7 7  a n d  M a r c h ,  1978 e x-

c l u s i v e l y  i n  t h e  t w e l v e  connnunities  u s e d  f o r  t h e  s u r v e y  a n a l y s i s . A s  w e  s h o w
i n  t h e  n e x t  s e c t i o n ,  h o u s e h o l d s ,  i n  t h e o r y , w i l l  c h o o s e  t o  l o c a t e  a l o n g  a
p o l l u t i o n - r e n t  g r a d i e n t , p a y i n g  m o r e  f o r  h o m e s  i n  c l e a n  a i r  a r e a s  b a s e d  o n
i n c o m e  a n d  t a s t e s . H o w e v e r ,  c e t e r i s  p a r i b u s ,  w e  s h o w  t h a t  t h e  a n n u a l i z e d
c o s t  d i f f e r e n c e  b e t w e e n  h o m e s  i n  t w o  d i f f e r e n t  a i r  q u a l i t y  a r e a s  ( t h e  r e n t
d i f f e r e n t i a l  f o r  p o l l u t i o n )  w i l l  i n  t h e o r y  e x c e e d  t h e  a n n u a l  w i l l i n g n e s s  t o
p a y  f o r  a n  e q u i v a l e n t  i m p r o v e m e n t  i n  a i r  q u a l i t y  f o r  a  h o u s e h o l d  i n  t h e  l o w e r
a i r  q u a l i t y  a r e a . T h u s ,  t h e  r e n t  d i f f e r e n t i a l  a s s o c i a t e d  w i t h  a i r  q u a l i t y
i m p r o v e m e n t  f r o m  h e d o n i c  a n a l y s i s  o f  t h e  p r o p e r t y  v a l u e  d a t a  m u s t  e x c e e d  e s -
t i m a t e s  o f  h o u s e h o l d  w i l l i n g n e s s  t o  p a y  f o r  t h e  s u r v e y  r e s p o n s e s ,  i f  t h e  s u r -
v e y  r e s p o n s e s  a r e  a  val i d  m e a s u r e  o f  t h e  v a l u e  o f  a i r  q u a l  i t y  i m p r o v e m e n t s .
S e c t i o n  3  d e s c r i b e s  t h e  d a t a  a n a l y s i s  a n d  e x p e r i m e n t a l  d e s i g n  i n  m o r e  d e t a i l .

W e  a l s o  c o n j e c t u r e  t h a t  t h e  w i l l i n g n e s s  t o  p a y  f o r  a i r  q u a l i t y  i m p r o v e -
m e n t s  i s  g r e a t e r  t h a n  z e r o  f o r  r e s i d e n t s  i n  o u r  s a m p l e  c o m m u n i t i e s  b a s e d  o n
s t a t e w i d e  p o l i t i c a l ’  s u p p o r t  f o r  a i r  q u a l i t y  r e g u l a t i o n . T h e  S t a t e  o f
C a l i f o r n i a , p r i n c i p a l l y  i n  r e s p o n s e  t o  t h e  a i r  p o l l u t i o n  p r o b l e m  i n  t h e  L o s
A n g e l e s  M e t r o p o l i t a n  a r e a , h a s  l e d  t h e  n a t i o n  i n  i m p o s i n g  a u t o m o b i l e  e m i s -
s i o n s  s t a n d a r d s . T h e  a u t o m o b i l e  i n d u s t r y , u n d e r  p r e s s u r e  f r o m  t h e  C a l  ifornia
L e g i s l a t u r e , i n s t a l l e d  t h e  f i r s t  p o l l u t i o n  c o n t r o l  d e v i s e s  o n  C a l i f o r n i a  c a r s
i n  1961. T h i s  i n i t i a l  s t e p  w a s  f o l l o w e d  n a t i o n a l l y  i n  1 9 6 3 .  A g a i n ,  C a l i f o r -
n i a  i m p o s e d  t h e  f i r s t  e x h a u s t - e m i s s i o n  c o n t r o l  r e g u l a t i o n s  i n  1 9 6 6 ,  l e a d i n g
t h e  n a t i o n  b y  t w o  y e a r s .  O v e r  t h e  d e c a d e  o f  t h e  1 9 7 0 ’ s ,  C a l i f o r n i a  h a s  h a d
m o r e  s t r i n g e n t  a u t o m o t i v e  e m i s s i o n  s t a n d a r d s  t h a n  F e d e r a l
i n  h i g h e r  i n i t i a l  c o s t s  a n d  s a c r i f i c e s  i n  b o t h  p e r f o r m a n c e  i
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I n  s p i t e  o f  t h e s e  d i f f i c u l t i e s ,  p o l i t i c a l  s u p p o r t ,  a s  r e f l e c t e d  b o t h  i n  t h e
S t a t e  L e g i s l a t u r e  a n d  i n  seyeral  a d m i n i s t r a t i o n s ,  h a s  r e m a i n e d  s t r o n g  f o r
a u t o  e m i s s i o n  c o n t r o l s .

I n  S e c t i o n  4 t h e  r e s u l t s  o f  t h e  h y p o t h e s e s  t e s t s  a r e  p r e s e n t e d .  A s
T a b l e  2  i l l u s t r a t e s , r e s u l t s  o f  t h e  e x p e r i m e n t  c a n  b e  s u m m a r i z e d  a s  f o l l o w s :
I n  t h e  n i n e  c e n s u s  t r a c t s  w h e r e  a i r  q u a l i t y  i m p r o v e m e n t s  a r e  p o s s i b l e  ( p o o r

a n d  f a i r  communities),, .we c a n n o t  r e j e c t  o u r  d u a l  h y p o t h e s e s  t h a t ,  i n  e a c h
c e n s u s  t r a c t , h o u s e h o l d  w i l l i n g n e s s  t o  p a y  f o r  a i r  q u a l i t y  i m p r o v e m e n t s ,  a s
e s t i m a t e d  b y  s u r v e y i n g  h o u s e h o l d s , f a l l s  b e l o w  e q u i v a l e n t  p r o p e r t y  v a l u e  r e n t
d i f f e r e n t i a l s  a n d  l i e s  a b o v e  z e r o . W e  v i e w  t h e s e  r e s u l t s  a s  a  q u a l i f i e d
v e r i f i c a t i o n  o f  t h e  s u r v e y  a p p r o a c h  f o r  e s t i m a t i n g  t h e  v a l u e  o f  p u b l i c  g o o d s .
F u r t h e r  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  i s  c o n t a i n e d  i n  t h e  c o n c l u d i n g  r e m a r k s
o f f e r e d  i n  S e c t i o n  5 .

A THEORETICAL BASIS

T h e  p r o p e r t y  v a l u e  a n d  t h e  s u r v e y  a p p r o a c h e s  f o r  v a l u i n g  p u b l i c  g o o d s
h a v e  r e c e i v e d  c o n s i d e r a b l e  t h e o r e t i c a l  s c r u t i n y . P r o p e r t y  v a l u e  s t u d i e s  a r e
c o n c e p t u a l l y  b a s e d  o n  h e d o n i c  p r i c e  t h e o r y  a s  d e v e l o p e d  b y  R o s e n  (1974) a n d
r e c e n t l y  s u m m a r i z e d  b y  F r e e m a n  ( 1 9 7 9 ) . T h e  s u r v e y  a p p r o a c h  h a s  b e e n  m o d e l e d
u s i n g  s t a n d a r d  c o n c e p t s  o f  c o n s u m e r  s u r p l u s  b y  R a n d a l l  e t  a l .  (197f+), B o h m
( 1 9 7 2 ) ,  a n d  B r o o k s h i r e e t  a l . ( 1 9 7 6 )  w h e r e  t h e  l a t t e r  t w o  a n a l y s e s  also
f o c u s  o n  t h e  p o s s i b i l i t y  o f  s t r a t e g i c  b e h a v i o r . T h e  c o n s i d e r a b l e  e m p i r i c a l
e v i d e n c e  n o w  a v a i l a b l e  s u g g e s t s  t h a t  s t r a t e g i c  b i a s  m a y  b e  o f  l i t t l e  c o n s e -
q u e n c e  b o t h  i n  s u r v e y  w o r k  [ S e e  B r o o k s h i r e  e t  a l .  (1980) a n d  R o w e  e t  a l .
(1980)1 and in =wrimental economics [s-= Grether and Plott (1979), $=herr
a n d  B a b b  ( 1 9 7 5 )  a n d  S m i t h  ( 1 9 7 7 ) ] . H o w e v e r ,  o t h e r  t y p e s  o f  b i a s  m a y  s t i l l
inval i d a t e  a  s u r v e y  a p p r o a c h  f o r  v a l u i n g  p u b l i c  g o o d s . I t  h a s  e v e n  b e e n
s u g g e s t e d  t h a t  t h e  s u r v e y  a p p r o a c h  p r o d u c e s  “ n o i s e ”  s i n c e  r e s p o n s e s  a r e
p u r e l y  h y p o t h e t i c a l  a n d  h a v e  n o  n e c e s s a r y  c o n n e c t i o n  t o  a c t u a l  b u d g e t a r y
d e c i s i o n s .

I n  t h i s  s e c t i o n , a  s i m p l e  t h e o r e t i c a l  m o d e l  i s  d e v e l o p e d  f o r  c o m p a r i s o n
o f  s u r v e y  r e s p o n s e s  t o  a  p r o p e r t y  v a l u e  s t u d y  f o r  v a l u i n g  a i r  q u a l i t y  i m -
p r o v e m e n t s  i n  t h e  L o s  A n g e l e s  r e g i o n  i n  o r d e r  t o  d e t e r m i n e  i f  v a l i d  p u b l i c
g o o d  m e a s u r e s  c a n  b e  o b t a i n e d  f r o m  s u r v e y  d a t a .

W e  u s e  t h e  f o l l o w i n g  n o t a t i o n :

Let P = t h e  l e v e l  o f  a i r  p o l l u t i o n

x =  c o n s u m p t i o n  o f  a  c o m p o s i t e  commod’ t y  e x c  uding  h o u s i n g

c =  u n i t  c o s t  o r  p r i c e  o f  t h e  c o m p o s i t e  c o m m o d i t y  X

R =  r e n t  o r  p e r i o d i c  c o s t  o f  h o u s i n g

Y =  h o u s e h o l d  i n c o m e

a n d  U(P,X) =  h o u s e h o l d  u t i l i t y ,  a  d e c r e a s i n g  f u n c t i o n  o f  p o l l u t i o n  U p  < 0
2

a n  i n c r e a s i n g  f u n c t i o n  o f  c o n s u m p t i o n  Ux < 0 .
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E a c h  h o u s e h o l d  m a x i m i z e s  u t i l i t y , U[P,X), s u b j e c t  t o  t h e  b u d g e t  c o n s t r a i n t :

Y-cx- R ( P )  = 0

w h e r e  w e  a s s u m e  t h e  e x i s t e n c e  o f  a  c o n t i n u o u s  d i f f e r e n t i a b l e  r e n t  g r a d i e n t
R(P)  . [ S e e  R o s e n  ( 1 9 7 4 ) ]  f o r  a  c o m p l e t e  d i s c u s s i o n  o f  t h e  g e n e r a t i o n  a n d
e x i s t e n c e  o f  r e n t  g r a d i e n t s . O u r  m o d e l  i s  a  s i m p l e  a d a p t a t i o n  o f  R o s e n ’ s ,
s o  w e  w i l l  n o t  elabqrat,e  h e r e . ) T w o  d i s t i n c t  c h o i c e s  a r e  m o d e l e d :  c o n s u m p -
t i o n  o f  t h e  c o m p o s i t e  c o m m o d i t y , X ,  a n d  t h a t  o f  h o u s i n g  l o c a t i o n  b y  p o l l u t i o n
l e v e l ,  P . P r e s u m a  l y ,  l o w e r  r e n t s  w i l l  b e  p a i d  f o r  h o m e s  i n  m o r e  poiluted
a r e a s , s o  R’(P)<O. ) T h e  f i r s t  o r d e r  c o n d i t i o n s  f o r  c h o i c e  o f  P  a n d  X  imply -
t h a t

‘ P
— =  R ’ ( P )c Ux

o r  t h a t  t h e  m a r g i n a l  r a t e  o f  s u b s t i t u t i o n  b e t w e e n  p o l l u t i o n ,  P ,  a n d  t h e
c o m p o s i t e  c o m m o d i t y , X ,  v a l u e d  a t  t h e  c o s t  o f  t h e  c o m p o s i t e  c o m m o d i t y ,  C ,
e q u a l s  t h e  s l o p e  o f  t h e  r e n t  g r a d i e n t  R ’  ( P )  a t  e q u i l i b r i u m  l o c a t i o n  a n d
c o n s u m p t i o n  l e v e l s .

F i g u r e  1 i l l u s t r a t e s  t h e  s o l u t i o n  g r a p h i c a l l y  a n d  a l l o w s  u s  t o  s t r u c -
t u r e  h y p o t h e s e s  f o r  t e s t i n g  t h e  v a l i d i t y  o f  s u r v e y  r e s u l t s  i n  c o m p a r i s o n  t o
t h e  p r o p e r t y  v a l u e  a p p r o a c h . T h e  v e r t i c a l  a x i s  m e a s u r e s  t h e  q u a n t i t y  o f  t h e
c o m p o s i t e  c o m m o d i t y ,  X ,  w h e r e  w e  a s s u m e  t h a t  t h e  c o s t ,  C ,  o f  t h e  c o m p o s i t e
c o m m o d i t y  i s  u n i t y ;  i . e . , t h e  v e r t i c a l  a x i s  m e a s u r e s  d o l l a r s  a: well.
P o l l u t i o n  i s  o n  t h e  h o r i z o n t a l  a x i s . G i v e n  h o u s e h o l d  i n c o m e  Y  ,  t h e  b u d g e t
c o n s t r a i n t ,  s h o w n  a s  Y “  - R ( P )  i n  F i g u r e  1 ,  i s  o b t a i n e d  b y  v e r t i c a l l y  s u b -
t r a c t i n g  t h e  r e n t  g r a d i e n t ,  R ( P ) . T h u s ,  h o u s e h o l d  A  w i t h  p r e f e r e n c e s  s h o w n
b y  i n d i f f e r e n c e  c u r v e  1 ° w o u l d  m a x i m i z e  u t i l i t y  a t  p o i n t  “ a ” ,  c h o o s i n g  t o
l o c a t e  a t  p o l l u t i o n  l e v e! P“l c o n s u m e  X“ a n d  p a y  r e n t  RO .  I f  h o u s e h o l d  A’s

~;c~~ w e r e  t o  i n c r e a s e  to Y , t h e  b u d g e t  c o n s t r a i n t  w o u l d  s h i f t  v e r t i c a l l y
-  R ( P )  a n d  t h e  samelhousehold  w o u l d  r e l o c a t e ,  c~oosing p o i n t  “ b ” ,  a t

a  l o w e r  p o l l u t i o n  level P w i t h  hig~er c o n s u m p t i o n ,  X  ,  g i v e n  t a s t e s  a s
r e p r e s e n t e d  b y  i n d i f f e r e n c e  c u r v e  I lternatively, a n o t h e r  h o u s e h o l d ,  B ,

& $ WOLlhj Ch-:po::: ;::;e:o:;:ingw i t h ,  i n c o m e  YO, b u t  t a s t e s  a s  s h o w n
at P !“a s  w e l l ,  b u t  c h o o s i n g  l o w e r  consump  Ion X .
i n c o m e  e n t e r  l o c a t i o n  d e c i s i o n s  o v e r  p o l l u t i o n  l e v e l s .

T h e  s u r v e y  a p p r o a c h  u s e d  i n  t h e  L o s  A n g e l e s  m e t r o p o l i t a n  a r e a  t o
o b t a i n  a n  estimate’of  t h e  vaIue o f  a i r  q u a l i t y  a s k e d  h o u s e h o l d s  h o w  m u c h ,  a t
m o s t ,  t h e y  w o u l d  b e  w i l l i n g  t o  p a y  f o r  a n  i m p r o v e m e n t  i n  a i r  q u a l i t y  a t  t h e
s i t e  w h e r e  t h e y  p r e s e n t l y  l i v e . T h u s ,  t h e  h o u s e h o l d  i n  e q u i l i b r i u m ~t p o i n t
“ a ”  i n  F i g u r e  1  w a s  a s k e d  h o w  m u c h  X  i t  w o u l d  f o r e g o  t o  e x p e r i e n c e  P
r a t h e r  t h a n  P O  w h i l e  m a i n t a i n i n g  t h e  sam u t i l i t y  l e v e l . P r e s u m a b l y ,  house-
h~ld A  would b e i n d i f f e r e n t  b e t w e e n  p o i n t s  “ a ”  a n d  “ c ”  a n d  b e  w i l l i n g  to p a y
W  d o l l a r s  ( o r  u n i t s  o f  X )  t o  a c h i e v e  a  r e d u c t i o n  i n  a i r  p o l l u t i o n  o f  A P .
U n f o r t u n a t e l y , a s  i s  i l l u s t r a t e d  i n  F i g u r e  1 ,  t h e  b u d g e t  c o n s t r a i n t ,  Y “  -  R ( p ) ,
o b t a i n a b l e  b y  e s t i m a t i n g  t h e  r e n t  g r a d i e n t  functio~, R ( p ) ,  d o e s  n o t  p r o v i d e
i n f o r m a t i o n  o n  t h e  b i d  f o r  i m p r o v e d  a i r  q u a l i t y ,  W  . R a t h e r ,  t h e  c h a n g e  i n
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r e n t  b e t w e e n  l o c a t i o n s  w i t h  a i r  q u a l i t y  l e v e l s  P“ a n d  P ’ ,  A R  i n  Fi Ure 1,
m u s t ,  f o r  a n y  h o u s e h o l d  l o c a t e d  a t ?“ a ” ,  e q u a l  o r  e x c e e d  t h e  b i d ,  \ ,  i f  t h e
s e c o n d  o r d e r  c o n d i t i o n s  f o r  t h e  h o u s e h o l d  o p t i m i z a t i o n  p r o b l e m  a r e  g e n e r a l l y
s a t i s f i e d . T h u s ,  w e  c a n  e s t a b l i s h  a n  u p p e r  b o u n d  o n  t h e  w i l l i n g n e s s  t o  p a y
f o r  a i r  q u a l i t y  i m p r o v e m e n t  b y  ex~mining t h e  r e n t  g r a d i e n t . F o r  e x a m p l e ,  i f
h o u s e h o l d  B  h a d  a  l o w e r  i n c o m e ,  Y  ,  i t  w o u l d  l o c a t e  a t  p o i n t  “ e ” .  E v e n  t h o u g h
busehold B  i s  n o w  l o c a t e d  a t  p o l l u t i o n  leve~ P “  l i k e  household  A ,  i t s  b i d
f o r  a n  a i r  q u a l i t y  i m p r o v e m e n t  AP w o u l d  b e  W  , s m a l l e r  t h a n  W  y e t  still l e s s
t h a n  A R . T h u s , i f  s u r v e y  b i d s  a r e  a  v a l i d  m e a s u r e  o f  w i l l i n g n e s s  t o  p a y  f o r
a i r  q u a l i t y  i m p r o v e m e n t s  t h e n  A R  > W .

T h i s  h y p o t h e s i s  h o l d s  f o r  e a c h  h o u s e h o l d  e v e n  i f  w e  c o n s i d e r  t h e  c a s e
o f  m u l t i p l e  h o u s i n g  a t t r i b u t e s . I n c l u d i n g  o t h e r  a t t r i b u t e s  s u c h  a s  s q u a r e
f o o t a g e  o f  t h e  h o m e , bathrooqs, f i r e p l a c e s , n e i g h b o r h o o d  c h a r a c t e r i s t i c s ,
e t c . ,  d e n o t e d  b y  t h e  v e c t o r  Z , t h e  m o d e l  i s  r e v i s e d  a s  f o l l o w s :

M a x  U(1, P ,  x )

St. ‘i - Cx -R(~, P)=O

w i t h  f i r s t  o r d e r  c o n d i t i o n s 4

‘ P
— =  Rp(~,P)c  U x

u?
a n d R-@,P).

CT= z
A

T h e s e  f i r s t  o r d e r  c o n d i t i o n s  c o n s t i t u t e , along w i t h  f r e q u e n c y  d i s t r i b u t i o n s
f o r  h o u s i n g  c h a r a c t e r i s t i c s  a n d  h o u s e h o l d  p r e f  r e n c e s ,  a  s y s t e m  o f  p a r t i a l
d i f f e r e n t i a l  e q u a t i o n s  w h i c h  s o l v e  f o r  R(~,P).3 T h u s ,  a  h e d o n i c  r e n t  g r  -
c l i e n t  i s  d e f i n e d  f o r  p o l l u t i o n , ?P ,  a n d  o t h e r  h o u s e h o l d  c h a r a c t e r i s t i c s ,  ,
a s  w e l l .

A s  i s  i l l u s t r a t e d  i n  F i g u r e  1, i n  w h i c h  h o u s i n g  c h a r a c t e r i s t i c s  o t h e r
t h a n  p o l l u t i o n  a r e  n o t  i n c o r p o r a t e d , b u d g e t  c o n s t r a i n t s  f o r  d i f f e r e n t  h o u s e -
h o l d s  a r e  o b t a i n e d  b y  v e r t i c a l l y  s h i f t i n g  t h e  s a m e  r e n t  g r a d i e n t .  T h u s ,  all
h o u s e h o l d s  f a c e  t h e  s a m e  r e n t  d i f f e r e n t i a l  A R  f o r  a  c h a n g e  i n  polluti n le elRl(
A P  e v e n  t h o u g h  w i l l i n g n e s s  t o  p a y  f o r  t h a t  c h a n g e  m a y  d i f f e r ,  i . e . ,  W  #  W  .
H o w e v e r , turning+~o  F i g u r e 2 ,  h o u s e h o l d  A ,  l o c a t e d  a t  P “ ,  m a y  o c c u p y  a  h o u s e
w i t h  a t t r i b u t e s  Z  w h i l e  h o u s e h o l d

?
*also l o c a t e d  a t  P“ m a y  occupyAa h o u s e

with a  d i f f e r e n t  s e t  o f  a t t r i b u t e s H o u s e h o l d  A ,  w i t h  i n c o m e  Y w o u l d
t h e n  f a c e  a  r e n t  g r a d i e n t  like t h a t  s;own  i n  Figure 2  d e f i n e d  b y  R(?A, P )  a n d
c h o o s e  p o i n t  “ a ” , bu~ h o u s e h o l d  B  w i t h  i n c o m e  Y ,  w o u l d  n o w  f a c e  a  d i f f e r e n t
r e n t  g r a d i e n t  o f  R(Z , P )  a n d  c h o o s e  t o  l o c a t e  a t  p o i n t  “ b ” . T h e r e f o r e ,
h o u s e h o l d s  w i t h  d i f f e r e n t  h o u s i n g  c h a r a c t e r i s t i c s  m a y  f a c e  d i f f e r e n t  r e n t
g r a d i e n t s  o v e r  p o l l u t i o n  w h e n  p r o j e c t e d  i n  t h e  ( X ,  P )  p l a n e . In  genera l ,  A R ,
u n l i k e  t h e  c a s e  s h o w n  i n  F i g u r e  1 , w i l l  n o  l o n g e r  b e  c o n s t a n t  a c r o s s  h o u s e -
h o l d s  a t  t h e  s a m e  l o c a t i o n . H o w e v e r ,  f o r  e a c h  h o u s e h o l d  ii( i  =  A ,  B  i n
F i g u r e  2 ) ,  i t  i s  still t r u e  t h a t  t h e  r e n t  d i f f e r e n t i a l ,  A R  ,  f o r  a  c h a n g e  i n
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p o l l u t i o n  A P , c a l c u l a t e d  f o r  the f i x e d  v e c t o r  o f  lysiw  c h a r a c t e r i s t i c s  Ii,
w i l l  e x c e e d  t h a t  h o u s e h o l d ’ s  w i l l i n g n e s s  t o  p a y ,  W  ,  f o r  t h e  s a m e  c h a n g e  i n
p o l l u t i o n  l e v e l  a t  t h e  s a m e  l o c a t i o n . N o t e  t h a t  h o u s e h o l d s  w e r e  a s k e d  t h e i r
w i l l i n g n e s s  ta p a y  w i t h  t h e  spec~~ic  a s s u m p t i o n  t h a t  t h e y  r e m a i n e d  i n  t h e
s a m e  h o u s e  a n d  l o c a t i o n . T h u s ,  Z  , f o r  a  p a r t i c u l a r  h o u s e h o l d  w a s  t r u l y  f i x e d
- - a l l o w i n g  t h e  s i m p l e  a n a l y s i s  i n  t h e  (X,P) plane a s  shown in F i g u r e  2 .

T h e  f i r s t  h y p o t h e s i s  f o r  t e s t i n g  t h e  v a l i d i t y  o f  t h e  s u r v e y  appr~ac~
c a n  b e  c o n s t r u c t e d  a s  f o l l o w s : f o r  e a c h  h o u s e h o l d  i  i n  a  c o m m u n i t y ,  A R  &W .
I t  t h e n  f o l l o w s  t h a t  i n  e a c h  c o m m u n i t y  t h e  a v e r a g e  r e n t  d i f f e r e n t i a l _ a c r o s s—

h o u s e h o l d s ,  A R ,  m u s t  e q u a l  o r  e x c e e d  t h e  a v e r a g e  w i l l i n g n e s s  t o
i m p r o v e m e n t  i n  a i r  q u a l i t y . I n  o t h e r  w o r d s , i f  s u r v e y  b i d s  a r e
s u r e  o f  w i l l i n g n e s s  t o  p a y ,  t h e n  f o r  e a c h  c o m m u n i t y  i n  o u r  samp’
i . e . , a v e r a g e  w i l l i n g n e s s  t o  p a y  c a n n o t  e x c e e d  t h e  a v e r a g e  r e n t
O u r  s e c o n d  h y p o t h e s i s  i s  t h a t ,  g i v e n  t h e  p o l i t i c a l  h i s t o r y  o f  a
c o n t r o l  i n  t h e  S t a t e  o f  C a l i f o r n i a  a s  d e s c r i b e d  i n  t h e  introducl
b i d s  i n  e a c h  c o m m u n i t y  a r e  n o n - n e g a t i v e ,  W  > 0 .

p a y  W  f o r  a n
a  v a l i d  mea-
e, ZiT~’V,
d i f f e r e n t i a l .
r  p o l l u t i o n
i o n ,  m e a n

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

e s t i m a t e s  o f  t h e  m a r g i n a l  r a t e s  o f  s u b s t i t u t i o n  ( s l o p e s  o f  i n d i f f e r e n c e
c u r v e s )  b e t w e e n  p o l l u t i o n  a n d  o t h e r  g o o d s  ( m o n e y )  f o r  i n d i v i d u a l s  w i t h  p o s -
s i b l e  d i f f e r i n g  t a s t e s  a n d  i n c o m e . O n e  d o e s  n o t  h a v e  i n f o r m a t i o n  n e c e s s a r y
t o  e s t i m a t e , f o r  e x a m p l e ,  t h e  s h a p e  o f  1 “ i n  F i g u r e  1  s o l e l y  o n  t h e  b a s i s  o f
t h e  s l o p e  o f  t h e  b u d g e t  c o n s t r a i n t , R’(P”t, a t  p o i n t  a  .II II A t t e m p t s  t o  e s t i -
m a t e  i n d i v i d u a l  w i l l i n g n e s s  t o  p a y  (~ i n  F i g u r e  1) f r o m  h e d o n i c  r e n t  g r a -
d i e n t s  m u s t  t h u s  i n t r o d u c e  s t r o n g  a s s u m p t i o n s  a b o u t  t h e  n a t u r e  o f  p r e f e r e n c e s .
( S e e ,  f o r  a n  e x a m p l e  o f  a n  h e d o n i c  a p p r o a c h  w h i c h  d e r i v e s  w i l l i n g n e s s  t o  p a y
b y  m a k i n g  s u c h  a s s u m p t i o n s , Harrison and Rubinfeld [1978].

SAMPLING AND DATA ANALYSIS

T h e  p r e v i o u s  s e c t i o n  h a s  p r e s e n t e d  a  t h e o r e t i c a l  f r a m e w o r k  f o r  a  c o m -
p a r i s o n  b e t w e e n  t h e  s u r v e y  t e c h n i q u e  a n d  t h e  p r o p e r t y  v a l u e  a p p r o a c h  f o r
v a l u i n g  p u b l i c  g o o d s . I n  o r d e r  t o  e m p i r i c a l l y  i m p l e m e n t  t h e  c o m p a r i s o n ,  t h e
t w o  a p p r o a c h e s  r e q u i r e  a  c o n s i s t e n t  s a m p l i n g  p r o c e d u r e . T h i s  s e c t i o n  d e -
s c r i b e s  t h e  s a m p l i n g  p r o c e d u r e  a n d  r e s u l t s  o f  t h e  s e p a r a t e  s t u d i e s .

S a m p l i n g  w a s  r e s t r i c t e d  t o  h o u s e h o l d s  w i t h i n  t h e  L o s  A n g e l e s  m e t r o p o l i -
t a n  a r e a . T h e  f i r s t  c o n c e r n  w a s  a i r  p o l l u t i o n  d a t a .  A i r  m o n i t o r i n g  s t a t i o n s
a r e  l o c a t e d  t h r o u g h o u t  t h e  L o s  A n g e l e s  a r e a  p r o v i d i n g  r e a d i n g s  o n  n i t r o g e n
d i o x i d e  (N02), t o t a l  s u s p e n d e d  p a r t i c u l a t e  m a t t e r  (TSP) a n d  o t h e r  p o l l u t a n t s .
T h e  o b j e c t i v e  w a s  t o  r e l a t e  a s  c l o s e l y  a s  p o s s i b l e  t h e  r e a d i n g s  o f  t w o  c o n -
s t i t u e n t s  o f  a i r  p o l l u t i o n  ( N 02  a n d  T S P )  t o  c e n s u s  t r a c t s  u s e d  b o t h  f o r  t h e
p r o p e r t y  v a l u e  a n d  s u r v e y  s t u d i e s . T h e  a i r  s h e d  w a s  d i v i d e d  i  t o  t h e  f o l l o w -
i n g  a i r  q u a l i t y  r e g i o n s : 9

~good “  ( N 02  < 9 p p h m )  ( T S P  < 9 0  Mg/m ); “fa~r ’’3(N02
9 - 1 1  pphm) ( T S P  9 - 1 1 0  pg/m ) ;  a n d  “ p o o r ” (N02 > 11 pphm) ( T S P  > 110’ug/m ).
I m p r o v e m e n t s  f r o m  p o o r  t o  f a i r  a n d  f a i r  t o  g o o d  a c r o s s  t h e  r e g i o n  a r e  e a c h
a s s o c i a t e d  w i t h  a b o u t  a  3 0 %  r e d u c t i o n  i n  a m b i e n t  p o l l u t i o n  l e v e l s . C o n s i d -
e r a t i o n  w a s  g i v e n  t o  w i n d  p a t t e r n s  a n d  t o p o g r a p h y  o f  t h e  a r e a  i n  m a k i n g  t h e s e
d i s t i n c t i o n s .
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M a n y  v a r i a b l e s  m a y  a f f e c t  t h e  v a l u e  h o u s e h o l d s  p l a c e  o n  a i r  q u a l i t y .
T o  c o n t r o l  f o r  a s  m a n y  o f  t h e s e  a s  p o s s i b l e  i n  a d v a n c e  o f  t h e  a c t u a l  e x p e r i -
m e n t , t h e  s a m p l e  p l a n  i d e n t i f i e d  s i x  c o m m u n i t y  p a i r s  w h e r e  e a c h  p a i r  w a s
r e l a t i v e l y  h o m o g e n e o u s  w i t h  r e s p e c t  t o  s o c i o e c o n o m i c ,  h o u s i n g  a n d  commun”ty

kc h a r a c t e r i s t i c s ,  y e t  a l l o w e d  f o r  a  s i g n i f i c a n t  v a r i a t i o n  i n  a i r  q u a l i t y .

T h e  p r o p e r t y  v a l u e  a n a l y s i s  a t t e m p t s  t o  p r o v i d e  e x t e r n a l  v a l i d a t i o n  f o r
t h e  s u r v e y  a p p r o a c h . T h e  a b s e n c e  o f  s u c h  v a l i d a t i o n  e x p l a i n s  i n  o u r  v i e w ,
t h e  l a c k  o f  g e n e r a l  ”acceptance o f  s u r v e y  t e c h n i q u e s . T h e  o b j e c t i v e ,  t h e n ,  i s
t o  e s t i m a t e  t h e  h e d o n i c  r e n t  g r a d i e n t  R(2, P )  a n d  c a l c u l a t e  r e n t  d i f f e r e n -
t i a l s  a s s o c i a t e d  w i t h  t h e  p o o r - f a i r  a n d  f a i r - g o o d  a i r  q u a l i t y  i m p r o v e m e n t s
f o r  s a m p l e  c e n s u s  t r a c t s . T h e s e  r e s u l t s  a r e  t h e n  u t i l i z e d  f o r  c o m p a r i s o n  t o
t h e  s u r v e y  r e s u l t s .

A  h e d o n i c  r e n t  g r a d i e n t  w a s  e s t i m a t e d  i n  a c c o r d a n c e  w i t h  l i t e r a t u r e  a s
recent ly  summar ized by  Freeman (1979).~  Housing sale price is assumed to be
a f u n c t i o n  o f  h o u s i n g  s t r u c t u r e  v a r i a b l e s  ( 1  iving a r e a ,  b a t h r o o m s ,  f i r e -
p l a c e s ,  e t c . ) ,  n e i g h b o r h o o d  v a r i a b l e s  ( c r i m e  r a t e , s c h o o l  q u a l i t y ,  p o p u l a t i o n
d e n s i t y ,  e t c . ) ,  a c c e s s i b i l i t y  v a r i a b l e s  ( d i s t a n c e  e m p l o y m e n t  t o  c e n t e r s  a n d
b e a c h )  a n d  a i r  q u a l i t y ~s m e a s u r e d b y  t o t a l  s u s p e n d e d  p a r t i c u l a t e  (TSP) o r
n i t r o g e n  d i o x i d e  ( N O  ) .

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

v a r i a t i o n s  i n  a i r  P O  lution l e v e l s  a s  well a s  o t h e r  h o u s e h o l d ,  n e i g h b o r h o o d
a n d  a c c e s s i b i l i t y  a t t r i b u t e s  a r e  c a p i t a l i z e d  i n t o  h o m e  s a l e  p r i c e . I m p l i c i t
o r  h e d o n i c  p r i c e s  f o r  e a c h  a t t r i b u t e  a r e  t h e n  d e t e r m i n e d  b y  e x a m i n i n g  h o u s i n g
p r i c e s  a n d  a t t r i b u t e  l e v e l s .

T h e  p r o p e r t y  v a l u e  a n a l y s i s  w a s  c o n d u c t e d  a t  t h e  h o u s e h o l d  l e v e l  i n
o r d e r  t o  p r o v i d e  a n  a p p r o p r i a t e  c o m p a r i s o n  t o  t h e  s u r v e y  i n s t r u m e n t . Thus ,
t h e  h o u s e h o l d  d a t a  u s e d  w e r e  a t  t h e  m i c r o  l e v e l  o f  a g g r e g a t i o n  a n d  i n c l u d e  a
l a r g e  n u m b e r  o f  c h a r a c t e r i s t i c s . 9  D a t a  w a s  o b t a i n e d  f o r  634 s a l e s  o f  s i n g l e
f a m i l y  h o m e s  w h i c h  o c c u r r e d  b e t w e e n  J a n u a r y ,  1 9 7 7  a n d  M a r c h ,  1978 in t h e  “
c o m m u n i t i e s  used for  the  survey  ana lys is . I n  a d d i t i o n  t o  t h e  i m m e d i a t e  a t t r i -
b u t e s  o f  t h e  h o u s e h o l d ,  v a r i a b l e s  w h i c h  r e f l e c t e d  t h e  n e i g h b o r h o o d  a n d  c o m -
m u n i t y  w e r e  i n c l u d e d  t o  i s o l a t e  t h e  i n d e p e n d e n t  i n f l u e n c e  o f  a i r  q u a l i t y  d i f -
f e r e n t i a l s  o n  h o m e  s a l e  p r i c e .

AS ind icated  by  M~ler (1977) even under the P r e s u m p t i o n  o f  c o r r e c t
m o d e l  s p e c i f i c a t i o n ,  e s t i m a t i o n  o f  a  s i n g l e  e q u a t i o n  h e d o n i c  r e n t  g r a d i e n t
m a y  b e  h i n d e r e d  b y  s e v e r e  e m p i r i c a l  d i f f i c u l t i e s ,  p r i m a r i l y  m u l t i - c o l l i n e a r -
i t y .  W i t h  r e s p e c t  t o  t h i s  p r o b l e m , i n  e a c h  o f  t h r e e  d a t a  c a t e g o r i e s - - h o u s e -
h o l d ,  n e i g h b o r h o o d ,  a n d  a i r  q u a l i t y - - m u l t i - c o l l i n e a r i t y  f o r c e d  t h e  e x c l u s i o n
o f  v a r i a b l e s  a n d  the u s a g e  o f  p r o x y  v a r i a b l e s . F o r  i n s t a n c e ,  c o l l i n e a r i t y
b e t w e e n  n u m b e r  o f  r o o m s ,  n u m b e r  o f  b e d r o o m s  a n d  l i v i n g  a r e a  a s  q u a n t i t a t i v e
m e a s u r e s  o f  h o u s e  s i z e  a l l o w e d  t h e  u s e  o n l y  o n e - - l i v i n g  a r e a  w h i c h  s e r v e s  a s
a  p r o x y  f o r  all. F u r t h e r ,  s i n c e  h o u s i n g  d e n s i t y  a n d  p o p u l a t i o n  d e n s i t y  m e a -
s u r e  e s s e n t i a l l y  t h e  s a m e  p h e n o m e n o n , o n l y  t h e  f o r m e r  i s  u s e d  i n  t h e  e s t i -
m a t e d  e q u a t i o n s . T h e  e s t i m a t i o n  p r o c e d u r e  w a s  n o t  a b l e  t o  s e p a r a t e  o u t  t h e
i n d e p e n d e n t  i n f l u e n c e  o f  e a c h  a i r  p o l l u t a n t . T h u s ,  o n l y  o n e  p o l l u t i o n  m e a-

s u r e ,  e i t h e r  N02 o r  T S P , w a s  u t i l i z e d  t o  d e s c r i b e  t h e  l e v e l  o f  a i r  q u a l i t y .
I n  o r d e r  t o  p r o v i d e  i n f o r m a t i o n  c o n c e r n i n g  t h e  s e n s i t i v i t y  o f  o u r  a n a l y s i s ,
r e s u l t s  a r e  p r e s e n t e d  f o r  e a c h  o f  t h e s e  p o l l u t a n t s . F i n a l l y ,  c o n t r a r y  t o
e x p e c t a t i o n  a  c o l l i n e a r i t y  p r o b l e m  d i d  n o t  e x i s t  b e t w e e n  d i s t a n c e  f r o m  b e a c h

109

.,



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

T w o  a l t e r n a t i v e  n o n l i n e a r  s p e c i f i c a t i o n s  a r e  p r e s e n t e d  i n  T a b l e  1  a l -
t e r n a t i v e l y  u s i n g  N02 o r  T S P  t o  r e p r e s e n t  p o l l u t i o n  l e v e l  . ’ ”  A  n u m b e r  o f  a s -
p e c t s  o f  t h e  e q u a t i o n s  a r e  w o r t h  n o t i n g .

F i r s t ,  a p p r o x i m a t e l y  9 0 %  o f  t h e  v a r i a t i o n  i n  h o m e  s a l e  p r i c e  i s  e x -
p l a i n e d  b y  thevariatioil  i n  t h e  i n d e p e n d e n t  v a r i a b l e  s e t . S e c o n d ,  w i t h  o n l y
a  m i n o r  e x c e p t i o n ,  a l l  c o e f f i c i e n t s  p o s s e s s  t h e  e x p e c t e d  r e l a t i o n s h i p  t o  t h e
d e p e n d e n t  v a r i a b l e  a n d  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  o n e  p e r c e n t
l e v e l . T h e  e x c e p t i o n  i s  t h e  c r i m e  r a t e  i n  b o t h  t h e  N O  a n d  T S P  e q u a t i o n s .
T h i r d , i n  t h e i r  r e s p e c t i v e  e q u a t i o n s ,  t h e  l o g  f o r m  o f ?he p o l l u t i o n  v a r i a b l e s
h a v e  t h e  e x p e c t e d  n e g a t i v e  i n f l u e n c e  o n  s a l e  p r i c e  a n d  a r e  h i g h l y  s i g n i f i c a n t .
T h e  e s t i m a t e d  r e l a t i o n s h i p  b e t w e e n  h o u s e  s a l e  p r i c e  a n d  p o l l u t i o n  i s  t h e r e -
f o r e  c o n s i s t e n t  w i t h  t h e  g r a p h i c a l  a n a l y s i s  o f  S e c t i o n  2 ;  t h a t  i s ,  t h e  r e n t
g r a d i e n t  i s  c o n v e x  f r o m  b e l o w  i n  t h e  p o l l u t i o n / d o l l a r s  p l a n e . F i n a l l y ,  t h e
s t a b i l i t y  o r  r e l a t i v e  i n s e n s i t i v i t y  o f  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  t o  t h e
p a r t i c u l a r  p o l l u t i o n  v a r i a b l e  i n d i c a t e s  t h a t  i n d i v i d u a l s  h a v e  a n  a v e r s i o n  t o
p o l l u t i o n  i n  g e n e r a l  r a t h e r  t h a n  t o  a n y  o n e  p o l l u t a n t .

E s t i m a t i o n  o f  t h e  r e n t  g r a d i e n t  w a s  a l s o  c o m p l e t e d  u s i n g  o t h e r  f o r m s  o f
t h e  p o l l u t i o n  v a r i a b l e s  ( l i n e a r ,  s q u a r e d ,  c u b i c ) . W h e r e a s  t h e  s q u a r e d  a n d
c u b i c  t e r m s  d i d  n o t  d e m o n s t r a t e  s t a t i s t i c a l  s i g n i f i c a n c e ,  t h e  f i r s t  o r d e r
t e r m s  p e r f o r m e d  o n l y  m a r g i n a l l y  w o r s e  t h a n  t h e  l o g  f o r m u l a t i o n . R e n t  d i f -
f e r e n t i a l s  h a v e  a l s o  b e e n  c a l c u l a t e d  f o r  t h e s e  a n d  o t h e r  f o r m s  w i t h  r e s u l t s
n e a r l y  i d e n t i c a l  t o  t h o s e  p r e s e n t e d  h e r e .

T h e  n e x t  s t e p  w a s  to e s t i m a t e  t h e  r e n t  d i f f e r e n t i a l  A R .  f o r  e a c h  i n d i -
v i d u a l  h o u s e h o l d  f o r  e a c h  c e n s u s  t r a c t . T h e  r e n t  d i f f e r e n t i a l !  s p e c i f i e s  t h e
p r e m i u m  a n  i n d i v i d u a l  h o u s e h o l d  w o u l d  h a v e  t o  p a y  t o  o b t a i n  a n  i d e n t i c a l  h o m e
i n  t h e  n e x t  c l e a n e r  a i r  r e g i o n  ( p o o r  t o  f a i r  f o r  s i x  c o m m u n i t i e s ,  f a i r  t o
g o o d  f o r  t h r e e  c o m m u n i t i e s ) . D u e  t o  t h e  e s t i m a t e d  f u n c t i o n a l  f o r m  o f  t h e
r e n t  g r a d i e n t , t h e  t a l c  l a t e d  r e n t  d i f f e r e n t i a l  i s  d e p e n d e n t  u p o n  t h e  v a l u e
o f  a l l  o t h e r  v a r i a b l e s . Y1 T h e  a v e r a g e  h o m e  s a l e  p r i c e  c h a n g e  b a s e d  o n  i n d i -
v i d u a l  d a t a  i n  e a c h  c e n s u s  t r a c t  a s s o c i a t e d  w i t h  a n  i m p r o v e m e n t  i n  a i r  aual-
i t y ,  c e t e r i s  paribus, i s  s h o w n  i n  c o l u m n  t w o  o f  T a b l e  2  o f  t h e  n e x t  s e c t i o n .—  —
C o l u m n  o n e  o f  T a b l e  2  l i s t s  c o m m u n i t i e s  b y  a i r  q u a l i t y  l e v e l .  T h e  t a b l e
o n l y  s h o w s  f o r  t h e  l o g - l i n e a r  N02 e q u a t i o n  s i n c e ,  a s  n o t e d  a b o v e ,  o t h e r
s p e c i f i c a t i o n s  g i v e  n e a r l y  i d e n t i c a l  r e s u l t s . T h e  f i g u r e s  s h o w n  a r e  d e r i v e d
b y  e v a l u a t i n g  t h e  h e d o n i c  h o u s i n g  e x p r e s s i o n ,  g i v e n  t h e  h o u s e h o l d ’ s  c h a r a c -
t e r i s t i c s , f o r  a  pqllution c h a n g e  f r o m  p o o r  t o  f a i r  o r  f a i r  t o  g o o d  a s  t h e
c a s e  m a y  b e .  T h e  r e s u l t i n g  s a l e  p r i c e  d i f f e r e n t i a l  i s  t h e n  c o n v e r t e d  t o  a n
e q u i v a l e n t  m o n t h l y  a y m e n t  t h r o u g h  t h e  s t a n d a r d  a n n u a l i z a t i o n  p r o c e d u r e  a n d
d i v i s i o n  b y  t w e l v e . 7 2  S i n c e  o u r  h y p o t h e s i s  t e s t  i s  p o s e d  i n  t e r m s  o f  t h e
a v e r a g e  r e n t  d i f f e r e n t i a l  i n  t h e  r e l e v a n t  c o m m u n i t i e s ,  t h e n  a  c o m m u n i t y  m e a n
a n d  s t a n d a r d  d e v i a t i o n  a r e  c a l c u l a t e d . C o l u m n  t h r e e  o f  T a b l e  2  s h o w s  t h e
n u m b e r  o f  h o m e s  f o r  w h i c h  d a t a  w a s  a v a i l a b l e  t o  c a l c u l a t e  a v e r a g e  r e n t  d i f -
f e r e n t i a l s  a n d  s t a n d a r d  d e v i a t i o n s  f o r  e a c h  c o m m u n i t y .  M o n t h l y  r e n t  d i f f e r -
e n t i a l s  r a n g e d  f r o m  $15.44 t o  $ 4 5 . 9 2  f o r  a n  i m p r o v e m e n t  f r o m  p o o r  t o  f a i r  a i r
q u a l i t y  a n d  $ 3 3 . 1 7  t o  $ 1 2 8 . 4 6  f o r  a n  i m p r o v e m e n t  f r o m  f a i r  t o  g o o d  a i r  q u a l -
i t y . T h e  h i g h e r  f i g u r e s  i n  e a c h  c a s e  a r e  a s s o c i a t e d  w i t h  h i g h e r  i n c o m e  c o m -
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munities. Again,  t h e s e  a v e r a g e  d i f f e r e n t i a l s  s h o u l d  p r o v i d e  a n  u p p e r  b o u n d
f o r  t h e  s u r v e y  r e s u l t s .

T h e  s u r v e y  a p p r o a c h  f o l l o w e d  t h e  w o r k  o f  D a v i s  ( 1 9 6 3 )  a n d  B o h m  ( 1 9 7 2 )
i n  g a t h e r i n g  t h e  i n f o r m a t i o n  n e c e s s a r y  f o r  e s t i m a t i n g  a  B r a d f o r d  ( 1 9 7 2 )  b i d
c u r v e . T h e  a p p r o a c h  i n v o l v e s  t h e  e s t a b l i s h m e n t  o f  a  h y p o t h e t i c a l  m a r k e t  v i a
a  s u r v e y  i n s t r u m e n t . T h r o u g h  t h e  w o r k  o f  R a n d a l l ,  e t  a l . ,  (1974) a n d
B r o o k s h i r e ,  e t  a l . , ( 1 9 7 6 ) ,  t h e  n e c e s s a r y  s t r u c t u r e  f o r  c o n s t r u c t i n g  a  h y p o -
t h e t i c a l  m a r k e t  for’the d i r e c t  d e t e r m i n a t i o n  o f  e c o n o m i c  v a l u e s  w i t h i n  t h e
Hicksian comsumer s u r p l u s  f r a m e w o r k  h a s  b e e n  d e v e l o p e d .  T h e  s u r v e y  r e p o r t e d
h e r e  i s  c o n s i s t e n t  w i t h  t h i s  p r e v i o u s  l i t e r a t u r e .

T h e  h y p o t h e t i c a l  m a r k e t  w a s  d e f i n e d  a n d  d e s c r i b e d  b o t h  i n  t e c h n i c a l
a n d  i n s t i t u t i o n a l  d e t a i l . T h e  p u b l i c  g o o d  ( a i r  q u a l i t y )  w a s  d e s c r i b e d  b y
t h e  s u r v e y  i n s t r u m e n t  t o  t h e  r e s p o n d e n t  i n  t e r m s  o f  eq~ily p e r c e i v e d  l e v e l s
o f  p r o v i s i o n  s[
g o o d ,  f a i r  a n d
l i t t l e  difficu’
b e c a u s e  o f  t h e

P a y m e n t
t h e  r e s p o n d e n t

ch a s  v i s u a l  r a n g e  t h r o u g h  photographsl~ a n d ’  m a p s  d e p i c t i n g
p o o r  a i r  q u a l i t y  l e v e l s  o v e r  t h e  r e g i o n . R e s p o n d e n t s  h a d
t y  u n d e r s t a n d i n g  t h e  l e v e l s  o f  a i r  q u a l i t y  r e p r e s e n t e d  t o  t h e m
s h a r p  p o l l u t i o n  g r a d i e n t  a c r o s s  t h e  r e g i o n .

m e c h a n i s m :  4 w e r e  s p e c i f i e d  w i t h i n  t h e  s u r v e y  i n s t r u m e n t  a n d
w a s  a s k e d  t o  r e a c t  t o  a l t e r n a t i v e  p r i c e  l e v e l s  p o s i t e d  f o r

d i f f e r e n t  a i r  q u a l i t y  l e v e l s . I n  e v e r y  c a s e  t h e  b a s i s  f o r  t h e  b i d  f o r  b e t t e r
a i r  q u a l i t y  w a s  t h e  e x i s t i n g  p o l l u t i o n  s i t u a t i o n  a s  d e t e r m i n e d  b y  l o c a t i o n  o f
t h e i r  h o m e  s h o w n  o n  a  m a p  o f  t h e  L o g  A n g e l e s  m e t r o p o l i t a n  a r e a  w h i c h  d e p i c t e d
r e g i o n a l  a i r  q u a l i t y  l e v e l s . V a r i o u s  s t a r t i n g  p o i n t s  f o r  t h e  b i d d i n g  p r i c e s
a n d  d i f f e r i n g  i n f o r m a t i o n  s t r u c t u r e s  w e r e  i n c l u d e d  i n  t h e  s u r v e y  f o r m a t .
B i a s e s  f r o m  a l t e r n a t i v e  s t a r t i n g  p o i n t s  a n d  i n f o r m a t i o n  tructures w e r e  n o t

1 5
p r e s e n t  i n  t h e .  r e s u l t s  [ S e e  Brookshire, et al. ( 1 9 8 0 ) ] .

T h e  s u r v e y  w a s  c o n d u c t e d  o v e r  t h e  p e r i o d  o f  M a r c h ,  1 9 7 8 .  A  t o t a l  o f
2 9 0  c o m p l e t e d  s u r v e y s  w e r e  o b t a i n e d ,~r t h e  a b o v e m e n t i o n e d  a r e a s . S a m p l i n g
w a s  r a n d o m  w i t h i n  e a c h  p a i r e d  a r e a .

T a b l e  2  i n  t h e  n e x t  s e c t i o n  p r e s e n t s  t h e  m e a n  b i d s  a n d  s t a n d a r d  d e v i a -
t i o n s  a n d  n u m b e r  o f  o b s e r v a t i o n s  i n  C o l u m n s  f o u r  a n d  f i v e  r e s p e c t i v e l y  f o r
e a c h  c o m m u n i t y  f o r  a n  i m p r o v e m e n t  i n  a i r  q u a l i t y . T w o  t  p e s  o f  b i d s  are+pre-
sented: Yp r o p o s e d  i m p r o v e m e n t s  f r o m  p o o r  t o  f a i r  a i r  q u a  i t y  a n d  f r o m  fair t o
g o o d  a i r  q u a l i t y . I n  p o o r  c o m m u n i t i e s - - E l  M o n t e ,  Montebello a n d  L a  C a n a d a - -
t h e  m e a n  b i d s  r a n g e d  f r o m  $11.00 t o  $ 2 2 . 0 6  p e r  nwnth. F o r  t h e  f a i r  communi-
ties--Canoga  P a r k ,  H u n t i n g t o n  B e a c h ,  I r v i n e , C u l v e r  C i t y ,  Encino a n d  N e w p o r t

B e a c h  c o m m u n i t i e s - - t h e  m e a n  m o n t h l y  a m o u n t s  r a n g e  f r o m  $5.55 to $ 2 8 . 1 8  t o
o b t a i n  g o o d  a i r  q u a l i t y .

TEST OF HYPOTHESES

T h e  p r e v i o u s  s e c t i o n s  h a v e  d e s c r i b e d  a  t h e o r e t i c a l  s t r u c t u r e  a n d  t w o
d i f f e r e n t  e m p i r i c a l  e s t i m a t i o n  t e c h n i q u e s  f o r  d e t e r m i n i n g  t h e  v a l u e  o f  u r b a n
a i r  q u a l i t y  i m p r o v e m e n t s i n  t h e  L o s  A n g e l e s  metropol i t a n  a r e a . T h e  t h e o r e t i-

c a l  r e l a t i o n s h i p  b e t w e e n  t h e  v a l u a t i o n  p r o c e d u r e s  (~ > ~ a n d  t h e  h y p o t h e s i s
t h a t  s u r v e y  b i d s  a r e  n o n - z e r o  (~ > O )  a r e  t e s t e d  i n  th~s se”ction.
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T a b l e  2  p r e s e n t s  t h e  c o m m u n i t y  a v e r a g e  survey b i d s  ( c o l u m n  f o u r )  a n d
c o r r e s p o n d i n g  r e n t  d i f f e r e n t i a l s  ( c o l u m n  t w o ) .  A s  i s  i n d i c a t e d ,  i n  e a c h  c o m -
m u n i t y  t h e  s a m p l e  s u r v e y  b i d s  a r e  n o n - z e r o  a n d  less t h a n  t h e  c a l c u l a t e d  r e n t
d i f f e r e n t i a l s  i n  a b s o l u t e  m a g n i t u d e . T h i s  e s t a b l i s h e s  t h a t  t h e  s u r v e y  b i d
b o u n d s  a r e  c o n s i s t e n t  w i t h  o u r  t h e o r e t i c a l  a r g u m e n t s  b u t  d o e s  n o t  i n d i c a t e
s t a t i s t i c a l  s i g n i f i c a n c e ,  w h i c h  i s  p r o v i d e d  b e l o w .

W i t h  r e s p e c t  t?,the t e s t  o f  e q u a l i t y  o f  m e a n  s u r v e y  b i d s  t o  z e r o ,  T a b l e
2  ( c o l u m n  s i x ) ”  p r e s e n t s  t h e  e x p e r i m e n t a l  r e s u l t s .  T h e  c a l c u l a t e d  t - s t a t i s t i c s
i n d i c a t e  r e j e c t i o n  o f  t h e  n u l l  h y p o t h e s i s  ( t h a t  t h e  p o p u l a t i o n  m e a n ,  B— e q u a l s

Yz e r o  a t  t h e  o n e  p e r c e n t  l e v e l  i n  e v e r y  c o m m u n i t y  s a m p l e d . )  T h e s e  r e s u  t s  a r e
i n  a c c o r d a n c e  w i t h  t h e  p o l i t i c a l  s i t u a t i o n  o f  t h e  r e g i o n  a n d  i n d i c a t e  t h a t
i n d i v i d u a l  h o u s e h o l d s  a r e  w i l l i n g  t o  p a y  a m o u n t s  s i g n i f i c a n t l y  g r e a t e r  t h a n
z e r o  f o r  a n  a p p r o x i m a t e  3 0 %  i m p r o v e m e n t  in  a i r  qual i ty .

T h e  c o m p a r i s o n  o f  t h e  s u r v e y  b i d s  t o  t h e  e s t i m a t e d  r e n t  d i f f e r e n t i a l s
i s  p r e s e n t e d  i n  T a b l e  2  ( c o l u m n  s e v e n ) . I n  t h i s  i n s t a n c e  t h e  c o m p o u n d  h y p o -
t h e s i s  t h a t  p o p u l a t i o n  a v e r a g e  r e n t  d i f f e r e n t i a l  (~) e q u a l s  o r  e x c e e d s  t h e
p o p u l a t i o n  a v e r a g e  s u r v e y  b i d  (pW) i s  a g a i n  t e s t e d  u s i n g  t h e  t - s t a t i s t i c .
R e j e c t i o n  o f  t h e  n u l l  h y p o t h e s i s  requ”res t h a t  t h e  c a l c u l a t e d  t - s t a t i s t i c s  b e

17 The standard t-test calculationsnegative and of sufficient magnitude.
( c o l u m n  s e v e n ,  T a b l e  2 )  i m p l y  t h a t  t h e  h y p o t h e s i s  ~> ~cannot b e  r e j e c t e d
f o r  t h e  p o p u l a t i o n  m e a n s  wand
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e v e n  a t  t h e  1 0 %  cri~ical l e v e l . A l t h o u g h

w e  p r e s e n t  o n l y  t h e  r e s u l t s  f o r  t  e  h e d o n i c  h o u s i n g  e q u a t i o n  i n  w h i c h  l o g
(N02) i s  t h e  p o l l u t i o n  m e a s u r e , t h e s e  r e s u l t s  r e m a i n  e s s e n t i a l l y  u n c h a n g e d  f o r
a l l  c o m m u n i t i e s ,  f o r  a l l  e s t i m a t e d  h e d o n i c  r e n t  g r a d i e n t s ,  r e g a r d l e s s  o f  t h e
v a r i a b l e  ( N 02  o r  T S P )  u t i l i z e d  a s  a  p r o x y  f o r  t h e  g e n e r a l  s t a t e  o f  a i r  q u a l -
i t y .  T h e  r e s u l t s  t h e n  a r e  q u i t e  i n s e n s i t i v e  t o  t h e  p a r t i c u l a r  h e d o n i c  m o d e l
s p e c i f i c a t i o n ,  p r o v i d i n g  a  d e g r e e  o f  g e n e r a l i t y  t o  t h e  r e s u l t s .

T h e  h y p o t h e s e s  t e s t s  i n d i c a t e  t h a t  t h e  e m p i r i c a l  a n a l y s i s  i s  e n t i r e l y
c o n s i s t e n t  w i t h  t h e  t h e o r e t i c a l  s t r u c t u r e  o u t l i n e d  a b o v e . T h i s  c o n c l u s i o n ,
w h e n  c o m b i n e d  w i t h  t h e  a b s e n c e  o f  a n y  i d e n t i f i e d  b i a s e s  [ s e e  Brookshire, et  a l .
( 1 9 8 0 ) ]  s u g g e s t s  t h a t  s u r v e y  r e s p o n s e s  y i e l d  e s t i m a t e s  o f  w i l l i n g n e s s  t o  p a y
f o r  e n v i r o n m e n t a l  i m p r o v e m e n t s  i n  a n  u r b a n  c o n t e x t  c o n s i s t e n t  w i t h  a  hedonic-
m a r k e t  a n a l y s i s . A  f u r t h e r  i m p l i c a t i o n  i s  t h a t  i n d i v i d u a l  h o u s e h o l d s  denm-
s t r a t e d  a  n o n - z e r o  w i l l i n g n e s s  t o  p a y  f o r  a i r  q u a l i t y  i m p r o v e m e n t s  r a t h e r
t h a n  f r e e  r i d i n g . T h i s  c o n f o r m s  t o  t h e  p r e v i o u s  s u r v e y  r e s u l t s  o f  B r o o k s h i r e ,
et al. (1976) and Rowe, et al. (1980) as well as the experimental work of
Scherr and Babb (1975), Smith (1977) and Grether and plott (1979) concerning
t h e  r o l e  o f  s t r a t e g i c  b e h a v i o r . T h i s  s e e m s  t o  i n d i c a t e  t h a t  t h e  s u b s t a n t i v e
e f f o r t  t o  d e v i s e  a= p a y m e n t  m e c h a n i s m  f r e e  o f  s t r a t e g i c  i n c e n t i v e s  f o r  c o n -
sumers [see Groves and Ledyard (1977)] has been directed towards solving a
problem not yet empirically observed. H o w e v e r , t h e  c o n c l u s i o n s  o f  t h i s
e x p e r i m e n t  a r e  n o t  w i t h o u t  q u a l i f i c a t i o n s . I n  t h e  n e x t  s e c t i o n  p o s s i b l e  l i m i -
t a t i o n s  o f  s u r v e y  a n a l y s i s  a n d  c o n c l u s i o n s  c o n c e r n i n g  t h e  e f f i c a c y  o f  e m p l o y i n g
s u r v e y s  t o  v a l u e  a  w i d e  r a n g e  o f  n o n - m a r k e t  c o m m o d i t i e s  a r e  d i s c u s s e d .
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CONCLUSION

T h e r e  a r e  a  n u m b e r  o f  l i m i t a t i o n s  i n  g e n e r a l i z i n g  o u r  r e s u l t s  t o  a l l
s u r v e y  w o r k . F i r s t ,  t h i s  e x p e r i m e n t  w a s  c o n d u c t e d  i n  t h e  S o u t h  C o a s t  A i r
B a s i n  w h e r e  i n d i v i d u a l s  h a v e  b o t h  a n  e x c e p t i o n a l l y  w e l l - d e f i n e d  r e g i o n a l  p o l -
l u t i o n  s i t u a t i o n  a n d  a  w e l l - d e v e l o p e d  h o u s i n g  v a l u e  m a r k e t  f o r  c l e a n  a i r .  T h e
e f f e c t  o f  c l e a n  a i r  o n  h o u s i n g  v a l u e s  a p p e a r s  t o  b e  e x c e p t i o n a l l y  w e l l  u n d e r -
s t o o d  i n  t h e  L o s  A n g e l e s  m e t r o p o l i t a n  a r e a . T h u s ,  t h e  L o s  A n g e l e s  e x p e r i m e n t
m a y  b e  a  s p e c i a l  c a s e  i n  w h i c h  a n  i n f o r m e d  p o p u l a c e  w i t h  m a r k e t  e x p e r i e n c e  f o r
a  p a r t i c u l a r  p u b l i c  g o o d  a l l o w e d  t h e  s u c c e s s f u l  a p p l i c a t i o n  o f  t h e  s u r v e y
a p p r o a c h . I n  p a r t i c u l a r , s i t u a t i o n s  w h e r e  n o  w e l l - d e v e l o p e d  h e d o n i c  m a r k e t
e x i s t s  m a y  n o t  b e  a m e n a b l e  t o  s u r v e y  v a l u a t i o n . B i a s e s  d u e  t o  l a c k  o f  e x p e r -
i e n c e  m u s t  t h e n  b e  c o n s i d e r e d  a  p o s s i b i l i t y . H o w e v e r ,  e x i s t i n g  s t u d i e s  b y
R a n d a l l  e t  a l . ( 1 9 7 4 )  a n d  B r o o k s h i r e  e t  a l .  ( 1 9 7 6 )  a n d  R o w e  e t  a l .  ( 1 9 8 0 )  o f
r e m o t e  r e c r e a t i o n  a r e a s  c e r t a i n l y  s u g g e s t  t h a t  s u r v e y  a p p r o a c h e s  p r o v i d e
repl icable e s t i m a t e s  o f  c o n s u m e r ’ s  w i l l i n g n e s s  t o  p a y  t o  p r e v e n t  e n v i r o n m e n t a l
d e t e r i o r a t i o n ,  w i t h o u t  p r i o r  v a l u a t i o n  e x p e r i e n c e .

I n  s u m m a r y ,  t h i s  p a p e r  s e t  o u t  t o  b o t h  t h e o r e t i c a l l y  a n d  e m p i r i c a l l y
e x a m i n e  t h e  s u r v e y  a p p r o a c h  a n d  t o  p r o v i d e  e x t e r n a l  v a l i d a t i o n  f o r  s u r v e y
a n a l y s i s . T h e  t h e o r e t i c a l  m o d e l  d e s c r i b e d  i n  S e c t i o n  2  p r e d i c t s  t h a t  s u r v e y
r e s p o n s e s  w i l l  b e  b o u n d e d  b e l o w  b y  z e r o  a n d  a b o v e  b y  r e n t  d i f f e r e n t i a l s  d e -
r i v e d  f r o m  t h e  e s t i m a t e d  h e d o n i c  r e n t  g r a d i e n t . [n o r d e r  t o  t e s t  t h e  d u a l
h y p o t h e s e s  a  s u r v e y  a n d  a  t r a d i t i o n a l  a n a l y s i s  o f  t h e  h o u s i n g  m a r k e t  w e r e
u n d e r t a k e n . E a c h  w a s  b a s e d  u p o n  a  c o n s i s t e n t  b u t  r a n d o m  s a m p l i n g  p r o c e d u r e
i n  t h e  L o s  A n g e l e s  M e t r o p o l i t a n  a r e a . T h e  e m p i r i c a l  r e s u l t s  d o  n o t  a l l o w  t h e
r e j e c t i o n  o f  e i t h e r  o f  t h e  t w o  h y p o t h e s e s , t h e r e b y  p r o v i d i n g  e v i d e n c e  t o w a r d s
t h e  v a l i d i t y  o f  s u r v e y  m e t h o d s  a s  a  m e a n s  o f  d e t e r m i n i n g  t h e  v a l u e  o f  p u b l i c
goods .
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TABLE 1

E s t i m a t e d  H e d o n i c  R e n t  G r a d i e n t  E q u a t i o n sa

D e p e n d e n t  V a r i a b l e =  L o g  ( H o m e  S a l e  P r i c e  i n  $ 1 , 0 0 0 )

I n d e p e n d e n t N02 E q u a t i o n T S P  E q u a t i o n
V a r i a b l e

H o u s i n g  S t r u c t u r e  V a r i a b l e s
S a l e  D a t e .01859? .018654

4... (9 .7577) (9 .7727)
Age - .018171 - .021411

( 2 .  3 3 8 5 ) ( - 2 . 8 1 4 7 )

L i v i n g  A r e a .00017568 .00017507
(12 .126) (12 .069)

B a t h r o o m s . 1 5 6 0 2 .15703
( 9 . 6 0 9 ) (9.66361

P o o l . 0 5 8 0 6 3 . 0 5 8 3 9 7
(4.63ol) ( 4 . 6 5 1 8 ) ’

F i r e p l a c e s . 0 9 9 5 7 7 . 0 9 9 9 2 7
( 7 . 1 7 0 5 ) ( 7 . 1 8 6 6 )

N e i g h b o r h o o d  V a r i a b l e s

L o g  ( C r i m e ) - .08381 - . 1 0 4 O I
( - . 5 7 6 6 ) ( -1 .9974’

S c h o o l  Q u a l i t y . 0 0 1 9 8 2 6
(3 .9450)

.001771
(3 .5769)

E t h n i c  L . o p p o s i t i o n . 0 2 7 0 3 1
-(Pe

. 0 4 3 4 7 2
c e n t  W h i t e ) ( 4 . 3 9 1 5 ) ( 6 . 2 5 8 3 )

Hous

Publ

A c c e s s i b i l i t y

ng  D e n s i t y - . 0 0 0 0 6 6 9 2 6 - . 0 0 0 0 6 7 6 1 3
( 9 .  1277) ( - 9 . 2 3 5 9 )

c  S a f e t y  E x p e n d i t u r e s . 0 0 0 2 6 1 9 2 . 0 0 0 2 6 1 4 3
(4.76o2) ( 4 . 7 4 1 8 )

V a r i a b l e s

D i s t a n c e  t o  @each - . 0 1 1 5 8 6 - . 0 1 1 6 1 2
( - 7 . 8 3 2 1  ) ( 7 . 7 8 2 2 )

D i s t a n c e  t o  E m p l o y m e n t - . 2 8 5 1 4 - . 2 6 2 3 2
( - 1 4 . 7 8 6 ) (14 .15s)

A i r  P o l l u t i o n  V a r i a b l e s

l o g  (TSP)

log (Noz ) = -.224o7
( 4 . 0 3 2 4 )

- . 2 2 1 8 3
( - 3 . 8 3 2 4 )

C o n s t a n t 2 . 2 3 2 5 I . 0 5 2 7
( 2 . 9 2 9 6 ) (1.4537)

Rz .8g . 8 9

S u m  o f  S q u a r e d  R e s i d u a l s 1 8 . 9 2 lfl.97

D e g r e e s  o f  Freednm 619 619

at - S t a t i s t i c s  i n  P a r e n t h e s e s

116



Commun  i ty

P o o r -  F a i r

El M o n t e

Montebei  10

La Caiiada

S a m p l e
P o p u l a t i o n

F a i r -  G o o d

Canoga  P a r k

H u n t i n g t o n
B e a c h

I r v i n e

Culver  C i t y

Encino

N e w p o r t
B e a c h

S a m p l e
P o p u l a t i o n

T a b l e  2

T e s t s  o f  H y p o t h e s e s

1 1
a

r o p e r t y  V a l u e  R e s u l t s

—..

(S;a~dard
D e v i a t i o n :

15,44
( 2 . 8 8 )

30.62
( 7 . 2 6 )

73.78
( 4 8 . 2 5 )

45.92
( 3 6 . 6 9 )

33.17
( 3 . 8 8 )

4 7 . 2 6
( 1 0 . 6 6 )

48.22
( 8 . 9 0 )

54.44
(16.Og)

128.46
(51 .95)

77.02
(41 .25)

59.09
( 3 4 . 2 9 )

Number  o f
o b s e r v a t i o n s

2 2

49

51

122

22

44

196

64

45

22

393

1

—

—

—

S u r v e y  R e s u l t s

Ii
( S t a n d a r d
D e v i a t i o n

11.10
( 1 3 . 1 3 )

11.42
( 1 5 . 1 5 )

2 2 . 0 6
( 3 3 . 2 4 )

14.54
( 2 1 . 9 3 )

16.08
( 1 5 . 4 6 )

24.34
( 2 5 . 4 6 )

2 2 . 3 7
( 1 9 . 1 3 )

2 8 . 1 8
( 3 4 . 1 7 )

16.51
( 1 3 . 3 8 )

5 . 5 5
( 6 . 8 3 )

20.31
( 2 3 . 0 )

Jumber o f
o b s e r v a t i o n !

20

19

17

56

34

38

27

30

37

20

I 86

a R e n t  d i f f e r e n t i a l s  f o r  t h e  h e d o n i c  h o u s i n g  e q u a t i o n  i n  w h i c h  Ioq
p o l l u t i o n  v a r i a b l e  a r e  p r e s e n t e d  h e r e . E s s e n t i a l l y  i d e n t i c a l  re~L
N 0 2 ,  T S P  o r  iog (TSP).

I
-1

—

—

T e s t s  uf H y p o t h e s e s

t - s t a t i s t i c s
IIW  >  ob

3 . 7 8

3 . 2 8

2 . 7 4.

4 . 9 4

6 . 0 7

5 . 9 2 .

6 . 0 8

5 . 4 2

7.51

3 . 6 3

1 2 . 0 2

- s t a t i s t i c s
v— > ll~c

A R -

1.51

7 . 0 7

4 . 1 0

5 . 5 4

707 ~

5 . 4 7

5 . 0 8

11..85

12.75

j.65

14.00

Ij02) is t h e  r e l e v a n t

t s  a r e  o b t a i n e d  u s i n g

b T h e  h y p o t h e s e s  t o  b e  t e s t e d  w e r e  H o  :  ~!jj =  0; H] : ID >  0 .  A l l  t e s t  s t a t i s t i c s  i n d i c a t e
r e j e c t i o n  o f  Lhe n u l l  h y p o t h e s i s  a t  t h e  1’% s i g n i f i c a n c e  l e v e l .

cThe h y p o t h e s e s  t o  b e  t e s t e d  w e r e  H o  :  V~ > IQ ; H]: !J~ < Kj A l l  T e s t  s t a t i s t i c s  i n d i c a t e
t h a t  t h e  null  h y p o t h e s i s  could  n o t  h e  rejcc~ed  e v e n  at the IO: s i g n i f i c a n c e  level.
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“housejumping” b e c a m e  f i n a n c i a l l y  f e a s i b l e .  T h e  s e c o n d  o f  M~ler’s
c o n c e r n s ,  t h a t  o t h e r  p r i c e s , e.g”t golf club f e e s  a n d  w a g e s  c a p t u r e
p a r t  o f  t h e  w i l l i n g n e s s  t o  p a y  c a n  b e  a d d r e s s e d  e m p i r i c a l l y . F o r
e x a m p l e ,  a t t e m p t s  t o  t e s t  i f  w a g e s  f r o m  o u r  s u r v e y  d a t a  a c r o s s  t h e
L o s  A n g e l e s  a r e a  r e f l e c t e d  d i f f e r e n c e s  i n  p o l l u t i o n  l e v e l  p r o d u c e d
n e g a t i v e  r e s u l t s .
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8.

9.

10.

11.

12.

13.

14.

15.

16,

17.

N o t e  t h a t  w e  u s e  s a l e  p r i c e  o r  t h e  d i s c o u n t e d  p r e s e n t  value o f  t h e
f l o w  o f  r e n t s  r a t h e r  t h a n  a c t u a l  r e n t  a s  t h e  d e p e n d e n t  v a r i a b l e .
G i v e n  t h e  a p p r o p r i a t e  d i s c o u n t  r a t e  t h e  t w o  a r e  i n t e r c h a n g e a b l e .

H o u s i n g  c h a r a c t e r i s t i c  d a t a  w a s  o b t a i n e d  f r o m  t h e  M a r k e t  D a t a
C e n t e r ,  a  c o m p u t e r i z e d  a p p r a i s a l  s e r v i c e  w i t h  c e n t r a l  h e a d q u a r t e r s
i n  L o s  A n g e l e s ,  C a l i f o r n i a .

A l t h o u g h ”  t h e  n’onl’inear e q u a t i o n s  p r o v i d e  l a r g e  t  ‘ v a l u e s  o n  t h e  a i r
p o l l u t i o n  c o e f f i c i e n t s , t h e  c o e f f i c i e n t s  o n  t h e  p o l l u t i o n  v a r i a b l e s
i n  t h e  l i n e a r - e q u a t i o n s  p o s s e s s e d  t h e  e x p e c t e d  r e l a t i o n s h i p  a n d  w e r e
s i g n i f i c a n t  a t  t h e  1% l e v e l . A l s o ,  t h e  c a l c u l a t e d  r e n t  d i f f e r e n t i a l s
a s s o c i a t e d  w i t h  t h e  l i n e a r  s p e c i f i c a t i o n s  w e r e  l a r g e r  t h a n  t h o s e  f r o m
t h e  n o n l i n e a r  e q u a t i o n s .

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

A  c a p i t a l  r e c o v e r y  f a c t o r  e q u a l  t o . 0 9 9 5  w h i c h  c o r r e s p o n d s  t o  t h e
p r e v a i l i n g  .0g2s m o r t g a g e  r a t e  i n  t h e  J a n u a r y ,  1979 -  M a r c h ,  1978
p e r i o d  i s  u s e d .

I n  d e v e l o p i n g  p h o t o g r a p h s , t w o  o b s e r v a t i o n a l  p a t h s  f r o m  G r i f f i t h
O b s e r v a t o r y  i n  L o s  A n g e l e s  w e r e  c h o s e n : ( 1 )  t o w a r d  d o w n t o w n  L o s
A n g e l e s ,  a n d  ( 2 )  l o o k i n g  d o w n  W e s t e r n  A v e n u e .  T h e  a p p r o x i m a t e  v i s i -
b i l i t y  ( d i s c e r n i b l e  o b j e c t s  i n  t h e  d i s t a n c e ,  n o t  v i s u a l  r a n g e )  f o r
p o o r  v i s i b i l i t y  w a s  2  m i l e s , for f a i r  v i s i b i l i t y  1 2  m i l e s ,  a n d  f o r
g o o d  v i s i b i l i t y  2 8  m i l e s .

P a y m e n t  m e c h a n i s m s  a r e  e i t h e r  o f  t h e  l u m p  s u m  v a r i e t y ,  o r  w e l l
s p e c i f i e d  s c h e m e s  s u c h  a s  t a x  i n c r e m e n t s  o r  u t i l i t y  b i l l  a d d i t i o n s .
T h e  c h o i c e  i n  t h e  e x p e r i m e n t a l  s e t t i n g  v a r i e s  a c c o r d i n g  t o  t h e
s t r u c t u r e  o f  t h e  c o n t i n g e n t  m a r k e t .

Q u e s t i o n s  h a v e  b e e n  r a i s e d  a s  t o  p r o b l e m s  o f  b i a s e s  i n  t h e  s u r v e y ’
a p p r o a c h . S t r a t e g i c  b i a s  ( i . e . ,  f r e e  r i d e r  p r o b l e m s ) ,  h y p o t h e t i c a l
b i a s , i n s t r u m e n t  b i a s  a l l  h a v e  b e e n  e x p l o r e d . G e n e r a l l y  s p e a k i n g ,
p r o b l e m s  o f  b i a s  w i t h i n  t h e  s u r v e y  a p p r o a c h  h a v e  n o t  b e e n  p r e v a l e n t .
F o r  a  g e n e r a l  r e v i e w  o f  t h e  d e f i n i t i o n  o f  v a r i o u s  b i a s e s  a n d  r e s u l t s
o f  d i f f e r e n t - e x p e r i m e n t s  s e e  Schulze e t  a l . ( f o r t h c o m i n g )  a n d  f o r
i n v e s t i g a t i o n s  o f  s t r a t e g i c  b i a s  u t i l i z i n g  o t h e r  d e m a n d  r e v e a l i n g
t e c h n i q u e s  s e e  Scherr a n d  B a b b  ( 1 9 7 5 )  and Smith ( 1 9 7 9 ) .

I n t e r v i e w e r  b i a s  w a s  n o t  p r e s e n t . N o  r e c o r d s  w e r e  k e p t  t h a t  w o u l d
e n a b l e  t h e  t e s t i n g  f o r  n o n - r e s p o n d e n t  b i a s .

F o r  i n s t a n c e , r e j e c t i o n  o f  t h e  n u l l  h y p o t h e s i s  (~~uv) a t  t h e

o n e  p e r c e n t  l e v e l  w o u l d  r e q u i r e  a  c a l c u l a t e d  t - s t a t i s t i c  l e s s  t h a n
- 2 . 3 2 6  g i v e n  a  l a r g e  n u m b e r  o f  o b s e r v a t i o n s . S i n c e  n o n e  o f  t h e
c a l c u l a t e d  t - s t a t i s t i c s  a r e  n e g a t i v e  t h e  n u l l  h y p o t h e s i s  c a n n o t  b e

r e j e c t e d  [ S e e  G u e n t h e r  ( 1 9 7 3 ) ] .
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APPEN”DIX  C

V I S I B I L I T Y  Q U E S T I O N N A I R E

.“URBAN SURVEY: E c o n o m i c s  N a r r a t i v e

W e  a r e  s t u d e n t s  a t  t h e  U n i v e r s i t y  o f  W y o m i n g  [ N e w  M e x i c o , ”  C h i c a g o ]  a n d
a r e  c o n d u c t i n g  t h i s  s u r v e y  f o r  a  r e s e a r c h  p r o j e c t  d e s i g n e d  t o  h e l p  i n  v a l u i n g
v i s i b i l i t y  i n  t h e  n a t i o n a l  p a r k s  i n  t h e  S o u t h w e s t e r n  U n i t e d  S t a t e s .

T h e  C l e a n  A i r  A c t ,  p a s s e d  b y  C o n g r e s s  i n  1 9 7 0 ,  d e c l a r e d  a  n a t i o n a l  g o a l
o f  p r e s e r v i n g  t h e  s c e n i c  b e a u t y  a n d  p r i s t i n e  a i r  q u a l i t y  o f  o u r  n a t i o n a l  p a r k s
a n d  w i l d e r n e s s  a r e a s .

A i r  q u a l i t y ,  o r  t h e  “ c l e a n n e s s ”  o f  t h e  a i r ,  c a n  b e  a f f e c t e d  b y  e i t h e r
n a t u r a l  o c c u r r e n c e s  ( e . g . d u s t  a n d  h u m i d i t y )  o r  b y  m a n - c a u s e d  p o l l u t i o n  ( s u c h
a s  a u t c  e m i s s i o n s  o r  e m i s s i o n s  r e l e a s e d  b y  i n d u s t r i a l  f a c i l i t i e s ) . C o n s e -
q u e n t l y ,  v i s i b i l i t y ,  w h i c h  i s  t h e  a b i l i t y  t o  s e e  a n d  a p p r e c i a t e  d i s t a n t
o b j e c t s ,  a c t i v i t i e s ,  s c e n e s ,  o r  a t m o s p h e r i c  p h e n o m e n a ,  c a n  b e  a f f e c t e d  b y
e i t h e r  n a t u r a l  o r  m a n - c a u s e d  p o l l u t i o n  s o u r c e s  r e s u l t i n g  i n  c h a n g e s  i n  t h e
c o l o r  a n d  c l a r i t y  o f  n e a r  a n d  f a r  d i s t a n t  v i s t a s .

A s  y o u  c a n  s e e  i n  t h e s e  p h o t o g r a p h s  t a k e n  a t  t h e  G r a n d  C a n y o n ,  a i r  p o l -
l u t i o n  c a n  d i s c o l o r  a  v i e w  t o  t h e  p o i n t  w h e r e  i t s  c o m p o n e n t s  c a n n o t  b e  c l e a r l y
i d e n t i f i e d  a n d  i t s  s c e n i c  b e a u t y  c a n n o t  b e  f u l l y  e n j o y e d  b y  t h e  v i e w e r  [ S H O W
GRAND CANYON PHOTOGRAPHS: S I T U A T I O N  A - E ] .

T h e s e  p h o t o g r a p h s  r e p r e s e n t  f i v e  l e v e l s  o f  v i s i b i l i t y  d u r i n g  m o r n i n g
a n d  a f t e r n o o n  p e r i o d s  l o o k i n g  b o t h  e a s t  a n d  w e s t  f r o m  H o p i  P o i n t  a t  t h e  G r a n d
C a n y o n . C o l u m n  A  r e p r e s e n t s  p o o r  v i s i b i l i t y , B  b e l o w  a v e r a g e ,  C  a v e r a g e
v i s i b i l i t y ,  D  a b o v e  a v e r a g e ,  a n d  E  g o o d  v i s i b i l i t y .  C o m p a r i n g  t h e  c o l u m n s ,
w e  c a n  se”e t h e  v a r i e t y  o f  a i r  q u a l i t y  c o n d i t i o n s  a n d  r e s u l t i n g  l e v e l s  o f  v i s -
i b i l i t y  t h a t  c a n  b e  o b s e r v e d  i n  t h e  G r a n d  C a n y o n . T h e  r o w s  r e p r e s e n t  t h e
d i f f e r e n t  v i s t a s  w h i l e  s t a n d i n g  a t  H o p i  P o i n t . T h e  f i r s t  r o w  r e p r e s e n t s  t h e
d i f f e r e n t  v i s i b i l i t y  a n d  a i r  q u a l i t y  c o n d i t i o n s  l o o k i n g  e a s t ,  i n  t h e  m o r n i n g
f r o m  H o p i  P o i n t . T h e  s e c o n d  r o w  r e p r e s e n t s  m o r n i n g  c o n d i t i o n s  l o o k i n g  w e s t
f r o m  H o p i  P o i n t . T h e  t h i r d  r o w  s h o w s  t h e  v i e w  f r o m  H o p i  P o i n t  i n  t h e  a f t e r -
n o o n  l o o k i n g  w e s t .
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PAST AND FUTURE  USE

. . .

I n  t h e  f i r s t  p a r t  o f  o u r  s u r v e y , w e  w o u l d  l i k e  t o  a s k  a  f e w  q u e s t i o n s
a b o u t  y o u r  u s e  o f  t h e  N a t i o n a l  P a r k l a n d s .

E l )  H o w  m a n y  d a y s  h a v e  y o u  s p e n t  v i s i t i n g  t h e  G r a n d  C a n y o n  N a t i o n a l  P a r k
i n  t h e  last 1 0  y e a r s ? Please p u t  a n  X  b y  t h e  n u m b e r  o f  d a y s  o n  y o u r  a n s w e r
s h e e t  f o r  q u e s t i o n  E l .

E 2 )  H o w  m a n y  d a y s  d o S;OU e x p e c t  t o  s p e n d  v i s i t i n g  t h e  G r a n d  C a n y o n
N a t i o n a l  P a r k  i n  t h e  n e x t  1 0  y e a r s ? P l e a s e  p u t  a n  X  b y  t h e  n u m b e r  o f  d a y s  o n
y o u r  a n s w e r  s h e e t  f o r  q u e s t i o n  E 2 .

E 3 )  H o w  m a n y  d a y s  h a v e  y o u  s p e n t  v i s i t i n g  N a t i o n a l  P a r k s  i n  t h e  S o u t h -
w e s t  ( A r i z o n a , U t a h ,  N e w  M e x i c o , a n d  C o l o r a d o )  i n  t h e  l a s t  1 0  y e a r s ? P l e a s e
c i r c l e  t h e  n u m b e r  o f  d a y s  b y  e a c h  N a t i o n a l  P a r k  o n  y o u r  a n s w e r  s h e e t  f o r
q u e s t i o n  E 3 .

E4) H o w  m a n y  d a y s  f o r  e a c h  N a t i o n a l  P a r k  d o  y o u  e x p e c t  t o  v i s i t  i n  t h e
n e x t  1 0  y e a r s ? P l e a s e  c i r c l e  t h e  n u m b e r  o f  d a y s  b y  e a c h  N a t i o n a l  P a r k  o n
y o u r  a n s w e r  s h e e t  f o r  q u e s t i o n  E4.

[ F O R  E X I S T E N C E  V A L U E  A N A L Y S I S ,  T U R N  T O  P A G E  7 AND BEGIN WITH QUESTION E8.  FOR
u S E R  A N A L Y S I S  ( E V E R Y  T H I R D  I N T E R V I E W ) ,  C O N T I N U E  W I T H  Q U E S T I O N  E S .  N O T E :
YUMBER  O F  V I S I T S  M U S T  B E  G R E A T E R  T H A N  Z E R O  I N  Q U E S T I O N S  E l  A N D  E 2  mONDUCT
U S E R  A N A L Y S I S . ]
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GRAND CANYON ANALYSIS

. . . - U s e r -

T h i s  p a r t  o f  t h e  survey is d e s i g n e d  t o  d e t e r m i n e  h o w  m u c h  y o u  a r e  w i l l -
i n g  t o  p a y  t o  i m p r o v e  v i s i b i l i t y  i n  t h e  a r e a  o f  G r a n d  C a n y o n  N a t i o n a l  P a r k .

A l t h o u g h  o n e  d o e s  n o t  usually place a  d o l l a r  v a l u e  o n  s c e n e r y ,  s u n s e t s ,
o r  v i s i b i l i t y , s u c h  t h i n g s  a r e  v a l u a b l e  t o  m o s t  p e o p l e . S i n c e  i t  d o e s  c o s t
m o n e y  t o  c l e a n  u p  m a n - m a d e  p o
P a r k s ,  we a r e  i n t e r e s t e d  i n  f
you .

F i r s t  l e t ’ s  a s s u m e  t h a t
p a y  f o r  i m p r o v e m e n t s  i n  t h e  a

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

v i s i t o r s  t o  G r a n d  C a n y o n  N a t i o n a l  P a r k  a r e  t o
r  q u a l i t y  a n d  t h e r e f o r e  i n  t h e  v i s i b i l i t y ,  b y

p a y i n g  a n  i n c r e a s e  i n  d a i l y  e n t r a n c e  f e e s  t o  b e  a d m i t t e d  i n t o  t h e  park: Let ‘ S
also a s s u m e  t h a t  a l l  v i s i t o r s  t o  t h e  p a r k  w o u l d  p a y  t h e  s a m e  total d a i l y  f e e
a s  y o u  w o u l d . T h e n ,  a l l  t h e  a d d i t i o n a l  m o n e y  c o l l e c t e d  w o u l d  b e  u s e d  t o  f i n -
a n c e  t h e  a i r  q u a l i t y  i m p r o v e m e n t s  r e p r e s e n t e d  i n  t h e  p h o t o g r a p h s .

A g a i n ,  l e t  u s  l o o k  a t  t h e  p h o t o g r a p h s  r e p r e s e n t i n g  t h e  d i f f e r e n t  l e v e l s
af v i s i b i l i t y  a n d  a i r  q u a l i t y  r a n g i n g  f r o m  v e r y  p o o r  ( A )  t o  v e r y  g o o d  ( E )  f o r
e a s t  a n d  w e s t  v i e w s  i n  t h e  m o r n i n g  a n d  a f t e r n o o n  f r o m  H o p i  P o i n t  i n  t h e  G r a n d
C a n y o n . W e  w o u l d  l i k e  t o  k n o w  h o w  m u c h  y o u  a r e  w i l l i n g  t o  p a y  a s  a  t o t a l
d a i l y  p a r k  e n t r a n c e  f e e  f o r  y o u r  h o u s e h o l d  f o r  a i r  q u a l i t y  i m p r o v e m e n t s  a n d
r e s u l t i n g  v i s i b i l i t y  i m p r o v e m e n t s  s h o w n  i n  C o l u m n s  B  t h r o u g h  E .  W h e n  d e c i d i n g
h o w  m u c h  y o u  a r e  w i l l i n g  t o  p a y  f o r  e a c h  i m p r o v e m e n t ,  y o u  will a l w a y s  b e  c o m -
p a r i n g  t h e  i m p r o v e d  a i r  q u a l i t y  t o  t h e  l o w e s t  a i r  q u a l i t y  c o n d i t i o n s  a s
r e p r e s e n t e d  i n  C o l u m n  A . A l s o ,  w h e n  c o n s i d e r i n g  h o w  m u c h  y o u  a r e  w i l l i n g  t o
p a y  f o r  e a c h  i m p r o v e m e n t , a s s u m e  e a c h  p h o t o g r a p h  r e p r e s e n t s  t h e  v i s i b i l i t y  o n
a  d a y  t h a t  y o u  w o u l d  b e  v i s i t i n g  t h e  G r a n d  C a n y o n  N a t i o n a l  P a r k s .

[SHOW COLUMNS A-B]

E 5 )  T h i s  i s  C o l u m n  A , r e p r e s e n t i n g  v e r y  p o o r  a i r  q u a l i t y  a n d  v i s i b i l i t y .
P l e a s e  i n d i c a t e  o n  y o u r  a n s w e r  s h e e t  h o w  m u c h  o f  a n  i n c r e a s e  a b o v e  t h e  t o t a l
d a i l y  p a r k  f e e s  o f  $ 2 . 0 0  p e r  c a r l o a d  y o u  w o u l d  b e  w i l l i n g  t o  p a y  f o r  y o u r
h o u s e h o l d  t o  i m p r o v e  t h e  v i s i b i l i t y  t o  t h a t  s h o w n  i n  C o l u m n  B .  P u t  a  B  n e x t
t o  t h e  h i g h e s t  d o l l a r  a m o u n t  y o u  w o u l d  p a y  p e r  d a y  i f  y o u  w e r e  v i s i t i n g  t h e
G r a n d  C a n y o n  i n  q u e s t i o n  E 5  o n  y o u r  a n s w e r  s h e e t .

[ M O V E  COLUMN c T O  C O V E R  B]

1 2 4



N o w ,  f o r  y o u r  h o u s e h o l d , h o w  m u c h  o f  a n  i n c r e a s e  a b o v e  t h e  t o t a l  daily
p a r k  e n t r a n c e  f e e s  o f  $ 2 . 0 0  p e r  c a r l o a d  f o r  y o u r  h o u s e h o l d  w o u l d  y o u  pay f o r
c l e a n e r  a i r  i f  t h e  v i s i b i l i t y  w a s  i m p r o v e d  f r o m  t h a t  s h o w n  i n  C o l u m n  A  t o .
t h a t  s h o w n  i n  C o l u m n  C ? P l e a s e  p u t  t h e  l e t t e r  C  n e x t  t o  t h e  h i g h e s t  a m o u n t

y o u  w o u l d  p a y  p e r  d a y  i n  q u e s t i o n  E S  o n  y o u r  a n s w e r  s h e e t .

[MOVE COLUMN D TO COVER C ]

F o r  y o u r  housdhol’d, h o w  m u c h  o f  a n  i n c r e a s e  a b o v e  t h e  t o t a l  d a i l y  p a r k
e n t r a n c e  f e e s  o f  $ 2 . 0 0  p e r  c a r l o a d  w o u l d  Y O U  b e  w i l l i n g  t o  p a y  f o r  a n  i m p r o v e -
m e n t  f r o m  C o l u m n  A  t o  C o l u m n  D ? P l e a s e  p u t  t h e  l e t t e r  D  n e x t  t o  t h e  a m o u n t
i n  q u e s t i o n  ES.

[MOVE COLUMN E TO COVER COLUMN D]

A n d  f i n a l l y , f o r  y o u r  h o u s e h o l d , h o w  m u c h  o f  a n  i n c r e a s e  a b o v e  t h e  t o t a l
d a i l y  p a r k  e n t r a n c e  f e e s  o f  $ 2 . 0 0  p e r  c a r l o a d  w o u l d  y o u  p a y  t o  h a v e  a i r  q u a l -
i t y  a n d  v i s i b i l i t y  c o n d i t i o n s  o n  a  d a y  o f  y o u r  v i s i t  t o  G r a n d  C a n y o n  b e  l i k e
C o l u m n  E  a s  c o m p a r e d  t o  C o l u m n  A ? P u t  t h e  l e t t e r  E  n e x t  t o  t h e  a m o u n t  y o u
would p a y  a s  a  d a i l y  p a r k  e n t r a n c e  f e e  i n  q u e s t i o n  ES o n  y o u r  a n s w e r  s h e e t .

1 2 5



REGIONAL ANALYSIS

. . . . -lJser-

U n l e s s  n e w  a n d  c u r r e n t  i n d u s t r i a l  f a c i l i t i e s  i n  t h e  S o u t h w e s t  a r e
r e q u i r e d  t o  u t i l i z e  a i r  p o l l u t i o n  c o n t r o l s  f o r  p a r t i c u l a t e  a n d  s u l f u r  o x i d e
e m i s s i o n s ,  v i s i b i l i t y  i n  t h e  r e g i o n  w i l l  b e c o m e  l e s s  t h a n  t h e  c u r r e n t  a v e r a g e .

L e t ’ s  l o o k  a t  s o m e  p i c t u r e s  r e p r e s e n t i n g  r e g i o n a l  v i s i b i l i t y .  C o l u m n s
A - E  a g a i n  r e p r e s e n t  a i r  q u a l i t y  c o n d i t i o n s  f r o m  v e r y  p o o r  ( A )  t o  v e r y  g o o d
(E) . T h e  r o w s  r e p r e s e n t  m o r n i n g  c o n d i t i o n s  f o r  t h e  G r a n d  C a n y o n ,  M e s a  V e r d e
a n d  Z i o n  N a t i o n a l  P a r k s . R o w  1  l o o k s  o u t  f r o m  H o p i  P o i n t  t o w a r d s  t h e  e a s t  i n
t h e  m o r n i n g  a t  t h e  G r a n d  C a n y o n . R o w  2  r e p r e s e n t s  the.vista f r o m  H e s s  V e r d e
a t  F a r  V i e w  o v e r l o o k  t o w a r d s  t h e  s o u t h  i n  t h e  m o r n i n g . F i n a l l y ,  R o w  3  i s  a t
L a v a  PGint i n  Z i o n  N a t i o n a l  P a r k  Iookirig s o u t h e a s t  i n  t h e  m o r n i n g .

I f  c u r r e n t  e m i s s i o n  s t a n d a r d s  a r e  m a i n t a i n e d ,  t h e  a v e r a g e  c o n d i t i o n s
w i l l  b e  a s  s e e n  i n  C o l u m n  C . I f ,  h o w e v e r , c u r r e n t  e m i s s i o n  s t a n d a r d s  on
e x i s t i n g  a n d  p r o p o s e d  i n d u s t r i a l  f a c i l i t i e s  a r e  r e l a x e d  o r  n o t  e n f o r c e d ,  t h e n
a v e r a g e  a i r  q u a l i t y  a n d  v i s i b i l i t y  i n  t h e  r e g i o n  w i l l  b e  r e p r e s e n t e d  a s  i n
C o l u m n  B . A s  s h o w n  i n  C o l u m n  B  a  d e t e r i o r a t i o n  i n  v i s i b i l i t y  would o c c u r  i n
t h e  G r a n d  C a n y o n , Z i o n  a n d  M e s a  V e r d e  N a t i o n a l  P a r k s .  A s  a  r e s u l t ,  c o n d i t i o n s
a s  r e p r e s e n t e d  i n  C o l u m n s  C , D ,  a n d  E  w i l l  o c c u r  l e s s  f r e q u e n t l y .  C o n d i t i o n s
i n  C o l u m n s  A  a n d  B  w o u l d  o c c u r  m o r e  f r e q u e n t l y . W e  w o u l d  l i k e  t o  k n o w  h o w
m u c h  t h e  m a i n t e n a n c e  o f  a v e r a g e  r e g i o n a l  a i r  q u a l i t y  a n d  v i s i b i l i t y  i s  w o r t h
t o  y o u .

E 6 )  H o w  m u c h  w o u l d  y o u  b e  w i l l i n g  t o  p a y  p e r  d a y  i n  a d d i t i o n  t o  e x i s t i n g
p a r k  e n t r a n c e  f e e s  f o r  y o u r  h o u s e h o l d  a t  t h e  G r a n d  C a n y o n ,  M e s a  V e r d e ,  o r
Z i o n  N a t i o n a l  P a r k s  t o  p r e v e n t  a  d e t e r i o r a t i o n  i n  v i s i b i l i t y  i n  t h e  r e g i o n  a s
r e p r e s e n t e d  i n  m o v i n g  f r o m  C o l u m n  C  t o  C o l u m n  B . [SHOW PHOTOGRAPHS AND POINT
TO COLUMNS C AND B FOR GRAND CANYON, MESA VERDE AND ZION.]  Assume that
e n t r a n c e  f e e s  w o u l d  b e  r a i s e d  t h r o u g h o u t  t h e  N a t i o n a l  P a r k s  i n  t h e  S o u t h w e s t .
P l e a s e  p u t  a n  R  n e x t  t o  t h e  d o l l a r  a m o u n t  c l o s e s t  t o  t h e  h i g h e s t  i n c r e a s e  in

d a i l y  e n t r a n c e  fees y o u  w o u l d  b e  w i l l i n g  t o  p a y  f o r  y o u r  h o u s e h o l d  f o r  a
r e g i o n - w i d e  p r e s e r v a t i o n  i n  v i s i b i l i t y  f o r  q u e s t i o n  E 6 .

E 7 )  I f  y o u  a n s w e r e d “ $ 0 ”  t o  a n y  p a r t  o f  q u e s t i o n s  E 5  o r  E 6 ,  please
a n s w e r  q u e s t i o n  E 7  o n  y o u r  a n s w e r  s h e e t .

[TURN T O  p AG E  11, Q U E S T I O N  E11  (pLUME USER  ANALySIS)]
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EXISTENCE VALUE ANALYSIS

<.. - G r a n d  C a n y o n -

T h i s  p a r t  o f  t h e  s u r v e y  i s  d e s i g n e d  t o  d e t e r m i n e  y o u r ’  c o n c e r n  f o r  p r e -
s e r v i n g  v i s i b i l i t y  l e v e l s  i n  G r a n d  C a n y o n  N a t i o n a l  P a r k .

A l t h o u g h  o n e  d o e s  n o t  u s u a l l y  p l a c e  a  d o l l a r  v a l u e  o n  s c e n e r y ,  s u n s e t s ,
o r  v i s i b i l i t y , s u c h  t h i n g s  a r e  v a l u a b l e  t o  m o s t  p e o p l e . S i n c e  i t  d o e s  c o s t
m o n e y  t o  c l e a n  u p  m a n - m a d e  p o l l u t i o n  t o  i m p r o v e  v i s i b i l i t y  i n  o u r  N a t i o n a l
P a r k s ,  w e  a r e  i n t e r e s t e d  i n  f i n d i n g  o u t  h o w  m u c h  g o o d  v i s i b i l i t y  i s  w o r t h  t o
you .

U n l e s s  n e w  a n d  c u r r e n t  i n d u s t r i a l  f a c i l i t i e s  i n  t h e  S o u t h w e s t  a r e
r e q u i r e d  t o  m e e t  c u r r e n t  e m i s s i o n  s t a n d a r d s  f o r  p a r t i c u l a t e  a n d  s u l f u r  o x i d e s ,
a i r  q u a l i t y  i n  t h e  G r a n d  C a n y o n  w i l l  b e c o m e  l e s s  t h a n  t h e  c u r r e n t  a v e r a g e .

A g a i n ,  l e t  u s  l o o k  a t  t h e  p h o t o g r a p h s  r e p r e s e n t i n g  v i s u a l  a i r  qua~ity
r a n g i n g  f r o m  v e r y  p o o r  i n  C o l u m n  A  t o  v e r y  g o o d  i n  C o l u m n  E  f o r  e a s t  a n d  w e s t
v i e w s  i n  t h e  m o r n i n g  a n d  a f t e r n o o n  f r o m  H o p i  P o i n t . I f  c u r r e n t  e m i s s i o n
s t a n d a r d s  a r e  m a i n t a i n e d  t h e  a v e r a g e  c o n d i t i o n s  w i l l  b e  a s  s e e n  i n  C o l u m n  C .
[ f ,  h o w e v e r , t h e  c u r r e n t  e m i s s i o n  s t a n d a r d s  f o r  s u l f u r  o x i d e  a r e  n o t  e n f o r c e d ,
t h e n  a v e r a g e  a i r  q u a l i t y  a n d  v i s i b i l i t y  i n  t h e  r e g i o n  w i l l  b e c o m e  l i k e  C o l u m n
B . A s  a  r e s u l t , c o n d i t i o n s  a r e  r e p r e s e n t e d  i n  C o l u m n s  C ,  D  a n d  E  w i l l  o c c u r
f r e q u e n t l y  i n  t h e  G r a n d  C a n y o n . S u c h  e m i s s i o n  c o n t r o l s  w i l l  l i k e l y  m a k e
e l e c t r i c i t y  m o r e  e x p e n s i v e .

E 8 )  W e  w o u l d  l i k e  t o  k n o w  i f  y o u  w o u l d  b e  w i l l i n g  t o  p a y  h i g h e r  e l e c t r i c
u t i l i t y  b i l l s  i f  t h e  e x t r a  m o n e y  c o l l e c t e d  w o u l d  b e  u s e d  f o r  a d d i t i o n a l  a i r
p o l l u t i o n  c o n t r o l s  t o  p r e s e r v e  c u r r e n t  a i r  q u a l i t y  a n d  v i s i b i l i t y  levels a t
t h e  G r a n d  C a n y o n . H o w  m u c h  e x t r a  w o u l d  y o u  b e  w i l l i n g  t o  p a y  a t  m o s t ,  p e r
m o n t h  a s  a n  i n c r e a s e  i n  y o u r  e l e c t r i c  u t i l i t y  bill t o  p r e s e r v e  c u r r e n t  a v e r -
a g e  visibil i t y  a s  r e p r e s e n t e d  i n  C o l u m n  C  r a t h e r  t h a n  h a v e  t h e  a v e r a g e  d e t e r -
i o r a t e  t o  t h a t  s h o w n  i n  C o l u m n  B ? P l e a s e  p u t  an X  n e x t  t o  t h e  h i g h e s t  a m o u n t
y o u  w o u l d  b e  w i l l i n g  t o  p a y  p e r  m o n t h  f o r  y o u r  h o u s e h o l d  o n  y o u r  a n s w e r  s h e e t
f o r  q u e s t i o n  E 8 . [EMPHAs IZE THEY ARE ANSWERING  E 8 .  ]
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EXISTENCE VALUE

. . . - R e g i o n a l  A n a l y s i s -

U n l e s s  n e w  a n d  c u r r e n t  i n d u s t r i a l  f a c i l i t i e s  i n
S t a t e s  a r e  r e q u i r e d  t o  u t i l i z e  a i r  p o l l u t i o n  c o n t r o l s
s u l f u r  o x i d e  e m i s s i o n s ,  v i s i b i l i t y  i n  t h e  r e g i o n  w i l l
c u r r e n t  a v e r a g e .

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

U n i t e d
a n d
t h e

L e t ’ s  l o o k  a t  s o m e  p i c t u r e s  r e p r e s e n t i n g  regional visibility. Columns
A - E  a g a i n  r e p r e s e n t  a i r  q u a l i t y  c o n d i t i o n s  f r o m  v e r y  p o o r  ( A )  t o  v e r y  g o o d
( E ) . T h e  r o w s  r e p r e s e n t  m o r n i n g  c o n d i t i o n s  f o r  t h e  G r a n d  C a n y o n ,  M e s a  V e r d e
a n d  Z i o n  N a t i o n a l  P a r k s . R o w  1  l o o k s  o u t  f r o m  H o p i  P o i n t  t o w a r d s  t h e  e a s t
i n  t h e  m o r n i n g  a t  t h e  G r a n d  C a n y o n . R o w  2  r e p r e s e n t s  t h e  v i s t a  f r o m  M e s a
V e r d e  a t  F a r  V i e w  o v e r l o o k  t o w a r d s  t h e  s o u t h  i n  t h e  m o r n i n g . F i n a l l y ,  R o w  3
i s  a t  L a v a  P o i n t  i n  Z i o n  N a t i o n a l  P a r k  l o o k i n g  s o u t h e a s t  i n  t h e  m o r n i n g .

I f  c u r r e n t  e m i s s i o n  s t a n d a r d s  a r e  m a i n t a i n e d  t h e  a v e r a g e  c o n d i t i o n s  w i l l
b e  s e e n  i n  C o l u m n  C . I f ,  h o w e v e r , c u r r e n t  e m i s s i o n  s t a n d a r d s  o n  e x i s t i n g  a n d
p r o p o s e d  i n d u s t r i a l  f a c i l i t i e s  a r e  r e l a x e d  o r  n o t  e n f o r c e d ,  t h e n  a v e r a g e  a i r
q u a l i t y  a n d  v i s i b i l i t y  i n  t h e  r e g i o n  will b e  r e p r e s e n t e d  a s  i n  C o l u m n  B .  A s
s h o w n  i n  C o l u m n  B  a  d e t e r i o r a t i o n  i n  v i s i b i l i t y  w o u l d  o c c u r  i n  t h e  G r a n d
C a n y o n ,  Z i o n  a n d  M e s a  V e r d e  N a t i o n a l  P a r k s .  A s  a  r e s u l t ,  c o n d i t i o n s  a s
r e p r e s e n t e d  i n  C o l u m n s  C , D  a n d  E  w i l l  o c c u r  l e s s  f r e q u e n t l y .  C o n d i t i o n s  i n
C o l u m n s  A  a n d  B  w o u l d  o c c u r  m o r e  f r e q u e n t l y .  We w o u l d  l i k e  t o  k n o w  h o w  m u c h
t h e  m a i n t e n a n c e  o f  a v e r a g e  r e g i o n a l  v i s i b i l i t y  i s  w o r t h  t o  y o u .

E 8 )  H o w  m u c h  m o r e  t h a n  y o u  h a v e  a l r e a d y  o f f e r e d  t o  p a y  f o r  t h e  G r a n d
C a n y o n  w o u l d  y o u  b e  w i l l i n g  t o  p a y  i n  h i g h e r  e l e c t r i c  u t i l i t y  b i l l s  p e r  m o n t h
t o  p r e s e r v e  c u r r e n t  a v e r a g e  a i r  q u a l i t y  a n d  v i s i b i l i t y  l e v e l s  t h r o u g h o u t  t h e
P a r k l a n d s  o f  t h e  S o u t h w e s t ?  V i s i b i l i t y  c o n d i t i o n s  a s  r e p r e s e n t e d  i n  t h e  p h o t o -
g r a p h s  i n  C o l u m n  C  w o u l d  b e  m a i n t a i n e d  a s  o p p o s e d  t o  a l l o w i n g  a i r  q u a l i t y  a n d
v i s i b i l i t y  t o  d e t e r i o r a t e  t o  t h e  n e w  a v e r a g e  l e v e l s  s h o w n  i n  p h o t o g r a p h s  i n
C o l u m n  B . P l e a s e  p l a c e  a n  R  b y  t h e  i n c r e a s e  i n  m o n t h l y  e l e c t r i c  u t i l i t y  b i l l s
Y O U  w o u l d  b e  willi~g t o  p a y  f o r  y o u r  h o u s e h o l d  f o r  q u e s t i o n  E 8 .

E 9 )  I f  y o u  a n s w e r e d “ $ 0 ”  t o  E 8 ,  p l e a s e  a n s w e r  E 9  o n  y o u r  a n s w e r  s h e e t .

[TURN T O  p AG E  11, QuESTi ON E 1 2  (pLUME EX I ST E N C E  V A L U E) ]

1 2 8



PLUME ANALYSIS (USER)

<.,

E 1 O )  P r o b l e m s  o t h e r  t h a n  r e g i o n a l  h a z e  c a n  b e  a s s o c i a t e d  w i t h  i n d u s t r i a l
d e v e l o p m e n t  i n  t h e  S o u t h w e s t  r e g i o n . P l u m e s  a l s o  c a n  r e d u c e  v i s i b i l i t y  b y
d i s r u p t i n g  a  v i s t a  o n  t h e  h o r i z o n . T h e s e  p h o t o g r a p h s  r e p r e s e n t  t w o  s i t u a t i o n s
w h e r e b y  i n  p i c t u r e  A  n o  p l u m e  c a n  b e  s e e n  l o o k i n g  w e s t  f r o m  H o p i  P o i n t  i n  t h e
G r a n d  C a n y o n . Pciture B  i s  i d e n t i c a l ,  h o w e v e r ,  a  p l u m e  i s  v i s i b l e .  W e  w o u l d
l i k e  t o  k n o w  h o w  m u c h  y o u  a r e  w i l l i n g  t o  p a y  i n  a d d i t i o n  t o  t h e  d a i l y  p a r k
e n t r a n c e  f e e s  o f  $ 2 . 0 0  f o r  y o u r  h o u s e h o l d  f o r  p r e v e n t i o n  of plume b l i g h t  o v e r
t h e  G r a n d  C a n y o n . P l e a s e  p u t  t h e
y o u  would p a y  p e r  d a y  i f
o n  y o u r  a n s w e r  s h e e t .

[CONTINUE WITH soc

l e t t e r  A  n e x t  t o  t h e  h i g h e s t  dollar a m o u n t
y o u  w e r e  v i s i t i n g  t h e  G r a n d  C a n y o n  f o r  q u e s t i o n  E 1 O

O-ECONOM  C QUESTIONS ON THE LAST PAGE OF ANSWER SHEET]
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PLUME ANAL’fS

,,

E n )  P r o b l e m s  o t h e r  t h a n  r e g
d e v e l o p m e n t  i n  t h e  S o u t h w e s t  regiol.

s  (ExISTENCE vALuE)

o n a l  h a z e  c a n  b e  a s s o c i a t e d  w i t h  i n d u s t r i a l
. P l u m e s  c a n  r e d u c e  a i r  q u a l i t y  a n d  i m p a i r

v i s i b i l i t y  b y  v i s u a l l y  d i s r u p t i n g  a  v i s t a  o n  t h e  h o r i z o n . W e  w o u l d  l i k e  t o
k n o w  i f  y o u  a r e  c o n c e r n e d  w i t h  p r e s e r v i n g  v i s i b i l i t y  i n  G r a n d  C a n y o n  N a t i o n a l
P a r k  f r o m  p l u m e  b l i g h t .

T h e s e  p h o t o g r a p h s  r e p r e s e n t  t w o  s i t u a t i o n s  w h e r e b y  i n  p i c t u r e  A  n o  p l u m e
c a n  b e  s e e n  l o o k i n g  w e s t  f r o m  H o p i  P o i n t  i n  t h e  G r a n d  C a n y o n . P i c t u r e  B  i s
i d e n t i c a l ,  h o w e v e r ,  a  p l u m e  i s  v i s i b l e . A g a i n  f o c u s i n g  o n  t h e  p o s s i b i l i t y  o f
h i g h e r  u t i l i t y  b i l l s , h o w  m u c h  e x t r a  w o u l d  y o u  b e  w i l l i n g  t o  p a y  a t  m o s t ,
m o n t h l y ,  a s  a n  i n c r e a s e  i n  y o u r  e l e c t r i c  u t i l i t y  b i l l  to p r e s e r v e  t h e  v i s t a
a s  s e e n  i n  p i c t u r e  A  r a t h e r  t h a n  h a v e  p l u m e  b l i g h t  a s  r e p r e s e n t e d  i n  p i c t u r e
B ?  P l e a s e  p u t  t h e  l e t t e r  A  n e x t  t o  t h e  h i g h e s t  a m o u n t  y o u  w o u l d  b e  w i l l i n g
t o  p a y  p e r  y e a r  f o r  y o u r  h o u s e h o l d  o n  y o u r

[ C O N T I N U E  W I T H  SOCIO-ECONOMIC QUESTION$ON

a n s w e r  s h e e t  f o r  q u e s t i o n  E n .

L A S T  P A G E  O F  A N S W E R  S H E E T ]  -
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ANSWER SHEET

E l )

E 2 )

E3)

E 4 )

E 5 )

E 6 )

1 D a y
2  D a y s
3 Days
4 D a y s

5 Days
6 Days
7 Days
8 Days

9 Days
1 0  D a y s
1 1  D a y s
1 2  D a y s

1 3  D a y s
14  D a y s
1 5  D a y s
M o r e  t h a n  1 5  D a y s

1  D a y 5 Days 9 Days 1 3  D a y s
2  D a y s 6  D a y s 1 0  D a y s 14  D a y s
3  D a y s 7  ays 1 1  D a y s 1 5  D a y s
4 D a y s 8  D a y s 1 2  D a y s M o r e  t h a n  1 5  D a y s

Z i o n  N a t .  P a r k 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  131415 Morethan15
M e s a  V e r d e  N a t .  P a r k 1 2 3 4 5 6 7 8 9 1 0 1 - 1 1 2  131415 M o r e  than15
Bryce C a n y o n  N a t . P a r k  1 2 3 4 5 6 7 8 9 1 0  l112131L15 More than 1 5
C a n y o n l a n d s  N a t .  P a r k 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  131L15Morethan15

Zion Nat. Park - 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  131ft15tlorethan15
M e s a  V e r d e  N a t .  P a r k 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  131L15Morethan15
Bryce C a n y o n  N a t . P a r k  1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  131q15Morethan15

$ . 0 0
.50

1.00
1.50
2.00
2.50
3.00

$ . 0 0
.50

1.00
1.50
2.00
2 . 5 0
3 . 0 0

Iciav
‘jda~

/day
/ d a y
/day
/dav

/ d a v
‘;da~

/dav
‘/day

/day
/dav

$ 4.00
5.00
6.00
7.00
8.00
9.00

10.00

$ 4.00
5.00
6.00
7.00
8.00
9.00

10.00

/day
/ d a y
/ d a y
/day
/day
/ d a y
/day

/ d a y
/ d a y
/day
Idav

—-  J

$  1 5 . 0 0
2 0 . 0 0
2 5 . 0 0
5 0 . 0 0
7 5 . 0 0

1 0 0 . 0 0

/ d a y
/ d a y
/ d a y
/ d a y
/ d a y
Idav

M o r e  t h a n  $ 1 0 0 . 0 0 / d a y

/ d a y
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E 7 )  A n s w e r  o n l y  ifyou a n s w e r e d
b e c a u s e  y o u  b e l i e v e  t h a t :

A n s w e r  S h e e t  2

$ . 0 0  to the a b o v e  q u e s t i o n s .  D i d  y o u  b i d  zero

T h e  a i r  q u a l i t y  i m p r o v e m e n t s  r e p r e s e n t e d  i n  t h e  c o l u m n s  a r e  n o t
—  s i g n i f i c a n t .

T h e  s o u r c e ’  o f  t h e  a i r  p o l l u t i o n  s h o u l d  b e  r e q u i r e d  t o  p a y  t h e  c o s t s
o f  i m p r o v i n g  t h e  a i r  q u a l i t y .

O t h e r  ( s p e c i f y )

E8) $ .00
5 . 0 0

1 0 . 0 0
1 5 . 0 0
2 0 . 0 0

/ y e a r
/ y e a r
/ y e a  r

(year
/ y e a r

E9) $ ‘.00 /yea r
5.00 / y e a r

1 0 . 0 0 / y e a  r
1 5 . 0 0 / y e a r
2 0 . 0 0 / y e a r

$ 2 5 . 0 0
3 0 . 0 0
3 5 . 0 0
4 0 . 0 0
4 5 . 0 0

$ 2 5 .
3 0 .

:::
4 5 .

0 0
0 0
0 0
0 0
0 0

/ y e a r
/ y e a  r

/yea r
/ y e a r
/ y e a r

/ y e a r
/ y e a  r

/yea r
/ y e a r
/ y e a r

$50.00
60.00
70.00
80.00
90.00

$50
60
70
80
90

. 0 0

. 0 0

. 0 0

. 0 0

.00

/yea r
/ y e a  r
/ y e a r

(yea r
/ y e a r

M o r e  t h a n

/ y e a  r
/year
/ y e a r
/ y e a r
/year

M o r e  t h a n

$1OO.(X)
1 2 5 . 0 0
1 5 0 . 0 0
1 7 5 . 0 0
2 0 0 . 0 0

$ 2 0 0 . 0 0

$ 1 0 0 .
1 2 5 .
1 5 0 .
1 7 5 .
2 0 0 .

$ 2 0 0 .

0 0
0 0
0 0
0 0
0 0
0 0

/ y e a  r
/ y e a r— .
/ y e a  r
/ y e a r
/year
/ y e a r

/ y e a r
/ y e a  r

/year
/ y e a r
/ y e a r
/vea r— ,

E 1 O )  A n s w e r  o n l y  i f  y o u  a n s w e r e d  $ . 0 0  t o  t h e  a b o v e  q u e s t i o n s . D i d  y o u  b i d  z e r o
b e c a u s e  y o u  b e l i e v e  t h a t :

E n )  $  . 0 0
.50

1.00
1.50
2.00
2.50
3.00

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

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

O t h e r  ( s p e c i f y )

/da~
/ d a y
/dav

‘)da~
/ d a y

$ 4.00
5.00
6.00
7.00
8.00
9.00

10.00

/ d a v
/da~
/day
/dav

‘)da~
/day
/ d a v

—“ ‘

$ 1 5 . 0 0 /day
2 0 . 0 0 / d a y
2 5 . 0 0 / d a y
50.00 /day
75.00 /day

1 0 0 . 0 0 /day
M o r e  t h a n  $ 1 0 0 . 0 0 - /day
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A n s w e r  S h e e t  3

E 1 2 )

E 1 3 )

E14)

E15)

E 1 6 )

E18)

E 2 0 )

E21).

$ .00
.50

1 . 0 0
1 . 5 0
2 . 0 0
2 . 5 0
3 . 0 0

/dav .
/ d a y
/dav
/ d a y
/day
,dav.. . .

1
2
3

1
2
3

$ .00
5 . 0 0

1 0 . 0 0
1 5 . 0 0
2 0 . 0 0

Home z

$ 4.00
5.00
6.00
7.00
8.00
9.00

10.00

t i m e 4 t
t i m e s 5 t
t i m e s 6 t

/day
/ d a y
/day
/ d a y
/ d a y
/ d a y
/ d a y

mes
mes
mes

t i m e 4  t i m e s
t i m e s 5  t i m e s
t i mes 6  t i m e s

/ y e a  r
/ y e a r
/ y e a r
/year
/year

$ 2 5 . 0 0
30.00
35.00
40.00
45.00

/year
/ y e a r
/ y e a r
/ y e a  r
/ y e a r

$ 1 5 . 0 0 / d a y
2 0 . 0 0 ‘ / d a y
2 5 . 0 0 / d a y
5 0 . 0 0  —

/ d a y
75.00 /day

1 0 0 . 0 0 / d a y
M o r e  t h a n  $ 1 0 0 . 0 0 / d a y

7  t i m e s
8  t i m e s

9  t i m e s

7 t i m e s
8  t i m e s

9  t i m e s

$50.00
60.00
70.00
80.00
90.00

/ y e a r
/ y e a r
/year
/ y e a r
/ y e a r

1 0  t i m e s
1 1  t i m e s
1 2  t i m e s

1 0  t i m e s
1 1  t i m e s
1 2  t i m e s

$ 1 0 0 . 0 0
1 2 5 . 0 0
1 5 0 . 0 0
1 7 5 . 0 0
2 0 0 . 0 0

M o r e  t h a n  $ 2 0 0 . 0 0

/ y e a r
/ y e a r
/ y e a  r
/ y e a r
/year

. /year

p  c o d e R u r a lE17) — S u b u r b a n U r b a n

E d u c a t i o n : u n d e r  1 2  y e a r s E19) A g e  g r o u p :  u n d e r  18
H i g h  S c h o o l 1 8 - 2 4
C o l l e g e  - n o  d e g r e e 25-34
B a c h e l o r ’ s  d e g r e e 35-44
P o s t - g r a d u a t e  d e g r e e 45-54

55 & over

S e x : M a l e Female .

How many me

E 2 2 )  A r e  y o u  t h e

E 2 3 )  wOUld YOU p
h o l d  i n c o m e

h e r s  a r e  t h e r e  i n  y o u r  h o u s e h o l d ? p e r s o n s

p r i m a r y  i n c o m e  e a r n e r  i n  y o u r  h o u s e h o l d ? y e s n o..-—

e a s e  i n d i c a t e .  w h i c h  o f  t h e  f o l l o w i n g  g r o u p s  y o u r  a n n u a l  house-
f a l l s  i n :

l e s s  t h a n  $ 5 , 0 0 0 $ 2 5 , 0 0 0 - 2 9 , 9 9 9 $ 5 5 , 0 0 0 - 5 9 , 9 9 9
$  5 , 0 0 0 - 7 , 4 9 9 $ 3 0 , 0 0 0 - 3 4 , 9 9 9 ‘ $ 6 0 , 0 0 0 - 6 4 , 9 9 9

— $  7 , 5 0 0 - 9 , 9 9 9 $ 3 5 , 0 0 0 - 3 9 , 9 9 9
$ 1 0 , 0 0 0 - 1 4 , 9 9 9

‘ $ 6 5 , 0 0 0 - 6 9 , 9 9 9
— $ 4 0 , 0 0 0 - 4 4 , 9 9 9— $ 7 0 , 0 0 0 - 7 4 , 9 9 9

$ 1 5 , 0 0 0 - 1 9 , 9 9 9 — $ 4 5 , 0 0 0 - 4 9 , 9 9 9
,_. $ 2 0 , 0 0 0 - 2 4 , 9 9 9

$ 7 5 , 0 0 0  a n d  u p
$50,000-54,999
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INTERVIEWING SUPPLEMENT

[ A d d i t i o n a l  i n f o r m a t i o n  t o  b e  u s e d  b y  i n t e r v i e w  t e a m s  o n l y  i f  n e c e s s a r y .
P l e a s e  n o t e  o n  a n s w e r  s h e e t  i f  t h i s  m a t e r i a l  w a s  used!]

S c i e n t i f i c  B a s i s  o f  P h o t o g r a p h s

T h e  p h o t o g r a p h s  y o u  h a v e  b e e n  s h o w n  h a v e  b e e n  p r o d u c e d  i n  t h e  f o l l o w i n g
m a n n e r : T h r o u g h o u t  t h e  N a t i o n a l  P a r k  S y s t e m ,  p h o t o g r a p h s  a r e  b e i n g  t a k e n
t w i c e  a  d a y  ( m o r n i n g  a n d  a f t e r n o o n )  e v e r y  d a y  o f  t h e  y e a r  a t  m a j o r  o v e r l o o k s .
S o p h i s t i c a t e d  e l e c t r o n i c  e q u i p m e n t , a n  i n s t r u m e n t  c a l l e d  a  t e l e p h o t o m e t e r ,  i s
u s e d  t o  g e t  a  p h y s i c a l  m e a s u r e  o f  v i s i b i l i t y  a t  t h e  s a m e  t i m e  t h e  p h o t o s  a r e
b e i n g  t a k e n . T h i s  p h y s i c a l  m e a s u r e  i s  c a l l e d  a p p a r e n t  c o n t r a s t .  A p p a r e n t
c o n t r a s t  i s  a  m e a s u r e  o f  v i s u a l  a i r  q u a l i t y . T h i s  m e a s u r e  i s  b a s e d  o n  t h e
d i f f e r e n c e  i n  l i g h t  b e t w e e n  a  d i s t a n t  t a r g e t  ( a  m o u n t a i n ,  f o r  i n s t a n c e )  a n d
t h e  b a c k g r o u n d  s k y . A p p a r e n t  c o n t r a s t  c a n  a l s o  b e  m e a s u r e d  d i r e c t l y  i n  t h e
p h o t o g r a p h s , w h i c h  a l l o w s  c a l i b r a t i o n  b e t w e e n  p h y s i c a l  m e a s u r e m e n t s  a n d  t h e
p h o t o g r a p h s . A s  a  r e s u l t  o f  t h i s  d a t a  c o l l e c t i o n  e f f o r t ,  w e  k n o w  h o w  o f t e n
c o n d i t i o n s  s h o w n  a s  i n  c o l u m n s  A - E  o c c u r  o v e r  a  t y p i c a l  y e a r .

W h a t  C a u s e s  P o o r  V i s i b i l i t y

H u m i d i t y  ( w a t e r  i n  t h e  a i r ) , d u s t  ( e s p e c i a l l y  f i n e  p a r t i c u l a t e ) ,  a n d
t h e  g a s s e s  m a k i n g  u p  t h e  a t m o s p h e r e  t h e m s e l v e s  a l l  r e d u c e  v i s i b i l i t y . Man-
c a u s e d  p o l l u t i o n  c a n  c o n t r i b u t e  t o  p o o r  v i s i b i l i t y . T w o  t y p e s  o f  f i n e  particu-
l a t e  a r e  p a r t l y  c a u s e d  b y  m a n :  s u l f a t e s  a n d  n i t r a t e s .  E m i s s i o n s  o f  n i t r o g e n
o x i d e s  ( g a s s e s  f o r m e d  f r o m  a t m o s p h e r i c  g a s s e s  u n d e r  h i g h  t e m p e r a t u r e  a n d / o r
p r e s s u r e )  r e a c t  i n  t h e  a t m o s p h e r e  t o  f o r m  n i t r a t e s . B o t h  a u t o m o b i l e s  and
i n d u s t r y  a r e  m a j o r  s o u r c e s  o f  n i t r o g e n  o x i d e s . E m i s s i o n s  o f  s u l f u r  o x i d e s
( g a s s e s  r e s u l t i n g  f r o m , f o r  e x a m p l e ,  a  c o m b i n a t i o n  o f  s u l f u r  i n  f u e l s  o r  o r e s
w i t h  o x y g e n )  a l s o  r e a c t  i n  t h e  a t m o s p h e r e  t o  f o r m  s u l f a t e s . I n d u s t r y ,  e s p e -
c i a l l y  p o w e r  p l a n t s  a n d  s m e l t e r s , i s  t h e  p r i m a r y  s o u r c e  o f  s u l f u r  o x i d e  e m i s -
s i o n s . T h e  c o n t r i b u t i o n  o f  s u l f a t e s  a n d  n i t r a t e s  t o  p o o r  v i s i b i l i t y  h a s  b e e n
d e t e r m i n e d  b y  t a k i n g  a i r  s a m p l e s  d u r i n g  k n o w n  v i s i b i l i t y  c o n d i t i o n s  a n d  r u n n i n g
t h e  a i r  s a m p l e  t h r o u g h  a  f i l t e r  t o  c a p t u r e  p a r t i c u l a t e  m a t t e r . S u l f a t e s  a n d
n i t r a t e s  h a v e  b e e n  : s h o w n  t o  m a k e  a  s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  v i s i b i l i t y
p r o b l e m . R e c o r d s  f r o m  a i r p o r t s  i n  t h e  S o u t h w e s t  s h o w  t h a t  v i s i b i l i t y  h a s
d e c l i n e d  f r o m  a n  a v e r a g e  o f  a b o u t  1 0 0  m i l e s  t o  a b o u t  8 0  m i l e s  o v e r  t h e  l a s t
t w e n t y  y e a r s .
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