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CHAPTER   I

INTRODUCTION

Man  has  always  inf luenced  and  been  inf luenced  by

his  environment.I    All  civilizations  so  far  have  been

built  on  an  orderly  system  of  relationships  i.inking  man

to  nature,  but  these  relations  are  being  disrupted  all

over  the  world  by  technological  forces.2    As  iran  becomes

more  scientific,  an  individual  detachment  from  nature

takes  place.     Then  the  human  being  becomes  a  unit,  a

discrete  thing  with  a  mind  of  its  own,  operating  in  a

vast  universe.     When  nature  becomes  antagonistic  to  man,

man  must  conquer  nature  to  survive.3    Now  that  society

has  allowed  the  environment  to  be  abused,  society  will

have  to  suffer  the  consequences.     The  answer  does  not  lie

in  a  return  to  an  imaginary  Arcadia  or  in  the  search  for`

a  static  Utopia,  but  in  an  attempt  to. insure  that  the

LJohn  A.   Baker,   "Man  and  His  Environment,''  Environ-
mental  Im rovement   (Washington,   D.C. :     Department  of
Agriculture  Graduate  School,

2Ibid.,   p.   5.
1965)'   p.1.

3Les|ie  L.   Roos,  Jr.,   ed.,The  Politics  of  Ecosuicide
(New  York:     Holt,   Rinehart,   and  Winston,   Inc.,
p.   25.

1971)  ,



environmental  changes  that  society  brings  about  do  not

outstrip  its  adaptive  potentialities;  and  furthermore,

govern  his  adaptive  responses  in  such  a  manner  that  they
do  not  decrease  the  qualities  of  his  life.4

Clearly,  environmental  pollution  is  a  social  prob-

lem,  .and  while  man  individually `ma.y  .help  to  reduce  the

contamination  of  his  environment,  needed  and  effective

control  can  only.be  achieved  by  concerted  social  action.
.

Control  of  environmental  pollution  is  a  major  concern  to

many  people.     But  what  are  the  pollutants  of  air,  water,

or  food  that  are  really  significant?6    What  are  the

sources  of  these  pollutants?    What  is  the  relationship

between  the  amount  of  wasteload  generated  and  the  amount

of  units  produced?    The  answers  to  these  questions  must

involve  an  evaluation  of  both  the  types  and  quantities

of  air,  water,  and  land  pollutants  which  are  now  being
4

generated  by  industries.
.®,. ,

4Rene  -ules  Dubos,   "Air,  Water,
mental  Im rovement,   p.15.

5]ohn  T.   Middleton,
mental  Im

and  Earth,"  Environ-

"Control  of  Environment, "  Environ-
rovement,   p.   53.

6Rene  Jules  Dubos,
tions  and  Interactions,
(Washington,   D.C.:      Smi
p.   232.

"Man  and  His  Environment,  Adapta-
"   The  Fitness  of  Man's  Environment

Insti tution  Press,   1968



Since  a  concern  for  the  environment  has  emerged,   and

is  becoming  a  social  issue,   economics,  as  one  of  the

social  sciences,   is  one  of  the  academic  fields  which  is

responding  to  the  concern.     One  very  important  tool  at

the  economist's  disposal  is  an  Input-Output  Systems  Analy-

sis  which  shows  the  -economic  in`t-erdepend.ence  of  industries

and  from  this  the  environmental  impact  of  an  'industry  may

be  assessed.
+I

In  this  thesis  a  model  will  be  develop'ed,  using  Input-

Output  Analysis,  to  assess  the  environmental  impact  of  an

industry;  specifically,  the  coal  mining  industry  in

Kansas.     Briefly,  the  model  will  be  presented  in  three

stages.    First,  the  basic  model  is  formulated  and  applied

to  the  strip-mining  of  coal  industry  in  Kansas  to  assess

the  environmental  effects  of  this  industry.    Second,  the

model  will  be  applied  to  include  the  environmental  ef fects

of  all  industries  economically  linked  with  the  strip-

mining  of  coal  in  Kansas.     Finally,  the  environmental

effects  of  reclamation  will  be  examined.    Detailed  de-

scriptions  of  both  an  Input-Output  Systems  Analysis  and

the  model  developed  from  this  system  are  presented  in

Chapter  3.
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HISTORICAL   BACKGROUND

Prior  to  the  emergence  of  the  environmental  quality

movement  in  the  nineteen  sixties,  concern  for  the  environJ

ment  was  made  evident  by  the  establishment  of  voluntary,

privately  financed  organizations  to  promote  specif ic
objectives.     Illustra.tion.s  of  this  movement  include  the

establishment  of  the  American  Fisheries  Society  in  1870

and  the  American  Forestry  Association  in  1875.     Similar
I

groups  were  established  to  promote  the  conservation  of
other  natural  resources.    To  strengthen  the  effectiveness

of  all  these  organizations,  the  Natural  Resources  Council

Was  established  in  1946.7

The  environmental  quality  movement  gained  impetus

partially  as  a  public  response  to  the  publication,  in
1962,  of  the  book  Silent  Spring  by  Rachel  Car:on.     This

book  was  written  in  opposition  to  the  extensive  use  of

the  pesticide,  DDT.     In  the  lonj  run,  the  real  contribu-

tion  of  Silent  Spring  was  the  stimulation  of  research

ef forts  by  scientists  concerning  the  secondary  ef fects

of  pesticides.    DDT  applied  to  crops  or  trees  in  one  area

may  affect  fish,  birds,  and  possibly  man,  hundreds  of

miles  away.    The  culmination  of  the  interest  voiced  by

Hs.  Carson's  book  was  a  coalition  of  scientists  and

7Lynton  Keith  Caldwell ,
Modern  Society"   (New  York:
p.   39,   40.

Environment,   "A  Challenge  to
Natural  History  Press, 1970)  ,



citizens  who  joined  forces  to  conduct  a  conference  titled,
"Pesticides--A  Special  Review,"   in  April  of  1966   in  Madi-

son,  Wisconsin.     The  specific  aim  of  this  conference  was

to  investigate  DDT  in  relation  to  the  ecosystem.     This

resulted  in  the  identification  of  DDT  as  a  water  pollutant.

Perhaps  a  much  more  signif icant  outcome  of  this  examina-

tion  was  the  water  quality  legislation  which  clef ined  a

pollutant  as,   "any  material  that  may  be  damaging  to  fish,
I

game,  or  wildlife  in  state  waters,"8  and  delegated  au-
thority  to  the  Department  of  Natural  Resources  to  control

pollutants  introduced  into  Wisconsin's  lakes  and  streams.
This  provided  not  only  an  avenue  for  implementating  the

concern  evidenced  by  the  public,  but  also  marked  an

entrance  of  government  intervention  into  the  area  of

Water  quality  control.9

Entrance  of  the  environmental  quality  movement  into

the  area  of  air  quality  control  was  brought  about  by  a

dramatic  episode  in  New  York  City  in  1966.     This  event  is

commonly  referred  to  as  the  "Thanksgiving  episode. "

During  a  period  of  four  or  f ive  days  the  level  of  sulfur

8dohn  Harte  and  Robert  H.   Socolow,  Patient  Earth
(New  York:     Halt,   Rinehart  and  Winston,   Inc.,1971,
p.   90.

9|bid.,   pp.   88-90.



dioxide  rose  to  0.51  ppm*  daily  resulting  in  more  than

170  deaths.     Because  of  its  impact  on  the  general  public,

the  "Thanksgiving  episode"  marks  the  awareness  of  large

segments  of  the  general  population  that  the  condition  of

the  air  in  major  cities  across  the  United  States  could

lead  to  a  major  tragedy.L°

To  meet  his  requirements  for  daily  sustenance,  man

has  also  misused  another  natural  resource--land.     The
I

land  has  provided  man  with  such  products  as.;   1umber,

fuelwood,  agricultural  products,  and  a  food  supply  for

livestock.  .  Each  of  these  products  was  extracted,  with-

out  Concern  for  replenishment.LL

The  mining  of  minerals,   such  as  coal,  was  often

undertaken  without  concern  for  the  environment.     The

Primary  objective  governing  this  process  was  to  extract
the  minerals  as  cheaply  as  possible.    This  is  a  short

term  goal,  which  ignores  the  long  term  effects  of  silted

streams  and  wasteland  left  by  surface  mining.12    Misuse

*According  to  Chapter  28,  Article  19,  Amendments,
"Ambient  Air  Quality  Standards  and  Air  Pollution  Control
Regulations,"  p.   4,   the  Maximum  annual  arithmetic  mean  of
S02  is  0.02  Ppm,   ppm  is  parts  per  million.

L°Harte,  Patient  Earth,  pp.   44,   45.

]LU.   S.  Department  of  the  Interior,   Surface  Mining
and  Our  Environment   (Washington,   D.C.:     U.S.   Government

Office,1967),   p.   3.
12Ibid.,   p.   4.



of  land  has  now  become  a  serious  challenge  to  the  environ-

mental  quality  movement.

The  environmental  quality  movement  provided  the

catalyst  for  a  coordinated  approach  to  natural  resources

policy.     It  is  evident  that  public  outcry  and  concern
alone  is  `not  -enough  to  hal+  the  increasing  amounts  of

contaminants  that  are  being  spewed  into  the  environment--

air,  land,  and  water.    It  is  also  true. that  pg,llution

controls,  implemented  by  individual  private  industries,

would  often  place  these  industries  in  an  unfair  competi-

tive  economic  advantage.     One  alternative  whereby  mass

pollution  control  measures  might  be  undertaken  by  all

private  industries  is  through  goverhment  control.    To
. obtain  this  objective,  Public  Iiaw  91-190  was  passed  by

Congress  on  January  i,   1970.     The  purposes  of  this  Act

are:
''To  declare  a  national  policy  which  will  en-
courage  productive  and  enjoyable .harmony
between  man  and  his  environment;   to  promote
ef forts  which  will  prevent  or  eliminate
damage  to  the  environment  and  biosphere
and  stimulate  the  health  and  welfare  of  man;
to  enrich  the  understanding  of  the  ecologi-
cal  systems  and  natural  resources  important
to  the  Nation;  and  to  establish  a  Council
on  Environmental  Quality. "13

L3Environmental  Quality,   "The  First  Annual  Report
of  the  Council  on  Environmental  Quality"   (Washington,
D.C.:     Government  Printing  Office,1970),   p.   243.
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Government  legislation  and  public  concern  play  a

vital  role  in  curbing  misuse  of  natural  resources.    There

is  still  a  great  need  for  investigation  to  determine  the

sources  of  pollutants;  also,  the  relationship  between

the  amount  of  wasteload  generated  and  the  number  of  units

produced..     Both  of  thes.e  .que,st`ions  need  to  be  answered  to

estimate  both  the  .types  and  quantities  of  air,  water,  and

land  pollutants  which  are.  now  being  generated  by  indus-
.

tries.    The  answers  to  these  questions  are  a  step  towards

evaluating  the  environmental  effect  of  any  industry.    And

with  this  information  to  develop  a  methodology  to  assess

more  fully  the  environmental  effects  of  an  industry,

which  would  allow  better  policy-making  and  planning  de-

cisions  regarding  the  location  of  industries.

REASONS   FOR   THE   STUDY

14

When  people  think  of  the  en+ironmental  ef fects  of

an  industry,  they  generally  remember  such  obvious

L4For  Example,   if  a  decision  was  to  be  made  to
encourage  either  the  location  of  industry  A  or  industry
a  in  the  same  area;   and,   they  had  the  same  economic  effect
and  the  same  direct  environmental  effect,  they  would  be
equally  attractive.    However,  if  the  indirect  and  in-
duced  environmental  effects  were  assessed  and  the  quanti-
ties  of  pollutants  were  greater  for  a  than  for  A,  then
planners  could  encourage  industry  A  to  locate,  rather
than  industry  a.



incidences,   as  the   "Thanksgiving  episode."     However,

there  are  additional  environmental  ef f ects  which  follow

because  of  various  linkages  an  industry  may  have.     The

obvious  thought  here  might  be  the  n.atural  or  biological

ramifications.    There  is  another  cycle--the  economic

cycle  which  through  the  economic  interdependence  of

industries,  which  also  may  generate  additional  impact  on

the  environment.     In  order.to  illustrate  this  possibility
'

the  economic  cycle  of  an  industry  merits  attention.    The

industry  to  be  used  is  the  strip-mining  of  coal  industry

in  Kansas.
• `\)  To  illustrate  the  obvious  environmental  effects,  a

description Qf the mli±1.f will be discussed;
these  will  be  referred  to  as  direct  enLrfeanental  effects._

To  illustrate  other  environmental  effects,  the  economic

Cy±Sj±±±±±2eL_P..I_,9..S_Lent.ed ;   these  will  be  indirect  or  in--_---        _         _           _ _

duced  environmental  effects.
.---I.I,-Jf---I.`-_ca

The  direct  environmental  ef fects  follow  from  the

technique  most  often  used.     In  Kansas,  this  is  strip-

mining,  which  consists  of  removing  the  topsoil,   rock  and

other  strata  that  lie  above  the  mineral  deposits  in  order
to  recover  these  deposits.]5

]5|nterior  Department,   "Surface  Mining,"  p.   33.
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This  method  has  been  placed  in  an  advantageous  posi-

tion  relative  to  other  mining  techniques,  such  as  deep

shaft  mining,   for  a  number  of  reasons.     With  technologi-

cal  advances  it  has  been  possible  to  almost  double  the

total  coal  production  in  Kansas  from  900,000  tons  mined

in   1960,   to   1,600,0`00   tons  mined   in   1970.L6     The  oper-

ating  costs  are  25  to  30  percent  lower,  and  the  pro-

duction  per  man  is  loo  percent  higher,  when  co,mparing

strip-mining  to  deep  shaft  mining.L7    Also,  with  the

passage  of  the  1969  Federal  law,]8  which  established

new  requirements  for  the  health  and  the  saf ety  of  under-

ground  miners,  the  disparity  between  the  two  methods  was
increased.19    According  to  research  prepared  by  the

Office  of  Business  Economics,  U.S.   Department  of  Com-

merce,  which  examined  the  extent  to  which  other  indus-

tries  depend  on  the  coal  industry,  76  percent  of  all

the  coal  mined  is  used  directly  by  56  industries   (out  of

a  total  of  82  industries)   to  produce  other  products.

The  remaining  24  percent  represents  exports  and  consumer

L6u.s.   Bureau  of  Mines,   Yearbook,Area  Report
(Washington,   D.C.:     U.S.   Government  Pr
1970) .

]7wichita  Beacon , August   25,1971,   p.14A.

Ice,

L8pub|ic  Law  9|-|73,   Title  V,   see.   Sol-513,  U.S.
Statutes  at  Large   (1970) ,  pp.   798-804.

19..Beacon,"   p.   14A.
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consumption.2°    With  all  these  advantages,  and  with  the

supplies  of  gas  and  oil  dwindling  and  delays  in  producing

nuclear  power,  the  demand  for  coal  is  likely  to  remain.21

Strip  mining  consists  of  the  removal  of  the  layers

of  earth  lying  over  the  mineral  deposits.    This  process

displaces  the  layer  of  top  soil.    The  resulting  destruc-

tion  of  the  protective  vegetative  cover  speed's  up  erosion.

Further,  the  massive  piles.  of  soil  and  rock  left  behind
`

are  sources  of  erosion,  and  may  be  displeasing  to  the

eye.    These  are  all  examples  of  the  direct  environmental

impact  of  the  strip  mining  of  coal  industry  in  Kansas.

ef f?'c`:::r:h::: :::I::u::::u::
indirect  environmental

of  the  economic  interde-

pendence  of  this  industry.    To  illustrate,  the  coal
company  must  purchase  inputs,  such  as  electricity,  to

operate  machinery.     This  would  be  a  direct  purchase  of

an  input.    When  electrical  companies  generate  the  power

to  meet  this  demand,  they  simultaneously  produce  air  and

water  pollutants.     These  wastes  would  be  classified  as

indirect  environmental  effects   (see  diagram,  page  14) .

If  the  dollar  the  coal  company  pays  to  the  electrical

company  is  traced,   it  might  eventually  be  spent  by  the

2°|nterior  Department,   "Surface  Mining,'.  P.   42.

21..Beacon,''   p.14A.
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electrical  company  for  inputs  to  be  used  to  generate  the

electricity  originally  demanded  by  the  coal  company.

This  would  be  an  indirect  purchase  of  inputs   (see  diagram

on  following  page).     If  the  electrical  company  purchases

oil   (another  indirect  purchase  of  an  input)   to  burn  in

order  to  produce  electricity  for  the  coal  mining  industry

the  wasteload  generated  by  the  oil  company  in  meeting

this  demand  can  be  traced  back  to  the  coal  mining  indus-
'

try  through  the  market  structure  of  inputs.    These  wastes

would  also  be  classif ied  as  indirect  environmental  ef fects

(see  diagram) .

2 i) The  income  paid  to  the  coal  laborers  enables  them
to .spend  money  and  generate  demand .for  the  output  of

various  industries.     This  would  be  an  induced  economic

effect.    When  these  industries  meet  this  demand,  they

also  generate  environmental  effects;  these  are  induced

environmental  effects.    For  example,  if  a  laborer  pur-

chases  food  commodities,   such  as  bread,  with  his  dollars

this  will  mean  that  the  agricultural  sector  will  need  to

produce  wheat.     The  contaminants  which  may  be  by-products,

such  as  nutrient  loss,  would  be  classified  as  induced

environmental  effects   (see  diagram,  page  14) .
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The  criteria  involved  in  placing  environmental

effects  in  the  categories  described  on  the  previous  page,

are  dif ferent  than  those  which  may  be  used  to  identify

environmental  ef fects  according  to  the  biological  cycle

of  organisms.    This  would  involve  an  investigation  of

ecological  systems  or  `the  study  of  the  interactions  of

organisms  and  the  environment.22     This  method  was  used

by  |sard23  in  a  study  done  of  the  Philadelphia  economy,
.

and  is  discussed  in  detail  in  Chapter  2.     For  example,

assume  an  industrial  process  results  in  an  increase  in

the  turbidity  of  water,  a  direct  environmental  effect.

This  is  the  same  criteria  used  to  classify  ef fects  on

the  previous  page;  however,  according  to  the  biological

interdependence  of  light  and  phytoplankton,  an  indirect

environmental  ef feet  would  be  a  reduction  in  the  amount

of  phytoplankton  output  from  photosynthesis.     This  in

turn  affects  the  supply  of  plankton,  algae  production,

and  so  on,  and  finally  fish  production.24     |n  order  to

use  these  criteria,  extensive  and  valid  models  of

22|an  |„   MCHarg. Environmental  Im rovement,   p.   loo.
23wa|ter  |sard  and  Thomas  W.   Langford,   Regional

5=8:;==:``;g;::=:::ei±ie  ;E::::::S:i:n§fa::±:::: ±°?fas::€
chusetts:     MIT  Press,1971).

24Ibid.,   P.12.
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ecological  systems  are  necessary.25     ''At  present,  this

kind  of  theoretical  approach  to  ecological  problems  is

not  well  developed."26    It  would  also  be  "prohibitively

expensive  for  most  regional  development  agencies."27

An  alternative  approach  to  environmental  ef f eat

classification  utilizes  the  "Direct,  Indirect,  and  In-

duced  Requirements  Matrix"  developed  in  the  Kansas

Interindustry  Structure  publication.28    This  matrix

illustrates  the  direct  and  indirect  purchases  of  inputs
by  an  industry,  and  the  induced  changes  in  income  which

results  in  consumer  purchases  for  each  dollar  output
•generated  by'every  Kansas  industry.     These  will  be

referred  to  as  "Total  Purchases  and  Consumer  Effects,"

table  A-I,  column  3.    A  detailed  explanation  o.f  the

25char|es  G.  Wilberi The  Biolog ical  As ects  of
Water  Pollution   (Springfield Charles  C. Thomas ,

p.   276.
26wi|ber,   "Biological  A§pects,"  p.   276.

Ra:earch  in  Social

19 69),

27Geoffrey  ..   D.   Hewings,   "Aggregation  for  Regional
-       .         -        _,  _  .     ~_ISci-

fice

''   47  Centre  for
Isard,   T.   W.   Lang

Impact  Analysis ,
ences,17:     W
E.   Romano

lete  Workin
Revised  Direct  Coe

ford'  Jr. , with
i f icient  Table  and Com-

the  Ph lade
philade Science  Res

28M.   ]arvin  Emerson,  with  I,eonard  D.   Atencio;
The  Interindustr

(Manhatt.anKansas   Econom
Phillip  D.   Brooks,   and  J.   David  Reed,
Structure  of  the

PlanningsandAnalysiEconomicof Division,   Kansas  De-
partment  of  Econamic  Development,   1969)
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derivation  of  this  matrix  and  table  is  presented  in

Chapter  3.

OUTLINE   OF   THE   MODEL

To  derive  the  basic  model,   the  ''Kansas  Direct,   In-

direct,   and  Induced  Requirements  Matrix"   is  used.     It

gives  the  list  of  the  industries,  along  with  their  input
coefficients,  which  are  economically  linked  to  the  strip-

.

mining  of  coal  in  Kansas.     To  calculate  the' direct  and

indirect  purchases  of  inputs  and  the  induced  economic

effects  of  consumer  spending,  multiply  the  input-output

coefficients,  Table  A-I,  column  2,  by  the  total  industrial

output  of  the  strip-mining  of  coal  industry,  Table  A-i,

column  3.    To  convert  this  figure  to  production  units,

divide  the  output  by  the  average  wholesale  price  per  unit

of  the  particular  product,  Table  A-I,  column  5.     To  cal-

culate  the  total  wasteload  generated  by  all  industries,

multiply  the  total  production  units,  Table  A-I,  column  6,

by  the  industries'  respective  pollution  generated  per  unit

of  product.     The  like  effluents  may  be  summed  and  their

environmental  impact  expressed  as  population  equivalents

(Appendix  D).     If  reclamation  occurs,  the  pollution

quantities  will  need  to  be  re-evaluated   (Appendix  E) .
After  this  adjustment,  the  like  pollution  quantities  are

summed  and  evaluated  according  to  population  equivalents

(Appendix  E) .
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METHODOLOGY

This  thesis  uses  an  Input-Output  Systems  Analysis  to

develop  quantitative  measures  of  the  environmental  ef fects

of  the  strip-mining  of  coal  industry  in  Kansas.     Two

sources  of  environmental  ef fects  are  important  in  such  an

assessment--the  environment.al  e`f.f`ects  relevant  to  the

mining  process  itself  and  the  environmental  ef fects  which

follow  because  of  the  economic  interdependence  of  this
.

industry.    The  first  of  these  will  be  in  the'  category  of

direct  environmental  effects;  and  the  latter  will  be

either  indirect  or  induced  environmental  effects.

For  example,  with  the  removal  of  the  layers  of  earth

lying  over  the  mineral  deposits,  the  protective  vegetative

cover  is  destroyed,  which  leads  to  increased  erosion.

This  is  a  direct  environmental  ef feet  of  the  strip-mining

Process .

The  indirect  environmental  e-f fects  result  from  the

indirect  purchases  of  inputs.    As  previously  explained,

when  these  industries  meet  the  coal  companies  demand,   they
• simultaneously  generate  waste  products.     The  induced  en-

vironmental  ef fects  oat:ur  when  consumers  spend  their  in-

come,  since  industries  upon  meeting  this  demand  also

produce  waste  products  at  the  same  time.
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CONTENT   &   SCOPE   OF   THE   THESIS

This  thesis  develops  a  quantitative  method  for

measuring  the  environmental  impact  of  industrial  activi-

ties.    This  method  will  be  applied  to  the  strip-mining  of

coal  industry  in  Kansas,  to  assess  the  direct,  indirect,

and  induced  environmental  effects.     A  table  has  been  con-

structed  to  summarize  these  environmental  effects.    Ad-

justments  will  be  made  to  incorpaorate  the  reclamation
.

law.     The  revised  figures  will  be  evaluated  according  to

population  equivalents.
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CHAPTER   11

PREVIOUS   STUDIES

One  of  the  important  advances  in  modern  economic

theory  has  been  Inpu.t-Qu.tput  System.s  Analysis.     This

has  provided  a  useful  tool  in  projecting  supply  and

demand  of  economic  commodities.  -A  new  direction  that       .
I

has  recently  been  undertaken  is  the  application  of  Input-

Output  Methodology  to  problems  relating  to  environmental

quality.     This  would  allow  projections  to  be  made  con-
cerning  the  supply  and  demand  of  environmental  commodi-

ties--resources  and  pollutants.

Two  studies  applying  Input-Output  Methodology  to

environriental  quality  analysis  should  be  mentioned.     One,

a  study  of  the  Philadelphia  496  region  by  Waiter  Isard;1

and  another  of  the  Colorado  River  Basin  by

William  H.   Mierynk.2

Lwalter  Isard  and  Thomas  W.   Langford,  Regional  Input-
Output  Study:     "Recollectioris,  Reflections,   and  Diverse
Notes  on  the  Philadelphia  Experience"   (Massachusetts:
MIT  Press,   1971) .

2wi||iam  H.
Water  Resources ,
Water  Resources
Water  Resources
pp.   49-58.

Mierynk ,"Proceed stems  Anal sis  for  Great  Lakes
ings  of  the  Fourth  Sympos |um  On

Research  of  the  Ohio  State  University
Center"   (Ohio  State  University  1969) ,



These  studies  are  available  as  theoretical  guides  for

environmental  quality  analysis,  although  they  have  not

as  yet  been  empirically  tested.    A  detailed  presentation

of  both  studies  may  be  found  in  Appendices  a  and  C.

STUDY   OF   THE   PHILADELPHIA 496   REGION

The  study  developed  by  Waiter  Isard,  at  the  Univer-

sity  of  Pennsylvania,   involves  an  extension  of  the. input-.

output  framework  to  simultaneously  cover  both  economic

and  ecologic  systems.     This  involved  the  addition  of

ecologic  commodities,   such  as  biological  oxygen  demand

(BOD(5-day)) ,   sulfur  dioxide   (S02) ,   and  water  of  a  speci-

fied  content,  to  the  rows  of  an  input-output  table.

Parallel  to  these  commodities  the  set  of  columns  can  be

extended  to  cover  ecologic  processes;   such  as  photosyn-

thesis,  replenishment  of  oxygen  supply  in  water,  and  cod-

fish  production.     This  results  i~n  the  extensio`n  of  the

inputs  and  the  outputs  from  the  ecologic  systems.     The

inputs  and  outputs  of  each  ecologic  process  cover  commodi-

ties  that  are  not  only  ecologic,  but  also  those  commodi-

ties,   such  as  codfish,  corn,  and  grass,  that  have  come

to  be  designated  economic  commodities.     In  short,  the

Philadelphia  496  order  table  is  to  be  extended  to  cover

many  more  commodities  and  processes,   and  thereby  to

19
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expose  basic  interrelations  between  the  economic  and

ecologic  subsystems.

Both  Isard's  study  and  this  thesis  have  a  Common

end--an  assessment  of  the  environmental  ef f ects  of

industries.     The  methods  followed  differ,  however.

Isard's  theoretical  approach  to  ecological  problems  re-

quires  extensive  and  valid  models  of 'ecological  systems.

At  present,   such  models  have  not  been  developed.     In
.

Isard's  study  this  lack  of  data  required  a  c,hange  of  in-

dustries  investigated  to  complete  his  illustration.    He

used  the  petroleum  ref ining  industry  to  show  the  noneco-

nomic  commodities  which  are  produced,   such  as  water  pol-

1utants  discharged.     This  allowed  the  extension  of  the

rows  to  cover  both  economic  and  ecologic  commodities.

However,   to  show  the  ecologic  inputs  from  the  ecologic

system  to  the  economic  system,   such  as  fish  and  the

ecological  process  necessary  to  produce  these  inputs,  he

used  recreational  activities.    As  data  on  the  ecological

inputs  and  processes  related  to  the  petroleum  refining

industry  was  not  available,  it  was  necessary  to  use  the

industry  of  sport  f ishing  from  boats  with  outboard  imotors

as  an  illustration.
Although  research  is  being  undertaken  to  develop

models  of  ecological  systems,  it  has  been  suggested  that
"perhaps  ecological  interactions  are  too  complex  and  have
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too  great  a  degree  of  variability  to  permit  satisfactory

model  construction. "3    There  would  be  formidable  diffi-

culties,  both  conceptual  and  empirical,  involved  in  esti-

mating  this  data,  since  it  would  necessitate  a  sophisti-

cated  understanding  of  biological  processes.     When  classi-.

fying  these  non.economic  `commodities,   researchers  may  find

it  necessary  to  make  arbitrary  decisions.    Their  findings

might  be  accurate  enough  to  approximate  future  needs  re-.
'

garding  supply  and  demand  of  environmental  commodities--

resources  and  pollutants.

Another  difference  between  Isard's  study  and  this

thesis  involves  the  role  played  by  the  Input-Output  model.

Isard  has  suggested  extending  the  columns  and  the  rows  of

the  matrix  itself  to  derive  the  basis  interrelationships
between  the  economic  and  ecologic  systems.     In  this

thesis,  it  was  used  as  a  base  for  calculations,  assuming

that  the  quantity  of  demand  created  by  the  dollar  output

of  an  industry  was  constant  or  directly  proportional  to

the  quantity  of  waste  products  generated.    One  of  the

shortcomings  of  this  method  in  comparison  to  Isard's  is

that  since  coef f icients  regarding  water  use  and  water

pollutants  were  not  developed,  projections  relevant  to

3Charles  G.   Wilber,   The  Bio
PO|1ution (Springfield :

logical  Aspects  of  Water
Charles   C.   Thomas,1969) ,p.   276.
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this  resource  cc)uld  not  be  obtained,  while  in  Isard's

model  the  ramif ications  of  increased  a.emand  on  this  re-

source  could  be  evaluated.

A  third  area  where  Isard's  model  differs  from  this

thesis  regards  the  cycle  of  pollution  relevant  to  ecologi-

cal  .processes.     For  example,  a  part  of  the  oxygen  depleted

in  water  is  replenished  naturally,  and  there  are  natural

processes,   such  as  rain  and.  air  movement  that  remove
I

particulates  from  the  air.     These  processes  employed  as

inputs,  the  diverse  pollutants  that  are  generated,  and

yielded  as  outputs  water  and  air  of  specified  quality.
This  thesis  quantifies  the  amount  of  pollutants  generated

and.is  not  involved  in  evaluating  the  ecological  inter-

.dependence  of  commodities  and  processes  that  exist  in
the  ecologic  realm  as  it  does  in  the  economic  realm.

Implementation  of  Isard's  method  will  provide  a

systematic  method  of  projecting  conditions  of  both  supply

and  demand  regarding  environmental  commodities  such  as,

resources  and  pollutants.    The  advocation  of  this  classi-

fication  of  ecologic  processes  would  require  expertise  in

various  fields.     Educational  training  in  economics  alone

would  not  suffice,  as  an  understanding  of  biological  and

chemical  processes  would  be  useful.    An  alternative  ap-

proach  that  may  be  used  would  be  a  coordination  of  the
efforts  of  biologists,  chemists,  and  economists.



STUDY   OF   THE   COLORADO   RIVER   BASIN

The  forecasting  model  developed  by  William  H.   Mierynk

for  the  water  resources  of  the  Colorado  River  Basin  is

concerned  with  how  a  change  in  water  quality  might  effect

water  users;  and  thus  industrial  outputs.     The  "economic

value''4  of  water  quality  has  gained  importance  with  the

current  trends  of  urbanization,  industrial  growth,  and

higher  standard  of  living.    Water  is  being  used  in
.

greater  quantities  for  household  equipment,, air
conditioning   (both  in  office  buildings  and  homes) ,   and

in  Public  places,   such  as  swimming  pools  and  parks.5

The  method  developed  by  William  Mierynk  was  used  to

•make  long-rahge  projections  of  economic  activity  in  the

Colorado  River  Basin  subject  to  water  quantity  and  quality

constraints.     The  conventional  open  Leontief  Input-Output

model  with  changing  input  coef f icients  was  the  fore-

casting  model.     Separate  transactions  tables  were  derived

for  each  sub-basin  and  linked  together  balancing  import

rows  and  export  columns  to  form  a  "pure"  interregional

model.    A  set  of  sectoral  water  input  coefficients  were

4A||en  V.   Kneese,  Water Pollution
and  Research  Needs"   (Bal
1962)'   p.    25.

and  Waste  Dis

"Economic  Aspects
e:     John  Hopkins  Press,

5W.   A.   Hardenbergh  and  Edward  a.   Rodie,  Water  Supply
osal   (Scranton:     International  Textbook

Company,1966),   pp.   40-45.
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introduced  to  determine  the  relationship  between  the

future  water  demanded  and  the  future  supply.    This  rela-

tionship  determined  how  water  quality  would  inf luence  in-

dustrial  output.     If  the  quality  of  water  demanded  ex-

ceeded  the  available  supply,  Mierynk  assumed  the  market

would  allocate  the  available  supply  to  the  "highest

value-added"  or  "most  prof itable"  uses   (this  basic  as-

sumption  is  a  point  of  contention,  and  will  be  dis.cussed

later).     Thi:  meant  that  the  decision  was  mad:  in  advance

that  lesser  quant.ities  of  water  would. be  used  in  those

sectors  where  each  gallon  of  water  consumed  yielded  the

lowest  rates  of  return  to  the  users.    Water  quality  then

became  a  constraint  on  the  water  users.    To  allow  quality-

constrained  projections  to  be  made,  it  was  necessary  to

estimate  the  total  dissolved  solids  in  parts  per  million
which  would  result  from  the  increased  use  of  water  to

meet  the  projected  levels  of  total  gross  output  in  each

sub-basin.    After  the  water  quality  constraints  were

derived,  the  results  were  analyzed  in  relation  to  the

industrial   (economic)   realm,  rather  than  the  environmental

(noneconomic)   realm.

Both  Mierynk's  study  and  this  thesis  have  used  a

IIeontief  Input-Output  matrix  as  a  base  for  calculations.

Both  inquiries  were  concerned  with  the  wasteloads  being

generated  by  industries,  which  involves  calculating  a



pollution  figure  per  product  unit  produced.     However,
after  assessing  the  quantities  of  wasteloads  generated

by  industries,  Mierynk  returned  to  the  industries  them-

selves  to  evaluate  the  ef feet  the  e.nvironment   (decreased

water  quality)   may  have  in  the  economic  realm.     Con-

clusions  could  then  be  drawn  concerning  the  interdepend-

ence  of  the  environment  and  industry,  i.e.  the  relation-

ship  between  economic  outptit  and  water.  inputs  of  a
I

specified  quality.     The  primary  concern  of  this  thesis

was  not  the  economic  ramifications  of  pollution  generated;

rather  the  noneconomic   (environmental)   effects  of  the

pollution  generated  by  industries.
In  order  to  derive  the  quantities  of  resources

necessary  for  production,  it  is  vital  to  develop  input

coefficients  of  the  resources  being  used.     The  form  of

these  coef f icients  should  be  the  number  of  units  of  the

resources  required  per  dollar  of  output  of  the  industry.

This  was  the  method  used  by  Mierynk.     A  knowledge  of

these  coef f icients  would  have  expanded  the  conclusions

of  this  thesis;  however,  sufficient  data  were  not  avail-

able  on  water  use.     In  integrating  the  water  input  co-

efficients  and  the  Input-Output  Matrix,  Mierynk  made

some  previous  decisions  concerning  the  allocation  of

water.     He  assumed  the  market  structure  will  cause

adjustments  as  water  becomes  scarce.    This,  in  effect,

25
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classified  water  as  a  private  rather  than  a  public  good,

which  is  a  question  still  unsettled.     If  water  is  a  pri-

vate  good,   then  what  Mierynk  projected  is  valid.     As

water  becomes  more  scarce  and  a  need  is  brought  about

to  reuse  the  water,   if  the  price  of  water  rises,  marginal

businesses   (farms  in  this  study)   will  be  driven  out  and

no  shortage  of  water  will  e.xist.     This  means  that  the

more  capital.intensive  enterprises  will  survive.     If,

however,  water  quality  is  a  public  good,  which  Samuelson

defines  as  one  which  satisfies  the  following  relation-

ship :

X2=X±,   and   (,i=l„..,n) ,  where,   X2=quantity  of  public  good
Where,  X2=quantity  of  public  good  produced,

X±=g::::Sty  of  public  good  consumed  by  i-..  con-

supplying  the  good  to  one  individual  is  not  possible  without

simultaneously  supplying  it  to  other  individuals.    There

is  a  joint  supply  constraint.                    ..+--

Production  of  higher  quality  water  requires  either

a  rise  in  water  prices  or  the  investment  of  water  puri-

fication  equipment,  but  the  water  cannot  be  supplied

selectively  to  some  users  and  not  to  all  users.     In

effect,  the  joint  supply  constraint  prevents  market

mechanisms  from  determining  the  quantity  of  water  produced

.th

5paul  Sanuelson,   "The  Pure  Theory  of  Public  Expendi-
ture,"  Review`  of  Economics  and  Statistics,  Vol.   36

1954),   p.    387.



of  a  specified  quality.6    Mierynk  assumed  that  if  a

scarcity  of  water  existed  the  market  would  allocate  the

available  supply  to  the  "most  profitable"  uses,  which  is

not  true  unless  water  is  considered  a  private  good.

Mierynk's  study  does  project  future  conditions

concerning  water  demand  and  water  supply  relative  to

industrial  needs.    And  water  input  coefficients  are

vital  in  an  environmental.  quality  analysis.    This  re-
I

quires  available  water  use  information  and  an  acceptance
of  his  initial  assumption  that  water  is  a  private  good.

The  main  thrust  of  Mierynk's  study  was  the  effect  of

water  quality  constraints  on  production,  and  other

chariges  in  environmental  quality  were  not  evaluated.

CONcliusIONS

These  two  studies  illustrate  two  recent  attempts  to

assess  the  environmental  ef feet  of  an  industry  using
a.

Input-Output  methodology.    Data  is  not  yet  available

to  empirically  test  Isard's  theory.    Mierynk's  was

primarily  concerned  with  changes  in  water  quality.     In
relating  the  concept  of  these  studies,  i.e.,  using  Input-

Output  methodology  for  an  environmental  quality  analysis ,

Quaii:§?Le#E¥;n+:::::#:h::::;y?.I::¥::dt¥=::%±Zg±=±=£
nrore:     Johns   Hopkins  Press,1968),   pp.   202,   203.
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in  conjunction  with  data  currently  available,  the  method-

ology  presented  in  Chapter  3  was  developed.



CHAPTER   Ill

RETHODOLOGY

29

Adam  Smith  and  his   immediate  successors  approached

the  economy  as  a  whole,  which  is  defined  today  as

macroeconomics.     Later  economists  changed  the  focus  to

the  household  and  the  firm,  micrQeconomics.     The  Neo-
I

classical  economists  analyzed  the  forces  leading  to

economic  equilibrium,  specifically  partial  equilibrium,

looking  at  one  variable  at  a  time,  such  as  interest

rates.     John  Maynard  Keynes  returned  to  aggregative

economics,  primarily  the  determinants  of  income  and

employment.     None  of  these  economists  were  directly

concerned  with  economic  interdependence,  or  the  struc-

ture  of  the  economy  and  the  manner  in  which  the  sectors

fit  together.                                      ~
There  were  a  few  departures  from  these  early  analy-

ses,   including  F'rancois  Quesnay  in  1758,  who  published

his  Tableau  Economi ue,  which  emphasized  the  interde-

pendence  of  economic  activities.     Quesnay's  study  was
concerned  with  the  successive  rounds  of  spending,  a

forerunner  of  the  modern  multiplier.     Later  economists'

Work  added  to  the  development  of  this  model,   including,
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I.eon  Walras,  whose  theory  of  production  utilized  "pro-

duction  coefficients,"  and  Gustav  Cassel  and  Vilfredo

Pareto  who  contributed  to  the  theory  of  general  equilib-

rium..     The  f inal  step  in  the  development  of  the  Input-

Output  methodology  came  in  1930,  when  Wassily  Iieontief

developed  a  general  theory  of  production  based  on  the

notion  of  economic  interdependence,  and  subsequently

published  the  f irst  Input-Output  `table  for  the  American     .
.

Ieconomy .

Input-Output  analysis  has  now  become  an  integral

part  of  modern  economics.     It  is  being  applied  to  such

problems  as  the  allocation  of  resources  and  distribution
of  income,  to  the  development  of  underdeveloped  countries,

and  more  recently  to  the  measurement  of  environmental

impact .

OUTI.INE   OF   THE   MODEL

As  technology  advances  and  becomes  more  specialized,

there  comes  a  greater  degree  of  economic  interdependence

among  industries.    Therefore  to  assess  the  total  effect

of  an  industry,   it  becomes  necessary  to  look  at  all  firms

in  which  this  industry  generates  a  greater  demand  for

goods  and  services.

]William  H.   Miernyk,   The Elements  of  Input-Out
Analysis   (New  York:     Random  House, 196 5),   pp.   3-6.



A  list  of  industries  which  are  economically  linked

with  the  strip-mining  of  coal  industry  in  Kansas  is  the

starting  point  for  assessing  the  environmental  impact

resulting  from  these  industries  when  they  produce  their

output.     This  list  was  compiled  from  the  "Kansas  Direct,

Indirect,  and  Induced  Requirements  Matrix;"  and  is  the

final  matrix  of  the  Kansas  Interindustry  Study.2

'

DEVELOPMENT   OF   THE   KANSAS   DIRECT,    INDIRECT,   AND
INDUCED   REQUIREMENTS   MATRIX

An  Input-Output  model' divides  the  economy
into  a  number  of  industries  or  sectors  and  then
derives  the  magnitude  of  the  flows  of  products
and  services  among  these  industries.     There  are
three  tables  which  are  basic  to  an  Input-Output
system;   the  Transactions  Matrix,  the  Direct
Requirements  Matrix,   and  the  Direct  and  Indirect
Requirements  Matrix.     A  simple  illustrative

::g::;::t:E:ssr:::;sf::¥  Dr.  Emerson,s  study

2M.   Jarvin  Emerson  with  Leonard  D.  Atencio,  Phillip
D.   Brooks,   and  J.   David  Reed,
of  the  Kansas  Econom

Analysis

The  Interindustr Structure
(Manhattan:     Kansas

and  Plann
Of f ice  of

ing  Division,   Kansas  Department
of  Economic  Development,1969) ,  Appendix  C,   Input-Output
Tables,   "Kansas  Direct,   Indirect,   and  Induced  Requirements
Matrix , "

3|bid.,   pp.   20-23.
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SIMPI.E   ILLUSTRATIVE INPUT-OUTPUT   SYSTEM

ILLUSTRATION   3-A

ut-Out ut  Transactions  Matrix--this  shows  the
in  the  Kansas  economy.typical  transact

PURCHASING
SECTORS

SELLING
SECTORS

Farming

Manufacturing

Trade

Final  Payments

Total  Inputs

ions undertaken

IN   MII.LIONS   0

I

iB
a-H
fu

4

DOLI.ARS

7,15

65

13               22            13                  0              48

30               50            25              48            153

Each  column  respresents  the  purchases  and  payments  made
by  that  column  sector.     For  example,  the  farming  sector,
to  produce  its  $30  million  output,   purchased  $4  million
from  the  farming  sector,   $7  million  from  the  manufacturing
sector,   and  $6  million  from  the  trade  sector,  and  made
$13  million  of  payments  to  the  final  payments  sector.
The  final  payments  sectors  represent  expenditure  cate-
gories  of  industries  other  than  purchases  of  goods  and
services  from  Kansas  industries.     These  include  House-
holds   (wages,  salaries,  interest,  profit,  and  rent) ,
Gross  Savings   (retained  earnings  and  depreciation) ,

:::::a:ov=:==:?ta#::::::: ig:u:::i-::::: S:::E=::?,' 4
Conversely,  each  row  indicates  tne  sales  of  that  row
sector  to  the  column  sectors.     Further,  the  farming  row
•sector  sells  $4  million  to  farming,   $8  million  to  manu-
facturing,   $2  million  to  trade,  and  S16  million  to  final
demand,   for  a  farming  row  sector  total  of  $30  million  of
output.     The  final  demand  sector  includes  eight  sectors
which  are  Kansas  households,  gross  private  investment,
change  in  finished  goods  inventory,  federal  government-
defense ,  federal  government-nondefense ,  state  government,

4Ibid.,   p.   95.
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local  goverrment,  and  exports.5    For  each  sector,  total
inputs   (purchases  and  payments)   equal  total  outputs
(sales) .

II.LUSTRATION   3-a

Direct  Re uirements  Matrix--this  indicates  for
each  column  industry  what  proport ions  of  purchases  it
makes  of  each  row  industry  to  produce  one  dollar  of
Output.

I

WJ
IIJJ

tJ\          5  0
f=           a  a  0`i

Farming
£H        £W.:             i:

:13               .16               .08

Manufacturing          .23             .30             .24

Trade                               .20             .10             .16

Final  payments        .44             .44             .52

TOTAL -      I.00           I.00           I.00

In  each  column  entry  in  the  Transactions  Matrix  is
divided  by  the  corresponding  column  total,  the  result
will  be  a  Direct  Requirements  Matrix,   as  shown  above.
The  sum  of  each  column   is  one,   and  thus,   each  column
entry  indicates  the  direct  purchases  from  each  row
sector  necessary  to  produce  one  dollar  of  output  for
the  column  sector.     For  example,  the  manufacturing
column  indicates  that  in  order  to  produce  one  dollar  of
manufacturing  output,  manufacturing  must  purchase  S.16
from  farming,   S.30   from  manufacturing,   S.10   from  trade,
and  S.44   from  final  payments.     These  dollar  fractions
are  referred  to  as  input-output  coefficients.

5Ibid.,  p.   lo7.
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ILI.USTRATION   3-C

Direct  and  Indirect  Re uirements  Matrix--this
of  a  changemeasures  the multip le  indirect effects

output  of  a  particular  industry.

I

EBa..b

I
HJIu

50®
a  dtJl                  d
fl'ua                   H
a     .rl                 E|

in

Farming i.2844               .3242               .2149

Manufacturing           .5493.        i.6360             .5174

Trade
.

.3712               .2710            1.3031

The  information  contained  in  the  hypothetical  Direct
Requirements  Matrix   (on  previous  page)   indicates  an
additional  Slo  million  of  manufacturing  requires  $1.6
million  purchases  from  farming,   $3  million  purchases  from
manufacturing,   and  $1  million  purchases  from  trade.     In
order  to  supply  these  additional  requirements  each  of
these  industries  must  increase  its  production.     These
sectors,  in  turn,  must  purchase  more  from  their  suppliers
in  the  proportions  indicated  in  the  Direct  Requirements
mtrix.    For  instance,  for  trade  to  produce  the  addi-
tional  $1  million  which  the  manufacturing  sector  re-
quires  to  produce  its  extra  Slo  million  output,  the
trade  sector  must  purchase  $80,000   from  farming,   $240,000
from  manufacturing,   and  S160,000   from  trade.     This  re-
quires  an  output  increase  from  each  of  the  sectors
supplying  trade,  and  in  turn  these  sectors  must  purchase
additional  inputs  from  other  sectors.    As  the  illustra-
tion  suggests,  these  indicate  requirements  diminish
rapidly  as  they  are  traced  through  several  "rounds."
Nevertheless,  these  are  critical  in  ascertaining  the
total  requirements  of  all  industries  made  necessary  by
additional  output  in  a  particular  industry.    In  the
Direct  and  Indirect  Requirements  Matrix   (on  this  page) ,
a  column  shows  the  requirements  from  each  industry  in
order  for  the  column  industry  to  make  a  one  dollar
delivery  to  final  demand,  or  roughly,  to  increase  its
output  by  one  dollar.



th±s±±:_::_::_5±:_gt==E:_.a.3€.s:a:::e:o:e::5r£:¥._¥±±=±¥__
similar  in  interpretation  to  the  Direct  and  Indirect
Requirements  Matrix.     Included  in  the  expanded  matrix,
however,   are  the  effects  of  additional  consumer  income
and  expenditures,  households  were  previously  in  the
final  demand  sector.    Not  only,  are  there  the  effects
of  additional  purchases  from  other  industries,  but  also
the  additional  income  to  households  which  enables  con-

:=e::et:u:S::do¥°::;t :t::er:::::::::s:8ditional demand

I)EVEIIOPMENT   OF   THE   ENVIRONMENTAL   IMPACT   TABI.E

Coal  mining,  which  in  Kansas  is  limited  to  the

strip-mining  of  bituminous  coal  is  classified  in  the

Kansas  Direct,   Indirect,  and  Induced  Requirements

Matrix  as  Other  Mining,   column   16.7    This  column

represents  the  total  direct,  indirect,  and  induced  effects

on  each  industry  resulting  from  a  change  in  one  dollar

delivery  to  final  demand  by  the  Other  Mining  Industry.

All  Kansas  industries  will  experience  some  impact.     The

list  of  all  these  industries  along  with  their  respective
coeff icients  is  the  starting  point  for  the  assessment  of
the  environmental  ef fects  of  the  strip-mining  of  coal

industry  in  Kansas   (see  Table  3-1) .

From  the  initial  list,  industries  were  eliminated
for  one  of  three  reasons.    Either  because  their` environ-

mental  effects  were  minimal;  a  duplication  of  the  source

•6ng.,  p.149.

7E2il. ,  Appendix  C,   Input-Output  Tables.
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•   TABLE 3-1

ALL   INDUSTRIES   AND   THEIR .RESPECTIVE   COEFFICIENTS   ECONOMICALLY   LINKED  WITH   THE
STRIP-MINING   OF   COAL   INDUSTRY   IN  KANSAS

INDUSTRY

Corn
Sorghum
Wheat
Other  Grains
Soybeans
Hay
Dairy  Products
Poultry  &  Poultry  Products
Cattle
H08s
Other  AgriculturaLI  Products
Agricultural  Services

FARTING:

MINING :

CONSTRUCTION:

MANUFACTURING:

Crude  Oil  &  Natural  Gas
Oil  &  Gas  Field  Services
Nonmetallic  Mineral  Mining
Other  Mining

Maintenance  &  Repair
Building  Construction
Heavy  Construction
Special  Trade  Construction

Meat  Products
Dairy  Products
•Grain  Mill  Products
Other  Food  &  Kindred  Products
Apparel
Paper  &  Allied  Products
Printing  &  Publishing
Indus trial  Chemicals
Agricultural  Chemicals
Other  Chemicals
Petroleuni  &.  Coal  Products
Rubber  &  Plastics
Cement  &  Concrete
Other  Stone  &  Clay
Primary  Metals
Fabricated  Metals
Other  Fabricated  Metal  Products
Fan Machinery
Construction  Machinery
Food  Products  Machinery   ,
Electrical  Machinery
Other  Machinery

COEFFICIENT

.000659

.001148

.000465

.000039

.000844

.001074

.002359

.000222

.005439

.001221
`'   .    .000799

. 0005 94

.017475

.002139

.000625
1. 293407

.009000

.000001

.000252

.043791

.007667

. 004184

.001247

.005199

.000315

.004660

.004241

.000538

.ooo282

.007321

.026066

.082643

.001131

.002786
_-.004237

.001436_.-007933
-.000465

.000521

.000522

.006248

.004860
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TABLE   3-1   (Cont'd)

INDUSTRY
MANUFACTURING   (Cont ' d) :

Motor  Veliicles
Aerospace
Trailer-Coaches
Other  Transportation  Equipment
Other  Manufacturing

TRANSPORTATION:
Railroad  Transportation
Motor  Freight
Other  Transportation

Cormunications
Electric  Gas  &  Sanitary  Service

UTILITIES :

WHOLESALE!

REjAIL:

I.I.   R.   E.:

SERVICES :

Groceries
Farm  Products
Machinery  &  Equipment
Other  Wholesale  Trade

Farm  Equipment  Dealers
Gasoline  Service  Stations
Eating  &  Drinking
Other  Retail  Trade

Banking
Other  Finance
Insurance  and  Real  Estate

I,odging  Services
Personal  Services
Business   Services
Medical  &  Health  Services
Other  Services
Education
Households

COEFFICIENT

.000020

.002019

.000810
•  .000251

.006673

. 010084

.006219

.001729

.011150

.050661

.002458
•.        '.001287

.031171

.021215

.000222

.007017

.017360

.040941

.014050

.016727

.045494

.003947

.014184
. .009127
.017712
.007934
.002391
.355007

Source:     M.   Jarvin  Emerson,   with  Leonard  D.   Atencio,   Phillip  I).   Brooks,   and
J.   David  Reed, The  Interindustrv  Structure of   the  Kansas   Econom
manhattan,   Kansas,   January,   1969   (Topeka,   Kansas:Off ice  of
Economic  Analysis   and  Kansas  Department   of  Economic  Planning
Division,1969),   Appendix  C,   Kansas  Direct,   Indirect,   and  Induced
Requirements  Matrix.
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of  environmental  effects  would  result;  or,   information

on  their  environmental  influence  was  not  available.     In

the  first  category  are  primarily  the  wholesale  and

finance  sectors,  the  services  sector,  and  the  maintenance

and  repair  sectors.    Information  is  not  available  for

three  `industries  .in  the  mining  sector;   the  crude  oil

and  natural  gas  industry,  the  oil  and  gas  field  services

industry,  the  non-metallic  mineral  mining  industry,  and
.

the  rubber  and  plastics  industry.     In  the  second  category

was  the  agricultural  services  sector.     Since  this

sector's  environmental  influences  are  due  to  the  applica-

tion  of  fertilizers  to  farm  crops,  and  the  amount  of

fertilizer  is  counted  when  looking  at  the  individual

agricultural  sectors;  such  as  corn,  sorghum,  wheat,  etc.,

the  environmental  effect  of  fertilizers  would.have  been

counted  twice.     Table  3-2  sulr`marizes  the  industries

and  the  consideration  each  was  given  in  relation  to  the

environment .

In  quantifying  the  environmental  effects ,  industries

are  either.  evaluated  separately,  or  similar  industries

are  assessed  collectively.    The  numerical  quantities

applicable  are  presented  in  Table  A-1.     Even  th~ough  in-

dustries  are  dissimilar  in  their  manufacturing  processess,

like  pollutants  may  be  summed,   see  Table  D-1  and  D-3  to

determine  the  total  environmental  effect.
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TABLE   3-2
sum¢ARy   oF   THE   ENvlRONMENTAL   coNslDERATION  GlvEN   To   THE   INDusTRIEs   EcoNOMlcALLy

INDUSTRY

Corn
Sorghum
Wheat

LINKED  WITH   THE   STRIP-MINING   0F   COAL   INDUSTRY   IN  KANSAS
EIVIRONRENTAL   IMPACT   NOT   ASSESSED

ErvlRORENTAL           INFORMATION  NOT        HAD  MINIMAL  ENvl-DupLlcAT
IrmACT  AssEs SED           AVAIIjABLE                 RONMENTAL   INFLUENCE

C`

Other  Grains
Soybeans
Hay
Dairy  Products
Poultry  &  Poultry  Products
Cattle
H08s
Other  Agricultural  Products
Agricultural  Services
Crude  Oil  &  Natural   Ga.s
Oil  &  Gas  Field  Services
Normetallic  Mineral  Mining
Other  Mining
Maintenance  &  Repair
Building  Construction
Heavy  Construction
Special    Trade  Construction
Mfat  Products
Dairy  Products
Grain Mill  Products
Other  Food  &  Kindred  Products
Apparel
Paper  &  Allied  Products
Printing  &  Publishing
Industrial  Chemicals
Agricultural  Chemicals
Other  Chemicals
Petroleum  and  Coal  Products
Rubber  &  Plastics
Cement  &  Concrete
Other  Stone  &  Clay
Primary  ltetals
Fabricated  Metals
Other  Fabricated  Metal  Products
Fan Machinery
Cons truction  Machinery
Food  Products  Machinery
Electrical  Machinery
Other Machinery
rotor Vehicles
Aerospace
Trailer  Coaches
Other  Transportation  Equipment
Other Manufacturing



BASIC   PROCEDURE

The  same  basic  procedure  is  followed  for  each  in-

dustry  to  convert  the  Total  Direct  and  Indirect  Pur-

chases  and  the  Induced  Effects  of JConsumers,   to  be

referred  to  as  Total  Purchases  and  Consumers '   Eff_ec±+,.ir_CL±SL=:££9P_S_u|¥£Eii±=ff»esiT,
which  expressed  `in  'dollars  to  units  of in  each

industry.     This  involved  two  variables  and  c)ne  constant.

The  formula  used  was:      .
I

Coef f icient  x  Coal  Industry  Output          Total  Purchases
Average  Dollar  Price  per  Unit and  Consumers '

Effects

Variables  used  were:

1.     Input-Output  Coefficient--taken  from  column  16
of  the` Kansas  D±=eg±±
ments  Matrix.     This

Indirect ,  and  !pfdiicjrdrdequiree
s  the  total  d.irect,  in-a±induced ef^f eats on each industry rei

suiting  from  a  change  in  one  dollar  delivery  to  final
demand   (excluding  households)   by  the  Other  Mining
Industry.    All  Kansas  industries  were  subject  to
some  impact.

2iomA¥::a#£o¥:::::a::i::I:::e::§CeT£:: #::t:I:i::n
the  single  average  price  of  the  .product  produced  by
an  industry  or  a  representative  price;  computed  if
more  than  one  product  was  represented  by  an  industry
sector.     This  was  a  simple  average.     For  example,
the  price  of  Sl.008  per  bushel  of  Other  Grains  was
computed  by  summing  the  average  price  per  bushel  of ;
Oats,   S.711  per  bushel;   Barley,   Sl.130  per  bushel;
and  Rye,   Sl.184  per  bushel,   and  then  dividing  by
three.    An  indirect  assumption  made  is  that  the
Total  Industrial  Output  of  a  sector  is  divided
equally  among  representative  products.    Wholesale
prices  are  used  in  lieu  of  retail  prices  since  all

repres

8U.S.   Department  of  Labor,  Wholesale  Prices  and  Price
Indexes January  and  February,1965   (Washington,  D.C.:
Government  Printing  Office,   1965) ,  pp.   6-21.
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transactions  are  valued  in  producer's  prices,  rather
than  in  purchaser's  prices.     The  difference  between
the  former  and  the  latter  are  marketing  and  related
costs.     Individual  marketing  costs  are  charged  to
the  purchaser  as  a  direct  purchase  from  those  sectors
rather  than  as  part  of  the  purchase  price  of  the
cormodity . 9

Constant  used  was:

$6,072,000,  which  represents  the  Total  Coal  Industry

3::::: :::t:::: :::::d::u::h:::sr::a::i:3ef?I8|
The  following  example  is  tak`en  from  Table  A-I .and

I

illustrates  the  method.

INDUS-      COEFFI-      COAI.   INDUSTRY      AVERAGE   WIIOLE-      UNITS   OF
TRY              CIENT                    OUTPUT                             PRICE                  PRODUCT

Corn           ;000659   x   $6,072,000                      Sl.289           =   3,104   bu.

There  is  one  basic  assumption  underlying  all  calcula-

tions,  which  is  that  the  wasteload  generated  per  unit

produced  is  constant,  therefore  the  marginal  rate  would
be  equal  to  the  average  rate.     It  is  possible  to  compute

a  Marginal  Propensity  to  Pollute '`per  unit  produced.

However  this  measure  should  be  used  with  extreme  caution.

As  more  research  is  done  pertaining  to  wasteloads  gen-

erated,  then  the  MPP  statistic  will  have  more  practical

9This  was  the  accounting  characteristic  used  by
Dr.  Emerson  in  the  Kansas  Interindustry  Study,  refer  to
page  28  in  the  printed  book.

10Ibid.,   p.   56.
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value  as  an  environmental  and  planning  tool.  .  An  example

is  listed  in  the  following  example.

PROCEDURE :

BW=Total  Wasteload  Generated,  where,

B=Pollution;  or,  Marginal  Propensity  to  Pollute
Output (MPP)/Product  Unit  Produced;   and,

W=Direct,   Indirect,  .&  .Induced  Coefficient  x  Final
Demand   (excluding households)                         ..

Whole sale  Price

IILUSTRATION,   USING   THE   CORN   INDUSTRY:

Nitrogen  loss=65  lbs./acre
Corn  output=74  bu./acre
Direct,   Indirect,   and  Induced  Coefficient=.000659
Final  Deinand   (excluding  households)=$6,072,000   (Coal

Industry  Output)
Wholesale  Price=$1.29/bu.

BW=2,730   lbs.   of  nitrogen  loss,  where,

8=65   lbs./acre  =  1.54
74   bu,/acre

W=.000659   x   $6,072,000

(MPP)   in  lbs./bu.

=   3,102   bu.

BW=3,102  bu.   x   i.54    (MPP)=2,730   lbs.   of  nitrogen   loss.



The  procedure  used  to  quantify  the  environmental

effects  varied  slightly  with  each  industry.    Even  though

the  calculations  made  are  presented  in  Appendix  A,  to

illustrate  the  procedure  used  the  following  two  indus-

tries  will  be  presented  in  detail.    These  are  the  agri-

cultural  sector  and  the  strip-mining  of  coal  industry.

AGRICUI.TURAL   SECTOR

In  the  agricultural  sector,  the  Kansas  industries

of  corn   (I)LL,   sorghum   (2) ,  wheat   (3) ,   other  grains

(4) ,   soybeans   (5) ,  hay   (6) ,   and  other  agricultural

products   (11.) ,  experience  an  increase  in  final  demand

(excluding  households)   from  each  dollar's  output  from

the  strip-mining  of  coal  industry  in  Kansas.     Since

agricultural  effluents  differ  only  in  amounts,  according

to  the  growing  method,  these  seven  industries  are  evalu-

ated  collectively  when  assessing  their  environmental

ef f ects .
As  a  result  of  inan`s  farming  activities  there  is

an  acceleration  of  eutrophication,  the  natural  process

of  enrichment  of  water  with  nutrients.    Although  the

increase  of  crop  yields  after  fertilization  is -desirable

in  terrestrial  situations,  the  effects  of  eutrophication
•]L|ndicates  tbe  Industry  Code  used  in  Dr.   Emerson's

study.
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of  waters  is  often  undesirable.L2    The  nutrients  whicb

are  most  important  in  this  process  are  nitrogen  and

phosphorus,  and  to  a  lesser  degree,  potassium.     The
I irst  two  are  vital  in  th.e  greatest. amounts  for  the

production  of  green  plants.13
These  three  nutrients  influence  water  quality

through  two  processes;   leaching  and  erosion.     I.eaching,

caused  by  the  percolating  of  water  through  layers  of
.

soil,  carries  amounts  of  these  dissolved  nut`rients  to

the  water  table.    Erosion,  the  wearing  away  of  soil  by

water  action,  occurs  faster  if  the  top  layer  of  soil  is
disturbed.    Cultivating  or  tilling  of  crops  intensifies
this  process.    The  amounts  of  nutrients  lost  because  of

leaching  and  erosion  are  in  Table  3-3.

To  utilize  this  table  it  is  necessary  to  .classify
the  crops  according  to  their  respective  production

methods.    There  are  three  types  6f  crops:     1)   intertilled

crops  2)   annual  crops  not  intertilled  3)  biennial  and

perennial  crops.    The  intertilled  crops  are  those  which
•  require  cultivating  or  tilling  between  rows.    In  this

]2Ted  L.  Willrich  and  George  E.   Smith,   eds. i  ALg=±-
cultural  Practices  and Water  Qualit

sity  Press, 1970),   p.    3

13Ibid.,   p.   315.

14.
(Ames:     Iowa  State
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TneLE 3-3
Iioss   OF   PIIANT   NUTRIENTS   FROM  HARVESTED   CROPS   IN   THE   U.S.A.

-+J

1930

TYPE   OF   CROP   &   SOURCE
POUNDS   PER  ACRE   PER  YEAR

NITRCK;EN               PHOS PHORUS            PCTASS IUM

Intertilled  crops
I'eaching
Erosion

Annual  crops,  not  intertilled
I,eaching
Erosion

Biennial  &  Perennial  Crops
I'eaching
Erosion

17.I
`.:.   48.I

32 . 5 'i
11.I

23.0
24.2

21.0

4.9

10.6

39.1
280. 7

37.6
65.0

141.1

Source:   Iiipman  and  Conybeare   (1936)   .as  reported  by  Biggar  &  Corey   (1969)•  in  Ted  L.  Willrich  and.George  E.   Smith,   eds..,   Agricultural
Practices  and  Water  Qualit
Press,1970),   p.   321.

(Ames:     Iowa  §-tate  University
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category  the  Kansas  industries  would  be  corn,  sorghum,

and  soybeans.    Annual  crops,  not  intertilled  would  be

crops  which  are  sown  each  year,  and  do  not  require

cultivating  of  tilling  between  rowg.    Wheat,  oats,  barley,

rye,  potatoes,  and  beans  would  be  in  this  category.    The
last  category,  biennial  and  perennial  crops,  are  generally
cool  season  grasses  which  require  neither  sowing  nor

Cultivating,   such  as  hay..]4                                        ..

After  grouping  the  seven  Kansas  industries,  the  next

step  is  to  determine  the  amount  of  acres  necessary  to

produce  the  "Total  Purchases  and  €onsuners'   Effects."]5
By  dividing  this  number  by  its  respective  average  crop

yield  in  the .United  States,  the  number  of  acres  required
.is  obtained   (452  acres) .     The  number  of  acres  required

is  then  multiplied  times  the  amount  of  nutrients  taken

fran  Table  3-3.    The  final  step  is  to  sum  the  quantities

of  nitrogen,  phosphorus,  and  potassium.     The  resulting

amounts  then  become  the  environmental  ef f ects  from

plant  nutrients .of  the  agricultural  sector.    Since  these
occur  as  a  result  of  an  economic  link  with  the  strip-

mining  of  coal  industry  in  Kansas,  they  are  included

in  the  coal  industry's  environmental  effects.    _..

L4ver|in  peterson,  Kansas  State  University  Extension
Agronomist,   telephone  call,  October  15,1971.

]5see  page  37.
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The  other .source  of  environmental  effect  from  the

agricultural  sector  is  the  loss  of  sediment,  which  may

reduce  the  carrying  capacities  of  streams.     Sediment  loss

is  calculated  according  to  the  following  assumptions:

(I)     The  average  estimated  sediment  yield  for  the
Arkansas-White-Red  Region  is  2,200  tons/square  mile/
year  under  the  following  conditions:

(a)     Relief--rolling  with  average  slopes  of
5  to  10  percent.
(b)     Soil  Inf iltration--normal
infi

deep  loom  with
ltration  about  equal  to  that  of ,.t.ypical

prairie  soil.
(c)     Vegetal  Cover--fair  to  good;   about  50
percent  of  the  drainage  area  in  good  grassland,
woodland,  or  equivalent  cover;  not  more  than

:£o:::i?nt  Of  the  area  in  clean,  cultivated

(2)      2,200   tons/s uare  mile
640  acres square  mile =  3.5  tons/acre/year

(3)      452  acres  x  3.5   tons/acre  =  155.5  tons  of
sediment  loss  which  is  again  an  environmental
ef feet  of  the  strip-mining  of  coal  industry  in
Kansas .

If  all  the  like  pollutants  are  summed,  the  amounts

of  ef f luents  from  the  agricultural  sector  in  Kansas  which

occur  because  of  the  Total  Purchases  and  Consumers'   Effects

of  the  strip-mining  Of  coal  industry  would  be  25,000  pounds

of  nitrogen,   5,000  pounds  of  phosphorus,104,000  pounds

of  potassium,  and  156  tons  of  sediment  loss.

L6David  Keith  Toad,   ed. ,  The  Water  Encycloedia   (New
York:     Water  Information  Center,   1970 pp.   77-80.



STRIP-MINING OF   COAL   INDUSTRY

In  the  other  mining  industry  of  the  Kansas  economy,

of  immediate  concern  is  the  strip-mining  of  bituminous

coal  industry.     In  1965  the  industrial  output  of  this

industry  was  more  than  $6  million,17  representing  the

extraction  of  over  I.3  million  tons  of  coal]8  and

destruction  of  approximately  500  acres.]9

As  a  result  of  this  mining  activity  there  are  three
.

environmental  effects  to  be  measured.     Thes'e  are  air

emissions  from  diesel  engines  used  on  the  site;  visual

degradation  of  the  landscape;  and  an  acceleration  of

erosion  from  the  loss  of  vegetal  cover.

The  mai`n  use  of  diesel  engines  is  the  transporting

of  coal  from  the  mining  site  to  the  tipple  to  be  cleaned.

The  following  assumptions  are  made  to  determine  the

amount  of  driving  hours  this  would  entail:

]7op.   Cit.,  Emerson,   "Interindustry  Study,"  p.   56.

]8U.S.   Bureau  of  Mines,   Yearbook  Area  Report,1970
(Washington,   D.C.:     U.S.   Government  Printing  Office,1970).

L9see  Appendix  A,   p.   62.
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(i)      I,310,000   tons  of  coal  were  mined.
(2)     A  50-ton  truck  was  used  for  hauling.*
(3)     Hauling  trips  were  15  minutes   long.**

i, 310 ' 0'00
50

6,550  hours  or  =f7EE?i   of  driving.
Therefore  26,200  trips  or

[[^   L_--__    __   26,200       ,_J=
are  made  requiring

The  amounts  of  air  emissions  resulting  from  the  diesel

engines  are  determined  by  using  the  table  in  Table  A-I.

After  consulting  with  a  mechanical  engineer,21  maximum

emissions  were  determined  to  be  the  appropriate  measure.

The  reasons  being  the  brevity  of  the  trips  implies  numer-

ous  starts  and  stops;  and,  the  majority  of  the  hauling

takes  place  on  dirt  roads  which  implies  poor  traction.

Since  the  Foley  Tractor  Company  engine  output  f igures

were  in  flywheel  horsepower,  no  conversion  f:ctor  was

necessary  from  f lywheel  horsepower  f igure  into  BHP

(Brake  Horsepower  Hours) ,   because  flywheel  horsepower

measures  the  actual  output  of  the  engine  as  does  brake

*The  size  of  the  truck  bed  is  the  middle  capacity

::a::::k€o:S::§:i§y  the  mining  Companies  from  the  Foiey

by a*;:::o:e=:::i::rt£:t:r:£:  ::r:::in:X:::9:c:i::t;:¥8n
L9sa|esman,   Foley  Tractor  Company,  Wichita,   Kansas,

telephone  conversation,   September  5,1971.
2°Frank  Fox,  Mined  Land  Redevelopment  Office,  Girard,

Kansas,   October  10,1971.
2]..  a.   Sevart,  Faculty  Member  of  the  Engineering  De-

partment,  Wichita  State  University,  personal  interview,
August   10,1971.
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horsepower  hours.     This  is  not  the  same  figure  as  the

horspower  a  car  manufacturer  in.ight  advertise.      (The

latter  would  be  less  due  to  power  lost  due  to  friction.)

To  derive  the  total  number  o£ BHP  hours,   it  is

necessary  to  multiply  the  hours  driven,   6,550,  by  the  BHP

of  the  diesel  engine,   600,   which  equals   3,930,000  BHP  hrs.

To  determine  the  total  wa§teload  generated,  multiply  this

number  by  the  grams  of  air  emissions  per  BHP  hr.   result-
`

ing   in   38,121,000   grams   of   carbon  monoxide,`   27,903,000

grams  of  hydrocarbons,   and  28,530,000  grams  of  nitrogen

oxide .

Following  the  strip-mining  process,  the  watershed
• characteristics  would  be  as  follows.    The  relief  is  hilly,

with  average  slopes  of  10-30%.     The  soil  infiltration  is

high,  because  there  is  no  effective  soil  cover,  only

rocks  or  a  thiri  soil  mantle  of  negligible  inf iltration

capacity.     The  vegetal  cover  is`sparse.22    Using  these

assumptions  the  sediment  yield  is  8,210  tons  of  soil  per

square  mile.

To  convert  these  tons  of  sediment  per  square  mile  to

cubic  feet  of  soil  lost,  divide  this  figure  by  the  number

of  acres  in  a  square  mile,   640,  or8,210  tons/s
sq.mi.   ,640  acres

which  is  12,83  tons  of  sediment  yield  per  acre  annually,

22op.  cit. ,  David  |edd,   "Water  Encyclopedia,"  p.   77-80.
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or  25,660  pounds.     The  weight  of  a  cubic  foot  of  clay-

earth  type  soil  is  ilo  pounds23  and
25.,.660   lbs.
ilo  |bs, =233

cubic  feet  of  sediment  yield  per  acre  annually.    There-

fore,   493  acres  of  soil  barren  of  vegetal  cover  may  lose

12,650,0001bs.   of   sediment  annually.

The  environmental  ef f ect§  accruing  from  the  strip-

mining  of  coal  process  would  be  over  6,000  tons  of  sedi-

ment  loss,   38,121,000   gr?ms  of  carbon  monoxide,   27,903,000
.

grams  of  hydrocarbons,   and  28,530,000  grams  of -nitrogen

oxide,

23Robert  peele,  ed. ,  MiningEngineer ' s Handbook
(Vol.11,  New  York:     John  Wiley  and  Sons,   Inc.,
p.   3-30.

1956)  ,
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CHAPTER   IV

SUMMARY   AND   CONCLUSIONS

When  the  methodology  described  in  Chapter  3  is

applied  to  the  Kansas  Coal  Mining  Industry  and  its  eco-

nomically  related  industries,  the  total  water .and  air

pollutants  generated  annual.Iy,  by  type,  are  shown  in
.

Table  4-I  and  Table  4-2,  respectively.1    A  point  should

be  made  that  these  wasteloads  do  not  represent  the  total

amount  of  wasteload  generated  by  all  Kansas  industries,

but  only  for  the  Coal  Mining  Industry  and  that  portion

of  industrial`  output  which  is  produc.ed  in  meeting  the

demand  generated  in  other  Kansas  industries  by  the  Coal

Mining  Industry  in  Kansas.

Knowledge  of  the  ab-solute  amounts  of  industrial

pollutants  generated  does  not  enable  one  to  reach  con-
clusions  as  to  the  environmental  ef feet-s  or  importance

of  these  contaminants.    Therefore  it  is  necessary  that

these  absolute  values  be  compared  to  other  measures  or

related  to  the  current  wasteloads  being  processed.

]For  detailed  calculations  refer  to  Appendix  D.
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WATER   QUALITY

For  the  area  of  water  quality  two  of  the  twenty

effluents,   Biological  Oxygen  Demand   (BOD)   and  Suspended

Solids   (SS)   are  equivalent  to  4,800  persons  and  3,600

persons.2     The  amounts  of  nitrogen,   phosphorus,   BOD,   and

SS  may  be  compared  to  the  average  daily  amounts  of  like

pollutants  received  by  the  Sewage  Treatment  Plant  in
Wichita.     In  an  average  day  the .Wichita  Sewage  Treatment

Plant  receives  10,216  lbs.   of  nitrogen,   3,002`.lbs.   of  phos-

phorus,   62,550   lbs.   of   BOD,   arid   68,85o   lbs.   of   ss.3     The

amounts  of  water  pollutants  generated  by  the  Coal  Mining

Industry  and  the  production  economically  linked  to  Coal

(see  Table  4'-1)   are  99,405   lbs.   of  nitrogen,   33,8061bs.

of  phosphorus,   298,930   lbs.   of  BOD,   and  258,266   lbs.   of

SS.    Therefore,  the  annual  wasteload  generated  by  the
+

Coal  Mining  Industry  in-Kansas  and  those  industries

economically  linked  to  it   (this  is  not  a  total  amount,

see  previous  page)  would  be  equal  to  ten  times  the  daily

amount  of  nitrogen  received  by  the  Wichita  Sewage  Treat-

ment  Plant,  eleven  times  that  of  phosphorus,  f.ive  times

that  of  BOD,  and  four  times  that  of  SS.     It  should  be

pointed  out  that  the  environmental  ef feet  of  these

2For  detailed  calculations  refer  to  Appendix  D.

•3otis  Harder,   engineer,  Wichita  Sewage  Treatment
Plant,  telephone  interview  between  writer  and  respondent,
June  27,1972.



POLLUTANT

TABLE   4-1
1970   WATER   QUALITY   EFFECTS   OF   THE   DEMAND   GENERATED

BY   THE   STRIP-MINING   0F   COAL   INDUSTRY
AND   ECONOMICALLY   RELATED   INDUSTRIES    IN   KANSAS

POUNDS

ELR_TEAR(19_7_Ql

54

Sediment  Yield
Nitrogen
Phosphorus
Potassium
Total  Solds
B.O.D.
Suspended  Solids
Grease
Dis§ol`ved  Solids
Phenol
Sulfide
Cyanide
Fluoride
Solid  Garbage
Amonla
Ferric  Sulfate
Lube  Oils
Sulfuric  Acid
Emissions
Soluble  Metals

25,302,400
99'405

I¥j:::i
1,456,496.

298'930
•  -258, 266

198
•  231,365

125
14
34
37

1,811,282
91

3'190
4,152

15.482
485

93

I--...-.i    ---.,-.. ?.-      ~-T     ..1
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TABLE   4-2
1970   AIR   QUALITY   EFFECTS   OF   THE   DEMAND   GENERATED   BY   THE   STklp-MINING

0F   COAL   INDUSTRY   AND   ECONOMICALLY   RELATED   INDUSTRIES    IN   RANSAS

POLLUTANT

Particulates
Hydrocarbons
Organics
Nitrogen  Oxides
Sulfur  Oxides
Sulfur  Dioxide

'`Sulfur  Trioxide
Carbon  Monoxide
Ammonia

.     Aldehydes
Aerosols

..   Dust
Acids
solids

POUNDS

PEE___YEAR   (_lxp

23'510
294.058

460, 023 ,125
2 ,140 , 349 , 766

I+6.097,778      ,
145'200   ,.

3.00'5
1,271,578

139, 999, 792
306 , 662 , 613

I, 002
'          92,109

380, 036 , 65 6
273,856
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pollutants  dispersed  in  water  depend  on  several  variables
such  as,  the  rate  and  amount  of  water  flow,  the  tempera-

ture  of  the  water,  the  distribution  in  time,  and  the

geographical  distribution  of  theseJ effluents.    All  of
these  variables  will  determine  the  magnitude  of  the

detrimental  effects  of  the  pollutants.    `However,  a  com-

parison  with  the  wasteload  received  at  the  Wichita  Sewage
Treatment  Plant  will  enable  one  -to  get  a  "fee.Iing'`  for

the  pollutants.

AIR   QUALITY

As  in  water  quality  there  are  several  variables

which  should  be  taken  into  consideration  when  translating

the  amount  of  air  emissions  into  environmental  effects.

An  attempt  was  made  initially  to  convert  the  air  emis-

sions   (Table  4-2  to  Parts  Per  Million   (PPM).     Since  PPM

can  be  any  measure  such  as,  parts  per  million  ounces  or

parts  per  million  pounds,  an  effort  was  made  to  calcu-
late  the  weight  of  a.ir  over  some  geographical  area.

However,  as  in  water  quality,  this  amount  will  be  in-

fluenced  by  several  variables  such  as,  wind  movement,

rainfall,  and  temperature.4    Further,  when  and _if  these

4Robert  J.  Chanslor,  Assistant  Chief  of  the  Program
Support  Branch   (Air) ,  Environmehtal  Protection  Agency,
Kansas  City,  Missouri,  telephone  interview  between  writer
and  respondent  on  June  4,1972.
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air  emissions  are  released  into  the  atmosphere  there  are

additional  conditions  one  must  know  such  as  stack  param-

eters,  time  and  rate  of  emissions,  and  the  geographical

distribution  of  these  emissions.5

IMPACT   0F   THE   MINING   LAW6

The  environmental  ef fects  of  the  reclamation  law

were  estimated.7    Reclamation  as.required  by  law  should
.

reduce  sediment  yield  from  6,325  tons  per  year  to  379

tons.    There  would  be  an  increase  in  Other  pollutants

(see  Table  4-3)   produced  by  the  cattle  grazing  industry

and  the  portion  of  industrial  output  which  is  produced

by  other  Kansas  industries  in  meeting  the  demand  of  the

cattle  grazing  industries,  or  in  those  industries  to

which  cattle  grazing  is  economically  linked.     It  is

essential  to  note  that  whereas  the  cattle  grazing  indus-

try  and  other  industries  which  m`ight  utilize  this  re-

claimed  land  do  decrease  the  amount  of  sediment  yield,

a  loss  in  this  type  9f  pollutant  may  be  replaced  by  others.

The  total  sediment  loss  will  not  be  completely  eliminated,

5Ibid.

6Mined-Land  Conservation  and  Reclamation  Act,   see.
49-406,   K.S.A.   Supplement    (1968).

7For  detailed  calculations  refer  to  Appendix  E.
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TABLE   4-3                                                                                  58
POLLUTANTS   GENERATED   AFTER  MINING,   WITH   RECLAMATION   AND.  WITHOUT   RECLARATI0N

Armual Polrutarits Generated
Without Reclamation

Water  quality:
Effluent

Sediment  Yield
Nitrogen
mosphoous
Potassium
Suspended  Soilds
Biological  Oxygen

Demand
Grease
Phenol
Sulfide
Ferric  Sulfate
rfube  Oils
Sulfuric  Acid
Soluble  Metals
Cyanide
Huroides
inonia
Emissions

Air  Quality:
Effluent

Particulates
Hydrocarbons
Organics
Nitrogen  Orides
Sulfur  Oxides
Sulfur  Dioxide
Sulfur  Trioxide
Carbon  Monoxide
Ammonia
Aldehydes
Aerosols
Dust
Acids

Amount

6,32!`>`ng.tce8

Amount

Annual po||utants Generated   by
__ _.             _Reclamatiofl    rn_frajEsri__q4

. `  .-,. trAnount

46'73
`--,  8.

Ariount

7 .JrrrA .I so
718.00
808.cO
592'cO
49'cO

4cO.OO
8.cO

5,162.00
77'cO
78®

I  detailed  calculations,  refer  to  Appendix E.

3.00
168.cO

I,122.cO
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but  reduced  with  the  possibility  there  might  be  a  replace-

ment  with  industrial  contaminants.      Unfortunately,  there

presently  does  not  exist  a  methodology  to  relate  the  en-
vironmental  effects  of  different  types  of  pollutants.    For

this  evaluation,  maybe  the  biological  sciences  could  pro-

vide  the  expertise  necessary.

CONCLUDING   REMARKS

.This  methodology  presented  in  Chapter  3  is  especially

important,  because  it  brings  into  an  environmental  quality

analysis  those  industries  which  are  economically  linked

to  the  industry  under  consideration.     The  environmental

analyses  currently  being  undertaken  by  federal  agencies

are  concerned  primarily  with  primary  or  "obvious"  environ-

mental  effects.     For  example,   in  the  Coal  Mining  Industry

the  "obvious"  environmehtal  effect  might  be  the  degrada-

tion  of  land.                                        ..

In  Industry  A,   is  being  evaluated.  only  in  terms  of

primary  environmental  effects,  and  these  are  negative,
it  may  be  an  undesirable  industry  because  of  the  environ-

mental  ef fects  in  those  industries  on  which  Industr.y  A

is  economically  dependent.

In  short,  the  methodology  used  in  this  thesis  offers

a  more  complete  picture  of  the  economic  interrelationships

and  therefore  environmental  effects  of  industries,  than
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does  the  current  methodology  based  on  primary  environ-

mental  effects.
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CHAPTER   V

IilMITATIONS   AND   FUTURE   RESEARCH

Inherent  in  any  new  research  project  are  numerous

Possible  avenues  for  investigation.    More  often  than  not,
however,   good  research  depends  on  a  thorough  examination

of  the  individual  avenues,  to  prevent  digression  and

Cursory  treatmeht  of  important  areas.     In  ord€r  to  cir-

eunvent  these  pitfalls,  it  was  decided  to  assess  the

environmental  impact  of  an  industry  using  only  an  Input-

Output  Methodology.    During  the  course  of  this  investi-

.gation,  new  areas  of  desirable  research  have  presented

themselves,  as  have  limitations  of  the  Input-output

methodology  itself .     By  the  same  token,  new  areas  of

Possible  application  of  conclusions  drawn  have  also  come
to  light .-..

Some  limitations  of  this  thesis  follow  from  the

8eleetion  of  an  Inptit-Outptit  Methodology  as  a  tool.     Since

this  type  of  analysis  assumes  constant  technical  coeff i-

Cients  the  forecasting  model  is  static.    Although  these

Coefficients  are  not  subject  to  frequent  changes,  they

are  likely  to  vary with  advances  made  in  technologies,

with  Changes  in  rela€ive  prices  of  inputs,  and  with  the



62

•appearance  of  new  industries.     It  would  be  possible  to

make  allowances  for  the'se  changes  with  a  dynamic  model;

however,   this  thesis  was  not.  sufficiently  comprehensive

to  make  this  allowance.

Even  though  long-term  forecasting  might  not  be
•advisable,  an  Input-Output  study  lends  itself  well  to
"impact"  analyses.     Two  areas  of  possible  application  of

"impact"   analyses  are  presented  in  Appendices  D  and  E.
.

In  Appendix  D,  the  total  environmental  effects  of

the  strip-mining  of  coal  industry  are.viewed  relative  to

their  .non-economic  impact.     F'or  example,   the   "Direct,

Indirect,  and  Induced  Requirements  Matrix,"  states  that

for  every  dollar  of  industrial  output  of  the  strip-mining

of  coal  industry,   .000659  worth  of  produced  will  be

generated  by  the  corn  industry  in  Kansas.    By  translating
this  into  non-econc)mic  terms  this  would  result  in  2,730

lbs.   of  nitrogen,   882  lbs.   of  phosphorus,   and  13,4401bs.

of  potassium.     This  may  be  taken  one  step  further  by

assessing  the  potential  impact  of  these  nutrients  on  the

environment,  i.e.,`  speaking  of  this  nutrient  losses  in

terms  of  possible  plant  destruction,  harm  to  humans,

changes  in  water  quality,  or  changes  in  air  quality.    By

the  addition  of  the  non-economic  impact  of  industries  to

the  economic  impact  of  industries  another  dimension  might
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be  given  to  the  decision  making  process  of  future  planners

and  policy  makers.

In  order  to  illustrate  the  effectiveness  of  "impact"

analysis  relative  to  policy  making.,  Appendix  E  is  a  pre-

sentation  of  one  possible  impact  of  the  current  reclama-

tion  law.I    It  was  assured  that  the  acres  stripped  were

reclaimed  and  cattle  were  grazed  on  this  land.     The
\

economic  impact  of  this  venture  was  traced  through  the
®."Kansas  Direct,   Indirect,   and  Induced  Matrix"   (the  pro-

cedure  was  identical  to  the  one  used  for  the  strip-mining

of  coal  industry  environmental  quality  analysis) ,  and

the  conclusions  were  translated  into  non-economic  terms.
•This  analysi`s  may  either  enhance  the  desirability  of  this

law,  or  it  may  detract  from  the  desirability  of  this  law.

With  the  timeliness  of  the  concern  for  erivironmental

quality,  data  is  still  being  collected.    While  pollution
characteristics  are  readily  available  for  general  indus-

• trial  processes,  information  on  individual  firms  has  not

as  yet  been  analyzed.     This  necessitated  the  assumption

that  the  wasteload  generated  by  Kansas'   industries  is

identical  to  general  industrial  effluents.    If  in  fact,
the  wasteloads  generated  by  Kansas'   industries  is  greater

than  or  less  than  these  general  ef f luent  amounts  the

]Mined-Land  Conservation  and  Recla][`ation  Act,   sec.
49-406,   K.S.A.   Supplement    (1968).
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conclusions  of  this  thesis  will  need  to  be  adjusted.

Another  indirect  assumption  contained  in  the  methodology,

was  that  the  wasteload  per  unit  produced  is  constant.

Although  these  assumptions  may  or  may  not  prove  true,

they  are  the  best  possible  estimates  given  the  data

currently  available.
Though  the  possibilities.  for  inquiry  which  exist

within  the  area  of  environment;1  quality  analysis  are
.

enticing,  this  thesis  dire.cts  itself  to  one  ba.sic  assump-

tion.     This  assumption,   stat6d  simply,   is  that  the  econom-

ic  impact  of  an  industry  ref lects  the  non-economic

impact  as  well.    And  further,  by  tracing  the  economic
impact  of  ah  industry,  it  may  also  be  possible  to  uncover

non-economic  ramifications.     If  credence  is  given  to

these  basic  assumptions,  then  as  future  research  is  under-

taken  in  the  area  of  ehvironmental  quality  analysis  the

sophistication  of  this  tool  will  enhance  the  usefulness

of  this  methodology.
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APPENDIX  A

ENVIRONMENTAli   EFFECTS   OF   THE   STRIP-MINING   OF   COAL

INDUSTRY   IN   KANSAS
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.  Component
Sector                Industries

Component
Industry

3:#::sin
Component

Classification

Percentage.
Total        Distribution

Component      (Col.5/Col.3
Out.put             Total)

Other
Agricultural
Products   (11)

Vegetables
Sweet  Potatoes
Dry  edible  beans
Strawberries
Peaches
Apples
Lespedeza  seed
Red  clover  seed
Sweet  clover  seed
Alf al fa  seed
Sugar  beets
Honey
Beeswax

Wool .
Sheep

Total  Sector  Output:

Pultry  &
Poultry
Products   (8)

Meat

Chickens
Turkeys

Eggs
Total  Sector  Output:

Meat. packing
ProdLlcts   (21)   plants

Sausages
Poultry

Total  Sector  Output

663'000
794'000
825,000
1'11'000
432,.000
529,000
232,000
337'000
91'000

2 ' 024 , 000
3'588'000

570'000
29,000

I,471'000
711,000

19,407,000

1 ' 765 , 000
2'560,000

18'466 000
22,791,000

584 , 893 , 000
10'565,000
31,180,000

590,638,000

Poultry
Poultry

Eggs

10,225,000           .53

1,471,000             .07
7'711'000             .40rfe,;

4,325,000             .19

18,455,000             .81rfu

Cattle                 548,893,000
Hogs                          10,565,000
Chickens               31,180,000

.93

.02

.05
rffi

Jarvin  Emerson  with  Leonard  D.   Atencio,   Phillip  D.   Brooks,   and  J.   David  Reed,
The  Interindust Structure  of   the  Kansas   Econom (Manhattan,   Kansas:     Department
of   Economic  Development,   1969)-,   p.   55.

2ng.,  p.  55.
ATotal  Sector  Outputs  were  distributed  among  component  industries,  whenever.the

quantity  of  wasteload  generated  by  production  of  the  product  varied  significantly
among  the  products  produced.
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TABLE  A-2   (Cont'd)

Coxponent
Se ctor               Indus trie s

Component
Industry
Output  in          Component
Dollars       Cia s sifica,tio n

Percenta.ge
Total         Di s tribution

Coxponent     (Col.   5/Col.  3
Output               Total)

Dairy
Products  {22)

Condensed 8
evapora.ted  milk

Ice  cream 8
frozen  desserts

Fluid irm

L=

8,486,000    Condensed  rilk        8,486,000

5'695'000
98'530,000

Total  Sector  Output:  112,711,000

Ice  creamink
5,695,000

98,530,000
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APPENDIX   a

PRESENTATION   OF   WALTER   ISARD'S   STUDY   0F   THE
I

PHILADELPHIA   496   REGION
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APPENDIX   a

PHILADELPHIA   496   REGION   STUDY
by

Waiter  Isard  and  Thomas  W.  I.angford

The  purpose  of  this  summary  is  to  provide  a  format

for  the  systematic  classification  of  ecologic  commodities,

such  as  the  diverse  water  pollutants  and  air  pollutants.

It  should  be  as  detailed  as  the  classes  that  now  exist

for  economic  commodities..    Also  needed,   is  a  systematic

classification  of  natural  production  processes.    This

section  demonstrates  the  necessary  procedures  to  achieve

this  goal,  using  both  the  petroleum  refining  industry  and

th.e  sport  fishing  from  boats  with  outboard  motors  activity.

•BASIC   TABLES   NECESSAR¥L

(i)     A  table  of  ecologic  commodities--this  might
be  a  preliminary  classif ication  scheme  for  water
and  water  pollutants  as  ecologic  commodities.

(2)     A  table  of  ecologic  inputs--this  might  be
an  extended  table  of  the  main  inputs  for  the
processes  involved  in  the  basic  food  chain  that
produces  both  herring  and  cod  as  final  products.

Lwalter  Isard  and  Thomas  W.   Langford,   Regional  Input-
Output  Study:     "Recollections,  Reflections,  and  Diverse
Notes  on  the  Philadelphia  Experience"   (Massachusetts:
HIT  Press,1971),   pp.18-20.
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(3)     A  table  of  ecologic  processes--this  might
be  the  processes  involved  in  herring  and  cod
production,   such  as  the  photosynthesis  process
in  marine  areas.

(4)     A  table  of  environmental  regions--this
might  be  regions  such  as  air  and  land  and  water,
which  would  include  the  set  of  relevant  com-
modities  and  processes  in  the  ecologic  systems
studied.     The  Philadelphia  region  would  then
function  as  a  sub-region  of  each  of  these
major /r.egions,` ..and  an  i/nt-egra.tion  of  all  sub-
systems  would  be  the  total  ecologic-economic
System.

ECOLOGICAI,   COMMOD|T|ES2

Technical  production  coef f icients  for  any
economic  sector,   for  example  the.  steel  sector,  must
cover  as  inputs  not  only  economic  commodities  such
as  coal,   iron  ore,  professional  services,  and  labor,
but  also  ecologic  commodities,  such  as  water   (for
sanitary,  production,  cooling,  boiler,  irrigation,
and  other  purposes) ,  air,  and  land  of  diverse  types.
They  should  also  cover  the  several  outputs  not  only
of  economic  commodities  such  as  steel  by  type,
slag  and  by-product  gas,  but  also  of  ecologic  com-
modities  such  as  polluted  water   (from  sanitary,
production,  cooling,   and  other  uses) ,  Biological
Oxygen   Demand    (BOD)  ,   Ultimate  Oxygen  Demand   (UOD)  ,
Chemical  Oxygen  Demand   (COD)  ,   suspended   solids,
settleable  solids,  turbidity,  alkalinity,  acidity,
and  temperature   (BTU) .

Coef f icients  should  also  be  developed  for  the
outputs  of  the  ecologic  commodities,  such  as  hydro-
gen  sulfide,  sulfur  dioxide,  particulates,  and
other  air  pollutants,  diverse  solid  wastes,  noise,
and  all  other  items  of  signif icance  in  terms  of
environmental  quality  and  potential  disturbance  to
the  environment.     For  each  sector  of  the  economy,
it  will  be  necessary  to  have  complete  data  for
ecologic  as  well  as  economic  commodities,  as  both
inputs  and  outputs.

2|bid.,   pp.   201-204.
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ECOLOGICAL   PRoCESSES3

Once  ecologic  commodities  are  introduced  into  '
the  framework,   it  also  becomes  important  to  encompass
those  processes  that  yield  these  commodities  as  out-
puts.     Such  processes  may  use  some  of  these  commodi-
ties  as  inputs.     For  example,  the  ecologic  process
that  replenished  the  oxygen  supply  of  water  depleted
by  BOD  and  other  oxygen  demands  must  be  included.
The  natural  processes  that  remove  particulates  from
the  air,   such  as  rain  and  wind  movement  should  also'be  i`ncluded.     These  processes  employ  as  inputs  the
diverse  pollutants  that  are  generated  and  yield  as
outputs  water  and  air  of  a  specified  quality.    The
relevant  data  on  inputs  and  outputs  are  to  be  re-
corded  in  appropriat.ely  titled  columns  of~ an  Input-
Output  Table.

CONCEPTUAL   FRAMEWoRK4

The  conceptual  framework  and  the  operational
model  must  be  extended  further.     Pollutants  that
are  "exported"  to  the  ecologic  system  at  a  given
location  interfere  with  processes  going  on  there.
For  exariple,  an  increase  in  the  turbidity  of  the
water  decreases  the  depth  of  penetration  of  light
and  thus  reduces  the  phytoplankton  o.utput  from
photosynthesis  in  the  marine  area.     This  in  turn,
affects  the  supply  of  plankton,  algae  production,
and  so  on,  and  finally  fish  production.     A  change
in  the  supply  of  fish  then  affect  the  desirability
and  profitability  of  recreational  fishing  at  any
location  for  which  that  production  represents  a
significant  resource.     Since  these  and  other  feed-
back  ef fects  upon  recreation  and  other  sectors  of
the  economy  are  important,  it  is  essential  to
examine  the  interrelationships  between  pollutants
and  the  outputs  of  diverse  environmental  processes
to  the  economy.    This  analysis  requires  a  full  and
systematic  collection  of  data  on  all  the  environ-
mental  processes  involved.     Table  8-i  describes  the
quadrants  of  the  conceptual  framework.

3E±.,  pp.   205,   206.

4g!±.,  p.   2o7.
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TABLE   8-1
RATRIX   0F   ECONOMIC   AND   ECOLOGIC   PROCESSES

CON`MIC  ACTIVITIE ECOLOGIC   PROCESSES

aH5tJrl=u•r'LJa

en®rl•rluX®EJ

C:rlC:11®ia)0LJ4Ja)

~,

cOC:r+On•r,FL'4JL,aa,?.

C:aAJJujta*OL,C]0PEdI+Q+
c=0•rlUujeaHalIA•HLJ®I

1=aAJJaJ®0L1CLIt'aCJ

IHHEiOH

eat
clotri

i

Economic   System: Ecologic  Processes :
Intersector  Co-efficients Their  Input  and  Out-

E8 put  Coeffici6nts

§5H
regarding  economiccommodities

Crude  Oil

.toHHtJEi!uuEP

ater  Intake
1kalinity

i®, Economic   Sectors: Ecologic  System:
Their  Input  and Interprocess
.Output  Coefficientsregarding Coefficients

`£€£!g?ic  eomod
etritus
|ankton +

erring +

od +

Source:     Waiter  Isard  and  Thomas  W.   Langford, ional  In ut-Out
8±Hdy:     "Recollections,   Reflections,   and  Diverse  Notes  on
the  Philadelphia  Experience"   (Massachusetts:     MIT  Press,
1971),   p.   205.
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IMPLEMENTATION

The  relevant  coef ficients  to  implement  this
model  were  developed  for  the  petroleum  ref ining
industry.     In  Table  a-2,   the  petroleum  refining
industry's  typical  inputs  and  outputs  of  economic
commodities  are  listed  in  coefficient  form.     For
example,  the  first  coefficient,  -.555848,   is  the
dollar's  worth  of  input  of  crude  petroleum  and
natural  gas  per  dollar  output  of  the  industry.

Th.e  petrol.e.urn  refini.ng  in.dustry  also  requires
inputs  of  water  and  yields  as  output  pollutants
a.ischarged  via  water  to  the  environment.     The
water  utilized  has  two  categories  of  transactions
as  shown  by  a  Water  Balance Account,   Table  a-3.
Prom  this  Water  Balance  Account,  Table  8-4,  water
pollutants  are  classif led  and  coef f icients  for
water  use  are  estimated.

To  derive  these  water  use  c.oefficients,  a  clas-
sification  of  water  pollutants  based  on  four-digit
numbers  is  established.    The  first  three  digits
describe  the  major  group  of  pollutants  and  the
fourth  digit  details  the  components  of  the  three
digit  group,  Table  3.     To  estimate  water  coefficients
take  the  sum  of  the  annual  water  f lows  and  the  waste
flows,  by  kind,  and  divide  this  number  by  the  cor-
responding  sum  of  the  value  of  shipments.     Assuming.
the  data  for  an  individual  industry  is  representa-
tive  of  all  like  industries,  industrial  coefficients
are  computed  by  taking  the  total  of  the  summed  f low
data  by  kind  for  each  source  and  dividing  this  grand
total  value  of  the  shipments.     This  row  must  be
added  to  the  Input-Output  Model.     Examples  of  the
water  use  coefficients  are  found  in  Table  8-5.

The  non-economic  commodities  listed  in  Table  8-4
may  be  transferred  to  the  lower  half ,  along  with
their  respective  coefficients  to  Table  8-5.    This
is  the  f irst  step  in  linking  .the  economic  and
ecologic  systems.     Petroleum  refining  involves  other
non-economic  commodities,   for  example,   air  and  air
pollutants,  and  other  economic  activities  involve
still  other  non-economic  commodities.    Therefore,  a
need  to  extend  the  classif ication  of  non-economic
cor[`modities  is  necessary.
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TABLE   8-2

SECTOR

SAMPLE   INPUT-OUTPUT   COEFFICIENTS:      RIS   SECTOR   2911,   PETROLEut`1   REFINING

Rls  NureER)

1311
1509
2`652

®

2818
2819

2911

®

3`599
4811
4890

®

®

990
6-020
6301

®

7310
7400
7500

®

9826
9842
9888

IrousTRy COEFFICIENT

Crude  Petroleum  and  Natural  Gas              -0.555848
Construction,   Maintenance,   and  Repair-0.0014lo
Set-Up  Paperboard  Boxes                                -0.008054

o0

Industrial  Organic  Chemicals,   n.e.a.*-0.027180
Industrial  Inorganic  Chemicals,

n.e.c.     -0.009199
Petroleum  Refining

®

Machinery  &  Parts,   n.e.c.
Telephone  Communications
Telegraph  &  Other  Communications

®

Sanitary'  &  Other  Systems
Interest
Insurance,  Non-life

®

•-
Advei`tising

. Research  &  Development
Automotive  Repair

®

Office  Supplies
I Transportation  Costs
Wages  &  Supplies

+.-*Not  elsewhere  classified.
L` +Designates  an  output  of  this  economic  sector.•Designates  an  input  of  this  economic  sector.

• So.urce:     Waiter  Isard  and  Thomas  W.   I,angford,

+0.954950
.

I,.

-0.000002
-0.001210
-0.000100

®

®

-0.000142
-0.005088
-0.001242

0.

-0.002312
-0.000390
-0.001040

-,

.,

®.

-0.000280
-0.040831
-0.089378

ional  In ut-Out
Diverse  Notes  on

EEFFhiladelphia  Experience"   (Mass,achusetts:    MIT  Press,
g±±g¥:     "Recollections,   Reflections,   and

1971 .207
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INPUTS

Sanitary  Use
Production
Cooling
Boiler . Feed
Other

Water  Intake

TABLE   8-3
WATER   BALANCE   ACCOUNT

OUTPUTS
Water  Discharged :

Sanitary  Use
Production
Cooling
\,..

Other
Water  Consumed:

::;::::e:¥ Produce
ed  into round

Water  Discharged  +  Water  Consumed

-,,

*An  account  to  cover  agricultural  and  residential  locations  should  inclu
transpiration  of water by  plant  life.
Source:    Waiter  Isard  et.   al.,   "On  the  Linkage  of  Socio-Economic  and
\                  Ecologic  Systesm, "   Regional  Science  Association  Papers,   XI

(Novelfroer,1967) ,   86.

\

r

I.r.    .I:`.J ..... 1       :     I     ,I..



WPC   CODE
1000
1.COL
1002

®

I.  Ioio

loll
1012

®

1020

1031
1032

-..--   1033

1040
1041
1042  `

®

®-

®

1051
1052
1061

®

•
1070
1080
1090

®

C,

-1099

TABLE   a-4
SAlffLE   PROPOSED   WATER  POLLUTION   CLASSIFICATION    (WPC)    CODES

WATER   RELATED   ITEM
Water  Intake,   Total
Sanitary  Use
Production  Use

®

®

Water  Discharge,   Total
Sanitary  Use
Production

®

®

Water  Consumed

102

UNITS
1,000  gal./  S  Outp

I

~

Biological  Oxygen  Demand   (BOD   (5-Day))   1,000  lb./  S  Outpu
Ultimate  Oxygen  Demand   (UOD)
Chemical   Oxygen  Demand,    (COD)

Solids,  Total
Suspended  Solids
§ettleable  Solids

-,

®

•Alkalinity
----Acidity

Oils  and  Greases
®

.

Pathogenic   (Disease  Causing)   Organisms
Tenperature
Other  Pollutants

®

.®

Not  Classified -_-_
-.  -a-..

Source:     Waiter  Isard  and  Thomas  W.   Langford,

I

BTU/  S  Output
1,GOO  lb./  S  outpu

co

ional  In ut-Out ut  Studv=
"Recollections,   Reflections,   and  Diverse  Notes  on  the  Philadel-
phia  Ekperience"    (Massachusetts:     MIT  Press,1971),   p.   208.



SECTOR (wpc  NureER)

1033

1041

1042

10951   -

•.TABLE   8-5

WATER  USE   COEFFICIENTS

INDUSTRY

Water  Intake--Sanitary  Use,
I,000  gal./S  Output

Water  Intake--Production,
1,000  gal./S  output

Water  Intake--Cooling,
I,000  gal./S  output

®

®

®

Cherdic/``al   Oxygen  Demand,  (COD) ,
I,0001b./  S  Output

.-S.u`s.pend'ed  LSoli.d.s ,
I,0001b./  S  Output

Settleable  Solids,
I,0001b./  S  Output

-,,®
_,

®

Phenols,
I,0001b./  S  Output

Pollution  Code.

Source:     Waiter  Isard  and  Thomas  W.   Langford,

103

COEFFICIENT

-0.000455

-0.022827

-0.114861

®

+0. 000169

+0.000084

+0.00012.4
®

®

+0.000003

ional  In ut-Out
_Study:     "Recollections,   Reflections,   and  Diverse  Notes  on
the  Philadelppia  Experience"    (Massachusetts:     MIT  Press,
1971),   p.   207.
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Some  further  questions   (as  yet  unanswered  for
the  petroleum  ref ining  industry) ,  what  are  the
sources  of  the  inputs  from  the  ecologic  system  to
the  economic  system?     How  are  they  produced?     Since
research  is  available  on  recreational  activities,  it
will  be  used  for  illustration.    One  of  these  activi-
ties  is  sport  fishing  from  boats  with  outboard  motors.
This  economic-type  activity  is  at  the  head  of  one  of
the  columns  with  its  inputs  listed  underneath,  in
the  left-half  of  the  Matrix,  Table  5.     For  the  economic
~activ.i.ty ,   r`ecrea.tional .s`p.ort  ,f.ishing  the  relevant  in
puts  per  1,000  man-days  per  season  per  day  are  listed
in  Table  8-6.

One  of  the  coef f icients  for  this  industry  is
fish,  in  the  context  of  a  particular  area  of .New
England.studied,   Plymouth  Bay,   the  chief~ fish  is
cod.     It  has  been  estimated  that  per  i,000  man-days
of  sport  fishing  in  outboards,   6,2001bs.   of  cod  are
required  to  provide  a  satisfacto.ry  recreational  out-
come.     That  number  may  be  written  in  trie  cell  cor-
responding  to  the  cod  row  and  sport  fishing  column.

For  cod  to  be  an  input  in  an  activity  of  the
economic  system,   it  must  be  yielded  as  a.n  output  of
a  process,  the  cod  production  activity,  a  natural
ecological  process.     The  output  of  cod  requires,  as
food  inputs,  herring,  invertebrate  carnivores,  and
small  fish.     In  turn,  the  herring  requires  as  food
inputs  plankton;  and  invertebrate  carnivores;  and
small  fish  consume  herbivorous  invertebrates,  which
live  on  detritus.    These  activities  are  part  of  a
basic  food  chain  in  the  ecological  system,  and  their
input-output  data  are  recorded  in  the  lower  right
block  of  the  matrix.     Each  of  the  production  pro-
cesses  becomes  a  column  heading  relating  to  ecologic
processes  on  the  right-half  of  the  matrix  and  each
commodity  required  is  listed  among  the  ecologic
colirmodities  in  the  low.er  part  of  the  left-hand  stub
of  the  matrix.    The  food  chain  is  illustrated  in
lable  a-7.

The  food  chain  represents  only  one  basic  set  of
linkages  in  the  ecologic  system.    A  study  of  the
entire  ecologic  system  in  relation  to  the  economic
system  must  cover  various  other  basic  linkages.
Biogeochemical  cycles,   such  as  the  phosphorus  cycle,
and  photosynthesis  are  two  examples  of  basic  rela-
tionships  that  should  be  included.     The  photosynthe-
sis  cycle  is  necessary  for  herring  production.
Herring  production  requires  10  pounds  of  plankton
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TABLE  8-6

RECREATIONAL   SPORTFISHING :

OUTPUT
Man-Days  per  Season/Day

INPUTS
1.     Land  Inputs--Parking
2.    Land  Inputs-ioperational

Facilities
Storage
Repairs,   Services
Sales,   Showroon
Office
Others

28%
24%
15%

4O/o
29%

3.     Iand  Inputs--Additional  Oper-
. tional  Facilities

4.     Land  Inputs,--Miscellaneous
IIand  Space   (Optional)

5.     Land  Inputs--Launching
Ramps

6.    Water  Surface--Water  Space
Environmental  Conditions

.  Coliform  Index
Dissolved  Oxygen
PH
Biochemical  Oxygen  Demand
"rbidity
Color

7.    Boat  Input--Boats/Day
8.     Labor  Input--Man-Days  of  Labor
9.     Fuel  Input--Fuel  Consumed

10.    Fish  Input--Winter  Flounder
11.    Fish  Input--Cod

OUTB0ARD,    SEASONAL

QUANTITY
1, 000

2.66

0.72
0.20
0.17
0.11
0.03
0.21

5,000/loo  ml.   max.
3.0  ppm.   min.'-6.7-8.6   avg.

5.0  ppm  max.
100,000  ppm  av9.
30  units+
333.0
80.0

3,762
3 , 960
6,633

UNIT
Man-Days

Acres

Acres
Acres
Acres
Acres
Acres
Acres

Acres

Acres
Acres

Boats/Day
Man-Days
Gal./Day
Ibs./Man-Day
Ibs./Man-Day

Source:    `Walter  Isard,   et.   al,   ''On  the  Linkage  of  Socio-Economic
and  Ecologic  Systems, " ional  Science  Association
_P_apers,   XXI    (Noverfeer,1967),   85.
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TABLE   8-7
FOOD   CHAIN   REQUIREMENT   FOR   COD   PRODUCTION

6.1assification
Cormodity nits

C:0AuaJe•8OJ0f:rJ0'u5.E±:

C:0ulJJC,j®0c:a.HLJHal£¥HCOrlH<CL(C>a§

c:aHJJaJ®QIOJcO-1jOua.rl®H=:

'toHa)eJJLJC8®H*J2a'WJJ0iJ®8E•rlI+JJUCOj=®0OHHOfu>COIr`±

c:a•rlJJCJj®aLP|0\C:rJ.rl1\H±:
£c=cooH.rJFluCJHjr+acoo.EHCAPJCNC\r`§`

-a1*a'OJJJL'a'0)E%HaCOLJjtJ0cOHcO80.rl.ELJHcOLiCJI0)

8•1UCJieaL®H

Number C`a'1\JJ•±: C\OJr`=:

61-10 Plan  .ton Lbs. 1 -10
|Yul   Ou                                I A|.I.  iyiarlliePlants

'' 1 -1

rm  6001 Detritus '' 1 -10

m718 HerbivorousInvertebrates(inisc.)

I, 1 -10 -10

7'19            - Herring '' 1 -1.167

72.2. Small  Fish ''- 1 -1.167

721 CarnivorousInvertebrates(I.rg.Gastro-pods)

„ 1 -8.333

725 Cod 1' 1

Source:     Waiter  lsard  and  Thomas  W.   Langford, ional  In ut-Out ut  Stud
"Recollections,   Reflections,   and  Diverse  Notes  on  the  Philadelphia
Experience"   (Massachusetts:     MIT  Press,1971),   p.   210.
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per  pound  of  herring.     In  the  Plymouth  Bay  setting,
1  gram  of  plankton  may  be  considered  as  a  mixture
consisting  of  0.86  gram  of  phytoplankton  and  0.14
gram  of  zooplankton.     The  zooplankton  uses  the
phytoplankton  as  an  input.     The  phytoplankton  it-
self  is  produced  via  photosynthesis,  which  requires
inputs  of  light,  solar  radiation  at  the  ocean  sur-
face,  and  dissolved  phosphate  in  seawater.     All  of
the  carbon  fixed  by  phytoplankton  photosynthesis
is  not  available  for  consumption  by  zooplankton,
beca`uise.``,some  tis   u`sed  ..by   t.ihe  tphytoplankton ' s  own
respiration  process,  and  this  must  be  accounted  for
(refer  to  Table  a-8) .

All  of  the  empirical  materials  presented  will
fill  cells. in  three  of  the  major  blocks  of  the
matrix,   leaving  the  upper  right  quadrant'..     This
problem  is  eliminated  by  an  appropriat'e  classifica-
tion  of  commodities.

Reconsider  the  commodity,   cod,   (Table  a-5)   as
an  ecologic   (non-economic)   commodity  in  the  lower
half  of  the  commodity  classification.     That  is,  as
a  commodity  that  is  yielded  as  an  output   (designated
by  a  +)   by  an  ecologic  process  and  used  as  an  input
(designated  by  a  -)   by  an  economic  process.     An
alternative  classif ication  of  cod  could  be  an  eco-
nomic  commodity  or  resource,   just  as  land  and  labor
are.     This  follows  because  the  amount  of  cod  that
is  produced  by  the  natural  environment,   .just  a§  the
amount  of  land  and  labor,  represents  the  stock  of  a
resource.     This  stock  behaves  as  a  constraint  on  the
levels  of  economic  activities  that  use  these  resources
Other  resources,   such  as  timber  and  grass,  which  are
also  yielded  by  natural  processes,  could  also  be
classified  as  scarce  economic  resources.     This  would
identify  them  as  economic  commodities,  which  are
listed  in  the  upper  half  of  the  left-hand  stub.    If
these  criteria  are  adhered  to  the  positive  cells  in
the  upper-right  quadrant  of  the  matrix  would  repre-
sent .outputs  of  ecologic  processes  that  are  provided
as  resources  to  the  economic  system;   and  negative
entries  would  represent  the  use  of  these  economic
resources  in  natural  production  processes  themselves.
Illustrations  of  these  natural  production  processes
would  be  the  consumption  of  herring  by  cod,  or  the
consumption  of  grass  by  wildlife.
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A  classification  scheme   (such  as  proposed  on  the
previous  page)  would  involve  arbitrary  decisions;   Is
land  an  economic  commodity  to  be  recorded  in  the
upper  half  of  the  matrix,  or  an  ecologic  commodity  to
be  recorded  in  the  lower  half ?    Similar  queries  may
be  posed  regarding  water,  air,   fish,  livestock,  eta.
While  this  will  require  arbitrary  decisions,  the
primary  objective  is  to  provide  a  full  accounting  of
all  inputs  and  outputs  of  all  commodities  relevant
to  the  problem  being  examined.     If  a  commodity  can
be  used  as  both  an  economic  input  and  as  an  ecologic
input,   a  dummy  process  is  necessary  .that  would  use
the  commodity  as  an  ecologic  input  and  transform  and
deliver  it  as  an  output  to  the  economic  system.  as  an
economic  commodity.     While  a  classification  of  pro-
cesses  a§  economic  and  ecologic  clarif ie§,  under-
standing  of  the  problem,  it  is  not  essential  for
analysis,  provided  all  processes  relevant  for  a  prob-
lem  are  identified  and  accurately  described  in  an
empirical  manner.

Another  issue  is  the  clef inition  of  relevant
regions.     When  the  problems  under  consideration  in-
volve  air  pollution,  water  pollution,  solid  waste
disposa.1,  or  sonic  pollution,  the  relevant  region
is  the  physical  environment.    The  regional  classifi-
cation  system  adequate  for  studying  an  economy,   is
not  extensive  enough  for  studying  the  combination  of
an  economic  system  and  an  ecologic  system  and  their
interrelations .

Three  new  major  types  of  regions  might  be  land,
air,   and  marine.     Each  is  composed  of  subsystems;   an
economic  subsystem,   an  ecologic  subsystem,   and  other
subsystems.    The  traditional  regions,  which  in  this
case  are  the  Philadelphia  metropolitan  area  or  New
England  may  be  incorporated  under  both  the  economic
and  ecologic  subsystems  of  the  major  region,   land.
A  typical  column  in  the  set  of  columns  representing
the  Philadelphia  subsystem  region  would  be  the  petro-
leum.refining  activity.     In  that  column  would  be
listed  all  of  this  industry's  inputs  and  outputs,
both  economic  and  non-economic  commodities.     Some
commodities,  such  as  crude  oil,  gasoline,  and  solid
wastes  would  be  classified  as  land  types;  others  such
as  clean  water  from  a  river  system  and  water  pollu-
tants  released  into  the  marine  area,  would  be  classi-
fied`  as  marine  types.     Others  would  be  commodities
of  an  air  type,  such  as  unpolluted  air  itself  and
particulates.    Other  subsystem  regions  could  also  be
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classified.    Table  8-9  illustrates  the  use  of  these
regions .

A  change  in  the  present  conception  of  regions
for  planning  purposes  is  necessary.     This  will
involve  investigation  of  new  areas  and  major  changes
in  the  uses  of  Input-Output  methodology  as  a  tool.
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TABLE   8-9
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1ections,  Reflections,   and  Diverse  Notes   on  the  Philadelphia  Experience"
(Massachusetts:   MIT  Press,1971),   p.   214.
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METHODOLOGY

The  methodology  employed  in  this   study  is  a  combination  of

traditional  landscape  analysis  techniques  and  a  derivation  from

Chartacter`istic  Supply  and  Demand  and  Equilibrium  analysis  of

Regional  Science.

LANI)SCAPE   ANALYSIS    (CLASSIFICATION   AND   EVALUATION)

After  the  Case  Study  area  of  the  Beverly  Harbor  and  Collins

Cove   in  Salem,   Mass.   had  been  selected  on  the  basis   of  combined

visual/physical  and  economic  factoris,  a  landscape  analysis  was  made

by  the  research  staff .     This  analysis   (as   illustr`ated  on  the  accom-

panying  maps  A-1  through  A-6)   was  the  basis   for  classification  of  the

Case   Study  area  into   separate   Visual   Landscape   Zones   (See  Map  A-6)

which,   for  our  present  purposes  we  will  consider  to  be  separate

environments.9     Each  zone  was  then  evaluated  in  terms  of  the  pre-

scr`ibed  Visual  Environmental  Attributes   (of  Pleasure,   Comfor`t,   etc. )

for  empirical  comparison  with  physical  and  economic  parameters  of

the  study  (as  descr`ibed  elsewhere  in  this  repor`t)   fop  the  purpose

of  selecting  two  alternative  sites  for  further  evaluation  and  com-

parison.     The  two  zones   (or  sites  i  and  2   of  Map  A-7)   finally  selec-

ted  .were  those  considered  for  the  development  of  a  marina,   namely:

An  environment  is  .made  up  on  an  almost  infinite  array  of"things,  objects,  causes  and  causal  relationships"   -which  are  trans-
ferred  through  the   "medium  of  the  atmosphere"   into  information  and

r        ::I::mp;:::i:egt::i::::;t:::w;::n:? aF::b;::;::¥se::e:i::::)a::€ysis
however,  we  can  isolate  and  identify  the  primar`y  or  predominant
elements  which  give  a  particular  environment  its  landscape  charac-
ten  which  we  can  then  classify  into  zones  according  to  its  general
type  as  well  as  its  environmental  attributes   (of  pleasure,  comfort,
diversity,  eta.),  Ittelson,  Gibson.
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The  following  Visual  elements   in  the  case  study  area  were

located,   identified  and  weighed:

a.     Primarty  and   secondary  visual   zones
b.     Visual   landscape  C.haracter   (Primary  Visual  Zone)

1.     Predominantly  natural
open  water`
coves   (enc
channels   (
beaches   and

change )

(Map   A-1)
(Map   A-6)

anchorage,   boats,   rocks,   apparency  of  sea)
ure
or  activity  -movem.ent)
ntertidal  zones   (activities,   swimming,  tidal

hills,  bluffs
headlands   (pr`ominent  features)
mar`shes
rock  out-croppings

Predominantly  man-made
primary  use  or  act

aspects

|V1ty
and  other  activities,  age,   condition  or`  other  qualifying

(i.e.   residential,   industrial,  etc..)

c.     Visual  Prominence
a.     Movement  patterns  and  rhythm   (daily,   annual,   con-

tinual,  sporadic,
static)

e.     Visual  landscape  'elements   (positive  and  negative)
1.      Dominant   zones
2.      Ieaturtes   and   landmarks

f .     Textur`e

2.     Land   form  and  vegetation

(Map   A-3)

(Map   A-2)
(Map   A-4)

(Nab   A-5)1.     Urban  form  (horizontal  and  vertical  densities   -maLss)
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a.     POINT  SITE   =   a  dump  or  fill  site   (Zone  k)   and  a  gas

plant   site   (Zone   i)   (Map  A-6) .

A  water`front  industrial complex consisting  of  steel  gas

Storage  tanks,   a  complex  of  picturesque,  unused  brick  buildings,   a

stone  pier,   power  towers  and  some  derelict,  flat  open  space  -it  is

distinguished  by  its  location  and  size,  uniqueness   in  the  landscape,

visibility  from  the  Salem  entrance  road,   from  Collins  Cove  and

from  Beverly  Harbor  and  by  its   'unnatural'   character.

b.      FORT   LEE   COVE   SITE   =   a   swimming   beach   in  park   on   Collins

Cove.    (Subarea   of   Zone   a)    (Map  A-6).

A  sandy  beach consisting  of  open  I)each,   sloping  gently  from

water's  edge  to  .the  adjacent  road,   enclosed  on  either  side  by  small

tree  and  grass-covered  hills  -  it  is  distinguished  by  its  natural

chartacter  and  blending  into  the  overall  park  environment.

The  evaluation  of  the  two  sites  is   shown  in  Chart  E-2.

The  numer`ical  values   (or  ratings)   are  used  herte   fort  convenience  only

and  will  be  referred  to  in  the  following  section.

VISUAL   SUPPLY   ANALYSIS

The  resulting  evaluations  of  each  site  in  terms  of  high  or

low  quantity  of  each  of  the  prtescrtibed  attrtibutes  were   assigned

numerical  values  on  a  scale  of  1  through  9  to  provide  an  index  of

Existing   Visual   Supply.10    (EXISTING   SUPPI.Y   INDEX)

10 The   evaluation   (hi.gh,   medium  or`  low)   is   the  measure   of  the

Eii

significance   (in  terms   of-each  of  the  pr`escr`ibed  Visual  Envillon-

r        ¥::t::yst::i::::;ii::f:::e:e::e:no:b:::X::i:¥n:e?±¥::.e3¥:;onment
significant,   significant,   insignificant   (high,  medium,  or  low)   as

(continued   on  next   page)
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The   scale  of   1   through   9   was   used  to   allow  a  more   pr`ecise

evaluation  than  would  have  been  possible  with  only  5  weights.     The

signif icance  of  a  given  Visual  Environmental  Attribute  can  thereby

be  rated  medium,   towartd  low  or  toward  high  and  enables  the  observer`

to  have  a  gr`eater  latitude  of  expression  than  if  the  ratings  were

confined  to  high,  medium,   and  low.

i                 2                 3                           1+                 5                 6                           7                 8                 9

low-low/low/high-low       low-ned/ned/high-ned    ned-high/high/high-high

An  even  finer  scale  may  prtove   to  be  desir`able  but  Was  not

attempted  in  this   study.     Anothert  refinement  was  used  in  the  study

but  was  not  developed  or  tested.     Subrtatings  were  given  to  each

qualification  of  the  overall  rating  for  each  of  the  Visual  En-
vironmental  Attributes   (of  pleasure,  comfort,   etc.)   which,  when

divided  by  their  number  yield  the  overtall  rating.     The  use  of  such

subratings  in  conjunction  with  well  developed  sub-qualifications

should  prove  very  useful.L]

10        (continued)
opposed  to  significant,   insignificant  or  opposing  sig-

nificance   (positive,  neutr.al  or  negative)   have  not  been  differ`en-
tiated  here  except  that  a  low  significance  was  considered  neutral
and  received  a  medium  evaluation  whereas   an  opposing  or  negative
significance  received  a  low  evaluation.     The  Cove   Site,   for  example,
Was   9onsidered  to  have  medium  prominence   as   it  was   simply  not
prominent  while  the  Point   Site  was  considerted  to  have   low  Continuity`-    ``L   --__    i _-    .it  was  detrimental  to  the  continuity  of  the  overall  neighborhood

Qualifying  the  Point  Site's  rating  Qf  2   (low)   for  the  att-
for  example,   the   subiatings  of   3   (high-low)

(low-low)   fori  depr`essing   image   and   2   (low)   fort

as
11

ribute  of  Pleasuie
for  frust 1itsirr`elevancy-clearly  indicate  the  importance  of  its  image  of  dirt,

J=  _    _  _  -_--C=     _```_C=>_     I_``-      -       \ -\,,\  ,      I+,L

oppressive   size  and  inhuman  function.     The  subrating  of  the  Point

r      !i:!t:::;::i±::±:;::::X§:a;{!:i:ig±;E:ri:::;:f§:B:::::::::::i:  :::k
of  a  meaningful  social  context.

On'1



A-9

0

In  addition  to  the  quantity  of  Visual  Environmental  Attr`ibutes

prlovided  by  a  given  environment  at  a  given  point  in  time,   a  site

developed  or  undeveloped  has  an  inherent  potential  to  provide  a

certain  quantity  of  these  attributes,12  hence  a  Potential  Visual

Supply

(POTENTIAI.   SUPPLY   INDEX)     This   potential  was   quantif led   in  the

Same  manner  as   the  existing   supply.13

CHART   I-2    COMPARATIVE:   SITE   RATING

POINT   SITE                PLEAS.       COME.       DIVERS.       CONTIN.     -PROM.-.    MEAN.       INDEX

existing
Supply  rating          2                  2                  4                  2                  7                5                22

POTENTIAL
SUPPLY   RATING             8                      6                      8                      7                      9                   7                   u5

index  of  visual
equilibrium             -6               -P                -I+                -5                -2             -2             ~25

COVE    SITE                    Pl,FAS.       COME.       I)IVERS.       CONTIN.       PROM.       MEAN.       INDEX

existing
supply  rating           7                   7                   try                   8                   5                5                36

POTENTIAL
SUPPLY   RATING             7                      7                      5                      6                      6                   5                   36

index  of  Visual
equilibr`ium              0                 0              -1              2                 -i              0                 0

I)ue  to  intrinsic  factors  of  its  land  for`m,location,  r`elation,
-       + _        _  L1_   ___        _  _,  _I__relation  to  other  sites  and  activities,  size,  Shape,  etc

1^
Example :

( cont inued )

8/high  choice

DIVERSITY
Pal-fit--s-lie:   -high     8

Of  vari
-large  size,location  allow  build-in

9/   excitement  of :
city  entrance

activity  node(land-water`) ,  har`bor,

7/  challenge  of  participation
Cove   Site:   -medium
3iTh6--il5€Tof  activity  limited  by  size,  too  much
activity  coul      estroy  existing  environment
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a VISUAL   EQUILIBRIUM.  ANAIIYSIS

The  final  evaluation  or  ratings  fort  the  two  sites,  which  we

will  call  Existing  and  Potential  Supply  Indexes   [b],[c]9  were

then   compar`ed   to   determine   the   INDEX   01   VISUAL   EQUILIBRIUM   [d] ;

the  difference  between  existing  and  potential  Visual  Quality  in

terms  of  the  prescribed  Visual  Envirtonmental  Attributes.

The  comparison   (of  existing  vs.   potential)   yields  a

gr`eatep  or  lesser`  difference  between  the  two  -  the  lesser`  the  dif-

ference  the  more  the  site's  visual  quality  is  consistent  with  its

potential  cir`  is   in  Visual  Equilibrtium.     The   Index  of  Visual

I:quilibr`ium  for`  the  Point   Site   is   -25   and   fort  the   Cove   Site   0   -

clearly  the  latter`  is  in  visual  equilibrium  while  the  former`  is  not.

The  resulting  totals  are  meaningful  in  themselves  but  each

attriibute  must  be  examined  individually,  thus  while  the  totals

for  the  Cove  Site  are  in  equilibrium,  the  site  had  potential  for

increased  diversit.v  and  prominence  but  only  at  the  cost  of  con-

tinuity.     Similarly,   for  the  Point  Site,  while  all  othert  attributes

had  great  potential,   prominence  and  meaning  were  relatively  near`

equilibrium.     Eupther`,  more  meaningful  analysis  of  r`esultant  ratings

can  be  derived  from  the  examination  of  subrtatings  which  indicates

basis   fort  r`ating  of  each  category.     These   subratings,  which  were  not

tested  as  described  below,   are   found  in  Char`t  I-i,   page  A-21.

T9  test  and  evaluate  the  for`egoing  methodology  a  question-   ..

naire  was  pr`epared  and  given  to  18  people  along  with  a  presentation

13     (continued)

6.   controlled,  pastoral  lacks  excitement   (if  not
6.   limited  challenge beauty)
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of  the  study  area,  emphasizing  the  two  sites.     Presentation  material

Consisted  of  a  series   of  Vi8ua.I  Analysis. maps   (See  Maps  A-i  thr-ough

A-6)   and  a  photogr`aphic  r`ecord  of  a  trip  through  the  study  area

ariound  Collins   Cove.     The   18   par`ticipants  wer`e  then  asked  to  r`ate

the  two  sites  fort  existing  and  potential  Visual  Attributes   (of

pleasure,   comfor`t,   etc.).     Questionnaire  results   showed  that  most

participants   (approximately  669o:)   reached  conclusions   substantially

similar  to  those  of  the  research  staff  thus  indicating  the  gener`al

validity  of  the  methodology.     The  majority  of  the  participants

understood  the  meaning  and  application  of  the  terms   (pleasure,   com-

fort,   etc.)   in  the  same  fashion,   and  had  a  cleart  appr'eciation  of

the  relative   equilibrium  of  the  two  sites.Ltry     There  was  wide

agreement  about  the  potential  of  a  site  as  opposed  to  its  existing

condition .

At  the  same  time,  the  test  results  indicated  the  need  fort  `

more  precise  definition  of  the  terms   (pleasurte,   comfort,   etc.)L5

as  well  as  of  the  meaning  of  inher`ent  or  intrinsic  potential.     Most

participants  felt  that  they  would  be  able  to  make  more  realistic
evaluation  of  a  site's  potential  if  allowed  to  consider`  it  in  terms

of  a  given  activity.     This   idea  was  not  tested  but  would  be  useful   -

especially  in  the  context  of  the  following  section  which  considers

an  index  of  Potential   Visual  Equilibrium  -  and  could  be  pr`esented  to

|P Even  when  total   f igur`es   differ`ed   frtom  those  of  the  r`esearch
staff  the  par`tieipants  r`ated  the  Cove  Site  much  more  nearly  in
equilibr`ium  than  the  Point  Site.
15 See  Appendix  for  development  of  analogous   terms   and  examples.
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questionnaire  participants  ver`bally,  graphically,   or  in  model  for`m

which  would   show  a  development   proposal.

ACTIVITY   DEMAND   AID   POTENTIAL   EQUII,IBRIUM   ANALYSIS

If  a  given  envir`onment  has  greater  or  lesser  significance  in

terms  of  the  pr`escribed  Visual  Attributes   it  follows  that  various

possible  activities   (or  types  of  development)  have  differiing  re-

quirements   (or  demands)   for  these  Attributes   in  their  er,vironment.

Chart  I-3  lists  several  types  of  development  together  with  a  rating

of  the  impor`tance  of  each  of  the  prescribed  attributes  for  each

type   of   development.      These   are   called   ACTIVITY   DEMAND   MATRICES.

The  Activity  Demand  Index  for  a  type  of  development   is  defined  as

the  sum  of  the  ratings  fort  the  attributes.

CHART   E-3       ACTIVITY   DE:HAND   MATR|xL6

Pleas.   Comf.   Div.    Cont.    Prom.   Mean.    INDEX
Residential   single   family     7           8           3           5               try             5           32

Residential  multi   family       7          7          u          6               5            5          34

Industr`ial   (heavy)                        2          7           2           5                2             5           23

Industrial   (light)                      3          6.        3          5               u             5          26

Commercial   retail                     .    8           8           7           6                8              7           L[4
/

Commercial   (mar`ina)                       7           6            6            6                 7              6            38

Combined   urban   Complex 8              8              8              8                     9                 9              50

Urban   partk                                               9           9           8           8                 6              6           u6

(Footnotes  on  following  page)
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A  compar`ison  of  the  intrinsic  visual  supply   (Potential

Supply  Index)   of  a  particular  envir`onment  or  site  with  the

visual  demand (Activity  Demand  Index)   of  a  particular  activity

provides  an  index  of  the  suitability  (Index  of  Potential  Visual

Eq,uilibr`ium)   of  the  activity  to  the  site  in  terms  of  visual

cr,iter`ia,

The  visual  potential  of  the  Point  Site  fort  various  pessible

activities  was  evaluated  by  this  method.17

CHART   I-tr       PoTENTIAL   suppL¥   AND   ACTlvlT¥   DE:MAND

INDEX      Pleas.    Comf .   Diver.    Cont.    Prom.   Mean

POINTSITE   (Potential)      45            8                 6              8              7              9            7      (6/6)

Urban   complex   (demand)    50            8                  8               8               8               9            9      (try/6)

Retail   commer.(demand)   q4           8                 8              7              6              8           7      (5/6)

Cormer`.    Rec.
(Mar`ina)              .    (demand)    38             7                  6                6.            6               7            6       (tr/6)

Multi-fan.   res.
(demand)    311             7                    7                H                6                 5             S       (3/6)

City   park              (demand)   46           9                '9              8              8              6           5      (+/6)

Chart  I-try   shows  a  comparison  of  the  Potential  Supply  rating

of  the  Point  Site  for  var`ious  attrtibutes  with  the  level  of  those

(footnotes   for  page  A-12)
*

Including  counercial  -  recreational  -  cultural  and  tr`ansient
residential  activity.

Riil

16

17
_ _  ____J     ___.-_     ._    _ --..    `'~\1\*---A,i

it  was  not  evaluated  for.  other  ases  although  from  the  chart  above
it  is  appar`ent  that  other  activities  had  a  high  potential
equilibr`ium.

The  attr`i.butes  are  defined  in  the  appendix.
Since  the   Point  Site  was  prteviously  found  to  be   in  equilibrium



A-|tt

attributes  required  by  each  type  of  development.

Note  that  the  Retail  Commericial,  with  5  out  of  6  ratings

within  one  point  of  the  Point  Site  Potential  I.atings,  has  the

highest  correlation  with  the  Potential  of  the  site  of  all  ac-

tivities.     The  compariison  indicates  that  Retail  Commercial  activity

has  the  highest  Potential  Visual  Equilibrium  (if  only  because  of

the  high  cor`relation);  while  the  other  activities  listed  are  also

relatively  near  equilibr`ium.     Any  of  these,  qualified  by  con-

siderations  such  as  the  potential  of  a  development  itself  to

provide  additional  Visual  Environmental  Attributes  ort  critical
factor`s   (priesence  of  water  for  pur`poses  of  a  Mariina)   not  visually

accountable,  Could  prove  ultimately  desirable  from  a  visual

standpoint.     An  activity  might  also  be  eliminated  if  proven  econo-

mically  unfea§ible  or.  so  ecologically  destriuctive  as  to  I)e  felt

undesirable   (see  following  section).

COMPARISON   WITH   NON-VISUAL   CRITERIA

The  potential  for  visual improvement  of  a  given  environment

through  its  development  can  be  empirically  compar`ed  with  th'e

economic

r

potential  of  the  development  and,  its  implications  on  the

natur`al  ecologic   systems   of  the  environment.

For  example:

The  Point  Site   in  our  case   study  was   shown  not  to  be  in

visual  equilibr`ium  when  compared  with  its  potential  as  repr`esented

by  a  retail  commercial  development  or  combined  ur`ban  complex.   If  it

could  be   shown  through  economic  analysis,  however,   that   such  a
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development  was  un feasible   (because  of  high  acquisition  and  dev-

elopment  cost  for  |ocational  reasons) ;  or  through  analysis  of

physical  factors  that  resultant  destr`uction  of  ecological  food
chain  resources  would  damage  the  entire  fish  population  of  the

estuariy   (hence  depleting  its  rtecrteation  or  commercial  value)

other  possible  uses  or  alternatives  would  be  considered.     The

relati%e  degree  of  importtance  of  all  relevant  factors   including

the  visual  envirionment  is  the  question  that  this  study  attempts

to  answer.     Only  on  this  basis  can  intelligent  and  satisfactorty

policy  decisions  for  development  be  reached.

It  should  be  possible  not  only  to  ascer`tain  the  desires  and

opinions  of  the  general   (voting)   public  and  policy  maker's  but  to

fr           provide,   through  the  foriegoing  Quantitative  Analysis  of  visual
Environmental  Attributes,   a  basis  for  more  enlightened  and  wise

decisions....

The  next  logical   step  would  be  to  evolve  a  methodology  to

include  an  economic  input   in  terms  of  "willingness  to  pay"   for

a  given  environment   (whetheri  by  maintaining,   modifying  cr  changing

it  altogether).     A  follow-up  questionnair'e  should  be  developed  on

which  people  who  had  r`ated  the   site  would  be  asked  to  place  an

economic value  on  their  decisions. This  is  not  included  in  the

present  study  due  to  time  limitations  but  would  be  an  important

Part  of  future  research.L8

18

a       i::i:;::::i!:;::::in::8:i:g::i:::a:;y::-:::::::::::i::::::i;::::::nto
___  _-_       -I      _  --__``     `-``     --```-+.E5++,-<>

economic   tertms.      We   do,   however,   commonly  make   decisions   with   r`es-
pect  to  the  costs  we  alte  willing  to  pay  for  visual  quantity  and

(continued  on  following  page)

The  visual   envir`onment   is  often  held  to  be   such  an  intangible,
+,.''-     _.`_i  _.i-_     ___  i



RE

Eii

A-16

The  questionnair'e  would  relate  envir`onmental  quality   (in

the  context  of  an  existing  or  potential  visual  equilibrium)

with  the  economic  value  placed  on  it  by  the  participants.     If  the

questionnaire  results   showed  a  substantial  agrieement  among  the

participants  the  two  factors  will  have  been  demonstrably  linked.

Theortetica,lly  people  would  be  willing  to  pay  more  to  sub-

stantially  increase  the  visual  equilibrtium  of  a  par`ticular

environment  or  the  maintaining  of  an  existing  equilibr`ium.     If  so,

it  might  be  possible  to  establish  a  ratio  between  r`atings  for

visual  equilibriium  and  a  willingness  to  pay  or  their  economic

value .

Willingness  to Pay  in  Increased Taxation  to  Achieve  Visual  Eq.uilibr`iti.in

INDEx                           o            1            2             3.           n             5
Pries   (mills)0.0      0.0      0.0      0.5      i.0      1.5

Willingness  to Pay  in  Increased  Taxation  to

6            7            8            9          (max)
I.75    2.0       2.25    2.5       (    "    )

Maintain  Visual  Equilibrium

INDEX
Price

0             1             2             3             ty             5             6             7             8             9          (max )
2.5       2.25    2.01.751.51.0       0.5       0.0       0.0       0.0        (.".    )

The  ratios  above,   the.opetical  and  arbitr`ar`y,  would  not  be

constants  applicable  to  any  envirtonmental  condition.     The  ratio

would  varty  considerably  depending  on  the   individual  or  group,

their  pur`poses,   prejudices  and  educational  backgr.ound  and  with

the  type  of  development  proposed.     People  would,   most   likely,   be

(18   continued)
quality.     Private. developers  andwith  the  responsibility  of  a  bailding

inevitably  decide  whether  the
expedient,   2)  merely  con,sistent
quality  ort  the  best  possible
can  produce.     One  could  legit

day  occurence   cannot  be  denied.

ect
public  agencies  charged

or  development  project  must
is  to  be:   I)   economically

a  given  standard  of  design
that  money  and  design  talent

1y  argue  that  the  f irst  altert-
native  is  not  wor`thy  of  cofisideratibn  bdt  the  fact  of  its  ever`y
I_



A-17

willing  to  pay  more   for  a  park  than  for  a  comTner`cial  development.

DEFINITIONS   01 TERMS    EMPLOYED    IN

[a]    visual

[b]     Exist
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in  a  given  environment   (high,  medium,low)

[c]     Potential  Supply  Ratin
ori  suggeste

given  envirionmefit

[d]     Index  of  Visual  E
Ween
Envi

tent
ronmental

zerio  and  the

in  Dis

g  is  the
by  inherent  charactequantity  of  a  given  attribute

ristics  of  a

numerical  difference  bet-
upply  of  Visual

the

quilibrtium  is  the
isting  s

envlronment.     If
y  and  'Ex--,utes  in  a  g

ITErsupp
|Ven

ly  are  equal  the  difference  is
Visual  Envirahmant  is   f;-EqI.i-|i5=i:;L. 5"EEe
i   £ J=  _ ._  _  __greateri  the  difference,   the  mor`e  the  V

_, _     T\  . equilibrium

[e]    Activities Demand   Rati
a   give.n   V

given  act
[f]     Index  of

erence  b
In.dex  for

tent

sual
n8  is  the

nvlronmental
I-

Attr`ibute

r-|ronment  is

quantity   (high,  medium,   low)
^  + J--_ _.  I_ _  _  I r`equir`ed   by   a

Potential  Visual
etween tj0tent
a  given  act
upply  and

1s   Zerio   and
equilibrium .

activ

Equilibrium  is
upply  and  Act

|n  a  given
Activit

the  numerical  dif-
ivity  Den.and

envlrtonment
y  Demand   are equal  the  differenceenvironment  ar`e  E±apj±±



F

r

BIBLIOGRAPHY

A-|8

1.        Gibson,   James   J. ,   The   Senses   Considered   as   .Perceptual   Systems,
Boston,   Hought n   Company,1

Kepes,   Gyorgy,   The   Language   of   Vision,   Chicago,19trL[.

Ittelson,   William  H. ,   Visual   Space   Perception,   New  Yorik,
Spr`inger  Publishing   Company,    1960

Lynch,   Kevin,   The   Image   of  the   City,   Cambriidge,   M.I.T.
Press,196

Lynch,   Kevin,   Visual  Analysis   of  Brookline,   Mass.,   Report
Pr`epared the  Brookl ne   Boartd  of   Selectnen, 1965

6.        Simonds,   John  0. ,   Landscape  Architecture,   the   Shaping  of
Man's  Natural nvlronment,   New York,    I.W.    Dodge,1961



Eiiii

r`

i.

2.

3.

APPENDIX:      Visual   Environmental  Attr`ibutes,
Analogous

A-19

terms   (gr`ouped  vertically  -  positive  and
negative)   and  examples:

The   attribute   of   PLEASURE   inplies:

well-being       a§   opposed  to   '   frtustriation
enjoyment                           "                   depression
spiriitual  value            "                  hopelessness

a.     A  meandering  river  in  an  ur`ban  setting,   its   gr`assy
banks  and  tall  trees  accomodating  and  sheltering  the
recrieational,  cultur`al  and  spiriitual  needs  of  the
population .
A  humane  but  inspirting  complex  of  public  buildings
evoking  the  image  of  their.  beneficial  role  in  the
life  of  the  viewer`.

The   attribute   of   COMFORT   implies:

::::::=¥on    as  °PP°S:d  t°        ::;::£::::on
invitation                     "                 pain

a.     The  familiari  aspect  of  a  quiet,   shaded  residential
street,   a  small  sheltered  sitting  area  in  a  crowded
bustling  retail  district,  out  of  the  main  flow  of
activity .

The  attribute   of  DIVER.SITY   implies:

:i:i::ment    as  oppos:d  to        :::::i:::Xce  tmonotony,
challenge                          "                   boredom

a.     An  urban  commercial   "activity  node"  where  people  of
var`ious   ages,   status   (socio-economic),   etc.
mingle  as  they  pursue  their'individual  goals:   hurr`ying
to  work,loafing,   convel`sing,   shopping,   being  enter-
tained,   etc.

b.     A  forest  wilderness,  with  perhaps  a  r`ushing  mountain
stream,   etc.



4.          The   attribute   of   CONTINUITY  implies:

interrelatedne6s    ag  opposed  to
belonging                           "
underistandability         `'

a,
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discont.inuity
incongruity
disorientation

A  large  par`k  with  a  variety  of  separate  places  and
activities  all  structured  in  relation  to  a  dominant
natural  featur`e   (such  as  a  stream  or  r`iver,  or  man-
made  dev.ice)   which  is   always  visible   (or`  easily  found)
giving  a  sense  of  orientation  and  relation.

b.     A  separ`ate  urban  neighborhood  visibly  and  functionally
tied  to  other  parts  of  the  city  by  tr`ansportation  ar`-
teries,  boulevards,  open  space   (gr`eenery)   or  strong
natural  features.

5.          The   attribute   of   PROMINENCE   implies:

eiar`ity                       as  opposed  to    indistinguishability
obtrusiveness                  "                        incomprehensibility
identity                            n                         unobtr`usiveness

a.   3i:ig!eh::: , I::::::a:t:pcf:::::::dt.o:h:u::g::Ei '3ig::I
environment .

A  strong  natural  feature  to  which  othert  activities,  uses
or  systems  orient  themselves,   (because  of  its  prominence)

6.          The  attribute   of  MEANING  implies:

purpose                          as  opposed  to    meaningless

:X::::::i:::ial  contest    ::            ::E::::::;sness
a,

r

A  city  square  or  plaza  -  clearly  intended  (and  under-
stood)   as   a  place  of  congr`egation,  meeting,   obser`ving
or  resting  ~  the  rules  and  guide  lines  for  conduct
within  it  explicitly  stated  or  implied  by  social
convention .
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CHART   I-1

EVALUATION   foR   ENVIRONMENTAL  ATTRIBUTES   (Point   and   Cove   Sites)

a.      PLEASURE

Point  Site:

REy
rustratlon

LOU                                                                                                                                        (2)

visage  of  dir`t,  oppressive  size.,   inhuman  function(i)
to  man's  social  aspir`ations
of  not  participating  (in  activity)

Cove  Site:       High  toward  medium

¥e=_||_=E±±Pg  of  healthy  exercise,   fresh  air.,   etc.ssociated  with  activity
satisfaction  of

COMFORT

communicating  with  nature

Point  Site:     Low
use-::e3::!::;;tp:ggI3I:ddanger

of  alien  atmosphere

Cove  Site:        High  toward  medium
Invitation  to  pleasurable  activity

asual
ecurlty  a

a.      DIVERSITY

place  fort  non-participants
easant  - familiar`

Point  Site:     Medium  toward  low
EREEngEEEEEE of  function  and  use

of  texturte,  colort,   form  -bri.ck  buildings
f  threat  to  overall  environment

Cove   Site:        Medium  toward   low
Limited  choice
Low  key  6f~a-xTaitement
Lack  of  chanencrE-~~

r``



rd.

e.

CONTINUITY

Point  Site:

Effi:g
Low.

with  surroundings   (not  belonging)
_,  _        1_`

Cove   Site:        Medium
Relation  to  par`k  -  wateri

5REd:sL:i::n£::::r:: f::¥:v:t:; >
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_  _ --a_--a 'in  tens  of  unaerstanding  overall  city

function  in  cont€xt  of  park
PROMINENCE

Point  Site:     High  toward  medium

S¥i:fr::::n on __  _  _  __.__--(J     -..,- + \+,,J|,|L,10

fro  sEE6Hgngpriessive  -  but  not  expressive
Cove   Site:        Medium

REs::ef:::in:::_ -------- ' --I-

sur`rounding  environments

function  -  not  highly  visible
in  overtall  park  landsc•   ..    (indistinguishable

fro fairly  str`ong  but  limited  to  context  of  park
MEAI'ING

rfif6-v;

ape

Point  Site:     Medium
Little  E±g±±±±±±±s±  to  average  observer  -  except  for

S=£±±±±±±±±::i  i?eking  -meaningless             reference1ue  high  but  inair.ect   (accidental)

Cove   Site:        Medium

B:r:::: gigifeL:::nb::I:o::s¥hole
I,,Minor  s 1Negligl5IEliformati6ic  function

attribute  -  except  internalized

(5)
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APPENDIX   C

COI.ORAD0   RIVER   BASIN   STUDY
by

William  H.  Mierynk

The  concern  of  this  study  is  how  a  change  in  water

quality  might  ef fect  water  users  and  eventually  industrial
output.     The  base  used  is  the  conventional  open  Leontief

Input-Output  model  with  changing  input  coefficients.

Separate  transactions  tables  were  derived  for`'each  sub-

basin  and  linked  together  balancing  import  rows  and  export

columns  to  form  a  "pure"   interregional  model.     One  of  the

basic  assumptions  of  this  model  was  the  inputs  purchased

by  a  given  s.ector  depend  on  the  level  of  that  sector's

output.    A  set  of  sectoral  water  input  coefficients,  W±

were  also  introduced  into  the  system.     The  sectors  studied

included  both  industrial  and  agricultural  sectors.

DERIVATION   OF   WATER-INPUT   COEFFICIENTSL

The  water-input  coef f icients  were  clef ined  as
the  number  of  gallons  required,  on  a  net  depletion
basis,  per  dollar  of  total  gross  output  in  each
sector.     They  show  the  amount  6f  water  needed,

Lwi||iam  H.   Mierynk,   S
IJakes

stems  Anal sis  for  the  Great
Water  Resources,   "Proceedi

Poslum
ngs  of  the  Fourth  Sym-

on  Water  Resources  Research  of  the  Ohio  State
University  Water  Resources  Center"   (Ohio  State  University,
1969),   p.    53.
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directly  and  indirectly  for  a  given  level  of  sec-
toral  output.     The  set  of  1960  water  coefficients
was  projected  by  the  extrapolation  of  past  trends.

The  relationship  between  the  future  water  de-
manded,  W€,   and  the  future  supply  W€,   determined
whether  or  not  water  quality  would  inf luence  in-

!:sg:::a:::::::;::::::;:::::i::;:;i,::!::n!i,::;is
mand  for  goods  and  services  could  not  be  realized.
In  this  case  the  projections  of  final  demand  for
water  were  revised  downward  until  equality  of  water
demand  and  supply  was  achieved.

In  making  these  adjustments  it  was  assumed  where
water  is  relatively  scarce  the  market  will  allocate
the  available  supply  to  the  "highest  value-added"
or   "most  profitable"  uses.     This  means  th'a.t  the
decision  was  made  in  advance  that  the  amount  of  water
used  would  be  less  in  those  sectors  where  each  gallon
of  water  consumed  yielded  the  lowest  rates  of  return
to  their  users.    At  this  point,  water  quality  becomes
a  constraint  on  the  water  users.     To  make  the  quality-
constrained  projections  it  was  necessary  to  estimate`      the  total  dissolved  solids  in  parts  per  million,

.   which  would  result  from  the  increased  use  of  water
to  meet .the  projected  levels  of  total  gross  output
in  each  sub-basin.     To  compute  the  new  water  input
coef f icients  economic  and  engineering  analyses  were
merged .

A  basic  assumption  was  made  that  the  total  gross
output  of  each  sector  in  the  year  i,  Xit,  will  depend
upon  the  availability  of  an  adequate  supply  of  water

::::!tg:::if:::::::;:f:::::::#:;:::t;:::y!;;:,3Eis
TRANSLATION   OF   WATER   QUAI.ITY   INTO   WATER   QUANTITY2

A  major  problem  faced  was  translating  changes
in water  quality  into  quantity  terms,  that  is  by
computing  new  water  input  coef f icients  based  on
changes  in  instream  water  quality.    This  relation-
ship  between  economic  output  and  water  inputs  of  a
specified  quality  varies  among  sectors.    The
degradation  of  water  quality  necessitates  either  an

2ELd_.,   pp.   53-54.
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increase  in  the  amount  of  water  used  or  the  instal-
1ation  of  water  purification  equipment.

If  the  water  users'   cc>sts  were  not  affected,
then  it  was  only  necessary  to  multiply  the  larger
water  input  coefficients  by  the  projected  total
gross  output.

In  most  cases  degradation  of  the  water  necessi-
tates  a  different  combination`of  inputs.    For  instance,
in  the  agricultural  sector  larger  quantities  of  water
may  be  used  which  would  cause  more  leaching  and  an
increase  in  the  amount  of  fertilizer  necessary,  and
also  an  increase  in  other  inputs,  such  as  labor  per
unit  of  output.    All  of  these  results  make  it  neces-
sary  to  adjust  the  technical  coef ficients  to  compen-
sate  for  water  of  lower  quality.

Regardless  of  whether  or  not  the  degradation  of
water  changes  the  production  function,   it  is  neces-
sary  to  compute  new  water  demand-supply  relation-
ships.     It  is  imperative  that  the  adjustment  of
technical  coef f icients  and  changes  in  f inal  demand
are  made  independently.

To  make  the  final  demand  adjustments  in  the  i-th
sector  involves  a  set  of  cross  elasticities.    These
could  not  be  computed  because  of  a  lack  of  price
data.     Therefore,  broad  principles  were  adhered  to
to  make. judgmental  adjustments  in  final  demand.

• ADJUSTMENTS    IN   WATER   DEMANDED3

There  were  three  sectors  discussed  regarding
changes  in  demand--the  agricultural  sector,  com-
mercial  and  industrial  users,  and  municipals  users.

In  each  of  these  sectors  it  was  assumed  that
their  output  would  be  adjusted  to  the  water  quality
constraints  according  to  the  elasticity  of  their
demand  curves.     For  example,  with  higher  water  input
requirements  some  farm  managers  would  shift  pro-
duction  from  lower  to  higher  value-added  crops.     But
the  amount  of  the  increase  in  production  in  any
sector  would  be  constrained  by  the  elasticity  of  de-
mand  for  that  product(s)   of  that  sector.

For  commercial  and  industrial  users  it  was
assumed  that' in  lieu  of  altering  their  water  inputs
the  industries  would  install  treatment  equipment.

In  adjusting  final  demand,   it  is  assumed  some
degree  of  monopolistic  competition  exists  in  the

3|bid.,   pp.   55-58.
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production  markets.     Thus,  part  of  the  increased
cost  of  water  treatment  is  passed  on  to  the  con-
sumers  in  the  form  of  higher  prices.

In  a  rare  case  an  industry  might  be  driven  out
of  business,  but  normally  as  the  TUG   (Total  it
Curves)   shift  upwards  a  cutback  in  production  will
suffice.     If  consumers  pay  hi,gher  prices  they  have
less  money  to  spend  elsewhere,   so  there  would  be  a
spillover  effect.

The  final  demand  adjustments  in  commercial  and
`indus.tr.ial  ^s`ect,ors  .w.ere  not  found  to  be  of  any  major
consequence .

Municipal  users  also  face  a  highly  inelastic
demand  schedule  for  water.     But  since  higher  quality
standards  must  be  maintained  by  municipal  users
treatment  costs  can  be  expected  to  rise`more  rapidly.
As  in  the  commercial  and  industrial  :ector  it  was
felt  the  increased  cost  would  be  passed  on  to  the
Consumers  as  higher  prices.     This  means  the  con-
sumers  would  again  have  less  money  to  spend  else-
where,  but  it  was  not  felt  this  change  would  be
large .

These  three  cases  illustrate  three  general
t::#ifLnaLd::::::t::nc::nging

-_1  __  _  L

i#tapproaches  used  in  adj
water  quality  so  that
water  :ffect;  users  in  5o€h  Input  and  output.    First
of  all  inputs  will  have  to  be  increased  to  compensate
and  thus  input  costs  will  rise.    This  may  or  may  not
cause  a  decrease  in  output  depending  upon  the  market
demand  for  their  products.
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APPENDIX   D

ENVIRONMENTAli   EFFECTS   RESUI.TING   FROM   THE   TOTAI-

PURCHASES   AND   CONSUMER   EFFECTS   OF`   THE

STRIP-MINING   OF   COAL   INDUSTRY   IN   KANSAS
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In  this  thesis  the  two  primary  environmental  con-

siderations  are  air  quality  and  water  quality.    The  total
wasteloads  generated  are  presented  in  Table  D-I  for  air

emissions  and  Table  D-3  for  water  effluents.

AIR  EMISSIONS

To  translate  the  air  emissions  into  environmental

effects  such  as,  damage  to  vegetation,  harmful  effects  to.

the  human  respiratory  system,  eta.   an  inquiry  was  made  of

Mr.  Robert  J.  Chanslor,i  the  Assistant  Chief  of  the  Pro-

gram  Support  Branch   (Air)   of  the  Environmental  Protection
Agency. at  Kansas  City,  Missouri,   for  suggested  steps  to

be  taken.    After  posing  the  problem  to  him,   it  was  decided

that  pounds  of  air  emissions  per  year  cannot  meaningfully

be  changed  to  parts  per  million.    This  conversion  is  vital

since  the  ef fects  of  pollutants  in  air  to  the  environment

are  listed  according  to  the  concentration,  which  is  parts

per  million.     Parts  per  million   (ppm)   is  usually  a  volu-
metric  measure,  that  is,  it  measures  both  the  volume  and

mass  the  pollutant  occupies  per  nil.lion  parts  of  air.

There  is  atmospheric  research  being  done   (since  1964)   to

develop  a  diffusion  model  for  pollutants,  the  study  will

LRobert  J.  Chanslor,  Assistant  Chief  of  the  Program
Support  Branch   (Air) ,  Environmental  Protection  Agency,
Kansas  City,  Missouri,  telephone  interview  between  writer
and  respondent  on  June  4,1972.
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then  be  computerized  and  tested  in  St.  Louis  to  validate

the  model.2    This  model  will  take  into  account  meteorologi-

cal  variables  such  as  wind  movements,   stack  parameters,

rain,  eta. ,  which  at  present  prohibit  the  conversion  of

air  emissions  to  parts  per  million.

WATER   EFFLUENTS

To  translate  the  water  pollutants  into  environmental.

effects,  Mr.   Duane  Morgan,J  an  engineer  with  the  Water

Pollution  Control  Department  in  Wichita,   Kansas  was  con-

tacted..     After  consultation  with  Mr.   Morgan,   it  was  de-

cided  that  pounds  of  water  pollutants  per  year  may  be

compared  to  domestic  sewage  characteristics,  or  popula-

tion  equivalents.     The  two  characteristics  of  domestic

sewage  used  were  0.17  pounds  of  Biological  Oxygen  Demand

(BOD)   per  capita  per  day  and   0.20  pounds  of  Suspended

Solids   (SS)   per  capita  per  day.4     The  amounts  of  water

effluents  applicable  in  these  two  categories  are  297,810

pounds  of  BOD  and   258,266   pounds  of  SS   (see  Tables  D-2   and

Characteristics

3

2As  the  study  has  not  yet  been  completed,   statistics
have  not  been  published  nor  are  they  available.

3Duane  Morgan,   Engineer,  Water  Pollution  Control
Department,  Wichita,  Kansas,  personal  interview  between
writer  and  respondent  on  June  5,   1972.

4Leonard  Metcalf  and  Harrison  P.   Eddy,  Wastewater

(New  York:     MCGraw-Hill, 1972),   p.    231.
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D-4).     The  following  conversions  were  necessary.     First,

to  convert  the  pounds  per  year  to  pounds  per  day.     Second,

to  divide  the  pounds  per  day  by  the  appropriate  domestic

sewage  characteristic.     Therefore:.

BOD:

2 9 8 , 9-3 0 ounds/
365  days

258 ,266

SS=

ounds/
365  days

ounds/da
0.20   |bs. capita

=  819  pounds/day;   and

=. 4,800   persons

=  708   pounds/day;   and

=   3,600   persons

The  wasteload  generated  in  meeting  the  "Total  Purchases

and  Consumer  Effects"   (excluding  households)   of  the

Strip-mining  of  coal  industry  in  Kansas  would  be,  for

BOD  the  equivalent  of  4,800  persons,   and  for  SS  the

equivalent  of  3,600  persons.



1
2

1
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Pot.LUTANT

Particulates
Hydrocarbons
Organics
Nitrogen  Oxides
Sulfur  Oxides
Sulfur  Dioxide
Sulfur  Trioxide
Carbon  Monoxide
Ammonia
Aldehydes
Aerosols
Dust
Acids
Solids

TABLE   D-2
1970   AIR   QUALITY   EFFECTS   OF   THE   DEMAND   GENERATED   BY

THE ` STRIP-MINING   0F   COAL   INDUSTRY   IN   KANSAS

rouNDs                                                    pouNDs
PER  YEAR(1965)      E4EE9l             PER  YEAR   (1970)2

14 ' 6 94
183,786

287 , 514 , 45 3
1, 337 , 718 , 604

28,811,111
90'750
1'878

794,736
87,499,870

191, 664 ,133
626

57'568
237 , 522 , 910

171'160

1.6                      .     23,510
1.6                        294,058
1.6             460,023,125
1.6         2`,140,349,766
1.6                46,097,778
1.6                        145,200
1.6                            3'005
1.6                    1,271,578
1.6              139,999,792
1.6..         306,662,613
1.6                             1'002
1.6                           92,109,,
1.6             380,036,656
1..6                         273,856

[Ratio  of  1,970  coal  industry  output  of  $9,712,0003to  the  1965  output  of
3'  or   9? 6 , 07 2 , 000j 2,000   =   1.6.

6'072'000

2Column   1  x  Column  2.

3United  States  Bureau  of  .the  Mines, Yearbook  Area  Re ort,   1970

(Washington,   D.C.:     U.S.   Goverrment  Printing  Office,1970)

(
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TABI.E   D-h
1970  WATER   QUAI,ITV   EFFECTs   OF   Tri   I>EMAND   GEriERATED

BY..THE   STRIP-MINING   OF   COAL   INDUSTRY   IN  KANSAS

POLLUTANT

Sediment  Yield
Nitrogen
Phosphorus
Potassium
Total   Sol..ds
B.0.D.
Suapended . S olids .
Grease
Dissolved  Solids
Phenol
Sulfide
Cyanide
Fluoride
Solid  Garbage
Ammonia
Ferric  Sulfate
Lube  Oils
Sulfuric  Acid
Emissions
Soluble  Metals

$6,072,000:or  2,_712

POUNDS
PER  YEAR(1965)    RAT|oL

•-,    15,814,000
62',128
21'129

104'813
910'310
186,831
161'/+16

124
144 ' 603

78
9

21
23

1,132,051
57

1, 994
2'595
9'676

303
58

000   =   1.6.

POUNDS
PER  YEAR(197o)2

25,302,400
99'405
33'806

167 , 701.
1,456,496

298,930
258,266

198-
231,365

125
14
34    `,      .
37

1,811,282
91

3'190
4'152

15'482
485

93

;R?t±:  9f^13Z9  CO:1,industry  output  of  $9,712,0003to  the   1965  6utput  of

6'072,000

2Colunn  1  x  Column  2.

3United  States  Bureau  of  the  Mines,  Y;arbook  Area  Re
(Washington,   D.C.:     U.S.

Ort'   1970
Goverrment  Printing  Office,   1970)
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In  this  section  the  impact  of  the  Mined-Land  Con-

servation  and  Reclamation  Act[  is  discussed.    Under  the

following  conditions  of  200  pounds  of  cattle  to  the  acre2,

500  acres  of  strip-mined  land3,  and  the  price  of  one

peund  of  beef  of  S.22;   there  would  be  a   "Total  Purchases

and  Consumer  Effect"   (excluding  households)   of  $22,000.00.

After  following  this  amount  through  the  "Kansas  Direct,

Indirect,   and  Induced  Requirements  Matrix"4  Table  E-I,

the  total  amounts  of  wasteload  generated  is  presented  in

Table  E-2,  Water  Quality  Effects  After  Reclamation  and

Table  E-3,  Air  Quality  Effects  After  Reclamation.

WATER   EFFLUENTS

To  translate  the  water  pollutants  into  environmental

effects,  the  two  characteristics  of  domestic  sewage  used

were   0.17   pounds  of  Biological  Oxygen  Demand   (BOD)   per

capita  per  day  and  0.20  pounds  of  Suspended  Solids   (SS)

per  capita  per  day  were  used   (see  Appendix  D) .     The  fol-

lowing  conversions  were  necessary.     First,  to  convert  the

pounds  per  year  to  pounds  per  day.  .  Second,  to  divide  the

LMined-I.and  Conservation  and  Reclamation  Act,   sec.
49-406,   K.S.A.   Supplement    (1968).

2Maurice  Barnes,  cattlemah,  Weir,   Kansas.

3see  Appendix  A,  Table  I.

4Dr.  Emerson's  Interindustry  Study,  previously  cited.
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pounds  per  day  by  the  appropriate  `domestic  sewage  char-
acteristic.    Therefore:

BOD:

46,736 ounds/
365   days

ounds/da
ol7   |bs, capita

472,936   pounds/year
365  days

I,296 ounds/da
0.20   |bs. capita

SS:

=  128   pounds/day;   and

=   1,296   persons

EZ=

=  i,296  pounds/day;   and

=   6,479   persons.

The  wasteload  generated  in  meeting  the   "Total  Pur-

chases  and  Consumer  Effects"   (excluding  households)   for

the  $22,000.00  derived  cattle  output  would  be,   for  BOD

the  equivalent  of  1,296-persons,  and  for  SS  the  equivalent

of   6,479   persons.

SEDIMENT   YIELD :

To  assess  the  impact  of  this  reclamation  act,  it

would  be  necessary  the  environmental  ef feet  of  the  sedi-

ment  which  might  be  lost  if  the  land  were  left  barren.

This  would  result  in  12,650,000  lbs.   of  sediment'annually
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(see  Chapter  3,   p.   47).     Sedimentation  studies  relating

to  the  environmental  ef f eat  of  sediment  in  streams  was

not  available  at  this  time.

5Verlin  Peterson,  Kansas  St.ate  University  Extension
Agronomist,   telephone  call,  June  10,1972.
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Environment.     Wa
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Printing  Office,1967.
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Clean  Water,
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hington , D.C. :      Govern-

ment  Printing  Office,1969.
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Wichita  Beacon.     August  25,1971.
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„Sheep. "

Worldbook  Enc edia.      1967.     Vol.   V.

Worldbook  Enc edia.      1967.   Vol.   XVII.

ENPUBLISHED   RATERIAL

Stoltenberg,   Gerald  A.     "Indicator  Organisms,  Oxygen
I.evels,  and  Fertilizer  Components  in  a  Farmland
Stream."     Unpublished  M.S.   thesis,  University  of
Kansas,1970.

INTERVIEWS
E=

Chanslor,  Robert  J.    Assistant  Chief  of  the  Program
Support  Branch   (Air) ,  Environmental  Protection
Agency,  Kansas  City,  Missouri.     Telephone  inter-
view  between  writer  and  this  respondent  on  June  4,
1972 .

Fox,  Frank.   . Staff  Research  Assistant,  Mined-Land  Re-
developmet  Office,   Girard,   Kansas.     Telephone
interview  between  writer  and  this  respondent,
October   6,1971.

Hackman,   Dwayne`.     Kansas  Economic  Development  Office,
Topeka,  Kansas.     Telephone  interview  between
writer  and  this  respondent,  March  10,1972.

Harder,  Otis.     Engineer,  Wichita  Sewage  Treatment  Plant,
Wichita,   Kansas.     Telephone  interview  between
writer  and  respondent,  June  27,1972.

Morgan,  Duane.     Engineer,  Water  Pollution  Control  Depart-
ment,  Wichita,  Kansas.     Personal  interview  between
writer  and  this  respondent,  June  5,1972.

Pinkstaff ,  Norman.     Environmental  Quality  Department ,
KG  &  E,  Wichita,   Kansas.     Personal   interview
between  writer  and  this  respondent,  November  21,
1971.

Sevart,  J.  a.     Faculty  member  of  Engineering  Department
at  Wichita  State  University;    Personal  interview
between  wr.iter  and  this  respondent,  August  10,1971.
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Fleming  Company,  Wichita,   Kansas.     Telephone  interview
between  writer  and  respondent,  August  10,1971.

Salesman,  Foley  Tractor  Company,  Wichita,  Kansas.     Tele-
phone  interview  between  writer  and  this  respondent,
September   5,1971.

Red  Ball  and  Transfer  Company,  Wichita,   Kansas.     Tele-
phone  interview  between  writer  and  respondent,
October   24,1971.

Safelite  Glass  Corporation,  Wichita,  Kansas.     Telephone
interview  between  writer  and  respondent,  October
24,1971.

OBSERVATION

Mining  site.     Gulf  Oil  Company,  Hallowell,   Kansas.
Personal  observation  by  the  writer,  June  25,1971.
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IAEE   A-4

REPREinIT.iTIVA  AVERAGE  cROp  yELDs

93

Ai,  S+a+.     ,915

u s deft, of  Aj.
A+u7   ',  ql6

Representative               Average  Yields  in
Indus try                     Crop s                             Bu shel s/Ac re

Re|>resentative  Yield

(c:1?us3h;:S#:£e
nurfer  of  crops,  3)

Other Grains  (4)    Oats
Barley
REe'

50.2
-37 .81

22.6EE -.-   "f Jf)/3

J#a      '.#b.b
42.gr   .      37,a
•a5,8           al.5

36.9  or  37

.

Representa.tiv6
Industry                   . cl`ops

Aver8=A7i:::s  in
Representative Yield

(colt:W±!AtacLre/the
-ber of crops,  5)

Other
Agrictntura.1
Products  (n)

'S      J73±
Potatoes  3/a       g)39
Ca.bba.ge
Beans,  dry  edible
Cat.rots
Onions

J7V
__

iq75  boot

£TTdy     21o.o.             `qtos

ig;!!==:f:,:a
$3flrty5

\q70                lc)  71
e3'q            a3|

I,2as             I,32 a
a.3 4            £92
30&   `        3c,c/

186.2  or  186

]Reader 's  I)igest Associa.tion,
'  (Pleasa,ntvi]le:    Reader's  Dig

/!:::
Reader's  I)igest.  A]mna.c  a.nd  Yea.rbook
est  .Issocia.tion,  Inc.,1971)

Goverrment  Printing  Office,1971),  p.166.

p.  175.

beparfuent  of Agriculture.,..1gricultura.1  Sta.tistics.1970  (Washington,  D.a. :

+ERE., ricul.tul`al Statistic s p.   284.

4±±±g. ,  4gI._i_cultura.1  _Sta.ti_Sties_,_ __±±ZZQ,   P.168.

L!EIEJ •, ricultural Statistics
Aevt = Hundred rfeight,  or  loo  lbs.

p.  180.
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