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INTRODUCTION 

The Alaskan king crab  industry i s  in  a t r a n s i t i o n  period,  recovering from 

a dramatic boom-bust cycle. '  Statewide harves ts  began an unprecedented period 

of growth in  1969 t h a t  continued through 1980. Harvests more than t r i p l e d ,  

culminating in  record catches of 185.7 mi l l ion  pounds. Growth in  t he  Bris tol  

Bay f i s h e r y  management a rea  was l a r g e l y  responsible  f o r  the  boom; Br is to l  Bay 

harvests  rose  from 8.6 mi l l ion  pounds in  1970 t o  t h e  record catch of 130 

mi l l ion  pounds in  1980. Within 3 years ,  however, t h e  indus t ry  col lapsed.  

King crab s tocks  were so scarce  t h a t  t he  Alaska Department of Fish and Game 

(ADFG) ordered complete c losure  of t h e  Bri s t01 Bay f i she ry .  Statewide 

harvests  plummeted t o  26.9 mil l ion pounds. An addi t iona l  10 mi l l ion  pounds 

were l o s t  by 1985 (U.S. Department of I n t e r i o r  1947-1975; Alaska Department of 

Fish and Game 1969-1983, 1970-1983). 

The economic wake of t h i s  co l lapse  has been ex tens ive ,  involving 

v i r t u a l l y  every pa r t i c ipan t  i n  t he  f i she ry .  Between 1980 and 1983, exvessel 

revenues t o  fishermen f e l l  by more than 50 percent ,  dropping by 93.2 mi 11 ion 

d o l l a r s .  Processor s a l e s  dropped 178.0 mil l ion d o l l a r s  (a 60 percent 

reduct ion) ,  whi 1 e s a l e s  from who1 esa l  e r s  decl ined by 304.2 mi 11 ion do1 1 a r s  ( a  

66 percent reduct ion) .  Multimillion d o l l a r  f i sh ing  ves se l s  were id l ed ,  o thers  

sh i f t ed  i n t o  d i f f e r e n t  f i s h e r i e s ,  processing p l an t s  closed and an indus t ry-  

wide r e s t ruc tu r ing  commenced. 

The s igni f icance  of t h e  co l lapse  may be placed in  perspec t ive  by 

considering the  f a c t  t h a t  t he  king crab  f i she ry  was t h e  second most valuable 

Alaska seafood industry between 1968 and 1983. Only the  combined value of a l l  

s i x  salmonid spec ies  harvested in  Alaska exceeded t h a t  of king crab (ADFG 

1969-1983). Yet, t he  s tatewide king crab  catch r a r e l y  exceeded one-third the  

t o t a l  catch of salmon, by weight. 



The impact o f  t h e  co l l apse  extends w e l l  beyond t h e  Alaskan economy. 

Butcher e t  al . ,  (1981) i d e n t i f i e d  d i r e c t  l i nkages  between t h e  s h e l l f i s h  sec to r  

and t h e  economy o f  t h e  Puget Sound area i n  western Washington. Only 32 

percent o f  t o t a l  s h e l l f i s h  revenues were re tu rned  t o  t h e  A1 askan economy i n  

d i r e c t  purchases o f  goods and serv ices.  Much o f  t h e  remaining 68 percent  were 

spent i n  t h e  S e a t t l e  area f o r  vessel maintenance/construction, gear and 

suppl ies,  and general  consumer goods. Moreover, most o f  t h e  process ing and 

c o l d  s torage f i r m s  are based i n  t h e  S e a t t l e  area. The d imin ished f l o w  o f  

processed k i ng  c rab  products  t o  domestic and f o r e i g n  markets a l s o  caused a 

t r i p 1  i n g  o f  nominal wholesale and r e t a i l  p r i c e s  between 1980 and 1986 

(Nat ional  Marine F i she r i es  Serv ice 1969-1984). 

Shor t  o f  blaming t h e  open access m i l i e u  o f  t h i s  common p rope r t y  f i s h e r y ,  

s p e c i f i c  causes o r  c o n t r i b u t i n g  f a c t o r s  t o  t h e  co l l apse  must be i d e n t i f i e d  i f  

pol icymakers are t o  c o n t r i b u t e  t o  a recovery.  Reso lu t ion  o f  t h e  under ly ing  

bioeconomics i s  essen t i a l  i n  t h i s  regard. Such a bioeconomic ana l ys i s  o f  t he  

Alaskan k i ng  c rab  i n d u s t r y  i s  repor ted  by Hanson (1987) and Matul i ch ,  Hanson 

and Mittelhammer (1987a, b, c). '  Th is  paper presents  one aspect o f  t h a t  

research - -  t h e  framework developed t o  est imate a f a c e t  o f  t h e  b i o l o g i c a l  

response, and u l  t i m a t e l y  supply, i n  t h i s  mu1 t i c o h o r t  f i s h e r y .  The s p e c i f i c  

framework addressed i n  t h i s  paper i s  a t r a j e c t o r y  ad justed i n t r i n s i c  

rec ru i tment  (TAIR) model which o f f e r s  cons iderable promi se i n  model i ug t h i s  

and o the r  f i s h e r y  s tocks t h a t  a re  charac te r i zed  by m u l t i p l e  age c l ass  spawniqg 

(he rea f t e r  r e f e r r e d  t o  as mu1 t i  cohor t  species).  

I n i t i a l l y ,  an overview o f  t h e  composite bioeconomic model i s  presented as 

backdrop t o  t h e  p a r t i c u l a r  b i o l o g i c a l  model i n g  framework o f  concern here. The 

composite model descr ibes how t h e  Alaskan k i ng  crab i n d u s t r y  has operated f o r  

n e a r l y  2 decades. 



OVERVIEW OF THE BIOECONOMIC MODEL 

The k i n g  c rab  i n d u s t r y  can be viewed i n  a  market e q u i l  i brium con tex t  

i n v o l v i n g  supply  and demand a t  two l e v e l s  o f  t h e  market: an i n p u t  o r  raw c rab  

market model and a  f i n a l  processed product market model. See F igure  1. The 

e x p l i c i t  i n t e r a c t i o n  between management, b io logy ,  harves t  and t he  market f o r  

k i ng  c rab  shown i n  t h i s  f i g u r e  accounts f o r  t h e  feedback i nhe ren t  i n  t he  

o v e r a l l  bioeconomic system f o r  a  s i n g l e  year  ( J u l y  1-June 30). A  b r i e f  

summary o f  each component i s  presented below as an overview o f  t h i s  complex 

f i s h e r y  model. D e t a i l s  p e r t a i n i n g  t o  t h e o r e t i c a l  underpinnings and empi r i ca l  

es t ima t i on  o f  a l l  submodels a re  discussed i n  Matu l i ch ,  Hanson and Mittelhammer 

(1987a, b, c ) .  

Management prov ides an ex te rna l  con t ro l  on i n d u s t r y  behavior.  A  v a r i e t y  

o f  r e g u l a t i o n s  a re  employed i n  t he  management o f  t h i s  f i s h e r y ,  i n c l u d i n g  gear 

r e s t r i c t i o n s  and exc lus ive  r e g i s t r a t i o n  i n  se lec ted  f i s h i n g  areas. However, 

sex, s i z e  and season l e n g t h  are t he  p r i n c i p a l  r e g u l a t i o n s  t h a t  a re  a c t i v e l y  

used t o  manage t h e  B r i s t o l  Bay f i s h e r y .  Annual dec is ions  regard ing  these 

r e g u l a t o r y  c o n t r o l s  h i s t o r i c a l l y  have been based on a  combinat ion o f  one- 

p e r i  od-ahead s tock f o recas t s  and i ntraseasonal i n d u s t r y  performance. F i  shery 

po l  i c y  has never expl  i c i  t l y  recognized t he  dynamic market feedback e f f e c t s  

among annual harvest  p o l i c y ,  f u t u r e  harvestab le  stocks, c u r r e n t  p r i c e s  and 

f u t u r e  p r i c e s .  I n  f a c t ,  economics has never played a  prominent p o l i c y  r o l e  i n  

t h i s  once l u c r a t i v e  f i shery .3  

The importance o f  f o rmu la t i ng  p o l i c i e s  t h a t  e x p l i c i t l y  recognize t h e  

ext remely  l o n g  and compl icated l ags  t h a t  cha rac te r i ze  k i n g  c rab  popu la t ion  

dynamics, and thus, t h e  l ong  range economic h e a l t h  o f  t h i s  i ndus t r y ,  i s  

i l l u s t r a t e d  i n  F igure  2. The beginning s tock  o f  l e g a l  (harvestab le)  crab i n  

1987 i s  shown t o  c o n s i s t  o f  t h r e e  age c lasses o f  male crab: 8  year  o l d  l e g a l s  



FIGURE 1 

Components o f  Market Equi l  i brium i n  t h e  A1 askan King Crab Indust ry  
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FIGURE 2 

Recursive Age Structured Character o f  Red King Crab 

Year 
7 7 7 8 7 9 80 8 1 8 2 83 84 8 5 86 8 7 

a 
The tenns 0 and -1 refer to newly hatched larvae and breeding, respectively. 



(8L), 9  year  olds (9)  and 10 t o  14 year  olds (10-14). The recursion 

i l l u s t r a t e d  in  t h i s  f igu re  shows the  pass-through o r  pipe1 ine  of unharvested 

legal  (L) and nonlegal (NL) crab in the  previous year  t h a t  comprise the  

beginning stock of cur rent  year  age c l a s s .  For example, both the  cur rent  

stock of 8Lt and of 8 N L t  were formed from surviving 7 t - l  t he  previous period. 

Likewise, gt was formed from 8Lt-i and 8NLt-l; 10-14t was formed from 9t- l  and 

10-14t-l. Carrying t h i s  recursion back t o  parental s tocks ,  8 year  old 

r e c r u i t s  in  1987 were created by sexual ly mature parent  s tock 9 years  ear l  i e r  

(1978). Nine year  old r e c r u i t s  in  1987 a r e  the  progeny of adul t  crab s tocks 

in 1977 (10 years  e a r l i e r ) .  The abundance of 10 year  o lds  in  1987 a r e  a  

function of parental  s tock 11 years  e a r l i e r ,  and so on. 

This f i g u r e  c l e a r l y  i l l u s t r a t e s  the re  a re  t h r e e  dimensions t o  cur rent  

period dec is ions  concerning s i z e  l i m i t  policy t h a t  should determine the  

magnitude of 8L versus 8 N L .  Eight year  old potent ia l  r e c r u i t  c l a s s  crab can 

have value as: 1) cu r ren t ly  harvestable s tocks,  2 )  fu tu re  harvestable s tocks 

(up t o  6 years  i n t o  the  f u t u r e ) ,  and 3) parent s tocks of crab t h a t  can be 

harvested 9 t o  15 o r  16 years  in to  t h e  fu tu re .  Evaluation of t he  implied 

biological  and economic t r adeof f s  i s  prec ise ly  what i s  required by the  Magnuson 

Act and i s  the  general objec t ive  of t he  composite bioeconomic ana lys is .  

The biological  response submodel f o r  red king crab  in Bri st01 Bay 

cons i s t s  of seven estimated recruitment/growth funct ions and several 

de f in i t i ona l  ident i  t i e s .  The seven behavioral re1 a t ionships  combine t o  form a 

recurs ive ,  age-structured growth model f o r  sexual ly mature male and female 

king crab biomass. The sexes a re  modeled separa te ly  t o  r e f l e c t  t he  impact of 

males-only harvest  regula t ions  on population abundance. Primary research 

emphasis i s  given t o  t h e  male equations because of t h i s  regula t ion .  



Three c l  asses o f  r e c r u i  tment/growth r e1  a t i o n s h i  ps a re  formulated:  R icker  

(1954) spawner - rec ru i t  models, t r a j e c t o r y  ad jus ted  i n t r i n s i c  r ec ru i tmen t  

(TAIR) model s, and growth/mortal  i t y  model s  s im i  1  a r  t o  De r i  so (1980). 

I n d i v i d u a l  s i n g l e  age-class equat ions a re  de r i ved  f o r  beginn ing s tocks  o f  5, 

6, 7 and 8 yea r  o l d  ma1 es, and f o r  5  year  o l d  females. Aggregate cohor t  

equat ions a re  es t imated  f o r  9  t o  14 year  o l d  males and f o r  6  t o  14 year  o l d  

females. S t a t i s t i c a l  s i g n i f i c a n c e ,  o v e r a l l  goodness o f  f i t  and a b i l  i t y  o f  

these behav io ra l  equat ions t o  p r e d i c t  h i s t o r y  a re  good. The beginn ing s tock  

o f  l e g a l  k i n g  c rab  i s  de f ined  as t h e  sum o f  a l l  9  t o  14 yea r  o l d  male c rab  and 

t h a t  p o r t i o n  o f  t h e  8  year  o l d  males a l lowed t o  be harvested by t h e  ADFG s i z e  

1  i m i t .  Nonlegal c rab  a re  de f i ned  as a l l  sub legal  males and a1 1 females. 

The b i o l o g i c a l  submodel i s  l i n k e d  t o  t h e  market submodel through a lagged 

harves t  r e l a t i o n s h i p .  Fishermen p rov i de  t h e  p r imary  supply  o f  k i n g  c rab  by 

app l y i ng  harves t  e f f o r t  t o  t h e  beginn ing c rab  s tock .  T h e i r  behav io r  i s  

captured by t h r e e  behav io ra l  r e l a t i o n s h i p s :  t o t a l  q u a n t i t y  harvested, e f f o r t ,  

and f l e e t  s i ze .  T o t a l  q u a n t i t y  harvested i s  fo rmu la ted  as a  p roduc t ion  

f u n c t i o n  t h a t  depends upon t o t a l  f i s h i n g  e f f o r t  and t h e  beg inn ing  s tocks o f  

both l e g a l  and nonlegal  crab. The abundance o f  l e g a l  c rab  a t  t h e  s t a r t  of t h e  

nex t  season, i n  t u rn ,  i s  a f f e c t e d  by c u r r e n t  t o t a l  ha rves t .  To ta l  e f f o r t ,  as 

measured by t h e  number o f  pot1 i f t s  d u r i n g  t h e  season, i s  a  f u n c t i o n  o f  f l e e t  

s i ze ,  abundance o f  l e g a l  males, and t h e  c u r r e n t  p r i c e  rece ived,  i . e . ,  exvessel 

p r i c e .  Season l e n g t h  and t h e  harves t  g u i d e l i n e  c o n t r o l  t o t a l  ha rves t  through 

t he  e f f o r t  r e l a t i o n s h i p .  F l e e t  s i z e  depends on e x i s t i n g  c a p i t a l  stock,  

abundance o f  l e g a l  crab, and seasonal revenue expec ta t ions  based on t he  

p rev ious  season's t o t a l  ha rves t  revenue. 



An exvessel price offer function i s  used t o  incorporate processors' 

derived demand for raw crab into the market equilibrium model. Fishing 

commences when an in i t ia l  exvessel price i s  negotiated; subsequent price 

changes ref lect  cumulative harvest and overall crab qua1 i ty  as the season 

progresses. The processors' bid or offer takes into account expected 

wholesale prices, processing costs and the costs of fishing. Accordingly, the 

seasonal average exvessel price offer relation i s  modeled as a bilateral 

monopoly pr i ce . 
The who1 esal e market for king crab trans1 ates the processors' derived 

demand for raw crab into a supply of processed crab that confronts final 

demand for processed crab products. The supply of processed king crab i s  

modeled as an inverse supply re1 a t  ionship 1 inking total  processed production 

t o  changes in inventory holdings. A minor quantity of imports are included as 

an exogenous injection t o  total supply. Production indirectly depends on 

holdover inventories, input prices, processing capacity, and market price 

expectations through the wholesale price relationship. Inventory holdings are 

modeled as a combination of transactional and speculative motives. 

Consequently, current production, future wholesale price expectations and the 

opportunity cost of holding inventories enter the holdings equation. 

Domestic consumption behavior i s  a function of the wholesale crab price, 

the price of a substitute good, and disposable per capita income; exports are 

treated as exogenous. Domestic consumption and export demand equilibrate with 

supply through the wholesale price. 



TRAJECTORY ADJUSTED INTRINSIC RECRUITMENT 

The most d i f f i c u l t ,  and c e r t a i n l y ,  c r u c i a l  component o f  t h e  ana l ys i s  was 

t he  development o f  a  s u i  tab1 e/accurate b i o l o g i c a l  response submodel . Nat iona l  

Marine F i she r i es  Serv ice b i o l o g i s t s  recommended t h e  use o f  an age s p e c i f i c ,  

1  agged R i  cker  (1954) spawner-recrui t model . Recruitment i n t o  t h e  nth age 

c l ass  i n  p e r i o d  t ( R ,  t )  i s  shown i n  equat ion (1) t o  be a  f u n c t i o n  o f  

p rope r l y  lagged paren ta l  spawning s tock t h a t  r e f l e c t s  t h e  t ime requ i red  f o r  

progeny t o  reach t h e  g iven  cohor t  group, i .e. ,  

Th i s  gener ic  framework prov ided e x c e l l e n t  p r e d i c t i o n s  f o r  5  and 6 year  

o l d  male k i n g  crab, bu t  e r red  s u b s t a n t i a l l y  f o r  o l d e r  crab. I n  f a c t ,  t he  

o l d e r  t h e  age c lass,  t h e  g rea te r  t he  p r e d i c t i v e  e r r o r .  The problem appeared 

t o  be i nhe ren t  t o  the  R icker  framework which p r e d i c t s  age c l ass  rec ru i tmen t  

based on an under ly ing  expected na tu ra l  p ropens i ty  t o  r e c r u i t .  However, age 

c lass  growth may f l u c t u a t e  up o r  down from i n t r i n s i c  tendencies.  A  R icker  

approach ignores a  v a r i e t y  o f  p o t e n t i a l  sources o f  p r e d i c t i v e  e r r o r  i n c l u d i n g  

t he  e f f e c t s  o f  c y c l i c  v a r i a t i o n s ,  environmental pe r t u rba t i ons ,  s t r u c t u r a l  

changes i n  s u r v i v a l ,  and even measurement e r r o r s  of p rev ious  age c l ass  stocks 

t h a t  a re  used t o  p r e d i c t  t he  abundance o f  some subsequent age c lass .  

An adjustment framework was developed t o  i nco rpo ra te  t h e  cumulat ive 

e f f e c t  o f  such f a c t o r s  on i n t r i n s i c  rec ru i tment  tendencies.  S p e c i f i c a l l y ,  an 

in te rmed ia te  observat ion o f  age c l ass  abundance i s  used t o  a d j u s t  t h e  

i n t r i n s i c  r ec ru i tmen t  t r a j e c t o r y  and improve t h e  est imate of  ac tua l  age c l ass  

development. The TAIR s p e c i f i c a t i o n  i s  g iven  i n  equat ion (2 )  f o r  7 year  o l d  

ma1 e  r e c r u i t s  



Recrui tment o f  7  year  o l d  male k i n g  c rab  i s  hypothesized as t he  product  o f  two 

g e o m e t r i c a l l y  weighted expectat ions.  The i n i t i a l  expec ta t i on   MALE^;) i s  

formed as a  R icker  spawner - rec ru i t  model 

where F and M are  adu l t / sexua l l y  mature k i n g  c rab  and FM i s  t h e  product  o f  

these two biomass observat ions.  

Th i s  i n t r i n s i c  r ec ru i tmen t  t r a j e c t o r y  i s  formed 8 years  e a r l i e r  based 

s o l e l y  upon spawning s tock  biomass. The adjustment t o  t h i s  t r a j e c t o r y  

i nvo l ves  two components: (a) t h e  second expec ta t ion  (c7MALEGt - l ) ,  formed as 

t h e  g rowth /su rv iva l  o f  an i n t e rmed ia te  observa t ion  o f  p r e r e c r u i t  biomass, and 

(b) geometr ic  weights  (wl and w2) t h a t  measure t h e  r e l a t i v e  importance o f  each 

expec ta t ion .  These components a d j u s t  t h e  i n t r i n s i c  r ec ru i tmen t  t r a j e c t o r y  t o  

more accu ra te l y  r e f l e c t  ac tua l  spawning, growth and s u r v i v a l .  Accord ing ly ,  

t h i s  weighted adjustment process r e f 1  ec t s  t h e  cumul a t i v e  e f f e c t  o f  

environmental  p e r t u r b a t i o n s  o r  o the r  sources o f  p r e d i c t i v e  e r r o r  t h a t  cannot 

be modeled a t  t he  t ime  o f  spawning.4 The parameter c7 i s  an age s p e c i f i c  

g rowth /su rv iva l  r a t e .  

The TAIR s p e c i f i c a t i o n  i s  e m p i r i c a l l y  f l e x i b l e ,  p e r m i t t i n g  t h e  da ta  t o  

determine t h e  tendency toward i n t r i n s i c  r ec ru i tmen t .  I f  w2 = 0  and w l  = 1.0, 

then  t h e  R i cke r  s p e c i f i c a t i o n  g i ven  i n  (3) p r e d i c t s  observed rec ru i tmen t .  I f  

w2 = 1.0 and w l  = 0, g rowth /su rv iva l  o f  observed p r e r e c r u i t  biomass i s  

s u f f i c i e n t  t o  e x p l a i n  age c l a s s  rec ru i tment .  When n e i t h e r  o f  these parameters 

a r e  zero,  then  t h e  TAIR s p e c i f i c a t i o n  r e f l e c t s  adjustment away from t h e  

i n t r i n s i c  r ec ru i tmen t  r a t e .  

Two parameters (a7 and c7) i n  equat ion (2) are n o t  s t a t i s t i c a l l y  

i d e n t i f i a b l e .  An equ i va l en t  b u t  more aggregate form o f  (2)  t h a t  combines t h e  

i n f l u e n c e  o f  these u n i d e n t i f i a b l e  parameters was est imated. 



W1 W2 
where a7 = a7 c7 

ji = biwl , i = 1, 2, 3 . 
King c rab  popu la t ion  est imates f o r  t he  southeastern Ber ing  Sea developed 

by t h e  Nat iona l  Marine F i she r i es  Serv ice were used t o  est imate t h e  parameters 

o f  t h e  b i o l o g i c a l  response subniodel. Observat ions were avai  1 ab le  f o r  t he  

p e r i o d  f rom 1968 t o  1985. The weighted non l inear  l e a s t  squares e s t i ~ i i a t e  o f  

t he  male 7 year  o l d  TAIR model i s  g iven  i n  (5) .5 

The s t a t i s t i c a l  goodness o f  f i t  measures i n  combinat ion w i t h  F igure  3 

i l l u s t r a t e  t h e  p r e d i c t i v e  accuracy o f  (5) over t h e  p e r i o d  1976 t o  1 9 8 5 . ~  

DUM83 marks t he  1983 MALE7 observat ion as an apparent s t r u c t u r a l  increase i n  

na tu ra l  m o r t a l i t y ,  occu r r i ng  sonietime between 1982 and 1983. T h i s  one t ime 

s t r u c t u r a l  break i s  be l ieved  t o  depress rec ru i tmen t  o f  MALE682 i n t o  t h e  

MALE783 cohor t .  

Equat ion (5) r evea l s  modest adjustment t o  t h e  expected 7 year  o l d  

r ec ru i tmen t  t r a j e c t o r y .  The w2 parameter was est imated t o  be 0.334. The 

va lue o f  w l  i n  (5 )  i s  2.424. 



FIGURE 3 

Actual  Versus Predic ted Populat ion Levels o f  7  Year Old Male King Crab 

(MALE7 and MALE7HAT, Respect ively) , 1976- 1985. 
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Comparing t h e  TAIR es t imate  g iven  i n  (5) w i t h  t h a t  o f  a pure R icker  model 

g iven  i n  (6) con f i rms  t h e  importance o f  adjustment. 

The R icker  s p e c i f i c a t i o n  y i e l d s  2 t u r n i n g  p o i n t  e r r o r s  and 5 o f  9 p r e d i c t i o n s  

t h a t  e r r  by more than 10 percent  - -  t h r e e  o f  which e r r  by more than 37 percent .  

CONCLUSIONS 

Two l e v e l s  o f  conc lus ions may be drawn from t h i s  research. One nar row ly  

focuses on t h e  p o t e n t i a l  o f  t r a j e c t o r y  ad justed i n t r i n s i c  r ec ru i tmen t  models, 

t h e  o t h e r  addresses t he  c r i t i c a l  na tu re  o f  modeling supply i n  na tu ra l  resource 

management. 

1. An adjustment framework l i k e  TAIR i s  a promis ing approach t o  modeling 

n i u l t i c o h o r t  f i s h e r i e s ,  poss ib l y  even non - f i sh  species. 

2 .  The research unde r l y i ng  t h i s  paper demonstrates t h e  essen t i a l  r o l e  o f  

supply i n  bioeconomic ana lys is .  F a i l u r e  t o  understand (model) t h e  nexus 

between t h e  resource s tocks and t h e  economic markets i s  i n  p a r t  respons ib le  

f o r  t h e  co l l apse  o f  t h i s  $1 b i l l i o n  k i n g  crab f i s h e r y .  I n  a more gener ic  

context ,  such f a i l u r e  has perpetuated a broad spectrum o f  n a t i o n a l  f i s h e r y  

p o l i c i e s  t h a t  a r t i f i c i a l l y  separate resource conservat ion from a l l o c a t i o n ,  and 

focus on t h e  former. S ta ted  d i f f e r e n t l y ,  f a i l u r e  t o  adequately model t h i s  

complex supply  problem as an inseparable p a r t  o f  t he  economic problem ensures 

t h a t  pol icymakers w i l l  never recognize t h e  complex dynamic feedback e f f e c t s  

between t h e  under ly ing  b i o l o g i c a l  s tocks and var ious  aspects o f  t h e  market. 
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1. "King crab"  i s  t h e  common name g iven  t o  t h r e e  crustaceans i n  t h e  f a m i l y  
o f  stone crabs, L i thodidae.  The t h r e e  species a re  t h e  red  k i n g  crab 
(Paral  i thodes camtschat ica) , t h e  b lue  k i n g  c rab  (Para l  i thodes p la typus)  , 
and t he  brown o r  golden k i n g  c rab  (L i thodes aequispina).  A l l  t h r e e  
species i n h a b i t  waters o f  t h e  n o r t h  P a c i f i c  Ocean. They a re  s i m i l a r  i n  
appearance though no t i ceab l y  va r i ed  i n  s h e l l  c o l o r .  The r e d  k i n g  crab, 
which i s  addressed i n  t h i s  r epo r t ,  has been t h e  cornerstone o f  t h e  
Alaskan k i n g  crab i n d u s t r y  because o f  i t s  l a r g e  s ize ;  shal low, inshore  
d i s t r i b u t i o n ;  and h i s t o r i c a l l y  g rea te r  abundance. The o t h e r  two k i n g  
c rab  species, though harvested commercial ly, have been much l e s s  abundant 
and r e s t r i c t e d  t o  more l o c a l i z e d  and remote h a b i t a t s .  Harvest pressure 
and commercial importance o f  these two species has increased du r i ng  t h e  
pas t  6 years  p r i n c i p a l l y  because r e d  k i n g  crab s tocks have dec l  ined; on l y  
l i m i t e d  ( p r i m a r i l y  i n c i d e n t a l )  catches were made p r i o r  t o  1981. 

2. The f i r s t  r e p o r t  by Matul i ch, Hanson and M i  t t e l  hammer (1987a) presents  a  
r e c u r s i v e  age-s t ruc tu red  b i o l o g i c a l  model o f  A1 askan k i n g  crab. The 
second r e p o r t  (1987b) d e t a i  1  s  t h e  economic/market submodel s, f rom i n i  ti a1 
harves t  t o  f i n a l  consumpti on. The b i  01 og i  c a l  and economic submodel s  are 
then i n t e g r a t e d  i n  t h e  t h i r d  r e p o r t  ( 1 9 8 7 ~ )  t o  s imu la te  i n d u s t r y  
responses/behavior under a  v a r i e t y  o f  h i s t o r i c a l  and p o t e n t i a l  f u t u r e  
po l  i c y  scenar i  0s. 

3. The general management ob jec t i ves  o f  t h e  Alaska Board o f  F i she r i es  have 
been almost e x c l u s i v e l y  b i o l o g i c a l  i n  nature,  emphasizing conservat ion.  
The two fo ld  o b j e c t i v e s  are: " (1)  t o  e s t a b l i s h  a s t a b l e  f i s h e r y ,  i n s o f a r  
as poss ib le ,  e l i m i n a t i n g  t h e  extreme f l u c t u a t i o n s  i n  catch t h a t  have 
charac te r i zed  t h i s  f i s h e r y ,  and (2) t o  develop and ma in ta in  a  broad based 
age s t r u c t u r e  o f  l e g a l  s i z e  male k i n g  crab, i n s u r i n g  both breeding 
success and t h e  a v a i l a b i l i t y  o f  a  wide spectrum o f  year  c lasses t o  the  
f i s h e r y "  (ADFG 1985). 

4. The adjustment f a c t o r  i s  incorporated m u l t i p l i c a t i v e l y  because R icker  
(1954, p. 573) argued t h a t  i n c l u s i o n  of ". . . env i ronmenta l l y  caused 
dev ia t i ons  from t h e  reproduc t i ve  norm must be m u l t i p l i c a t i v e  r a t h e r  than 
a d d i t i v e . "  

5. A weighted es t ima t i on  procedure was used t o  t r e a t  t h e  presence o f  
he te roskedas t i c i  ty. The weight used,  MALE^^-^) - 2 ,  was p ropo r t i ona l  t o  
t h e  inverse  o f  t h e  MALE7t sample var iance. 

6 .  The t - s t a t i s t i c  f o r  t h e  parameter p r e m u l t i p l y i n g  the  bracketed f u n c t i o n  
t e s t s  t h e  n u l l  hypothes is  around 1.0. A l l  o t h e r  t - s t a t i s t i c s  r e f e r  t o  
t e s t s  around zero. 
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INTRODUCTION 

Trans fe r  o f  money income i s  t h e  t y p i c a l  compensation mechanism used i n  

Valu ing pub1 i c  goods w i t h  t h e  con t ingen t  va l  ua t  i o n  method (CVM) . However, 

r ecen t  t h e o r e t i c a l  work by Bockstael  and Strand, and Cory suggests t h a t  

a1 t e r n a t i v e  we1 f a r e  measures, o the r  than those based s o l e l y  on money 

t r ansac t i ons ,  deserve more cons ide ra t i on  i n  non-market v a l u a t i o n  research.  

Compensation i n  t h e  form o f  d i s c r e t i o n a r y  t ime  payments i s  discussed as one 

such a l t e r n a t i v e .  T h e i r  work demonstrates t h a t  r e l i a n c e  on money t r a n s f e r s  

a1 one may have c l e a r  d i s t r i b u t i o n a l  imp1 i c a t i o n s  f a v o r i n g  i n d i v i d u a l s  w i t h  

r e l a t i v e l y  h i ghe r  income endowments. Such re1  iance  may a1 so l e a d  t o  

understatements o f  unde r l y i ng  s o c i a l  va lues o f  i n d i v i d u a l s  who, because o f  

t h e i r  r e l a t i v e  endowments o f  income and d i s c r e t i o n a r y  t ime, p r e f e r  t h a t  a t  

l e a s t  a  p o r t i o n  o f  t h e i r  compensation be i n  t h e  form o f  a  t ime  commitment. 

The i n c l u s i o n  o f  t ime  as a  CVM payment o p t i o n  r a i s e s  two fundamental 

issues.  F i r s t ,  can t in ie  payments be f e a s i b l y  implemented i n  a  manner t h a t  i s  

bo th  acceptab le  t o  respondents and conducive t o  unbiased v a l u a t i o n  est imates? 

Second, what monetary c o s t  should be asc r ibed  t o  t ime  compensation made o r  

rece ived?  The CVM l i t e r a t u r e  prov ides almost no i n s i g h t  i n t o  t h e  f i r s t  

quest ion,  except perhaps t o  warn t h a t  use o f  an unpopular payment v e h i c l e  can 

l ead  t o  downward-biased va lue  est imates,  a long w i t h  r e f u s a l s  t o  cooperate i n  

v a l  u a t  i on exe rc i  ses (Cuni11i.i ngs e t  a1 . ) . P r a c t i c a l  exper ience, however, 

suggests t h a t  dona t ion  o f  d i s c r e t i o n a r y  t ime  w i t hou t  pay i s  a  r e l a t i v e l y  

popular  c o n t r i b u t i o n  mechanism, a t  l e a s t  i n  t h e  Un i t ed  States.  By Hodgkinson 

and Wei tzman's est imates,  52 percent  o f  a1 1  a d u l t  Americans c o n t r i b u t e d  

vo lun tee r  t ime  i n  1981 t o  secure p r o v i s i o n  o f  p u b l i c  goods. Over h a l f  o f  

these vo lun teers  c o n t r i b u t e d  more than two hours per  week. 



With r espec t  t o  t h e  second quest ion,  t h e r e  a re  no s tud ies  t o  our  

knowledge t h a t  es t imate  t h e  monetary va lue o f  i n d i v i d u a l s '  t i m e  c o n t r i b u t i o n s .  

Somewhat para1 1  e l  s tud ies ,  however, e x i s t  i n  t h e  outdoor  r e c r e a t i o n  demand 

ana l ys i s  1  i t e r a t u r e  where several  a t tempts  have been made t o  conve r t  t r a v e l  

and o n - s i t e  t ime  i n t o  a  money me t r i c .  For example, Mcconnell  and St rand 

proposed e s t i m a t i n g  t h e  va lue o f  t r a v e l  t ime  as a  cons tan t  f r a c t i o n  o f  

p a r t i c i p a n t s '  wage r a t e s .  Smith e t  a l . ,  es t imated hedonic p r i c e s  f o r  t r a v e l  

and o n - s i t e  t ime  on an i n d i v i d u a l  observa t ion  bas is .  Time values were der i ved  

us ing  da ta  on each respondent 's personal ,  j o b  and r e s i d e n t i a l  s i t e  

c h a r a c t e r i s t i c s .  Notwi thstanding these developments, no c l e a r  consensus has 

y e t  been reached about app rop r i a t e  methods t o  va lue t ime  spent i n  r e c r e a t i o n a l  

p u r s u i t s .  Th i s  i s  troublesome because as Bishop and Heber le in  have shown, 

f i n a l  b e n e f i t  es t imates appear t o  be ext remely  s e n s i t i v e  t o  t ime  cos t  

assumptions. S i m i l a r  d i f f i c u l t i e s  cou ld  l i k e l y  a r i s e  i f  t ime payment op t i ons  

a r e  adopted i n  CVM appl i c a t i o n s .  

I n  t h i s  paper we propose a  s imple we l f a re  model t h a t  i l l u s t r a t e s  t h e  

t h e o r e t i c a l  bas i s  f o r  i n c l u d i n g  t ime  payments t o  es t imate  economic surp luses.  

Th is  general  framework i s  then  app l i ed  t o  va lue  t h e  p rese rva t i on  o f  two 

endangered marine mammals. A dichotomous choice v a l u a t i o n  technique i s  used 

t h a t  incorpora tes  bo th  t ime  and money payment op t ions .  I m p l i c i t  values of 

t i m e  c o n t r i b u t i o n s  are est imated from sample data.  We show t h a t  t h e  

c o n t r i b u t i o n  o f  d i s c r e t i o n a r y  t ime  i s  a  popu la r  payment o p t i o n  i n  t h i s  

s p e c i f i c  va l  u a t i o n  con tex t .  Due t o  t h i s  popul a r i  t y ,  however, t ime  

c o n t r i b u t i o n s  have low est imated imp1 i c i t  va lues which a re  f a r  below 

o p p o r t u n i t y  wage ra tes .  Th is  outcome i s  s i g n i f i c a n t  because p rese rva t i on  

values est imated us ing  our  approach a re  acu te l y  s e n s i t i v e ,  and d i r e c t l y  

r e l a t e d ,  t o  t h e  va lue  placed on t ime  donat ions.  



WILLINGNESS TO PAY AND WILLINGNESS TO VOLUNTEER T I M E  

Consider a  r e p r e s e n t a t i v e  i n d i v i d u a l  w i t h  a  u t i l i t y  f unc t i on ,  

(1) u = u (s,x)  

where s  represen ts  t h e  exogenously determined popu la t i on  s i z e  o f  a  p a r t i c u l a r  

endangered species;  and x  i s  a  vec to r  o f  a l l  o t h e r  p r i v a t e  goods and serv ices  

weakly separable f rom s. 

Faced w i t h  1  i m i t a t i o n s  on a v a i l a b l e  income f rom a l l  wage and non-wage 

sources (Y) , and on ava i  1  ab le  d i s c r e t i o n a r y  t ime  a f t e r  income-producing 

a c t i v i t i e s  (T), t h e  i n d i v i d u a l ' s  cons t ra ined  cho ice  problem i s  t o  

(2) max L = U (s,x) + X(Y-px) + V(T- tx)  
X 

where p  and t a re  t h e  p r i c e  and t ime  i n p u t  requirement vec to r s  assoc ia ted w i t h  

x, r e s p e c t i v e l y .  Both income and t ime  have separate u t i l i t y  shadow values 

g iven  by X  and V, r espec t i ve l y . 2  The r a t i o  o f  shadow va lues ($/A) can be 

i n t e r p r e t e d  as t h e  marg ina l  r a t e  o f  s u b s t i t u t i o n  between t ime  and income. The 

s o l u t i o n  t o  t h e  problem i n  t h e  two -cons t ra i n t  case y i e l d s  t h e  i n d i r e c t  u t i l i t y  

f unc t i on ,  

Consider now an exogenous decrease i n  t h e  popu la t i on  1  eve1 o f  t h e  

endangered spec ies f rom s' t o  s", h o l d i n g  p, and t cons tan t ,  and assuming 

U(sl) > U(s " ) .  Presumably t h e  i n d i v i d u a l  would be w i l l i n g  t o  f o rgo  income, 

l e i s u r e  t ime,  o r  both, t o  avo id  hav ing t h i s  popu la t i on  decrement occur.3 The 

maximum t ime  and income amounts t h a t  t h e  i n d i v i d u a l  would fo rgo ,  and s t i l l  

ma in ta i n  u t i l i t y  a t  t h e  subsequent l e v e l  (g i ven  by V")  i s  

(4)  V" (p,t,Y,T,sM) = V" (p,t,Y-WTP,T-WTVT,sl) 

where WTP i s  maximum wi  11 ingness t o  pay i n  terms o f  do1 1  ars ,  and WTVT i s  

maximum w i  11 ingness t o  c o n t r i b u t e  vo l  un teer  t ime  towards p rese rva t i on  e f f o r t s .  



As po in ted  ou t  by Cory, va r ious  combinat ions o f  WTP and WTVT e x i s t  t h a t  

so l ve  equa t ion  (4 ) .  Le t  t h e  e n t i r e  s e t  o f  f e a s i b l e  combinat ions be w r i t t e n  as 

(5) ES = (WTP,WTVT) 

where ES s i g n i f i e s  t h a t  t h i s  i s  an equ i va l en t  su rp lus  measure o f  a  w e l f a r e  

l o s s  a r i s i n g  from an exogenous decrement i n  t he  q u a n t i t y  o f  s  a ~ a i l a b l e . ~  The 

l ocus  o f  p o i n t s  i n  WTP, WTVT space t h a t  map o u t  t h e  ES f u n c t i o n  i s  i l l u s t r a t e d  

i n  F i gu re  1. By d e f i n i t i o n ,  t h e  i n d i v i d u a l  i s  i n d i f f e r e n t  between any two 

p o i n t s  a long t h e  curve. Combinations nor theas t  o f  t h e  l ocus  a re  t o o  c o s t l y  i n  

terms o f  forgone income and t ime  r e l a t i v e  t o  t he  r e d u c t i o n  i n  s. Conversely, 

combinat ions i n s i d e  t h e  f r o n t i e r  do n o t  represen t  maximum p o s s i b l e  t i m e  and 

money payments t h a t  t h e  i n d i v i d u a l  w i l l  pay t o  avo id  t h e  decrement i n  s. The 

corner  so l u t i ons ,  p o i n t s  B  and F, a re  r e l e v a n t  i n  s i t u a t i o n s  where payment 

op t i ons  a re  1  i m i t e d  t o  be i n  t h e  form o f  e i t h e r  money o r  t ime, b u t  n o t  both.  

For example, i f  o n l y  money payments are permi t ted ,  then  ES equals  OB. Th is  

v e r t i c a l  d i s t ance  represen ts  t h e  maximum WTP f o r  t h e  i n d i v i d u a l .  

The shape o f  t h e  ES l o c ~ ~ s  i s  found by t o t a l l y  d i f f e r e n t i a t i n g  equa t ion  

( 4 ) .  The slope, g iven  by dWTP/dWTVT = - (aU/aWTVT)/(aU/aWTP), i s  downward. 

The locus  i s  concave t o  t h e  o r i g i n  as l o n g  as t h e r e  i s  d i m i n i s h i n g  marg ina l  

u t i l i t y  assoc ia ted w i t h  increases i n  income and l e i s u r e  t ime.  I t s  steepness 

i s  determined by t h e  r e l a t i v e  marg ina l  d i s u t i l i t v  o f  t in ie  versus cash 

payments. For example, t h e  locus  w i l l  t end  t o  be steep f o r  an i n d i v i d u a l  w i t h  

scarce d i s c r e t i o n a r y  t ime  r e l a t i v e  t o  income such t h a t  t h e  d i s u l t i l  i t y  o f  t ime  

payments f a r  outweighs monetary ou t l ays .  Conversely, i t  w i l l  tend t o  be more 

f l a t  f o r  a  person who has a  generous l e i s u r e  t ime  endowment r e l a t i v e  t o  

i ncome . 



FIGURE 1 

TRADEOFFS BETWEEN WILLINGNESS TO PAY (WTP) AND 
WILLINGNESS TO CONTRlBUTE VOLUNTEER T I M E  (WTVT) 
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A more sha l low s loped ES l o c u s  would a1 so c h a r a c t e r i z e  a  person who, by 

c o n t r i b u t i n g  v o l u n t e e r  t ime,  r e a l  i z e s  some u t i l  i t y  g a i n  which t o  some e x t e n t  

o f f s e t s  t h e  d i s u t i l  i t y  o f  a  r e d u c t i o n  i n  l e i s u r e  t ime .  Cesar io,  Wilman and 

o t h e r s  have i n t e r p r e t e d  t h i s  u t i l i t y  g a i n  as a r i s i n g  f rom t h e  "commodity va lue  

of  t ime,"  o r  t h e  u t i l i t a r i a n  va lue  o f  t i m e  spent i n  a  p a r t i c u l a r  manner. I f  

v o l u n t e e r i n g  t o  save an endangered species y i e l d s  s a t i s f a c t i o n  t o  an 

i n d i v i d u a l ,  then  t h e  commodity va lue  o f  t i m e  i s  p o s i t i v e .  A u t i l i t y  

max imiz ing i n d i v i d u a l  w i l l  t end  t o  a d j u s t  t h e  s c a r c i t y  v a l u e  o f  t i m e  downward 

t o  account f o r  t h i s  p o s i t i v e  commodity va lue  o f  t ime .  A reduced perce ived  

o p p o r t u n i t y  c o s t  o f  d i s c r e t i o n a r y  t i m e  t r a n s l a t e s  i n t o  a  more sha l low sloped 

ES curve.  

Cory has no ted  t h a t  a l though  t h e  i n d i v i d u a l  i s  i n d i f f e r e n t  concern ing t h e  

v a r i o u s  payment combinat ions g i v e n  by t h e  ES locus ,  a  p u b l i c  agency seeking t o  

maximize t h e  t o t a l  va lue  o f  p r e s e r v a t i o n  c o n t r i b u t i o n s  has c l e a r  pre ferences 

i n  t h i s  m a t t e r .  For  example, suppose t h a t  t h e  change f rom s '  t o  s "  can o n l y  

be f o r e s t a l l e d  u s i ~ g  purchased i n p u t s  o f  m a t e r i a l s  and l a b o r .  Money payments 

(WTP) ob ta ined  f rom i n d i v i d u a l s  can be used t o  a c q u i r e  m a t e r i a l s .  S i m i l a r l y ,  

c o n t r i b u t i o n s  o f  v o l u n t e e r  t i m e  (WTVT) can be used t o  s u b s t i t u t e  f o r  l a b o r  

i n p u t s  t h a t  would have t o  o the rw ise  be h i r e d  a t  some market-determined wage 

r a t e .  From t h e  p e r s p e c t i v e  o f  t h e  p u b l i c  agency, t h e r e f o r e ,  t h e  maximum 

market v a l u e  o f  p r e s e r v a t i o n  c o n t r i b u t i o n s  (PC) t h a t  can be e x t r a c t e d  f rom an 

i n d i v i d u a l  i s  found by 

( 6  max PC = WTP + w * WTVT 
WTP, WTVT 

s u b j e c t  t o  U = V"  as d e f i n e d  i n  equa t ion  ( 4 ) .  The term w i s  a  cons tan t  

market  wage r a t e  f o r  h i r e d  l a b o r  used i n  t h e  p r e s e r v a t i o n  e f f o r t .  The 

s o l u t i o n  t o  equa t ion  (6)  imp1 i e s  t h a t  t h e  op t ima l  combinat ion o f  t i m e  and 

money c o n t r i b u t i o n s  t o  e x t r a c t  f rom an i n d i v i d u a l  i s  d e f i n e d  where 



dWTP/dWTVC = - w, o r  where t h e  s lope o f  t h e  i n d i v i d u a l ' s  ES l ocus  equals t h e  

nega t i ve  market wage r a t e  f o r  h i r e d  p rese rva t i on  l a b o r  i npu t s .  I n  F igure  1, 

t h i s  e q u a l i t y  occurs a t  p o i n t  D, where OE u n i t s  o f  vo l un tee r  t ime  a re  

obtained, a long w i t h  OA d o l l a r s  i n  monetary c o n t r i b u t i o n s .  

PC i n  t h i s  ins tance  equals OC, i f  t ime  c o n t r i b u t i o n s  a re  va lued a t  w pe r  

u n i t .  No t i ce  t h a t  PC exceeds t h e  i n d i v i d u a l ' s  maximum WTP (equal  t o  00) by t h e  

amount BC. Th i s  means t h a t  i f  o n l y  money compensation was permi t ted ,  then t h e  

maximum d o l l a r  c o n t r i b u t i o n s  for thcoming from t h e  i n d i v i d u a l  would be l e s s  than 

monetary va lue  o f  t h e  i n d i v i d u a l ' s  maximum combined t ime  and money c o n t r i b u t i o n s .  

The divergence between PC and maximum WTP serves t o  i l l u s t r a t e  t h e  

importance o f  app ra i s i ng  d i s c r e t i o n a r y  t ime  payments. The d i f f e r e n c e  i s  

a t t r i b u t a b l e  e n t i r e l y  t o  how t h e  i n d i v i d u a l ' s  t ime  compensation i s  valued. 

From t h e  pe rspec t i ve  o f  a  p u b l i c  agency engaged i n  p rese rva t i on  p r o j e c t s ,  t ime  

c o n t r i b u t i o n s  a re  a p p r o p r i a t e l y  valued a t  t h e  market wage r a t e  p a i d  f o r  h i r e d  

l a b o r .  Th is  i s  because each u n i t  o f  vo l un tee r  t ime  generates an average l a b o r  

c o s t  savings equal t o  W. From t h e  vo lun tee r ' s  perspec t i ve ,  however, t he  

r e l a t i v e  s c a r c i t y  va lue o f  forgone d i s c r e t i o n a r y  t ime  i s  governed by t h e  shape 

o f  t h e  ES locus .  I f  t h e  locus  i s  concave, t h i s  va lue  dec l  i nes  as money 

payments a re  s u b s t i t u t e d  f o r  t ime  payments. Consequently, a l though t h e  

marg ina l  va lue  o f  t ime  c o n t r i b u t i o n s  indeed equals w a t  p o i n t  D  i n  F i gu re  1, 

t h e  marg ina l  va lue  i s  l e s s  than w f o r  a l l  i n f r amarg ina l  u n i t s  o f  donated t ime. 

The monetary equ i va l en t  o f  a l l  i n f r amarg ina l  u n i t s  (OE) i s  g i ven  by t h e  

v e r t i c a l  d i s t ance  AB. Th i s  amount, except perhaps by chance, has l i t t l e  

c o r r e l a t i o n  w i t h  some ex te rna l  wage r a t e  p a i d  by t h e  p u b l i c  agency f o r  h i r e d  

l a b o r .  Moreover, as Wilman p o i n t s  ou t  i n  t h e  case o f  v a l u i n g  d i s c r e t i o n a r y  

r e c r e a t i o n  t r a v e l  t ime,  t h i s  amount i s  no t  always d i r e c t l y  p ropo r t i ona l  t o  t h e  

i n d i v i d u a l ' s  average wage r a t e .  The l i n k  between t ime  value-and average wage 



rates i s  weakest when the individual cannot readily transform discretionary 

time into wages, and when time donations yield direct u t i l i ta r ian  benefits t o  

the volunteer. 

AN E M P I R I C A L  EVALUATION 

The feasibi l i ty  of including time payment options in CVM was explored in 

the context of a recent study of endangered species preservation in Hawaii. 

Two marine mammals were targeted for valuation: the Hawaiian monk seal 

(Monachus schauinslandi) and the humpback whale (Mesa~tera novaeansliea). The 

empirical analysis centered on measuring Hawaii residents' will ingness t o  

sacr if ice time and income t o  ensure the continued existence of these seals and 

whales a t  their  existing population levels. Several different versions of a 

standard survey instrument were developed to value monk seals and humpback 

whales individually and jointly. The order in which the mammals were valued 

varied across survey versions. The effects of sequencing has been discussed. 

elsewhere by Samples and Hollyer and will not be treated here. 

The -following fabricated contingent market situation provided the basis 

for  valuation. Depending on the questionnaire version, respondents were asked 

t o  imagine themselves learning the next morning that a rare disease had killed 

either two seals or two whales. Respondents were further informed that the 

disease would rapidly destroy the ent i re  remaining population unless expensive 

medical attention was provided. They were told that medical care, i f  provided 

in sufficient quantities, would absolutely guarantee the short-run survival of 

the remainder of the affected population from th i s  particular disease. 

However, no guarantees were made about long-term survival in the face of other 

maladies. I n  short, respondents were presented with a dramatic and urgent 

situation requiring a discrete input of resources to  ensure preservation over 

the short-run. 



A f t e r  descr ib ing  t h i s  hypothet ica l  scenario, va l  ua t ion  assessment was 

conducted i n  two stages. During the  f i r s t  stage, respondents were asked i f  

they would con t r i bu te  t o  preserving the  threatened resource a t  hand. It was 

explained t h a t  con t r i bu t i ons  could be made i n  the  form o f  money (payable over 

the  next 12 months), o r  i n  the  form o f  vo lunteer  t ime ( t o  be de l ivered over t he  

next 12 months a t  home o r  a  cen t ra l  l o c a t i o n  prepar ing medical suppl ies) ,  o r  

both. Respondents were f u r t h e r  given the  op t ion  o f  not  making a  con t r i bu t i on  

a t  a l l .  The percentage o f  se lec t i ng  the  zero donat ion a l t e r n a t i v e  ranged from 

18 t o  31 percent depending on survey version. I nd i v idua ls  i n  t h i s  group were 

automat ica l ly  assigned a  zero va lua t ion  f o r  preserv ing the  resource a t  hand. 

Motives o f  non-contr ibutors were not f u r t h e r  probed, although l e s s  than 1 

percent o f  respondents refused t o  p a r t i c i p a t e  i n  t he  va lua t i on  exercise 

a1 together.  

Selected payment methods d i d  no t  vary s i g n i f i c a n t l y  ( a t  the  95 percent 

l e v e l  o f  s i gn i f i cance )  across survey versions and across species (Table 1). 

The most commonly selected c o n t r i b u t i o n  op t ion  was payment o f  "money only," 

which was selected by 34 t o  45 percent o f  respondents, depending on survey 

version. Nearly an equal p ropor t ion  o f  i nd i v idua ls ,  however, expressed 

w i l l ingness  t o  con t r i bu te  "t ime only," o r  some combination o f  t ime and money. 

Therefore, o f  those respondents w i l l i n g  t o  make some form o f  cont r ibu t ion ,  

near ly  h a l f  expressed a  des i re  t o  make a  t ime con t r i bu t i on .  

Hypothesized re la t i onsh ips  between pre fer red  payment op t i on  and 

respondent t o t a l  annual household income (a  ca tegor ica l  va r i ab l  e) were 

explored us ing contingency tab1 e  tes ts .  Modes o f  payments d i f f e r e d  across a1 1  

survey versions ( a t  the  95 percent s ign i f i cance  l e v e l )  depending on whether 

household income was greater  than o r  l ess  than $20,000 (approximately the 

Hawaii 1985 median household income). Respondents i n  the  h igher  household 



TABLE 1 

RESPONDENT CHOICE OF PAYMENT OPTION FOR 

PRESERVING MONK SEALS AND HUMPBACK WHALES 

PERCENTAGE OF RESPONDENTS 

Survey Survey 
Vers ion I (a) Vers ion I I ( b )  

PAYMENT (N=88) (N=77) 
OPTION Seal s Whales Seal s Whales 

Time Only 23% 2 4% 1 6% 19% 

Money Only 36 3 4 43 4 5 

Time & Money 16 16 10 17 

Ne i t he r  Time 24 2 5 3 1 18 
Nor Money 

Refusal  1 1 0 0 

T o t a l  100% 100% 100% 99% (c)  

Notes: (a) Seals va lued f i r s t ,  then  whales 

(b) Whales valued f i r s t ,  then sea ls  

(c )  Dev ia t i on  f rom 100% due t o  rounding e r r o r  

income bracke t  g e n e r a l l y  p r e f e r r e d  making money r a t h e r  than  t ime payments. 

Presumably, t h i s  r e f l e c t s  t h e i r  h i g h  s c a r c i t y  va lue  o f  d i s c r e t i o n a r y  t ime  

r e l a t i v e  t o  income. 

I n  t h e  second s tage o f  t h e  v a l u a t i o n  exerc ise ,  respondents who expressed 

a w i l l i n g n e s s  t o  make some form o f  c o n t r i b u t i o n  were then  asked i f  they  would 

c o n t r i b u t e  a t  l e a s t  X d o l l a r s  o r  Y hours, o r  both,  depending on t h e  

c o n t r i b u t i o n  method t hey  se lected.  Th i s  presented a r e1  a t i v e l y  s imple 



dichotomous cho ice  s i t u a t i o n  w i t h  t h e  acceptable responses be ing e i t h e r  "Yes" 

o r  "No." F ixed  amounts f o r  X and Y were independent ly  and randomly assigned. 

Requested t ime  c o n t r i b u t i o n s  ranged f rom 1 t o  136 hours. Money payments were 

on t h e  average t h r e e  t imes l a r g e r ,  and ranged from $3 t o  $213. 

Assigned t ime  amounts t r a n s l a t e d  i n t o  assigned money amounts us ing  a $3.00 

"wage" convers ion f a c t o r .  Th is  meant t h a t  f o r  respondents who va lued t h e i r  

d i s c r e t i o n a r y  t ime  a t  a r a t e  g rea te r  than  $3.00 per  hour, assigned t ime  

payments were more c o s t l y  on t h e  average compared w i t h  assigned money payments. 

Nevertheless,  payments o f  t ime  were g e n e r a l l y  more acceptab le  t o  respondents 

compared w i t h  money payments. Out o f  179 persons presented w i t h  f i x e d  

requested money c o n t r i b u t i o n  amounts, 57 percent  s a i d  "yes" t o  c o n t r i b u t i n g  t he  

amount spec i f i ed .  By comparison, 85 percent  o f  117 respondents responded 

a f f i r m a t i v e l y  t h a t  t hey  would c o n t r i b u t e  s p e c i f i e d  t ime  amounts. 

For each survey ve rs i on  and p a r t i c u l a r  resource, da ta  on t h e  b i n a r y  

response ("Yes" o r  "No") and f i x e d  c o n t r i b u t i o n  amounts were used t o  f i t  a 

1 og i  s t i c  p robab i l  i t y  f u n c t i o n  (see Bishop and Heberl e in ,  Hanemann and S e l l  a r  

e t  a1 . , f o r  d i scuss ion  o f  t h i s  procedure).  The bas i c  es t ima t i on  model used t o  

accommodate i n c l u s i o n  o f  vo l un tee r  t ime  payments was s p e c i f i e d  as 

(7)  P ( Y i )  = 1/[1 + exp-(Bo + BlkCi)]. 

where P(Y i )  i s  t h e  p r o b a b i l i t y  t h a t  t h e  i t h  respondent w i l l  answer 

a f f i r m a t i v e l y  t o  a g i ven  t o t a l  t ime  and money c o n t r i b u t i o n  amount C i .  Bo and 

B1 a re  parameters t o  be est imated. A l i n e a r  s p e c i f i c a t i o n  o f  t h e  exponent ia l  

term was adopted f o l l o w i n g  Hanemann who showed t h a t  t h i s  form i s  cons i s t en t  

w i t h  u t i l i t y  theory.5 

The c o n t r i b u t i o n  amount (C i )  was formulated as a l i n e a r  combinat ion o f  

t h e  f i x e d  money ( M i )  and t ime  ( T i )  amounts proposed t o  t h e  i t h  respondent, 

C i  = (Mi + w * ~ i )  .6 The t ime  v a r i a b l e  was expressed i n  monetary terms us ing  a 



cons tan t  h o u r l y  "wage" r a t e  (w). Two approaches were fo l lowed t o  d e f i n e  w. 

The f i r s t  was t o  s e t  w a r b i t r a r i l y  a t  t h e  1986 U.S. minimum wage r a t e  ($3.35). 

T h i s  approach i s  adm i t t ed l y  p rob lemat i c  because o f  t h e  ambiguous re1  a t i o n s h i  p  

between an i n d i v i d u a l ' s  marginal  v a l u a t i o n  o f  vo l un tee r  t ime  c o n t r i b u t i o n s  and 

an exogenous wage r a t e .  Given t h i s  unce r t a i n t y ,  a  wage r a t e  o f  $1.00 was a l s o  

used t o  t e s t  f o r  t h e  s e n s i t i v i t y  o f  p rese rva t i on  va lue est imates t o  changes i n  

assigned v o l  un tee r  t ime  "wages. " 

A second approach was t o  l e t  sample da ta  determine w as a  p r i o r  s tep  t o  

e s t i m a t i n g  equa t ion  (7) .  By f i r s t  es t ima t i ng  t h e  l o g i s t i c  p r o b a b i l i t y  

f u n c t i o n  as: 

(8 )  P(Yi )  = 1/ [l + exp-(Be + B3*Mi + B4*Ti)] 

an es t imate  o f  w was obta ined as B ~ / B ~ . ~  Th is  r a t i o  r e v e a l s  respondents '  

o v e r a l l  average w i l l i n g n e s s  t o  t r a d e  money f o r  t ime  c o n t r i b u t i o n s .  

S p e c i f i c a l l y  i t  g ives  t h e  d o l l a r  va lue  o f  one u n i t  o f  vo l un tee r  t ime  and i s  

cons tan t  f o r  a l l  sample observa t ions  regard less  o f  occupat ion and income. 

McConnell and St rand used an analogous approach t o  es t imate  t h e  imp1 i c i  t va lue 

o f  t h e  o p p o r t u n i t y  cos t  o f  t ime  spent i n  r e c r e a t i o n a l  t r a v e l .  

Maximum 1  i k e l  i hood est imates o f  equat ion (8)  c o e f f i c i e n t s  f o r  sea ls  and 

whales, based on da ta  f rom two d i f f e r e n t  survey vers ions,  are g i ven  i n  Table 2. 

S t a t i s t i c a l  t e s t s  i n d i c a t e  t h a t  t h e  est imated models have r e l a t i v e l y  h i gh  

p r e d i c t i v e  power as measured by t h e  percentage of c o r r e c t  forecasts  which ranged 

between 73 and 82 percent .  The money dona t ion  v a r i a b l e s  were c o n s i s t e n t l y  

s i g n i f i c a n t  w i t h  nega t i ve  s igns as expected. The t ime  v a r i a b l e s  were 

c o n s i s t e n t l y  i n s i g n i f i c a n t  and took  on p o s i t i v e  s igns  i n  both whale models. 



TABLE 2 

MAXIMUM LIKELIHOOD ESTIMATES FOR LOGIT MODELS 

TO ESTIMATE IMPLICIT VALUES OF VOLUNTEER TIME CONTRIBUTIONS 

PERCENT OF IMPLICIT 
SLIRVEY CORRECT TIME 
VERSION RESOURCE INTERCEPT MONEY TIME FORECASTS (a)  VALUES 

I (b) Seal 1.832 -0.018 -0.001 8 2 $0.05 
(0.457) (0.005) (0.009) 

Whale 1.264 -0.011 0.007 7 5 -0.60 
(0.438) (0.004) (0.009) 

I I ( c )  Seal 0.830 -0.016 -0.006 7 3 0.38 
(0.477) (0.006) (0.008) 

Whale 2 .246 -0.018 0.003 
(0.552) (0.005) (0.013) 

Notes: Est imated standard e r r o r s  o f  c o e f f i c i e n t s  i n  parentheses. 

(a) F r a c t i o n  o f  observat ions where p red i c ted  response i s  t h e  same as 
observed response 

(b) Seal s valued f i r s t ,  then whales 

(c )  Whales valued f i r s t ,  then seals  



I m p l i c i t  t ime  va lues which were c a l c u l a t e d  f rom t h e  est imated t ime  and 

money c o e f f i c i e n t s  a re  g i ven  i n  Table 2 .  The i m p l i c i t  va lues were 

c o n s i s t e n t l y  low, and were nega t i ve  i n  t h e  case o f  whales. We i n t e r p r e t  these 

r e s u l t s  t o  mean t h a t  i n d i v i d u a l s  perce ived e s s e n t i a l l y  zero o p p o r t u n i t y  cos ts  

assoc ia ted  w i t h  c o n t r i b u t i n g  vo lun teer  t ime, a t  l e a s t  w i t h i n  t h e  range o f  t ime  

commitments we s e t  f o r t h .  A t  l e a s t  two f a c t o r s  may have c o n t r i b u t e d  t o  t h i s  

outcome, t h e  f i r s t  o f  which i s  t he  f a c t  t h a t  vo l un tee r  t ime  c o n t r i b u t i o n s  

c o u l d  be made a t  home p repa r i ng  suppl ies ,  thereby e l i m i n a t i n g  c o n f l i c t  w i t h  

many o t h e r  at-home 1  e i  sure p u r s u i t s .  Given t h i s  payment a1 t e r n a t i v e ,  

respondents may have perc ieved  l i t t l e  o p p o r t u n i t y  cos t  assoc ia ted w i t h  

dona t ing  l a r g e  q u a n i t i t i e s  o f  t ime.  The second f a c t o r  i s  t h a t  i n d i v i d u a l s  may 

have expected t o  r ece i ve  some p r i v a t e  b e n e f i t  by vo l un tee r i ng  t h a t  would 

o f f s e t  t h e  oppo r t un i t y  cos t s  o f  forgone d i s c r e t i o n a r y  t ime.  S ta ted  i n  terms 

*., . o f  t h e  model g i ven  above, t h e  t y p i c a l  respondent 's perce ived commodi ty~value 

o f  t ime  spent i n  p rese rva t i on  a c t i v i t i e s  apparen t l y  equals  ( f o r  sea ls)  o r  

exceeds ( f o r  whales) h i s  o r  her  s c a r c i t y  va lue o f  t ime.  

Est imated imputed wage values, a1 ong w i t h  t h e  two a r b i t r a r i l y  se lec ted  

exogenous wage va lues ($1.00 and $3.35) were used t o  f i t  f i n a l  l o g i s t i c  models 

[equa t ion  (7)] v i a  maximum 1  i ke l  ihood es t imat ion .  Not s u r p r i s i n g l y ,  bes t  f i t s  

were obta ined i n  those models where est imated i m p l i c i t  va lues o f  vo l un tee r  

t i m e  were used i ns tead  of a r b i t r a r y  wage r a t e s .  S t a t i s t i c a l  t e s t s  i n d i c a t e  

t h a t  t h e  est imated model s  have re1  a t i v e l y  h i g h  p r e d i c t i v e  power as measured by 

t h e  percentage o f  c o r r e c t  f o recas t s  between 65 and 90 percent .  Est imated 

c o e f f i c i e n t s  on t h e  C i  v a r i a b l e s  were s i g n i f i c a n t l y  d i f f e r e n t  f rom zero a t  t h e  

90 percent  s i g n i f i c a n c e  1  eve1 across a1 1  equat ions.  



W i l l  ingness t o  p rov ide  t ime  and money ( h e r e i n a f t e r  c a l l e d  t o t a l  

w i l l  ingness t o  pay, o r  TWTP) f o r  seal  o r  whale p rese rva t i on  was computed i n  

two steps. F i r s t ,  expected w i l l i n g n e s s  t o  pay was de r i ved  by i n t e g r a t i n g  each 

est imated l o g i s t i c  p r o b a b i l i t y  equat ion from zero t o  i n f i n i t y  us ing  t h e  

formula E(WTP)=(-BO/Bl)+ln[l/(l+exp-(Bo))]/B1. Eva lua t ing  t h i s  d e f i n i t e  

i n t e g r a l  i s  analogous t o  i n t e g r a t i n g  t he  area above t he  cumulat ive 

d i s t r i b u t i o n  f u n c t i o n  (CDF) f o r  w i l l i n g n e s s  t o  pay. By d e f i n i t i o n  t h e  area 

above a  CDF o f  a  random v a r i a b l e  equals i t s  expected value. The second s tep  

was t o  weight  t h e  r e s u l t i n g  i n t e g r a l  t o  r e f l e c t  t h e  p ropo r t i on  o f  respondents 

who were u n w i l l i n g  t o  commit t ime  o r  money t o  t h e  p a r t i c u l a r  p rese rva t i on  

e f f o r t .  For example, i f  20 percent  o f  respondents would c o n t r i b u t e  n e i t h e r  

t ime no r  money, t h e  va lue o f  t h e  i n t e g r a l  was m u l t i p l i e d  by 0.8 t o  a r r i v e  a t  a  

f i n a l  weighted expected value. 

Resu l t i ng  weighted expected TWTP est imates t o  preserve seals  o r  whales 

f o r  two survey vers ions  and t h r e e  a l t e r n a t i v e  va lues assigned t o  t ime are 

g iven  i n  Table 3. Ca lcu la ted  expected TWTP ranged between. $52 and $266 f o r  

seals  and between $101 and $1,050 f o r  whales. These amounts may seem 

i n o r d i n a t e l y  h i gh  compared w i t h  t y p i c a l  va lues i n  t h e  range o f  $5 t o  $15 

repor ted  elsewhere i n  t h e  o the r  w i l d l i f e  v a l u a t i o n  s tud ies  (see f o r  example 

Brookshi re  e t  a l . ;  Boyle and Bishop). However, i t  i s  impor tant  t o  bear i n  

mind t h a t  t h e  values repo r ted  i n  Table 3 represent  lump- sum TWTP amounts 

r a t h e r  than annual WTP annu i t i es  as are more commonly repor ted .  These 

d i  spar i  t i e s  are g r e a t l y  reduced by e i t h e r  c a p i t a l  i z i n g  t he  annual va l  ues 

repo r ted  elsewhere t o  a r r i v e  a t  a  lump-sum amount, o r  by amor t i z ing  t h e  lump- 

sum values g iven  i n  Table 3 t o  es t imate  annual values; i n  bo th  cases us ing a  

d iscoun t  r a t e  i n  t he  range o f  7 percent.  For example, t h e  annu i t y  equ iva len t  

o f  a  $266 lump-sum payment i s  approx imate ly  $19. 



TABLE 3 

ESTIMATED TOTAL WILLINGNESS TO PAY FOR MONK SEAL AND 

HUMPBACK WHALE PRESERVATION UNDER ALTERNATIVF- ASSUMPTIONS 

ABOUT VALUE ASSIGNED TO CONTRIBUTIONS OF VOLUNTEER TIME 

ESTIMATED TOTAL WILLINGNESS TO PAY 

Survey Survey 
VALUE ASSIGNED Vers ion I ( a )  Vers ion I I ( b )  
PER UNIT HOUR (N=88) (N=77) 

OF TIME DONATED Seal s  Whales Seal s  Whales 

Imputed 82 10 1 52 109 

Notes: (a) Seals valued f i r s t ,  then whales 

(b) Whales valued f i r s t ,  then seals  

Est imated TWTP was s i g n i f i c a n t l y  a f f e c t e d  by t h e  va lue assigned t o  

vo lun tee r  t ime.  The lowes t  est imates were c o n s i s t e n t l y  assoc ia ted w i t h  t h e  

imputed wage models. These est imates d i f f e r e d  by as much as an o rder  o f  

magnitude from TWTP est imates based on a  $3.35 wage r a t e .  On t h e  average, 

est imates based on a  $3.35 hou r l y  t ime va lue were 220 percent  h i ghe r  compared 

w i t h  those based on a  $1.00 assigned wage. 

The re1  a t i v e l y  low TWTP values der i ved  us ing imputed wages presents  an 

apparent paradox: a  h i g h  w i l l i n g n e s s  t o  s a c r i f i c e  d i s c r e t i o n a r y  t ime t o  save 

t h e  resource leads t o  low est imated p rese rva t i on  values. According t o  t he  

rece ived  know1 edge about t ime va l  ua t  ion,  t h i s  outcome, a1 be i  t cur ious ,  makes 

p e r f e c t  sense and i s  exp la ined  as f o l l ows .  Imputed values o f  vo lun teer  t ime 



are  low because sampled i n d i v i d u a l s  a re  overwhelmingly w i l l i n g  t o  p rov ide  

vo lun teer  e f f o r t  t o  preserve seals  and whales. Low imputed wage va lues i n  

t u r n  imp ly  t h a t  t h e  oppo r tun i t y  cos t  o f  t ime, as perce ived by respondents, i s  

a l so  low r e l a t i v e  t o  average wage ra tes .  When t ime payments a re  converted t o  

monetary f lows  us ing  low t ime oppo r tun i t y  costs,  TWTP i s  t h e r e f o r e  accord ing ly  

lower  than what would otherwise be t he  case i f  oppo r tun i t y  wage r a t e s  were 

used t o  va lue  t ime  payments. C l e a r l y  whether one accepts t h i s  argument o r  n o t  

depends on t h e  premise t h a t  i t  i s  acceptable t o  deduct t h e  commodity va lue  o f  

vo lun teer  t ime  from i t s  s c a r c i t y  value. I f  t h i s  premise i s  r e j ec ted ,  then t he  

method used here i s  prob lemat ic .  Th is  i s  because our  procedure e n t a i l s  

measuring t h e  combined commodity and s c a r c i t y  components o f  t h e  o p p o r t u n i t y  

cos t  o f  t ime as a  s i n g l e  imputed value. I d e n t i f i c a t i o n  o f  i n d i v i d u a l  t ime  

va lue co~nponents i s  t h e r e f o r e  no t  poss ib le .  

CONCLUSIONS 

Welfare t heo ry  suggests t h a t  i n d i v i d u a l s  may be w i l l i n g  t o  f o rgo  income, 

d i s c r e t i o n a r y  t ime, o r  both i n  o rder  t o  secure p r o v i s i o n  o f  a  p u b l i c  good such 

as endangered species p reserva t ion .  However, v a l u a t i o n  research us ing  CVM has 

l a r g e l y  ignored compensation op t ions  t h a t  take  t h e  form o f  t ime  payments o r  

r e c e i p t s .  Resul ts  o f  t h i s  s tudy show t h a t  many i n d i v i d u a l s  a re  w i l l i n g  t o  

make donat ions o f  vo lun teer  t ime, and some i n d i v i d u a l s  p r e f e r  t h i s  o p t i o n  

exc lus i ve l y .  The preference f o r  t ime  payments appears t o  be i n v e r s e l y  r e l a t e d  

t o  household income. 

We i n t e r p r e t  t h e  generous response t o  requested t ime payments as a  c l e a r  

i n d i c a t i o n  o f  a  h igh  degree o f  respondent acceptance o f  a  t ime payment 

veh i c l e .  However, t h e  p o p u l a r i t y  o f  t ime payments i n  t h i s  s tudy a l so  g ives  

cause t o  ques t ion  respondent's mot ives and perceived payo f f s  unde r l y i ng  t h e i r  

w i l l i q g n e s s  t o  make s i g n i f i c a n t  donat ions o f  vo lun teer  t ime.  Th i s  concern 



comes d i r e c t l y  i n t o  p l a y  when t r y i n g  t o  es t imate  t h e  va lue  o f  t ime  

c o n t r i b u t i o n s  i n  a  s imple manner, as we have done here. 

It appears unavoidable t h a t  t h e  i n c l u s i o n  o f  t ime  payments i n  CVM 

r e q u i r e s  t h a t  a  va lue  be p laced on t h i s  t ime, assuming t h a t  CVM est imates a re  

t o  be expressed i n  monetary terms. Se lec t i on  o f  an app rop r i a t e  va lue  f o r  t ime  

appears t o  be c r i t i c a l ,  as evidenced by t h e  s e n s i t i v i t y  o f  es t imated seal  and 

whale p rese rva t i on  values t o  t ime  va lue assumptions. 

Ass ign ing an a r b i t r a r y  constant  "wage" va lue  t o  vo l un tee r  t ime  f o r  t h e  

sample i s  c e r t a i n l y  convenient b u t  i t  does n o t  s a t i s f a c t o r i l y  address t h e  

r e 1  a t i o n s h i p  between d i s c r e t i o n a r y  t ime  va l  ue and average wage r a t e s .  

A l t e r n a t i v e l y ,  t ime  values can be imputed us i ng  c ross - sec t i ona l  da ta  on t ime-  

money t r a d e o f f s .  I n  t h i s  study, c a l c u l a t e d  shadow values f o r  c o n t r i b u t i o n s  o f  

vo l un tee r  t ime  were found t o  be low r e l a t i v e  t o  U.S. minimum wage l e v e l s .  

T h i s  i n  t u r n  r e s u l t s  i n  lower  p rese rva t i on  va lue  est imates t h a t  would be t h e  

case i f  o n l y  t h e  s c a r c i t y  va lue  o f  d i s c r e t i o n a r y  t ime  i s  used t o  monet ize t ime  

c o n t r i b u t i o n s .  We hypothes ize t h a t  t h i s  outcome r e f l e c t s  p o s i t i v e  personal  

b e n e f i t s  assoc ia ted w i t h  vo l un tee r  a c t i o n  t h a t  tend t o  balance reduc t i ons  i n  

wage-earning p o t e n t i a l .  Nevertheless,  t h e  same r e s u l t  cou ld  conce ivab ly  a r i s e  

due t o  respondents' l a c k  o f  f a m i l i a r i t y  w i t h  making vo lun tee r  t ime  

c o n t r i b u t i o n s  and a  consequent overstatement o f  ac tua l  w i l l i n g n e s s  t o  

c o n t r i b u t e .  Fu r t he r  research i s  needed t o  b e t t e r  understand mot ives f o r  

making t ime  payments, and how these should be a p p r o p r i a t e l y  va lued on an 

i n d i v i d u a l  observa t ion  as w e l l  as a  sample-wide bas is .  
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FOOTNOTES 

1. Th i s  paper i s  t h e  r e s u l t  o f  research ( p r o j e c t  PP/R-9, "Economic B e n e f i t s  
and Costs o f  Marine Mammal Preserva t ion  i n  Hawai i " )  sponsored i n  p a r t  by 
t h e  U n i v e r s i t y  o f  Hawaii sea Grant Col lege Program under an I n s t i t u t i o n a l  
Grant No. NA85AA-D-SG082 from NOAA, O f f i c e  o f  Sea Grant, U.S. Department 
o f  Commerce. 

2 .  Th i s  two -cons t ra i n t  f o rmu la t i on  assumes t h a t  d i s c r e t i o n a r y  t ime  cannot be 
r e a d i l y  conver ted i n t o  income. If, however, l e i s u r e  t ime  and income a re  
p e r f e c t l y  s u b s t i t u t a b l e ,  then  t h e  two c o n s t r a i n t s  on t ime  and income 
co l l apse  t o  a  s i n g l e  c o n s t r a i n t  on " f u l l  income" which i s  norma l l y  
de f i ned  as ac tua l  and p o t e n t i a l  income from a l l  sources. 

3. The cho ice  o f  income and t ime  payments r a t h e r  than  r e c e i p t s  i s  p u r e l y  
e x p o s i t i o n a l  . The model presented here (except f o r  minor  changes i n  
s i gns )  a p p l i e s  equa l l y  when compensation i s  r ece i ved  r a t h e r  than g iven .  
S i m i l a r l y ,  i t  i s  s t r a i g h t f o r w a r d  t o  cons ider  q u a n t i t y  increments, a long 
w i t h  changes i n  t h e  re fe rence  u t i l i t y  l e v e l  f rom a  p o s t e r i o r i  t o  
a  u r i o r i .  

4. ES i s  formulated here  as a  mu l t i -d imens iona l  w e l f a r e  measure i n d i c a t o r  
t h a t  i n c l udes  bo th  t ime  and money compensation components w i t hou t  any 
e x p l i c t  convers ion between t h e  two. However, f o r  purposes o f  
i n t e rpe rsona l  comparisons and aggregat ion i t  i s  use fu l  t o  express ES i n  
d o l l a r  terms by a p p r o p r i a t e l y  conve r t i ng  t h e  WTVT term. 

5. Respondent household income was inc luded  as an exp lana to ry  v a r i a b l e  i n  
p r e l i m i n a r y  model t e s t i n g  phases. Income was expressed as a  s e r i e s  o f  
f o u r  dummy v a r i a b l e s  because t h a t  income da ta  were c o l l  ec ted i n  a  
c a t e g o r i c a l  format .  The income dummy v a r i a b l e s  were j o i n t l y  
i n s i g n i f i c a n t  a t  t h e  90 percent  s i g n i f i c a n c e  l e v e l  on a  c o n s i s t e n t  bas i s  
and occas iona l l y  had i n c o r r e c t  s igns.  Th i s  r e s u l t ,  as Hanemann p o i n t s  
out ,  f o l l o w s  d i r e c t l y  f rom our  s p e c i f i c a t i o n  o f  t h e  l o g i t  model which 
essen t i  a1 l y  e l  i m i  nates income e f f e c t s .  The income v a r i a b l e  was dropped 
i n  a l l  f i n a l  es t ima t i on  models. 

6. M i  was s e t  t o  zero f o r  respondents who chose t h e  " t ime  on l y "  payment 
op t ion .  S i m i l a r l y ,  T i  was s e t  t o  zero f o r  those who chose t h e  "money 
o n l y "  op t ion .  

7. Th i s  can be seen by f i r s t  r e w r i t i n g  t h e  exponent ia l  term i n  Equat ion ( 7 )  
t o  r e f l e c t  t h e  d e f i n i t i o n  o f  C i  ( t h a t  i s ,  Bo + B1(Mi + w*Ti ) ) .  Next, 
expand i t  t o  form BO + B1*Mi + Bl*w*Ti . Now, by a l l o w i n g  Bo t o  equal B2 
i n  Equat ion ( a ) ,  and s i m i l  a r l y  B1=B3 and Bl*w=B4, then w i s  recovered by 
t h e  r a t i o  B4/B3=(Bl*w)/B1. 
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INTRODUCTION 

Although w ide l y  accepted as a v i a b l e  nonmarket v a l u a t i o n  technique, 

concerns over  t h e  accuracy and r e l i a b i l i t y  o f  con t i ngen t  v a l u a t i o n  r e s u l t s  

p e r s i s t  (Cummings, Brookshire,  and Shulze) .  Many o f  these concerns focus on 

con t ingen t  v a l u a t i o n  method01 o w ;  t h a t  i s ,  t h e  emp i r i ca l  process by which 

w i l l i ngness - t o -pay  (WTP) and w i l l i ngness - t o -accep t  compensation (WTA) measures 

a re  e l i c i t e d .  The c r e d i b i l i t y  o f  t h e  con t ingen t  v a l u a t i o n  method (CVM), i t  i s  

argued here, i s  threatened by t h e  f a c t  t h a t  t h e  method i s  r e l a t i v e l y  easy t o  

use, b u t  d i f f i c u l t  t o  use w e l l .  Many authors  have emphasized t h e  importance 

o f  c a r e f u l  des ign and conduct o f  CVM surveys (A r t hu r  D. L i t t l e ,  Inc . ;  

Cummings, Brookshi re ,  and Shulze; Randal l ,  Ives,  and Eastman). As a r e s u l t ,  

recommendations and gu ide l  i nes f o r  appl i c a t  i on o f  CVM have been proposed. An 

example o f  these recommendations and g u i d e l  i nes a re  t h e  "Reference Operat ing 

Cond i t ions  (ROC' s ) "  (Cummings, Brookshire,  and Shul ze.) 

The ROC's, i n  genera l ,  a re  based on observat ions o f  "what has worked w e l l  

i n  t h e  pas t " .  A l though p r o v i d i n g  a use fu l  comp i l a t i on  and summary o f  pas t  

research, t h e  ROC's do n o t  p rov i de  an o v e r a l l  a n a l y t i c a l  framework f o r  CVlY 

methodology. Such an a n a l y t i c a l  framework, i n  a d d i t i o n  t o  t h e  ROC's, i s  

needed i n  o rder  t o  judge t h e  v a l i d i t y  o f  i n d i v i d u a l  CVM a p p l i c a t i o n s .  

I n  t h i s  paper, an exper imental  economics approach i s  taken t o  CVM 

methodology. Exper imental  economics terms and concepts a re  in t roduced  f i r s t .  

The r e l a t i o n s h i p s  between exper imental  economics o b j e c t i v e s  and con t i ngen t  

v a l u a t i o n  research a re  then considered. A f t e r  t h i s  d iscuss ion ,  con t i ngen t  

markets a re  argued t o  be microeconomic systems and p r o p e r t i e s  o f  con t i ngen t  

v a l u a t i o n  exper iments a re  presented. The con t ingen t  market microeconomic 

system and p r o p e r t i e s  o f  con t ingen t  v a l u a t i o n  exper iments p rov i de  an 

a n a l y t i c a l  framework f o r  CVM methodology. It i s  argued i n  t h e  l a s t  s e c t i o n  

t h a t  t h i s  framework may enhance t h e  v a l i d i t y  and c r e d i b i l  i t y  o f  t he  con t ingen t  

v a l u a t i o n  method. 
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EXPERIMENTAL ECONOMICS CONCEPTS 

Experimental  economics method01 ogy at tempts  t o  examine economic phenomena 

and behav ior  i n  c o n t r o l l e d  s e t t i n g s .  These c o n t r o l l e d  s e t t i n g s  f a l l  i n t o  two 

genera l  ca tegor ies ,  f i e l d  exper iments and 1 abora to ry  exper iments.  F i e l d  

exper iments i n v o l v e  some p e r t u r b a t i o n  and mon i t o r i ng  o f  a n a t u r a l l y  occur ing  

economic system ( P l o t t  1981). For example, a f i e l d  exper iment was conducted t o  

t e s t  f o r  t h e  e f f e c t s  o f  changes i n  r e l a t i v e  p r i c e s  on r e s i d e n t i a l  e l e c t r i c i t y  

demand. I n  t h e  experiment, e l e c t r i c i t y  p r i c e s  faced by ac tua l  r e s i d e n t i a l  

e l e c t r i c i t y  customers were per turbed,  and t h e  r e s u l t i n g  changes i n  e l e c t r i c i t y  

demand were observed and analyzed ( B a t t a l  i o ,  Kagel , Wink1 e r  and Winet te)  . 
Laboratory  exper iments are standard research techniques i n  t h e  phys ica l  

sciences. I n  resource and environmental  economics, however, l a b o r a t o r y  

exper imenta l  methods a re  seldom employed. Unl i ke f i e l d  exper i  ments, 

l a b o r a t o r y  exper iments do n o t  i n v o l v e  t h e  use o f  a n a t u r a l l y  occur ing  economic 

system. Rather, economic systems are cons t ruc ted  by t h e  researcher  i n  a 

c o n t r o l 1  ed, 1 abora to ry  s e t t i n g .  A san~pl e o f  respondents a re  then i n v i t e d  t o  

p a r t i c i p a t e  i n  t h e  researcher-const ructed economic system. As w i t h  f i e l d  

experiments, t h e  researcher  can p e r t u r b  t h e  system and analyze t h e  r e s u l t i n g  

e f f e c t s  on economic behav ior  and phenomena. 

As a research technique, exper imental  economics has severa l  notewor thy 

advantages. F i r s t ,  economic behav ior  can be observed and t e s t e d  d i r e c t l y .  

Thus, t h e  need f o r  a b s t r a c t  i n fe rences  concerning t he  i n f l u e n c e  o f  c e r t a i n  

v a r i a b l e s  on economic behavior,  which o f t e n  h inders  econometric ana l ys i s  o f  

f i e l d  data, i s  minimized (Smith 1985). Economic exper iments a l s o  p rov i de  a 

r e 1  a t i v e l y  inexpens ive means o f  g a i n i n g  knowledge and i n s i g h t  i n t o  complex 

economic systems and processes. Economic exper iments a re  a l s o  ve ry  f l e x i b l e  

i n  t he  types o f  economic systems and processes which can be examined. For 



example, an economic experiment can be designed t o  analyze t h e  impacts o f  

a1 t e r n a t  i ve po l  i c y  proposal  s on an economic system, be fo re  these po l  i c i  es are 

a c t u a l l y  implemented. The r e s u l t s  o f  such experiments may p rov ide  p o l i c y  

makers w i t h  va luab le  i n s i g h t  regardirrg t h e  performance o f  a1 t e r n a t i v e  p o l i c i e s  

(Pl  o t t  1979) . 
One o f  t he  major advantages o f  exper imental  economics methodology i s  

c o n t r o l .  That i s ,  because t h e  researcher  cons t ruc ts  an economic system i n  

which economic agents operate, c o n t r o l  can be exerc ised over t he  amount and 

type o f  v a r i a b l e s  (e.g., i n s t i t u t i o n s )  which impact economic behavior .  The 

independent e f f e c t  o f  i n d i v i d u a l  t reatment  va r i ab les  i s  o f t e n  very  d i f f i c u l t  

t o  observe i n  n a t u r a l l y - o c c u r i n g  economic systems where a m u l t i t u d e  o f  

uncon t ro l l ed  va r i ab les  may impact economic behavior.  Thus, t h e  c o n t r o l  which 

i s  needed t o  adequately address many economic quest ions o f  i n t e r e s t  may on l y  

be poss ib l e  i n  an economic experiment. 

Es tab l i sh ing  c o n t r o l  i n  an economic experiment r e q u i r e s  t h a t  t h e  

experiment be c a r e f u l l y  designed and -conducted. Th is  c a r e f u l  fo rmu la t ion  o f  

procedures f a c i l i t a t e s  r e p l i c a t i o n  o f  exper imental  r e s u l t s .  The p o s s i b i l i t y  o f  

r e p l i c a t i o n  i s  a f u r t h e r  advantage o f  economic experiments because r e p l i c a t i o n  

i s  a convenient and w ide l y  accepted means o f  v a l i d a t i o n .  As s ta ted  by Smith 

(1985), r e p l i c a t i o n  and c o n t r o l  are t h e  two pr imary means by which t he  e r r o r  i n  

researchers '  shared knowledge o f  economic systems i s  reduced. 

MICROECONOMIC SYSTEMS 

Experimental economics method01 ogy has been appl i e d  p r i m a r i l y  i n  t he  area 

o f  app l i ed  microeconomics. A fundamental component o f  t h e  methodology as i t 

r e l a t e s  t o  app l i ed  microeconomics i s  t h e  use o f  microeconomic systems. F i r s t ,  

i t  i s  necessary t o  d e f i n e  what i s  meant by a microeconomic system. 

Microeconomic systems are  de f ined  i n  two recen t  a r t i c l e s  (Smith 1982, 1985). 

The conceptual-model presented i n  these a r t i c l e s  i s  summarized i n  t h i s  sec t ion .  



Microeconomic systems are de f ined  as hav ing two genera l  components; an 

environment and an i n s t i t u t i o n .  The environment c o n s i s t s  o f  K economic agents 

(1,. .. ,K), a se t  o f  commodities and resources (1,. ..,L), and c e r t a i n  f ea tu res  

k k o f  each agent k, such as preferences, U , techno log i ca l  endowment, H , and 

i n i t i a l  endowments, zk. An economic agent i s  t h e r e f o r e  descr ibed by t h e  set,  

k R = {uk, H ~ ,  zk). The f ea tu res  o f  R~ a re  assumed t o  be de f i ned  over  t h e  

L dimensional commodity space. The c o l l e c t i o n  o f  agent fea tu res ,  

k R = { R ~ ,  . . . , R ) i s  de f i ned  as a microeconomi c environment . The microeconomi c 

environment de f i nes  "a  s e t  o f  i n i t i a l  c i rcumstances t h a t  cannot be a l t e r e d  by 

t h e  agents o r  t h e  i n s t i t u t i o n s  w i t h i n  which they  i n t e r a c t " '  (Smith 1982). A 

d i s t i n g u i s h i n g  element o f  these i n i t i a l  c i rcumstances i s  t h a t  they a re  

e s s e n t i a l l y  p r i v a t e  and agen t - spec i f i c .  

It has been recognized i n  many f i e l d s  o f  economics t h a t . i n s t i t u t i . o n s  a re  

an i n t e g r a l  p a r t  o f  economic systems. I n s t i t u t i o n s  a re  de f i ned  as ordered 

r e l a t i o n s h i p s  between agents which d e f i n e  r i g h t s ,  p r i v i l e g e s ,  and 

r e s p o n s i b i l i t i e s  (Schmid). I n  a microeconomic system, i n s t i t u t i o n s  i n c l u d e  

t h e  r u l e s  which govern t h e  communication, exchange, and t r ans fo rma t i on  o f  

commodities sub jec t  t o  t h e  i n i t i a l  economic environment g i v e n  by R. An 

impor tan t  p o i n t  concerning i n s t i t u t i o n s  i s  t h a t  they govern t h e  messaqes which 

agents can communicate i n  an economic system, as w e l l  as t h e  phys i ca l  exchange 

and t r ans fo rma t i on  o f  goods and commodities. I n  o the r  words, i n s t i t u t i o n s  

k determine a language, G = {G',. . . ,G ). Th is  language s p e c i f i e s  t h e  messages 

t h a t  agents a re  pe rm i t t ed  t o  communicate i n  an econoniic system. For example, 

represents  t h e  s e t  o f  messages t h a t  can be sent  by agent 1. The f i n a l  s e t  

o f  messages which are a c t u a l l y  sent by a l l  agents i n  an economic system i s  

de f i ned  by m = (ml,. . . ,mk) . For example, m1 rep resen ts  t h e  messages t h a t  

agent 1 sends. F i n a l  messages may i n c l u d e  b ids,  o f f e r s  and acceptances. 



I n s t i t u t i o n s  a l so  spec i f y  a l l o c a t i o n  and cos t  assignment r u l e s .  The 

k a l l o c a t i o n  r u l e  f o r  a p a r t i c u l a r  agent i s  g iven  by h (m). Because i t  i s  a 

f u n c t i o n  o f  m, t he  a l l o c a t i o n  r u l e  i nd i ca tes  t h a t  t h e  f i n a l  commodity 

a l l o c a t i o n  t o  a p a r t i c u l a r  agent i s  determined by t h e  messages o f  a l l  agents. 

Since each agent faces an a l l o c a t i o n  r u l e ,  t h e  t o t a l  s e t  o f  a l l o c a t i o n  r u l e s  

1 i s  g iven  by H = {h  (m)., . .., hk(m)) . Agents i n  microeconomic systems a1 so face 

cos t  assignment r u l e s .  The cos t  assignment r u l e  f o r  a p a r t i c u l a r  agent i s  

k g iven by c (m). The argument m i m p l i e s  t h a t  t h e  f i n a l  cos ts  imposed on a 

p a r t i c u l a r  agent i s  a l so  determined by t he  messages o f  a l l  agents. Since each 

agent faces a cos t  assignment r u l e ,  t h e  t o t a l  s e t  o f  cos t  assignment r u l e s  i s  

1 K g iven  by C = {c  (m), ..., c (m)). 

F i n a l l y ,  i n s t i t u t i o n s  s p e c i f y  adjustment process r u l e s  faced by each 

agent. These r u l e s  i nc l ude  a s t a r t i n g  r u l e ,  a t r a n s i t i o n  r u l e ,  and a s topping 

r u l e .  The s t a r t i n g  r u l e ,  denoted by b ( t o ,  . , .), s p e c i f i e s  t h e  t ime o r  

cond i t i ons  under which t h e  exchange o f  messages can begin.  The t r a n s i t i o n  

r u l e ,  denoted by b ( .  , t, .), regu la tes  t h e  sequence and exchange o f  messages. 

The s topping r u l e ,  denoted by b(., ., T), s p e c i f i e s  t h e  t ime o r  cond i t i ons  

under which t h e  exchange o f  messages must end. Thus, t h e  i n s t i t u t i o n s  which 

govern a p a r t  i c u l  a r  agent' s message commun i c a t  i on and commodi t y  exchange are 

k k de f ined  by wk = {G  , h (m), ck(m), b ( t o ,  t, T)).  The s e t  o f  i n s t i t u t i o n s  

K faced by a l l  agents, denoted by W = { W , . . , W  ), de f i nes  a microeconomic 

i n s t i t u t i o n .  Having de f ined  both a microeconomic environment and a 

microeconomic i n s t i t u t i o n ,  microeconomic system can be f o r m a l l y  def ined.  A 

microeconomic system i s  de f i ned  by S = {R, W), where R i s  t h e  microeconomic 

environment, and W i s  t he  microeconomic i n s t i t u t i o n .  



The performance o f  t he  microeconomic system, S = {R, W), depends upon t he  

conduct o r  choice behavior  o f  economic agents. Observable choice behavior,  

o r  f i n a l  agent messages, a re  determined by t h e  f u n c t i o n  mk = f (Rk,  W ) .  Th is  

f u n c t i o n  i n d i c a t e s  t h a t  agent 's messages a re  determined by an agent 's 

f ea tu res  (e.g., preferences) and t he  s e t  o f  i n s t i t u t i o n s  inheren t  i n  t h e  

microeconomic system. Given t he  messages sent by each agent, t h e  f i n a l  

outcomes o f  t h e  microeconomic system are  determined by W. That i s ,  commodity 

a1 1 o c a t i  ons and cos t  assignments a re  no t  d i r e c t l y  determi ned by agents. 

Rather, t he  choice behavior  o f  agents leads t o  messages. These messages are 

incorpora ted  i n t o  t h e  i n s t i t u t i o n a l  s t r u c t u r e  o f  t he  microeconomic system. 

The i n s t i t ~ ~ t i o n a l  s t r u c t u r e  then determines f i n a l  commodity a l l o c a t i o n s  and 

cos t  assignments. I n  n o t a t i o n a l  form, f i n a l  commodity a l l o c a t i o n s  are 

determined by t h e  f unc t i on ,  hk(m) = hk[f(R1 ,w), . . . ,f(RK,w)], and f i n a l  cos t  

k assignment r u l e s  are determined by t he  func t ion ,  c (m) = ck[f(R1,w) , . . . , 
f (Rk,w)] . Thus, f i n a l  -outcomes o f  t he  microeconomic system are  dependent upon 

i n s t i t u t i o n s ,  endowments, and fea tu res  o f  i n d i v i d u a l  agent 's which impact 

t h e i r  cho ice behavior.  

MICROECONOMIC EXPERIMENTS 

I n  t h i s  sect ion,  t h e  bas ic  fea tu res  o f  a microeconomic experiment are 

summarized. Microeconomic experiments examine economic behavior  and phenomena 

i n  microeconomic systems. The microeconomic system o f  i n t e r e s t  i s  almost 

always some s o r t  o f  economic market. Smith de f ines  economic markets as 

" . . . , i n s t i t u t i o n s  o f  exchange t h a t  use p r i c e  t o  gu ide resource a l l o c a t i o n  and 

human economic ac t i on "  (Smith 1985). As Smith argues, markets operate because 

o f  a bas i c  human d e s i r e  t o  improve i n i t i a l  circumstances through exchange. 



Markets provide an ideal medium for examining economic behavior and 

phenomena experimentally. Whether naturally-occuring or researcher-constructed, 

markets used in microeconomic experiments are "real" microeconomic systems. 

That is, a fundamental proposition supporting microeconomic experiments is that 

economic principles which apply to "real -worldn markets, a1 so apply to 

experimental markets (Plott 1982). Thus, all of the theoretical and empirical 

tools at an economist's disposal are readily applicable to properly designed 

experimental markets. Within the context of experimental settings, the research 

results are just as valid as any other market-oriented research. For a more 

detai 1 ed defense of the val idi ty of microeconomic experiments, see Pl ott 1982. 

Once the microeconomic system (e.g., market) is in place, it can be 

utilized for conducting specific experiments. The design and conduct of any 

type of experiment, including economic experiments, requires strict attention 

to proper experimental procedures. Over the years, a number of procedural 

guidelines for economic experiments have been proposed. First, there is a 

need to word and present instructions given in an economic experiment in a 

clear, unambiguous, and defensible manner. The extreme care given to 

instructions is dictated by two concerns. First, other researchers must be 

able to follow the same procedures in order to replicate results. Second, the 

researcher must be capable of defending the instructions against the charge 

that they somehow bias the results of the experiment. For example, one must 

be able to argue that agents interpret instructions in a uniform manner. 

A1 so, one must be able to argue that the instr~~ctions do not tell agents how 

they "should" behave or how the researcher expects them to behave unless such 

instructions are included as deliberate treatment variables (Plott, 1982). 

Several sufficient conditions for a valid, controlled microeconoic 

experiment have been proposed (Smith 1982). The first condition is 



nonsa t i a t i on ,  o r  monoton ic i t y  o f  reward. Nonsa t i a t i on  i m p l i e s  t h a t  sub jec t  

agents s t r i c t l y  p r e f e r  any increase i n  t he  reward medium (e.g., more i s  

p r e f e r r e d  t o  l e s s ) .  The second c o n d i t i o n  i s  sa l iencv .  Sa l iency  means t h a t  

t h e  i n s t i t u t i o n s  o f  an exper imental  market g i v e  agents t he  u n q u a l i f i e d  r i g h t  

t o  outcomes (e.g., rewards, cos ts )  r e s u l t i n g  f rom t h e i r  message choices.  The 

c o n d i t i o n s  o f  n o n s a t i a t i o n  and sa l i ency  a re  s u f f i c i e n t  f o r  e s t a b l i s h i n g  an 

exper imental  microeconomic system, S  = (R, W).  I f  two f u r t h e r  c o n d i t i o n s  a re  

met, t h e  system i s  sa i d  t o  be a  c o n t r o l l e d  microeconomic system. The f i r s t  o f  

these a d d i t i o n a l  cond i t i ons  i s  dominance. Dominance means t h a t  own rewards 

dominate any s -ub jec t i ve  cos t s  o f  p a r t i c i p a t i n g  i n  t h e  exper imenta l  market. 

Sub jec t i ve  cos t s  inc lude ,  f o r  example, t h e  c o g n i t i v e  e f f o r t  r equ i r ed  t o  

n e g o t i a t e  and complete t r ansac t i ons .  The second a d d i t i o n a l  c o n d i t i o n  f o r  a  

c o n t r o l  1  ed system i s  p r i v a c v .  P r i vacy  means t h a t  agents r e c e i v e  i n f o rma t i on  

o n l y  on t h e i r  own i n d i v i d u a l  reward schedules. The p r i v a c y  c o n d i t i o n  p rov ides  

c o n t r o l  over  i n t e rpe rsona l  u t i l i t i e s .  

The cond i t i ons  o f  nonsa t i  a t i on ,  s a l  iency, dominance, and p r i v a c y  are 

s u f f i c i e n t  f o r  t e s t i n g  hypotheses f rom theory .  Economic experiments, however, 

a r e  sometimes used t o  p rov ide  i n s i g h t  i n t o  t h e  s t r u c t u r e  and performance o f  

" r ea l -wo r l d "  markets. I n  these cases, t h e  c o n d i t i o n  o f  p a r a l l e l i s m  must a l so  

be met. P a r a l l e l  ism means t h a t  " p ropos i t i ons  about behav ior  and/or t h e  

performance o f  i n s t i t u t i o n s  t h a t  have been t e s t e d  i n  one microeconomy 

( 1  abora to ry  o f  f i e l d )  app ly  a1 so t o  o the r  microeconomies (1 abora to ry  o r  f i e l d )  

where s im i  1  a r  c e t e r i  s  ~ a r i  bus cond i t i ons  ho ld "  (Smith 1982). The para1 1  e l  ism 

c o n d i t i o n  i s  cons i s t en t  w i t h  t h e  standard economic b e l i e f  t h a t  where t h e  

environment and i n s t i t u t i o n s  a re  t h e  same, economic behav ior  should be t h e  

same. Thus, i f  an exper imental  market and a  " r ea l -wo r l d "  market have s i m i l a r  

c e t e r i s  par ibus  cond i t i ons ,  t h e  outcomes o f  these systems should be comparable. 

9  1 



In summary, microeconomic experiments involve the study of economic 

behavior and phenomena in microeconomic systems. Economic agents operate in 

these microeconomic systems (e.g., experimental markets) by following a set of 

well defined instructions. The behavior of agents is influenced by their 

economic environment (e .g., preferences, household techno1 ogy, endowments) and 

the institutions of the microeconomic system. Experiments generally involve 

some perturbation of the system and subsequent observation and analysis of the 

resulting impact on the conduct and performance of the system. Sufficient 

conditions for a microeconomic experiment are nonsatiation and saliency. A 

controlled microeconomic system requires two further conditions; dominance and 

privacy. Control in a microeconomic experiment is irr~portant for internal- 

validity (e.g., the experiment and its results can be replicated). If an 

objective of an experiment is to draw inferences concerning the performance of 

some microeconomic system besides the one used in the experiment, the condition 

of para1 lel ism must hold. Para1 lel ism is important for external -val idity 

(e.g., experimental results can be extended to "real-world" settings). 

CONTINGENT VALUATION EXPERIMENTS 

Contingent valuation is part of the broader field of applied welfare 

economics. Welfare economics is concerned with determining the relative 

desirability of alternative economic states. A natural application of welfare 

economics is cost-benefit analysis of public policies because these policies 

alter the allocation of resources to groups and individuals. Cost-benefit 

analysis, by and large, is an a ~riori method for evaluating the impacts of 

public policies. That is, cost-benefit analyses are conducted before a public 

pol icy is actually carried out. 

Perhaps the greatest difficulty encountered in the application of cost- 

benefit analysis is the measurement of all relevant benefits and costs. A 



p e r s i s t e n t  problem i s  t h e  l a c k  o f  h i s t o r i c a l  da ta  upon which t o  base 

q u a n t i f i c a t i o n  o f  po l  i c y  impacts. Th is  problem i s  p a r t i c u l  a r i l y  acu te  w i t h  

regard  t o  p u b l i c  p o l i c i e s  which impact n a t u r a l  resource s e r v i c e  f l ows .  Many 

types  o f  n a t u r a l  resource se rv i ce  f l ows  a re  c l a s s i f i e d  as nonmarket goods, 

i .e. ,  goods o r  commodities f o r  which no markets e x i s t .  Hence, t h e  va lue  o f  

these  goods cannot be est imated d i r e c t l y  f rom market data.  Changes i n  

nonmarket goods ( q u a n t i t y  o r  q u a l i t y )  o f t e n  account f o r  a  major  p o r t i o n  o f  

p u b l i c  p o l i c y  cos t s  and b e n e f i t s .  However, w i t hou t  market p r i c e s  t h e  

v a l u a t i o n  o f  such cos t s  and b e n e f i t s  i s  hindered. 

Sometimes i t  i s  p o s s i b l e  t o  es t imate  t h e  economic va l ue  o f  changes i n  

nonmarket goods i n d i  r e c t l  Y f rom market data.  Such i n d i r e c t  techniques i n c l  ude 

t h e  t r a v e l  c o s t  method and va r i ous  hedonic p r i c e  methods. I n d i r e c t  nonmarket 

v a l u a t i o n  techniques, however, have l i m i t e d  a p p l i c a b i l i t y .  One major 

l i m i t a t i o n  o f  these techniques i s  t h a t  t hey  r e l y  upon t h e  a v a i l a b i l i t y  o f  

r e l a t e d ,  market-generated da ta  which i s  a p p l i c a b l e  t o  t h e  v a l u a t i o n  problem a t  

hand. Many t imes  such da ta  i s  s imply  no t  a v a i l a b l e .  One p a r t i c u l a r  reason 

why these da ta  may be unava i l ab l e  i s  t h a t  t h e  s t a t e  o r  scenar io  which w i l l  

r e s u l t  f rom a  p u b l i c  p o l i c y  has never e x i s t e d  before.  Thus, i n  t h i s  case, 

h i s t o r y  does n o t  p rov i de  a  s e t  o r  da ta  f o r  comparing " w i t h "  p o l i c y  s t a t e s  t o  

"w i t hou t "  po l  i c y  s t a tes .  Sometimes i t  i s  poss ib l e  t o  f i n d  an h i s t o r i c a l  

s i t u a t i o n  which c l o s e l y  approximates t h e  impacts o f  a  proposed p u b l i c  p o l i c y .  

For example, t h e  U.S. Army Corps o f  Engineers sometimes va lues new water  

p r o j e c t s  by e s t i m a t i n g  t h e  va lue  o f  s i m i l a r ,  e x i s t i n g  water  p r o j e c t s .  Most 

pub1 i c  po l  i c i e s ,  however, have unique impacts determined by f ea tu res  o f  

a f f e c t e d  resources and p a r t i e s ,  i n s t i t u t i o n a l  se t t i ngs ,  and t h e  p a r t i c u l a r  

o b j e c t i v e s  o f  t h e  p o l i c y .  I n  many cases these p o l i c y  impacts a re  s u f f i c i e n t l y  

un ique t h a t  " s i m i l a r  p o l i c y  o r  p r o j e c t "  c o s t - b e n e f i t  ana l ys i s  i s  n o t  v a l i d .  



When market-generated d a t a  a r e  u n a v a i l a b l e  o r  inadequate f o r  v a l u i n g  po l  i c y  

impacts, what o p t i o n s  a r e  l e f t  open f o r  conduct ing a ~ r i o r i  c o s t - b e n e f i t  

a n a l y s i s ?  It i s  argued here  t h a t  one o f  t h e  most v i a b l e  o p t i o n s  i s  t h e  use o f  

exper imenta l  economics methodology, which i n c l u d e s  c o n t i n g e n t  v a l  u a t i o n  

exper iments as a s p e c i a l  case. 

MEASUREMENT OBJECTIVES 

One o f  t h e  main uses o f  exper imenta l  economics methodology i s  

measurement. Economic exper iments a re  used t o  accompl ish two s p e c i f i c  t ypes  

o f  measurement o b j e c t i v e s  ( P l o t t  1981). The f i r s t  o b j e c t i v e  i s  t o  measure t h e  

s e n s i t i v i t y  o f  economic system outcomes t o  changes i n  t h e  system's 

i n s t i t u t i o n s .  For  example, a number o f  s t u d i e s  have been conducted on t h e  

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

mechanism employed (Coppinger, Smith, and T i t u s ;  Cox, Roberson, and Smith; 

V ick rey ) .  The second measurement o b j e c t i v e  i s  t o  p r o v i d e  d a t a  on t h e  

parameters o f  economic model s (e. g . , v a l  ues) . 
The measurement o b j e c t i v e s  f o r  economic exper iments a re  q u i t e  c o n s i s t e n t  

w i t h  t h e  measurement o b j e c t i v e s  o f  a p p l i e d  c o s t - b e n e f i t  a n a l y s i s .  That i s ,  a 

major o b j e c t i v e  o f  appl i e d  c o s t - b e n e f i  t a n a l y s i s  i s  t o  measure pub1 i c  p o l  i c y  

impacts. Economic exper iments can he1 p meet t h i s  o b j e c t i v e  by p r o v i d i n g  da ta  

on t h e  parameters of  v a l u e  e s t i m a t i o n  models. Persons i n v o l v e d  i n  t h e  po l  i c y  

process a r e  a l s o  o f t e n  i n t e r e s t e d  i n  t h e  s e n s i t i v i t y  o f  va lues t o  changes i n  

i n s t i t u t i o n s .  For  example, t h e  ques t ion  may be asked. "Are p o l i c y  impacts 

g r e a t e r  o r  l ower  under i n s t i t u t i o n a l  arrangement B vs. i n s t i t u t i o n a l  

arrangement A?" Because c o n t r o l  can be exer ted  over  i n s t i t u t i o n a l  s t r u c t u r e s ,  

exper imenta l  economics seems p a r t i c u l a r l y  r e l e v a n t  f o r  address ing such 

quest ions.  For c o l l  a b o r a t i n g  arguments, see Coursey and Schulze; P l  o t t  1979; 

and P l o t t  1981. 



SIMULATION OBJECTIVES 

A second o b j e c t i v e  o f  exper imental  economics method01 ogy which i s  

r e l e v a n t  t o  app l i ed  c o s t - b e n e f i t  ana l ys i s  i s  s imu la t i on  ( P l o t t  1981). 

S imulat ion,  f o r  example, i n vo l ves  c o n s t r u c t i n g  an exper imental  market which 

mimics t h e  ope ra t i on  o f  some ac tua l  market. Economic behav ior  and outcomes 

observed i n  t h e  exper imental  market a re  then used t o  draw in fe rences  

concern ing economic behav ior  and outcomes i n  t h e  ac tua l  market. That i s ,  an 

exper imental  market i s  cons t ruc ted  t o  cap tu re  t h e  e s s e n t i a l  f ea tu res  o f  an 

ac tua l  market and exper ience w i t h  t h e  impacts o f  proposed p u b l i c  p o l i c i e s  can 

then  be gained. For example, t h e  exper imental  market m igh t  be used t o  

s imu la te  changes i n  consumer's su rp lus  as a r e s u l t  o f  d i f f e r e n t  resource 

a l l o c a t i o n s  i n  t h e  ac tua l ,  o r  p o t e n t i a l l y  ac tua l ,  market. No t i ce  t h a t  t h i s  

example o f  t h e  use o f  exper imental  economics a c t u a l l y  combines t h e  o b j e c t i v e s  

o f  measurement and simul a t  i on. 

APPLICATION OF CONTINGENT VALUATION EXPERIMENTS 

I n  app l i ed  c o s t - b e n e f i t  ana lys is ,  measurement and s i m u l a t i o n  o b j e c t i v e s  

a re  o f t e n  accomplished us i ng  con t ingen t  v a l u a t i o n  method (CVM).  CVM i s  

de f ined  here as any v a l u a t i o n  technique which e l i c i t s  i n d i v i d u a l  values f o r  

commodity a1 1 oca t ions  i n  exper imental  markets, where a1 1 ocat ions,  costs ,  and 

adjustments a re  con t ingen t  upon ac tua l  ope ra t i on  o f  t h e  microeconomic system 

descr ibed  by t h e  exper imental  market. Because o f  t h e  use o f  con t i ngen t  

a1 1 ocat  i ons and payments, these exper imental  markets a re  r e f e r r e d  t o  as 

c o n t i  naent markets.  Cont ingent  markets, i f  p r o p e r l y  designed, a re  

microeconomics systems as descr ibed by Smith, 1982. The d i s t i n g u i s h i n g  

f e a t u r e  o f  con t ingen t  markets i s  t h e  use o f  con t i nsen t  payments, r a t h e r  than 

ac tua l  cash payments. 



The c l a s s i f i c a t i o n  o f  con t ingen t  markets as microeconomic systems i s  

i l l u s t r a t e d  i n  t h e  f o l l o w i n g  example. A common usage o f  con t ingen t  markets i s  

t o  e l i c i t  i n d i v i d u a l  va lua t i ons  o f  changes i n  t h e  q u a n t i t y  o r  q u a l i t y  o f  some 

publ i c good. The con t ingen t  market would present  (1,. . . ,K) respondents w i t h  a 

scenar io  desc r i b i ng  t h e  p u b l i c  good's i n i t i a l  quan t i t y ,  q u a l i t y ,  l o c a t i o n ,  and 

t ime dimension (Coursey and Schulze). I n fo rma t i on  concerning t h e  serv ices  

which t he  p u b l i c  good supports may be g iven t o  sub jec ts  as w e l l .  Preferences 

k ( U  ) , household technology (Hk) , i n d i v i d u a l  i n f o rma t i on  se t s  ( 1 ~ 1 ,  a t t i t u d e s  

and va lues ( A ~ ) ,  and i n i t i a l  endowments o f  p r i v a t e  goods, publ i c  goods, and 

income (zk)  descr ibe  each respondent, e.g., Rk = {uk, Hk, I ~ ,  zk}. The 

con t ingen t  market environment i s  t h e r e f o r e  de f ined  as R = {R1, . . . ,RK}. The 

con t ingen t  market would a l so  have a d e t a i l e d  d e s c r i p t i o n  o f  a l lowab le  messages 

and how these messages would impact p u b l i c  good a l l o c a t i o n ,  cos t  assignment, 

and adjustments, should t h e  market a c t u a l l y  be implemented. The s e t  o f  

a1 1 owable messages, a1 1 oca t i on  ru l es ,  cos t  r u l es ,  and adjustment r u l e s  make up 

t he  i n s t i t u t i o n s  o f  t h e  con t ingen t  market. These i n s t i t u t i o n s ,  f o r  example, 

cou ld  s p e c i f y  i n i t i a l  r i g h t s  t o  t h e  p u b l i c  good, and t h e  method o f  compensation 

o r  payment f o r  increments o r  decrements i n  t h e  p u b l i c  good. Th is  combinat ion 

o f  i n s t i t u t i o n s  and environment de f i nes  t h e  complete con t ingen t  rnarket 

microeconomic system (Coursey and Shulze; Cummings, Brookshire,  and Shulze).  

Operat ion o f  t h e  con t ingen t  market i s  i n i t i a t e d  by messages sent f rom t h e  

researcher  t o  respondents. Respondents then respond t o  these messages w i t h  

messages o f  t h e i r  own. For example, t h e  researcher may send a message t o  

respondents ask ing them t o  submit a b i d  f o r  a g iven  increment i n  t h e  p u b l i c  good. 

Such b i d s  would be con t ingen t  upon t he  increment i n  t he  p u b l i c  good and a l l  o t he r  

cond i t i ons  descr ibed i n  t h e  con t ingen t  market. Thus, t h e  messages t h a t  

p a r t i c i p a n t s  send back t o  t h e  researcher  represent  t h e i r  assessment of how they 



would r e a c t  t o  t he  circumstances pos i t ed  i n  t he  con t ingen t  market.  I n  t he  

experiment i t s e l f ,  coqmodit ies and money do no t  a c t u a l l y  change hands. Bids f o r  

t h e  p u b l i c  good a re  i n t e r p r e t e d  as con t ingen t  payments. That i s ,  t h e  b i d s  a re  an 

approx imat ion o f  how much p a r t i c i p a n t s  would pay f o r  t h e  p u b l i c  good should t h e  

microeconomic system descr ibed by t h e  con t ingen t  market a c t u a l l y  be implemented. 

Establ ishment o f  t he  general  microeconomic p r o p e r t i e s  o f  nonsa t i a t i on ,  

s a l  iency, dominance, p r i vacy ,  and para1 1 e l  ism, and incen t i ve -capab i  1 i t y  i n  

con t ingen t  v a l u a t i o n  experiments i s  discussed next.  Three types o f  rewards i n  

con t ingen t  markets a re  p a r t i c i p a t i o n  rewards, a1 t r u i  s t  i c  rewards, and expected 

commodity a l l o c a t i o n  rewards. The p rope r t y  o f  nonsa t i a t i on ,  i t  i s  argued here, 

appl  i e s  t o  a1 1 t h r e e  o f  these reward types. P a r t i c i p a t i o n  rewards a re  t he  

s u b j e c t i v e  va lue p a r t i c i p a n t s  a t t ach  t o  t he  process o f  eva lua t i ng  and making a 

dec i s i on  (Smith 1979). A l t r u i s t i c  rewards r e f e r  t o  t he  s a t i s f a c t i o n  t h a t  a 

p a r t i c i p a n t  rece ives  from p rov id i ng  requested i n fo rma t i on  and ( o r )  f rom 

p a r t i c i p a t i o n  i n  t h e  p u b l i c  p o l i c y  process (e.g., f e e l i n g s  o f  " c i v i c  du t y " ) .  

F i n a l l y ,  s u b j e c t i v e  rewards t ake  t he  form o f  expected a l l o c a t i o n s  o f  r e a l  

commodities. That i s ,  i n  a w e l l  designed con t ingen t  market, p a r t i c i p a n t s  are 

t o l d  t h a t  t h e i r  responses may be used t o  determine t h e  f u t u r e  a l l o c a t i o n s  o f  

r e a l  commodities. 'Thus, i f  p a r t i c i p a n t s  va lue t he  commodities addressed i n  t h e  

con t ingen t  market, they have a vested i n t e r e s t  i n  complet ing t h e  exerc ise.  

Moreover, i t  i s  argued t h a t  sub jec t  agents have t h e  u n q u a l i f i e d  r i g h t  t o  c l a im  

t h e  rewards generated by t he  con t ingen t  market. Th is  u n q u a l i f i e d  r i g h t  i s  

i nhe ren t  i n  t h e  p a r t i c i p a t i o n  and a l t r u i s t i c  rewards (e.g., f e e l i n g s  o f  

a l t r u i s m  o r  b e n e f i t s  f rom being a l t r u i s t i c ) .  Thus, i t  i s  argued t h a t  these 

rewards meet t h e  sa l i ency  p roper ty .  The sa l i ency  o f  expected commodity rewards 

i s  no t  so s t r a i gh t f o rwa rd .  Expected commodity rewards a re  s a l i e n t  o n l y  i f  CVM 

p a r t i c i p a n t s  a c t u a l l y  f e e l  t h a t  t h e i r  messages may r e s u l t  i n  some expected 



f u t u r e  a1 l o c a t i o n  o f  commodities t o  themselves. For ins tance,  suppose t h e  

con t ingen t  market i s  h i g h l y  u n r e a l i s t i c  and ou t s i de  t he  range o f  p a r t i c i p a n t s ,  

ac tua l  experiences. I n  t h i s  case, p a r t i c i p a n t s  may perce ive  very  l i t t l e  o r  no 

connect ion a t  a l l  between t h e i r  responses and t h e  f u t u r e  a l l o c a t i o n  o f  

commodities. The sa l i ency  o f  t h e  expected commodity a l l o c a t i o n  reward may 

t h e r e f o r e  be l o s t .  Consequently, t he  va lue  t h a t  p a r t i c i p a n t s  p l ace  on t h e i r  

messages would be reduced, perhaps t o  t he  p o i n t  where t hey  r e f u s e  t o  send 

v a l u a t i o n  messages, o r  they send v a l u a t i o n  messages which a re  f r i v o l o u s  and 

unre l  i abl e  (Coursey and Schul ze) . 
The magnitude o f  own p a r t i c i p a t i o n  rewards re1  a t i v e  t o  s u b j e c t i v e  

p a r t i c i p a t i o n  cos t s  determines whether dominance has been es tab l i shed  i n  

con t ingen t  v a l u a t i o n  experiments. I n  a  con t ingen t  market, as i n  o the r  

m i  croeconomic systems, sub jec t i ve  cos ts  a re  composed p r i m a r i  1  y  o f  t h e  t ime and 

c o g n i t i v e  e f f o r t  r equ i red  t o  process in fo rmat ion ,  eva luate a l t e r n a t i v e s ,  and 

make f i n a l  dec is ions .  I f  own rewards do n o t  exceed these s u b j e c t i v e  cos ts  

(e.g., i t  t h e  n e t  b e n e f i t s  o f  p a r t i c i p a t i n g  i n  t h e  con t ingen t  market a re  n o t  

g r e a t e r  than zero),  c o n t r o l  i n  t h e  experiment w i l l  be l o s t .  Th i s  l o s s  o f  

c o n t r o l  may man i fes t  i t s e l f  i n  a  r e f u s a l  t o  send messages, o r  t h e  sending o f  

messages which cou ld  be unre l  i abl  e  (Coursey and Schul ze) . 
A symptom o f  t h e  l o s s  o f  dominance i n  a  con t ingen t  v a l u a t i o n  exerc ise  may 

be i n fo rma t i on  over load. I n fo rma t i on  over1 oad r e f e r s  t o  t h e  emergence o f  

confused o r  dys func t i ona l  consumer choice behavior  r e s u l t i n g  from an increase 

i n  i n fo rma t i on  q u a n t i t y  o r  complex i ty  (Grether and Wi lde) .  As t he  q u a n t i t y  

and complex i ty  of i n f o rma t i on  presented i n  t h e  con t ingen t  market increases, 

t h e  s u b j e c t i v e  cos ts  o f  i n f o rma t i on  process ing increase as w e l l .  A t  some 

po in t ,  increases i n  s u b j e c t i v e  i n fo rma t i on  process ing cos ts  may cause t o t a l  

sub jec t i ve  cos t s  i n  t h e  experiment t o  r i s e  above own rewards. Consequently, 



dominance and control would be lost. As a result, participants' decision- 

making behavior may become "confused and dysfunctional ". 
Several steps can be taken to establish dominance in contingent markets. 

First, perceptions of the own rewards of participating in a CVM exercise may 

be increased by providing participants with information re1 ated to reward 

recognition, realism and credibility, and focus and attention. Also, even 

though it is rarely used, participants could be paid a monetary inducement to 

help cover subjective (and real) costs of participating in the contingent 

valuation exercise. Second, instructions, information, and calculations 

should be presented as clearly and simply as possible in order to reduce 

subjective costs associated with information processing. Another way of 

reducing subjective costs is to provide participants with information designed 

to facilitate analytical calculations. Still another way of ,reducing 

subjective costs is the use of computerized contingent markets. Computerized 

markets, for example, may substantially reduce the time costs associated with 

iterative bidding methods (Bergstrom and Stoll). 

In order for a contingent valuation experiment to satisfy privacy, an 

individual participant cannot receive information on other participants' reward 

schedules. That is, each participants' preferences should be private, and 

nonobservable to others. If this condition is not met, control can quickly be 

lost. If participants somehow communicate their preferences to each other, the 

probability that messages reflect individual preferences (e.g., valuation of a 

commodity) is greatly reduced. Thus, steps should be taken to ensure that 

contingent markets satisfy the privacy condition. Such steps may include the 

use of moral suasion, and ensuring that the CVM study and its objectives are 

not highly pub1 icized before and during survey imp1 ementati on. For example, 

newspaper articles covering a CVM survey may induce a participant to 



i n co rpo ra te  someone e l se ' s  preferences (e.g., t h e  a r t i c l e ' s  au thor )  i n t o  h i s  o r  

her  answers t o  survey quest ions.  It may be p a r t i c u l a r l y  d i f f i c u l t  t o  e s t a b l i s h  

p r i v a c y  when employing a ma i l  survey. A personal i n t e r v i e w  survey may a1 so 

pose p r i v a c y  problems i f  p a r t i c i p a n t s  r e a c t  s t r o n g l y  t o  perce ived  preferences 

o f  t h e  i n t e r v i e w e r .  The use o f  computerized con t ingen t  markets may p rov i de  one 

o f  t h e  most v i a b l e  means f o r  f a c i l i t a t i n g  p r i vacy .  

The o v e r a l l  c r e d i b i l i t y  o f  t he  con t ingen t  v a l u a t i o n  method r e s t s  upon t h e  

argument t h a t  i f  t h e  microeconomi c system descr ibed by t h e  con t i ngen t  market 

were a c t u a l l y  implemented, behav ior  and outcomes would approximate behavior 

and outcomes observed i n  t h e  exper imental ,  con t ingen t  market. Thus i t  i s  

impor tan t  t h a t  con t ingen t  markets s a t i s f y  p a r a l l e l i s m .  It i s  argued here t h a t  

p a r a l l e l i s m  between con t ingen t  markets and ac tua l  markets ho lds p rov ided  t h e  

con t ingen t  market i s  p r o p e r l y  designed. 

An i l l u s t r a t i o n  may he lp  make t h e  p o i n t  c l e a r .  Consumers o f t e n  make 

con t ingen t  dec is ions .  For example, suppose M r .  A i s  cons ide r i ng  purchas ing a 

y e a r l y  membership t o  a h e a l t h  c l ub .  Suppose t h a t  w i t hou t  y e t  v i s i t i n g  t h e  

c lub ,  he sends away f o r  a package o f  i n f o rma t i on  which descr ibes t h e  f a c i l i t i e s  

and se rv i ces  o f fe red  by t h e  c l u b  and t h e  annual membership fee.  Now, suppose 

on t he  bas i s  of t h i s  in fo rmat ion ,  M r .  A decides he would l i k e  t o  j o i n  t he  c l ub .  

Note t h a t  t h i s  i s  a con t ingen t  dec is ion .  M r .  A has decided t h a t  he i s  w i l l i n g  

t o  pay t h e  s t a t e d  membership fee, con t ingen t  upon t h e  ac tua l  a l l o c a t i o n  o f  t h e  

c l ub ' s  f a c i l i t i e s  and se rv i ces  t o  h imse l f  d u r i n g  t h e  open membership per iod .  

Thus, when i t  comes t ime  t o  a c t u a l l y  j o i n  t h e  c lub ,  even i f  i t  i s  six-months 

l a t e r ,  M r .  A should be w i l l i n g - t o - p a y  t h e  s ta ted  membership fee, prov ided t h a t  

t h e  f a c i l i t i e s  and serv ices  descr ibed i n  t h e  package o f  i n f o r m a t i o n  and 

eve ry th i ng  e l  se ( e  .g., h i s  preferences, income) have remained t h e  same as when 

he o r i g i n a l l y  decided i t  was wor thwh i le  t o  j o i n .  



T h i s  example cap tu res  t h e  essence o f  t h e  t y p e  o f  p a r a l l e l i s m  which i s  

argued t o  e x i s t  w i t h  r e s p e c t  t o  w e l l  designed c o n t i n g e n t  markets.  That  i s ,  

p a r t i c i p a n t s  a r e  p resen ted  w i t h  a  package o f  i n f o r m a t i o n  d e s c r i b i n g  some 

nonmarket good o f  i n t e r e s t .  P a r t i c i p a n t s  a r e  t h e n  asked t o  r e v e a l  how much 

t h e y  would be w i l l i n g - t o - p a y  ( o r  accept)  f o r  changes i n  t h e  l e v e l  o f  nonmarket 

good p r o v i s i o n .  Payments a r e  c o n t i n g e n t  upon t h e  a c t u a l  p r o v i s i o n  o f  t h e  

s t a t e d  changes. Thus, i f  a l l  c o n d i t i o n s  p o s i t e d  i n  t h e  c o n t i n g e n t  market  

remain  unchanged, p a r t i c i p a n t s  should be observed t o  pay approx ima te ly  t h e  

same amount f o r  a c t u a l  changes i n  t h e  commodity, as observed f o r  h y p o t h e t i c a l  

changes i n  t h e  c o n t i n g e n t  market .  

S t r i c t l y  speaking, t h e r e  w i l l  always be one ma jo r  i n s t i t u t i o n a l  

d i f f e r e n c e  between c o n t i n g e n t  markets and a c t u a l  markets which may impact  

p a r a l l e l i s m .  The d i f f e r e n c e  i s  t h a t  i n  c o n t i n g e n t  markets  consumers do n o t  

a c t u a l l y  pay t h e i r  s t a t e d  b i d s ,  w h i l e  i n  a c t u a l  markets consumers do have t o  

pay t h e i r  s t a t e d  b i d s .  Thus, i n  c o n t i n g e n t  markets and a c t u a l  markets 

consumers f a c e  d i f f e r e n t  c o s t  assignment r u l e s  which may i n f l u e n c e  v a l u a t i o n  

messages. Fo r  example, when p a r t i c i p a n t s  a c t u a l l y  have t o  pay s t a t e d  b i d s  

t h e r e  i s  i n c e n t i v e  f o r  consumers t o  s t a t e  b i d s  l o w e r  than  t h e i r  maximum 

w i l l i n g n e s s - t o - p a y  i n  an a t tempt  t o  c a p t u r e  a  s u r p l u s  equal t o  t h e  d i f f e r e n c e  

between t h e i r  t r u e  maximum WTP and t h e i r  s t a t e d  WTP. T h i s  unders ta tement  of 

WTP r e p r e s e n t  t h e  " f r e e - r i d e r "  problem (Samuelson). The p o s s i b i l i t y  o f  f r e e -  

r i d i n g  i m p l i e s  t h a t  when p a r t i c i p a n t s  a c t u a l l y  have t o  pay s t a t e d  b ids ,  t h e r e  

i s  a  r e a l  c o s t  imposed on r e v e a l i n g  one's maximum WTP f o r  a  good. T h i s  c o s t  

i s  t h e  s u r p l u s  foregone by  n o t  s t a t i n g  a  b i d  l o w e r  t h a n  t h e  maximum WTP. 

I n  a  c o n t i n g e n t  market ,  t h e r e  i s  no r e a l  c o s t  assoc ia ted  w i t h  s t a t i n g  one's 

maximum WTP f o r  a  nonmarket good i f  i t  i s  known t h a t  payments w i l l  n o t  a c t u a l l y  

be c o l l e c t e d .  What an i n d i v i d u a l  s t a t e s  he w i l l  pay i s  n o t  a c t u a l l y  what he has 



t o  pay. Thus, i n  t h i s  s i t u a t i o n  p a r t i c i p a n t s  cannot earn a r e a l  su rp lus  by 

s t a t i n g  a b i d  lower  than t h e i r  maximum WTP. Moreover, p a r t i c i p a n t s  may assign 

s u b j e c t i v e  b e n e f i t s  t o  r e v e a l i n g  t h e i r  maximum WTP when asked t o  do so (e.g., 

" t e l l i n g  t h e  t r u t h "  be ing viewed as d e s i r a b l e  s o c i a l  behavior ) .  S i m i l a r l y ,  

p a r t i c i p a n t s  may ass ign s u b j e c t i v e  cos ts  t o  m is revea l ing  preferences. 

I n  add i t i on ,  s ince  p a r t i c i p a n t s  know t h a t  t h e  r e s u l t s  o f  t h e  con t ingen t  

market may i n f l u e n c e  f u t u r e  resource a l l o c a t i o n s  and r e l a t i v e  cos ts  o f  o the r  

commodities (e.g., taxes, product p r i ces ,  and weal th) ,  they  may perce ive  

a d d i t i o n a l  b e n e f i t s  assoc ia ted w i t h  r e v e a l i n g  t h e i r  t r u e  preferences. I f  

p a r t i c i p a n t s  unders ta te  t h e i r  b i d s  f o r  a  nonmarket good i n  a  con t ingen t  market, 

they r u n  t h e  r i s k  t h a t  t h e  good w i l l  be underprovided. Also, i f  p a r t i c i p a n t s  

ove rs ta te  t h e i r  b i d  f o r  a  good i n  a  con t ingen t  market, they  run  t h e  r i s k  t h a t  

i t  w i l l  be overprov ided and may end up c o s t i n g  them more than they a re  w i l l i n g  

t o  pay. Thus, t he  r i s k -adve rse  s t r a t e g y  may s imply  be t o  s t a t e  one's t r u e  

v a l u a t i o n  o f  t h e  nonniarket good. I n  add i t i on ,  as argued by Rowe, dtArge, and 

Brookshire,  s t r a t e g i c  misrevel  a t i o n  o f  preferences by CVM p a r t i c i p a n t s  r e q u i r e s  

c e r t a i n  i n f o r m a t i o n  i n  o rder  t o  be e f f e c t i v e .  The t y p i c a l  CVM respondent, t hey  

argue, probably  does no t  have access t o  such in fo rmat ion .  

Given t h a t  t h e r e  a re  b e n e f i t s  f rom r e v e a l i n g  one's t r u e  preferences, and 

o f t e n  few d i r e c t l y  c o n t r o l l a b l e  costs,  con t ingen t  markets may g i v e  proper  

i ncen t i ves  f o r  t r u e  demand r e v e l  a t i on .  Thus, suppose a con t ingen t  market and 

an ac tua l  market w i t h  a  s i m i l a r  environment and s i m i l a r  i n s t i t u t i o n s  produce 

d i f f e r e n t  r e s u l t s .  One exp lana t ion  f o r  t h i s  divergence cou ld  be t h a t  i n  t h e  

con t ingen t  market p a r t i c i p a n t s  have i ncen t i ves  t o  revea l  t h e i r  ac tua l  

preferences, whi 1  e  i n  t h e  ac tua l  market t h e r e  may be s t r ong  economic i ncen t i ves  

t o  misreveal ,  o r  a t  l e a s t  h i de  t r u e  preferences. Other con jec tu res  about t he  

i ncen t i ves  and d i s i n c e n t i v e s  f o r  m i s r e v e l a t i o n  o f  preferences i n  con t ingen t  



markets can be formulated,  o r  p o s s i b l y  p a r a l l e l i s m  was n o t  as s t r ong  as 

i n i t i a l l y  be l ieved .  The p o i n t  t o  be made, however, i s  t h a t  a  case can be made 

t h a t  w i t h  p roper  a t t e n t i o n  t o  design and adm in i s t r a t i on ,  con t i ngen t  markets a re  

capable o f  genera t ing  da ta  which a re  demand r e v e a l i n g  ( f o r  c o l l a b o r a t i n g  

arguments and a  s p e c i f i c  example, see Hoehn and Randa l l ) .  Indeed, a  number o f  

r ecen t  s t ud ies  designed t o  t e s t  f o r  t h e  demand r e v e l a t i o n  p r o p e r t i e s  o f  

con t i ngen t  markets have supported t h e  use o f  these markets f o r  d i r e c t l y  

e l i c i t i n g  va l ua t i ons  f o r  nonmarket goods (Brookshi re  and Coursey; Brookshi re ,  

Thayer, Schulze, and dfArge;  Coursey and Schulze; Cummings, Brookshi re ,  and 

Schulze; Hovis, Coursey, and Schulze; S e l l a r ,  S t o l l ,  and Chavas). 

A  f i n a l  ~ r o ~ e r t v  o f  re levance t o  con t ingen t  markets i s  i n c e n t i v e  

c o m ~ a t i  b i  1  i t v .  A  microeconomic system i s  i n c e n t i v e  compat ib le  i f  t h e  

i n f o r m a t i o n  and i n c e n t i v e  cond i t i ons  t h a t  i t  prov ides  a re  compat ib le  w i t h  

( i . e . ,  suppor t )  t h e  a t ta inment  o f  s o c i a l l y  p r e f e r r e d  outcomes such as "Pareto 

op t ima l  i t y "  (Smith 1982). I n  o rder  t o  examine t he  i n c e n t i v e  compati b i l  i t y  o f  

microeconomic systems, i n c l u d i n g  con t ingen t  markets, i t  i s  necessary t o  d e f i n e  

e x a c t l y  what i s  meant by a  " s o c i a l l y  p r e f e r r e d  outcome". For example, suppose 

t h e  va lue judgement i s  made t h a t  a  move from S t a t e  A  t o  S ta te  B  i s  a  soc i a l  

improvement i f  t h e  ga iners  f rom t h e  move cou ld  compensate t h e  l ose rs ,  and s t i l l  

be b e t t e r  o f f .  That i s ,  t h e  move from S ta te  A  t o  S ta te  B  must pass t h e  

P o t e n t i a l  Pareto Improvement c r i t e r i o n  (PPI) .  

For s i m p l i c i t y ,  suppose t h a t  t h e  move f rom S ta te  A  t o  S ta te  B  represents  a  

t r a n s f e r  o f  some nonmarket good, Q, f rom Pa r t y  A  t o  Par ty  B. Fo l low ing  t h e  PPI 

c r i t e r i o n ,  t h e  va lue  o f  Q i n  i t s  c u r r e n t  use i s  equal t o  Person A's 

w i l l i ngness - t o -accep t  compensation f o r  l o s i n g  Q. W i l l i ngness- to -accep t  

compensation f o r  a  decrement i n  a  good o r  se r v i ce  represents  a  H i cks i an  

compensating measure o f  we l f a re  change, denoted by WTA'. The va lue  o f  Q i n  i t s  



a l t e r n a t i v e  ( o r  s t a t e  B) use i s  equal t o  Person B's w i l l i ngness - to -pay  f o r  

ga in i ng  Q. Th i s  w i l l i ngness- to -pay ,  i s  a l so  a H icks ian  compensated measure o f  

we l f a re  change, denoted by WTP'. I f  WTP' > wTAC, then t h e  ga iners  (e.g., P a r t y  

B) o f  t h e  move from Sta te  A t o  S ta te  B could compensate t h e  l o s e r s  o f  such a 

move (e.g., Par ty  A), and s t i l l  be b e t t e r  o f f .  Hence, i f  WTP' > wTAC, t he  move 

from Sta te  A t o  S ta te  B s a t i s f i e s  t h e  PPI c r i t e r i o n  (Randall and S t o l l  1980). 

WTP' and wTAC can both be c o l l e c t e d  i n  con t ingen t  markets. I n  o rder  t o  

c o l l e c t  these values, t h e  i n fo rma t i ona l  s t r u c t u r e  (e.g., wording o f  va lua t i on  

quest ions)  o f  t h e  cont ingent  market must be cons i s ten t  w i t h  c o l l e c t i o n  o f  WTP' 

o r  WTAC. I n  add i t i on ,  t h e  s t r u c t u r e  o f  t h e  con t ingen t  market, i n  con junc t ion  

w i t h  i n d i v i d u a l  behavior,  must p rov ide  i ncen t i ves  f o r  r e v e l  a t i o n  o f  " t r u e "  WTP' 

and WTA'. I f  these cond i t i ons  are met, the  con t ingen t  market would p rov ide  

v a l u a t i o n  data (e.g., outcomes) which i n d i c a t e  t he  ex is tence  o f  t h e  P o t e n t i a l  

Pareto Improvement. Thus, i n  t h i s  case, t h e  con t ingen t  market i s  i n c e n t i v e  

compat ible,  a t  l e a s t  i n  terms o f  t he  PPI c r i t e r i o n .  

The prev ious example i l l u s t r a t e s  t h a t  i n c e n t i v e  c o m p a t i b i l i t y  i s  

a t t a i n a b l e  i n  con t ingen t  markets. I n c e n t i v e  c o m p a t i b i l i t y ,  however, i s  n o t  an 

inheren t  p rope r t y  o f  con t ingen t  markets. Rather, i t  must be es tab l i shed  

through proper a t t e n t i o n  t o  t h e  conceptual bas is  o f  v a l u a t i o n  quest ions, and 

i n c e n t i v e s  prov ided f o r  " t r u e "  demand r e v e l  a t i o n .  The i n c e n t i v e  compati b i  1  i ty  

of con t ingen t  markets, i n  terms o f  t h e  PPI c r i t e r i o n ,  i s  discussed i n  more 

d e t a i  1  by Hoehn and Randal 1  . 
DISCUSSION AND IMPLICATIONS 

I n  t h e  pas t  two decades, a p p l i c a t i o n  o f  t h e  con t ingen t  v a l u a t i o n  method 

has exploded. Design and implementat ion procedures, however, va ry  w ide l y  

across i n d i v i d u a l  app l i ca t i ons .  As a r e s u l t ,  r e p l i c a t i o n  o f  r e s u l t s  i s  

d i f f i c u l t  i f  n o t  impossible.  



I n  appl i c a t i o n s  o f  t he  con t ingen t  va l  ua t  i o n  method, c o n t r o l  and 

r e p l i c a t i o n  would be f a c i l i t i a t e d  by regard ing  CVM as a  branch o f  exper imental  

economics methodology as imp l i ed  by P l o t t .  Contro l  i s  es tab l i shed  i n  an 

economic experiment i f  t h e  p rope r t i es  o f  non -sa t i a t i on ,  sa l iency ,  dominance, 

and p r i vacy  a re  met. Thus, i n  o rder  t o  have a  c o n t r o l  l e d  con t ingen t  v a l u a t i o n  

experiment, i t  must s a t  i s f y  these p rope r t i es .  For exampl e, Randal 1  , Ives, and 

Eastman recommend t h a t  a  con t ingen t  market be designed t o  be as r e a l i s t i c  and 

c r e d i b l e  as poss ib le .  Such r e a l i s m  and c r e d i b i l i t y  i s  impor tant  f o r  

e s t a b l i s h i n g  t he  p r o p e r t i e s  o f  sa l i ency  and dominance. I f  respondents a re  

faced w i t h  a  h i g h l y  u n r e a l i s t i c  con t ingen t  va lua t i on  scenario,  they a re  n o t  

l i k e l y  t o  t ake  t h e  v a l u a t i o n  exerc ise  s e r i o u s l y  and perce ived rewards from 

p a r t i c i p a t i o n  w i l l  decrease. I f  perce ived p a r t i c i p a t i o n  rewards decrease 

below perce ived p a r t i c i p a t i o n  costs,  t h e  dominance p rope r t y  w i l l  n o t  be 

s a t i s f i e d .  As a  r e s u l t ,  c o n t r o l  would be l o s t  and respondents may r e a c t  by 

sending u n r e l i a b l e  responses o r  no responses a t  a l l .  

Researchers can t ake  a  v a r i e t y  o f  steps t o  f a c i l i t a t e  c o n t r o l  i n  

con t ingen t  v a l u a t i o n  experiments. Several o f  these steps have been mentioned 

p r e v i o u s l y  i n  var ious  places, bu t  n o t  i n  t he  a n a l y t i c a l  framework o f  

exper imental  economics methodology. Nonsa t ia t ion  and sa l i ency  r e q u i r e  t h a t  

t h e  increment o r  decrement i n  t h e  nonmarket commodity o f  i n t e r e s t  be presented 

t o  respondents i n  a  c l e a r  and unambiguous manner w i t h  we l l - de f i ned  p rope r t y  

r i g h t s  and o the r  i n s t i t u t i o n a l  arrangements (e.g., commodity and cos t  

a1 l o c a t i o n  mechanisms). Dominance can be f a c i l  i t a t e d  by p r o v i d i n g  respondents 

w i t h  i n fo rma t i on  which he lps them t o  recognize own p a r t i c i p a t i o n  rewards. I n  

add i t ion ,  any s teps taken t o  reduce s u b j e c t i v e  p a r t i c i p a t i o n  cos ts  (e.g., 

p r o v i s i o n  o f  c a l c u l a t i o n  i n fo rma t i on )  w i l l  f a c i l i t a t e  dominance. I n  o rder  t o  

e s t a b l i s h  p r i vacy ,  t h e  con t ingen t  market s t r u c t u r e  should be cons i s ten t  w i t h  



elicitation of private, confidential values. For example, communication 

between resondents should be discouraged and an individual respondent should 

not be provided with informati on on other respondents' val uat i ons (which could 

occur, for example, through news media coverage of a CVM survey). 

Establ i shing control in a contingent valuation experiment by satisfying 

the properties of nonsatiation, saliency, dominance, and privacy is a 

necessary, but not sufficient, condition for internal -val idi tv. Internal 

validity implies that the results of a contingent valuation experiment can be 

repl i cated. For repl i cabil i ty, it is a1 so necessary that treatment variables 

such as instructions, information, and bid elicitation procedures be held 

constant across CVM appl ications. Several recent studies, for instance, 

suggest that CVM results are quite sensitive to the type, quantity and 

complexity of information presented in contingent markets (Bergstrom and Stoll; 

Rowe and Chestnut; Samples, Dixon, and Gowen; Shulze, d' Arge, and Brookshire). 

These results suggest that in order to replicate or compare CVM results, the 

informational structure of contingent markets would have to be held constant 

across applications. In general, it is recommended that much closer attention 

be paid to instructions, information,. and bid elicitation protocol with an 

overall objective of standardizing procedures across CVM appl i cat i ons. 

In most CVM applications, external validitv is an important consideration 

as well as internal-validity. External-validity implies that CVM results can 

be extended to actual "real -world" scenari 0s. A necessary condition for 

external-validity is that the property of parallelism be satisfied. In the 

case of CVM, parallelism requires that the environment (e.g., respondent 

characteristics) and institutions (e.g., commodity allocation mechanisms) of 

the contingent market be similar to an actual, or potentially actual, market. 

Parallelism implies that consumer behavior in a contingent market would in fact 



be observed should t h e  market a c t u a l l y  be implemented. Thus, i f  p a r a l l e l i s m  i s  

s a t i s f i e d ,  i t  i s  l e g i t i l l l a t e  t o  extend CVM r e s u l t s  t o  ' r e a l  wor ld '  scenarios.  

I f  the  purpose o f  a CVM a p p l i c a t i o n  i s  t o  p rov ide  i npu t  i n t o  publ i c  po l  i c y  

dec is ions  t he  p rope r t y  o f  i n c e n t i v e  compat ib i l  i t y ,  as w e l l  as a l l  o t h e r  

p rope r t i es ,  should ho ld .  For example, suppose a p u b l i c  p o l i c y  dec i s i on  w i l l  be 

based on appl i c a t i o n  o f  t he  p o t e n t i a l  Pareto improvement (PPI) c r i t e r i o n .  I n  

t h i s  case, a con t ingen t  market i s  i n c e n t i v e  compat ible i f  i t  prov ides values 

which a re  cons i s ten t  w i t h  t h e  PPI c r i t e r i o n .  Es tab l i sh ing  t h i s  cons is tency 

r e q u i r e s  t h a t  t h e  con t ingen t  market s t r u c t u r e  (e.g., wording o f  quest ions)  be 

cons i s ten t  w i t h  H icks ian  compensated measures o f  we l f a re  change. A f u r t h e r  

requirement i s  t h a t  t he  b i dd ing  method be demand-reveal ing .  That i s ,  t he  b i dd ing  

method must p rov ide  i ncen t i ves  f o r  c a l c u l a t i o n  and statement o f  " t r u e "  values. 

The i t e r a t i v e  b i dd ing  method and dichotomous choice quest ions, f o r  example, are 

argued t o  be demand-revealing (Brookshi re  and Coursey; Hoehn and Randal l ) .  

I n  concl  usion, exper imental  economics methodology i s argued t o  prov ide a 

use fu l  a n a l y t i c a l  framework f o r  t h e  design and adm in i s t r a t i on  o f  con t ingen t  

markets. A d i s t i n c t  advantage o f  us ing t h i s  framework i s  an increased 

p o t e n t i a l  f o r  c o n t r o l  and r e p l i c a t i o n .  Contro l  and r e p l i c a t i o n  a re  t h e  

pr imary means by which researchers '  shared mi sunderstandi ng o f  economic 

systems i s  reduced (Smith, 1985). Lack o f  c o n t r o l  and rep1 i c a t i o n  c o n t r i b u t e  

t o  p e r s i s t e n t  funda~llental quest ions concerning t h e  v a l i d i t y  o f  t h e  con t ingen t  

v a l u a t i o n  method. As t he  scope and con~p lex i t y  o f  a v a l u a t i o n  problem 

increase, such quest ions a re  l i k e l y  t o  i n t e n s i f y .  CVM methodology i s  be ing 

subjected t o  c l  oser s c r u t i n y  f rom expanded sources i n c l  ud i  ng agencies, publ i c 

i n t e r e s t  groups, 1 awyers, judges, and Congress. Thus, r educ t i on  o f  "shared 

m i  sunderstandi  ngs" o f  t h e  con t ingen t  va l  u a t i o n  method through sound, 

s c i e n t i f i c  methodology i s  no t  on l y  d e s i r a b l e  f rom an academic s tandpoint ,  bu t  

i s  perhaps essen t i a l  f o r  f i t m l y  e s t a b l i s h i n g  and ma in ta i n i ng  t h e  c r e d i b i l i t y  

o f  t h e  method among c l  i e n t e l  e groups. 
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INTRODUCTION 

The v a l i d i t y  o f  t h e  c o n t i n g e n t - v a l u a t i o n  method has been eva lua ted  f rom a  

number o f  d i f f e r e n t  pe rspec t i ves .  Comparisons have been made across 

c o n t i n g e n t - v a l u a t i o n  (CV) q u e s t i o n i n g  formats ,  w i t h  es t ima tes  o f  va lue  d e r i v e d  

f rom h e d o n i c - p r i c e  and t r a v e l - c o s t  models, and w i t h  va lues  es t ima ted  i n  

exper iments employing a c t u a l  cash t r a n s a c t  i o n s  (Bishop, Heber l  e i  n  and Kealy,  

1983; Boy le  and Bishop, 1988; B rooksh i re  e t  a1 . , 1982; D i c k i e ,  Gerk ing and 

F isher ,  1987; H e b e r l e i n  and Bishop, 1986; S e l l a r ,  S t o l l  and Chavas, 1985; 

Smith, Desvousges and F isher ,  1986; and Welsh, 1986). A  q u e s t i o n  t h a t  has n o t  

been addressed by these comparison s t u d i e s  i s  whether scenar ios  o f  

unexper ienced environmental  c o n d i t i o n s  a r e  u s e f u l  i n  e l i c i t i n g  statements o f  

H i c k s i a n  s u r p l u s  f o r  e i t h e r  an enhancement o r  a  degreda t ion  o f  a  n a t u r a l  

environment.  The comparison s t u d i e s  o n l y  t e l l  us t h a t  two v a l u a t i o n  

procedures e i t h e r  do o r  do no t ,  as t h e  case may be, p r o v i d e  comparable 

es t ima tes  o f  va lue  i n  a  movement f rom an exper ienced e x i s t i n g  c o n d i t i o n  t o  an 

unexper ienced f u t u r e  c o n d i t i o n .  For  example, Boy le  and Bishop (1988) 

es t imated t h e  l o s s  i n  H i c k s i a n  s u r p l u s  t h a t  would occur  i f  an e x i s t i n g  l e v e l  

o f  scen ic  beauty was degraded, and Smith, Desvousges and F i s h e r  (1986) valued 

an enhancement i n  water  qua1 i t y .  I n  bo th  o f  these cases, respondents had 

exper ienced t h e  s t a t u s  quo b u t  would n o t  have exper ienced t h e  proposed 

degraded o r  enhanced l e v e l s  f o r  t h e  resources i n  ques t ion .  

The research r e p o r t e d  here asks whether CV es t ima tes  d e r i v e d  u s i n g  

scenar ios  o f  unexper ienced environmental  c o n d i t i o n s  a r e  comparable t o  CV 

es t ima tes  based on a c t u a l  exper ience w i t h  these c o n d i t i o n s .  The a p p l i c a t i o n  

i s  an e v a l u a t i o n  o f  t h e  e f f e c t s  o f  v a r y i n g  Glen Canyon Dam r e l e a s e s  on 

downstream r e c r e a t i o n  on t h e  Colorado R i v e r .  I n  t h e  paper we summarize t h e  

procedures used t o  e v a l u a t e  r e c r e a t i o n i s t s  pre ferences f o r  a  v a r i e t y  o f  

Colorado R i v e r  f l ows .  A f t e r  d i s c u s s i n g  procedures, i m p o r t a n t  r e l a t i o n s h i p s  



between r i v e r  f l o w s  and H i c k s i a n  s u r p l u s  p e r  t r i p  w i l l  be h i g h l i g h t e d .  We 

w i l l  c l o s e  w i t h  c o n c l u s i o n s  r e g a r d i n g  t h e  use o f  s c e n a r i o s  i n  CV s t u d i e s  t o  

e v a l u a t e  unexper ienced env i ronmen ta l  c o n d i t i o n s .  

RESEARCH SETTING 

'The r e s e a r c h  focused on t h e  r e l a t i o n s h i p s  between s t ream f l o w s  and r i v e r  

based r e c r e a t i o n  a long  t h e  n e a r l y  300 m i l e s  o f  t h e  Co lorado R i v e r  below Glen 

Canyon Dam and above Lake Mead. A l though  t h e  casua l  v i s i t o r  v i e w i n g  t h e  Grand 

Canyon f r o m  t h e  South  Rim may e n j o y  see ing  t h e  r i v e r ,  t h e  q u a l i t y  o f  t h i s  

exper ience  i s  n o t  l i k e l y  t o  be dependent on how much w a t e r  i s  r e l e a s e d  f rom 

t h e  dam. There a r e  t h r e e  groups o f  r e c r e a t i o n i s t s ,  however, t h a t  may be 

d i r e c t l y  a f f e c t e d  by  s t ream f l ows .  The f i r s t  g roup  w i l l  be r e f e r r e d  t o  as 

" w h i t e - w a t e r  boa te rs . "  These a r e  peop le  u s i n g  a  v a r i e t y  o f  r a f t s  and boa ts  t o  

t a k e  a  w h i t e - w a t e r  t r i p  on t h e  Co lorado R i v e r  between Lees F e r r y  and t h e  Lake 

Mead. The second group i s  corr~posed o f  "Glen Canyon a n g l e r s "  who t y p i c a l l y  

f i s h  t h e  Co lorado R i v e r  between t h e  dam and Lees F e r r y .  The t h i r d  group o f  

r e c r e a t i o n i s t s  a r e  "day-use r a f t e r s "  i n  Glen Canyon. These peop le  t a k e  h a l f -  

day  t r i p s  on f l a t  wa te r  between t h e  dam and Lees F e r r y .  

RESEARCH PROCEDURES 

The e f f e c t  o f  v a r i o u s  Glen Canyon Dam r e l e a s e s  on downstream r e c r e a t i o n  was 

u l t i m a t e l y  e v a l u a t e d  f o r  each u s e r  group by examin ing t h e  r e 1  a t i o n s h i p s  between 

e s t i m a t e d  H i c k s i a n  s u r p l u s  and a  v a r i e t y  o f  f l o w  l e v e l s .  A  nove l  aspec t  of t h e  

s t u d y  i s  t h e  c o n s i d e r a b l e  research  conducted p r i o r  t o  implement ing  t h e  CV 

su rveys  wh ich  was des igned t o  i d e n t i f y  i m p o r t a n t  a t t r i b u t e s  o f  t h e  r e c r e a t i o n a l  

exper iences  and t o  l e a r n  about  use r  p r e f e r e n c e s  and q u a l i t a t i v e  te rms.  The 

r e s u l t s  o f  t h i s  s t e p  were subsequent ly  used i n  t h e  d e s i g n  o f  t h e  CV surveys and 

t o  i n t e r p r e t  v a l u e  es t ima tes .  The i n t e r r e l a t i o n s h i p s  o f  t h e  s t u d y  components 

a r e  shown i n  F i g u r e  1 ( f o r  a  more comple te  d i s c u s s i o n  see B ishop e t  a1 . , 1987). 



FIGURE 1 

DIAGRAM OF T H E  R E L A T I O N S H I P S  AMONG STUDY COMPONENTS 

Contact with Bureau of 
Reclamation and National 
Park Service Personnel, 
and members of other 
GCES Research Teams 

t 

Contingent-Valuation Surveys 
of White-Water Boaters, Glen 

Canyon Anglers and 
Day-Use Rafters 

7 

Flow Valuation Modeling 

- Formal and informal 
contacts with 

Professior ;at River 
Guides 

- r Attribute Surveys of 
White-Water Boaters, 
Glen Canyon Anglers, 
and Day-Use Rafters 



The f i r s t  stage o f  t he  research incorpora ted  t h e  knowledge o f  resource 

managers concerned w i t h  t h e  r e c r e a t i o n a l  use o f  t h i s  s e c t i o n  o f  t h e  Colorado 

R i v e r  and i n p u t  o f  o t h e r  researchers  who were s tudy ing  t h e  phys i ca l  and 

b i o l o g i c a l  e f f e c t s  o f  va r y i ng  Glen Canyon Dam re leases  on t h e  n a t u r a l  

environment. Second, r i v e r  gu ide 's  p r a c t i c a l  knowledge o f  t h e  r e c r e a t i o n a l  

exper iences was incorpora ted  i n  t h e  research design. The people who serve as 

gu ides f o r  wh i te -wate r  t r i p s ,  f o r  anglers,  and f o r  day-use r a f t  t r i p s  

c o n s t i t u t e  an impor tan t  group o f  exper ts  on t h e  r e l a t i o n s h i p  between f l ows  and 

r e c r e a t i o n .  R i ve r  guides have f i r s t - h a n d  knowledge o f  t h e  r e c r e a t i o n i s t s ,  t h e  

r e c r e a t i o n a l  exper ience, and t h e  r i v e r  i t s e l f .  A  formal m a i l  survey o f  wh i te -  

wa te r  gu ides was conducted and, because o f  t h e  small number o f  people 

invo lved ,  f i s h i n g  and day-use r a f t i n g  guides were contacted i n f o r m a l l y .  

The t h i r d  stage i nvo l ved  " a t t r i b u t e  surveys" o f  r e c r e a t i o n i s t s .  The 

e f f e c t s  o f  v a r y i n g  f l o w  re l ease  pa t t e rns  a re  t r ansm i t t ed  t o  r e c r e a t i o n i s t s  

l a r g e l y  through changes i n  t h e  q u a l i t y  o f  t h e  experiences. The a t t r i b u t e  

surveys were designed t o  l e a r n  more about t h e  c h a r a c t e r i s t i c s  o r  a t t r i b u t e s  of 

t h e  r e c r e a t i o n a l  exper ience t h a t  i n f l uence  r e c r e a t i o n a l  q u a l i t y .  

The f o u r t h ,  and f i n a l ,  s tep  i n  t h e  research invo lved  t h e  CV surveys o f  

r e c r e a t i o n i s t s  t o  es t imate  t h e i r  H icks ian  surp lus  f o r  a v a r i e t y  o f  f l o w  

re l ease  pa t te rns .3  As shown i n  F igure  1, t h e  des ign o f  t h e  CV surveys drew 

h e a v i l y  on t h e  f i n d i n g s  f rom each o f  t h e  t h r e e  p rev ious  steps i n  t h e  research 

process. I n  t h e  remainder o f  t h i s  paper, however, we w i l l  focus o n l y  on t he  

r e s u l t s  o f  t h e  CV exerc ises .  



CONTINGENT-VALUATION SURVEY DESIGN 

The dichotomous-choice technique was used t o  ask t h e  v a l u a t i o n  quest ions.  

Th i s  technique i nvo l ves  ask ing respondents i f  they  would pay a p r e s p e c i f i e d  

amount, an amount over  and above t h e i r  ac tua l  t r i p  expenses, t o  t ake  a wh i t e -  

water  t r i p ,  a f i s h i n g  t r i p  o r  a day-use r a f t  tr ipa4   he yes lno  responses, 

a1 ong w i t h  t h e  corresponding o f f e r s  and o the r  exp l  anatory  v a r i a b l e s  were 

analyzed by e s t i m a t i n g  1 og i  t model s which a re  used t o  c a l c u l a t e  expected 

consumer su rp l us  f o r  f i x e d  f l o w  l e v e l s .  For a complete d i scuss ion  o f  t h e  

procedures used t o  implement t h i s  ques t ionn ing  format  and t o  analyze responses 

see Bishop e t  a1 . , (1987), Boy1 e and Bishop (1988), and Hanemann (1984). 

Other a p p l i c a t i o n s  o f  t h e  dichotomous-choice ques t ionn ing  technique have been 

conducted by Cameron and James (1987), and S e l l  a r ,  St01 1 and Chavas (1985). 

Two types  o f  dichotomous-choice quest ions were used t o  es t imate  values. 

F i r s t ,  a l l  t h r e e  groups valued an ac tua l  t r i p  (see F igu re  2) .  T r i p  

expendi tures were chosen as a payment v e h i c l e  t o  meet t h e  key c r i t e r i a  o f  be ing 

bo th  r e a l  i s t i c  and n e u t r a l  ( M i t c h e l l  and Carson, 1987). Since day-use r a f t e r s  

and wh i te -wate r  boa te rs  would not ,  i n  a l l  p r o b a b i l i t y ,  have taken more than one 

t r i p  i n  any g i ven  year ,  they  were s imp ly  asked t o  va lue t he  t r i p  taken i n  1985. 

Many Glen-Canyon anglers,  however, t ake  more than one t r i p  per  year .  Th is  

problem was so lved by implementing an o n - s i t e  sample s e l e c t i o n  procedure so 

t h a t  ang le rs  cou ld  be asked t o  va lue t h e  t r i p  taken on t h a t  da te  o f  t h e  o n - s i t e  

i n t e r v i e w .  To h e l p  ang le rs  r e c a l l  t h i s  t r i p  when they  l a t e r  r ece i ved  t h e  CV 

survey i n  t h e  ma i l ,  i n f o rma t i on  f rom t h e  o n - s i t e  i n t e r v i e w  was i nco rpo ra ted  i n  

t h e  i n t r o d u c t i o n  t o  t h e  survey and i n  t h e  CV s e c t i o n  o f  t h i s  survey. 

A wide v a r i e t y  o f  f l o w  l e v e l s  a re  g e n e r a l l y  exper ienced by r e c r e a t i o n i s t s  

throughout  t h e  year .  A random sample o f  i n d i v i d u a l s  f rom an e n t i r e  yea r  would 

h o p e f u l l y  s e l e c t  a group o f  i n d i v i d u a l s  who would have c o l l e c t i v e l y  



FIGURE 2 

GLEN CANYON ANGLER EXPENDITURE AND ACTUAL T R I P  CV QUESTION 

A s  n e a r  a s  you can r e c a l l  f o r  t h e  t r i p  when you f i l l e d  o u t  o u r  s h o r t  
s u r v e y ,  abou t  how much was your s h a r e  of t o t a l  t r i p  expenses  f o r  t h e  
f o l l o w i n g  i t ems?  ( I n c l u d e  on ly  money you p e r s o n a l l y  spen t .  I f  you 
d i d n ' t  spend money on a c e r t a i n  item, p l e a s e  p u t  $0). [PLEASE 
CALCULATE AND FILL I N  THE TOTAL ON THE LAST LINE]. 

Gas and O i l  f o r  v e h i c l e  $ 

Food and Beverages $ 

Lodging, Camping $ 

F i s h i n g  e q u i p m e n t / b a i t / l i c e n s e  $ 

Guide f e e s  $ 

Boat/equipment r e n t a l  $ 

A i r f a r e  $ 

Car r e n t a l  $ 

Other  $ 

TOTAL YOlJ SPENT OH THIS TRIP $ 

Would you still have gone on t h a t  p a r t i c u l a r  t r i p  t o  L e e ' s  
Fe r ry  i f  your expenses  had been $ more t h a n  t h e  t o t a l  
you j u s t  c a l c u l a t e d ?  (CIRCLE ONE NUMBER ) 

1 YES, t h e  t r i p  would still be worthwhi le  

2 NO, i t  would no t  be wor thwhi le  



exper ienced a1 1, o r  a t  l e a s t  most, o f  t h e  f l o w  l e v e l s  d u r i n g  t h e  year  under 

cons ide ra t i on .  Thus, respondents f rom each group woul d  c o l  1  e c t  i v e l y  

exper ience a wide v a r i e t y  o f  r i v e r  f l ows  and responses t o  t h i s  f i r s t  v a l u a t i o n  

ques t ion  (ac tua l  t r i p )  cou ld  be used t o  develop r e l a t i o n s h i p s  between r i v e r  

f l ows  and est imated H i cks i an  su rp l us  pe r  t r i p ,  a  f l ow -va lue  f u n c t i o n .  

We were concerned t h a t  i n d i v i d u a l s  i n  each group may n o t  have c o l l e c t i v e l y  

exper ienced a wide range o f  r i v e r  f l ows  s ince  1985, t h e  year  f rom which t h e  

samples were drawn, was a year  o f  unusual ly ,  h i gh  f lows .  Thus, a f t e r  wh i t e -  

water  boa te rs  and Glen Canyon ang le rs  had answered a CV ques t ion  f o r  t h e i r  

ac tua l  t r i p s ,  they  were asked t o  va lue  t r i p s  a t  severa l  a l t e r n a t i v e  f l o w  l e v e l s  

as descr ibed  by f l o w   scenario^.^ The f l o w  scenar ios  descr ibed  t r i p s  under 

d i f f e r e n t  f l o w  cond i t i ons ,  p r i m a r i l y  i n  terms o f  t h e  changes t h a t  would occur 

i n  impor tant ,  f l o w - s e n s i t i v e  a t t r i b u t e s  i d e n t i f i e d  i n  t h e  a t t r i b u t e  surveys. 

Desc r i p t i ons  were supplemented w i t h  t h e  i n f o r ~ i i a t i o n  ga ined f rom con tac t s  w i t h  

guides and resource managers. A g r e a t  deal  o f  e f f o r t  was exe r t ed  t o  i nsu re  

t h a t  t h e  scenar io  d e s c r i p t i o n s  were based on documented f a c t s . a n d  t h a t  t hey  

were worded i n  ma t t e r -o f - f ac t  language (see F igure  3 ) .  Scenar io va lues cou ld  

be used as an a l t e r n a t i v e  source o f  da ta  t o  develop f l ow -va lue  f u n c t i o n s  i n  t h e  

absence o f  c o l l e c t i v e  exper ience w i t h  a  v a r i e t y  o f  f l ows .  

These two types o f  v a l u a t i o n  quest ions,  ac tua l  t r i p  and scenar ios,  

p rov i de  t h e  bas i s  f o r  de te rmin ing  whether scenar ios  o f  unexperienced 

environmental  c o n d i t i o n s  a re  app rop r i a t e  t o  use i n  CV surveys. The 

unexperienced c o n d i t i o n s  here a re  t h e  f l o w  l e v e l s  descr ibed  i n  t h e  scenar ios  

and t h e i r  r e s u l t i n g  impact on t h e  r e c r e a t i o n a l  environments. I f  t h e  scenar ios  

work w e l l ,  then t h e  r e s u l t i n g  va lue  es t imates  should correspond w i t h  t h e  

app rop r i a t e  va lue  f rom t h e  f l ow -va lue  f u n c t i o n s  based on ac tua l  exper iences. 



FIGURE 3 

WHITE-WATER BOATER CONSTANT FLOW SCENARIO (5,000 cfs)  

AND ASSOCIATED VALUATION Q U E S T I O N  

A t  a c o n s t a n t  f low of 5 ,000  c f s ,  t h e  speed of  t h e  r i v e r  is r e l a t i v e l y  
slow, r educ ing  time f o r  s i d e  canyon v i s i t s  and o t h e r  a t t r a c t i o n s .  
B o a t e r s  must break camp e a r l y  t o  s t a y  on schedule .  Although r a p i d s  
a r e  p resen t  a t  t h i s  low w a t e r  l e v e l ,  t h e  waves a r e  s m a l l e r  and do n o t  
produce t h e  b i g  " r o l l e r  c o a s t e r n  r i d e  c r e a t e d  by h i g h e r  f lows .  Due 
t o  exposed rocks ,  some r a p i d s  may be s o  d i f f i c u l t  t h a t  i t  i s  l i k e l y  
passengers would have t o  walk  around them. However, camping 
o p p o r t u n i t i e s  are abundant  w i t h  many l a r g e  sandy beaches exposed.  

We would now l i k e  you t o  imagine  t h a t  you are p r e s e n t l y  d e c i d i n g  
whether o r  n o t  t o  go on a Grand Canyon white-water t r i p .  Imagine 
t h a t  t h e  t r i p  would be t h e  same as your  l a s t  t r i p  (e.g.,  t h e  same 
people ,  same food ,  e t c . )  w i t h  two e x c e p t i o n s :  

The w a t e r  l e v e l  would be c o n s t a n t  a t  5,000 cfs 
AND 

Your i n d i v i d u a l  c o s t s  f o r  t h e  t r i p  i n c r e a s e d  by $ 
( o v e r  t h e  t o t a l  c o s t  you c a l c u l a t e d  on page 8 ,  q u e s t i o n  
A26 

Would you go on t h i s  t r i p ?  (CIRCLE ONE NUMBER) 

1 YES, I WOULD PAY THIS AMOUNT TO TAKE THE TRIP 

2 NO, I WOULD NOT PAY THIS AI.IDUNT TO TAKE THE TRIP 



SUMMARY OF CONTINGENT-VALUATION RESULTS 

White-Water Boaters 

Subsamples o f  i n d i v i d u a l s  t a k i n g  commercial wh i te -wate r  t r i p s  and 

p r i v a t e l y  sponsored t r i p s ,  each c o l l  e c t i v e l y  exper ienced a  wide range o f  r i v e r  

f l ows .  H i cks i an  su rp l us  per  t r i p  v a r i e s  w i t h  t h e  average f l o w  exper ienced as 

w e l l  as t h e  t ype  o f  t r i p ,  commercial o r  p r i v a t e .  For commercial passengers, 

va lues r i s e  f rom $47 pe r  t r i p  a t  a  f l o w  o f  1,000 cub i c  f e e t  pe r  second ( c f s )  t o  

a  maximum o f  $898 a t  33,000 c f s ,  and then dec l i nes  t o  $732 a t  45,000 c f s  (see 

F igure  4) .  P r i v a t e  boa te r s '  su rp lus  f o l l o w s  a  s i m i l a r  pa t t e rn ,  r i s i n g  f rom $21 

pe r  t r i p  a t  a  f l o w  o f  1,000 c f s  t o  a  maximum o f  $688 a t  29,000 c f s ,  and then 

d e c l i n i n g  t o  $376 a t  45,000 c f s  (see F igure  5). Respondents exper ienced f l ows  

rang ing  f rom 10,000 t o  44,000 c f s  and f l ow -va lue  f u n c t i o n s  a re  ex t r apo la ted  

down t o  1,000 c f s  t o  cover  a  somewhat w ider  range o f  f l ows  f o r  p o l i c y  analyses. 

The scenar ios  eva lua ted  generate p o i n t  es t imates o f  H i cks i an  su rp l us  f o r  f l ows  

o f  5,000, 13,000, 22,000 and 40,000 c f s  (see F igures 4  and 5 ) .  

G l  en-Canyon Anql e r s  

Sampled Glen Canyon ang le rs  d i d  n o t  c o l l e c t i v e l y  exper ience a  wide 

v a r i e t y  of f lows and i t  was imposs ib le  t o  develop a  f l ow -va lue  f u n c t i o n .  Th is  

c o n d i t i o n  occurred because n e a r l y  a l l  o f  t h e  respondents exper ienced r e l a t i v e l y  

h i gh  f l o w  l e v e l s  i n  1985. The v a l u a t i o n  ques t ion  f o r  t h e i r  ac tua l  t r i p  o n l y  

generated a  p o i n t  es t imate  o f  $130 per  t r i p .  Th i s  be ing t h e  case, t h e  scenar io  

values become very  impor tan t  i n  determin ing t h e  r e l a t i o n s h i p  between f l ows  and 

H i cks i an  su rp l us  per  t r i p  f o r  ang lers .  

Scenar ios anchored a t  3,000, 10,000, 25,000 and 40,000 c f s  were evaluated. 

The f l ow -va lue  f u n c t i o n  developed f rom t h e  r e s u l t i n g  va lue  est imates,  us ing  

1  i n e a r  i n t e r p o l  a t i o n  between t h e  p o i n t  est imates,  revea ls  t h a t  va l  ues r i s e  f rom 

$60 a t  3,000 c f s  t o  a  maximum o f  $126 a t  10,000 c f s  and then  d e c l i n e  t o  $94 a t  



FIGURE 4 

COMMERCIAL BOATER H I C K S I A N  SURPLUS FOR CONSTANT FLOW SCENARIOS AND ACTUAL T R I P  

($ PER T R I P )  
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(x 1000) 

Actual Trip Values Scenarios Values 



FIGURE 5 

PRIVATE BOATER H I C K S I A N  SURPLUS FOR CONSTANT FLOW SCENARIOS AND ACTUAL T R I P  

($ PER T R I P )  

Surplus 
Value 

Per Trip 
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(x 1000) 
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25,000 c f s  and $52 a t  40,000 c f s  ( see  Figure 6 ) .  While the scenar io  est imates  

can not be used t o  def ine  a unique optimum flow due t o  t h e i r  d i s c r e t e  na ture ,  

the optimum would almost c e r t a i n l y  f a l l  in  the 8,000 t o  15,000 c f s  range. 

Dav-Use Raf ters  

Estimated consumer surp lus  f o r  t h i s  group was found t o  be cons tant  a t  $26 

per t r i p  across  a l l  re levant  flows. This f inding i s  not su rp r i s ing  given t h a t  

t hese  a r e  f l a t - w a t e r  t r i p s ,  and the  only e f f e c t  of higher o r  lower flows i s  t o  

change the point of o r ig in  of the r a f t  t r i p .  The t r i p  experience i s  q u i t e  

s imi l a r  regard less  of the point of o r ig in .  

Summinq U D  

Examining Figure 6 revea ls  t h a t  while anglers  a t t a i n  a maximum value per 

t r i p  a t  10,000 c f s ,  white-water boaters  a t t a i n  t h e i r  maximums a t  29,000 and 

33,000 c f s .  In addi t ion ,  white-water boater values a re  s u b s t a n t i a l l y  higher 

than those f o r  anglers  and the flow-value funct ions f o r  conmercial passengers 

and pr iva te  boaters  a re  q u i t e  s imi l a r .  Given equal numbers of white-water 

boaters  and anglers ,  an overal l  unconstrained, optimum flow wi l l  correspond 

c lose ly  t o  the  preferences of white-water boaters .  However, i f  the number of 

anglers  g r e a t l y  exceeds the number of whi te-water  boaters ,  then,  t h e  optimum 

would occur a t  a lower flow and would approach 10,000 c f s  a t  t h e  l i m i t .  

The. flow-value funct ions were used t o  evaluate  1984 and 1985 monthly Glen 

Canyon re1 eases and t o  cal cul a t e  an unconstrained, optimum flow regime across  

a l l  t h ree  groups of r e c r e a t i o n i s t s .  These analyses were conducted using 1985 

use r a t e s  a s  a common denominator and summaries of t he  annual bene f i t s  a r e  

presented in  Table 1. The r e s u l t s  show t h a t  t he  high flow years  of 1984 and 

1985 approach the bene f i t s  of an unconstrained optimum. The t o t a l  water 

released in 1984 and 1985, respec t ive ly ,  was 20.8 and 16.6 MAF, and the  t o t a l  

annual r e l e a s e  f o r  t he  optimum regime would be 18.2 MAF. 
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TABLE 1 

E v a l u a t i o n  o f  1984 and 1985 Flow Regimes and an Unconst ra ined,  Optimum Flow 

White-Water Boa te rs  
- 

F l  ow Regime Commerci a1 P r i v a t e  A n g l e r s  A l l  Groups 

1984 9,578,038 $1,471,946 $525,591 $11,575,575 
1985 9,436,994 $1,359,037 $524,699 $11,320,730 

Uncons t ra ined  $10,197,556 
optimum 

$1,590,312 $571,264 $12,359,132 

An o p e r a t i o n a l  f l  ow regime, however, would need t o  r e f 1  e c t  c o n s i d e r a t i o n s  

f o r  f i s h  spawning h a b i t a t ,  beach e r o s i o n  and o t h e r  env i ronmenta l  c o n s i d e r a t i o n s .  

I n  e f f e c t ,  managing r e l e a s e s  f r o m  Glen Canyon Dam i n v o l v e s  a  complex b a l a n c i n g  

o f  many env i ronmen ta l ,  o p e r a t i o n a l  and 1  ega l  c o n s i d e r a t i o n s .  R e c r e a t i o n a l  use 

o f  t hese  f l o w s  forms a  sma l l ,  y e t  s t i l l  i m p o r t a n t  component o f  t h i s  process.  

COMPARISON OF ACTUAL T R I P  AND SCENARIO VALUE ESTIMATES 

The s c e n a r i o  and a c t u a l  t r i p  v a l u e  e s t i m a t e s  a r e  o n l y  comparable f o r  

wh i  t e - w a t e r  boa te rs .  A  v i s u a l  i n s p e c t i o n  o f  F i g u r e s  4  and 5  r e v e a l s  t h a t  t h e  

s c e n a r i o  e s t i m a t e s  appear t o  cor respond c l o s e l y  t o  t h e  a c t u a l  t r i p  e s t i m a t e s  a t  

f l o w  l e v e l s  below 20,000 c f s ,  b u t  d i v e r g e  a t  moderate f l o w s  f r o m  25,000 t o  

35,000 c f s .  The s c e n a r i o  and a c t u a l  t r i p  f l o w - v a l u e  f u n c t i o n s  appear t o  

converge once aga in  a t  h i g h  f l o w  l e v e l s  above 40,000 c f s .  The d i ve rgence  t h a t  

occu rs  a t  moderate f l o w  l e v e l s ,  app rox ima te l y  t h e  optimum f o r  b o t h  commercial 

passengers and p r i v a t e  boa te rs ,  may be due t o  t h e  f a c t  t h a t  a  s c e n a r i o  was n o t  

e v a l u a t e d  f o r  a  s p e c i f i c  f l o w  w i t h i n  t h i s  range.  The s c e n a r i o  f l o w - v a l u e  

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

22,000 and 40,000 c f s .  



This visual comparison indicates that the scenario estimates do maintain 

ordinal rankings that are consistent with the actual trip flow-value functions. 

However, if only scenarios were employed, it would be difficult to state that 

the highest scenario values correspond to an optimum flow due to the 

discontinuities in the resulting flow-value functions. 

A second issue of concern deals with the use of the scenario estimates as 

cardinal measures. This is due to the absolute differences between the 

scenario estimates and the corresponding actual trip estimates (Table 2) .6 

The 1 argest absol ute differences for commerci a1 passengers and private 

boaters, respectively, are $404 at 40,000 cfs and $149 at 5,000 cfs. These 

discrepencies may be explainable, in part, by the inate difference in the two 

types of evaluations. The actual trip question yielded ex ante estimates which 

are based on actual experience. In contrast, the scenarios generate ex ante 

evaluations that can be influenced by the information presented to respondents 

about the proposed environmental conditions . 
For example, the difference between the scenario and actual trip estimates 

at 40,000 cfs for commercial passengers may be due to the safety information 

presented in the scenario. That is, the safety information may have acted to 

reduce the scenario estimate. On the other hand, safety considerations may not 

have entered the actual trip evaluation as strongly since respondents may only 

recall the large "roller-coaster rides" through the rapids at high flow levels. 

If nothing bad happened, respondents may only remember the high flow as a very 

exciting experience. 

The divergence between the actual trip and scenario values may not be as 

dramatic for private boaters at a flow of 40,000 cfs because these respondents 

were relatively more experienced with the river and with white-water rafting 

in general. They averaged two trips down the section of the Colorado River 



TABLE 2. Comparable Actua l  T r i p  and Scenar io Est imates o f  H icks ian  Surplus f o r  White-Water Boaters 

Commerci a1 Passengers P r i v a t e  Boaters 
- - 

Absolu te  D i f f e r e n c e  Absolu te  Di f ference 
Flow Actua l  Absolute As a Percent o f  Actua l  Absolute As a Percent o f  
(c fs )  T r i p  Scenar io D i  f ference* Actua l  T r i p  Val ue T r i  p Scenar io D i  f fe rence*  Ac tua l  T r i p  Val ue 

5,000 $130 $176 $ 46 

13,000 427 488 6 1 

22,000 744 602 142 

40,000 84 3 439 404 

Average - - -  - - - 163 

* 
The absol u t e  d i f f e r e n c e s  were c a l c u l a t e d  by t a k i n g  t h e  abso lu te  va lue o f  t h e  d i f f e r e n c e s  between t h e  

F 
corresponding ac tua l  t r i p  and scenar io  values a t  each f l o w  l e v e l .  



under study. For commercial passengers, a  Grand Canyon wh i te -wate r  r a f t  t r i p  

i s  a  once i n  a  l i f e t i m e  experience. 

F i n a l l y ,  an a d d i t i o n a l  i n s i g h t  i s  revea led  by examining t h e  d i f f e r e n c e s  

between t h e  scenar io  est imates and t h e  cor responding ac tua l  t r i p  es t imates  as 

percentages o f  t h e  ac tua l  t r i p  est imates.  Four o f  t h e  d i f f e r e n c e s ,  when 

expressed as percentages, a re  l e s s  than 20 percent  and o n l y  one exceeds 50 

percent .  When t h i s  one extreme d i f f e r e n c e  (177 percen t )  i s  removed f rom 

cons idera t ion ,  t h e  o v e r a l l  average o f  t h e  d i f f e r e n c e s  d i v i d e d  by t h e  

corresponding ac tua l  t r i p  est imates i s  27 percent .  A cu r so ry  rev iew o f  

p rev ious  CV s t ud ies  r e p o r t i n g  standard e r r o r s  o f  es t imated mean va lues revea l s  

t h a t  i t  i s  n o t  unusual f o r  95 percent  conf idence i n t e r v a l s  t o  i n c l u d e  va lues 

w i t h i n  p l u s  o r  minus 30 percent  o f  t h e  est imated mean (Boyle and Bishop, 1988; 

Edwards and Anderson, 1987; Samples, Dixon and Gowen, 1986; and S e l l  a r ,  St01 1  

and Chavas, 1985). I n  some instances t h e  conf idence i n t e r v a l s  i n c l u d e  va lues 

up t o  p l u s  o r  minus 50 percent  o f  t h e  est imated mean. 

CONCLUSION 

The d i scuss ion  i n  t h e  preceding sec t i on  i n d i c a t e s  t h a t  t h e  scenar io  

est imates a re  p l a u s i b l e ,  b u t  they  should n o t  be i n t e r p r e t e d  as p e r f e c t  

s u b s t i t u t e s  f o r  va lues based on ac tua l  exper ience. Th i s  i s  e s p e c i a l l y  t r u e  

when est imates w i l l  be used as c a r d i n a l  measures o f  w e l f a r e  g a i n  o r  l o s s  i n  

b e n e f i t - c o s t  analyses. It i s  n e a r l y  imposs ib le  t o  i d e n t i f y  an optimum 

c o n d i t i o n  and those who have t h e  most t o  g a i n  o r  lose ,  as t h e  case may be, can 

be s h o r t  changed by under o r  over  est imates o f  H icks ian  surp lus .  On t h e  o the r  

hand, scenar io  va lues may be t h e  bes t  a v a i l a b l e  est imates.  The r e s u l t s  

presented here i n d i c a t e  t h a t  est imates o f  va lue based on scenar ios  would be 

acceptable t o  use i n  t h i s  case. However, c a r e f u l  cons ide ra t i on  needs t o  be 

g i ven  t o  t h e  t ypes  o f  i n f o rma t i on  and l e v e l  o f  d e t a i l  presented i n  t b e  

scenar ios,  and how t h e  r e s u l t i n g  est imates w i l l  be i n t e r p r e t e d  and used i n  

po l  i c y  analyses. 



REFERENCES 

Bishop, Richard C., e t  a1 . 1987. "Glen Canyon Dam Re1 eases and Downstream 
Recreat ion:  An Ana lys is  o f  User Preferences and Economic Values."  HBRS, 
Madison, W I .  Glen Canyon Environmental S tud ies  F i n a l  Report t o  t h e  U.S. 
Bureau o f  Recl amat i on. 

Bishop, Richard C.,  Thomas A. Heber le in ,  and Mary Jo Kealy.  1983. "Cont ingent 
Va lua t ion  of Environmental Assets: Comparisons w i t h  a Simulated Market."  
Na tu ra l  Resources Journa l  23: 619-33. 

Boyle, Kev in  J., and Richard C. Bishop. 1988. "Wel fare Measurements Using 
Cont ingent  Va lua t ion :  A Comparison o f  Techniques." American Journa l  o f  
Aq r i  c u l  t u r a l  Economics 70. 

Brookshi re ,  David S., e t  a1 . 1982. "Va lu ing  Publ i c  Goods: A Comparison o f  
Survey and Hedonic Approaches." American Economic Review 72:165-77. 

Cameron, Trudy Ann, and M i c h e l l e  D. James. 1987. " E f f i c i e n t  Es t ima t i on  
Methods f o r  "Closed-Ended" Cont ingent Va lua t ion  Surveys." The Review o f  
Economics and S t a t i s t i c s  69:269-76. 

D i ck i e ,  Mark, Ann F isher ,  and Shelby Gerking. 1987. "Market Transact ions and 
Hypo the t i ca l  Demand Data: A Con~parat ive Study. " Journa l  o f  t h e  American 
S t a t i s t i c a l  Assoc ia t ion  82:69-75. 

Edwards, Steven F., and Glen D. Anderson. 1987. "Overlooked Biases i n  
Cont ingent  Va lua t ion  Surveys: Some Considerat ions.  " Land Economics 
63:168-78. 

Hanemann, Michael  W. 1984. "Welfare Eva lua t ions  i n  Cont ingent  Va lua t i on  
Experiments w i t h  D i s c r e t e  Responses." American Journa l  o f  A q r i c u l t u r a l  
Economics 66:332-41. 

Heber le in ,  Thomas A., and Richard C. Bishop. 1986. "Assessing t h e  V a l i d i t y  o f  
Cont ingent  Va lua t ion :  Three F i e l d  Experiments." The Science o f  t h e  To ta l  
Environment 56:99-107. 

M i t c h e l l  , Robert C., and Richard T. Carson. 1988. Using Surveys t o  Value 
Publ i c  Goods: The Cont ingent Va lua t ion  Method. Washington, 
D.C. :Resources f o r  t h e  Future.  

Samples, Ka r l  C.,  John A. Dixon, and Marc ia  M. Gowen. 1986. " I n f o rma t i on  
Di s c l  osure and Endangered Species Val u a t i  on. " Land Economics 62 :306- 12. 

S e l l e r ,  C h r i s t i n e ,  John R. S t o l l  , and Jean-Paul Chavas. 1985. "Val i d a t i o n  o f  
Emp i r i ca l  Measures o f  Welfare Change: A Comparison o f  Nonmarket 
Techniques." Land Economics 61:156-75. 

Smith, V.  Kerry ,  W i l l i a m  H. Desvousges, and Ann F isher .  1986. "A Comparison 
o f  D i r e c t  and I n d i r e c t  Methods f o r  Es t imat ing  Environmental B e n e f i t s . "  
American Journa l  o f  A q r i c u l t u r a l  Economics 68:280-90. 

Welsh, Michael P. 1986. "Exp lo r ing  t h e  Accuracy o f  t h e  Cont ingent  Va lua t i on  
Method: Comparisons w i t h  Simulated Markets." Ph.D. d i s s e r t a t i o n ,  
U n i v e r s i t y  o f  Wisconsin-Madison. 



FOO'TNO'TES 

1. Selected paper, annual meetings o f  t h e  American A g r i c u l t u r a l  Economics 

Assoc ia t ion,  Michigan S ta te  U n i v e r s i t y ,  August 2-5, 1987. Th is  research 

was funded by a  c o n t r a c t  from t h e  U.S. Bureau o f  Reclamation t o  HBRS, 

Madison, W I .  

2. Boyle, Welsh and Bishop are a l s o  assoc ia ted w i t h  HBRS. We would l i k e  t o  

thank  Steve R e i l  i n g  f o r  h i s  h e l p f u l  comments. O f  course, a l l  e r r o r s  a re  

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

3 .  Glen Canyon Dam i s  used f o r  peak power generat ion,  and a t  such t imes, 

downstream f lows  can vary  d r a m a t i c a l l y  du r i ng  a  24-hour per iod .  Thus, 

two types o f  f l ows  were evaluated. The f i r s t ,  constant  f lows,  occur when 
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d a i l y  f l u c t u a t i o n s  exceed 10,000 c f s .  We o n l y  r e p o r t  t h e  v a l u a t i o n  

r e s u l t s  f o r  constant  f l ows  s ince  va lues f o r  these f l ows  were found t o  

dominate those f o r  f l  uc tua t i ng  f lows.  
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:tNTRODUCTION 

The prospect  o f  v a l u i n g  environmental se r v i ces  through t h e  demand f o r  

market goods i s  we1 1 es tab l  ished. Maler i d e n t i f i e s  "weak cor r~p le~ i ien ta r i t y "  

[ (1974) ,  p. 1831 as t h e  bas i c  s u f f i c i e n t  cond i t i on .  Weak complementar i ty 

imp l i es  t h a t  ( 1 )  t h e  environmental  se r v i ce  o f  i n t e r e s t  i s  enjoyed j o i n t l y  w i t h  

a  market good and (2 )  t h e  i n d i v i d u a l  i s  i n d i f f e r e n t  t o  changes i n  t h e  

environmental  se r v i ce  when t h e  q u a n t i t y  demanded o f  t h e  market good i s  zero.  

Independent ly,  B rad fo rd  and H i ldebrand t  (1977) develop t h e  weak 

complementar i ty concept f o r  t h e  case o f  m u l t i p l e  market goods. 

A drawback o f  t h e  weak complementar i ty approach i s  t h a t  i t  o f t e n  r e q u i r e s  

a  s u b s t a n t i a l  da ta  base. For example, g i ven  J p r i c e s  and K environmental  

serv ices,  t h e  weak complementar i ty approach r e q u i r e s  v a r i a t i o n  across a t  l e a s t  

J + K parameters i n  o rder  t o  es t imate  an appropr ia te  demand f unc t i on . '  These 

da ta  requirements make a p p l i c a t i o n  d i f f i c u l t .  Appropr ia te  s e r i a l  da ta  appear 

t o  be v i r t u a l l y  nonex is ten t ;  t h e r e  a re  no w ide l y  recognized s tud ies  t h a t  have 

been ab le  t o  use s e r i a l  p r i c e  and environmental  v a r i a t i o n  t o  es t imate  t h e  weak 

complementar i ty r e1  a t i o n .  Trave l  cos t  appl i c a t i o n s  us ing  s p a t i  a1 p r i c e  and 

environmental  v a r i a t i o n  a re  somewhat more common. Smith, Desvousges, and 

F i she r  (1986) and Vaughn and Russel l  (1982) exempl i f y  t h e  use o f  t h e  t r a v e l  

c o s t  technique f o r  v a l u i n g  environmental  qua1 i t y .  

I n  t h i s  paper, we suggest a  new method f o r  es t ima t i ng  t h e  weak 

complementar i ty r e l a t i o n s h i p .  Using an argument f i r s t  i n t roduced  by F isher  and 

She l l  (1971), we reduce t h e  d imens iona l i t y  o f  t h e  es t ima t i on  problem by 

i n t r o d u c i n g  t h e  i dea  o f  q u a l i t y  ad justed p r i ces .  With q u a l i t y  ad jus ted  p r i ces ,  

v a r i a t i o n  i n  environmental  q u a l i t y  alone i s  s u f f i c i e n t  f o r  demand es t ima t i on .  



The q u a l i t y  ad jus ted  p r i c e  method i s  a p p l i e d  t o  t h e  v a l u a t i o n  o f  s i t e -  

s p e c i f i c  v i e w i n g  s e r v i c e s  a t  a  major urban observa t ion  p o i n t ,  t h e  Hancock Tower 

Observatory  (HT) i n  Chicago, I L .  The HT case i s  i n t e r e s t i n g  f o r  t h r e e  reasons. 

F i r s t ,  admission p r i c e s  a r e  t y p i c a l l y  changed o n l y  once a  year  and v i s i t a t i o n  

records  a r e  kep t  f o r  o n l y  a  few years  a t  a  t ime.  Ord ina ry  demand e s t i m a t i o n  

procedures a re  t h e r e f o r e  n o t  f e a s i b l e .  Second, t h e  a b i l i t y  t o  see t h e  Chicago 

1  andscape v a r i e s  w i t h  day t o  day changes i n  v i s u a l  a i r  qua l  i t y .  T h i s  v a r i a t i o n  

i n  v iew ing  se rv i ces  makes i t  p o s s i b l e  t o  d e f i n e  a  q u a l i t y  a d j u s t e d  p r i c e  w i t h  

s u f f i c e n t  v a r i a t i o n  t o  e s t i m a t e  demand. Th i rd ,  a g a i n s t  a  background o f  

c o n t i n u i n g  r e g u l a t o r y  i n t e r e s t  i n  v i s u a l  a i r  qual  i t y  [Bachman (1985)], t h e  HT 

case p r o v i d e s  an o p p o r t u n i t y  t o  es t ima te  t h e  v a l u e  o f  v i s u a l  a i r  q u a l i t y  

th rough  t h e  use o f  r e a l i z e d ,  r a t h e r  than  con t ingen t ,  behav ior .  

The HT case demonstrates t h e  f e a s i b i l i t y  o f  t h e  q u a l i t y  ad jus ted  p r i c e  

method. P r i c e  e l a s t i c i t i e s  es t imated on qual i t y  ad jus ted  p r i c e s  range f rom 

-1.055 t o  -1.090. S t a t i s t i c a l  t e s t s  f i n d  no s i g n i f i c a n t  d i f f e r e n c e  between 

these es t ima tes  and t h e  HT p r i c e  e l a s t i c i t y  o f  -1.146 es t ima ted  by a  p rev ious  

s tudy u s i n g  an o r d i n a r y  demand approach and a  d i f f e r e n t  s e r i a l  d a t a  s e t .  

The q u a l i t y  ad jus ted  p r i c e  method i n d i c a t e s  t h a t  a  t e n  percen t  i nc rease  

i n  v i s u a l  a i r  q u a l i t y  r e s u l t s  i n  an s i t e - s p e c i f i c  i nc rease  o f  $56,000 t o  

$69,000 per  year  i n  aggregate surp lus .  E l a s t i c i t y  es t ima tes  f rom t h e  o r d i n a r y  

demand approach i n d i c a t e  an aggregate su rp lus  o f  $71,000 f o r  t h e  same inc rease  

i n  q u a l i t y .  

WEAK COMPLEMENTARITY AND THE QUALITY ADJUSTED P R I C E  METHOD 

The weak coniplementar i ty approach (WCA) va lues a  change i n  environmental  

q u a l i t y  through t h e  demand f o r  a  market good. An a l g e b r a i c  statement o f  t h e  

WCA c l a r i f i e s  both  i t s  conceptual  and e m p i r i c a l  requ i rements .  



We beg in  w i t h  an i n d i v i d u a l  t h a t  de r i ves  u t i l i t y ,  u, f rom bo th  market 

J goods, x  E R  , and environmental  se rv ices ,  s  E R ~ .  The s e r v i c e  indexes, s, 

a re  de f i ned  i n  an e n t i r e l y  general  fash ion  and may i n c l u d e  a t t r i b u t e s  o f  bo th  

market and nonmarket se rv ices .  Given market p r i ces ,  p, we can d e f i n e  an 

expend i tu re  f unc t i on ,  e(p,u;s) t h a t  i s  concave and i nc reas ing  i n  p, and convex 

and decreas ing i n  s . ~  A t  an i n i t i a l  se t  o f  p r i ces ,  u t i l i t y ,  and environmental  

se rv ices ,  t h e  expendi ture f u n c t i o n  i s  equal t o  an i n d i v i d u a l ' s  i n i t i a l  income, 

m. The v e c t o r  o f  income compensated o r  H icks ian  demands i s  de r i ved  by 

d i f f e r e n t i a t i n g  e(m) w i t h  respec t  t o  p, Dp-e(p,u;s) = X ( ~ , U ; S ) . ~  

Suppose t h a t  t h e  i t h  market good, x i ,  i s  weakly complementary t o  t h e  i t h  

q u a l i t y  index, si. Le t  p-i and s-i denote, r espec t i ve l y ,  t h e  p r i c e  and 

environmental  se r v i ce  vec to rs  w i t h  t h e i r  i t h  elements, pi and s i ,  de le ted .  
* 

Le t  pl be a  p r i c e  such t h a t  ~ ~ ( p ~ , p _ ~ , u ; s )  = 0 f o r  a l l  s i .  The WCA r e q u i r e s  
* 

t h a t  e ( ~ ~ , p - ~  ,u;si ,s- i )  i s  a  constant  f o r  a l l  si [Small and Rosen (1981 ) l .  

I f  t h e  requirements o f  t he  WCA are met, t he  H i cks i an  w e l f a r e  measure f o r  

0 1 a  change f rom an i n i t i a l  s i  t o  a  subsequent si i s  

where pp i s  t h e  i n i t i a l  p r i c e  [Small and Rosen (1981) l .  Equat ion ( 1 )  computes 

hm as t h e  d i f f e r e n c e  between t h e  area under t h e  demand f o r  xi eva luated a t  s i  

and t h e  area under t h e  demand f o r  x i  eva luated a t  sp. The q u a n t i t y  hm i s  a  

H icks ian  compensating measure i f  u  i s  t h e  i n i t i a l  l e v e l  o f  u t i l i t y .  

Because t h e  H i cks i an  demands a re  no t  d i r e c t l y  observable,  an approx imat ion 

o f  hm begins w i t h  an es t imate  o f  t h e  Marshal l  i a n  demand, xi (p,m;s) . 4  A general  

es t imate  o f  xi(p,m;s) r e q u i r e s  v a r i a t i o n  across xi, p, m, and s  - -  across 

J + K  + 2  dimensions. However, these da ta  requirements can be reduced. For 

ins tance,  i f  we assume t h a t  changes i n  pi, m, and si a re  unco r re l a ted  w i t h  



changes i n  p-i and s-i, unbiased l e a s t  squares est imates o f  t h e  c o e f f i c i e n t s  of 

p i ,  m, and s i  i n  xi (p,m;s) can sometimes be obta ined w i t h  v a r i a t i o n  i n  o n l y  

t h r e e  dimensions - -  those i n v o l v i n g  pi, si, and m. Data requirements can be 

reduced t o  v a r i a t i o n  i n  pi and si a lone i f  we assume t h a t  p i  and s i  a re  

unco r re l a ted  w i t h  changes i n  m. Un fo r tuna te ly ,  t he re  a re  many cases where even 

these l a s t ,  r a t h e r  l i m i t e d  da ta  requirenients may n o t  be met. For ins tance,  i n  

t h e  case o f  HT, pi i s  v i r t u a l l y  constant  over l o n g  per iods  o f  t ime. 

The qual i t y  ad jus ted  p r i c e  method (QAPM) i s  use fu l  where e x i s t i n g  

v a r i a t i o n  i n  p i  o r  s i  i s  i n s u f f i c i e n t  t o  es t imate  xi(p,m;s). The bas i c  

approach i s  t o  s u b s t i t u t e  a  q u a l i t y  a d j l i s t e d  p r i c e  pi f o r  p i  where pi i s  a  

f u n c t i o n  o f  bo th  pi and si. 

The i d e a  o f  a  qual  i t y  ad jus ted  p r i c e  i s  a  general  concept [F isher  and 

0  S h e l l  (1971); Deaton and Muel lbauer (1980) l .  For ins tance,  g i ven  a  f i x e d  si, 

i t  i s  always poss ib l e  t o  f i n d  a p r i c e  index ti such t h a t  

(2) 
A A 

~ ( P ~ , P - ~ , u ; s ~ , s - ~ )  = ~ ( P ~ , P , u ; s P ~ s - ~ )  
A 

f o r  any s i  [Deaton and Muel lbauer (1980) l .  I n  i t s  most general  form, pi i s  a  

f unc t i on  of p, s, and u. Thus, i n  t h i s  general  form, ti does n o t  he lp  w i t h  

t h e  d imens iona l i t y  problem. 

F i she r  and S h e l l  show t h a t  t h e  general  form of Bi can be s i m p l i f i e d  i f  
A 

one assumes t h a t  Dsi-pi i s  independent o f  t he  o f  p-i, s-i, and u. I n  t h i s  

case, t h e  q u a l i t y  ad justed p r i c e  can be w r i t t e n  as a  s imple f u n c t i o n  o f  pi and 

s i  alone; s p e c i f i c a l l y ,  pi = pi/si. Using pi, t h e  expendi ture f u n c t i o n  i s  

( 3  ~ ( P ~ , P - ~ , U ; S ~ , ~ - ~ )  = g(Pi,~-i,u;s-i) 

and t he  i t h  compensated demand i s  

( 4 )  X i  = x ~ ( P ~ , P - ~ , u ; s ~ , s - ~ )  = g i ( p i , ~ - i , ~ ; ~ - i ) / ~ i  

where g i  = Dpi-Z(*) i s  t he  demand f o r  t o t a l  se rv ices ,  x i  t in ies si, a v a i l a b l e  

through t h e  purchase of x i .  I n  o rde r  t o  s p e c i f y  t he  demand f o r  xi, one 

focuses on s p e c i f y i n g  appropr ia te  s i  and gi . 



Given an es t imate  o f  g ( - ) ,  one can approximate equa t ion  us ing  t h e  

Ma rsha l l i an  demand, x i ( - )  = g( - ) /s i ,  i n  p lace  o f  t h e  H i cks i an  compensated 

demand, xi (p,u;s). Th i s  approximat ion i s  ve ry  c l ose  t o  t h e  unde r l y i ng  hm i f  

the  income e l a s t i c i t y  o f  demand o r  t he  budget share o f  x i ( - )  i s  smal l  [ W i l l i g  

(1976) l .  

Ove ra l l ,  t h e  QAPM reduces two b a r r i e r s  t o  t h e  es t ima t i on  o f  x i  and hm. 

F i r s t ,  i t  reduces t h e  o v e r a l l  d imens iona l i t y  o f  t h e  e s t i m a t i o n  problem by t h e  

number o f  environmental  se rv ices  t h a t  can be r e s p e c i f i e d  i n  terms o f  qual i t y  

ad jus ted  p r i ces .  Second, where p r i c e  v a r i a t i o n  i s  absent, t h e  QAPM can be 

used t o  i n t r oduce  q u a l i t y  ad justed p r i c e  v a r i a t i o n  t h a t  may be s u f f i c i e n t  f o r  

t h e  e s t i m a t i o n  o f  a  demand f unc t i on .  

THE DEMAND FOR VIEWING SERVICES AT HANCOCK TOWER 

Hancock Tower (HT) p rov ides  an average o f  350,000 v i s i t o r s  a  year  w i t h  an 

oppo r t un i t y  t o  v iew t h e  Chicago landscape. Because t h e  q u a l i t y  o f  t h e  HT view 

v a r i e s  w i t h  v i s u a l  a i r  q u a l i t y ,  d a i l y  v i s i t a t i o n  a t  HT i s  p o s i t i v e l y  

c o r r e l a t e d  w i t h  changes i n  v i s u a l  range - -  t h e  maximum d i s t ance  a t  which 

ob jec t s  can be seen aga ins t  t h e  hor i zon  [Horvath (1981) l .  The o b j e c t i v e  o f  

our  emp i r i ca l  research was t o  va lue changes i n  v i s u a l  range a t  HT through t h e  

demand f o r  HT admissions. Since HT admission p r i c e s  were v i r t u a l l y  constant  

d u r i n g  t h e  year  and a  h a l f  f o r  which we had data, aggregate demand was 

s p e c i f i e d  us i ng  t h e  QAPM. 

The HT demand r e l a t i o n  may be viewed as a  f u n c t i o n  o f  admission p r i c e ,  

ph, t h e  p r i c e s  o f  s u b s t i t u t e s  and complements, po, and an index o f  v iew 

qual i t y ,  s ~ . ~  C l i m a c t i c  and weather va r i ab l es ,  z, such as r a i n  and snow may 

a l so  a f f e c t  HT demand due t o  t h e i r  impact on t h e  nonmonetary cos t s  o f  a  t r i p  

t o  downtown Chicago. Times s e r i e s  va r i ab l es ,  t, such as t h e  season o f  t h e  

year  and day o f  t h e  week e f f e c t s ,  may s h i f t  t he  demand f u n c t i o n  due t o  l ong  



t e rm  l e i s u r e  p lans  and convent iona l  l a b o r  con t rac t s  [Hoehn (1986) l .  I n  l o g -  

l i n e a r  form, t h e  demand r e l a t i o n  i s  

(5)  x  = ~ ( ~ ~ / s ~ ) ~ ~ ( ~ ~ ~ ) ~ e x ~ ( z c  + t d  + e)/sh 

where A i s  a  constant ,  e  i s  a  lognorma l l y  d i s t r i b u t e d  e r r o r  term, and each 

element o f  po would be entered i n  t h e  same fash ion  as t h e  p r i c e  p o i  .6 Because 

ph i s  a  constant ,  (5) reduces t o  

(6)  x  = ~ ( s ~ ) ~ - ~ ( ~ ~ ~ ) ~ e x ~ ( z c  + t d  + e) 

where B = ~ ( p ~ ) - ~  i s  a  constant .  Equat ion (6) con ta ins  no e x p l i c i t  HT 

admission p r i c e  i n f o rma t i on  - -  y e t  i t  does con ta i n  i n f o rma t i on  on t h e  p r i c e  

e l a s t i c i t y  o f  demand. S p e c i f i c a l l y ,  t h e  exponent on t h e  v iew ing  se rv i ces  

index, st,, i s  t h e  abso lu te  va lue  o f  t h e  p r i c e  e l a s t i c i t y ,  a, minus one. 

Two d i f f e r e n t  indexes o f  v iew ing  q u a l i t y ,  sh, were used i n  e m p i r i c a l l y  

implementing equa t ion  (6 ) .  F i r s t ,  sh was assumed t o  be equal t o  v i s u a l  range, 

v. Th is  f i r s t  index was in tended t o  account f o r  t h e  depth o f  t h e  HT view. 

The second index was in tended t o  account f o r  depth, t h e  b read th  o f  a  view, and 

t h e  f a c t  t h a t  s i m i l a r  ob jec t s  a t  d i f f e r e n t  d is tances  f rom an observer may 

y i e l d  d i f f e r e n t  v iewing serv ices .  The second index measures o v e r a l l  v iewing 

serv ices,  
v  

(7 )  vs = I 2nrexp( -7 r )d r  = 2 n [ l  - ( 1  + r v ) e x p ( - r v ) ] / ( r 2 ) .  
0 

I n  (7), t h e  term 27rr rep resen ts  t h e  p o t e n t i a l  t o  v iew ob jec t s  i n  a  c i r c l e  o f  

r a d i u s  r about t h e  tower.  Th i s  c i r c u l a r  e f f e c t  takes i n t o  account t h e  breadth 

o f  t he  HT view. The view a long each c i r c l e  i s  d iscounted a t  a  r a t e  7 us ing  

t h e  te rm e x p ( - r r ) .  To account f o r  depth, t h e  p o t e n t i a l  v iew a t  r a d i u s  r i s  

summed from 0 t o  t h e  maximum d i s t ance  a t  which o b j e c t s  can be seen, v. 



Assuming t h a t  income e f f e c t s  a re  negl i g i  b l e  f o r  HT v i s i t a t i o n ,  su rp lus  

est imates can be computed d i r e c t l y  f rom an es t imate  o f  ( 6 ) .  Fo l low ing  

equat ion ( I ) ,  hm f o r  a  change f rom s i  t o  sh i s  

(8) 
0  1 0  1 0  

hm(sh,sh) = [ ~ h / ( a - l ) l [ ( x  /x - 1 . 1 ~  0  

where pi i s  t h e  p r i c e  o f  admission t o  HT, x1 i s  HT v i s i t a t i o n  a t  sh, and xo i s  

HT v i s i t a t i o n  a t  s i .  For t h e  l og -1  i n e a r  form, t h e  c a l c u l a t i o n  o f  su rp lus  

0  reduces t o  a  s imple formula:  t h e  average surp lus  obta ined per  v i s i t  - -  ph 

d i v i d e d  by (a-1)  - -  t imes t h e  percentage change i n  v i s i t a t i o n  brought  about by 

0  t h e  change i n  v iew ing  q u a l i t y  t imes t h e  i n i t i a l  l e v e l  o f  v i s i t a t i o n ,  x  . 
0  1 Impor tan t l y ,  even i f  ph i s  constant,  (a-1) ,  x  , and x  can be ob ta ined  f rom an 

es t imate  o f  equa t ion  ( 8 ) .  

THE VALUE OF AN IMPROVEMENT I N  VISUAL RANGE AT HANCOCK TOWER 

The HT demand r e l a t i o n  g i ven  i n  (6) was est imated us i ng  o r d i n a r y  l e a s t  

squares and d a i l y  v i s i t a t i o n  da ta  beginn ing on January 1, 1979 and ending on 

June 30, 1980. Ord inary  l e a s t  squares was appropr ia te  s ince  t h e  supply  o f  

admissions cou ld  be viewed as p e r f e c t l y  e l a s t i c  w i t h i n  t h e  range o f  

v i s i t a t i o n .  The est imated equat ions exp la ined approx imate ly  60 percent  o f  t h e  

v a r i a t i o n  i n  v i s i t a t i o n  and c o e f f i c i e n t  es t imates were c o n s i s t e n t  w i t h  

i n t u i t i o n .  I t e r a t e d  l e a s t  squares was used t o  s e l e c t  va lues o f  7 i n  t h e  

v iewing se rv i ces  index. Values o f  7 between 0.10 and 0.12 maximized t h e  

exp la ined v a r i a t i o n  i n  d a i l y  v i s i t a t i o n  and were se lec ted  as t h e  bes t  

est imates o f  7 [Granger and Newbold (1976) l .  

Table 1 presents  t h e  est imates o f  (a-1)  and t h e  HT v a l u a t i o n   result^.^ 
Resul ts  a re  g i ven  f o r  bo th  t h e  QAPM ana l ys i s  c a r r i e d  ou t  i n  t h i s  paper and, i n  

t he  f o u r t h  column, f o r  a  p rev ious  ana l ys i s  [Hoehn (1986) l  t h a t  used an 

o rd i na ry  demand approach and a  d i f f e r e n t  s e r i a l  da ta  se t .  We f i r s t  rev iew t h e  

QAPM r e s u l t s  and then use t h e  prev ious ana l ys i s  as a  p o i n t  o f  comparison. 



TABLE 1 
HT Surp lus  Est imates Obtained f rom t h e  Qua1 i t y  

Adjusted P r i c e  Method and an Ord inary  Demand ~ n a l y s i s ~  

Est imate Q u a l i t y  Ad justed P r i c e  Method Ord i  na ry  
Demand 

Visua l  V i s i b i l i t y  V i s i b i l i t y  ~ n a l ~ s i s ~  
Range Services,  Serv ices,  

7 = t 0 0 . 1 0  7 = t 0 0 . 1 2  

1. Est imate o f  (a-1)  0.0904 0.0550 0.0565 0.1460' 

2. Standard e r r o r  0.0189 0.0113 0.0117 0.4.15 

3. t - s t a t i s t i c  f o r  t h e  
d i f f e r e n c e  f rom t h e  
QAPM v i s u a l  range 
es t ima te  - 

4. t - s t a t i s t i c  f o r  t h e  
d i f f e r e n c e  f rom t h e  
o r d i n a r y  demand 
a n a l y s i s  e s t i m a t e  0.41 0.67 0.66 

5. Surp lus  p e r  a d d i t i o n a l  

v i s i t  ( $ l d  18.5 30.4 29.6 1 5 . 0 ~  

6. Change HT d a i l y  
v i s i t a t i o n  f o r  a  f o r  
a  10% change i n  V 8.3 6.2 5.7 13.0 

7. T o t a l  su rp lus  induced 
by a  10% change i n  V 
($ Per day) 154 188 169 1 9 5 ~  

. Do1 1  a r  va lues g i v e n  a t  t h e  1980 p r i c e  1  eve1 . 

. Est imates a r e  computed f r o n  t h e  r e s u l t s  g i v e n  i n  Hoehn (1986). 

. The es t ima te  o f  (a-1) and i t s  s tandard e r r o r  a re  computed f rom r e s u l t s  
g i v e n  i n  Hoehn (1986). Since t h e  Hoehn reg ress ion  es t ima ted  a  demand 
equa t ion  t h a t  was exponen t ia l  i n  admission p r i c e ,  an e s t i m a t e  o f  "a"  was 
computed by t a k i n g  t h e  p roduc t  o f  t h e  Hoehn c o e f f i c i e n t  es t imate,  0.533, 
and t h e  average p r i c e  o f  admission, 2.15, f o r  t h e  t i m e  p e r i o d  analyzed. 
The s tandard e r r o r  es t ima te  was computed by ~ i i u l t i p l y i n g  t h e  s tandard 
e r r o r  o f  t h e  Hoehn c o e f f i c i e n t  by t h e  average p r i c e  o f  admission. 

d.  These es t ima tes  a re  c o r r e c t e d  f o r  t h e  f a c t  t h a t  t h e  p r i c e  e l a s t i c i t y  i s  a  
random v a r i a b l e .  The c o r r e c t i o n  f o l l o w e d  Mood, G r a y b i l l ,  and Boes 
[(1974), p. 1801. 

e. Computed u s i n g  o r d i n a r y  demand est imates and equa t ion  (8 ) .  



The f i r s t  two rows o f  Table 1 r e p o r t  t he  QAPM est imates o f  (a-1)  and t h e  

corresponding standard e r ro r s .  Each c o e f f i c i e n t  es t imate  i s  s i g n i f i c a n t l y  

d i f f e r e n t  from zero. The est imate o f  (a-1) f o r  t h e  v i s u a l  range and 

e x t i n c t i o n  c o e f f i c i e n t  indexes i s  about 60 percent  l a r g e r  than t h e  est imates 

obta ined w i t h  t h e  v i s i b i l i t y  se rv ices  index. Since t h i s  v a r i a t i o n  has an 

impact on va lue est imates, t he  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  

between these est imates i s  o f  i n t e r e s t .  As shown i n  t h e  t h i r d  row, these 

d i f f e rences  a re  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

The f i f t h  and s i x t h  rows o f  Table 1 r e p o r t  va lue est imates and v i s i t a t i o n  

changes f o r  a  t e n  percent  change i n  v i s u a l  range. The v i s u a l  range index 

g ives  an average surp lus  o f  $18.5 pe r  v i s i t  and a  change i n  v i s i t a t i o n  o f  8.3 

persons pe r  day. Taking t h e  product  o f  these terms as i n  equat ion (8) ,  t h e  

t o t a l  su rp lus  es t imate  i s  $154 f o r  a  t e n  percent  change i n  v i s u a l  range. 

For t h e  v iewing serv ices  index, t h e  average surp lus  obta ined from HT 

v i s i t a t i o n  i s  $30.4 pe r  v i s i t  f o r  7 equal t o  0.10 and $29.4 pe r  v i s i t  f o r  r 

equal t o  0.12. Through equat ions (7)  and (6) ,  a  t e n  percent  change i n  v i s u a l  

range induces a  change i n  v i s i b i l i t y  serv ices and a  concomitant change i n  

v i s i t a t i o n  rang ing  from 6.2 persons f o r  r equal t o  0.10 and 5.7 persons f o r  r 

equa.1 t o  0.12. The t o t a l  surp lus est imate f o r  t h e  v i s i b i l i t y  se rv ices  

equat ions ranges from $169 f o r  r equal t o  0.10 t o  $188 f o r  r equal t o  0.12. 

The QAPM t o t a l  surp lus est imates range from $154 t o  $188 f o r  a  t en  

percent  change i n  v i s u a l  range. However, t he  v i s i b i l i t y  se rv i ce  indexes d i d  

p rov ide  a  marg ina l l y  b e t t e r  f i t  t o  t h e  data.  Thus, one would suspect t h a t  t he  

t r u e  surp lus measure l i e s  i n  t h e  upper p o r t i o n  o f  t h e  est imated range. 

Add i t i ona l  perspec t i ve  on t h e  QAPM est imates comes from comparing them 

w i t h  r e s u l t s  o f  an o rd ina ry  demand ana lys is .  Hoehn (1986) used admission 

p r i c e  v a r i a t i o n  du r i ng  t he  Spr ing o f  1981 t o  est imate an o rd ina ry  demand 



f u n c t i o n  t h a t  was exponent ia l  i n  admission p r i c e .  Column 4 o f  t h e  f i r s t  row 

o f  Table 1  g i ves  t h e  es t imate  o f  (a-1) computed f rom t h e  demand parameters 

r epo r t ed  by Hoehn. The f o u r t h  row o f  Table 1 shows t h a t  t h e  d i f f e r e n c e s  

between t h e  QAPM est imates and t h e  o rd i na ry  demand es t imate  a re  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  Thus, i n  terms o f  parameter es t ima t i on ,  t h e  QAPM 

appears t o  per form a t  l e a s t  as w e l l  as an o rd i na ry  demand ana l ys i s .  

Surp lus est imates computed us ing  t h e  QAPM compare very  f avo rab l y  w i t h  

those ob ta ined  us ing  t he  o rd i na ry  demand est imates.  The f o u r t h  column o f  t h e  

f i f t h  and seventh rows i n  Table 1  g i v e  su rp lus  est imates t h a t  were computed 

us i ng  equa t ion  (8) and t h e  demand parameters est imated by Hoehn. The o r d i n a r y  

demand es t imate  o f  average surp lus  o f  $15.0 i s  s l i g h t l y  l e s s  than  t h e  sma l les t  

QAPM es t imate  o f  $18.5. I n  terms o f  t o t a l  surp lus,  however, t h e  o r d i n a r y  

demand es t imate  o f  $195 i s  s l i g h t l y  l a r g e r  than  t h e  l a r g e s t  QAPM es t imate  o f  

$188. Given t h e  o rder  o f  magnitude c r i t e r i o n  t h a t  i s  o f t e n  used t o  compare t h e  

surp lus  est imates o f  d i f f e r e n t  es t ima t i on  methods [Cummings, e t  a l . ,  (1986)], 

t h e  d i f f e r e n c e  between t h e  QAPM and o rd i na ry  demand est imates i s  n e g l i g i b l e .  



CONCLUSIONS 

Th is  paper presents  a  new method f o r  es t ima t i ng  t h e  weak complementar i ty 

r e1  a t  i ons h i  p  between market goods and environmental se rv ices .  Der ived f rom 

t h e  work o f  F i she r  and She l l ,  t h i s  q u a l i t y  ad justed p r i c e  method (QAPM) 

permi ts  t h e  es t ima t i on  o f  demand re1  a t i o n s  even where "nominal " p r i c e  

v a r i a t i o n  i s  nonex is ten t .  The bas ic  i dea  i s  t o  reduce bo th  t h e  p r i c e  and 

environmental  se r v i ce  dimensions i n t o  a  s ing1 e  qua1 i t y  ad jus ted  p r i c e  index. 

V a r i a t i o n  i n  e i t h e r  p r i c e s  o r  environmental  se rv ices  a lone i s  enough t o  

in t roduce  v a r i a t i o n  i n t o  t h i s  p r i c e  index. 

I n  t h e  a p p l i c a t i o n  t o  da ta  f rom Hancock Tower, t h e  QAPM performed a t  

l e a s t  as w e l l  as a  p r e v i o u s l y  r epo r t ed  o r d i n a r y  demand ana l ys i s .  S t a t i s t i c a l  

t e s t s  showed no s i g n i f i c a n t  d i f f e r e n c e  between t h e  QAPM est imates and t h e  

o r d i n a r y  demand est imates.  The QAPM est imates i n d i c a t e  t h a t  a  t e n  percent  

increase i n  v i s u a l  range r e s u l t s  i n  an annual increase o f  su rp lus  a t  Hancock 

Tower rang ing  f rom $56,000 t o  $69,000. Th is  range o f  surp luses compares 

f avo rab l y  w i t h  t h e  su rp l us  es t imate  o f  $71,000 obta ined us ing  an o rd i na ry  

demand anal y s i  s  . 
The QAPM prov ides  an a d d i t i o n a l  approach t o  es t ima t i ng  t h e  va lue o f  

environmental  se rv ices .  The QAPM re1  i e s  on r e a l i z e d  r a t h e r  than  in tended 

behav ior  and may t h e r e f o r e  p rov ide  pas t -cho ice  co r robo ra t i on  f o r  t h e  va lues 

obta ined from methods such as con t ingen t  va l ua t i on .  As shown by t h e  HT case, 

t he  QAPM y i e l d s  demand est imates t h a t  a re  e n t i r e l y  comparable t o  those 

obta ined w i t h  an o r d i n a r y  demand approach. 
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FOOTNOTES 

1. Procedures for identifying demand may require additional data beyond that 

required for estimating the relation between quantities demanded, prices, 

and environmental services. 

2. For a discussion of the derivation of the expenditure function, see 

Diamond and McFadden (1974) and Small and Rosen (1981). 

3. The notation Dy-f(y) indicates the derivative of the function f(y) with 

respect to y. 

4. A variety of procedures could be used to approximate equation (1). For 

instance, an approximation based on the results of Willig (1976) would 

involve three steps: (1) estimate the Marshall ian demand, xi (p,m;s); (2) 

compute the Marshall ian surpluses conditioned on sp and s{, and (3) use 

the Willig procedures to transform the Marshallian measures to Hicksian 

measures. Bergland (1985) suggests an alternative exact procedure. 

5. Income would ordinarily enter the demand specification. However, data on 

income is not avail able for HT visitors and aggregate income is 

relatively constant over the year and a half for which we have data. We 

therefore exclude income from the analysis and assume that income effects 

are negligible. 

6. The model was actually developed and estimated with three functional 

forms: a log-linear form, a linear model, and an semi-log form. Using 

the R~ criterion of Granger and Newbold (1976), the log-1 inear model 

provided the best fit. To meet the page requirements of a selected 

paper, we discuss only the best-fitting, log-linear form. 

7. The estimated demand equations are available upon request. 
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INTRODUCTION 

Th is  no te  discusses a  l o g i c a l l y  appeal ing approach t o  hand l ing  t h e  

problem o f  m u l t i p l e  d e s t i n a t i o n  t r i p s  i n  t r a v e l  c o s t  models. Th i s  problem i s  

discussed by Haspel and Johnson (1982), who show t h e  p o t e n t i a l  b iases from 

i g n o r i n g  t h e  problem t o  be q u i t e  l a rge .  The bas i c  problem i s  s imp ly  t h a t  a  

t r a v e l  cos t  f o r  a  g i ven  s i t e  i s  d i f f i c u l t  t o  determine i f  t h e  g i ven  t r a v e l e r  

v i s i t s  more than  one d e s t i n a t i o n .  The problem i s  one o f  a l l o c a t i n g  a  j o i n t  

cos t  t o  more than one ou tpu t  ( d e s t i n a t i o n ) .  Though such problems a re  

g e n e r a l l y  i n t r a c t a b l e ,  t h i s  p a r t i c u l a r  case may have a  s o l u t i o n  t h a t  i s  no t  

complete ly  a r b i t r a r y .  A general  t h e o r e t i c a l  framework f o r  ana lyz ing  m u l t i p l e  

d e s t i n a t i o n  t r i p s  i s  prov ided here, f o l l owed  by a  l o g i c a l l y  appeal ing means o f  

a l l o c a t i n g  t r a v e l  cos t s  t o  more than one d e s t i n a t i o n .  

THE TRAVEL COST ALLOCATION PROBLEM 

Def ine  a  t r a v e l  cos t  f unc t i on :  

C* ($9 - 9  Wm, Y1,  a ,  Yn) [ 1 I 

where t h e  Wi a re  f a c t o r  p r i c e s  and t h e  Yi a re  q u a n t i t i e s  o f  t r a v e l  ( ze ro  o r  

one) t o  i = 1, n  d i f f e r e n t  des t i na t i ons .  Equat ion [I] i s  de r i ved  f rom f i r s t  

o rder  cond i t i ons  i n  a  cos t  m in im i za t i on  f o rmu la t i on  ( S i l  berberg 1978). 

Ho ld ing  f a c t o r  p r i c e s  constant ,  de f i ne :  

where t h e  Si a re  marginal  cos t  func t ions .  Since t h e  concern i s  w i t h  

a l l o c a t i n g  cos t s  o f  one t r i p ,  t o t a l  t r i p  cos ts  are:  
* c* (W1, . . ., Wm, 1, . . . 1)  - c (W1, . . ., Wm, 0, . . . 0  [ 3 ]  

Using equa t ion  [2 ] ,  an a l t e r n a t i v e  express ion f o r  [3 ]  would be: 

where S i s  a  1  i ne i n t e g r a l  eva l  uated between ?" = (0, . . . , 0) and 
- C 
Y '  = (1, . ., 1 ) .  



Equation [4] is analogous to the generalized consumer surplus measure for 

mu1 tip1 e price changes in interrelated demand-functions (see, for example, 

Hotel1 ing 1938; Silberberg 1978; Just et al., 1982). 

By expressing the cost function (1) as a line integral [4], the problem 

of cost allocation is mathemati.cally captured as a problem of choosing a path 

of integration. Since cross partial derivatives are symmetrical, the value 

of C* is independent of the path of integration. The allocation of C* to the 

Yi, however, is not independent of the integration path. 

A common theorem on line integrals (see, for example, Danese 1965, p. 

103) indicates that with symmetrical cross derivatives, this line integral [4] 

is equivalent to a sum of ordinary definite integrals as follows (see Just et 

a1 . , 1982). 
Define a quantity vector for each j = 1, m as: 

- * * 
Yj (Yj) = (Y1, Y2,..., Yj, Yjtl,..., Y;) 

* * 
where all Yjtl ,..., Y; = 0 and all Y1 ,..., Yj.1 = 1. All Yi,itj are 

parametrically represented as functions of Yj. Then [4] is equivalent to: 

To simplify the exposition, assume only two destinations (Y1 and y2) .3 

Equation [5] would then indicate that trip costs could be either: 

The first [6] impl ies a path of integration from (0,O) to (Y;,o) to (Y~,Y;). 

The second [7] impl ies a path of integration from (0,O) to (0,~;) to (Y;,Y;). 



The trip cost allocation problem now becomes obvious. If one chooses the 

integration path in [6], then one is implicitly assuming no travel to Y2 when 

integrating S1, but is assuming travel to Y1, when integrating S2. The 

converse is true for the integration path implied in [7]. In viewing 

equations [6] and [7], one is tempted to use the order of visitation on the 

recreator's itinerary to define the integration path. That this is incorrect, 

clarifies the nature of the problem. That is, when a recreator travels to his 

first destination, he is also moving closer (or farther away) to (from) his 

other destinations. It is thus not appropriate to use an integration path 

such as in equations [6] and [7]. Each of the (n+l) "legs" of the trip occurs 

in sequence, but each leg constitutes simultaneous movement towards or away 

from potentially all of the destinations. What is needed is a means of 

accounting for this "secondary" effect on travel distances to other 

destinations that occurs with any movement towards a given destination. 

The theory above also suggests that the relative "importance" of 

different destinations is generally not relevant to the travel cost allocation 

problem. In equation [6], site 1 is treated as a dominant site. The only 

costs allocated to site 2 are the additional costs necessary to reach site 2, 

given previous travel to site 1. The converse is true for equation [7]. The 

travel cost allocation problem arises simply because of interdependent 

marginal travel cost functions - -  the act of traveling to one destination 

influences the travel cost at other destinations. Whenever this occurs, then 

travel towards any destination actually involves travel towards (or away from) 

more than one destination simultaneously. Thus an integration path such as 

that implied by [6] or [7] is not appropriate. Thus, in general, allocation 

of costs to a "dominant" site is not tenable. 



There i s  one excep t ion  t h a t  can bes t  be addressed by example. Suppose an 

i n d i v i d u a l  t r a v e l s  f i r s t  t o  d e s t i n a t i o n  1, then  t o  d e s t i n a t i o n  2, then  back t o  

1, and then  r e t u r n s  home. I f  i t  can be e s t a b l i s h e d  t h a t  d e s t i n a t i o n  1 was 

"dominant" such t h a t  t h e  t r i p  t o  d e s t i n a t i o n  2  was a  p u r e l y  marg ina l  dec is ion ,  

t h e n  [6 ]  would i m p l y  an a p p r o p r i a t e  i n t e g r a t i o n  p a t h  and c o s t  a l l o c a t i o n .  The 

c o s t  o f  d e s t i n a t i o n  1 would be t h e  round t r i p  c o s t  f rom home t o  d e s t i n a t i o n  1 

and back, and t h e  c o s t  o f  d e s t i n a t i o n  2  would be t h e  round t r i p  c o s t  f rom 

d e s t i n a t i o n  1 t o  d e s t i n a t i o n  2  and back. I f ,  however, t h e  i d d i v i d u a l  r e t u r n e d  

home d i r e c t l y  f rom d e s t i n a t i o n  2, then  a  d i s c r e t e ,  independent, round t r i p  

c o s t  f o r  n e i t h e r  d e s t i n a t i o n  would be de f ined ,  even though d e s t i n a t i o n  1 i s  

i d e n t i f i e d  as "dominant." The pa th  o f  i n t e g r a t i o n  i m p l i e d  by [6 ]  would n o t  be 

tenab le .  

B a s i c a l l y ,  what i s  be ing  sought i s  a  r e p r e s e n t a t i o n  o f  t h e  t r a v e l  c o s t  

f u n c t i o n  i n  parameters t h a t  account f o r  t h e  f a c t  t h a t  any t r a v e l  movement 

a f f e c t s  t h e  marg ina l  t r a v e l  cos ts  t o  o t h e r  d e s t i n a t i o n s .  The n e x t  s e c t i o n  

d iscusses a  t r a v e l  c o s t  f u n c t i o n  whose parameters a r e  geometr ic  v e c t o r s  o f  t h e  

sequen t ia l  t r i p  l e g s .  These v e c t o r s  serve t h i s  purpose and p r o v i d e  a  l o g i c a l  

means o f  a l l o c a t i n g  t r a v e l  cos ts  t o  d i f f e r e n t  d e s t i n a t i o n s .  

A GEOMETRIC TRAVEL COST FUNCTION 

I n  o rder  t o  pursue t h i s  l o g i c ,  t h e  c o s t  f u n c t i o n  [I] w i l l  be d e f i n e d  i n  

much t h e  same manner as i n  B u r t  and Brewer (1971, p. 815): 

"The r e l e v a n t  geographic r e g i o n  i s  denoted by R and i s  approximated 
by an area on a  geometr ic p lane. . . .We d e f i n e  c  (zi) as t h e  
c o s t  ( p r i c e )  assoc ia ted w i t h  consumption o f  one u n i  1 o f  t h e  i t h -  
commodity, which makes t h e  coord ina tes  x  and y i n ~ p l i c i t l y  arguments 
o f  t h e  c o s t  f u n c t i o n  ci." 

Wi thout  l o s s  o f  g e n e r a l i t y ,  l o c a t e  t h e  "geometr ic p lane"  such t h a t  t h e  

o r i g i n  i s  t h e  g i v e n  r e c r e a t o r ' s  res idence.  F igu re  1 p o r t r a y s  a  s imp le  example 

where t h e  r e c r e a t o r  goes on a  t r i p  w i t h  t h r e e  d e s t i n a t i o n s  (A, B, and C ) .  



N a t u r a l l y ,  t h i s  t r i p  has f o u r  legs,  t h e  cos ts  o f  which are:  T1, T2, T3, and 

T4. The problem i s  t o  a l l o c a t e  t h e  t r a v e l  cos t  o f  these f o u r  l egs  t o  t h e  

t h ree  d e s t i n a t i o n s  (one o f  which might  be a  r e c r e a t i o n  s i t e  which i s  t o  be 

evaluated, us ing  t h e  t r a v e l  cos t  method). No t i ce  t h a t  t h e  f o u r  l e g s  o f  t h e  

t r i p  do occur i n  sequence (as i n  t h e  i n t e g r a t i o n  pa th  i n  equat ions [6 ]  and 

[7]), even though each 1  eg invo lves ,  p o t e n t i a l l y ,  movement t o  a1 1  d e s t i n a t i o n s  

simultaneously.  

Looking a t  t h e  f i r s t  l e g  o f  t h e  t r i p  dep ic ted  i n  F igure  1  (which cos ts  

TI), t h e  movement f rom t h e  o r i g i n  t o  d e s t i n a t i o n  A  can be de f i ned  by x  and y  

vectors :  x l  + x2 + x3 and y l .  I t i s  c l e a r  t h a t  t h e  x3 vec to r  o n l y  occurs 

because o f  d e s t i n a t i o n  A. Vector x2, however, i s  equa l l y  necessary f o r  both 

des t i na t i ons  A  and B. Th is  r e f l e c t s  t h e  f a c t  t h a t  t h e  marginal  t r a v e l  cos t  

f unc t i ons  f o r  d e s t i n a t i o n s  A  and B a re  i n t e r r e l a t e d .  S i m i l a r l y ,  t h e  h o r i z o n t a l  

vec to r  xl i s  e q u a l l y  necessary f o r  a l l  t h r e e  des t i na t i ons ,  and t h e  v e r t i c a l  

vec to r  y l  i s  equa l l y  necessary f o r  a l l  t h r e e  des t i na t i ons .  This,  then, 

suggests a  way t o  determine t h e  " c o n t r i b u t i o n "  o f  t h e  f i r s t  l e g  o f  t h e  t r i p  t o  

t r a v e l  t o  t h e  t h r e e  des t i na t i ons .  Weighting a l l  h o r i z o n t a l  and v e r t i c a l  

4  vectors  equa l l y  , T1, would be a l l o c a t e d  t o  t h e  t h r e e  d e s t i n a t i o n s  as f o l l ows :  

1/3 XI + 1/2 ~2  + ~3  + 1/3 y l  

x1  + x2 + x3 + Y1 
. T1 

should be a1 1  ocated t o  d e s t i n a t i o n  A. 

1/3 XI + 1/2 ~2  + 1/3 y l  

x1  + x2 + x3 + Y1 
T1 

should be a l l o c a t e d  t o  d e s t i n a t i o n  B. And, 

1 

x1 + x2 + x3 + Y1 

should be a l l o c a t e d  t o  d e s t i n a t i o n  C. 



FIGURE 1 

An Example T r i p  I t i n e r a r y  Mapped Onto a Geometr ic  P l a n e  



Fo l low ing  t h i s  l o g i c  f o r  a l l  f o u r  legs ,  t h e  cos ts  t o  be a l l o c a t e d  t o  t h e  

t h r e e  des t i na t i ons ,  C(A), C(B), and C(C), would be as f o l l o w s :  



Extens ion o f  t h i s  exa~liple t o  any nlul t i d e s t i n a t i o n  t r i p  i t i n e r a r y  i s  

s t r a i g h t f o r w a r d .  It should be noted t h a t :  

C(A) + C(B) + C(C)  = T1 + T2 + T3 + T4, 

always. It should a l s o  be noted t h a t  t h e  l o g i c  f o r  " a l l o c a t i n g "  a  vec to r  i s  

whether o r  n o t  i t  i s  necessary f o r  t he  d e s t i n a t i o n  i n  quest ion.  Thus, f o r  

example, a l l  o f  X3 i s  a l l o c a t e d  t o  d e s t i n a t i o n  A  i n  bo th  l e g s  1 and 2. And, 

i t  should be noted t h a t  t h e  vec to rs  a re  o n l y  used t o  appo r t i on  T1, T2, T3, and 

T4 alllong d e s t i n a t i o n s .  The vec to r s  themselves a re  never a c t u a l l y  costed. 

I f  t h e  l e g s  i n  a  g iven  t r i p  are n o t  s t r a i g h t ,  then t h i s  " c i r c u i t y "  can be 

handled by a d j u s t i n g  t h e  est imates o f  T1, T2, T3, and T4. The bas i c  geometr ic 

l o g i c  j u s t  presented should s t i l l  p rov ide  a  tenab le  means o f  a l l o c a t i n g  t h e  

t r a v e l  cos ts .  The s imple example i n  F igure  1 d i d  n o t  i n v o l v e  any d e s t i n a t i o n s  

i n  t he  second, t h i r d ,  o r  f o u r t h  quadrants (West and/or South o f  t h e  o r i g i n ) .  

T h i s  presents  no problem. The o n l y  a d d i t i o n a l  comp l i ca t ion  i s  t o  assure t h a t  

movements i n  one quadrant a re  never a l l o c a t e d  t o  d e s t i n a t i o n s  i n  any o t h e r  

quadrant.  

I t should be c l e a r  t h a t  t h i s  approach assumes t h a t  a l l  d e s t i n a t i o n s  are 

o f  equal importance, except as i n d i c a t e d  by t h e  d i f f e r e n t  p r i c e s  ( cos t  

a l l o c a t i o n s ) .  Since t h e  purpose o f  t he  v a l u a t i o n  ana l ys i s  i s ,  i n  a  sense, t o  

measure t he  r e l a t i v e  importance o f  t h e  s i t e ,  i t  would be c i r c u l a r  t o  use some 

(a  p r i o r i )  r e l a t i v e  importance sca les t o  a d j u s t  p r i c e s  and then  i n t e r p r e t  t he  

p r i c e s  as values. One poss ib l e  a l t e r n a t i v e  would be t o  a d j u s t  q u a n t i t i e s  

r a t h e r  than  p r i c e s  t o  account f o r  m u l t i d e s t i n a t i o n  t r i p s .  

It i s  a l s o  impor tan t  t o  no te  t h a t  t h e  cos t  a l l o c a t i o n  t h a t  i s  generated 

w i t h  t h e  approach discussed above i s  somewhat s e n s i t i v e  t o  t h e  o r i e n t a t i o n  o f  

t h e  axes. Since t h i s  o r i e n t a t i o n  ( f o r  example, o r i e n t i n g  t h e  v e r t i c a l  a x i s  t o  

p o i n t  no r t h )  i s  a r b i t r a r y ,  t h e  cos t  a l l o c a t i o n  f o r  any g iven  r e c r e a t o r  i s  no t  



thoroughly tenable. However, if recreator origins are located somewhat 

randomly around the recreation site, and a consistent orientation is used for 

all recreators, then the effect of the axis orientation will more-or-less be 

averaged out. This would be most tenable when valuing high-valued sites that 

draw recreators from many origins. It is most 1 i kely that a relatively 

complicated approach such as the one discussed above would only be undertaken 

when analyzing such a high-valued site. 

In the case that all destinations are equidistant, the scheme just 

presented (with a "neutral" axis orientation) reduces to the simple averaging 

of travel costs across destinations, as discussed in Haspel and Johnson 

(1982). And, in a situation where a number of destinations are very close 

together, this scheme does not preclude the possibility of grouping them into 

one destination as Haspel and Johnson also discuss. 

CONCLUSION 

Clearly, application of this cost allocation scheme requires rather 

complete itinerary information on each individual trip. It is likely that zip 

codes would be adequate to identify locations, if they can be ascertained. 

Programs are available that can convert zip codes into latitude-longitude and 

other location identifiers. It is also obvious that in a study with many 

observations, the allocation scheme would have to be automated. This may be 

difficult, given the large number of itinerary types that are possible (for 

example, with crossing legs, coincident legs, etc.). This should not be 

impossible, however. The extra effort of using this cost allocation scheme 

would be most defensible when the recreation resource being analyzed is of 

high value, when multiple destination trips are ubiquitous in the visitation 

data, and when the multiple destinations are typically not close to being 

equidistant. 
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FOOTNOTES 

1. The author  would 1 i ke t o  thank F. Reed Johnson, David A. King, 

Frank A.  Ward, and John B. Loomis f o r  many h e l p f u l  comments. A l l  e r r o r s  

and op in ions  are,  o f  course, t h e  so le  r e s p o n s i b i l i t y  o f  t h e  author .  

2. a2cf a2cf - - -  - , by Young's Theorem. 
aYiaYj aYjaYi 

asi asj  
- Thus, - - - , i # J. 

ay j  ayi 

3. The bas ic  l o g i c ,  o f  course, app l i es  t o  m d e s t i n a t i o n s ,  by equa t ion  [5]. 

4 .  Because per  u n i t  cos ts  o f  v e r t i c a l  and h o r i z o n t a l  movement should  be 

equal, t h i s  seems tenable .  
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NEED FOR MARGINAL VALUATION 

On many t r a c t s  o f  pub1 i c  1  and t h e r e  i s  some degree o f  c o m p e t i t i o n  between 

domest ic  l i v e s t o c k  g r a z i n g  and b i g  game w i l d l i f e .  There i s  a l s o  c o m p e t i t i o n  

among v a r i o u s  w i l d l i f e  spec ies  f o r  t h e  same p i e c e  o f  l a n d .  As i n  many economic 

eva l  u a t i o n s  t h e  r e 1  evant  a1 1  o c a t i  on i s s u e  i s  marg ina l  ad jus tments  toward some 

optimum mix  o f  an imals  r a t h e r  t h a n  a l l  o r  n o t h i n g  cho ices  (Cory and M a r t i n ,  

1985:282-283; K e i t h  and Lyon, 1985:216). T h i s  i s  p a r t i c u l a r l y  t r u e  i n  t h e  

w i l d l i f e - c a t t l e  and w i l d l i f e - w i l d l i f e  t r a d e - o f f s  s i n c e  t h e  c o m p e t i t i o n  occurs  

p r i m a r i l y  a t  c e r t a i n  t i m e s  o f  t h e  y e a r  o r  a t  h i g h  s t o c k i n g  l e v e l s .  I n f o r m a t i o n  

on commensurate va lues o f  fo rage  f o r  c a t t l e  and w i l d l  i f e  would improve 

a p p l i c a t i o n  o f  e x i s t i n g  a n a l y t i c a l  t o o l s  used by Federal  Agencies (e.g., U.S. 

F o r e s t  Serv ice ,  FORPLAN and Bureau o f  Land Management's SAGERAM) and c o u l d  

i d e n t i f y  an e f f i c i e n t  fo rage  a l l o c a t i o n  i n  Graz ing Environmental  Impact  

Statements (EIS' s) prepared by  Bureau o f  Land Management as we1 1  as U.S. F i s h  

and W i l d l i f e  Serv i ce ,  (e.g., Char les  M. Russe l l  Refuge c o n t r o v e r s y ) .  

I n  terms o f  economic theory ,  d e t e r m i n i n g  t h e  optimum mix  o f  c a t t l e  and 

w i l d l i f e  spec ies  i s  r e l a t i v e l y  s t r a i g h t  f o r w a r d  and can be d e r i v e d  i n  terms o f  

t h e  f a c t o r  market  f o r  fo rage .  Economi'c e f f i c i e n c y  i n  fo rage  a1 1  oca t  i on would 

r e q u i r e  e q u a t i n g  t h e  va lue  o f  marg ina l  p roduc t  o f  f o r a g e  between c a t t l e  and 

each w i l d l  i f e  spec ies .  Economists, (Godfrey, 1982; B a r t l e t t ,  1982; 1984; Dyer, 

1984; Cory and M a r t i n ,  1985.) have no ted  t h e  d i f f i c u l t i e s  o f  a c t u a l l y  making 

such a  d e t e r m i n a t i o n  f o r  w i l d l i f e  due t o  severa l  f a c t o r s :  1. h u n t i n g  on 

p u b l i c  l a n d s  i s  n o t  p r i c e d  i n  a  c o m p e t i t i v e  market ,  2. w h i l e  economists have 

developed t h e  T rave l  Cost  Method (TCM) as one techn ique  f o r  v a l u i n g  p u b l i c  

hun t ing ,  s imp le  TCM demand models have h i s t o r i c a l l y  es t ima ted  " a l l  o r  n o t h i n g "  

b e n e f i t s  of  r e c r e a t i o n  a t  a  s i t e  under c u r r e n t  c o n d i t i o n s ,  3. a t tempts  t o  l i n k  

these r e c r e a t i o n  b e n e f i t s  t o  w i  l d i  f e  p r o d u c t i o n  have produced es t ima tes  of 



"average" r a t h e r  than marg ina l  b e n e f i t s .  These average v a l  ues o f t e n  r e f 1  ec ted  

t h e  e n t i r e  v a l u e  o f  t h e  t r i p  r a t h e r  than  t h e  inc rementa l  c o n t r i b u t i o n  t o  t r i p  

v a l u e  made by inc reases  i n  w i l d l  i f e  p o p u l a t i o n s .  

The o n l y  p u b l i s h e d  es t ima tes  o f  marg ina l  va lues o f  e'lk and deer  

s p e c i f i c a l l y  assoc ia ted  w i t h  p u b l i c  l ands  a re  Cory and M a r t i n  (1985) and K e i t h  

and Lyon (1985), r e s p e c t i v e l y .  One s tudy  o f  marg ina l  va lues  o f  deer  i s  a l s o  

a v a i l a b l e  f o r  p r i v a t e  l a n d  i n  Texas (Livengood, 1983). The Cory and M a r t i n  

s tudy  use t h e  Con t ingen t  Value Method f o r  d e t e r m i n i n g  t h e  marg ina l  va lue  p e r  

e l k .  'The K e i t h  and Lyon paper use a  household p r o d u c t i o n  f u n c t i o n  (hedonic)  

approach w i t h i n  an op t ima l  c o n t r o l  framework t o  e s t i m a t e  a  marg ina l  v a l u e  p e r  

deer .  T h e i r  approach develops a  dynamic bioeconomic model. 

T h i s  paper d i f f e r s  f rom Cory -Mar t i n  and Ke i th -Lyon  i n  t h a t  we use t h e  

T rave l  Cost Method t o  e s t i m a t e  marg ina l  va lues o f  two b i g  game spec ies  ( e l k  

and deer )  and c a l c u l a t e  t h e  marg ina l  va lue  p roduc t  o f  an Animal U n i t  Month 

(AUM) o f  forage t o  these  spec ies .  I n  t h i s  way, n o t  o n l y  can marg ina l  v a l u e  o f  

fo rage  between w i l d l  i f e  and c a t t l e  be compared b u t  i n f e r e n c e s  can be made 

about r e l a t i v e  va lues  o f  f o r a g e  between d i f f e r e n t  b i g  game spec ies .  These 

t a s k s  a r e  c a r r i e d  o u t  by a p p l y i n g  two s tage l e a s t  squares t o  e s t i m a t e  a  m u l t i -  

s i t e  T rave l  Cost  Method demand equa t ion  where b i g  game h a r v e s t  i s  endogenously 

determined i n  a  b io-economic system. L i k e  Cory-Mar t in ,  o u r  model i s  n o t  

dynamic b u t  does c a p t u r e  simp1 e  b i  oeconomi c  p r o d u c t i o n  r e 1  a t i  onsh i  ps between 

harvest ,  b i g  game p o p u l a t i o n s  and h a b i t a t .  O f  course a l l  o f  t hese  approaches 

t o  d e r i v e  shadow p r i c e s  t o  s i m u l a t e  an e f f i c i e n t  outcome f a l l  i n t o  t h e  domain 

o f  "second-best"  (L ipsey  and Lancaster ,  1958). I n  an i d e a l  wor ld ,  b o t h  

g r a z i n g  r i g h t s  and h u n t i n g  l i c e n s e s  would be s o l d  i n  a  c o r r ~ p e t i t i v e  market .  



MARGINAL VALUATION WITH TCM 

The p o t e n t i a l  f o r  app ly ing  TCM t o  measuring t h e  b e n e f i t s  o f  improved 

environmental q u a l i t y  was f i r s t  i nves t i ga ted  by Stevens (1966), w i t h  work on 

t he  necessary t h e o r e t i c a l  cond i t i ons  by Maler (1974) and Freeman (1979). 

Drawing on Maler 's (1974) concept o f  "weak complementar i ty"  between a p r i v a t e  

good ( t r a v e l )  and a p u b l i c  good (environmental q u a l i t y ) ,  Freeman (1979:196- 

214) discusses a l t e r n a t i v e  ways i n  which t h e  Travel  Cost Method can be used t o  

est imate t he  b e n e f i t s  o f  improved cond i t i ons  a t  a r e c r e a t i o n  s i t e .  Assume an 

o rd ina ry  demand curve f o r  a r e c r e a t i o n  s i t e  o f  t h e  f o l l o w i n g  form: 

(1) V = h(P,Q,Y) 

where: V = v i s i t s ,  P = p r i ce ,  Q = s i t e  q u a l i t y  and Y = income. 

Weak complementarity a l lows  us t o  s t a t e  t he  b e n e f i t s  o f  improving s i t e  q u a l i t y  

from Qo t o  Q1 as: 

where P1 and P2 d r i v e  v i s i t s  t o  zero f o r  demand curves assoc ia ted w i t h  t he  

c u r r e n t  and improved l e v e l  o f  q u a l i t y ,  r e s p e c t i v e l y  and Po i s  t h e  c u r r e n t  

p r i c e .  The cond i t i ons  under which t h i s  consumer surp lus  measure i s  equal t o  

t h e  compensating v a r i a t i o n  f o r  t he  improvement i n  s i t e  q u a l i t y  i s  g iven  i n  

Hanemann (1980). The marginal  ( incremental  ) va l  ue of a harvested animal i s 

t h e  r a t i o  o f  t h e  increase i n  surp lus (Eq. 2) t o  t h e  increment i n  number o f  

animals harvested assoc ia ted w i t h  moving from Qo t o  Q1. 

Empir ica l  es t ima t i on  o f  a demand f u n c t i o n  w i t h  a v a r i a b l e  f o r  q u a l i t y  i s  

n o t  possb i l e  when a demand curve i s  est imated f o r  j u s t  one s i t e  however, s ince  

t h e r e  i s  no v a r i a t i o n  i n  s i t e  q u a l i t y  across observat ions ( o r i g i n s ) .  Freeman 

(1979:212) suggested a two s tep process, which Vaughan and Russel l  (1982:453) 

demonstrate can be combined i n t o  one equat ion o f  t h e  f o l l o w i n g  form: 



( 3 )  Vi j = BO - BITCi j + B2Qj + B3(TCi j * Q j )  +. . .Bn-lZij + Bn(Zi j * Q j )  

Where: Vij = v i s i t s  by i n d i v i d u a l  i t o  s i t e  j, i = l,..t and j = 1,. .s  

TCij = t r a n s p o r t a t i o n  and t ime cos ts  o f  i n d i v i d u a l  i t o  s i t e  j 

Q j  = a  measure o r  index o f  s i t e  j ' s  q u a l i t y  

Zij = o the r  v a r i a b l e s  i n c l u d i n g  p r i c e  o f  subs t i t u t es ,  demographics o f  

r e c r e a t i o n i s t s ,  e t c .  

Equat ion 3  presents  t h e  f u l l  i n t e r a c t i o n  model where s i t e  qual i t y  i s  

assumed t o  a f f e c t  a l l  o f  t h e  o the r  v a r i a b l e s  (Vaughan and Russel l ,  1982:453). 

Whether a l l  v a r i a b l e s  a re  a f f e c t e d  by q u a l i t y  i s  a  hypothesis,  t h a t  can be 

tes ted .  A  s i m i l a r  approach was developed e a r l i e r  by Knetsch, e t  a l . ,  (1976). 

The va ry i ng  parameter model a l lows  f o r  poo l i ng  o f  v i s i t a t i o n  da ta  across many 

s i t e s .  I f  these s i t e s  have s u f f i c i e n t  v a r i a t i o n  i n  s i t e  q u a l i t y ,  then t h e  

ana l ys t  w i l l  be ab le  t o  es t imate  c o e f i c i e n t s  t h a t  p r e d i c t  how v i s i t a t i o n  w i l l  

change w i t h  changes i n  s i t e  qual i t y .  As such, a  new second stage s i t e  demand 

curve can be est imated f o r  each s i t e  under improved s i t e  cond i t i ons .  As 

discussed above, t h e  area between these curves i s  t h e  incrementa l  (marg ina l )  

b e n e f i t s  a t t r i b u t a b l e  t o  t h a t  improvement. 

Whi le t h e r e  a re  o the r  market based approaches t o  measuring s i t e  qual i t y  

and c h a r a c t e r i s t i c s  (see Mendelshon and Brown, 1983; Feenberg and M i l l s ,  1980) 

and o f  course, Cont ingent  Va lua t ion  Methods (Brookshire,  e t  a l . ,  1980; Cory 

and Mar t in ,  1985) t h i s  paper adopted t h e  m u l t i - s i t e  TCM approach o f  Vaughan 

and Russel 1  (1982), and Knestch, e t  a1 . , (1976) f o r  t h e  reasons s ta ted  be1 ow. 

DATA SOURCES 

Data was de r i ved  f rom a  survey o f  persons hun t ing  i n  Idaho i n  1982. The 

sampling frame was any r e s i d e n t  o r  nonres ident  hav ing a  v a l i d  Idaho hun t ing  

l i cense .  However, o n l y  hunters  i n d i c a t i n g  t h a t  hun t i qg  was t h e  p r imary  t r i p  

purpose and t h a t  hunt u n i t  was t h e  p r imary  d e s t i n a t i o n  were inc luded  i n  t h e  



ana l ys i s  t o  i nsu re  t h e  assumptions o f  TCM were met. The e l k  hun t i ng  survey 

contacted, v i a  telephone, 2.1% o r  1,629 e l k  hun te rs  d u r i n g  January-February 1983 

regard ing  t h e  1982 hun t i ng  season. For more d e t a i l s  see Sorg and Nelson (1985). 

The deer hun t i ng  survey contacted 0.917% o r  1445 deer hun te rs  d u r i n g  January- 

February 1983 regard ing  t h e i r  1982 hun t i ng  season. See Donnel ly  and Nelson 

(1985) f o r  more d e t a i l s .  Data was c o l l e c t e d  on hun te r  expendi tures,  t r a v e l  

d is tances,  success, days a f i e l d ,  e t c .  Un fo r tuna te ly ,  i n t e r v i e w e r s  were n o t  

al lowed t o  c o l l e c t  da ta  on i n d i v i d u a l  hun te r  income, t a s t e s  and preferences, e t c .  

DEMAND MODEL 

Since t h e  survey d i d  n o t  i nc l ude  i n d i v i d u a l  s p e c i f i c  da ta  on exp lana to ry  

va r i ab l es  such as income and t o  min imize t h e  e f f e c t  o f  r eca lq  o f  t r i p  

d is tances,  e t c .  on est imated c o e f i c i e n t s  (Brown, e t  a1 . , 1983) t h e  zonal TCM 

model was es t imated  f o r  deer and e l k .  

It was d e s i r a b l e  t o  es t imate  bo th  e l k  and deer demand equat ions us ing  t h e  

double l o g  demand model. Th i s  f u n c t i o n a l  form produces a d i m i n i s h i n g  marginal  

va lue pe r  animal when t h e  c o e f f i c i e n t  on harves t  i s  l e s s  than one. However, 

we cou ld  n o t  es t imate  t h i s  f u n c t i o n a l  form w i t h  t h e  f u l l  i n t e r a c t i o n  model. 

As s p e c i f i e d  i n  equat ion 3, t h i s  model had very  h i g h  m u l t i c o l  i n e a r i t y  due t o  

presence o f  t h e  i n t e r a c t i o n  terms. Th i s  r e s u l t e d  i n  a  near  s i n g u l a r  m a t r i x .  

The simp1 i f i e d  model proposed i n  t h i s  s tudy f o r  e l k  and deer i s  thus  c l o s e r  t o  

a  pooled m u l t i - s i t e  demand equat ion.  Th is  model i s  g i ven  below as: 

(4  ln(V i  j/POPi) = BO - Bl (lnDISTi j) t B2(l  nINCi) t B3(lnTHVSTj) 

Where: Vij = hun te r  t r i p s  f rom o r i g i n  i t o  s i t e  j 

POPi = county i t s  popu la t ion ,  i = 1, ... n 

DISTij = round t r i p  d i s t ance  from o r i g i n  i t o  s i t e  j. 

INCi = county i t s  per  c a p i t a  income 

THVSTj = t o t a l  hunt u n i t  ha rves t  o f  r e s p e c t i v e  species a t  s i t e  

j = 1,. .63 f o r  e l k  and j = 1,. .78 f o r  deer. 



Since  t h e  q u a l i t y  v a r i a b l e  i s  t o t a l  s i t e  harvest ,  t h e  p o s s i b i l i t y  e x i s t s  

t h i s  v a r i a b l e  i s  endogenous i n  a t i m e  dependent b io-economic system. That  i s ,  

even though t h e  dependent v a r i a b l e  i s  t r i p s  p e r  c a ~ i t a  f rom each o r i g i n  t o  

s i t e  j r a t h e r  t h a n  t o t a l  t r i p s  t o  s i t e  j, s i m u l t a n e i t y  may be p resen t .  I n  

p a r t i c u l a r ,  t h e  demand e q u a t i o n  i n  e q u a t i o n  (4)  may be p a r t  o f  a two e q u a t i o n  

bio-economic system. One such system i s  presented i n  equa t ions  5-6: 

(5) ln(Vij/POPi) = BO - Bl(lnDISTij) t B2(lnINCi) + B3(lnTHVSTj) 

(6)  ln(THVSTj) = A, + Al( ln APOPjt-l) + A2(lnVij/POPi) + A3(lnHAj) t 

A4 (1 nTHAB j ) 

where: APOPjt-1 = E l k  o r  deer  p o p u l a t i o n s  a t  s i t e  j i n  t i m e  t - 1  

HAj = Hunt a b i l i t y  o f  s i t e  j i n  terms o f  t e r r a i n ,  denseness o f  

vege ta t ions ,  e t c .  

THABj = T o t a l  amount o f  h a b i t a t  i n  s i t e  j measured i n  square m i l e s  

A l l  o t h e r  v a r i a b l e s  a r e  as d e f i n e d  e a r l i e r .  

However, d a t a  i s  n o t  a v a i l a b l e  f o r  a l l  o f  t h e  v a r i a b l e s  i n  t h i s  system and 

t h e r e f o r e  e q u a t i o n  5 may be es t ima ted  u s i n g  two s tage l e a s t  squares. S-ince d a t a  

i s  a v a i l  a b l e  on t h e  exogenous v a r i a b l e  THABj and APOPjt-l as we1 1 as DISTi and 

INCi t h e  o r d e r  c o n d i t i o n  f o r  equa t ion  5 i s  met f o r  b o t h  deer  and e l k .  

STATISTICAL RESULTS 

The e l k  TCM demand equa t ion  es t ima ted  u s i n g  two s tage l e a s t  squares i s  

presented i n  equa t ion  7: 

(7)  l n (V i  j/POPi) = 24.173 - 1 .629(lnDISTi j) - 3. 126(lnINCi) + 0.4311(lnTHVSTj) 

T v a l  ues (20.85) (-30.28) (-24.09) (5.51) 

The R~ was 0.74 and t h e  F v a l u e  was 526. A l l  o f  t h e  i n d i v i d u a l  c o e f f i c i e n t s  and 

t h e  F va lue  a r e  s i g n i f i c a n t  a t  t h e  99% l e v e l .  The n e g a t i v e  s i g n  on income may 

a t  f i r s t  appear somewhat c o u n t e r i n t u i t i v e .  It may be a r e s u l t  o f  u s i n g  county  

p e r  c a p i t a  income i n s t e a d  of  i n d i v i d u a l  hun te rs  income (which was n o t  a v a i l a b l e )  



coupled w i t h  t h e  f a c t  t h e  f u r t h e r  one l i v e s  f rom these r u r a l  outdoor  r e c r e a t i o n  

s i t e s ,  t h e  h i ghe r  t h e i r  incomes a re  l i k e l y  t o  be ( D u f f i e l d ,  1984:77). However, 

even when us ing  p r imary  da ta  on deer hun te r  income, Mendelsohn (1984:98) found a 

s t a t i s t i c a l l y  s i g n i f i c a n t  nega t i ve  r e l a t i o n s h i p  between number o f  t r i p s  and 

income. Perhaps, when deal  i n g  w i t h  t ime  i n t e n s i v e  a c t i v i t i e s  such as hunt ing,  

h igher  income measures t h e  h igher  oppo r t un i t y  cos t  o f  t ime.  Thus t h e  nega t i ve  

s i gn  on income r e f l e c t s  a  p r i c e  c o e f f i c i e n t  w i t h  respec t  t o  o n s i t e  t ime  cos ts  

r a t h e r  than a b i l i t y  t o  pay i n  t h e  t r a d i t i o n a l  use o f  money income. As evidenced 

by t h e  F va lues and t s t a t i s t i c s ,  t h e  double l o g  f u n c t i o n a l  for111 o f f e r e d  a  good 

exp lana t ion  o f  t h e  r e l a t i o n s h i p s  between t h e  va r i ab l es .  

The deer demand equat ion est imated us ing  two s tage l e a s t  squares i s :  

(8) ln(Vij/POPi) = 47.19 - 0.649(lnDISTij) - 6.381(lnINCi) + 0.327(lnTHVSTj) 

T v a l u e s  (11.33) (-11.88) (-13.14) (2.21) 

The R~ was 0.47 and t h e  F va lue was 160. The d i s t ance  and income c o e f f i c e n t s  

and t h e  F va lue  a re  s i g n f i c a n t  a t  t h e  99% l e v e l .  The harves t  v a r i a b l e  i s  

s i g n i f i c a n t  a t  t h e  95% l e v e l .  I t was n o t  poss ib l e  t o  i nco rpo ra te  a  

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

subs i t u t es  i n  e i t h e r  t h e  e l k  o r  deer equat ions.  As such t h e  emp i r i ca l  values 

t h a t  f o l l o w  a re  ve ry  1  i k e l y  overest imates.  

It must be acknowledged t h e r e  a re  severa l  o t he r  s i t e  c h a r a c t e r i s t i c  

va r i ab l es  t h a t  should be inc luded  i n  a l l  o f  t h e  above species demand curves. 

Var iab les  r e f l e c t i n g  a  proxy f o r  congest ion (hunters  per  acre) and o t h e r  s i t e  

q u a l i t y  v a r i b l e s  such as number o f  animals seen ( t r i p  t o t a l  and per  day) were 

t r i e d  f o r  deer and e l k  bu t  were c o n s i s t e n t l y  i n s i g n i f i c a n t .  



CALCULATION OF MARGINAL VALUES 

From the  o v e r a l l  per  c a p i t a  demand equat ions i t  i s  poss ib l e  t o  de r i ve  t he  

second stage o r  hunt u n i t  s p e c i f i c  demand curves i n  terms o f  added d is tance.  

Once t h e  second stage demand curves have been der ived  i n  t h i s  way, i t  i s  

necesary t o  conver t  t he  d is tance  increments t o  do1 1  a rs .  Th is  t rans1  a t i o n  

requ i res  est imates o f  t h e  t r a n s p o r t a t i o n  cos t  pe r  m i l e  p l u s  t h e  va lue o f  

t r a v e l  t ime p e r  m i l e .  I nco rpo ra t i on  o f  t r a v e l  t ime i n  t h i s  fash ion  assumes 

t h e  hun te r  can t r a d e - o f f  work t ime f o r  hunt ing.  While t h i s  may o r  may no t  be 

r e a l  i s t i c ,  g i ven  t he  survey da ta  ava iab le  i t  was necessary t o  make t h i s  

assumption. T ranspor ta t ion  costs  were converted t o  d o l l a r s  us ing  t h e  average 

t r a n s p o r t a t i o n  c o s t  o f  $0.31 per  m i l e  repor ted  by e l k  hunters  and $0.183 per 

m i l e  o f  deer hunters,  each d i v i d e d  by t he  average number o f  hunters  p e r  

veh ic le .  Travel  t ime was valued a t  o n e - t h i r d  o f  t h e  wage ra te ,  which was t he  

mid p o i n t  i n  Cesar io 's (1976) survey o f  t r a n s p o r t a t i o n  p lanning 1  i t e r a t u r e .  

While more recen t  ana lys is  quest ions t he  use o f  a  f r a c t i o n  o f  t h e  wage r a t e  

r a t h e r  than t h e  e n t i r e  wage r a t e  (Smith, e t  a1 ., 1983) o the r  analyses o f  

r e c r e a t i o n  t r a v e l  behavior p rov ide  support  f o r  use o f  a  f r a c t i o n  r a t h e r  than 

t h e  e n t i r e  wage r a t e  (McConnell and Strand, 1981). 

To i l l u s t r a t e  c a l c u l a t i o n  o f  marginal  values o f  e l k  and deer hunt  areas 36 

and 36B i n  t h e  Cha l l i s ,  Idaho area have been se lected.  The C h a l l i s  area was 

designated by t h e  Natura l  Resources Defense Council vs Morton c o u r t  dec i s i on  t o  

be the area f o r  Bureau o f  Land Management's f i r s t  Grazing Environmental Impact 

Statement. The Chal l  i s  area has been the  scene o f  subs tan t i a l  cont roversy over 

g raz ing  versus w i l d1  i f e  p r i o r  t o ,  du r i ng  and a f t e r  t h e  p repera t ion  o f  t he  E I S  

(Nelson, 1980). BLM's F ina l  E I S  (1977:Chap 3:21) s ta tes  t h a t  du r i ng  May and 

June t h e r e  i s  s p a t i a l  and d i e t a r y  compet i t i on  f o r  grasses between c a t t l e  and 

antelope, deer, e l k  and b ighorn sheep i n  t he  area. E'l k  and c a t t l e  have s t rong 



d i e t a r y  s i m i l a r i t i e s  ( p a r t i c u l a r l y  i n  t he  spr ing)  i n  terms o f  t h e i r  preferences 

f o r  consuming grasses, so t h e  p o t e n t i a l  compet i t i on  from i nc reas ing  e'l k  o r  

c a t t l e  popu la t ions  may be t he  g rea tes t .  There a l so  e x i s t s  subs tan t i a l  evidence 

o f  s o c i a l  avoidance o f  c a t t l e  by e l k ,  w i t h  presence o f  c a t t l e  (and assoc ia ted 

humans tend ing  t h e  l i v e s t o c k )  causing e l k  t o  leave an area o f  o therwise 

des i r ab le  h a b i t a t  (Lyon, 1985: 17; Nelson, 1984). 

Since t h e r e  i s  s t i l l  some debate about t h e  exact form and ex ten t  o f  

compet i t i on  between c a t t l e  and e l k  i n  general  and s p e c i f i c a l l y  i n  t h e  C h a l l i s  

area, no at tempt  w i l l  be made t o  e s t a b l i s h  an e x p l i c i t  p roduc t ion  

p o s s i b i l i t i e s  curve f o r  c a t t l e  and e l k  i n  t h i s  paper (see Nelson, 1985; Cory 

and Mar t i n ,  1985 f o r  at tempts i n  o t h e r  areas).  Rather we w i l l  analyze t h e  

incremental  va l  ues o f  wi  1  d l  i f e  and forage f o r  1  i k e l y  a t t a i  nab1 e increases i n  

w i l d l i f e  numbers. Th i s  increase i n  w i l d l i f e  numbers i nvo l ves  cos ts  i n  terms 

o f  e i t h e r  reduced c a t t l e  numbers o r  c a p i t a l  investment t o  increase range 

p r o d u c t i v i t y .  BLM's F ina l  EIS i n d i c a t e s  t h a t  a t  l e a s t  a  30% increase i n  deer 

numbers cou ld  be susta ined w i t h  a d d i t i o n a l  forage and t h a t  t h i s  i s  cons i s ten t  

w i t h  Idaho S ta te  Department o f  F i sh  and Game's o j e c t i v e s  f o r  deer herds i n  

those u n i t s  (Bureau o f  Land Management, 1977, Chap 3:27). The p o t e n t i a l  f o r  

increased c a r r y i n g  capac i t y  o f  e l k  h a b i t a t  i s  about 20% (1977, Chap 3:29). 

The purpose o f  these est imates i s  t o  p rov ide  a benchmark o f  what t h e  p o t e n t i a l  

improved c o n d i t i o n  might  be. For t h e  purposes o f  t h e  remain ing ana l ys i s  we 

w i l l  c a l c u l a t e  marginal  values o f  w i l d1  i f e  and forage us ing  a 25% increase. 

I n  u n i t  36, a  25% increase i n  t h e  number o f  b u l l  e l k  harvested (28 more), 

generates a r i gh twa rd  s h i f t  i n  t h e  e l k  hun t ing  denland curve. The area between 

t he  new and o l d  curves f o r  U n i t  36 represents  an increase i n  n e t  economic 

b e n e f i t s  o f  $14,075, annual ly .  The marginal  va lue o f  a  harvested b u l l  e l k  i s  

$502. To c a l c u l a t e  t h e  marginal  va lue product  of t h e  forage i n  producing e l k  



r e q u i r e s  knowledge o f  t he  p roduc t ion  r e l a t i o n s h i p s .  According t o  i n fo rma t i on  

prov ided by t h e  Idaho F i sh  and Game (Parker, 1985) p roduc t ion  o f  28 more e l k  

a v a i l a b l e  f o r  harves t  (su rp lus  p roduc t ion)  annua l l y  would gene ra l l y  r e q u i r e  t he  

e l k  herd i n  u n i t  36 increase by 378 e l k  i n  t o t a l ,  w i t h  t h e  composit ion being 

19% b u l l  s, 54% cows and 27% calves.  The avai  1  ab le  1  i t e r a t u r e  (Bureau o f  Land 

Management, 1977:l-2; Thomas, 1984) i nd i ca tes  t h a t  each a d u l t  e l k  consumes 

between 0.4 and 0.67 ALIMts o f  forage each month. For i l l u s t r a t i o n  purposes use 

t h e  average o f  these two est imates o r  0.54 ALIMts per  a d u l t  e l k  and h a l f  t h i s  

amount per  c a l f .  Th is  l a t t e r  i n f o rma t i on  when combined w i t h  t h e  herd s t r u c t u r e  

above a l lows d e r i v a t i o n  o f  a  s imple p roduc t ion  f u n c t i o n  f o r  u n i t  36 r e l a t i n g  

t h e  number o f  e l k  a v a i l a b l e  f o r  harves t  t o  q u a n t i t y  o f  forage: 

(9)  EH = 0.01322AUM 

Where: EH = b u l l  e l k  a v a i l a b l e  f o r  harves t  

AUM = Animal U n i t  Month o f  forage consumed by e l k .  

Combining t h e  marginal  product ca l cu la ted  from equat ion 9 w i t h  t h e  

marginal  va lue o f  an e l k  ($502) y i e l d s  a va lue marginal  product o f  $6.65 per  

AUM. The $6.65 represents  t he  maximum amount hunters  would b i d  f o r  t h e  

increased forage t o  produce 25% more e l k  i n  hunt u n i t  36. Deer marginal  va lue 

products  were ca l cu la ted  i n  U n i t  36 us ing t he  same procedure out1 ined  above. 

'The simple deer p roduc t ion  f u n c t i o n  i s :  

(10) DH = 0.04083AUM 

Where: DH = deer harvested 

AUM = Animal U n i t  Month o f  forage consumed by deer 

Table 1 presents  marginal  values per  animal and pe r  AUM f o r  b i g  game 

u n i t s  36, and 3 6 ~ ~ .  Whi le marginal  va lues per  animal are h igher  f o r  e l k  than 

deer, comparison o f  equat ions 9 and 10 reveal  t h a t  a  s tandard ized AUM produces 

about f o u r  t imes as many deer as i t  does e l k .  Th is  i s  r e f l e c t e d  i n  t he  MVP 



TABLE 1 

MARGINAL VALUES OF WILDLIFE, CHALLIS IDAHO 

UNIT 36 

ELK 

DEER 

UNIT 368 

ELK 

DEER 

MV PER MVP PER 
ANIMAL AUM 

f i gu res .  The l a r g e  d i f f e r e n c e  i n  forage va lue f o r  deer i n  t h e  two u n i t s  

r e l a t e s  t o  d i f f e r e n c e s  i n  marginal  va lue per  deer and t o  t h e  h igher  marginal  

p r o d u c t i v i t y  o f  U n i t  368 i n  producing deer. S p e c i f i c a l l y ,  i t  takes on l y  an 

increase o f  7.6 deer t o  produce 1 more a v a i l  ab le  f o r  harvest  i n  u n i t  366 as 

compared t o  9.5 deer t o  produce 1 niore f o r  harvest  i n  u n i t  36 (Parker, 1985). 

The h igher  marginal  va lue per  deer i n  U n i t  368 appears t o  r e f l e c t  t h e  h igher  

harvest  and g rea te r  o p p o r t u n i t i e s  t o  s e l e c t  t h e  p a r t i  cu l  a r  deer harvested as 

evidence by much h igher  median deer s igh ted  by hunters  i n  U n i t  366. 

COMPARISON OF W I L D L I F E  AND CATTLE VALUES 

The va lue o f  p u b l i c  l and  forage t o  c a t t l e  ranchers can be est imated by a  

v a r i e t y  o f  methods i n c l u d i n g  comparison w i t h  market p r i ced  forages, 

c a p i t a l  i z a t i o n  o f  pe r~n i  t va l  ues and p roduc t ion  f u n c t i o n  techniques such as 

1  i nea r  programming ( B a r t l e t t ,  1984). The j o i n t  US Forest  Serv ice  and Bureau o f  

Land Management Appra isa l  Report (T i t tman and Brownel l ,  1984) i n d i c a t e s  t h a t  

f a i r  market va lue o f  pub1 i c  l and  g raz ing  i n  t h e  Region were C h a l l i s  i s  l oca ted  

would be $7.60 per  AUM. While t he  representat iveness o f  t h e  values i n  t h i s  

r e p o r t  a re  under quest ion (Obermi l ler ,  1985), i t  prov ides one es t imate  o f  forage 



value.  W i  1  son, e t  a1 . , (1985) used a 1  i n e a r  programming approach w i t h  ranch 

budget da ta  t o  es t imate  forage per  AUM on BLM l and  i n  t h e  area s tud ied  here.  

I n c l u s i o n  o f  an oppo r t un i t y  cos t  f o r  f a m i l y  l a b o r  r e s u l t s  i n  a  va lue  o f  $9.59 

p e r  AUM ( i n c l u s i o n  o f  oppo r t un i t y  cos ts  f o r  investments o t h e r  than 1 and reduces 

t h e  va lue t o  about $5) .  The va lues de r i ved  f rom t h e  l i n e a r  programming approach 

may be more r e f l e c t i v e  o f  maximum w i l l i n g n e s s  t o  pay than t h e  appra isa l  values. 

Comparison o f  t h e  wid1 i f e  va lues i n  Table  1 w i t h  these forage va lues shows 

t h a t  deer and e l k  a re  economica l ly  compe t i t i ve  w i t h  c a t t l e  i n  U n i t  36B. Since 

t h e  f u n c t i o n a l  form o f  t h e  est imated demand curves conform t o  d i m i n i s h i n g  

marg ina l  u t i l i t y ,  t h e  marg ina l  va lue o f  e l k  and deer do r i s e  as t h e  herds a re  

made sma l le r .  For  example, a  10% decrease i n  t h e  deer harves t  i n  U n i t  36 

r e s u l t s  i n  t h e  marginal  va lue  o f  a  deer r i s i n g  f rom $155 t o  $173 and t h e  forage 

va lue  r i s i n g  t o  $7.08 an AUM. Thus i t  i s  j u s t  a  ques t ion  o f  what s i z e  deer and 

e l k  herds would be economica l ly  compe t i t i ve  w i t h  c a t t l e  i n  U n i t  36. 

I f  p u b l i c  l a n d  managers had e f f i c i e n c y  as t h e i r  o n l y  o b j e c t i v e  then  

w i l d l i f e  and c a t t l e  popu la t ions  cou ld  be mod i f i ed  u n t i l  t h e  marginal  va lue o f  

fo rage  t o  a l l  species was equal ized. For t h e  t ime  be ing these va lues pe r  AUM 

a t  l e a s t  p rov ide  i n f o rma t i on  on which d i r e c t i o n  l i v e s t o c k  and w i l d l i f e  

popu la t ions  should be moving from an e f f i c i e n c y  v iew p o i n t .  For example, 

perhaps more forage should be a l l o c a t e d  t o  deer ( f r om  c a t t l e  and e l k )  i n  U n i t  

36B u n t i l  MVP are  equal ized across a l l  species. I n  U n i t  36, e i t h e r  e x i s t i n g  

forage cou ld  be a1 l oca ted  f rom deer and e l k  t o  c a t t l e  o r  t h e  f e a s i  b i l  i t y  o f  

investments t o  increase forage p roduc t ion  eva l  uated by comparing these 

incrementa l  wi l d l  i f e  va lues t o  cos ts  o f  producing a d d i t i o n a l  AUMs. 



CONCLUSION 

This paper demonstrated t h a t  marginal values of wildl i f e  and marginal value 

product of forage t o  w i l d l i f e  can be developed u t i l i z i n g  the  Travel Cost Method. 

The r e su l t ing  values a re  commensurate with the  values of forage t o  l ives tock  and 

hence allow use of e f f i c i ency  analys is  in suggesting forage a l loca t ions  on publ ic  

1 ands. Such values can be incorporated i n t o  Federal agency analy t ica l  models as  

well as  used in  determining a l loca t ions  of forage in  Grazing Environmental Impact 

Statements. In t h e  Cha l l i s ,  Idaho area t h e  marginal value product of forage t o  

wildl i f e  ranges from a low of $6.33 an AUM t o  a high of $15.83 per AUM. These 

marginal value products f o r  w i l d l i f e  a re  in  t h e  same range as  the $7.60 t o  $9.59 

MVP of forage t o  c a t t l e .  As t h i s  paper, Cory and Martin (1985) and Keith and Lyon 

(1985) demonstrate methodologies t h a t  i f  widely applied could g r e a t l y  increase the  

use of economic e f f i c i ency  analys is  in  t h e  forage a l loca t ions  on publ ic  lands. 
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I. INTRODUCTION 

Pub1 ic resource managing agencies are viewed as wishing to maximize the 

economic value of products from their land and water base. If that is true, 

then a public agency which has a given set of productive resources and is 

producing products for sale in a market economy, the efficient solution to the 

mu1 tip1 e product question is obvious : The agency should produce that 

combination of outputs so that the marginal rate of transformation along its 

production possibilities curve is equal to the inverse ratio of the competitive 

market prices for each pair of products taken two at a time. However, when one 

or more of the land and water products is not sold in the market economy, for 

example recreational trips or environmental quality improvement on the public 

lands, the efficient solution is more difficult to obtain, because the 

competitive price does not exist. It is precisely this lack of price 

information which has motivated theory and niethods to estimate recreation and 

re1 ated non-market goods' demand schedules (Cory and Martin, 1985). 

Two widely used procedures for estimating such non-market values include 

the "travel cost method" and the "contingent valuation method". While 

valuation information generated by traditional travel cost and contingent 

valuation methods is useful in choosing among mutually exclusive production 

alternatives on a given large scale land base (e.g., Martin, Tiney and Gum, 

1979), most land and water management decisions for obtaining objective 

measures of resource quality, particularly as such measures relate to 

individual's subjective resource quality perceptions. Third is incorporation 

of measured resource quality, once defined, into multisite demand functions in 

a manner consistent with underlying utility functions. Fourth is measuring 

exact welfare changes associated with price and/or quality changes at one or 

more sites. 



Regarding t h e  f i r s t  major area, s p e c i f i c a t i o n  and es t ima t i on  o f  mu1 t i  - 

s i t e  o r d i n a r y  demand systems (ODs) two approaches have been fo l lowed:  (1)  

s p e c i f y i n g  one ( o r  more) u t i l i t y  f unc t i ons  d i r e c t l y ,  then  d e r i v i n g  t h e  

a l geb ra i c  form f o r  each r e s u l t i n g  ODs, and (2) s p e c i f y i n g  t h e  ODs d i r e c t l y  i n  

such a  way t h a t  they  s a t i s f y  t h e  i n t e g r a b i l i t y  cond i t i ons ,  i .e., a re  

c o n s i s t e n t  w i t h  some unde r l y i ng  u t i l i t y  f unc t i on .  

Given t h a t  d i r e c t  u t i l i t y  f u n c t i o n  s p e c i f i c a t i o n  i s  chosen, t h e  ques t ion  

a r i s e s  as t o  what one should do about demand f u n c t i o n s  f o r  goods n o t  o f  

i n t e r e s t  ( a l l  o t h e r  goods than  t h e  s i t e s  i n  ques t i on ) .  One way i s  t o  assume 

t h a t  p r i c e s  o f  o t he r  goods move i n  p r o p o r t i o n  t o  each o ther .  By assuming 

t h i s ,  we can s p e c i f y  a l l  o t h e r  goods as a  H icks ian  composite commodity i n  t h e  

u t i l  i t y  f u n c t i o n  (Hanemann, 1984b). 

A major  unreso lved d i f f i c u l t y  r e l a t e s  t o  how one should s p e c i f y  a  

m u l t i s i t e  u t i l i t y  f u n c t i o n  i f  we choose n o t  t o  t ake  t h e  H i cks i an  composite 

commodity approach. For example, even i f  we assume s e p a r a b i l i t y  i n  t h e  

u t  i 1  i t y  f u n c t i o n  between r e c r e a t i o n  s i t e s  and a1 1  o the r  goods (Hanemann, 1984b 

and 1984c) t h i s  r a i s e s  as y e t  unresolved d i f f i c u l t i e s  i n  t h e  s p e c i f i c a t i o n  and 

es t ima t i on  o f  m u l t i - s i t e  demands. 

The second major  area discussed above, i .e. ,  o b j e c t i v e  versus perce ived  

s i t e  q u a l i t y  l i nkages ,  has l o n g  been recognized as a  problem. For example, 

Kneese (1968) observed t h a t  eva lua t i ng  r e c r e a t i o n a l  b e n e f i t s  assoc ia ted w i t h  

improved (water )  qual i t y  was a  major  b a r r i e r  t o  r a t i o n a l  (water )  qual i t y  

management. Before economists can mean ing fu l l y  e s t a b l i s h  we l f a re  measures o f  

s i t e  q u a l i t y  improvement, two p r i o r  b a r r i e r s  must be overcome: (1)  

f o r e c a s t i n g  t h e  e f f e c t s  o f  management po l  i c i  es on o b j e c t i v e  (water )  qual i t y  

parameters, and (2) e s t a b l i s h i n g  t h e  l i n k a g e  between o b j e c t i v e  water  q u a l i t y  

parameters and sources o f  perce ived s i t e  a t t r ac t i veness .  An e x c e l l e n t  rev iew 



of some of the research issues relating to perceived versus objective measures 

of environmental quality is developed by Craik and Zube (1976). For the 

remainder of this paper, it is assumed that objective measures of site qua1 ity 

can be meaningfully defined. 

The third major area is that of incorporating measured resource quality 

into multisite demand functions in a manner consistent with underlying utility 

functions. Here, it is generally recognized that in order to estimate exact 

welfare measures associated with quality change at one or more sites using 

fitted demand equations, these demand functions should be consistent with an 

underlying quality-dependent utility function. Without this consistency, it 

is not clear how we1 fare evaluation could be made. 

In this vein, Maler (1974) demonstrated that if the utility function 

possesses "weak complementarity" between a single site's consumption and that 

site's "quality" (loosely speaking, marginal utility of quality improvements 

at a site is zero when price is sufficiently high to reduce quantity consumed 

to zero), then the resulting demand functions posses some desirable 

attributes. Specifically, the area beneath the individual's coiiipensated site 

demand schedule resulting from a quality change exactly measures the desired 

compensating variation equivalent/variation (CV/EV) welfare change indicator. 

However, he did not generalize to multiple sites. 

As to multiple site systems, with the exception of some recent work by 

Hanemann (1984a, 1984b, 1 9 8 4 ~ ) ~  1 ittle has been done on the specification of 

quality in multisite utility functions. Hanemann however, has shown that the 

functional form for the utility function which should be chosen for a 

particular analysis would depend on how quality was viewed as entering the 

utility function. For example, many recreation site systems are such that a 

quality change at each site affects the demand at all sites in the system. 



Hanemann develops severa l  c lasses o f  assoc ia ted ODs, each c o n s i s t e n t  w i t h  an 

unde r l y i ng  u t i l  i t y  f u n c t i o n  i n  which qua1 i t y  en te rs  i n  a  spec ia l  i z e d  manner. 

C lea r l y ,  more work i s  needed i n  c l a s s i f y i n g  f u n c t i o n a l  forms f o r  u t i l i t y  

f u n c t i o n s  i n  which s i t e  q u a l i t y  en te r s  t h a t  f u n c t i o n  i n  ways which a re  

mean ing fu l l y  r e l a t e d  t o  environmental  q u a l i t y  p o l i c y  dec i s i ons .  I n  

p a r t i c u l a r ,  we need t o  know more about which k inds  o f  resource q u a l i t y  a f f e c t s  

t h e  u t i l i t y  f u n c t i o n  i n  what way, and t h e  r e s u l t a n t  ODs which r e s u l t s  f rom 

each u t i l  i t y  f u n c t i o n  spec i f i ed .  

The f ou r t h  major  i s sue  above, measuring exact w e l f a r e  changes assoc ia ted 

w i t h  one o r  more s i t e s '  p r i c e  and/or measured q u a l i t y  changes, i s  where much 

more work needs t o  be done. W i l l  i g  (1976) has demonstrated how such exact  

w e l f a r e  change measures can be approximated f o r  t h e  ODs i n  which q u a l i t y  i s  

n o t  a  f a c t o r .  Hanemann (1982) has shown how t o  recover  exact  CV/EV w e l f a r e  

change measures f rom q u a l i t y  change f o r  some o f  t h e  u t i l i t y  f u n c t i o n s  , 

mentioned above. However, most o f  t h i s  work has y e t  t o  see much emp i r i ca l  

appl  i c a t i o n  among p r a c t i t i o n e r s .  

Thus, t h e r e  has been s i g n i f i c a n t  progress i n  each o f  these f o u r  major  

areas, b u t  t h e r e  a r e  severa l  gaps remaining, and even where t h e  gaps have been 

closed, l i t t l e  i n  t h e  pub l i shed  l i t e r a t u r e  has presented an i n t e g r a t e d  

t rea tment  f o r  p r a c t i t i o n e r s .  

The o b j e c t i v e  o f  t h i s  paper i s  t o  demonstrate t o  p r a c t i t i o n e r s  how some 

o f  t he  t h e o r e t i c a l  developments discussed above can be app l i ed  t o  emp i r i ca l  

problems r e l a t e d  t o  v a l u i n g  m u l t i p l e  s i t e  q u a l i t y  changes. Th is  o b j e c t i v e  i s  

met by p resen t ing  a  numerical  example which demonstrates an emp i r i ca l  method 

f o r  recover ing  exact  we1 f a r e  change measures assoc ia ted w i t h  p r i c e  and/or 

q u a l i t y  changes i n  systems o f  m u l t i p l e  r e c r e a t i o n  s i t e s .  



Th is  paper i s  organized i n t o  f o u r  remaining sect ions.  F i r s t ,  we b r i e f l y  

rev iew theo ry  o f  we l f a re  measurement assoc ia ted w i t h  q u a l i t y  change f o r  

systems o f  r e c r e a t i o n  s i t e  demand equat ions. Next, we propose a  f ou r - s tep  

procedure f o r  e m p i r i c a l l y  recover ing  a  mu1 t i  - s i t e  qual i ty-dependent we1 f a r e  

change measure. Th i rd ,  we present  a  s imple numerical  example which 

demonstrates how t o  employ t h e  f ou r - s tep  procedure. F i na l  l y ,  t h e  conc lus ions 

a re  presented. 

11. WELFARE MEASURES FOR M U L T I - S I T E  QUALITY CHANGES 

Fo l low ing  Hanemann (1982), suppose t h a t  bik represents  t h e  amount o f  t h e  

k t h  ( o b j e c t i v e l y  measurable) q u a l i t y  c h a r a c t e r i s t i c  assoc ia ted w i t h  a  v i s i t  t o  

s i t e  i, where k  = 1, ..., K and 1 = 1, ..., N and l e t  bi be an index o f  t h e  i t h  

s i t e ' s  o v e r a l l  qual i t y ,  some func t ion  o f  (bil , . . . , bi k ) .  

Assuming then  t h a t  t h e  rep resen ta t i ve  v i s i t o r ' s  u t i l i t y  f u n c t i o n  va r i es  

w i t h  v i s i t s  and t h e  q u a l i t y  index bi a t  each o f  t h e  N s i t e s ,  t h a t  q u a l i t y -  

dependent u t i  1  i t y  f u n c t i o n  would be: 

(1) U ( x i ,  . . . , XN, bl . . . , bNz) 

where x i  i s  t h e  v i s i t  r a t e  t o  t h e  i t h  s i t e ,  and z  measures t h e  consumption 

l e v e l  o f  t h e  H icks ian  composite " a l l  o t he r  goods".' I n  general ,  then we can 

w r i t e  each i t h  s i t e ' s  r e s u l t i n g  o rd ina ry  demand f u n c t i o n  de r i ved  from t h a t  

under ly ing  u t i l i t y  f u n c t i o n  as: 

(2) X i  = h i ( ~ ~ , . . * , ~ ~ , b ~ ,  ...,bN,q,y) 

where p, i s  t h e  i t h  s i t e  p r i c e  (poss ib l y  i n c l u d i n g  t r a v e l  t ime ) ,  q  i s  t he  

p r i c e  o f  z  and y  i s  money income. 

A l t e r n a t i v e l y ,  v iewing t h e  v i s i t o r  as an expendi ture min im izer  r a t h e r  

than a  u t i l  i t y  maximizer, t h e  s o l u t i o n  t o  t h e  expendi ture m in im iza t i on  problem 

g ives  r i s e  t o  t h e  N compensated demand func t ions :  

(3) 
* 

X i  = g i ( ~ 1 , * a * ~ ~ , b 1 , * - * , b N ,  q,uO) 



where u0 i s  t h e  u t i l  i t y  l e v e l  reached under i n i t i a l  p r i c e ,  qua1 i t y ,  and money 

income l e v e l s .  Thus (3)  i s  t h e  H icks ian  compensated demand system (HCDS). 

The expend i tu re  f u n c t i o n  de f i nes  t h e  minimum va lue o f  expend i tu re  (E) 

r e q u i r e d  by t h e  r e c r e a t i o n i s t  under any p r i c e  o r  q u a l i t y  regime t o  reached uo, 

and i s  de f i ned  as: 

( 4 )  
0 E = E (p i , .  . .P\;bl,. . .,bN;U ) 

The expend i tu re  f u n c t i o n  E, i n  p r a c t i c e  can be computed as t h e  sum o f  

compensated demands i n  (3)  mu1 t i  p l  i e d  by t h e  respec t i ve  s i t e  p r i c e s .  Assuming 

t h a t  each s i t e ' s  q u a l i t y  index bi c o n t r i b u t e s  p o s i t i v e l y  t o  u t i l i t y ,  E w i l l  be 

1  ower as each bi increases. 

Exact w e l f a r e  measures a re  de f i ned  as t h e  f i n i t e  change i n  E due t o  

changes i n  p r i ce /qua l  i t y  . Suppose supe rsc r i p t s  "o" r e f e r  t o  i n i t i a l  

cond i t i ons  and "1" r e f e r  t o  t e rm ina l  cond i t i ons .  For a  cons tan t  money income, 

y ,  t he  CV and EV from mu1 t i - s i t e  p r i ce /qua l  i t y  changes are r e s p e c t i v e l y  

measured as: 

(5a)  1  1  1 0  CV = E(pl ,... p ~ ;  b i  ,... bN; u  ) - ~ ( p p  ,... pa; by ,... bb; uO) 

(5b)  1 1 EV = ~ ( p p , .  . .pa; by,. . .ba; ul) - E(pl,. . . p ~ ;  b i , .  . .ba; ul) 

The CV (EV) measures t h e  money income change necessary t o  o f f s e t  ( t ake  t h e  

p l ace  of )  t h e  u t i l i t y  change due t o  p r i c e / q u a l i t y  changes a t  one o r  more 

s i t e s ,  (Hanemann, 1980). Th i s  paper proposes and presents  a  numerical  example 

o f  a  method f o r  es t ima t i ng  t h e  exact  we l f a re  measures i n  ( 5 ) .  

111. A PROPOSAL 

Morey (1984) demonstrated t h a t  i t  i s  n o t  always necessary t o  use t h e  

Marshal 1  i an measure (consumer su rp l  us) approximat ions t o  recover  exact  we1 f a r e  

change measures f o r  est imated ODs. S p e c i f i c a l l y  when one begins by spec i f y i ng  

t h e  u t i l i t y  f u n c t i o n  d i r e c t l y  and then d e r i v i n g  t h e  corresponding ODs ( r a t h e r  

t han  t he  t r a d i t i o n a l  way o f  s p e c i f y i n g  t h e  demand equat ions d i r e c t l y )  then t he  



Marshal l ian approximations are unnecessary. That i s ,  given a known u t i l i t y  

f unc t i on  the  expenditure func t ion  can be der ived and hence the  exact CV/EV can 

be determined w i t h  no Marshal l ian approxiniation requi red.  Hanemann (1982) 

denionstrates t h a t  Morey's conclusions can be c a r r i e d  over t o  the case where 

q u a l i t y  enters the  u t i l i t y  funct ion,  as long as q u a l i t y  enters the  u t i l i t y  

f unc t i on  exogenously and i s  no t  a choice va r iab le  t o  the  consumer. 

I n  t h i s  sect ion, we propose t h a t  the  developments o f  Morey and Hanemann be 

used t o  advantage by o f f e r i n g  the  fo l l ow ing  fou r  steps t o  ob ta in  exact wel fare 

measures from q u a l i t y  change i n  rec rea t i on  s i t e  systems: (1) spec i fy  one o r  

more a l t e r n a t i v e  a lgebra ic  forms f o r  the qual i ty-dependent u t i l i t y  funct ion,  

each func t i on  which i s  def ined by both an a lgebraic  s t r u c t u r e  and general 

parameters t o  l a t e r  be estimated; (2) a n a l y t i c a l l y  de r i ve  the  corresponding 

ODs, HCDS, and the  expenditure func t i on  (EF) f o r  each u t i l i t y  f unc t i ona l  form 

considered; (3)  use data on observable consumption choices t o  est imate the  

c o e f f i c i e n t s  f o r  each ODs, thence choose t h a t  ODs which best f i t s  the  observed 

data; and (4)  based on the  estimated c o e f f i c i e n t s  and known r e l a t i o n s h i p  

between the  ODs, HCDS and EF from ( 2 ) ,  recover the  exact wel fare change 

measures f o r  any pr ice/qual i t y  pol i c y  desired. Each step i s f u r t h e r  d i  scussed. 

Step I. F i r s t ,  t he  researcher spec i f i es  one o r  more candidates f o r  a 

m u l t i - s i t e  u t i l i t y  f unc t i on  f o r  t he  representat ive r e c r e a t i o n i s t .  Each 

candidate func t i on  would inc lude a fami ly  o f  unknown parameters, which would 

be l a t e r  estimated. Depending on a p r i o r  knowledge o f  the  rec rea t i on  s i t e  

system i n  question, each candidate u t i l i t y  f unc t i on  would inc lude q u a n t i t i e s  

and q u a l i t i e s  o f  a l l  re levant  s i t e s  as arguments, as i n  the  general f unc t i on  

(1 ) .  Knowledge o f  the  r e l a t i o n s h i p  between the  u t i l i t y  f unc t i on  and the ODs 

i s  needed because i t  a1 1 ows us t o  1 a t e r  recover the  exact u t i  1  i t y  func t ion .  

That i s  each qua1 i ty-dependent u t i l  i t y  func t i on  i s  i n i t i a l l y  def ined by both 



an a l geb ra i c  s t r u c t u r e  and general  parameters. Once numerical  va lues o f  those 

parameters a re  1  a t e r  recovered by es t ima t i ng  t h e  assoc ia ted ODs f rom market 

data,  we i n s e r t  those va lues back i n t o  t he  u t i l i t y  f u n c t i o n  where o n l y  general  

parameters were p r e v i o u s l y  ava i l ab l e .  Thus, we f i r s t  go forward f rom t h e  

u t i l i t y  f u n c t i o n  t o  t h e  ODs, which l a t e r  a l lows  us t o  go backward f rom the  

est imated ODs c o e f f i c i e n t s  t o  t he  f u l l y  s p e c i f i e d  u t i l i t y  f u n c t i o n .  Th i s  

proposed approach i s  a  l o g i c a l  out -growth o f  u t i l i t y  f u n c t i o n  s p e c i f i c a t i o n  i n  

which q u a l i t i e s  a re  n o t  arguments. 

Thus, suppose t h a t  we d e f i n e  

(6 )  Hi [ P ~ , * * * , P ~ , ~ , Y ]  

as t he  known fo rmu la  f o r  t h e  o rd i na ry  demand f u n c t i o n  f o r  t he  i t h  s i t e ,  when 

q u a l i t y  does not e n t e r  t h e  u t i l i t y  f unc t i on ,  i .e . ,  when u t i l i t y  i s  de f i ned  as 

(7)  U (x,z) = U(xl ,..., XN,Z) 

I n  t h i s  1  i g h t ,  g i ven  t h e  general  qua1 i ty-dependent u t i  1  i t y  f u n c t i o n  i n  

(1) and assoc ia ted  ODs, Hanemann develops t h r e e  methods f o r  i n t r o d u c i n g  

q u a l i t y  i n t o  m u l t i s i t e  u t i l i t y  func t ions ,  and p rov ides  examples o f  how t h e  

qual i ty -dependent  ODs (2 )  can be de r i ved  f o r  each method. 

The f i r s t  method f o r  i n c o r p o r a t i n g  q u a l i t y  i s  t o  add t o  t h e  u t i l i t y  

func t ion  i n  (7) a  p a r t i c u l a r  f u n c t i o n  fi (xi ,b). One example i nc l udes  t h e  

we1 1 -known "pure repackaging" case, discussed be1 ow: (F isher  and She1 1, 

1967). Th i s  r e s u l t s  i n  t h e  t r a n s l a t i o n  o f  (7)  t o  

(8) U(x,b,z) = U(fl(bl)xl, . .,fn(bn)xn,z) 

where fi(bi) i s  i n t e r p r e t e d  as a  funct i0 .n  o f  s i t e  i ' s  q u a l i t y  index. The 

r e s u l t i n g  q u a l i t y  dependent o rd i na ry  demand f u n c t i o n s  t r a n s l a t i o n s  o f  H[e] i n  

(6)  are: 
1 

(9 X i  = 
f i (b i )  H i [ p l / f l  ( b l ) , . . . 9 ~ N / f ~ ( b ~ ) , q 9 ~ I  

f o r  each i t h  s i t e .  



A t h i r d  method i s  t o  t ake  a standard neoc lass ica l  u t i l i t y  f u n c t i o n  and 

w r i t e  i t s  c o e f f i c i e n t s  as f unc t i ons  o f  b. For example, one might  t r a n s l a t e  t h e  

u t i l  i t y  f u n c t i o n  unde r l y i ng  t h e  1 i n e a r  expendi ture system (LES) i n t o  qual i t y  

space. Given t h e  LES 

(10) U(x,z) = Z Ri l o g  xi where Z Ri = 1 

where t h e  l a s t  element o f  i r e f e r s  t o  t he  H icks ian  composite good, z. 

The r e s u l t i n g  q u a l i t y  independent o rd i na ry  demands (6)  f o r  each i t h  s i t e  i s :  

(11) H i [ p , ~ I  = Z R i  Y / P i  

One way o f  t r a n s l a t i n g  U ( * )  f o r  t h e  LES i n  (10) i n t o  q u a l i t y  space such as 

r e q u i r e d  by (1)  i s :  

(12) U(x,b,z) = Z R i  l o g  (xi - Ti) 

where Ti i s  some s p e c i f i e d  -f i(bi). 

That p a r t i c u l a r  qual  i t y  t r a n s l a t i o n  o f  (7) r e s u l t s  i n  t h e  qual  i t y  dependent 

ODs, where f o r  each i t h  s i t e :  

(13) hi(p,b,y) = Z R i / ~ i  [Y + P j  f j ( b j ) I  - f i ( b i ) I  

The reader  i s r e f e r r e d  t o  more d e t a i  1  s  i n  Hanemann (1984b). I n  any case, 

these t h r e e  methods o f  sys tema t i ca l l y  i nco rpo ra t i ng  s i t e  q u a l i t y  i n t o  t he  

h i t h e r t o  qua l i t y - independent  u t i l i t y  f u n c t i o n  p rov ide  ready means o f  

t rans1  a t i  ng t h e  qual i ty- independent demands o f  (6) i n t o  t he  qual  i ty-dependent 

demands r e q u i r e d  by (2).  One on l y  needs t o  know how t o  d e r i v e  t h e  demands i n  

(6 )  f rom t h e  u t i l i t y  f u n c t i o n  i n  (7) and apply  t he  t r a n s l a t i o n s  o f  t he  u t i l i t y  

f unc t i ons  i n t o  q u a l i t y  space t o  recover  t h e  qual i ty -dependent  ODs. 

S t e ~  11. Next, f o r  each' candidate u t i l i t y  f u n c t i o n  s p e c i f i e d  i n  s tep  I 

which i s  under t e n t a t i v e  cons iderat ion,  t h e  researcher  would a n a l v t i c a l l v  

d e r i v e  two impor tan t  f a m i l i e s  o f  f unc t i ons .  No da ta  would be used a t  t h i s  

m. The two f a m i l i e s  o f  f unc t i ons  t o  be de r i ved  are (1)  t h e  ODs and (2)  t he  

EF, where t h e  EF i s  found by computiqg t h e  HCDS. 



Knowing t he  l i n k  between t he  u t i l i t y  f unc t i on  and t he  HCDS/EF i s  a l so  

impor tant ,  because i t  i s  t h e  f u l l y  s p e c i f i e d  EF which a l lows  us t o  compute t h e  

exac t  we1 f a r e  measures from the  re1 evant pr ice/qual  i ty  pol  i c y  changes. 

S t e ~  111. The t h i r d  s tep  b r i v g s  i n  t he  r e a l  data.  Assuming t h a t  a  

methodology such as t h e  t r a v e l  cos t  method i s  used, one would assemble m u l t i -  

s i t e ,  m u l t i - z o n e - o f - o r i g i n  da ta  on s i t e  p r i ces ,  incomes, q u a n t i t i e s  

( v i s i t a t i o n  l e v e l s ) ,  and qua1 i t i e s .  These da ta  would be empolyed t o  

complete ly  est imate t h e  parameters o f  a l l  t he  candidate ODS's s p e c i f i e d  i n  

general  form from Step I. Each est imated ODs would be known t o  be cons i s ten t  

w i t h  an under ly ing  u t i l i t y  func t ion .  Standard s t a t i s t i c a l  goodness -o f - f i t  

measures would be enipl oyed t o  choose t h a t  demand system (and imp1 i ed 

unde r l y i ng  u t i l i t y  f u n c t i o n )  which best  f i t  the  market data.  

S t e ~  I V .  Last,  a f t e r  f i n d i n g  t h e  ODs which best  f i t  t h e  market data, one 

would use t he  est imated parameters - f rom t h e  demand system t o  f u l l y  s p e c i f y  t he  

u t  i 1 i t y  f unc t i on ,  expendi ture func t ion ,  and exact we1 f a r e  measures, as a1 1  owed 

f o r  by complet ion o f  Step 11. 

Note t h a t  under t h i s  f o u r  s tep proposal ,  a t  no p o i n t  a re  we asked t o  

i n t e g r a t e  beneath systems o f  demand func t i ons  t o  eva luate qual i ty -dependent  

w e l f a r e  change measures. I n  f a c t ,  i n  f o l l o w i n g  t h i s  proposal ,  t he re  i s  no 

d i r e c t  use f o r  t he  ODs o the r  than t h a t  o f  us ing t h e i r  parameter est imates t o  

recover  t he  expendi ture f unc t i on .  For we1 f a r e  eval  ua t  ions  one can ignore  t h e  

ODs a f t e r  i n s e r t i n g  i t s  parameter est imates i n t o  t he  general  EF from Step 11. 

Furthermore, s ince  areas beneath demand func t i ons  a re  no t  used t o  

c a l c u l a t e  we1 f a r e  measures, we are re1 ieved o f  having t o  s p e c i f y  t h e  u t i  1  i t y  

f u n c t i o n  as possessing Ma1 e r ' s  "weak complementarity" cond i t i ons .  Thus, we 

can spec i f y  u t i l i t y  f unc t i ons  f o r  which no f i n i t e  s i t e  p r i c e  reduces 

(compensated) s i t e  demand t o  zero, y e t  s t i l l  be ab le  t o  e m p i r i c a l l y  recover  an 

exac t  we l f a re  change measure from observable consumption data.  



111. NUMERICAL EXAMPLE 

Th i s  sec t i on  i l l u s t r a t e s  how t h e  proposed f o u r - s t e p  procedure can be 

employed t o  recover  t h e  exact CV/EV. I n  it, we f o l l  ow s tep  I by choosing a  

s p e c i f i c  f u n c t i o n a l  form f o r  t h e  u t i l i t y  f u n c t i o n  i n  which bo th  s i t e  q u a l i t i e s  

and q u a n t i t i e s  a re  inc luded  as arguments. We then complete s tep  I 1  by 

a n a l y t i c a l l y  d e r i v i n g  t h e  ODs, HCDS and t h e  EF. 

I n  f o l l o w i n g  s tep three,  we s imu la te  t h e  ga the r i ng  o f  f i e l d  da ta  by 

employing a  Monte Car lo  approach t o  generate observable consumption da ta  

f a c i n g  t h e  r e c r e a t i o n  researcher.  Th i s  i s  accomplished by assuming p r i o r  

knowledge o f  exact  values f o r  parameters i n  t h e  u t i l i t y  f u n c t i o n  s p e c i f i e d  i n  

s tep I, i.e., a  f u l l y  spec i f ied ,  u t i l i t y  f unc t i on .  Then, based on t h a t  f u l l y  

s p e c i f i e d  u t i l i t y  f unc t i on ,  we compute numerical values f o r  o r d i n a r y  demand 

q u a n t i t i e s  f o r  severa l  p r i ce ,  q u a l i t y ,  and income combinations. Then, t o  

s imu la te  randomness and da ta  e r r o r s  f a c i n g  t h e  f i e l d  researcher,  random normal 

dev ia tes  a re  added t o  each generated o rd ina ry  demand q u a n t i t y  above. Based on 

those s tochas t i c  e r r o r  terms added t o  t h e  exact  o rd i na ry  demand q u a n t i t i e s ,  a  

non l inear  regress ion  procedure i s  used t o  "est imate"  t h e  qual i ty -dependent  ODs 

parameters, as i f  t h e  exact parameter values were i n  f a c t  unknown. 

To complete s tep four ,  a f t e r  es t ima t i ng  t h e  ODs i n  t h i s  manner, t he  

est imated c o e f f i c i e n t s  a re  used t o  f i n d  t h e  EF and t h e  HCDS, as uncovered i n  

s tep 11. From t h e  f u l l y  s p e c i f i e d  expendi ture f unc t i on ,  t h e  exact  we l f a re  

change measures (CV and EV) assoc ia ted w i t h  var ious  exogenous s i t e  p r i c e  

qua1 i t y  changes a re  presented. 

S t e ~  I. Suppose t h a t  one candidate u t i l i t y  f u n c t i o n  f o r  t h e  

rep resen ta t i ve  r e c r e a t i o n i s t / s i t e  v i s i t o r  i s  t h e  Cobb-Douglas, mod i f ied  t o  

account f o r  q u a l i t y  parameters unique t o  each s i t e ,  



where A, i s  a  constant,  xl and x2 are p a r t i c i p a t i o n  r a t e s  a t  s i t e s  1 and 2  

respec t i ve l y ,  2  i s  t he  H icks ian  composite com~nodity " a l l  o t he r  goods", and t he  

fi (bi) i n d i c a t e  t h a t  each o f  t h e  exponents inc ludes  t he  respec t i ve  s i t e  

"qual i t y "  as an argument. 

For t h i s  example, we e x p l i c i t l y  s p e c i f y  t h e  e f f e c t s  o f  each s i t e ' s  

qual  i t y  (bi) i n t o  t h e  respec t i ve  fi f u n c t i o n  i n  (14) as fo l lows:  

(15) fl = C1 bl; f2 = C2 b2; f3 = (1-C1-C2) 

where C1 and C2 a re  constants  (parameters) t o  be est imated from t h e  data.  

Note t h a t  f o r  t h i s  example, we a re  us ing Hanemann's t h i r d  method o f  

i nco rpo ra t i ng  q u a l i t y  i n t o  t h e  u t i l i t y  f u n c t i o n  (Hanemann 1982). Also, 

observe t h a t  f o r  each i t h  s i t e ,  t h i s  candidate u t i l i t y  f u n c t i o n  d i sp lays  a  

r i s i n g  marginal  u t i l i t y  as e i t h e r  s i t e ' s  a u a n t i t y  o r  a u a l i t v  increases.  

S t e ~  11. Apply ing standard const ra ined u t i l i t y  maximizing techniques, 

(14) i s  maximized sub jec t  t o  t h e  budget cons t ra i n t ,  y  = X  xipi, one can d e r i v e  

t h e  o rd ina ry  demand schedule f o r  each o f  t h e  two s i t e  demands o f  i n t e r e s t .  

M ~ Y  
Xi = -  f o r  i = 1,2 

P i  

where Mi = [l t ( 2  f j / f i ) ] - l  
j # i 

given  t h e  qual i ty -dependent  fi de f ined  i n  (15). 

The emp i r i ca l  t ask  i n  es t ima t i ng  (16) i s  t o  use observable da ta  t o  

es t imate  C1 and C2. Given est imated values f o r  t h e  two c o e f f i c i e n t s  C1 and C2 

i n  (15) t h e  o rd ina ry  demand func t i ons  i n  (16) are complete ly  determined, and 

t h e  u t i l i t y  f u n c t i o n  (14) i s  completely known (up t o  a  monotonic 

t rans fo rmat ion) .  



Next t h e  HCDS and t h e  assoc ia ted EF a re  der ived.  Given t h e  f u n c t i o n a l  

form assumed f o r  t h e  qual i ty -dependent  u t i l i t y  f u n c t i o n  i n  (14), t h e  

compensated demands a re  : 

where u0 i s  cond i t i oned  as t h e  prep01 i c y  u t i l  i t y  l e v e l ,  assuming t h a t  t h e  C V  

i s  t h e  w e l f a r e  measure des i red .  The HCDS i n  (17) are independent o f  t h e  

u t i l i t y  index, i .e . ,  cons i s t en t  w i t h  any monotonic t r ans fo rma t i on  o f  (14). 

For example, i f  t h e  u t i l i t y  index i n  (14) were doubled through a doub l ing  o f  

A,, then u0 would double, bu t  u0/n0 i n  (17) would remain i nva r i an t . '  

F i n a l l y ,  t h e  expend i tu re  f u n c t i o n  assoc ia ted w i t h  (14) and (15) i s  s imply  

t h e  sum o f  a l l  t h r e e  compensated demands i n  (17) m u l t i p l i e d  by r espec t i ve  

p r i ces ,  and i s  

(18) 
* 

E = X p i x i  
i 

where t h e  x; a re  de f i ned  i n  (17). The expendi ture f unc t i on ,  which i s  needed 

f o r  w e l f a r e  comparisons, i s  o f  course a l s o  independent o f  t h e  cho ice  o f  t h e  

u t i l i t y  index. 

S t e ~  111. Table I shows t h i r t e e n  simul ated random observa t ions  f o r  t h e  

two s i t e s  and H icks ian  composite commodity under t h i r t e e n  p r i c e ,  q u a l i t y ,  

income combinat ions.  Each j t h  observa t ion  on t h e  t h r e e  x ' s  was de r i ved  from 

t h e  exact  ODS i n  (16) f u l l y  s p e c i f i e d  by t h e  p r i o r  known, parameters i n  (15) 

w i t h  C1 = 0.05 and C2 = 10. XRi (Table 1) r e f e r s  t o  t h e  o r d i n a r y  demand 

q u a n t i t i e s  x i ,  t o  which a random normal e r r o r  term o f  mean 0 and standard 

d e v i a t i o n  o f  1 i s  added, t o  s imu la te  da ta  f a c i n g  t h e  r e c r e a t i o n  researcher .  



TABLE 1 

Simulated observat ions generated from th ree  known ordinary demands funct ions 

under various p r i ces ,  qua1 i t  i e s ,  and incomes. Demand q u a n t i t i e s  XRi a re  

derived from u t i l i t y  function in (14) and (15),  with C1 = 0.05 and C2 = 0.10, 

augmented by a standard normal e r r o r  with mean 0 and variance 1. 

Income 



I n  o rder  t o  s imulate t h e  es t ima t i on  o f  t he  t h r e e  o rd ina ry  demands from 

t h e  Table 1 data,  i t  i s  necessary t o  est imate C1 and C2 as i f  n e i t h e r  were 

known. From (16), we know t h a t  t he  general f u n c t i o n a l  form f o r  t h e  o rd ina ry  

demands can be w r i t t e n  as: 
1 

where (20a) C1 = 1/[1 + 60 + 611 

(20b) C2 = [l + 6, + 611 

Because (19) a re  non l i nea r  i n  t h e  parameters, a  non l i nea r  SAS regress ion  

procedure, SYSNLIN, (SAS 1982) was app l i ed  t o  t h e  Table 1 da ta  t o  est imate t h e  

parameters 60 and i n  (19) and thence t o  recover  C1 and C2 f rom (20).  

Apply ing t h e  SYSNLIN regress ion  procedure t o  t he  da ta  i n  Table 1 t o  

est imate t h e  model i n  (19), we found t h a t  2, = 17.09 w i t h  an approximate 
A 

standard e r r o r  o f  0.288 and 61 = 2.04 w i t h  an approximate standard e r r o r  o f  

Employing (20) t o  recover  el and e2 from go and $1, t h e  ca l cu la ted  values 

f o r  El and e2 were found t o  be 0.0497 and 0.1011 respec t i ve l y ,  bo th  "c lose  t o "  

t h e  p r i o r  known values o f  0.05 and 0.10 respec t i ve l y .  Thus, we have 

demonstrated an exampl e  o f  recover ing  t h e  re1  evant u t i  1  i t y  f u n c t i o n  parameters 

C1 and C2 by es t ima t i ng  t h e  ODs from observable consumption data.  

Step I V .  Next, t h e  HCDS and EF are  f u l l y  spec i f ied.  Recognizing t h a t  

H icks ian  and o rd ina ry  demand q u a n t i t i e s  a re  i d e n t i c a l  under i n i t i a l  ( t e rm ina l )  

cond i t ions ,  we can so lve  f o r  t h e  va lue of uO/A, i n  (17) which fo rces  t h e  

i n i t i a l  ( t e r m i n a l )  H icks ian  and o rd ina ry  demand q u a n t i t i e s  t o  be equal, thus 



a l l o w i n g  complete recovery  o f  t h e  HCDS. Only i n i t i a l  c o n d i t i o n  (uo)  H icks ian  

demands a re  discussed here.  

Suppose t h a t  " i n i t i a l  cond i t i ons "  a re  those i n  which a l l  t h r e e  p r i c e s  and 

q u a l i t i e s  f a c i n g  t h e  r e c r e a t i o n i s t  equal t o  one, and income i s  100, i .e. ,  

c o n d i t i o n s  shown i n  f i r s t  l i n e  o f  Table 1. I n i t i a l  c o n d i t i o n s  i n  a  r e a l  

r e c r e a t i o n  v a l  u a t i o n  s tudy would be cha ra te r i zed  by s t a t u s  quo p r i c e s  and 

q u a l i t i e s .  

Given those i n i t i a l  cond i t i ons ,  t he  i n i t i a l  va lues o f  H i cks i an  q u a n t i t i e s  

consumed ( t h e  x f )  must equal those o f  t h e  o rd i na ry  demand q u a n t i t i e s ,  and a re  

r e s p e c t i v e l y ,  5.15, 9.56 and 85.05 f o r  t h e  t h r e e  goods. Employing t he  general  

fo rmu la  f o r  r ecove r i ng  t h e  H icks ian  schedules i n  (17), we can so lve  f o r  u0/A0, 

s i nce  a l l  terms a re  known except u0/A0. Using (17) we f i n d  t h a t  u0/A0 equals 

59.56. 

Having computed a l l  t h r e e  compensated demand q u a n t i t i e s  a t  i n i t i a l  

c o n d i t i o n  u t i l i t y  l e v e l s ,  a l l  a re  now complete ly  s p e c i f i e d .  Therefore,  as 

seen i n  (17) we can determine t h e  remainder o f  t he  va lues o f  each xf f o r  any 

combinat ion o f  values o f  p r i ces ,  incomes, and q u a l i t i e s  des i red .  With t h e  

compensated demands complete ly  spec i f i ed ,  computat ion o f  bo th  t h e  EF and 

assoc ia ted we1 f a r e  measure i s  poss i  b le3  by i n s e r t i n g  t h e  est imated values o f  

t h e  f i f s  i n t o  (17) and (18).  

Table 2 shows computed expendi ture f u n c t i o n  values f o r  severa l  

combinat ions o f  s i t e  p r i c e  and qua1 i t i e s .  Ord inary  and H i c k s i  an demand 

q u a n t i t i e s  a re  n o t  shown. Expendi ture f u n c t i o n  va l  ues were c a l  c u l  a ted f o r  

bo th  i n i t i a l  (5a) and t e rm ina l  (5b) cond i t i ons  which permi t  computat ion o f  t h e  

CV and EV r e s p e c t i v e l y .  



TABLE 2 

Expenditure funct ion-based est imates o f  CV and EV assoc ia ted w i t h  var ious  
* 

pr ices ,  q u a l i t i e s ,  and incomes. 

Pol i c y  
# 

* 
An expendi ture f unc t i on ,  CV, and EV can o n l y  be de f ined  r e l a t i v e  t o  a  g iven  

l e v e l  o f  u t i l i t y .  The l e v e l  o f  u t i l i t y  used i n  t h i s  t a b l e  i s  assumed t o  be 

t h a t  p r e v a i l i n g  under p r i ces ,  q u a l i t i e s ,  and incomes shown as p o l i c y  # l .  

' E ~  i s  t he  expendi ture f u n c t i o n  va lue descr ibed i n  (5a), used t o  f i n d  t h e  

1 1 1 C.V., i .e., valued a t  E (pl , . . .pn; b i  , . . .bn; uO) 

" E ~  i s  t h e  expendi ture f u n c t i o n  va lue descr ibed i n  (5b), used t o  f i n d  t h e  

E.V., i.e., valued a t  E(P? ,... p: ; by ,... b: ;ul) 

EV values a re  presented f o r  several  i n t e r e s t i n g  combinations o f  p r i c i n g  

and q u a l i t y  p o l i c i e s .  R e l a t i v e  t o  no p o l i c y  change ( # I )  and t h e  assoc ia ted 

i n i t i a l  u t i l i t y  l e v e l ,  Table 2 shows t h a t  a  p r i c e  increase a t  s i t e  1 from $1 

t o  $10 ( p o l i c y  #2) r equ i res  minimum expenditures t o  increase from $100 t o  $112 

(CV = t$12) .  However, i f  s i t e  1 's  a u a l i t v  increases from 1 t o  10 ( p o l i c y  #3),  

minimum expendi tures t o  sus ta i n  i n i t i a l  u t i l i t y  f a l l s  t o  $40 (CV = -$60). I f  

t h e  managing agency decides t o  r a i s e  e n t r y  fees a t  s i t e  1 from $1 t o  $10 



(po l  i c y  #4) ,  they  would have t o  increase s i t e  1 's  qua1 i t y  t o  6.7 i n  o rder  t o  

ma in ta i n  i n i t i a l  u t i l i t y  (EF va lue a t  100). A l t e r n a t i v e l y  viewed, an 

exogenous q u a l i t y  increase a t  s i t e  1 t o  6.7 cou ld  be f inanced by a p r i c e  

increase t o  $10 a t  s i t e  1 w i t hou t  sus ta i n i ng  a u t i l i t y  l oss .  A simultaneous 

inc rease  o f  both s i t e  p r i c e s  t o  $20 ( p o l i c y  #5) cou ld  be o f f s e t  by an income 

increase from $100 t o  157 (CV = $57). S i m i l a r  r e s u l t s  are presented f o r  t he  

EF and assoc ia ted EV cond i t ioned  on " t e rm ina l "  p o l i c y  combinations, f o r  which 

r e s u l t s  are shown i n  t h e  l a s t  two columns. 

V. CONCLUSIONS 

The purpose o f  t h i s  paper has been t o  propose a p r a c t i c a l  method f o r  

eva lua t i ng  t he  e f f e c t s  o f  a  change i n  t he  q u a l i t y  o f  r e c r e a t i o n  s i t e s  on 

we l f a re  o f  s i t e  users us ing da ta  on observed consumption choices. The 

approach proposed i n  t h i s  paper cons i s t s  o f  f o u r  steps. 

F i r s t  s p e c i f y  several  a l t e r n a t i v e  candidate u t i l i t y  f u n c t i o n s  dependent 

on s i t e  q u a n t i t i e s  and a u a l i t i e s .  Viewing each s i t e  as having a s i n g l e  

measurable index o f  q u a l i t y ,  each candidate u t i l i t y  f u n c t i o n  s p e c i f i e d  could 

i n  p r i n c i p l e  depend on t h e  parameters, a u a l i t i e s ,  and q u a n t i t i e s  o f  a l l  s i t e s  

i n  the  system. 

Second, f o r  each candidate u t i l i t y  f unc t i on ,  one would a n a l y t i c a l l y  

d e r i v e  (1) t he  o r d i n a r y  demand system (ODs) and (2) t h e  compensated demand 

system (HCDS)/expendi t u r e  f u n c t i o n  (EF) . Because o f  these computations, t h e  

researcher would then know t h e  r e l a t i o n s h i p  of t h e  ODs t o  t h e  EF. No data are 

used a t  t h i s  s tep.  

Th i rd ,  assemble da ta  on observed r e c r e a t i o n  consumption choices a t  t he  

r e l e v a n t  system o f  s i t e s .  Observat ions would be made on p r i ces ,  q u a l i t i e s ,  

and incomes. Those da ta  would then be used t o  es t imate  t he  parameters f o r  t he  

rep resen ta t i ve  r e c r e a t i o n i s t ' s  ODs. Among a l l  t h e  p o t e n t i a l  ODs's (each 



system assoc ia ted w i t h  a  known u t i l  i t y  f unc t i on )  t h e  one system would be 

chosen which bes t  f i t  t h e  data.  

Fourth,  one would use those est imated parameters f rom t h e  chosen o rd ina ry  

demand system i n  combinat ion w i t h  t h e  known r e l a t i o n s h i p  between each ODs and 

i t s  EF t o  recover  t h a t  EF. A f t e r  recover ing  t h e  EF, one can f i n d  t h e  exact  

we l f a re  change measures (CV and/or EV) assoc ia ted w i t h  any p r i c e / q u a l i t y  

change des i red .  

An example o f  t h e  proposed method was presented us ing  a  mod i f i ed  "Cobb- 

Douglas" u t i l i t y  f unc t i on ,  i n  which u t i l i t y  was s p e c i f i e d  t o  depend on bo th  

q u a n t i t y  and q u a l i t y  o f  two s i t e s  and q u a n t i t y  o f  a  t h i r d  good represen t ing  

" a l l  o t h e r  consumption." It was then shown how one cou ld  o b t a i n  est imates o f  

t h e  EF and t h e  exact  CV/EV we l f a re  change measures f o r  severa l  combinations o f  

m u l t i - s i t e  p r i c e  and q u a l i t y  change. 

The methodology proposed may be p r e f e r r e d  t o  ones which at tempt  t o  

measure we l f a re  change by i n t e g r a t i n g  over  p r i c e  and q u a l i t y  changes beneath 

one o r  more s i t e  demand schedules. When us ing  t h e  proposed method, one i s  n o t  

r equ i red  t o  choose ad hoc s p e c i f i c a t i o n s  o f  demand systems and l a t e r  hope they 

a re  cons i s ten t  w i t h  some u t i l i t y  f unc t i on .  Rather, i t  i s  proposed t h a t  we 

assure u t i l i t y  cons is tency by spec i f y i ng  several  a l t e r n a t i v e  u t i l i t y  f unc t i ons  

i n  t h e  f i r s t  step. That way, we a re  assured t h a t  t h e  demand system u l t i m a t e l y  

chosen w i l l  be cons i s ten t  w i t h  a  known u t i l i t y  f unc t i on .  Furthermore, where 

m u l t i p l e  s i t e s  a re  invo lved,  t h e  proposed method i s  more t h e o r e t i c a l l y  

c r e d i b l e  and may r e q u i r e  1  ess computat ional  e f f o r t  than emp i r i ca l  we1 f a r e  

eva lua t i on  methods f o r  q u a l i t y  change which are i n  common p r a c t i c e .  
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FOOTNOTES 

1. Th i s  s tudy was funded i n  p a r t  by t h e  USDA Regional P r o j e c t  W-133, 

"Bene f i t s  and Costs i n  Na tu ra l  Resource Planning," New Mexico S t a t e  

U n i v e r s i t y  A g r i c u l t u r a l  Experiment S ta t ion ;  t h e  New Mexico Game and F i sh  

Department; and t h e  New Mexico Water Resources Research I n s t i t u t e .  

2 .  Emp i r i ca l l y ,  t h e  r a t i o  Uo/Ao can be determined by observ ing t h a t  t h e  

Hi c k s i  an and Ord inary  demands a re  equal under i n i  t i  a1 p r i ces ,  qual  i t i e s  

and income. Th is  w i l l  be i l l u s t r a t e d  subsequently. O f  course, a t  any 

o the r  p r i ces ,  qual  i t i e s  and incomes, t h e  H i cks i an  and o r d i n a r y  schedules 

w i l l  d i ve rge .  

3. The d iscuss ion  here demonstrates how t o  f i n d  t h e  H i cks i an  demands 

assoc ia ted w i t h  " i n i t i a l "  p r i ces ,  q u a l i t i e s ,  and incomes. A  s i m i l a r  

i n i t i a l i z a t i o n  process a l lows  t h e  c a l c u l a t i o n  o f  compensated demands 

assoc ia ted w i t h  " te rm ina l  cond i t i ons " .  By computing t e rm ina l  c o n d i t i o n  

compensated demands, one can a l so  f i n d  t h e  expend i tu re  f u n c t i o n  needed t o  

i d e n t i f y  t h e  EV we l f a re  change measure. 
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INTRODUCTION 

The p r imary  o f f - s i t e  b e n e f i t s  o f  s o i l  conserva t ion  p r a c t i c e s  which improve 

water qua1 i t y  i n c l u d e  rec rea t i on ,  espec ia l  l y ,  r e c r e a t i o n a l  f i s h e r i e s .  C la rk ,  

e t  a1 . , (1985) i n d i c a t e d  r e c r e a t i o n a l  f i s h e r i e s  would be t h e  1  a rges t  component 
- 

o f  soc i a l  b e n e f i t s  ( rang ing  f rom $490 m i l l i o n  t o  $2.670 b i l l i o n )  and represen t  

about 20% o f  t h e  t o t a l  s o c i a l  b e n e f i t s .  However, t h i s  es t imate  i s  necessa r i l y  

based on e x t r a p l o l a t i o n  f rom o the r  s t ud ies  as t h e r e  has been l i t t l e  emp i r i ca l  

es t ima t i on  o f  how t h e  values o f  f i s h i n g  change w i t h  s i t e  q u a l i t y .  Two 

emp i r i ca l  s t ud ies  t h a t  a re  a v a i l  ab le  use d i f f e r e n t  model 1  i n g  approaches t o  

incorpora te  water q u a l i t y  assoc ia ted w i t h  e ros ion  c o n t r o l  and a r r i v e  a t  q u i t e  

d i f f e r e n t  conc lus ions:  Ribaudo (1986) found almost no r e c r e a t i o n  b e n e f i t s  and 

Pa t r i c k ,  e t  a1 . , 1987 found $1.1 t o  $5.8 m i l  1  i o n  d o l l a r s  o f  annual b e n e f i t s  f o r  

a  2% r e d u c t i o n  i n  suspended s o l i d s  and assoc ia ted p o l l u t a n t s  i n  Ind iana.  

P a t r i c k  e t  a1 ., use a  hedonic t r a v e l  c o s t  method. 

Th i s  paper r e p o r t s  on a  se r i es  o f  bio-economic demand models f o r  

r e c r e a t i o n a l  f i s h i n g  b u i l t  us ing  t h e  Trave l  Cost Method, which r u n  on IBM-PC. 

The models l i n k  changes i n  catchable  f i s h  popu la t ions  t o  n e t  economic b e n e f i t s .  

These GAMEFISH programs and da ta  p rov ide  a  user f r i e n d l y  (menu d r i ven )  b i o -  

economic model f o r  measuring t h e  economic b e n e f i t s  o f  r e c r e a t i o n a l  salmon and 

steelhead f i s h i n g  i n  t h e  P a c i f i c  Northwest. The bas i c  model ing and programming 

s t r u c t u r e  descr ibed here can be app l i ed  ( w i t h  t h e  a d d i t i o n  o f  t h e  appropr ia te  

data) t o  es t ima t i ng  t h e  b e n e f i t s  o f  improved water q u a l i t y  f o r  warmwater 

f i s h e r i e s  and o the r  co ldwater  f i s h e r i e s  i n  a l l  reg ions  o f  t h e  count ry .  

Est imates o f  change i n  n e t  w i l l i n g n e s s  t o  pay a re  needed f o r  per fo rming  a  

wide v a r i e t y  o f  app l i ed  we1 f a r e  ana l ys i s .  These i n c l u d e  c a l c u l a t i o n  o f  a  

change i n  ang le r  b e n e f i t s  f rom a  change i n  f i s h  p roduc t ion  stemming from: (1) 

A g r i c u l t u r a l  p r a c t i c e s  a f f e c t i n g  s o i l  e ros i on  r a t e s  and hence water q u a l i t y  



(2 )  a p p l i c a t i o n  o f  i n s e c t i c i d e s  and he rb i c i des  (3) l a n d  use conversions and 

t imber  ha rves t i ng  p r a c t i c i e s  a f f e c t i n g  sedminentat ion and stream temperature 

( 4 )  r educ t i on  o f  nonpoin t  source p o l l u t i o n  f rom f e e d l o t s  and (5) investment i n  

niunic i  pa l  waste t reatment  p l an t s .  

The GAMEFISH program discussed here i s  a  s e r i e s  o f  LOTUS 123 ( re lease  2) 

f i l e s  cons t ruc ted  w i t h  t h e  1 i m i t e d  programming capab i l  i t y  p rov ided  by t h e  

LOTUS fea tu re  c a l l e d  "macros". The menu d r i v e n  program i s  designed t o  r u n  on 

an IBM-PC t ype  machine t h a t  w i l l  operate  LOTUS 123. Only 256K o f  RAM and one 

f l o p p y  d i s k  a re  requ i red .  

METHODOLOGY AND CALCULATION OF NET WILLINGNESS TO PAY 

The GAMEFISH programs use measures o f  n e t  w i l l i n g n e s s  t o  pay (consumer 

su rp l us )  t o  represen t  t h e  n e t  economic values o f  r e c r e a t i o n a l  f i s h i n g  a t  

se l ec ted  s i t e s .  Use o f  n e t  w i l l i n g n e s s  t o  pay i n  B e n e f i t  Cost Ana l ys i s  i s  

r e q u i r e d  by U.S. Water Resources Counci 1  P r i n c i p l e s  and Guide1 i nes  (1983), and 

recommended i n  tex tbooks on B e n e f i t  Cost Ana lys is  (Sassone and Schaf fer ,  1978; 

Jus t ,  e t  a1 . , 1982). 

The methodology employed est imates t h e  incrementa l  (marg ina l )  ne t  

w i l l i n g n e s s  t o  pay o f  a d d i t i o n a l  r e c r e a t i o n a l  f i s h  ca tch  by c a l c u l a t i n g  t h e  

area between a  f i s h i n g  s i t e ' s  demand curve a t  t h e  c u r r e n t  and changed l e v e l s  

o f  catch.  The s i t e ' s  demand curves were est imated us ing  a  m u l t i - s i t e  Trave l  

Cost Model (TCM) which i s  discussed i n  more d e t a i l  below. S p e c i f i c a l l y ,  i f  

equat ion 1  i s  t h e  demand equat ion w i t h  s i t e  q u a l i t y  as a  s h i f t  v a r i a b l e :  

( 1  T i j  = f ( P i j ,  Qj, Y i )  

Where: T i j  = t r i p s  by i n d i v i d u a l  i t o  s i t e  j 

Pi  j = P r i c e  ( t r a v e l  cos t s )  o f  i n d i v i d u a l  i t o  s i t e  j 

Qj = q u a l i t y  c h a r a c t e r i s t i c s  o f  s i t e  j such as f i s h  ca tch  

Y i  = income o f  i n d i v i d u a l  i 



then equat ion 2  s p e c i f i e s  t h e  incremental  b e n e f i t s  o f  a  change i n  f i s h  catch 

from Qj' t o  Qj" as: 

(2) ACSi = ( P i j ,  Qj", Y i )  d P i j  - ( P i j ,  QJ', Y i )  d P i j  

Equation 2  represents  t h e  conceptua l l y  c o r r e c t  measure o f  t h e  a d d i t i o n a l  n e t  

w i l l i n g n e s s  t o  pay o f  changes i n  s i t e  q u a l i t y  (Freeman, 1979:74-75; Feenberg 

and M i l l s ,  1980:63-69). The s i t e  q u a l i t y  va r i ab le ,  t o t a l  r e c r e a t i o n a l  f i s h  

catch, i s  d i r e c t l y  a f f e c t e d  by water q u a l i t y  and thus t h e  r e c r e a t i o n a l  

f i s h e r i e s  component o f  improved water q u a l i t y  i s  captured i n  equat ion 2. 

When successful  l y  empl oyed, t h i s  approach t o  measuring t h e  b e n e f i t s  o f  

irr~proved r e c r e a t i o n a l  f i s h  harvest  overcomes most o f  t h e  drawbacks assoc ia ted 

w i t h  c u r r e n t l y  used average va lue  per  day o f  f i s h i n g  ( regard less o f  t he  l e v e l  

o f  catch per  day) o r  average va lue per  f i s h  der i ved  by ass ign ing t h e  e n t i r e  

value o f  t h e  f i s h i n g  exper ience t o  t h e  f i s h  (Grobey, 1985). Th is  method a l so  

r e s u l t s  i n  each r i v e r  dra inage having i t s  own unique marginal  va lue  per f i s h  

caught. Th i s  marginal  va lue va r i es  from r i v e r  t o  r i v e r  dra inage based on t he  

r i v e r ' s  l o c a t i o n  ( p r i c e  o r  t r a v e l  d is tance)  and on demand s h i f t  va r i ab les  such 

as ang le r  popu la t ion  and a v a i l  a b i l  i t y  o f  s u b s t i t u t e  r i v e r s .  The models can be 

u t i l i z e d  f o r  eva lua t i ng  both p o s i t i v e  and negat i ve  impacts t o  f i s h e r i e s  and 

water qua1 i ty. 

S P E C I F I C S  OF RECREATION DEMAND AND BENEFIT  ESTIMATING METHODOLOGY 

The method employed i n  t h i s  s tudy i s  a  r eg iona l  Travel  Cost Method (TCM). 

Th is  approach i s  recommended by t h e  U.S. Water Resources Counci l  .(1979, 1983) as 

one o f  t h e  two p r e f e r r e d  techniques f o r  es t ima t i ng  r e c r e a t i o n  b e n e f i t s .  The 

method i s  one o f  t he  most w ide l y  app l i ed  demand es t ima t i ng  techniques and has 

been app l i ed  i n  every r e g i o n  i n  t he  country .  (See S t o l l ;  1983 and S t o l l  e t  a l . ,  

1984). TCM uses observat ions o f  t r a v e l  d i s t ance  as a  measure o f  p r i c e  and t r i p s  



taken as a  measure o f  q u a n t i t y  t o  s t a t i s t i c a l l y  t r a c e  o u t  a  demand equat ion.  

The r e s u l t i n g  f i r s t  s tage o r  per  c a p i t a  demand equat ion a l lows  t h e  ana l ys t  t o  

c a l c u l a t e  t h e  a d d i t i o n a l  amount t he  r e c r e a t i o n i s t s  would pay over  and above 

t h e i r  t r a v e l  cos t s  t o  have access t o  t h e  s i t e  f o r  r e c r e a t i o n a l  f i s h i n g .  See 

Ward and Loomis (1986) f o r  a  d iscuss ion  o f  t h e  basic.TCM approach. 

Es t ima t i ns  F i r s t  Staqe o r  Per C a ~ i t a  Demand Equat ion 

The s p e c i f i c a t i o n  o f  t he  per  c a p i t a  o r  f i r s t  stage TCM demand equat ion 

est imated f o r  Oregon, Washington and Idaho i s  g i ven  i n  equa t ion  3  as: 

(3)  In(TR1PSi j/POPi) = Bo - Bl( lnD1STi j) + B2(lnTFISHj) + B3( l  nSllBSi j) + B4( ln INCi)  

where: TRIPSi j  = ang le r  t r i p s  f rom county i t o  r i v e r  o r  p o r t  j 

POPi = popu la t i on  o f  county i 

D I S T i j  = round t r i p  d i s t ance  f rom an lger ' s  county o f  res idence i 

t o  r i v e r  o r  p o r t  j 

TFISHj = t o t a l  r e c r e a t i o n a l  f i s h  catch a t  r i v e r  o r  p o r t  

SUBSij = s u b s t i t u t e  index o f  county i f o r  r i v e r  o r  p o r t  j 

INCi = household income o f  ang le rs  l i v i n g  i n  county  i 

One equat ion was est imated i n  each o f  t h e  t h r e e  s t a t e s  f o r  s tee lhead r i v e r s ,  

one equat ion was est imated f o r  each o f  t h e  two s t a t e s  w i t h  f reshwate r  salmon 

streams and one equa t ion  was est imated f o r  each o f  t h e  two s t a t e s  w i t h  

r e c r e a t i o n a l  ocean salmon f i s h i n g .  A t o t a l  o f  seven equat ions were est imated. 

Each equat ion represen ts  a  poo l i ng  o f  o r i g i n - d e s t i n a t i o n  t r i p  da ta  across 

r i v e r s  o r  p o r t s  w i t h i n  a  g iven  s ta te .  Such poo l i ng  i s  t h e  p r imary  way i n  

which v a r i a t i o n  i n  s i t e  qua1 i t y  can be observed (Ward and Loomis, 1986). O f  

course v a r i a t i o n  i n  s i t e  q u a l i t y  i s  needed t o  a l l o w  es t ima t i on  o f  a  

c o e f f i c i e n t  on s i t e  q u a l i t y .  



A s s u m ~ t i o n s  

Fo r  t r a v e l  d i s t a n c e  o r  t r a v e l  c o s t  t o  be cons ide red  t h e  p r i c e  p a i d  t o  

v i s i t  t h e  s i t e ,  such t r a v e l  c o s t s  must be i n c u r r e d  e x c l u s i v e l y  t o  g a i n  access 

t o  t h e  r e c r e a t i o n  s i t e .  I f  t h e  t r i p  has many d e s t i n a t i o n s ,  one cannot  

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

one p a r t i c u l a r  r i v e r .  To s a t i s f y  t h i s  assumpt ion u s i n g  t h e  secondary d a t a  

wh ich  was a v a i l a b l e  t o  e s t i m a t e  t h e s e  models, v i s i t a t i o n  d a t a  was used o n l y  

f o r  t h e  r e s p e c t i v e  s t a t e  r e s i d e n t s .  

C a l c u l a t i o n  o f  B e n e f i t s  f rom t h e  Per C a ~ i t a  Demand Eauat ion :  

The Second Staqe Demand Curve 

Once t h e  p e r  c a p i t a  demand e q u a t i o n  o f  t h e  f o r m  i n  e q u a t i o n  3  i s  

e s t i m a t e d  u s i n g  o r d i n a r y  1  e a s t  squares r e g r e s s i o n ,  b e n e f i t s  can be c a l  c u l  a ted  

i n  seve ra l  ways. F o l l o w i n g  e q u a t i o n  (2)  t h e  p e r  c a p i t a  c u r v e  c o u l d  be 

i n t e g r a t e d  f o r  each zone o f  o r i g i n  between t h e  c u r r e n t  d i s t a n c e  and t h e  

maximum d i s t a n c e  t h a t  would d r i v e  v i s i t s  t o  z e r o  t o  c a l c u l a t e  n e t  w i l l i n g n e s s  

t o  pay f o r  each zone. S i t e  b e n e f i t s  would be t h e  p o p u l a t i o n  we igh ted  sum o f  

each coun ty ' s  n e t  w i l l i n g n e s s  t o  pay. 

A l t e r n a t i v e l y ,  a  "second s tage"  o r  s i t e  demand c u r v e  can be c a l c u l a t e d  

f r o m  e q u a t i o n  3. T h i s  s i t e  demand c u r v e  r e l a t e s  t o t a l  s i t e  v i s i t a t i o n  t o  

added d i s t a n c e  o r  t r a v e l  c o s t s  ( i .e. ,  p r i c e )  o v e r  and above t h e  e x i s t i n g  

d i s t a n c e  ( o r  c o s t ) .  The area under t h i s  s i t e  demand c u r v e  i s  n e t  w i l l i n g n e s s  

t o  pay. T h i s  s i t e  demand c u r v e  approach i s  used i n  t h i s  program s i n c e  i t  i s  

more amenable t o  programming w i t h  LOTUS 123 commands and LOTUS macros. The 

equ iva lence  o f  t h e s e  two approaches has been demonst ra ted i n  t h e  l i t e r a t u r e  

( B u r t  and Brewer, 1971; Menz and W i l t o n ,  1983). 

To c o n v e r t  added d i s t a n c e  o r  n e t  w i l l i n g n e s s  t o  pay c a l c u l a t e d  i n  m i l e s  t o  

n e t  w i l l  ingness t o  pay (consumer s u r p l u s )  i n  d o l l a r s ,  m i l e s  must be conver ted  t o  



d o l l a r s .  The i ssue  o f  conve r t i ng  t r a v e l  d is tances t o  a  monetary p r i c e  i nvo l ves  

account ing f o r  two costs  o f  t r a v e l :  t r a n s p o r t a t i o n  cos t  and oppo r tun i t y  cos t  of 

t r a v e l  t ime.  To conver t  d i s t ance  t o  1984 d o l l a r s ,  we used t h e  v a r i a b l e  cos ts  o f  

v e h i c l e  opera t ion  from t h e  U.S. Department o f  T ranspor ta t ion 's  "Cost o f  Owning 

and Operat ing a  Vehicle-1984". Th is  i s  n o t  o n l y  a  w ide ly  used source f o r  

opera t ing  costs ,  bu t  i s  recommended by t h e  U.S. Water Resources Counci l  (1979, 

1983) f o r  use i n  per forming Travel  Cost Method s tud ies .  The v a r i a b l e  cos t  per  

m i l e  i s  $0.15 f o r  an in te rmed ia te  s i z e  automobile. 

Since t ime i s  scarce, t ime spent t r a v e l i n g  has an oppo r tun i t y  cos t  i n  

terms o f  e i t h e r  foregone t ime  f i s h i n g  a t  t h e  r e c r e a t i o n  s i t e  o r  foregone t ime 

spent i n  o t h e r  a c t i v i t i e s  which may be o the r  r e c r e a t i o n  o r  l e i s u r e .  There i s  

emp i r i ca l  evidence t h a t  t r a v e l  t ime  i s  viewed as c o s t l y  both i n  t he  

t r a n s p o r t a t i o n  p lann ing  l i t e r a t u r e  (Cesario, 1976) and i n  s p o r t f i s h i n g  

(McConnell and Strand, 1981). I n  t h e  case o f  Rhode I s l a n d  sa l twa te r  spo r t  

anglers,  comparison o f  t h e  d e t e r r e n t  e f f e c t s  o f  t r a v e l  t ime  and t r a v e l  cost ,  

i n d i c a t e d  t h a t  anglers  valued t he  t ime spent t r a v e l l i n g  a t  about 60% o f  t h e i r  

wage r a t e .  The U.S. Water Resources Council (1979, 1983) re1  i e s  on Ceasr io 's 

(1976) work and suggests us ing  a  va lue between one- four th  and one-ha l f  t he  

wage r a t e  as a  proxy f o r  t h e  oppo r tun i t y  cos t  o f  t ime. I n  t h i s  s tudy we used 

o n e - t h i r d  o f  t h e  s t a t e  wage r a t e  f o r  t h e  va lue o f  t r a v e l  t ime  which f o r  Oregon 

and Washington averaged approximately $2.90 per  hour. Assuming an average 

speed o f  40 mph, t ime cos t  per  m i l e  i s  $.0728. The combinat ion o f  t h i s  value 

o f  t r a v e l  t ime  w i t h  t h e  $ . I5  per  m i l e  v a r i a b l e  t r a v e l  cos ts  r e s u l t s  i n  a  cos t  

per  ~ i i i l e  o f  $.22. I n  t h e  program conversion o f  t h e  w i l l  i ~ g n e s s  t o  pay i n  

terms o f  added d i s tance  i n t o  d o l l a r s  i s  made us ing  t h i s  $.22 per  m i l e  f i g u r e .  



DATA SOURCES AND DEMAND EQUATIONS 

The models con ta in  demand equat ions f o r  r e c r e a t i o n a l  f i s h i n g  o f  f reshwater  

salmon i n  Oregon and Washington, steelhead f i s h i n g  i n  Idaho, Oregon and 

Washington and Ocean salmon f i s h i n g  i n  Oregon and Washington. Due t o  space 

1  i m i t a t i o n s ,  o n l y  t he  Oregon da ta  f o r  f reshwater  s t e e l  head w i  11 be presented. 

Complete p resen ta t i on  o f  a l l  o f  t he  deniand equat ions can be found i n  i n  t he  

program documentation and user manual by Loomis and Provencher (1986). 

Whi le t h e  c u r r e n t  data,  demand equat ion and program are  l i m i t e d  t o  t h r e e  

s ta tes ,  a  user  f a m i l i a r  w i t h  LOTUS 123 can e a s i l y  adapt t h e  program t o  any 

demand f u n c t i o n  o f  t h e  form i n  equat ion 3. Since t he  demand c o e f f i c i e n t s  and 

da ta  a re  i n  a  f i l e  separate from t h e  program, a  new equat ion and accompanying 

da ta  can be used i n  p lace  o f  t h e  e x i s t i n g  da ta  as l ong  as c e r t a i n  convent ions 

a re  fo l lowed.  Using t h e  WASALPGM program f i l e  and WASFWSA da ta  f i l e  as 

templates, these convent ions inc lude:  (1) placement o f  equat ion and va r i ab les  

i n  t he  same c e l l s  i n  t h e  spreadsheet as t h e  o r i g i n a l  equat ions and da ta  and (2)  

t h e  number o f  observat ions per  r e c r e a t i o n  s i t e  o r  r i v e r  n o t  exceed 24 zones o f  

o r i g i n  f o r  any g iven  s i t e .  That i s ,  w h i l e  t h e  number o f  r i v e r s  o r  s i t e s  cannot 

exceed 15, t h e  number o f  observat ions f o r  any one s i t e  cannot exceed 24. Thus 

t h e  maximum number o r  o r i g i n ,  des t i na t i on ,  s i t e  combinations i s  360. 

A  user  f a m i l i a r  w i t h  LOTUS 123 Macro's can o f  course update t h e  menu's 

and screen d i s p l a y s  t o  be s p e c i f i c  t o  t he  new s i t e s  o r  r i v e r s  added. A  d e t a i l  

d e s c r i p t i o n  o f  t h e  Macro's and t h e i r  l o c a t i o n s  w i t h i n  t h e  spreadsheet can be 

found i n  Loomis and Provencher, 1986. 

S p e c i f i c  Data and Equations Used i n  Proqram 

The f i l e  ORSTLPGM concerns t he  es t ima t i on  o f  b e n e f i t s  o f  steelhead 

f i s h i n g  i n  se lec ted  r i v e r s  o f  Oregon. The est imated demand equat ion and da ta  

f o r  t h e  program are s to red  i n  a  f i l e  c a l l e d  ORSTELHD. The source o f  t h e  da ta  



i s  a  1977 survey o f  Oregon anglers .  Th i s  survey i s  descr ibed i n  Sorhus e t  

1 ,  (1981). B r i e f l y ,  a  sample of 9000 ang le rs  was drawn f rom t h e  popu la t i on  

o f  Oregon angl i n g  1  icensees. A ma i l  ques t ionna i re  quer ied  each ang le r  about 

h i s  f i s h i n g  a c t i v i t y  and expendi tures.  Th i s  ques t i onna i r e  was sen t  o u t  each 

q u a r t e r  t o  min imize r e c a l l  problems. A t o t a l  o f  55.6% o f  t h e  sampled ang le rs  

responded t o  t h e  ques t ionna i re .  

The es t imated  demand equat ion i s  a l s o  s to red  i n  ORSTELHD. The double l o g  

f u n c t i o n a l  form was chosen so t h a t  each a d d i t i o n a l  f i s h  caught would have a  

d i m i n i s h i n g  marg ina l  va lue.  The f o l l o w i n g  equat ion was determined t o  be t h e  

bes t  r e g i o n a l  t r a v e l  c o s t  model o f  steelhead f i s h i n g  i n  Oregon, and 

consequent ly i t  i s  t he  one used f o r  b e n e f i t  es t ima t i on  i n  ORSTLPGM: 

(4) In(TR1PSi j/POPi) = -3.9008 - 0.82811 n(D1STi j) + 0.52431n(FISHj) - 0.07751 n(SUBi j) 

(T Values) (-2.21) (-5.78) (2.46) (-2.09) 

R2 = 0.482 n  = 8 1  F  = 23.89 

where, a l l  v a r i a b l e s  a re  de f i ned  as i n  equat ion (3) except:  

FISHj = t o t a l  steelhead caught a t  s i t e  j i n  1977 

SUBi j = an index  o f  t h e  a v a i l a b i l i t y  o f  s u b s t i t u t e s  f o r  s i t e  j 

The index i s  SUBi j = C (FISHk/DISTi k)  

f o r  a1 1  (FISHk/DISTi k)  > (FISHj/DISTi j) 

T h i s  equa t ion  performs r e l a t i v e l y  w e l l  i n  p r e d i c t i n g  ac tua l  t r i p s .  The 

equa t ion  p r e d i c t s  w i t h i n  10% o f  t he  sample es t imate  o f  ac tua l  t r i p s  ( p red i c t ed  

was 657,600 versus ac tua l  o f  683,117). 



OPERATION OF THE PROGRAM AND DATA I N P U T  REQUIREMENTS 

To execute t h e  GAMEFISH program t h e  user  must f i r s t  l o a d  LOTUS 123 i n t o  

RAM and s e l e c t  t h e  spreadsheet mode. The user  then  performs a  F i l e  Re t r i eve  

command i n  LOTUS t o  b r i n g  up t h e  GAMEFISH f i l e s .  The f i l e  w i t h  t h e  l a s t  s i x  

l e t t e r s  be ing  PGM.WKS i s  t h e  program f i l e  t o  be se lec ted .  The program w i l l  

execute a u t o m a t i c a l l y  once t h e  f i l e  i s  r e t r i e v e d .  I n  t h e  complete GAMEFISH 

ser ies ,  t h e r e  i s  one PGM.WKS f i l e  f o r  each species (salmon o r  s t e e l  head) i n  

each s t a t e  f o r  a  t o t a l  o f  seven f i l e s  s p l i t  between t h r e e  d i sks .  

The program begins by p r o v i d i n g  a  menu o f  d i f f e r e n t  r i v e r s  o r  p o r t s  i n  

t h e  p a r t i c u l a r  s t a t e  f rom which t he  user  can choose. The user  s p e c i f i e s  t h e  

p a r t i c u l a r  r i v e r  t o  be analyzed i n  t h e  p r o j e c t  under study. Given a  s p e c i f i c  

r i v e r ,  t h e  program r e t r i e v e s  from t h e  da ta  f i l e  t h e  r e l e v a n t  observa t ions  and 

p r e v i o u s l y  est imated demand equat ion (e.g., equa t ion  3  i f  t h e  s t a t e  where 

Oregon and t h e  species was s tee lhead)  a p p l i c a b l e  t o  t h e  s i t e  chosen by t h e  

user  and p laces i t  i n  t h e  spreadsheet. A t  t h e  same t ime, t h e  program then 

c a l c u l a t e s  t h e  consumer su rp l us  f o r  t h e  c u r r e n t  f i s h  popu la t i on  a t  t h e  chosen 

s i t e  and s to res  t h e  r e s u l t  i n  t h e  spreadsheet. 

The user  i s  then  prompted t o  i n d i c a t e  whether t h e  change i n  ca tchab le  

f i s h  popu la t ions  o r  su rp lus  p roduc t i on  o f  f i s h  due t o  t h e  p r o j e c t  w i l l  be 

expressed numer i ca l l y  o r  as a  percentage o f  c u r r e n t  catch.  Depending on t h e  

response, t h e  user  i s  prompted t o  e n t e r  t h e  change i n  ca tchab le  f i s h  i n  t h e  

u n i t s  se lec ted .  Th i s  change i n  ca tchab le  f i s h  due t o  changes i n  water  

q u a l i t y ,  water  q u a n t i t y ,  stream temperature,  e tc . ,  must be c a l c u l a t e d  

"ou ts ide"  o f  t h e  GAMEFISH model. Consu l t a t i on  w i t h  f i s h e r i e s  b i o l o g i s t s  o r  

use o f  f i s h  h a b i t a t  models such as Theurer, (1985), B jo rnn  (1986), H e l l e r  e t  

a1 . , (1983) i s  recommended. 



Given t he  water q u a l i t y  induced change i n  catchable f i s h ,  t he  program 

then c a l c u l a t e s  t he  incremental  consumer surp lus  est imate a t  t h e  chosen s i t e .  

The program d i sp lays  r e s u l t s  o f  consumer surp lus  c a l c u l a t i o n s  on t h e  moni tor .  

The program then prompts t he  user  t o  i n d i c a t e  whether r e s u l t s  are t o  be 

p r i n t e d .  A f t e r  p r i n t i n g  t h e  user i s  g iven  t h r e e  choices i n  a  menu. They can 

te rmina te  t h e  program (QUIT), t r y  another change i n  f i s h  ca tch  a t  t h e  same 

r i v e r  (REPEAT), o r  i n i t i a t e  t h e  d i scoun t i ng  f ea tu re  (DISCOUNT). 

I f  t h e  user chooses DISCOUNT then t h e  program r e t r i e v e s  t h e  f i l e  

DISCOUNT.WKS and places i t  i n  t he  spreadsheet. The user  i s  then prompted t o  

en te r  t h e  appropr ia te  i n t e r e s t  r a t e  as w e l l  as t h e  f i r s t  and l a s t  years o f  t h e  

p r o j e c t  ( no t  t o  exceed 50 years)  t o  which t h e  s p e c i f i e d  change i n  f i s h  ca tch  

app l ies .  The program then ca l cu la tes  t h e  n e t  present  value o f  t h e  change i n  

f i s h  catch, d i s p l a y s  i t  and a l lows p r i n t i n g  o f  output .  I f  d i f f e r e n t  years o f  

t h e  p r o j e c t  i nvo l ve  d i f f e r e n t  l e v e l s  o f  f i s h  catch, successive b e n e f i t  

c a l c u l a t i o n s  f o r  each sub-per iod can be made and t he  sof tware w i l l  accumulate 

t h e  ne t  present  values. The user  may s e l e c t  another r i v e r  f o r  ana l ys i s  by 

r e a c t i v a t i n g  t h e  MACRO'S by ho ld i ug  down t h e  ALT key and p ress ing  A. Th is  

w i l l  b r i n g  up t he  menu p r o v i d i n g  t he  a l t e r n a t i v e  r i v e r s  which may be se lected.  

The s p e c i f i c  i n s t r u c t i o n s  f o r  a l l  program op t ions  are conta ined i n  a  user 

manual by Loomis and Provencher (1986). 

F i e l d  Tests and  ADD^ i c a t i o n s  

The sof tware has been f i e l d  t es ted  by economists i n  t he  U.S. Army Corps 

of Engineers and t he  S o i l  Conservation Serv ice  (both i n  Por t land,  Oregon). 

The S o i l  Conservat ion Serv ice  t e s t  invo lved  es t ima t i on  o f  f i s h i n g  b e n e f i t s  due 

t o  so i  1  conservat ion p rac t i ces  on t he  Tucannon R i ve r  i n  southwest Washington. 

The so f tware  has been app l i ed  by t h e  author  t o  v a l u a t i o n  o f  t imber  harves t ing  

induced sedimentat ion o f  r ec rea t i ona l  f i s h e r i e s  i n  Oregon. 



S a m ~ l  e  Sessi on 

To i l l u s t r a t e  t he  use o f  t h i s  sof tware package, a  sample ana l ys i s  f o r  

s t ee l  head f i s h i n g  a t  t he  Umpqua r i v e r  i n  Oregon w i l l  be presented. A f t e r  

en te r i ng  LOTUS 123 spreadsheet program and making t h e  d e f a u l t  d i r e c t o r y  t h e  

one t h a t  con ta ins  t h e  GAMEFISH program and da ta  f i l e s ,  t h e  user  performs a  

/ F i l e  Re t r i eve  w i t h i n  LOTUS. Se lec t  t h e  0RSTLPGM.WKS f i  1  e  which con ta ins  t he  

program. Once t h i s  f i l e  i s  r e t r i e v e d  t he  program au toma t i ca l l y  s t a r t s  and 

prov ides a  Menu w i t h  t he  cho ice  o f  r i v e r s  t o  be analyzed. (However, you must 

leave t h e  d i s k  i n  t h e  d r i v e  as t h e  program c a l l s  da ta  o r  a d d i t i o n a l  program 

code f rom t h e  d i s k ) .  Due t o  screen l e n g t h  l i m i t a t i o n s ,  t h e  21 r i v e r s  are 

l i s t e d  on f o u r  separate l i n e s ,  b u t  o n l y  one l i n e  i s  v i s i b l e  a t  a  t ime.  Thus 

t h e  f i r s t  l i n e  o f  r i v e r s  s t a r t s  w i t h  Alsea, Chetco, Clackamas, Coqu i l l e ,  Coos 

and Deschutes b u t  prov ides t h e  choice c a l l e d  NEXT. H i g h l i g h t i n g  NEXT w i t h  t h e  

cursor  y i e l d s  a  message t o  s e l e c t  t h i s  choice t o  ge t  t o  a d d i t i o n a l  r i v e r s .  

Since t h e  Umpqua i s  t h e  f o u r t h  s e t  o f  r i v e r s  down the  l i s t ,  con t inue  t o  s e l e c t  

t h e  "NEXTR o p t i o n  u n t i l  t h e  menu w i t h  UMPQUA i s  d isp layed.  Then s e l e c t  t h i s  

Umpqua. Once t h i s  r i v e r  i s  selected, t he  program w i l l  au toma t i ca l l y  c a l l  i n  

t h e  appropr ia te  da ta  f i l e  and equat ion f o r  t h e  Umpqua r i v e r .  

Once t h e  da ta  i s  read i n t o  t he  computer's memory, t h e  user  i s  prompted t o  

i n d i c a t e  whether t h e  change i n  f i s h  ca tch  w i l l  be expressed as a  percentage 

change from c u r r e n t  ca tch  o r  as number change t o  be added o r  sub t rac ted  from 

cu r ren t  catch.  For t h i s  example s e l e c t  number. The screen d i s p l a y  w i l l  

change t o  prompt t he  user  t o  en te r  t h e  change i n  number o f  f i s h .  I n d i c a t e  t he  

change i s  30 f i s h .  The program w i l l  add t h i s  t o  c u r r e n t  catch. I f  a  

reduc t i on  i n  f i s h  catch was des i red,  s imply  e n t e r  -30. 

Upon en te r i ng  t h e  change i n  number o f  f i s h ,  the  program w i l l  then change 

t h e  va lue o f  t h e  f i s h  ca tch  v a r i a b l e  i n  t he  equat ion and c a l c u l a t e  t h e  new 



second s tage  TCM demand c u r v e  under t h e  new c o n d i t i o n .  Then i t  w i l l  s u b s t r a c t  

t h e  b e n e f i t s  under t h e  new c o n d i t i o n  ( t h e  area under t h e  new second s tage TCM 

demand e q u a t i o n )  f r o m  t h e  b e n e f i t s  under t h e  e x i s t i n g  c o n d i t i o n .  The r e s u l t  

w i l l  be d i s p l a y e d  on t h e  screen as shown he re  i n  F i g u r e  1. A t  t h i s  p o i n t  t h e  

u s e r  can choose t o  p r i n t  t h e  r e s u l t s  o r  n o t .  I f  e i t h e r  o p t i o n  i s  s e l e c t e d ,  

t h e  n e x t  menu asks t h e  u s e r  t o  choose between (1) REPEAT t h e  a n a l y s i s  f o r  t h e  

same r i v e r  b u t  a  d i f f e r e n t  change i n  f i s h  ca tch ;  (2)  DISCOUNT which i s  t o  

pe r fo rm p r e s e n t  v a l  ue c a l  c u l  a t  i o n s  u s i n g  t h e  annual b e n e f i t s  j u s t  c a l  c u l  a ted  

o r  (3) QUIT t o  t e r m i n a t e  t h e  program. Fo r  t h i s  example s e l e c t  DISCOUNT. The 

u s e r  w i l l  t h e n  be prompted f o r  t h e  d i s c o u n t  r a t e .  E n t e r  8.8125 f o r  t h i s  

example. The screen d i s p l a y  w i l l  change and t h e  u s e r  t h e n  prompted f o r  t h e  

f i r s t  and l a s t  y e a r s  o f  a  consecu t i ve  s e r i e s  o f  y e a r s  t h a t  t h e  annual b e n e f i t s  

c a l c u l a t e d  above would app ly  t o .  Fo r  t h e  purpose o f  t h i s  example, e n t e r  1 f o r  

t h e  f i r s t  y e a r  and 30 f o r  t h e  l a s t t y e a r .  

The program w i l l  t h e n  c a l c u l a t e  t h e  p r e s e n t  v a l u e  o f  t h e  e x i s t i n g  ca tch ,  

new c a t c h  and t h e  d i f f e r e n c e  i n  va lue .  F i g u r e  2  p r e s e n t s  t h i s  screen d i s p l a y .  

The u s e r  i s  g i v e n  cho ices  as t o  whether t o  p r i n t  t h e  r e s u l t s ,  d i s p l a y  t h e  

r e s u l t s ,  t o  do b o t h  o r  n e i t h e r .  I f  you w i s h  t o  p r i n t  t h e  r e s u l t s  choose both ,  

o t h e r w i s e  choose d i s p l a y .  The u s e r  i s  t h e n  prompted t o  choose whether t h e  

a n a l y s i s  i s :  (1) COMPLETE; (2)  SAME CATCH-discount t h e  same annual b e n e f i t s  

f o r  a  d i f f e r e n t  s e r i e s  of  yea rs  o r  (3)  NEW CATCH-calculate annual b e n e f i t s  

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

t h e  p r e s e n t  v a l u e  o f  a  s p e c i f i e d  annual s e r i e s  o f  t hese  b e n e f i t s .  The 

COMPLETE o p t i o n  sums up t h e  p r e s e n t  va lues  o f  p r e v i o u s  runs  t o  c a l c u l a t e  t h e  

t o t a l  p r e s e n t  v a l u e  o v e r  t h e  s e r i e s  o f  yea rs  s p e c i f i e d  i n  each o f  t h e  separa te  

p r e s e n t  v a l u e  p e r i o d s .  That  i s ,  i f  t h e r e  a r e  two d i f f e r e n t  l e v e l s  o f  f i s h  

c a t c h  o c c u r i n g  o v e r  t h e  p r o j e c t  p e r i o d  w i t h  l e v e l  A  o c c u r i n g  t h e  f i r s t  20 



FIGURE 1 

ANNUAL BENEFITS OF A CHANGE I N  FISH CATCH 

(PROGRAM DISPLAY) 

SUMMARY OF RESULTS 

OREGON .......... STEELHEAD .......... UMPQUA 

Enter  t h e  change i n  t h e  number o f  f i s h :  

Consumer surp l  us under t he  new cond i t i on :  

Consumer surp lus  under t he  e x i s t i n g  cond i t ions :  

Net change i n  consumer surp lus:  

Marginal  va lue o f  f i s h :  

FIGURE 2 

PRESENT VALUE OF A CHANGE I N  FISH CATCH 

(PROGRAM DISPLAY) 

SUMMARY OF DISCOUNTED VALUES 

OREGON .......... STEELHEAD .......... UM PQ UA 

BASELINE CATCH: 

NEW CATCH: 

CHANGE IN CATCH ( # )  : 

CHANGE I N  CATCH (%) : 

INTEREST RATE (%): 

YEARS : 

BEGIN 

END 

NPV NEW: 

NPV BASELINE: 

NPV CHANGE: 



years and level B occuring in years 21 through 50 then two present values runs 

could be performed for the respective periods. The COMPLETE option simply 

sums the present values for each of the sub periods and presents the total  

present value, the length of the period over which the total  present value i s  

calculated and the interest  ra te  used for discounting. See the user manual 

for  a detailed example. 

CONCLUSIONS 

The bio-economic ~iiodel and software presented in th i s  paper represent an 

improvement over current approaches to  valuation of recreational fisheries by 

Federal Agencies: (1) Marginal rather than average values are derived for 

recreational f isheries  and ( 2 )  r iver or port specific rather than State 

average values are derived. These advances are made accessible to  the user 

via a menu driven software program called GAMEFISH. The program i s  applicable 

t o  estimating both losses and gains a t  sport fishing s i t e s  due to  hydropower, 

timber production, agricultural practices and other production ac t iv i t ies  

affecting recreational fish populations. The current program structure can be 

used as a template by experienced spreadsheet users to  customize th i s  program 

for  use a t  other recreation s i t e s  or rivers for which zonal Travel Cost Method 

demand equations and data are available. 

Anyone interested in having copies of the software should send one 360K 

double-sided, double density floppy disk for each State 's  models they desire. 

The models will be copied to  the user's disk and a copy of the user manual 

along with the program documentation will be provided. There i s  no charge for 

copying the program b u t  the user manual and program documentation cost $5.00 

t o  cover photocopying, labor and mailing costs. 
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INTRODUCTION 

In the past decade, an extensive body of literature has developed assessiug 

the accuracy of the contingent valuation method (CVM) of estimating individual 

wi 1 1  i ngness to pay for the recreational use of environmental resources. Initial 

results were challenged on the grounds that what people say they are willing to 

pay contingent on the avai 1 abil i ty of an environmental resource represent 

behavioral intentions rather than a directly observable action or historical 

fact. More recently, the relationship between intentions and actual behavior 

has been submitted to systematic empirical investigation. Despite some 

continuing controversies and unsettled points, CVM studies of the recreational 

benefits of fami 1 i ar environmental resources have performed reasonably we1 1 when 

compared to the available empirical evidence from travel behavior, actual cash 

transactions, and control led 1 aboratory experiments (Cummings, et a1 . , 1986). 
Level s of accuracy have been reasonable and consistent with 1 eve1 s obtained in 

other areas of economics and in other disciplines. 

The task remains to discover how far these results can be generalized. 

The importance of continued research is illustrated by the conceptual and 

empirical difficulties associated with their estimation and the potential 

importance of recreation benefits in the economic assessment of environmental 

protection programs, such as forest management (Cal ish, et a1 . , 1978). 
Foresters face important problems of evaluating recreation opportunities in a 

way that will allow comparisons with their economic costs. The problem is 

especially acute at many forest recreation sites where it would be useful .to 

determine how much recreation users value specific levels of forest quality in 

order to improve managerial decisions relating benefits to costs of 

alternative forest management practices. 



The CVM i s  by f a r  t h e  most impor tan t  t o o l  t h a t  we have t o  dec ide these 

quest ions.  The approach has been recommended as p r o v i d i n g  an acceptab le  

measure o f  t h e  economic va l  ue o f  r e c r e a t i o n  o p p o r t u n i t i e s  and resources.  The 

in te ragency  committee, t h e  U.S. Water Resources Counci l  (1979 and 1983), 

s p e c i f i c a l l y  au thor i zed  use o f  t h e  CVM f o r  a p p l i c a t i o n  t o  environmental  q u a l i t y  

problems. Since t h e  method represen ts  t h e  most 1  i k e l y  pa th  o f  new emp i r i ca l  

research, e f f o r t s  t o  c l  a r i  f y  severa l  po ten t  i a1 p r o b l  ems w i t h  t h e  approach and 

t o  assess i t s  accuracy w i l l  be o f  con t i nu i ng  i n t e r e s t .  

The purpose o f  t h i s  paper i s  t o  compare t h e  cons is tency  o f  t h e  CVM and 

t r a v e l  c o s t  method (TCM) when app l i ed  t o  t h e  problem o f  es t ima t i ng  t h e  va lue o f  

e x i s t i n g  f o r e s t  r e c r e a t i o n  s i t e s  and t h e  e f f e c t s  o f  changes i n  f o r e s t  q u a l i t y  

on demand and b e n e f i t s  o f  r e c r e a t i o n a l  use. The o b j e c t i v e  i s  t o  c o n t r i b u t e  t o  

t h e  development o f  t h e  bes t  p r a c t i c a b l e  methodology f o r  a p p l i c a t i o n  o f  

economics t o  t h e  v a l u a t i o n  o f  p u b l i c l y  admin is tered r e c r e a t i o n  resources. It 

w i l l  be shown t h a t  t h e  two procedures p rov i de  reasonably  c o n s i s t e n t  values 

which should prove o f  p r a c t i c a l  use i n  t h e  dec is ion-making process. 

PROBLEM AND STUDY AREA 

The problem considered here i s  a  major outbreak o f  mountain p i n e  bee t l es  

on two m i l l i o n  acres o f  mixed age ponderosa p i ne  i n  t h e  f r o n t  range o f  t h e  

Colorado Rocky Mountains (F igure  1). As a r e s u l t ,  approx imate ly  15 percent  o f  

t h e  t r e e s  have been k i l l e d  a t  f o r e s t  r e c r e a t i o n  s i t e s .  Moreover, i t  has been 

p r o j e c t e d  t h a t  i n  t h e  nex t  10 years,  30 percent  o f  t h e  lodgepole  p i ne  a t  

r e c r e a t i o n  s i t e s  on t h e  west s lope o f  t h e  s t a t e  w i l l  be l o s t  t o  i n s e c t  

i n f e s t a t i o n .  S i m i l a r  es t imates have been made o f  douglas fir l o s s  t o  spruce 

budworm. Th i s  problem i s  n o t  l i m i t e d  t o  t h e  Rocky Mountains. The p i n e  

bee t l e ,  spruce budworm, gypsy moth, and o the r  i n s e c t s  have caused ex tens ive  

damage t o  f o r e s t s  throughout  t h e  Un i ted  States,  p a r t i c u l a r l y  i n  t h e  northwest,  



FIGURE 1 

F r o n t  Range Study Areas, Rocky Mountains,  ~ o l  oradoa 

a. The f r o n t  range i s  shown as t h e  shaded area.  The Rooseve l t  N a t i o n a l  

Fo res t ,  p a r t  o f  Arapaho N a t i o n a l  Fo res t ,  P i k e  N a t i o n a l  Fo res t ,  and I s a b e l  

N a t i o n a l  F o r e s t  a r e  shown as t h e  c ross -ha tched  areas.  Study s i t e s  a r e  

i d e n t i f i e d  A-F. 



nor theas t ,  and south. Nations around t h e  world face  s i m i l a r  problems of how 

much they can af ford  t o  pay f o r  t he  protect ion of f o r e s t s  from i n s e c t  pes t s  

and o the r  hazards such as  acid r a i n  (Crocker, 1985) and w i l d f i r e  (Vaux, e t  a l . ,  

1984). In addi t ion  t o  t h e  l o s s  of  merchantable t imber,  f o r e s t  management 

dec is ions  r equ i r e  knowledge of t h e  l o s s  of a e s t h e t i c  bene f i t s  from t r e e s  t o  

v i s i t o r s  a t  f o r e s t  r ec rea t ion  s i t e s .  

When mountain pine bee t les  a t t a c k  and k i l l  ponderosa pine t r e e s ,  

d i sco lo ra t ion  of needles and dead and down t r e e s  d e t r a c t  from t h e  a e s t h e t i c  

beauty of t he  f o r e s t  i n  t h e  short-run.  As the  dead and down t r e e s  a r e  removed 

o r  decay, t h e  loqg-run e f f e c t  i s  t o  reduce t h e  dens i ty  of t h e  s tand of l i v e  

t r e e s  and thus  change t h e  q u a l i t y  of t h e  f o r e s t .  Once t h e  dead t r e e s  a r e  

removed, i t  i s  l i k e l y  t h a t  most f i r s t - t i m e  v i s i t o r s  t o  a r ec rea t ion  s i t e  wil l  

be unaware t h a t  a bee t l e  a t t ack  ever  occurred in  t h e  a rea .  The p o s s i b i l i t y  

remains, however, t h a t  in  a f o r e s t  with fewer t r e e s ,  persons who would use the  

s i t e  f o r  r ec rea t ion  without t h e  damage may use i t  l e s s  o r  not a t  a l l  a f t e r  t he  

bee t l e  a t t ack .  The r ec rea t ion  value and thus  t h e  demand f o r  r ec rea t ion  use of 

t h e  s i t e  may be a funct ion of t r e e  dens i ty .  

The case  considered here i s  t h e  r ec rea t ion  use of t he  Arapaho, Roosevel t ,  

Pike, and San Isabel National Forests  located along t h e  f r o n t  range of t h e  

Rocky Mountains of Colorado. The f o r e s t s  represent  an a rea  of near ly  3.2 

mi l l ion  acres  extending along t h e  e a s t  s i d e  of t h e  Rocky Mountains t h e  length 

of  t he  s t a t e  from approximately 6,000 f e e t  in e leva t ion  t o  t h e  cont inental  

d iv ide  with peaks over 14,000 f e e t .  Ponderosa pine i s  conimon i n  mixed s tands 

from 6,000 t o  8,000 f e e t  e l eva t ion .  

These f o r e s t s  were se lec ted  because they a r e  among t h e  most i n t ens ive ly  

used and a r e  subjec t  t o  d e t e r i o r a t i n g  f o r e s t  qua l i t y .  In 1980, t he  agency 

recorded a t o t a l  of 8 .8  mi l l ion  r ec rea t ion  v i s i t o r  days (RVD) a t  f r o n t  range 



f o res t s ,  equal t o  n e a r l y  1,800 RVDs per  square mi le ,  2.3 t imes t h e  r e c r e a t i o n  

use o f  f o r e s t s  nat ionwide.  Th i s  r e f l e c t s  t h e  f a c t  t h a t  f r o n t  range f o r e s t s  

p rov ide  t h e  two m i l l i o n  r e s i d e n t s  o f  t h e  s t a t e ' s  me t ropo l i t an  areas an 

oppo r tun i t y  t o  o b t a i n  a  f o r e s t  r e c r e a t i o n  exper ience w i t h i n  1-3 hours d r i v e  

from t h e i r  homes. From 1970 t o  1980, compound annual growth i n  r e c r e a t i o n  use 

o f  f r o n t  range f o r e s t s  averaged 7.4 percent,  1.5 t imes t h e  4  t o  5  percent r a t e  

e l  sewhere i n  t h e  system. The r a p i d  growth i n  demand f o r  r e c r e a t i o n a l  serv ices 

has encouraged p u b l i c  p o l i c i e s  t o  ma in ta in  f o r e s t  q u a l i t y .  

RESEARCH PROCEDURE 

S i x  s tudy s i t e s  were se lec ted  by t h e  funding agency t o  represent  t h e  

range o f  i n s e c t  i n f e s t a t i o n  o f  ponderosa p ine  f o r e s t  a t  r e c r e a t i o n  s i t e s  i n  

t h e  f r o n t  range. Study s i t e s  were designated t o  encompass t h e  types o f  

r e c r e a t i o n  w i t h i n  a  10 m i l e  r a d i u s  o f :  (A)  Lory  S ta te  Park, 70 m i l es  n o r t h  

o f  Denver; (B)  Red Feather Lakes, 120 m i l e s  northwest;  (C) Estes Park, 70 

mi les  northwest;  (D) Nederl and, 45 m i l es  west; (E) Wood1 and Park, 70 m i l es  

southwest, and (F) Lake I sabe l l e ,  150 m i l es  southwest, as shown i n  F igure  1. 

CONTINGENT VALUATION METHOD 

The bas i c  economic da ta  were obta ined from o n - s i t e  i n t e r v i e w s  w i t h  a  

sample o f  435 r e c r e a t i o n  users. In te rv iews  were conducted on random days i n  

t h e  summer o f  1980. Since most o f  t he  r e c r e a t i o n  uses a f f e c t e d  by f o r e s t  

q u a l i t y  occur du r i ng  t he  summer season, t he  s t r a t i f i e d  random sample was 

se lected t o  represen t  t h e  range o f  summer r e c r e a t i o n  uses o f  t h e  s tudy area 

i n c l  ud i  ng : developed camping,. semi -developed camping, backpacking, h i  k i ng  , 

f i s h i n g ,  p i cn i ck i ng ,  d r i v i n g  o f f - r o a d  vehic les,  and s tay ing  a t  r e s o r t s .  

Summer a c t i v i t i e s  account f o r  t w o - t h i r d s  o f  t o t a l  annual use. The most 

impor tant  a c t i v i t y  omi t ted  was hun t ing  i n  t he  f a l l ,  represen t ing  about 5  t o  10 

percent o f  t o t a l  annual use. 



The ques t i onna i r e  was p re tes ted  and designed t o  be completed i n  l e s s  than 

30 minutes t o  min imize inconvenience and respondent f a t i g u e .  The survey was 

admin is tered by f o u r  t r a i n e d  i n t e r v i ewe rs  who were graduates o f  t h e  U n i v e r s i t y  

program i n  n a t u r a l  resource econo~iii cs w i t h  prev ious exper ience i n t e r v i e w i n g  

r e c r e a t i o n  users o f  f r o n t  range f o r e s t s .  Name tags i d e n t i f i e d  them as 

employees o f  t h e  U n i v e r s i t y  t o  e s t a b l i s h  t h e  l e g i t i m a t e  s c i e n t i f i c  purpose o f  

t h e  study. Less than 5 percent  o f  those approached re fused  t o  p a r t i c i p a t e  i n  

t h e  survey. 

The assessment o f  t h e  CVM by Cummings, e t  a l . ,  (1986) concluded t h a t  

severa l  re fe rence  ope ra t i on  cond i t i ons  should be met i f  t h e  approach i s  t o  

p rov i de  reasonably accurate  measures o f  t h e  r e c r e a t i o n  use va lue  o f  changes i n  

environmental  resources. Respondents who a re  asked w i l l i n g n e s s  t o  pay 

quest ions should understand t h e  resource t o  be valued, have had p r i o r  

exper ience va lu i ng  i t  and choosing l e v e l s  o f  q u a l i t y  t o  consume under 

cond i t i ons  o f  1  i t t l e  unce r t a i n t y .  There i s  reason t o  be1 i e v e  t h a t  these 

cond i t i ons  a re  present  i n  t h i s  study. 

The survey was in t roduced  as a  s c i e n t i f i c  experiment admin is tered t o  a  

r ep resen ta t i ve  sample o f  users  whose answers may a f f e c t  f o r e s t  q u a l i t y  

programs. I n d i v i d u a l s  were assured t h e i r  answers would be c o n f i d e n t i a l .  They 

were p rov ided  i n f o rma t i on  about t h e  d e t e r i o r a t i o n  o f  f o r e s t  q u a l i t y  a t  

r e c r e a t i o n  s i t e s  and informed t h a t  t h i s  i s  l i k e l y  t o  con t inue  i n  t h e  f u t u r e  

w i t h o u t  an e f f e c t i v e  f o r e s t  q u a l i t y  program. They were shown c o l o r  photos o f  

t r e e s  w i t h  d i sco lo red  needles from i n s e c t  i n f e s t a t i o n ,  and o f  r e c r e a t i o n  s i t e s  

w i t h  va r y i ng  numbers o f  s u r v i v i n g  t r ees .  

The i n t e r v i e w s  began w i t h  quest ions about i n d i v i d u a l  pre ferences f o r  t r ees  

on r e c r e a t i o n  s i t e s  and t h e i r  importance r e l a t i v e  t o  o t h e r  resources such as 

r o c k  outcroppings, nearness t o  r i v e r s  and lakes,  topography, and t h e  rocky  



mountain view. F u l l y  95 percent  r epo r t ed  t h a t  f o r e s t  q u a l i t y  i s  impor tan t  t o  

t h e  r e c r e a t i o n  exper ience. When preference v a r i a b l e s  were ranked on a  5 - p o i n t  

sca le  o f  importance, 85 percent  r epo r t ed  t h a t  t r e e s  a re  ve r y  impor tan t  on 

r e c r e a t i o n  s i t e s  compared t o  76 percent  on ad jacent  p r o p e r t y  i n  t h e  near view, 

and 68 percen t  i n  t h e  f a r  view. F i f t y - o n e  percent  r a t e d  t r e e s  more i r r~por tan t  

than view o f  t h e  mountains, 48 percent  more impor tan t  than rock  outcroppings,  

44 percent  more impor tan t  than topography, and 35 percent  more impor tan t  than 

nearness t o  r i v e r s  and lakes .  Trees were r a t e d  o f  equal importance t o  these 

s i t e  q u a l i t y  v a r i a b l e s  by about 30 t o  45 percent  o f  t h e  sample. The r e p l i e s  

i n d i c a t e  t h a t  t hey  had exper ience va lu i ng  choices w i t h  respec t  t o  l e v e l s  o f  

f o r e s t  q u a l i t y  a t  t h e  s tudy s i t e s .  They took  an average o f  3.2 t r i p s  per  year  

t o  t h e  s tudy s i t e s  averaging 2.7 days each. They g e n e r a l l y  were knowledgeable 

o f  f o r e s t  q u a l i t y  r e l a t e d  t o  t h e i r  r e c r e a t i o n  t r i p  d e s t i n a t i o n s .  Unce r t a i n t y  

c l e a r l y  p layed a  n e g l i g i b l e  r o l e  i n  t h i s  study. 

The payment v e h i c l e  was se lec ted  because i t  corresponds w i t h  how people 

a c t u a l l y  pay f o r  f o r e s t  q u a l i t y  when t hey  s e l e c t  a  r e c r e a t i o n  s i t e  w i t h  a  

p r e v i o u s l y  known o r  observable t r e e  dens i t y .  They may t ake  more t r i p s ,  t r a v e l  

g r e a t e r  d is tance ,  and inc rease  t h e i r  s t a y  a t  s i t e s  w i t h  t h e  p r e f e r r e d  number 

o f  t r ees .  They have had cons iderab le  p r i o r  exper ience i n  pay ing a d d i t i o n a l  

t r a v e l  c o s t  t o  o b t a i n  access t o  r e c r e a t i o n  s i t e s  w i t h  p r e f e r r e d  f o r e s t  

q u a l i t y .  They were asked t o  assume t h a t  payment o f  t r i p  expenses would be t he  

o n l y  way t o  assure themselves o f  a  des i r ed  r e c r e a t i o n  exper ience, as a f f e c t e d  

by f o r e s t  q u a l i t y .  About 4  percent  o f  t h e  respondents r e j e c t e d  t h e  payment 

veh ic le ,  and were removed from t h e  ana l ys i s .  

Respondents were asked t o  r e p o r t  annual p a r t i c i p a t i o n  and t o t a l  d i r e c t  

t r i p  cos ts  f o r  t r a n s p o r t a t i o n  (gas, o i  1, and maintenance) , added food, 

lodg ing ,  ent rance fees, e t c .  f o r  t h e  c u r r e n t  t r i p  t o  t h e  s i t e .  Then, they  



were asked t o  es t imate  t h e  maximum amount t hey  would be w i l l i n g  t o  pay r a t h e r  

than  fo rego  t h e  r e c r e a t i o n  exper ience. The ques t ion  was: What i s  t h e  maximum 

you would pay pe r  t r i p ?  Would you pay (an average o f )  $- pe r  t r i p  t o  

con t inue  coming t o  t h i s  area - t i m e s  per  year  ( t h e  number o f  t r i p s  you 

u s u a l l y  make t o  t h i s  s i t e ? ) .  D i r e c t  cos ts  a c t u a l l y  p a i d  were sub t rac ted  from 

w i l l i n g n e s s  t o  pay r e s u l t i n g  i n  an approx imat ion o f  n e t  b e n e f i t s ,  e.g. t h e  

area below t h e  demand curve and above d i r e c t  cos t  o r  p r i c e .  

An i t e r a t i v e  technique recommended by t h e  f ede ra l  guide1 i n e s  was u t i  1  i z e d  

t o  encourage respondents t o  r e p o r t  maximum va l  ues, r ep resen t i ng  t h e  p o i n t  o f  

i n d i f f e r e n c e  between hav ing t he  amount o f  income s t a t e d  o r  t h e  l e v e l  o f  

environmental  q u a l i t y .  They answered "yes" o r  "no" t o  increases i n  d i r e c t  

t r i p  cos t s  and days u n t i l  maximum w i l l i n g n e s s  t o  pay and t o  p a r t i c i p a t e  were 

i d e n t i f i e d .  D i s t r i b u t i o n  o f  t h e  va lues appeared t o  be c o n s i s t e n t  w i t h  t h e  

expec ta t i on  o f  l i t t l e  o r  no s t r a t e g i c  b i a s  o f  t h e  s tudy r e s u l t s .  

The anchor o r  re fe rence  p o i n t  w i t h  respec t  t o  change i n  f o r e s t  q u a l i t y  

was t h e  l e v e l  exper ienced on t h e  day o f  t he  i n t e r v i e w .  Respondents r epo r t ed  

t h e i r  pe rcep t ions  o f  f o r e s t  q u a l i t y  a t  t h e  s tudy s i t e s  by i d e n t i f y i n g  which of 

6  photos most c l o s e l y  approximated t h e  number o f  t r e e s  per  ac re  6  inches 

d iameter  b reas t  h e i g h t  (dbh) o r  more. The photos showed: no t r ees ,  20-40, 

60-80, 100-120, 140-160, and 200-300 t r e e s  per  acre. I n f o rma t i on  was prov ided 

as t o  dens i t y ,  i n c l u d i n g  t h e  number o f  t r e e s  pe r  acre and average d i s t ance  

between t r e e s  shown i n  each photo. Th i s  base case was recorded as one o f  f o u r  

, observat ions o f  w i l l i n g n e s s  t o  pay, t o  p a r t i c i p a t e ,  and number o f  t r e e s  per  

acre. From t h i s  s t a r t i n g  p o i n t ,  respondents est imated changes i n  w i l l i n g n e s s  

t o  pay and t o  p a r t i c i p a t e  con t ingen t  on 3  h y p o t h e t i c a l  changes i n  t h e  number 

o f  t r e e s  per  acre. Values were obta ined from each respondent f o r  low, medium, 

and h i gh  t r e e  d e n s i t y  as dep ic ted  i n  t h e  c o l o r  photos. 



The answers to these questions represent four points on total bid 

functions for each individual where willingness to participate and to pay are 

functions of forest density, income, and other socioeconomic variables as in 

the Seller, et al., (1984) study of boating in Texas. The functions are 

estimated u s i ~ g  the quadratic functional form with linear and squared terms 

for forest density. The reduced equations are shown below. 

Wi 1 1  i nqness to Part i ci   ate 

DAYS = 10.78 + 0.0826T - 0 . 0 0 0 2 ~ ~  
(2.77) (-2.35) 

Will inqness to Pav 

WTP = -1.32 + 0.0767T - 0 . 0 0 0 1 5 ~ ~  R2 = 0.51 
(4.02) (-2.39) 

Where WTP = net willingness to pay or benefits per day (dollars); DAYS = annual 

participation at the study site; and T = number of trees per acre (6 inches dbh 

or greater). The t-ratios are shown in parentheses below the coefficients. 

The regression coefficients for tree density indicate the effect on demand 

and benefits, with other variables held constant. Tree density is highly 

significant at the 0.01 level, as indicated by the t-statistics. The complete 

equations (in Walsh and 01 ienyk, 1981) include several social and economic 

variables (income, substitution, site attributes, preferences, etc. which are 

held constant). The overall equations are significant at the 0.01 level and 

explain 51 to 76 percent of the variation in willingness to pay and to 

participate. This is considered a satisfactory level of explanation with data 

from a cross-sectional survey of individual consumers. 



FIGURE 2 

TOTAL AND MARGINAL B E N E F I T S  OF FOREST Q U A L I T Y  PER USER 



The upper panel o f  F igure  2 i l l u s t r a t e s  t h e  Brad fo rd - type  (1970) t o t a l  

b e n e f i t  f u n c t i o n  when t h e  w i l l i n g n e s s  t o  p a r t i c i p a t e  and t o  pay f unc t i ons  are 

combined. The lower  panel shows t h e  changes i n  t o t a l  b e n e f i t s  r e s u l t i n g  from 

changes i n  t h e  amount o f  f o r e s t  qua1 i t y  protected.  The f i r s t  d e r i v a t i v e  o f  

t h e  t o t a l  b e n e f i t  f u n c t i o n  represents  t h e  demand curve f o r  f o r e s t  q u a l i t y .  

The demand curve shows t h a t  i n d i v i d u a l s  a re  w i l l i n g  t o  pay a  g r e a t  deal f o r  a  

program which p r o t e c t s  a  minimum l e v e l  o f  f o r e s t  q u a l i t y  due t o  t h e  s c a r c i t y  

va lue o f  t r ees .  However, as f o r e s t  d e n s i t y  increases, t h e  w i l l  ingness t o  pay 

f o r  each a d d i t i o n a l  t r e e  becomes small e r ,  i n d i c a t i n g  d i m i n i s h i n g  marginal  

b e n e f i t s .  As i n d i v i d u a l  demands f o r  f o r e s t  q u a l i t y  a re  f u l l y  s a t i s f i e d ,  

b e n e f i t s  eventual  l y  become negat i ve  w i t h  more and more t r ees .  C lea r l y ,  

changes i n  f o r e s t  d e n s i t y  can be a  b e n e f i t  o r  a  cos t  depending on whether t h e  

c u r r e n t  s tock  i s  l e s s e r ' o r  g rea te r  than t he  economic optimum. 

TRAVEL COST METHOD 

A  subsample o f  220 respondents were se lec ted  f o r  a p p l i c a t i o n  o f  t h e  

t r a v e l  cos t  method. Nonresident t o u r i s t s  and o f f - r o a d  v e h i c l e  users  were 

removed t o  meet t h e  s i n g l e - d e s t i n a t i o n  t r i p  c r i t e r i a  o f  t he  method. One study 

s i t e  was excluded because i t  i s  v i r t u a l l y  an urban park  w i t h  i n s u f f i c i e n t  

v a r i a t i o n  i n  t r a v e l  costs .  The procedure conforms w i t h  recommendations o f  t h e  

federal  guide1 ines  t h a t  s i n g l e - d e s t i n a t i o n  t r i p s  and s i t e s  w i t h  s u f f i c i e n t  

v a r i a t i o n  i n  t r a v e l  cos ts  a re  necessary f o r  a p p l i c a t i o n s  o f  t h e  t r a v e l  cos t  

m e t h ~ d . ~  

A p p l i c a t i o n  o f  t h e  reg iona l  t r a v e l  cos t  method i s  based on i n te r v i ews  a t  

a  c ross -sec t i on  o f  5 r e c r e a t i o n  s i t e s  w i t h  vary ing  f o r e s t  q u a l i t y .  I n t e r v i e w  

l o c a t i o n s  were randomly se lec ted  w i t h i n  s tudy s i t e s  where t h e r e  a re  many 

poss ib l e  l o c a t i o n s  t o  engage i n  each a c t i v i t y . 4  Respondents were asked t o  

i d e n t i f y  t h e  t r e e  d e n s i t y  c l e a r l y  observable a t  t h e  i n t e r v i e w  1  ocat ions.  



Since t h e r e  i s  s u f f i c i e n t  range i n  t r e e  d e n s i t y  experienced by i n d i v i d u a l s ,  

i t s  e f f e c t  can be est imated s t a t i s t i c a l l y  i n  t he  demand func t i on .  The 

regress ion  c o e f f i c i e n t  f o r  t r e e  dens i t y  i nd i ca tes  t he  e f f e c t  on demand and 

bene f i t s ,  w i t h  o the r  va r i ab les  he ld  constant .  I n  m u l t i p l e  regress ions,  i t  i s  

poss ib l e  t o  ho ld  t h e  e f f e c t s  o f  o the r  s i t e  a t t r i b u t e s  constant  so they  a re  n o t  

mixed i n  w i t h  t h e  t r e e  d e n s i t y  v a r i a b l e  (Loomis, e t  a l . ,  1986a). 

The t r a v e l  cos t  v a r i a b l e  i s  de f ined  as t h e  sum o f  d i r e c t  t r i p  cos ts  

repor ted  by respondents and t h e  oppo r tun i t y  cos ts  o f  t r a v e l  t ime, as suggested 

by Cesario and Knetsch (1970). I n d i v i d u a l  percep t ion  o f  t r a v e l  cos ts  ac tua l  l y  

p a i d  i s  considered t h e  most appropr ia te  bas is  f o r  p r e d i c t i n g  t r a v e l  behavior.  

The va lue o f  t r a v e l  t ime  i s  est imated as t h e  marginal  r a t e  o f  s u b s t i t u t i o n  

between t r a v e l  t ime and t r a v e l  cos ts  i n  t he  p roduc t ion  o f  r e c r e a t i o n  t r i p s ,  as 

i n  McConnell and Strand (1981) and Ward (1983). I n  an i n d i v i d u a l  t r i p  equat ion 

(no t  shown), t he  c o e f f i c i e n t  f o r  an independent v a r i a b l e  s p e c i f i e d  as round- 

t r i p  t r a v e l  t ime ( a t  40 MPH on mountain roads) m u l t i p l i e d  by h o u r l y  income i s  

d i v i d e d  by t h e  c o e f f i c i e n t  f o r  d i r e c t  t r a v e l  cos ts  per  t r i p .  On t h i s  bas is ,  

t h e  oppo r tun i t y  cos t  o f  t r a v e l  t ime i s  ca l cu la ted  as $6.57 per  hour which 

d i v i d e d  by 40 MPH equals 16.43 cents per  m i l e .  Fo l low ing  t h e  f ede ra l  

guide1 ines, t h e  sum of d i r e c t  t r a v e l  cos t  per  m i l e  (averaging 26 cen ts )  and 

est imated t ime  cos t  (16.43 cen ts )  i s  m u l t i p l i e d  by t h e  r o u n d - t r i p  m i l e s  

t r a v e l e d  t o  t h e  s tudy s i t e s ,  and then d i v i d e d  by 2.7 persons per  veh ic le .  

The dependent va r i ab le ,  t r i p s ,  i s  de f ined  as i n d i v i d u a l  t r i p s  per  c a p i t a  

f rom d i s tance  zones de f i ned  as c i t i e s .  Essent i  a1 l y ,  t h e  i n d i v i d u a l  ' s  own 

demand f o r  t r i p s  t o  study s i t e s  i s  weighted by per  c a p i t a  p a r t i c i p a t i o n  i n  

t h e i r  zones o f  o r i g i n .  The number o f  t r i p s  by each i n d i v i d u a l  i s  d i v i d e d  by a  

p ropo r t i on  o f  popu la t ion .  For example, where 10 i n d i v i d u a l s  come from a  

p a r t i c u l a r  c i t y ,  t h e  number o f  t r i p s  by each i n d i v i d u a l  i s  d i v i d e d  by one- 



t e n t h  o f  popu la t ion  i n  1,000s. This  spec i f i ca t i on ,  suggested by Brown, e t  a1 . , 
(1983), has the  advantage o f  combining both the  nurnber o f  t r i p s  per  i n d i v i d u a l  

and the  p r o b a b i l i t y  o f  p a r t i c i p a t i o n  i n t o  a  s ing le  measure wh i le  avoid ing a  

problem o f  the  standard zonal approach which averages the  socioeconomic 

c h a r a c t e r i s t i c s  o f  i n d i v i d u a l s  from o r i g i n  zones, r e s u l t i n g  i n  a  l o s s  o f  

s e n s i t i v i t y  t o  important  determinants o f  demand (Ward and Loomis, 1986). When 

the  i n d i v i d u a l  per  c a p i t a  v a r i a b l e  i s  averaged across a l l  v i s i t o r s  from an 

o r i g i n  zone, t he  r e s u l t  i s  t he  standard zonal average v i s i t s  per  cap i ta .  

The TCM model i s  spec i f i ed  i n  two ways t o  t e s t  the  s e n s i t i v i t y  o f  the 

approach t o  a l t e r n a t i v e  assumptions as t o  consumer choice. Ordinary l e a s t -  

squares (OLS) s t a t i s t i c a l  demand func t ions  recommended by the  federa l  

guide1 ines  assume t h a t  i n d i v i d u a l s  choose the  number o f  t r i p s  t o  a  rec rea t i on  

s i t e  i n  response t o  out-of -pocket  and t ime cos t  o f  t r a v e l ,  which i s  no t  

sub jec t  t o  i n d i v i d u a l  choice. On the  other  hand, the  two-stage least -squares 

(2SLS) procedure in t roduced here a l lows th ree  th ings  - -  number o f  t r i p s ,  

leng th  o f  stay, and t r a v e l  cost  - -  t o  be choice var iab les .  

The 2SLS procedure i s  based on recent t h e o r e t i c a l  work suggest ing t h a t  

q u a l i t y  o f  t he  rec rea t i on  experience can be produced by i n d i v i d u a l s  vary ing  

t h e i r  t r a v e l  cos t  and l eng th  o f  s tay  as we l l  as number o f  t r i p s  t o  a  f o r e s t  

rec rea t i on  s i t e  (Bockstael and McConnell , 1981 ; Ward, 1984). The 2SLS 

approach i s  p re fe r red  over OLS because i t  f a c i l i t a t e s  es t imat ion  o f  t he  

consumer surp lus associated w i t h  a l l  t h ree  var iab les  when the  stock o f  t r ees  

a t  a  rec rea t i on  s i t e  changes. I n  t he  f i r s t  stage, th ree  equations are 

est imated separate ly  f o r  number o f  t r i p s ,  leng th  o f  stay, and t r a v e l  cost .  I n  

t h e  second stage t r a v e l  cost  equat ion the  independent var iab les ,  number o f  

t r i p s  and l eng th  o f  stay, are p red ic ted  values from the  f i r s t  stage equations. 

Likewise, i n  t he  second stage equations f o r  number o f  t r i p s  and l eng th  o f  s tay  



t h e  independent va r i ab le ,  t r a v e l  cost ,  i s  a  p red i c ted  va lue f rom t h e  f i r s t  

stage. Table 1 shows these t h r e e  second stage equat ions, and t h e  OLS 

equat ions f o r  purpose o f  comparison. 

Data f o r  t h e  sample o f  220 i n d i v i d u a l s  v i s i t i n g  t h e  5 s i t e s  are pooled 

f o r  e f f i c i e n c y  o f  ana lys is .  Categor ica l  va r i ab les  f o r  each s i t e  (S) and 

r e c r e a t i o n  a c t i v i t y  (A) a re  inc luded i n  t h e  demand func t i ons  t o  account f o r  

he te rogene i ty  across s i t e s  and t o  a l l ow  t h e i r  unique c h a r a c t e r i s t i c s  t o  s h i f t  

t h e  demand func t ions .  The f o r e s t  q u a l i t y  va r i ab le ,  square r o o t  o f  t r e e s  per  

acre (T 1/2), i s  cons i s ten t  w i t h  t he  expec ta t ion  o f  d im in i sh ing  marginal  

e f f e c t s  o f  increased t r e e  dens i t y  on w i l l i n g n e s s  t o  pay and v i s i t a t i o n  t o  t he  

s tudy s i t e s .  The s u b s t i t u t i o n  v a r i a b l e  (E2) i n d i c a t e s  t h a t  annual days o f  

r e c r e a t i o n  a t  o the r  s i t e s  i s  p o s i t i v e l y  r e l a t e d  w i t h  t r a v e l  cos ts  and s i t e  

t ime  a t  study s i t es .6  Income ( Y )  i s  s i g n i f i c a n t  and p o s i t i v e l y  r e l a t e d  t o  

t r a v e l  cos t  as expected, however, i t  i s  nega t i ve l y  r e l a t e d  t o  i n d i v i d u a l  t r i p s  

pe r  cap i ta .  Apparent ly,  r es i den t s  w i t h  lower  income r e a l i z e  some economies o f  

sca le  i n  t he  use o f  f o r e s t  r e c r e a t i o n  s i t e s .  The p o s i t i v e  r e l a t i o n s h i p  

between t r a v e l  cos t  and s i t e  t ime i n d i c a t e s  t h a t  h igher  t r a v e l  cos ts  tend t o  

be spread over more days on s i t e .  Taste and preference va r i ab les  a re  inc luded 

t o  account f o r  t h e  psycholog ica l  importance o f  t r e e s  on s i t e  ( P l )  t o  s h i f t  t he  

demand f u n c t i o n  f o r  t r i p s .  

The 2SLS est imates a  demand system t o  overcome the  well-known s t a t i s t i c a l  

problem o f  b iased and i ncons i s ten t  parameter est imates o f  OLS. The second 

stage uses p red i c ted  values t o  purge v i s i t  r a tes ,  t r a v e l  cost ,  and o n s i t e  t ime  

o f  t he  component c o r r e l a t e d  w i t h  each d is turbance term. Al though t h e  

procedure y i e l d s  est imates which are a1 so biased, they a re  cons i s ten t .  The 

regress ion  c o e f f i c i e n t s  generate asymptot ic standard e r r o r s  which are used t o  

cons t ruc t  t - t e s t s  o f  s t a t i s t i c a l  s i gn i f i cance ,  shown i n  parentheses. While 



TABLE 1 

Regression Resu l t s  f o r  t h e  2SLS and OLS Models o f  T C M ~  

Two-Staqe Least-Sauares 

(1 )  Trave l  Cost 

(2 )  Ons i te  Time 

Ord inary    east - W a r e s b  

a. Where V = i n d i v i d u a l  t r i p s  per  c a p i t a  t o  t h e  s tudy s i t e ;  TC = sum o f  
d i r e c t  t r a v e l  cos t  879 est imated t ime cos t  pe r  t r i p ;  D = number o f  days 
on s i t e  p e r  t r i p ;  T  = square r o o t  o f  t h e  number o f  t r e e s  per  acre on- 
s i t e ;  Y = household income i n  $1 ,000~;  E l  = c i t y  o f  residence, popu la t i on  
i n  1,000s; E2 = annual days o f  r e c r e a t i o n  a t  o t he r  s i t e s ;  P1 = in~por tance  
o f  t r e e s  on -s i t e ,  1-5 scale;  P2 = annual days o f  p r ima ry  r e c r e a t i o n  
a c t i v i t y  a t  a l l  s i t e s ;  P3 = does t r e e  d e n s i t y  o n - s i t e  a f f e c t  r e c r e a t i o n  
s a t i s f a c t i o n ,  c a t e g o r i c a l  0 -1  va r i ab l e ;  A2 = r e c r e a t i o n a l  a c t i v i t y ,  semi- 
developed camping; A5 = f i s h i n g ;  A6 = p i c n i c k i n g ;  S1 s tudy s i t e ,  Red 
Feather Lakes; S5 = Woodland Park; S6 = San Isabe l  Lake. 
The t - s t a t i s t i c s  a re  shown i n  parentheses. 

b. Shown f o r  comparat ive purposes, t h e  OLS equat ion exp la i ns  29 e r cen t  o f  B t h e  v a r i a t i o n  i n  number o f  t r i p s  pe r  c a p i t a  as i n d i c a t e d  by R ad jus ted  
f o r  degrees o f  freedom. The o v e r a l l  equat ion i s  s i g n i f i c a n t  a t  t h e  0.01 
l e v e l  w i t h  an F va lue  o f  9.5. The t - s t a t i s t i c s  shown i n  parentheses 
i n d i c a t e  t h a t  t h e  t r a v e l  cos t ,  t r e e  dens i t y ,  income, preference,  and 
popu la t i on  c o e f f i c i e n t s  are s i g n i f i c a n t  a t  t h e  0.01 percent  1  eve1 us i ng  
t w o - t a i l e d  t e s t s .  



these t e s t s  apply  o n l y  asympto t i ca l l y ,  t h e  r e l a t i v e l y  1  arge sample suggests 

t h a t  t h e  t - v a l u e s  a re  usable  f o r  t e s t s  o f  s i g n i f i c a n c e .  The general  order  

c o n d i t i o n  o f  i d e n t i f i c a t i o n  ( I n t r i l i g a t o r ,  1978, p. 348) shows t h a t  t h e  t r i p  

equat ion i s  j u s t  i d e n t i f i e d ,  w h i l e  t h e  t r a v e l  c o s t  and t h e  s i t e  t ime  equat ions 

a re  over  i dent i f i ed . 
COMPARISON OF RESULTS 

Wi l l i ngness  t o  pay f o r  t h e  r e c r e a t i o n  use o f  e x i s t i n g  s i t e s  should be 

approx imate ly  t h e  same f o r  both methods s ince  t hey  y i e l d  s i m i l a r  though no t  

i d e n t i c a l  demand curves. The TCM est imates an o r d i n a r y  Ma rsha l l i an  demand curve 

w h i l e  the  CVM est imates a  H icks ian  compensated demand curve. Both approaches 

s p e c i f y  t h a t  b e n e f i t s  a re  a  f u n c t i o n  o f  t h e  number o f  t r i p s  and t h e  q u a l i t y  o f  

exper ience a t  r e c r e a t i o n  s i t e s ,  which a re  separable i n  consumption and sub jec t  

t o  a  budget c o n s t r a i n t .  I f  t h e  s p e c i f i c a t i o n  o f  t r a v e l  cost ,  q u a n t i t y ,  and 

o the r  v a r i a b l e s  a re  t h e  same, t heo ry  suggests t h a t  t h e r e  should be no 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between va lues obta ined by t h e  two methods. 

The da ta  show t h a t  t h e  CVM va lue i s  w i t h i n  t h e  range o f  va lues f o r  t h e  

a1 t e r n a t i v e  TCM  model^.^ Ho ld ing  t r e e  dens i t y  a t  i t s  mean o f  176.7 t r e e s  per  

acre, average b e n e f i t s  per  t r i p  a re  est imated as: 

CVM $20.80 
TCM, OLS $22.59 
TCM, 2SLS $17.72 

On t h i s  bas is ,  we cannot r e j e c t  t h e  hypothes is  t h a t  t h e  w i l l i n g n e s s  t o  pay f o r  

t h e  r e c r e a t i o n  use o f  e x i s t i n g  s i t e s  est imated by t h e  two methods a re  

approx imate ly  equal .  We conclude t h a t  t h e  CVM can p rov i de  as c l o s e  an 

approx imat ion o f  t h e  r e c r e a t i o n a l  economic we l f a re  e f f e c t s  o f  f o r e s t  

r e c r e a t i o n  as t h e  behav ior  based TCM. 

Usual ly ,  managers a re  i n t e r e s t e d  i n  changes i n  t o t a l  b e n e f i t s  f o r  

comparison w i t h  changes i n  t o t a l  cos t s  o f  f o r e s t  p r o t e c t i o n  programs. 



Comparison o f  t he  e f f e c t s  o f  changes i n  t r e e  dens i ty  on t o t a l  b e n e f i t  

est imates can be made a t  two l eve l s .  D i f fe rences  i n  t o t a l  b e n e f i t s  can a r i s e  

from d i f f e rences  i n  bene f i t s  per t r i p  and i n  annual use. Table 2  compares 

est imates o f  b e n e f i t s  and use o f  f r o n t  range f o r e s t s  from the  two d i f f e r e n t  

TCM approaches as we l l  as from CVM. 

CVM est imates o f  t he  e f f e c t  o f  t r e e  dens i t y  tend t o  be lower than TCM 

est imates f o r  number o f  t r i p s  and h igher  f o r  bene f i t s  per  t r i p .  These 

d i f f e rences  tend t o  o f f s e t  each o ther  when combined t o  est imate t h e  t o t a l  

bene f i t s  foregone w i t h  a  l o s s  i n  the  range o f  10 t o  30 percent o f  e x i s t i n g  

t rees.  Wi th in  t h i s  re levan t  range o f  decision-making, we cannot r e j e c t  the  

TABLE 2 

Comparison o f  CVM and TCM Estimates 

o f  Recreation Damages from Changes i n  Tree Densi ty  

Met hod Percentage o f  E x i s t i n g  Trees Lost 

(Damages i n  Percent) 

Number o f  T r i ~ s  

C V M ~  1.5 
TCM, OLS 3.5 
TCM, 2SLS 4.1 

Benef i t s  Der T r i ~  

C V M ~  6.1 
TCM, OLS 3.9 
TCM, 2SLS 4.6 

Tota l  Bene f i t s  

C V M ~  7.5 
TCM, OLS 7.2 
TCM, 2SLS 8.5 

a. The 95 percent confidence l i m i t  o f  the  CVM est imate i s  approximately + 40 
percent.  



hypothes is  t h a t  t h e  r e c r e a t i o n  b e n e f i t  f unc t i ons  f o r  t r e e  d e n s i t y  est imated by 

t h e  two methods a re  equal. For example w i t h  a  20 percent  l o s s  o f  t rees ,  t h e  

CVM es t imate  o f  t he  l o s s  o f  b e n e f i t s  i s  16.8 percent compared t o  t h e  2SLS TCM 

es t imate  o f  16.1 percent.  By comparison, t h e  OLS TCM es t imate  i s  somewhat 

lower  a t  13.9 percent.  We conclude t h a t  t h e  CVM can p rov ide  as c l ose  an 

approximat ion o f  t h e  rec rea t i ona l  economic we l f a re  e f f e c t s  o f  f o r e s t  q u a l i t y .  

These r e s u l t s  are supported by t he  growing body o f  economic l i t e r a t u r e  on 

t h e  r e c r e a t i o n a l  demand f o r  f o r e s t  q u a l i t y  throughout t h e  Uni ted S ta tes .  

Moel l e r ,  e t  a1 . , (1977) survey homeowners and r e c r e a t i o n  s i t e  managers who 

es t imate  a  12 t o  52 percent r educ t i on  i n  r e c r e a t i o n  demand r e s u l t i n g  from 

gypsy moth i n f e s t a t i o n  i n  nor theas te rn  U.S. f o res t s .  

Michaelson (1975) app l i es  t h e  i n d i v i d u a l  TCM t o  es t imate  t he  e f f e c t  o f  

mountain p i ne  b e e t l e  damage t o  ponderosa p ine  as $2.65 per  v i s i t o r  day a t  s i x  

campgrounds i n  t he  Targhee Nat ional  Forest  i n  Idaho. The average e l a s t i c i t y  

o f  demand w i t h  respec t  t o  t r e e s  i s  ca l cu la ted  as 0.27. 

Leuscher and Young (1978) apply  t he  zonal TCM t o  es t imate  t h e  e f f e c t  o f  

southern p i ne  b e e t l e  damage t o  ponderosa p ine  on demand f o r  r e c r e a t i o n  use o f  

19 campgrounds l oca ted  on t h e  shore o f  two r e s e r v o i r s  i n  Texas. E l a s t i c i t y  o f  

demand w i t h  respec t  t o  t r e e s  i s  est imated as 0.64 t o  0.68. 

Wilman (1984) app l i es  a  hedonic TCM model t o  es t imate  t h e  economic va lue 

t o  deer hunters  f rom p i n e  b e e t l e  damage t o  ponderosa i n  t h e  Black Hi1 1  s  

Nat iona l  Forest,  South Dakota. Hunter success i s  a  f u n c t i o n  o f  improved 

w i l d l i f e  h a b i t a t  r e s u l t i n g  from t h e  dead and down t r e e s  c r e a t i n g  small open 

areas i n  t h e  f o r e s t .  Apparent ly,  optimum f o r e s t  d e n s i t y  i s  l e s s  f o r  deer 

hun t i ng  i n  t he  f a l l  than f o r  most summer r e c r e a t i o n  a c t i v i t i e s .  

A  s tudy by Crocker (1985) employs CVM t o  est imate t h e  economic va lue t o  

r e c r e a t i o n  users o f  a c i d  r a i n  damage t o  ponderosa and j e f f r e y  p i ne  t r e e s  i n  

t h e  San Bernardino Nat ional  Forest,  l oca ted  w i t h i n  80 m i l e s  o f  Los Angeles. 



Brookshire and Coursey (1987) compare CVM estimates of will ingness to pay 

for additional trees and to accept compensation for fewer trees at a proposed 

neighborhood park serving a 1-square mi 1 e residenti a1 area in Colorado. After 

three iterations, willingness to pay is not significantly different from 

willingness to accept compensation. This supports the use of will ingness to 

pay questions in CVM studies of forest quality. 

In addition to the recreation use values reported in these studies, the 

general popul ati on, incl udi ng recreation users and nonusers, may val ue the 

protection of forest quality (Ai ken, 1985; Walsh, 1986). A sample of 

households in Colorado report they are will ing to pay an average of $47 per 

year to protect forest quality in the state with recreation use value 

representing only 27 percent. Apparently, the public also is willing to pay 

for the option of recreation use in the future, the knowledge that it exists 

and is protected, and the satisfaction from its bequest to future generations. 

For this reason it seems that the estimates of recreation user demand and 

benefits of forest quality may represent a conservative estimate of its total 

value to society. 

CONCLUSIONS 

This paper addressed the problem of estimating the effects of forest 

quality on demand and benefits of recreation use. Alternative contingent 

valuation and travel cost procedures were applied to determine the sensitivity 

of the estimates to the choice of method. Specifically, we allowed 

respondents to adjust frequency of visits and value estimates simultaneously. 

It was shown that results vary depending upon the choice of one or the other 

or both models to use in the analysis. Apparently, a single CVM question or 

TCM equation may be incomplete as an estimate of value. 

Second, when compared to the 2SLS TCM total benefit estimate, the CVM 

estimate that combines demand and benefit effects is not significantly 



d i f f e r e n t .  W i th i n  t h e  r e l e v a n t  range o f  decision-making, we cannot r e j e c t  t h e  

hypothes is  t h a t  t he  r e c r e a t i o n  b e n e f i t  f unc t i ons  f o r  t r e e  d e n s i t y  est imated by 

t h e  two methods a re  equal. We conclude t h a t  t h e  CVM can p rov ide  as c l ose  an 

approximat ion o f  t h e  economic we l f a re  e f f e c t s  o f  f o r e s t  q u a l i t y  on r e c r e a t i o n  

use. 

These r e s u l t s  a re  cons i s ten t  w i t h  t he  f i n d i n g s  o f  p rev ious  research on 

s i m i l a r  problems o f  environmental q u a l i t y .  A r ecen t  assessment o f  t h e  s t a t e  

of t h e  a r t  by Cunimings, e t  a l . ,  (1986) concludes t h a t  CVM w i l l i n g n e s s  t o  pay 

values a re  1  i k e l y  t o  be comparable t o  TCM values when, as i n  t h i s  case, 

respondents are f a m i l i a r  w i t h  t he  resource, have p r i o r  exper ience va lu i ng  i t ,  

and face  l i t t l e  unce r ta i n t y .  

The values repor ted  here should be considered f i r s t  approximat ions 

sub jec t  t o  improvement w i t h  f u r t h e r  research. Desvousges, e t  a l . ,  (1983) 

cau t i on  t h a t  n e i t h e r  approach prov ides t h e  ac tua l  b e n e f i t s  assoc ia ted w i t h  

environmental q u a l i t y .  Both are est imates t h a t  a re  l i m i t e d  by t h e i r  

r espec t i ve  assumptions. It i s  impor tant  t o  acknowledge t h a t  judgement a f f e c t s  

both approaches: i n  t h e  ques t ionna i re  design and da ta  ana l ys i s  w i t h  t h e  CVM 

and i n  t h e  s e l e c t i o n  o f  a  model s p e c i f i c a t i o n  f o r  t h e  TCM. 

The est imates are s u f f i c i e n t l y  r e l i a b l e ,  nonetheless, t o  demonstrate t h a t  

t h e  r e c r e a t i o n  use va lue o f  programs t o  p r o t e c t  f o r e s t  q u a l i t y  would represent  

a  subs tan t i a l  c o n t r i b u t i o n  t o  t h e  present  va lue o f  b e n e f i t s  from commercial 

t imber  product ion.  Without i n f o rma t i on  on t h e  w i l l i n g n e s s  t o  pay f o r  

r e c r e a t i o n  use values, i n s u f f i c i e n t  resources would be a l l o c a t e d  t o  t h e  

p r o t e c t i o n  o f  f o r e s t  q u a l i t y .  It i s  proposed t h a t  t he  b e n e f i t  es t ima t i on  

procedures o f  f ede ra l  agencies be en1 arged t o  cons ider  r e c r e a t i o n  use va l  ues 

o f  f o r e s t  q u a l i t y  programs. Fur ther  research i s  recommended t o  t e s t  t he  

general  a p p l i c a t i o n  o f  t h e  methods. 8  
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FOOTNOTES 

1. Th i s  study was funded, i n  pa r t ,  by USDA Forest  Serv ice  con t rac t  
53-82x9-9-180, and by t h e  Colorado and New Mexico A g r i c u l t u r a l  Experiment 
S ta t ions ,  Western Regional P ro jec t  W-133, Bene f i t s  and Costs i n  Resource 
Planning. We are g r a t e f u l  f o r  h e l p f u l  comments by J.R. McKean, K.C. 
Nobe, G.L. Peterson, T.C. Brown, E.A. Wilman, and J.B. Loomis. E r ro r s  
and omissions are, o f  course, t h e  so le  r e s p o n s i b i l i t y  of t he  authors.  

Prev ious ly  pub1 i shed s tud ies  comparing t h e  cons is tency o f  r e c r e a t i o n  
va lues est imated by a1 t e r n a t i v e  methods have gene ra l l y  obta ined s im i  1  a r  
r e s u l t s .  The CVM and TCM prov ide  cons i s ten t  est imates o f  t h e  b e n e f i t s  o f  
f i s h i n g ,  hunt ing, and camping t r i p s  t o  f o r e s t  r e c r e a t i o n  s i t e s  i n  Maine 
(Davis and Knetsch 1966), m u l t i - d e s t i n a t i o n  t r i p s  t o  n a t i o n a l  parks i n  
t h e  Southwest (Haspel and Johnson 1981), t h e  r e c r e a t i o n  use va lue  o f  
water q u a l i t y  i n  t h e  Northwest (Suther land 1983) and i n  t h e  Monongahela 
River ,  Pennsylvania (Desvousges, e t  a1 . , 1983), and boa t ing  access t o  
f o u r  r e s e r v o i r s  i n  eas t  Texas ( S e l l e r ,  e t  a l . ,  1984). The con t ingen t  
v a l u a t i o n  es t imate  o f  w i l l  ingness t o  pay f o r  goose hun t ing  permi ts  a t  t h e  
Hor icon Marsh i n  Wisconsin are midway between t h e  range o f  values der i ved  
f rom t h e  t r a v e l  cos t  method w i t h  t r a v e l  t ime valued a t  0, 25, and 50 
percent  o f  t h e  wage r a t e  (Bishop and Heberlein,  1979). Intended 
w i l l i n g n e s s  t o  pay f o r  deer hun t ing  permi ts  a t  t h e  Sandh i l l s  W i l d l i f e  
s tudy area i n  Wisconsin a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom ac tua l  
payment o f  cash i n  sealed b i d  auct ions and referendum-type f i e l d  
experiments (Heber le in  and Bishop, 1985). These r e s u l t s  a re  supported by 
more than 60 s tud ies  o f  t he  va lue o f  15 f o r e s t  r e c r e a t i o n  a c t i v i t i e s  
throughout t h e  U.S. (Sorg and Loomis, 1984). Adjusted f o r  i n f l a t i o n ,  t h e  
average va lue per  r e c r e a t i o n  day f o r  o n e - t h i r d  o f  t h e  s tud ies  app ly ing  
t h e  con t ingen t  v a l u a t i o n  method a re  w i t h i n  25 percent  o f  t he  average f o r  
t w o - t h i r d s  o f  t h e  s tud ies  us ing  t h e  t r a v e l  cos t  method. S i m i l a r  r e s u l t s  
a re  shown f o r  hun t ing  and f i s h i n g  i n  Idaho (Loomis, e t  al . ,  1986b). 

3. Exc lus ion o f  nonres ident  t o u r i s t s  i s  expected t o  increase t h e  average 
number o f  t r i p s  per  year  wh i l e  reduc ing t h e  p r i c e  i n t e r c e p t  and consumer 
surp lus  est imates. However, exc lus ion  o f  t he  urban s i t e  B  would have t h e  
oppos i te  e f f e c t ,  reduc ing t r i p s  per  year  and i nc reas ing  consumer surp lus  
est imates.  I n  add i t i on ,  r es i den t s  of t he  s t a t e  tend t o  be more s e n s i t i v e  
t o  changes i n  f o r e s t  q u a l i t y  than t o u r i s t s ,  r e f l e c t i n g  knowledge o f  
h i s t o r i c  damages (Buhyoff ,  e t  a1 . , 1982; Daniel  and Vin ing,  1983). 

4 .  Resource use by i n d i v i d u a l s  s tay ing  overn igh t  i n  campgrounds o r  r e s o r t s  
i s  between 1 and 2  acres, as i s  t he  case f o r  p i cn i cke rs .  By comparison, 
f ishermen use about 1 1  i nea r  m i le ,  h i k e r s  4 m i les ,  backpackers 6  mi les,  
and o f f - r o a d  v e h i c l e  users 11 mi les .  

5. I n  add i t i on ,  we t es ted  t h e  s e n s i t i v i t y  o f  t he  r e s u l t s  t o  a l t e r n a t i v e  
s p e c i f i c a t i o n  o f  t he  dependent va r i ab le ,  t r i p s .  We est imated t h e  
rep resen ta t i ve  i n d i v i d u a l ' s  own demand func t ion ,  i . e .  annual t r i p s  per 
i n d i v i d u a l  t o  a  s tudy s i t e ,  as suggested by Brown and Nawas (1973). The 
r e s u l t s ,  avai  1  ab le  on request,  show t h a t  est imates o f  average b e n e f i t s  
per  t r i p  a re  more va r i ab le ,  about 50 percent  h igher  w i t h  OLS and one- 
t h i r d  lower w i t h  2SLS. Damages from l o s s  o f  t r e e  d e n s i t y  a t  r e c r e a t i o n  
s i t e s  a re  lower  bu t  w i t h i n  about 30 percent f o r  t h e  i n d i v i d u a l  pe r  c a p i t a  
OLS and 10 percent  w i t h  2SLS. Th is  suggests t h a t  t h e  2SLS may p a r t i a l l y  
overcome t h e  l i m i t a t i o n s  o f  t h e  i n d i v i d u a l  TCM. 



6. Wi th  reg iona l  demand func t ions ,  t he  e f f e c t  o f  s u b s t i t u t i o n  can be 
in t roduced by i n c l u d i n g  t h e  t r a v e l  cos ts  o f  t r i p s  t o  o the r  s i t e s  i n  t h e  
equat ion. To t e s t  f o r  t he  p o s s i b i l i t y  o f  s u b s t i t u t i o n  aniong t h e  5 s tudy 
s i t e s ,  we est imated a  v i s i t a t i o n  equat ion f o r  each s i t e  i n  which t he  
t r a v e l  c o s t  t o  reach each o f  t h e  o the r  s i t e s  i s  inc luded  as an 
independent va r i ab le .  The hypothes is  o f  a  zero c ross -p r i ce  e f f e c t  cannot - 
be r e j e c t e d  by t h i s  t e s t .  I n  none o f  t he  5  cases do any o f  t h e  t r a v e l  
c o s t  v a r i a b l e s  f o r  o t h e r  study s i t e s  prove s t a t i s t i c a l l y  s i g n i f i c a n t .  
Al though s u b s t i t u t e s  undoubtedly e x i s t ,  t h e  5  s tudy s i t e s  a re  apparent ly  
f a r  enough apar t  t o  represen t  essent i a1 1  y segmented ma'rkets. An 
a l t e r n a t i v e  s u b s t i t u t i o n  v a r i a b l e  i s  in t roduced represen t ing  t h e  annual 
days o f  r e c r e a t i o n  a t  o the r  s i t e s .  See Caul k i  ns, e t  a1 . , (1985). 

7. The CVM va lue a l s o  i s  w i t h i n  t h e  range o f  un i t - day  va lues recommended by 
t h e  Forest  Serv ice  Resource Planning (RPA) i n  t h e  Rocky Mountain Region. 
Our CVM es t imate  i s  equ iva len t  t o  $15.50 pe r  12-hour r e c r e a t i o n  v i s i t o r  
day (RVD) w i t h  o n - s i t e  r e c r e a t i o n  a c t i v i t i e s  averaging 6  hours per  day 
and 2.7 days per  t r i p .  

8. O f  s i g n i f i c a n c e  here i s  t h e  f i n d i n g  t h a t  t r e e s  throughout t h e  f o r e s t  may 
have a e s t h e t i c  values. I n  a d d i t i o n  t o  t h e  number o f  t r e e s  ons i t e ,  
respondents repo r ted  w i l l i n g n e s s  t o  p a r t i c i p a t e  and t o  pay con t ingen t  on 
number o f  t r e e s  i n  t h e  near view and f a r  view, s i z e  o f  t rees ,  v i s i b l e  
i n s e c t  damage, dead and down t rees ,  d i s t r i b u t i o n  o f  t rees ,  and presence 
o f  l a r g e  specimen t r ees .  For example, t h e  p r i c e  e l a s t i c i t y  o f  demand f o r  
t r e e s  ons i  t e  i s  about 0.28 compared t o  0.25 near view and 0.16 f a r  view. 
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INTRODUCTION 

A herd o f  dese r t  b ighorn  sheep i n h a b i t s  t h e  Pusch Ridge Wilderness Area 

(PRWA) i n  t h e  Santa C a t a l i n a  Mountains o f  t h e  Coronado Nat iona l  Forest ,  14 

k i l ome te r s  n o r t h  o f  t h e  cen te r  o f  Tucson, Ar izona. The herd  was a  s i g n i f i c a n t  

cons ide ra t i on  i n  t h e  des igna t ion  o f  t h e  wi lderness area i n  1978 (Krausman, 

Shaw, and S t a i r  1979). 

The c u r r e n t  s i z e  o f  t h e  herd, 70 t o  100 animals, i s  w e l l  below t h e  220 

sheep repo r t ed  i n  1928. Three reasons f o r  t h e  d e c l i n e  i n  herd  s i z e  have been 

suggested. F i r s t ,  r e c r e a t i o n a l  use o f  t h e  Pusch Ridge area has increased 

(Purdy and Shaw 1981). Second, i n t e n s i v e  urban development o f  l a n d  ad jacent  

t o  t h e  h a b i t a t  i s  t a k i n g  place, r e s u l t i n g  i n  d is tu rbances  w i t h i n  a  k i l ome te r  

o f  pr ime h a b i t a t  (G ion f r i ddo  1984). F i n a l l y ,  f i r e  suppression has al lowed, 

through succession, t h e  estab l ishment  o f  vege ta t i on  t h a t  i s  l e s s  d e s i r a b l e  f o r  

b ighorns (Anon. 1985). 

The j u x t a p o s i t i o n  o f  t h e  herd's h a b i t a t  and t h e  growing Tucson urban area 

presents  l o c a l ,  s t a te ,  and f ede ra l  agencies w i t h  d i f f i c u l t  dec is ions  regard ing  

t h e  i n t e n s i t y  o f  urban development o f  lands ad jacent  t o  t h e  PRWA, and t h e  

i n t e n s i t y  and management o f  r e c r e a t i o n a l  use w i t h i n  t h e  PRWA. Knowledge o f  

t h e  economic va lues o f  t h e  herd t o  Tucsonans would be most use fu l  i n  making 

these dec is ions .  

The o b j e c t i v e s  o f  t h e  research repo r t ed  here were t o :  1) es t imate  t h e  

t o t a l  and ex is tence  va lues o f  t h e  Pusch Ridge b ighorn  sheep herd t o  r e s i d e n t s  

o f  t h e  Tucson urban area; and 2) es t imate  t h e  e f f e c t s  o f  socioeconomic and 

o t h e r  p re fe rence- re la ted  v a r i a b l e s  on t h e  t o t a l  and ex is tence  va lues o f  t h e  

Pusch Ridge b ighorn  sheep herd. 



VALUE CONCEPTS AND THE HERD 

To ta l  va lue  o f  a  resource,  t h e  appropr ia te  va lue  concept f o r  b e n e f i t - c o s t  

ana l ys i s  (Boyle and Bishop 1985), i s  t h e  sum o f  use and ex is tence  values 

(McConnell 1983). Use va lues (F igure  1) i nc l ude  consumptive, nonconsumptive, 

and f u t u r e  ( o p t i o n )  use values, a l l  mot i va ted  by egocentrism. Ex is tence 

value, however, i s  mot i va ted  by a l t r u i s m  and i s  n o t  de r i ved  f rom d i r e c t  use o f  

t h e  resource (Randall  and S t o l l  1983). Al though t o t a l  va lue  i s  t h e  

app rop r i a t e  concept f o r  bene f i  t - c o s t  ana lys is ,  es t imates o f  ex is tence  va lue 

a re  use fu l  i n  addressing ques t ions  regard ing  t h e  i n t e n s i t y  o f  use (consumptive 

o r  nonconsumptive) o f  a  w i l d 1  i f e  resource. Attempts t o  es t imate  each o f  t h e  

components o f  va lue  separa te ly  have had l i m i t e d  success (Brookshire,  Eubanks, 

and Randal l  1983; Wal sh, Loomis, and Gi l lman 1984; S t o l l  and Johnson 1985). 

Hunt ing o f  t h e  herd i s  1  im i ted ,  w i t h  o n l y  one o r  two pe rm i t s  be ing issued 

each year  through a l o t t e r y  system. Thus, t h e  consumptive use va lue  o f  t h e  

Pusch Ridge herd i s  q u i t e  low and, f o r  t h a t  reason, was n o t  es t imated  i n  t h i s  

study. 

According t o  a  1980 survey o f  v i s i t o r s  t o  t h e  PRWA t h e  nonconsumptive use 

and t h e  o p t i o n  va lues o f  t h e  herd apparen t l y  were a l s o  low (Purdy and Shaw 

1981). S i gh t i ngs  o f  b ighorns were r a r e  events, occu r r i ng  on o n l y  one percent  

o f  t he  v i s i t s  t o  t h e  area. Furthermore, none o f  t h e  respondents i n d i c a t e d  

t h a t  t h e  p r imary  reason f o r  t h e i r  v i s i t s  was t o  see sheep. 

Conversely, a  number o f  f a c t o r s  i n d i c a t e  t h a t  t h e  ex is tence  va lue o f  t h e  

herd may h igh.  These f a c t o r s  inc lude :  1 )  t h e  strong, nega t i ve  p u b l i c  r e a c t i o n  

t o  t h e  hun t i ng  o f  t h e  herd; 2) t h e  f a c t  t h a t  b ighorn  sheep a re  n o t  abundant i n  

Ar izona, g i v i n g  them a marginal  ex is tence  va lue h i ghe r  than  more common 

species;  and 3 )  t h e  p r o x i m i t y  o f  t he  herd t o  Tucson makes i t  l o c a l l y  unique. 

These cond i t i ons ,  p l u s  t h e  i n d i c a t i o n s  o f  low use value, suppor t  a  hypothes is  

t h a t  ex is tence  va lue i s  a  major  p r o p o r t i o n  o f  t h e  t o t a l  va lue  o f  t h e  herd. 



FIGURE 1 

W I L D L I F E  VALUES AND MOTIVES 

(BASED ON RANDALL AND STOLL 1983) 
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METHODS 

The con t ingen t  va lua t i on  method (CVM) was used t o  es t imate  w i l l i n g n e s s  t o  

pay (WTP) t o  avo id  t h e  l o s s  o f  t he  herd. Brookshire,  Randall and S t o l l  (1980) 

showed t h a t  f o r  p o l i c y  a l t e r n a t i v e s  t h a t  propose a  decrease i n  a  n a t u r a l  

resource t h e  w i l l  ingness t o  accept (WTA) compensation f o r  t h e  l o s s  i s  t he  

c o r r e c t  measure o f  we l f a re  change f o r  b e n e f i t - c o s t  ana l ys i s .  However, they  

concluded t h a t  a  WTP format i s  a  more e f f e c t i v e  means o f  c o l l e c t i n g  re1  i a b l e  

da ta  than WTA. Randall and S t o l l  (1980) showed t h a t  WTP measures o f  we l f a re  

change w i l l  be l e s s  than WTA measures when a  change i n  t h e  q u a n t i t y  o f  goods 

o r  se rv ices  i s  t he  i ssue  and t h e  goods o r  se rv ices  are lumpy o r  i n d i v i s i b l e ,  

as i s  t h e  case here. They went on t o  show t h a t  t h e  d i f f e r e n c e  between WTA and 

WTP measures w i l l  be small i f  t h e  income effect ,  t h e  product  o f  t he  p r i c e  

f l e x i b i l i t y  o f  income and t h e  p ropo r t i on  o f  t h e  i n d i v i d u a l ' s  income 

represented by t he  va lue o f  t he  good, i s  smal l .  

CVM SCENARIOS 

Two con t ingen t  va lua t i on  scenarios were presented t o  t h e  respondents. 

Scenario 1 was used t o  e l i c i t  b i ds  f o r  t h e  t o t a l  value o f  t h e  herd. 

Scenario 1: 

There i s  a  herd o f  about 70 deser t  b ighorn sheep 
l i v i n g  i n  t h e  Pusch Ridge area o f  t he  Santa 
Catal  i n a  Mountains l oca ted  n i ne  m i l es  n o r t h  o f  
Tucson. The next  ques t ion  presents  an imaginary 
s i t u a t i o n  which asks f o r  your  bes t  est imate o f  
how you would respond. 

S u ~ ~ o s e  t h a t  t he  bighorns are threatened by 
human a c t i v i t y  and devel opment around Pusch 
Ridge. I f  something i s  n o t  done, t h e  b ighorn  
sheep w i l l  n o t  su rv i ve  on Pusch Ridge and 
b ighorn  sheep w i l l  be e l im ina ted  from the  Santa 
Catal  i n a  Mountains. 

S u ~ ~ o s e  t h a t ,  i n  response t o  t h i s  problem, an 
independent, n o n p r o f i t  foundat ion i s  s e t  up t o  
preserve t h e  Pusch Ridge bighorns. The 



foundat ion w i l l  r e s t o r e  and ma in ta in  h a b i t a t  f o r  
t h e  b ighorn sheep on Pusch Ridge and w i l l  be 
ab le  t o  save t h i s  herd o f  bighorns f rom 
e x t i n c t i o n .  

Imaqine now t h a t  t h e  foundat ion w i l l  be funded 
by s e l l i n g  annual suppor t ing memberships A l l  
members w i l l  be prov ided w i t h  i n fo rma t i on  on t h e  
herd's s ta tus  and i n fo rma t i on  which would 
g r e a t l y  increase t h e  chances o f  seeing a b ighorn  
i n  t h e  area. Members who do no t  wish t o  v iew 
t h e  bighorns on Pusch Ridge, w i l l  have t h e  
s a t i s f a c t i o n  o f  knowing t h a t  they  helped 
preserve t h e  herd. 

Respondents were asked whether they  would become a member o f  t h e  

foundat ion. Those who s a i d  "yes" were then asked t o  r e p o r t  t h e  maximum amount 

they  would be w i l l i n g  t o  con t r i bu te ,  annual ly ,  t o  t h e  foundat ion.  Those who 

sa id  "no" were asked f o r  t he  reason f o r  t h e i r  response i n  o rde r  t o  d i s t i n g u i s h  

t r u e  zero b i d s  from r e j e c t i o n  b ids .  

Ex is tence va lue  was est imated from responses t o  Scenario 2 .  

Scenario 2: 

Consider t h e  h v ~ o t h e t i c a l  s i t u a t i o n  i n  ques t ion  
1 again (Scenario 1). Continue t o  imagine t h a t  
t h e  foundat ion be ab le  t o  preserve t h e  
bighorns. Th is  t ime, however, t o  e l i m i n a t e  
d i s r u p t i v e  a c t i v i t i e s  t h a t  may cause s t r e s s  t o  
t h e  sheep, t h e  bighorns would n o t  be a v a i l a b l e  
f o r  p u b l i c  v iewing. 

Again, respondents were asked how much they  would be w i l l i n g  t o  pay, 

annual ly,  f o r  foundat ion membership. Th is  scenar io  was in tended t o  e l i c i t  t he  

respondent's ex is tence  va lue by removing mo t i va t i ons  f o r  present  and f u t u r e  

use (Boy1 e and Bishop 1985). 

Open-end b i d  quest ions were used because i t e r a t i v e  b i dd ing  i s  no t  

poss ib le  w i t h  se l f - adm in i s te red  inst ruments and t o  avo id  unresolved issues i n  

the  l o g i t  ana l ys i s  o f  yes/no responses t o  p r e - s p e c i f i e d  b ids .  1 



CLASSIF ICATION OF B I D S  

A p ro toco l  f o r  hand1 i n g  b i d  responses t h a t  were not ,  c l e a r l y ,  v a l i d  

p o s i t i v e  b i ds  was developed. It was used t o  e s t a b l i s h  two se t  o f  b ids,  one 

f o r  t he  es t ima t i on  o f  t h e  sample mean and median b i ds  and t h e  b i d  f unc t i ons  

and t he  o the r  f o r  t h e  c a l c u l a t i o n  o f  t he  aggregate values o f  t h e  herd. 

To e s t a b l i s h  t he  f i r s t  se t  o f  b ids,  p o s i t i v e  b i d s  o f  respondents who s a i d  

t hey  would become members o f  t h e  foundat ion were accepted as v a l i d .  Al though 

t h e  h ighes t  b id ,  $1000, was 10 t imes as l a r g e  as t h e  second h ighes t  b i d  o f  

$101, i t  was no t  d iscarded as an o u t l i e r  o r  a r e j e c t i o n  b i d  because s tud ies  

have shown t h e  s t rong support  o f  w i l d l i f e  users '  f o r  w i l d l i f e  through 

o rgan i za t i ona l  memberships and by t h e i r  expendi tures on w i l d l i f e - r e l a t e d  

goods (Shaw and Mangum 1984). 

Zero b i d s  were assigned t o  respondents who sa id  they would no t  become 

members o f  t h e  foundat ion and who gave as reasons one o r  more o f  t h e  f o l l o w i n g  

responses: 1) t h e  herd o f  bighorns i s  no t  wor th  any th ing  t o  me; 2) I cannot 

a f f o r d  t o  become a member a t  t h i s  t ime; o r ,  3) o the r  causes have h ighe r  

p r i o r i t y  f o r  me. B ids o f  zero by respondents who d i d  no t  g i v e  one o f  t he  

above reasons f o r  t h e i r  zero b i d s  were considered t o  be r e j e c t i o n  b ids .  

A second, enlarged s e t  o f  b i d s  was used t o  c a l c u l a t e  t he  aggregate 

values. Some respondents sa id  they  would become a member o f  t h e  foundat ion 

b u t  d i d  n o t  g i v e  a b id ,  zero o r  p o s i t i v e .  These unce r ta i n  b idders  may: 1) 

n o t  va l  ue t h e  herd a t  a1 1 ; 2) r e j e c t  t h e  va l  ua t i on  approach; o r  3) be 

unce r ta i n  about t h e  va lue they  p lace  on t h e  herd. The f a c t  t h a t  t h e  herd may 

have p o s i t i v e  va lue t o  them made i t  unreasonable t o  t r e a t  a l l  o f  them as 

nonrespondents t o  t he  b i d  quest ion i n  t he  c a l c u l a t i o n  o f  t h e  aggregate values. 

Hence, t h e i r  b i d s  were c l a s s i f i e d  as zero b i d s  o r  r e j e c t i o n  b i d s  on t he  same 

bas i s  as descr ibed above f o r  t he  c e r t a i n  b idders.  



Median b ids  were used t o  c a l c u l a t e  t h e  aggregate values. Sample median 

b i ds  were assigned t o  respondents who r e j e c t e d  t h e  method, on t h e  assumption 

t h a t  r e j e c t i o n  o f  t h e  method was mot ivated by a p o s i t i v e  value, and t o  

unce r ta i n  b idders  who gave no reason f o r  va lu i ng  t h e  herd. Nonrespondents 

were t r e a t e d  i n  two d i f f e r e n t  ways. I n  one se t  o f  est imates, the 

nonrespondents were assigned t h e  median b i d  o f  t h e  respondents. I n  a second 

set ,  they  were assigned zero b ids .  

B I D  FUNCTIONS 

B i d  func t ions  were est imated, us ing o rd ina ry  l e a s t  squares (OLS), t o  

i n v e s t i g a t e  t h e  e f f e c t s  o f  socioeconomic and o t h e r  respondent c h a r a c t e r i s t i c s  

on t o t a l  va lue  and ex is tence  value. Independent v a r i a b l e s  i n  t h e  regress ion  

were household income (INCOME), educat ion (EDUC) , age (AGE), t h e  number o f  

conservat ion o rgan i za t i on  memberships (CO), knowledge o f  t h e  b ighorn  sheep on 

Pusch Ridge p r i o r  t o  t h e  survey (KNOWSHP), d e s i r e  t o  see sheep on Pusch Ridge 

i n  t he  f u t u r e  (OPTION), prev ious use o f  t h e  Pusch Ridge Wilderness Area 

(VISIT), and p r o x i m i t y  o f  res idence t o  Pusch Ridge (PROXIM). INCOME, AGE, 

and CO were entered i n  do1 1 ars, years, and number, r espec t i ve l y .  EDUC was 

entered as an i n t e r v a l  v a r i a b l e  w i t h  t h e  f o l l o w i n g  values: 

Educat ion Level Completed 

Less than h igh  school 

High school 

1 - 3 years o f  c o l l e g e  

Col 1 ege 

Graduate s tud ies  

Value o f  EDUC 

1 

2 

3 
4 

5 

KNOWSHP, OPTION, and VISIT were entered as dichotomous dummy va r i ab les  

w i t h  a va lue  o f  0 f o r  no and 1 f o r  yes responses. PROXIM was a l so  entered as 

a dichotomous v a r i a b l e  w i t h  a va lue o f  1 f o r  t h e  four  z i p  code areas c l oses t  

t o  t he  PRWA and 0 otherwise. With t h e  except ion o f  age, a l l  o f  these 

va r i ab les  were expected t o  have p o s i t i v e  e f f e c t s .  



MOTIVATIONS 

As another measure o f  t h e  r e l a t i v e  importance o f  ex i s t ence  va lue as a 

component o f  t h e  t o t a l  va lue  o f  t h e  herd, mo t i va t i ons  f o r  p rese rva t i on  o f  t h e  

a herd were e l i c i t e d  f rom t h e  respondents. Respondents were asked t o  r ank  t h e  

t h r e e  most impor tan t  reasons f o r  p reserv ing  t h e  herd. The response ca tegor ies  

by corresponding mot ive c l a s s  were: 

MOTIVE 

Egocentrism: 

A1 t r u i  sm: 

RESPONSE 

So t h a t  I w i l l  have t h e  o p t i o n  
t o  see one i n  t h e  f u t u r e .  

For hun t ing  

For s c i e n t i f i c  o r  educat iona l  purposes. 

For f u t u r e  generat  ions,  i n c l  ud i  ng my 
c h i l d r e n  and g randch i ld ren .  

For o thers  who wish t o  see them. 

Because t h e  b ighorns have 
t h e  r i g h t  t o  l i v e  the re .  

Because t he  b ighorns a re  
p a r t  o f  t h e  ecosystem there .  

DATA COLLECTION 

Data were c o l l e c t e d  i n  1985 us ing  a ma i l  survey o f  a sample o f  Tucson 

area households. L i s t i n g s  f rom t h e  Tucson r e s i d e n t i a l  te lephone d i r e c t o r y  

were se lec ted  us ing  a random s t a r t  and a sampling i n t e r v a l  t o  o b t a i n  a sam~ple 

o f  1000 households (Di l lman,  1978). The "To ta l  Design Method" recommended by 

D i l lman  (1978) was f o l l owed  w i t h  t h e  except ion o f  a t h i r d  m a i l i n g  o f  t h e  

ques t i onna i r e  which was prevented by an unexpected budget c o n s t r a i n t .  



RESULTS 

The S a m ~ l e  

F i v e  hundred f i f t y  (550) useabl e  quest i onnai r e s  were rece ived.  The r a t e  

o f  response, ad justed f o r  unde l i ve rab le  quest ionnai res,  was 59 percent.  To 

evaluate t h e  representat iveness o f  t h e  sample, t h e  sample d i s t r - i b u t i o n s  of 

household income, educat ion and age were compared w i t h  secondary da ta  from 

Tucson Trends, a  b i e n n i a l  survey o f  t h e  Tucson area popu la t ion  (Va l l ey  

Nat iona l  Bank and Tucson Newspapers Inc .  1986). Based on a Kolmogorov-Smirnov 

t e s t ,  t h e  sample d i s t r i b u t i o n s  o f  t h e  va r i ab les  were s i g n i f i c a n t l y  d i f f e r e n t ,  

a t  t h e  5 percent  l e v e l ,  f rom those repor ted  i n  Tucson Trends. The 

comparisons i n d i c a t e  t h a t  our sample of hollsehold heads i s  o lder ,  more h i g h l y  

educated, and from h igher  income households than those sampled i n  t h e  survey 

f o r  Tucson Trends. There a re  some d i f f e r e n c e s  i n  t h e  sampling frame between 

t h e  two surveys which cou ld  p a r t i a l l y  account f o r  these d i f f e rences ,  bu t  t h e  

degree t o  which t h a t  may have been t he  case could n o t  be ascer ta ined.  

Value Estimates 

N i  ne ty - four  percent  o f  t he  respondents compl e ted  t h e  t o t a l  v a l  ue scenar i  o  

i tem and 92 percent  answered t he  ex is tence  va lue scenar io  i tem. The 

d i s t r i b u t i o n s  o f  p o s i t i v e ,  t r u e  zero, and r e j e c t i o n  b i ds  f o r  t o t a l  va lue and 

ex is tence va lue a re  shown i n  Table 1. 

TABLE 1 

C l a s s i f i c a t i o n  o f  Bids f o r  To ta l  and Ex is tence Values 

Bids 
To ta l  Ex is tence 
Val ue Val ue 

(n=522) (n=502) 
(%I (%I 

P o s i t i v e  b i ds  47 42 

True zero b i ds  33 3 7  

Re jec t ions  b i ds  . 20 . . 21 . 
100 100 



The r e s u l t s  o f  t h e  two b i dd ing  scenar ios  a re  presented i n  Table  2. 

TABLE 2 

B i d  Resu l t s  f o r  To ta l  and Ex is tence Values 

To ta l  Value Ex is tence Val ue 

Mean $17.14 

Standard e r r o r  2.07 

Standard d e v i a t i o n  47.18 

Med i an $16.51 

Cases 522 

- 

The smal l  d i f f e r e n c e  between t h e  mean and median b i ds  f o r  t o t a l  va lue 

i n d i c a t e  t h a t  t h e  h i g h  b i d  o f  $1000 d i d  n o t  have an undue skewing e f f e c t .  The 

d i f f e r e n c e  between t h e  mean and median b i ds  f o r  t h e  ex is tence  va lue  scenar io  

i n d i c a t e s  t h a t  t h e  d i s t r i b u t i o n  o f  t h i s  v a r i a b l e  i s  p o s i t i v e l y  skewed. The mean 

ex is tence  b i d  i s  89 percent  o f  t h e  mean t o t a l  b i d  and t h e  c o r r e l a t i o n  

c o e f f i c i e n t  between them i s  0.96. The median ex i s t ence  b i d  i s  63 percent  o f  t he  

median t o t a l  b i d .  These r e s u l t s  suppor t  t h e  hypothes is  t h a t  ex is tence  va lue i s  

a  major  p r o p o r t i o n  o f  t h e  t o t a l  va lue o f  t h e  herd f o r  Tucson households. 

Two es t imates  o f  aggregate t o t a l  and ex is tence  values were c a l c u l a t e d  

based on two assumptions rega rd i ng  nonrespondents. One es t imate  was based on 

t h e  assumption t h a t  t h e  herd was o f  zero va lue t o  nonrespondents and t h e  o t h e r  

on t h e  assumption t h a t  t h e  va lue o f  t h e  herd t o  nonrespondents was equal t o  

i t s  median va lue t o  respondents. These est imates a r e  shown i n  Table 3.  



TABLE 3 

Annual va lues o f  t h e  b ighorn  sheep herd i n  t he  Pusch Ridge Wilderness Area t o  
r e s i d e n t s  o f  Tucson, Ar izona, per  household and aggregate, under two 
assumptions rega rd i ng  b i d s  o f  nonrespondents. 

NONRESPONDENTS ASSIGNED: 

ZERO BID MEDIAN BID 

VALUE HOUSEHOLD AGGREGATE HOUSEHOLD AGGREGATE 

TOTAL $9.20 $2,162,909 $16.51 $3,883,152 

EXISTENCE $5.58 $1,313,154 $10.41 $2,448,432 

The lower  est imates,  o f  course, a re  underest imates because t hey  a re  

based on t h e  assumption o f  t h e  herd hav ing no va lue  whatsoever t o  a l l  

nonrespondents. The assuniption unde r l y i ng  t h e  h i g h  est imates,  t h a t  

nonrespondents va lue t h e  herd  as t h e  respondents do, p robab ly  leads  t o  an 

overest imate o f  aggregate values. 

ESTIMATED B I D  FUNCTIONS 

To ta l  and ex is tence  b i d  f u n c t i o n s  were est imated w i t h  OLS t o  determine 

t h e  i n f l u e n c e  o f  va r ious  respondent c h a r a c t e r i s t i c s .  L inear ,  semi -1 og and 

doub le - log  f u n c t i o n a l  forms were tes ted .  The double l o g  form, shown below, 

achieved t h e  bes t  f i t  f o r  t h e  t o t a l  b i d  f unc t i on .  

In(TOTALB1D) = - 5.025 + 0.554 In(INC0ME) + 0.079 EDUC 
(5.266) (1.114) 

+ 0.127 KNOWSHP - 0.005 AGE + 0.042 PROXIM 
(0.722) (-0.953) (0.220) 

+ 1.278 OPTION + 0.136 VISIT + 0.175 CO 
(6.249) (0.797) (1.969) 

R* = 0.28 Adjusted R~ = 0.27 

F = 15.959 w i t h  8 and 323 degrees o f  freedom 

S i g n i f i c a n c e  = 0.01 

Values o f  t h e  t s t a t i s t i c  shown i n  parentheses. 



A l l  o f  t h e  s igns on t h e  c o e f f i c i e n t s  a re  as expected. Only t h e  

coe f f i c i en t s  on In(INCOME), OPTION, and CO, however, a r e  s i g n i f i c a n t l y  

d i f f e r e n t  f rom zero a t  t h e  .05 l e v e l ,  based on a  o n e - t a i l  t e s t .  

The c o e f f i c i e n t  o f  In(INCOME), .56, i s  t h e  p r i c e  f l e x i b i l i t y  o f  income 

f o r  t he  herd (Brookshire,  Randall and S t o l l  1980), an es t imate  o f  t h e  

percentage change i n  t h e  b i d  t h a t  would r e s u l t  f rom a  one percent  change i n  

income. Given t h e  f u n c t i o n a l  form o f  t h e  equat ion, t h e  c o e f f i c i e n t s  on t h e  

o t h e r  i n t e r v a l  va r i ab les  (AGE and EDUC), mu1 t i p 1  i e d  by 100, a re  est imates o f  

t h e  percentage change i n  t h e  b i d  t h a t  would r e s u l t  f rom a  one u n i t  change i n  

t h e  corresponding va r i ab le .  Th is  i n t e r p r e t a t i o n  does n o t  apply, p rec i se l y ,  t o  

t h e  dichotomous va r i ab les  (Hal vorsen and Palmqui s t  1980). The c o e f f i c i e n t  on 

OPTION i n d i c a t e s  t h a t  i f  an i n d i v i d u a l  hopes t o  see sheep i n  t h e  f u t u r e ,  h i s  

b i d  f o r  t h e  t o t a l  va lue o f  t he  herd would be 258 percent  h i ghe r  than i f  he 

does no t  have such a  hope. 

The b i d  f u n c t i o n  was est imated f o r  ex is tence  value (EXBID), based on t h e  

same model as t o t a l  va lue and i s  shown below. 

In(EXB1D) = - 3.690 + 0.401 In(INC0ME) + 0.157 EDUC 
(3.608) (2.114) 

+ 0.324 KNOWSHP - 0.009 AGE + 0.041 PROXIM 
(1.709) (-1.827) (.210) 

+ 1.014 OPTION + 0.117 VISIT + 0.19 CO 
(4.756) (0.651) (2.038) 

R~ = .26 Adjusted R~ = .24 

F = 13.407 w i t h  8  and 305 degrees o f  freedom 

S ign i f i cance  = 0.01 

Values o f  t h e  t s t a t i s t i c  a re  shown i n  parentheses. 



The s igns  on t h e  c o e f f i c i e n t s  a re  as expected except f o r  age. A1 1 

c o e f f i c i e n t s  except those f o r  VISIT and PROXIM a re  s i g n i f i c a n t l y  d i f f e r e n t  

f rom zero  a t  t h e  .05 l e v e l ,  based on a o n e - t a i l  t e s t .  

The p r i c e  f l e x i b i l i t y  o f  income on t h e  ex is tence  o f  t h e  herd i s  0.41. 

Income has s l i g h t l y  l e s s  e f f e c t  on ex is tence  va lue than i t  does on t o t a l  value. 

The c o e f f i c i e n t  on OPTION i s  p o s i t i v e .  Under Scenario 2, t h e  herd i s  

preserved bu t  n o t  avai  1  ab le  f o r  viewing, seemingly removing egocent r i c  mot ives 

such as an expressed d e s i r e  t o  see sheep i n  t h e  f u t u r e .  Thus, one might  

expect t h e  c o e f f i c i e n t  on OPTION t o  be zero i n  t h e  ex is tence  b i d  f unc t i on .  

The f a c t  t h a t  i t  i s n ' t  may be expla ined as f o l l ows .  I n d i v i d u a l s  hoping t o  see 

a sheep i n  t h e  f u t u r e  (OPTION) may a l so  have a s t r onge r  o v e r a l l  i n t e r e s t  i n  

p rese rva t i on  o f  t h e  herd and be mot ivated by bo th  a l t r u i sm ,  p a r t i c u l a r l y  

i n t e rgene ra t i ona l  a l t r u i sm ,  and egocentrism. 

S p e c i f i c a l l y ,  t h e  c o e f f i c i e n t  on OPTION i n d i c a t e s  t h a t  t h e  ex is tence  

va lue o f  t h e  herd i s  176 percent  h i ghe r  f o r  those who hope t o  see a b ighorn 

sheep i n  t h e  f u t u r e  than f o r  those who do not .  

Al though t h e  c o e f f i c i e n t s  on AGE, KNOWSHP, and EDUC are  n o t  s i g n i f i c a n t  

i n  the  t o t a l  b i d  f unc t i on ,  they  a re  s i g n i f i c a n t  i n  t h e  ex is tence  b i d  f unc t i on .  

Age would be expected t o  have a p o s i t i v e  e f f e c t  on ex is tence  va lue through i t s  

probable p o s i t i v e  e f f e c t  on t h e  development o f  i n t e r g e n e r a t i  onal a1 t r u i s m  

(Randall and S t o l l  1983). We can n o t  exp la i n  i t s  nega t i ve  e f f e c t .  The 

p o s i t i v e  e f f e c t s  o f  KNOWSHP and EDUC are  as expected. 

PRESERVATION MOTIVES 

Respondents' rank ings  o f  t he  t h ree  most impor tan t  reasons f o r  p reserv ing  

t h e  herd are shown i n  Table 4. Reasons ca tegor ized  as represen t ing  a l t r u i s t i c  

mot ives a re  obv ious l y  most h i g h l y  ranked. Th is  r e s u l t  supports t h e  hypothesis 

t h a t  ex is tence  va lue i s  a  h i gh  p r o p o r t i o n  o f  t h e  t o t a l  va lue o f  t h e  herd. 



On t h e  assumption t h a t  t h e  t h e  most impor tan t  reason g i v e n  by respondents 

f o r  p r e s e r v i n g  t h e  herd  i s  a  s a t i s f a c t o r y  i n d i c a t o r  o f  t h e i r  mot ives,  t h e  

observed d i s t r i b u t i o n  o f  t h e  most impor tan t  reasons f o r  p r e s e r v i n g  t h e  he rd  

was t e s t e d  a g a i n s t  an expected u n i f o r m  d i s t r i b u t i o n  u s i n g  a  c h i - s q u a r e  t e s t .  

The d i s t r i b u t i o n s  were s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  one pe rcen t  l e v e l ,  

i n d i c a t i n g  t h a t  reasons c a t e g o r i z e d  as a l t r u i s t i c  were, indeed, s e l e c t e d  more 

f r e q u e n t l y  t h a n  those  assoc ia ted  w i t h  egocentr ism. 

TABLE 4 

Re1 a t i  ve f requency d i s t r i b u t i o n  o f  respondents '  r a n k i n g s  o f  t h r e e  most 
i m p o r t a n t  reasons t o  preserve t h e  b i g h o r n  sheep he rd  i n  t h e  Pusch Ridge 
Wi lderness Area, Ar izona.  

RANK 

REASON TO PRESERVE FIRST SECOND THIRD 

Egocen t r i c :  

a. Op t ion  t o  see one 

b. Hun t ing  

S u b t o t a l  : 

A l t r u i s t i c :  

c .  S c i e n t i f i c  o r  educa t iona l  purpose 

d. F u t u r e  genera t ions  

e. B ighorns have r i g h t s  t o  be t h e r e  

f. Bighorns a r e  p a r t  o f  t h e  ecosystem 

g. For  o t h e r s  t o  see 

S u b t o t a l  : 

Other :  

h. Other  reasons 

TOTAL 

(pe rcen t )  



DISCUSSION 

The b ids  t o  t h e  two scenarios,  t he  d i f f e r e n t i a l  i n f l uences  of t h e  

independent v a r i a b l e s  on t o t a l  va lue versus ex is tence  va lue (equat ions 1 and 

2), and t h e  reasons respondents gave f o r  t h e  importance o f  p reserv ing  t h e  herd 

a re  s t r ong  i n d i c a t i o n s  t h a t  t h e  ex is tence  va lue o f  t h e  herd i s  a  major 

p r o p o r t i o n  o f  i t s  t o t a l  value. 

The p r i c e  f l e x i b i l i t i e s  o f  income o f  t h e  b i ds  f o r  t o t a l  va lue  and f o r  

ex is tence  va lue a re  low, 0.56 and 0.41, r e s p e c t i v e l y .  The median household 

income o f  t h e  sample i s  $30,000. Using t h e  median sample b i ds  as i n d i c a t o r s  

o f  t he  va lue o f  t h e  resource t o  t h e  rep resen ta t i ve  household, then t h e  income 

e f f e c t  i s  indeed smal l ,  0.004 f o r  t o t a l  va lue  and 0.001 f o r  ex is tence  value. 

Hence, t h e  est imates, as ide from sampling and measurement e r ro r s ,  approximate 

WTA, t h e  t h e o r e t i c a l l y  c o r r e c t  we l f a re  measure i n  t h i s  case. 

The p r i c e  f l e x i b i l i t i e s  o f  income a l s o  i n d i c a t e  t h a t  t h e  herd i s  a  normal 

good, bu t  n o t  a  " t reasured"  good (Randal 1  and St01 1 1980). That i s ,  t h e  va lue 

o f  the  herd increases as income increases, bu t  a t  a  lower  percentage r a t e  than 

i ncome . 
Were t h e  respondents b i dd ing  t o  preserve t he  herd o r  t h e  herd and i t s  

h a b i t a t ?  Two reasons, "e", "Because t he  bighorns have t h e  r i g h t  t o  l i v e  

there" ,  and," fW, "Because t h e  bighorns a re  p a r t  o f  t h e  ecosystem" were ranked 

as the  most impor tant  reasons by a combined p r o p o r t i o n  o f  62 percent  o f  t he  

sample, Table 4. Th is  r e s u l t  suggests t h a t  t he  va lues est imated a re  o f  t h e  

herd and i t s  h a b i t a t .  

However, a  conc lus ion t h a t  t h e  herd and i t s  h a b i t a t  were be ing b i d  

upon does no t  mean t h a t  t h e  est imated values represent  t h e  t o t a l  va lue  o f  t he  

Pusch Ridge Wilderness Area. These est imates are f o r  t h e  va lue o f  those 

aspects o f  t he  area t h a t  c o n t r i b u t e  t o  t h e  ex is tence  o f  t he  herd. Because t he  



wording o f  t h e  scenar ios  made no ment ion o f  o t he r  uses, va lues o f  t h e  area f o r  

h i k i n g ,  backpacking, and many o t h e r  a c t i v i t i e s  a re  presumably n o t  inc luded.  

Two s tud ies  (Boyle and Bishop 1986; S t o l l  and Johnson 1985) were found i n  

which t h e  resource and v a l u a t i o n  s i t u a t i o n s  were s i m i l a r  enough t o  those o f  

t h i s  s tudy t o  p rov i de  f o r  use fu l  comparison o f  r e s u l t s .  

S t o l l  and Johnson (1985) est imated t h e  va lue  o f  t h e  whooping crane 

resource o f  t h e  Aransas Nat iona l  W i l d l i f e  Refuge i n  Texas. The whooping crane 

i s  c l a s s i f i e d  as an endangered species under t h e  U. S. Endangered Species 

Program and i s  o f  n a t i o n a l  s i g n i f i c a n c e  and i n t e r e s t .  Values were est imated 

f o r  r e fuge  v i s i t o r s ,  Texas res i den t s ,  and o u t - o f - s t a t e  r es i den t s .  The va lue 

es t imates  f o r  r e fuge  v i s i t o r s  and Texas r e s i d e n t s  a re  most comparable t o  our 

es t imates  and a r e  shown i n  Table 5. 

TABLE 5 

Est imates o f  op t ion /ex is tence  
and ex is tence  values o f  t h e  whooping crane resource* 

Val ue 
Refuge 

V i s i t o r s  
Texas 

Residents 

Opt ion/Existence Value $16.33 $ 7.41 
(n=381) (n=249) 

Ex is tence Val ue 

* 
Taken from S t o l l  and Johnson (1985) 

S t o l l  and Johnson est imated ex is tence  va lue  d i f f e r e n t l y  than  we d i d .  

They at tempted t o  i s o l a t e  ex is tence  va lue by assuming t h a t  o n l y  those 

i n d i v i d u a l s  who d i d  n o t  expect t o  v i s i t  t h e  r e fuge  i n  t h e  f u t u r e  were 

express ing ex i s t ence  value. Thus, t h e i r  es t imates  o f  o p t i o n  and ex is tence  

va lue  combined a re  most comparable, i n  method, t o  ours.  



Boyle and Bishop (1986) est imated t o t a l  and ex is tence  va lues o f  t h e  b a l d  

eag le  and t h e  s t r i p e d  sh ine r  t o  Wisconsin r es i den t s .  The b a l d  eagle  i s  a  

n a t i o n a l  syn'lbol and i s  endangered i n  Wisconsin. The s t r i p e d  sh ine r  i s  a  

minnow t h a t  i s  r e l a t i v e l y  unknown t o  t h e  genera l  p u b l i c  and i s  n o t  endangered. 

For  t h e  b a l d  eagle, es t imates were made f o r  i n d i v i d u a l s  c l a s s i f i e d  as v iewers 

and nonviewers o f  b a l d  eagles.  For bo th  t h e  eagles and t h e  s t r i p e d  sh iner ,  

es t imates  were f u r t h e r  ca tegor i zed  between those who had c o n t r i b u t e d  t o  t h e  

Wisconsin Endangered Resource Donat ion (ERD) program and those  who had no t .  

Grand means were n o t  repor ted .  T h e i r  es t imates  a re  shown i n  Table 6. 

TABLE 6 

Bald eag le  and s t r i p e d  sh ine r  mean values* 

Val ue C o n t r i b u t o r  Noncont r i  b u t o r  

Bald  Eagle 

To ta l  Value 

Viewers $75.31 

Nonviewers 18.02 

Ex i  stence Val ue 

Viewers 28.38 

Nonviewers 30.78 

S t r i p e d  Sh iner  5.66 

* 
Taken f rom Boyle  and Bishop (1986). 

Given t h e  na tu re  o f  t h e  f o u r  w i l d l i f e  resources, t h e  r e l a t i v e  magnitude 

o f  our est imated mean va lues a re  as expected, l e s s  than t h e  ba ld  eag le  and 

whooping crane and g r e a t e r  than  t h e  s t r i p e d  sh iner .  



CONCLUSIONS 

E x i s t e n c e  v a l u e  i s  a  l a r g e  p r o p o r t i o n  o f  t h e  t o t a l  v a l u e  o f  t h e  he rd  and 

i t s  h a b i t a t .  When t h e  sample va lues  ae p r o j e c t e d  t o  t h e  p o p u l a t i o n  o f  

m e t r o p o l i t a n  Tucson, t o t a l  v a l u e  f a l l s  w i t h i n  t h e  range o f  2 . 1  and 3.9 m i l l i o n  

d o l l a r s  p e r  y e a r  and e x i s t e n c e  v a l u e  w i t h i n  t h e  range o f  1 .3  t o  2.4 m i l l i o n  

d o l l a r s  p e r  year .  The p r o p o r t i o n  o f  t o t a l  va lue  t h a t  i s  e x i s t e n c e  v a l u e  i s  i n  

t h e  range o f  60 t o  89 percen t  depending on whether medians o r  means a r e  used 

as es t ima tes .  A1 t r u i  sm i s  t h e  p r i m a r y  m o t i v e  u n d e r l y i n g  Tucsonansl v a l u a t i o n  

o f  t h e  h e r d  and i t s  h a b i t a t .  

The va lue  o f  t h e  herd  w i l l  i n c r e a s e  i f  economic and p o p u l a t i o n  g rowth  i n  

t h e  Tucson area con t inue .  I f  t h e  r e s u l t i n g  housing demands a r e  met th rough  

a d d i t i o n a l  urban development ad jacen t  t o  t h e  herds1 h a b i t a t ,  t h e n  a  

s i g n i f i c a n t  c o s t  o f  t h a t  development m i g h t  be e l i m i n a t i o n  o f  t h e  he rd  f rom i t s  

h a b i t a t .  Local  governmental o f f i c i a l s ,  t h rough  1  and use p l a n n i n g  and zon ing 

d e c i s i o n s ,  may be faced  w i t h  making t r a d e o f f s  between t h e  l o c a t i o n s  o f  

r e s i d e n t i  a1 development and t h e  con t inued  e x i s t e n c e  o f  t h e  herd.  

I n c r e a s i n g  r e c r e a t i o n a l  use o f  t h e  Pusch Ridge Wi lderness Area c o u l d  have 

d e l e t e r i o u s  e f f e c t s  on t h e  herd.  Under such c o n d i t i o n s ,  r e s t r i c t i o n s  on 

r e c r e a t i o n a l  use o f  t h e  PRWA would be cons ide red  by t h e  Coronado N a t i o n a l  

F o r e s t  o f f i c i a l s .  I f  t h e  he rd  were t h e  p r i m a r y  reason u n d e r l y i n g  t h e  

r e c r e a t i o n a l  use o f  t h e  PRWA, t h e n  one c o u l d  argue t h a t  r e s t r i c t i n g  

r e c r e a t i o n a l  use would have l i t t l e  impact  on t h e  v a l u e  o f  t h e  he rd  s i n c e  

e x i s t e n c e  va lue  i s  a  l a r g e  p r o p o r t i o n  o f  i t s  t o t a l  va lue .  Tha t  premise, 

however, does n o t  appear t o  be t r u e .  I n  o r d e r  t o  make a  d e c i s i o n  r e g a r d i n g  

changes i n  t h e  r e c r e a t i o n a l  use o f  t h e  PRWA, a d d i t i o n a l  i n f o r m a t i o n  about t h e  

v a l u e  o f  t h e  area f o r  o t h e r  r e c r e a t i o n a l  uses would be needed. 
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1 .  Personal conversat ion w i t h  Richard C .  Bishop, May 15, 1985. 
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