
Economic-Environmental 
Tradeoffs: Methodologies for 
Analysis of the Agricultural 
Production-Rural Environment 
System

Gum, R. and Oswald, E.

 

IIASA Collaborative Paper
October 1980

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by International Institute for Applied Systems Analysis (IIASA)

https://core.ac.uk/display/33892953?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Gum, R. and Oswald, E. (1980) Economic-Environmental Tradeoffs: Methodologies for Analysis of the 

Agricultural Production-Rural Environment System. IIASA Collaborative Paper. Copyright © October 1980 by the 

author(s). http://pure.iiasa.ac.at/1482/ All rights reserved. Permission to make digital or hard copies of all or 

part of this work for personal or classroom use is granted without fee provided that copies are not made or 

distributed for profit or commercial advantage. All copies must bear this notice and the full citation on the first 

page. For other purposes, to republish, to post on servers or to redistribute to lists, permission must be sought by 

contacting repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


NOT FOR QUOTATION 
WITHOUT PERMISSION 
OF THE AUTHOR 

ECONOMIC-ENVIRONMENTAL TRADEOFFS: 
METHODOLOGIES FOR ANALYSIS OF THE 
AGRICULTURAL PRODUCTION-RURAL 
ENVIRONMENT SYSTEM 

Russell Gum 
Eric Oswald 

October 1980 
CP-80-28 

Collaborative Papers report work which has not been 
performed solely at the International Institute for 
Applied Systems Analysis and which has received only 
limited review. Views or opinions expressed herein 
do not necessarily represent those of the Institute, 
its National Member Organizations, or other organi- 
zations supporting the work. 

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS 
A-2361 Laxenburg, Austria 



This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modell ing 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nater  Research Centre  
(U.K. ) Conference on "River  P o l l u t i o n  Cont ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 



PREFACE 

Undesirable environmental impacts o f  a g r i c u l t u r a l  product ion a r e  be- 

coming more numerous a s  a g r i c u l t u r a l  product ion is increased t o  meet world 

food demands. The ques t ion  of  environmental c o n t r o l s  on a g r i c u l t u r e  has 

many imp l i ca t ions  on both t he  l e v e l  of  ou tpu t  from a g r i c u l t u r e  and upon the  

q u a l i t y  of the  environment. The purposes o f  t h i s  paper a r e  t o  1) de f i ne  a 

genera l  s t r u c t u r e  f o r  t h e  a g r i c u l t u r a l  product ion-rural  environment system, 

2) de f i ne  a genera l  a n a l y t i c a l  framework f o r  management o f  t h e  system, and 

3) desc r i be  an  empir ica l  management s tudy of  water q u a l i t y  and e ros ion  con t ro l .  

I should l i k e  t o  add t o  t he  au tho rs '  preface a few words of  my own. The 

fol lowing paper rep resen ts  t he  con t r i bu t i ons  of a  group of exper ts  from the  

United S t a t e s  Department of Agr icu l tu re  t o  the  c o l l a b o r a t i v e  s tudy w i th  IIASA's 

task ,  "Environmental Problems of Agr icu l ture. "  The s tudy,  cu lminat ing i n  t h i s  

paper,  met one of t he  Task 's  research  ob jec t i ves ,  which a s  s t a t e d  i n  t h e  Re- 

search  Plan is ,  "aneva lua t i on  of  t h e  t rade-of fs  between t h e  i n t e n s i f i c a t i o n  

of  a g r i c u l t u r a l  product ion and the  poss ib le  d e t e r i o r a t i o n  i n  environmental 

qua l i t y . "  The au thors  f u r t h e r  p resent ,  i n  condensed form, an example demon- 

s t r a t i n g  how a h igh ly  complex environmental problem can be analyzed. The 

methodology used f o r  t h i s  a n a l y s i s  is n o t  r e s t r i c t e d  t o  t he  s tudy of  agr icu l -  

tural-environmental i n t e r a c t i o n s ;  r a t h e r ,  i t  can be app l ied  on a wider b a s i s .  

Gennady N .  Golubev 
Task Leader 
Environmental Problems of  Agr icu l tu re  





ECONOMIC-ENVIRONMENTAL TRADEOFFS: METHODOLOGIES 
FOR ANALYSIS OF THE AGRICULTURAL 

PRODUCTION-RURAL ENVIRONMENT 
SYSTEM 

Adverse env i ronmer~ta l  impacts r e l a t e d  t o  a g r i c u l t u r a l  product ion 

inc lude:  groundwater p o l l u t i o n ,  f i s h  k i l l s  due t o  p e s t i c i d e  app l i ca t i ons ,  

des t ruc t i on  of a q u a t i c  h a b i t a t  from sedimentat ion,  near  e x t i n c t i o n  of some 

mammalian spec ies  due t o  land use changes, d e s e r t i f i c a t i o n  due t o  over- 

graz ing and many o the rs .  I n  f a c t ,  a g r i c u l t u r e  always l eads  t o  changes i n  

t he  "natural1 '  environment, i f  f o r  no o the r  reason,  from t h e  change i n  land 
I I 

from a "natura l "  cond i t ion  t o  a g r i c u l t u r a l  product ion.  Although t h e  pro- 

blem has ex i s ted  s i n c e  t h e  beginning of a g r i c u l t u r e  more concern is now 

being given the  problem due t o  t h e  g r e a t  p o t e n t i a l  of cu r ren t  a g r i c u l t u r a l  

technology f o r  s e r i o u s  environmental  impacts and due t o  t h e  inc reased envi- 

ronmental awareness worldwide. 

I n  o rder  t o  understand and manage t h e  a g r i c u l t u r a l  product ion-rura l  

environment system i t  i s  f i r s t  necessary t o  understand both how t h e  components 

of t h e  system i n t e r a c t  and how the  ou tpu ts  of t h e  system a r e  r e l a t e d  t o  

human va lues .  

A very s imple s t r u c t u r e  of t h e  r u r a l  env i ronment-agr icu l tura l  

product ion system i s  d isp layed i n  F igure 1. Two aspec ts  of t h i s  system a r e  

of c r i t i c a l  importance. The f i r s t  i s  t h e  feedback l i n k  from a g r i c u l t u r a l  

product ion t o  t he  resource  base system and t o  t h e  ecosystem. Ag r i cu l t u ra l  

product ion thus impacts t hese  o the r  systems which i n  t u r n  i n f l uence  t h e  f u t u r e  

p o s s i b i l i t i e s  f o r  a g r i c u l t u r a l  product ion.  The second i s  t h e  l i nkage  between 



both a g r i c u l t u r a l  product ion,  t h e  ecosystem and t h e  human va lues  system. 

J u s t  as food meets human needs and wants,  s o  does environmental  q u a l i t y .  It 

is  obvious from such a system t h a t  t r a d e o f f s  e x i s t  between environmental  

qua l i t y  and a g r i c u l t u r a l  product ion.  I n  a d d i t i o n ,  due t o  t h e  dynamic n a t u r e  

of the  feedback loops,  t r a d e o f f s  e x i s t  both a t  t h e  p resen t  and between the  

present  and f u t u r e .  S ince  one of t h e  ou tpu ts  of t h e  system is achievement 

of human goa ls ,  i t  is  only reasonable t o  a t tempt  t o  manage t h e  system t o  

ob ta in  more r a t h e r  than l e s s  achievement of human goa ls .  

Many s t r a t e g i e s  and i n s t i t u t i o n a l  arrangements e x i s t  f o r  managing 

such a system. However, a l l  the  d i f f e r e n t  i n s t i t u t i o n s  and s t r a t e g i e s  

perform the  same b a s i c  f unc t i ons  and process the  same gene ra l  t ypes  of i n fo r -  

mation a s  d isp layed i n  F igure  2 .  

The key t o  t h e  management system is  t h a t  t h e  c o n t r o l  system is  

fed informat ion on the  achievement of human g o a l s ,  l abe led  va lue  i n d i c a t o r s ,  

and makes dec is ions  which impact t h e  phys ica l -b io log ica l -soc ia l  systems-- 

labeled r e a l  systems. The r e a l  system is observed and measures of i ts  s t a t e  

made--these measures a r e  labe led  techn i ca l  i n d i c a t o r s .  The t e c h n i c a l  i n d i -  

ca to rs  a r e  then t r a n s l a t e d  by human percep t ion  a n d v a l u e s i n t o  t h e  va lue  

i nd i ca to rs .  

I f  t he  t ransformat ion from techn i ca l  i n d i c a t o r s  t o  va lue  i n d i c a t o r s  

i s  not made or  not  made proper ly ,  s e r i o u s  a b e r r a t i o n s  a r e  in t roduced i n t o  

the  management s y s  tem. 

I n  the  s imp les t  case of t h i s  type of a b e r r a t i o n ,  a  s i n g l e  phys i ca l  

c h a r a c t e r i s t i c  is i d e n t i f i e d  and measured. No a n a l y s i s  of t h e  r e l a t i o n s h i p  

between human va lues  and t h e  phys i ca l  c h a r a c t e r i s t i c  is  made. E i t h e r  t h e  

assumption is made t h a t  t h e  phys ica l  c h a r a c t e r i s t i c  has va lues  i n  and of 



Resource Base \ 

Achievement of 
Human Values 

Figure 1. General System. 



i Real Technica l  
Sys terns I n d i c a t o r s  I n d i c a t o r s  

Cont ro l  
Sys t e m  

F igure  2.  Man:,gernc~lt System. 



i t s e l f  o r  t h e  assumption is made t h a t  however t h e  phys ica l  c h a r a c t e r i s t i c  

is  measured, t h i s  measurement is appropr ia te  a s  a va lue  i n d i c a t o r .  This can 

lead t o  se r i ous  problems. For example, land subsidence i n  a r i d  reg ions due 

t o  groundwater withdrawals is  o f t e n  mentioned a s  a c r i t i c a l  problem of t hese  

areas.  Statements such a s  " the land has subsided 10 meterst t  a r e  made as i f  

10 meters were an i n d i c a t o r  of human values.  Unfortunately,  t h e r e  is almost 

no r e l a t i o n s h i p  between t h e  d i s t a n c e  t h e  land su r face  s i n k s  and human va lues .  

I n  one bas in  i n  Arizona, t h e  land has sunk approximately 1 0  meters a t  t he  

center  of a bas in  which is about 50 km i n  diameter (McCauley and Gum, 1975). 

The impacts on humans c o n s i s t  of c o s t s  of maintenance of w e l l s  and a few 

thousand d o l l a r s  a year t o  r e p a i r  highway cracks.  Yet land subsidence is 

o f ten  mentioned as a major reason f o r  bu i l d i ng  the  Centra l  Arizona P r o j e c t  

t o  import water a t  a c o s t  of s e v e r a l  b i l l i o n  d o l l a r s  ( G r i f f i n ,  1980). 

Another example of t h e  same a b e r r a t i o n  is  t h e  use  of g ross  e ros ion  

a s  t h e  appropr ia te  measure of t h e  environmental impact of eros ion.  I n  f a c t  

gross e ros ion  is a very poor measure of t h e  environmental impact of e ros ion  

and reducing gross e ros ion  may have l i t t l e  e f f e c t  on water q u a l i t y  o r i en ted  

problems. Factors  such a s  h a b i t a t  t ypes ,  p a r t i c l e  s i z e  d i s t r i b u t i o n  of sed i -  

ment, t iming of e ros ion  events ,  a l l  must be  considered i n  phys ica l l y  o r  

b io log i ca l l y  descr ib ing  t h e  environmental impacts of eros ion.  I n  a d d i t i o n  

the  human va lues  such a s  maintaining land produc t iv i t y ,  a e s t h e t i c s  of s t reams,  

r i v e r s ,  and l akes ,  and w i l d l i f e  h a b i t a t  va lues  need t o  be e x p l i c i t l y  con- 

s idered  i n  managing eros ion.  I f  such an approach is not used i t  is  l i k e l y  

t h a t  resources w i l l  be spent  t o  so l ve  non-problems whi le t h e  r e a l  problems 

with s i g n i f i c a n t  impacts on human va lues  a r e  ignored. 



Many o the r  cases e x i s t  where phys ica l  f a c t s  a r e  used inappropr ia te ly .  

I11 f a c t ,  s c i e n t i s t s  a r e  h igh ly  r e l u c t a n t  t o  use anyth ing bu t  "hard" phys ica l  

f a c t s  f o r  any purpose. That is  f i n e  f o r  "science", bu t  i t  i s  completely inap- 

p rop r ia te  t o  use  phys ica l  measures a s  va lue  i n d i c a t o r s ,  and t h i s  being t h e  

case,  methodologies a r e  needed t o  incorpora te  d i r e c t l y  t h e  va lue  and percep- 

t u a l  process i n t o  t h e  planning process. The fol lowing is such a procedure 

(Figure 3) . 
Step one, of course,  is simply t o  de f i ne  t h e  gene ra l  problem and s e t  

l i m i t s  on the  problems t o  be s tud ied .  An example would be t h e  water q u a l i t y  

and eros ion  problem i n  t h e  Willow Creek watershed i n  Oregon (USDA, 1977). 

From t h i s  genera l  s ta tement ,  t h e  next s t e p  (2) is t o  de f i ne  t h e  aspec ts  of 

human value (human goals)  assoc ia ted  w i th  t h e  i d e n t i f i e d  problem. Obviously, 

one s e t  of va lues p e r t i n e n t  t o  such a s i t u a t i o n  is i nd ica ted  by t h e  products  

bought and s o l d  i n  t h e  marketplace. These va lues  can be def ined i n  t r a d i -  

t i o n a l  economic terms, using market observat ions of p r i c e s  and q u a n t i t i e s .  

Other va lues  e x i s t  and cannot b e  neglected. I n  f a c t ,  t h e  whole 

a rea  of environmental q u a l i t y  is not  normally bought and so ld  i n  t he  market- 

p lace  and must be considered i n  o t h e r  than economic measurements based upon 

market observat ion.  

Two approaches a r e  i n  genera l  use. One p o s s i b i l i t y  is t o  c r e a t e  a 

hypothe t ica l  market f o r  environmental q u a l i t y  and measure va lues  i n  monetary 

u n i t s .  The second is  t o  de f i ne  and develop a va lue  index f o r  environmental 

qua l i t y  i n  nonmonetary u n i t s  (Gum, 1980). Both approaches a r e  st i l l  i n  t he  

evolut ionary s t a g e  and the re  is no c l e a r  concensus a t  p resent  a s  t o  which is 

bes t .  For app l i ca t i ons  where cos t  b e n e f i t  ana l ys i s  is  t o  be used as t h e  

planning and eva lua t ion  framework, t he  conversion of a l l  va lues i n t o  monetary 



measures i s  appropr ia te  and necessary.  For app l i ca t i ons  where mu l t i p l e  

ob jec t i ve  planning procedures a r e  t o  be used a s  t h e  planning and eva lua t i on  

framework, development of non-monetary i n d i c e s  i s  approp r i a te  and necessary.  

It is the  mu l t i p l e  ob jec t i ve  planning approach (USWRC, 1973),  which was chosen 

a s  t h e  framework f o r  t h i s  paper. S p e c i f i c a l l y  two ob jec t i ves  a r e  proposed 

(1) Economic Development, and (2)  Environmental Qua l i t y .  T r a d i t i o n a l  economic 

measures a r e  proposed f o r  t h e  Economic Development account wh i le  an environ- 

mental q u a l i t y  index is proposed f o r  t he  Environmental account.  

The environmental q u a l i t y  index is of t h e  form of a  m u l t i a t t r i b u t e  

u t i l i t y  func t ion  which se rves  the  func t ion  of aggregat ing in format ion on t h e  

many aspec ts  of environmental q u a l i t y  i n t o  a  s i n g l e  index. 

One approach t o  d e f i n e  such a func t ion  i s  t o  cons t ruc t  a  h i e r a r c h i c a l  

goa l  t r e e  wi th  t he  genera l  goa l  of environmental q u a l i t y  a t  t h e  t op  and more 

s p e c i f i c  subgoals a s  branches andsubbranchesof  t he  tree. Figure  4 is an 

example of such a goa l  t r e e  designed f o r  t he  eva lua t ion  of a  water  q u a l i t y  

and e ros ion  c o n t r o l  p r o j e c t  (Willow Creek, Oregon). Fur ther  d iscuss ion  of 

t he  cons t ruc t ion  of goa l  t r e e s  can be found i n  Gum, Roefs, Kimball ,  1976. 

Once t h e  s t r u c t u r e  of t h e  goa l  t r e e  is e s t a b l i s h e d ,  i t  i s  necessary 

t o  s e l e c t  a  func t ion  t o  aggregate t he  va lues  from t h e  most s p e c i f i c  branches 

t o  t h e  genera l  goa l  and t o  es t ima te  t he  parameters of t h i s  func t ion .  While 

many func t i ona l  forms could be used, t h e  form corresponding "best" t o  exper i -  

mental r e s u l t s  on the  human percep t ion  and va lue  process i s  a power func t ion  

homogeneous of degree 1. The parameters of such a func t ion  a r e  simply t h e  

exponents of the  elements and can be r e f e r r e d  t o  as  p re fe rence  weights.  For 

example, t he  m u l t i a t t r i b u t e  u t i l i t y  func t ion  corresponding t o  t h e  goa l  t r e e  

i n  Figure 4 is: 



PROCESS 

1. DEFINE PROBLEM. 

2. DEFINE GOALS. 

3. DEFINE TECHNICAL INDICATORS. 

4. MODEL TECH,NICAL TO GOAL CONNECTION. 

5. DEFINE ALTERNATIVES. 

6. MODEL ALTERNATIVE TO TECHNICAL INDICATOR RELATIONSHIP. 

7. DEVELOP MANAGEMENT MODEL TO DISCOVER A REASONABLE SET OF 
ALTERNATIVES. 

8. PRESENT RESULTS TO DECISION MAKERS. 

9 .  REPEAT ABOVE AS USEFUL OR NECESSARY. 

Figure 3. Planning Process. 





where X.  i s  the measure on a 0 t o  100 sca le  of the  l eve l  of at tainment of 
1 

goal i and wi i s  the preference weight f o r  goal i. 

The preference weights can be generated by severa l  d i f f e r e n t  

approaches. One reasonable approach is  t o  use an opinion survey of the  

general  publ ic t o  develop these weights. A second approach i s  t o  use the  

opinions of the pol icy makers t o  determine weights. Discussion of the metho- 

dologies f o r  obtaining the weights can be found i n  Gum, Roefs, and Kimball, 

1976. 

The next s tep  (3)  i n  the process i s  t o  def ine  the  techn ica l  i nd ica to rs  

t o  be measured. Data ava i l ab i l i t y ,  model ava i l ab i l i t y ,  the s p e c i f i c  charac- 

t e r i s t i c s  of the problem, and research resource const ra in ts  w i l l  i n  pa r t  

determine the  choice of technical  ind ica tors .  

For the  example of erosion and water qua l i t y  improvement a very 

l a rge  number of possib le techn ica l  parameters e x i s t .  For example the  U.S. 

Environmental Protect ion Agency has a data  system which repor ts  on over 2000 

d i f f e ren t  physical  and b io log ica l  water qua l i t y  parameters. The bas ic  

c r i t e r i a  f o r  se lec t ing  among the la rge  number of poss ib le  c r i t e r i a  a re  

1)  is va r ia t i on  i n  the lowest l e ve l  subgoals such a s  debr i s ,  odor (see f i gu re  

4) re la ted  t o  the technical  i nd ica to r ,  and 2) so  models e x i s t  t o  r e l a t e  the  

va r ia t i on  i n  technical  ind ica tors  t o  the a l te rna t i ves  t o  be studied.  

A per fec t  study would s e l e c t  technical  i nd ica to rs  and models which 

would accurately and completely r e l a t e  a l l  possib le a l t e rna t i ve  plans t o  the  

human goals. Per fect  s tud ies  do not ,  nor w i l l  they ever ,  ex i s t .  Tradeoffs 



e x i s t  between accuracy, completeness, ana l ys i s  t ime,  and ana lys i s  c o s t  . 
I n  f a c t  t he  s e l e c t i o n  of t echn i ca l  i n d i c a t o r s ,  modeling approach and analy- 

t i c a l  technique is a dec i s ion  involv ing mu l t i p l e  ob jec t i ves .  For t he  

Willow Creek app l i ca t i on  the  fol lowing techn i ca l  i n d i c a t o r s  were se lec ted .  

Lowest Level Subgoal 

Land Produc t iv i t y  

Land Scenic Beauty 

Water Produc t iv i t y  

Water Scenic Beauty 

Quant i ty 

Water Appearance 

Debris 

Odor 

C l a r i t y  

Algae 

Sediment 

A i r  Qual i ty 

Cu l tu ra l  Resource Qua l i t y  

Health 

Biota Qual i ty 

Technical  I nd i ca to r  

Years of t o p s o i l  remaining 

Composite index of land use- 
beauty va lue  

Water y i e l d  i n  a c r e  f e e t  per  
year  

Flow i n  c f s  

Percent  of water  su r face  a f f e c t e d  
by d e b r i s  

Summer water flow i n  c f s  

Percent  water  a f f e c t e d  by a lgae  

Suspended sediment i n  mg/l. 

Number of Days p a r t i c u l a t e  q u a l i t y  
s tandards  a r e  exceeded 

Actual  account ing of resources  
and e f f e c t s  

Contaminated dr ink ing  water  
sources  

Index of r i p a r i a n  h a b i t a t  q u a l i t y  
(Oswald , 1980) 



Recreat ion Qual i ty  

F ish ing Qua l i t y  

Swimming Qua l i t y  

Boating Qua l i t y  

Hunting Qual i ty  I Water Scenic  Beauty Index 
(composite index of quan t i t y  
and q u a l i t y  cons idera t ion)  

T e r r e s t r i a l  component (sub 
index) of r i p a r i a n  h a b i t a t  index 

These techn i ca l  i n d i c a t o r s  were judged t o  measure almost a l l  of t he  changes 

i n  t he  environmental q u a l i t y  goa l s  (Figure 4 ) .  Add i t iona l l y  a  set of  models 

t o  r e l a t e  these  techn i ca l  i n d i c a t o r s  t o  t he  p lans  were s e l e c t e d  and w i l l  be 

d iscussed l a t t e r .  These t e c h n i c a l  i n d i c a t o r s  prov ide b a s i c  in format ion t o  

al low the  es t imat ion  of impacts and p lan  on t h e  environmental  q u a l i t y  goa l s  

i s  ava i l ab le .  

A f te r  t echn i ca l  i n d i c a t o r s  have been chosen, :they must be r e l a t e d  t o  

t he  va lue  components of t h e  goa l  tree ( s t e p  4 ) .  For example, i f  r n g / l  of 

sediment is chosen a s  t h e  techn i ca l  i n d i c a t o r  f o r  t h e  measure of t h e  s o i l  

component of water c l a r i t y ,  then a t ransformat ion of t h e  phys i ca l  u n i t s  i n t o  

va lue u n i t s  must be  found. 

I f  we de f i ne  t h e  va lue  s c a l e  a s  a 0 t o  10 s c a l e  where 0 i s  t he  

worst  poss ib le  case  and 10 i s  t he  b e s t  case ,  t h e  problem becomes one of 

mapping ppm sediment on to  t he  va lue s c a l e .  I n  quant i f y ing  t h i s  r e l a t i o n s h i p ,  

two major problems a r e  encountered. F i r s t ,  va lue  is  s u b j e c t i v e l y  perce ived,  

not measured i n  t he  same way t e c h n i c a l  i n d i c a t o r s  a r e  measured by a d i r e c t l y  

observable phys ica l  "yardst ick."  Secondly, a l though t h e  gene ra l  p u b l i c  per-  

ce ives  achievement of s o c i a l  goa l s  (environmental g o a l s ) ,  t h e  t e c l ~ n i c a l  pheno- 

mena t h a t  unde r l i e  t h e i r  percep t ions  a r e  usua l l y  understood only by s p e c i a l i s t s  

The f i r s t  problem can be reconc i led  by us ing  su r roga te  measures, i n d i c e s ,  f o r  

va lue o r  goa l  achievement. The second problem can be  so lved by c o l l e c t i n g  



informat ion on connect ive r e l a t i o n s h i p s  from groups of people t h a t  have both 

percept ions of goa l  achievement (and knowledge of t he  percept ions  of o the rs )  

and knowledge of t echn i ca l  measures. These groups should c o n s i s t  of expe r t s  

i n  t h e  re levan t  aspec ts  of environmental management. A mul t i d i sc ip l i na ry  

group is  usua l l y  necessary due t o  t he  wide range of t echn i ca l  i n d i c a t o r s  

impinging on environmental q u a l i t y .  

The dec is ions  made by t h i s  group f a l l  i n t o  two ca tego r ies .  They 

should : 

1. Attempt t o  achieve consensus on t h e  cu r ren t  va lue  of a lower l e v e l  

subgoal, both i n  terms of t h e  techn i ca l  i n d i c a t o r s  and t h e  su r roga te  index. 

2 .  Es tab l i sh  t h e  f u n c t i o n a l  r e l a t i o n s h i p  between the  t e c h n i c a l  i n d i c a t o r  

and va lue sca le .  

The Delphi method may be  used a s  the  mechanics of t h e  group t o  develop 

the  informat ion necessary t o  de f i ne  these  connect ives (Dalkey, 1969). Delphi 

is a veh i c le  t o  s o l i c i t  and c o l l a t e  informed judgements about t h e  p resent  

and fu tu re .  The Delphi method provides r u l e s  f o r  us ing exper t  judgements 

t o  f i n d  b e t t e r  answers t o  unce r ta in  quest ions.  I f  a s imple perceptua l  exper i-  

ment is done o r  Delphi procedure followed t h e  r e s u l t  might be s i m i l a r  t o  

F igure 5. A t  a concent ra t ion  of 0 ppm, people w i l l  perce ive  t h e  water t o  be 

pe r fec t  on the  c l a r i t y  index. A s  t he  concentrat ion of sediment i nc reases  

the re  w i l l  be decreases i n  t h e  va lue  index u n t i l  approximately 2200 ppm of 

sediment is reached, a f t e r  which po in t  people a r e  unable t o  perce ive  any fu r -  

t he r  degradat ion i n  water c l a r i t y .  

I f  our management system is a d a i l y  o r  ins tan taneous  system, t h e  

above measure i s  appropr ia te ;  i f ,  however, a management system is an annual 

system, then the  problem of aggregat ing over time a r i s e s .  Consider F igure  6.  
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Figure 6 .  Example of t iming problems i n  Goal Measurement. 



Due t o  severe storm events causing extremely h igh l e v e l s  of sediment t o  be 

ca r r i ed  o f f ,  the  va lue  of the  goa l ,  i f  the  average sediment va lue  is used, 

w i l l  be zero. However, t he  va lue of the  goa l ,  i f  t h e  median sediment con- 

cen t ra t i on  is used, w i l l  be much h igher  and is  a more l o g i c a l  representa t ion  

of people's average va lue  of the  water c l a r i t y  goa l  over the  per iod of a year .  

The b e s t  method would be t o  c a l c u l a t e  the  va lue of the  goa l  f o r  each day of 

the  year  and average these values f o r  a year ly  measure of t h e  goal .  

The next s t e p  (5) i n  t he  process is t o  de f i ne  the  poss ib le  

a l t e r n a t i v e s  t o  be inves t iga ted .  These might range from cons t ruc t ion  a l t e r -  

na t i ves  t o  economic i ncen t i ves  f o r  implementing c e r t a i n  management p r a c t i c e s  

t o  l e g a l  regu la t ions  and o thers .  I n  the  eva lua t ion  being conducted f o r  t h e  

Willow Creek sub-basin i n  Oregon, a l t e r n a t i v e s  w i l l  combine the  s t r u c t u r a l  

p rac t i ces  of t e r rac ing ,  d ivers ions ,  sediment ponds and grade s t a b i l i z a t i o n  

wi th  vegeta t ive  and management p rac t i ces  such a s  grassed waterways, reduced 

t i l l a g e ,  res idue management and mulching, contour and s t r i p  cropping t o  

achieve p ro jec t  goals  of e ros ion  and s.ediment reduct ion.  

Once a s e t  of a l t e r n a t i v e s  is  def ined i t  is necessary t o  r e l a t e  the  

a l t e r n a t i v e s  t o  the  techn ica l  measures ( s tep  6 ) .  A t  t h i s  po in t ,  corresponding 

ma thema t i c a l  models must be used. I f ,  f o r  example, t he  a l t e r n a t i v e s  inc lude 

a l t e r n a t i v e  land management techniques, then t h e i r  impact on eros ion ,  and 

sediment i n  waterways must be modeled. J u s t  a s  i n  the  s e l e c t i o n s  of t echn ica l  

i nd i ca to rs ,  the s e l e c t i o n  of models w i l l  depend upon the  s p e c i f i c s  of t h e  

problem and the  resources ava i l ab le  f o r  t he  research.  The b a s i c  model se lec ted  

was the  Chemical Runoff and Erosion from Agr i cu l tu ra l  Management Systems 

(CREAMS) (Knisel ,  1980). The model w i l l  al low the  e s t i v a t i o n  of the  t iming 



and charac ter ,  a s  w e l l  a s  amounts of chemical and sediment produced by 

ag r i cu l tu ra l  production systems. 

Addit ional models necessary inc lude a hab i t a t  model t o  est imate t he  

impact of a l te rna t i ves .  The bas ic  form of the  model i s  based on the  

Habitat Evaluation Procedures (HEP) of the  U.S. F ish and Wi ld l i fe  Serv ice 

(revised 1978). A f u r t he r  discussion of the  Riparian Habi tat  model can be 

found i n  Oswald 1980. 

Further d iscussion of the Land Quality submodel can be found i n  the  

Impacts of Resource Management on Land Qual i ty:  A Struc ture  f o r  Analysis,  

a working paper i n  d r a f t  form a t  t h i s  time authored by E r i c  B. Oswald. Water 

resource qua l i t y  and resource management prac t ices  is discussed i n  d e t a i l  i n  

Oswald, 1978. 

Once the techn ica l  impacts of the  a l t e rna t i ves  have been modeled, 

they can be expressed i n  the  goal values by use of the transformations 

developed i n  s t ep  4 of the  process. A t  t h i s  po in t ,  the  necessary information 

fo r  a mathematical programming model t o  s e l e c t  a reasonable set of a l te rna-  

t i ves  t o  present  t o  the  decis ion maker has been developed (s tep 7 ) .  The. 

general  form of the  programming model is t o  maximize the  environmental qua l i t y  

goal sub jec t  t o  physical  and economic r e s t r a i n t s .  Separable programing can 

be used t o  al low a l i n e a r  programming algorithm t o  so lve  t he  maximization of 

the nonl inear ob jec t ive  funct ion. This approach is defined i n  S te l l e rn ,  Gum, 

Arthur, Oswald, 1979. By varying the l eve l  on t he  economic cons t ra in t ,  a 

tradeoff  f r o n t i e r  between environmental qua l i ty  and economics can be developed 

(Figure 7) .  

The r e s u l t s  of t h i s  process can then be presented t o  dec is ion  makers 

f o r  a f i n a l  decis ion o r  f o r  suggestions on rev is ion  and improvement. 



Environmental 
Index 

Economic'Index 

Figure 7. Trade-off Frontier 



Summary 

The above process is  reasonable both i n  theory and i n  p r a c t i c e  f o r  

t he  eva lua t ion  of r u r a l  environment vs .  a g r i c u l t u r a l  product ion problems. 

While i t ,  i n  genera l ,  seems very complicated, i t  becomes much s impler  f o r  

most appl ied problems. For example, i n  most app l ied  problems a l t e r n a t i v e s  

may not  impact a s p e c i f i c  subgoal,  f o r  example, ai r  q u a l i t y .  I n  t h i s  

case,  l i t t l e  a t t e n t i o n  needs t o  be paid t o  models of a i r  q u a l i t y  of d a t a  

on a i r  q u a l i t y  and s o  on. 

I n  add i t i on  t o  prov id ing recommendations t o  dec i s ion  makers, t h e  

process has the  c h a r a c t e r i s t i c  of f o rc ing  t h e  ana l ys t  t o  t h ink  of t h e  human 

dimensions of a problem, no t  j u s t  t he  techn i ca l  aspec ts  of a supposed problem. 

It may be t h a t  t h i s  c h a r a c t e r i s t i c  of t he  methodology is of t h e  most va lue.  
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