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FOREWORD 

Th i s  r e p o r t  summarizes a s tudy  conducted by B a t t e l l e ,  P a c i f i c  

Northwest Labo ra to r i es  (Ba t t e l  1 e-Northwest)  f o r  t h e  Atomic Energy 

Commission. It represen ts  an i n t e r d i s c i p l i n a r y  e f f o r t  t o  extend a 

methodology ( r e c e n t l y  developed a t  Ba t t e l l e -No r thwes t )  f o r  s i t i n g '  

nuc lear  power p l a n t s  t o  t h e  problem of r o u t i n g  e l e c t r i c  power t r ans -  

m iss ion  1 ines .  The methodology i nco rpo ra tes  b o t h  pub1 i c  va lues and 

t e c h n i c a l  assessments. 

Paul Hendrickson o f  B a t t e l  le-Nor thwest  served as p r o j e c t  manager. 

Chapters I 1  and V were w r i t t e n  by B r i a n  Gray o f  Jones and Jones Landscape 

A r c h i t e c t s  i n  Sea t t l e .  W i l l i a m  Maynard o f  t h e  B a t t e l l e  Human A f f a i r s  

Research Center i n  S e a t t l e  wrote Chapter I V .  Roy Bahl , Professor o f  

Economics and D i r e c t o r  o f  t h e  Me t ropo l i t an  S tud ies  Program a t  Syracuse 

U n i v e r s i t y ,  wro te  Chapter V I  . 



TABLE OF CONTENTS 

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . .  i 

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . .  i v 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . .  i v 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . .  v 

I . IN'TRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  1 

References . . . . . . . . . . . . . . . . . . . . . . . .  3 

I 1  . METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . .  4 

I I I . REVIEW OF THE STATE-OF-THE-ART OF TRANSMISSION LINE 
ROUTING . . . . . . . . . . . . . . . . . . . . . . . . .  7 

A . Present C a p a b i l i t i e s  f o r  Measuring and P r e d i c t i n g  
Transmission L ine  Impacts . . . . . . . . . . . . . .  7 

B . Requirements f o r  Improvement o f  Impact P red i c t i on  . . . . . . . . . . . . . . . . . . . . .  C a p a b i l i t i e s  12 

References . . . . . . . . . . . . . . . . . . . . . . . .  17 

I V  . MEASUREMENT OF SOCIAL VALUES . . . . . . . . . . . . . . .  19 

A . Pub l i c  P a r t i c i p a t i o n  i n  Decision Making . . . . . . .  19 

. . . . . . . . . . . . . . .  0 . Se lec t ion  o f  Respondents 21 

C . Se lec t i on  o f  C r i t e r i a  fo r  Evaluat ing Transmission . . . . . . . . . . . . . . . . . . . . .  L i n e  Irr~pacts 22 

D . Selec t ion  o f  S t i m u l i  . . . . . . . . . . . . . . . . .  27 

E . Measurement Techniques . . . . . . . . . . . . . . . .  28 
. . . . . . . . . . . . . . . . . . . . .  F . L i m i t a t i o n s  32 

G . Example o f  Theory App l i ca t i on  . . . . . . . . . . . .  34 

References . . . . . . . . . . . . . . . . . . . . . . . .  38 

. . . . . . . . . . .  V . QUANTlFICATION OF AESTHETIC CRITERIA 40 

A . Review o f  E x i s t i n g  Techniques f o r  Transmission L ine  . . . . . . . . . . .  Rout i  ng/Vi sual Impact Assessment 40 

0 . Approach/Methodology . . . . . . . . . . . . . . . . .  47 

C . Data Preparat ion/Prel  im inary  Ana lys is  . . . . . . . .  51 

. . . . . . . . . . . . .  D . Eva1 u a t i o n  o f  Visual Qua1 i t y  64 

E . Determinat ion o f  Visual Impact . . . . . . . . . . . .  70 

F . Example o f  Method App l i ca t i on  . . . . . . . . . . . .  73 

References . . . . . . . . . . . . . . . . . . . . . . . .  77 



TABLE OF CONTENTS (cont.  ) 

V I .  MEASURING THE SOCIAL COSTS OF TRANSMISSION TOWER LINES: 
A PROPERTY VALUE APPROACH . . . . . . . . . . . . . . . .  81 

A. The Underlying Theory and the  TTL Problem . . . . . .  82 

B. The Empir ical Approach . . . . . . . . . . . . . . . .  102 

C. A1 t e r n a t i v e  Est imat ion Models . . . . . . . . . . . .  106 

D. The TTL L i t e r a t u r e  . . . . . . . . . . . . . . . . . .  114 

References . . . . . . . . . . . . . . . . . . . . . . . .  118 

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . .  121 

APPENDIX A . . . . . . . . . . . . . . . . . . . . . . . .  A.l 

APPENDIXB . . . . . . . . . . . . . . . . . . . . . . . .  B . l  

APPENDIX C . . . . . . . . . . . . . . . . . . . . . . . .  C . l  

iii 



LIST OF TABLES 

Corr~posi t e  Social  -Technical Analys is  o f  Two A1 t e r n a t i v e  5 
Transmission L ines . . . . . . . . . . . . . . . . . . . . .  
Comparison o f  A l t e r n a t i v e  Power Generation-Transmission 
Systems . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

A Model f o r  Studying the  Comprehension o f  Environments . . .  23 

Comparison o f  t he  D i r e c t  and P o l i c y  Capturing Approaches . . . . . . . . . . . . . . . . . . .  t o  C r i t e r i a  Weighting 36 

Landscape/Transmi ssion Visual Compat i b i  1 i ty  Assessment 
Check l is t  . . . . . . . . . . . . . . . . . . . . . . . . .  54 

Comparison o f  Visual Impacts Between Two Theoret ica l  
A l t e r n a t i v e  Nuclear Power P lan t  S i t i n g s  . . . . . . . . . .  74 

Analyses o f  Three Viewscapes by Special-Competence Group . . 75 

Percentage Depreciat ion o f  Property Val ues Ins ide  and . . . . . . . . . . . . . . . . .  Outside the 35 N N I  Contour 96 

A l t e r n a t i v e  Est imat ion Equations f o r  Median Property Values 
o f  167 Census T rac ts .  f o r  the  S t .  Louis Metropol i tan . . . . . . . . . . . . . . . . . . . . . . . .  Area: 1960 108 

LIST OF FIGURES 

1 Hypothet ica l  Power P lan t  and Transmission L ine  
A1 t e r n a t i v e s  . . . . . . . . . . . . . . . . . . . . . . . .  5 

2 Cori~parison o f  a "Conmon" 138 KV Transmission Tower With a 
P o t e n t i a l l y  Enlarged Version t o  Carry 1500 KV, Which May Be . . . . . . . . . . . . . . . . . . . . . .  Requ i redby1985  42 

3 Reduction i n  Demand f o r  Property Inspected by a TTL . . . .  89 

. . . . . . . . . .  4 Ind ices  f o r  a Hypothet ica l  Control  Area 113 

. . . . . . . . . .  5 Ind ices  f o r  a Hypothet ica l  P ro jec t  Area 113 



A methodology p r e v i o u s l y  developed by B a t t e l l e ,  P a c i f i c  Northwest 

Labora to r ies ,  f o r  s i t i n g  nuc lea r  power p l a n t s  has been adapted t o  t he  

problem of s e l e c t i n g  an optimum e l e c t r i c  power t ransmiss ion  1 i n e  r o u t e  

from among se lec ted  a l t e r n a t i v e s .  The unique f e a t u r e  o f  t h i s  methodology 

i s  t h e  systemat ic  i n c l u s i o n  o f  p u b l i c  va lues i n t o  t he  decis ion-making 

process. 

STATE-OF-THE-ART OF TRANSMISSION LINE ROUTING 

The c u r r e n t l y  a v a i l a b l e  p lann ing  techniques f o r  t ransmiss ion  l i n e  

r o u t i n g  and impact assessment c a l l  f o r  an ex tens ive  n a t u r a l  and c u l t u r a l  

resource i nven to ry ,  t he  use o f  i d e a l i z e d  l o c a t i o n  s t r a t e g i e s  and f a c t o r  

we igh t i ng  combinat ions, and err~ployment o f  s o p h i s t i c a t e d  o v e r l a y  o r  computer- 

i z e d  c o n s t r a i n t  mapping techniques t o  a i d  i n  r o u t e  s e l e c t i o n  and t h e  

i d e n t i f i c a t i o n  o f  h i g h  impact areas. Our suggest ions f o r  improvement i n  

impact p r e d i c t i o n  c a p a b i l i t i e s  i n c l u d e  t h e  need f o r  pub1 i c  p a r t i c i p a t i o n  

i n  t h e  p lann ing  process, a  c l a r i f i c a t i o n  o f  t h e  e v a l u a t i o n  procedures t o  

he lp  improve p u b l i c  understanding and involvement,  t he  use o f  e s t a b l i s h e d  

sca led re fe rence  p o i n t s  t o  permi t  va lue comparisons between va r i ous  impacts,  

and 1  ong range power genera t ion  and t ransmiss ion  master p lann ing  t o  m in im ize  

a  cornpound-ing o f  f u t u r e  environmental  impacts. A  composite c o l  l e c t i o n  of 

g u i d e l i n e s  f o r  t ransmiss ion  l i n e  r o u t i n g  i s  i nc l uded  as an appendix. 

METHODOLOGY 

The methodology developed i n  t h i s  r e p o r t  has t h r e e  s teps:  

(1 ) Se lec t i on  o f  s i g n i f i c a n t  c r i t e r i a  i n f l u e n c i n g  t h e  r o u t e  s e l e c t i o n  
ana l ys i s ;  

(2) Measurements o f  t h e  r e l a t i v e  we igh t  which t h e  p u b l i c  a t taches  
t o  each c p i  t e r i o n  ; and 

(3 )  Q u a n t i f i c a t i o n  by t echn i ca l  expe r t s  o f  t h e  impact of t h e  
a1 t e r n a t i v e  t ransmiss ion  1  i n e  r o u t e s  f o r  each c r i t e r i o n  us ing  
a  d imension less s c a l a r  index. 



Completion o f  these steps r e s u l t s  i n  a r a t i n g  score f o r  each a l t e r n a t i v e  

rou te  based on both techn ica l  and p u b l i c  judgment and thereby i d e n t i f i e s  

the  most des i rab le  route.  

Pre l im inary  ana lys i s  suggests t h a t  seven c r i t e r i a  may adequately 

descr ibe the  impact o f  transmission 1 i nes  : aes the t i c  impact, economic 

impact, water qual i t y  impact, a i r  qual i t y  impact, cu l  t u ra l / rec rea t iona l  

impact, heal t h / sa fe ty  impact, and animal / p l a n t  impact. It i s  expected 

t h a t  the  p u b l i c  would a t tach  w ide ly  d ivergent  weight ing f a c t o r s  t o  the  

c r i t e r i a .  These c r i t e r i a  were obtained a f t e r  cons idera t ion  o f  

environmental impact statements. A technique f o r  i nco rpo ra t i ng  the  

pub1 i c  i n t o  the  process o f  se lec t i ng  c r i t e r i a  us ing d i r e c t  quest ioning 

and mul t id imensional  sca l ing  i s  a lso  inc luded i n  the  repor t .  

MEASUREMENT OF SOCIAL VALUES 

To determine the  r e l a t i v e  weight which the  p u b l i c  attaches t o  r o u t i n g  

c r i t e r i a ,  a representa t ive  sample o f  viewscapes showing the  v i sua l  impact 

of t ransmission 1 ines  would be assernbled. Descri p t i v e  scenarios accompanying 

each viewscape would descr ibe re levan t  c r i t e r i a  such as economic and 

eco log ica l  changes brought about by t h e  const ruc t ion  and operat ion o f  a 

transmission l i n e  a t  t h a t  l oca t ion .  Pub l i c  response t e s t i n g  would requ i re  

t h a t  respondents ~ i e w  each scene, read the  accompanying d e s c r i p t i o n  , and 

make an o v e r a l l  judgment o f  t h e  a c c e p t a b i l i t y  o f  each scenario. Mu1 t i p l e  

regression ana lys i  s  would be used t o  determine the  r e l a t i o n s h i p  between 

the  o v e r a l l  evaluat ions made by the  p u b l i c  and the  preassigned values f o r  

the  var ious c r i t e r i a .  The ex tent  t o  which the  preassigned values "predicted" . 
the o v e r a l l  judgment would serve as a bas is  f o r  i n f e r r i n g  the  weight o r  

"importance" o f  each c r i t e r i o n .  D i r e c t  est imates o f  the  irr~portance o f  each 

c r i t e r i o n  would a l so  be obtained f o r  comparison purposes. These would be E 
measured by making the c r i t e r i a  e x p l i c i t  t o  the  respondents and asking 

f o r  a rank o rde r ing / ra t i ng  o f  t he  importance which they a t tach  t o  each @ 

c r i t e r i o n .  



QUANTIFICATION OF CRITERIA 

The most comprehensive approaches c u r r e n t l y  a v a i l a b l e  t o  e l eva te  

a e s t h e t i c s  a r e  expanded t o  i n c o r p o r a t e  t h e  concept of t h e  r e l a t i v e  s c a r c i t y  

of v i s u a l  resources impacted and t h e  q u a n t i f i c a t i o n  o f  a e s t h e t i c s  as 

developed i n  t h e  nuc lea r  power p l a n t  s i t i n g  study. The procedure c a l l s  

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

r a t i n g  t h e  v i s u a l  c o m p a t i b i l i t y  o f  t ransmiss ion  f a c i l i t i e s  i n  each. Scarce 

and f r a g i l e  v i s u a l  resources, t r a n s i t i n g  and r e s i d e n t  v iewer  s e n s i t i v i t y ,  

m i t i g a t i o n  and f u t u r e  l a n d  use a r e  mapped and r a t e d  t o  l o c a t e  zones o f  h i gh  

v i s u a l  c o n s t r a i n t  f o r  va r i ous  a1 t e r n a t i v e  l o c a t i o n s .  The v i s u a l  qua1 i t y  

components o f  i n t ac tness ,  v i v i dness  and u n i t y  a r e  eva luated f o r  " be fo re "  

and " a f t e r "  v iews f rom se lec ted  v iewpo in ts ,  and v i s u a l  o r  a e s t h e t i c  impact  

i s  then expressed as t h e  p roduc t  o f  t he  r a t i o  o f  change i n  v i s u a l  q u a l i t y  

and t h e  s i z e  o f  v iew ing  popu la t i ons  q u a l i f i e d  by t h e  s c a r c i t y  va lue  of  t h e  

1  andscapes impacted . 
The economics c r i t e r i o n  i s  composed o f  bo th  d i r e c t  and i n d i r e c t  cos t s .  

D i r e c t  c o s t s  a r e  expend i tu res  f o r  c o n s t r u c t i o n  and f o r  a c q u i s i t i o n  o f  

easements. I n d i r e c t  c o s t s  a r e  t h e  impact o f  t r ansm iss i on  l i n e s  on p r o p e r t y  

va lue.  The t h e o r e t i c a l  cons ide ra t i ons  f o r  c a p t u r i n g  t h e  i n d i r e c t  c o s t  by  

measuring changes i n  p r o p e r t y  va lue  and a  sampl ing o f  t h e  e x i s t i n g  l i t e r a t u r e  

on t h e  e f f e c t  o f  t ransmiss ion  l i n e s  on p r o p e r t y  va lue  a r e  examined. The 

e x i s t i n g  l i t e r a t u r e  i s  weak and does n o t  r u l e  o u t  t he  p o s s i b i l i t y  t h a t  

t ransmi  ss i on  1  i n e s  can have nega t i ve  e f f e c t s  on p r o p e r t y  va lue.  



MEASURING THE SOCIAL ATTITUDES AND 
AESTHETIC AND ECONOMIC CONS1 DEFLATIONS WHICH 

INFLUENCE TRANSMISSION LINE ROUTING 

I. INTRODUCTION 

A recen t  s tudy( ' )  ( r e f e r r e d  t o  h e r e i n a f t e r  as t he  S i t i n g  Study) 

conducted by t h e  P a c i f i c  Northwest Laboratory f o r  t h e  Atomic Energy 

Commission i d e n t i f i e d  th ree  major weaknesses i n  the  present process f o r  

eva lua t i ng  soc i  a1 , economic, and environmental t r a d e - o f f s  o f  a1 t e r n a t i v e  

deci  s i  ons : 

1. The l ack  o f  q u a n t i f i c a t i o n  o f  most e f f e c t s ;  

2. L i t t l e  o r  no i n c o r p o r a t i o n  o f  community soc ia l  values i n t o  t he  

dec i  sion-making process; and 

3. No method f o r  i n t e g r a t i n g  soc ia l  values w i t h  techno-economic values. 

The S i t i n g  Study o u t l i n e s  a  technique which p o t e n t i a l l y  can meet these 

weaknesses and i n t e g r a t e  the  s o c i a l  values o f  t he  general p u b l i c  w i t h  t he  

techn ica l  assessments made by techno log is ts  and economists. The technique 

was app l i ed  t o  the  ana l ys i s  o f  t he  soc ia l ,  economic, and environmental 

t r a d e - o f f s  inheren t  i n  the  ana l ys i s  o f  a l t e r n a t i v e  nuclear  p l a n t  s i t i n g  

opt ions.  The present  s tudy extends t h a t  work by o u t l i n i u g  a  methodology 

t o  apply  the  technique t o  t he  eva lua t i on  of t r ade -o f f s  associated w i t h  t h e  

ana l ys i s  and s e l e c t i o n  o f  a l t e r n a t i v e  e l e c t r i c  power t ransmiss ion l i n e  

routes.  

The r o u t i n g  o f  e l e c t r i c  power t ransmiss ion l i n e s  i s  an i n c r e a s i n g l y  

s i g n i f i c a n t  and complex problem i n  t he  Uni ted States.  I n  1970 i t  was 

est imated t h a t  t he re  were approx imate ly  300,000 m i  1  es o f  overhead e l e c t r i c  

t ransmiss ion 1  ines  i n  the U.S. (', p *  Easements f o r  these t ransmiss ion 

l i n e s  (which average 110 f e e t  i n  w id th )  were est imated t o  r e q u i r e  nea r l y  

4,000,000 acres. By 1990 i t  i s  est imated t h a t  there  w i l l  be 500,000 m i l es  

o f  t ransmiss ion l i n e s ,  r e q u i r i n g  7,000,000 acres f o r  easements. (2, P. 22) 

Th is  i s  an area approximately 10 percent  l a r g e r  than t h e  Sta te  of Maryland. 



Prospects f o r  reducing t h i s  p ro jec ted  growth i n  t ransmiss ion 1 i n e  

mileage do n o t  appear t o  be great.  The demand f o r  e l e c t r i c i t y  cont inues 

t o  grow. Moreover, many power p l a n t s  a re  being constructed long d is tances 

from populat ion centers  because o f  p u b l i c  pressures and the  advantage o f  

being near f u e l  sources. 

The Nat iona l  Environmental P o l i c y  Act  o f  1969 [Sect ion 101 ( b ) ]  

declares i t  t o  be the  responsi b i  1  i t y  o f  the  Federal Government t o  a c t  such 

t h a t  t h e  n a t i o n  may: 

1. f u l f i l l  t he  r e s p o n s i b i l i t i e s  o f  each generat ion as t r u s t e e  o f  t h e  

environment f o r  succeeding generat ions; 

2. assure f o r  a1 1 Americans safe, h e a l t h f u l ,  product ive,  and 

a e s t h e t i c a l l y  and c u l t u r a l l y  p leas ing  surroundings; 

3 .  a t t a i n  the  widest  range o f  b e n e f i c i a l  uses o f  t he  environment 

w i thou t  degradat ion, r i s k  t o  hea l th  o r  sa fe ty ,  o r  o the r  undesi rable 

and unintended consequences; 

4. preserve important  h i s t o r i c ,  c u l t u r a l ,  and n a t u r a l  aspects o f  ou r  

na t i ona l  her i tage,  and mainta in,  wherever possib le,  an environment 

which supports d i v e r s i t y  and v a r i e t y  o f  i n d i v i d u a l  choice; 

5. achieve a balance between popu la t ion  and resource use which w i l l  

permi t  h igh  standards o f  l i v i n g  and a wide shar ing o f  l i f e ' s  

amenit ies; and 

6. enhance t h e  qua1 i ty  o f  renewable resources and approach the  maximum 

a t t a i n a b l e  r e c y c l  i n g  o f  dep le tab le  resources. 

Routing new t ransmiss ion l i n e s  cons is ten t  w i t h  these goals i nvo l ves  a 

complex s e r i e s  o f  soci  a1 , econoniic, and environniental t r ade -o f f s .  

A number o f  techniques have been developed f o r  s e l e c t j n g  t ransmiss ion 

l i n e  rou tes  and a re  discussed i n  Chapter 111. A s i g n i f i c a n t  d e f i c i e n c y  i n  

these techniques i s  t h a t  they do n o t  sys temat i ca l l y  incorpora te  p u b l i c  views 

i n t o  t h e  process o f  s e l e c t i n g  a route.  The methodology developed i n  t h i s  

r e p o r t  i s  designed t o  prov ide a framework f o r  dea l ing  w i t h  the  t rade -o f f s  

associated w i t h  s e l e c t i n g  a t ransmiss ion l i n e  r o u t e  i n  a manner which 

systemat ica l  l y  incorpora tes  both techno-economic values w i t h  corniiuni ty  



s o c i a l  values. Chapter I V  d iscusses i n c o r p o r a t i o n  o f  pub1 i c  a t t i t u d e s  

i n  r o u t i n g  dec is ions .  Chapter 'V rev iews t ransmiss ion  1  i n e  impact 

eva lua t i on  and discusses an approach t o  v i s u a l  assessment. F i n a l l y ,  

a  p rope r t y  va lue approach i s  discussed i n  Chapter V I  t o  measure t h e  s o c i a l  

cos t s  o f  t ransmiss ion  l i n e s .  
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METHODOLOGY 

The general approach developed i n  t h e  S i t i n g  Study and fo l lowed i n  

t h i s  study requ i res :  1  ) s e l e c t i o n  o f  s i g n f i c a n t  c r i t e r i a  i n f l  uenc-ing t h e  

s i t i n g  ana lys is ;  2) measurement o f  t he  r e l a t i v e  weight which t h e  p u b l i c  

at taches t o  each c r i t e r i o n ;  and 3 )  q u a n t i f i c a t i o n  by techn ica l  exper ts  o f  

t he  impact o f  a l t e r n a t i v e  s i t e s  f o r  each c r i t e r i o n  category us ing a  dimen- 

s ion less  sca la r  index. The optimum s i t e  can then be determined by comparing 

t h e  t o t a l  index scores f o r  t he  c r i t e r i a ,  adjusted f o r  t he  soc ia l  weight ing 

f a c t o r ,  f o r  a l l  a1 t e r n a t i v e  s i t e s .  

E i g h t  c r i t e r i a  were i n i t i a l l y  se lected i n  t h e  S i t i n g  Study as s i g n i f i -  

cant  cons idera t ions  i n  t h e  ana lys i s  o f  nuclear p l a n t  s i t i n g  op t ions :  

economics, water qual i t y ,  a i r  qual i t y ,  an imal lp lan t ,  cu l  t u r a l / r e c r e a t i o n a l  , 
h e a l t h l s a f e t y ,  aes the t ics ,  and land use. An examination o f  the  land use 

c r i t e r i o n  i n  t h e  S i t i n g  Study revealed t h a t  i t s  impact can be captured by 

t h e  o ther  seven c r i t e r i a  and t h a t  i t  cou ld  consequently be e l im ina ted from 

t h e  l i s t .  Our p re l im ina ry  ana lys i s  suggests t h a t  t he  seven remainiug c r i -  

t e r i a  a re  a l s o  s u f f i c i e n t  t o  d i s t i n g u i s h  the  impact o f  a1 t e r n a t i v e  transmis- 

s ion  l i n e  routes.  A d e t a i l e d  d iscussion o f  techniques t o  s e l e c t  c r i t e r i a  

i s  presented i n  Chapter I V .  General desc r ip t i ons  o f  t he  impacts associated 

w i t h  the  above seven c r i t e r i a  f o r  overhead t ransmiss ion l i n e s  a re  inc luded 

i n  Appendix C. 

The a p p l i c a t i o n  o f  t h e  general approach i s  i l l u s t r a t e d  by F igure  1  and 

Table 1. I n  F igure  1, A ( l )  and A(2) represent  t h e  two most des i rab le  t rans-  
mission rou tes  o r  c o r r i d o r s  from power p l a n t  A t o  a  t runk  l i n e .  It can 

be assumed t h a t  they  were selected us ing  one o f  the  c o r r i d o r  se lec t i on  4 

approaches discussed i n  Chapter I 1 1  and the  r o u t i n g  gu ide l ines  i n  Appendix 

A. The s o c i e t a l  we igh t ing  f a c t o r s  were der ived by us ing  one or  more o f  (I 

I 
t he  approaches discussed i n  Chapter I V .  

A h igh  score i n d i c a t e s  a  l a r g e  impact and hence an undesi rable route.  

Route A(2) i s  consequently t h e  l e a s t  des i rab le  a l t e r n a t i v e  based on the  

unweighted techno-economic t o t a l  scores, bu t  i t  i s  t he  most des i rab le  

a1 t e r n a t i  ve when t h e  soci eta1 we igh t ing  f a c t o r s  are appl i ed. 



The simple a d d i t i o n  o f  t h e  weighted scores i n  Table 1  may no t  be t h e  

i d e a l  approach. 'The scores f o r  i n d i v i d u a l  c r i t e r i a  can a l so  be thought 

o f  as vectors i n  mu1 t id imens iona l  space. I n  t h i s  case, a  root-mean-square 

sum would be a  p re fe rab le  approach. 

TABLE 1. Composite Social-Technical  Ana lys is  
o f  Two A l t e r n a t i v e  Transmission L ines 

Dimension1 ess 
Tec hno-Economic 

Soc ie ta l  Scores Composite Scores 
Weighting Route Route Route Route 

C r i t e r i a  Factor  A(1) A(2) A ( l )  A(?) 

Aes the t ic  Irr~pact 0.3 

Water Impact 0.8 

A i  r Impact 0.5 

Economic 0.4 

Cu l tu ra l /Recrea t iona l  0.3 

Heal th /Safe ty  0.7 

Animal IPlant  Impact 0.7 

Technical  To ta l  

Composi t e  To ta l  

P lan t  Ll P l a n t  L l  
FIGURE 1  . Hypothet ica l  Power P l a n t  and Transmission 

L i n e  A l t e r n a t i v e s  



The approach shown i n  Table 1  cou ld  a1 so be used t o  compare a l t e r n a t i v e  

rou tes  B ( l )  and B(2) and f o r  a l t e r n a t i v e  p l a n t  l o c a t i o n s  A and €3. Compari- 

son o f  t h e  t o t a l  composite scores f o r  both t ransmiss ion c o r r i d o r  and p l a n t  

l o c a t i o n  leads t o  t he  s e l e c t i o n  o f  A-2 as t h e  optimum generat ion-  

t ransmiss ion combinat ion as shown i n  Table 2. 

The a d d i t i o n  o f  t h e  t ransmiss ion c o r r i d o r  score and t h e  generat ion 

p l a n t  score t o  y i e l d  a  t o t a l  composite score i s  a  simp1 i f i e d  approach. I t  

would be d e s i r a b l e  t o  determine a  weight ing f a c t o r  f o r  each score t o  r e f l e c t  

both s o c i a l  and techn i ca l  considerat ions.  

TABLE 2. Comparison o f  A l t e r n a t i v e  Power 
Generation-Transmission Systems 

System A-1 A-2 B-1 B-2 - --- 
Composi t e  Transmi ss ion  

Cor r i do r  Score 193 166 184 197 

Composite Generation 
P l a n t  Score 204 179 195 221 - --- 

Tota l  Composite Score 397 345 379 418 

The techn i ca l  q u a n t l f l c a t l o n  o f  two c r i t e r l a  - a e s t h e t l c  and 

economics - i s  discussed i s  Chapers V and V I  r espec t i ve l y .  Chapter V 
adapts t he  methodology developed I n  t h e  S i  t f  ng Study f o r  q u a n t i f i c a t i o n  

o f  t he  a e s t h e t i c  impact o f  nuc lear  power p l a n t s  t o  t ransmiss ion  l i n e s .  

Chapter V I  discusses t h e  impact o f  t ransmiss ion l i n e s  on p rope r t y  

values. Th i s  i s  t he  i n d i r e c t  component o f  t he  economics c r i t e r i o n .  

The d i r e c t  component i s  the  ac tua l  cos t  o f  cons t ruc t i on  and a c q u i s i t i o n  

o f  easements. 



REVIEW OF THE STATE-OF-THE-ART OF TRANSMISSION LINE ROUTINE 

Th i s  chapter  rev iews t h e  s ta te -o f - t he -a r t  o f  t ransmiss ion 1 i n e  rou t i ng .  

The var ious  techniques and t h e i r  s t rengths  and weaknesses a re  descr ibed 

i n  the  f o l l o w i n g  sect ions.  

Present c a p a b i l i t i e s  f o r  measuring and p r e d i c t i n g  t ransmiss ion 

l i n e  impacts. 

Requirements f o r  improvement o f  impact p r e d i c t i o n  c a p a b i l i t i e s .  

A. PRESENT CAPABILITIES FOR MEASURING AND PREDICTING TRANSMISSION LINE 

IMPACTS 

I n  t he  past,  sound engineer ing and economic considerat ions guided the  

l o c a t i o n  o f  t ransmiss ion systems i n  much the  same manner as they guided the  

cons t ruc t i on  o f  highways, dams and o the r  c i v i l  engineer ing works. Suggested 

design gu ide l i nes  and performance standards f o r  t ransmiss ion l i n e  r o u t i n g  were 

n o t  f o r m a l l y  proposed u n t i l  1966") and have on l y  r e c e n t l y  been o f f i c i a l l y  

adopted f o r  use by r e g u l a t i n g  agencies and u t i l i t i e s .  (2 '3 '4 '5)  A1 though 

these gu ide l i nes  and standards are  a necessary requirement i n  t he  develop- 

ment o f  env i ronmenta l ly  responsive t ransmiss ion rou te  p lanning , they do n o t  

immediately suggest a systematic p lanning approach t h a t  a l lows f o r  t h e i r  

d i r e c t  a p p l i c a t i o n  t o  c o r r i d o r  o r  rou te  s e l e c t i o n  o f  l e a s t  environmental 

i~npact ;  n o r  a re  they p a r t i c u l a r l y  use fu l  i n  documenting the decision-making 

process. Wi th the growing r e c o g n i t i o n  o f  environment-related problems 

and i n  response t o  mandates t o  i d e n t i f y  the  environmental impacts o f  t h e i r  

proposed act ions,  r e g u l a t i n g  agencies and u t i l i t y  companies have r e t a i n e d  

1 andscape a r c h i t e c t s  and environmental planners t o  he1 p develop comprehen- 

s i ve  p lanning methodologies. These methodologies incorpora te  na tu ra l  and 

c u l t u r a l  resource i nven to r i es  and analyses as w e l l  as gu ide l ines  and stan- 

dards, engineer ing and economic concerns i n t o  t he  f a c i l i t y - s i t i n g  process. 

A r e s u l t a n t  increase i n  t he  complex i ty  o f  f a c t o r s  t o  be considered, along 

w i t h  the  need t o  p u b l i c l y  document and defend p lanning decis ions based on 

minimi z i ng  environniental impabt, has requ i red  t h a t  the p lann ing  process 



provide new t o o l s  f o r  s p a t i a l l y  d i sp lay ing  envi ronmental ly  s e n s i t i v e  zones 

o f  the  landscape and f o r  comparing and q u a n t i f y i n g  the  r e l a t i v e  importance 

o f  t he  i n t e r r e l a t i o n s h i p s  between var ious  environmental c r i t e r i a .  Hence 

" i n t u i t i v e "  ( o r  r a t h e r  undocumented) dec is ion  making and p lanning have 

given way t o  the  use o f  hand-drawn over lay  maps and i n  many instances t o  

the  use o f  d i g i t a l  computers f o r  c o n s t r a i n t  mapping and t h e  r a p i d  manipula- 

t i o n  of environmental data. 

Hand-drawn over lay  maps have been found t o  be a  d i r e c t  way t o  d i s p l a y  

var ious environmental f a c t o r s  and are l e s s  expensive t o  produce than compu- 

t e r i z e d  mapping when the  study area i s  small and few i n t r i c a t e  c o r r e l a t i o n s  

o f  data are requ i red .  The use o f  d i g i t a l  computers has proven t o  be 

valuable when the  study area i s  l a r g e  and complex and a  number o f  i n t r i c a t e  

c o r r e l a t i o n s  o f  data are  requi red,  - such as t h e  t e s t i n g  o f  var ious  p lann ing  

s t r a t e g i e s  and impact i d e n t i f i c a t i o n  o f  a  number o f  a1 te rna te  routes.  

Although computer methods r e q u i r e  extensive d i g i t i z i n g  o f  data, they  have 

the  advantage o f  being ab le  t o  r a p i d l y  and accura te ly  generate new 

in fo rmat ion  through manipulat ion o f  base data t o  conven ien t ly  a l l ow  f o r  

t he  updat ing o f  data, and t o  be usefu l  i n  e s t a b l i s h i n g  a  data bank f o r  

a  given t e r r i t o r y .  (6 )  Both methods have been proposed f o r  use by s tud ies  

reviewed f o r  t h i s  repo r t .  References 6, 7, 8, 9, 10, 11 and 12 d iscuss 

o r  app ly  computerized methods, wh i l e  References 13, 14, 15, 16 and 17 deal 

w i t h  hand-drawn ove r lay  mapping s tud ies  o r  t h e i r  components. Reference 

18 u t i l i z e s  a  hyb r id  o f  t he  two methods, mapping in fo rmat ion  a t  t he  same 

scale f o r  comparison and d isp lay ,  b u t  us ing  a  computer program t o  he lp  

q u a n t i f y  t h e  impacts o f  var ious  t ransmiss ion r o u t e  segments. 

The transmi ss ion c o r r i d o r  and rou te  se lec t i on  s tud ies  reviewed a1 1  

tend t o  operate w i t h i n  a  s imi  1  a r  p lanning framework: 

1. Determine the  geographic boundaries o f  t h e  study area; 

2. Se lec t  mapping and data-hand1 i n g  techniques. 

3. Enumerate and map na tu ra l  and c u l t u r a l  basel ine data. 

4. Formulate des i rab le  1  ocat ion  s t r a t e g i e s  and map areas o f  environmental 

c o n s t r a i n t  t o  these s t r a t e g i e s  by combining base l ine  data. 



5. Rate t he  r e l a t i v e  importance o f  each c o n s t r a i n t  i n  o rde r  o f  s e n s i t i v i t y  

t o  m o d i f i c a t i o n  and combine c o n s t r a i n t  maps i n t o  a  composite su i t a -  

b i l i t y  map. 

6. I d e n t i f y  a l t e r n a t i v e  t ransmiss ion  rou tes  f o l l o w i n g  paths o f  h i ghes t  

s u i t a b i l i t y  ( l e a s t  o v e r a l l  c o n s t r a i n t ) .  

7.  F i e l d  check a l t e r n a t e  rou tes  and s e l e c t  those app rop r i a te  f o r  f u r t h e r  

s tudy.  

8. Undertake d e t a i l e d  s tud ies  o f  p o t e n t i a l l y  s u i t a b l e  r o u t e s  and develop 

spec ia l  recommendations f o r  areas where h i g h l y  s e n s i t i v e  areas would 

be crossed. 

9. Make f i n a l  r o u t e  dec i s i ons  and recommendations. 

10. Prepare env i  ronmental impact statement and p resen t  i nformat i  on t o  

a p p r o p r i a t e  agencies and t he  p u b l i c .  

I tems 3 through 6 represen t  p lann ing  procedures which have gained 

emphasis i n  t h e  more recen t  t ransmiss ion-p lann ing  methodologies; p rev ious l y ,  

these s teps were g e n e r a l l y  done i n  a  l e s s  systemat ic ,  l e s s  permanent and 

l ess  v i s i b l e  form t h a t  r e1  i e d  h e a v i l y  on t he  i n d i v i d u a l  p l a n n e r ' s  knowledge, 

judgment and experience. Over1 ay mapping and computer techniques have 

made i t  p o s s i b l e  t o  s e l e c t  and p o r t r a y  t h e  rou tes  o f  l e a s t  environmental  

impact and t o  defend t he  s e l e c t i o n  be fo re  p u b l i c  hear ings and r e g u l a t o r y  

agencies. Step 3 r e q u i r e s  t he  c o l l e c t i o n  o f  base l i ne  n a t u r a l  and c u l t u r a l  

da ta  and mapping t h e  i n f o r m a t i o n  a t  t h e  same scale.  Examples o f  t h e  types 

o f  n a t u r a l  da ta  t h a t  have been considered inc lude :  

- Depth t o  bedrock 
- Depth t o  underground water  t a b l e  

- Steepness o f  s lope  

- Topographic f e a t u r e s  

- Na tu ra l  f e a t u r e s  of i n t e r e s t  

- Sur face dra inage p a t t e r n  

- F lood p l a i n s  

- Lakes, bays and wet lands 



- Areas of soi l  ins tabi l i ty  

- Age, s ize,  density and dominant seasonal color of vegetation 

- Exposed soil/vegetation color contrast 

- Vegetative restoration potential 

- Forestry producti vi ty 

- Agri cultural producti vi ty 

- Wildlife habitat. 

Cultural data have included such considerations as: 

- Residential areas 

- Commercial areas 

- Industrial areas 

- Public and quasi-public areas 
- Cul tivated lands 

- Recreational areas and parks 

- Cemeteries 
- Open space 

- Roads, railroads and airports 

- Historic and archeologic s i t e s  

- Special places of interest  

- Underground and overhead u t i  1 i  t i e s  

- Scenic roads and overlooks 
- Land value 

- Land ownership 

- Population density per square mile. 

In many instances, both existing and proposed (planned) land uses are 
considered. 

In step 4 location strategies are  formulated based upon idealized goals 

of the chosen transmission route. Strategies for  computerized transmission 

planning techniques may be quite specific in detail and intent ;  the studies 

of the type reviewed(6'7'9y14y16y1 included one or more of the following 

strategies  or goals: 



- M in im iza t i on  of d i s r u p t i o n  t o  e x i s t i n g  urban areas and human se t t lement  

- M in im iza t i on  o f  d i s r u p t i o n  t o  a g r i c u l t u r a l  l ands  

- M in im iza t i on  o f  d i s r u p t i o n  t o  r e c r e a t i o n a l / h i s t o r i c  lands  

- M in im iza t i on  of d i s r u p t i o n  t o  n a t u r a l  ecosystems 

- Maximizat ion o f  u t i  1  i z a t i o n  o f  r i gh t -o f -way  

- M in im iza t i on  o f  v i s u a l  impact 

- M in im iza t i on  o f  f i n a n c i a l  investment  

- M in im iza t i on  of d i s r u p t i o n  o f  f o r e s t e d  lands 

- M in im iza t i on  o f  impact upon p r o j e c t e d  areas of human se t t lement  

- Maximizat ion o f  sys tern re1  i ab i  1  i ty 

- Maximizat ion o f  system access i  b i  1  i t y  

- M in im iza t i on  o f  d i s r u p t i o n  t o  e x t r a c t i v e  and s torage resources. (10) 

The base l i ne  da ta  which would prevent  r e a l i z a t i o n  o f  each s t r a t e g y  a r e  

assembled, combined, weighted and mapped as areas of c o n s t r a i n t s  t o  t h e  

l o c a t i o n  and s i t i n g  o f  t ransmiss ion  f a c i l i t i e s  i n  view o f  each i n d i v i d u a l  

s t r a tegy .  

I n  s tep  5, weights  a re  assigned t o  the  r e l a t i v e  importance o f  each 

c o n s t r a i n t  based on t he  r e l a t i v e  s e n s i t i v i t y  o f  each t o  m o d i f i c a t i o n ,  and 

a  f i n a l  s u i t a b i l i t y  map i s  produced. The computer i s  p a r t i c u l a r l y  w e l l  

s u i t e d  t o  t e s t i n g  var ious  we igh t ing  dec is ions .  I t  q u i c k l y  maps a l t e r n a t i v e  

s u i t a b i l i t y  maps if t h e r e  i s  disagreement on which we igh t ing  f a c t o r s  a re  

appropr i  a te .  

Step 6 i nvo l ves  l o c a t i n g  the  paths o f  least-combined c o n s t r a i n t  ( o r  

h ighes t  s u i t a b i  1 i ty) f o r  t ransmiss ion  s t r u c t u r e s .  T y p i c a l l y ,  t h i s  i nvo l ves  

t r a c i n g  var ious  paths a long t h e  map through areas shaded from b lack  ( h i g h l y  

u n s u i t a b l e )  through grey t o  w h i t e  ( h i g h l y  s u i t a b l e ) ;  ve ry  o f t e n  a  r o u t e  o r  

c o r r i d o r  w i l l  c ross  an area o f  h i gh  s e n s i t i v i t y  and these zones o f  h i g h  

impact may be se lec ted  f o r  f u r t h e r  d e t a i l e d  study. 

Computer methods f a c i  1  i t a t e  data convers ion i n t o  environmental  impact 

statements, s i nce  they a l l o w  a  g r e a t  v a r i e t y  of data,  we igh t i ng  f a c t o r s  and 

s e n s i t i v i t y  i n d i c e s  t o  be assembled a long a  g i ven  r o u t e  o r  c o r r i d o r .  S ince 



computerized in format ion  i s  t y p i c a l l y  app l ied  a t  a reg iona l  o r  subregional 

scale, however, i t  must u s u a l l y  be supplemented w i t h  over lay  mapping 

techniques and more de ta i  1 ed studies t o  make f i n a l  transmission center1 i ne 

l o c a t i o n  and design decis ions.  

REQUIREMENTS FOR IMPROVEMENT OF IMPACT PREDICTION CAPABILITIES 

The a r t  o f  transmission l i n e  r o u t i n g  appears t o  be more comprehensive, 

more sophist icated,  more h i g h l y  developed and app l ied  more cons is ten t l y  

across the  country than resource inventory  and ana lys is  of any o the r  s in -  

g u l a r  type o f  man's development a c t i v i t i e s .  However, there  remain gaps 

and shortcomings which requ i re  add i t i ona l  research and t e s t i n g  t o  improve 

upon present planning techniques and impact p r e d i c t i o n  c a p a b i l i t i e s .  While 

there  are many p o t e n t i a l  areas f o r  improvement, f o u r  major i n t e r r e l a t e d  

concerns w i  11 be discussed : 

1. Publ i c  P a r t i c i p a t i o n  

2. Ease of  Communicating the  Planning Process 

3, Q u a n t i t a t i v e  Scal i n g  o f  Irr~pacts 

4. Min imizat ion o f  Compounded Irr~pacts i n  the  Future 

Publ i c  P a r t i c i p a t i o n  

1966: "Confident o f  t h e i r  f i r m l y  establ ished,  h igh  p r i o r i t y  r o l e  i n  
soc ie ty ,  t h e i r  engineers armed w i t h  c l e a r  and convincing s ta-  
t i s t i c s  i n  demand and supply, t he  power supp l ie rs  have forced 
t h e i r  r ights-of-way onto the  landscape. The undeniable need f o r  
e l e c t r i c i t y  imposes i t s  s t rong and asser t ive  towers upon the  
otherwise q u i e t  and pastora l  farmlands, the  open p l a i n s  and dense 
fo res ts .  C i t y  and indus t ry  c r y  f o r  power. Natural landsca e, the  
food f o r  poets, l i e s  accepting i n  the  background."(l, P. 367 

1973: , "Unless the  American people u n i t e  t o  pu t  enough pressure on e l e c t r i c  
u t i  1  i t y  companies t o  bury t h e i r  1 ines, the investment i n  these mon- 
s t rous  overhead l i n e s  w i  11 have progressed so f a r  t h a t  i t  w i l l  be 
impossib le t o  a r r e s t  t h e i r  march across our land."(20, P. 14) 

Wr i t ten  seven years apar t  by d i f f e r e n t  authors, these two b a t t l e  c r i e s  

c a r r y  w i t h  them an under ly ing f e e l i n g  o f  f r u s t r a t i o n ,  helplessness and per- 

haps resentment t h a t  the  p u b l i c  p lays v i r t u a l l y  no d i r e c t  r o l e  i n  transmis- 

s ion  l i n e  r o u t i n g  se lec t i on .  A pub1 i c  p o l l  taken i n  1973 revealed t h a t  a 

substant ia l  m a j o r i t y  o f  people f e e l  t h a t  the  dec is ion  makers o f  e l e c t r i c  



companies shou ld  1  i s t e n  t o  t h e i r  customers'  a t t i t u d e s ,  b u t  s l i g h t l y  l e s s  

than h a l f  b e l i e v e  t h a t  e l e c t r i c  corr~panies would a c t u a l l y  cons ide r  t h e i r  

f e e l i n g s  i f  they  made them known. ( * ' I  A  t ime  p e r i o d  i s  p rov ided  f o r  

rev iew and pub1 i c  response t o  a  t ransmiss ion  l i n e  l o c a t i o n  proposal  as a  

normal p a r t  o f  t h e  environmental  impact s ta tement  f i  1  i n g  process, and 

p u b l i c  hear ings  may be he ld .  However, p u b l i c  p a r t i c i p a t i o n  a t  t h i s  s tage 

i s  ap t  t o  be c o ~ r ~ p r i s e d  o f  a  voca l  m i n o r i t y  of landowners whose p rope r t y  

i s  d i r e c t l y  a f f e c t e d  by  t h e  proposal  r a t h e r  than  of a  group of c i t i z e n s  

whose environment w i  11 be impacted i n  a  s l i g h t l y  l e s s  d i r e c t  manner b u t  

whose concerns should  be known. I n  f a c t ,  o n l y  one of t h e  n i n e  major  

s t u d i e s  rev iewed a c t u a l l y  u t i l i z e d  p u b l i c  p a r t i c i p a t i o n  as a  major  i n p u t  

t o  t he  p l a r ~ n i n g  process. O n t a r i o  Hydro ( l 6 , l 7 )  uses a  ques t i onna i r e  t o  

determine l o c a l  a t t i t u d e s  and i d e n t i f y  s e n s i t i v e  zones o f  t he  landscape as 

seen through t h e  eyes o f  t h e  l o c a l  r e s i d e n t  popu la t ion .  (See Chapter V f o r  

f u r t h e r  d i scuss ion  o f  t h i s  technique. )  

Several  of t h e  s t ud ies  reviewed depend on i n t e r d i s c i p l i n a r y  teams 

which rep resen t  " expe r t "  op in ions  and judgments t o  app l y  we igh t ing  f ac -  

t o r s  and i d e n t i f y  p o t e n t i a l  problem areas; nonethe less,  i t  i s  o f ten  d i f f i -  

c u l t  f o r  t r a i n e d  s t a f f  t o  determine t h e  we igh t i ng  f a c t o r s  which serve t h e  

b e s t  i n t e r e s t s  o f  t h e  p u b l i c ,  p a r t i c u l a r l y  i n  t h e  h i g h l y  complex i ssues  

faced  d u r i n g  t h e  t r ansm iss i on  r o u t e  p l ann ing  process. If t h e  p u b l i c  cannot 

be d i r e c t l y  i n v o l v e d  i n  t h e  p lann ing  process, t h e  process should  a t  l e a s t  

respond t o  knowledge of i n f o r m a t i o n  generated f rom s tud ies  o f  use r  p r e f e r -  

ence and p u b l i c  va lues.  . Chapter I V  o f  t h i s  r e p o r t  proposes a  method t o  mea- 

sure s o c i a l  va lues assoc ia ted  w i t h  t ransmiss ion  l i n e  r o u t i n g ,  w h i l e  Chap- 

t e r  V and Appendix B p e r t a i n  t o  t h e  q u a n t i t a t i v e  measurement o f  a e s t h e t i c  

impacts based on p u b l i c  response t e s t i n g .  Impact p r e d i c t i o n  i s  meaning- 

l e s s  u n t i l  i t  becomes t r u l y  respons ive t o  t h e  a t t i t u d e s  and op in i ons  o f  

t h e  p u b l i c  whose i n t e r e s t s  t h e  p r e d i c t i o n s  a r e  a t t emp t i ng  t o  serve and 

p r o t e c t .  

Ease o f  Communicating t h e  Planning Process 

Transmission l i n e  r o u t e  s e l e c t i o n  r e q u i r e s  t h e  cons idera t ion ,  ana ly -  

s i s  and e v a l u a t i o n  o f  many types o f  da ta  (See Chapter 1 I I .A .  ) .  The 



complex i t y  o f  t he  problem has necessa r i l y  r e q u i r e d  a  f a i r l y  complex p lan-  

n i n g  procedure. There i s  perhaps a  tendency toward obscur ing  t he  c l a r i t y  

of b a s e l i n e  data as h igher  l e v e l s  o f  data comp i l a t i on  and a b s t r a c t i o n  a r e  

reached, f i r s t  i n  t h e  p repa ra t i on  o f  c o n s t r a i n t  maps and u l t i m a t e l y  i n  t h e  

we igh t i ug  o f  c o n s t r a i n t  maps and p roduc t i on  o f  t he  f i n a l  s u i t a b i l i t y  map. 

Th is  apparent obscur ing o f  da ta  i s  somewhat l e s s  pronounced i n  t h e  o v e r l a y  

mapping methods than i n  t he  computerized mapping process, i n  which t h e  

p rogress ion  f rom base l i ne  data t o  c o n s t r a i n t  map t o  s u i t a b i l i t y  map may be 

l e s s  e a s i l y  perce ived  by t h e  un t ra i ned  observer.  I n  a d d i t i o n  t o  t he  aura 

o f  "mystery" t h a t  t h e  cor~iputer may h o l d  t o  some observers and s i nce  com- 

pu te rs  a r e  e x c e l l e n t  devices f o r  man ipu la t i ng  a  l a r g e  number o f  f a c t o r s ,  

t h e i r  use sometimes may r e s u l t  i n  a  l o s s  o f  c l a r i t y  o f  t he  s p e c i f i c  

"reasons" f o r  t h e  f i n a l  c o n f i g u r a t i o n  and shading o f  t he  s u i t a b i l i t y  map. 

Hence i t  i s  impo r tan t  t o  c l e a r l y  o u t l i n e  t h e  p lann ing  procedure i n  a  manner 

t h a t  may be grasped by those concerned. It i s  a l s o  impo r tan t  t o  t r a c e  t h e  

p o t e n t i a l  c o r r i d o r s  se lec ted  back on to  c o n s t r a i n t  maps and base1 i ne da ta  

maps so t h a t  one may s p e c i f i c a l l y  i d e n t i f y  t h e  high- impact problems encoun- 

t e r e d  a t  each zone o f  c o n f l i c t .  Chapter V i l l u s t r a t e s  t h i s  procedure as 

used i n  t he  e v a l u a t i o n  o f  s p e c i f i c  areas o f  h i g h  v i s u a l  impact. 

Q u a n t i t a t i v e  Sca l i ng  o f  Impacts 

"Changes o r  impacts should be measured aga ins t  an es tab l i shed  
re fe rence  p o i n t  so t h a t  the  va lue  assigned t o  one -impact can be 
compared w i t h  t he  va lue assigned another  impact.It(22, P. 42) 

Q u a n t i f i c a t i o n  o f  impact i s  a  d i f f i c u l t  issue,  f o r  t r u e  env i ron-  

mental impact q u a n t i f i c a t i o n  must deal w i t h  changes i n  bo th  t h e  q u a n t i t y  

and q u a l i t y  o f  a  g i ven  resource, t he  s i g n i f i c a n c e  o f  changes i n  one resource  

r e l a t i v e  t o  changes i n  o t h e r  resources, and t h e  s i g n i f i c a n c e  o f  t h e  c o l l e c -  

t i v e  env i ronmenta l  changes r e l a t e d  t o  t h e  base l i ne  c o n d i t i o n s  o f  t h e  

o v e r a l l  environment. True q u a n t i f i c a t i o n  o f  environmental  ' in~pacts i n  t h i s  

manner i s  r a r e l y  ( i f  eve r )  achieved i n  a  complete ly  s a t i s f a c t o r y  way, and 

i n  f a c t  many environmental  impact statements f a l l  s h o r t  o f  even t h e  most 

bas i c  o f  these l e v e l s ,  i .e . ,  t h e  es tab l i shment  o f  a  q u a l i t a t i v e  o r  quan t i -  

t a t i v e  re fe rence  p o i n t  w i t h i n  each resource parameter under i n v e s t i g a t i o n .  



It i s  v i t a l l y  impor tant  t h a t  a  sca le  o f  q u a n t i t a t i v e  o r  qual i t a t i v e  reference 

be e s t a b l i s h e d , w i t h i n  each o f  t he  major environmental parameters considered 

(such as economics, water qual i t y ,  a i r  qual i t y ,  ecology, c u l t u r a l  / recrea- 

t i o n a l ,  heal t h / sa fe t y ,  and aes the t i cs ) .  Unt i  1  t h e  spectrum o f  qual i t y  and 

q u a n t i t y  i s  i d e n t i f i e d  w i t h i n  each parameter i t  i s  exceediugly d i f f i c u l t  f o r  

"exper ts"  o r  t he  p u b l i c  t o  ass ign weight ing f a c t o r s  which determine t h e  

va lue o f  each parameter i n  r e l a t i o n  t o  a l l  o thers.  This  may e a s i l y  be accom- 

p l i shed  by e s t a b l i s h i n g  a sca le  which compares t h e  base l ine  cond i t ions  

( "before")  w i t h  t he  pos tac t i on  cond i t ions  ( " a f t e r " )  ; the d i f f e r e n c e  i n  t h e  

p o s i t i o n  o f  "before"  and " a f t e r "  on the  sca le  represents t h e  

It i s  a l s o  impor tan t  t o  respond t o  and record  the  s i g n i f i c a n c e  o f  the  

resource (as we1 1 as i t s  q u a n t i t y  and/or qual i t y )  r e l a t i v e  t o  a broader 

frame o f  reference. A resource 's  r e l a t i v e  s c a r c i t y  o r  i t s  key p o s i t i o n  i n  

the l a r g e r  economic, ecologic ,  h i s t o r i c  o r  c u l t u r a l  scheme may we l l  g i v e  i t  

a value d ispropor t iona ' te  t o  i t s  magnitude o r  qual i t y .  "S ign i f i cance"  i n  

t h i s  sense can on l y  t r u l y  be i n t e r p r e t e d  by measuring p u b l i c  values and 

comparing the  r e s u l t s  w i t h  those obta ined from a group o f  "exper ts"  o r  mem- 

bers o f  special-competence groups. Chapter I V  descr ibes a technique f o r  

measuring s o c i a l  values t o  a i d  i n  t h e  s c a l i n g  o f  impacts. 

M in imiza t ion  o f  Compounded Impacts i n  t he  Future 

"It i s  conserva t ive ly  est imated t h a t  i n  t h e  nex t  t en  years one hundred 
thousand m i l e s  o f  new t ransmiss ion l i n e s  w i l l  be b u i l t  i n  t he  Un i ted  
States - a hundred thousand m i l es  o f  heavy metal conductors and 12- 
s t o r y  h igh  skeletons whose s t a r k  shapes w i l l  be s i l h o u e t t e d  aga ins t  
f o res ted  mountainsides and f e r t i l e  farmlands. Each m i l e  o f  r i g h t - o f -  
way passing through a densely wooded area requ i res  t h e  s a c r i f i c e  o f  
about t en  thousand t rees. .  . . A hundred thousand m i l es  o f  r igh t -o f -way  
i s  comparable t o  c r i ssc ross ing  back and f o r t h  30 t imes from coast  t o  
coast.  I n  t he  1980's another hundred thousand m i l es  w i l l  be con- 
s t r u c t e d  and i n  t h e  1990's another .... Slowly b u t  inexorably ,  these 
harsh s t e e l  s t ruc tu res  a re  rep lac ing  the  d e l i c a t e l y  interwoven p a t t e r n  
o f  t h e  l i v i n g  fo res t s .  And, l i k e  g i a n t  r o b o t  reproducing themselves, 
they are  c r e a t i n g  the  f o r e s t s  of t h e  future. ' f20, P. 11 ) 

1 

a ~ e e  Chapter V f o r  t he  100-point  v i sua l  q u a l i t y  r a t i n g  sca le  suggested and 
methods fo r  expressing the  r a t i o  o f  change i n  v i s u a l  q u a l i t y .  



The 1973 poll mentioned e a r l i e r  found tha t  only 30% of the public i s  

presently aware of transmission structures in t he i r  area, and  t ha t  the 
public i s  no t  well aware that  more transmission l ines  will be needed Yn the 

next ten years; 43% of those interviewed thought t ha t  " ju s t  a few" more will 

be constructed, 18% thought that  none will be needed, 17% said "a great  

many," and 23% d idn ' t  know. ('l) The broad gap between the planning forecast  

and public awareness indicates that  the future impacts of population growth, 

industrial  and urban expansion, and power generation and dis t r ibut ion tech- 

nology and planning problems a re  not responsibly being identified and com- 

municated t o  the consumer-at-large. Transmission l ine  planning forecasts 

tend t o  be projected no fur ther  than 10 t o  15 years i n t o  the future .  The 
lack of a comprehensive overview or  master plan for  the energy dis t r ibut ion 

system promises right-of-way and l i ne  intersection congestion and a wide- 

spread need fo r  new transmission corridors with wider rights-of-way f o r  

larger tower s t ructures  carrying l ines  of higher voltages across increasingly 

developed and densely populated lands. Although underground transmission 

wi 11 probably begin to  replace overhead 1 ines in certain c r i t i c a l  locations,  

the majority of new transmission 1 ines t o  be constructed by 1990 will in 

a l l  probability be strung overhead. This i s  due t o  technological problems 

and  the high cost  of undergrounding. 

Environmental impact prediction capabi l i t ies  can be no more accurate 

or specif ic  than the transmission systems for which they are intended to  

measure. I f  an,energy dis t r ibut ion master plan i s  not drawn u p  t o  coordi- 

nate and guide the considerations for  long-term or ultimate transmission 

system development, environmental impact statements can only address short- 

term impacts and will beco~ne outdated even sooner than the l ines  which they 

evaluate. Moreover, future impacts will be severely compounded from lack 

of ear ly  ident i f icat ion.  If the unknowns regarding future  energy system 

options and pol i ci es are  not identified and the i r  considerations i ncl uded 

in the everyday transmission route planning process, the impending energy 

c r i s i s  will  exhibit  a l l  of the charac te r i s t ic  features and problems of mis- 

planning: too 1 i t t l  el too soonltoo muchltoo la te .  
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I V .  MEASUREMENT OF SOCIAL VALUES 

The j u s t i f i c a t i o n  f o r  ob ta in ing  est imates of t he  importance which t h e  

p u b l i c  attaches t o  transmission l i n e  r o u t i n g  c r i t e r i a  i s  t h a t  such a  pro- 

cedure a1 lows f o r  soc ia l  values t o  be represented i n  r o u t i n g  decis ions.  

Decisions which requ i re ,  f o r  example, a  balancing o f  concern f o r  preserva- 

t i o n  o f  aes the t i c  qua1 i t i e s  i n  t he  environment w i t h  concern f o r  economic 

c o n t r a i n t s  should r e f l e c t  the  values he ld  by the  p u b l i c  u l t i m a t e l y  a f f e c t e d  

by these decis ions.  

A. PUBLIC PARTIC:[PATION :IN DECISION MAKING 

Several issues are  involved i n  p u b l i c  involvement o r  p a r t i c i p a t i o n  i n  

dec is ion  mak-ing. A f i r s t  quest ion i s ,  "Why should the  p u b l i c  be involved 

i n  dec is ion  making , p a r t i c u l a r l y  when the  t o p i c  under cons idera t ion  concerns 

issues o f  a  complex and techn ica l  nature?" C a r r o l l  ,(' ) i n  d iscussing tech- 

nology assessment, suggests t h a t  p u b l i c  i n p u t  i s  important both f o r  p r a c t i -  

c a l  and f o r  more ph i losoph ica l  reasons: 

... technology assessment has a  dimension beyond the  

i d e n t i f i c a t i o n  and ana lys i s  o f  t he  impacts o f  technology. 

This  i s  t h e  dimension o f  eva lua t ion  o f  the  soc ia l  des i ra -  

b i l i t y  o f  such impacts ... 
and 

... extensive c i t i z e n  p a r t i c i p a t i o n  and representa t ion  i n  

t he  assessment process are  necessary both f o r  p r a c t i c a l  

reasons and f o r  reasons o f  democratic theory.  There are 

two p r a c t i c a l  reasons. F i r s t ,  c i t i z e n  p a r t i c i p a t i o n  i n  

t he  e a r l y  stages o f  the development o f  a  technology may 

he lp  t o  avoid be la ted  c i t i z e n  oppos i t ion  t o  a  technologi -  

ca l  development a f t e r  heavy costs have been incurred.  

Second, "o,b ject ive eva lua t ion"  i s  impossible unless the  

d i ve rse  views o f  i n te res ted  p a r t i e s  have been considered. 

On the  l e v e l  o f  p o l i t i c a l  theory ... i t  i s  necessary t o  

c o n s i d e r ' t h e  views of those who w i l l  be a f fec ted  by a  

p a r t i c u l a r  course o f  ac t ion .  



A second issue concerns the  k ind  o f  p u b l i c  involvement which may be 

most usefu l  both t o .  the  planner o r  dec is ion  maker and u l  t ima te l y  t o  the  

community a f fec ted  by the  decis ion.  This issue concerns the  amount of 

decision-making power o r  con t ro l  which i s  re1 inquished t o  the  p u b l i c .  I n  

some instances, a h igh  l e v e l  o f  p u b l i c  p a r t i c i p a t i o n  and decision-making 

power may be des i rab le .  Some o f  the  Great Society programs dur ing  President  

Johnson's admin is t ra t ion ,  e. g. , Federal housing and a n t i  -poverty programs. 

were o r i g i n a l l y  designed t o  incorpora te  the  "maximum p a r t i c i p a t i o n  feas ib le "  

o f  those groups who would be d i r e c t l y  a f fec ted  by the  outcomes o f  these 

pro jec ts .  A t  t he  o ther  end o f  a p a r t i c i p a t i o n  continuum, h i g h l y  techn ica l  

and cornplex problems may warrant  r e l a t i v e l y  l i t t l e  d i r e c t  p ~ b l i c  p a r t i c i p a -  

t i o n .  I n  dea l ing  w i t h  quest ions o f  a h i g h l y  complex nature, some i n t e r -  

mediate l e v e l  o f  p u b l i c  involvement i n  dec is ion  making may be more feas ib le .  

Such an intermediate l e v e l  o f  c i t i z e n  p a r t i c i p a t i o n  i s  described as 

"consul t a t i o n "  by Arnste in.  A t  t h i s  l e v e l ,  a t t i t u d e s  and opin ion a r e  

s o l i c i t e d  from members o f  the  pub1 i c  who w i l l  be a f fec ted  by the  outcomes 

o f  decis ions.  Data obtained can then be used by planners i n  evaluat ing 

dec is ion  a1 t e r n a t i  ves. 

Another issue concerns the  t i m i n g  o f  p u b l i c  involvement i n  the  p lan-  

n ing  o r  decision-making process. Obviously, pub l i c  values and a t t i t u d e s  

can be incorporated a t  various po in ts  i n  time. From the perspect ive o f  an 

admin i s t ra to r  o r  dec is ion  maker, e a r l y  i n p u t  probably i s  p re ferab le  t o  l a t e r  

i n p u t  (which sometimes takes the  form o f  i n te rven t ion ) .  The procedures 

o u t l i n e d  i n  Chapter 1V .C  would be c l a s s i f i e d  as one way o f  ob ta in ing  i n p u t  

e a r l y  i n  the  p lanning and decision-making process. Measurements would be 

made o f  t he  values o r  l e v e l s  o f  p r i o r i t y  which people assign t o  var ious 

environmental impacts created by transmission l i nes .  Such measurements 

would f u r n i s h  planners w i t h  in format ion  which could then be used i n  evalu- 

a t i n g  var ious r o u t i  ug a1 ternat ives .  

A f i n a l  cons idera t ion  i n  p u b l i c  involvement i n  dec is ion  making con- 

cerns t h e  problem o f  ob ta in ing  judgments from informed respondents. I n  

the  case o f  a technological  environmental issue such as the  r o u t i n g  o f  

transmission l i nes ,  i t  i s  u n l i k e l y  t h a t  the general pub l i c  i s  s u f f i c i e n t l y  



knowledgeable about s p e c i f i c  e f f e c t s  o f  t ransmiss ion l i n e  r o u t i n g  t o  make 

well-informed,judgments. One a l t e r n a t i v e  i n  dea l ing  w i t h  t h i s  problem i s  

simply t o  ask f o r  general a t t i t u d e s  and opin ions,  recogniz ing t h a t  t he  

r e s u l t s  obta ined may be usefu l  o n l y  as ind ices  o f  r a t h e r  vague fee l i ngs  o r  

reac t ions .  Another approach i s  t o  comnunicate a body o f  in fo rmat ion  t o  

respondents about t he  t o p i c  o f  i n t e r e s t  and have them r e a c t  t o  t he  top i c .  

This method has the  advantage o f  equa l iz ing  the  l e v e l  o f  awareness i n  t h e  

group o f  respondents who a r e  po l led ;  a p o t e n t i a l  disadvantage o f  t h i s  pro- 

cedure i s  t h a t  the  responses obta ined niay be l a r g e l y  in f luenced by the  

body o f  in fo rmat ion  which i s  communicated. The proposed methodology f o r  

s tudying values associated w i t h  t ransmiss ion l i n e  r o u t i n g  assumes t h a t  

in fo rmat ion  should be communicated t o  respondents p r i o r  t o  e l i c i t i n g  t h e i r  

judgments. How bes t  t o  comniunicate such in fo rmat ion  i s  discussed i n  

several sec t ions  which fo l l ow .  

B. SELECTION OF RESPONDENTS 

Questions concerning sampling s t r a t e g i e s  i nvo l ve  a s e t  o f  t r a d e - o f f s  

between 1 )  optinium sampling and 2)  the  ex ten t  t o  which complex quest ions 

o r  judgment tasks are  requ i red  o f  t he  respondent. Sampl i n g  t o  ob ta in  

r e s u l t s  which stand the  greates t  chance o f  genera l i z i ng  t o  a l a r g e r  popula- 

t i o n  usua l l y  invo lves  some type o f  random o r  representa t ive  sampling pro- 

cedure. Sample surveys, (3)  i n c l  uding pub1 i c  op in ion  po l  1 ing, usual l y  

requ i re  the  respondent t o  deal w i t h  r e l a t i v e l y  few s t i m u l i .  For example, 

quest ions i n  p u b l i c  op in ion  pol  l i n g  are  genera l l y  o f  the  form, "For which 

candidate would you vote?" When more complex judgment tasks must be pre- 

sented t o  the  respondent, random sampling i s  l e s s  feas ib le .  I n  such cases, 

more t ime i s  requ i red  o f  each respondent i n  order  t o  present complex and 

perhaps unfami 1 i a r  information. L o g i s t i c a l  and techn ica l  problems, coupled 

w i t h  the  greater  demand placed on the respondent's t ime, g r e a t l y  reduce the  

f e a s i b i l i t y  o f  s e l e c t i n g  respondents on a random basis .  The research 

s t ra tegy  proposed f o r  s tudy ing  values associated w i t h  t ransmiss ion 1 ines  

invo lves  : 1 ) communicating in fo rmat ion  t o  respondents and 2) e l  i c i  t i n g  



judgments f rom them concerning t h i s  in format ion.  I n  t h i s  respect ,  the  

niethod would tend t g  f a l l  i n  the category o f  complex judgment tasks. 

A model developed by ~ r a i  k (4 )  f o r  s tudy ing  the  comprehension o f  

phys ica l  environments furn ishes a framework f o r  cons ider ing  the  problem o f  

respondent s e l e c t i o n  and o ther  issues which are r e l e v a n t  t o  t h i s  p lanning 

study. Table 3 presents an adaptat ion o f  Crai  k ' s  model by Zube, e t  a1 . (5  

The four  categor ies presented i n  t h i s  model can be used t o  consider  a l t e r n a -  

t i v e  study designs. S p e c i f i c a l l y ,  t he  model suggests approaches f o r  se lec-  

t i o n  o f  respondents (Observers), methods o f  communi ca ti ng in fo rmat ion  t o  

respondents (Media o f  Presentat ion) ,  methods f o r  e l  i c i  t i n g  responses (Format 

o f  Responses), and se lec t i on  o f  s t imu l  i t o  present (Environmental Dimensions). 

Review o f  the  observer category suggests t h a t  a broad spectrum o f  respon- 

dents should be inc luded i n  a study o f  responses t o  t ransmiss ion l i n e  

impacts. En larg ing  somewhat on the  observer l i s t  on Table 3, t he  selec- 

t i o n  process should i nc lude  a number o f  groups charac ter ized by: spec ia l  

i n t e r e s t  (e.g., environmental i n t e r e s t  groups); occupation (e.g., envi ron-  

mental planners);  and demography (e.g . , groups o f  i n d i v i d u a l s  1 i v i n g  i n  

view o f  t ransmiss ion 1 i nes versus i n d i v i d u a l s  suspected t o  have 1 i ttl e 

v i sua l  contac t  w i t h  l i n e s ) ;  e t c .  Carefu l  s e l e c t i o n  o f  several groups o f  

respondents from va r ied  backgrounds, i n t e r e s t s ,  and demographic cha rac te r i s -  

t i c s  would prov ide a s a t i s f a c t o r y  a1 t e r n a t i v e  t o  random sampl i n g  procedures. 

Th is  s e l e c t i o n  procedure would a lso  permi t  exp lo ra t i on  o f  value d i f f e rences  

based on group membership. 

C. SELECTION OF CRITERIA FOR EVALUATING TRANSMISSION LINE IMPACTS 

A fundamental quest ion under ly ing  the  se lec t i on  o f  c r i t e r i a  i s  whether 

the  c r i t e r i a  we t h i n k  are important  i n  descr ib ing  transmission 1 i n e  

impacts are  i n  f a c t  t he  dimensions people a c t u a l l y  use i n  responding t o  o r  

eval ua t i ng  t ransmiss ion 1 i n e  routes.  For exarnpl e, the  d iverse  and lengthy  

1 i s t s  o f  c r i t e r i a  t o  which the  preparers o f  environmental . impact statements 

address themselves may s u f f i c e  i n  accounting p h y s i c a l l y  f o r  most o f  the  

e f f e c t s  caused by co,nstruct ion and operat ion o f  the proposed f a c i  1 i t y .  



TABLE 3. A Model f o r  Studying the  Comprehension o f  Environments 

Observers 
Specia l  competence groups 

a r c h i t e c t s  
geographers 
p lanners and desi  gners 
r e a l  e s t a t e  appra isers 
b u i l d i n g  and "space" 

managers 
i n t e r i o r  decorators 
landscape a r t i s t s  

and p a i n t e r s  
N 
W 

n a t u r a l  resources 
managers 

Special  u s e r - c l i e n t  groups 
e l d e r l y  persons 
m i  g ran t  workers 
c o l l e g e  students 
w i  1 derness area 

campers 
f l o o d  p l  a i  n dwel l  e r s  

Groups formed on the  
bas is  o f  r e l e v a n t  
personal i ty measures 

Everyman, t o  general 
pub1 i c  

Media o f  Presenta t ion  
D i r e c t  p resen ta t i on  

l ook ing  a t  
wal k i n g  around and 

through 
a e r i a l  views 
l i v i n g  i n  

Representat ion 
sketches, drawings, 

maps 
model s, rep1 i c a s  
photography 
c i  nema 
t e l e v i s i o n  

Imaginal p resenta t ion  

Formats o f  Responses 
D e s c r i p t i v e  reponses 

f r e e  
standard ized 
r a t i n g s  
a d j e c t i v e  checkl  i s t s  
mood and a c t i v i t y  

checkl  i s t s  
Q - s o r t  checks 

Global responses 
themat ic  p o t e n t i a l  

ana l ys i s  
empathic 

i n t e r p r e t a t i o n  
symbolic and 

mu1 t i  sensory 
equivalence 

graphic  p resent ion  
I n f e r e n t i a l  responses 
A t t i  t u d i n a l  responses 
P r e f e r e n t i a l  responses 

Environmental Dimensi ons 
Taxonomy o f  everyday language 
Ob jec t i ve  phys ica l  and 

geographic measures 
Sequent ial  n o t a t i o n a l  

sys tems 
Modal behaviora l  

a t t r i b u t e s  
d e s c r i p t i v e  assessments 
e v a l u a t i v e  assessments 
p r e d i c t i v e  assessments 

From Crai  k (1  968) adapted by Zube, e t  a1 . , (1974) 



Whether t h i s  same l i s t  o f  c r i t e r i a  w i l l  adequa te l y  c h a r a c t e r i z e  t h e  

p s y c h o l o g i c a l  d imens ions peop le  a c t u a l l y  use when t h e y  t h i n k  a b o u t  t h e  

f a c i l i t y  i s  ano the r  m a t t e r .  The prob lem i s  one o f  whether t h e  c a t e g o r i e s ,  

c r i t e r i a ,  o r  a t t r i b u t e s  used by t h e  r e s e a r c h e r  o r  d e c i s i o n  maker t o  

d e s c r i b e  some o b j e c t s  a r e  i n  f a c t  t h e  same ones used by t h e  person asked 

(perhaps f o r  t h e  f i r s t  t i m e )  t o  respond t o  t h e  o b j e c t .  

Va r ious  methods f o r  s e l e c t i n g  t r a n s m i s s i o n  l i n e  r o u t e s  such as those  

by  ~ o y t k o , ' ~ )  and H u l e t t  and ~ o ~ ~ e n s ( ' )  show a  h i g h  degree o f  

s i m i l a r i t y  i n  t h e  m a j o r  c a t e g o r i e s  and subca tegor ies  used t o  e v a l u a t e  

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

Study suggests  t h a t  t h e  same c a t e g o r i e s  may s u f f i c e  f o r  measurement o f  p u b l i c  

va lues  toward t r a n s m i s s i o n  l i n e s .  E i g h t  c r i t e r i a  were i n i t i a l l y  s e l e c t e d  

i n  t h e  S i t i n g  S tudy  as b e i n g  s i g n i f i c a n t  c o n s i d e r a t i o n s  i n  t h e  a n a l y s i s  of  

n u c l e a r  p l a n t  s i t i n g  o p t i o n s :  economics, w a t e r  q u a l i t y ,  a i r  q u a l i t y ,  

a n i m a l l p l a n t ,  c u l t u r a l / r e c r e a t i o n a 1 ,  h e a l t h l s a f e t y ,  a e s t h e t i c  and l a n d  use. 

Examinat ion o f  env i ronmenta l  impac t  s ta tements  f o r  proposed t r a n s m i s s i o n  

l i n e s  showed t h a t  t h e  l a n d  use impac t  oF 3 p o t e n t i a l  p l a n t  was c a p t u r e d  by  

t h e  o t h e r  seven c r i t e r i a ;  consequent ly ,  l a n d  use was e l i m i n a t e d  f r o m  t h e  

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

General d e s c r i p t i o n s  o f  t h e  impacts  o f  overhead t r a n s m i s s i o n  l i n e s  

f o r  each o f  t h e  seven rema in ing  c r i t e r i a  a r e  i n c l u d e d  i n  Appendix C .  The 

d e s c r i p t i v e  m a t e r i a l  i s  genera l  i n  n a t u r e  and would  need t o  be adapted f o r  

s p e c i f i c  t r a n s m i s s i o n  r o u t e  a l t e r n a t i v e s  p r i o r  t o  a c t u a l  measurement o f  

c r i t e r i a  w e i g h t i n g  f a c t o r s .  A d d i t i o n a l  i n f o r m a t i o n  would a1 so be needed i f  

underground l i n e s  were under c o n s i d e r a t i o n .  T h i s  s t u d y  i s  p r i m a r i l y  con- 

cerned w i t h  e l e c t r i c  power t r a n s m i s s i o n  l i n e s  r a t h e r  t h a n  d i s t r i b u t i o n  

l i n e s .  A t  t h e  p r e s e n t  t ime ,  n e a r l y  a l l  underground l i n e s  a r e  l o w e r  v o l t a g e  

d i s t r i b u t i o n  l i n e s .  

A  b a s i c  d i f f i c u l t y  i n  t h e  S i t i n g  Study was t h e  problem exper ienced  b y  

t h e  p u b l i c  respondents  i n  d i s t i n g u i s h i n g  t h e  c r i t e r i a .  The c r i t e r i a  tended 

t o  o v e r l a p  i n  t h e  minds o f  t h e  respondents  and consequen t l y  i n t e r p r e t a t i o n  

o f  t h e i r  w e i g h t i n g  f a c t o r s  was c louded.  One p o s s i b l e  way t o  a l l e v i a t e  t h i s  

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



impact o f  t h e  c r i t e r i a ,  such as inc luded i n  Appendix C .  The danger o f  

p rov id ing  too  d e t a i l e d  i n fo rma t i on  i s  t h a t  i t  w i l l  be beyond t h e  grasp o f  

t h e  respondents. 

It i s  l i k e l y  t h a t  t h e  c r i t e r i a  which w i l l  have the  g rea tes t  d i f f e r e n -  

t i a l  impact f o r  a l t e r n a t i v e  t ransmiss ion l i n e  rou tes  a re  economics and 

aes the t ics .  These c r i t e r i a  would, there fo re ,  be expected t o  have a  s i g n i f i -  

can t  i n f l u e n c e  i n  t h e  s e l e c t i o n  o f  the  most d e s i r a b l e  rou te .  Other c r i -  

t e r i a  migh t  have equa l l y  l a r g e  weight ing f a c t o r s  bu t  be r e l a t i v e l y  constant  

f o r  a1 1  a1 te rna t i ves .  

F i n a l  s e l e c t i o n  o f  c r i t e r i a  t o  use i n  the  study of values associated 

w i t h  t ransmiss ion 1  ines  should be based on: 1  ) a b i l i t y  o f  c r i t e r i a  t o  

encompass most o f  the  e f f e c t s  created by a  t ransmiss ion l i n e  i n  any g iven 

l o c a t i o n ,  2) ab i  1  i t y  o f  c r i t e r i a  t o  r e f l e c t  d i f f e rences  between d i f f e r e n t  

l o c a t i o n s  of t ransmiss ion l i n e s ,  and 3) psychologica l  meaningfulness o f  

c r i t e r i a  t o  respondents. 

The seven c r i t e r i a  above were se lec ted  w i thou t  p u b l i c  p a r t i c i p a t i o n .  

There a re  a t  l e a s t  two ways o f  i nco rpo ra t i ng  p u b l i c  respondents i n t o  t he  

s e l e c t i o n  o f  c r i t e r i a .  One i s  t o  ask respondents d i r e c t l y  what c r i t e r i a  

a re  important .  Th i s  procedure i s  used by Nieman and Murray i n  t h e i r  

method f o r  p lanning t ransmiss ion 1  i n e  r o u t i n g  systems. I n d i v i d u a l s ,  

groups, and agencies a re  asked t o  mention t h e  aspects they f e e l  a re  impor- 

t a n t  i n  t ransmiss ion a1 ignment. Twelve ca tegor ies  a re  de f ined  : 

Route o f  l e a s t  d i s r u p t i o n  t o  e x i s t i n g  urbanized land use set t lements 

Route o f  l e a s t  d i s r u p t i o n  t o  a g r i c u l t u r a l  l and  use p rac t i ces  

Route o f  l e a s t  d i s r u p t i o n  t o  na tu ra l  systems 

Route o f  l e a s t  v i sua l  impact 

Route o f  l e a s t  d i s r u p t i o n  t o  rec rea t i ona l  land  use 

Route o f  maximum u t i l i z a t i o n  o f  r ights-of -way 

Route o f  l e a s t  f i n a n c i a l  investment 

Route o f  l e a s t  impact on p ro jec ted  human se t t lement  

Route o f  g rea tes t  system r e l i a b i l i t y  

Route o f  g rea tes t  a c c e s s i b i l i t y  

Route of l e a s t  d i s r u p t i o n  t o  e x t r a c t i v e  and storage resources 

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



These ca tego r i es  bear some resemblance t o  t h e  major c r i t e r i a  used i n  

environmental  impact statements, e.g., emphasis on l and  use issues.  Th i s  

approach i s  based on i n p u t s  f rom sources who probably  have a good under- 

s tand ing  of t ransmiss ion  1 i n e  r o u t i n g  problems. However, a d i f f e r e n t  1 i s t  

m igh t  be generated i f  t h e  general  popu la t i on  were p o l l e d .  T h i s  approach 

i l l u s t r a t e s  an a t tempt  t o  use ca tego r i es  r e f l e c t i n g  respondents '  t h i n k i n g  

r a t h e r  than imposing a p rese lec ted  s e t  o f  c r i t e r i a  upon them. 

A second approach o f  i d e n t i f y i n g  c r i t e r i a  which a r e  meaningful  t o  

respondents i s  a psycho log ica l  measurement method, mu l t id imens iona l  s c a l i n g  

( M D S ) . " ~ )  MDS i s  use fu l  i n  two s i t u a t i o n s :  f i r s t ,  when t h e  researcher  

does n o t  know t h e  c r i t e r i a  o r  dimensions people employ .in responding t o  a 

s e t  o f  s t i m u l i  and when t h e  o b j e c t i v e  o f  t he  research i s  t o  determine t h e  

r e l e v a n t  dimensions; second, when t h e  i n v e s t i g a t o r  knows ( o r  t h i n k s  he 

knows) what t h e  major  psycho log ica l  dimensions a re  b u t  i s  n o t  sure how 

people t h i n k  about  those dimensions. Problems faced i n  t h e  s tudy  of  t r a n s -  

m iss ion  l i n e  r o u t i n g  may rep resen t  a b lend o f  bo th  o f  these s i t u a t i o n s .  

MDS i s  a procedure i n  which respondents judge t h e  degree o f  s i m i l a r i t y  o f  

severa l  p a i r s  o f  s t imu l  i ( f o r  example, photographs of t ransmiss ion  1 i n e  

viewscapes). No a t tempt  i s  made t o  suggest how o r  on what bas is  t h e  person 

i s  t o  judge t he  s i m i l a r i t y  o r  d i f f e r e n c e  of  these p a i r s .  I n  e f fec t ,  t h e  

person uses whatever " c r i t e r i a "  seem impo r tan t  t o  him. Data r e d u c t i o n  

techniques a r e  used t o  ank lyze  a number o f  s i m i l a r i t y  judgments and t h e  

r e s u l t s  a r e  i n t e r p r e t e d  t o  i d e n t i f y  those dimensions o r  c r i t e r i a  which were 

a c t u a l l y  cons idered by t h e  respondent.  The main p o i n t  i s  t h a t  no a t t emp t  

i s  made t o  i n f l u e n c e  t h e  respondents '  cho ice  o f  e v a l u a t i v e  c r i t e r i a ;  t h e  

c r i t e r i a  used a r e  respondent generated. 

App l y i ng  t h i s  procedure t o  t h e  t ransmiss ion  l i n e  r o u t i n g  problem, 

p a i r s  o f  photographs o f  t ransni i  s s i on  1 i nes , accompanied by a genera l  

d i scuss ion  o f  t h e  impacts ( b u t  n o t  a ca tego r i es  l i s t  o f  impacts as i n  t h e  



S i t i n g  Study), cou ld  be presented t o  respondents. Analysis o f  s imi  1  a r i  t y  

judgments should reveal  which photograph tended t o  be dismissed from 

considerat ion.  

The main p o i n t  o f  the  above d iscussion i s  t h a t  ca re fu l  cons idera t ion  

should be given t o  the quest ion o f  s e l e c t i n g  the  c r i t e r i a  f o r  which e s t i -  

mates o f  p u b l i c  values o r  importance w i l l  be obtained. A p re l im ina ry  

stage i n  the  ac tua l  research would i nvo l ve  a  p i l o t  t e s t  t o  i d e n t i f y  these 
a 

c r i t e r i a .  Agreement on c r i t e r i a  i s  o f  methodological s i gn i f i cance ;  i n  a  

broader sense, t h i s  issue may a l s o  he lp  exp la in  sonie o f  the  d i f f i c u l t i e s  

encountered when "technocrats" attempt t o  communicate complex o r  techn ica l  

in fo rmat ion  t o  the  general pub l i c .  

D. SELECTION OF STIMULI 

The problem o f  conveying in fo rmat ion  about transmission l i n e s  t o  

respondents can be d i v ided  i n t o  two r e l a t e d  quest ions: 1 )  What k ind  o f  
. . 

s t i m u l i  t o  present, and 2) how t o  present them. 

Se lec t ion  o f  s t i m u l i  t o  d e p i c t  the  impact o f  t ransmission l i n e s  

involves an i n i t i a l  choice between two general a l t e r n a t i v e s :  Presentat ion 

o f  e n t i r e  t ransmiss ion l i n e  r o u t i n g  systems o r  presentat ion o f  several 

d i s c r e t e  segments of t ransmiss ion l i n e s .  The second a l t e r n a t i v e  would 

i nvo l ve  choosing representa t ive  examples o f  s t a t i c  viewscapes showing 

the  impact o f  t ransmiss ion 1  ines  upon these viewscapes. 

A cons idera t ion  o f  the  problems involved i n  present ing several e n t i r e  

transmission l i n e  c o r r i d o r s  t o  respondents and ob ta in ing  meaningful judg- 

ments w i t h  respect  t o  the  c r i t e r i a  o f  i n t e r e s t  suggests t h a t  t h i s  approach 

would c o n s t i t u t e  an unwieldy and o v e r l y  complex task .  The proposed method 

the re fo re  i s  t o  s e l e c t  representa t ive  samples o f  s t a t i c  viewscapes showing 

- t h e  impacts o f  t ransmiss ion l i n e s  upon these viewscapes. 

The model presented i n  Table 3 deals w i t h  the  second quest ion posed 

above, choice o f  media o f  presentat ion.  A1 t e r n a t i v e  methods would inc lude 

on -s i t e  v iewing o f  t ransmiss ion l i n e s  and var ious representat ions o f  t rans-  

mission l i n e s ,  such as motion p i c tu res  o r  photographs. . I n  view o f  the  



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

respondents t o  t r ansm iss i on  l i n e  c o r r i d o r s ,  some t y p e  o f  r e p r e s e n t a t i o n  

o f  t ransmiss ion  l i n e s  would be more f eas ib l e .  Several  researchers  have 

cons idered whether photographs o r  s l i d e s  would serve as adequate p roxy  

f o r  f i e l d  observa t ions .  (I3-' 5, The r e s u l t s  i n d i c a t e  t h a t  c a r e f u l l y  

prepared c o l o r  photographs o r  s l i d e s  taken w i t h  wide ang le  t o  normal 

lenses  w i l l  a c c u r a t e l y  p o r t r a y  a c t u a l  landscapes. 

P r i o r  t o  conduc t ing  t h e  ac tua l  study, a sample o f  photographs should  

be v a l i d a t e d  a g a i n s t  t h e  s i t e s  dep i c t ed  by t h e  photographs. ( I 6 )  Photo- 

graphs would be v a l i d a t e d  by ask i ng  a group o f  respondents t o  make severa l  

e v a l u a t i v e  judgments (e.g., scenic  q u a l i t y )  o f :  1 )  photographs o f  t r a n s -  

m i ss i on  1 i n e s  i n  severa l  l o c a t i o n s  and 2)  t h e  ac tua l  t r ansm iss i on  1 i n e s  

shown i n  t h e  photographs. Comparison o f  t h e  judgments made t o  t h e  photo- 

graphs and t o  t he  a c t u a l  t r ansm iss i on  l i n e s  would i n d i c a t e  t h e  e x t e n t  t o  

which t h e  photographs po r t r ayed  t h e  ac tua l  scenes. 

S i t e s  t o  be presented t o  respondents would be se lec ted  on t h e  bas i s  

o f  1 ) t r ansm iss i on  1 ine -1  andscape scenes which a r e  r e p r e s e n t a t i v e  o f  those 

l i k e l y  t o  be viewed by t h e  p u b l i c ,  2 )  c a p a c i t y  o f  t he  s i t e s  t o  r e f l e c t  

d i f f e r e n c e s  alnoug t h e  c r i t e r i a  o f  i n t e r e s t ,  such as h i g h  and low a e s t h e t i c  

impacts and optimum versus suboptimum l a n d  use, and 3) areas o f  p a r t i c u -  

l a r l y  s i g n i f i c a n t  impact.  

I n  summary, c o l o r  photographs o f  "be fo re"  and " a f t e r "  landscape scenes 

would be used t o  d e p i c t  t h e  a e s t h e t i c  impact  o f  t ransmiss ion  l i n e s .  A 

w r i t t e n  d e s c r i p t i o n  would accompany each photograph, d e p i c t i n g  a1 1 c r i t e r i a  

o f  i n t e r e s t .  

E. MEASUREMENT TECHNIQUES 

A number o f  approaches cou ld  be used t o  o b t a i n  we igh ts  o r  impor tance 

es t imates  which respondents a t t a c h  t o  t h e  t ransmiss ion  l i n e  c r i t e r i a .  

Three a1 t e r n a t i v e s  w i l l  be b r i e f l y  desc r ibed  and recommendations w i l l  be 

made. 

The f i r s t  approach i s  t o  s i r r ~p l y  l i s t  and desc r i be  t h e  c r i t e r i a  t o  

respondents and ask t h a t  judgments be made o f  t h e  r e l a t i v e  importance o r  



weight which should be g iven t o  each c r i t e r i o n .  Th is  method, which might  

be l a b e l l e d  the  " d i r e c t  approach," may have m e r i t  f o r  t he  proposed study, 

bu t  reviews o f  l i t e r a t u r e  dea l i ng  w i t h  the  measurenient o f  "impor- 

tance" 7-18) suggest t h a t  a t t i t u d e s  o r  values regarding importance are 

cogni t i v e l y  con~plex and d i f f i c u l t  t o  measure d i r e c t l y .  The measurement 

operat ion i t s e l f  i s  q u i t e  simple; however, i t  demands t h a t  respondents 

make very complex judgments. Results from t h i s  approach have genera l l y  

been d isappo in t ing .  

A second approach invo lves  the i n d i r e c t  measurement o f  importance 

us ing mu1 ti p l e  regression ana lys is .  Mu1 ti p l e  regression ana lys is ,  which 

could be l a b e l l e d  the  " i n d i r e c t  approach" f o r  ob ta in ing  importance e s t i -  

mates, was employed i n  the  S i t i n g  Study mentioned e a r l i e r .  A review o f  

the procedures used i n  t h a t  Study w i l l  i l l u s t r a t e  how i t  cou ld  be used 

i n  a  study o f  t ransmiss ion l i n e s .  I n  the  S i t i n g  Study, respondents f i r s t  

ra ted  the " a c c e p t a b i l i t y "  o f  a  power p l a n t ' s  impact on e i g h t  aspects o f  

the  environment (e. g., aes the t ics ,  a i r  qual i t y ) .  Respondents then r a t e d  

the "ove ra l l  acceptabi 1  i t y "  o f  a  power p l a n t .  Regression ana lys is ,  

which took i n t o  account both 1  ) the  c o r r e l a t i o n  between each environmental 

impact category r a t i n g  and the  o v e r a l l  r a t i n g  and 2)  the  degree t o  which 

the e i g h t  impact ca tegor ies  were r e l a t e d  t o  each other ,  produced regres-  

s ion  weights which represented t o  some degree the  "importance" o f  each 

impact category i n  i n f l u e n c i n g  the  o v e r a l l  judgment o f  a c c e p t a b i l i t y .  

I f  the  c r i t e r i a  used t o  p r e d i c t  some global  o r  o v e r a l l  r a t i n g  such 

as o v e r a l l  a c c e p t a b i l i t y  o f  a  power p l a n t  are independent o f  one another, 

both i n  the  physical  wor ld and i n  the mind o f  t he  respondent, then the  

regression weights obta ined w i  11 r e f l e c t  the  importance o f  each. c r i t e r i o n .  

I n t e r p r e t a t i o n  o f  regression weights f o r  t he  c r i t e r i a  becomes more d i f f i -  

c u l t ,  however, i f  the  c r i t e r i a  a re  r e l a t e d  t o  o r  over lap  one another. 

For example, i f  c r i t e r i a  such as aes the t ics  and a i r  q u a l i t y  are r e l a t e d  

t o  one another e i t h e r  conceptual ly  o r  i n  t he  mind o f  the  respondent, the  

regress ion  weights w i  11 r e f l e c t  t h i s  relatedness. I n  the example described, 

aes the t i c  cons idera t ions  might  rece ive  a  l a r g e r  importance weight than a i r  

qua1 i t y  impacts - if the  respondent regarded a i r  q u a l i t y  impacts as s imply 

one aspect o f  aes the t i c  issues. Kaplan's argument f o r  i d e n t i f y i n g  



r e l e v a n t  psycho log ica l  dimensions a l s o  dea ls  w i t h  t h e  i s sue  o f  i n d i r e c t  

measurement of importance. 

I n  t h e  S i t i n g  Study, t he  reg ress ion  weights  ob ta ined  were based on 

groups o f  respondents. Three separate groups o f  respondents p a r t i c i p a t e d  

i n  t h a t  Study, and t h e  analyses performed r e s u l t e d  i n  a s e t  o f  r eg ress ion  

weights  f o r  each group. 

The t h i r d  approach t o  be descr ibed  f o r  o b t a i n i n g  importance es t imates  

i s  a v a r i a t i o n  o f  t h e  procedure descr ibed above. M u l t i p l e  r eg ress ion  

a n a l y s i s  i s  used, b u t  t h e  focus  i s  upon t h e  i n d i v i d u a l ' s  weights  o r  

i r r~portance es t imates  r a t h e r  than upon group weights .  Th i s  technique has 

been used t o  s tudy  t h e  way people make dec i s i ons  and p a r t i c u l a r l y  t h e  

s t r a t e g i e s  o r  " p o l i c i e s "  a person uses i n  a r r i v i n g  a t  a p a r t i c u l a r  dec i -  

s ion .  It has been r e f e r r e d  t o  as a "po l  i c y - c a p t u r i n g  model. " (20)  Th i s  

approach d i f f e r s  f rom t h e  S i t i n g  Study procedure i n  two ways: 1 )  r eg ress ion  

weights  a r e  c a l c u l a t e d  f o r  i n d i v i d u a l s  r a t h e r  than f o r  groups; and 2) t h e  

respondent makes o n l y  one o v e r a l l  r a t i n g  o f  t h e  m a t e r i a l  (e.g., t ransmis -  

s i o n  l i n e  viewscape) and need n o t  r a t e  t h e  va r i ous  c r i t e r i a  such as 

a e s t h e t i c s  and a i r  q u a l i t y .  

A p p l i c a t i o n  o f  t h e  " p o l i c y - c a p t u r i n g "  model t o  t h e  s tudy  o f  t r a n s -  

m iss ion  l i n e  r o u t i n g  c r i t e r i a  would i n v o l v e  t h e  f o l l o w i n g  s teps :  1 )  A 
s e t  o f  "be fo re"  and " a f t e r "  viewscape photographs would be assembled 

showing t h e  v i s u a l  impact  o f  t ransmiss ion  1 ines ,  accorrlpanied by a general  

d e s c r i p t i o n  o f  t h e  va r i ous  p o s i t i v e  and negat i ve  environmental  impacts  t o  

be expected; 2 )  each photograph and accompanying d e s c r i p t i o n  would be 

examined by a panel of i n d i v i d u a l s  w i t h  t echn i ca l  knowledge o f  t h e  v a r i o u s  

environmental  impacts (e.g., aesthet ics- landscape a r c h i t e c t s ;  economics- 

economists).  Each p a i r  o f  photographs and d e s c r i p t i o n s  would be eva lua ted  

by t h e  panel ,. judgments would be made about t he  impact o f  t h e  t ransmiss ion  

l i n e  on t h a t  l o c a t i o n ,  and a s e t  o f  numbers would be assigned d e s c r i b i n g  

t h e  t ransmiss ion  l i n e  impact i n  terms o f  each c r i t e r i o n  o f  i n t e r e s t ;  and 

3 )  t h e  s e t  o f  photographs and accompanying d e s c r i p t i o n s  would then  be 

presented t o  respondents who would be asked t o  view, read, and eva lua te  

each s t imu lus  and make a s i n g l e  r a t i n g  o f  t h e  o v e r a l l  a c c e p t a b i l i t y  o f  

a t ransmiss ion  l i n e  i n  each l o c a t i o n .  Regression analyses would be 



cor~iputed f o r  each i n d i v i d u a l  across a1 1  se ts  o f  photographs/descr i  p t i o n s  . 
The preassigned va lues f o r  each ca tegory  o f  environmental  impact would be 

used as p r e d i c t o r s  o f  t h e  respondents '  a c c e p t a b i l i t y  judgments f o r  t he  

se t  o f  photographs/descr i  p t i o n s .  The r e s u l  t s  f o r  each s tudy  p a r t i c i p a n t  

would be a  s e t  o f  weights  d e s c r i b i n g  how much i n f l u e n c e  each o f  t h e  under- 

l y i n g  c r i t e r i a  (which had been r a t e d  by t h e  expe r t  pane l )  had i n  a f f e c t i n g  

h i s  g l oba l  r a t i n g s  o f  a c c e p t a b i l i t y  f o r  t he  e n t i r e  s e t  o f  photographs/ 

desc r i  p t  i ons. 

A  f i n a l  s t ep  i n  app l y i ng  t h e  p o l i c y - c a p t u r i n g  procedure t o  t h e  s tudy  

o f  t ransmiss ion  l i n e s  would i n v o l v e  grouping o r  c l u s t e r i n g  i n d i v i d u a l s  

toge ther  based on s i m i l a r i t y  o f  t h e i r  pa t t e rns  o f  r eg ress ion  weights  

a t tached  t o  each c r i t e r i o n .  Th is  c l u s t e r i n g  procedure would a l l o w  f o r  an 

i d e n t i f i c a t i o n  i n  t h e  general  popu la t i on  o f  t h e  major "we igh t ing  systems" 

used i n  r e a c t i n g  t o  t ransmiss ion  l i n e s .  For example, i t  might  be found 

t h a t  i n  t h e  t o t a l  sample o f  respondents, t h e r e  were perhaps two o r  t h r e e  

main pa t t e rns  o f  weights .  Ana lys is  o f  t h e  c h a r a c t e r i s t i c s  o f  people i n  

each o f  these major  p a t t e r n s  migh t  suggest why people r e a c t  as t hey  do 

toward t ransmiss ion  l i n e s .  One p a t t e r n  o f  importance weights  m igh t  char-  

a c t e r i z e  a  s e t  o f  h i g h l y  educated, e n ~ ~ r o n m e n t a l l y  concerned i n d i v i d u a l s  

w h i l e  another  s e t  m igh t  represen t  a  group o f  urban dwe l l e r s  who r a r e l y  

v iew t ransmiss ion  1  ines  i n  p r i s t i n e  l o c a t i o n s .  To summarize, a  grouping 

procedure would be used t o  ga in  a  b e t t e r  understanding o f  why c e r t a i n  

aspects of t r ansm iss ion  l i n e  r o u t i n g  a r e  impor tan t .  

A v a r i a t i o n  of t h e  p o l i c y - c a p t u r i n g  approach was used by Shafer, 

Hami 1  ton, and Schmidt (21 ) i n  a  s tudy  of t h e  landscape v a r i a b l e s  which 

a f f e c t e d  o v e r a l l  preferences of t h e  p u b l i c  f o r  those landscapes. Land- 

scape photographs were judged by t e c h n i c a l  exper ts  who r a t e d  each 

photograph w i t h  r espec t  t o  46 c h a r a c t e r i s t i c s .  Respondents were asked t o  

express t h e i r  preferences f o r  se t s  o f  these photographs. The preassigned 

scores from t h e  46 c h a r a c t e r i s t i c s  were used i n  mu1 t i p l e  r eg ress ion  analy-  

s i s  t o  p r e d i c t  o v e r a l l  landscape preference.  

I n  summary, t h r e e  approaches f o r  o b t a i n i n g  importance est imates were 

reviewed. The d i r e c t  approach i s  r e l a t i v e l y  easy t o  apply ,  b u t  t h e  

r e s u l t s  ob ta ined  f rom t h i s  method a r e  much more d i f f i c u l t  t o  subs tan t i a te .  



Two approaches i n v o l  v i ng  mu1 t i p l e  regression ana lys is  were described, t h e  

approach used i n  t h e  S i t i n g  Study and the  P o l i c y  Captur ing Model. The pro- 

cedure used i n  S i t i n g  Study presents respondents w i t h  t h e  l i s t  o f  c r i t e r i a  

as we l l  as in fo rmat ion  descr ib ing  these c r i t e r i a .  The respondent i s  asked 

t o  judge the  a c c e p t a b i l i t y  o f  each c r i t e r i o n  and a l so  r a t e  the  o v e r a l l  

a c c e p t a b i l i t y  o f  t he  t ransmiss ion l i n e  l o c a t i o n .  Analyses t o  ob ta in  mul- 

t i p l e  regression weights f o r  t he  c r i t e r i a  are conducted on groups o f  respon- 

dents. The po l i cy -cap tu r i ng  method presents in fo rmat ion  about t h e  c r i t e r i a  

(w i thout  necessar i l y  making these c r i t e r i a  e x p l i c i t  t o  t he  respondent) and 

would requ i re  t h a t  the respondent make - one global  judgment concerning the  

a c c e p t a b i l i t y  o f  a  t ransmiss ion l i n e  i n  a  given l oca t i on .  Analyses a re  

conducted on i n d i v i d u a l s  and the  weights which are obtained descr ibe t h e  

importance est imates f o r  t h a t  i n d i v i d u a l .  

I n  a  study o f  t h e  values at tached t o  transmission l i n e  impacts, t he  

proposed approach would i nvo l ve  app ly ing  both the  po l i cy -cap tu r i ng  model 

and a  d i r e c t  measurement approach f o r  ob ta in ing  importance est imates. The 

pol i cy -cap tu r i ng  model would be used f o r  the  f o l l o w i n g  reasons: 1  ) r e l a -  

t i v e  ease o f  adminis t rat ion, ,  s ince  respondent would be requ i red  t o  make 

fewer responses; 2 )  g rea ter  f l  ex i  b i  1  i t y  i n  ana lys is  and i n t e r p r e t a t i o n  o f  

r e s u l t s  s ince the  foca l  p o i n t  cou ld  be e i t h e r  the  i n d i v i d u a l  (whose pat-  

t e r n  o f  weight cou ld  be c lus te red  w i t h  o ther  s i m i l a r  pa t te rns  t o  i d e n t i f y  

major "weight ing systems") o r  upon the  i n t a c t  groups as o r i g i n a l l y  sampled. 

I n  s p i t e  o f  t he  l i m i t a t i o n s  inherent  i n  the  d i r e c t  approach, i t  i s  a  r e l a -  

t i v e l y  simple procedure t o  use and requ i res  l i t t l e  a d d i t i o n a l  t ime of the  

respondent. I n  t h e  d i r e c t  approach, t h e  c r i t e r i a  o f  i n t e r e s t  t o  t he  

researcher and dec is ion  maker would be described t o  respondents and they  

would be asked t o  judge the  r e l a t i v e  irr~portance o f  each c r i t e r i o n  us ing  

rank ing  o r  r a t i n g  procedures. 

F. LIMITATIONS 

A method has been described f o r  ob ta in ing  est imates o f  s o c i e t a l  values 

associated w i t h  t ransmiss ion l i n e  rou t i ng .  This method assumes t h a t  i n  

order  t o  o b t a i n  meaningful and informed judgments from members o f  t he  

society ,  s p e c i f i c  in fo rmat ion  about t ransmiss ion l i n e s  must f i r s t  be com- 



municated t o  them. One p o t e n t i a l  problem w i t h  t h i s  approach i s  t h a t  t h e  

i n fo rma t i on  communicated may l a r g e l y  determine t h e  responses obta ined.  

Est imates o f  t h e  r e l a t i v e  importance o f  va r ious  r o u t i n g  c r i t e r i a  m igh t  be 

biased, f o r  example, i f  b iased i n f o r m a t i o n  were presented t o  respondents. 

Th is  problem can be p a r t i a l l y  a l l e v i a t e d  by i n s u r i n g  t h a t  t h e  i n f o r m a t i o n  

presented i s  accurate,  unbiased, and r e l a t i v e l y  n e u t r a l  i n  i t s  persuasion; 

and t h a t  where t h e r e  i s  disagreement o r  con t rove rsy  i n  t h e  s c i e n t i f i c  com- 

muni ty  concern ing s p e c i f i c  impacts, a t tempts be made t o  render  a  balanced 

d e s c r i p t i o n .  

A  second l i m i t a t i o n  concerns t h e  s t a b i l i t y  of  weights o r  importance 

est imates over  t ime.  L i t e r a t u r e  i n  t he  f i e l d  of s e l e c t i o n  and ernployment 

t e s t i n g ,  f o r  example, con ta ins  many examples o f  f l  u c t u a t i n g  r e l a t i o n s h i  ps 

between t e s t  scores and subsequent j o b  performance as a  f u n c t i o n  o f  changes 

i n  t h e  s i t u a t i o n  and changes i n  t h e  person. Soc ia l  values a r e  p robab ly  sus- 

c e p t i b l e  t o  change over  t ime, and i t  would be unwise t o  make one s e t  o f  

measurements and use them f o r e v e r .  The s o l u t i o n  t o  t h i s  problem i s  t o  

mon i to r  such changes over  t ime by making p e r i o d i c  measurements. I n  t h e  

case o f  t ransmiss ion  l i n e  r o u t i n g ,  i t  seems f e a s i b l e  t o  re -eva lua te  weights  

f o r  a l l  major new 1  i nes .  

A t h i r d  1  i m i t a t i o n  concerns t h e  somewhat a b s t r a c t  na tu re  of  t h e  t ask  

presented t o  respondents. I n  e f f e c t ,  t he  exper imenta l  s i t u a t i o n  asks 

respondents t o  r e a c t  t o  t ransmiss ion  l i n e  impacts i n  an "as i f "  f a s h i o n  

r a t h e r  than  t o  r e a c t  t o  t ransmiss ion  1  i n e s  as they  would d i r e c t l y  a f f ec t  

them. To i l l u s t r a t e ,  respondents m igh t  r e a c t  one way t o  photographs o f  

t ransmiss ion  l i n e s  i n  an urban area bu t  respond q u i t e  d i f f e r e n t l y  i f  a  

1  i n e  were a c t u a l l y  r ou ted  i n  f r o n t  o f  t h e i r  home. Another problem w i t h  

a b s t r a c t  o r  hypo the t i ca l  judgment tasks  i s  t h a t  people may change over  

t ime i n  t h e i r  e v a l u a t i o n  o f  a  s i t u a t i o n .  The way a  person evaluates a  

landscape o r  t ransmiss ion  tower f rom a  photograph o r  upon f i r s t  v iew ing  

t h e  a c t u a l  s i t e  may be q u i t e  d i f f e r e n t  f rom t h e  way t h e  same c h a r a c t e r i s -  

t i c s  would be eva lua ted  i f  t h e  person were i n  d a i l y  c o n t a c t  w i t h  i t. What 

i n i t i a l l y  may be an eyesore on t h e  landscape may g r a d u a l l y  come t o  be 

viewed as a  landmark, o r  v i c e  versa. Again, one s o l u t i o n  i s  t o  mon i to r  

changing a t t i t u d e s  and va lues toward such c h a r a c t e r i s t i c s .  Wohlwi 11 (22 )  



has noted t h a t  t h e  r o l e  o f  human adaptat ion and adjustment t o  changing 

environments i s  an area o f  p o t e n t i a l  research i n  and o f  i t s e l f .  

F ina l  ly ,  t h i s  methodology focuses on ob ta in ing  *est imates o f  the  weight  

which the  p u b l i c  attaches t o  various transmission 1 i n e  c r i t e r i a .  However, 

t h i s  methodology does n o t  address i t s e l f  t o  how much "weight" the  " p u b l i c  

weight" should rece i ve  i n  t h e  ac tua l  p lanning and dec is ion  process. As i n  

the  case o f  assessing human adaptat ion t o  environmental change, the  ques- 

t i o n  o f  how much importance should ( o r  i s )  g iven t o  publ i c  des i res  repre-  

sents an area o f  research unto i t s e l f .  

G. EXAMPLE OF THEORY APPLICATION 

App l i ca t i on  o f  t he  procedures j u s t  described can be i l l u s t r a t e d  by 

a hypothet ica l  example which might conf ron t  a dec i s ion  maker who must 

choose a rou te  f o r  a transmission l i n e .  Suppose the  se lec t i on  a f  rou tes  

between p o i n t s  A and B has been narrowed t o  two a l t e r n a t i v e s :  one 

a1 t e r n a t i v e  i s  50 m i les '  long and c u t s  d i r e c t l y  across a fo res ted  mountain; 

wh i l e  the  o t h e r  i s  100 mi les  long, s k i r t s  the  mountain, and passes a longside 

a r i v e r .  Both rou tes  probably have advantages and disadvantages from t h e  

standpoint  o f  a techn ica l  exper t  o r  from the  " p u b l i c ' s "  p o i n t  o f  view. 

How may soc ia l  o r  publ i c  values be incorporated i n t o  the  decision-making 

process? Below, the  steps necessary t o  implement the  methods described 

i n  t h i s  chapter are presented i n  expanded-out1 i ne form. 

1. Se lec t  c r i t e r i a  f o r  eva lua t ing  the  two a l t e r n a t e  routes.  Several 

l i s t s  o f  c r i t e r i a  were c i t e d  e a r l i e r  i n  t h i s  chapter. An a r b i t r a r y  dec i s ion  

could be made t o  use one o f  these e x i s t i n g  l i s t s ,  such as the  c r i t e r i a  used 

i n  the  S i t i n g  Study o r  t he  1 i s t  described by Nieman 'and Murray. (11) A~ 

an op t i on  o r  a d d i t i o n  t o  us ing  an e x i s t i n g  s e t  o f  c r i t e r i a ,  a m u l t i -  

dimensional s c a l i n g  experiment could a1 so be performed i f  t ime and resources 

were ava i l ab le .  Such an experiment might shed add i t i ona l  l i g h t  on what 

c r i t e r i a  would be most s a l i e n t  t o  members o f  t he  publ i c .  

2. Se lec t i on  o f  s t i m u l i .  Photographs o r  accompanying desc r ip t i ons  

would be assembled which dep ic t  t y p i c a l  and representa t ive  examples o f  

t ransmiss ion l i n e  impacts upon the  landscape. These photographs should 



i l l u s t r a t e  v a r i a t i o n  i n  t he  c r i t e r i a  which a re  used (e.g., h igh  versus 

low aes the t i c  impact; h igh  versus low d o l l a r  cos ts  f o r  cons t ruc t i on ) .  

3. Selec t ion  o f  respondents. Table 3 presents a b r i e f  l i s t  o f  

c h a r a c t e r i s t i c s  which might be used as a basis  f o r  drawing samples. As 

an example, f i v e  groups o f  respondents might be chosen, each group con ta in ing  

50 i n d i v i d u a l  s: niernbers o f  environmental i n t e r e s t / r e c r e a t i o n i s t s  organ- 

i za t i ons ;  representa t ives  o f  t he  business community ; specia l  competence 

groups, such as designers, planners, landscape a r c h i t e c t s ,  and c i v i  1 

engineers; members o f  s o c i a l / f r a t e r n a l  organizat ions;  and students from 

area schools. While such a sampling procedure would no t  y i e l d  a random 

sample o f  respondents, i t  would sample across a spectrum o f  i n t e r e s t s  and 

backgrounds. 

4. Measurements. Two procedures were described e a r l  i e r  : ran k ing  

and pol i c y  captur ing.  App l i ca t i on  o f  each method w i  11 be b r i e f l y  described 

here. I n  t he  pol  i c y  captur ing  approach, respondents would judge each 

photograph/descript ion and make a s i n g l e  judgment as t o  the  " a c c e p t a b i l i t y "  

o r  " d e s i r a b i l i t y "  o f  a t ransmiss ion l i n e  i n  the  l o c a t i o n  portrayed. Pre- 

determined values f o r  each c r i t e r i o n  (assigned by an exper t  panel)  would 

be analyzed i n  r e l a t i o n  t o  the  respondent 's acceptab i l  i ty judgments; 

t he  analyses would y i e l d  'we igh ts '  which r e f l e c t e d  the  i n f l uence  of each 

c r i t e r i o n  upon the  respondent 's judgments. 

I n  the  d i r e c t  rank ing  approach, respondents would be presented w i t h  

the  l i s t  of c r i t e r i a ,  shown the  photograph s o l e l y  as a means o f  i l l u s t r a t i n g  

the  c r i t e r i a ,  and asked t o  rank the  c r i t e r i a  as t o  t h e i r  importance i n  

r o u t i n g  t ransmiss ion 1 ines. 

5. I n t e r p r e t a t i o n .  The r e s u l t s  o f  the  two measurement approaches 

would be used t o  complement one another. The weights generated by the  

p o l i c y  captur ing  approach could be used t o  b e t t e r  " c a l i b r a t e "  the  r e s u l t s  

o f  the  rank ing  approach. To i l l u s t r a t e ,  i f  the  e i g h t  c r i t e r i a  froni t he  

S i t i n g  Study were app l ied  t o  t h e  present problem, the  group averages f o r  

t he  c r i t e r i a  would assume values between 1 and 8. I n  r e a l i t y ,  however, some 

o f  t he  c r i t e r i a  might  be considerably more important  ( i n  the  minds o f  t h e  

respondents) than o the r  c r i t e r i a .  Results from t h e  po l  i c y  captur ing  



e x e r c i s e  would b e t t e r  r evea l  t he  ac tua l  i n t e r v a l s  between c r i t e r i a .  The 

diagram be1 ow presen ts  hypo the t i ca l  r e s u l  t s  and i 11 u s t r a t e s  how the  r e s u l  t s  

f rom the  two measurement procedures cou ld  be compared. 

TABLE 4. Comparison o f  t h e  D i r e c t  and P o l i c y  Captu r ing  
Approaches t o  C r i t e r i a  Weight ing 

Group Regression 
Averaged C o e f f i c i e n t s  f rom 
Ran k i  ngs Pol i c y  Capture 

Water Q u a l i t y  8 1 1.00$ Water Qua1 i ty 

A i r  Q u a l i t y  

/ 

Aesthe t i cs  4 2 . l o {  Aes the t i c s  

Cul t u r a l l  t l .OO Cul t u r a l l  t Recreat ional  Recrea t iona l  



I n  e f f e c t ,  both procedures might show r e l a t i v e  o rde r i ng  as t o  

importance, b u t  t he  use o f  bo th  approaches would b e t t e r  i n d i c a t e  t he  

actual  d i  f fe rences  between c r i  t e r i  a  regard ing  importance. 

From the  v iewpoint  o f  t h e  dec i s i on  maker, an " i d e a l "  s e t  o f  r e s u l t s  

would be - one s e t  o f  importance weights f o r  a1 1  groups and a1 1  i n d i v i d u a l s  

who were sampled. I n  p r a c t i c e ,  i t  i s  l i k e l y  t h a t  more than one rank ing  

o f  p r i o r i t i e s  o f  c r i t e r i a  might  emerge. For example, one group o f  

respondents n i i  gh t  p lace  g rea t  emphasis upon aes the t ics ,  w h i l e  another 

group mi,ght g i ve  economics top  p r i o r i t y .  I n  such a  case, t h e  methods 

descr ibed here do n o t  i n d i c a t e  which i n d i v i d u a l  o r  group o f  i n d i v i d u a l s  

i n  soc ie t y  should have the  g rea tes t  vo ice o r  in f luence.  What t h i s  approach 

does accomplish i s  t o  he lp  t h e  dec is ion  maker evaluate a l t e r n a t i v e s  w i t h  

more e x p l i c i t  sources o f  data. 

6. A p p l i c a t i o n  o f  c r i t e r i a  weights t o  r o u t e  a l t e r n a t i v e s .  The f i n a l  

steps i n  t h e  choice process a re  t o :  1 )  use panels o f  exper ts  t o  o b t a i n  

"scores" f o r  each r o u t e  a1 t e r n a t i v e  on each o f  t h e  c r i t e r i a  being con- 

sidered, and 2) impose on to  these " techn ica l  " scores f o r  each c r i t e r i o n  

the  attached soc ia l  weights. Overs imp l i f y ing  i n  the  example g iven a t  t h e  

beginning o f  t h i s  sect ion,  Opt ion 1, the  shor te r ,  more d i r e c t  r o u t e  over 

a  mountain might  have a  g rea te r  adverse impact on aes the t i c  q u a l i t y  and 

land use cons idera t ions  than Option 2, t h e  longer  route,  y e t  i n v o l v e  lower 

cons t ruc t i on  cos ts  and possess l e s s  o f  a  h e a l t h  and s a f e t y  hazard. I f ,  

as i n  Table 4, t he  soc ia l  weights produced by the  methodology i n d i c a t e d  

t h a t  aes the t i cs  (0.10) and land use (0.20) were much l e s s  important  than 

economics (0.30) and sa fe t y  cons idera t ions  (0.70), then the  choice would 

be s h i f t e d  i n  f avo r  o f  Opt ion 1. 
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QUANTIFICATION OF AESTHETIC CRITERIA 

T h i s  chap te r  on q u a n t i f i c a t i o n  o f  a e s t h e t i c  c r i t e r i a  i n c l u d e s  a  rev iew 

o f  techniques f o r  t ransmiss ion  l i n e  impact assessment, d i scuss ion  o f  

approach, method01 ogy and da ta  p repara t ion ,  and de te rm ina t i on  o f  v i  sua l  

q u a l i t y  and impact.  F i n a l l y ,  an example o f  t h e  a p p l i c a t i o n  o f  t h i s  procedure 

i s  given. 

A. REVIEW OF EXISTING TECHINQUES FOR TRANSMISSION LINE ROUTINGIVISUAL 

IMPACT ASSESSMENT 

Before d i scuss ing  t h e  a e s t h e t i c  eva lua t i on  component o f  t h e  va r i ous  

t ransmiss ion  l i n e  r o u t i n g  s tud ies  reviewed, i t  i s  impor tan t  t o  g a i n  an 

overview o f  t he  p r e v a i l i n g  unde r l y i ng  p o l i c i e s  and a t t i t u d e s  rega rd ing  

t h e  a e s t h e t i c  r o l e  o f  t ransmiss ion  l i n e s  i n  t he  landscape. One such 

a t t i t u d e  i s  t h a t  t ransmiss ion  l i n e s  should be concealed. I n  a  1966 study, 

A  Report  on Appearance Planning f o r  BPA,(') f o u r  comments a r e  made on t h e  

ph i  1  osophy o f  concealment o f  t ransmi  s s i  on f a c i  1  i t i e s .  

F i r s t ,  concealment i s  i n  many cases ve ry  expensive, p a r t i c u l a r l y  f o r  

undergrounding conductors  which must c a r r y  h i ghe r  vo l tages.  Since t r a n s -  

m iss ion  l i n e s  may w e l l  become outdated w i t h i n  t h e  n e x t  50 years,  t h e i r  

b u r i a l  cou ld  be anach ron i s t i c .  

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

equipment i s  n e c e s s a r i l y  ug l y ;  nonetheless, men have found t h a t  "a w e l l  - 
shaped, t e c h n i c a l  l y  c o r r e c t ,  honest express ion o f  a  u t i  1  i t a r i  an o b j e c t  

can be t he  s u b j e c t  o f  pleasure..  . . " ( I  , P" ') Another au thor  d isagrees,  

however, c a l l  i n g  t ransmiss ion  f a c i  1  i t i e s  " t h e  u g l y  mechanics o f  our  

c i v i l i z a t i o n f l ( ' ) a n d  i n s i s t s  t h a t  such o b j e c t s  c l u t t e r  t h e  landscape o f  

our  outdoor  1  i v i n g  spaces. There i s  1  i t t l e  doubt t h a t  t h e  general  pub1 i c  

wi 11 i n c r e a s i n g l y  reques t  t h a t  f u t u r e  t ransmiss ion  and d i s t r i b u t i o n  systems 

be p laced  underground rega rd less  o f  t h e  success o f  t ransmiss ion  r o u t i n g  

guide1 i n e s  and v i s u a l  impact s tud ies .  A  r e c e n t  s tudy i n v o l v i n g  response 

t e s t i n g  conf i rmed t h a t  power l i n e s  always have a  nega t i ve  e f f e c t  on scen ic  

resource v a l  ues. ( 3 )  



Th i rd ,  t h e  au tho rs  argue t h a t  p a r t i a l  concealment o f  t ransmiss ion  

l i n e s  i s  p s y c h o l o g i c a l l y  a  bad t a c t i c :  

"If an o b j e c t  i s  comple te ly  hidden f rom view so t h a t  no one i s  
aware o f  it, t h e r e  i s  no problem, b u t  i f  i t  i s  o n l y  p a r t i a l l y  
concealed, a t t e n t i o n  i s  drawn t o  i t  by a  n a t u r a l  human c u r i o s i t y  
and d e s i r e  t o  complete t h i n g s  .... t o  r e s o l v e  an un f i n i shed  under- 
standing, which i s  p a r t i a l l y  c u t  o f f  by t h e  concealment. As a  
ma t te r  o f  f a c t ,  t h i s  same p r i n c i p l e  i s  used by p u b l i c  r e l a t i o n s  
f i rms  t o  a t t r a c t  a t t e n t i o n . "  (1, p. 12)  

Fourth,  t h e  au thors  observed t h a t :  

".. . .conscious concealment i m p l i e s  e i t h e r  o f  two mot ives on t h e  p a r t  
o f  t he  concealer :  one, t h a t  t h e  concealed o b j e c t  i s  meant t o  harm o r  
def raud t h e  observer,  o r ,  second t h a t  i t  i s  be l i eved  t o  r e q u i r e  h i d i qg .  
I n  our  s o c i e t y  t he  f i r s t  i s  f a r  f rom t h e  t r u t h ,  a1 though many people 
b e l i e v e  i t  t o  be t r ue .  Then, i f  e l e c t r i c a l  equipment i s  concealed o f t e n  
enough because i t  i s  be l ieved ,  by some, t o  be ug ly ,  t h e  p u b l i c  w i l l  soon 
b e l i e v e  i t  too."  (1, p. 13)  

A  1973 i n d i c a t e s  t h a t  t h e  general  p u b l i c  has an inadequate 

knowledge o f  t h e  e l e c t r i c  u t i l i t y  i ndus t r y ,  i t s  opera t ions  and i t s  problems. 

Th is  bas ic  misunderstanding i s  perhaps t h e  source o f  some o f  t h e  p u b l i c  

d i s s a t i s f a c t i o n  and a n x i e t y  toward t ransmiss ion  l i n e s .  The l u x u r y  o f  con- 

cealment o r  even p a r t i a l  concealment o f  f a c i l i t i e s  i s  becoming l e s s  and l e s s  

a v a i l a b l e  (see F igu re  2) ,  and a e s t h e t i c  c o n f l i c t s  f rom an env i ronmenta l l y  

aroused general  p u b l i c  a r e  i n e v i t a b l e  as f u t u r e  l i n e s  a r e  const ructed.  

Given these background cons idera t ions ,  i t  i s  p o s s i b l e  t o  group v i s u a l  

impact s t ud ies  and t ransmiss ion  1  i n e  r o u t i n g  s e l e c t i o n  methodologies i n t o  

f o u r  main ca tegor ies :  (6,7) 

1. Performance guide1 i nes 

2. V isua l  exposure s e n s i t i v i t y  and v iew ing  popu la t i on  assessment 

3. "Landscape image" d i s r u p t i o n  e v a l u a t i o n  

4. V isua l  qua1 i t y l i m p a c t  eva lua t i on  

e Performance Gui de l  i .nes 

Performance Gu ide l ines  a r e  l i s t s  o f  environmental  "do 's "  and "don ' t s "  

which have been compi led f rom p r a c t i c a l  exper ience i n  s i t i n g  and eva lua t i ng  

v i s u a l  impacts o f  t ransmiss ion  f a c i l t i e s  over  a  broad spectrum o f  s i t u a t i o n s  



and scales o f  concern. These range fro111 p o l i c y  statements on the  use o f  

e x i  s t i n g  r ights-of-way whenever poss ib le  down t o  s i  t e - s p e c i f i c  suggestions 

such as the  treatment o f  p a r t i c u l a r  road crossing s i t u a t i o n s  and con- 

s t r u c t i o n  and management spec i f i ca t i ons  t o  minimize erosion and post-  

const ruc t ion  impacts. 

FIGURE 2. Comparison o f  a  "comnon" 138 KV transmission tower w i t h  a  
p o t e n t i a l l y  enlarged vers ion t o  c a r r y  1500 KV, which may be 
requ i red  by 1985. Over h a l f  the  length  o f  a  f o o t b a l l  f i e l d  
high, such uhv s t ruc tures  would be problematic i n  the  at tempt 
even f o r  " p a r t i a l  concealment" i n  the landscape. 
Source: Hammond , Metz, and Maugh, Energy and the  Future, 1973 (5)  

Perhaps the  greates t  problem encountered i n  the  use o f  such gu ide l i nes  

i s  i n  app ly ing  the  gu ide l ines  t o  a  p a r t i c u l a r  s i t u a t i o n  where specia l  condi- 

t i o n s  niay warrant  a  s l i g h t l y  d i f f e r e n t  so lu t i on .  Another problem w i t h  e x i s t -  

i ng  l i s t s  o f  gu ide l ines  reviewed i s  t h e i r  apparent lack  of organizat ion.  

Although t y p i c a l l y  arranged ,.in sect ions which apply t o  (a )  se lec t i on  o f  a  

proposed r o u t e  o r  c o r r i d o r ,  (b )  design, ( c )  c lear ing ,  (d )  const ruc t ion ,  

(e) cleanup and r e s t o r a t i o n ,  and ( f )  maintenance, the re  i s  considerable 



ove r l ap  between these ca tego r i es  which makes t h e i r  exc lus i ve  use and appl  i- 

c a t i o n  incomplete.  W i th i n  each ca tegory  guide1 i nes appear t o  be p laced i n  

seemingly random order ,  r e q u i r i n g  t h e  user  o r  rev iewer  t o  c o n s t a n t l y  s h i f t  

h i s  concern f rom one g u i d e l i n e  t o  the  nex t .  Appendix A, Some Environmental 

Performance Gu ide l ines  f o r  Transmission Lines, was compi led f o r  t h i s  s tudy 

f rom f i v e  sources and i s  organized and cross-referenced i n  a  manner which 

h o p e f u l l y  w i l l  f a c i l i t a t e  i t s  use i n  t h e  p lanning,  des ign o r  e v a l u a t i o n  

stages. The g u i d e l i n e s  a r e  p laced i n  f i v e  ca tego r i es :  

General P lanning Pol i c y  

Physi ography 

Vegeta t ion  

Sensi ti ve Areas 

Roads 

W i t h i n  each ca tegory  g u i d e l i n e s  a r e  arranged f r om the  genera l  t o  more spec i -  

f i c  concerns, and t he  user  i s  r e f e r r e d  t o  preceeding g u i d e l i n e s  which should 

app ly  t o  t h a t  p a r t i c u l a r  l e v e l  o f  concern. 

Al though g u i d e l i n e s  and standards a re  a  necessary requi rement  i n  t h e  

development o f  environmental  l y  respons ive  t ransmiss ion  r o u t e  p lanning,  they  

cannot s u b s t i t u t e  f o r  a  sys temat ic  p l a n n i n g - o r i e n t a t i o n  approach and may 

o n l y  serve as i d e a l i z e d  goa ls  which app l y  t o  s p e c i f i c  s i t u a t i o n s .  As such, 

however, they  may f i t  n e a t l y  i n t o  one o f  t h e  broader p lann ing  processes 

d i  scussed below. 

V isua l  Exposure S e n s i t i v i t y  and Viewing Popu la t ion  Assessment 

These s tud ies  a r e  perhaps t h e  most commonly used i n  t ransmiss ion  l i n e  

r o u t i n g  and v i s u a l  impact  p r e d i c t i o n .  One o f  t h e  main c r i t e r i a  cons idered 

i s  t h e  p o t e n t i a l  v i s i b i l i t y  o f  t ransmiss ion  f a c i l i t i e s  i n  t h e  landscape, 

which may be based on ( a )  topographic  f ea tu res ,  ( b )  vege ta t ion ,  and i n  some 

cases ( c )  complexity ( sca t t e red ,  somewhat open woods combined w i t h  a  v a r i e t y  

o f  n a t u r a l  and man-made v i s u a l  elements may be more capable o f  absorb ing an 

a d d i t i o n a l  element than  landscapes which a r e  more s imp le  and un i f o rm) .  (8 

These s tud ies  a l s o  cons ide r  t he  types o f  e x i s t i n g  and proposed land  uses 

t raversed  by t ransmiss ion  f a c i  1  i t i e s  ( r e s i d e n t i  a1 , comnercial  , i n d u s t r i a l  , 
rec rea t i on ,  t r a n s p o r t a t i o n )  and p a r t i c u l a r  areas o f  s e n s i t i v i t y  ( lands  seen 



f rom scenic  roads and impo r tan t  over looks)  i n  o rde r  t o  i d e n t i f y  areas o r  

l and  uses where t ransmiss ion  f a c i l  i t i e s  would c r e a t e  c o n f l  i c t s  i n  con tex t .  

Another c o n s i d e r a t i o n  i s  the  number of v iewers who would be exposed t o  t h e  

f a c i l i t i e s ,  which Iiiay i n c l u d e  t r a v e l e r s  on roads, r a i l r o a d s ,  boa ts  o r  t r a i l s  

as w e l l  as r e s i d e n t i a l  p o p u l a t i o n  w i t h i n  a  g iven  d i s tance  f rom the  r o u t e  o r  

w i t h i n  t h e  c o r r i d o r ' s  viewshed. While t he  components o f  t h i s  l e v e l  o f  s tudy  

a r e  undoubtedly impo r tan t  and use fu l ,  n e i t h e r  t h e  ac tua l  v i s u a l  impact  upon 

t he  landscape nor  r e c o g n i t i o n  o f  t h e  landscape's  v i s u a l  q u a l i t y  i s  addressed. 

"Landscape Image" D i  s r u p t i o n  Eva1 u a t i  on 

An e x c e l l e n t  v i s u a l  a n a l y s i s  system r e c e n t l y  developed by O n t a r i o  

Hydro ( 6 y 7 )  cons iders  t h e  processes "by which man perce ives  and forms images 

o f  t h e  environment, and h i s  technique f o r  remembering those images. V i sua l  

impact  i n  t h i s  c o n t e x t  i s  de f i ned  as t h e  p r e d i c t e d  d i s r u p t i o n  t o  t h e  e x i s t -  

i n g  image o f  t h e  a rea  caused by a  proposed development" ( 7 y  P ' ~ ) .  The system 

i nc l udes  and extends t he  c a p a b i l i t i e s  o f  t h e  f i r s t  two s tudy types w h i l e  

p r o v i d i n g  a  r a t i o n a l  o r d e r  f o r  and t h e o r e t i c a l  background exp lana t i on  o f  

each f a c t o r  considered. 

F i r s t ,  t h e  v i s u a l  c h a r a c t e r i s t i c s  (" landscape c l u e s " )  o f  each landscape 

s e t t i n g  w i t h i n  t h e  s tudy  area a r e  i d e n t i f i e d  and t h e  degree t o  which t h e  

v i s u a l  cha rac te r  o f  t ransmiss ion  towers and r i gh t s -o f -way  would a l t e r  o r  

v i s u a l l y  dominate t he  image o f  each s e t t i n g  i s  eva luated.  Hence, each land-  

scape u n i t  i s  mapped and r a t e d  as t o  i t s  s p e c i f i c  co r r~pa tab i l i  ty w i t h  t r ans -  

m iss i on  f a c i l i t i e s .  

Second, r ecogn i z i ng  t h a t  an observer  w i  11 be more a t t e n t i v e  o r  s e n s i t i v e  

i n  c e r t a i n  areas o f  t h e  landscape than i n  o thers ,  those areas o f  t h e  land-  

scape where v iewer  s e n s i t i v i t y  o r  v i s u a l  awareness i s  increased a r e  i d e n t i f i e d .  

Such areas occur  near boundary edges between d i f f e r e n t  landscape types,  a t  

over looks  which p resen t  v i s t a s  and panoramas o f  l a r g e  segments of t h e  land-  

scape a t  a  glance, near n a t u r a l  o r  c u l t u r a l  landmarks which dominate t he  

image o f  t h e  surrounding area, and i n  adve r t i sed  scenic ,  n a t u r a l  o r  h i s t o r i c  

areas. Whi le t he  above s e t . o f  s e n s i t i v i t y  f a c t o r s  a r e  most v a l i d  f o r  t r a v e -  

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



achieved by the  use o f  r e s i d e n t  quest ionnai res t o  i d e n t i f y  landmarks o f  

reg iona l  and l o c a l  s i g n i f i c a n c e  as seen through the  eyes and a t t i t u d e s  o f  

t he  community a f f ec ted ;  t h i s  i nnova t i ve  technique f o r  pub1 i c  p a r t i c i p a -  

t i o n  i s  perhaps t h i s  system's most 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 rans-  

miss ion  1 i n e  v i sua l  impact ana l ys i s .  These s e n s i t i v i t y  areas a r e  mapped 

and evaluated as high- impact areas. To a s s i s t  i n  cons ider ing  the  s p e c i f i c  

l o c a t i o n  o f  a  g iven rou te ,  a  l i s t  o f  performance guidelines i s  a l s o  used a t  

a t  t h i s  stage. 

Thi rd,  a  cons ide ra t i on  o f  paths which prov ide  t h e  v i s u a l  s t r u c t u r i n g  

sequence o f  elements along t h e i r  ad jacent  landscape c o r r i d o r s  i s  made. From 

t r a f f i c  volume data map i n t e r p r e t a t i o n  and f i e l d  observat ion,  the  use i n ten -  

s i t y  l e v e l s  o f  roads, r a i l r o a d  l i n e s ,  boatways and t r a i l s  a re  i d e n t i f i e d  

and the number o f  viewers along each path i s  determined; high-use areas are  

weighted as being h i g h l y  sens i t i ve .  When t h i s  ana l ys i s  i s  app l i ed  t o  spe- 

c i f i c  r o u t i n g  decis ions,  t h e  viewsheds o f  a l l  high-use roads a re  mapped f o r  

comparison w i t h  those var ious  a l t e r n a t i v e  rou tes .  

Fourth, t he  p o t e n t i a l  c o n s t r a i n t s  f o r  remedial  ac t i ons  which would a l l o w  

m i t i g a t i o n  o f  t h e  v i s u a l  impacts o f  a  t ransmiss ion l i n e  w i t h i n  each major 

landscape u n i t  a re  evaluated and mapped, based on the  appropriateness and 

a v a i l a b i l i t y  o f  screening devices o r  concealment t a c t i c s  f o r  each landscape. 

F i f t h ,  p ro jec ted  f u t u r e  land  uses a re  considered t o  a i d  t he  long-term 

outcome o f  t h e  v i s u a l  c h a r a c t e r i s t i c s ,  probable t r a v e l  pa t te rns  and v iewing 

populat ions o f  p o t e n t i a l l y  developed areas. The f u t u r e  image o f  an area may 

a f f e c t  the  dec i s i on  f o r  l o c a t i o n  o f  t ransmiss ion f a c i l i t i e s  and eva lua t i on  

o f  t h e i r  probable v i s u a l  impact; hence, f u t u r e  land  uses a re  mapped and t h e i r  

compa tab i l i t y  w i t h  t ransmiss ion f a c i l i t i e s  evaluated. 

F i n a l l y ,  t h e  f i v e  over lay  maps a re  comprised t o  produce a su i  t a b i l  i t y  

map. Since each i n d i v i d u a l  map may con ta in  a niaxinium o f  th ree  l e v e l s  o f  

c o n s t r a i n t  ranging f rom h igh  t o  low, combinations o f  these areas are  scored 

by combining t h e  i n d i v i d u a l  c o n s t r a i n t  scores. 

Th is  v i sua l  ana l ys i s  system i s  t h e  most comprehensive v i sua l  study 

reviewed f o r  t h i s  r e p o r t .  While many o f  t h e  concepts and procedures have 



been used i n  o the r  types o f  v i s u a l  a n a l y s i s  s tud ies ,  t h i s  p a r t i c u l a r  system 

combines and presents,  these ideas conv inc ing l y  and c l e a r l y .  I n  p a r t i c u l a r ,  

the  suppo r t i vg  document, A Background Paper Prepared f o r  t he  Workshop on 

V isua l  Impact by Alan ~ a u ~ h a n ! ~ )  i s  a  r a t i o n a l  c o m p i l a t i o n  and d i scuss ion  on 

v i s u a l  percep t ion  theory .  

I f  one wanted an accurate and e a s i l y  app l i ed  v i s u a l  a n a l y s i s  system t o  

a i d  i n  t ransmiss ion  l i n e  r o u t i n g  dec is ions ,  i t  would a t  f i r s t  appear t h a t  

t h i s  approach meets a l l  t he  requirements;  f u r t h e r  i n v e s t i g a t i o n  o f  t he  r e s u l t s  

of t h i s  system do, however, r evea l  t h e  need f o r  an es tab l i shed  re fe rence  p o i n t  

t o  a i d  comparison and e v a l u a t i o n  o f  t h e  impacts o f  va r i ous  t ransmiss ion  

r o u t i n g  a1 t e r n a t i v e s  (See Chapter I 1 1  .B).  The i nhe ren t  problem i s  t h a t  

t he  ac tua l  q u a l i t y  va lue  o f  a  g i ven  landscape charac te r  i s  never d i r e c t l y  

assigned, b u t  o n l y  imp1 i ed .  Hence, t h i s  system i s  e x c e l l e n t  f o r  s e l e c t i n g  

and e v a l u a t i n g  r o u t e s  o f  minimum v i s u a l  d i s r u p t i o n  w i t h i n  a  g i ven  s tudy  area 

b u t  cannot a c t u a l l y  q u a n t i f y  t h e  s e v e r i t y  l e v e l  o f  a  "minimum v i s u a l  d i s r u p -  

t i o n " .  Whi le pay ing s t r i c t  a t t e n t i o n  t o  t he  "image" o f  t h e  landscape, i t  

pays no a t t e n t i o n  t o  t h e  " v i s u a l  q u a l i t y "  o f  t he  landscape. With t he  add i -  

t i o n  o f  a  v i s u a l  qua1 i t y  index, t h e  O n t a r i o  Hydro Visual  Ana l ys i s  System 

cou ld  be a  f o rm idab le  t o o l ;  i n  essence, t he  system proposed i n  Sec t i on  E o f  

t h i s  chap te r  a t tempts  t o  add t h i s  necessary dimension. 

V isual  Qua1 i t y l  Impact Eva1 u a t i o n  

Th is  e v a l u a t i o n  p o t e n t i a l l y  represen ts  t he  most thorough and respons ive  

o f  t he  f o u r  l e v e l s  o f  s t ud ies  discussed. I t  would i d e a l l y  encompass the  

above s tudy  types and add t h e  v i s u a l  q u a l i t y  a n a l y s i s  necessary t o  e s t a b l i s h  

a  re fe rence  p o i n t  f o r  comparison o f  t he  impacts o f  a l t e r n a t i v e  r o u t e s  t r a -  

ve rs i ng  d i f f e r e n t  types o f  landscape (even i n  d i f f e r e n t  s tudy a reas) .  I t  

would a l s o  a i d  t h e  ass ign ing  o f  weights  t o  t he  importance o f  t h e  v i s u a l  

-impact component r e l a t i v e  t o  t he  importance o f  o t h e r  environmental  impact  

eva lua t ions .  A  d e t a i l e d  proposal  f o r  such a  system may be found i n  t h e  

remain ing pages o f  t h i s  chapter .  



Th is  s e c t i o n  presents  an approach t o  p r e d i c t i v e l y  eva lua te  t h e  v i s u a l  

impact r e s u l t i n g  f rom t h e  i n t r o d u c t i o n  o f  t ransmiss ion  f a c i  1  i t i e s  i n t o  a  

landscape. P r e f e r a b l y  t h e  methodology wi 11 : 1  ) a1 low comparison between 

a  range o f  t ransmiss ion  a l t e r n a t i v e s  w i t h i n  a  g i ven  landscape o r  t r a v e r s i n g  

a  range o f  landscape types; 2 )  be e f f e c t i v e  and s u i t a b l e  f o r  use by a  small 

number o f  eva lua to r s  w h i l e  p r o v i d i n g  a  framework f o r  p u b l i c  p a r t i c i p a t i o n  

when des i rab le ;  3)  be a p p l i c a b l e  t o  any landscape-transmission f a c i  1  i t y  

combination; and 4) be compat ib le  f o r  use i n  combinat ion w i t h  t h e  methodology 

t o  assess t h e  v i s u a l  impacts o f  nuc lea r  power p l a n t s  p r e v i o u s l y  o u t l i n e d  by 

t h e  authors.  ( 9 )  

Assum~t i ons  and C o n c e ~ t s  

The v i s u a l  impact e v a l u a t i o n  procedure presented here f o r  t ransmiss ion  

l i n e s  i s  an adap ta t i on  o f  a  p rev ious  technique developed by Jones and Jones 

w i t h  Battel1.e-Northwest f o r  t h e  AEC t o  eva lua te  t h e  v i s u a l  impacts o f  

nuc lear  power p l a n t  s i t i n g .  The prev ious s tudy was broken i n t o  t h r e e  

major  sec t i ons :  
\ 

Data Prepara t ion  P r e l  im ina ry  Ana lys is  

Eva lua t ions  o f  V isua l  Q u a l i t y  

Determi n a t i o n  o f  V isua l  Impact 

The f i r s t  s e c t i o n  descr ibed a  method f o r  l o c a t i n g  r e p r e s e n t a t i v e  view- 

p o i n t s  surrounding a  proposed nuc lear  power genera t ing  s t a t i o n  s i t e  and 

photographing t h e  view towards t h e  f a c i l i t y .  Two se t s  o f  s l i d e s  o r  photos 

were prepared, one s e t  "before"  and one s e t  touched up t o  s imu la te  t h e  

" a f t e r "  appearance w i t h  t he  f a c i l i t y  i n  p lace.  

The second s e c t i o n  descr ibed  t h r e e  s l i g h t l y  d l f f e r e n t  approaches t o  

eva lua te  v i s u a l  q u a l i t y  o f  a  v iew us ing  a  ques t i onna i re  on which t h e  

i n d i v i d u a l  qua1 i ty  i n d i c a t o r s  o f  i n t a c t n e s s  (apparent  degree o f  n a t u r a l  

c o n d i t i o n ) ,  v i v i dness  (memorab i l i t y  o f  t he  v i s u a l  impression rece ived  f rom 

an image), and u n i t y  (composi t ional  i n t e g r i t y ,  harmony and coherence) were 

separa te ly  r a t e d  f o r  t h e  "be fo re"  and " a f t e r "  photos. A  r a t i n g  was a l s o  

g i ven  t o  t he  v i s u a l  importance o f  each element i n  t h e  view. 



The t h i r d  s e c t i o n  combined t h e  r a t i n g s  f o r  i n t ac tness ,  v i v i dness ,  u n i t y ,  

and v i s u a l  - irr~portance , i n  an equa t i on  which y i e l d e d  a  numer ica l  score f o r  

v i s u a l  q u a l i t y  on a  1-100 sca le ;  one score was determined f o r  "be fo re"  and 

one f o r  " a f t e r "  v iews. These two scores were then p laced  i n t o  a  r a t i o  t o  

express t he  s e v e r i t y  o f  t h e  change i n  v i s u a l  q u a l i t y  r e l a t i v e  t o  t h e  "be fo re"  

q u a l i t y  score.  "V isua l  impact"  was then  expressed as a  p roduc t  of t h e  r a t i o  

o f  change i n  v i s u a l  q u a l i t y  and t h e  s i z e  o f  t h e  v iew ing  popu la t i on .  

The s tudy  presented here uses t h e  same v i s u a l  q u a l i t y  and v i s u a l  impact  

e v a l u a t i o n  procedures descr ibed  i n  t he  second and t h i r d  sec t i ons  o f  t h e  S i t -  

i n g  Study, and t h e  reader  i s  urged t o  r e f e r  t o  sec t i ons  i n  t h a t  work f o r  t h e  

s p e c i f i c  d e t a i l s  o f  t h e  approach. Th i s  chap te r  w i l l  p r i m a r i l y  adap t  t h e  

f i r s t  s e c t i o n  ( da ta  p r e p a r a t i o n  and p r e l i m i n a r y  a n a l y s i s )  f o r  use w i t h  and 

appl  i c a t i o n  t o  t r ansm iss i on  f a c i l  i t i e s .  

I n  many ways, d e t e r m i n a t i o n  o f  t h e  v i s u a l  impacts o f  t r ansm iss i on  

f a c i l i t i e s  i s  more h i g h l y  i n v o l v e d  than  f o r  nuc lea r  power p l a n t s .  F i r s t  o f  

a1 1  , t ransmiss ion  f a c  i 1 i ti es produce 1  i near impacts  (as opposed t o  p o i n t -  

source impacts  f r om  nuc lea r  power p l a n t s )  which may t r a v e r s e  a  wide range 

o f  landscape s e t t i n g s  and be v i s i b l e  f r om  a  v a r i e t y  o f  v iewpo in ts ;  hence, 

i d e n t i f i c a t i o n  o f  s p e c i f i c  zones o f  h i g h  i r r~pac t  i s  v e r y  impor tan t ,  as se lec -  

t i o n  o f  r e p r e s e n t a t i v e  v i ewpo in t s  f o r  d e t a i l e d  q u a l i t a t i v e  v i s u a l  impac t  

e v a l u a t i o n  must depend upon t h e  s p e c i f i c  occurrences o f  these zones i n  t h e  

landscape. Secondly, s i nce  v i s u a l  a n a l y s i s  i s  be ing  used more and more i n  

t h e  s e l e c t i o n  of t r ansm iss i on  c o r r i d o r s  as w e l l  as i n  t h e  v i s u a l  impac t  

e v a l u a t i o n  of an a c t u a l  se l ec ted  r o u t e  a l t e r n a t i v e ,  t h e  methodology must  be 

f l e x i b l e  i n  a p p l i c a t i o n  as w e l l  as  c o n s i s t e n t  i n  i t s  use o f  da ta  a t  v a r i o u s  

sca les  d u r i n g  a l l  phases of t h e  p l ann ing  process. For  these reasons, t h e  

da ta  p r e p a r a t i o n / p r e l i m i n a r y  a n a l y s i s  must a p p l y  t o  a  broader range o f  i ssues  

than were encountered w i t h  nuc lea r  power p l a n t  s i t i n g s .  

Since t h e  v i s u a l  impact  o f  t r ansm iss i on  f a c i l i t i e s  w i l l  v a r y  f r om  one 

landscape t o  t h e  next ,  a  method of landscape c l a s s i f i c a t i o n  (based on c l asses  

of l and fo rm  and l a n d  cover  p a t t e r n )  i s  a p p l i e d  t o  t h e  s tudy  area. Each 



landscape t ype  mapped i s  then  r a t e d  accord ing t o  t h e  degree t o  which i t  may 

compatably absorb t ransmiss ion  f a c i l i t i e s  w i t h o u t  s u f f e r i n g  a  major  change 

i n  i t s  image. Scarce v i s u a l  resources w i t h i n  t h e  s tudy area a r e  i d e n t i f i e d  

and may take  on a  s i g n i f i c a n c e  va lue  accord ing t o  t h e i r  r e l a t i v e  s c a r c i t y  

w i t h i n  a  l a r g e r  con tex t .  V i s u a l l y  f r a g i l e  landscape areas a r e  i d e n t i f i e d  

under t h e  ca tego r i es  o f  edges, spec ia l  l and  use d i s t r i c t s ,  landmarks and 

over looks; t h e  "viewshed" (sur round ing  lands  which a r e  v i s i b l e )  around land- 

marks and f rom over looks  a re  cons t ruc ted  and mapped t o  determine whether o r  

n o t  these f r a g i l e  areas w i l l  be v i s u a l l y  impacted. 

The s e n s i t i v i t y  o f  t r a n s i t i n g  and r e s i d e n t  v iewers i s  considered. View- 

sheds o f  major  roads a r e  mapped t o  a i d  i n  t h e  p lann ing  o f  t ransmiss ion  f a c i l i -  

t i e s ,  o r  t h e  viewshed o f  a  proposed t ransmiss ion  r o u t e  a l ignment  i s  mapped 

t o  l o c a t e  areas o f  v i s u a l  c o n f l i c t  w i t h  paths. A  ques t i onna i re  i s  sen t  t o  

r e s i d e n t s  o f  a  p o t e n t i a l l y  impacted area t o  r eco rd  and p r o t e c t  t h e i r  p r e f e r r e d  

1  oca l  v i s u a l  environments. Fac to rs  which would tend t o  mi t i g a t e  v i s u a l  

impacts over  t ime  a r e  a l s o  considered, i n c l u d i u g  remedia l  t a c t i c s  (such as 

screening, spec ia l  r i gh t -o f -way  t reatment ,  and tower des ign and c o l o r )  and 

f u t u r e  l and  uses which m igh t  tend t o  d im in i sh  ( o r  inc rease)  t h e  s e v e r i t y  o f  

t h e  t ransmiss ion  impacts over a  longer  per iod .  

The above i n f o r m a t i o n  i s  i n t e g r a t e d  on a  s i n g l e  map f o r  use i n  s e l e c t -  

i n g  c o r r i d o r s  o r  s p e c i f i c  a l ignments o r  i n  i d e n t i f y i n g  h igh- impact  zones f o r  

d e t a i l e d  v i s u a l  impact eva lua t i on .  V iewpoints  i n  these areas a r e  se lec ted  

and t h e  v i s u a l  qua1 i ty o f  views f rom these p o i n t s  determined "be fo re"  and 

"a f t e r ; "  t h e  procedure i s  i d e n t i c a l  t o  t h a t  presented i n  t h e  l a s t  two sec t i ons  

o f  t h e  S i t i n g  Study. 

Th is  s tudy  draws from and owes much t o  e a r l i e r  v i s u a l  a n a l y s i s  work done 

by o thers ;  References 1, 6, 7, and 10-21 (which deal  w i t h  t ransmiss ion  I 

impacts) were reviewed and p o r t i o n s  o f  them i nco rpo ra ted  i n t o  t h i s  work. I n  

p a r t i c u l a r ,  t h e  e x c e l l e n t  v i s u a l  a n a l y s i s  system dev ised by Alan Vaughan and 

o thers  f o r  On ta r i o  Hydro (697y10y18 )  helped t o  c l a r i f y  and f o rmu la te  t h e  co re  

o f  t h e  da ta  p repa ra t i on /p re l  im ina ry  a n a l y s i s  procedure. The au thors  have 



a p p l i e d  t h e  v i s u a l  q u a l i t y  e v a l u a t i o n  procedure ( us i ng  t h e  parameters o f  

v i v i dness ,  i n t a c t n e s s  and u n i t y  f i r s t  desc r ibed  i n  t h e  S i t i n g  Study) t o  

severa l  s t u d i e s  and have found i t  t o  be a  ve r v  use fu l  and accu ra te  

t o o l .  (22,23,24) 

Equat ions f o r  V i sua l  Impact Assessment 

A  ques t i onna i r e  (Appendix B) i s  employed t o  assess v i s u a l  q u a l i t y  o f  

each viewscape before and a f t e r  t h e  f a c i l i t y  i s  i n t r oduced  i n t o  i t .  Mea- 

surement Level  1  g i ves  a  d i r e c t  score f o r  v i s u a l  q u a l i t y  on a  sca le  o f  

1-100, and t h e r e f o r e  needs no c a l c u l a t i o n .  Measurements Leve ls  2  and 3 

b o t h  depend on t h e  bas i c  formula:  

where 

VQ = V i sua l  q u a l i t y  o f  t h e  viewscape 

I = I n t a c t n e s s  

V = V iv idness  

U = U n i t y  

The r a t i o  o f  change i n  v i s u a l  qua1 i ty (R) i n  a  viewscape f rom b e f o r e  (VQb) 

t o  a f t e r  (VQ,) i s  expressed as: 

V i sua l  impact  measured a t  a  g i ven  v i ewpo in t  i s :  

v i s u a l  impact  = R x  P 

where 

R = r a t i o  o f  change i n  v i s u a l  q u a l i t y  f o r  viewscape 

P = p o p u l a t i o n  c o n t a c t  pe r  y e a r  a t  t h a t  v i ewpo in t  

For  f u r t h e r  e l a b o r a t i o n  o f  t h e  a p p l i c a t i o n  o f  these equat ions,  and f o r  t h e  

d e f i n i t i o n s  and s c a l i n g  o f  i n t ac tness ,  v i v i dness ,  and u n i t y ,  see t h e  S i t i n g  

Study (pp.  82-85, 107-147). 



DATA PREPARATION/PRELIMI NARY ANALYSIS 

I n  o r d e r  t o  c a r r y  o u t  t h e  v i s u a l  a n a l y s i s ,  t h e  f o l l o w i n g  p repa ra to r y  

da ta  a re  r e q u i r e d :  

Loca t ion ,  topographic  maps, and s te reo  a e r i a l  photography o f  p o t e n t i a l  
s tudy  area o r  a l t e r n a t i v e  t o  be eva luated.  

Depending on t h e  n a t u r e  and sca le  o f  t h e  s tudy,  t h e  a p p r o p r i a t e  
i d e n t i f i c a t i o n  o f  t h e  a l t e r n a t i v e s  o r  s t udy  areas t o  be eva luated,  
t h e  v o l t a g e  and number o f  c i r c u i t s  proposed, t h e  r o u t e  o r i g i n  and/or 
d e s t i n a t i o n  p o i n t s ,  t h e  range o f  tower  des igns and s i z e s  which m igh t  
be se lec ted  f o r  use. . Popu la t i on  da ta  b y  se t t l emen t  and/or p e r  square m i l e  and t r a f f i c  
volunie da ta  on ma jo r  roads ( g r e a t e r  than 1000 cars /day)  w i t h i n  t h e  
s tudy  area. . Regional maps t o  a i d  i n  t h e  unders tanding o f  t h e  p o s i t i o n  and 
s c a r c i t y  o f  t h e  s tudy  area w i t h  regard  t o  t h e  broader  landscape. . Natu ra l  h i s t o r i c  o r  c u l t u r a l  p o i n t s  o f  i n t e r e s t  and l a n d  uses w i t h i n  
t h e  s tudy  area. 

Fu tu re  1  and use p lans  f o r  t h e  s tudy  area. 

Names and addresses o f  a  sample o f  t h e  r e s i d e n t  popu la t i on  w i t h i n  
t h e  s tudy  area. 

Wi th  these da ta  and w i t h  access t o  t h e  lands  p o t e n t i a l l y  t r ave rsed  

by t ransmiss ion  1  i nes f o r  photography and ons i  t e  eva lua t i on ,  t h e  v i s u a l  

a n a l y s i s  can proceed i n  t h e  f o l l  owing stages: 1  ) 1  andscape c l a s s i f i c a t i o n  

and v i s u a l  compati b i  1  i ty  , 2)  scarce and f r a g i  1  e  v i s u a l  resources, 3) v iewer  

s e n s i t i v i t y ,  and 4 )  m i  t i g a t i o n  p o t e n t i a l  and f u t u r e  impacts.  Based on 

a n a l y s i s  i n  these stages, f o u r  o v e r l a y  maps can be prepared which w i  11 be 

useful  i n  t h e  n e x t  stage, i d e n t i f i c a t i o n  o f  a1 t e r n a t i v e  t ransmiss ion  

l o c a t i o n s  and h igh- impact  zones. The ' f i n a l  s tage i n v o l v e s  viewscape 

photography - be fo re  and a f t e r  t ransmiss ion  l i n e s .  

Landscape C l  a s s i  f i ca ti on and Transmi s s i  on V i  sua l  Compa t i b i  1  i t y  

Dur ing  t h e  f i r s t  s tage o f  t h e  v i s u a l  assessment, two s teps  must be 

taken: a)  c l a s s i f i c a t i o n  o f  t h e  landscapes p o t e n t i  a1 l y  t r ave rsed  by  t r a n s -  

m iss ion  f a c i l i t i e s ,  and b) e v a l u a t i o n  o f  t h e  compati b i  1  i ty  between t h e  

v i s u a l  c h a r a c t e r i s t i c s  of t h e  proposed t r ansm iss i on  f a c i  1 i t i e s  and t h e  

v i  sua l  c h a r a c t e r i  s t i c s  o f  each 1  andscape. 



Landscape Classification 

The visual characteristics of each 1 andscape set t ing which the trans- 

mission f a c i l i t i e s  would traverse need t o  be known to  evaluate the relat ive 

compatibility (or severity) of visual impacts caused by the introduction of 

transmission l ines  along the various se t t ings  of a given a1 ignment. Land- 

scape classif icat ion techniques have been devised and applied a t  various 

scales by a number of authors. (6,7,22-33) 

Large-scaled regional studies often depict on a map the type and 

quality of landscapes t o  be found in different  areas. The visual charac- 

t e r i s t i c s  of any landscape may be identified and generally categorized 

under the headings of 1 andform (mountains , hi 11 s , val 1 eys , plains) and 

1 and cover pattern (vegetation, waterforms and human settlement) . While 

th is  regional and subregional scale of c lassif icat ion i s  ideal for  the 

location and visual impact assessment of potential transmission corridors,  

the addition of more detailed information of the visual character of a 

specific location in the landscape will aid alignment decisions and impact 

assessment from specific transmission s i t i ng  alternatives.  

In order to group areas of similar landscape character based on land- 

form, the broadest useful category of c lassif icat ion i s  the physiographic 

region which groups together landscapes of the continent according t o  areas 
of similar topography and geologic origin.  This information i s  readily 

available in a geography or geology textbook. Within each large physio- 

graphic region smaller dis t inct ive subregions may be identified according 

t o  differences in landform pattern and drainage basins (watersheds). The 

subregions may be subdivided into ridges, valleys, plateaus, gorges, escarp- 

ments, e tc ;  these in turn may be further c lassif ied by relat ive r e l i e f  

according to  the level of c lassif icat ion desired. 

Land cover classif icat ion f a l l s  under the general categories of vege- 

tation ( fores ts ,  shrublands, grasslands, heaths, marshes), waterform (oceans, 

sounds, bays, lakes, r ivers ,  ponds, g lac iers ) ,  and human settlement (roads, 

uti  1 i ty networks, urban, suburban, agricultural , wi 1 derness) . Each of these 

land cover variables may be combined and/or subdivided depending on the scale 

of c lassif icat ion desired. 



Once landform and l and  cover pa t te rns  have been mapped separate ly ,  t he  

1 two maps may be combined and the  r e s u l t a n t  landscape u n i t s  c l a s s i f i e d  i n  a  

h i e r a r c h i c a l  manner. 

Transmission Visual Compati b i  1  i ty Assessment . 
Having become f a m i l i a r  w i t h  t he  v i sua l  c h a r a c t e r i s t i c s  o f  each landscape 

u n i t ,  i t  becomes a  r e l a t i v e l y  easy task f o r  the  eva lua tor  t o  determine t h e  

p o t e n t i a l  v i s u a l  compat ib i l  i t y  ( c o n t r a s t  between v i sua l  images) f o r  a  g iven  

t ransmiss ion fac i l i t y / l andscape  u n i t  combination. Many o f  t h e  ideas f o r  

c o m p a t i b i l i t y  assessment may be found i n  the  l i s t  of environmental performance 

gu ide l i nes  f o r  t ransmiss ion l i n e s  presented i n  Appendix A; o the r  considera- 

t i o n s  can be added as an eva lua to r  f inds an impor tan t  cons idera t ion  which 

mer i t s  i n c l u s i o n .  

There are  two major se ts  of v i s u a l  c h a r a c t e r i s t i c s  of t ransmiss ion 

f a c i l i t i e s :  (1 )  t h e  towers, foot ings and conductors which a re  the  phys ica l  

t ransmiss ion "ob jec ts "  o r  v i s i b l e  elements, and ( 2 )  t h e i r  r igh t -o f -way  o r  

c o r r i d o r ,  t he  l i n e a l  space a long which vegeta t ion  and the ground surface may 

appear as be ing  d i s t i n c t l y  d i  f fe ren t  f rom the surrounding 1  andscape. Depend- 

i n g  on the  v i sua l  c h a r a c t e r i s t i c s  of the  landscape s e t t i n g  and the  observer 's  

d is tance from the  f a c i l i t i e s ,  e i t h e r  o r  both of these components may be 

v i s i b l e  o r  r e l a t i v e l y  nonv is i  b l e .  For instance,  a  sequence of t ransmiss ion 

towers and conductors s i l h o u e t t e d  aga ins t  the sky may be q u i t e  v i s i b l e  i n  a  

r e l a t i v e l y  l e v e l  open landscape, w h i l e  i t s  c o r r i d o r  r ight -of -way may be 

ba re l y  d i s t i n g u i s h a b l e  from the  surrounding grasslands; on the  o ther  hand, 

the towers seen a t  a  d is tance i n  a  forested,  mountainous landscape may be 

ba re l y  d i s t i n g u i s h a b l e  from t h e i r  wooded background, b u t  the  d i s t i n c t i v e l y  

c leared  band o f  the  r igh t -o f -way  may be h i g h l y  apparent. 

The v i s u a l  impact o f  a  tower on the  landscape i s  dependent upon i t s  

s ize ,  complexi ty,  design and c o l o r .  One au thor  makes the fo l l ow ing  recom- 

mendations i n  cons ider ing  and eva lua t i ng  new tower designs: 

"S t ruc tu re  designs t h a t  a re  most u s u a l l y  acceptable i n  the  envi ron-  
ment a re  those o f  t he  s imp les t  form.. . .simp1 i c i t y  i n  o v e r a l l  out -  
1  ine,  a  balanced o r  symmetrical arrangement of elements r e l a t i v e  
t o  the v e r t i c a l  support, para1 l e l  and o r d e r l y  placement of e l e -  
ments w i t h i n  t he  o v e r a l l  o u t l i n e  and the  m in im iza t i on  of po le - top  
elements are design c r i t e r i a  upon which t o  evaluate s t r u c t u r e  



designs . Attempts a t  i n c r e a s i n g  t h e  a t t r a c t i v e n e s s  o f  towers 
have sometimes l e d  t o  e x o t i c  des igns t h a t  o n l y  a t t r a c t  more 
a t t e n t i o n  than  those  of l e s s  complex s i l h o u e t t e .  A more appro- 
p r i a t e  des ign  purpose would be t o  ach ieve des i  ns t h a t  a r e  so 
s imp le  as t o  be uno f f ens i ve  and unnot iceable."?13, P. 6) 

Al though  much a t t e n t i o n ,  e f f o r t  and i n g e n u i t y  i s  be ing  p laced  on t he  

improvement o f  tower  des igns t o  d i m i n i s h  t h e i r  v i s u a l  impact,  t h e  tower  

and conductors  r ep resen t  o n l y  a  p o r t i o n  o f  t he  v i s u a l  impact  o f  t r ansm iss i on  

f a c i l i t i e s  i n  many landscape s e t t i n g s .  The impact  o f  t h e  l i n e a r  c o r r i d o r  

and t h e  c o n t e x t  i n  which t h e  t r ansm iss i on  f a c i l i t i e s  a r e  viewed a r e  con- 

s i d e r a t i o n s  o f  p r ime importance. For  t h i s  reason, t h e  same au tho rs  con- 

c l ude  t h a t :  

"Care fu l  s i t i n g  o f  r i gh ts -o f -ways  f o r  minimum v i s i b i l i t y  and l e a s t  
phys i ca l  and v i s u a l  d i s r u p t i o n  o f  t he  landscape o f f e r s  t h e  g r e a t e s t  
o p p o r t u n i t y  f o r  success. . . . " ( i  b i d ) .  

Hence, bo th  se t s  o f  c h a r a c t e r i s t i c s  r e q u i r e  c o n s i d e r a t i o n  f o r  t h e  

assessment o f  v i s u a l  c o m p a t i b i l i t y ;  t h i s  may be done w i t h  t h e  c h e c k l i s t  

shown i n  Table 5. 

TABLE 5. Landscape/Transrni s s i on  V i sua l  Compati b i  1  i ty  Assessment Check1 i s t  

Landscape U n i t :  R a t i n g  

Towers and Conductors vs. Landscape U n i t :  

a )  Sca le  Compati b i  1  i ty  
b)  Land Use S e t t i n g  
c )  Foreground Screening P o t e n t i a l  ( L a n d f o r d v e g e t a t i  on) 
d )  Background Screening P o t e n t i  a1 (Landforrn/vegetat ion) 

TOWER MEAN SCORE: 

R i g h t  o f  Way vs. Landscape U n i t :  

e )  Landform Confo rmi ty  P o t e n t i a l  
f )  Vege ta t i ve  P a t t e r n  C o n t i n u i t y  
g )  Land Use P a t t e r n  C o n t i n u i t y  

RIGHT OF WAY MEAN SCORE: 

Fac to r  Ra t i ng  Scale:  5 = Very Cornpat-ible 
4 = Compat ib le 
3  = Neu t ra l  
2 = Incompat ib le  
1  = Very Incompat ib le  



Four f a c t o r s  should be considered i n  connect ion w i t h  t he  appearance 

o f  t h e  t ransmiss ion  towers and conductors i n  each landscape u n i t .  

1 )  Scale C o m p a t i b i l i t y :  How s i m i l a r  i n  s i z e  and sca le  a re  t he  s t r u c -  

t u r e s  w i t h  t he  landscape elements of t he  u n i t ?  Would t h e  s t r u c t u r e s  dominate 

o r  tend t o  "dwarf" t he  t a l l e s t  t r e e s  and manmade elements? 

2 )  Land Use S e t t i n g  Compat ib i l  i ty: How v i s u a l l y  compat ib le  would t r ans -  

m iss ion  f a c i l i t i e s  be w i t h  t h e  v i s u a l  c h a r a c t e r i s t i c s  of t he  l and  use se t -  

t i n g s ?  Using a  three-man panel , one au thor  (34)  has at tempted t o  eva lua te  

t he  v i s u a l  c o m p a t i b i l i t y  between t he  v i s u a l  c h a r a c t e r i s t i c s  of t ransmiss ion  

components and those o f  va r ious  l a n d  uses. On a  f i v e - p o i n t  sca le  s i m i l a r  t o  

t h e  one proposed here. l a n d  uses were ranked i n  terms of t h e i r  i n c o m p a t i b i l i t i e s :  

LAND USE QUANTITATIVE VALUE 

Commerci a1 1.8 very  incompat i  b l e  
I n d u s t r i a l  
Recrea t iona l  /Open Space . . 
Res iden t i a l  
T ranspo r ta t i on  
Specia l  Considerat ions 

2.4 
2.6 incompat ib le  
2.6 

- "  
~ ~ r i c u l t u r e  
P u b l i c  and Quas i -Pub l i c  

2.7 neu t ra l  
3.2 compati b l  e  

It must be emphasized t h a t  t h i s  e v a l u a t i o n  i s  n o t  based on a t t i t u d e s  

regard ing  t he  s a n c t i t y  o f  c e r t a i n  l and  uses f o r  t ransmiss ion  c o r r i d o r s  as 

opposed t o  o the rs  (which w i l l  be evaluated l a t e r  i n  t h i s  chap te r )  b u t  r a t h e r  

was done p u r e l y  i n  terms o f  t h e i r  apparent v i s u a l  c o m p a t i b i l i t y  w i t h  t r ans -  

m iss ion  f a c i  1  i ti es. Th i s  e v a l u a t i o n  t a c t i c  needs broader t e s t i n g  and f u r -  

t h e r  s tudy.  

3)  Foreground Screening P o t e n t i a l  : Are t he re  apparent o p p o r t u n i t i e s  

i n  t h e  landscape u n i t  t o  g e n e r a l l y  screen t ransmiss ion  f a c i l i t i e s  f rom view 

by e x i s t i n g  1  andforms and/or vege ta t ion?  



4)  Background Screening Po ten t ia l  : Are there s u f f i c i e n t  topographic 

r e l i e f ,  vegetat ion he ight  and s p a t i a l  enclosure t o  genera l ly  prevent the 

transmission f a c i l i t i e s  from being s i l houe t ted  o r  p a r t i a l l y  s i l houe t ted  above 

the  sky l i ne?  

A second group o f  f a c t o r s  which p e r t a i n  t o  the r ight-of-way appearance 

should a l so  be evaluated: 

1  ) Landform Conformity Po ten t ia l  : I n  keeping w i t h  the  environmental 

guide1 i nes regarding physiography (Appendix A), would the  c o r r i d o r  have t o  

oppose the  contours and pat te rns  o f  topographic features, c ross ing h i l l s  a t  

r i g h t  angles t o  the  contours? Could a  usefu l  c o r r i d o r  f o l l o w  lower v a l l e y  

depressions through h i l l s  and mountainous t e r r a i n ?  Must i t  cross steep 

slopes i n  order  t o  connect the generat ing source and load centers? 

2 )  Vegetat ion Pat te rn  Con t inu i t y :  Would the r ight-of -way be v i s u a l l y  

we l l -de f ined due t o  dense even-growth f o r e s t s  which i t  t raverses? Would 

vegetat ion a1 ong the c o r r i d o r  be v i s u a l l y  d i s t i n c t  from the surrounding 

pat terns? Would the  c o r r i d o r  be bare ly  no t iceab le  due t o  the absence o f  a  

regu lar ,  even p a t t e r n  o f  vegetat ion? 

3) Land Use Pa t te rn  Continui t y :  Would the r ight-of-way para1 l e l  and 

re in fo rce  e x i s t i n g  pat te rns  o f  development, o r  would i t  necessar i l y  cross 

them d iagona l ly?  Could the  r ight-of -way be located along edges between 

land uses? 

Once these quest ions are answered and the c o m p a t i b i l i t y  r a t i n g  com- 

p le ted,  the eva luator  should prepare a  map dep ic t i ng  the  c l a s s i f i e d  land- 

scape u n i t s  w i t h  t h e i r  v i sua l  c o m p a t i b i l i t y  r a t i n g s  w i t h  t ransmission 

f a c i l i t i e s .  

Scarce and F r a g i l e  Visual  Resources 

A t  the  second stage o f  v isua l  assessment, both scarce v i sua l  resources 

o f  each landscape u n i t  i n  the  study area and v i s u a l l y  f r a g i l e  landscape 

areas are  i d e n t i f i e d  and mapped together .  



Scarce V isua l  Resources 

V isua l  resources which a re  p e c u l i a r  t o  o r  most c h a r a c t e r i s t i c  o f  a 

g iven  landscape l o c a l e  o r  r eg ion  need t o  be i d e n t i f i e d .  W i th i n  t he  frame- 

work o f  t h e  landscape c l a s s i f i c a t i o n  system a p p l i e d  t o  t h e  s tudy  area i n  

t he  f i r s t  stage, t h i s  survey should seek those landscape u n i t s ,  subun i ts  

o r  landscape f ea tu res  which a r e  unique r e l a t i v e  t o  a l a r g e r  area. I n v e s t i -  

g a t i o n  o f  topographic  maps and s te reo  a e r i a l  photography w i l l  f a c i l i t a t e  

t h i s  survey, and a fo l low-up  ground survey should be performed t o  i n v e s t i -  

gate p a r t i c u l a r  areas which appear t o  con ta in  scarce v i s u a l  resources. The 

comparison should be considered a t  bo th  a mic rosca le  (search f o r  scarce 

resources w i t h i n  t h e  sma l l es t  landscape u n i t  de f i ned )  and on a macroscale 

(determine the  s c a r c i t y  o f  each landscape u n i t ' s  v i s u a l  resources r e l a t i v e  

t o  o t h e r  landscape u n i t s  w i t h i n  a subregion o r  reg ion ,  as w e l l  as t h e  

s c a r c i t y  o f  t h e  landscapes o f  t h a t  subregion o r  r e g i o n  i n  comparison w i t h  

those o f  o the r  a reas) .  Since f a m i l  i a r i  ty  w i t h  a broad range o f  landscapes 

and landscape f ea tu res  i s  a va luab le  asse t  i n  t h i s  corr~parat ive study, 

v i s u a l  l y  o r i e n t e d  persons fami 1 i a r  w i t h  the  l a r g e r  landscape a re  b e s t  

q u a l i f i e d  t o  undertake t h i s  survey. I n  cons ide r i ng  t h e  s c a r c i t y  o f  land-  

scape fea tu res ,  i t  i s  convenient  t o  ca tego r i ze  fea tu res ,  as those of water-  

form ( w a t e r f a l l  s, geysers,  g l a c i e r s ,  r i v e r s ,  streams, creeks, sp r ings) ,  

landform (peaks, r i dges ,  k n o l l s ,  v a l l e y s ,  bas ins,  gorges, c l  i f f s ,  drum1 i n s ,  

eskers , kames, rock  ou tc rops) ,  vege ta t i on  ( r a r e  endemic species,  unique 

p l a n t  communities, edges between d i f f e r e n t  vege ta t i on  types) ,  o r  cu l  t u r a l  

(a rcheo log ic  o r  h i s t o r i c a l  s i t e s )  ; t h i s  c a t e g o r i z a t i o n  w i l l  f u r t h e r  a i d  t h e  

eva lua t i on  o f  v i s u a l  impact i n  a l a t e r  step. 

Any s i g n i f i c a n t  scarce v i s u a l  resource i d e n t i f i e d  should be expressed 

i n  terms o f  i t s  sca le  o f  re fe rence .  For  example, a r ecen t  survey o f  t h e  

n ine-mi le  l o n g  South P l a t t e  R i ve r  Canyon revea led  t h a t  t h e  canyon i s  phy- 

s i c a l l y  and v i s u a l l y  unique t o  t h e  400-mile mainstem o f  the  South P l a t t e  

River ,  and i n  f a c t  i s  unique t o  t he  e n t i r e  Nor th  and 'South P l a t t e  R i v e r  

system combined; o n l y  two o t h e r  canyons i n  t h e  f r o n t  range of t h e  Rockies 



c o n t a i n  r i v e r s  of comparable s i z e  and, of  t he  t h ree ,  t he  South P l a t t e  Canyon 

i s  t he  l e a s t  developed and v i s u a l l y  encroached by man; and a proposed dam 

i n  t he  upper canyon would inundate t h e  r i v e r ' s  most v i o l e n t  and v i s u a l l y  

dramat ic  segment o f  chutes and rap ids .  (23)  Simi 1 a r  express ions should be 

used t o  express t he  s i g n i f i c a n c e  of scarce landscape v i s u a l  resources 

i d e n t i f i e d  i n  t he  survey. I f  necessary, t he  degree o f  s c a r c i t y  may be 

expressed as a r a t i n g  o r  a r a t i o .  (23,24,35) 

V i s u a l l y  F r a g i l e  Landscape Areas 

V isua l  con ten ts  o f  c i t y  images ( p h y s i c a l  forms) can be c l a s s i f i e d  i n t o  

f i v e  types o f  elements : edges, d i s t r i c t s ,  landmarks, paths and nodes. (36)  

These elements may be i d e n t i f i e d  w i t h i n  many types o f  environmental  images 

o r  landscapes. S ince these elements a r e  used by t he  observer  as re fe rence  

framework f o r  v i s u a l  o r i e n t a t i o n  w i t h i n  t h e  landscape, h i s  awareness i s  

heightened near these c r i t i c a l  areas and thus they  a r e  p a r t i c u l a r l y  sens i -  

t i v e  t o  a l t e r a t i o n s  such as t h e  i n t r o d u c t i o n  o f  t ransmiss ion  l i n e s .  (6,7) 

A t  t h i s  stage o f  de te rmin ing  t h e  v i s u a l l y  f r a g i l e  areas o f  t h e  landscape, 

edges, spec ia l  d i s t r i c t s ,  landmarks, and over looks should be i d e n t i f i e d  

and mapped. (Paths and nodes i n  t he  landscape w i l l  be discussed i n  t h e  

n e x t  s tep.  ) 

Edges a r e  t he  i n t e r f a c e s  o r  boundary areas between d i s t i n c t l y  d i f f e r e n t  

landscape types.  The v i s u a l  t r a n s i t i o n  between landscape u n i t s  may be abrup t  

o r  gradual ,  b u t  t o  some degree a v i ewe r ' s  awareness w i l l  i n c rease  i n  c r o s s i n g  

an edge boundary as new v i s u a l  i n f o r m a t i o n  must be a s s i m i l a t e d  and ca tego r i zed .  

Hence t he  image a t  o r  near major  edge boundaries between landscape u n i t s  w i l l  

be q u i t e  v i v i d ,  and t ransmiss ion  f a c i l i t i e s  l o c a t e d  i n  these areas a r e  l i k e l y  

t o  be more r e a d i l y  perce ived.  Some edges which v i s u a l l y  bound landscape 

u n i t s  a r e  very  prominent,  such as cont inuous r i d g e l i n e s ,  h i 1  1 s, o r  woods 

which a r e  v i s i b l e  f o r  some d i s tance  from t h e  surrounding area; these h i g h l y  

v i s i b l e  sky1 i n e  edge elements a r e  p a r t i c u l a r l y  v i s u a l l y  f r a g i l e  t o  landscape 

a1 t e r a t i o n s  f rom t ransmiss ion  1 i nes .  

The t e r n  " d i s t r i c t "  r e f e r s  i n  genera l  t o  geographic areas"  ... which t h e  

observer m e n t a l l y  e n t e r s  ' i n s i d e  o f ' ,  and which a re  recogn izab le  as hav ing 



some common, i d e n t i f y i n g  cha rac te r . "  (36, p .  47 )  Hence any i d e n t i f i a b l e  land-  

scape u n i t  i s  a  d i s t r i c t ;  however, a t  t h i s  stage t h e  p r ima ry  concern should  

be s p e c i a l  l and  use d i s t r i c t s  which may i n c l u d e  a d v e r t i s e d  scenic ,  h i s t o r i c ,  

n a t u r a l  o r  r e c r e a t i o n a l  areas, o r  human se t t lements ,  which have a  s p e c i f i c  

expected o r  a n t i c i p a t e d  image i n  t h e  eyes of  t he  p u b l i c .  W i l d l i f e  re fuges,  

w i l de rness  areas, n a t i o n a l ,  s t a t e  o r  l o c a l  parks,  p u b l i c  r e c r e a t i o n  areas, 

scenic  roads, cemeter ies,  h i s t o r i c  and c u l t u r a l l y  s i g n i f i c a n t  areas (and 

o c c a s i o n a l l y  towns and farm complexes) u s u a l l y  have a  preconceived image 

assoc ia ted  w i t h  them which does n o t  i n c l u d e  t r ansm iss i on  l i n e s .  T h e i r  

i n t r o d u c t i o n  i n t o  such areas would have a  s i g n i f i c a n t  v i s u a l  impact  f a r  

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

Landmarks a r e  u s u a l l y  po in t - r e fe rences  which, due t o  t h e i r  prominence, 

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

s e t t i n g  and hence i m p r i n t  a  v i v i d  impress ion  o f  t h a t  scene i n  t h e  mind o f  

t h e  v iewer .  ( 6 3 7 )  Power l i n e s  appear ing i n  such scenes w i l l  tend t o  be 

i m p r i n t e d  and remembered. Hence, t h e  su r round ing  areas o f  t h e  landscape 

seen o r  assoc ia ted  w i t h  a  landmark a re  p a r t i c u l a r l y  f r a g i l e .  Landmarks may 

i n c l u d e  b o t h  n a t u r a l  and c u l t u r a l  elements, such as mountain peaks, prominent  

r ock  outcrops,  a  prominent  d i s t i n c t i v e  grouping o r  s i n g u l a r  v e g e t a t i v e  f ea tu re ,  

w a t e r f a l l s ,  towers, c i t y  s k y l i n e s ,  e t c .  These a r e  easy t o  l o c a t e  and map. 

Those elements which bear  spec ia l  assoc ia t i ons  and s i g n i f i c a n c e  t o  r e s i d e n t  

popu la t i ons  w i l l  be i d e n t i f i e d  by ques t i onna i r e  i n  t h e  n e x t  s tage o f  t h e  

s tudy  . 
Overlooks a r e  s p e c i a l  p laces  which p resen t  t o  t h e  v iewer  v i s t a s  and/or 

panoramas o f  an ex tens i ve  area o f  t h e  landscape. S ince v i s u a l  comprehension 

o f  t h e  o v e r a l l  landscape p a t t e r n  i s  e a s i l y  and q u i c k l y  p o s s i b l e  f rom over -  

looks,  t h e  lands surveyab le  f rom them a r e  e s p e c i a l l y  f r a g i l e .  Some over -  

l ooks  may occur  w i t h i n  t h e  spec ia l  l a n d  use d i s t r i c t s  which have adve r t i sed  

scenic,  h i s t o r i c ,  n a t u r a l  o r  r e c r e a t i o n a l  assoc ia t i ons  a t tached  t o  theni, 

and over looks  f r om w i t h i n  these areas should  i n  p a r t i c u l a r  be i d e n t i f i e d .  



I n  s e l e c t i n g  a1 t e r n a t i v e  c o r r i d o r  a1 ignments, i t  i s  impo r tan t  t o  con- 

s t r u c t  t h e  "viewshed" o f  t h e  i d e n t i f i e d  landmarks and over looks  t o  l o c a t e  

t he  lands  from which landmarks a r e  v i s i b l e  and t h e  lands  viewed f rom an 

over look ,  s i nce  these suppor t ing  landscape areas a r e  h i g h l y  f r a g i l e .  A  de- 

t a i l e d  i n s t r u c t i o n  f o r  hand -p l o t t i ng  a  viewshed ( s i g h t - l i n e  a n a l y s i s )  may be 

found i n  t h e  S i t i n g  Study. A  computer program i s  a v a i l a b l e  t o  a i d  viewshed 

c o n s t r u c t i o n  us i ng  d i g i t i z e d  topographic  data.  (37-40) These v i s u a l l y  f r a g i l e  

viewshed lands  w i t h i n  a  t h r e e  t o  f i v e  m i l e  r a d i u s  o f  a  p o t e n t i a l  c o r r i d o r  

should  be mapped, a l ong  w i t h  t h e  edges and spec ia l  land-use d i s t r i c t s  d i s -  

cussed above, and combined on t h e  same map w i t h  t h e  scarce v i s u a l  resources.  

Viewer S e n s i t i v i t y  

The t h i r d  map produced should  d i s p l a y  those p o r t i o n s  of t h e  landscape 

i n  which v iewer  s e n s i t i v i t y  i s  p a r t i c u l a r l y  h igh .  These lands may i n c l u d e  

p o r t i o n s  o f  t h e  scarce and f r a g i l e  v i s u a l  resources i d e n t i f i e d  on t h e  p re -  

v i ous  map w i t h  t h e  a d d i t i o n  o f :  ( a )  l ands  viewed f rom paths and nodes by  

t he  t r a n s i t i n g  v iewer ,  and ( b )  l o c a l  landmarks and f r a g i l e  areas as d e t e r -  

mined by s e n s i t i v i t y  survey o f  t he  r e s i d e n t s  o f  a  p o t e n t i a l l y  impacted area.  

T r a n s i t i n g  Viewer S e n s i t i v i t y  

People a r e  aware o f  t h e  r e g i o n a l  landscape as a  sequence o f  views a l ong  

a  f a i r l y  narrow c o r r i d o r  as seen f rom a  s e r i e s  o f  g i v e n  paths:  roads,  

r a i l r o a d s ,  boa t  courses and commercial a i rways.  The t r a n s i t i n g  v iewer  i s  

a p t  t o  be very  s e n s i t i v e  t o  t h e  v i s i b l e  presence o f  t r ansm iss i on  l i n e s  any- 

where a long these paths;  i n  r e c o g n i t i o n  o f  t h i s ,  a  l a r g e  number o f  t h e  

env i ronmenta l  g u i d e l i n e s  f o r  t r ansm iss i on  l i n e s  t r e a t  va r i ous  road  c r o s s i n g  

c o n d i t i o n s ,  approaches and p a r a l l e l  t r ansm iss i on  a1 ignments (See Appendix A) .  

I n  s e l e c t i n g  p o s s i b l e  a l t e r n a t i v e  c o r r i d o r  a1 ignments, i t  i s  most use- 

f u l  t o  p l o t  t h e  viewshed o f  t h e  ma jo r  network o f  paths (most o f ten ,  roads)  

w i t h i n  t h e  s tudy  area i n  o rde r  t o  a v o i d  these areas o r  seek optimum cond i -  

t i o n s  f o r  c r o s s i n g  o r  p a r a l l e l l i n g  them. Viewer s e n s i t i v i t y  w i l l  be p a r -  

t i c u l a r l y  he igh tened  where t h e  pa th  viewsheds ove r l ap  ma jo r  landscape edges, 

a d v e r t i s e d  s c e n i c / r e c r e a t i o n  d i s t r i c t s ,  landmarks, over looks  o r  a t  i n t e r -  

sec t i ons  w i t h  o t h e r  pa ths  ( r oad  c ross ings  and in te rchanges)  ; these 



over lapping areas cons t i  t u t e  s t r a t e g i c  landscape nodes o f  concentrated 

v i sua l  events. Viewing populat ions a long roads can be determined from 

t r a f f i c  volume data and w i l l  be use fu l  i n  q u a n t i f y i n g  the frequency and 

s i g n i f i c a n c e  of views from var ious  paths. 

Resident Viewer S e n s i t i v i t y  

To i n v i t e  publ i c  p a r t i c i p a t i o n  w i t h  regard t o  v i s u a l l y  f r a g i l e  p o r t i o n s  

of the  l o c a l  landscape, Vaughan has success fu l l y  employed a r e s i d e n t  ques- 

t i o n n a i r e  as a p a r t  o f  Ontar io  Hydro's v i sua l  ana l ys i s  system. ( 6 9 7 )  The 

ques t ionna i re  requests t h a t  t en  o f  t he  most i n t e r e s t i n g  o r  t y p i c a l  l o c a l  

landmark o r  1 andscape scene(s) be nominated, ranked i n  o rde r  o f  personal 

preference, and l oca ted  on a township map; t he  l o c a t i o n  of the respondent 's 

home i s  a l s o  t o  be marked on the  map. When the  ques t ionna i re  data a re  

compiled f o r  an area, the  number o f  t imes an o b j e c t  i s  named i s  a r e l a t i v e  

i n d i c a t i o n  as t o  i t s  sca le  o f  importance ( reg iona l  o r  l o c a l ) .  I f  c a r e f u l l y  

designed, t he  ques t ionna i re  migh t  be expanded t o  determine o t h e r  publ i c  

a t t i t u d e s  such as concerning the appropr ia te  and nonappropriate v i s u a l  

land use con tex t  f o r  t ransmiss ion l i n e s .  Th i s  in format ion w i l l  p robably  

be most use fu l  a t  the  ac tua l  rou te  a1 ignment design stage when i t  can he lp  

determine and avo id  s e n s i t i v e  l o c a l  landscape areas w i t h i n  a broad p o t e n t i a l  

c o r r i d o r .  

M i  t i g a t i o n  P o t e n t i a l  and Future Impacts 

Although the i n i t i a l  v i s u a l  impacts may be severe i n  a g iven landscape 

charac ter  type, some landscape types lend themselves more r e a d i l y  t o  reme- 

d i a l  t a c t i c s  than others.  I t  may be very d i f f i c u l t  o r  i napp rop r i a te  t o  

e s t a b l i s h  screening vegeta t ion  (such as foreground t r e e s )  i n  f l a t  shrubland 

o r  grass1 and 1 andscapes; however, t h i s  t a c t i c  cou ld  be successful  l y  employed 

i n a m i  xed f o r e s t  o r  a wooded/agricul t u r a l  landscape. Hence, each 1 andscape 

u n i t  i d e n t i f i e d  should be r a t e d  as t o  the  ease, success and appropriateness 

o f  such screening' t a c t i c s .  

Other remedial t a c t i c s  i nc lude  the  c a r e f u l  use o f  co lo r ,  ma te r i a l s ,  

tower design and r igh t -o f -way  treatments t o  he lp  d im in i sh  the  v iv idness  of 



power l i ne s  and rights-of-way and t o  unify them with t h e i r  landscape s e t -  

t i  ngs; these and other remedial t a c t i c s  (including undergroundi ng) may be 

found in Appendix A ,  and may be considered a t  the corridor se lect ion pro- 
cess  stage or a s  remedies t o  spec i f ic  problems along a chosen alignment. 

A fu ture  change in land use, i f  planned or predictable,  can d r a s t i -  

c a l l y  change the visual character of a landscape se t t ing  and may a f f e c t  the 

decision whether o r  not t o  locate transmission f a c i l i t i e s  in  a given area .  

Hence future  land uses a r e  important considerations which may permit the  

tolerance of a high short-range irnpact or  prevent transmission s i t i n g  in  a 

future  zone of high impact. 

Alternative Transmission Locations and High-Impact Zones 

The four overlay maps produced from the above include: 

1 ) Landscape Classi f i  cation and Transmission Visual Compati bi 1 i ty  

2 )  Scarce and- Fragile Visual Resources 

3 )  Viewer Sens i t iv i ty  

4 )  Mitigation Potential and Future Land Use. 

These maps should be overlayed and the information transferred onto a s ingle  

map which in tegrates  the data while retaining a l l  of the various condition 

combinations. ( I f  computer maps have been used, t h i s  s tep  i s  pa r t i cu la r ly  
easy t o  achieve). T h i s  map may then be used t o  s e l ec t  a1 ternat ive  corr idors  
or a l i gnmen t~~and  t o  ident i fy  par t i cu la r  high-impact zones which deserve 

more deta i led evaluation. These high-impact zones may include corr idors  
or viewsheds of alignments passing through any of the following conditions: 

Through landscape uni ts  of low visual compatibility 

Across a number of major landscape uni t  edge boundaries 

Through areas of scarce visual resources 

Through visual ly  f r ag i l e  special land-use d i s t r i c t s  



Across viewsheds of s i g n i f i c a n t  1  andmarks o r  overlooks 

Across viewsheds o f  major paths 

Near s i g n i f i c a n t  l o c a l  landscape features and human sett lements 

' Through areas o f  low remedia l - tac t ic  p o t e n t i a l  

Through areas o f  incompatible f u t u r e  land uses. 

Any alignment which crosses a  nurnber of these p o t e n t i a l  high-impact areas 

( p a r t i c u l a r l y  i n  concentrated areas o f  over lap)  may be judged t o  be o f  

h igher  v isua l  impact than an a l t e r n a t i v e  which crosses fewer of these zones; 

i n e v i t a b l y ,  however, some areas o f  h igh v i sua l  impact w i l l  occur, and these 

are the areas which should be selected as viewpoints f o r  d e t a i l e d  q u a n t i f i e d  

v i sua l  impact eva luat ion  when such i s  required. 

The actual  se lec t i on  o f  viewpoints should be determined by two bas ic  

c r i t e r i a :  (a)  representa t ive  views o f  the  transmission f a c i l i t y  i n  i t s  

s e t t i n g  of most severe v i sua l  impact, and (b)  s i z e  of viewing populat ion.  

The f i r s t  requirement can e a s i l y  be met by consider ing the viewshed o f  the 

proposed alignment along w i t h  the cond i t ions  named above, the  d i r e c t i o n  o f  

view, and the  d is tance and p o s i t i o n  o f  t he  observer. These var iab les  are 

then compared w i t h  the  environmental gu ide l ines  presented i n  Appendix A. 

The s i z e  o f  the  viewing populat ion i s  r e a d i l y  a v a i l a b l e  as populat ion 

s t a t i s t i c s  o r  dens i ty  per  square m i  l e  f o r  set t lement  areas ( res iden t  viewers) 

and as t r a f f i c  volume data ( t r a n s i t i n g  viewers). 

Observer p o s i t i o n  and observer d is tance var iab les  are discussed i n  the  

S i t i n g  Study. However, viewpoint se lec t i on  fo r  spec i f i c  transmission 1  i n e  

impacts should be dependent upon the actual  cond i t ions  w i t h i n  each high- 

impact zone i d e n t i f i e d  ra the r  than f o l l o w  an idea l i zed  d i s t r i b u t i o n  pa t te rn  

as recommended f o r  v iewpoint  se lec t i on  around nuclear power p l a n t  s i t e s .  

D i rec t i on  o f  view considerat ions and v i sua l  cond i t ions  discussed i n  the  S i t i n g  

Study should basPcal ly apply t o  transmission l i nes ,  bu t  the pr imary considera- 

t i o n  should be the  dep ic t i on  o f  t he  f u l l  v isua l  impact o f  t he  proposed t rans-  

mission f a c i  1  i ty f o r  proper evaluat ion,  rou te  se lec t ion ,  and m i  t i g a t i o n .  



Viewscape Photography - Before and A f t e r  

A f t e r  t he  high-impact zones have been i d e n t i f i e d  and representa t ive  

v iewpoints w i t h i n  then1 selected, the  panoramic viewscape from each view- 

p o i n t  must be photographed. A t  t h i s  stage i t  i s  important  t h a t  the  photo- 

grapher have a  complete understanding o f  the  parameters and appearance 

va r iab les  o f  t ransmiss ion l i n e  r o u t i n g  so t h a t  he may be accurate and 

i n c l u s i v e  i n  h i s  photography. It i s  suggested t h a t  three-frame c o l o r  photo 

panoranias be taken from a  l eve led  t r i p o d  and enlarged and s p l i c e d  together  

t o  approxiniately 5" x  14". A t  l e a s t  two sets o f  photos should be prepared, 

one s e t  t o  represent  "before"  and the  second s e t  t o  be touched up w i t h  the  

t ransmiss ion f a c i l i t i e s  and r igh t -o f -way t o  represent  "a f te r . "  I t  i s  

important  t h a t  the  touch-up a r t i s t  be q u a l i f i e d  t o  perfor111 accurate and 

convinc ing representa t ions  o f  t he  t ransmiss ion f a c i l i t i e s  i n  t he  landscape, 

s ince these photos w i l l  be used t o  s imulate t h e i r  ac tua l  pos tcons t ruc t ion  

appearance f o r  v i s u a l  q u a l i t y  eva lua t ion .  

D. EVALUATION OF VISUAL QUALITY 

Evaluat ion o f  v i sua l  qua1 i t y  o f  each before and a f t e r  viewscape should 

be made by  a t  l e a s t  f i v e  evaluators,  who w i l l  be asked t o  view co lored photo- 

graphs and record  t h e i r  v i sua l  eva lua t ions  on a  quest ionna i re  (see Appendix 

B). The f o l l o w i n g  p o r t i o n  o f  t h i s  sec t ion  i s  adapted from t h e  S i t i n g  Study. 

Por t ions  o f  t h a t  work would be given t o  each eva lua tor  p r i o r  t o  t he  v i s u a l  

eva lua t ion  t o  he1 p  d e f i n e  and il l u s t r a t e  the  concepts o f  in tac tness ,  v i v i d -  

ness, u n i t y  and importance, which w i l l  be r a t e d  and recorded on the  quest ion- 

n a i r e  f o r  each viewscape. 

'Three Level s  o f  Visual  Qua1 i t y  Measurement 

The viewscape quest ionnaire a c t u a l l y  cons i s t s  o f  t h ree  l e v e l s  of 

v i sua l  measurement f o r  each viewscape: 

Level 1  - Pre-evaluat ion Measurement 

Level 2 - Overal l  V isual  A t t r i b u t e  Measurement 

Level 3 - Elemental Visual A t t r i b u t e  Measurement. 



These th ree  measurement l e v e l s  were der ived  e a r l i e r  dur ing  the  S i t i n g  Study 

as th ree  s l i g h t l y  d i f f e r e n t  approaches t o  t he  eva lua t i on  o f  a  viewscape's 

v i s u a l  qual i ty. A1 though these approaches a re  n o t  mu tua l l y  exc lus ive ,  

a l l  t h ree  were used success fu l l y  by a  special-competence group i n  the  evalu- 

a t i o n  o f  t h ree  viewscapes (', pp 140-147). O f  t h e  th ree  measurement l eve l s ,  

agreement i n  scores was c l o s e s t  between Level 1  and Level 3. The v i s u a l  

impact scores der ived  from Level 3 were c o n s i s t e n t l y  between Levels 1  and 

2. Level 1  depended more upon t h e  eva lua to r ' s  f a m i l i a r i t y  w i t h  a  wide 

range o f  landscapes than Levels 2 and 3 (and i s  t he re fo re  more suscept ib le  

t o  b ias) .  Therefore, i t  appears t h a t  Level 3 cou ld  be used a lone i n  t he  

assessment o f  v i s u a l  impact. The Visual Q u a l i t y  Eva lua t ion  Quest ionnai re*  

(Appendix B)  cou ld  thus be shortened t o  i nc lude  o n l y  those quest ions p e r t i -  

nent  t o  Level 3. However, f u r t h e r  t e s t i n g  and comparison between the  

approaches a r e  necessary. 

Level 1  - Pre-eval ua t i on  Measurement: This  approach a1 lows t h e  eval u- 

a t o r  t o  d i r e c t l y  record  h i s  immediate v i sua l  response t o  t h e  viewscape, 

r a t i n g  i t s  v i s u a l  q u a l i t y  f rom 1  (very h igh  v i s u a l  q u a l i t y )  t o  100 (very  

low v i sua l  qual i t y )  through I tem A o f  t he  quest ionnai re.  Considerat ion i s  

g iven t o  t h e  degree o f  viewscape i s  d i s t i n c t i v e ,  memorable, s t imu la t i ng ,  

and o v e r a l l  v i s u a l l y  harmonious. Level 1  requ i res  t h a t  t h e  eva lua tor  be 

f a m i l i a r  w i t h  a  wide range o f  landscapes and i s  cons iderab ly  l e s s  s p e c i f i c  

i n  i t s  requirements than Levels 2 and 3. Since i t  does n o t  f o r ce  t h e  

eva lua tor  t o  o b j e c t i v e l y  analyze t h e  v i s u a l  a t t r i b u t e s  o f  t h e  elements 

which comprise t h e  viewscape, Level 1  i s  more suscept ib le  t o  b ias  than 

Levels  2 o r  3. 

Level 2 - Overa l l  V isual  A t t r i b u t e  Measurement: I n  t h i s  approach, 

t h e  .eva lua tor ' s  responses t o  t he  in tac tness ,  v iv idness,  and u n i t y  o f  t h e  

o v e r a l l  viewscape a re  combined i n t o  a  t o t a l  v i sua l  q u a l i t y  r a t i n g  f o r  t h e  

viewscape. With t h e  quest ionnai re,  the  eva lua to r  i s  g iven d e f i n i t i o n s  and 

i l l u s t r a t i o n s  o f  t h e  concepts o f  in tac tness ,  v iv idness,  and u n i t y .  The 

be fore  and a f t e r  viewscape r a t i n g s  thus recorded may be combined by use of 

t he  formula: 



where : 

VQ = V isua l  q u a l i t y  o f  t h e  viewscape 

I = In tac tness  from Ques t ion  B. l  (a  

V = V iv idness  f rom Ques t ion  C . l  

U = Un i t y ,  as averaged f rom Ques t ions  D.l and D.2; i . e . ,  

O f  t h e  t h ree  measurement l e v e l s ,  special-competence group scores d e r i v e d  

f rom Level  2  d i d  n o t  agree c l o s e l y  w i t h  scores f rom Leve ls  1 and 3. T h i s  

measurement l e v e l  niay t h e r e f o r e  prove t o  be t h e  l e a s t  r e p r e s e n t a t i v e  o f  

v i s u a l  impact.  

Level  3 - Elemental V isua l  A t t r i b u t e  Measurement: T h i s  approach com- 

b ines  t h e  e v a l u a t o r ' s  responses t o  t h e  i n tac tness ,  v i v i dness ,  and importance 

o f  each ma jo r  element o f  t h e  viewscape w i t h  t h a t  o f  u n i t y  i n t o  a t o t a l  

v i s u a l  q u a l i t y  r a t i n g  f o r  t h e  viewscape. Level 3 may be seen t o  v a r y  f rom 

Level  2  i n  i t s  a p p l i c a t i o n  o f  two v i s u a l  q u a l i t y  a t t r i b u t e s  ( i n t a c t n e s s  

and v i v i d n e s s )  t o  each major  viewscape element i ns tead  o f  t o  t h e  o v e r a l l  

viewscape. T h i s  i s  accompl i shed  by g r a p h i c a l l y  s u b d i v i d i n g  t h e  viewscape 

i n t o  i t s  ma jo r  elements o f  sky, landform, vege ta t ion ,  waterform, and man- 

made elements and r a t i n g  each i n d i v i d u a l l y  r a t h e r  than  c o l l e c t i v e l y .  Also, 

t h e  v i s u a l  importance score f o r  each ma jo r  viewscape element i s  r e q u i r e d  

t o  pu t  t h e  elements i n t o  p roper  con tex t  w i t h  each o ther .  These scores 

a r e  then  n u m e r i c a l l y  combined by use o f  t h e  formula:  

where : 

VQ = V isua l  qua1 i t y  o f  t h e  viewscape - 
I ' = Summation o f  t h e  i n t a c t n e s s  scores f o r  each ma jo r  element 

( f r om Ques t i on  B. 2 )  i n d i v i d u a l l y  mu1 t i p 1  i e d  by  t h e  importance 

a ~ h e  Ques t ions  r e f e r r e d  t o  i n  t h i s  s e c t i o n  a re  i nc l uded  i n  Appendix B. 
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scores f o r  each major element ( from Quest ion E ) ,  d i v i d e d  

by t h e  summation o f  t h e  importance scores o f  each major 

element, i .e . ,  

Where t h e  subsc r i p t s  A, B, C, e tc . ,  represent  each major viewscape element 

i d e n t i f i e d  i n  Quest ion  B.2. 

S i m i l a r l y :  = summation o f  t h e  v iv idness  scores f o r  each major element 

( f rom Quest ion  C.2) i n d i v i d u a l l y  mu1 t i p 1  i e d  by t h e  impor- 

tance scores f o r  each major element ( f rom Quest ion E), 

d i v i ded  by t h e  s u m a t i o n  o f  t h e  importance scores o f  each 

major element, i .e . ,  

Where t h e  subsc r i p t s  A, B y  C, e tc .  represent  each major viewscape element 

i d e n t i f i e d  i n  Quest ion C.2; and 

U = U n i t y  as averaged from Quest ion D . l  and D.2. 

Level 3 appears t o  be the  most re1  i a b l e  o f  t h e  th ree  measurement 

l e v e l s  presented, judg ing  from the  special-competence group analyses o f  

t h ree  viewscapes. A1 though f u r t h e r  t e s t i n g  i s  requ i red  f o r  s t a t i s t i c a l  

v e r i f i c a t i o n ,  an unbiased eva lua t ion  o f  v i s u a l  q u a l i t y  may prove t o  be 

most accura te ly  undertaken through Level 3, t h e  elemental v i sua l  a t t r i b u t e  

measurement. 

In tac tness  Evaluat ion 

The in tac tness  o f  a viewscape i s  a measure o f  i t s  apparent degree of 

n a t u r a l  c o n d i t i o n  as judged by i t s  l e v e l  o f  u rban i za t i on  and the  degree 

t o  which encroachment i s  present.  Level o f  u rban i za t i on  i s  a measure o f  

t he  presence of man-made development i n  t he  viewscape. Degree o f  en- 

croachment i s  a measure o f  t he  presence o r  absence o f  undesi rable,  



v i s u a l l y  d i s t u r b i n g  elements i n  t h e  viewscape. Encroachment i nc l udes  such 

v i s u a l  d is tu rbances  as: garbage heaps, j unk  yards,  t r a s h  and/or l i t t e r ,  

con fus ing  and inharmonious s igns  and b i l l b o a r d s ,  mazes o f  overhead w i res ,  

t h e  sources o r  v i s u a l  r e s u l t s  o f  a i r  o r  water  p o l l u t i o n ,  as w e l l  as t h e  

apparent l e v e l  o f  man's phys i ca l  a l t e r a t i o n  o r  v i s u a l  o b s c u r i t y  o f  sky, 

land, o r  waterforms, as by s t r i p  min ing,  c l e a r  c u t t i n g ,  road  c u t s / f i l l  s, 

wet land o r  shore1 i n e  f i l l  i n g  o r  a1 t e r a t i o n s ,  d i k i n g ,  r i p r a p p i n g  o r  c u l v e r t -  

i n g  o f  streams o r  r i v e r s ,  o r  v i s u a l  i n t r u s i o n s  and unhealed scars  i n  t h e  

viewscape. 

Ove ra l l  i n t a c t n e s s  w i l l  be t he  o n l y  f a c t o r  scored on t he  ques t ion-  

n a i r e .  Th i s  i s  a  combinat ion o f  l e v e l  o f  u rban i za t i on  and degree o f  

encroachment. It should be apparent  t h a t  one viewscape may d i s p l a y  a  v e r y  

h i gh  degree o f  man-made development w i t h  ve ry  l i t t l e  v i s u a l  d is tu rbance  

(as i n  a  we1 1-designed, c a r e f u l l y  mainta ined urban s e t t i n g ) ,  w h i l e  another  

may d i s p l a y  a  very  h i g h  degree o f  v i s u a l  d is tu rbance  and a l t e r a t i o n  w i t h  

l i t t l e  apparent  man-made development (as i n  a  f o r e s t e d  area r e c e n t l y  

devastated by f i r e ) .  Hence, i t  i s  impo r tan t  t o  gauge t h e  i n t e n s i t y  o f  

development a long  w i t h  t h e  s e v e r i t y  o f  v i s u a l  d is tu rbance  and a l t e r a t i o n  

when measuring t h e  o v e r a l l  i n t a c t n e s s  o f  a  viewscape. 

I n  genera l ,  o v e r a l l  i n t a c t n e s s  i s  l i k e l y  t o  be scored somewhere 

between t h e  scores f o r  l e v e l  o f  u r b a n i z a t i o n  and degree o f  encroachment. 

Seven l e v e l s  of o v e r a l l  i n t a c t n e s s  a r e  t o  be d i s t i n g u i s h e d  when sco r i ng  

t h i s  ca tegory :  

1. Very h i g h l y  i n t a c t  

2. H i g h l y  i n t a c t l l i t t l e  a1 t e r a t i o n  

3. Moderate ly  h i g h l y  i ntact /moderate l  y 1  i ttl e  a1 t e r a t i  on 

4. Moderate ly  i ntac t /modera te ly  a1 t e r e d  

5. Moderate ly  low in tac tness /modera te ly  h i g h l y  a l t e r e d  

6. Low i n t a c t n e s s l h i g h l y  a1 t e r e d  

7. Very low i n t a c t n e s s l v e r y  h i g h l y  a l t e r e d .  

V iv idness Eva1 u a t i o n  

V iv idness  i s  t h e  memorab i l i t y  o f  t h e  v i s u a l  impress ion rece i ved  f rom 

t h e  viewscape o r  i t s  elements. V iv idness r e l a t e s  t o  t he  l e v e l  o f  d i s t i n c -  



t i o n  o r  prominence r e s u l t i n g  from c o n t r a s t  o r  mutual accentuat ion o f  

d iverse  viewscape elements. I n  scor ing  t h e  o v e r a l l  v iv idness  o f  t he  before 

and a f t e r  viewscape o r  i t s  elements, e i g h t  complementary e f f e c t s  should be 

considered: 1 )  d e f i n i t i o n  o f  viewscape boundary, 2) d i v e r s i t y  o f  s p a t i a l  

enclosure, 3) degree o f  topographic re1  i e f  , 4 )  d i v e r s i t y  o f  vege ta t i ve  

pa t te rn ,  5 )  prominence o f  na tu ra l  fea tu res ,  6) prominence o f  waterforms, 

7 )  v iv idness  o f  sky, and 8) v iv idness  o f  man-made elements. (See 

L i  t t o n  ( 4 0 ) ( 2 9 ) f o r  f u r t h e r  d iscuss ion  o f  Items 1  - 6. A l l  i tems a re  t r e a t e d  

i n  d e t a i l  i n  the  S i t i n g  Study;) Vividness i n  t he  viewscape should be 

r a t e d  on the  f o l l o w i n g  scale,  before and a f t e r  t he  f a c i l i t y  i s  in t roduced:  

1. Very h i g h l y  v i v i d  

2. H igh l y  v i v i d  

3. Moderately h i g h l y  v i v i d  

4. Moderately v i v i d  

5. Moderately low v iv idness  

6. Low v iv idness  

7.  Very low v iv idness.  

U n i t y  Eva1 ua t i on  

U n i t y  i s  t he  degree t o  which i n d i v i d u a l  elements i n  the  viewscape j o i n  

together  t o  form a  s ing le ,  coherent, harmonious v i s u a l  u n i t .  U n i t y  does 

n o t  r e q u i r e  s i m i l a r i t y  o r  blandness o f  i n t e r r e l a t e d  elements; r a t h e r ,  i t  

may depend on an organized balance between v i s u a l l y  dominant and sub- 

o rd ina te  viewscape elements. Vividness depends upon v i s u a l  con t ras t s  and 

d i s t i n c t i o n  between d i ve rse  viewscape elements, wh i l e  u n i t y  q u a n t i f i e s  

t h e i r  v i s u a l  coherence and composit ional i n t e g r i t y .  A viewscape o f  h igh  

v i sua l  q u a l i t y  i s  o f ten  l i k e l y  t o  possess r i chness  and d i v e r s i t y ,  making 

i t  h i g h l y  v i v i d ,  w h i l e  a t  t h e  same t ime possessing a  h igh  degree o f  v i s u a l  

u n i t y .  

The o v e r a l l  u n i t y  o f  viewscape elements may be d i s t i ngu i shed  a t  

seven 1  eve1 s: 

1. Very h igh  

2. High 

3. Moderately h igh  



4. Moderate 

5. Moderate ly  low 

6. Low 

7. V e r y l o w .  

Ove ra l l  u n i t y  and t h e  u n i t y  between man-made and n a t u r a l  e lements a re  n o t  

n e c e s s a r i l y  t h e  same as t h e  l e v e l  o f  u r b a n i z a t i o n  o r  degree o f  encroach- 

ment, which t o g e t h e r  comprise viewscape i n t ac tness .  I n t a c t n e s s  i s  t h e  

r e l a t i v e  degree o f  n a t u r a l  c o n d i t i o n  o f  t he  viewscape, w h i l e  u n i t y  i s  

i n d i f f e r e n t  t o  t h e  degree o f  n a t u r a l  c o n d i t i o n  and i s  o n l y  concerned w i t h  

v i s u a l  i n t e g r a t i o n  o f  th'e viewscape composi t ion.  The degree o f  u n i t y  

between man-made and n a t u r a l  elements i n  t h e  viewscape may a l s o  be d i s t i n g u i s h e d  

a t  t h e  same seven l e v e l s .  

El  emental V isua l  Importance Eva1 u a t i o n  

The v i s u a l  importance o f  an element i n  t h e  viewscape i s  an e v a l u a t i v e  

r a t i n g  o f  i t s  l e v e l  o f  v i s u a l  c o n t r i b u t i o n  t o  t h e  o v e r a l l  viewscape. V isua l  

impor tance may be r e l a t e d  t o  s i ze ,  number, s i n g u l a r i t y ,  c o n t r a s t  o r  p o s i t i o n .  

The element o f  h i g h e s t  v i s u a l  impor tance i n  a  viewscape i s  t h e  one which, 

i f  removed f rom t h e  viewscape ( o r  seve re l y  a1 t e red ) ,  would change t h e  view- 

scape t o  t h e  g r e a t e s t  degree. Us ing t h i s  s imple g u i d e l i n e ,  each " a f t e r "  

viewscape element may be ass igned a  score f o r  v i s u a l  importance based on 

t h e  same seven- leve l  s ca le  r ang ing  f rom v e r y  h i g h  t o  v e r y  low. 

E. DETERMINATION OF VISUAL IMPACT 

Parameters have been g i ven  t o  determine p o p u l a t i o n  v i s u a l  c o n t a c t  and 

t o  s e l e c t  r e p r e s e n t a t i v e  v i ewpo in t s  o f  t h e  proposed f a c i l i t y  l o c a t i o n  by  

a n a l y s i s  o f  t h e  f a c i l i t y ' s  viewshed. Ques t i onna i r e  s c o r i n g  c r i t e r i a  have 

been g i ven  t o  eva lua te  t h e  v i s u a l  q u a l i t y  o f  t h e  viewscape f rom each r e p r e -  

s e n t a t i v e  v i e w p o i n t  be fo re  and a f t e r  t h e  f a c i l i t y  i s  in t roduced .  T h i s  

s e c t i o n  descr ibes  t he  f i n a l  de te rm ina t i on  o f  v i s u a l  impact  u s i n g  t h e  r e s u l t s  

o f  t h e  ques t i onna i r e .  

V isua l  Q u a l i t y  - Sumlat ion o f  Measurement Leve ls  

Scores f o r  v i s u a l  q u a l i t y  ob ta i ned  f rom t h e  t h r e e  measurement l e v e l s  

(Pre-eval  ua t i on ,  O v e r a l l  V isua l  A t t r i b u t e  and Elemental V i sua l  A t t r i b u t e  



Measurements) f o r  before and a f t e r  viewscapes o f  each s i t e - f a c i l i t y  combina- 

t i o n  should be compared. Where c l o s e  agreement e x i s t s ,  t h e  t h r e e  scores 

cou ld  be averaged f o r  v i s u a l  q u a l i t y  be fo re  and a f t e r .  Since t h e  scores 

f rom t h e  t h ree  l e v e l s  may n o t  be i n  bas i c  agreement, i t  may be necessary 

t o  depend s o l e l y  on scores de r i ved  from Level  3, because these appear t o  

be t he  most r e 1  i a b l e  and i n d i c a t i v e  of  v i s u a l  qual  i ty. For purposes o f  

comparison and sca l  i n g  , v i s u a l  qual  i t y  scores ob ta ined  f rom measurement 

Levels  2 and 3 must be conver ted from a 1 t o  7 sca le  t o  a s c a l e  f rom 1 

t o  100. 

R a t i o  o f  Change i n  V isua l  qua lit^ 

The change i n  v i s u a l  q u a l i t y  (De l t a  VQ) o f  a viewscape be fo re  (VQb) 

and a f t e r  (VQ,) t h e  f a c i l i t y  i s  in t roduced i s  t h e  d i f f e r e n c e  between these 

two scores: 

D e l t a  VQ = VQa - VQb 

I n  o rde r  t o  r e c o r d  t h e  s e v e r i t y  o f  change r e l a t i v e  t o  o r i g i n a l  v i s u a l  

q u a l i t y ,  i t  i s  n o t  adequate t o  mere ly  express t h e  d i f f e r e n c e  i n  v i s u a l  

q u a l i t y  be fo re  and a f t e r  t h e  f a c i l i t y  i s  in t roduced.  For example, a 

f a c i l i t y  t o  be cons t ruc ted  on a p r i s t i n e  l a k e  shore m igh t  change a view- 

scapes's v i s u a l  q u a l i t y  score f rom 10 t o  26; t h e  same f a c i l i t y ,  b u i l t  on 

a semi-developed lakeshore, m igh t  change t he  v i s u a l  q u a l i t y  score f rom 20 

t o  36; w h i l e  i f  cons t ruc ted  a t  a more i n t e n s i v e l y  developed l a k e  s i t e ,  t he  

change i n  a viewscape's v i s u a l  q u a l i t y  score m igh t  be from 40 t o  56. 

A1 though t h e  numerical  change i n  v i s u a l  qual  i t y  would be a 16 p o i n t  l o s s  

i n  each case, no acknowledgement of t h e  r e l a t i v e  degree o f  o r i g i n a l  v i s u a l  

q u a l i t y  o f  each s i t e  i s  expressed by  these scores. However, through t h e  

u s e o f  r a t i o ,  an express ion o f  t h e  r e l a t i v e  degree o f  o r i g i n a l  v i s u a l  

qual i t y  can be re ta i ned .  Th is  r a t i o ,  ca l l ed .  t h e  Ra t i o  o f  Change i n  V isua l  

Qua1 i t y  (R), i s  represented as: 

R = VQa - VQb = DELTA VQ 
VQb VQb 



The va lue o f  R w i l l  vary  accord ing t o  t h e  r e l a t i v e  s e v e r i t y  o f  change i n  

v i s u a l  q u a l i t y .  I f  t h e r e  i s  no change, R w i l l  equal zero.  I n  t h e  t h r e e  

l a k e  s i t e  examples g i ven  above, t h e  r a t i o  o f  change would be expressed as: 

R = 2 6 - 1 0  = 1 - 6 0  10 
P r i s t i n e  lakeshore s i t e ,  16 -po in t  l o s s  of 
v i s u a l  q u a l i t y .  

3 6 - 2 0  = 0 . 7 2  R = -- 
22 Semi -developed lakeshore s i t e ,  14 -po in t  1  oss 

o f  v i s u a l  q u a l i t y .  

56 - 4 0  0.36 
R =  44 I n tens i ve l y -deve l  oped lakeshore s i t e ,  12 -po in t  

l o s s  o f  v i s u a l  q u a l i t y .  

The use o f  R r a t h e r  than  De l t a  VQ i m p l i e s  t h a t  a  16 p o i n t  decrease i n  

v i s u a l  q u a l i t y  a t  a  p r i s t i n e  s i t e  i s  l e s s  d e s i r a b l e  than a  16 p o i n t  l o s s  

a t  a  developed s i t e .  Use o f  R thus  r e f l e c t s  a  conserva t ion  ou t look ;  i .e . ,  

t h a t  unique v i s u a l  resources should be preserved. One cou ld  a l s o  adopt 

t h e  view t h a t  e q u i v a l e n t  decreases i n  v i s u a l  qua1 i t y  have t h e  same impact  

r ega rd less  o f  t h e  o r i g i n a l  v i s u a l  q u a l i t y .  I n  t h i s  case, D e l t a  VQ should 

be used. I n  making t h e  f i n a l  r o u t e  se lec t i on ,  R can e i t h e r  be used d i r e c t l y  

o r  conver ted t o  a  0-1 00 sca le  as shown i n  Table 1. 

To ta l  V isua l  Impact De te rmina t ion  

Visual  impact  i s  p a r t i a l l y  a  f u n c t i o n  o f  t h e  number o f  people who a re  

present  ( o r  may be p resen t  i n  t he  f u t u r e )  t o  v iew t h e  landscape a1 t e r a t i o n  

f rom t h e  surrounding viewshed and p a r t i a l l y  a  measure o f  t he  l o s s  o r  

d e s t r u c t i o n  o f  scarce and f r a g i l e  v i s u a l  resources present  a t  t h e  s i t e  

i t s e l f .  I n  o r d e r  t o  compare v i s u a l  impacts o f  va r ious  t ransmiss ion  a1 t e r -  

na t i ves ,  i t  i s  necessary t o  compare t h e  r a t i o s  o f  change i n  v i s u a l  q u a l i t y  

(des ignated as R) f rom. r e p r e s e n t a t i v e  v iewpo in ts  o f  each a1 t e r n a t i v e ,  

mu1 t i p 1  i e d  by some f a c t o r  which accounts f o r  t h e  d i f f e r e n t  v iew ing  popu la t i ons  

a t  each v iewpo in t  (des ignated as P). By cons ide r i ng  t h e  products  o f  P x R 

f o r  t he  v i s u a l  impacts  encountered a t  each viewscape evaluated,  as w e l l  as 

t h e  number o f  c r i t i c a l  h igh- impact zones and t h e  s c a r c i t y  o f  t h e  v i s u a l  

resources threatened,  v i s u a l  impacts o f  each a l t e r n a t i v e  r o u t e  may be 

compared. 



To i l l u s t r a t e  t h i s  method, Table 6 d i s p l a y s  a  t abu la ted  comparison 

between two t h e o r e t i c a l  nuc lea r  power p l a n t  s i t e  a l t e r n a t i v e s .  V isual  

qua1 i t y  scores f o r  be fo re  and a f t e r  would be those de r i ved  by  averaging 

scores f rom the  t h r e e  measurement l e v e l s  ( o r  s o l e l y  de r i ved  f rom Level 3) 

a f t e r  a l l  were p laced on a  sca le  f rom 1  t o  100. The r a t i o  o f  change i n  

v i s u a l  q u a l i t y  i s  de r i ved  by s u b t r a c t i n g  VQb f rom VQa and d i v i d i n g  t h e  

d i f f e r e n c e  by V Q b  Ins tead  o f  m u l t i p l y i n g  t he  r a t i o  o f  change i n  v i s u a l  

q u a l i t y  by t he  t o t a l  popu la t i on  v i s u a l  con tac t s  per  year ,  t he  seventh r o o t  

o f  v i s u a l  c o n t a c t  per  year  i s  used ( a r b i t r a r i l y )  t o  reduce t h e  s i z e  o f  t h e  

product  o f  R x  P. Table 7 d i s p l a y s  t he  analyses o f  these viewscapes (be fo re )  

i n t o  which a  nuc lear  power p l a n t  was in t roduced ( a f t e r )  by a  spec ia l  group 

o f  design and p lann ing  p ro fess iona l s .  For f u r t h e r  d i scuss ion  and exp lana t ion ,  

t h e  reader  i s  urged t o  see t he  S i t i n g  Study. (9) 

F. EXAMPLE OF METHOD APPLICATION 

I n  t h e  v i s u a l  impact a n a l y s i s  f o r  a  sample case such as t h a t  descr ibed  

i n  Chapter IV(G),  t h e  f o l l o w i n g  s teps  would be c a r r i e d  o u t  t o  q u a n t i f y  t h e  

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

Step 1:  Prepare f o u r  o v e r l a y  data maps, each shaded o r  co lo red  t o  d i s p l a y :  

a) Landscape c l a s s i f i c a t i o n  and t ransmiss ion  v i s u a l  compati b i  1  i ty  

values 

b )  Scarce and f r a g i l e  v i s u a l  resource va lues 

c )  Viewer s e n s i t i v i t y  va lues 

d )  M i t i g a t i o n  p o t e n t i a l  and f u t u r e  l a n d  use va lues 

Step 2: Combine t he  above maps and i n t e g r a t e  t he  da ta  on a  s i n g l e  map 

t o  a i d  i n  r o u t e  c o r r i d o r  s e l e c t i o n  and t o  i d e n t i f y  zones o f  p o t e n t i a l l y  

h i g h  v i s u a l  impact.  S e l e c t  r e p r e s e n t a t i v e  v i ewpo in t s  w i t h i n  each 

high- impact zone f o r  more d e t a i l e d  v i s u a l  impact eva lua t i on ,  photo- 

graph these views and prepare se t s  of  5"  by  14" panoramic c o l o r  photos 

t o  v i s u a l l y  r ep resen t  "before" and " a f t e r "  v iew ing  appearance f o r  

each se lec ted  view. 



TABLE 6. Comparison o f  V i sua l  Impacts Between Tw h e o r e t i c a l  
~ 1  t e r n a t i v e  Nuc lear  Power P l a n t  S i  t i n g s  7 9T 

Average V i sua l  Impact, A l t e r n a t i v e  1 

Average V i sua l  In~pac t ,  A1 t e r n a t i v e  2 7 .0  



TABLE 7. Analyses of  Three Viewsca es by g Speci a 1 -Competence ~ r o u ~  ( ) 

V isual  Qua1 i ty R a t i o  o f  
Viewscape A Before A f t e r  V isua l  Chanqe 

2 Ove ra l l  V i sua l  A t t r i b u t e  38 62 0.63 

3 Elemental V isua l  A t t r i b u t e  34 65 0.91 

Average o f  Measurement Levels  35 63 0.80 

V isua l  Qua1 i ty R a t i o  o f  
Viewscape B Before A f t e r  V i  sua 1 Change 

1 Pre-Evaluat ionMeasurement 39 6 0 0.53 

2 Ove ra l l  V isua l  A t t r i b u t e  46 55 0.20 

3 Elemental V isua l  A t t r - i b u t e  35 5 1 0.45 

Average o f  Measurement Levels  40 5 5 0.37 

V isua l  Q u a l i t y  R a t i o  o f  
Viewscape C Before A f t e r  V isual  Change 

1 Pre-Eva1 u a t i  on Measurement 25 48 0.92 

2 Ove ra l l  V isua l  A t t r i b u t e  3 5 47 0.34 

3 Elemental V isua l  A t t r i b u t e  29 4 7 0.62 

Average o f  Measurement Levels  30 4 7 0.56 



Step 3: S e l e c t  a  o f  a t  l e a s t  f i v e  eva lua to rs ,  which may i n c l u d e  

one member w i t h  a  p ro fess i ona l  des ign background, t h e  balance t o  be 

se lec ted  f rom t h e  genera l  p u b l i c .  A  s e r i e s  o f  p r e t e s t  sc reen ing  

exe rc i ses  cou ld  be g i ven  t o  a  l a r g e r  group t o  h e l p  s e l e c t  e v a l u a t o r s  

based on i n t e r e s t  and a b i l i t y  t o  respond o b j e c t i v e l y  and a c c u r a t e l y  

w i t h i n  t h e  ques t i onna i r e  format ,  and which would a l s o  h e l p  t o  norma l i ze  

responses w i t h i n  t h e  r a t i n g  sca le  used. 

Step 4: Conduct t h e  v i s u a l  q u a l i t y  e v a l u a t i o n ,  w i t h  t h e  panel  v i ew ing  

"be fo re "  and " a f t e r "  photos o f  each view, o b j e c t i v e l y  s c a l i n g  t h e i r  

responses on a  q u e s t i o n n a i r e  (Appendix B)  as  t o  t h e  v i v i dness ,  

i n t a c t n e s s ,  and u n i t y  o f  t h e  v iews represented.  

Step 5: Ca l cu l a te  t h e  r a t i o  o f  change i n  v i s u a l  q u a l i t y  f o r  each view- 

p o i n t ,  and m u l t i p l y  t h i s  r a t i o  o f  change by  a  f a c t o r  r ep resen t i ng  

t h e  number o f  v iewer  con tac t s  pe r  yea r  a t  each v i ewpo in t .  (See Table  

7 f o r  a  r e l a t e d  power p l a n t  s i t i n g  example.) Compare t h e  v i s u a l  

impacts  o f  each r o u t e  as a  f u n c t i o n  o f  t h e  f requency and r e l a t i v e  

s e v e r i t y  o f  nega t i ve  v i s u a l  impacts and t h e  s c a r c i t y  o f  t h e  land-  

scapes a f f e c t e d .  
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V I .  MEASURING THE SOCIAL COSTS OF TRANSMISSION TOWER LINES: 

A  PROPERTY VALUE APPROACH 

T h i s  chap te r  addresses t he  p o s s i b i l i t y  t h a t  t he  s o c i a l  c o s t s  o f  t r a n s -  

n i i ss ion  tower l i n e s  i n  suburban areas a r e  r e f l e c t e d  i n  p r o p e r t y  va lue  

changes. I f  t h e  s o c i a l  c o s t s  can be measured by a  s tudy  o f  changes i n  

p r o p e r t y  value, t h e y  can be added t o  the  d i r e c t  c o n s t r u c t i o n  cos t s  t o  y i e l d  

t he  t o t a l  economic impact o f  t ransmiss ion  l i n e s .  The e x i s t i n g  l i t e r a t u r e  

on t h i s  sub jec t  i s  weak i n  t h a t  t he re  i s  l i t t l e  by way o f  an under ly ing  

t h e o r e t i c a l  model, and t h e  emp i r i ca l  analyses have been s u p e r f i c i a l .  

Accord ing ly ,  t h e  cons is tency  o f  t h e  f i n d i n g s - t h a t  t ransmiss ion  tower l i n e s  

(TTL) e x e r t  no negat i ve  e f f e c t s  on l and  values-are n o t  persuas ive.  More- 

over, t h e  general  i ssue  o f  the  r e l a t i o n s h i p  between TTL l and  va lue  e f f e c t s  

and t h e  o v e r a l l  s o c i a l  cos t s  o f  TTL has been v i r t u a l l y  untouched i n  t h e  

1  i t e r a t u r e .  

The i n t e n t  o f  t h i s  chap te r  i s  t o  see what m igh t  be learned  f rom p r e v i -  

ous s tud ies  o f  measuring t h e  "cos ts "  o f  TTL i n  o the r  l o c a t i o n s  and t o  

determine t he  e x t e n t  t o  which t he  bas ic  approach, en .~p i r i ca l  ana l ys i s ,  e t c .  

i s  t r a n s f e r a b l e .  S p e c i f i c a l l y ,  t h e  t h e o r e t i c a l  c o n d i t i o n s  unde r l y i ng  such 

a  p rope r t y  va lue  c a p i t a l i z a t i o n  t h e s i s  a re  d iscussed and the  a p p l i c a b i l i t y  

o f  va r i ous  e m p i r i c a l  approaches t o  measuring t h i s  c a p i t a l i z a t i o n  i s  examined. 

Th i s  w i l l  be done i n  a  c o n t e x t  of rev iew ing  a  snial l  p a r t  o f  t h e  s u b s t a n t i a l  

1  i t e r a t u r e  which has been d i r e c t e d  t o  t he  l a n d l p r o p e r t y  va lue  e f f e c t s  o f  

p u b l i c  investments such as a i r p o r t s ,  a i r  p o l l u t i o n  abatement, r e c r e a t i o n  

f a c i l i t i e s ,  highways, p u b l i c  housing p r o j e c t s ,  i n f r a s t r u c t u r e  improvements, 

and f l o o d  c o n t r o l  p r o j e c t s  

T h i s  chapter  a l s o  presents  a  b r i e f  c r i t i q u e  o f  t h e  t ransmiss ion  tower 

l i n e  l i t e r a t u r e  and suggest ions f o r  research ing  t he  issue.  The l a t t e r  

inc ludes  d e s c r i p t i o n  o f  a  b r i e f  s tudy  approach. Note t h a t  t h i s  chapter  

r e f e r s  t o  t h e  a p p l i c a b i l  i t y  o f  t h e  general  p r o p e r t y  va lue  1  i t e r a t u r e  t o  t h e  

TTL problem. 

The scope o f  t h i ' s  a n a l y s i s  i s  l i m i t e d  i n  severa l  ways. F i r s t ,  o n l y  a  

smal l  f r a c t i o n  o f  t h e  v a s t  l i t e r a t u r e  on l and  va lues and p u b l i c  investment  



l o c a t i o n  cho ices  i s  reviewed. There i s  cons ide rab l y  more t o  be lea rned  

f rom a  thorough r e v i e w  o f  these  s tud ies ,  and such rev i ew  c l e a r l y  should  

precede a  ma jo r  research  e f f o r t  on t h i s  ques t i on .  Second, t h i s  r e v i e w  o f  

t h e  TTL-proper ty  va l ue  l i t e r a t u r e  i s ' s i m i l a r l y  l i m i t e d .  F i n a l l y ,  o n l y  t h e  

e f f e c t s  o f  TTL i n  suburban areas a r e  considered, w i t h  pass ing ment ion o f  

t h e  urban and r u r a l  l and  va lue  e f f e c t s .  

A. THE UNDERLYING THEORY AND THE TTL PROBLEM 

The bas i c  d i f f i c u l t y  w i t h  measuring t h e  b e n e f i t s  ( c o s t s )  o f  p u b l i c  

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

absence o f  a  market  which pe rm i t s  e s t i m a t i o n  o f  t h e  w i l l i n g n e s s  o f  i n d i v i d -  

u a l s  t o  pay f o r  p u b l i c  improvements. I n  t h e  TTL case, t h e  analogous prob-  

lem i s  the  absence o f  a  market  where consumers m igh t  r evea l  t h e i r  w i l l i n g -  
4 

ness t o  pay t o  be near TTL, o r  t h e i r  r e q u i r e d  compensation f o r  be ing  near  

TTL. Consequently, i t  i s  necessary t o  d e f i n e  a  p roxy  market  where in  

p re fe rences  f o r  these f a c i l i t i e s  a re  revea led .  The r e s i d e n t i a l  l a n d  market  

seems t o  f i t  t h i s  need f o r  many types  of p u b l i c  a c t i v i t i e s ,  i n c l u d i n g  TTL. 

I n  genera l ,  t he  use o f  t h e  housing market  as  a  p roxy  f o r  t he  x  (TTL) 

ma rke tYa  imp1 i e s  t h e  p o s s i b i l  i t y  t h a t  t h e  demand c h a r a c t e r i s t i c s  i n  t h e  

x  market,  i n c l u d i n g  consumer s u r p l u s Y b  a r e  t r a n s f e r r e d  t o  t h e  housing 

market .  There a r e  se r i ous  problems w i t h  assu~ii'ing such t r a n s f e r a b i l i t y .  

Concep tua l l y ,  i t  r e q u i r e s  t h e  argument t h a t  t he  l and  market  i s  n o t  charac- 

t e r i z e d  by i m p e r f e c t i o n s  which make i t  no b e t t e r  f o r  these  purposes than  

t h e  x  market .  It i s  c l e a r ,  however, t h a t  t h e r e  a r e  i m p e r f e c t i o n s  i n  t h e  

land  market .  Land i s  n o t  g e n e r a l l y  homogeneous, knowledge and m o b i l i t y  

aThe te rm "x market"  r e f e r s  t o  t he  t y p e  o f  pub1 i c  a c t i v i t y  i n  ques t ion ,  
e.g. t h e  v o t e r  market,  t h e  p o l l u t i o n  market,  e t c .  

b~onsunier  su rp l us  i s  t he  p r i c e  which a  person would be w i l l i n g  t o  pay f o r  
a  t h i n g  r a t h e r  than  go w i t h o u t  it; hence t h e  s a t i s f a c t i o n  wh ich  he d e r i v e s  
from i t s  purchase . g e n e r a l l y  exceeds t h a t  which he g i v e s  up i n  pay ing  i t s  
p r i c e .  He t hus  d e r i v e s  f rom the  purchase a  s u r p l u s  o f ' s a t i s f a c t i o n .  The 
excess o f  t h e  p r i c e  which he would be w i l l i n g  t o  pay r a t h e r  t han  go w i t h o u t  
t h e  t h i n g ,  over t h a t  which he a c t u a l l y  does pay, i s  t h e  economic measure 
o f  t h i s  s u r p l u s  s a t i s f a c t i o n .  An example o f  consumer s u r p l u s  i s  t h e  
d i f f e r e n c e  between t h e  marke t  va lue  o f  a  house, and t h e  v a l u e  wh ich  t h e  
owner p l aces  on t h e  house, i .em,  t h e  amount i t  would t a k e  t o  induce him t o  
s e l l .  



a r e  n o t  per fect ,  and buyers and s e l l e r s  may n o t  be numerous. It i s  

poss lb le ,  on the  other  hand, t h a t  d isaggregat ion o f  t he  land  markets 

i n t o  sub-markets ( f o r  residences, f o r  business, f o r  s i n g l e  f a m i l y  homes, 

f o r  c e r t a i n  areas o f  t h e  c i t y )  may increase the  homogeneity o f  land  and 

market knowledge t o  a p o i n t  where the  market migh t  be r e l a t i v e l y  f r e e  o f  

imper fect ions.  I n  general ,  most s tud ies  have taken t h e  p o s i t i o n  t h a t  the  

major imperfect ions,  if they  cannot be overcome f o r  these purposes, can a t  

l e a s t  be taken i n t o  account i n  terms o f  est imates o f  t h e i r  e f f e c t s  on t h e  

r e s u l t s  o f  the  ana lys is .  

A General Model 

It i s  wor thwhi le  t o  develop the general t h e o r e t i c a l  framework f o r  t h e  

land  va lue  e f f e c t s  o f  a  p u b l i c  investment before t u r n i n g  t o  t h e  spec i f i cs  

o f  t h e  TTL problem. The general model presented here i s  f o r  a  p u b l i c  

investment i n  a water supply p r o j e c t  as developed by Bahl, Coelen, and 

Warf o rd  . The d iscuss ion  i s  e a s i l y  r e c a s t  i n  terms o f  p o l l u t i o n  abate- 

ment, a  r e c r e a t i o n  area, o r  any one of a  number of benef i t -genera t ing  

p u b l i c  investments. The f o l l o w i n g  sec t i on  w i l l  show how t h e  TTL problem 

gene ra l l y  f i t s  t h i s  t h e o r e t i c a l  framework and under1 ines the  s p e c i f i c  

problems ra ised .  

Consider the  use o f  land  value increments as a general  i n d i c a t o r  o f  

t h e  b e n e f i t s  der ived  from, f o r  example, rep lac ing  a we l l  water-sept ic  tank 

system w i t h  a p iped water and sewerage system. The basic assumption here 

i s  t h a t  supply ing piped water (sewerage) t o  a home w i l l  r a i s e  i t s  market 

va lue and t h a t  t he  -increase w i l l  correspond t o  the  present  wor th o f  t he  

consumers' surp lus t h a t  i s  expected t o  be de r i ved  from purchases i n  t he  

water market. Assuming p e r f e c t  r a t i o n a l  i t y ,  a person would be w i l l i n g  t o  

pay o n l y  an a d d i t i o n a l  $100 f o r  a house because i t  had water f a c i l i t i e s ,  

i f  the  d i f f e r e n c e  between the  present  wor th o f  t he  u t i l i t y  he gets from 

t h e  water and the  present  wor th o f  t h e  amount he expects t o  pay fo r  t h e  

water ( t h a t  i s ,  t he  consumer surp lus)  equals $100. If the amount t h a t  he 

e x p e c t s t o  pay f o r  water e x a c t l y  corresponds t o  the b e n e f i t s  he pe rsona l l y  

de r i ves  from it, the re  i s  no reason t o  expect him t o  b i d  up the  p r i c e  o f  

t h e  house. C lear ly ,  t he  area under t h e  demand curve f o r  p roper ty  must 



increase by whatever amount the consumer surp lus  i n  the  water market 

increases. Th i s  , i s  g iven by t h e  t r a d i t i o n a l  concept t h a t  t he  area under 

a  demand curve f o r  a  good descr ibes the w i l  l ingness t o  pay. 

The quest ion t h a t  i s  now faced i s  whether increas ing  values i n  t he  

p rope r t y  market c o r r e c t l y  capture the  e f f e c t s  o f  the  demand s h i f t .  That 

i s ,  i t  i s  assumed t h a t  the increased consumer surp lus  area i n  t h e  water 

market i s  " t rans fe r red "  i n t o  an equ iva len t  s h i f t  i n  area under the  prop- 

e r t y  market demand curve. We would 1  i ke t o  determine whether expenditures 

on proper ty  a l so  increase by t h i s  common amount. I f  they do, then the 

observat ions on p rope r t y  sales may i d e n t i f y  f o r  us the e x t e n t  t o  which 

water b e n e f i t s  are undervalued by revenues der ived from water sales. 

Theore t ica l  Framework 

A simple and f a m i l i a r  model suggests t h a t  there  are, a t  l eas t ,  c e r t a i n  

assumptions under which b e n e f i t s  and increased expenditures on proper ty  a re  

equal. Consider the  case where the c'onsumer surp lus i n  the  p rope r t y  market 

remains constant  so t h a t  the f o l l o w i n g  a lgebra ic  model i s  - i l l u s t r a t i v e  o f  

f u l l  c a p i t a l i z a t i o n .  I n  an area r e c e i v i n g  new water supply ( t he  p r o j e c t  

area) ,  t he  housing demand f u n c t i o n  (before the  p r o j e c t )  i s  w r i t t e n  genera l l y  

as: 

4, = 9(qd)  (1  1 
and, again, f o r  s i m p l i c i t y  the  housing supply i s  a  constant :  

9s = k  (2 1 
It f o l l o w s  t h a t  t he  market e q u i l i b r i u m  p r i c e  can be der ived as: 

A measure o f  consumer surp lus  i s :  

k  
c  = Lo, 4(qd)1 - pek. (4 

The e f f e c t  o f  a  water supply p r o j e c t  p rov id ing  each house w i t h  water 

can be shown through a  s h i f t  i n  the  demand curve from i t s  i n i t i a l  p o s i t i o n .  

For the  same f i x e d  q u a n t i t y  o f  housing, res iden ts  would now be w i l l i n g  t o  

pay a  h igher  ren t - the  demand curve has s h i f t e d  upward. Assume t h a t  t he  

new demand i s: 



Consumers ' surp lus i s  now rneasured 

where pe" i s  def ined:  

The increase i n  consumer surp lus between the two per iods  (AC) i s :  

where Ape = pel  - pe. 

The increase i n  n e t  b e n e f i t s  (AB) o f  the  water p r o j e c t  t o  r e s i d e n t s  o f  t h e  

area i s  equal t o  t he  increase i n  p r i c e  t imes the  q u a n t i t y  supp l ied  (8pek) 

p l u s  any increase i n  consumer surplus; t h a t  i s ,  

I f  the  s h i f t  i n  the  housing demand f u n c t i o n  i s  such t h a t  AC i s  zero, 

t h a t  i s ,  consumer surp lus  remains constant,  then from (8) :  

and from (10): 

Apek = AB. (1 3) 

I f  the assumptions behind t h i s  simple model a r e  v a l i d ,  then the  b e n e f i t s  

o f  a  water supply p r o j e c t  w i l l  be f u l l y  measured i n  two steps. The f i r s t  

i s  revenues der ived  d i r e c t l y  through sales i n  the  water market. The second 

, i s  a measure o f  t h e  t rans fe r red  consumer surp lus,  f rom water t o  p rope r t y  

markets, and i s  'def ined by Equation (13) .  The i r  sum g i ves  an unbiased 

measure o f  p r o j e c t  bene f i t s .  I n  Equat ion (1 3),  AB i s  p ropo r t i ona l  t o  the  

increase i n  house pr ices ,  where t h e  constant  o f  p r o p o r t i o n a l i t y  i s  the  

stock o f  housing. I f  Equation (11) does n o t  hold, then t h e r e  i s  bo th  a 



change i n  housing p r i c e s  and a change i n  consumer su rp lus  and t h e  n e t  bene- 

f i t s  o f  t h e  p r o j e c t  a r e  measured as i n  Equat ion (10 ) .  

Required Demand and Supply Cond i t ions  

Since t h e  t o t a l  i nc rease  i n  b e n e f i t s  must be equal t o  t h e  sum o f  t h e  

p r i c e  inc rease  and any inc rease  i n  consumer surp lus,  a  nurnber o f  c o n d i t i o n s  

must be p resen t  f o r  t h e  land  va lue  increment t o  exhaust t o t a l l y  t h e  b e n e f i t  

increment.  The f i r s t  i s  t h a t  t he  s lope o f  t h e  demand curve f o r  housing 

i n  t he  p r o j e c t  area does n o t  change, and a second i s  t h a t  t h e  supply  curve 

i s  p e r f e c t l y  i n e l a s t i c .  Consider t h e  i m p l i c a t i o n s  o f  these assumptions. 

F i r s t ,  i f  t h e  demand schedule f o r  housing i n  the  p r o j e c t  area changes, one 

would expect  i t  t o  become r e l a t i v e l y  more i n e l a s t i c - t h e r e  a r e  fewer good 

s u b s t i t u t e s  now t h a t  t he  house has p i ped - i n  water.  Thus, i t  would take  a 

g r e a t e r  p r i c e  inc rease  t o  b i d  an i n d i v i d u a l  away f rom a house w i t h  water 

than i t  would when t h e  same house d i d  n o t  have p u b l i c  water supply .  The 

i m p l i c a t i o n s  o f  such a change i n  t h e  s lope o f  t h e  demand schedule a r e  t h a t  

consumer su rp lus  w i l l  increase;  t h a t  i s ,  t h e  d i f f e r e n c e  between t h e  i n d i v i d -  

u a l ' s  and t h e  marke t ' s  v a l u a t i o n  o f  t h e  p r o p e r t y  w i l l  i nc rease .  T h i s  

would mean t h a t  t h e  sum o f  revenues f r a n  water  sa les  and t h e  p r o p e r t y  

va lue  increment  due t o  a  new water supply  underest imates t h e  t r u e  b e n e f i t s  

o f  a  water p r o j e c t .  The unmeasured b e n e f i t s  a r e  a r e t u r n  t o  l abo r - t he  

consumer--since i t  i s  o n l y  he who can g a i n  f rom t h e  consumer s u r p l u s  as he 

l i v e s  on t h e  p rope r t y .  

For t h e  supp ly  cond i t i ons ,  i t  i s  p o s s i b l e  t h a t  a  p e r f e c t l y  i n e l a s t i c  

supply  i s  u n r e a l i s t i c .  Some e l a s t i c i t y  t o  supply  would imp l y  t h a t ,  as t h e  

p r i c e  o f  p r o p e r t i e s  i n  t h e  a f f e c t e d  area i s  b i d  up, p r o p e r t y  owners i n  t h e  

area would be induced t o  o f f e r  a  g r e a t e r  amount o f  housing, and c e t e r i s  

pa r i bus ,  caus ing land  va lue  increments t o  unders ta te  t he  inc rease  i n  n e t  

b e n e f i t s .  More s p e c i f i c a l l y ,  w i t h  any supply  e l a s t i c i t y ,  t h e  inc rease  i n  

demand ( rega rd less  o f  how t h e  s lope o f  t h e  demand schedule changes) w i l l  

be accompanied by an inc rease  i n  t o t a l  consumer surp lus .  Mhether average 

consumer surp lus,  t h a t  i s ,  t h e  average r e t u r n  t o  a  t y p i c a l  consuliier, 

i nc reases  i s  n o t  q u i t e  so c l e a r .  S i m i l a r l y ,  a  supply  curve hav ing  l e s s  

than  p e r f e c t  e l a s t i c i t y  w i l l  r e s u l t  i n  an inc rease  i n  p roducers '  su rp lus ,  

and hence a r e t u r n  t o  c a p i t a l  . 
86 



I f  e i t h e r  t he  supply o r  demand cond i t i ons  i n  t h i s  s imple framework 

a re  v io la ted ,  i t  i s  q u i t e  l i k e l y  t h a t  t he  sum o f  land va lue  increments 

and revenue from water sa les  w i l l  be an inaccurate measure o f  t r u e  b e n e f i t s  

o f  a  water supply. The two measures together,  however, w i l l  necessa r i l y  

be more accurate than water sa les  revenue alone, and, on the  basis  o f  t he  

arguments presented above, t h e  e r r o r  i s  1  i k e l y  t o  be on the  conservat ive 

s ide.  

The TTL Problem 

A t t e n t i o n  i s  now turned t o  the  ques t ion  o f  how t h i s  general  model f i t s  

the  TTL problem, t o  t h e  kinds o f  spec ia l  problems which a r i s e ,  and how 

they may be d e a l t  w i t h .  The appropr ia te  framework i s  compl icated because 

two p o s s i b i l i t i e s  must be considered: 1  ) the  TTL a r e  i n s t a l  l e d  a f t e r  t h e  

homes a r e  b u i l t  and purchased, 2 )  t h e  TTL a r e  i n s t a l l e d  be fore  subd i v i s i on .  a  

I n  e i t h e r  case, the  land va lue  e f f e c t  argument would seem v a l i d .  I f  t h e  

subd i v i s i on  i s  a l ready  occupied, t he  a f f e c t e d  res iden ts  i n c u r  a  c o s t  equiva- 

l e n t  t o  t he  sum o f  t he  d e c l i n e  i n  p rope r t y  va lue  and the  l o s s  i n  consumer 

surp lus.  I f  t h e  r igh t -o f -way  i s  purchased be fore  subd iv is ion ,  the  problem 

i s  one o f  p lac ing  an es t imate  on the  probable magnitude o f  these losses. 

Thus, t he  eventual consumer i ncu rs  n e i t h e r  b e n e f i t s  nor  costs ,  s ince  

, 
he has f u l l  knowledge o f  the  TTL and t h i s  i s  r e f l e c t e d  .in t he  p r i c e  which 

he b ids  f o r  t h e  proper ty .  The d i f f e r e n c e  between the  two cases i s  s u b t l e  

and i s  p r i m a r i l y  impor tant  i n  terms o f  "cos t "  measurement. The t h e s i s  i s  

t h a t  a  p rope r t y  loca ted  adjacent  t o  TTL w i l l  be sub jec t  t o  two e f f e c t s :  

a  v i s u a l  annoyance o r  nuisance e f f e c t  which w i l l  tend t o  depress p rope r t y  

value, and a  space o r  p r i v a c y  e f f e c t  which w i l l  tend t o  i n f l a t e  p rope r t y  

value. The research quest ion addressed here i s  whether o r  n o t  t he re  i s  a  

n e t  negat ive e f f e c t  on p rope r t y  values. 

aThroughout t h i s .  ana lys is ,  o n l y  t he  suburban case i s  considered, t o  t h e  
neg lec t  o f  t h e  urban and r u r a l  case. 

b h i s  p o i n t  should be s tud ied  f u r t h e r  i n  t h e  course o f  a  l a r g e r  research 
p r o j e c t .  



The connec t ion  between t h e  TTL i n s t a l l a t i o n  and l and  v a l u e  changes 

may be shown through a  backward s h i f t  i n  t h e  demand curve i n  t h e  p r o p e r t y  

market,  i . e . ,  t h e  r e s u l t  o f  a  TTL i n s t a l l a t i o n  i s  t h a t  t h e  same p r o p e r t y  

i s  demanded a t  a  lower  p r i c e .  Assume a  1  i n e a r  demand cu rvesa  (AD), a  

p e r f e c t l y  i n e l a s t i c  supp ly  curve ( S ) ,  i . e . ,  a  f i x e d  supp ly  o f  housiqg, 

and assume t h a t  t h e  market  f o r  p r o p e r t y  and t h e  backward s h i f t  i n  t h e  

p r o p e r t y  demand curve  l o o k  as  p i c t u r e d  i n  F i gu re  3 .  The a rea  PEBqEO i s  

t h e  expend i t u re  on p r o p e r t i e s  be fo re  t h e  TTL i n s t a l l a t i o n  and t h e  t o t a l  

v a l u a t i o n  p laced on these p r o p e r t i e s  i s  g i v e n  as ABqEO. Consumers' su rp l us  

i s  ABPE = ABqEO - PEBqEO, t h e  d i f f e r e n c e  between t h e  t o t a l  v a l u a t i o n  o f  t h e  

p r o p e r t y  and t h e  market  v a l u a t i o n .  

Assume t h a t ,  a f t e r  t h e  TTL, t h e r e  i s  a  r e d u c t i o n  i n  demand f o r  

a f f e c t e d  p r o p e r t i e s  t o  A'D'. The Area, A'B'BA, i s ,  by d e f i n i t i o n ,  equ iva-  

l e n t  t o  t h e  decrease i n  t o t a l  v a l u a t i o n .  The problem then  becomes one o f  

showing o n l y  t h a t  consumer su rp l us  (A'B'BA) has n o t  changed and t h a t  t o t a l  

b e n e f i t s  a r e  e q u i v a l e n t  t o  t h e  inc rease  i n  expend i tu res  on t h e  p rope r t y ,  

The i m p o r t a n t  i m p l i c a t i o n  o f  t h i s  demonst ra t ion i s  t h a t  f o r  a  case 

where t h e  demand curve  s h i f t  i s  p a r a l l e l ,  where t h e  supp ly  i s  p e r f e c t l y  

i n e l a s t i c  and where t h e r e  a r e  no e x t e r n a l i t i e s ,  t h e  change i n  expend i t u res  

aThough 1  i n e a r i t y  i s  assumed f o r  ease o f  p resen ta t i on ,  t h e  genera l  case 
i s  e a s i  l y  i n f e r r e d ,  a s  demonstrated above. 

b ~ h e  i nc rease  i n  expend i tu res  i s  determined by A P - ~ E  ( s i n c e  q  i s  cons tan t ) .  
AP i s  t h e  change i n  e q u i l i b r i u m :  AP = P i  - PE. The t o t a l  change i n  
expend i tu res  i s  g i ven  by t h e  area o f  PCPEBB: It i s  necessary t o  show 
t h a t  P~PEBB' i s  e q u i v a l e n t  t o  A'B'BA. From t h e  s imp les t  theorems o f  p lane  
geometry, i t  can be shown t h a t  0 = 0:  B'PC = BPE, and t h e  i n t e r s e c t i o n s  
of BPE and B'Pf w i t h  OA and OA' r e s p e c t i v e l y  a r e  r i g h t  ang les.  These a r e  
s u f f i c i e n t  c o n d i t i o n s  t o  guarantee t h a t  t h e  areas A'B'Pf and ABPE a r e  
equa l .  Cons t ruc t i on  was made so t h a t  A'B'BPE - A'B'Pf = B'BPEP'. It F i s  e v i d e n t  t h a t  A'B'BPi - ABPE = A'B'BA by c o n s t r u c t i o n .  F i n a l  y, by t h e  
e q u a l i t y  between A'B'PE and ABPE, t he  r e q u i r e d  r e s u l t  t h a t  B'BPEPC = 
A'B'BA i s  guaranteed. 



Quantity of Property 

FIGURE 3. Reduction in Demand for  Property Inspected by a TTL 

on land values fu l ly  measures the costs of the TTL instal la t ion.  If these 
conditions are not met, the "cost" estimation must include some valuation 

of consumer surplus loss and external disbenefits.  

Whether th i s  general model f i t s  the TTL case would seem to depend on 
the appropriateness of the following required assumptions: 

1 .  the demand curve s h i f t  i s  paral le l ;  

2. the supply of property i s  perfectly inelast ic ;  

3.  homeowners are  perfectly mobile; 

4. no externa l i t ies  are generated; and 

5. there are  not offsett ing property value effects  outside the area 

adjacent to  the TTL. 



Given  t h e  scope o f  t h i s  a n a l y s i s ,  we can o n l y  s p e c u l a t e  a b o u t  these  assump- 

t i o n s .  I n  g e n e r a l ,  t h e  model seems more a p p r o p r i a t e  t o  t h e  TTL case t h a n  

t o  many cases where t h e  t r a d i t i o n a l  l a n d  v a l u e  model has been a p p l i e d ,  

t hough  some a d j u s t m e n t s  i n  t h e  model wou ld  seem necessary .  

The f i r s t  assumpt ion ,  t h e  p a r a l l e l  s h i f t  i n  t h e  demand c u r v e ,  i s  

r e q u i r e d  t o  a s s u r e  t h a t  no  change i n  consumer s u r p l u s  o c c u r s  a s  a  r e s u l t  

o f  t h e  TTL i n ~ t a l l a t i o n . ~  I n  c e r t a i n  cases,  t h i s  assumpt ion  i s  n o t  e a s i l y  

made. Cons ide r ,  f o r  example, t h e  e f f e c t s  o f  a  w a t e r  p o l l u t i o n  p r o j e c t  on 

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

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

m a r k e t ' s  e v a l u a t i o n  o f  t h e  p r o p e r t y  and t h e i r  own e v a l u a t i o n  o f  t h e  

p r o p e r t y  wou ld  be g r e a t e r  a f t e r  t h e  p r o j e c t ,  i . e . ,  t h e y  would now d e r i v e  

more consumer s u r p l u s ;  t h e  demand c u r v e  would have become r e l a t i v e l y  more 

i n e l a s t i c .  I n  such a  case, t h e  i n c r e a s e  i n  p r o p e r t y  v a l u e  w h i c h  r e s u l t s  

f r o m  t h e  p o p u l a t i o n  abatement p r o j e c t  would tend  t o  u n d e r s t a t e  t h e  t o t a l  

i n c r e a s e  i n  b e n e f i t s  f r o m  t h e  p r o j e c t .  I f  t h e  s l o p e  o f  t h e  demand c u r v e  

d i d  n o t  change i n  response t o  TTL i n s t a l l a t i o n ,  t h e n  i t  would  seem reason-  

a b l e  t o  assume t h a t  demand would become r e l a t i v e l y  more e l a s t i c ,  i . e . ,  i t  

would  now t a k e  l e s s  o f  a  p r i c e  i n c r e m e n t  t o  b i d  a  homeowner away from h i s  

p r o p e r t y  t h a n  i t  would b e f o r e  t h e  i n s t a l l a t i o n .  F o r  example, i f  a  pe rson  

had a  s t r o n g  d i s l i k e  f o r  a  s i l v e r  t ower  landscape i n  h i s  backyard ,  h i s  

v a l u a t i o n  o f  h i s  p r o p e r t y  may move c l o s e r  t o  t h e  m a r k e t  v a l u a t i o n  i f  TTL 

were i n s t a l l e d .  I f  such i s  t h e  case, t h e  p r o p e r t y  v a l u e  method would  t e n d  

t o  u n d e r s t a t e  t h e  t o t a l  " c o s t s "  o f  TTL. 

The assumpt ion  t h a t  t h e  s u p p l y  o f  hous ing  i s  p e r f e c t l y  i n e l a s t i c  seems 

a c c e p t a b l e  f o r  t h e  TTL case.  T h i s  assur r~pt ion  becomes p a r t i c u l a r l y  b o t h e r -  

some when a  p u b l i c  i nves tmen t ,  e.g., a  sewage system, r e s u l t s  i n  l o w e r  

d e n s i t y  z o n i n g  and t h e r e f o r e  an i n c r e a s e  i n  t h e  s u p p l y  o f  r e s i d e n t i a l  p rop -  

e r t y .  I n  such a  case, t h e  i n c r e m e n t  i n  t o t a l  b e n e f i t s  f r o m  t h e  i n v e s t m e n t  

a T h i s  assumpt ion  i s  o f  p r i m a r y  impor tance  i n  t h e  case where t h e  TTL a r e  
i n s t a l l e d  a f t e r  s u b d i v i s i o n .  I n  t h e  case where t h e  p r o p e r t y  i s  purchased 
a f t e r  TTL instal l a t i o n ,  consumer s u r p l u s  need n o t  be e s t i m a t e d  s i n c e  t h e  
l o w e r  p r i c e  r e f l e c t s  t h e  b u y e r s '  t o t a l  v a l u a t i o n .  



would tend t o  be understated by observed increments i n  p rope r t y  values. 

I n  t h e  TTL case, t h i s  assumption would seem genera l l y  v a l i d .  It requ i res  

o n l y  t h a t  a l l  subd i v i s i on  l o t s  be placed on the  market s imultaneously.  

There i s  some evidence t h a t  developers have played the  r o l e  o f  d i s c r i m i -  

n a t i n g  monopol ists by o f f e r i n g  t h e  d i s t a n t  l o t s  o n l y  a f t e r  t h e  TTL- 

adjacent  l o t s  were sold. Th i s  supply r e s t r i c t i o n  would tend t o  r e s u l t  i n  

an understatement o f  the  f u l l  p rope r t y  va lue  e f f e c t s .  

The m o b i l i t y  assumption i s  essen t i a l  t o  t he  ana lys is .  I f  home- 

owners are n o t  p e r f e c t l y  mobi le,  i .e . ,  do n o t  have choices o f  d i f f e r e n t  

housing w i thou t  TTL, t h e  annoyance or  nuisance cos ts  o f  TTL may be borne 

by them and, o f  course, w i l l  n o t  be observed i n  p rope r t y  t r ansac t i on  

amounts.. For t h e  normal TTL suburban case where i n s t a l l a t i o n  occurs before 

subd iv is ion ,  t h e  m o b i l i t y  assumption seems appropr ia te.  

This  model a l s o  assumes t h a t  TTL do n o t  generate "ex te rna l "  e f f e c t s ,  

i .e., t h a t  people o the r  than a f f e c t e d  p rope r t y  owners n o t  s u f f e r  any 

d i s a b i l i t y .  Two groups o f  people conceivably  might  be a f f ec ted :  home- 

owners i n  t he  subd iv is ion  bu t  n o t  ad jacent  t o  TTL and passersby who f i n d  

TTL v i s u a l l y  o f f ens i ve .  The model here ignores t h e  l a t t e r .  The former 

e f f e c t  m igh t  be captured by es t ima t i ng  a  p rope r t y  va lue  e f f e c t  as a  func-  

t i o n  o f  d i s tance  Trom TTL, as has been done i n  t h e  case o f  water r e c r e a t i o n  

f a c i l i t i e s  where p rope r t y  va lue b e n e f i t s  decrease as d is tance from the  

water increases. ( 3 , 4 )  

The " o f f  s e t t i n g  p rope r t y  va lue"  assumption has caused cons iderab le  

problems i n  s tud ies  o f  t h i s  k ind.  For example, i n  the  case o f  p o l l u t i o n  

abatement eva lua t ion ,  the  argument goes t h a t  w h i l e  p rope r t y  va lues i n  t h e  

p r o j e c t  area may r i s e  because o f  t h e  p r o j e c t ,  p rope r t y  values i n  areas 

ou ts ide  the  p r o j e c t  may f a l l  because people w i l l  now be w i l l i n g  t o  pay l e s s  

f o r  these p rope r t i es .  As a  consequence, i t  i s  argued t h a t  t he  n e t  b e n e f i t s  

o f  an abatement ,p ro jec t  are t he  d i f f e r e n c e  between the  p rope r t y  va lue 

increase i n  t h e  p r o j e c t  area and the  p rope r t y  va lue ' reduc t ion  ou ts ide  the  

p r o j e c t  area. To argue t h a t  t he re  i s  a  s i m i l a r  d i f f i c u l t y  i n  t he  TTL case 

would r e q u i r e  t he  f o l l o w i n g :  t h a t  as a  r e s u l t  o f  TTL, land  values o f  

ad jacent  and a b u t t i n g  p r o p e r t i e s  a re  b i d  down by prospec t ive  home buyers, 



whereas o the r  p r o p e r t i e s  i n  t h e  area a r e  b i d  up because they  a r e  n o t  i n  

c l o s e  p r o x i m i t y  t o  t he  TTL. As l ong  as a  housing market  and t h e  i n -  

m i g r a t i o n  o f  b idders  a r e  al lowed, i t  would seem t h a t  t h e  o f f s e t t i n g  prop- 

e r t y  va lue  ques t i on  i s  n o t  r e l e v a n t  t o  t h e  TTL problem. Hence, i t  i s  

ignored  and i t  i s  assumed t h a t  t h e  change i n  p r o p e r t y  va lues f o r  a f f e c t e d  

p r o p e r t i e s  f u l l y  r e f l e c t s  t he  consequences o f  TTL. 

I n  summary, t h e  TTL problem would seem a  v a l i d  a p p l i c a t i o n  o f  t h e  

l a n d  va lue  model. Moreover, s i nce  TTL i n s t a l l a t i o n  g e n e r a l l y  takes p l ace  

be fo re  subd i v i s i on ,  t h e  sonietimes t ho rny  consumer su rp lus  problems migh t  

be avoided. F i n a l l y ,  t h e  p o s s i b i l i t y  t h a t  few e x t e r n a l  e f f e c t s  a r e  

generated simp1 i f i e s  t h e  measurement problems cons iderab ly .  

Other A p p l i c a t i o n s  o f  the  Model 

The v a l u a t i o n  o f  b e n e f i t s / c o s t s  us ing  l and  va lues has found wide- 

spread a p p l i c a t i o n  and has been i n f l u e n t i a l  w i t h  r espec t  t o  p u b l i c  p o l i c y .  

I n  a l l  cases t h e  unde r l y i ng  model i s  r ough l y  t h a t  o u t l i n e d  above. The 

use o f  t h i s  techn ique  has been c o n t r o v e r s i a l - - t h e r e  has been cons iderab le  

disagreement over  t h e  appropr ia teness o f  t he  assumptions, t h e  e s t i m a t i o n  

techniques used and t h e  i n t e r p r e t a t i o n  o f  t h e   result^.^ I n  t h e  f o l l o w i n g  

sec t i ons  a  b r i e f  r ev i ew  o f  c e r t a i n  o f  these s tud ies  i s  g i v e n  t o  demonstrate 

t h e  bas ic  r a t i o n a l e  f o r  propos ing l and  va lue  e f f e c t s  and t o  summarize 

rough l y  t h e  r e s u l t s  o f  t h e  analyses. 

A i r  P o l l u t i o n  

There has been much i n t e r e s t  i n  t h e  p o s s i b i l i t y  o f  us i ng  p r o p e r t y  

va lues t o  measure t h e  damage a t t r i b u t a b l e  t o  a i r  p o l l u t i o n  o r  t he  b e n e f i t s  

t o  be expected from a i r  q u a l i t y  improvements. The genera l  i s sues  sur -  

rounding t h i s  p a r t  o f  t he  l i t e r a t u r e  a r e  w e l l  s t a t e d  by  Freeman. (7 )  1n 

theory ,  i t  would be expected t h a t  t h e  va lue  o f  p roper ty ,  p a r t i c u l a r l y  

r e s i d e n t i a l  p rope r t y ,  should be i n f l uenced  by t he  q u a l i t y  o f  t h e  env i ron-  

ment surrounding t h a t  p rope r t y .  O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  q u a l i t y  o f  . 
aA p a r t i c u l a r l y  s p i . r i t e d  debate centered around t h e  use o f  t h i s  approach 

i n  t h e  measurement o f  t he  c o s t  o f  a i r p o r t  n  i s e  i n  connec t ion  w i t h  % 

s e l e c t i o n  o f  t h e  t h i r d  London A i r p o r t  s i te .7596)  
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a i r ,  s i nce  i n  many urban areas a i r  p o l l u t i o n  i s  a  major  problem and con- 

s i d e r a b l e  resources may be devoted t o  i t s  c o n t r o l .  P lann ing  f o r  a i r  p o l -  

l u t i o n  c o n t r o l  p o l i c i e s  cou ld  be f a c i l i t a t e d  by a  ~ i ie thod f o r  e s t i m a t i n g  t h e  

b e n e f i t s  o f  a i r  po l  1  u t i o n  c o n t r o l .  

Probably  t h e  best-known e m p i r i c a l  s tudy i n  t h i s  area i s  a  case s tudy  

by  R idker  and ~ e n n i n ~ " )  on t h e  e f f e c t  of a i r  p o l l u t i o n  on l and  va lues i n  

S t .  Lou is .  T h e i r  main conc lus i on  i s  t h a t :  

. . . i f  t h e  s u l f a t i o n  l e v e l s  t o  which any s i n g l e - f a m i l  ?! dwe l l  i n g  u n i t  i s  exposed were t o  drop by 0.25 1iig/100cm /day, 
t h e  va lue  o f  t h a t  p r o p e r t y  cou ld  be expected t o  r i s e  by  a t  
l e a s t  $83 and more l i k e l y  c l o s e r  t o  $245. Us ing t h e  l a t t e r  
f i g u r e  and assuming t h e  s u l f a t i o n  l e v e l s  a r e  0.25 mg, b u t  
i n  no case below 0.49 mg ( taken as t h e  background l e v e l  ) ,  
t he  t o t a l  i nc rease  i n  p r o p e r t y  va lues f o r  t h e  S t .  Lou i s  
Standard M e t r o p o l i t a n  S t a t i s t i c a l  Area cou ld  be as much 
as $82,790,000. 

The Ridker-Henning model has been readapted severa l  t imes  f o r  a i r  

p o l l u t i o n  s t ud ies .  ( 9 y 1 0 )  A number o f  i n s t r u c t i v e  c r i t i c i s m s  have been 

l e v e l e d  a t  t h e  Ridker-Henning approach b y  o t h e r  au thors .  These c r i t i c i s m s  

a re  aimed p a r t i c u l a r l y  a t  t h e  assun~pt ions o f  - i n e l a s t i c  supply  and t h e  

i g n o r i n g  o f  o f f s e t t i n g  d e c l i n e s  i n  p r o p e r t y  va lue  elsewhere. 

 ree em an(^) i s  c r i t i c a l  o f  t h e  assumptions t h a t  one m igh t  i m p l i c i t l y  

ass i gn  t o  t h e  e m p i r i c a l  model used by R idker  and Henning. F i r s t ,  he 

suggests t h a t  we cannot  wor ry  about  whether t h e  l and  va lue  changes measure 

b e n e f i t s  exhaus t i ve l y ,  when we cannot  even determine whether, o r  t o  what 

ex ten t ,  demand o r  supply  f a c t o r s  a r e  a t  work: 

I n  any urban area t h i s  r e l a t i o n s h i p  ( p r o p e r t y  va lue-  
a i r  q u a l i t y )  i s  t h e  r e s u l t  o f  t h e  i n t e r a c t i o n  between 
t h e  a v a i l a b i l i t y  of l and  w i t h  d i f f e r e n t  l e v e l s  o f  a i r  
q u a l i t y  (supp ly  f a c t o r )  and t a s t e s  and preferences,  o t h e r  
p r i c e s ,  income, and i t s  d i s t r i b u t i o n  (demand f a c t o r s ) .  For  
any g i ven  s e t  o f  demand f a c t o r s ,  d i f f e r e n t  supp ly  f a c t o r s  
w i l l  l ead  t o  d i f f e r e n t  p a t t e r n s  o f  p r o p e r t y  va lues and 
d i f f e r e n t  r eg ress i on  r e s u l t s .  

Moreover, t h e  p o l l u t i o n  abatement p r o j e c t  e f f e c t i v e l y  changes t h e  

supp ly  c o n d i t i o n s  under which t h e  r e l a t i o n s h i p  between p r o p e r t y  va lues  

and a i r  q u a l i t y  was o r i g i n a l l y  est imated;  and he argues 



This  equat ion o n l y  purpor ts  t o  exp la in  the  v a r i a t i o n  i n  
mean proper ty  values among observat ions. The a i r  p o l l u t i o n  
c o e f f i c i e n t ' c a n  be used t o  p r e d i c t  t he  d i f f e r e n c e  i n  
p rope r t y  values between two p rope r t i es  w i t h i n  a  system 
under c e t e r i s  par ibus  cond i t ions ,  and these cond i t i ons  
must inc lude no chanqe i n  a i r  q u a l i t y  over other  land i n  
t he  system. But the-regression equat ion cannot be used 
t o  p r e d i c t  t h e  general p a t t e r n  o f  p roper ty  values o r  changes 
i n  t h e  value o f  any g iven proper ty  when the p a t t e r n  o f  a i r  
qua1 i t y  over t he  whole urban area has changed. 

~ d e l  (11 ) makes a  s i m i l a r  c r i t i c i s m :  

I f  p o l l u t i o n  i n  a l l  d i s t r i c t s  o f  S t .  Louis  were reduced t o  
t h e  0.49 mg "background" l e v e l ,  demand f o r  space i n  t he  
fo rmer ly  most p o l l u t e d  neighborhoods would c e r t a i n l y  
increase. But t h i s  increase might  come a t  t h e  expense 
o f  demand i n  census t r a c t s  t h a t  f o rmer l y  had a  unique 
advantage i n  low p o l l u t i o n  l e v e l s .  The $82,790,000 
est imate assumes t h a t  demand w i l l  increase i n  t he  newly- 
cleaned areas t o  equal demand elsewhere now, w i thout  t h e  
balancing e f f e c t  o f  demand reduct ion .  I t  i s  t he re fo re  
almost c e r t a i n l y  an overest imate. 

Ede l ' s  ana lys i s  c o r r e c t l y  p o i n t s  t o  the  f a c t  t ha t ,  wh i l e  the  est imate 

o f  $82,790,000 may o r  may n o t  be a  c o r r e c t  assessment o f  t he  value o r  

b e n e f i t s  o f  a  p o l l u t i o n  abatement p r o j e c t ,  i t  i s  doubt fu l  i f  such a  

change i n  o v e r a l l  p rope r t y  values would i n  f a c t  be revealed. However, 

as long as each proper ty  would increase i n  value by $245 i f  p o l l u t i o n  

l e v e l s  were reduced, i t  makes l i t t l e  d i f f e r e n c e  whether t he  increase i n  

p r i c e  r e a l l y  occurs o r  no t .  It i s  o n l y  the w i l l i ngness  t o  pay the  addi -  

t i o n a l  amount t h a t  mat ters.  Edel a l so  concluded t h a t  t he  d i f f e r e n c e  

between n e t  b e n e f i t s  o f  $82,790,000 and the  ac tua l  change i n  land values 

determines the d i s t r i b u t i o n a l  e f f e c t s  o f  the  investment. Thus: 

Notwi thstanding the  e r r o r  i n  t h i s  p r e d i c t i o n  o f  p roper ty  
va lue changes, Ridker and Henning may be c o r r e c t  i n  t h e i r  
es t imat ion  o f  an $82,790,000 value f o r  t he  removal o f  
p o l l u t i o n .  I f  the  $245 t h a t  i s  now b i d  f o r  the  advan- 
tage o f  a  less-po l  l u t e d  house represents t h e  average 
o f  t he  values t h a t  a l l  consumers would p lace on c lean a i r ,  
then mu1 t i p l y i n g  t h i s  by the  number o f  households s h o ~ ~ l d  
g i v e  the  t o t a l  b e n e f i t  o f  c leaner a i r .  The d i f f e r e n c e  
between t h i s  f i g u r e  and the  lower change i n  p roper ty  
values would be a  consumer surp lus accru ing t o  the  



fami l i e s  whose housing cos ts  f e l l .  Tota l  land p r i c e  
changes would then be an inadequate measure o f  the  
b e n e f i t s  o f  an a i r  cleanup, al though t h e  comparison 
o f  p r i c e s  between po l  l u t e d  and non-pol l u t e d  areas 
would a l l o w  a  measure o f  the benef i ts .  

Another way o f  saying t h i s  i s  t h a t  the ex t rapo la t i on  o f  the increase 

i n  proper ty  values i n  an area t h a t  i s  subject  t o  environmental improvement 

t o  the whole area may 1  ) overs ta te  the  t o t a l  increase i n  proper ty  values 

fo r  t he  whole area, because p r i c e s  outs ide  the  p r o j e c t  area might f a l l ,  

bu t  2 )  s t i l l  be a  measure o f  value, the  reduct ion  i n  values elsewhere - 
simply being a  t r a n s f e r  i tem o r  r e d i s t r i  bu t iona l  e f f e c t .  S t ro tz ,  however, 

goes fur ther ,  as out1 ined below. 

A i r p o r t  Noi se 

The l o c a t i o n  o f  a i r p o r t s ,  i t  i s  argued, produces two e f f e c t s  on area 

res idents.  It r a i s e s  the  value o f  t h e i r  p roper ty  because o f  proximi ty ,  

and i t  creates a  noise nuisance which may be seen as a  ."cost. " L i t t l e  

has been done, i n  a systematic way, on the  former. ( ' * I  The l a t t e r  has 

been studied using an approach such as t h a t  def ined here. The R o s k i l l  

Commission on the  Th i rd  London A i r p o r t  valued a i r c r a f t  noise annoyance as 

the  f a l l  i n  house p r i ces  due t o  the  noise. I n  order  t o  est imate noise 

costs, the  populat ion i n  "noise-af fected" areas around the  a i r p o r t  i s  

d i v ided  i n t o  th ree groups. The f i r s t  a re  those who are "na tu ra l "  movers 

i n  t h a t  they w i l l  leave before o r  dur ing  the  l i f e  o f  t he  a i r p o r t  f o r  

reasons unconnected w i t h  the  noise. When they move they are  counted as 

s u f f e r i n g  a  cos t  equal t o  the  dec l i ne  i n  t h e i r  p roper ty  values due t o  

noise. The second group a re  those who move because o f  the  noise. These 

s u f f e r  a  l oss  equal t o  the  dec l i ne  i n  t h e i r  house value, the  removal cos t  

which they must i ncu r ,  and a  consumer surplus loss,  i.e., an amount 

necessary t o  make up fo r  the  upset o f  leav ing the  house, t h e  neighborhood, 

perhaps a  longer journey t o  work, a  change o f  job, e tc .  The t h i r d  group 

a re  those who s tay  and s u f f e r  the  noise. The i r  l oss  i s  def ined as the  

sum o f  money which would j u s t  compensate them f o r  the  nuisance su f fe red 



and make them as w e l l  o f f  as before."his amount i s  assumed t o  be 

e x a c t l y  equal  t o  t h e  d e p r e c i a t i o n  i n  p r o p e r t y  va lue  which r e s u l t s  f rom 

t h e  no ise .  The va lue  o f  removal c o s t s  i s  es t imated  i n  a  s t r a i g h t f o r w a r d  

way; t h e  consumer su rp lus  l o s s  i s  es t imated  through survey techniques,  and 

t h e  p r o p e r t y  v a l u e  l o s s  i s  es t imated  by comparing t he  i nc rease  i n  p r i c e s  

of houses i n s i d e  and o u t s i d e  t he  Gatwick a i r p o r t  no ise  area.  The r e s u l t s  

o f  t h i s  a n a l y s i s  a r e  shown i n  Table  8 ; . they  show t h a t  t h e  d i f f e r e n t i a l  i n  

p r i c e  as a  percentage i n  house v a l u e  i s  g r e a t e r  f o r  more expensive houses 

and g r e a t e r  i n  more n o i s y  than i n  l e s s  n o i s y  p laces.  A  v e r y  rough i n t e r -  

p r e t a t i o n  o f  t h i s  da ta  would suggest t h a t  t h e  " c o s t "  o f  n o i s e  v a r i e s  

d i r e c t l y  w i t h  income l e v e l .  

TABLE 8. Percentage D e p r e c i a t i o n  o f  P rope r t y  Values 
I n s i d e  and Outs ide  t h e  35 NNI* Contour 

Class o f  P rope r t y  35 - 45 NNI over  45 NNI 

Low P r i c e d  (mean 3,000) 4.5 10.3 

Medium P r i c e d  (mean 6,000) 9.4 16.5 

H igh  P r i ced  (mean 10,000) 16.4 29 .O 

* Noise and Number index.  

The i n f e r e n c e  about  t he  t o t a l  c o s t  o f  no i se  a t  a l t e r n a t i v e  s i t e s  

f o r  t h e  t h i r d  a i r p o r t  was computed on a  bas i s  o f  these land  va lues,  

es t imated  consumer su rp lus ,  es t imated  removal cos ts ,  and es t ima tes  abou t  

t h e  percen t  o f  r e s i d e n t  p o p u l a t i o n  i n  each o f  t h e  cand ida te  a reas  t h a t  

would f a l l  i n t o  each o f  these t h r e e  p o p u l a t i o n  groups d e f i n e d  above. On 

t h a t  bas is ,  f o u r  a1 t e r n a t i v e  l o c a t i o n s  were compared accord ing  t o  r e s i  - 
d e n t i a l  n o i s e  cos t s .  

T h i s  technique,  used i n  t h e  t h i r d  London A i r p o r t  study, has been 

s u b j e c t  t o  cons ide rab le  c r i t i c i s m .  (5 '6)  Bas ica l  ly ,  the  c r i t i q u e  c e n t e r s  

a ~ t  i s  i n t e r e s t i n g  t o  note,  i n  connec t ion  w i t h  t he  TTL case, t h a t  those 
who move i n t o  t h e  n o i s y  area a r e  assumed t o  s u f f e r  n e i t h e r  c o s t s  no r  
b e n e f i t s .  For  them, n o i s e  annoyance i s  o f f s e t  by a  lower  house p r i c e .  
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around t h e  s e t  o f  assumptions which were'made. These inc lude t h e  c r i t i c i s m  

t h a t  dep rec ia t i on  o f  house p rope r t y  due t o  no ise  represents marginal  r a t h e r  

than average annoyance and i s  dependent on t h e  r e l a t i v e  supp l ies  o f  q u i e t  

and no isy  houses. It a l s o  i n d i c a t e s  what sonleone w i l l  pay t o  escape noise 

r a t h e r  than what he needs t o  be compensated f o r  enduring i t . It i s  argued 

t h a t  t h e  l a t t e r  amount may g r e a t l y  exceed t h e  former and, there fo re ,  e s t i -  

mates o f  the  cos ts  i ncu r red  by the t h i r d  group noted above may be a r t i f i -  

c i a l l y  low. 

One r e s u l t  o f  t h e  London a i r p o r t  study which seems t o  be i n  conformance 

w i t h  o ther  s tud ies  i s  t h a t  higher-income res iden ts  would appear t o  p lace  

a  h igher  va lue  on q u i e t  than do lower-income res iden ts .  Plessas (12) 

r e p o r t s  " t he  low-income groups a re  l e s s  l i k e l y  than higher-income groups 

t o  show d i s t r e s s  w i t h  respec t  t o  noise; moreover, they a r e  l e s s  p o l i t i c i z e d ,  

l e s s  l i k e l y  t o  b r i n g  pressure t o  bear on a i r p o r t  a u t h o r i t i e s . "  The Jamaica 

Bay study ( I 3 )  suggests t h a t  these phenomena a r e  known t o  a i r l i n e  o f f i c i a l s ,  

who ' increasingly  employ f l i g h t  pa t te rns  over poorer  r e s i d e n t i a l  neighborhoods. 

It i s  c l e a r  t h a t ,  i n  n e a r l y  a l l  l and  value b e n e f i t  s tudies,  t o o  l i t t l e  

a t t e n t i o n  has been pa id  t o  the  e f f e c t s  o f  resident- income l e v e l  o r  t h e  

c a p i t a l i z a t i o n  o f  bene f i t s / cos ts  i n t o  p roper ty  values. Moreover, t h e  

i n t e r p r e t a t i o n  o f  what work has been done i n  t h i s  area may be mis leading.  

Recrea t i on 

A t h i r d  area where b e n e f i t s  have been assumed c a p i t a l i z e d  t o  land  

values i s  i n  connect ion w i t h  r e c r e a t i o n  and park f a c i l i t i e s .  The argument 

goes t h a t  land values w i l l  tend t o  be b i d  up i n  response t o  the  l o c a t i o n  o f  

a r e c r e a t i o n a l  f a c i l i t y ,  and they w i l l  be b i d  s t i l l  h igher  i f  loca ted  

c l o s e r  t o  the  f a c i l i t y .  Caughl in and ~ a m m e r ( ~ )  i n  a  study o f  a  Ph i lade lph ia  

Park used a  regress ion  model t o  f i n d  p rope r t y  values (house and l and )  t o  be 

6.8% higher  a t  40 f e e t  f rom the  park, 1.4% higher  a t  1,000 f e e t ,  and 0.6% 

higher  a t  2,500 f e e t .  Measurement problems associated w i t h  es t ima t i ng  

these grad ien ts  a r e  subs tan t i a l ,  and some s tud ies  have met w i t h  l i t t l e  

e r r~p i r l ca l  success. Weicher and ~ e r b s t ! ~ ' )  i n  s tudying f i v e  parks i n  t h e  

Columbus, Ohio area, use a  regress ion  model t o  conclude t h a t  p r o p e r t i e s  

f a c i n g  a  park s e l l  f o r  23% more than do i d e n t i c a l  p rope r t i es  elsewhere. 



Hendon ( I 4 )  has s tud ied  t he  i n t e r e s t i n g  park-school combinat ion e f f e c t  

on l and  va lues.  I n  theory,  i t  m igh t  be expected t h a t  schools  c r e a t e  

nuisance va lue  f o r  r e s i d e n t i a l  groups who l i v e  immediate ly  ad jacen t  t o  them. 

On t h e  o t h e r  hand, i n  c e r t a i n  cases, parks may c r e a t e  increased r e s i d e n t i a l  

p r o p e r t y  va lues.  Hendon's s tudy was an a t tempt  t o  es t ima te  t h e  n e t  prop- 

e r t y  va lue  e f f e c t  o f  a  park-school combinat ion. Because o f  e m p i r i c a l  

e s t i m a t i o n  and da ta  problems, the  r e s u l t s  o f  h i s  case s tudy  i n  Da l l as ,  

Texas were inde te rmina te .  

I n  genera l  t h e r e  i s  much f a u l t  t o  be found w i t h  t he  r e c r e a t i o n  b e n e f i t s -  

land  v a l u e  s tudy.  Most o f  t h e  c r i t i c i s m ,  however, has t o  do w i t h  t h e  data 

used i n  t he  s t u d i e s  and w i t h  t h e  s p e c i f i c  e s t i m a t i o n  techniques.  These 

i ssues  w i l l  be d e a l t  w i t h  i n  t h e  e m p i r i c a l  methods which f o l l o w .  

T ranspo r ta t i on  

I n  t h e  t r a n s p o r t a t i o n  f i e l d ,  economists and geographers have long  

at tempted t o  va lue  t r a v e l  t ime t o  i n d i v i d u a l s  by re fe rence  t o  p r o p e r t y  

va lue  v a r i a t i o n s  w i t h i n  t h e  c i t y .  E a r l y  s tud ies ,  such as t h a t  by Mohring 

and ~ a r w i  t z ( l  on t r a n s p o r t a t i o n ,  n e i t h e r  looked a t  p r o p e r t y  va lue  changes 

as a  d i r e c t  b e n e f i t  measure nor  cons idered the  e f f e c t s  o f  d i f f e r e n t  cap i -  

t a l i z a t i o n  r a t e s  on t h e  model. Us ing Mohring and H a r w i t z ' s  work as an 

example, however, we can t rans fo rm these s t u d i e s  i n t o  a  s t y l e  t h a t  does 

e x p l i c i t l y  t r e a t  l a n d  va lue  changes. Fu r the r  i t  i s  easy t o  expose i m p l i c i t  

assumptions t h a t  p o i n t  t o  a  r a t h e r  r i g i d  cons ide ra t i on  o f  c a p i t a l i z a t i o n  

models. Mohring and Harw i tz  e x p l a i n  observed var iance  i n  r e n t  as a  func-  

t i o n  o f  t r a v e l  t ime d i f f e r e n t i a l s .  The i r  t rea tment  o f  t h e  b e n e f i t s  o f  

highway investments  r e q u i r e s  t h a t  t h e  va lue  o f  t i m e  savings be t o t a l l y  

c a p i t a l i z e d  i n t o  l and  va lues.  The i r  bas i c  equa t ion  d e s c r i b i n g  such bene- 

f i t s  i s :  

where Ri, R .  = s i t e  r e n t s  a t  i, j 
J 

N = nurnber o f  t r i p s  taken t o  t h e  c e n t r a l  area 

Ti, T .  = t r a v e l  t ime f rom i and j t o  t he  c e n t r a l  area 
J 

and V T  = va lue  o f  t r a v e l  t ime.  



While, e m p i r i c a l l y ,  many o the r  cons idera t ions  o f  s i t e  a t t r a c t i v e n e s s  must 

be entered i n t o  t he  equation, Equation (14) can be solved f o r  VT, 

I n  t h i s  con tex t ,  t he  b e n e f i t s  o f  a  t r anspo r t  improvement--the va lue o f  t ime 

saved--may be descr ibed as: 

AT.VT = AT. -+ 
where AT i s  t he  reduc t i on  i n  t ime necessary t o  g e t  f rom i o r  j t o  t h e  cen- 

t r a l  area. 

The assumption o f  f u l l  c a p i t a l i z a t i o n  o f  t ime-saving b e n e f i t s  i n t o  

s i t e  r e n t s  i s  made c l e a r e r  by assuming t h a t  i and j are  the  same p rope r t y  

bu t  i i s  before and j a f t e r  the  t r a n s p o r t a t i o n  p r o j e c t .  The value o f  t ime 

i s  assumed t o  be a  constant  and the  n e t  change i n  t o t a l  t ime  spent i n  

g e t t i n g  from the  p rope r t y  i n  ques t ion  t o  the  c e n t r a l  area i s  2N(Tj - Ti ), 

t h a t  i s ,  

Apply ing (1 7 )  t o  (1 6 )  we can o b t a i n  t ime-saving bene f i t s :  

AT.VT = Ri - R .  = AR 
J (18) 

where AR i s  the  land  value increment associated w i t h  t h i s  p rope r t y  and due 

t o  t h e  t r a n s p o r t a t i o n  p r o j e c t .  A l l  b e n e f i t s  a re  r e f l e c t e d  i n  t h i s  i n c r e -  

ment; t h a t  i s ,  there  i s  an assumption o f  100% c a p i t a l i z a t i o n  o f  b e n e f i t s .  

Flood Cont ro l  (16) 

An i n t e r e s t i n g  group o f  s tud ies  o f  a g r i c u l t u r a l  f l o o d  c o n t r o l  b e n e f i t s  

and land values has been conducted by the  Economic Research Serv ice (ERS) 

of the  Uni ted States Department o f  A g r i c u l t u r e  f o r  t he  Army Corps o f  

Engineers. (32) These s tud ies  invo lved  developing and t e s t i n g  a  methodology 

f o r  us ing  land  values t o  est imate b e n e f i t s  t o  a g r i c u l t u r a l  land  from 



f 1  ood-con t ro l  p r o j e c t s ,  and t h e r e f o r e  t h e y  r e p r e s e n t  an a t t e m p t  by t h e  

Corps t o  c o n s i d e r  a l t e r n a t i v e  procedures f o r  e s t i m a t i n g  one t y p e  o f  wa te r  

r e s o u r c e  development b e n e f i t .  

The a n a l y t i c a l  procedure adopted was t h e  mu1 t i p l e - r e g r e s s i o n  model t o  

e s t i m a t e  t h e  d i f f e r e n t i a l  l a n d  v a l u e  e f f e c t  r e s u l t i n g  f rom t h e  reduced 

p r o b a b i l i t y  o f  f l o o d i n g .  I n  one o f  t h e  ERS s t u d i e s ,  t h e  c o e f f i c i e n t s  f o r  

a  r e g r e s s i o n  e q u a t i o n  i n v o l v i n g  t h e  de te rm inan ts  o f  v a l u e  were e s t i m a t e d  

f o r  l a n d  w i t h  no f l o o d  r i s k ;  these c o e f f i c i e n t s  were then  used t o  c a l c u l a t e  

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

f u l l y  p r o t e c t e d  v a l u e  p e r m i t t e d  t h e  c a l c u l a t i o n  o f  a  d i f f e r e n c e  between 

t h e  per -ac re  p r i c e  o f  l a n d  i n  t h e  f l o o d p l a i n  and t h e  p r i c e  o f  t h i s  l a n d  i f  

i t  were f u l l y  p r o t e c t e d ;  t h i s  d i f f e r e n t i a l  was used as t h e  dependent v a r i -  

a b l e  i n  t h e  r e g r e s s i o n  a n a l y s i s .  I n  ano ther  s t u d y  f o l l o w i n g  t h e  ERS 

methodology, t h e  dependent v a r i a b l e  was t h e  per -ac re  v a l u e  o f  t h e  fa rm 

w i t h o u t  improvements. I n  b o t h  t e s t s  o f  t h e  methodology, a  l a r g e  number o f  

v a r i a b l e s  t h a t  m i g h t  be expected t o  . in f luence fa rm l a n d  va lues  (such as t h e  

s i z e  o f  t h e  t r a c t ,  ac res  o f  c rop land ,  and qua1 i ty o f  t h e  s o i l  ) were employed 

as independent  v a r i a b l e s .  To these  v a r i a b l e s  a  number of terms r e f l e c t i n g  

t h e  r i s k  o f  f l o o d i n g  were added t o  measure t h e  e f f e c t  o f  f l o o d i n g  on l a n d  

v a l  ues. 

These a p p l i c a t i o n s  o r  t e s t s  o f  t h e  ERS methodology were made i n  d i f -  

f e r e n t  r i v e r  bas ins .  The f i r s t  i n v o l v e d  t h r e e  s tudy  areas i n  t h e  Wabash 

R i v e r  b a s i n  (upper Wabash, lower  Wabash, and White R i v e r )  w i t h  a  c o n s i d e r -  

a b l e  d i f f e r e n c e  i n  t h e  geographic  c h a r a c t e r  o f  t h e  land .  I n  t h e  upper and 

lower  Wa bash areas,  a f t e r  c o n t r o l  1  i n g  f o r  d i f f e r e n c e s  i n  p r o d u c t i v i t y ,  

topo logy ,  l o c a t i o n ,  and d a t e  o f  t h e  sa le ,  a  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 t i a l  was found  i n  t h e  v a l u e  o f  l a n d  p e r  a c r e  a s s o c i a t e d  w i t h  f l o o d  

r i s k  between farms l o c a t e d  on t h e  f l o o d p l a i n  and t h e  up land a rea  a d j a c e n t  

t o  t h e  f l o o d  p l a i n s .  I n  t h e  White R i v e r  a n a l y s i s  t h e  d i f f e r e n t i a l  i n  l a n d  

v a l u e s  a s s o c i a t e d  w i t h  f l o o d  r i s k s  c o u l d  n o t  be e s t a b l i s h e d .  'The Wabash 

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

f l o o d - c o n t r o l  p r o j e c t .  There was a l s o  a  q u a n t i f i c a t i o n  o f  t h e  b e n e f i t  t h a t  

m i g h t  be expected i f  new f l o o d - c o n t r o l  p r o j e c t s  were under taken.  



The second a p p l i c a t i o n  o f  t h e  ERS methodology was f o r  the  Sa in t  

Joseph reaches .of the Missour i  River .  Th is  s tudy area contained some 

levees (bo th  p u b l i c  and p r i v a t e ) ,  a  f a c t  which enabled the study t o  r e l a t e  

land  values t o  an e x i s t i n g  water development f a c i l i t y .  Again th ree  study 

areas were employed: an unpro tec ted  f l o o d p l a i n  area, a  p ro tec ted  f l o o d p l a i n  

area, and an adjacent  upland area. The r e s u l t s  o f  the Missour i  a p p l i c a t i o n  

gene ra l l y  r e i n f o r c e d  those o f  t he  Wabash a p p l i c a t i o n  i n  t h a t  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 t i a l  s  were es tab l  i shed between d i f f e rences  i n  1  and 

values and f l o o d  r i s k s .  

While these p r o j e c t s  ass ign a  d o l l a r  va lue  t o  f l o o d  p ro tec t i on ,  they  

do so on l y  w i t h  a  r a t h e r  low l e v e l  o f  conf idence. I n  the  Missour i  R iver  

study; i t  was found t h a t  t he  average premium f o r  f l o o d  p r o t e c t i o n  was $25 

per acre but  t h e  i n t e r v a l  necessary f o r  a  90% l e v e l  o f  conf idence was 

$0 t o  $50. Th i s  same s o r t  o f  wide conf idence i n t e r v a l  was found i n  t he  

upper Wabash study, where the va lue  o f  f l o o d  p r o t e c t i o n  was est imated t o  

be $49 per  acre, w i t h  a  $1 4  t o  $84 range requ i red  f o r  a  90% 1  eve1 . I n  the  

lower  abash the  f l o o d  p r o t e c t i o n  was est imated t o  be $5.89 per  acre  per  

year--wi t h  a  range o f  $5.06 t o  $6.72. While these ranges a r e  q u i t e  l a r g e  

and seem t o  have t roub led  the  Corps, they  may n o t  be any g rea te r  than the  

ranges o f  t h e  est imates o f  t h e  Corps' b e n e f i t s  i f  a  conf idence i n t e r v a l  

cou ld  be c a l c u l a t e d  f o r  i t s  est imates. 

For t he  Wabash study i t  i s  poss ib le  t o  compare the  ERS es t imates  o f  

b e n e f i t s  w i t h  independent b e n e f i t  est imates made by the Corps through i t s  

standard es t ima t i ng  procedure. I n  t he  upper Wabash the  Corps' es t imate  

o f  b e n e f i t s  was $40 per acre-reasonably c l ose  t o  the  $49 ERS es t imate  

and w e l l  w i t h i n  the  $14 t o  $84 range. For t h e  lower Wabash es t imate  the  

Corps and ERS est imates a re  somewhat c l o s e r  ($6.81 versus $5.89), bu t  t h e  

Corps' es t imate  i s  s l i g h t l y  above the  upper bound of t he  conf idence range 

o f  $6.72. 

Thus, the  ERS procedure seems t o  produce est imates t h a t  1  ) have a  

r e l a l i v e l y  h i g h  standard e r r o r  bu t  2) a re  w i t h i n  20% o r  so o f  Corps' 

est imate. 



Other S tud ies  

Scores o f  o t h e r  s t u d i e s  o f  t h e  e f f e c t s  o f  p u b l i c  investments  on land  

va lues  have been undertaken, w i t h  wide v a r i a t i o n s  i n  e m p i r i c a l  r e s u l t s .  

~ o u r s e ! ' ~ )  Rothenberg, ( I 8 )  and Schafer ') have at tempted t o  measure t h e  

e f f e c t s  o f  increased i n t e n s i t y  o f  low-income housing on neighborhood prop- 

e r t y  va lues.  N e i t h e r  Nourse nor  Schafer found any r e l a t i o n s h i p  between 

t h e  inc idence  o f  low-income housing and neighborhood p r o p e r t y  va lues .  

B. THE EMPIRICAL APPROACH 

There a re  a  number o f  p o s s i b l e  methods f o r  e s t i m a t i n g  t h e  l and  va lue  

e f f e c t s  o f  p u b l i c  investments,  o r  i n  t h i s  case, o f  TTL. The measurement 

problem i s  compl icated by severa l  issues,  e.g., how does one o b t a i n  ade- 

quate p r o p e r t y  va lue  da ta?  How can t h e  e f f e c t s  o f  " o the r  f a c t o r s "  be 

ad jus ted  f o r ?  Should c ross -sec t i on  o r  t ime  s e r i e s  da ta  be used? I t  

should be noted t h a t  a  comple te ly  s a t i s f a c t o r y  measurement techn ique  has 

y e t  t o  be developed, and, as noted above, t he  many d i f f e r e n t  approaches 

taken have y i e l d e d  a  s u b s t a n t i a l  range o f  r e s u l t s .  

The nieasurement problem m igh t  be d i v i d e d  i n t o  a )  t h e  problem o f  

measuring t he  dependent, p r o p e r t y  va lue  v a r i a b l e ,  and b )  t he  problem o f  

d e f i n i n g  t h e  app rop r i a te  e s t i m a t i n g  technique.  T h i s  s e c t i o n  w i l l  r ev i ew  

t h e  techniques which have been used, f ocus ing  on how these two problems 

have been faced i n  p a s t  work. 

Measuring t he  P rope r t y  Value V a r i a b l e  

Four d i f f e r e n t  approaches have been taken t o  measuring t h e  p r o p e r t y  

va lue  var iab le-census housing va lue  data,  t a x  assessor ' s  r o l l s  on assessed 

p r o p e r t y  values, judgmental a p p r a i s a l s  by r e a l  e s t a t e  agents, and a c t u a l  

t r a n s a c t i o n s  da ta .  A l l  f o u r  have ma jo r  s t r eng ths  and weaknesses. 

Census Data 

R idker  and ~ e n n i n ~ , ( ~ )  i n  t h e i r  s tudy  o f  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  abatement, used t h e  median va lue  o f  owner occupied d w e l l i n g  u n i t s  as 
8 

r e p o r t e d  i n  t h e  decennia l  popu la t i on  census. There a re  some advantages 



t o  us i ng  census data.  It i s  e a s i l y  taken f rom pub l i shed  volumes on a  

census t r a c t  bas is .  As Henning and Ridker  p o i n t  ou t ,  t h e r e  a r e  some 

advantages t o  u t i l i z i n g  averages by census t r a c t s  i ns tead  o f  i n d i v i d u a l  

observa t ions-e r ro rs  i n  e s t i m a t i n g  the va lues o f  i n d i v i d u a l  houses tend 

t o  cancel  ou t ;  fewer exp lana to ry  va r i ab les ,  p a r t i c u l a r l y  those r e l a t e d  t o  

t h e  i d i o c y n c r a s i e s  o f  i n d i v i d u a l  houses and t h e i r  owners, need be considered; 

and t h e  a i r  p o l l u t i o n  data may be a c c u r a t e l y  app l i ed  t o  neighborhoods. On 

t he  o t h e r  hand, t h e r e  a r e  a  number o f  problems w i t h  us ing  census t r a c t  

data-the va lues a r e  based on homeowner es t imates  and consequent ly t h e r e  

i s  a  danger t h a t  l a r g e  response e r r o r s  a r e  present ;  t h e  da ta  o n l y  cover  

owner-occupied u n i t s  and exc lude r e n t e r s ;  and these data a r e  a v a i l a b l e  

o n l y  every  t en  years.  F i n a l l y ,  t h e r e  i s  the  problem t h a t  census da ta  a r e  

n o t  presented on an i n d i v i d u a l  housing u n i t  bas is  and, there fo re ,  f o r  

c e r t a i n  types o f  problems, i t  would n o t  be u s e f u l .  Th i s  i s  p a r t i c u l a r l y  

t r u e  i n  t h e  case o f  t h e  TTL problem, where t h e  p r o p e r t y  va lue  da ta  would 

need t o  be measured f o r  perhaps a  row o f  houses a long  a  b l ock  r a t h e r  than 

f o r  an e n t i r e  census t r a c t .  I n  genera l ,  t he  census p r o p e r t y  va lue  i n f o r -  

mat ion would seem t o  be o f  l i t t l e  use i n  t h e  TTL problem. 

Assessed P r o ~ e r t v  Values 

A  number o f  's tud ies have r e l i e d  on p r o p e r t y  t a x  assessed va lue  as a  

measure o f  p r o p e r t y  va lue .  Assessed va lues have t h e  advantage o f  

be ing  a v a i l a b l e  on an annual bas i s  f o r  i n d i v i d u a l  p r o p e r t i e s .  Assessed 

va lue,  however, compared t o  sa les  p r i c e ,  i s  an i n f e r i o r  p roxy  because i t  

may n o t  r e f l e c t  a  f r e e  market express ion o f  d i f f e r e n t  i n d i v i d u a l  eva lu-  

a t i o n s  o f  p r o p e r t y  r e l a t i v e  t o  o the r  purchase op t ions .  A t  worst ,  i t  may 

r e f l e c t  o n l y  what t h e  assessor f e e l s  d i f f e r e n t  f ea tu res  o f  a  p r o p e r t y  a r e  

worth.  I n  t h d t  sense, an a n a l y s i s  o f  p r o p e r t y  va lue  d i f f e r e n t i a l s  as 

m igh t  occur i n  response t o  t h e  i n s t a l l a t i o n  o f  a  p u b l i c  f a c i l i t y  may revea l  

o n l y  t h e  assessor ' s  e v a l u a t i o n  o f  t h e  e f f e c t  o f  t h a t  f a c i l i t y  on p r o p e r t y  

va lues.  Given t he  workload o f  assessors, t h e i r  o f t e n  judgmental approach 

and t h e i r  s u s c e p t i b i l i t y  t o  p o l i t i c a l  pressures, assessed va lues would 

seem an undes i rab le  measure o f  p r o p e r t y  va lues  f o r  t h e  purposes a t  hand. 



Real Es ta te  A ~ ~ r a i  sa l  s  

Perhaps the  least-used approach t o  es t ima t i ng  the  p rope r t y  va lue  

e f f e c t s  o f  c e r t a i n  investment types i s  t h e  i n t e r v i e w i n g  o f  r e a l  e s t a t e  

agents. T h i s  approach was taken i n  t he  Th i rd  London A i r p o r t  Study. 

C lea r l y ,  t he re  a r e  disadvantages t o  t h i s  approach, t he  most impor tan t  one 

being t h a t  the  agen t ' s  eva lua t i on  i s  sub jec t i ve .  P a r t i c u l a r l y  i f  the  

p u b l i c  f a c i l i t y  i n  quest ion i s  a  r e l a t i v e l y  new phenomenon i n  t he  area, 

these judgments could r e s u l t  i n  l i t t l e  more than a  guess. On the  o the r  

hand, the  l a rge  number o f  r e a l  e s t a t e  agents i n  a  p a r t i c u l a r  area should 

be s u f f i c i e n t  t o  cross-check the  est imates obtained. Moreover, t he  basic  

i n fo rma t i on  a v a i l a b l e  t o  r e a l  es ta te  agents should p rov ide  documentation 

o f  ask ing pr ices ,  b i d  p r ices ,  and f i n a l  sa le  p r i ces .  

Transact ion Pr ices  

The most common method o f  measuring p rope r t y  values i s  through t h e  

use o f  a c t u a l  sa les  p r i ces .  ( l  ' 2 y 1 5 y 1 9 y 2 0 y 2 1  ) These da ta  a re  r e a d i l y  a v a i l -  

ab le  from e i t h e r  t he  t a x  assessor 's  o f f i c e  o r  t he  land t ransac t i ons  o f f i c e .  

Unless the re  i s  some spec ia l  arrangement between buyer and s e l l e r ,  t he  

s ta ted  p r i c e  g e n e r a l l y  represents t h e  market va lue o f  t he  p rope r t y .  The 

disadvantage, o f  course, i s  t h a t  such data on p rope r t y  values a r e  a v a i l  - 
a b l e  o n l y  f o r  years i n  which t ransac t i ons  take  place and consequent ly a r e  

i n f l uenced  by market cond i t i ons  i n  t h a t  p a r t i c u l a r  year .  As a  r e s u l t ,  t he  

use o f  e i t h e r  t ime se r i es  o r  c ross-sec t ion  ana l ys i s  r e q u i r e s  t h a t  the  

observed sales va lue data be adjusted t o  r e f l e c t  these p e c u l i a r i t i e s .  

Framing t h e  Empi r i ca l  Approach 

Two approaches have been taken t o  es t ima t i ng  the  p rope r t y  va lue  

e f f e c t s  o f  a  p u b l i c  investment. They a r e  s i m i l a r  i n  t h a t  bo th  compare 

p r o p e r t y  va lues i n  t h e  a f f e c t e d  area w i t h  those i n  a  c o n t r o l  area. They 

d i f f e r  i n  t h a t  one uses o n l y  c ross-sec t ion  data wh i l e  t he  o the r  uses pooled 

c ross-sec t ion  and t ime se r i es  data. 

The pure c ross-sec t ion  approach i s  s t ra igh t fo rward  i n  t h a t  i t  compares 

est imated p rope r t y  va lues f o r  a  s e t  o f  a f f e c t e d  and nonaf fec ted  p r o p e r t i e s  



a t  a  g iven  p o i n t  i n  t ime.  The est imated d i f f e r e n c e  i n  t h e  p r o p e r t y  va lues  

i s  taken as t h e  e f f e c t  o f  t h e  p u b l i c  investment  i n  ques t ion .  

The pooled c ross-sec t ion ,  t ime  s e r i e s  technique i s  more compl icated.  

The procedure appears q u i t e  s imple on t he  sur face.  P rope r t y  va lues i n  t h e  

" p r o j e c t "  area a r e  compared w i t h  p r o p e r t y  va lues i n  a  s im i  1  a r  " c o n t r o l  " 
area over a  pe r i od  which i nc l udes  i n s t a l l a t i o n  o f  t he  p r o j e c t .  The d i f f e r -  

ence i n  p r o p e r t y  va lue  inc rease  observed d u r i n g  t h e  r e l e v a n t  p e r i o d  i s  

approx imate ly  t he  r e s u l t  des i r ed  here. There are,  however, two r e l a t i v e l y  

se r i ous  measurement problems t o  be d e a l t  w i t h  i n  t h i s  c o n t e x t .  The f i r s t  

i s  t h e  ad justment  o f  t h e  da ta  f o r  d i f f e r e n c e s  between t h e  c o n t r o l  and p r o j -  

e c t  areas which may d i s t o r t  t h e  r e s u l t s .  The second has t o  do w i t h  t h e  

development o f  a  technique f o r  t he  sheer hand1 i n g  o f  such a mass o f  data,  

i .e . ,  comparing c o n t r o l  and p r o j e c t  area p r o p e r t y  va lue  inc reases  when va lue 

observa t ions  a r e  a v a i l a b l e  f o r  i n d i v i d u a l  p a r c e l s  f o r  d i f f e r e n t  yea rs  i n  

t h e  se r i es .  The e m p i r i c a l  method which has been developed t o  deal  w i t h  

these problems i s  presented i n  some d e t a i l  i n  t h e  n e x t  sec t i on .  

The t h e o r e t i c a l  model presented above suggests t h a t  an investment  w i l l  

have immediate p r o p e r t y  va lue  e f f e c t s  i n  those areas where p r o p e r t i e s  a r e  

i n t r i n s i c a l l y  changed by t he  investment .  Such an area i s  c a l l e d  a " p r o j e c t "  

area.  I n  o the r  areas where p r o p e r t i e s  a r e  n o t  i n t r i n s i c a l l y  a f f e c t e d  by 

t h e  investment,  t h e r e  i s  no genera l  e q u i l i b r i u m  l and  va lue  r e a c t i o n  t o  t h e  

investment.  That  i s ,  t h e  investment  i n  t he  p r o j e c t  area has no e f f e c t  on 

l and  va lue  i n  these areas.  When chosen on a bas i s  o f  s i m i l a r i t y  w i t h  t h e  

p r o j e c t  area, these nonaf fec ted  areas a r e  des ignated here as " c o n t r o l "  

areas. 

The choosing o f  a  " c o n t r o l "  area which bears app rop r i a te  s i m i l a r i t y  

t o  t h e  p r o j e c t ,  o r  s tudy  area, poses cons iderab le  d i f f i c u l t y .  However, 

such s i m i l a r i t y  i s  o f  g r e a t  importance because o f  t h e  need t o  cancel  o u t  as 

many exogenous i n f l u e n c e s  as poss i  b l  e  w i t h o u t  d i r e c t  ad justments  i n  t h e  

model. Wi th  respec t  t o  t h e  o b j e c t i v e s  here, t he  s i m i l a r i t y  sought has t o  

do w i t h  t he  mean and var iance  o f  v a r i a b l e s  such as housing and p o p u l a t i o n  

dens i t y ,  income, age and va lue  o f  housing, e t h n i c  mix,  and l o c a t i o n  w i t h i n  



t h e  metropol  i t a n  area. Choosing areas w i t h  these s i m i l a r i t i e s  should avo id  

d i r e c t  a n a l y s i s  o f  many o f  t he  bas ic  f a c t o r s  a f f e c t i n g  land  va lue  growth. 

The c o n t r o l  area i s  expected t o  r e a c t  i d e n t i c a l l y  ( t o  t he  p r o j e c t  a rea )  i n  . 
response t o  any change o the r  than t h e  investment  i t s e l f .  The c o n t r o l  area 

i n fo rma t i on  g e n e r a l l y  lends i t s e l f  as a  c o r r e c t i o n  f o r  long-  and sho r t - r un  

secu la r  and c y c l i c a l  t r ends  i n  t h e  p r o j e c t  area data,  i . e . ,  except  f o r  

pe r i ods  when t h e  p r o j e c t  area has been in f luenced by t he  investment,  t h e  

p r o j e c t  and c o n t r o l  areas should have i d e n t i c a l  t ime t r ends  i n  p r o p e r t y  

va lues.  Dur ing t h e  pe r i ods  when t h e  investment  a f f e c t s  p r o p e r t y  values, 

t h e  t i m e  t r ends  on p r o j e c t  and c o n t r o l  area p r o p e r t y  va lues  d i ve rge .  It 

i s  t h i s  d ivergence which we w ish  t o  measure. 

ALTERNATIVE ESTIMATION MODELS 

The f o l l o w i n g  d e s c r i p t i o n s  i l l u s t r a t e  t he  range o f  p o s s i b i l i t i e s  f o r  

s t a t i s t i c a l  a n a l y s i s :  1 )  a  na i ve  ana l ys i s ,  2 )  a  pure c ross -sec t i on  study, 

3 )  a  pooled c ross -sec t i on  t i m e  s e r i e s  ana l ys i s ,  and 4) a  r e c r e a t i o n  bene- 

f i t s  a n a l y s i s  where l and  va lue  e f f e c t s  a r e  measured i n  terms of d i s t ance  

f rom t h e  r e c r e a t i o n  f a c i l i t y .  

The Naive Approach 

A n a i v e  approach, as used here, w i l l  r e f e r  t o  an a n a l y s i s  which dea ls  

w i t h  t h e  problem on an i n t u i t i v e  bas i s  and which does n o t  p resen t  e i t h e r  

t h e  t h e o r e t i c a l  underp inn ings o f  t h e  a n a l y s i s  o r  a t tempt  t o  r e s o l v e  t he  

more d i f f i c u l t  e m p i r i c a l  problems. 

An example o f  a  na i ve  a n a l y s i s  may be drawn f rom t h e  s tudy  o f  t h e  

e f f e c t s  o f  TTL on p r o p e r t y  va lues  i n  Montergomery, P r i nce  George, and 

Howard Count ies,  Maryland. ( 22 )  The approach taken i n  t h i s  s tudy  i s  i n t u i -  

t i v e  and s t r a i gh t f o rwa rd .  I n  each o f  n i n e  subd iv is ions ,  p r o p e r t i e s  were 

d i v i d e d  i n t o  those ad jacen t  t o  t he  t ransmiss ion  f a c i l i t i e s  and those n o t  

ad jacen t .  The l a t t e r  a r e  taken as the  c o n t r o l  p r o p e r t i e s .  I n  sma l l e r  

subd i v i s i ons ,  a l l  o f  t h e  p r o p e r t i e s  were inc luded  i n  t h e  a n a l y s i s .  I n  

l a r g e r  subd i v i s i ons ,  a  sample o f  comparable p rope r t i es ,  two t o  four  t imes  

t h e  number o f  l o t s  ad jacen t  t o  t h e  r igh t -o f -way  were chosen as t h e  c o n t r o l  



area.  A l l  sa l es  r eco rds  f o r  each p r o p e r t y  i n  t h e  sample were then compi led,  

w i t h  s t a t e  and. f e d e r a l  revenue stamps used t o  determine t o t a l  c o n s i d e r a t i o n  

o f  each sa le .  

Whi le  t h e  researchers  were appa ren t l y  c a r e f u l  i n  t h e i r  a t tempt  t o  

s e l e c t  con~parable  c o n t r o l  areas, a t  l e a s t  two se r i ous  problems remain w i t h  

t h e  a n a l y s i s .  One i s  t h a t  no a t tempt  i s  made t o  a d j u s t  t h e  percen t  prop- 

e r t y  v a l u e  inc rease  between sa les  f o r  t h e  year  i n  which t h e  s a l e  took  

p lace.  C l e a r l y ,  changes i n  t h e  genera l  economy and i n  t h e  housing market  

i n  p a r t i c u l a r  would suggest t h a t ,  f o r  example, a  f o u r  pe rcen t  annual 

i n c rease  between 1951 and 1955 and f o u r  pe rcen t  annual i nc rease  between 

1961 and 1965 may n o t  be comparable f i g u r e s .  The second and perhaps more 

impo r tan t  problem w i t h  t h i s  a n a l y s i s  i s  t h a t  t h e  observed d i f f e r e n c e s  i n  

t h e  p r o p e r t y  va l ue  inc rease  between ad jacen t  and nonadjacent p r o p e r t i e s  

were never t e s t e d  f o r  s i g n i f i c a n c e .  Since t h e r e  i s  a  s u b s t a n t i a l  v a r i a t i o n  

i n  t h e  observed r a t e s  o f  p r o p e r t y  va l ue  inc rease ,  i t  would have been u s e f u l  

t o  determine whether t h e  d i f f e r e n c e s  between ad jacen t  and o t h e r  p r o p e r t i e s ,  

observed i n  mean va lue  inc rease ,  a re  i n  f a c t  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  Cross-Sect ion Approach 

A  good example o f  t he  c ross - sec t i on  approach i s  t h e  Henning-Ridker (8 

a i r  p o l l u t i o n  s tudy.  They a t t emp t  t o  measure t h e  e f f e c t s  o f  d i f f e r e n t  

l e v e l s  o f  a i r  p o l l u t i o n  on housing va lues.  For  p o l l u t i o n ,  t h e y  use a  

measure o f  s u l f a t i o n  l e v e l  which i s  an i ndex  i n d i c a t - i v g  t he  presence o f  

SO2, SO3, H2S, H2S04, and i n  some ins tances  d u s t f a l l .  They i n c l u d e  a  num- 

be r  o f  o t h e r  independent v a r i a b l e s  t o  a d j u s t  f o r  o t he r  p o p u l a t i o n  and 

housing c h a r a c t e r i s t i c s .  The r e s u l t s  o f  t h e i r  r eg ress i ons  on da ta  f o r  

167 census t r a c t s  a r e  presented here i n  Table  9. From t h e  equa t ion  p re -  

sented i n  Table  9, i t  may be es t imated  t h a t  a  drop i n  t h e  s u l f a t i o n  l e v e l  
2  o f  0.25mg/lOOcm /day would inc rease  p r o p e r t y  va lues  by  $245. 

A  Pooled Cross-Sect ion,  Time Se r i es  Approach 

Another approach would compare a  " p r o j e c t "  and " c o n t r o l "  area ove r  a  

p e r i o d  o f  t ime  t o  measure t he  l and  va lue  e f f e c t s .  V a r i a n t s  o f  t h i s  approach 

a r e  used i n  Ba i l ey ,  Muth, and Nourse (23) and Bahl , Coel en and Warford. (1 92) 
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The basic data used in such an analysis are recorded sales values. 

However, properties sel l  a t  irregular intervals with the resul t  tha t ,  over 

a study period of any given number of years, sales value data are available 

for  different properties in different years. To i l lu s t r a t e  the problem, 

assume that  sales value data were recorded for  N properties in the control 

and project areas over a period of t years. I t  would be possible to  com- 

pute a rate  of growth in property value between any two years, for  any 

property which sold between those two years. These rates  of growth might 

be arrayed in the following type of table: 

Property 
Number Combinations of Years 

1 rOgl 2 rOgl 3 rOgl t r0g23 r0g2t  rOgt-l , t 
2 rOgl 2 rOgl 3 rOgl t r0g23 r0g2t  rog t -1  , t  

3 rOgl 2 rOgl 3 rOgl t r0g23 r0g2t  rOgt-l ,t 

where rog12 i s  the compound rate  of growth in property value between years 

1 and 2,  and rogZt the ra te  of growth between year 2 and the year t (the 
l a s t  year included in the study). If the f i r s t  K rows in the table repre- 

sent properties in the project area, i f  rows K+1 to  N represent properties 

in the control area, - and i f  property sold every year so that  every rogij 

could be calculated ( i . e . ,  every cel l  could be f i l l e d ) ,  the estimation 



o f  the  p rope r t y  va lue e f f e c t s  o f  the  investment would be s t ra igh t fo rward .  

That i s ,  t h e  d i f f e r e n c e  between the  average r a t e s  o f  growth i n  t he  p r o j e c t  

and c o n t r o l  areas around the  " investment year"  would y i e l d  t h e  p rope r t y  

va lue  e f f e c t  o f  t h e  investment. I n  p rac t i ce ,  the f a c t  t h a t  a l l  p r o p e r t i e s  

do n o t  s e l l  every year  cor~lpl i c a t e s  the  es t ima t i on  process cons iderab ly .  

It becomes necessary t o  use those data on sales values which a r e  a v a i l a b l e  

t o  impute values f o r  t he  miss ing  rogi j, i .en ,  t o  est imate on the  bas is  o f  

e x i s t i n g  data on r a t e s  o f  growth i n  value what t he  r a t e  o f  growth i n  va lue  

would have been had each p rope r t y  so ld  every year .  'The comparison between 

p r o j e c t  and c o n t r o l  area p rope r t y  va lue growth r a t e s  may then proceed 

us ing  t h e  m i x t u r e  o f  observed and imputed growth ra tes .  

The t o t a l  procedure requ i res  e i g h t  steps. F i r s t ,  t he  observed r a t e  

o f  growth between any 2  years when t h e  p rope r t y  so ld  i s  ca l cu la ted .  I f  a  

proper ty  so ld  i n  years 1, 7, and 12, o f  say, 20 years s tudied,  then  growth 

r a t e s  i n  va lue may be corr~puted between years 1  and 7, 1  and 12, and 7  and 

12. Second, the .growth  r a t e s  between every combinat ion o f  2  years f o r  

which data a r e  a v a i l a b l e  a r e  averaged separa te ly  f o r  t he  c o n t r o l  and p r o j -  

e c t  areas. For example, i f  f i v e  c o n t r o l  area p r o p e r t i e s  so ld  i n  both 

years 2  and 5  and had annual percent  growth r a t e s  i n  va lue  o f  4, 5, 5, 5, 

and 6 respec t i ve l y ,  then these a r e  averaged t o  show a  5% growth r a t e  f o r  

t he  c o n t r o l  area between years 2 and 5. Computed i n  t h i s  fash ion ,  t h e  

r e s u l t  o f  t h e  second step i s  one r o g  ( f o r  the  c o n t r o l  and p r o j e c t  areas 

separa te ly )  f o r  each p a i r  o f  years i n  which some p rope r t y  so ld.  

The t h i r d  s tep invo lves  adjustment o f  these average growth r a t e s  f o r  

under ly ing  d i f f e r e n c e s  between the  c o n t r o l  and p r o j e c t  areas which may 

a f f e c t  t h e  r a t e  o f  growth i n  p roper ty  values. S p e c i f i c a l l y ,  a  l i n e a r  

regress ion  i s  used (separa te ly  f o r  t h e  p r o j e c t  and c o n t r o l  areas)  t o  d e t e r -  

mine the  systematic r e l a t i o n s h i p  between d i f f e rences  i n  observed r a t e s  o f  

growth i n  va lue  between p a i r s  o f  years and t h e  corresponding d i f f e r e n c e s  

i n  t he  age o f  housing, t h e  area of housing, t h e  area o f  the proper ty ,  and 

i n  t h e  e x t e n t  o f  b u i l d i n g  a c t i v i t y  on vacant l o t s .  The r e s i d u a l s  from 

t h i s  regress ion  a r e  thought t o  be "c lean"  est imates o f  c o n t r o l  and p r o j e c t  

area d i f f e r e n c e s  i n  r a t e s  o f  land va lue  growth. 



To t h i s  p o i n t ,  t h e  a n a l y s i s  o n l y  uses da ta  on t h e  r a t e  o f  g rowth  

between years  i n  which sa les  a c t u a l l y  t ook  p lace,  and t h e r e  a re  no observed 

r a t e s  of g rowth  f o r  those p a i r s  o f  years  i n  which some p r o p e r t y  d i d  n o t  

s e l l .  The f o u r t h  s t ep  uses those da ta  wh ich  a r e  ava i l ab l e - t he  r e s i d u a l s  

descr ibed  above-to impute r a t e s  o f  growth f o r  a l l  p o s s i b l e  p a i r s  o f  con- 

t i guous  years .  Since, f o r  example, t h e  r a t e  o f  growth between years  2  

and 5  i s  some p roduc t  o f  t h e  r a t e s  o f  growth between 2  and 3, 3  and 4, and 

4  and 5, i t  f o l l o w s  t h a t ,  if t h e  growth r a t e s  between some p a i r s  o f  these 

yea rs  a re  known, t h e  o the rs  may be c a l c u l a t e d  o r  s t a t i s t i c a l l y  es t imated .  

T h i s  i s  done f o r  every  p a i r  o f  cont iguous years ,  sepa ra te l y  f o r  t h e  p r o j -  

e c t  and c o n t r o l  areas. By us i ng  t h e  r o g  i n  t h e  f i r s t  yea r  i n  t h e  s tudy  

as a  base and ass i gn ing  i t  a  va lue  o f  100, every  r o g  may be t ransformed 

i n t o  an index number, aga in  sepa ra te l y  f o r  t h e  p r o j e c t  and c o n t r o l  areas.  

A t  t h e  end o f  t h i s  s t ep  t h e r e  i s  one index nurnber f o r  every  year  i n  t h e  

s tudy.  For  example, i f  12 years  were be ing s tud ied ,  t h e r e  would be index 

numbers f o r  t h e  r a t e  o f  growth between 1  and 2, 2  and 3, 3  and 4, ....... 
11 and 12. 

The f i f t h  s t ep  i s  t o  determine t h e  t ime  t r e n d  i n  these index numbers 

f o r  t h e  c o n t r o l  area.  T h i s  i s  done by s imp l y  r eg ress i ng  t he  r o g  i n d i c e s  

a g a i n s t  a  t ime  dummy v a r i a b l e ,  e.g., f o r  t h e  va lue  index o f  year  1, t h e  

independent v a r i a b l e  takes on a  va l ue  o f  one, f o r  year  2  a  va l ue  o f  two, 

e t c .  I n  s t ep  s i x ,  t h i s  t i m e  t r e n d  i s  a p p l i e d  t o  t h e  p r o j e c t  area i n d i c e s  

i n  o rde r  t o  c l e a r  t h e  p r o j e c t  area o f  a1 1  c y c l i c a l  and secu la r  t r ends  

s i nce  i t  i s  assumed t h a t  t h e  c o n t r o l  and p r o j e c t  areas a r e  s u b j e c t  t o  t h e  

same k i nds  o f  c y c l i c a l  and secu la r  i n f l u e n c e s .  Us ing t h i s  t ime  t r end ,  a  

s e t  o f  r e s i d u a l s  may be c a l c u l a t e d  f o r  t h e  p r o j e c t  area, each r e s i d u a l  

be ing t h e  d i f f e r e n c e  between t h e  a c t u a l  p r o j e c t  area index  and t h e  index 

es t imated  on t h e  bas i s  o f  t h e  c o n t r o l  area t i m e  t r ends .  

If t h e  p u b l i c  investment  has no e f f e c t  on p r o p e r t y  va lues,  t h e  mean 

o f  these r e s i d u a l s  w i l l  be equal f o r  t h e  pe r i od  be fo re  and a f t e r  t he  

p r o j e c t ;  bu t  i f  t h e r e  i s  a  p r o p e r t y  va l ue  e f f e c t ,  t h e  mean r e s i d u a l  w i l l  

be g r e a t e r  a f t e r  t h e  year  o f  t h e  investment .  The seventh s t ep  i n v o l v e s  



measuring t he  d i f f e r e n c e  i n  t he  mean r e s i d u a l s  be fo re  and a f t e r  t h e  

investment  year .  The e i g h t h  and f i n a l  s tep  i nvo l ves  t r a n s l a t i n g  t h e  

d i f f e r e n c e  i n  these mean r e s i d u a l s  i n t o  . land va lue  terms. 

Steps 5 through 8 migh t  be c l a r i f i e d  w i t h  a  hypo the t i ca l  g raph i ca l  

ana l ys i s .  The index  nurr~bers f o r  each cont iguous-year  r a t e  o f  growth a r e  

p l o t t e d  f o r  t h e  c o n t r o l  area as i n  F igu re  4, t h e  same k i n d  o f  s c a t t e r  

diagram f o r  t h e  p r o j e c t  area i n d i c e s  be ing shown i n  F igu re  5. For  t h e  

c o n t r o l  area, a  least -squares l i n e a r  r eg ress ion  o f  t h e  index  i s  f i t t e d  

a g a i n s t  t h e  years  (where 1-2 assumes a  va lue  o f  1  ) ,  and t h e  r e s u l t i n g  

equa t ion  i s  p l o t t e d  -in F igu re  4. Now super.irnpose t he  c o n t r o l  area equa- 

t i o n  on t h e  p r o j e c t  area s c a t t e r  diagram, as i n  F igu re  5. Ca l cu la te  t h e  

a l g e b r a i c  mean o f  t h e  r e s i d u a l s  i n  t h e  p r o j e c t  area be fo re  t h e  p r o j e c t  yea r  

( i  .e., t h e  a va lues) ,  and t h e  a l g e b r a i c  mean a f t e r  t h e  p r o j e c t  yea r  ( i  .e., 

t h e  - b va lues) .  I f  t h e  investment has no e f f e c t  on - p r o p e r t y  values, t h e  

p r b j e c t  area s c a t t e r  p o i n t s  would be d i s t r i b u t e d  randomly about t h e  con- 

t r o l  area equat ion  bo th  be fo re  and a f t e r  t h e  p r o j e c t  yea r - - t he re  would be 

no s i g n i f i c a n t  d i f f e r e n c e  i n  t he  mean o f  t h e  r e s i d u a l s .  The g raph i ca l  

example, o f  course, shows a  p o s i t i v e  e f f e c t  on p rope r t y  values, i . e . ,  t he  

r e s i d u a l s  a r e  g r e a t e r  a f t e r  t h e  p r o j e c t  year .  

A Recrea t ion  Model 

D iscuss ion  o f  a  r e c r e a t i o n  model would seem p a r t i c u l a r l y  u s e f u l  here 

s i nce  i t  es t imates  t h e  p rope r t y  va lue  e f f e c t s  as a  f u n c t i o n  o f  d i s t ance  

f rom t h e  r e c r e a t i o n  f a c i l i t y .  Es t ima t i on  i n  t h e  TTL problem may e v e n t u a l l y  

borrow f rom t h i s  approach. Examples o f  t h i s  technique may be found i n  

Coughl in  and ~ a m n e r ( ~ )  and Da r l i ng .  ( 4 )  

Coughl in  and Hartmier concen t ra te  on t h e  r e l a t i o n s h i p  between t h e  bene- 

f i t s  o f  a  r e c r e a t i o n  p r o j e c t  and t he  d i s tance  f rom t h e  house t o  t h e  rec rea-  

t i o n  area. The use which r e s i d e n t s  make o f  a  r e c r e a t i o n a l  f a c i l i t y  i s  

thought  t o  be a  f un ' c t i on  o f  t h e  d i s tance  between t h e  house and t h e  f a c i l i t y .  a 

Hence t h e  f a c i l i t y  m igh t  r e s u l t  i n  a  b idd ing-up of p rope r t y  va lues,  p a r t i c u -  

l a r l y  f o r  p r o p e r t i e s  c l o s e r  t o  t h e  r e c r e a t i o n a l  f a c i l  i ty. The e s t i m a t i o n  
0 
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in the Cough1 in-Hammer model i s  straightforward. Property values (as 

estimated from sales transactions) a re  entered as the dependent variable 

with the type of house structure,  the base property value ( that  i s ,  the 

extrapolated value when distance from the park i s  in f in i t e ) ,  and distance 

from the park as independent variables. The coefficient of the distance 
variable in th is  case shows that the "rent" ranges from about $1,171 

per property a t  40 feet  from the park t o  $104 per property a t  2500 feet  

from the park. 

D. THE TTL LITERATURE 

The effect  of TTL on property values has been studied numerous times. 

Summaries of 36 such studies are reported in the EEI Library of Economic 

~ t u d i e s ( ~ ~ )  and 42 relevant studies are cited in a 1965 University of 

Connecticut study. (25)  The review presented here should be viewed as cur- 
(26) sory and as a supplement to a recent unpublished paper by Ramsey. 

In general, there are two basic problems with the TTL l i te ra ture  on 
th is  ~ u b j e c t : ~  f i r s t ,  the conceptual basis for  a TTL effect on land 
values apparently has n o t  been thought out and consequently, the results 
obtained have not always been appropriately interpreted. Second, the 

estimation methods have been very general, sometimes no more than impres- 

sioni s t i c ;  hence, the resul t s  obtained have sometimes been misleading. 

For these reasons, i t  i s  suggested here t h a t  the overwhelming conclusion 
of these studies-that TTL do not affect  property valuesb-may not be valid, 

and that a comprehensive study of th is  question i s  called for .  

In no study reviewed was there any evidence of a model or a statement 

about the assumptions required for  the empirical analysis. I t  must be pre- 

sumed that the "costs" of TTL are thought to be ful ly reflected in property 
value d i f ferent ia ls ,  i . e . ,  there i s  no loss in consumer surplus, that  the 

a ~ h i s  author has only reviewed the small number of studies cited here. 
b ~ h e  1 i terature reviewed i n  the University of Connecticut study shows that  
only five of t h  studies considered found any negative impact on 
property 



supply  o f  housing i s  p e r f e c t l y  i n e l a s t i c ,  t h e r e  a r e  no e x t e r n a l i t i e s ,  e t c .  

Perhaps an even more impo r tan t  conceptual  and e r r ~ p i r i c a l  problem i n  these  

s t u d i e s  i s  n o t  a d j u s t i n g  t h e  model t o  t e s t  t h e  p o s s i b i l i t y  t h a t  t h e  " cos t s "  

o f  TTL va ry  d i r e c t l y  w i t h  income l e v e l .  

The U n i v e r s i t y  o f  Connect icut  Study, (25)  a1 so r e p o r t e d  i n  Kinnard,  (27 

i s  t h e  most comprehensive work reviewed. There i s  no bas i c  t h e o r e t i c a l  

model f o r  t h e  a n a l y s i s ;  t h e  general  approach i s  i n t u i t i v e ;  and t h e  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  i m p r e s s i o n i s t i c . a  T h e i r  s tudy  o f  s u b d i v i s i o n s  

around H a r t f o r d ,  Connec t i cu t  c o n s i s t s  o f  i n v e s t i g a t i n g  t h e  f o l l o w i n g  twe l ve  

hypotheses about t h e  impact  o f  TTL: 

1. There i s  a  measurable nega t i ve  impact  on t h e  sa les  p r i c e s  o f  
r e s i d e n t i a l  p r o p e r t i e s  t h a t  a r e  c l o s e  t o  a  tower  l i n e  r i g h t - o f -  
way i n  comparison w i t h  t h e  sa les  p r i c e s  o f  o t he rw i se  i d e n t i c a l  
p r o p e r t i e s  more d i s t a n t  f rom t h e  r i gh t - o f -way .  Th i s  impact 
v a r i e s  i n v e r s e l y  w i t h  t h e  d i s t a n c e  f r om t h e  r i gh t - o f -way .  

2. La rge r  l o t s  a r e  g e n e r a l l y  assoc ia ted  w i t h  p r o p e r t i e s  i n  
p r o x i m i t y  t o  a  tower  l i n e  r i gh t - o f -way .  Therefore,  l ower  u n i t  
va lues  a r e  a l s o  encountered among these p r o p e r t i e s .  

3 .  The f i n a n c i n g  terms under which mortgages a r e  a v a i l a b l e  t o  
impacted p r o p e r t i e s  a r e  l e s s  f a v o r a b l e  t o  t h e  borrower,  and 
mortgage f i nanci  ng i s  genera l  l y  more d i  f f  i cu l  t t o  acqu i r e .  

4. Ma jo r  improvements and a d d i t i o n s  a r e  l e s s  l i k e l y  t o  occur  
on p r o p e r t i e s  which a r e  c l o s e  t o  tower  l i n e  r ights-o f -way,  
i n  p a r t  because home owners b e l i e v e  t h a t  t h e  investment  i n  
these  improvements w i l l  n o t  be r e a l i z e d  upon resa le .  

5. Resale o f  e x i s t i n g  p r o p e r t i e s  c l o s e  t o  tower l i n e  r i g h t s -  
of-way i s  g e n e r a l l y  more d i f f i c u l t  than  f o r  o the rw i se  
s i m i l a r  b u t  more d i s t a n t  p r o p e r t i e s .  T h i s  d i f f i c u l t y  
man i f es t s  i t s e l f  b o t h  i n  terms o f  reduced sa les  p r i c e s  and 
i n  terms o f  l o n g e r  pe r i ods  o f  exposure on t h e  market.  

6. P r o p e r t i e s  c l o s e  t o  tower l i n e  r i gh t s -o f -way  g e n e r a l l y  
r e q u i r e  a  l onge r  p e r i o d  o f  market  exposure be fo re  t hey  s e l l  
a t  any p r i c e .  

a ~ h o u g h  i t  was s t a t e d  e a r l y  i n  t h e  r e p o r t  t h a t  s imp le  T - t e s t s  and c e r t a i n  
nonparametr ic  techniques would be a p p l i e d  t o  t h e  data,  t h e  r e s u l t s  appeared 
g e n e r a l l y  t o  be i n t e r p r e t e d  w i t h o u t  t h e  b e n e f i t  o f  such s t a t i s t i c a l  
a n a l y s i s .  



7. The nega t i ve  impact o f  p r o x i m i t y  t o  tower l i n e  r i gh t s -o f -way  
i s  lessened when t h e  area i s  growing r a p i d l y ,  l a n d  i s  
scarce,  and l and  i s  t h e r e f o r e  r e l a t i v e l y  expensive.  

8. The nega t i ve  e f f e c t  o f  p r o x i m i t y  t o  a  tower l i n e  r i gh t - o f -way  
inc reases  as t h e  w i d t h  o f  t h e  r i gh t - o f -way  i t s e l f  i nc reases .  

9. The nega t i ve  e f f e c t  o f  p r o x i m i t y  t o  tower l i n e  r i g h t - o f - w a y  
i s  more apparent  among h i ghe r -p r i ced  p r o p e r t i e s  than  among 
lower-to-middle- income p r o p e r t i e s .  

10. The nega t i ve  impact  o f  p r o x i m i t y  t o  tower l i n e  r i gh t s -o f -way  
i s  inc reased  when t h e  s t r u c t u r e s  w i t h i n  t h e  r i gh t - o f -way  a r e  
n o t  screened f r om t h e  view o f  t h e  ad jacen t  r e s i d e n t i a l  
p r o p e r t i e s  . 

11. B u i l d e r s  g e n e r a l l y  avo id ,  o r  develop l a s t ,  acreage which i s  
t r a v e r s e d  o r  abu t t ed  by a  tower  l i n e  r i gh t - o f -way  because 
fewer  u n i t s  may be developed i n  a  g i ven  area, and p r o f i t a b i l i t y  
o f  development i s  t h e r e f o r e  decreased. 

12. When s u b d i v i s i o n s  a r e  developed, p r o p e r t i e s  c l o s e s t  t o  t h e  
tower l i n e  r i gh t - o f -way  a r e  developed l a s t ,  a r e  s o l d  more 
s l o w l y  because o f  s lower  market absorp t ion ,  and a r e  g e n e r a l l y  
improved w i t h  t h e  less-expens ive u n i t s  i n  t h e  s u b d i v i s i o n s .  

Us ing b o t h  sa l es  va l ue  da ta  and i n t e r v i e w s ,  a  number o f  conc lus ions  

were reached about  t h e  impact.  On t h e  one hand, t h e  va lue  o f  most r es i den -  

t i a l  p r o p e r t i e s  i s  n e i t h e r  app rec i ab le  no r  measurably a f f e c t e d  adve rse l y  

i f  ad jacen t  t o  o r  i n t e r s e c t e d  by overhead e l e c t r i c  t r ansm iss i on  l i n e s  r i g h t s -  

of-way. On t h e  o t h e r  hand, t h e r e  a r e  t y p i c a l l y  l a r g e r  l o t  s i z e s  f o r  

abu t t ed  and impacted p r o p e r t i e s  as  w e l l  as  lower  assessed va lues .  The same 

s a l e  p r i c e  f o r  p r o p e r t i e s  w i t h  l a r g e r  l o t s  and w i t h  lower p r o p e r t y  assess- 

ments would seem i n d i c a t i v e  o f  compensation f o r  a  " cos t "  o f  t h e  TTL f a c i l i t y .  

That i s ,  t h e  l a r g e r  l o t  s i z e  and t h e  lower  assessment may be t aken  as an 

amount necessary t o  compensate t h e  home owner f o r  l i v i n g  ad jacen t  t o  t h e  

t r ansm iss i on  power l i n e s .  

Another impo r tan t  f i n d i n g  reached i n  t h e  s tudy  i s  t h a t  h i g h e r  income 

s u b d i v i s i o n s  a r e  more l i k e l y  t o  show nega t i ve  p r o p e r t y  va lues  as  a r e s u l t  

o f  p r o x i m i t y  t o  t h e  r i gh t - o f -way .  I n  p a r t i c u l a r ,  i t  was found  s u b s t a n t i -  

a l l y  l a r g e r  l o t  s i zes  a r e  e x h i b i t e d  on l o t s  c l o s e s t  t o  t h e  tower  



r ight -of -way.  Though t h i s  i s  f a r  from conclus ive evidence, i t  does no t  

c o n t r a d i c t  t he  hypothesis t h a t  t he  "cos ts "  o f  TTL may be d i r e c t l y  r e l a t e d  

t o  income l e v e l .  

Other 1  i t e r a t u r e  on t h e  sub jec t  seems t o  c o n s i s t  o f  a  number o f  small 

case studies.  The Smith study o f  Maryland count ies  has a l ready  been 

mentioned. The approach here i s  b a s i c a l l y  i n t u i t i v e .  As noted, t he re  i s  

no conceptual framework f o r  t h i s  study. It s imply asks the  quest ion, "Do 

p rope r t i es  adjacent  t o  TTL f a c i  1  i t i e s  increase i n  va lue a t  a  slower r a t e  

than do s i m i l a r  neighborhood p r o p e r t i e s  no t  adjacent  t o  TTL f a c i l i t i e s ? "  

The approach i s  s t ra igh t fo rward  : A1 1  p rope r t i es  a re  grouped i n t o  ad jacent  

and nonadjacent; a1 1  sa les s ince  1950 a r e  recorded and from every p a i r  o f  

sa les an annual percent  increase i s  est imated; a1 1  out1 i e r s  (p rope r t i es  

where the re  have been major improvements) a re  excluded and t h e  average 

r a t e s  o f  growth o f  ad jacent  and nonadjacent p r o p e r t i e s  a r e  compared. The 

r e s u l t s  a re  based on t h i s  simple comparison o f  means and a re  i n t e r p r e t e d  

as showing t h a t  TTL f a c i l i t i e s  have no e f f e c t  on p rope r t y  va lues.  No 

mention i s  made as t o  whether l o t  s izes  tend t o  be l a r g e r  f o r  ad jacent  

l o t s ,  o r  whether t he re  seems t o  be a  d i f f e r e n t i a l  e f f e c t  on land  values 

depending on income l e v e l  i n  t h e  subd iv is ion .  

Very s i m i l a r  s tud ies  c a r r i e d  o u t  i n  another Pr ince George Yaryiand 

subd iv is ion ,  (28) around Bethlehem, ~ e n n s ~ l v a n i a ,  and i n  t h e  D e t r o i t  

area (30) a r e  a l s o  i n t e r p r e t e d  as showing t h a t  TTL do n o t  a f f e c t  land values. 

Again, these a re  case studies,  and the  s t a t i s t i c a l  ana l ys i s  i s  b a s i c a l l y  a  

d iscuss ion  o f  p rope r t y  va lue increases o f  var ious  p l o t s ,  ad jacent  t o  and 

d i s t a n t  f rom the  TTL. A case study i n  Danvers, ~ a s s a c h u s e t t s ( ~ ~  ) - - t ak ing  

t h e  same impress ion i s t i c  approach--shows no e f f e c t  on proper ty  values, 

though i t  does show l a r g e r  l o t  s izes  f o r  p r o p e r t i e s  adjacent  t o  TTL. 
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APPENDIX A 

ENVIRONMENTAL GUIDELINES 

FOR TRAIVSMISSIOIV LINES 

Environmental g u i d e l i n e s  were abs t rac ted  f rom t h e  f o l l o w i n g  sources: 

1. Transmission and D i s t r i b u t i o n  Rights-of-way S e l e c t i o n  and Development, 
Johnson, Johnson and Roy, f o r  Consumers Power Company, 1970. 

2. Environmental Guide1 i n e  f o r  E l e c t r i c  Transmission L ines (Above Ground), 
New York S ta te  Department o f  Environmental Conservat ion, 1973. 

3. Environmental C r i t e r i a  f o r  E l e c t r i c  Transmission Systems, U.S. Depart- 
ment o f  I n t e r i o r ,  1970. 

4. A V isua l  Ana lys is  System t o  A s s i s t  i n  Loca t ing  Transmission Co r r i do rs ,  
Alan Vaughan, Onta r io  Hydro, 1974. 

5. Gu ide l ines  f o r  t h e  P r o t e c t i o n  o f  Na tu ra l ,  H i s t o r i c ,  Scenic and Recrea- 
t i o n a l  Values i n  t he  Design and Loca t i on  o f  Rights-of-way and Trans- 
m iss ion  F a c i l  i t i e s ,  U.S. Federal Power C o n i s s i o n ,  1970. 

These g u i d e l i n e s  have been arranged t o  f a c i l i t a t e  easy use and compre- 

hension o f  t h e i r  i n t e n t  i n  a  systemat ic  manner; a d d i t i o n a l  g u i d e l i n e s  may 

be i nc l uded  f rom o t h e r  sources and p r a c t i c a l  exper ience. The g u i d e l i n e s  

a re  presented i n  t h e  f o l l o w i n g  sec t i ons  w i t h  t h e  source f o r  each i n d i c a t e d  

by t h e  nurr~ber i n  paren thes is :  

1-14 General P lanning Pol i c y  

15-25 Physiography 

26-43 Vegetat ion 

44-54 S e n s i t i v e  Areas 

55-63 Roads 

GENERAL PLANlVIlVG POLICY 

1. Proper ly  s i t e d  es tab l i shed  r i gh t -o f -way  should be used where warranted 
f o r  t h e  l o c a t i o n  o f  a d d i t i o n s  t o  e x i s t i n g  t ransmiss ion  f a c i  1  i t i e s .  ( 2 )  

2. The j o i n t  use o f  e l e c t r i c  t ransmiss ion  f a c i l i t i e s  and r igh ts -o f -way  
by two o r  more u t i l i t i e s  should be encouraged, when f e a s i b l e ,  t o  
reduce t he  t o t a l  number o f  t ransmiss ion  l i n e s  cons t ruc ted  and r i g h t s -  
of-way taken. ( 2 )  



3. A phased r e t i r e m e n t  and upgradiug o f  e x i s t i n g  lower  vo l t age  t ransmis-  
s i o n  c i r c u i t s  should be r e q u i r e d  t o  a l l o w  c o n s t r u c t i o n  o f  h i ghe r  
vo l tage,  h i ghe r  c a p a c i t y  c i r c u i t s  on t h e  e x i s t i n g  r i gh t -o f -way .  There 
may be except ions where e x i s t i n g  l i n e s  f l a g r a n t l y  v i o l a t e  landscape 
va lues and c o n f l i c t  w i t h  f u t u r e  planned l and  uses. Where e x i s t i n g  
l i n e s  i n  t h e  genera l  area o f  proposed new l i n e s  do v i o l a t e  landscape 
values, c o n s i d e r a t i o n  s h o ~ ~ l d  be g i ven  t o  p r o p e r l y l o c a t i  ng t he  p ro -  
posed l i n e  t o  a l l o w  d i sman t l i ng  o f  e x i s t i n g  l i n e s  and rec lamat ion  o f  
t h e  r igh t -o f -way ,  w h i l e  s t i l l  c o n t i n u i n g  t o  p rov ide  power t o  t he  
a f f e c t e d  s e r v i c e  areas. ( 2 )  

4. The r e l a t i v e  advantages and disadvantages o f  l o c a t i n g  a new l i n e  
e i t h e r  cont iguous t o  o r  w i d e l y  separated f rom e x i s t i n g  t ransmiss ion  
l i n e s  should be considered. Right-of-way boundaries should be so 
l oca ted  as t o  avo id  c r e a t i n g  unusable h i a t u s  areas. ( 2 )  

5. Rights-of-way should be se lec ted  t o  preserve t h e  n a t u r a l  landscape 
and min imize c o n f l i c t  w i t h  p resen t  and planned uses o f  t he  l a n d  on 
which they a re  t o  be loca ted .  ( 3 )  

6. Rights-of-way should avo id  parks,  monuments, scenic ,  r e c r e a t i o n ,  o r  
h i s t o r i c  areas. I f  a l i n e  must be l o c a t e d  i n  o r  near  these areas, 
t h e  f e a s i b i l i t y  o f  p l a c i n g  t h e  l i n e  underground should be c l e a r l y  
determined. I f  the  1 i ne rnust be p laced overhead, i t  should be 
l o c a t e d  i n  a  c o r r i d o r  l e a s t  v i s i b l e  t o  p u b l i c  view. Other  c r i t e r i a  
o r  c o n d i t i o n s  as necessary t o  min-imize adverse impacts may be imposed 
by t he  agency adm in i s te r i ng  t h e  1 ands invo lved .  ( 3 )  

7. Where p rac t i ca1 , r igh ts -o f -way  should avo id  t h e  n a t i o n a l  h i s t o r i c  p laces 
l i s t e d  i n  t h e  Na t i ona l  Reg i s te r  o f  H i s t o r i c  Places and n a t u r a l  land-  
marks l i s t e d  i n  t h e  Nat iona l  Reg i s te r  o f  Na tu ra l  Landmarks ma in ta ined  
by t h e  Secre ta ry  o f  t h e  I n t e r i o r ,  and parks, scenic ,  w i l d l i f e  and 
r e c r e a t i o n a l  lands ,  o f f i c i a l l y  des ignated by d u l y  c o n s t i t u t e d  p u b l i c  
a u t h o r i t i e s .  I f  r igh ts -o f -way  must be rou ted  through such h i s t o r i c  
p laces,  parks,  w i l d l i f e  o r  scen ic  areas, t hey  should be l oca ted  i n  
areas o r  p laced i n  a  manner so as t o  be l e a s t  v i s i b l e  from areas of  
p u b l i c  v iew and so f a r  as p o s s i b l e  i n  a  manner designed t o  p reserve  
t h e  cha rac te r  o f  t h e  area. ( 5 )  

8. Where t he  t ransmiss ion  r i gh t s -o f -way  cross areas o f  l a n d  managed by 
Government agencies, s t a t e  agencies o r  p r i v a t e  o rgan i za t i ons ,  these 
agencies should be contacted e a r l y  i n  t h e  p lann ing  o f  t h e  t ransmis-  
s i o n  p r o j e c t  t o  coord ina te  t h e  l i n e  l o c a t i o n  w i t h  t h e i r  land-use 
p lann ing  and w i t h  o t h e r  e x i s t i n g  o r  proposed r igh ts -o f -way .  ( 3 )  

9. Rights-of-way should avo id  i n t e n s i v e l y  managed t imbe r  lands,  v i a b l e  
a g r i c u l t u r a l  c rop  lands,  s teep o r  uns tab le  s lopes,  she1 t e r  be1 t s ,  
scen ic  areas, stream courses, and l akes  and ponds. ( 2 )  



10. Open expanses o f  water,  wet lands, and mar ine bays, p a r t i c u l a r l y  those 
used as f l i g h t  lanes by m i g r a t o r y  wa te r fow l  and as h e a v i l y  used co r -  
r i d o r s  by o t h e r  b i r d s  should  be avoided. Areas o f  w i l d l i f e  concen- 
t r a t i o n s ,  such as n e s t i n g  and r e a r i n g  areas, and endangered spec ies 
h a b i t a t  should  a l s o  be avoided. ( 2 )  

11. Rights-of-way should  n o t  p a r a l l e l  r i v e r s  o r  streams and should  a v o i d  
p r o x i m i t y  t o  scen ic  lakes ,  ponds and sho re l i nes .  Cross ing bodies o f  
wa te r  should  occur  a t  low areas and be as n e a r l y  pe rpend i cu l a r  as 
poss ib l e .  ( 1  ) 

12. Rights-of-way should  be l o c a t e d  a long  edges of l and  u n i t s  t o  avo id  
d i v i d i n g  l a n d  uses; t h i s  respec ts  t h e  i n t e g r i t y  o f  each l and  u n i t  
and f a c i l i t a t e s  t h e  e f f i c i e n t  p r o v i s i o n  of s e r v i c e  t o  each conform 
t o  e x i s t i n g  landforms and l and  use p a t t e r n s  ( f i e l d l f o r e s t  ed es, 
para1 1  e l  t o  g r i  dded roads and a g r i c u l t u r a l  pa t t e rns ,  e t c )  . 71 ) 

13. Cross ing near  boundary areas o f  d i s t r i c t s  which c o n t a i n  sharp con- 
t r a s t s  i n  a c t i v i t y  p a t t e r n s  should  be avoided. ( 4 )  

14. Al ignments which r e q u i r e  t h e  e r e c t i o n  o f  numerous ang le  and deadend 
towers should  be avoided. ( 4 )  

PHYSIOGRAPHY 

Gu ide l ines  1-5, 9, and 12, p l u s  t h e  f o l l o w i n g :  

15. Transmission l i n e s  should  g e n e r a l l y  be l o c a t e d  p a r a l l e l  t o  t he  con- 
t o u r s . o f  t h e  l a n d  and i n  conformance w i t h  t h e  p r e v a l e n t  d i r e c t i o n s  
o r  p a t t e r n s  of topographic  f ea tu res .  I n  rough o r  h i l l y  coun t ry ,  
a l ignments  should  change d i r e c t i o n  i n  keeping w i t h  t h e  sca le  o f  t h e  
topographic  change. (1 ) 

16. Al ignments should  a v o i d  c ross i ng  h i l l s  a t  r i g h t  ang les t o  t h e  con- 
t ou r s .  Cross ings a t  c r e s t s  o f  wooded h i l l s  should  r e t a i n  as much 
vege ta t i on  as p o s s i b l e  t o  avo id  a  "notch"  i n  t he  s i l h o u e t t e ,  and 
c ross ings  should  be made a t  an o b l i q u e  ang le  t o  t he  contours .  ( 1 )  

17. R ights-of -way should  n o t  c ross  h i l l s  and o t h e r  h i g h  p o i n t s  a t  t h e  
c r e s t s .  To a v o i d  p l a c i n g  a  t r ansm iss i on  tower  a t  t h e  c r e s t  o f  a  
r i d g e  o r  h i l l ,  space towers should  be spaced below t h e  c r e s t  o r  i n  
a  saddle  t o  c a r r y  t h e  l i n e  over  t h e  r i d g e  o r  h i l l .  The p r o f i l e  of 
f a c i l i t i e s  should  n o t  be s i l h o u e t t e d  a g a i n s t  t h e  sky. ( 3 )  

18. Route a l ignments  should  be l o c a t e d  a long  t h e  edges o f  a  v a l l e y  (near  
t h e  f o o t  o f  t h e  v a l l e y  w a l l s )  r a t h e r  than  c e n t e r i n g  t h e  a l ignment  
down t h e  midd le  o f  a  v a l l e y .  ( 1 )  



19. Transmission f a c i l i t i e s  should be l oca ted  p a r t  way up s lopes t o  pro-  
v i d e  a  background o f  topography and/or n a t u r a l  cover where poss ib le .  
These f a c i l i . t i e s  should be screened f rom highways and o the r  areas 
o f  p u b l i c  v iew t o  t he  e x t e n t  poss ib l e  w i t h  n a t u r a l  vege ta t i on  and 
t e r r a i n .  ( 3 )  

20. Long views o f  t ransmiss ion  l i n e s  p a r a l l e l  t o  e x i s t i n g  o r  proposed 
highways should general  l y  be avoided. A1 t e r n a t i v e  rou tes  away f rom 
highways should be considered. Where r i dges  o r  t imber  areas a re  
ad jacen t  t o  highways o r  o the r  areas o f  p u b l i c  view, overhead l i n e s  
should be p laced  beyond the  r i dges  o r  t imber  areas. ( 3 )  

21. Long views o f  t ransmiss ion  l i n e s  perpend icu la r  t o  highways, down 
canyons and v a l l e y s  o r  up r i d g e s  and h i l l s  should be avoided. The 
l i n e s  should approach these areas d i a g o n a l l y  and should cross them 
a t  a  s l i g h t  d iagonal .  ( 3 )  

22. Transmission l i n e s  should cross canyons up-slope f rom roads which 
t r a v e r s e  t he  l e n g t h  o f  t he  canyon. ( 3 )  

23. Avoid t r a v e r s i n g  west f a c i n g  s lopes w i t h  t ransmiss ion  l i n e s .  Nor th  
f a c i n g  s lopes p resen t  t he  op t ima l  sun exposure f o r  reduc ing  t h e  
v i s u a l  impact o f  t ransmiss ion  1  i nes .  ( 4 )  

Access and c o n s t r u c t i o n  roads should be l oca ted  t o  preserve n a t u r a l  
beauty and min imize e ros ion .  Road grades and a1 ignments should 
f o l l o w  t h e  con tour  o f  t h e  l and  w i t h  smooth, gradual curves when pos- 
s i b l e .  Commensurate w i t h  t h e  topography, c o n s t r u c t i o n  roads should 
be l o c a t e d  f o r  l a t e r  use as maintenance access roads o r  t o  p rov ide  
access t o  r e c r e a t i o n a l  areas. E x i s t i n g  roads should be used t o  t h e  
maximum e x t e n t  poss ib l e .  Agencies adm in i s te r i ng  t h e  r igh t -o f -way  
lands i n v o l v e d  may l i m i t  access and c o n s t r u c t i o n  roads due t o  c e r t a i n  
f r a g i l e  o r  conserva t ion  aspects o f  the  lands and assoc ia ted  
resources.  ( 3 )  

25. When c ross ing  a  canyon o r  v a l l e y  i n  a  f o r e s t ,  h igh,  long-span towers 
should be used t o  keep t h e  conductors above t he  t r e e s  and ,to min imize 
t he  need t o  c l e a r  a l l  vege ta t ion  f rom below t h e  l i n e s .  C l e a r i n g  i n  
t h e  canyon should be l i m i t e d  t o  t h a t  which i s  necessary t o  s t r i n g  t h e  
conductors.  ( 3 )  

VEGETATION 

Gu ide l ines  1-5, 9, 12, 16, 17, 19, 20 and 25, p l us  t h e  f o l l o w i n g :  

26. C lea r i ng  o f  n a t u r a l  vege ta t i on  should be l i m i t e d  t o  t h a t  m a t e r i a l  
which poses a  hazard t o  t he  transmissiorr  l i n e .  De te rmina t ion  o f  a  
hazard i n  c r i t i c a l  areas such as park and f o r e s t  lands should be a  
j o i n t  endeavor of t h e  u t i l i t y  company and t he  area manager i n  keeping 
w i t h  t h e  Na t i ona l  E l e c t r i c  Sa fe ty  Code, s t a t e  o r  o t h e r  e l e c t r i c  
sa fe ty  and re1  i a b i  1  i t y  requi rements.  ( 3 )  



Trees and brush should be c l e a r e d  o n l y  when necessary t o  p rov ide  
e l e c t r i c a l  c learance,  l i n e  r e l i a b i l i t y  o r  s u i t a b l e  access and con- 
s t r u c t i o n  ,roads f o r  opera t ion ,  maintenance, and cons t ruc t i on .  
S t r a i g h t  swath appearance should be avoided. ( 3 )  

Specia l  ca re  should be used when c l e a r i n g  through s h e l t e r  b e l t s ,  
orchards, n a t u r a l  stands o f  t r ees ,  o r  o t h e r  spec ia l  areas w i t h  h i g h  
exposure t o  pub1 i c  view which cannot be avoided. ( 3 )  

Where r i gh t s -o f -way  e n t e r  dense t imber  f rom a  meadow o r  where they  
cross major  roadways, streams o r  r i v e r s  i n  f o r e s t e d  areas, a  screen 
o f  n a t u r a l  vege ta t i on  should be r e t a i n e d  a long t he  r igh t -o f -way .  ( 3 )  

Where 1  ines  cross roads o r  streams, t he  r i gh t -o f -way  s l iou ld  be l e f t  
i n  i t s  n a t u r a l  s t a t e  as f a r  back f rom the  road o r  stream as 
poss ib le .  ( 2 )  

Where r igh ts -o f -way  c ross  major  highways, r i v e r s ,  and marine areas, 
t h e  c l e a r i n g  should be done i n  such a  way t h a t  a  screen o f  n a t u r a l  
vege ta t i on  i s  l e f t  i n  t h e  r i gh t -o f -way  on each s i d e  o f  t h e  road o r  
r i v e r .  If n a t u r a l  vege ta t i on  i s  such t h a t  a  screen cannot be l e f t ,  
t h e  p l a n t i n g  o f  n a t i v e  types o f  p l a n t s ,  low-growing t rees ,  e t c .  
should be considered t o  p rov ide  screening. ( 3 )  

The f o r e s t  edge should be s e n s i t i v e l y  ad jus ted  du r i ng  t he  r i g h t - o f -  
way c learance procedures so as t o  appear na tu ra l .  The aim i n  presenta-  
t i o n  o f  e x i s t i n g  vege ta t i on  and the  r e p l a n t i n g  o f  vege ta t i on  should be 
the  achievement o f  a  conv inc ing l y  n a t u r a l  assymmetry t h a t  w - i l l  reduce 
the  unnatural, Symmetry of t he  l i n e s  and towers.  (1  ) 

Where poss ib le ,  r i gh t -o f -way  s t r i p s  through s e n s i t i v e  f o r e s t  and 
t imber  areas should be c l ea red  w i t h  curved, undu la t i ng  boundaries. 
The notched e f f e c t  o f  a  r i gh t -o f -way  c ross  s e c t i o n  should be avoided. 
S e l e c t i v e  removal, c a r e f u l  topp ing  and p run ing  o f  t r e e s  can c o n t r i b u t e  
t o  t h i s .  Also, t r e e s  and p l a n t s  should be used t o  f e a t h e r  back t h e  
r i gh t s -o f -way  f rom grass and shrubbery t o  l a r g e r  t r ees .  I f  t h e  r i g h t s -  
of-way a re  through dense areas o f  t imbe r  where t r e e s  a re  o f  equal 
h e i g h t  and t h e  r i gh t -o f -way  must be c l ea red  t o  a  s t r a i g h t  l i n e ,  t h e  
maintenance p lan  should p rov ide  f o r  u l t i m a t e l y  reach ing  t he  above 
des i red  r e s u l t s  through seeding, p l a n t i n g  and s e l e c t i v e  c u t t i n g  of 
n a t i v e  m a t e r i a l .  Cons idera t ion  should be g i ven  t o  t h e  es tab l i shment  
o f  n a t i v e  vege ta t i on  o f  va lue as food  and cover  f o r  w i l d l i f e .  ( 3 )  

It may be d e s i r a b l e  t o  occas iona l l y  d e f l e c t  r i gh t -o f -way  s t r i p s  
through scenic  f o r e s t  o r  t imber  areas. The r e s u l t i n g  i r r e g u l a r  pa t -  
t e r n s  p reven t  t h e  r igh ts -o f -way  f rom appearing as tunnel  s  c u t  th rough  
t h e  t imber .  ( 3 )  



Major  roadways should  be crossed as near  t o  pe rpend i cu l a r  as p o s s i b l e  
t o  a1 1  ow maximum tower  setbacks and r i gh t - o f -way  sc reen ing  by vegeta- 
t i o n .  H igher  l o n g  span towers can be used a t  road c ross i ngs  t o  a l l o w  ' ; 

f o r  success fu l  screening.  ( 1  ) 

The use o f  h e l i c o p t e r s  f o r  t h e  c o n s t r u c t i o n  and maintenance on r i g h t s -  * 
of-way should  be cons idered i n  mountainous and scen ic  areas where 
c o n s i s t e n t  w i t h  r e l i a b i l i t y  o f  se r v i ce .  T h i s  would p e r m i t  r i g h t s - o f -  
way t o  be l o c a t e d  i n  more remote areas and would reduce d i s t u rbance  
o f  t h e  ground and t h e  number o f  access roads. ( 5 )  

Choice o f  conduc to r  m a t e r i a l  should  be c a r e f u l l y  cons idered t o  avo id  
sheen o r  t o o  s t r o n g  a  s i l h o u e t t e  and t o  p r o v i d e  t h e  b e s t  s e l e c t i o n  
f o r  b l end ing  t h e  conductors  i n t o  any g iven  s e t t i n g  th rough  which t h e  
1  i n e  must pass. (3 )  

C l e a r i n g  and g rubb ing  should  be minimal and performed i n  a  manner 
which w i l l  p r o t e c t  o r  b e n e f i t  e x i s t i n g  n a t u r a l  beauty, conserve 
n a t u r a l  resources,  min imize s c a r r i n g  o f  t h e  landscape, and p reven t  
degrad ing o f  streams and wet land  areas. Trees, shrubs, grass and 
o t h e r  n a t u r a l  f e a t u r e s  n o t  removed should  be p r o t e c t e d  f r om damage 
d u r i n g  c o n s t r u c t i o n .  ( 2 )  

I f  underground t r ansm iss i on  l i n e s  must be l o c a t e d  near  t h e  c r e s t s  o f  
h i l l s  o r  o t h e r  h i g h  p o i n t s ,  t r e n c h i n g  should  be done w i t h  smal l  
equipment i n  o r d e r  t o  m in im ize  t h e  w i d t h  o f  t h e  r igh ts -o f -way  
c l e a r i n g s .  ( 5 )  

The use o f  "b rush  b lades"  i n s t e a d  o f  d i r t  b lades on b u l l d o z e r s  i s  
recommended i n  c l e a r i n g  ope ra t i ons  where such use w i l l  p reserve  t h e  
t h e  cover  c rop  o f  grass,  low growing brush, e t c .  (3 )  

Brush and o t h e r  ma te r i  a1 s  c l ea red  f rom t h e  r i gh t s -o f -way  du r i ng  
c o n s t r u c t i o n  w i l l  - n o t  be d isposed o f  by  burn ing.  A l t e r n a t e  d i s -  
posal  methods such as s a l e  o f  t imber ,  ch ipp ing ,  b u r i a l ,  o n - s i t e  
s tack ing ,  o r  p i l i n g  o f  brush and t r e e  branches f o r  w i l d l i f e  p ro -  
t e c t i v e  cover  a t  s p e c i f i c  l o c a t i o n s  should  be employed. ( 2 )  

The t ime  and method o f  c l e a r i n g  and grubbing r i gh t s -o f -way  shou ld  
cons ide r  such f a c t o r s  as s o i l  s t a b i l i t y ,  t h e  p r o t e c t i o n  o f  n a t u r a l  
h a b i t a t  f o r  w i l d l i f e ,  f i s h  spawning seasons, s i  1  t d e p o s i t i o n  i n  
wa te r  courses, and stream f l ow .  (2)  

Roads used d u r i n g  c o n s t r u c t i o n  should  be s t a b i l i z e d  w i t h o u t  undue 
de lay  by e r o s i o n  c o n t r o l  measures and t h e  p l a n t i n g  o f  a p p r o p r i a t e  
grass and o t h e r  vege ta t ion .  These roads should be designed f o r  
p roper  dra inage,  and wate r  bars  t o  c o n t r o l  s o i l  e ros i on  should  be 
i n s t a l l e d .  (5)  



SENSITIVE AREAS 

Gu ide l i nes  1-34, 36-43, p l u s  t h e  f o l l o w i n g :  

44. Avoid  c r o s s i n g  t r ansm iss i on  l i n e  c o r r i d o r s  through we l l - de f i ned  
enc losed spaces. ( 4 )  

45. Avoid c r o s s i n g  t r ansm iss i on  l i n e s  p e r p e n d i c u l a r l y  t o  a  sequence of 
l i n e s  of s i g h t  on a  landmark. ( 4 )  

46. Towers should  be l o c a t e d  a  minimum o f  t h r e e  t imes t h e  h e i g h t  o f  t h e  
s t r u c t u r e  away f rom t h e  edge o f  road  o r  v iewer  p o s i t i o n  t o  b e t t e r  
a1 low t h e  tower  t o  be i n  s c a l e  w i t h  t h e  v iewer.  ( 4 )  

47. I n  open a g r i c u l t u r a l  areas t h e  r i gh t - o f -way  should  n o t  be l o c a t e d  
c l o s e  t o  impo r tan t  l o c a l  s c a l e - g i v i n g  f e a t u r e s  such as f a rm  b u i l d i n g s  
and v e r t i c a l  elements l i k e  w i n d m i l l s  and s i l o s .  The comparison 
between re1  a t i  ve s i z e s  increases t h e  v i s u a l  impact o f  t r ansm iss i on  
s t r u c t u r e s .  (1  ) 

48. Where r i gh t s -o f -way  c ross  r i v e r s  and ma jo r  highways, t h e  t ransmis-  
s i o n  l i n e  towers shou ld  be s t r a t e g i c a l l y  l o c a t e d  f o r  minimum 
v i s i b i l i t y .  ( 3 )  

49. A l l  r i v e r s  should  be crossed underwater and towers should  n o t  be 
v i s i b l e  f rom t h e  wate r  su r face .  ( 2 )  

50. Where r i gh t s -o f -way  c ross  streams o r  o t h e r  bodies o f  water ,  t h e  banks 
should  be s t a b i l i z e d  t o  p reven t  e ros i on .  Cons t ruc t i on  on r i g h t s - o f -  
way should  n o t  damage sho re l i nes ,  r e c r e a t i o n a l  areas o r  f i s h  and 
w i l d 1  i f e  h a b i t a t s .  ( 5 )  

51. The r i gh t - o f -way  a l ignment  should  be d e f l e c t e d  a  s h o r t  d i s t ance  f rom 
t h e  v iew ing  p o s i t i o n  (road, r i v e r  c ross ing ,  e t c . )  t o  l i m i t  t h e  dep th  
o f  v iew a long  t h e  r i gh t - o f -way .  (1  ) 

52. Co lo r i ng  o f  t r ansm iss i on  l i n e  towers t o  b l end  w i t h  t h e  landscape may 
be d e s i r a b l e  where t hey  must be l oca ted  i n  o r  near areas of  h i g h  
scen i c  va lue.  ( 3 )  

53. The m a t e r i a l s  used t o  c o n s t r u c t  t r ansm iss i on  towers should  harmonize 
w i t h  t h e  n a t u r a l  sur roundings.  S e l f - p r o t e c t i n g  bare  s t e e l  i s  appro- 
p r i a t e  i n  many areas. Towers cons t ruc ted  o f  m a t e r i a l  o t h e r  than  
s t e e l ,  such as concrete ,  aluminum, o r  wood, should  be considered. ( 3 )  

54. The use o f  h i g h  s t r e n g t h  conductors  should  be cons idered,  p a r t i c u l a r l y  
a t  road, waterway and canyon o r  gorge c ross ings  t o  p i c k  up t h e  l i n e  
sag and a l l o w  f o r  s t r a i g h t e r  l i n e  p r o f i l e s .  ( 3 )  



ROADS 

Gu ide l ines  1-6, 9, 11-38, 44-54, p l u s  t h e  f o l l o w i n g :  

55. Where r i gh t s -o f -way  cross ma jo r  highways, t he  t ransmiss ion  l i n e  
towers should be s t r a t e g i c a l l y  l oca ted  f o r  minimum v i s i b i l i t y .  ( 3 )  

56. A t  road c r o s s i ~ g s  o f  two o r  more c i r c u i t s ,  and where o n l y  a  p o r t i o n  
o f  t he  l i n e  i s  v i s i b l e  f rom the  highway, t he  use o f  m u l t i p l e  c i r c u i t  
towers may be e f f e c t i v e  i n  m in im iz i ng  t h e  impact o f  t h e  l i n e s  a t  
t h a t  p o i n t .  ( 3 )  

57. Cross ing should no t  be a t  h i g h  p o i n t s  i n  t he  road where towers would 
be seen f rom a  g r e a t  d is tance .  Instead,  where poss ib le ,  t he  highway 
should be crossed between two h i g h  po in t s ,  a t  a  d i p ,  o r  on a  curve  
i n  t he  road. ( 2 )  

58. Crossing over  o r  near  roads which have steep v e r t i c a l  s lopes should 
be avoided. ( 4 )  

59. Roads should be crossed a t  r i g h t  angles t o  t h e  mot ion o f  t h e  
viewer.  ( 4 )  

60. Cross ing should n o t  be near o r  over  roads bes ide b a r r i e r s  (e.g. ,  
tunne ls ,  underpasses, s teep road c u t s )  which r e s t r i c t  o r  b l ock  t h e  
v i ewe r ' s  v i s i o n  t empora r i l y .  ( 4 )  

61. Crossing over  o r  near o b j e c t s  around which a  road may d e v i a t e  should 
b be avoided. (4)  

62. Cross ing should n o t  occur  near p o i n t s  o f  d e c i s i o n  on roads (such as 
c o n t r o l l e d  i n t e r s e c t i o n s  and in terchanges)  where screening vege ta t i on  
and landforms a re  t y p i c a l l y  absent.  ( 4 )  

63. When l i n e s  a re  ad jacen t  t o  highways, guyed towers should be avoided 
whenever poss i b l  e. ( 3 )  



APPENDIX B 

V IEWSCAPE QUESTIONNAIRE 



APPENDIX B  

VIEWSCAPE QUESTIONNAIRE 

A. PRE-EVALUATION TECHNIQUE: The o v e r a l l  v i s u a l  qual  i ty o f  a  v iew- 

scape may be eva lua ted  on a  sca le  r aug ing  f rom - 1 ( ve ry  h i g h  v i  sua l  qua l -  

i t y )  t o  - 100 ( ve ry  low v i s u a l  qua1 i t y )  once a  sca le  o f  comparison i s  agreed 

upon, depending on t h e  obse rve r ' s  immediate r e a c t i o n  o r  v i s u a l  response. 

I s  t h e  viewscape h i g h l y  s c e n i c - - v i s u a l l y  s t i m u l a t i n g ?  I s  i t  a  moderate 

o r  low v i s u a l  q u a l i t y ,  be i ng  v i s u a l l y  d u l l ,  u n s t i m u l a t i n g  and o f  l o w  

d i s t i n c t i o n .  O r ,  i s  i t s  v i s u a l  q u a l i t y  v e r y  low, p resen t i ng  a  v i s u a l  a r r a y  

which i s  d i s t u r b i n g  and d i s j o i n t e d  and o f  l i t t l e  o r  no scenic  va lue?  

Viewscapes o f  t h e  Grand Canyon, Yosemite Fa1 1  s, o r  t h e  Grand Tetons n i igh t  

be g iven  scores c l o s e  t o  - 1, w h i l e  viewscapes o f  un res to red  s t r i p  mines, 

a c t i v e  l a n d f i  11 opera t ions ,  o r  h i g h l y  po l  l u t e d  wastelands migh t  be g i v e n  

scores c l o s e  t o  - 100. The e v a l u a t o r  should  be o b j e c t i v e  and i m p a r t i a l  i n  

h i s  judgment, a t t e m p t i n g  t o  separate  h i s  p re fe rence  o r  d i  s l  i ke of t h e  

viewscape f rom a  t r u e  e v a l u a t i o n  o f  t h e  v i s u a l  m e r i t s  o r  drawbacks o f  t h e  

viewscape. Rate t h e  v i s u a l  qual  i t y  o f  t h i s  viewscape "be fo re"  and " a f t e r "  

t he  f a c i l  i ty. (Note: th roughou t  t h i  s  ques t i onna i r e ,  1  ow numer ica l  scores 

( i  .e. , 1) a r e  g i ven  t o  qual  i t i e s  which a r e  o f  b e s t  o r  h i ghes t  qual  i ty; h i g h  

scores ( i  .e., - 100) a r e  reserved  f o r  those a t t r i b u t e s  o f  l ow q u a l i t y .  

Please remember: "B ig  numbers a re  bad scores.  " )  

Ove ra l l  v i s u a l  qua1 i ty b e f o r e  -- ( - 1 0 0 )  O v e r a l l  v i s u a l  q u a l i t y  

a f t e r  - (1-100). - 
B. INTACTNESS EVALUATION: I n t ac tness  i s  t h e  r e1  a t i v e  degree o f  

n a t u r a l  c o n d i t i o n  o f  a  viewscape o r  i t s  elements.  I n t ac tness  may be 

eva lua ted  by c o n s i d e r i n g  t h e  l e v e l  o f  u r b a n i z a t i o n  and degree o f  



encroachment present ;  i n t a c t n e s s  scores a r e  h i ghes t  when man-made 

development and v i s u a l  d i s t l ~ r b a n c e s  a r e  absent,  as d iscussed and i l l u s -  

t r a t e d  i n  t h e  acco~r~pany ing t e x t .  

1 )  Rate t h e  i n t a c t n e s s  o f  t h e  o v e r a l l  viewscape by check ing t h e  

a p p r o p r i a t e  box i n  each column below; p l ace  one check f o r  "be fo re"  and 

one f o r  " a f t e r " .  

Be fo re  A f t e r  

1. Very h i g h l y  i n t a c t l n o  a l t e r a t i o n .  

2. H i g h l y  i n t a c t l l i t t l e  a1 t e r a t i o n .  

3. Moderate ly  h i g h l y  i n t a c t l m o d e r a t e l y  1  i t t l e  a1 t e r a t i o n .  ( x  1 
4. Moderate ly  i n tac t lmode ra te l  y a1 te red .  

( x )  5. IYoderately low in tac tness /modera te ly  h i g h l y  a1 t e r e d .  

6. Low i n t a c t n e s s l h i g h l y  a1 te red .  

7. Very low i n t a c t n e s s l v e r y  h i g h l y  a1 t e red .  

2)  Rate t h e  i n t a c t n e s s  o f  each ma jo r  element o f  t h e  viewscape, as 

i d e n t i f i e d  i n  t he  viewscape ske tch .  I n  t h e  " a f t e r "  viewscape, do n o t  

r a t e  t h e  f a c i l i t y ' s  i n t ac tness ,  b u t  cons ide r  i t s  e f f e c t  on t h e  v i s u a l  

i n t a c t n e s s  of viewscape elements which i t  p h y s i c a l l y  a l t e r s  o r  v i s u a l l y  

b locks  f rom view, i n  p a r t  o r  as a  whole. Use t h e  numer ica l  i n t a c t n e s s  

r a t i n g  system from above i n  s c o r i n g  t h e  i n t a c t n e s s  o f  each viewscape 

element. 

Element Name In tac tness  Score 

Before A f t e r  

A. Sky 

B. E tc .  

C.. 

D. 



C. VIVIDNESS EVALUATION: Viv idness i s  t he  memorab i l i t y  o f  v i s u a l  

impress ion o f  . t h e  o v e r a l l  viewscape o r  i t s  elements. V iv idness i s  h i g h  

i n  viewscapes when t h e r e  i s  d i s t i n c t i o n  o f  prominence r e s u l t i n g  f rom 

h igh  c o n t r a s t  o r  f rom mutual  accen tua t ion  o f  v i s u a l l y  d i v e r s e  elements. 

I n  r a t i n g  v i v i dness ,  cons ider  t h e  l e v e l s  o f  d e f i n i t i o n  o f  viewscape 

boundary, d i v e r s i t y  of s p a t i a l  enc losure,  degree o f  topographic  r e l i e f ,  

d i v e r s i t y  of v e g e t a t i v e  pa t t e rn ,  prominence o f  n a t u r a l  f ea tu res ,  prom- 

inence o f  waterforms, v i v i dness  o f  sky, and v i v i dness  o f  man-made elements, 

as d iscussed i n  t h e  accompanying t e x t .  

1  ) Rate t h e  v i v i dness  o f  each ma jo r  element o f  t h e  viewscape, as 

i d e n t i f i e d  i n  t h e  viewscape sketch. I n  t h e  " a f t e r "  viewscape, r a t e  t h e  

v i v i dness  o f  t he  f a c i l i t y  as we1 1  as i t s  e f f e c t s  on t h e  v i v i dness  o f  t h e  

o t h e r  viewscape elements which have been v i s u a l l y  blocked, p h y s i c a l l y  

a1 te red ,  o r  a f f e c t e d  by v i s u a l  c o n t r a s t  o r  l e g i b i l i t y  w i t h  t he  a d d i t i o n  

o f  t he  f a c i l i t y .  Use t he  numerical  v i v i dness  r a t i n g  system f rom above 

i n  sco r i ng  t h e  v i v i dness  o f  each viewscape element. 

Element Name 

Before A f t e r  

A. R i ve r  

B. Etc.  

I-. 

G. F a c i l i t y  

D. UNITY EVALUATION: U n i t y  i s  t h e  degree t o  which i n d i v i d u a l  

elements i n  t h e  viewscape j o i n  t oge the r  t o  form a  s i n g l e  coheren t  har-  

m o n i o ~ ~ s  v i s u a l  u n i t .  U n i t y  r e f e r s  t o  t h e  l e v e l  of composi t ional  har-  

mony o r  v i s u a l  i n t e r c o r n p a t i b i l  i t y  o f  t h e  i n d i v i d u a l  'elements which 

comprise t h e  viewscape. U n i t y  does n o t  r e q u i r e  s i m i l a r i t y  o r  blandness, 
, 



b u t  may depend r a t h e r  on v i s u a l  dominance and subordinance o f  viewscape 

elements w i t h  so,me l e v e l  o f  i n t e g r a t i n g  o r g a n i z a t i o n  between them. I t  

must be remembered t h a t  u n i t y  dea ls  o n l y  w i t h  v i s u a l  coherence and com- 

p o s i t i o n a l  i n t e g r i t y  between viewscape elements, and should be c l e a r l y  

d i s t i n g u i s h e d  f rom bo th  " i n t a c t n e s s "  and " v i v i dness "  r a t e d  above. 

(See accompanying t e x t ) .  

1  ) Rate t he  u n i t z  o f  t he  o v e r a l l  viewscape by checking t he  appro- 

p r i a t e  box below f o r  "be fo re"  and " a f t e r "  cond i t i ons .  

Before A f t e r  

1.  Very h i g h  o v e r a l l  u n i t y .  

2. High o v e r a l l  u n i t y .  

3. Moderate ly  h i g h  o v e r a l l  u n i t y .  ( x  

4. Moderate o v e r a l l  u n i t y .  

( x )  5. Moderate ly  low o v e r a l l  u n i t y .  

6. Low o v e r a l l  u n i t y .  

7. Very low o v e r a l l  u n i t y .  

2 )  Rate t he  l e v e l  o f  u n i t y  o r  degree o f  harmonious v i s u a l  i n t e g r a -  

t i o n  between man-made and n a t u r a l  elements i n  t he  viewscape, cons ide r i ng  

t h e  f a c i l i t y  as  an a d d i t i o n a l  man-made element i n  t h e  " a f t e r "  viewscape. 

Check the a p p r o p r i a t e  box below f o r  "be fo re"  and " a f t e r "  c o n d i t i o n s .  

Before A f t e r  

1 .  Man-made elements ve ry  h i g h l y  u n i f i e d  w i t h  n a t u r a l /  - - 
absent 

( x )  2. Man-made elements h i g h l y  u n i f i e d  wi  t h  n a t u r a l  . - - 
3 .  Man-made elements moderate ly  h i g h l y  u n i f i e d  w i t h  n a t u r a l .  - - 

( x )  4. Man-made elements moderate ly  u n i f i e d  w i t h  n a t u r a l .  - - 
5. Man-made elements of moderate ly  low u n i t y  w i t h  n a t u r a l .  - - 



6. Man-made elements o f  low u n i t y  w i t h  n a t u r a l .  - - 
3 .  Man-made elements o f  ve ry  1 ow u n i t y  w i t h  n a t u r a l  . - - 

E. IMPORTANCE EVALUATION: Visual  importance i s  t h e  l e v e l  o f  v i s u a l  

c o n t r i b u t i o n  an element makes t o  t h e  o v e r a l l  viewscape a f t e r  t he  f a c i l i t y  

has been in t roduced i n t o  i t .  An e lement 's  v i s u a l  importance may be due 

t o  i t s  s i ze ,  number, s i n g u l a r i t y ,  c o n t r a s t ,  o r  p o s i t i o n  i n  t h e  viewscape. 

I n  t h e  " a f t e r "  viewscape r a t e  t h e  v i s u a l  importance o f  each ma jo r  element, 
a us ing  t h e  importance r a t i n g  s c a l e  f rom 1 t o  7 p rov ided  below. 

Element Name Importance Score 

A f t e r  

D. 

E. 

F. 

G. F a c i l i t y  

7 Element ve ry  h i g h  i n  v i s u a l  importance t o  viewscape. 

6 Element h i g h  i n  v i s u a l  importance t o  viewscape. 

5 El  elllent modera te ly  h i g h  i n  v i s u a l  importance t o  viewscape. 

4 Element o f  moderate v i s u a l  importance t o  viewscape. 

3 Element o f  moderate ly  low v i s u a l  importance t o  viewscape. 

2 Element o f  low v i s u a l  importance t o  viewscape. 

1 Elelllent o f  ve ry  low v i s u a l  importance t o  viewscape. 

a 
Importance score i s  t h e  o n l y  score which i s  numer i ca l l y  reversed, 

i . e .  - 7 = element v e r y  h i gh  i n  v i s u a l  importance t o  viewscape. Please 

no te  t h i s  s i n g l e  excep t ion  t o  t h e  r u l e  t h a t  " b i g  numbers a re  bad scores."  
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APPENDIX C 

DESCRIPTIONS OF THE IMPACTS OF OVERHEAD 

TRANSMISSION LINES FOR SEVEN CRITERIA 

General d e s c r i p t i o n s  a r e  g iven  here o f  t h e  impacts o f  overhead e l e c t r i c  

power t ransmiss ion  1  i nes  f o r  the  seven c r i t e r i a  t o  be weighted i n  .irr~portance 
a  by members of t h e  p u b l i c .  A d d i t i o n a l  impacts a r e  assoc ia ted  w i t h  under- 

ground l i n e s .  The seven c r i t e r i a  are:  

Economi cs 

'Water Qua1 i ty  

A i r  Q u a l i t y  

An ima l IP lan t  

C u l t u r a l  /Recreat ional  

Heal t h /Sa fe t y  

Aes the t i cs  

The d e s c r i p t i o n s  would have t o  be a l t e r e d  t o  i n d i c a t e  t h e  impact f o r  spe- 

c i f i  c  t ransmiss ion  1  i n e  r o u t e  a1 t e r n a t i  ves p r i o r  t o  pub1 i c  response t e s t i n g  

t o  measure the  r e l a t i v e  importance o f  each c r i t e r i o n .  

ECONOMICS 

There a re  two elements t o  t he  economics c r i t e r i o n .  The f i r s t  element 

i s  t he  d i r e c t  c o s t  t o  acqu i re  easements and c o n s t r u c t  t h e  t ransmiss ion  l i n e s .  

The second element i s  t h e  i n d i r e c t  impact which t ransmiss ion  l i n e s  have on 

p rope r t y  values. The p o t e n t i a l  f o r  measuring t h e  impact o f  t ransmiss ion  

l i n e s  on p rope r t y  va lues i s  d iscussed i n  Chapter V I .  

The economics c r i t e r i o n  captures much of t he  l a n d  use impact o f  t r a n s -  

m iss ion  l i n e s .  For example, i t  w i l l  g e n e r a l l y  be more expensive t o  acqu i re  

an easement f o r  p roduc t i ve  l a n d  than f o r  n o n p r o d ~ ~ c t i v e  land.  The i n d i r e c t  

c o s t  assoc ia ted  w i t h  t r a n s ~ n i s s i o n  l i n e s  w i l l  a l s o  revea l  t ransmiss ion  l i n e  

a ~ u c h  o f  t h e  d e s c r i p t i v e  m a t e r i a l  presented here i s  adapted f rom t h e  d r a f t  
f i s c a l  year  1975 Environmental Impact Statement f o r  t he  General Construc- 
t i o n  and Maintenance Program o f  t h e  B o n n e v i l l e  Power Admin i s t r a t i on ,  
pp. 33-48. 



routes which have substantial detrimental impact on land value. High direct  
and indirect costs ,wil l  tend to  show that  the transmission l ine i s  incompati- 

ble with existing land use. 

WATER QUALITY 

The impact of transmission lines on water quality resul ts  primarily 

from soil  erosion and exposure of water to  direct  sunlight in normally for- 

ested areas. Removal of ground vegetation and disturbance of topsoil du r -  

i n g  construction accelerates erosion with the resulting s i l t a t ion  of natural 

drainage systems. Increased turbidity can occur in lakes, r ivers ,  and 

streams in the vicini ty  of rights-of-way. 

Water temperature increases can be caused by increased exposure of 

water surfaces to  the sun's rays as a resul t  of removing streamside vegeta- 
tion. The shade provided by streamside vegetation i s  a major factor influ- 

encing changes in water temperatures. Transmission l ines  normally do not 

parallel streams b u t  rather cross them a t  a single point. The amount of 

vegetation removed and consequently the amount of stream surface exposed 

can thereby be kept to  a minimum. Vegetation along stream banks should be 

l e f t  in tac t  for  a minimum width of 100 fee t  whenever possible. 

Roads and road construction ac t iv i t i e s  are significant sources of sedi- 

ment, and erosion from clearing and slash burning can also contribute to 
increased sedimentation. Poorly placed culverts can resu l t  in increased 

sediment loads. 

The effects  of transmission 1 ines on aquatic l i f e  can also be included 
under th i s  cr i ter ion.  The principal inipact of transmission 1 ines on aquatic 
l i f e  resul ts  from changes in the oxygen content of water and the introduc- 

tion of herbicides. Higher water temperatures reduce the oxygen-holding 
capacity of water and increase the metabolic rates of animals which fur ther  

reduces the oxygen 1 eve1 s .  The increased metabol i c ra tes  are  parti cul a r ly  

important when debris i s  present. In these s i tuat ions,  bacteria greatly 

reduce dissolved oxygen to levels c r i t i ca l  to f i sh .  The s i tuat ion i s  

further aggravated when the debris i s  suff ic ient  to impound sections of the 

stream and reduce flow rates.  Reduced l ight  penetration associated with 



t u r b i d i t y  can decrease p r imary  p roduc t i on  and i t s  assoc ia ted  oxygen produc- 

t i o n .  The b u i l d u p  o f  f i n e  sediments and o rgan ic  ma t te r  i n  stream bottom 

grave ls ,  even when n o t  s u f f i c i e n t  t o  bury  f i s h  eggs and bottoni i nve r t eb ra tes ,  

may su f f oca te  o r  d r i v e  them away due t o  reduced f lows  and/or oxygen l e v e l s .  

Thus, even small a d d i t i o n s  o f  s o i l  can produce s i g n i f i c a n t  changes i n  a  

stream fauna. 

Herb ic ides  used t o  c o n t r o l  growth under t ransmiss ion  l i n e s  can a l s o  

reach water  courses and d e t r i m e n t a l l y  a f f e c t  water  q u a l i t y  and aqua t i c  l i f e .  

Herb ic ides  which a re  r e s i s t e n t  t o  l each ing  and which break down r a p i d l y  a r e  

norma l l y  used t o  min imize these impacts. 

A1 R QUALITY 

The p r i n c i p a l  a i  r qua1 i ty impact assoc ia ted  wi t h  t ransmiss ion  1  i nes  

r e s u l t s  f rom c o n s t r u c t i o n  a c t i v i t i e s .  Cons t ruc t ion  a c t i v i t i e s  t h a t  can 

adverse ly  a f f e c t  a i r  q u a l i t y  i nc l ude  combustion byproducts f rom burn ing,  

dus t  f rom d i s t u r b e d  s o i l ,  v e h i c l e  and equipment exhaust emissions, and 

ob jec t i onab le  fumes and odors f rom miscel laneous opera t ions .  The impacts 

o f  these c o n s t r u c t i o n  a c t i v i t i e s  on ambient a i r  q u a l i t y  a r e  norma l l y  l o c a l -  

i z e d  and short-1 i ved. 

Slash and unmerchantable t imber  i s  produced du r i ng  t he  r i gh t -o f -way  

p repa ra t i on  and c o n s t r u c t i o n  ope ra t i on  f o r  t ransmiss ion  f a c i l i t i e s .  Con- 

t r a c t o r s  i n s t a l l i n g  1in;es commonly use open burn ing  t o  dispose o f  t h i s  mate- 

r i a l  where and when pe rm i t t ed  by l o c a l ,  s t a te ,  and Federal a i r  po l  1  u t i o n  

regu la t i ons .  Open burn ing  in t roduces  combustion byproducts,  i n c l u d i n g  water  

vapor, p a r t i  cu l a tes  , hydrocarbons, carbon monoxide, and carbon d iox ide ,  i n t o  

the  atmosphere. Re1 a t i  v e l y  h i gh  concent ra t ions  o f  these products  near  t h e  

s i t e s  o f  t he  f i r e s  decrease r a p i d l y  t o  ambient l e v e l s  i n  a l l  d i r e c t i o n s .  

P a r t i c u l a t e s  i n  t he  smoke may reduce v i s i b i l i t y  i n  t he  immediate v i c i n i t y  

o f  t h e  f i r e .  Adverse weather cond i t i ons  can c rea te  p o t e n t i a l  problems. 

Burn ing opera t ions  a r e  norma l l y  conducted i n  1  oca t ions  away f rom urban 

areas. 



The amount o f  dus t  produced by c o n s t r u c t i o n  a c t i v i t i e s  depends on s o i l  

types, weather cond i t i ons ,  types o f  equipment, and r a t e s  o f  v e g e t a t i o n  recov-  

e r y .  We t t i ng  down c o n s t r u c t i o n  s i t e s  i n  d r y  areas s i g n i f i c a n t l y  reduces t h e  

amount o f  dus t  i n  t h e  a i r .  

Exhaust emissions f rom'  veh i c l es  and equipment a re  no rma l l y  r e l a t e d  t o  

t h e  d i f f i c u l t y  o f  access and t h e  amount o f  h a u l i n g  o f  m a t e r i a l s  and equip-  

ment. Mountainous and t imbered areas w i l l  no rma l l y  r e q u i r e  more ex tens i ve  

access road  c o n s t r u c t i o n  which can mean more equipment o p e r a t i o n  and r i g h t -  

of-way p repa ra t i on .  Emissions f rom bo th  gas01 i n e  and d i e s e l  -powered con- 

s t r u c t i o n  machinery such as cha in  saws, bu l l doze rs ,  cranes, and au tomot i ve  

equipment w i  11 occur .  

Ob jec t i onab le  fu~i ies and odors cou ld  come f r om fue ls ,  vo l  a t i  l e s ,  chemi- 

ca l s ,  p a i n t s ,  o r  o t h e r  i tems found a t  most c o n s t r u c t i o n  s i t e s .  Normal ly ,  

they would o n l y  c r e a t e  a  l o c a l i z e d  temporary nuisance. 

P l a n t  and f o r e s t  growth i s  removed f rom t r ansm iss i on  l i n e  easements 

d u r i n g  c o n s t r u c t i o n .  Some regrowth  i s  p e r m i t t e d  as l o n g  as t h e  vege ta t i on  

does n o t  pose a  hazard t o  t h e  l i n e s  o r  towers.  

The Bonnevi 1  l e  Power A d m i n i s t r a t i o n  removes vege ta t i on  by t h e  f o l l o w i n g  

methods : 

a. Fo l i age  sprayed t rea tment  which c o n s i s t s  o f  sp ray ing  a  h e r b i c i d e  d i l u t e d  

w i t h  wa te r  on t h e  f o l  iage.  T h i s  method i s  con f i ned  t o  a p p l i c a t i o n  on 

e a s y - t o - k i l l  p l a n t s  and nox ious weeds where brownout o f  clumps o r  i n d i -  

v i d u a l  t r e e s  i s  acceptab le .  

b. Basal t r ea tmen t  which c o n s i s t s  o f  a p p l y i n g  a  m i x t u r e  o f  h e r b i c i d e  and 

c a r r i e r  on t h e  l owe r  stem o f  t h e  t r e e  f r om about knee h i g h  t o  t h e  

ground l i n e .  When a p p l i e d  d u r i n g  t h e  dormant season t r e a t e d  t r e e s  

w i l l  n o t  n o r m a l l y  l e a f  o u t  d u r i n g  t h e  f o l l o w i n g  growing season, the reby  

a v o i d i n g  a  v e g e t a t i v e  brownout. 



c. F r i l l ,  notch, o r  cup method where a  c u t  through t h e  bark  i s  made t o  

t he  cambi.um l a y e r  forming a  s e r i e s  o f  c u t s  around t he  c i rcumference 

o f  t he  t r ee .  Dry, powdered, o r  raw l i q u i d  h e r b i c i d e  i s  poured i n t o  

t h e  notches. T h i s  can be done a t  any t ime o f  year,  b u t  i s  ~ i i os t  e f f e c -  

t i v e  when performed d u r i n g  t h e  dormant season. Th i s  i s  t h e  s a f e s t  

method near streams, s e n s i t i v e  p l an t s ,  o r  o t h e r  areas o f  concern. 

d. P e l l e t e d  he rb i c i des  a re  broadcasted w i t h i n  t he  d r i p  base o f  t h e  t r e e .  

Some p e l l e t s  s t e r i l i z e  t he  s o i l  f o r  a  s h o r t  p e r i o d  w h i l e  o thers  a f f e c t  

o n l y  t he  p l a n t s  around which app l ied .  Th is  i s  an e x c e l l e n t  method f o r  

c o n t r o l l i n g  i n d i v i d u a l  t r e e s  d u r i n g  work ing p a t r o l  i n  l o c a t i o n s  inac-  

c e s s i b l e  t o  veh i c l es .  

e. C u t t i n g  and stump t rea tment  i s  a  method by which a  t r e e  i s  c u t  down 

mechanica l ly .  The stump may r e q u i r e  h e r b i c i d e  a p p l i c a t i o n  t o  p reven t  

sp rou t ing .  A problem i n  t h i s  method i s  t h e  d isposa l  o f  t h e  chipped 

m a t e r i a l .  I t  a1 so r e q u i r e s  t h a t  t h e  ch ipper  be hauled t o  t he  work 

s i t e  o r  t h e  vege ta t i on  dragged t o  t he  ch ipper .  I n  e i t h e r  case damage 

may be caused t o  d e s i r a b l e  p l an t s .  The remain ing s lash  must be 

removed, burned, chipped, o r  sca t t e red .  

Cons t ruc t i on  o f  t ransmiss ion  f a c i  1  i t i e s  wi 11 a1 so have some impacts on 

w i l d l i f e .  These impacts w i l l  occur  p r i m a r i l y  through t he  d is tu rbance  o f  

w i l d l i f e  and e l i m i n a t i o n  o f  h a b i t a t .  Impacts w i l l  be most i n t ense  i n  o r  

near f o r e s t e d  areas where ma jo r  vege ta t i on  d is tu rbance  w i l l  occur  d u r i n g  

c o n s t r u c t i o n  o f  t ransmiss ion  l i n e s  and access roads. 

I n  t imbered areas, t h e  l a n d  c l ea red  f o r  r i gh t -o f -way  w i l l  exper ience 

phys ica l  changes due t o  exposure t o  s u n l i g h t ,  winds and p r e c i p i t a t i o n .  

These changes w i l l  undoubtedly b r i n g  about s h i f t s  i n  unders to ry  growth, 

animal assoc ia t ions ,  and o t h e r  b i o l o g i c a l  pa t t e rns .  Secondary succession 

w i l l  no rma l l y  occur  i n  those areas i n  which t h e  c l imax  vege ta t i on  has been 

removed. I n i t i a l l y ,  t h e  new cover  w i l l  c o n s i s t  o f  p ioneer  species such as 

grasses and weeds, f o l l o w e d  by low shrubs and herbs. The open spaces c re -  

a ted  i n  t imber land  w i l l  p rov ide  food and cover  f o r  a  v a r i e t y  o f  smal l  



species i n c l u d i n g  q u a i l ,  grouse, r a b b i t s ,  and rodents .  Deer and e l k  w i l l  

browse on t he  grasses and legumes w i t h i n  t he  open area, us ing  t he  bo rde r i ng  

woods f o r  cover .  

Di s turbance o f  da i  l y  w i  1  d l  i f e  behavior  immediately ad jacen t  t o  t r ans -  

m iss ion  c o r r i d o r s ,  access roads, o r  subs ta t i ons  w i l l  occur  d u r i n g  t h e  con- 

s t r u c t i o n  phase due t o  human a c t i v i t y ,  no ise,  dust ,  and o t h e r  d is tu rbances  

assoc ia ted  w i t h  cons t ruc t i on .  W i l d l i f e  may leave  t he  area t e m p o r a r i l y  b u t  

should r e t u r n  a f t e r  c o n s t r u c t i o n  a c t i v i t i e s  cease. Undoubtedly, some i n d i  - 
v i d u a l  animals w i  11 be e l i m i n a t e d  by c o n s t r u c t i o n  a c t i v i t i e s .  Cons t ruc t ion  

du r i ng  n e s t i n g  and r e a r i n g  seasons would be expected t o  have a  g r e a t e r  

impact than a t  o t h e r  t imes. 

I n  d i scuss ing  impacts on w i l d l i f e ,  i t  i s  impo r tan t  t o  cons ide r  t h e  con- 

cep t  of i n d i v i d u a l  animals and t h e i r  t o t a l  popu la t i on .  I n d i v i d u a l  animals 

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

o r  by l o s s  o f  h a b i t a t .  However, one must judge t h i s  impact  r e l a t i v e  t o  t h e  

a v a i l a b i l i t y  o f  s i m i l a r  h a b i t a t  and t h e  t o t a l  popu la t i on  o f  each spec ies i n  

t h e  s tudy  area. Loss o f  i n d i v i d u a l  "common species" such as pheasant, rab-  

b i t s ,  o r  deer  would n o t  be as c r i t i c a l  as l o s s  o f  an endangered o r  r a r e  

species,  o r  a  spec ies w i t h  l i m i t e d  d i s t r i b u t i o n  i n  t h e  area. I n  most cases, 

e f f e c t s  f r om c o n s t r u c t i o n  o f  t ransmiss ion  f a c i l i t i e s  a re  expected t o  be 

temporary and should have no measurable e f f e c t  on w i  l d l  i f e  popu la t i ons .  

However, l o s s  o f  h a b i t a t ,  p a r t i c u l a r l y  c r i t i c a l  h a b i t a t ,  w i l l  reduce w i l d -  

1  i f e  popul a t i o n s  dependent on t h a t  habi  t a t .  

W i l d l i f e  m i g r a t i o n  pa t t e rns  may be i n f l u e n c e d  by t he  c r e a t i o n  o f  open 

t ransmiss ion  c o r r i d o r s  through t imbered areas. Game may use these c l ea red  

paths t o  e s t a b l i s h  new m i g r a t i o n  rou tes ,  and increased popu la t i ons  o f  some 

animals may r e s u l t  i n  some areas. Where t he  new areas serve as a  mun ic ipa l  

watershed t h e  inc rease  i n  he rb i vo re  popu la t i ons  may inc rease  p o l l u t i o n  o f  

water  resources. There have a l s o  been suggest ions t h a t  some species of 

w i l d l i f e  may avo id  c ross ing  c l ea red  areas and mod i fy  t h e i r  movements 

acco rd ing l y .  



Long-term e f f e c t s  on game w i l l  a l s o  r e s u l t  f rom i n t r o d u c t i o n  o f  improved 

hun te r  access i n  f o r e s t e d  areas crossed by t he  proposed l i n e s  and t h e  r e s u l t -  

i n g  inc rease  i n  hun t i ng  pressure. W i l d l i f e  i n  these areas may be d i s t u r b e d  

by r e c r e a t i o n  veh ic les ,  such as of f - road veh ic les ,  t r a - i l  b i kes ,  and snownio- 

b i l e s  on c l ea red  r igh ts -o f -way .  Al though s teps a r e  taken t o  l i m i t  p u b l i c  

use o f  p r i v a t e  access roads and r ights-of -way on p r i v a t e  land, these e f f o r t s  

have never been complete ly  successfu l .  

The appl i c a t i o n  o f  he rb i c i des  wi 11 a f f e c t  t he  ava i  1  ab i  1  i ty  o f  fo rage  

f o r  w i l d l i f e .  Forage w i l l  be t empora r i l y  reduced o r  i n  some cases e l i m i -  

na ted  depending on t he  v a r i e t y  o f  brush found i n  t he  areas t r ea ted .  

Vegeta t ion-con t ro l  a c t i v i t i e s  are c y c l i c  and vege ta t i on  w i l l  recover  depend- 

i n g  on t h e  type o f  h e r b i c i d e  used, t he  res i s tance  o f  d i f f e r e n t  vege ta t ion ,  

and t he  area invo lved .  The l o s s  o f  fo rage  on t r e a t e d  lands w i l l  p l ace  s t r e s s  

on t h e  w i l d l i f e  t h a t  have become dependent on t he  r i gh t -o f -way  vege ta t ion .  

Use o f  he rb i c i des  w i l l  a l s o  reduce n e s t i n g  a n d . r e s t i n g  areas a long t he  

r igh ts -o f -way .  However, t he  e l i m i n a t i o n  o f  t a l l - g r o w i n g  species may pro-  

mote t h e  growth o f  d e s i r a b l e  1  ow-growi ng browse species.  

I n  areas where l a r g e  numbers o f  b i r d s  may congregate such as on w i l d -  

l i f e  re fuges,  seep lakes,  and o t h e r  major  n e s t i q g  and feed ing  areas, t h e r e  

i s  t he  poss i  b i  1  i ty o f  i n d i v i d u a l  b i r d s  f l y i n g  i n t o  t ransmiss ion  1  i nes , par-  

t i c u l a r l y  du r i ng  t imes o f  poor v i s i b i l i t y  o r  du r i ng  t a k e o f f  o r  l and ing  o f  

1  arge f l o c k s .  

There have a l s o  been r e p o r t s  o f  1  arge b i r d s  be ing k i  1  l e d  by s imul  t a -  

neous con tac t  w i t h  an energ ized conductor  and grounded hardware on t ransmis-  

s i o n  l i n e s ,  poles,  o r  towers.  These r e p o r t s  a re  u s u a l l y  l i m i t e d  t o  l i n e s  

opera t ing  a t  vo l tages  below 115,000 v o l t s .  A  few smal l  mamnals ( p r i m a r i l y  

s q u i r r e l  s )  and b i r d s  come i n  con tac t  w i t h  energ ized subs ta t i on  equipment 

and a re  k i  11 ed. 

CULTURAL/ RECREATIONAL 

The commitment o f  land  f o r  a  t ransmiss ion  r i gh t -o f -way  may l i m i t  t he  

p o t e n t i a l  and growth o f  a  r e c r e a t i o n  f a c i l i t y .  A  development o f  t h i s  na tu re  



can reduce an a rea ' s  p o t e n t i a l  r e c r e a t i o n a l  des igna t i on  o r  c l a s s i f i c a t i o n ,  

such as w i lderness  area. The v i s u a l  impacts c rea ted  may be s u f f i c i e n t l y  I 

adverse t o  p reven t  an a rea ' s  development f o r  a  s p e c i f i c  r e c r e a t i o n a l  pur -  

pose. An e x i s t i n g  a rea ' s  p o t e n t i  a1 f o r  expansion can a l s o  be reduced by  
6 

1 i nes  ad jacen t  t o  o r  para1 l e l  i n g  i t s  boundaries.  However, t he  c r e a t i o n  o f  

t ransmiss ion  u t i l i t y  c o r r i d o r s  would p resen t  poss ib l e  r e c r e a t i o n a l  oppor- 

t u n i  t i e s  f o r  b i c y c l e  t r a i l s ,  snowmobile and a l l - t e r r a i n  v e h i c l e  r ou tes ,  

na tu re  study, and some open-space areas. 

Since most u t i l i t i e s  o b t a i n  easements r a t h e r  than fee-ownership o f  t he  

r igh ts -o f -way ,  r e c r e a t i o n a l  uses depend on t he  w.i 11 ingness, i n t e r e s t ,  and 

coopera t ion  o f  t he  landowners. Unauthor ized o r  u n c o n t r o l l e d  use o f  t r ans -  

m iss ion  1  i n e  r i gh t s -o f -way  by r e c r e a t i o n a l  veh i c l es  w i l l  l i k e l y  have d e t r i -  

mental e f f e c t s  such as e ros ion ,  d is tu rbance  t o  w i l d l i f e ,  f i r e  hazards, and 

annoyances t o  1  andowners. 

The p r i n c i p a l  c u l t u r a l  impact o f  t ransmiss ion  1  i nes  i s  on h i s t o r i c  and 

a rcheo log i ca l  resources. The p r imary  impact would be v i s u a l ,  a1 though i t  

i s  a l s o  p o s s i b l e  t h a t  a  t ransmiss ion  l i n e  cou ld  p h y s i c a l l y  i n t e r f e r e  w i t h  a  

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

A f i n a l  c u l  t u r a l / r e c r e a t i o n a l  impact  o f  t ransmiss ion  1  i nes  i s  a u d i b l e  

no i se  and e lec t romagnet i c  i n t e r f e r e n c e  which a f f e c t  r a d i o  and t e l e v i s i o n  

recep t i on .  The e f f e c t  i s  p r i m a r i l y  1  i m i  t e d  t o  areas ad jacen t  t o  t h e  t r ans -  

miss ion 1  ines.  Foul weather can aggravate t he  problem. 

Several  hazards a r e  assoc ia ted  w i t h  t ransmiss ion  l i n e s  which pose 

h e a l t h  and s a f e t y  r i s k s  t o  humans. 'These h e a l t h  hazards i n c l u d e  t he  danger 

of energ ized t ransmiss ion  l i n e s  f a l l i n g  t o  t he  ground, metal  o b j e c t s  coming 

i n t o  c o n t a c t  w i t h  l i n e s ,  induced vo l t age  and cu r ren t s  i n  m e t a l l i c  o b j e c t s  

ad jacen t  t o  l i n e s ,  . the poss ib l e  h e a l t h  hazard f o r  workmen who r e p a i r  l i n e s ,  

t he  ozone and n i t r o u s  gases produced by h i g h  vo l t age  l i n e s ,  t he  no i se  asso- 

c i a t e d  w i t h  t ransmiss ion  l i n e  c o n s t r u c t i o n  and opera t ion ,  and t h e  danger o f  

impact w i  t h  a i  r c r a f  t. 



Energized conductors f a l l i n g  t o  t h e  ground can occur  because o f  vandal-  

ism o r  severe weather. When t h i s  occurs,  l i n e s  a r e  g e n e r a l l y  a u t o m a t i c a l l y  

swi tched o f f .  Dur ing such f a i l u r e s ,  c u r r e n t  f l ows  through t h e  e a r t h  f o r  a  

s h o r t  i n t e r v a l .  Because o f  t h e  e a r t h ' s  r es i s tance ,  a  vo l t age  appears i n  t h e  

v i c i n i t y  o f  t he  tower i nvo l ved  which may p resen t  a  l o c a l i z e d  hazard. 

The e l e c t r o s t a t i c  and e lec t romagnet i c  f i e l d  assoc ia ted  w i t h  h i gh -vo l t age  

l i n e s  can induce vo l t age  and cu r ren t s  i n  m e t a l l i c  fences, s t r u c t u r e s ,  and 

equipment near t he  l i n e .  Th i s  i nc l udes  w i r e  communications f a c i l i t i e s  o r  

u t i l i t y  systems which may be i n  t h e  near  p r o x i m i t y  o f  t he  power l i n e .  The 

magnitude o f  t h e  induced vo l tage  and assoc ia ted  ground-discharge c u r r e n t  due 

t o  the  e l e c t r o s t a t i c  f i e l d  depend on the  l i n e  vo l tage ,  t he  s i z e  of t he  o b j e c t  

be ing charged, and t h e  o b j e c t ' s  d i s t ance  from t h e  1  i n e  conductors.  The 

magnitude o f  induced c u r r e n t  due t o  t h e  e lec t romagnet i c  f i e l d  depends on t h e  

l oad  c u r r e n t  i n  t he  conductors,  t h e  o r i e n t a t i o n  and l e n g t h  o f  the  ob jec t ,  

and i t s  d i s t ance  f rom t h e  conductors.  Procedures f o r  grounding metal  s t r u c -  

t u res  and equipment a long  w i t h  o t h e r  p recau t ions  can reduce t he  p o s s i b l e  

hazard and nuisance f rom these sources. 

A l l  t ransmiss ion  l i n e s  pose an i n h e r e n t  hazard i f  ob jec t s  such as irri- 

g a t i o n  p ipe,  c o n s t r u c t i o n  booms, o r  o t h e r  conduct iug m a t e r i a l s  a r e  b rought  

i n t o  c o n t a c t  w i t h  t h e  l i n e .  Because conductor  h e i g h t  f rom the  ground 

increases w i t h  vo l tage ,  t h e  p r o b a b i l i t y  o f  such acc iden ts  i s  g r e a t e s t  w i t h  

low-vo l tage  l i n e s .  However, c o n s t r u c t i o n  o f  any t ransmiss ion  l i n e  across 

a g r i c u l t u r a l  l a n d  does c rea te  a  hazard and farm opera to rs  must observe bas i c  

s a f e t y  precaut ions i n  t h e i r  a c t i v i t i e s  underneath and immediate ly  ad jacen t  

t o  t h e  l i n e s .  

The evidence as t o  whether humans, o r  o t h e r  l i f e  forms, s u f f e r  ill 

e f f e c t s  f rom exposure t o  t he  e l e c t r i c a l  f i e l d s  p resen t  i n  t h e  v i c i n i t y  o f  

t ransmiss ion  l i n e s  i s  i nconc lus i ve  a t  t h i s  t ime.  An ex tens ive  s tudy  noted 

no ill e f f e c t s  i n  l inemen who worked on h igh  vo l t age  l i n e s  and were exposed 

t o  very  s t r ong  e l e c t r i c a l  f i e l d s .  ) NO de t r imen ta l  e f f e c t s  were apparent  

when mice were exposed t o  e l e c t r i c a l  f i e l d s  i n  one s tudy.  ( * )  Other s tud ies  

have noted p o s s i b l e  de t r imen ta l  e f f e c t s  i n  bo th  humans(3) and animals.  ( 4 )  



The no ise  .associated w i t h  t ransmiss ion  l i n e s  i s  n o t  severe enough t o  

be a  h e a l t h  hazard, b u t  i t  can be an annoyance. Dur ing cons t ruc t i on ,  the  

no i se  c rea ted  by heavy equipment and cha in  saws can be p a r t i c u l a r l y  annoy- 

ing.  He l i cop te rs  a re  f r e q u e n t l y  used t o  i nspec t  r ou tes  and t h e i r  no ise  can 
a 

a l s o  be an annoyance. Small i r r e g u l a r i t i e s  on t he  conductor sur face  o f  

energ ized t ransmiss ion  l i n e s  r e s u l t  i n  a  corona e f f e c t  which can produce 

aud ib le  no i se  i n  t h e  immediate v i c i n i t y  o f  t ransmiss ion 1  ines.  

Corona cu r ren ts  a l s o  generate ozone and n i t r o u s  gases. Ozone i n  h i g h  

enough l e v e l s  may a f f e c t  growth of vege ta t i on  and may p o s s i b l y  be hazardous 

t o  humans. However, r ecen t  ' t e s t s  have i n d i c a t e d  t h a t  a h igh-vo l  tage t r ans -  

m iss ion  l i n e  i s  an i n e f f i c i e n t  generator  o f  these gases. Tests  r e c e n t l y  

made ad jacent  t o  765 KV l i n e s  i n d i c a t e  t h a t  the  ozone concen t ra t i on  i s  

o n l y  2 t o  3 p a r t s  per  b i l l i o n  by volume. ( 5 )  The increase would be l e s s  

f o r  1 ower vo l  tage 1  i nes. 

Transmission l i n e s  pose a  p o t e n t i a l  o b s t r u c t i o n  t o  a i r c r a f t .  Th i s  prob- 

lem i s  p a r t i c u l a r l y  acute i n  geographic areas cha rac te r i zed  by f requent  low 

v i s a b i l i t y .  I n  general ,  however, most l i n e s  a re  below t h e  minimum f l i g h t  

a1 t i t u d e s  a1 lowed by t h e  Federal A v i a t i o n  Admin i s t ra t i on  (FAA) except  f o r  

spec ia l  opera t ions  such as crop dus t ing .  FAA standards a re  f o l l owed  i n  mark- 

i n g  l i n e s  and s t r u c t u r e s .  Add i t i ona l  precaut ions employed on l a r g e  r i v e r  

cross ings u s u a l l y  i nc lude  a i rway beacon l i g h t s  on towers, co lo red  sphe r i ca l  

markers on conductors,  and a i rway marker p a i n t  c o l o r s  on towers. 

AESTHET I CS 

The a e s t h e t i c  impact o f  t ransmiss ion  l i n e s ,  access roads, subs ta t ions ,  

and r e l a t e d  s t r u c t u r e s  i s  a  s i g n i f i c a n t  environmental  impact. The degree o f  

impact c rea ted  w i l l  va ry  w i t h  t h e  scenic  q u a l i t y  o f  the  area, t he  des ign o f  

t h e  s t r u c t u r e  and r igh t -o f -way ,  and t h e  v i s u a l  s i g n i f i c a n c e  o f  t h e  land-  

scape t o  t he  viewer.  

Major  v i s u a l  impacts i n c l  ude c l ea red  c o r r i d o r s  through f o r e s t e d  areas, 

" s k y l i n i n g "  towers a long the  c r e s t  o f  a  r i dge ,  rows o f  towers v i s i b l e  f o r  



several m i l es  i n  areas o f  sparse vegetat ion,  and congest ion o f  towers o f  

d i f f e r e n t  s i z e  and design along m u l t i p l e  r ights-of -way o r  i n  the  v i c i n i t y  

o f  generat ion s i t e s .  Because o f  t h e i r  l i n e a r  nature,  t ransmiss ion l i n e s  

pass near and sometimes cross designated scenic highways, r i v e r s  and 

t r a i l s .  Pa in t i ng  and weathering o f  towers can he lp  reduce the  v i sua l  

impact o f  these s t ruc tu res .  

Vegetat ion management programs w i  11 resu l  t 'i n dead vegetat ion w i  t h i n  

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

o r  clumps o f  t rees .  When a e r i a l  spraying i s  used a brown pathl w i l l  be 

v i s i b l e  u n t i l  new growth appears, usua l l y  from a few months t o  a f u l l  

growing season. 

I n  one sense, underground transmi ss ion 1 ines have minimal aes the t i c  

impact s ince towers and l i n e s  are  n o t  v isab le .  However, t he  impact o f  

t he  c o r r i d o r  can be severe i n  t h a t  i t  requ i res  extensive excavat ion and 

normal ly  does n o t  permi t  the  establ ishment o f  t r ees  o r  shrubs along the  

r ight-of -way.  Underground 1 ines cos t  approximately e i g h t  t imes as much 

as overhead 1 ines.  
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