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ABSTRACT

' The problem s o f  com paring m arket and non-m arket p ro d u c ts  o f  a 

g iven  re s o u rc e  b a s e , and o f d is c o v e r in g  an o p tim a l l e v e l  o f  a l lo c a t io n  

between such com peting  re s o u rc e  u s e s ,  a re  th e  fo cu s o f t h i s  s tu d y . An 

o r ig i n a l  c a se  s tu d y  which com pares c a t t l e  and e lk  p ro d u c tio n  in  th e  

A pache-S it g reav e s  N a tio n a l F o re s t  o f A rizona f a c i l i t a t e s  th e  r e s e a r c h .  

E lk  p ro d u c tio n  i s  v a lu ed  u s in g  methods o f non-m arket v a lu a t io n  su g g es ted  

by th e  U .S. W ater R esources C o u n c il. The th r e e  m ethods o f v a lu a t io n  

su g g es ted  a re  th em se lv es  rev iew ed f o r  t h e i r  a p p l i c a b i l i t y .  A n e t  s o c ia l  

b e n e f i t  o f  e lk  p ro d u c tio n  i s  found and compared to  th e  n e t  s o c ia l  v a lu e  

o f c a t t l e  p ro d u c tio n . P ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r s  betw een c a t t l e  

and e lk  in  th e  f o r e s t  a r e  d ev e lo p ed . The p ro d u c tio n  p o s s i b i l i t i e s  

f r o n t i e r s  a re  r e l a t e d  to  th e  n e t  s o c ia l  v a lu e s  to  e s t im a te  th e  ran g e  o f  

p ro d u c tio n  w hich app ro ach es an optimum n e t  s o c ia l  v a lu e  to  s o c ie ty .

ix
>



CHAPTER 1

INTRODUCTION 

J u s t i f i c a t i o n

As th e  p o p u la tio n  o f th e  p la n e t  in c r e a s e s ,  s c a r c i ty  i s  a  grow­

in g  problem . B ecause th e  a l t e r n a t i v e  u se s  f o r  any n a t u r a l  re s o u rc e  

compound w ith  in c re a s e d  s c a r c i t y ,  p ro p e r  p la n n in g  i s  e s s e n t i a l  to  en ­

su re  th e  g r e a t e s t  s o c i a l  b e n e f i t  to  th e  p o p u la tio n .

Tod o f te n  th e  d o l l a r  v a lu e s  o f  goods so ld  in  th e  m arket p la y  

th e  dom inant r o le  in  re s o u rc e  u sag e . M arket v a lu e s  a re  good m easures 

o f how s o c ie ty  v a lu e s  many i t e m s ; and , th ey  have t h e i r  p la c e  in  

p la n n in g . However, many a c t i v i t i e s  and u se s  o f o u r n a t u r a l  r e s o u rc e s  

a r e  n o t  v a lu ed  in  th e  m arket and th u s  do n o t c a r ry  a d o l l a r  p r ic e  ta g .  

T h is  i s  n o t to  say th a t  th e y  have no v a lu e . On th e  c o n t ra ry ,  many no n - 

m arket u ses  o f th e  g r e a t  o u td o o rs ,  p a r t i c u l a r l y  a c t i v i t i e s  r e l a t e d  to  

o u td o o r r e c r e a t io n  a r e  v a lu ed  h ig h ly  by s o c ie ty .

The p o in t  i s  t h a t  th e  v a lu e s  o f non-m arket u se s  o f a re s o u rc e  

base  must be in c o rp o ra te d  in to  th e  p la n n in g  o f  re s o u rc e  u se . To do s o , 

v a lu e s  com parable to  v a lu e s  found in  th e  m arket p la c e  m ust be d e r iv e d  

f o r  non-m arket a c t i v i t i e s .  S e v e ra l a n a l y t i c a l  te c h n iq u e s  f o r  n o n - 

m arket v a lu a t io n  e x i s t .  A ll o f th e  te c h n iq u e s  a r e ,  how ever, s t i l l  

s u b je c t  t o  im provem ent.

One pu rpose  o f t h i s  p a p e r i s  to  c o n t r ib u te  to  th e  e f f o r t  to  im­

prove th e  m ethods o f  non-m arket v a lu a t io n .  A second pu rp o se  i s  to  s tu d y
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th e  m ethodology in v o lv ed  in  com paring non-m arket goods to  m arket goods 

as an a id  in  th e  p la n n in g  f o r  u se  o f  ou r n a t u r a l  r e s o u rc e s .  An o r ig ­

in a l  case  s tu d y  w i l l  f a c i l i t a t e  th e  r e s e a r c h .

Problem  D e f in i t io n  and T a c tic s

The m u l t ip le  u se  co ncep t o f la n d  management has been u sed  by 

th e  U.S. F o re s t  S e rv ic e  s in c e  th e  e a r ly  p a r t  o f  th e  c e n tu ry . The U .S . 

Congress made th e  m u l t ip le  u se  concep t law  w ith  th e  p assag e  o f th e  

F e d e ra l Land P o lic y  and Management Act o f 1976. In  t h i s  Act th e  

Congress s p e c i f i c a l l y  s t a t e s  th a t  " i t  i s  th e  p o l ic y  o f  th e  U n ited  

S ta te s  th a t  . . . management be on th e  b a s is  o f m u l t ip le  use  and s u s ­

ta in e d  y ie ld  . . . (PL 94 -5 7 9 ).

P re s e n t ly  th e  A p ach e -S itg reav es  N a tio n a l F o re s t  i s  a  m u l t ip le  

u se  re s o u rc e . A pproxim ately  27 ,000  c a t t l e  and 13 ,000  d o m estic  sheep 

g raze  on la n d  le a s e d  from  th e  N a tio n a l F o re s t .  A p ach e-S itg reav es  a ls o  

su p p o rts  a  number o f  w i l d l i f e  s p e c ie s  w hich com pete w ith  dom estic  l i v e ­

s to c k  f o r  fo o d . Lumbering and m ining  a re  two o th e r  p ro d u c tiv e  u ses  o f 

th e  f o r e s t .  The f o r e s t ,  t h e r e f o r e ,  has v a lu e  as a  re s o u rc e  base  f o r  

p ro d u c tio n  o f l i v e s to c k  and o th e r  m arket goods; as  a r e c r e a t io n a l  r e ­

so u rce  f o r  h u n tin g  w ild  game, h ik in g ,  camping and f i s h in g ;  and v a lu e  

sim ply f o r  i t s  a e s th e t i c  a p p e a l .

Of main concern  in  t h i s  s tu d y  i s  th e  c o m p e tit io n  betw een c a t t l e  

and e lk .  The N a tio n a l F o re s t  S e rv ic e  i s  c o n s id e r in g  in c re a s in g  c a t t l e  

g ra z in g  a l lo tm e n ts .  A pproxim ately  92.7  p e rc e n t o f th e  A p ach e-S itg reav es  

i s  a lre a d y  a l l o t e d  f o r  c a t t l e  g ra z in g ; d o m estic  sheep g ra z e  in  5 p e r c e n t , 

le a v in g  2 p e rc e n t u n a l lo c a te d .  An in c re a s e  in  c a t t l e  g ra z in g  a l lo tm e n ts
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3

w i l l ,  t h e r e f o r e ,  be a d m in is te re d  in  th e  form o f in c re a s e d  d e n s ity  o f 

c a t t l e  on e x i s t in g  ra n c h e s . S ince  c a t t l e  and e lk  compete d i r e c t l y  f o r  

a v a i la b le  fo ra g e  and sp a c e , i t  i s  h y p o th e s iz e d  th a t  th e  e lk  h e rd  w i l l  

d im in ish  as th e  number o f  c a t t l e  a l lo tm e n ts  a r e  in c re a s e d .

T h is  p ap e r e x p lo re s  th e  m u l t ip le  u se  concep t o f  lan d  management 

th rough  a ca se  s tu d y  in v o lv in g  th e  v a lu e  o f  th e  A p ach e -S itg reav es  

N a tio n a l F o re s t  when used  in  each  o f  two a l t e r n a t i v e s ,  th e  p ro d u c tio n  

o f dom estic  c a t t l e  o r  th e  p ro d u c tio n  o f  e lk .  P r e s c r ip t io n  i s  made f o r  

a com bination  o f  u s e  in  w hich b o th  a re  produced  f o r  th e  maximum n e t  

s o c ia l  b e n e f i t .

The s p e c i f i c  o b je c t iv e s  o f t h i s  p ap er and an o u t l in e  o f th e  

p ro c e d u re s  used  to  accom plish  th e s e  o b je c t iv e s  fo llo w s .

Obj e c t iv e s

(1) Review and com pare v a lu a t io n  te c h n iq u e s .

(2) E s tim a te  th e  v a lu e  o f  th e  A p ach e-S itg reav es  N a tio n a l F o re s t 

a s  a  re s o u rc e  b ase  used  to  g ra z e  e lk .

(3) E s tim a te  th e  v a lu e  o f  th e  A p ach e -S itg reav es  N a tio n a l F o re s t 

as  a  re s o u rc e  b a se  used  in  c a t t l e  p ro d u c tio n .

(4) E s tim a te  a  p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  betw een c a t t l e  

and e lk  g iven  th e  p h y s ic a l  l i m i t a t i o n s  o f th e  A p ach e -S itg reav es  

N a tio n a l F o r e s t .

(5) E s tim a te  th e  optimum com bination  o f  e lk  and c a t t l e  to  be g razed  

in  th e  n a t io n a l  f o r e s t  based  on th e  p ro d u c tio n  p o s s i b i l i t i e s  

f r o n t i e r  and r e s p e c t iv e  v a lu e  e s t im a te s .
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P ro ced u re  f o r  O b je c tiv e  ( 1 ) • The e a s i e s t  way to  compare th e  

v a lu e s  o f  goods and s e rv ic e s  i s  w ith  m arket p r i c e s .  However, n o t a l l  

goods and s e r v ic e s  a re  v a lu e d  in  th e  m ark e t. A l te rn a t iv e  means o f  

v a lu a t io n  a r e  n e c e s s a ry  when one o r  a l l  o f th e  item s meant f o r  com pari­

son a r e  n o t  v a lu e d  in  th e  m a rk e t. The m easure o f  p ro d u c t v a lu e  known 

as  co n su m er's  s u rp lu s  i s  u sed  to  compare th e  v a lu e s  o f  e lk  p ro d u c tio n  

and c a t t l e  p ro d u c tio n . The th e o ry  o f consum ers' s u rp lu s  i s  rev iew ed .

The consum ers' s u rp lu s  o f a m arket good can be found d i r e c t l y  

u s in g  known p r i c e s  and q u a n t i t i e s .  The v a lu a t io n  p ro c e s s  becomes more 

d i f f i c u l t  f o r  non-m arket v a lu e d  item s such as r e c r e a t io n .  T hree m eth­

ods o f v a lu a t io n  o f  w a te r  r e l a t e d  r e c r e a t io n  a re  su g g es ted  by th e  U .S . 

W ater R esources C ouncil in  t h e i r  P r in c ip le s  and S tan d a rd s  f o r  p la n n in g  

o f w a te r r e s o u rc e s  (U .S . W ater R esources C o u n c il, 1979). They a r e :  

th e  t r a v e l  c o s t  m ethod, th e  c o n tin g e n t v a lu a t io n  method and th e  u n it -d a y  

v a lu e  app roach .

The th r e e  m ethods d is c u s se d  in  th e  P r in c ip le s  and S tan d a rd s  

f i r s t  a r e  rev iew ed  c o n c e p tu a l ly .  F o llow ing  th e  e m p ir ic a l  a n a l y s i s ,  th e  

th r e e  m ethods a r e  compared a s  to  t h e i r  a p p l i c a b i l i t y  to  v a lu a t io n  o f  a 

r e s o u rc e  base  when used  to  g ra z e  e lk .

P ro ced u re  f o r  O b je c tiv e  ( 2 ) . E lk  h u n tin g  as  a  r e c r e a t io n a l  ex ­

p e r ie n c e  i s  an a c t i v i t y  w hich when v a lu ed  w i l l  app rox im ate  th e  v a lu e  o f 

th e  la n d  b a se  f o r  e lk  p ro d u c tio n . As in f e r r e d  in  o b je c t iv e  ( 1 ) ,  a l l  

th r e e  m ethods o f  r e c r e a t io n  v a lu a t io n  su g g es ted  in  th e  P r in c ip le s  and 

S tan d a rd s  a r e  u sed  to  e s t im a te  th e  v a lu e  o f th e  e lk  h u n tin g  e x p e r ie n c e .

D ata u t i l i z e d  in  t h i s  s e c t io n  o f a n a ly s is  w ere o b ta in e d , a t  

l e a s t  p a r t i a l l y ,  from  a m a il su rv e y . The su rvey  was se n t to  a
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r e p r e s e n ta t iv e  sam ple o f  e lk  h u n te r s ,  a l l  o f whom pu rch ased  a p e rm it in  

1979 a llo w in g  them to  hun t in  th e  A p ach e -S itg reav es  N a tio n a l F o re s t 

a r e a .

P ro ced u re  f o r  O b je c tiv e  ( 3 ) . Both p r ic e  and q u a n t i ty  in fo rm a­

t io n  i s  a v a i la b le  fo r  c a t t l e  p ro d u c tio n . Thus th e  v a lu e  o f  c a t t l e  

p ro d u c tio n  i s  more r e a d i ly  a t t a i n a b l e  th an  f o r  e lk  p ro d u c tio n  because  

a demand cu rve  i s  e a s i e r  to  g e n e ra te .  Two p o in ts  on th e  demand cu rv e  

a re  d e r iv e d . The f i r s t  i s  th e  c u r re n t  p r ic e  and q u a n t i ty ;  th e  second 

i s  th e  p r ic e  and q u a n t i ty  o f  c a t t l e  demanded g iv e n  a 100 p e rc e n t r e ­

d u c tio n  in  th e  A p a ch e -S itg reav es  c a t t l e  c ro p . The change in  consum ers ' 

s u r p lu s ,  g iv e n  th a t  r e d u c t io n ,  i s  th e  v a lu e  o f  th e  A p ach e -S itg reav es  

c a t t l e  c ro p  to  th e  consum ers in  th e  n a t io n a l  m a rk e t. The v a lu e  to  th e  

p eo p le  o f  A rizona o n ly  i s  a  sm a ll p ro p o r tio n  o f  th e  n a t io n a l  v a lu e .

B ecause c a t t l e  a r e  so ld  in  th e  m a rk e t, th e r e  a r e  b e n e f i t s  to  

bo th  consum ers and p ro d u c e rs . The sum o f  th e  b e n e f i t s  to  th e s e  two 

groups o f  b e n e f i c i a r i e s  i s  th e  t o t a l  v a lu e  o f  c a t t l e  p ro d u c tio n . 

P ro d u c e rs ' s u r p lu s ,  th e  com plim ent o f  consum ers ' s u r p lu s , i s  d e r iv e d  

and added to  th e  consum ers ' s u rp lu s  to  a r r iv e  a t  a t o t a l  v a lu e  o f 

c a t t l e  p ro d u c tio n  w hich i s  com parable to  th e  v a lu e  o f e lk  p ro d u c tio n .

P rocedu re  f o r  O b je c tiv e  ( 4 ) . The s lo p e  and shape o f  th e  p ro d u c t 

t r a n s fo rm a tio n  cu rv e  betw een c a t t l e  and e lk  i s  developed  from  th e  b io ­

lo g i c a l  and h a b i tu a l  c h a r a c t e r i s t i c s  o f th e  a n im a ls . The p o s i t i o n  o f 

th e  cu rv e  i s  based  on th e  p h y s ic a l  l i m i t a t i o n s  o f th e  re s o u rc e  b a se .

Once p o s i t io n e d  th e  cu rv e  i s  known a s  th e  p ro d u c tio n  p o s s i b i l i t i e s

f r o n t i e r .



A g r e a t  d e a l  o f th e  in fo rm a tio n  used in  t h i s  p o r t io n  o f  th e  

a n a ly s i s  i s  o b ta in e d  from  th e  N a tio n a l F o re s t S e rv ic e  and th e  A rizona 

D epartm ent o f  Game and F is h ,

P ro ced u re  f o r  O b je c tiv e  ( 5 ) , The r e l a t i v e  v a lu e s  o f  th e  r e ­

so u rce  b ase  when u sed  f o r  c a t t l e  o r  e lk  p ro d u c tio n  ( th e  e s tim a te d  way 

in  w hich s o c ie ty  v a lu e s  each  usage) a r e  th e  b a s is  o f  a i s o - n e t -  

b e n e f i t  l i n e .  The tan g en cy  o f  t h i s  i s o - n e t - b e n e f i t  l i n e  w ith  th e  p ro d u c­

t i o n  p o s s i b i l i t i e s  f r o n t i e r  i s  th e  p o in t  o f  optimum m u lt ip le  usage when 

th e  g o a l i s  to  m axim ize t o t a l  n e t  s o c i a l  b e n e f i t s .

6



CHAPTER 2

THEORETICAL FRAMEWORK 

Consum ers1 S u rp lu s

Consum ers1 s u rp lu s  i s  u sed  to  m easure th e  v a lu e  o f th e  re s o u rc e  

b ase  when used  to  g ra z e  c a t t l e  and i t s  v a lu e  when used  to  p roduce e lk .

I t  i s  a means to  com pare th e  v a lu e s  o f  th e  two a c t i v i t i e s  s in c e  e lk  

have no m arket p r i c e .

Consumers’ b e n e f i t  i s  th e  t o t a l  v a lu e  o f  a g iv en  p ro d u c t . In  

F ig u re  2 .1  th e  shaded a re a  i s  th e  consum ers’ b e n e f i t ; th e  a re a  under 

th e  demand cu rv e  up to  th e  q u a n t i ty  p u rch ased . I t  i s  eq u a l to  th e  

amount p a id  (P X Qq0) p lu s  th e  e x t r a  b e n e f i t  o f b e in g  a b le  to  buy th e  

p ro d u c t a t  a  low er p r ic e  th a n  many were w i l l in g  to  pay .

The a re a  o f  ’’e x t r a ” b e n e f i t  i s  known as  th e  consum ers’ s u r p lu s .

I t  i s  th e  a r e a  u nder th e  demand cu rv e  above th e  p r ic e  w hich i s  p a id ,  

shown as th e  shaded a r e a  in  F ig u re  2 .2 .  Except f o r  th e  c a se  o f  a 

p e r f e c t ly  d is c r im in a t in g  m o n o p o lis t , th e r e  w i l l  alw ays be p eo p le  who 

would have p a id  a h ig h e r  p r i c e  f o r  a p ro d u c t th a n  t h a t  w hich was p a id .

The d is c r im in a t in g  m o n o p o lis t would ch a rg e  every  p e rso n  e x a c t ly  what th e y  

a r e  w i l l in g  to  pay . In  t h a t  c a s e  th e r e  would be no consum ers’ s u rp lu s .

Consumer’s s u rp lu s  i s  n o t a new id e a .  I t  was f i r s t  d is c u s s e d  in  

1844 by D e p u it . He d e f in e d  ’’s u r p lu s ” (consum er’s s u rp lu s  as  we know i t  

to d ay ) as  ’’t h e  d i f f e r e n c e  betw een th e  s a c r i f i c e  w hich th e  p u rc h a s e r  would 

be w i l l in g  to  make in  o rd e r  to  g e t i t  and th e  p u rch ase  p r ic e  he has to

7
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' Price

Supply

Demand

Quantity

F ig u re  2 .1 . ( t h e o r e t i c a l )T o ta l b e n e f i t

Price

Demand

Quantity

F ig u re  2 .2 .  Consum ers' s u rp lu s  ( t h e o r e t i c a l ) .
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pay in  ex ch a n g e ,"  (C u r r ie ,  Murphy and S ch m itz , 1971, p .7 4 2 ) .  However, 

th e  concep t o f  co n su m ers , s u rp lu s  i s  most o f te n  a c c re d i te d  to  M a rsh a ll 

(1936 ). B oth  econom ists  sp o k e , in  e s s e n c e , o f  th e  in t e g r a l  below  th e  

demand cu rve  above th e  p r ic e  w hich was p a id . The d i f f e r e n c e  i s  t h a t  

D e p u it’s s u rp lu s  was s t r i c t l y  a m onetary  m easure , w h ile  M arsh a ll d e ­

f in e d  consum er’s s u rp lu s  in  te rm s o f  a consum er’s u t i l i t y  (C u rr ie  e t  

a l . , 1971 ). M arsh a ll a l s o  ex tended  h is  a n a ly s i s  to  th e  a g g re g a te  con­

c e p t o f  consum ers’ s u r p lu s .  S tudy was th en  p o s s ib le  o f  th e  change in  

th e  w e lfa re  p o s i t io n  o f  g ro u p s .

In  1943 H icks f u r th e r  d e t a i l e d  th e  concep t o f consum er’s s u r ­

p lu s  by e x p la in in g  t h a t  th e r e  was n o t sim ply one m easure o f i t  bu t 

fo u r .  Those fo u r  m easures a r e  e q u iv a le n t  s u rp lu s  (ES) , e q u iv a le n t  

v a r i a t io n  (EV), com pensating  s u rp lu s  (CS) and com pensating  v a r i a t io n  

(CV).

These a r e  m easures o f change in  a consum er’s w e lfa re  g iv en  a 

change in  th e  co n su m er's  o p p o r tu n i ty  s e t  due to  a change in  p o lic y  o r  

p r ic e .  They a l l  accoun t an amount o f com pensation w hich m ust be p a id  

o r r e c e iv e d  from  a  consumer under v a ry in g  c irc u m s ta n c e s .

ES = The amount o f  com pensation  n e c e s s a ry  to  b r in g  th e  con­

sumer to  h i s  su b seq u en t w e lfa re  l e v e l  in  th e  absence  o f  a p r ic e  change 

i f  he i s  n o t p e r m i t t e d . to  make changes in  h i s  b u nd le  o f goods.

EV = The amount o f com pensation  n e c e s s a ry  to  b r in g  th e  con­

sumer to  h i s  su b seq u en t w e lfa re  l e v e l  in  th e  absence  o f  a p r ic e  change 

i f  he i s  p e rm itte d  t o  make changes in  h i s  b u n d le .
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CS = The amount o f com pensation  n e c e s sa ry  to  le a v e  th e  consumer 

in  h i s  o r i g i n a l  w e lfa re  s t a t e  a f t e r  a p r ic e  change i f  he i s  n o t p e r ­

m itte d  to  make changes in  h is  bund le  o f goods.

CV = The amount o f  com pensation  n e c e s s a ry  to  le a v e  th e  consumer 

in  h is  o r i g i n a l  w e lfa re  s t a t e  a f t e r  a p r ic e  change i f  he i s  p e rm itte d  

to  make changes in  h i s  b u n d le .

The d i f f e r e n c e  betw een e q u iv a le n t  and com pensating  m easures i s
i

a m a tte r  o f  th e  ass ignm en t o f  r i g h t s .  E q u iv a le n t m easures assume th e  

consum er has a r i g h t  to  h is  su b seq u en t w e lfa re  p o s i t io n  o r  u t i l i t y  

l e v e l .  Com pensating m easures assum e th e  consumer has a r i g h t  to  h is  

o r i g i n a l  w e lfa re  p o s i t io n  o r  u t i l i t y  l e v e l .

ES, EV, CS and CV l i k e  s im p le  consum er's  s u rp lu s  w ere d es ig n ed  

to  m easure th e  change in  th e  w e lfa re  o f th e  in d iv id u a l  in  chang ing  c i r ­

cum stan ces . However, th e  s u rp lu s  o r  v a r i a t io n  o f a p o p u la tio n  can be 

approx im ated  w ith  a g g re g a tin g  te c h n iq u e s  i f  th e  r e s e a r c h e r  assum es th e  

in d i f f e r e n c e  maps o f  in d iv id u a l  consum ers a r e  n o t  ex tre m ely  d i f f e r e n t .

For norm al goods ES < EV < s im p le  M a rsh a llia n  co n su m er's  s u rp lu s  

< CV < CS f o r  a  p r ic e  in c r e a s e .  ES > EV > s im p le  M a rsh a llia n  co n su m er's  

su rp lu s  > CV > CS f o r  a  p r i c e  d e c re a se . A ll fo u r  m easures and th e  

M a rsh a llia n  co n su m er's  s u rp lu s  a r e  e q u a l when th e  income e f f e c t  o f  a 

p r ic e  change o r  th e  w e lfa re  e f f e c t  o f a change in  th e  o p p o r tu n i ty  s e t  

i s  z e ro .  W ill ig  (1976) has shown i f  th e  income e f f e c t  i s  s m a ll ,  t h a t  

i s  i f  th e  income e l a s t i c i t y  o f demand i s  betw een ± 1 .0 ,  and th e  p ro p o r­

t io n  o f  a co n su m er's  t o t a l  income sp e n t on th e  good i s  s m a l l ; th e n  CV, 

EV and M a rsh a llia n  co n su m er's  s u rp lu s  a r e  i n s i g n i f i c a n t l y  d i f f e r e n t .
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V alues o f  E lk  H un ting  and C a t t le  P ro d u c tio n  

Consumers1 V alues

The v a lu e  o f  e lk  h u n tin g  i s  e s tim a te d  a s  th e  a g g re g a te  w i l l in g ­

n e ss  o f consum ers to  pay fo r  th e  e lk  h u n tin g  e x p e rie n c e  as i t  e x i s t s  

today  o r  do c o m p le te ly  w ith o u t .  C o n cep tu a lly  one i s  s e a rc h in g  f o r  th e  

income com pensated demand cu rv e  w hich would y ie ld  th e  com pensating  

v a r i a t i o n .  As f o r  th e  v a lu e  o f  c a t t l e ,  th e  com pensating  v a r i a t i o n  r e ­

s u l t i n g  from  a 100 p e rc e n t d e c re a se  in  c a t t l e  r a i s e d  in  th e  A pache- 

S itg re a v e s  N a tio n a l F o re s t  i s  th e  m easure so u g h t.

M a rtin , T inney and Gum (1978) t e s t e d  W i l l i g ’s c o n c lu s io n s  

co n ce rn in g  com pensating  v a r i a t i o n  and M a rsh a llia n  consum ers1 s u rp lu s  

in  a s tu d y  o f  th e  v a lu e s  o f  c a t t l e  ran ch in g  and a l l  h u n tin g  a c t i v i t i e s  

in  A rizo n a . T h e ir  a n a ly s i s  s u b s ta n t i a te d  W i l l i g ’s p o s i t io n  w ith  r e s p e c t  

to  th o s e  two p ro d u c ts .  T h e re fo re , th e  v a lu e s  o f  e lk  h u n tin g  and c a t t l e  

ra n c h in g  in  t h i s  s tu d y  a r e  approx im ated  u s in g  s im p le  M a rsh a llia n  con­

sum ers 1 s u r p lu s .

F ig u re s  2 .3  and 2 .4  i l l u s t r a t e ,  c o n c e p tu a l ly ,  th e  changes in  

consum ers’ v a lu e s  f o r  e lk  and c a t t l e  p ro d u c tio n  as v a lu ed  in  t h i s  

s tu d y . In  F ig u re  2 .3  th e  demand cu rv e  d e p ic ts  demand by e lk  h u n te rs  

in  A rizona f o r  e lk  p e rm its  to  hun t in  th e  A p ach e -S itg rav es  F o re s t  a r e a .

i s  th e  c u r r e n t  p r i c e  o f  a p e rm it and p e rm its  a r e  re q u e s te d .

S in ce  th e r e  i s  no su p p ly  fu n c t io n ,  th e  e n t i r e  a re a  0P2aQ^ i s  th e  meas­

u re  o f th e  n e t  s o c ia l  b e n e f i t .  T h is  a r e a  i s  composed o f  th e  amount o f 

f e e s  t h a t  would be p a id  by th e  h u n te rs  (OP^aQ^) p lu s  th e  consum ers 

s u rp lu s  o f th e  h u n te rs  (P^Pga)* B ecause th e  p r i c e  o f a p e rm it i s  s e t
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. Price

Demand for elk hunting in 
v the Apache Sitgreaves 

\  National Forest.

Quantity

F ig u re  2 .3 .  The v a lu e  o f  e lk  h u n tin g  in  th e  A pache-
S itg re a v e s  N a tio n a l F o re s t  a r e a  ( h y p o th e t ic a l ) .

Price

Notionol demand curve for 
X beef cattle production.

q;o' 2
Quantity

F ig u re  2 .4 .  The change in  consum ers ' s u rp lu s  f o r  b e e f  
c a t t l e  p ro d u c tio n  in  th e  A p ach e-S itg reav es  
N a tio n a l F o re s t  ( h y p o th e t i c a l ) .
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by a d m in is t r a t iv e  f i a t  r a th e r  th a n  th e  in t e r a c t io n  o f supp ly  and demand, 

a re a  OP^aQ^ i s  o n ly  a t r a n s f e r  payment and i s  in c lu d e d  in  th e  n e t  s o c i a l  

b e n e f i t  o f  th e  h u n t.

The demand f o r  b ee f p ro d u c tio n  i s  n a tio n w id e . Any change in  

p ro d u c tio n  w i l l  e f f e c t  th e  n a t io n a l  m ark e t. T h e re fo re ; th e  demand 

cu rve  shown d e p ic ts  th e  n a t io n a l  demand f o r  b e e f .  Q 1 i s  th e  c u r re n t  

l e v e l  o f consum ption a t  a p r ic e  P ^ '.  W ith a d e c re a se  in  p ro d u c tio n  

w i l l  come an in c r e a s e  in  p r i c e .  ' i s  th e  p r e d ic te d  new le v e l  o f  con­

sum ption a t  th e  h ig h e r  p r ic e  o f  Pg*. At th e  o r ig i n a l  p r ic e  and quan­

t i t y  th e  co nsum ers ' s u rp lu s  i s  e q u a l to  a re a  a b P ^ '.  The a re a  o f 

consum ers ' s u rp lu s  a t  th e  p r e d ic te d  new l e v e l  o f  consum ption i s  a c P g '.  

The change in  consum ers' s u rp lu s  i s  a re a  P ^ 'c b P ^ '.  T h is  a re a  i s  th e  

v a lu e  o f th e  A p ach e -S itg reav es  c a t t l e  crop  to  th e  n a t io n a l  m ark e t.

The v a lu e  i s  co n v e rted  to  a p e r  c a p i t a  b a s i s ,  th e n  m u l t ip l ie d  tim es 

th e  p o p u la tio n  o f A rizona to  o b ta in  th e  v a lu e  to  A rizonans o f  th e  c a t t l e  

c ro p . The v a lu e  i s  th e n  com parable to  th e  v a lu e  o f  th e  re so u rc e  b ase  

to  A rizonans f o r  e lk  p ro d u c tio n .

P ro d u c e rs ' V alues

Consum ers' s u rp lu s  i s  th e  r e le v a n t  co n cep t f o r  v a lu in g  o u td o o r 

r e c r e a t io n ,  b eca u se  consum ers a r e  th e  o n ly  group upon w hich b e n e f i t s  

a r e  bestow ed. However, where m arket goods a r e  concerned  consum ers a re  

n o t th e  on ly  b e n e f i c i a r i e s ;  p ro d u c e rs  a ls o  b e n e f i t .  The v a lu e  o f a 

commodity to  p ro d u c e rs  i s  known as  th e  p ro d u c e rs ' s u r p lu s .  T o ta l  n e t  

b e n e f i t  to  s o c ie ty  o f a m arket good i s  a sum o f  th e  consum ers' and 

p ro d u c e r s ' s u r p lu s .



M arsh a ll (1930) i s  c r e d i te d  w ith  th e  developm ent o f p ro d u c e r s 1 

s u rp lu s .  The concep t i s  d e s c r ib e d  in  h i s  book P r in c ip le s  o f Economics 

f i r s t  p u b lish e d  in  1890. P ro d u c e rs 1 s u rp lu s  i s  th e  e x t r a  b e n e f i t  above 

c o s ts  p ro d u c e rs  r e c e iv e  from  b e in g  a b le  to  s e l l  t h e i r  p ro d u c t a t  a 

g iven  p r ic e .  L ike consum ers ' s u rp lu s  i t  was f i r s t  d e s ig n ed  to  m easure 

th e  b e n e f i t s  to  an in d iv id u a l  p ro d u c e r .

See F ig u re  2 .5 .  The p ro d u ce r re c e iv e d  P^XQ^O f o r  th e  p ro d u c t 

he i s  o f f e r in g .  S in ce  th e  supp ly  cu rv e  i s  th e  m a rg in a l c o s t  cu rve  

above th e  av e rag e  v a r i a b le  c o s t  c u rv e , i t  c o s ts  th e  p ro d u cer a re a  C 

to  p roduce in  th e  s h o r t  ru n . A rea B i s  th e  p ro d u c e r ’s s u r p lu s ,  th e  

e x t r a  b e n e f i t  r e c e iv e d .  T h is  b e n e f i t  i s  th e  r e tu r n  to  (v a lu e  o f)  th e  

f ix e d  r e s o u rc e s  w hich f o r  c a t t l e  p ro d u c tio n  b a s ic a l ly  i s  th e  lan d  and 

fo ra g e  r e s o u rc e .  By assum ing th a t  th e  supp ly  and demand cu rv es  shown 

a r e  th e  a g g re g a te  c u rv e s  f o r  th e  m a rk e t, a re a  B i s  th e  p ro d u c e rs ' 

s u r p lu s .

I f  F ig u re  2 .5  d e p ic te d  o n ly  th e  supp ly  and demand fo r  b eef 

from  th e  A p ach e -S itg rav es  N a tio n a l F o re s t  in  A rizo n a , th e n  a re a  B ( th e  

p ro d u c e r s ’ s u rp lu s )  would be e n t i r e l y  l o s t  when th e  p ro d u c tio n  was 

e l im in a te d .  On a l a r g e r  s c a le  th e r e  a r e  p ro d u ce rs  who lo o s e  and 

p ro d u ce rs  who g a in  from  a c u t back in  p ro d u c tio n . I f  you a r e  a p ro ­

d u cer whose p ro d u c tio n  i s  c u t back  o r  e l im in a te d ,  you lo o s e .  I f  you 

p roduce o u ts id e  th e  a re a  o f  p ro d u c tio n  c u t b ack , you g a in ,  a t  l e a s t  in  

th e  s h o r t  ru n , from  a  p r ic e  in c r e a s e .  E v e n tu a l ly , i f  th e r e  i s  a  s h o r ­

ta g e  c re a te d  by th e  p ro d u c tio n  c u t b ack , th e  s la c k  w i l l  be u su rp ed  by 

o u ts id e " p ro d u c e rs ;  and , th e  p r ic e  w i l l  f a l l  to  i t s  e q u i l ib r iu m  l e v e l .

14
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Price

Demand

Quantity

F ig u re  2 .5 .  P ro d u c e rs ' s u rp lu s  o f  c a t t l e  p ro d u c tio n  on 
th e  sm a ll s c a le  ( c o n c e p tu a l) .

Price

Demand

Quantity

F ig u re  2 .6 .  Change in  p ro d u c e rs ' s u rp lu s  on th e  la rg e  
s c a le  ( c o n c e p tu a l ) .
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F ig u re  2 .6  i l l u s t r a t e s  c o n c e p tu a lly  th e  change in  p ro d u c e r s 1 

s u rp lu s  on th e  la r g e  s c a le .  Assume th a t  F ig u re  2 .6  d e p ic ts  th e  demand 

and supp ly  o f  b ee f  in  th e  U .S. I f  th e  c a t t l e  crop  in  th e  A pache- 

S i t  g reav e s  F o re s t  i s  e l im in a te d ,  th e  supp ly  o f b ee f w i l l  s h i f t  from  Sq 

and b o o s tin g  th e  p r i c e  from  Pq to  and lo w erin g  th e  q u a n t i ty  de­

manded from  Qq to  Q^. P ro d u cers  lo o s e  a re a  C and g a in  a re a  A th e  d i f ­

fe re n c e  o f  w hich i s  th e  change in  p ro d u c e rs ' s u r p lu s .

A rea A + B i s  th e  change in  consum ers1 s u rp lu s  a s  e x p la in e d  in  

th e  p re v io u s  c h a p te r .  (Assuming a c o n s ta n t m ark e tin g  m arg in , th e  

change from  Pq to  P^ w i l l  be th e  same w hether 2 .6  i s  a farm  le v e l  o r  

r e t a i l  d ia g ra m .)  The lo s s  to  consum ers a d ju s te d  f o r  th e  g a in  to  p ro ­

d u ce rs  , p lu s  th e  l o s s  to  p ro d u c e rs  ((A+B) -  A) + (C) i s  th e  t o t a l  n e t  

lo s s  to  s o c ie ty  r e s u l t i n g  from  an e l im in a t io n  o f th e  A p ach e -S itg reav es  

c a t t l e  c ro p . I t  i s  th e  v a lu e  o f  th e  crop  to  s o c ie ty .

E s tim a tin g  R e c re a tio n  Demand

To e s t im a te  consum ers ' s u rp lu s  one must f i r s t  e s t im a te  demand. 

For m arket goods demand e s t im a t io n  i s  n o t u s u a l ly  a d i f f i c u l t  t a s k 'b e ­

cause  b o th  p r ic e  and q u a n t i ty  in fo rm a tio n  a re  a v a i l a b l e ;  and , th e  d e ­

mand cu rv e  may be d i r e c t l y  d e r iv e d  u s in g  l i n e a r  r e g r e s s io n  m ethods.

The ro u te  to  a  demand cu rv e  f o r  a r e c r e a t io n  s i t e  o r  a c t i v i t y  i s  more 

in d i r e c t  b ecau se  o n ly  q u a n t i ty  d a ta  a re  a v a i la b l e .  However, consum ers 

do p la c e  d i f f e r e n t  v a lu e s  on d i f f e r e n t  r e c r e a t io n  q u a n t i t i e s .  S e v e ra l 

te c h n iq u e s  have been developed  to  m easure th e s e  v a lu e s .

T hree a l t e r n a t i v e  te c h n iq u e s  a r e  used  and compared in  t h i s  

s tu d y . The th r e e  te c h n iq u e s  a r e  th o s e  s p e c i f i e d  in  th e  P r in c ip le s  and
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S tan d a rd s  f o r  w a te r r e s o u rc e s  p la n n in g  (U .S . W ater R esources C o u n c il, 

1979). They a re  th e  t r a v e l  c o s t  method (TCM), th e  c o n t in g e n t v a lu a t io n  

method (CVM) o r w il l in g n e s s  to  pay (WTP)#ap p ro ach , and th e  u n i t  day 

v a lu e  (UDV) ap p ro ach .

The U nit Day V alue A pproach

The u n i t  day v a lu e  (UDV) approach  i s  a means o f  ap p ro x im atin g  

th e  av e ra g e  WTP f o r  a d a y 's  r e c r e a t io n  w ith o u t a sk in g  a sam ple o f 

p eo p le  d i r e c t l y .  I t  was d es ig n ed  a s  a tem porary  means o f a s s ig n in g  

v a lu e  to  th e  r e c r e a t io n  e x p e r ie n c e  w h ile  r e c r e a t io n  m ethodology was 

be in g  f u r th e r  d ev e lo p ed . The W ater R esources C ouncil s p e c i f i e s  t h a t  

th e  a n a ly s t  sh o u ld  u se  th e  UDV approach  o n ly  i f  th e  p r o je c t  canno t be 

an a ly zed  u nder e i t h e r  th e  t r a v e l  c o s t  method o r  th e  w il l in g n e s s  to  pay 

app ro ach . S in ce  i t  i s  one p u rp o se  o f  t h i s  s tu d y  to  compare th e  d i f f e r ­

e n t means o f  a n a ly z in g  non-m arke t p r i c e  r e c r e a t io n  v a lu e s  su g g es ted  by 

th e  P r in c ip le  and S ta n d a rd s , th e  UDV approach  i s  in c lu d e d  in  t h i s  

a n a ly s i s .

UDV r e l i e s  on a p o in t  sy stem  and a s e t  o f  u n i t -d a y  v a lu e s  d e­

veloped  by a group o f  e x p e r t s . A s in g le  u n i t -d a y  v a lu e  i s  developed  

f o r  each  r e c r e a t io n  day depend ing  on th e  c a te g o ry  o f  r e c r e a t io n .

The c a te g o r ie s  a r e  " g e n e ra l"  and " s p e c ia l iz e d "  r e c r e a t io n .  

A c t i v i t i e s  f a l l i n g  in  th e  c a te g o ry  o f g e n e ra l r e c r e a t io n  a r e  a s s o c ­

ia te d  w ith  " in te n s iv e  developm ent o f  a c c e s s  and f a c i l i t i e s  a s  compared 

to  th e  s p e c ia l iz e d  r e c r e a t io n  c l a s s , "  (P & S , p . 30233). "G en era l"  

a c t i v i t i e s  commonly a s s o c ia te d  w ith  w a te r p r o je c t s  in c lu d e  swimming.



p ic n ic k in g ,  b o a tin g  a n d ‘m ost warm w a te r f i s h in g .  In  1979 v a lu e s  a s ­

s ig n ed  to  t h i s  c a te g o ry  ra n g e  from  $1.07 to  $3.22 p e r  u n i t - d a y .

The v a lu e s  o f  a c t i v i t i e s  in  th e  c a te g o ry  o f  s p e c ia l iz e d  r e ­

c r e a t io n  may be low ered  i f  n o t  a c tu a l ly  e l im in a te d  w ith  in te n s iv e  

developm ent o f  an a r e a ,  th e  same ty p e  o f developm ent w hich enhances 

a c t i v i t e s  in  th e  g e n e ra l  c a te g o ry . S p e c ia l iz e d  r e c r e a t io n  a c t i v i t i e s  

a t  th e  upper end of th e  v a lu e  ran g e  in c lu d e  b ig  game h u n tin g , w ild e r ­

n e ss  pack t r i p s ,  in la n d  m arine  f i s h in g  fo r  salmon and s te e lh e a d ,  w h ite  

w a te r b o a tin g  and c a n o e in g , and lo n g  range  b o a t c r u is e s  in  a re a s  o f 

o u ts ta n d in g  s c e n ic  b e a u ty . At th e  low er end o f  th e  v a lu e  ran g e  a re  

up land  b ir d  h u n tin g  and s p e c ia l iz e d  n a tu re  p h o to g rap h y . V alues fo r  

t h i s  c a te g o ry  ra n g e  from  $4.29 to  $12.87 p e r  u n i t  day .

The P r in c i p l e s  and S tan d a rd s  su g g es t th a t  v a lu e s  f o r  g e n e ra l 

and s p e c ia l iz e d  r e c r e a t io n  can  be a d ju s te d  to  " r e f l e c t  a d d i t io n a l  q u a l­

i t y  c o n s id e ra t io n s  ex p ec ted  to  p r e v a i l  a t  v a r io u s  p r o je c t  s i t e s  . . . , "  

(W ater R esources C o u n c il, p . 30 and 3 4 ) . Any a d ju s tm e n ts  must be 

accom panied by a f u l l  e x p la n a t io n .  .

T ab le s  i l l u s t r a t i n g  th e  p o in t  system  a re  4 .1  and 4 .2  in  

C hapter 4 . D isc u ss io n  o f  e x a c t ly  how th e  UDV approach  was u t i l i z e d  

in  t h i s  s tu d y  i s  in c lu d e d  in  t h a t  c h a p te r .

The m ajor c r i t i c i s m  o f t h i s  method i s  t h a t  i t  i s  n o t based  on 

any t h e o r e t i c a l  c o n s t r u c t .  The r e s u l t s  do n o t  d e p ic t  a demand cu rv e .

The C o n tin g en t V a lu a tio n  o r  W illin g n e s s  
to  Pay Method Approach

The c o n tin g e n t v a lu a t io n  method (CVM) , a ls o  known a s  th e  

w il l in g n e s s  to  pay (WTP) ap p ro ach , i s  d e s ig n e d  to  f in d  e s t im a te s  o f

18
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changes in  n a t io n a l  economic developm ent b e n e f i t s  due to  changes in  r e ­

c r e a t io n a l  o p p o r tu n i t ie s  o r  q u a n t i t i e s  demanded* In  u t i l i z i n g  th e  WTP 

ap p ro ach , th e  r e s e a r c h e r  a sk s  p eo p le  d i r e c t l y  w hat th e y  would be 

w i l l in g  to  pay f o r  v a ry in g  am ounts o f  r e c r e a t io n .  T h is q u e s tio n in g  can 

be accom plished  by s e v e r a l  te c h n iq u e s .  The P r in c ip le s  and S tan d a rd s  

c a l l  th e s e  te c h n iq u e s ,  g e n e r a l ly ,  th e  i t e r a t i v e  b id d in g  fo rm ats  and th e  

n o n - i t e r a t i v e  b id d in g  fo rm a ts . I t e r a t i v e  b id d in g  fo rm ats  a r e  most 

r e a d i ly  accom plished  by p e rs o n a l in te rv ie w . N o n - i te r a t iv e  fo rm ats  a re  

u s u a l ly  fo llo w ed  in  m a il su rv e y s . By assum ing th a t  every  p erso n  w i l l ­

in g  to  pay $2 i s  a l s o  w i l l in g  to  pay l e s s  th a n  $2, th e  number o f r e ­

sponden ts  w i l l in g  to  pay each  amount can be p u t on a c u m u la tiv e  s c a l e . 

T his cu m u la tiv e  f u n c t io n  i s  th e  demand cu rve f o r  th e  r e c r e a t io n a l  ex ­

p e r ie n c e .

A d i r e c t l y  d e r iv e d  demand cu rv e  i s  a d i s t i n c t  ad v an tag e  o f  th e  

WTP method o f  r e c r e a t io n  v a lu a t io n .  There a r e ,  how ever, some in h e re n t  

b ia s e s  to  be c o n s id e re d  when u s in g  th e  WTP ap p ro ach . P eop le  may r e a c t  

d i f f e r e n t l y  to  q u e s t io n s  depend ing  on what th e y  f e e l  i s  th e  pu rp o se  o f  

th e  su rv ey . For in s ta n c e ,  i f  in te rv ie w e e s  f e e l  th e  outcome o f th e  

su rvey  w i l l  be u sed  to  a d ju s t  p e rm it c o s ts  — th e y  may te n d  to  a d ju s t  

t h e i r  t r u e  v a lu e s  downward. I f  in te rv ie w e e s  f e e l  r e s u l t s  from  th e  

su rvey  may in c r e a s e  th e  q u a n t i ty  and o r  q u a l i ty  o f  a r e c r e a t io n  s i t e  

w ith o u t an in c r e a s e  in  any f e e ,  th ey  may te n d  to  a d ju s t  t h e i r  t r u e  

v a lu e s  upw ard. I t  i s  th e  r e s p o n s i b i l i t y  o f  th e  r e s e a r c h e r  to  p r e s e n t  

th e  p u rpose  o f  th e  s tu d y  and th e  q u e s tio n s  in  such  a way a s  to  m in i­

m ize such  b i a s e s .
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The T ra v e l C ost Method

The t r a v e l  c o s t  method (TCM) o f  v a lu in g  th e  r e c r e a t io n  e x p e r i ­

ence was f i r s t  su g g es ted  by H o te l l in g  in  1949. He proposed  th a t  com­

p lem en ta ry  m arket goods used  f o r  a r e c r e a t io n a l  e x p e rie n c e  cou ld  be 

used to  e s t im a te  th e  a c t u a l  v a lu e  o f  th e  r e c r e a t io n a l  e x p e r ie n c e . 

Clawson in  1959 and a g a in  in  1966 (Clawson and K netsch) p o s i t s  t h a t  

th e  u se  o f th e  r e c r e a t io n  s i t e  i t s e l f  i s  o n ly  one p a r t  o f th e  t o t a l  

r e c r e a t io n a l  e x p e r ie n c e  from  w hich a consumer g e ts  u t i l i t y .  The con­

sumer a l s o  g e ts  u t i l i t y  from  a n t i c ip a t io n  and p r e p a ra t io n  f o r  th e  t r i p ,  

t r a v e l  to  th e  s i t e ,  a c tu a l  o n - s i t e  e x p e r ie n c e , t r a v e l  back from  th e  

s i t e  and r e c o l l e c t i o n .  I t  i s  t h i s  t o t a l  e x p e r ie n c e  to  w hich th e  r e ­

c r e a to r  r e l a t e s  th e  sum o f a l l  h is  e x p e n d itu re s  f o r  th e  t r i p .  The 

C law so n -H o te llin g  TCM h a s , t h e r e f o r e ,  developed  as a tw o -s te p  p ro c e ­

d u re . S tep  one d e te rm in e s  th e  demand f o r  th e  t o t a l  r e c r e a t io n  ex­

p e r ie n c e .  S tep  two d e r iv e s  a demand f o r  th e  s i t e  (o r  a c t i v i t y )  i t s e l f .

In  s te p  one th e  av e ra g e  v a r i a b le  c o s ts  from  each  d is ta n c e  zone 

a re  re g re s s e d  a g a in s t  a  q u a n t i ty  v a r i a b le ;  v i s i t s ,  d a y s , p e r m i ts , e t c .  

p e r  c a p i t a  from  s e v e r a l  d is ta n c e  zo n es . T hat r e l a t io n s h ip  a c c o rd in g  

to  Clawson d e p ic ts  th e  t o t a l  demand fo r  th e  r e c r e a t io n a l  e x p e r ie n c e .

The demand f o r  th e  s i t e  i t s e l f  can th e n  be d e te rm in ed  by a s ­

suming t h a t  r e c r e a to r s  w i l l  r e a c t  to  an in c re a s e d  e n tra n c e  f e e  in  th e  

same way t h a t  th e y  would r e a c t  to  an in c r e a s e  in  th e  c o s t  o f  t h e i r  

t r i p .  The r e a c t io n  o f r e c r e a to r s  to  v a r io u s  e n tra n c e  f e e s  d e p ic ts  

th e  demand f o r  th e  s i t e .  The t o t a l  v i s i t s  made to  a s i t e  from a l l  

zones under th e  c u r r e n t  c o n d i t io n s  i s  one p o in t  on th e  d e r iv e d  demand 

cu rv e . I t  i s  th e  demand a t  z e ro  added c o s t .  One may th e n



m a th e m a tic a lly  f in d  th e  d e c re a se d  q u a n t i ty  demanded from  each  zone a t  a 

s p e c i f ie d  added c o s t .  Summing a c ro s s  th e  zones y ie ld s  a n o th e r  p o in t  on 

th e  d e r iv e d  demand c u rv e , th e  q u a n t i ty  demanded a t  th e  s p e c if ie d  added 

c o s t .  The a n a ly s t  c o n t in u e s  in  t h i s  manner u n t i l  he has an e n t i r e  d e­

mand cu rv e  d e r iv e d .

D e ta i l s  on how th e  TCM was a c tu a l ly  used  in  t h i s  s tu d y  a re  

g iv en  in  C hap ter 4 .
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CHAPTER 3

THE DATA

V alues o f  W ild l i f e

Though w i l d l i f e  c e r t a in l y  has v a lu e  to  h u n te r s ,  i t  i s  a l s o  

v a lu ed  in  s e v e r a l  o th e r  ways. The fo u r  commonly s ta t e d  v a lu e s  o f 

w i l d l i f e  in c lu d e  h u n tin g , o b s e rv a t io n ,  o p tio n  and e x is te n c e  v a lu e s .  

The h u n tin g  v a lu e  d e r iv e s  from  th o s e  who a c t iv e ly  p u rsu e  and a tte m p t 

to  k i l l  w i l d l i f e .  T here a r e  a ls o  p e rso n s  who a c t iv e ly  lo o k  fo r  w ild ­

l i f e  j u s t  t o  o b se rv e  i t .  They p la c e  a v a lu e  on t h i s  e x p e r ie n c e . 

F u r th e r ,  th e r e  a r e  many who have n e v e r a c tu a l ly  sea rch ed  f o r  w i l d l i f e  

o r  gone h u n tin g , b u t may someday w ish  to  p a r ta k e  in  one o r  b o th  o f  

th e s e  a c t i v i t i e s .  A v a lu e  i s  p la c e d  on th a t  o p t io n . T here a re  a l s o  

p e rso n s  who know th e y  w i l l  n e v e r  hun t o r  o b se rv e  w i l d l i f e  b u t ,  none­

th e l e s s ,  p la c e  a v a lu e  on knowing th a t  i t  e x i s t s . An exam ple o f t h i s  

ty p e  o f  w i l d l i f e  v a lu e  i s  th e  concern  th e  p u b lic  can have fo r  an en ­

dangered  s p e c ie s  such  as  th e  w hale o r  Bengal t i g e r ,  though most w i l l  

n e v e r  se e  one.

The fo u r  v a lu e s  o f  w i l d l i f e  (h u n tin g , o b s e rv a t io n ,  o p tio n  and 

e x is te n c e )  a re  n o t  e x c lu s iv e  o f  each  o th e r .  The h u n te r  g a in s  v a lu e  

from  o b s e rv a tio n ;  an o b se rv e r  may som etim es w ish  to  h u n t. And th e r e  

i s  a f in e  l i n e  betw een th o s e  who v a lu e  a w ild  an im al sim ply fo r  i t s  

e x is te n c e  and th o s e  who r e t a i n  an o p tio n  v a lu e .
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T here i s  an in h e re n t  d i f f i c u l t y  in  m easu ring  o p tio n  and e x i s ­

te n c e  v a lu e s .  They do n o t em anate from  a d e f in e d  p o p u la tio n  s e t  a s  th e  

v a lu e  o f  sa y , e lk  h u n tin g , i s  co n fin e d  to  e lk  h u n te r s .  A lso , w h ile  ob­

s e rv a t io n  v a lu e  i s  more r e a d i ly  o b ta in a b le  th a n  o p tio n  and e x is te n c e  

v a lu e s ,  i t  i s  r e l a t i v e l y  d i f f i c u l t  to  m easure when compared to  f in d in g  

th e  v a lu e  o f  h u n tin g . O b se rv a tio n  v a lu e  stem s from  a much more lo o s e ly  

d e f in e d  p o p u la tio n  s e t  th a n  h u n tin g  v a lu e .

B ecause o f  th e  n o n -e x c lu s iv e  n a tu re  of th e  fo u r  v a lu e s  o f  

w i l d l i f e ,  and th e  d i f f i c u l t y  in  m easurem ent o f th r e e  o f  them , i t  was 

d ec id ed  to  m easure o n ly  th e  h u n tin g  v a lu e  o f  e lk .  I t  i s  t h i s  v a lu e  

w hich i s  used  as  a s u r ro g a te  m easure o f  th e  v a lu e  o f th e  re s o u rc e  b ase  

when used  to  su p p o rt an e lk  h e rd . The b ia s  o f  u s in g  a v a lu e  o b ta in e d  

o n ly  from  e lk  h u n tin g  i s  t h a t  i t  may u n d e re s tim a te  th e  v a lu e  o f  th e  r e ­

so u rce  b ase  because  th o se  v a lu e s  excluded  from  th e  a n a ly s i s  may be o f 

s i g n i f i c a n t  m agn itude.

The Survey

C on tingen t v a lu a t io n  m ethods o f  v a lu in g  h u n tin g , and some 

t r a v e l  c o s t  m ethods, r e q u i r e  a su rvey  o f p a r t i c ip a n t s  from w hich to  ob­

t a i n  p rim ary  d a ta .  The p o p u la tio n  from  w hich a sam ple was drawn to  

su rvey  in c lu d e d  a l l  e lk  h u n te rs  who drew e lk  p e rm its  f o r  th e  1979-80 

e lk  hun t e n a b lin g  them  to  h un t in  u n i t s  s e le c te d  f o r  s tu d y .

Hunt numbers 301, 303 and 351 were p e rm itte d  to  hun t in  u n i t s  

1 , 2C, 3A, 3B, 4A, 4b and 27 (F ig u re  3 .2  and 3 . 7 ) .  These u n i t s  c lo s e ly  

c o in c id e  w ith  th e  A p ach e -S itg reav es  N a tio n a l F o re s t  o u t l in e d  on th e  

same map. The F o re s t  S e rv ic e  a l l o t s  c a t t l e  g ra z in g  p e rm its .  C a t t le
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T H E  U N I V E R S I T Y  OF A R I Z O N A
T U C S O N ,  A R I Z O N A  15721

COLLEGE OF AGRICULTURE J u o #  4 ,  1980
DEPARTM ENT O P AGRICULTURAL ECONOM ICS 

AGRICULTURE RUILOiNG # M

Dssr Elk Hunter:

Me in  th e  Department of A g ric u ltu ra l Economics a t  th e  U niversity  
of Arizona a re  a ttem pting  to  measure the  value  of e lk  hunting  to  the  
sportsmen of A rizona. Arizona Game and Fifth Department records show 
th a t  you were drawn fo r  the  1979 e lk  hun t. Because your hunt number 
was 351, you may have hunted in  an area  of p a r t ic u la r  in te r e s t  to  us 
where the m u ltip le  uses of the land could become in  c o n f l i c t .  There­
fore  i t  i s  p a r t ic u la r ly  im portant th a t  we ob tain  your e lk  hunting 
inform ation  on the s h o r t , enclosed q u estio n n a ire , so as to  develop 
estim ates of value  fo r  the e lk  hunting experience.

Tour name was drawn in  a random sample o f a l l  e lk  hun ters  
holding perm its fo r  the 1979 hunt number 351. In  order th a t  the 
r e s u l ts  w il l  t ru ly  rep re sen t the th ink ing  of Arizona h u n te rs , i t  i s  
im portant th a t  each q u estio n n a ire  be completed and re tu rn ed  by the 
person holding the perm it. P lease  complete and re tu rn  yours today 
i f  p o ss ib le . A stamped addressed envelope i s  enclosed. P lease  com­
p le te  the re le v an t p a r ts  of the questio n n a ire  even i f  you did not 
ge t to  a c tu a lly  go on the hunt.

You may be assured  of complete anonymity. Each q u estio n n a ire , 
conta ins an id e n t i f ic a t io n  number fo r  m ailing purposes on ly . This 
i s  so th a t  we may check your name o ff  of the m ailing l i s t  when your 
q u estionnaire  i s  re tu rn e d . Your name w i l l  no t be placed on the ques­
t io n n a ire . Furtherm ore, a l l  r e s u l ts  of th is  study w il l  be published 
in  such a way th a t answers on any s in g le  q u estio n n a ire  cannot be 
id e n t i f ie d .

The r e s u l ts  of th is  research  w i l l  be made av a ilab le  to  o f f i c ia l s  
and re p re se n ta tiv e s  in  our s t a t e 's  government and a l l  In te re s te d  
c i t iz e n s .  You may rece iv e  a summary of re s u l ts  by w ritin g  "copy of 
r e s u l ts  requested" on the back of the re tu rn  envelope, and p r in tin g  
your name and address below i t .  P lease  do not put th is  inform ation  
on the q u estio n n a ire  i t s e l f .

Me s h a l l  be most happy to  answer any questions you might have. 
P lease w rite  o r c a l l .  The telephone number i s  (602) 626-1794 or 
626-1234.

Thank you fo r your a s s is ta n c e .

S in cere ly ,

M llliam E. M artin M. A. H e lfric h  
Professor Research A ssis tan t

TR* Uww iH v  #* Arieew CM#*# •# A#**#**"* *  m  wmmt oooonuiwtv wtfwrised to  ptevirtt m eeren. •dycwienei ioftxmetiwt #md
e itw  * * * * *  © ** 16 md«w*w*i #md im iiiunont lh#( function w.«howl regard la race, color. *■  or nenonel ©f«g»r»

/
F ig u re  3 .1 Cover l e t t e r  from  f i r s t  m a ilin g  o f  su rvey a)

a )  R educed  fro m  8 V 1 X 11"
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F ig u re  3 . 2 .  Map o f  h u n tin g  u n i t s  and s tu d y  a r e a ,  as m ailed  
w ith  s u rv e y . a />b)

a) S o u rc e : A rizona  Game and F ish  D epartm en t, 1979.

b) Reduced from 8V ' X 11".



VALUE OF ELK SURVEY 
DEPARTMENT OF AGRICULTURAL ECONOMICS 

UNIVERSITY OF ARIZONA 
TUCSON, ARIZONA

CONFIDENTIAL

Please  answer as many questions as p o ss ib le  even I f  you were unable to  make 
your Intended hunting  t r i p .

General Elk Hunting Inform ation

1. Did you a c tu a lly  hunt e lk  In  1979? Yes No ( c ir c le  one)

2. In  which Game and F ish  Hunting U n lt(s) did you hunt e lk  in  1979? ( re fe r  
to  map)

1 2C 3A 31 4A 41 27 ( c i r c le  one or more)

3. How many days d id  you spend on e lk  hunting t r ip s  in  1979, Includ ing  t r a v e l  
' time? (Count any p a r t  of a  day as one day.)

4 . How many scouting  t r ip s  d id  you make to  th e  area? ________
How many days did you spend on each scouting  t r i p ,  includ ing  tra v e l  time? 
1 s t t r i p  days. 2nd t r i p  days. 3rd t r i p  days.

5. Have you hunted e lk  in  the past?  Yes No (c irc le  one) I f  y es, about 
how many tim es? In  Arizona? In  o th er s ta te s ?

6. How many times have you applied  fo r  an e lk  hunting permit? 
In Arizona? In o th er s ta te s?

7. On your 1979 hunting t r ip  did you k i l l  an elk? Yes No (c i r c le  one) 
Did anyone e ls e  in  the group w ith which you were hunting k i l l  an elk?

Yes No ( c i r c le  one)

8. About how many e lk  did you see? Cows ________  B ulls  ________

9. W ill you apply fo r  an e lk  hunting perm it the next time you are  e lig ib le ?
Yes No Undecided ( c i r c le  one)

Cost Inform ation

I t  i s  necessary  to ask the follow ing questions so th a t we can o b ta in  an
accurate  estim ate  of the co st of your e lk  hunting t r ip .

1. What was your t o ta l  gaso line  b i l l  fo r a l l  1979 e lk  hunting and scouting  
tr ip s ?  I f  you shared th is  expense w ith anyone give only your p a r t  of the 
expenditu re . ^

2. What was your to ta l  food b i l l ,  includ ing  re s tau ra n t b i l l s  and liq u o r , 
fo r  a l l  1979 e lk  hunting and scouting  tr ip s ?  I f  you shared th is  expense 
give only your p a r t  of the b i l l .  ^

3. What was your t o ta l  lodging b i l l  fo r  a l l  1979 elk hunting and scouting 
t r ip s ?  Give only your share of the b i l l .  ^

OVER

F ig u re  3 .3 .  Q u e s tio n n a ire  from  m a il s u rv e y , page 1

a )  R ed u ced  fro m  8$$" x  11"



4 Check which, if any, of the following items you purchased or rented 
specifically for your 1979 elk hunting trip and their approximate cost.

Rented Purchased
D D gun
□ □ archery equipment
□ a ammunition
□ a boots
□ a clothing
□ n sleeping bag
□ □ tent
□ a camping stove
□ D tires
□ □ antifreeze
□ a chains
□ a other (list)

Dollars

5. Did you purchase an Arizona State hunting license specifically so that 
you could go elk hunting in 1979? Yes No (circle one)

6. Did you lose any income so that you could make these hunting and scouting 
trips? Yes No (circle one) If yes, how much?

One way in which we can determine how much you value elk hunting is to find out 
how much you would be.willing to pay for an elk hunting permit. We have no 
influence over the pricing of elk hunting permits. As such, your answers will 
not be used by the Game and Fish Commission to influence prices. Please answer 
honestly.
1. What is the maximum amount you would have paid for your elk hunting permit? 

(circle one) $25 $30 $35 $40 $45 $50 $55 $60 $65 Greater $_______ (specify)
2. In 1979 in hunt 301 34 hunters out of every 100 hunters killed an elk. In 

hunt 303 the count was 13 out of every 100. In hunt 351 the count was 6 out 
of every 100. If you were certain that the success rates for your hunt 
number would be 1/3 higher than in 1979, that is 45 out of 100 for hunt 301,
17 out of 100 for hunt 303, and 8 out of 100 for hunt 351, what is the maxi­
mum amount you would be willing to pay for your elk hunting permit in order
to participate in the same hunt as you did in 1979? (circle one)
$25 $30 $35 $40 $45 $50 $55 $60 $65 Greater $________ (specify)

3. If you had to pay $1.50/gal. for gasoline, would you still make the
trip? Yes No How about $2.00? Yes No $2.50? Yes No $3.00? Yes No

We realize that the following questions are personal; but, it is necessary for 
us to have this information for a complete analysis.

1. What was your total household income in 1979? (circle one)

A up to $5,000 E $20,001 - 25,000 I $40,001 -45,000
B $5,001 - 10,000 F $25,001 - 30,000 J $45,001 - 50,000
C $10,001 - 15,000 G $30,001 - 35,000 K greater than
D $15,001 - 20,000 H $35,001 - 40,000 $50,000

2. How many persons are in your household including yourself?

Thank you
CONFIDENTIAL

F ig u re  3 .4 .  Q u e s tio n n a ire  from  m a il su rv e y , page 2 . a ^

a) Reduced from  8V  X 11"
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L ast week a q u es tio n n a ire  seeking inform ation  about your 1979 
e lk  hunting experience was mailed to  you. Your name was drawn 
in  a random sample of Arizona e lk  hun ters •
I f  you have a lready  completed and re tu rned  i t .  to  us p lease  
accept our s in c e re  thanks. I f  n o t, p lease  d^kso today. Because 
i t  has been se n t to  only a sm all, but re p re s e n ta tiv e , sample of 
hun ters i t  i s  extrem ely im portant th a t yours a lso  be included 
in  th e  study i f  the r e s u l t s  a re  to  accu ra te ly  rep re sen t the 
value Arizona hun ters p lace  on e lk . Your a s s is ta n c e  i s  g re a tly  
a p p rec ia te d .
Sinrtrrsfcl v _

P ro fesso r Research A ss is ta n t

F ig u re  3 .5 .  P o s t c a rd  from  m a il su rv ey .
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TH E U N I V E R S I T Y  OF A R I Z O N A
TUCSON, ARIZONA *3721

COLLEGE OP AGRICULTURE 

W A jrrxEN T o r  a g u c u it u ia l  iconomics

AOeiCULTVBI iUILOlHO f *

June 25, 1980

Dear Elk H unter:

About th ree  weeks sgo we wrote to  you seeking inform ation about 
your 1979 e lk  hunting experience. As of today we have not ye t 
received your completed q u estio n n a ire .

Our resea rch  team has undertaken th is  study because of the b e l ie f  
th a t c i t iz e n  opinions should be taken in to  account in  the form ation 
of public  p o lic ie s  fo r  the planning and development of our fo re s t  a re a s .

Me are  w ritin g  to  you again because of the s ig n ific a n ce  each 
q u estio n n a ire  has to  the usefu lness of th is  study . Your name was 
drawn through a s c ie n t i f ic  sampling process in  which every e lk  hunter 
had an equal chance of being se le c te d . In  order fo r  the r e s u l ts  of 
th is  study to  be t ru ly  re p re se n ta tiv e  of the va lues Arizona hunters 
place on e lk ,  i t  i s  e s s e n tia l  th a t each person in  the sample re tu rn  
th e ir  q u estio n n a ire . Thus, we would l ik e  to encourage you to  complete 
and re tu rn  yours today.

In  the event th a t your q u estio n n a ire  has been m isplaced, a 
replacem ent i s  enclosed along w ith a postage paid rep ly  envelope.

Your cooperation  i s  g re a tly  apprec ia ted .

C o rd ia lly ,

M inim a E. M artin 
P rofessor

• * eooonvfNtv woioyw  eutHwuedto orovei#
•  end M«titwt«o#w met wtiHovt >—nrd to reee. c»4o-

rweerdV •0 wc*t**w< mforwwwi end r, w* w ee««o*wl

F ig u re  3 .6 . Cover l e t t e r  from  second m a ilin g  o f su rvey a)

a )  R educed  fro m  8%" X 11 "
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* 4 A

2C ^

Boundry of Apache Sitgreaves 
National Forest.

— Boundry of game units.

F ig u re  3 .7 .  S im p l if ie d  map o f  h u n tin g  u n i t s  and s tu d y  a re a



g ra z in g  i s  t h e  a l t e r n a t i v e  a c t i v i t y  whose v a lu e  i s  compared to  th e  

v a lu e  o f  th e  la n d  base  f o r  e lk  h u n tin g . U n its  2C and 3A l i e  a lm o st 

co m p le te ly  i f  n o t e n t i r e l y  o u ts id e  th e  F o r e s t .  The p e rc e n ta g e  o f  

re sp o n d e n ts  h u n tin g  in  th o s e  u n i t s ,  how ever, was i n s i g n i f i c a n t ;  and , 

s in c e  v a lu e  com parisons betw een c a t t l e  and e lk  a r e  made on th e  b a s is  

o f an an im al u n i t  y e a r  o f  fo ra g e  th e  a re a s  c o in c id e  c lo s e ly  enough.

Hunt 301 was an e a r ly  h u n t , Septem ber 28 th ro u g h  O ctober 3 ,

1979. Hunt 303 was conducted  from  November 24 th ro u g h  December 2 ,

1979. Hunt 351 was an a rc h e ry  hun t o n ly . I t s  seaso n  ran  from  Septem ber 

15 th ro u g h  2 3 , 1979. E s tim a te s  o f  h u n tin g  demand a r e  made f o r  each  hunt 

and a g g re g a te d  a c ro s s  th e  th r e e .

A q u e s t io n n a ir e  was s e n t  to  every  o th e r  h u n te r  as  found on th e  

l i s t  o f p e rm it te e s  p ro v id ed  by th e  A rizona Game and F is h  D epartm ent. A 

m od ified  "D illm an P ro ced u re"  (D illm an , 1978) was used  to  p ro c u re  a la rg e  

re sp o n se  r a t e .  The p ro c e d u re  was: 1) a  q u e s t io n n a ir e  accom panied by a

p e rs o n a l l e t t e r  e x p la in in g  th e  p u rp o se  o f  th e  p r o je c t  was s e n t to  a l l  

p e rso n s  in  th e  sam ple (F ig u re s  3 .1 - 3 .4 ) .  2) A week l a t e r  a p o s tc a rd  was

m ailed  to  th e  same p e rso n s  th a n k in g  them i f  th e y  had r e tu rn e d  th e  q u es­

t i o n n a i r e ,  rem ind ing  them  th a t  th e y  had re c e iv e d  a  q u e s t io n n a i r e , and 

a sk in g  th a t  th e y  f i l l  i t  o u t i f  th ey  had n o t a lre a d y  done so (F ig u re  3 . 5 ) .  

3) A f te r  ab o u t a months t im e , a  second copy o f  th e  q u e s t io n n a i r e ,  and a 

second co v er l e t t e r  (F ig u re  3 .6 )  e x p la in in g  th e  im portan ce  o f  th e  s tudy  

was s e n t  to  th o s e  p e rso n s  who had n o t y e t  resp o n d ed .

Out o f a t o t a l  o f 1 ,1 5 0  q u e s t io n n a ir e s  m a ile d , 754 o r  65 .5  p e r ­

c e n t w ere r e tu r n e d ; 66 .5  p e rc e n t o f  h u n t 3 01 ’s q u e s t io n n a i r e s , 63 .8  

, p e rc e n t o f  hun t 3 0 3 ’s and 71 p e rc e n t o f  hunt 3 5 l fs .  F ig u re  3 .8  i s  a
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h is to g ra m  showing th e  tim in g  in  w hich th e  q u e s t io n n a ir e s  w ere r e tu rn e d .  

The same d a ta  a r e  d is p la y e d  in  F ig u re  3 .9  a s  a  c u m u la tiv e  c u rv e .

The q u e s t io n n a ir e s  w ere f i r s t  m a iled  June 10; th e  p o s tc a rd s  

were m a iled  June 17; an d , th e  second m a ilin g  o f  q u e s t io n n a ire s  o c­

c u rre d  on J u ly  2. T here was ap p ro x im a te ly  a s ix  day in te r im  betw een a 

m a ilin g  and a  n o t i c e a b le  u p tu rn  in  th e  r e tu r n  o f  q u e s t io n n a i r e s .  The 

second m a ilin g  o f th e  q u e s t io n n a ir e s  had a d e f i n i t e  im pact on th e  r e ­

tu r n .  P o in t B in  F ig u re  3 .9  in d ic a te s  s ix  days a f t e r  t h i s  m a ilin g .

The p o s tc a rd  had a more s u b t le  e f f e c t  on th e  r e tu r n ;  how ever, in  

F ig u re  3 . 9 ,  p o in t  A does i n d i c a t e  an in c re a s e d  s lo p e  abou t s ix  days 

a f t e r  th e  p o s tc a rd  was m a ile d .

The Oilman p ro c e d u re  su g g e s ts  s e v e r a l  o th e r  m easures l i a b l e  to  

be conducive  to  a  h ig h  r e tu r n  and a  more a c c u ra te  q u e s t io n n a ir e .  One 

su g g e s tio n  was to  keep th e  q u e s t io n n a ir e  a s  s h o r t  as p o s s ib le .  P eo p le  

a re  more l i k e l y  to  com ple te  and r e tu r n  a su rv ey  form when th e y  can s i t  

down and do so in  a v e ry  s h o r t  p e r io d  o f  tim e . The q u e s t io n n a ir e  was 

on ly  one page f r o n t  and back . Typing th e  q u e s t io n n a ir e  on th e  f r o n t  

and back o f  a s in g le  page a ls o  saved  on p ap er and m a ilin g  c o s t s .  The 

en c lo se d  map was p r in te d  on th e  back  o f  th e  co v er l e t t e r .

The q u e s tio n s  w ere worded so  a s  to  a sk  f o r  a s in g le  q u a n t i ty  o r  

to  a sk  t h a t  an answ er be c i r c l e d  (F ig u re s  3 .3 - 3 .4 ) .  I t  i s  e s p e c ia l ly  

t r u e  o f w i l l in g n e s s  to  pay q u e s tio n s  t h a t  th e  re sp o n d e n ts  w i l l  answ er 

more r e a d i ly  i f  th e y  a re  asked  to  c i r c l e  th e  c o r r e c t  re sp o n se .

Both th e  w i l l in g n e s s  to  pay and t r a v e l  c o s t  m ethods o f  v a lu a ­

t io n  w ere c o n s id e re d  when d e v is in g  th e  q u e s t io n n a ir e .  The m a jo r i ty  o f
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q u e s tio n s  a d d re sse d  co n ce rn s  o f  th o s e  two m ethods. O ther socio -econom ic  

q u e s tio n s  which th e  a u th o rs  f e l t  co u ld  have a s i g n i f i c a n t  in f lu e n c e  on 

a re sp o n d e n ts  w i l l in g n e s s  to  pay o r t r a v e l  expenses a ls o  w ere a d d re s se d .

When a n a ly z in g  th e  d a ta  th e  av e ra g e  b e n e f i t s  w ere a g g re g a te d  

over th e  t o t a l  number o f  a p p l ic a n ts  a s  opposed to  th e  t o t a l  number o f 

h u n te r s .  T h is  a g g re g a tio n  was made b ecau se  o f  th e  un ique  c irc u m sta n c e s  

o f th e  A rizona e lk  h u n t. S in c e  th e r e  a re  o n ly  so many p e rm its  a v a i l ­

a b le  from th e  A rizo n a  Game and F ish  D epartm ent, p ro s p e c t iv e  h u n te rs  

must app ly  and th e  lu ck y  a p p l ic a n ts  a r e  s e le c te d  th ro u g h  a l o t t e r y .

An in d iv id u a l  a l s o  i s  on ly  p e rm itte d  by law  to  h u n t once ev ery  th r e e  

y e a r s .  In  e f f e c t ,  i f  a  h u n te r  was chosen to  p a r t i c i p a t e  in  th e  1979-80 

h u n t , he (sh e) co u ld  n o t a p p ly  f o r  a p e rm it ag a in  u n t i l  1982. T here 

w ere a t o t a l  o f  7 ,512  a p p l i c a n t s ,  3 ,840  from  hun t 301, 3 ,272  from hunt 

303 and 400 from  hun t 351.

I t  i s  assumed th a t  th e  mean re sp o n se  o f  a h u n te r  su rveyed  

would be th e  mean re sp o n se  o f  a l l  a p p l ic a n t s .  A c tu a l ly ,  th e  number 

o f p e rso n s  s h a r in g  t h i s  v a lu e  f o r  e lk  cou ld  be l a r g e r  th a n  th e  number 

o f  a p p l ic a n ts  b ecau se  o f  th e  law  l i m i t in g  a p e rso n  to  ap p ly  no l e s s  

th an  th r e e  y e a rs  a f t e r  he (sh e ) was draw n. There i s  no way to  d e t e r ­

mine what t h i s  l a r g e r  p o p u la tio n  m ight be; th u s ,  a n o th e r  downward b ia s  

in  th e  v a lu e  o f  e lk  i s  su sp e c te d .



CHAPTER 4

THREE APPROACHES TO VALUING ELK HUNTING IN 

THE APACHE-SITGREAVES NATIONAL FOREST

The U n it Day V alue Approach

U nit day v a lu e s , a r e  p u b lish e d  a n n u a lly  by th e  W ater R esources 

C ouncil (WRC) in  th e  F e d e ra l R e g is te r .* ^  Those f o r  1979 a re  shown in  

T able 4 .1  (T ab le  13 o f  th e  May 24, 1979 is s u e  o f  th e  F e d e ra l R e g i s t e r ) .

To a id  in  d e te rm in a tio n  o f u n i t -d a y  v a lu e s  th e  WRC s e t  up f iv e  c r i t e r i a  

under two c a te g o r ie s  — g e n e ra l  and s p e c ia l iz e d  r e c r e a t io n .  Reproduced 

in  T ab le  4 .2  i s  T ab le  12 o f  th e  F e d e ra l R e g i s t e r , May 24 , 1979. I t  i s  

f o r  " s p e c ia l iz e d  r e c r e a t io n . "  E lk  h u n tin g  i s  a b ig  game h u n tin g  e x p e r i ­

ence and i s ,  t h e r e f o r e ,  c l a s s i f i e d  as  s p e c ia l iz e d  r e c r e a t io n .

A f te r  a l l  c r i t e r i a  p o in t s  a r e  a s s ig n e d  and summed, one r e f e r s  

to  th e  WRC T ab le  13 "C onversion  o f  P o in ts  to  D o lla r  V a lu e s . "  The mone­

ta r y  v a lu e  s e le c te d  from  T ab le  13 i s  th e  u n i t -d a y  v a lu e  o f  th e  r e c r e a ­

t io n  s i t e .  One m u l t ip l ie s  th e  s p e c i f i c  u n i t-d a y  v a lu e  by th e  e s tim a te d  

an n u a l usage  to  o b ta in  th e  e s t im a te  o f  th e  an n u a l r e c r e a t io n  b e n e f i t s .

Three m ethods to  o b ta in  u se  e s t im a te s  a r e  o u t l in e d  by th e  WRC: 

u s e .e s t im a t in g  e q u a tio n  o r  p e r  c a p i t a  u se  c u rv e , c a p a c ity  method and 

a l t e r n a t i v e  m ethod. E s tim a te s  f o r  t h i s  s tu d y  w ere o b ta in e d  from  th e

1. The W ater R esou rces C ouncil was a b o lish e d  by P re s id e n t  Ronald 
Reagan in  e a r ly  1981. E x a c tly  how and i f  i t s  fu n c tio n s  w i l l  be c a r r i e d  
on i s  n o t known a t  p r e s e n t .

3 6



T ab le  4 .1 .  C o n v ertin g  p o in ts  to  v a lu e , 
v a lu e  m ethod.

th e  u n i t  day

TriM* \i.—Con<m&on c4 Poirtit Id Datar Viluaa

Afltwiy rrt^jnflii
Point vekiea

0 10 #D 90 40 #0 00 70 » 90 100

Qwwti Htcniaton (Point* Irani TWe E-1)__ 
Qww^ FWing end Myning (Point* from

1ST 154 15# 15# 29# 24# 257 255 204 222

T*b*« E-1
##oWb«d FW*ig *nd Mwndng (Point* tom

157 1.74 1.90 257 25# 251 279 254 20# 217 220

Table E-2)
Soeoaioed Reoreeiton Other than Rehlng and

750 75# 7 ^ *•.08 #57 209 280 1057 1154 1210 1257

Hunting (Point* from Table E-2.._.......... . 45# 45# 5.00 U 8 572 244 7.1# #5# 10.01 11.44 12S7

Nom—Un*-Oey r m muson vWu— mey not eioeed 8* veiu* pro»«*f by m  new.

a) S ource: U .S. W ater R esou rces C o u n c il, 1979, p . 30237
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T able 4 .2 .  C r i t e r i a  and p o in t  a s s ig n m e n ts , th e  u n i t  day v a lu e  m ethod. ‘

TABLE 12: G uidelines fo r  Aeelgelns P ole:#  fo r Spec le i1ted  R ecreetloa

C r ite r ia Judgment Factor#
a t R acrestion Heevy use or Moderate use. Moderate use. Usually l i t t l e Very low e v i­

Eaperlaeca 8 / frequent crowding ether users some evidence evidence of dence of o ther
or o ther In te r - evident and . of o ther user# o the r u se rs . u s e r s , never

Total

ferenee w ith use lik e ly  to  l e te r -  
w lth we*

and occasional 
In te rfe ren ce  
with use due to  
crowding

ra re ly  I f  ever
crowded

crowded

Ps In te l  20
Point Value: 0-2 3-6 7-10 11-15 16-20

b) A v a ilab ility Several w ithin Several w ithin one or two within Nona w ithin hone w ith in
of 1 h r .  tra v e l 1 h r .  tra v e l 1 h r .  tra v e l 1 h r .  tra v e l 2 h r .  tra v e l
Opportunity TJ tim e; e few 

w ith in  30 min. 
tra v e l time

tim e; none 
w ithin 30 min. 
tra v e l time

tim e; none w ithin 
45 min. tra v e l 
time

time time

Total
P o in ts: 18

Point Value: 0-3 4-6 7-10 11-14 15-18
c) Carrying Minimum f a c i l i t y basic f a c i l i t i e s Adequate f a c i l i ­ Optimum f a c i l i ­ U ltim ate

Capacity \J development fo r to  conduct t i e s  to  conduct t i e s  to conduct f a c i l i t i e s

Total

public h ea lth
and sa fe ty

a c t lv l ty f le e ) w ithout 
d e te r io ra tio n  
of the resource 
o r a c t iv i ty  
experience

a c t iv i ty  a t s i te  
p o te n tia l

to  achieve 
In ten t of 
s e lec ted  
a lte rn a t iv e

P o in ts: 14
Point Value: 0-2 3-5 6-8 $-11 12-14

d) A cceeslb lllty Limited access i e l r  occese. Fair a cce ss . Good access . Good a c c e ss ,
by any means to poor q u a lity f a i r  reed to good roods to high standard
s i t e  or w ith in roads to  e l t a ; s i t e ,  f a i r s i t e ;  f a i r road to  s i t e ;

Total

• I t s lim ited  access 
w ithin e lta

access , good 
roads w ithin 
a l t s

access, good 
road# w ith in  
a l t s

good access 
w ith in  a lt#

P o in ts: 18
Point Value: 0-3 4-6 7-10 11-14 15-18

e) LnvlroneeoLal Low a e s th e tic Avernge aesthe­ Above average High a e s th e tic O utstanding
Q uality fac to r#  y t ic  q u a lity ; a e s th e tic q u a lity ; no a e s th e tic

e s ie t  th a t fac to rs  e s ie t q u a li ty ;  any fac to rs  ex le t q u a l i ty ;  no
s ig n if ic a n tly th a t lower lim itin g  fac­ th a t lower e x is t

Total
f o la te :  20

lower
q u a lity  6 / .

q u a lity  to  miner 
degree

tor*  can be
r e c t i f ie d
reasonably

q u a lity  - th a t lower 
q u a lity

Point Value: 0-2 3-6 7-10 11-15 lb-20

rocmtoTts
1/ Value should be edJu tted  fo r oversee.
7/ Velue fo r v e te r-e r le n te d  t c t l v l t l e e  ehould be 

ad justed  I f  e lg n lf lc a o t eeeeenal water leve l 
changes occur.

V  General a c t iv i t i e s  Include those which ere eost­
eon to  the region and which ere u sually  of normal 
q u a lity . This Includes p icn ick ing , caeptng, h lk - 
h ik in g , r id in g , c y c lin g , f ish in g  and hunting which 
which would be of normal q u a lity .

4 / High q u a lity  value a c t lv l te e  Include those which 
are  not costeon to  the region and/or nation  and 
which are u sually  of high q u a li ty .

e i t u w s  c o m  e a i e - e v c

y  Major a e s th e tic  q u a l i t ie s  to  be considered Include geolo 
** and topography, w ater, and v eg eta tio n .
6 / Factors to  be considered in lowering q u a lity  include a i r  
~  end water p o llu tio n , poe ts , poor c lim a te , and unsigh tly

adjacent a reas .
7 / Likelihood of success a t f ish in g  and hunting.
J /  In te n s ity  of use fo r a c t iv i ty .

. W ater R esou rces C o u n c il, 1979, p .a) S ou rce : U.S 30236
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su rvey  w hich g e n e ra te s  a  u se  e s t im a t in g  e q u a t io n , and from  in fo rm a tio n  

c o n tr ib u te d  by th e  A rizona  Game and F ish  D epartm en t.

C r i t e r i a  p o in ts  a r e  a s s ig n e d  a s  fo llo w s :

P o in ts  

7-10 

0-3 

3-5 

7-10 

3-6

20-34

The P r in c ip le s  and S tan d a rd s  in d i c a te s  t h a t  c r i t e r i o n  (a) i s  

a s s o c ia te d  w ith  a change in  r e c r e a t io n a l  o p p o r tu n i ty ;  i . e . , f o r  s p e c i ­

a l iz e d  h u n tin g  and f i s h in g  th e  s i t e  " w i l l  be g iven  p o in ts  a c c o rd in g  to  

a d d i t io n a l  c o n s id e ra t io n s  o f  th e  chances o f  su c c e s s  . . . (U .S . WRC,

p . 30237). S in ce  t h i s  s tu d y  i s  v a lu in g  th e  s i t e  in  an "as i s "  s i t u a ­

t i o n ,  7-10  p o in t s  a r e  a s s ig n e d  from  c r i t e r i o n  ( a ) .  I t  i s  s p e c i f i e d  

t h a t  t h i s  m id -p o in t o f  th e  ran g e  i s  a s s o c ia te d  w ith  th e  av e rag e  c a tc h  

o r  bag from th e  h u n t.

C r i t e r io n  (b) i s  based  on th e  " l ik e l ih o o d  o f su c c e s s  a t  f i s h ­

in g  and h u n t in g ."  The o v e r a l l  su c c e s s  r a t e  f o r  th e  th r e e  h u n ts  was 

14 .8  p e r c e n t .  A l lo t in g  a 20 p e rc e n t range  to  each  o f  th e  f iv e  p o in t  

c a te g o r ie s ,  0-3  p o in t s  a r e  a s s ig n e d  to  th e  r e c r e a t io n  s i t e  from  

c r i t e r i o n  ( b ) .

C r i t e r i a

a

b

c

d

e

T o ta l
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U se, o r  o v e ru se , and developm ent o f  f a c i l i t i e s  a r e  th e  co n ce rn s  

o f  c r i t e r i o n  ( c ) . The A p ach e-S itg reav es  N a tio n a l F o re s t  has some de­

velop  te d  f a c i l i t i e s  v e ry  c lo s e  to  th e  edge o f  th e  Mo g o lio n  Rim. How­

e v e r , developm ent i s  n o t a  p lu s  when th e  concern  i s  b ig  game h u n tin g ; 

i t  has a n e g a t iv e  im pact on th e  v a lu e  o f  t h i s  a c t i v i t y .  I t  was a ls o  

r e p o r te d  by a s i g n i f i c a n t  number o f h u n te rs  re sp o n d in g  to  th e  su rvey  

th a t  lum bering  b e in g  conducted  a t  th e  same tim e  as th e  hun t h in d e re d  

t h e i r  s a t i s f a c t i o n  and d ro v e  away e lk .  From th e  h u n te rs  p o in ts  o f  

v iew , lum bering  d u rin g  th e  e lk  h u n tin g  season  i s  o v e ru se  o f  th e  a r e a .  

For th e s e  r e a s o n s , th e  s i t e  i s  a s s ig n e d  3-5 p o in ts  from  c r i t e r i o n  ( c ) .

C r i te r io n  (d) i s  based  on a s s e s s a b i l i t y  to  and w ith in  th e  

a r e a .  By r e f e r r i n g  to  th e  map (F ig u re  4 . 1 ) ,  one can  se e  th e r e  a r e  

s e v e ra l  s t a t e  and f e d e r a l  ro ad s  le a d in g  d i r e c t l y  o r  i n d i r e c t l y  to  th e  

f o r e s t  from a l l  p o p u la tio n  c e n te r s  w ith in  th e  s t a t e .  Some s t a t e  ro ad s  

c ro s s  th e  f o r e s t .  T here  a r e  a number o f d i r t  ro ad s  o f f  th e s e  main 

ro a d s , some o f  w hich a re  in  good c o n d i t io n ,  b u t many a r e  poor q u a l i t y , 

lo g g in g  ro a d s . The c a te g o ry  most c lo s e ly  re sem b lin g  t h i s  ty p e  o f  a c ­

c e s s  i s  th e  m id -ran g e  y ie ld in g  7-10 p o in t s .

C r i te r io n  (e ) c o n s id e r s  th e  way in  w hich a d v e rse  en v iro n m en ta l 

f a c to r s  e f f e c t  th e  q u a l i ty  o f  th e  s i t e  f o r  s p e c i f i c  r e c r e a t io n a l  a c ­

t i v i t i e s .  As n o te d  ab o v e , some h u n te rs  w ere a d v e rse ly  e f f e c te d  by 

lo g g in g  a c t i v i t i e s  d u rin g  th e  h u n t. P o l lu t io n  in  g e n e ra l i s  n o t a 

p rob lem , tho u g h . The p r o je c t  s i t e  i s  a s s ig n e d  3-6  p o in ts  from  c r i t ­

e r io n  ( e ) .
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F ig u re  4 .1 .  Hap o f  A rizo n a  o u t l in in g  th e  p r o je c t  a r e a  and 
showing th e  f e d e r a l  and m ajo r s t a t e  ro a d s .
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\

T o ta l  p o in ts  from  a l l  c r i t e r i a  a re  20 -34 , th e  av e rag e  be ing  27 

p o in t s .  R e fe r r in g  to  T ab le  4 .2  and in t e r p o la t in g  between 20 and 30 

p o in t s ,  th e  u n i t -d a y  v a lu e  i s  $8 . 02 .

S in ce  p e rm its  f o r  h u n tin g  e lk  a r e  drawn by l o t t e r y ,  th e  number 

o f  a p p l ic a n ts  in s te a d  o f  a c tu a l  h u n te rs  i s  th e  a p p ro p r ia te  e s t im a te  o f 

v i s i t o r s  to  th e  s i t e .  The a p p l ic a n ts  tim es  th e  mean number o f days 

sp en t h u n tin g  and s c o u tin g  (d e te rm in ed  from th e  su rvey ) y ie ld s  th e  e s ­

tim a ted  number o f  v i s i t o r  d ay s . T hat number, m u l t ip l ie d  by th e  u n i t -  

day v a lu e , y ie ld s  th e  t o t a l  v a lu e  o f th e  s i t e  when used  f o r  th e  e lk  

h u n tin g  a c t i v i t y .

U n it-d ay  v a lu e  $ 8 .0 2

T o ta l number a p p l ic a n ts  7 ,512

Mean days a t  s i t e  ( in c lu d e s  t r a v e l ,  sc o u tin g
and h u n tin g  tim e) 7 .683

$8.02 X 7 ,512  X 7 .683  = $462 ,871 .86

$462 ,871 .86  = The t o t a l  v a lu e  o f  th e  p r o je c t  s i t e  when used 

fo r  th e  e lk  h u n tin g  a c t i v i t y  as  d e te rm in ed  by th e  u n i t -d a y  v a lu e  ap ­

p ro ach .

A lthough th e  s y s te m a tic  UDV p ro c e d u re  o u t l in e d  by th e  W ater 

R esources C ouncil was used  in  making t h i s  e s t im a te ,  s e l e c t io n  o f  th e  

p o in ts  f o r  each c r i t e r i a  was an in d iv id u a l  d e c is io n  by th e  a u th o r .  The 

ta b le  o f p o in ts  p ro v id ed  by th e  C o u n c il, a lo n g  w ith  th e  d o l l a r  v a lu e s  

a s s o c ia te d  w ith  th o s e  p o in t s ,  la c k  any t h e o r e t i c a l  b a s i s .  The t r a v e l  

c o s t  and w il l in g n e s s  to  pay app ro ach es to  v a lu in g  r e c r e a t io n  d is c u s s e d  

in  th e  n e x t two s e c t i o n s , do have t h e o r e t i c a l  b a s e s .
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The W illin g n e s s  to  Pay Approach

The q u e s t io n n a ir e  ap p roaches th e  w il l in g n e s s  to  pay (WTP) method 

d i r e c t l y  by a sk in g  in d iv id u a ls  t h e i r  maximum w il l in g n e s s  to  pay f o r  an 

e lk  h u n tin g  p e rm it in  an "a s  i s "  s i t u a t i o n .  The in te rv ie w e e s  w ere a ls o  

asked  t h e i r  maximum WTP g iv e n  a h y p o th e t ic a l  s i t u a t i o n  in  w hich th e  

h u n te rs  a r e  g u a ra n te e d  a  su c c e s s  r a t i o  33% h ig h e r .  The r e s u l t s  from

th e  l a t e r  q u e s tio n in g  a re  found in  Appendix A.
/

The o r i g i n a l  q u e s tio n  w as:

What i s  th e  maximum amount you would have p a id  f o r  your e lk  

h u n tin g  p e rm it?  ( C ir c le  one)

$25 $30 $35 $40 $45 $50 $55 $60 $65 g r e a te r____ (s p e c ify )

C um ulative f r e q u e n c ie s ,  t h a t  i s  th e  cu m u la tiv e  p e rc e n t o f 

re sp o n d en ts  w i l l in g  to  pay each  am ount, were c a lc u la te d  and demand 

cu rv es  d e r iv e d  from  th e  v a lu e s . The v a lu e s  from  each h u n t were a n a l­

yzed s e p a ra te ly  b eca u se  th e  th r e e  h u n ts  a re  th r e e  d i f f e r e n t  com m odities.

T ab le  4 .3  shows th e  cu m u la tiv e  f r e q u e n c ie s . A f te r  p l o t t i n g  t h i s  

in fo rm a tio n  i t  was a p p a re n t from  v i s u a l  in s p e c t io n  th a t  th e  r e l a t i o n ­

s h ip s  were n o t l i n e a r  f o r  any o f th e  th r e e  h u n ts . L in e a r  tra n s fo rm a ­

t io n s  were made b e fo re  th e  d a ta  were r e g re s s e d .  A ll th r e e  e s tim a te d  

cu rv es  were o f th e  form :

Y = a  + bX~C

Y is  e q u a l to  th e  demand f o r  p e rm its  in  cu m u la tiv e  f r e q u e n c ie s , and X

i s  e q u a l to  th e  r e s p o n d e n ts ' maximum w il l in g n e s s  to  pay . The c o n s ta n ts

a and b w ere d e te rm in ed  by th e  r e g r e s s io n .  The c o n s ta n t c ,  e s tim a te d

p r io r  to  r e g r e s s io n ,  p ro v id e s  th e  t r a n s fo rm a tio n .  I t  was changed i t e r -
2

a t iv e ly  u n t i l  th e  h ig h e s t  p o s s ib le  R was reac h ed  f o r  each  demand
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T able 4 . 3 .  R esp o n d en ts ' maximum w il l in g n e s s  to  pay f o r  an e lk  h u n tin g  
p e rm it in  c u m u la tiv e  f r e q u e n c ie s .

Maximum 
W illin g n e ss  

to  Pay Hunt 301 Hunt 303 Hunt 351

( d o l la r s ) ----------  p e rc e n t -----------

25 100 99.5 99 .9

30 86.8 79.4 87.9
35 72.7 66.6 70.4

40 62 .8 60.4 6 5 .1

45 5 9 .5 49.3 56 .8

50 58 .7 47.3 55 .3

55 - 16 .3 21.2
60 - 16 .0 19 .7

65 25 .6 1 5 .1 18 .9
70 - - -
75 1 7 .3 11.1 15 .1

100 1 6 .5 8.8 12.1
135 - 2 .7 -
137 7 .4 - -

150 6 . 6 2 .5 6 .1
200 3 .3 1.8 3 .0

250 .8 .4 -

500 .2
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cu rv e . R eg re ss io n  was accom plished  w ith  SPSS, S t a t i s t i c a l  Package f o r  

th e  S o c ia l  S c ie n c e s .

The th r e e  e q u a t io n s  o b ta in e d  a r e :

Hunt 301: Y = 2 ,2 0 6 .4 9  X ~ ‘ 9°  -  17 .72

R2 = .975

Hunt 303: Y = 1 1 ,7 9 7 .9 1  X ~1 ,4 5  -  5 .68

R2 = .953

Hunt 351: Y = 5 ,1 5 3 .8 6  X ”1 *17 -  12 .07

R2 = .933

The g raphs o f  th e s e  c u rv e s  a re  shown in  F ig u re s  4 .2  th ro u g h  4 . 4 .

B efo re  d e te rm in in g  t o t a l  b e n e f i t s  and consum ers1 s u r p lu s , th e  

cu m u la tiv e  f r e q u e n c ie s  o f  each  demand cu rve  a re  tra n s fo rm e d  in to  th e  

a c tu a l  number o f a p p l i c a n t s . As d is c u s se d  in  C hapter 3 , th e  number o f  

a p p l ic a n ts  i s  assumed to  r e p r e s e n t  a p o p u la tio n  o f  A rizona  r e s id e n t s  

who m a in ta in  a  v a lu e  f o r  e lk  h u n tin g . Hunt 301 had 3 ,840  a p p l ic a n t s ,  

hun t 303 had 3,272 and hun t 351 had 400.

The t o t a l  a re a  u nder each cu rv e  i s  e q u a l to  th e  n e t  s o c ia l  

b e n e f i t s  o f th e  e lk  h u n tin g  a c t i v i t y .  S ince  th e r e  c u r r e n t ly  i s  a 

tw e n ty -f iv e  d o l l a r  p e rm it f e e ,  th e  consum ers’ s u rp lu s  i s  eq u a l to  th e  

a re a  under th e  cu rv e  above tw e n ty - f iv e  d o l l a r s . The t o t a l  n e t  s o c ia l  

b e n e f i t  i s  th e  r e le v a n t  v a lu e .

Each fu n c t io n  was in te g r a te d  betw een 0 and 100 p e r c e n t , t h a t  

i s  betw een 0 and th e  t o t a l  number o f  a p p l ic a n t s ,  to  f in d  n e t  s o c ia l  

b e n e f i t s .  T o ta l  p e rm it c o s ts  w ere s u b tr a c te d  to  f in d  consum ers’ s u r ­

p lu s .  Net s o c i a l  b e n e f i t s  and co nsum ers’ s u rp lu s e s  f o r  th e  th r e e  h u n ts
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Number*. 301
X Y= 2206.4580 X--9-  17.723986

Y = Demand for permits 
X = Individuals WTP for the elk hunting permits

CURRENT PRICE

40 60 80 100% Y
Quantity demanded in cumulative frequencies.

F ig u r e  4 . 2 .  Demand f o r  t h e  h u n t in g  e x p e r i e n c e ,  H unt Number 3 0 1 .
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Number". 303
X Y= 11.797.915 X"1-45 - 5 .6793996

Y = Demand for permits
X= Individuals WTPforthe elk hunting permits

CURRENT PRICE

4 0  60  8 0  100% Y
Quantity demanded in cumulative frequencies.

F ig u r e  4 . 3 .  Demand f o r  t h e  h u n t in g  e x p e r i e n c e ,  H unt Number 3 0 3 .
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Number! 351
X Y= 5.153.8604 X-I I7-12.07504

Y = Demand for permits
X= Individuals WTP for the elk hunting permits

CURRENT PRICE

4 0  60  8 0  100% Y
Quantity demanded in cumulative frequencies.

F ig u r e  4 . 4 .  Demand f o r  t h e  h u n t in g  e x p e r i e n c e , H unt Number 3 5 1 .
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T able 4 . 4 .  The c u r r e n t  v a lu e  o f  e lk  h u n tin g  in  th e  A pache-S it g reav es  
a r e a :  The w il l in g n e s s  to  pay m ethod.

Net S o c ia l  B e n e f i ts Consum ers' S u rp lu s

Hunt 301 $247,488 $151,564 

Hunt 303 171,715 89 ,990  

Hunt 351 22,497 12,517

T o t a l $ 4 4 1 ,7 0 0 $ 2 5 4 ,0 7 1
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a re  summed to  o b ta in  e s t im a te d  t o t a l  b e n e f i t s  and consum ers1 s u rp lu s  o f 

th e  s i t e  as u sed  f o r  th e  e lk  h u n tin g  a c t i v i t y .  A ll v a lu e s  a r e  l i s t e d  in  

T able 4 . 4 .

The T ra v e l C ost Method

The C law so n -H o te llin g  two s te p  t r a v e l  c o s t  method (TCM) o f  r e ­

c r e a t io n  v a lu a t io n  a ls o  was u t i l i z e d  to  f in d  a v a lu e  o f  e lk  h u n tin g .

In  s te p  one , th e  mean v a r ia b le  c o s ts  o f h u n te rs  p a r t i c i p a t i n g  in  th e  

hun t from  14 d is ta n c e  zones a re  re g re s s e d  a g a in s t  th e  p e r  c a p i t a  demand 

fo r  p e r m i ts . T h is  r e g re s s io n  y ie ld s  th e  demand fu n c tio n  f o r  th e  e n t i r e  

r e c r e a t io n a l  e x p e r ie n c e . S tep  two s e p a r a t e s , from  t h i s  t o t a l  demand, 

th e  demand f o r  th e  s i t e  i t s e l f  by d e te rm in in g  th e  demand from  each zone 

g iven  p o s i te d  added c o s t s ; e . g . , in c re a s e d  p e rm it f e e s .

The 14 d is ta n c e  zones a re  th e  14 c o u n t ie s  o f A rizo n a . One 

p o in t  from  each county  was chosen . T h is  p o in t  r e p r e s e n ts  e i t h e r  th e  

m ajor p o p u la tio n  c e n te r  o f  th e  county  o r  some median p o in t  betw een 

s e v e r a l  p o p u la tio n  c e n t e r s . D is ta n c e s  were e s ta b l i s h e d  from  th e  p o in t  

o f o r ig in  in  each  county  a lo n g  th e  m ost d i r e c t  m ajor ro u te s  to  each  o f  

th e  seven h u n tin g  u n i t s .  A w eigh ted  av erag e  o f th e s e  d i s ta n c e s ,  based  

on th e  h u n tin g  u n i t s  u t i l i z e d  by th e  sam ple o f  h u n te r s , e s ta b l i s h e d  

th e  s in g le  d is ta n c e  from  each  county  used  in  th e  r e g r e s s io n .  F ig u re  

4 .5  i s  a map o u t l in in g  th e  c o u n tie s  and in d ic a t in g  th e  s e le c te d  p o in t  

o f  o r ig in  from  each .

In  th e  su rv ey  in te rv ie w e e s  were asked  t h e i r  t o t a l  c o s ts  o f  

t r a n s p o r t a t i o n , lo d g in g , food and v a r io u s  o th e r  item s (se e  c o s t  i n ­

fo rm a tio n  in  F ig u re s  3 .3  and 3 . 4 ) .  Each p e rso n  was asked  to  g iv e  o n ly
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F ig u re  4 . 5 .  P o p u la tio n  d i s t r i b u t i o n  in  A rizona
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h is  p o r t io n  o f a  b i l l  sh a red  w ith  o th e r s . V a r ia b le  c o s ts  w ere summed 

and th e  mean v a r ia b le  c o s t  f o r  each  zone was found .

T hree s e p a r a te  v a r i a b le s ,  th e  mean t o t a l  v a r ia b le  c o s t , d i s ­

ta n c e  and househo ld  incom e, were re g re s s e d  a g a in s t  th e  p e r  c a p i ta  de­

mand from  each county  to  e s t a b l i s h  a fu n c tio n  r e p re s e n t in g  th e  demand 

fo r  th e  e n t i r e  r e c r e a t io n a l  e x p e r ie n c e . The v a r ia b le s  w ere added to  

th e  r e g re s s io n  in  a s te p -w is e  m anner. The s te p -w is e  p ro ced u re  a llo w s 

one to  d e te rm in e  th e  s ig n i f i c a n c e  o f  each v a r ia b le  in  th e  f u n c t io n , and 

how each  v a r ia b le  a f f e c t s  th e  o v e r a l l  s ig n i f ic a n c e  o f th e  fu n c t io n .  

D is tan ce  was th e  o n ly  s i g n i f i c a n t  v a r ia b le .  In  o rd e r  to  be s i g n i f i ­

c a n t a t  th e  .95  l e v e l ,  an F v a lu e  e q u a l to  o r  g r e a t e r  th a n  3.63 was 

r e q u ire d .  D is tan ce  had an F s t a t i s t i c  o f 9 . 73 ;  v a r ia b le  c o s t  o f  .5 3 , 

and income o f .1 5 .
2

Adding c o s t and income to  th e  e q u a tio n  low ered th e  a d ju s te d  R 

o f th e  fu n c t io n .  However, th e r e  was a  h ig h  c o r r e l a t i o n  betw een d i s ­

ta n c e  and c o s t  ( r  = . 66) .  T h e re fo re ,  i t  was d ec id ed  t h a t  d is ta n c e  

tran sfo rm e d  in to  t r a v e l  c o s t  m ight p ro v id e  a re a s o n a b le  e s t im a te  o f 

c o s t  f o r  th e  demand e q u a tio n  s o u g h t.

In  th e  P r in c ip le s  and S ta n d a rd s , w ith in  th e  s e c t io n  e x p la in in g  

use  o f  th e  TCM, th e  W ater R esou rces C ouncil p u b lis h e s  "av e rag e  v a r ia b le  

c o s t s , in  c e n ts  p e r  m ile ,  to  o p e ra te  an a u to m o b ile ,"  (U.S . W ater 

R esources C o u n c il, p . 30228). T hree c a te g o r ie s  o f  c o s t a re  l i s t e d  and 

averaged  over th e  s ta n d a rd ,  compact and subcom pact au to m o b ile  ty p e s .

The c a te g o r ie s  and av e ra g e  c o s t  p e r  m ile  a r e  shown in  T ab le 4 . 5 .

As w ith  th e  WTP ap p ro ach , th e  b e s t  r e l a t io n s h ip  betw een quan­

t i t y  and c o s t  i s  n o n - l in e a r .  Because o f  th e  re q u ire m e n ts  f o r  a tw o -s te p
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T able 4 . 5 .  A verage v a r ia b le  c o s t s ,  in  c e n ts  p e r  m ile ,  to  o p e ra te  an

V a ria b le  Cost C ategory  A verage Cost

M ain tenance, A c c e s s o r ie s , P a r t s  and T ire s  3 .6  

G aso lin e  and O il 2 .5  

Taxes on G a so lin e , O il and T i r e s  .7 

T o ta l 6.8

a) S ource: WRC E s tim a te s  f o r  1978-79.
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e v a lu a tio n  p ro c e d u re , a s im p le  q u a d ra t ic  was used  f o r  e s t im a t io n .  T h is

f u n c t io n a l  form  has c o m p u ta tio n a l ad v an tag es  o v e r , and produced an 
2

eq u a l R w ith ,  th e  e x p o n e n tia l  form . The e s tim a te d  e q u a tio n  i s :

Y = 17 .57  -  1 .3 9  X +.0294 X2 ; A d ju sted  R2 = .673 (Eq. 4 .1 )
-3

Y X 10 = p e r  c a p i t a  demand

X = t r a v e l  c o s t

In  o rd e r  to  be s ig n i f i c a n t  a t  th e  .999 l e v e l  an F v a lu e  e q u a l to  o r  

g r e a te r  th a n  1 3 .8  i s  r e q u ir e d .  The o v e r a l l  F s t a t i s t i c  f o r  t h i s  

eq u a tio n  i s  1 4 .3 8 . A p lo t  o f  th e  - f u n c t io n ,  a lo n g  w ith  th e  14 o b se rv a ­

t i o n s ,  i s  p re s e n te d  in  F ig u re  4 . 6 .

The purpose  o f  s te p  2 i s  to  dev elo p  a demand cu rve  f o r  th e  r e ­

so u rce  base  i t s e l f .  One p o in t  on t h i s  cu rve  i s  a lre a d y  known, p o in t  A 

in  F ig u re  4 . 7 .  P o in t A d e p ic ts  th e  t o t a l  a c tu a l  number o f  v i s i t o r s  to  

a s i t e ,  o r  in  t h i s  c a s e ,  th e  e s tim a te d  number o f  a p p l i c a n t s , g iv en  

c u r re n t  c o s ts  and ze ro  added c o s t s .

At z e ro  added c o s t  e q u a tio n  4 .1  p r e d ic t s  a  number o f a p p l i ­

c a n ts  much l a r g e r  th a n  th e  a c tu a l  num ber. T h e re fo re , one must work 

backw ards from p o in t  A in  F ig u re  4 . 6 .  Using th e  e s tim a te d  f i r s t - s t e p  

demand c u rv e , a second e q u a tio n  i s  d e r iv e d  w hich d e n o te s  th e  change in  

p e r  c a p i ta  demand in  each  coun ty  g iv en  a h y p o th e t ic a l  added c o s t .  Be­

low i s  th a t  d e r iv a t io n .

P er c a p i ta  demand f o r  2
th e  e n t i r e  e x p e rie n c e  Y = a + b^ X 62 X (Eq. 4 . 2 )

Per c a p i ta  demand f o r
th e  e n t i r e  e x p e rie n c e  2
given  an added c o s t ,  (A) Y = a + b^(X+A) + (X+A) (Eq. 4 . 3 )



3 0

x (a.) X's are the mean observations for each  of the 14 counties

APPLICANTS PER 1,000 POPULATION

F ig u re  4 . 6 .  Demand f o r  th e  e n t i r e  r e c r e a t io n a l  e x p e r ie n c e  o f  h u n tin g  f o r  e lk  in  th e  Apache- 
S itg re a v e s  N a tio n a l F o re s t :  th e  t r a v e l  c o s t  method. LnLn
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The change in  p e r  c a p i t a  
demand due to  an added
c o s t ,  = Eq. 4 ,2  minus 2
Eq. 4 .3  AY = b^A + 2b2 X A + b2A (Eq. 4 .4 )

The r e s u l t i n g  demand cu rv e  i s  d isp la y e d  in  F ig u re  4 .7 .  The 

p ro ced u re  used in  d e r iv in g  t h i s  demand cu rv e  i s  p a r t i a l l y  i l l u s t r a t e d  

in  T ab le  4 .6 .  Column 2 l i s t s  th e  e s tim a te d  a c tu a l  number o f  a p p l i ­

c a n ts  from  each  co u n ty , th e  t o t a l  o f  which i s  p o in t  A in  F ig u re  4 .7 .

The a c tu a l  number o f  a p p l ic a n ts  f o r  each  hun t was known. Based on 

th o s e  f ig u r e s  and th e  p e rc e n ta g e  o f re sp o n d e n ts  from  each co u n ty , th e  

e s tim a te d  a c tu a l  number o f a p p l ic a n ts  from  each county  w ere d e r iv e d . 

Using e q u a tio n  4 .4 ,  columns 3 and 4 w ere d e r iv e d .

Column 3 assum es an added c o s t  o f  $1. The f ig u r e s  shown i n ­

d ic a te  th e  change in  th e  e s tim a te d  a c tu a l  number o f  a p p l ic a n ts  from 

each coun ty  due to  a $1 added c o s t .  The t o t a l  o f  column 3 i s  th e  t o t a l  

change in  th e  e s tim a te d  a c tu a l  number o f a p p l ic a n t s .  T h is e s t im a te  

when s u b tra c te d  from  th e  t o t a l  o f  column 2 i s  p o in t  B in  F ig u re  4 .7 .

The t o t a l  o f column 4 , w hich assum es a ?2 added c o s t ,  when s u b tra c te d  

from th e  t o t a l  o f column 2 y ie ld s  p o in t  C in  F ig u re  4 .7 .  The e n t i r e  

cu rv e  i s  th u s ly  d e r iv e d .

S ince  th e  demand cu rv e  f o r  th e  s i t e  p r e d ic t s  th e  q u a n t i ty  

demanded r e l a t e d  to  added c o s ts  above expenses a c tu a l ly  p a id ,  th e  en­

t i r e  a re a  under th e  cu rve  i s  th e  consum ers’ s u rp lu s  o r  th e  v a lu e  o f  

th e  r e c r e a t io n  s i t e  f o r  a g ra z in g  e lk .  I n te g r a t io n  o f th e  demand 

f u n c tio n  y ie ld s  a v a lu e  o f  $36 ,323 .
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T a b le  4 . 6 .  D e r i v a t i o n  o f  a  demand c u r v e  f o r  t h e  s i t e :  T he t r a v e l  c o s t  m ethod

County

a)E stim ated  Number, x 
o f A p p lic a n ts  a t  

Zero Added Cost

Change in  E stim a ted  
Number o f  A p p lic a n ts  

$1 Added C ost

Change in  E stim ated  
Number o f A p p lic a n ts  

$2 Added Cost

S an ta  Cruz 44.44 -  3 .44 -  6 .08
C ochise 404.09 -  30 .20 -  56 .75
Pima 1056.86 -  168 .50 -  314.68
Graham 296.39 -  18 .15 -  35 .25
G reen lee 133.97 -  13 .12 -  25 .70
Yuma 124.34 -  124.34 -  124.34
M aricopa 3118.77 -  674.92 -1287 .48
P in a l 269 .39 -  49 .07 -  93 .70
G ila 310.84 -  28.54 -  55 .47
Y avapai 113.97 -  34.05 -  65.45
Navaj o 1046.49 -  74.14 -  145.12
Apache 746.62 -  51 .09 -  99 .99
Coconino 51.81 -  45 .96 -  51 .81
Mohave 72.53 -  8 .0 0 -  13 .91

T o ta ls 7537.55 -1 323 .54 -2375 .73
6214.00 5161.81

a) Number o f  a p p l ic a n ts  a r e  n o t in  whole numbers b ecau se  th e y  a re  e s t im a te s  based on th e  p e rc e n ta g e  o f 
h u n te rs  re sp o n d in g  from  each county  and th e  known number o f  a p p l ic a n ts  f o r  each  h u n t .

b) Numbers may n o t sum e x a c t ly  to  t o t a l  b ecau se  o f  ro u n d in g .

Ln . 
00



CHAPTER 5

UNIT DAY VALUE, WILLINGNESS TO PAY AND 

TRAVEL COST IN RETROSPECT

The P r in c ip le s  and S ta n d a rd s  a llo w  a r e s e a r c h e r  to  choose one o f 

th r e e  m ethods to  e v a lu a te  o u td o o r r e c r e a t io n  b e n e f i t s .  A ll th r e e  

methods — u n i t  day v a lu e ,  w il l in g n e s s  to  pay , and th e  t r a v e l  c o s t 

method — were used  to  e v a lu a te  e lk  h u n tin g . C hapter 4 d e s c r ib e s  how 

each was u s e d . T ab le  5 .1  d is p la y s  th e  e s t im a te s  found by each  v a lu a ­

t io n  m ethod. The m ethods a r e  p re s e n te d  as e q u iv a le n t  by th e  W ater 

R esources C o u n c il. They a r e  found to  be q u i t e  d i f f e r e n t  in  t h i s  r e ­

se a rc h . In  t h i s  c h a p te r  some re a so n s  why th e s e  d i f f e r e n c e s  may have 

o ccu rred  and th e  a p p l i c a b i l i t y  o f  each  v a lu a t io n  method to  th e  ta s k  o f 

v a lu in g  e lk  h u n tin g  i s  d is c u s s e d .

E lk h u n tin g  i s  d i f f e r e n t  from  most r e c r e a t io n a l  e x p e r ie n c e s .

In  g e n e ra l ,  a r e c r e a to r  can p a r t i c i p a t e  in  a f a v o r i t e  a c t i v i t y  r e ­

p e a te d ly  o v e r some p e r io d  o f  tim e . Even i f  an a c t i v i t y  i s  s e a s o n a l ,  

th e  r e c r e a to r  i s  n o t u s u a l ly  l im i te d  to  a s p e c i f i c  number o f  days w ith ­

in  th e  seaso n . However, e lk  h u n tin g  in  A rizona i s  r e s t r i c t e d  to  6-8 

days once every  th r e e  y e a rs  i f  you a r e  lu c k y . T h is  c h a r a c t e r i s t i c  o f 

e lk  h u n tin g  in  A rizona makes th e  u se  o f th e  u n i t  day v a lu e  (UDV) and 

t r a v e l  c o s t  method (TCM) o f  v a lu a t io n  in a p p ro p r ia te .

The UDV approach  i s  based  on th e  number o f days sp e n t a t  a s i t e .  

O bv iously , when days a r e  l im i te d  UDV canno t b e s t  d e te rm in e  v a lu e . The

59
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T able 5 .1 .  V alues o f  th e  A p a ch e -S itg reav es  N a tio n a l F o re s t  when used  
f o r  e lk  g ra z in g : A l te rn a t iv e  m ethods o f  v a lu a t io n .

Method o f A n a ly s is  Net S o c ia l  B e n e f i ts  Consum ers' S u rp lu s

U nit Day V alue $462,872

W illin g n e ss  to  Pay $441,700

T rav e l Cost $233,950*)

$275,243a) b) 

$254,071 

$ 36,323

a) and b) These v a lu e s  w ere n o t d e r iv e d  u s in g  th e  method o f  a n a ly s is  
in d ic a te d .  No m a tte r  how th e  demand cu rve i s  d e r iv e d , how ever, th e
t o t a l  demand cu rv e  w i l l  lo o k  l i k e  F ig u re  5 .1 .  I t  w i l l  c o n s is t  o f an 
a re a  o f n e t s o c ia l  b e n e f i t s  (adQoCO and an a re a  o f  consum ers ' s u rp lu s  
( a d e ) . In  a l l  m ethods o f a n a ly s i s  th e  c o s t o f  e n te r in g  th e  s i t e  i s  
th e  same, consum ers had to  pay a $25 p e rm it f e e ;  and th e  number o f ap ­
p l i c a n t s  i s  c o n s ta n t .  A rea edQc i s  th e  t o t a l  c o s t o f  e lk  h u n tin g  to  
th e  consum er. T h is a re a  was v a lu e d  a t  $187,629 in  th e  WTP app roach  to  
v a lu a t io n .  S u b tra c t  $187,629 from  th e  v a lu e  o f n e t  s o c ia l  b e n e f i t s  
d e term ined  by th e  u n it -d a y  m ethod; and , add to  th e  v a lu e  o f  consum ers ' 
su rp lu s  d e te rm in ed  by th e  TCM to  com plete  T ab le  5 .1 .



Price

Quantity

Po = current admission price

F ig u re  5 .1 .  H y p o th e t ic a l  demand cu rv e  f o r  a 
r e c r e a t io n  s i t e .
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UDV method a ls o  assum es th a t  th e  more days sp e n t r e c r e a t in g  th e  g r e a te r  

w i l l  be th e  v a lu e . The m ost s u c c e s s fu l  h u n te r s ,  how ever, bag an e lk  on 

th e  f i r s t  o r  second day th e n  go home. I f  an e lk  h u n te r  were p e rm itte d , 

as  in  some o th e r  w ild  game s e a so n s , to  hunt as  many tim es  as  w ished 

o ver a se a so n , th e n  th e  UDV assum ption  m ight be v a l i d .  However, th e  

assum ption  seems to  be a c o n t r a d ic t io n  when th e  h u n te r  i s  l im i te d  to  

one hun t 6-8 days lo n g  and one c a tc h .

The TCM b ases  v a lu e  on th e  amount one spends to  en jo y  an ex­

p e r ie n c e ,  i . e . , t r a v e l  c o s t s ,  fo o d , lo d g in g , e t c .  T here i s  a s tro n g  

b a s is  to  t h i s  th e o ry . However, g iven  th e  c irc u m sta n c e s  o f  e lk  h u n tin g  

in  A rizo n a , one i s  le d  to  b e l ie v e  th e  h u n te r  may v a lu e  th e  e x p e rie n c e  

g r e a te r  th a n  what he (sh e) spends in  v a r ia b le  c o s t s .  I t  seems th en  

th e  on ly  way to  a r r i v e  a t  th e  v a lu e  o f  e lk  h u n tin g  i s  to  a sk  p a r t i c i ­

p a n ts  d i r e c t l y .  The w il l in g n e s s  to  pay (WTP) approach  a sk s  h u n te rs  

d i r e c t l y  what th e y  a r e  w i l l in g  to  pay fo r  th e  e x p e r ie n c e , how much th e y  

v a lu e  i t .

A nother problem  w ith  th e  TCM used  to  v a lu e  e lk  h u n tin g  i s  in  

th e  e m p ir ic a l  d a ta  th e m se lv e s . The th e o ry  s p e c i f i c a l l y  s t a t e s  th a t  a l l  

v a r ia b le  c o s ts  o f th e  t r i p  shou ld  be in c lu d e d  in  th e  demand f o r  th e  

t o t a l  e x p e r ie n c e . However, when v a lu in g  e lk  h u n tin g  th e  o n ly  s i g n i f i -  - 

c a n t v a r ia b le  was d is ta n c e  w hich was tra n sfo rm e d  to  v a r ia b le  t r a n s p o r ta ­

t io n  c o s t .

The demand cu rv e  f o r  th e  r e c r e a t io n  s i t e  d e r iv e d  in  th e  TCM o f 

v a lu a t io n  (F ig u re  4 .6 )  in d ic a te s  t h a t  th e  m ost added c o s t  an in d iv id u a l  

would be w i l l in g  t a  b e a r  i s  abou t $28. In  th e  WTP a n a l y s i s ,  when
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p a r t i c ip a n t s  were asked  d i r e c t l y  t h e i r  w il l in g n e s s  to  pay f o r  a p e rm it ,  

v a lu e s  g r e a te r  th a n  $200 w ere o b ta in e d . Some h u n te r s , th e r e f o r e ,  would 

be w i l l in g  to  pay an added $175 ( th e  c o s t o f  a p e rm it i s  $25).

Brown and Nawas (1972, 1973) and Gum and M artin  (1975) p re s e n t  

an argum ent w hich may be used  to  e x p la in  why th e  TCH e s tim a te s  in  t h i s  

s tu d y  may be low . The o r ig i n a l  C law so n -H o te llin g  TCM s p e c i f i e d  t h a t  

e s t im a te s  be based  on mean re sp o n se s  from d is ta n c e  z o n e s • When v a r i a ­

b le s  a re  av e ra g ed , a s  su ch , th e r e  i s  a tendency  f o r  th e  d is ta n c e  and 

v a r ia b le  c o s ts  v a r i a b le s  to  ap p ea r h ig h ly  c o r r e l a te d ;  in  w hich c a s e , 

on ly  one o f  th e  v a r ia b le s  can be u sed  in  th e  m odel. The v a r ia b le  

chosen w i l l  c r e a te  a s p e c i f i c a t i o n  b ia s .  When in d iv id u a l  re sp o n se s  

a re  used  in s te a d  o f  av e ra g e  v a lu e s  th e re  i s  n o t as  g r e a t  a tendency  

fo r  c o r r e l a t i o n  betw een th e  v a r i a b le s .  Both d is ta n c e  and v a r ia b le  c o s t  

can th e n  be used in  th e  e q u a t io n ,  r e s u l t i n g  in  a b e t t e r  s p e c i f i e d  demand 

fu n c t io n .  Brown and Nawas, and Gum and M artin  showed th a t  th e  e s t im a te s  

o f v a lu e  from  th e  im proved demand f u n c t io n ,  d e r iv e d  from  in d iv id u a l  r e ­

sp o n se s , w i l l  be l a r g e r  th a n  e s t im a te s  from  a l e s s  s p e c i f i c  fu n c tio n  

w ith  s p e c i f i c a t io n  b ia s .

S ince  each  e lk  hu n t a p p l ic a n t  co u ld  ta k e  o n ly  one o r  no t r i p s ,  

and th e  number o f  days i s  i r r e l e v a n t , th e  in d iv id u a l  re sp o n se  approach  

cou ld  n o t work. Thus, th e  p ro c e d u re  fo llo w ed  in  t h i s  a n a ly s i s  n e c e s ­

s a r i l y  was th e  b a s ic  C la w so n -H o te llin g  TCM. V a r ia b le s  w ere averaged  

fo r  14 d is ta n c e  zo n es . The o r ig i n a l  r e g r e s s io n  r e s u l t e d  in  a c o r r e l a ­

t io n  betw een d is ta n c e  and v a r i a b le  c o s t ;  v a r ia b le  c o s t  was dropped b e­

cause  o f  low er s ig n i f i c a n c e .  One may, t h e r e f o r e ,  assume th a t  th e  f i n a l  

e s t im a te  o f  v a lu e  from  th e  TCM i s  an u n d e re s t im a te .



The WTP app roach  to  v a lu a t io n  i s  n o t w ith o u t i t s  b ia s e s ,  as  d i s ­

cussed  in  C hap ter 2 . I t  i s  a p p a re n t , how ever, t h a t  i t  y ie ld s  th e  b e s t  

e s t im a te  o f  th e  v a lu e  o f  e lk  h u n tin g  in  A rizona . WTP a sk s  h u n te rs  

d i r e c t l y  how much th e y  v a lu e  th e  e lk  h u n tin g  e x p e r ie n c e , and demand 

cu rv es  a r e  d e r iv e d  from  in d iv id u a l  r e s p o n s e s . The r e s u l t i n g  demand 

cu rv es  e x p la in  a la r g e  p ro p o r tio n  o f th e  v a r ia n c e .  The WTP r e s u l t s  a r e  

used th ro u g h o u t th e  rem a in d er o f  t h i s  s tu d y .
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CHAPTER 6

VALUING CATTLE RANCHING IN THE 

APACHE-SITGREAVES NATIONAL FOREST

Consum ers' S u rp lu s

The e s t im a t io n  p ro c e d u re  fo llo w ed  to  f in d  th e  consum ers ' s u r ­

p lu s  fo r  c a t t l e  p ro d u c tio n  i s  based  on a s tu d y  by Tinney (1977) and 

th e  fo llo w -u p  a r t i c l e  by M a rtin , T inney and Gum (1 9 7 8 ). A re d u c t io n  

in  th e  A rizona  b ee f  c ro p  i s  p o s i te d  and th e  r e s u l t i n g  lo s s  in  consum ers 

s u rp lu s  to  U.S. b ee f consum ers i s  e s tim a te d . The c o s ts  o f  a re d u c t io n  

in  th e  A rizona b ee f  c ro p  a r e  s t r e t c h e d  a c ro s s  th e  e n t i r e  U .S. m a rk e t. 

However, i t  c o u ld  be argued  th a t  to  make th e  v a lu e  o f  th e  la n d  fo r  

c a t t l e  p ro d u c tio n  com parable to  th e  v a lu e  o f  th e  same la n d  f o r  e lk  

p ro d u c tio n  o n ly  th e  c o s ts  to  th e  p eo p le  o f A rizona m ust be c o n s id e re d . 

S ince  th e  e lk  herd  i s  managed by th e  s t a t e  and most e lk  h u n te rs  a re  

r e s id e n t s ,  i t  co u ld  be argued  t h a t  th e  r e le v a n t  v a lu e  f o r  th e  b eef herd  

must a lso  be r e l a t e d  to  A rizo n an s . T h is v a lu e  w i l l  be compared to  th e  

v a lu e  o f th e  A p ach e -S itg reav es  e lk  h e rd  to  consum ers n a tio n w id e .

F ig u re  6 .1  d e p ic ts  a t h e o r e t i c a l  demand cu rv e  f o r  c a t t l e  p ro d ­

u c t io n  in  th e  U nited  S ta t e s .  The shaded a r e a  i s  a d e c re a s e  in  con­

sum ers ' s u rp lu s  due to  a r e d u c t io n  in  th e  q u a n t i ty  produced and an 

in c re a s e  in  p r ic e  r e s u l t i n g  from  th e  e l im in a t io n  o f  c a t t l e  p ro d u c tio n  

in  th e  A p ach e -S itg reav es  N a tio n a l  F o re s t .
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Price of 
beef

Cattle slaughtered in the U.S.

F ig u re  6 .1 .  T h e o r e t ic a l  demand f o r  b e e f  c a t t l e  in  
th e  U n ited  S ta t e s .
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The d a ta  used  to  e s t im a te  th e  q u a n t i ty  o f  b e e f  produced on th e  

A p ach e -S itg reav es  F o re s t  a r e  shown in  T ab le  6 .1 .  The number o f  c a t t l e  

s la u g h te re d  in  th e  U n ited  S ta te s  i s  used  to  f in d  th e  r e t a i l  b ee f p ro d ­

u c t io n  n a tio n w id e . The c o n t r ib u t io n  made to  t h a t  p ro d u c tio n  by th e  

A p ach e -S itg reav es  i s  e s tim a te d  by u s in g  th e  s a le a b le  c a l f  crop  from  

th e  f o r e s t .  Most c a lv e s  a r e  s o ld  to  a feed  l o t  and f a t te n e d  b e fo re  

b e in g  s la u g h te re d  f o r  m a rk e t. I t  i s  assumed h e r e ,  as  in  T inney (1977) 

and M artin  e t  a l .  (1 9 7 8 ) ,th a t  a l l  s a le a b le  b e e f  c a lv e s  a r e  u l t im a te ly  

so ld  as  ch o ice  s t e e r s  o f  an av e ra g e  w eigh t o f  1000 pounds •

The change in  p r ic e  depends upon th e  e l a s t i c i t y  o f  demand, th e  

in v e rs e  o f  w hich i s  th e  p r i c e  f l e x i b i l i t y .  The p r ic e  f l e x i b i l i t y  co­

e f f i c i e n t  in d i c a te s  th e  p e rc e n ta g e  change in  p r ic e  due to  a one 

p e rc e n t change in  q u a n t i ty .  The p r ic e  f l e x i b i l i t y  u t i l i z e d  in  t h i s  

s tu d y  was e s tim a te d  by T inney (1977) a s  - 1 .7 1 .  The p e rc e n ta g e  change 

in  th e  p r ic e  o f  b ee f  i s  th e  p ro d u c t o f th e  e s t im a te  f o r  p r ic e  f l e x i ­

b i l i t y  tim es th e  p e rc e n ta g e  change in  q u a n t i ty .  The p r ic e  change i s  

p o s i t i v e  s in c e  th e  p r ic e  f l e x i b i l i t y  ( -1 .7 1 )  and th e  p e rc e n ta g e  q u a n t i ty  

change ( - .0 1 5 )  a r e  b o th  n e g a t iv e .  The a c tu a l  av e ra g e  p r ic e  o f  r e t a i l  

beef in  1978 was $ 1 .8 1 9 /lb .  The a d ju s te d  av e ra g e  p r ic e  a f t e r  th e  de­

c r e a s e  in  q u a n t i ty  is .  $ 1 .8 1 9 4 3 5 5 /lb . M artin- e t  a l .  assumed t h a t  th e  

demand f o r  b ee f was l i n e a r  o v er th e  s e c t io n  co n ce rn in g  a 100 p e rc e n t 

d e c re a se  in  th e  A rizona  b e e f  c ro p . They e x p la in  t h a t  th e  A rizona b ee f 

crop was o n ly  .54  p e rc e n t o f  th e  U .S. b ee f  c rop  in  1975; and , by 1978 

A rizona c o n tr ib u te d  o n ly  .363 to  th e  U .S. b e e f  c ro p . The A pache- 

S i t  g reav es  N a tio n a l F o re s t  c o n t r ib u te d  .015 p e rc e n t to  th e  U .S. b ee f



T able 6 .1 .

6 8

Some s t a t i s t i c s  used  to  d e r iv e  th e  consum ers ' s u rp lu s  o f 
b e e f  p ro d u c tio n  on th e  A p ach e -S itg reav es  N a tio n a l F o r e s t .

No. o f  C a t t le  
S la u g h te re d , o r ,  

S a le a b le  Beef C alves

R e ta i l0
Beef

P ro d u c tio n

P e rc e n ta g e  
Change in  

Q u a n tity

(1 ,0 0 0  head) (m il l io n  lb s )

U nited  S ta te s 3 9 ,5 5 2 .00a) 17 ,578 .667

A p ach e -S itg reav es 5 .8 8 b) c) 2 .163

U .S. minus A pache- 
S itg re a v e s 1 7 ,576 .054 .014

a) The number o f c a t t l e  s la u g h te re d  in  th e  U .S. in  1978 from  
A g r ic u l tu r a l  S t a t i s t i c s  1979 , T ab le  460, pg. 310. The s t a t i s t i c  
in c lu d e s  F e d e ra l ly  in s p e c te d  b e e f  and o th e r ;  ex c lu d es  farm  s la u g h te r  
and c a l v e s .

b) The number o f  s a le a b le  b ee f  c a lv e s  from  th e  A p ach e -S itg reav es  
N a tio n a l F o re s t  b ased  on th e  p e rc e n ta g e  o f  A rizo n a  ran g e  c a t t l e  and 
c a lv e s  found in  th e  A p a c h e -S itg re a v e s , (2.9%) d a ta  from  A rizona 
A g r ic u l tu r a l  S t a t i s t i c s  1979, (pg . 51) and th e  W estern  L iv e s to c k  
Round-Up.

c) The av e ra g e  c o n v e rs io n  o f  l i v e  w eigh t to  r e t a i l  w eigh t i s  2 .25  to  7 , 
Uvacek, 1967 in  T inney 1977. The av e ra g e  l i v e  w eigh t o f  a s t e e r  i s  
assumed to  be 1000 l b .
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crop in  1979. T h e re fo re , th e  assum ption  o f l i n e a r i t y  i s  m a in ta in ed  f o r  

t h i s  s tu d y . A s in g le  p r ic e  f l e x i b i l i t y  can th e n  be used  to  d e te rm in e  

th e  change in  p r i c e .

Under th e  assum ption  o f  l i n e a r i t y  and a s in g le  p r i c e  f l e x i b i l ­

i t y ,  th e  fo llo w in g  fo rm u la  d e te rm in e s  th e  change in  consum ers ' s u rp lu s ; ,  

th e  q u a n t i ty  i s  th e  shaded a re a  in  F ig u re  6 .1 .  C a lc u la t io n s  a r e  based 

on th e  a c tu a l  number o f  c a t t l e  g razed  in  th e  n a t io n a l  f o r e s t  a s  opposed 

to  th e  a l l o t t e d  number

CS = AP(Q° -  AQ) + 1 /2  AP • AQ

CS = Change in  d o l l a r s  o f  consum ers ' s u rp lu s  = $7 ,654 ,940  

AP = Change in  av e ra g e  U .S . r e t a i l  p r ic e  p e r  pound o f b ee f = 

$.0004355

Q° = Pounds o f  U .S. r e t a i l  b ee f  p ro d u c tio n  = 17 ,586 .667  m i l l io n  

pounds

AQ = Pounds o f  A p a c h e -S itg re a v e s  r e t a i l  b e e f  p ro d u c tio n  = 2 .613  

m i l l io n  pounds

The v a lu e  c a lc u la te d  i s  th e  change in  an n u a l consum ers ' s u r ­

p lu s  n a tio n w id e  due to  an e l im in a t io n  o f th e  A p ach e -S itg reav es  c a t t l e  

c ro p . The an n u a l change in  consum ers ' s u rp lu s  to  th e  p e o p le  o f  

A rizona i s  a ls o  so u g h t. To f in d  t h i s  v a lu e  th e  v a lu e  to  consum ers 

n a tio n w id e  i s  p u t on a p e r  c a p i ta  b a s i s :  1

1 . The a c tu a l  number o f  c a t t l e  g razed  i s  somewhat l e s s  on th e  a v e r ­
age th a n  th e  a l l o t t e d  num ber, due to  a f e a r  o f o v e rg ra z in g  w hich 
would cau se  th e  a l lo tm e n ts  to  be d e c re a se d . The F o re s t  S e rv ic e  
in  S p r in g e r v i l l e  p ro v id ed  th e  e s t im a te s  based  on f i e l d  o b se rv a ­
t i o n .
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P er c a p i ta  CS = p — " 5  U .s :  = = ?*035

The an n u a l p e r  c a p i ta  v a lu e  m u l t ip l ie d  tim es th e  p o p u la tio n  o f A rizo n a  

y ie ld s  th e  an n u a l v a lu e  o f th e  A p ach e -S itg reav es  c a t t l e  c rop  to  th e  

p eo p le  o f A rizo n a : CS to  A rizona = $.035 X 1 ,7 8 7 ,6 2 0  = $62 ,913 .

P o p u la tio n  e s t im a te s  a r e  from  Rand McNally (1978 ).

P ro d u c e rs 1 S u rp lu s

C a lc u la t io n  o f th e  p ro d u c e rs ' s u rp lu s  f o r  c a t t l e  ra n c h in g  in  

th e  A p ach e -S itg reav es  N a tio n a l F o re s t  i s  based  on th e  v a lu e  o f th e  

fo ra g e  i t s e l f .  M artin  and S n id e r  (1980) s tu d ie d  th e  v a lu e  o f fo ra g e  

in  th e  S a lt-V e rd e  B asin  o f  A rizo n a . The A p ach e -S itg reav es  N a tio n a l 

F o re s t l i e s  p a r t i a l l y  w ith in  th e  S a lt-V e rd e  B as in . T h e re fo re , i t  i s  

assumed t h a t  th e  a re a  s tu d ie d  by M artin  and S n id e r  i s  s im i la r  enough 

to  A p ach e -S itg reav es  to  w a rra n t u s in g  t h e i r  r e s u l t s  as a b a s is  f o r  th e  

p ro d u ce rs  s u rp lu s  in  t h i s  s tu d y .

M artin  and S n id e r  d ev eloped  budgets  and d e te rm in ed  fo ra g e  

v a lu e s  f o r  fo u r  r e p r e s e n ta t iv e  s i z e  ra n c h e s , 151 an im al u n i t s  (AU),

229 AU, 468 AU and 701 AU. The w eigh ted  mean s i z e  ran ch  in  A pache- 

S itg re a v e s  i s  149 AU. T h e re fo re , th e  v a lu e s  o f  fo ra g e  d e te rm in ed  f o r  

th e  151 AU ra n c h  a r e  u t i l i z e d .

M artin  and S n id e r  show th e  v a lu e s  o f  fo ra g e  p e r  an im al u n i t  in  

b o th  th e  s h o r t  run  and th e  long  ru n . As w e l l ,  th e y  d e te rm in ed  th e s e  

v a lu e s  under th e  a l t e r n a t i v e  a ssu m p tio n s o f  $ .5 8 , $ .8 0 , and $1.00 p e r  

pound f o r  y e a r l in g  s t e e r s .  The a g g re g a te  p ro d u c e rs ' s u rp lu s  based  on
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th e  s h o r t  run  and lo n g  run  v a lu e s ,  and on 58 and 80 c e n ts  p e r  pound f o r  

y e a r l in g  s t e e r s  a r e  c a lc u la te d  f o r  t h i s  s tu d y .

The s h o r t  ru n , assumed by M artin  and S n id e r  to  be one y e a r ,  i s  

t h a t  p e r io d  o f tim e in  which a  p ro d u ce r need on ly  cover h i s  v a r ia b le  

c o s ts  o f p ro d u c tio n . V a r ia b le  c o s t s ,  such a s  f u e l  and fe e d ,  a re  

r e a d i ly  c a lc u la te d .  T h e ir  v a lu e s  a r e  sim ply  "o b se rv ed 11 p r ic e  tim es  

"o b se rv ed "  q u a n t i ty .

In  th e  lo n g  run  a l l  c o s ts  o f p ro d u c tio n  m ust be covered  by r e ­

v en u es , v a r ia b le  c o s ts  as w e ll  as  a cc o u n tin g  c o s t s .  A ccounting  c o s ts  

in c lu d e  d e p re c ia t io n  on b u i ld in g s  and equ ipm en t, r e tu r n  to  management 

and r e tu r n  to  c a p i t a l .  A ccounting  c o s ts  a r e  more d i f f i c u l t  to  m easure 

a c c u ra te ly .  T h e re fo re , th e  s h o r t  run v a lu e s  o f fo ra g e  de te rm in ed  by 

M artin  and S n id e r  a r e  assumed to  be more a c c u ra te .

Exam ining T able 6 .2 ,  th e  lo n g  run v a lu e s  o f fo ra g e  a r e  n eg a­

t i v e  under b o th  p r ic e  a ssu m p tio n s , le a d in g  to  n e g a t iv e  p ro d u c e r s 1 s u r ­

p lu s  v a lu e s .  T here a r e  s p e c u la t iv e  re a so n s  f o r  th e s e  r e s u l t s .  M artin  

and J e f f e r i e s  (1966) conclude t h a t  th e  s a le  p r ic e  o f  ran ch e s  in  

A rizona  have been h ig h  r e l a t i v e  to  what th e y  would have been had th e  

ran ch es  been s o ld  s o le ly  f o r  th e  p u rpose  o f  r a i s i n g  c a t t l e  and s e l l i n g  

b ee f f o r  p r o f i t .  The econom ic r e n t  was h ig h e r  th a n  i t  t h e o r e t i c a l l y  

shou ld  have been .

Sm ith and M artin  o f f e r e d  an answ er t o  t h i s  dilemma in  1972.

They p o s i te d ,  a f t e r  in te rv ie w in g  a c r o s s - s e c t io n  o f A rizona  r a n c h e rs ,  

t h a t  th e  av e rag e  ra n c h e r  o b ta in e d  u t i l i t y  from  sim ply  b e in g  a ra n c h e r .  

B ecause o f t h i s  "p sy c h o lo g ic a l b e n e f i t "  A rizona  ra n c h e rs  a r e  w i l l in g  to
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T able 6 .2 . 0̂P ro d u c e rs ’ s u rp lu s  o f lan d  u t i l i z e d  f o r  c a t t l e  g ra z in g  in  
th e  A p ach e -S itg reav es  N a tio n a l F o r e s t .

(A) $ .58  p e r  pound f o r  y e a r l in g  s t e e r s .

V alue p e r ^
Time Animal U nit T o ta l  Loss
Frame o f Forage to  P ro d u ce rs

S ho rt run $7 .60 $132,855

Long run $ ( - )8 6 .6 9 $ (-> 1 ,5 1 5 ,4 2 7

(B) $ .80  p e r  pound f o r  y e a r l in g  s t e e r s .

S h o rt run $62.57 $1 ,093 ,785

Long run $ ( - )3 1 .7 2 $(->554,497

a) The av erag e  c a r ry in g  c a p a c ity  i s  assumed to  be 8 an im al u n i t s  p e r  
s e c t io n .

b) V alues o b ta in e d  from M artin  and S n id e r  (1980, p .3 5 ) .
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a c c e p t a low r e tu r n  to  management and a r e tu r n  to  in v estm en t below th e  

m arket r a t e  o f  i n t e r e s t .

The n e g a t iv e  lo n g  run  v a lu e s  o f  fo ra g e  found by M artin  and 

S n id e r  w ere made assum ing (among s e v e r a l  th in g s )  th a t  " th e  v a lu e  o f a 

ran ch  . . . s t r i c t l y  r e l a t e d  to  i t s  income p ro d u c in g  p o t e n t i a l ,  . . . 

in v e s to r  r e q u i r e s  a  r e tu r n  on h i s  in v estm en t eq u a l to  th e  m arket r a t e  

o f i n t e r e s t  . . . (p . 6 ) .  S in ce  i t  i s  known th a t  ra n c h e rs  a re

w i l l in g  to  a c c e p t a  r e tu r n  below m a rk e t, one may e x p ec t lo n g  run  r e tu r n s  

to  fo ra g e  ( th e  lo n g  run  v a lu e  o f a ranch ) to  be n e g a t iv e  when m arket 

r a t e s  o f  i n t e r e s t  a r e  used  in  th e  a n a ly s i s .  However, th e r e  i s  no way 

to  d e c id e  on a low er i n t e r e s t  r a t e  to  u s e ; th e  v a lu e s  o f fo ra g e  g iv en  a re  

th e  b e s t e s t im a te s • I f  th e  u t i l i t y  v a lu e  ra n c h e rs  g e t from  ran ch in g  

cou ld  be in c lu d e d  in  th e  lo n g  run r e tu r n s ,  th o se  v a lu e s  may n o t be n eg a­

t i v e .

In  each  c a se  g iv e n  in  T ab le 6 .2 ,  th e  v a lu e  p e r  an im al u n i t  o f 

fo ra g e  was m u l t ip l ie d  tim es  th e  an im al u n i t s  o f  g ra z in g  a l l o t t e d  in  th e  

A p ach e -S itg reav es  N a tio n a l F o re s t .  T here w ere ap p ro x im a te ly  17,481 

an im al u n i t s  o f g ra z in g  a l l o t t e d  in  1978, as  o b ta in e d  from  th e  N a tio n a l 

F o re s t S e rv ic e .

The p ro d u c e rs 1 s u rp lu s  in  th e  s h o r t  run  u s in g  $ .8 0  p e r  pound 

f o r  y e a r l in g  s t e e r s  i s  th e  v a lu e  u t i l i z e d  in  th e  rem a in d er o f  th e  a n a ly ­

s i s  in  t h i s  s tu d y . For re a so n s  g iv e n  by M artin  and J e f f e r i e s  (1966) and 

Smith and M artin  (1972) (s e e  d is c u s s io n  a b o v e ), i t  would be u n re a so n a b le  

to  u se  th e  n e g a t iv e  lo n g  run  v a lu e s .  The v a lu e  found ($ 1 ,0 9 3 ,7 5 8 ) i s  a 

lo s s  to  p ro d u c e rs  in  th e  A p a c h e -S itg re a v e s .
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There a r e ,  a s  d is c u s s e d  in  C hap ter 2 , a l s o  p ro d u c e rs  who w i l l  

g a in  as a r e s u l t  o f  an e l im in a t io n  o f  th e  A p ach e -S itg reav es  c a t t l e  c ro p . 

The p ro c e d u re  fo llo w ed  to  d e te rm in e  t h i s  v a lu e  i s  developed  by M artin  

(1981) based  on d a ta  in  M artin  and S n id e r  (1980) u t i l i z e d  above. The 

p r ic e  o f  b ee f w i l l  r i s e  when p ro d u c tio n  i s  c u t  back ; b u t ,  s in c e  demand 

i s  very  i n e l a s t i c ,  th e  q u a n t i ty  demanded w i l l  d e c re a se  o n ly  s l i g h t l y .

A ll p ro d u c e rs  o u ts id e  th e  a re a  in  w hich p ro d u c tio n  i s  l im i te d  w i l l  g a in  

from t h i s  p r ic e  in c r e a s e .

By e l im in a t in g  th e  A p ach e -S itg reav es  c a t t l e  crop  th e  U .S. beef 

crop  i s  c u t by .015% o r  5 ,880  h ead , and 2 ,613  m i l l io n  pounds o f r e t a i l  

b e e f . The p r ic e  w i l l  r i s e  by .031% o r  .0245 c e n ts  p e r  pound, assum ing 

an 80 cen t b a se . R e fe r r in g  to  T ab le  6 .3  (T ab le  18 in  M artin  and S n id e r ,  

1980), th e  g ro s s  av e rag e  s a le s  o f  a 151 an im al u n i t  (AU) C e n tra l 

M ountain unim proved ra n c h , assum ing .80  p e r  pound f o r  y e a r l in g  s t e e r s ,  

i s  $32 ,740 . I f  th e  p r i c e  in c re a s e d  by .0245 c e n ts  th e  g ro s s  s a le s  

would be $32 ,840 . S in ce  o p e ra t io n  c o s ts  a r e  n o t a f f e c t e d ,  one can a s ­

sume th a t  th e  v a r ia b le  c o s ts  rem ain  th e  same ($ 2 2 ,4 7 9 ). The s h o r t  run 

v a lu e  of an an im al u n i t  y e a r  (AUY) o f fo ra g e  r i s e s  to  $ 6 3 .18 , an in ­

c r e a s e  o f $ .6 1 .

Net S o c ia l  Value

* In  o rd e r  to  sum th e  v a lu e s  o f  th e  A p ach e -S itg reav es  c a t t l e  crop

to  consum ers and p ro d u c e r s , th e  v a lu e  to  consum ers i s  co n v e rte d  to
>'

v a lu e  p e r  AUY o f fo ra g e .  The t o t a l  consum ers1 s u rp lu s  to  consum ers 

a c ro s s  th e  U .S . i s  $ 7 ,6 5 4 ,9 4 0 ; to  th e  consum ers o f A rizona i t  i s  

$62,912. The AU’s a l l o t t e d  f o r  g ra z in g  in  th e  f o r e s t  t o t a l  1 7 ,4 8 1 . I t
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T able 6 .3 .  V alues o f fo ra g e .

P r ic e  o f  Y e a r lin g  S te e r s  ( $ / lb )  
.58  .80  1 .0 0

C a t t le  S a le s  
(8 A U /Section)

Net R etu rns
Above V a r ia b le  C osts 
(8 A U /Section)

Net R etu rns 
To Forage 
(8 A U /Section)

Short-R un
V alue p e r  Animal U nit 

Long-Run
V alue p e r  Animal U nit 
(8 A U /Section)
(9 A U /Section)
(7 A U /Section)

23 ,725

1,246

(-)1 4 ,2 1 7

7 .6 0

( - )8 6 .6 9  
( - )7 1 .8 8  

( - )1 0 5 .8 5

32,740

10,261

( - )5 ,2 0 2

62.57

( - )3 1 .7 2
(- )2 0 .4 4
( - )4 5 .4 2

40,807

18,328

2 ,865

111.76

17.47
28.42

3.62
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i s  assum ed, as  M artin  and S n id e r  c a l c u la te d ,  th a t  i t  ta k e s  abou t 108 

AUYs o f  fo ra g e  to  s u s ta in  100 a l l o t t e d  AUs g iv e n  a mix o f b u l l s ,  h o r s e s , 

cow s, c a lv e s ,  y e a r l in g  h e i f e r s  and y e a r l in g  s t e e r s .  T h e re fo re , 18 ,879  

AUY o f fo ra g e  a r e  a l l o t t e d  in  th e  A p a c h e -S itg re a v e s . The v a lu e  o f  an 

AUY o f fo ra g e  in  th e  A p ac h e -S itg re a v e s  fo r  g ra z in g  c a t t l e  on a n a t io n ­

wide s c a le  i s  $405.47 . The same u n i t  o f  fo ra g e  i s  v a lu ed  a t  $3 .33 by 

th e  consum ers o f  A rizona o n ly .

The n e t  s o c ia l  v a lu e  i s  th e  lo s s  in  consum ers ' s u rp lu s  minus 

th e  g a in  to  p ro d u c e rs  p lu s  th e  lo s s  to  p ro d u c e rs . In  F ig u re  2 .6  t h i s  

n e t  change in  s u rp lu s  e q u a ls  ( (A+B) -A) + (C ) . E m p ir ic a lly ,  A + B = 

$405.47 o r  $3.33 depending  on th e  s c a le ;  A = $ .6 1 ; C = $62 .57 . Net 

s o c ia l  v a lu e  o f  an AUY o f fo ra g e  in  th e  A p ach e-S itg reav es  f o r  g ra z in g  

c a t t l e  i f  $467.43 o r  $65 .29 . A summary o f th e s e  v a lu e s  ap p e a rs  in  

T ab le 8 .2 .



CHAPTER 7

THE BIOLOGICAL CHARACTERISTICS OF ELK AND 

HOW THEY COMPETE WITH CATTLE

In  o rd e r  to  d e f in e  a p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  betw een 

c a t t l e  and e lk  i t  i s  n e c e s s a ry  to  u n d e rs ta n d  th e  b io lo g ic a l  and h a b i tu a l  

c h a r a c t e r i s t i c s  o f  each .

The l i t e r a t u r e  t e l l s  u s  t h a t  e lk  need  a s p e c ia l  en v iro n m en t. In  

days gone by , b a r r in g  any n a t u r a l  d i s a s t e r s ,  th e r e  was ample h a b i t a t  to  

m a in ta in  v a s t  e lk  h e r d s . Man has l im i te d  e lk  in  v a r io u s  ways. As a 

r e s u l t  o f l i v e s to c k  c o m p e tit io n  and y e a r  lo n g  h u n tin g  w ith  d o g s , some 

s p e c ie s  o f  e lk  became e x t in c t  in  th e  e a r ly  1900s. The A rizona Game and 

F ish  D epartm ent r e p o r ts  ( J a n . - F e b . , 1 9 7 0 ), th e r e  w ere no e lk  in  A rizona 

from  th e  l a t e  1890s to  1913. In  1913 th e  W inslow E lks Lodge o b ta in e d  86 

Wyoming Rocky M ountain E lk  and t r a n s p la n te d  them in  th e  S i tg re a v e s  

N a tio n a l F o re s t  so u th  o f  W inslow. Two hundred sev en te en  more e lk  w ere 

t r a n s p la n te d  in  v a r io u s  a re a s  o f  th e  f o r e s t  betw een th e n  and 1928.

C h a r a c te r i s t i c s

E lk  S ize

The Rocky M ountain E lk  a r e  th e  ty p e  now found in  A rizo n a . Though 

th e y  a r e  t r a n s p l a n t s ,  th e y  have ad ap ted  w e ll  and m u l t ip l ie d .  The Rocky 

M ountain a r e  th e  t h i r d  l a r g e s t  ty p e  o f  e lk  found in  N orth  A m erica. The 

maximum w eigh t o f  t h i s  e l k ,  w hich s ta n d s  49-59  in c h es  a t  th e  sh o u ld e r .

77
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i s  a l i t t l e  o v er 1000 pounds• M urie (1951, p . 69) l i s t s  th e  averag e  

buck a s  w eighing  betw een 600 and 700 pounds; Schm idt (1978, p . 14) 

found th e  av e rag e  buck w eigh ted  700 pounds• E lk  lo s e  w eigh t in  w in te r  

and so a r e  e x p ec ted  to  be l i g h t e s t  in  th e  s p r in g  and h e a v ie s t  in  l a t e  

summer. Both so u rc e s  found th e  m atu re  fem ale  e lk  (cow) w eighed an av­

e ra g e  o f 500-525 pounds (M urie , p . 71; Schm idt, p . 1 4 ) .

Sex D i f f e r e n t i a l

The s iz e  o f th e  b u l l  v s . th e  cow e lk  becomes im p o rta n t in  a 

s tu d y  o f  p ro d u c tio n  p o s s i b i l i t i e s • T h is im portance  i s  more a p p a re n t 

when one c o n s id e rs  th e  somewhat u n iq u e  c h a r a c t e r i s t i c  sex  d i f f e r e n t i a l  

in  e lk .  Namely, th e r e  a re  more a d u l t  cows th a n  b u l l s .  The d i f f e r e n t i a l  

o ccu rs  b a s ic a l ly  f o r  two re a s o n s . One, i t  was found th a t  b u l l s  ten d  to  

d is p e r s e  more from  th e  a re a  in  w hich th e y  were r e a re d  th an  fe m a le s . Two, 

b u l l  e lk  d ie  younger th a n  cows. The b u l l  e x p e r ie n c e s  a d e p le t io n  o f  f a t  

r e s e rv e s  d u rin g  th e  autumn b re e d in g  seaso n . T h u s t h e y  have a  more d i f ­

f i c u l t  tim e  s u rv iv in g  in  th e  w in te r  m onths. The l i f e  ex p ec tan cy  o f a 

cow i s  21 y e a r s ,  t h a t  o f  a b u l l  i s  o n ly  14 y e a r s .

The n a t u r a l l y  low number o f  b u l l s  does n o t h in d e r  th e  p o p u la tio n  

ex p an sio n . One b u l l  can m ate w ith  many cows. T hus, th e  low number o f  

b u l l s  has a p o s i t i v e  consequence; more food and sp ace  i s  l e f t  f o r  c a lv e s  

and cows.

S t a t i s t i c s  on th e  sex  r a t i o s  o f  e lk  a r e  g iv e n  in  s e v e r a l  t e x t s ,  

and show some c o n f l i c t .  F look  c i t e s  one sex  r a t i o  coun ted  in  O ctober 

and November as  37 m a le s : 100 fe m a le s . However, he e x p la in s ,  11. . . a s

th e  d i s t r i b u t i o n  o f  fem ales  c o in c id e  more c lo s e ly  w ith  a re a s  o f low
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e le v a t io n  and read y  a c c e s s  to  o b se rv e rs  th a n  d id  th a t  o f  m a les , d a ta  on 

sex  r a t i o s  from  th o s e  a re a s  a r e  b e l ie v e d  b ia se d  in  fa v o u r o f  fem a le s .

More r e l i a b l e  p o p u la tio n  d a ta  were o b ta in e d  from  an e n c lo se d  50 sq u a re  

m ile  a re a  o f  u n ifo rm ly  low e le v a t io n  . . .  11 (F lo o k , 1970, p . 5 ) .  The 

sex  r a t i o  in  t h i s  s tu d y  was found to  be 85 m a les : 100 fem a le s . A

s e p a ra te  s tu d y  p u b lish e d  e ig h t  y e a rs  l a t e r ,  funded  by th e  W ild l i f e  

Management I n s t i t u t e ,  d e te rm in ed  th e  av erag e  sex  r a t i o  to  be 35-45 b u l l s :  

100 cows: 35-65 c a lv e s  (S chm id t, p . 2 6 ) .

P rim ary  H a b ita t  F a c to rs :  F o rag e ,
W ater and Cover

The Rocky M ountain E lk  l i k e  o th e r  su b sp e c ie s  o f  e lk  i s  a h e r b i ­

v o re . I t  e a t s  o n ly  p la n t  m a t te r .  More s p e c i f i c a l l y ,  th e  e lk  i s  a 

g ra z in g  an im a l. The b u lk  o f i t s  d i e t  c o n s is t s  o f g ra s s e s  and sed g es , 

though t r a c e s  o f brow se have been found in  th e  stom achs o f  e lk  c o n s i s t ­

ing  u s u a l ly  o f  D ouglass f i r ,  b u t som etim es s p ru c e , ju n i p e r ,  o r  sag e , 

r a r e ly  w illow  o r a sp en . E lk  p r e f e r  g ra s s  b u t w i l l  tu r n  to  browse when 

th e  g ra s s  has been g razed  down o r  snow -covered . Some s tu d ie s  have shown 

browse as th e  predom inan t p la n t  found in  e lk  stom achs. They w i l l  e a t  th e  

s p e c ie s  m ost abundant in  any a r e a ,  many sa y . In  t h i s  r e s p e c t  th e y  a re  

more om nivorous th a n  many w ild  g ra z in g  a n im a ls , le a d in g  th e  way to  com­

p e t i t i o n  w ith  many s p e c ie s .

E lk  respond  to  to p o g ra p h ic  c o n d i t io n s  and to  th e  arrangem ent 

o f v e g e ta t io n .  For exam ple, " . . . m o d e ra te ly  s te e p  so u th  s lo p e s  r a th e r  

th a n  n o r th  s lo p e s  . . . "  (U .S . D epartm ent o f  A g r ic u l tu r e ,  W ild l i f e  

H a b ita ts  . . . , 1979, p . 107) a r e  p r e f e r r e d  in  w in te r  b ecau se  o f  th e  

warmer te m p e ra tu re s  and l e s s  snow.
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An optimum e lk  h a b i t a t  in c lu d e s  co v er a r e a s ,  fo ra g e  a re a s  and 

w a te r . S tu d ie s  by R eynolds (1962, 1966) and H arper (1969) found th a t  a 

. r a t i o  o f 40 p e rc e n t la n d ty p e  in  co v er and 60 p e rc e n t in  fo ra g e  

a re a s  o f p ro p e r  s iz e  and arrangem ent app rox im ates  optimum h a b i t a t  in  

th e  B lue M ountains (o f  Oregon and W a s h i n g t o n ) ( U .S .  D epartm ent o f 

A g r ic u l tu r e ,  W ild l i f e  H a b ita ts  . . . , 1979, p . 1 0 9 ). The a u th o rs  f e e l  

th e  r a t i o  i s  a p p l ic a b le  to  any s i l v i c u l t u r e .  The r a t i o  o f la n d  ty p e s  

fo r  optimum e lk  h a b i t a t  shou ld  h o ld  t r u e  in  th e  W hite M ountains o f 

A rizona. The o th e r  f a c t o r  n e c e s sa ry  in  an optimum environm ent i s  w a te r ,  

e s p e c ia l ly  on summer ra n g e s . V ario u s s tu d ie s  have shown th a t  e lk  made 

" d is p ro p o r t io n a te "  u se  o f a re a s  w ith  p o ta b le  w a te r  w ith in  a v e ry  s h o r t  

d is ta n c e ,  ( I b i d . , p . 1 0 9 ). The r u le  d e r iv e d  from  th o se  s tu d ie s  i s  th a t  

optimum e lk  h a b i t a t  has p o ta b le  w a te r  w ith in  0 .5  m ile s  o f any p o in t .

Summer h a b i t a t  i s  u s u a l ly  am ple f o r  a g iv en  p o p u la tio n  o f  e lk .  

The l i t e r a t u r e  o v e r  th e  p a s t  30 y e a rs  has shown th a t  i t  i s  th e  s h o r ta g e  

o f  w in te r  food  w hich l i m i t s  an e lk  p o p u la tio n .  E x te n s iv e  d i e - o f f s  o f 

e lk  p o p u la tio n  due to  s t a r v a t io n  in  w in te r  months were reco rd ed  a s  f a r  

back a s  1705 and 1755 in  th e  E a s te rn  U nited  S ta te s  (T rip p e n se e , 1948, 

p . 3 42 ). T rip p en se e  r e p o r t s  t h a t  when e lk  a r e  r e s t r i c t e d  on w in te r  

ran g e  th e y  te n d  to  damage fe n c e s  and o rc h a rd s  and r a id  fo ra g e  meant f o r  

dom estic  l i v e s to c k .

In  s tu d ie s  by Grimm in  Y ellow stone  N a tio n a l P a rk  i t  was found 

an e lk  needed "0 .5  a c re  p e r  month f o r  6 months d u rin g  th e  w in te r  s e a s ­

on, o r 3 fo ra g e  a c re s  p e r  w in te r  p e r io d  p e r  an im al to  c a r ry  i t  on a 

s u s ta in e d  ran g e  b a s is "  ( I b i d . , p . 3 4 2 ). A f te r  exam ining a 150,000 a c re
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range  Grimm f e l t  7 ,756  e lk  co u ld  be s u s ta in e d  i f  no o th e r  brow sing  o r  

g ra z in g  an im al w ere p r e s e n t ;  o r ,  abou t 13 .4  e lk  p e r  s e c to n .

C om petition  f o r  S u rv iv a l

C om petition  o f e lk  w ith  dom estic  c a t t l e  i s  v e ry  r e a l  w here bo th  

occupy th e  same ra n g e . C a t t l e  s h a re  w ith  e lk  a  t a s t e  f o r  a wide 

v a r i e ty  o f  p l a n t s .  T here i s ,  how ever, room f o r  some com plem entary 

l i v in g  betw een c a t t l e  and e lk .  C a t t le  ten d  to  avo id  h ig h  rough s lo p e s  

when s e a rc h in g  f o r  fo o d , spend ing  much of t h e i r  tim e  g ra z in g  on s tream  

bottom s and in  lu s h  meadows. E lk  do g ra z e  on th e  s lo p e s  and re a c h  

h ig h e r  c o u n try . One must n o t i n t e r p r e t  t h i s  com plem entary arrangem ent 

to  mean th a t  e lk  and c a t t l e  fe e d  " e x c lu s iv e  o f  each  o th e r  on th e  ra n g e " . 

The arrangem ent on ly  works to  d im in ish  th e  c o m p e tit io n .

T here i s  a ls o  a s o c io lo g ic a l  c o m p e tit io n  so to  sp eak . An on­

going s tu d y  a t  th e  U n iv e rs i ty  o f  A rizona headed by P au l Krausman i s  

lo o k in g  a t  t h i s  c o m p e tit io n . I t  i s  h y p o th e s iz e d  th a t  as  c a t t l e  a r e  

p la c e d  on a ra n g e , e lk  w i l l  s ta y  to  a p o in t g iv en  an ample food su p p ly . 

However, a f t e r  so  many c a t t l e  p e r  s e c t io n  a re  p la c e d  th e  e lk  w i l l  move 

ou t o f th e  a re a  w hether th e r e  i s  fo ra g e  enough f o r  them o r  n o t . They 

a r e  crowded o u t.

E lk  a l s o  com pete w ith  h o rse s  bu t to  a much l e s s e r  e x te n t  th a n  

c a t t l e .  H orses a r e  p r im a r i ly  g ra s s  e a te r s  and do n o t s h a re  th e  c a th o l ic  

t a s t e s  o f c a t t l e  and e lk .

A q u i t e  d i f f e r e n t  prob lem  a r i s e s  when one c o n s id e rs  th e  food 

c o m p e titio n  w ith  dom estic  sh eep . Sheep a r e  as  om nivorous as  e lk ;  as
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w e ll ,  th ey  can t r a v e l  any ty p e  o f t e r r a i n  t h a t  an e lk  can . Thus sheep 

more d i r e c t l y  com pete f o r  food w ith  e lk  th a n  do c a t t l e .

E lk a ls o  com pete w ith  d e e r  to  a g r e a t  e x te n t .  I f  a  f o r e s t  i s  

managed f o r  a maximum e lk  p o p u la tio n  th e  d e e r  p o p u la tio n  w i l l  d e c re a se  

a s  e lk  ou t com pete d e e r  f o r  fo o d .

A d is c u s s io n  o f c o m p e tit io n  in  th e  e lk  environm ent would be i n ­

com plete  w ith o u t m ention  o f  man. Man has l im i te d  e lk  g ra z in g  la n d  by 

t h e i r  s h e a r  exp an sio n  in to  f o r e s t  a re a s  w ith  farm ing  and ra n c h in g . 

W ith in  th e  now l im i te d  h a b i t a t  o f th e  e lk ,  f o r e s t  management p r a c ­

t i c e s  in c lu d in g  f i r e  p re v e n tio n  have a llow ed  much la n d  to  grow tow ard 

a c lim ax  f o r e s t . E lk  need g ra s s  and s h ru b , f o r  th e  most p a r t  n o t 

found in  a c lim ax  f o r e s t .  Timber s a le s  c a u se  d isp la cem e n t o f e lk .

T here i s  an in c re a s e  in  poach ing  due to  th e  in c re a s e d  number o f  ro ad s 

and v e h ic u la r  a c c e s s i b i l i t y .  E lk  a ls o  g e t caugh t in  fe n c e s .  And, 

h ig h  a c t i v i t y  a re a s  such a s  p o p u la r  r e c r e a t io n  s i t e s  g e n e ra l ly  d r iv e  

e lk  away. However, man can be a  com plim entary  c o m p e tito r  i f  he w ants 

to .  P ro p e r tim b e r  h a rv e s t  p r a c t i c e s  and c o n t ro l le d  b u rn in g  can be 

used  to  im prove e lk  h a b i t a t .

E lk  v s .  C a t t l e :  C arry in g  C apac ity

M urie rev iew s a v e ry  i n t e r e s t i n g  exp erim en t perform ed  on th e  

N a tio n a l E lk  Refuge in  Wyoming. The pu rpose  o f  th e  s tu d y  was to  de­

te rm in e  th e  "food  re q u ire m e n ts  p e r  d ay , p e r  in d iv id u a l  and p e r  hundred 

w eigh t o ver a p e r io d  o f 43 d ays"  (M urie , 1951, p . 2 9 3 ). They penned 

b o th  c a lv e s  and a d u l t  e lk ,  w eigh ing  th e  an im als  a t  th e  b e g in n in g  o f  th e  

experim ent and a g a in  a t  th e  end. At th e  same tim e  a n e ig h b o rin g
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ra n c h e r  fe d  fo u r  head o f  H erefo rd  c a t t l e  ( th r e e  cows and one s t e e r )  from  

th e  same "hay s h e d ."

The fo llo w in g  r e s u l t s  w ere o b ta in e d  (M u rie ) :

E lk  c a lv e s  consumed 7 .8  l b s .  e a . , o r  3 .1 1  l b s .  p e r  cw t.

A dult e lk  consumed 12 .5  l b s .  e a . , o r  2 .5  l b s .p e r  cw t.

E lk , a l l  a g e s , consumed 9 .8  l b s .  e a . , 2 .7  l b s .  p e r  cw t.

A dult c a t t l e  consumed 31 l b s .  e a . , o r 3 .6  l b s . p e r  cw t.

The f ig u r e s  s u g g e s t ,  a p p ro x im a te ly , a r a t i o  o f 2h  e lk  to  one 

head o f  dom estic  c a t t l e  when lo o k in g  a t  th e  a d u l t s  o n ly . In  com pari­

son o f  e lk  o f a l l  ages to  a d u l t  c a t t l e ,  th e  r a t i o  i s  abou t 3 to  1 . A 

number o f  o th e r  s tu d ie s  h a v e .s u b s ta n t i a te d  th e s e  e s t im a te s ,  a s  c i t e d  in  

M urie.

C o n d itio n s  S p e c i f ic  to  th e  A p ach e -S itg reav es  
N a tio n a l F o re s t

To dev e lo p  th e  p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  betw een c a t t l e  

and e lk  on th e  A p a c h e -S itg re a v e s , i t  was n e c e s s a ry  to  o b ta in  b io lo g ic a l  

d a ta  s p e c i f i c  to  th e  a r e a .  At th e  re q u e s t o f  th e  a u th o r ,  O 'N ie l (1981) 

th e  Game and F ish  D epartm ent e v a lu a te d  th e  f o r e s t  and was a b le  to  

ro u g h ly  d e l in e a t e  e lk  ran g es as  w e ll as  o f f e r  ways to  p r e d ic t  th e  num­

b er o f e lk  th e  f o r e s t  cou ld  s u s ta in  i f  th e r e  w ere no c a t t l e  g razed  

th e r e .

The two s id e s  o f th e  f o r e s t , ' th e  Apache and th e  S i t  g reav e s  

(F ig u re  7 .1 ) ,  a r e  enough d i f f e r e n t  to  w a rra n t s tu d y in g  them s e p a r a te ly .  

The S itg re a v e s  s id e  i s  c o n s id e ra b le  e a s i e r  to  a n a ly z e . The so u th e rn  

b o rd e r  o f th e  f o r e s t  ru n s  a lo n g  th e  Mo g o lio n  Rim, a lo n g  w hich a re  th e  

h ig h e s t  p o in t s  in  th e  f o r e s t .  E lk  summer in  th e  s o u th e rn , h ig h
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e le v a t io n s  of th e  f o r e s t  and w in te r  in  th e  n o r th e rn  low er a r e a s ;  

s ta y in g  a lm ost e n t i r e l y  w ith in  th e  f o r e s t  la n d .

The Apache s id e  o f  th e  f o r e s t  has a g r e a te r  v a r i e ty  o f  moun­

ta in o u s  and low land  a r e a s .  The w in te r  and summer e lk  ran g es  a r e  n o t 

as c l e a r ly  d e f in e d  a s  in  th e  S i tg r e a v e s ,  le a v in g  more room f o r  e r r o r . 

A nother d i f f i c u l t y  w ith  d e l in e a t in g  e lk  ran g es  in  th e  Apache i s  th a t  

th e  e lk  m ig ra te  in  and o u t o f  th e  f o r e s t ,  moving in to  th e  F o r t Apache 

In d ia n  R e se rv a tio n  and th e  m ountains o f  New M exico.

O’N ie l p o s i t s  t h a t  optimum e lk  h a b i t a t  in  th e  A pache- 

S i tg re a v e s  co u ld  su p p o rt 15 e lk  p e r  s e c t io n .  The c a p a c ity  o f  th e  

•Apache s id e  c o u ld  be somewhat g r e a t e r ,  how ever, due to  th e  g r e a te r  

amount o f  r a i n f a l l .  U sing th e  o u t l in e d  e lk  ran g es  and th e  e s tim a te d  

15 e lk  p e r  s e c t io n  on th e  most l im i t in g  ra n g e , one can e s t im a te  th e  

number o f e lk  each  s id e  o f  th e  f o r e s t  cou ld  su p p o rt in  th e  absence o f  

c a t t l e .

O 'N ie l a ls o  su g g e s ts  c o n v e r t in g  th e  number o f  c a t t l e  p re s e n t  

to  e lk  by a  b io lo g ic a l  co n v e rs io n  r a t i o .  Adding th a t  e s t im a te  to  th e  

number of e lk  a lre a d y  p r e s e n t  y ie ld s  an  a l t e r n a t i v e  e s t im a te  o f  th e  

su p p o r ta b le  e lk  h e rd . T h is co n v e rs io n  method works in  th e  o p p o s ite  

d i r e c t io n  a l s o ;  to  f in d  th e  s u p p o r ta b le  c a t t l e  crop  in  th e  absence o f  

e lk .  The assum ption  h e re  i s  th a t  th e  a v a i la b le  fo ra g e  f o r  e lk  and 

c a t t l e  c u r r e n t ly  i s  used  to  c a p a c i ty .

The c o n v e rs io n  r a t i o  used  by O 'N ie l o f A rizona Game and F ish

i s  2 to  1 ; 2 e lk  consum ing a s  much fo ra g e  as  1 cow. E a r l i e r  in  t h i s  

c h a p te r  a co n v e rs io n  r a t i o  o f  2 .5  to  1 was d is c u s s e d . O 'N ie l f e e l s  th e



86

2 to  1 r a t i o  i s  f a i r l y  a c c u ra te  f o r  th e  A p ach e -S itg reav es  F o re s t  a r e a .

I t  i s ,  t h e r e f o r e ,  th e  r a t i o  u t i l i z e d  in  t h i s  s tu d y .

H anrahan (1981) o f f e r e d  an a l t e r n a t i v e  means to  e s t im a te  th e  

number o f c a t t l e  i t  would be p o s s ib le  to  g ra z e  i f  th e r e  were no e lk  in  

th e  f o r e s t .  H anrahan p o s i te d  i t  would be p o s s ib le  to  in c re a s e  a l l  

c a t t l e  p ro d u c tio n  by 20% ex cep t in  th e  C l i f to n  Ranger D i s t r i c t  where 

th e  in c r e a s e  would be 5% a t  th e  m ost. The C l i f to n  D i s t r i c t ,  encom­

p a s s in g  th e  low er h a l f  o f  th e  Apache s id e  o f  th e  f o r e s t  (F ig u re  7 .1 )  i s  

n o t  e lk  c o u n try . I t  i s  to o  low in  e le v a t io n  and d e s e r t - l i k e  in  v e g e ta ­

t i o n .  O’N ie l d e l in e a te d  v i r t u a l l y  no e lk  ran g e  in  t h i s  d i s t r i c t ,  though  

i t  was e x p la in e d  th a t  th e  e lk  w i l l  m ig ra te  in to  th e  a re a  in  v e ry  s e v e re  

w in te r s .  The C l i f to n  d i s t r i c t  i s ,  t h e r e f o r e ,  exc luded  from  th e  rem ain ­

in g  a n a ly s i s .



CHAPTER 8

PRODUCTION POSSIBILITIES AND 

RELATIVE VALUES

A p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  shows th e  g r e a t e s t  p o s s ib le  

p ro d u c tio n  g iv e n  a f ix e d  s e t  o f  r e s o u rc e s .  P ro d u c tio n  a t  any p o in t  

a long  t h i s  f r o n t i e r  u t i l i z e s  a v a i la b le  r e s o u rc e s  f u l l y ,  ab in  F ig u re  

8 .1  i s  a h y p o th e t ic a l  p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  betw een two 

p ro d u c ts  X and Y. From a to  c p ro d u c ts  X and Y r e l a t e  to  each  o th e r  

in  a com plim entary  f a s h io n .  More o f  one p ro d u c t can be o b ta in e d  w h ile  

s t i l l  in c re a s in g  p ro d u c tio n  o f  th e  o th e r  p ro d u c t. The d to  b ran g e  

in d ic a te s  a supp lem en tary  re g io n  o f  p ro d u c tio n  in  w hich more o f one 

p ro d u c t can be p roduced  w ith o u t d e c re a s in g  p ro d u c tio n  o f  th e  o th e r .

Both o f  th e s e  s i t u a t i o n s  can o ccu r when one p ro d u c t y ie ld s  a by p ro ­

d u c t used  in  th e  p ro d u c tio n  o f  th e  o th e r  a t  some p o in t  in  th e  s c a le  

o f p ro d u c tio n . From c to  d , X and Y s u b s t i t u t e  in  a  c o m p e tit iv e  fa s h io n  

a t  an in c re a s in g  r a t e .  T his c o m p e tit iv e  s i t u a t i o n  i s  th e  re g io n  in  

w hich th e  optimum le v e l  o f p ro d u c tio n  n o rm ally  o c c u rs .

The r e l a t i v e  v a lu e s  o f  X and Y a re  mapped in  an i s o - n e t - b e n e f i t  

cu rve  e f .  The s lo p e  o f t h i s  cu rv e  i s  m a th e m a tic a lly  d e r iv e d  as  fo llo w s :

NB = NBX (Qx ) + NBy (Qy ) (Eq. 8 .1 )

0 (Eq. 8 .2 )
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MNBX DQX + MNBy dQy = 0 (Eq. 8 .3 )

dQy -MNBX
dQX MNBy

(Eq. 8 .4 )

In  E quation  8 .1  t o t a l  n e t  b e n e f i t s  e q u a ls  th e  n e t  b e n e f i t  o f 

p rod u cin g  X as a  fu n c tio n  o f th e  q u a n t i ty  o f  X p ro duced , p lu s  th e  n e t  

b e n e f i t  o f p ro d u c in g  Y as  a fu n c t io n  o f  th e  q u a n t i ty  o f  Y p roduced . 

The f i r s t  d e r iv a t iv e  o f  t h i s  fu n c tio n  i s  th e  s lo p e  o f  th e  fu n c tio n  

w hich s im p l i f ie s  to  th e  r e l a t i v e  m a rg in a l n e t  b e n e f i t s  o f  p ro d u c in g  X 

and p ro d u c in g  Y in d ic a te d  in  Eq. 8 .4 .

The optimum a l lo c a t io n  o f  r e s o u rc e s  betw een X and Y, o ccu rs  

where th e  s lo p e  o f  th e  i s o - n e t  b e n e f i t  cu rve  e q u a ls  th e  s lo p e  o f  th e  

p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r ,  p o in t Z in  F ig u re  8 .1 .

The s lo p e  o f  th e  p ro d u c tio n  c o n s t r a in t  i s  d e r iv e d  a s  fo llo w s :

BQX + QY = a (Eq. 8 .5 )

QY = a -  gQx (Eq. 8 .6 )

dQv

dQx " 5
(Eq. 8 .7 )

The s lo p e ,  in  E quation  8 .7 ,  = -  3. The optimum p o in t  o f p ro d u c tio n  i s  

th e n :

-3 = —MNB̂
MNBy

The n e t  b e n e f i t s  o f  b o th  e lk  and c a t t l e  p ro d u c tio n  in  t h i s  

s tu d y  a r e  e s tim a te d  u s in g  th e  p r in c i p l e s  o f  consum ers’ and p ro d u c e r s ’ 

s u rp lu s .  The a g g re g a te  n e t  b e n e f i t s  a re  c o n v e rte d  to  n e t  b e n e f i t s  per
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Product Y

Product X

F ig u re  8 .1 .  H y p o th e t ic a l  p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  and 
i s o - n e t - b e n e f i t s  cu rv e .



90

an im al u n i t  y e a r  o f  fo ra g e .  The r e l a t i v e  n e t  b e n e f i t s  p e r  an im al u n i t  

y e a r  o f  fo ra g e  a r e  p lo t t e d  to  form  a segm ent o f  an i s o - n e t - b e n e f i t  

cu rve  to  be compared to  e s tim a te d  p ro d u c t tr a n s fo rm a tio n  c u rv e s .

P ro d u c tio n  E s tim a te s

A p r e c i s e  p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  betw een c a t t l e  and 

e lk  would ta k e  in to  c o n s id e ra t io n  t r a d e - o f f s  in  a l l  th e  v a r ia b le s  d i s ­

cussed  in  th e  p re v io u s  c h a p te r  and p o s s ib ly  many m ore. A v e ry  sp e c ­

i f i c  a n a ly s i s ,  f o r  in s ta n c e ,  c o u ld  lo o k  a t  th e  c o m p e titio n  on a 

s e c t io n  by s e c t io n  b a s i s .  Such an e v a lu a t io n  i s  beyond th e  l im i te d  

s c a le  o f  t h i s  p r o j e c t .

Four ap p ro x im ate  p ro d u c tio n  p o s s i b i l i t i e s  a re  d e f in e d ,  two f o r  

b o th  th e  Apache and S i tg re a v e s  s id e  o f th e  f o r e s t . The f i r s t  method o f 

e s t im a tio n  b ases  fo ra g e  c a p a c ity  on c u r r e n t  u t i l i z a t i o n  and a b io lo g i ­

c a l  c o n v e rs io n  r a t i o  o f 2 e lk  to  1 cow as e x p la in e d  in  C hapter 7 .

The second method e s t im a te s  maximum e lk  and c a t t l e  p ro d u c tio n  

in d e p e n d e n tly . The maximum e lk  h e rd  i s  p ro je c te d  u s in g  a p o s i te d  15 

e lk  p e r  s e c t io n  o f optimum e lk  h a b i t a t  as e s tim a te d  by O’N ie l (1981) 

o f th e  A rizona Game and F ish  D epartm en t. O 'N ie l d e l in e a te d  th e  summer 

and w in te r  e lk  ra n g e s  in  th e  two F o re s ts .  S in ce  e lk  m ig ra te  w ith  th e  

se a so n s , optimum e lk  h a b i t a t  w i l l  v a ry  w ith  th e  s e a so n s . A re s o u rc e  

can o n ly  su p p o rt a s  many an im als  as  i t s  most l im i t in g  ran g e  can sup­

p o r t .  T h e re fo re , one can c o n s id e r  th e  most l im i t in g  ra n g e , w in te r  o r  

summer, in  each  f o r e s t  to  be optimum e lk  h a b i t a t .  The 15 e lk  p e r  s e c ­

t io n  a re  m u l t ip l ie d  tim es  th e  number o f  s e c t io n s  in  th e l im i t i n g  range  

to  a r r iv e  a t  an e s tim a te d  c a r ry in g  c a p a c i ty .  The in d ep en d en t e s t im a te
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o f a maximum c a t t l e  h erd  i s  c a lc u la te d  u s in g  a p roposed  tw en ty  p e rc e n t 

g r e a te r  c a p a c i ty  w ith o u t e lk  as su g g es ted  by Hanrahan (1981) o f  th e  

U .S . F o re s t  S e rv ic e  in  S p r i n g e r v i l l e .

T ab les  8 .1  l i s t  th e  p ro d u c tio n  e s t im a te s .  For maximum c a t t l e  

p ro d u c tio n  th e y  a r e  f a i r l y  c lo s e  u nder b o th  m ethods o f  e s t im a t io n ,

3,902 AUY v s .  4 ,117  AUY on th e  S i tg re a v e s  and 9 ,957 AUY v s .  9 ,911  AUY 

on th e  Apache. The e s t im a te s  f o r  maximum e lk  p ro d u c tio n  a re  v e ry  c lo s e  

on th e  S i tg r e a v e s ,  3 ,902  AUY v s . 3 ,930  AUY. However, th e r e  i s  a la rg e  

d isc re p a n c y  betw een th e  two e s t im a te s  o f e lk  p ro d u c tio n  p o s s ib le  on 

th e  Apache, 9 ,057 AUY v s . 4 ,4 6 2 . An e x p la n a tio n  co u ld  l i e  in  th e  f a c t  

t h a t  th e  e lk  ra n g e s  w ith in  th e  Apache f o r e s t  w ere so d i f f i c u l t  to  de­

l i n e a t e .  Or, th e  c a r ry in g  c a p a c ity  co u ld  be g r e a t e r  th a n  15 e lk  p e r  

s e c t io n .

The e s t im a te s  l i s t e d  in  T ab les  8 .1  and 8 .2  a r e  c a lc u la te d  in  

te rm s o f an an im al u n i t  y e a r  (AUY) o f f o ra g e .  T his u n i t  i s  th e  amount 

o f fo ra g e  i t  ta k e s  to  su p p o rt one an im al u n i t  f o r  one y e a r .  One a d u l t  

cow i s  assumed to  be one an im al u n i t . A pproxim ately  two e lk  e a t  as  

much as  one cow; o r ,  two a d u l t  e lk  eq u a l one an im al u n i t  and consume 

one AUY o f  fo ra g e .  The AUY o f fo ra g e  fo r  e lk ,  t h e r e f o r e ,  r e p re s e n t  

h a l f  th e  a c tu a l  number o f  e lk  to  be g raze d . The number o f  c a t t l e  and 

e lk  a re  co n v e rted  to  AUY fo ra g e  u t i l i z a t i o n  becau se  i t  i s  co n v en ien t 

to  c a l c u l a t e  th e  v a lu e  o f an AUY o f fo ra g e  f o r  each  u s e . P ro d u c tio n  

p o s s i b i l i t i e s  a r e  p lo t t e d  in  F ig u re s  8 .2 - 8 .5 .



T able 8 .1 .  C u rren t and p o s s ib le  l e v e l s  o f  fo ra g e  u t i l i z a t i o n  by e lk  and c a t t l e  in  th e  A pache- 
S i t  g re a v e s  N a tio n a l F o re s t .

E lk C a t t le
S i tg re a v e s  

S id e  o f F o re s t
Apache S itg re a v e s  ' Apache .

S id e  o f  F o re s t3  ̂ S id e  o f  F o re s t S ide o f  F o re s t3
AUYs of Forage U t i l i z a t i o n

A ctual use  1978 471 798 3,431 8 ,259

E stim a ted  maximum use  
by method one^) 3,902 9 ,0 5 7 . 3 ,902 9,057

E stim a ted  maximum use 
by method twoc )

3 ,930 4,462 4,117 9,911

a) E xcludes C l i f to n  R anger D i s t r i c t .

b) Maximum fo ra g e  u t i l i z a t i o n  by one s p e c ie s  in  th e  absence  o f  th e  o th e r ,  u s in g  a 2 to  1 c o n v e rs io n  
r a t i o  and a c tu a l  l e v e l s  o f  u se .

c) Independen t e s t im a te s  o f fo ra g e  u t i l i z a t i o n  by one s p e c ie s  in  th e  absence o f th e  o th e r .  E lk
e s t im a te :  Assumes optimum e lk  h a b i t a t  d e l in e a te d  by O 'N ie l cou ld  su p p o rt 15 e lk  p e r  s e c t io n .
C a t t le  e s t im a te :  Assumes c a t t l e  a l lo tm e n ts  co u ld  be in c re a s e d  by 20% as  p r e d ic te d  by H anrahan .
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'Table 8 .2 .  Summary o f  v a lu e s  f o r  c a t t l e  and e lk  p ro d u c tio n .

Source o f Value Forage f o r  C a t t le  . Forage f o r  E lk

D o lla rs  p e r  AUY o f  Forage

Consumers
on a n a t io n a l  s c a le 405.47 (a)
on a s t a t e  s c a le 3 .33 348.07

P ro d u cers
th o s e  who lo o s e 62.57 (b)
th o se  who g a in .61

Net S o c ia l  V alue
on a n a t io n a l  s c a le 467.43
on a s t a t e  s c a le 65 .29 348.07

a) The v a lu e  o f  an AUY o f fo ra g e  f o r  e lk  i s  d e te rm in ed  o n ly  on a s t a t e  
s c a le .

b) S ince  e lk  a r e  p u b lic  goods, th e r e  i s  no p ro d u c e rs ' s u r p lu s .
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V alue E s tim a te s

T ab le  8 .2  sum m arizes th e  v a lu e s  o f  an AUY o f  fo ra g e  f o r  g ra z in g  

c a t t l e  and e lk  as  d e te rm in ed  in  C hap ter 4 and 6. T here a r e  two v a lu e s  

o f c a t t l e  g ra z in g .  Ckie i s  w here consum ers and p ro d u c e rs  o f  b e e f  a c ro s s  

th e  U n ited  S ta te s  a r e  assumed to  have an i n t e r e s t  in ,  o r  v a lu e ,  th e  

A p ach e -S itg reav es  c a t t l e  c ro p . T h is  v a lu e  i s  p ro b ab ly  m ost re a so n a b le  

b ecau se  th e  m arket f o r  b e e f  i s  n a tio n w id e . Thus, any change in  p ro d ­

u c t io n  w i l l  have n a t io n a l  r a m i f ic a t io n s .

The o th e r  v a lu e  o f  c a t t l e  assum es th a t  o n ly  consum ers and 

p ro d u ce rs  o f  b ee f w ith in  th e  S ta t e  o f  A rizona v a lu e  th e  Apache- 

S i tg re a v e s  c a t t l e  c ro p . I t  can be argued  th a t  i t  i s  th e  c o r r e c t  m eas­

u re  o f  v a lu e , b ecause  i t  i s  more com parable to  th e  v a lu e  found f o r  e lk  

p ro d u c tio n  s in c e  th e  v a lu e  o f  e lk  p ro d u c tio n  i s  based  o n ly  on A rizo n a . 

I t  i s  t r u e  t h a t  a lm o st a l l  th e  p a r t i c ip a n t s  in  th e  v a lu e  o f  e lk  h u n tin g  

s tudy  were from  A rizo n a . I t  i s  a l s o  t r u e  t h a t  some p eo p le  a c ro s s  th e  

n a t io n  and even th ro u g h o u t th e  w orld  p la c e  a v a lu e  on th e  same e lk  fo r  

d i f f e r e n t  re a s o n s . However, i t  i s  beyond th e  scope o f  t h i s  p r o je c t  to  

d e te rm in e  what t h a t  ex tended  v a lu e  o f  e lk  m ight b e .

The r e l a t i v e  n e t  b e n e f i t s  o f c a t t l e  and e lk  p ro d u c tio n  a re  

graphed in  F ig u re s  8 .2 - 8 .5 .  L ine  segment a b , in  each  f i g u r e ,  i s  an 

e s t im a te  o f  th e  b e n e f i t s  o f  e lk  p ro d u c tio n  r e l a t i v e  to  th e  b e n e f i t s  

o f c a t t l e  p ro d u c tio n  from  a n a t io n a l  p e r s p e c t iv e .  L ine  segm ent cd , in  

each f ig u r e ,  i s  an e s t im a te  o f th e s e  r e l a t i v e  b e n e f i t s  from  a  s t a t e  

p e r s p e c t iv e .

The e s t im a te d  i s o - n e t - b e n e f i t  cu rv es  in  F ig u re s  8 .2 -8 .5  a re

94

l i n e a r  s in c e  th e y  were- d e r iv e d  from  on ly  two d a ta  p o in t s ,  th e  b e n e f i t s
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of a l l  c a t t l e  and no e lk  v e rsu s  th e  b e n e f i t s  o f a l l  e lk  and no c a t t l e .

These cu rv es  a r e  n o t t r u e  m a rg in a l n e t  b e n e f i t  cu rv es  s in c e  th e  m arg i­

n a l  t r a d e - o f f s  betw een c a t t l e  and e lk  were n o t m easured . However, th e  

s lo p e  o f th e  c u rv es  would be th e  same as  th e  t r u e  cu rv es  n e a r  th e  

a c tu a l  p o in t  o f  p ro d u c tio n .

O p tim a lity

I t  i s  assumed th a t  a v a i la b le  fo ra g e  i s  u t i l i z e d  to  c a p a c i ty .  

T h e re fo re , th e  1978 l e v e l  o f p ro d u c tio n  l i e s  on th e  p ro d u c tio n  p o s s i ­

b i l i t i e s  f r o n t i e r .  T h is  l e v e l  i s  in d ic a te d  as  p o in t  (A) on a l l  th e  

p ro d u c t tr a n s fo rm a tio n  cu rv es  d e r iv e d .

In  method one th e  1978 l e v e l s  o f  u t i l i z a t i o n  a re  co n v e rted  by 

th e  2 to  1 r a t i o  to  d e te rm in e  th e  maximum l e v e l s  o f  e lk  and c a t t l e  p ro d ­

u c t io n .  B ecause t h i s  method i s  sim ply  a m a th em a tic a l c o n v e rs io n  based  

on a c tu a l  l e v e l s  o f  u t i l i z a t i o n , th e  r e s u l t i n g  p ro d u c t tr a n s fo rm a tio n  

cu rv es  (F ig u re s  8 .2  and 8 .4 )  a r e  s t r a i g h t  l i n e s .

L in e a r  p ro d u c t t r a n s fo rm a tio n  cu rv es  can e x i s t  b u t th e y  a r e  

r a r e  and on ly  o ccu r when (a) th e  same p h y s ic a l  r e s o u rc e s  a r e  r e q u ire d  

f o r  b o th  p ro d u c ts  a t  th e  same tim e  o f  th e  y e a r ,  (b) th e  p ro d u c ts  a re  

produced a t  i d e n t i c a l  tim es o f  th e  y e a r ,  and (c) n e i th e r  p ro d u c t p ro ­

duces a  b y -p ro d u c t used  in  th e  p ro d u c tio n  o f  th e  c o m p e tito r  (Heady,

1952).

When com bining a l i n e a r  p ro d u c t tra n s fo rm a tio n  fu n c tio n  w ith  a 

l i n e a r - i s o - n e t - b e n e f i t  l i n e ,  th e  optimum le v e l  o f  p ro d u c tio n  i s  one p ro d u c t 

o r  th e  o th e r  e n t i r e l y .  However, i t  i s  known th a t  e lk  and c a t t l e  com­

p e te  f o r  a v a i la b le  fo ra g e ,  even in  a com plem entary way o v er c e r t a in
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p ro d u c tio n  l e v e l s ;  and th a t  in  th e  c o m p e tit iv e  s ta g e  th e  r e la t io n s h ip  i s  

u n l ik e ly  to  be p e r f e c t ly  l i n e a r .  One c a n , t h e r e f o r e ,  assume th a t  th e  

t r u e  p ro d u c tio n  p o s s i b i l i t i e s  cu rv e  betw een c a t t l e  and e lk  i s  concave 

to  th e  o r ig in  ov er some ra n g e . F u r th e r , i t  i s  re a s o n a b le  to  subm it t h a t  

th e  s t r a i g h t  l i n e  p ro d u c t tr a n s fo rm a tio n  l i n e s  d e r iv e d  in  t h i s  a n a ly s i s  

l i e  v e ry  c lo s e  t o  th e  t r u e  cu rv es  a t  l e a s t  n e a r  th e  p o in t  o f c u r r e n t  

u sag e .

Under th e  assum ption  th a t  th e  cu rv es  a re  r e a l l y  concave and 

ly in g  v e ry  c lo s e  to  th e  l i n e a r  f u n c t io n s  sk e tch e d  in  F ig u re s  8 .2  and

8 .4 ,  some im p o rta n t c o n c lu s io n s  can be drawn. I f  th e  n a t io n a l  v a lu e  

o f  c a t t l e  g ra z in g  i s  c o n s id e re d , th e  i s o - n e t - b e n e f i t  i s  ab . The o p t i ­

mum p o in t  o f p ro d u c tio n  would l i e  somewhere n e a r  th e  to p  o f th e  p ro d u c t 
I

tra n s fo rm a tio n  c u rv e , v e ry  p o s s ib ly  n e a r  th e  1978 l e v e l  o f p ro d u c tio n , 

in  b o th  th e  Apache and S i tg re a v e s  F o re s ts .

I f  th e  s t a t e  v a lu e  o f  c a t t l e  g ra z in g  i s  c o n s id e re d , cd d e p ic ts  

th e  r e l a t i v e  v a lu e s .  The p o in t  o f  optimum p ro d u c tio n  i s  in  th e  low er 

h a l f  o f  th e  p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  c a l l in g  f o r  a s h i f t  in  

p ro d u c tio n  from  c a t t l e  to  e lk .

In  method tw o, maximum le v e ls  o f  p ro d u c tio n  a re  c a lc u la te d  i n ­

d ep en d en tly  o f th e  a c tu a l  l e v e l s  o f  p ro d u c tio n  and each  o th e r .  F ig u re  

8 .3  d e p ic ts  th e  r e l a t i o n s h ip  found by t h i s  method on th e  S i tg re a v e s  s id e  

o f  th e  f o r e s t .  The p ro d u c t tr a n s fo rm a tio n  cu rv e  i s  convex to  th e  o r ig in  

w hich , l i k e  th e  l i n e a r  f u n c t io n s  found u s in g  method one , in d ic a te s  th e  

optimum l e v e l  o f p ro d u c tio n  i s  one p ro d u c t o r  th e  o th e r  s o le ly .

A convex cu rve  i s  n o t c r e d ib le  t h e o r e t i c a l l y  in  t h i s  c a s e .

Though p ro d u c t t r a n s fo rm a tio n  f u n c t io n s  o f t h i s  form  a re  found in
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a g r i c u l tu r e ,  th ey  n o rm ally  o ccu r in  v e ry  sm a ll o p e ra t io n s  w here econ­

om ies o f s c a le  a r e  n e v e r  reach ed  and b o th  p ro d u c ts  a r e  y ie ld in g  i n ­

c re a s in g  r e tu r n s .  I t  i s  known th a t  most c a t t l e  ra n c h e rs  in  th e  a re a  

o p e ra te  u nder c o n d i t io n s  o f d e c re a s in g  r e tu r n s .  (See d is c u s s io n .  

C hapter 6 , P ro d u c e r’ s S u rp lu s ) .  T h e re fo re , i t  i s  u n l ik e ly  t h i s  cu rve  

d e p ic ts  th e  t r u e  s i t u a t i o n .

F ig u re  8 .5  shows a  p ro d u c t t r a n s fo rm a tio n  cu rv e  d e r iv e d  w ith  

method tw o, f o r  th e  Apache s id e  o f  th e  f o r e s t .  I t  i s  v e ry  s l i g h t l y  

concave to  th e  o r ig i n .  The cu rve i s  so s l i g h t ,  how ever, t h a t  th e  op­

timum p o in ts  o f p ro d u c tio n  s t i l l  tu rn  ou t to  be one p ro d u c t o r  th e  

o th e r .

S in ce  th e  c o n v e rs io n s  o f  method two le d  to  such  an u n l ik e ly  

cu rve  fo r  th e  S i tg r e a v e s ,  l i t t l e  c o n fid e n ce  i s  p la c e d  in  them by th e  

a u th o r .  T here i s  a l s o  th e  d isc re p a n c y  o f  e s t im a te s  on th e  Apache as  

d is c u s se d  above . T h e re fo re , F ig u re s  8 .3  and 8 .5  a re  b o th  d ism isse d  as 

u n l i k e ly .



CHAPTER 9

CONCLUSION

The f i r s t  t a s k  o f t h i s  s tu d y  was to  v a lu e  th e  r e c r e a t io n a l  ex­

p e r ie n c e  o f  e lk  h u n tin g  in  th e  A p ach e -S itg reav es  N a tio n a l F o re s t ,  The 

th r e e  m ethods o f  non-m arket v a lu a t io n  su g g es ted  by th e  W ater R esources 

C o u n c il, th e  u n i t  day v a lu e  (UDV) ap p ro ach , th e  t r a v e l  c o s t  method 

(TCM) and w il l in g n e s s  to  pay (WTP) w ere each u t i l i z e d .  The TCM of 

v a lu a t io n  posed  th e  g r e a t e s t  p rob lem s. I t  i s  f e l t  th e  problem s o c c u rre d  

becau se  o f  th e  u n ique  c irc u m s ta n c e s  o f  th e  e lk  h u n t. The law  r e s t r i c t s  

a h u n te r  to  hun t once every  th r e e  y e a r s ,  i f  he (sh e) i s  lu c k y , and w ith ­

in  a s e t  tim e p e r io d  o f 6-8 d ay s . The h u n te r  may, th e r e f o r e ,  be w i l l in g  

to  pay much more th a n  h i s  (h e r)  t r a v e l  expenses to  e x p e rie n c e  th e  e lk  

h u n t. Thus, th e  n e t  s o c ia l  b e n e f i t  v a lu e  o b ta in e d  w ith  th e  TCM 

($223,950) i s  c o n s id e re d  an u n d e re s t im a te .

When asked  t h e i r  w i l l in g n e s s  to  pay d i r e c t l y ,  in  th e  WTP method 

o f v a lu a t io n ,  h u n te rs  in d ic a te d  a g r e a te r  v a lu e  o f  th e  e lk  hun t 

($ 4 4 1 ,7 0 0 ). T h is  e s t im a te  was used  in  th e  f i n a l  a n a ly s i s  b ecau se  i t  

had g r e a te r  s t a t i s t i c a l  s ig n i f i c a n c e  th a n  th e  t r a v e l  c o s t  e s t im a te ,  and 

g e n e ra lly  ap p ea red  m ost c r e d ib le  to  th e  a u th o r .

The UDV app ro ach  to  v a lu a t io n  y ie ld e d  a v a lu e  v e ry  c lo s e  to  th e  

one o b ta in e d  u nder WTP. However, i t  was d ism isse d  a s  th e  l e s s  c r e d ib le  

r e s u l t  b ecau se  o f  i t s  la c k  o f  a t h e o r e t i c a l  b a s i s .  The c o n c lu s io n  i s

1 0 2
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t h a t  th e  WTP app roach  to  r e c r e a t io n  v a lu a t io n ,  o r  some d e r iv a t iv e  t h e r -  

o f ,  i s  th e  b e s t method f o r  v a lu in g  a r e c r e a t io n a l  e x p e rie n c e  l i k e  e lk  

h u n tin g  in  A rizona .

The v a lu e  o f  c a t t l e  g ra z in g  on th e  same re s o u rc e  b a se  i s  

r e l a t i v e l y  easy  to  e s t im a te  b ecau se  c a t t l e  a re  so ld  and th u s  v a lu ed  in  

th e  m arket p la c e .  Net s o c ia l  b e n e f i t  as  a fu n c t io n  of b o th  consum ers ' 

and p ro d u c e r s ' s u rp lu s  was th e  v a lu e  e s tim a te d  so as  to  compare th e  

v a lu e s  o f c a t t l e  and e lk  p ro d u c tio n .

Two v a lu e s  o f  c a t t l e  were used  in  th e  f i n a l  a n a ly s i s .  One was 

c a lc u la te d  from  a  n a t io n a l  p e r s p e c t iv e  and th e  o th e r  from  a  s t a t e  p e r ­

s p e c t iv e .  In  th e  f i n a l  a n a ly s i s ,  th e  r e l a t i v e  v a lu e s  o f c a t t l e  and e lk  

g ra z in g ,  in  th e  form o f a i s o - n e t - b e n e f i t  l i n e ,  a re  combined w ith  a 

p ro d u c tio n  p o s s i b i l i t i e s  f r o n t i e r  to  o b ta in  an optimum ran g e  o f p ro d ­

u c t io n .  The n a t io n a l  p e r s p e c t iv e  o f  c a t t l e  v a lu e  r e l a t i v e  to  e lk  v a lu e  

su g g e s ts  a com bination  o f  e lk  and c a t t l e  g ra z in g  w hich fa v o rs  c a t t l e ;  

p o s s ib ly  th e  c u r r e n t  a l l o c a t io n  o f  fo ra g e  i s  optimum. A n a ly s is  w ith  

th e  s t a t e  p e r s p e c t iv e  su g g e s ts  a  s h i f t  tow ard e lk  in  fo ra g e  a l lo c a t io n .

The g r e a t e s t  c h a lle n g e  o f  t h i s  p r o je c t  was to  develop  a p ro d ­

u c t io n  p o s s i b i l i t i e s  f r o n t i e r  betw een c a t t l e  and e lk  in  th e  A pache- 

S itg re a v e s  N a tio n a l F o r e s t . P ro d u c t t r a n s fo rm a tio n  cu rv es  were 

e s tim a te d ; b u t ,  much more e x te n s iv e  re s e a rc h  w i l l  be r e q u ire d  to  ob­

t a i n  a f u l l  u n d e rs ta n d in g  o f th e s e  b io lo g ic a l  r e l a t i o n s h i p s .  I t  i s  

hoped th a t  t h i s  r e s e a rc h  w i l l  p ro v id e  a  b ase  f o r  f u r th e r  r e s e a rc h  tow ard 

e s t im a tio n  o f  th e  optimum com bination  o f p ro d u c ts  on o u r m u l t ip le  p ro ­

d u c t f o r e s t  a r e a s .



APPENDIX A

THE VALUE OF ELK HUNTING GIVEN 

A HYPOTHETICAL SITUATION

In  th e  l a s t  s e c t io n  o f th e  q u e s t io n n a ire  in te rv ie w e e s  were a sk ­

ed t h e i r  w i l l in g n e s s  to  pay f o r  an e lk  h u n tin g  p e rm it in  an "as i s "  

s i t u a t i o n ,  a s  w e ll as t h e i r  w i l l in g n e s s  to  pay g iv en  a  h y p o th e t ic a l  

s i t u a t i o n  in  w hich h u n te rs  a re  g u a ran teed  a su c c e ss  r a t i o  33% h ig h e r .

The second q u e s tio n  w as:

In  1979 in  hun t 301, 34 h u n te rs  o u t o f  ev ery  100 h u n te rs  k i l l e d  
an e lk .  In  hun t 303 th e  count was 13 o u t o f  ev ery  100. In  hun t 
351 th e  coun t was 6 o u t o f  ev e ry  100. I f  you w ere c e r t a in  t h a t  
th e  su ccess  r a t e s  f o r  you r h u n t number would be 1 /3  h ig h e r  th a n  
in  1979, t h a t  i s  45 o u t o f  100 f o r  hunt 301, 17 o u t o f  100 fo r  
hun t 303, and 8 o u t o f  100 f o r  hun t 351, what i s  th e  maximum 
amount you would be w i l l in g  to  pay f o r  your e lk  h u n tin g  p e rm it 
in  o rd e r  to  p a r t i c i p a t e  in  th e  same h un t as  you d id  in  1979?
(C irc le  o n e ) .

$25 $30 $35 $40 $45 $50 $55 $60 $65 G re a te r  $______s p e c ify .

A n a ly s is  f o r  t h i s  q u e s tio n  i s  done e x a c t ly  th e  way i t  was f o r  

th e  o r ig i n a l  w i l l in g n e s s  to  pay q u e s tio n . Demand cu rv es  a r e  d e r iv e d  

from  cu m u la tiv e  f r e q u e n c ie s  f o r  each hunt s e p a r a te ly .  The r e s u l t i n g  

v a lu e s  a r e  th en  summed.

The th r e e  fu n c t io n s  o b ta in e d  a r e :

Hunt 301: Y = 1,668.70X ~*8 -  24 .99

R2 = .978
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- Hunt 303: Y = 2 ,0 3 0 .4 8  X- *9 -  14 .26

R2 = .936

Hunt 351: Y = 4 ,6 6 7 .4 0  X- 1 *15 -  8 .05

R2 = .929

Y = demand f o r  p e rm its  in  cu m u la tiv e  f r e q u e n c ie s .

X = th e  re sp o n d e n ts  maximum w il l in g n e s s  to  pay .

The c u m u la tiv e  f r e q u e n c ie s  o f  each demand cu rv e  a re  tran sfo rm e d  

in to  th e  a c tu a l  number o f  a p p l ic a n ts  to  f in d  th e  n e t  s o c ia l  b e n e f i t s

and consum ers ' s u rp lu s .  Each fu n c t io n  i s  in te g r a te d  betw een 0 and 100
• - /

p e r c e n t ,  th a t  i s ,  betw een 0 and th e  t o t a l  number o f  a p p l ic a n t s ,  to  f in d  

n e t  s o c ia l  b e n e f i t s .  T o ta l p e rm it c o s ts  a re  s u b tra c te d  to  f in d  con­

sum ers ' s u rp lu s .  Net s o c ia l  b e n e f i t s  and consum ers ' s u rp lu s e s  f o r  th e  

th r e e  h u n ts  a r e  summed to  o b ta in  e s tim a te d  t o t a l  n e t  s o c ia l  b e n e f i t  

and consum ers ' s u rp lu s  o f th e  s i t e  as  used  f o r  th e  e lk  h u n tin g  a c t i v i t y .  

A ll v a lu e s  a r e  l i s t e d  in  T ab le A .l .

The t o t a l  an n u a l n e t  s o c ia l  b e n e f i t  d e te rm in ed  in  th e  "as i s "  

s i t u a t i o n  i s  $441 ,700 , o n ly  $16,612 l e s s  th a n  th e  v a lu e  o b ta in e d  h e re .  

The t o t a l  an n u a l n e t  s o c i a l  b e n e f i t  i s  n o t much l a r g e r  in  th e  hypo­

t h e t i c a l  s i t u a t i o n  even though th e  h u n te rs  a r e  o f fe re d  a s u b s t a n t i a l  

in c re a s e  in  th e  su c c e ss  r a t i o .  The v a lu e s  o b ta in e d  in  hun t 301 a re  a c ­

t u a l l y  low er h e re  th a n  in  th e  o r ig i n a l  s i t u a t i o n .  T h is  low er v a lu e  

co u ld  be due, in  p a r t ,  to  s t a t i s t i c a l  e r r o r .  However, many re sp o n d e n ts  

a c tu a l ly  low ered  t h e i r  w il l in g n e s s  to  pay f o r  a p e rm it when p re se n te d  

w ith  th e  s i t u a t i o n  w here th e y  a r e  g u a ra n te e d  a h ig h e r  su c c e ss  r a t i o .



T able A .l .
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The v a lu e  o f  e lk  h u n tin g  in  th e  A p ach e -S itg reav es  a re a  
u s in g  th e  w il l in g n e s s  to  pay m ethod, g iven  a h y p o th e t ic a l  
s i t u a t i o n .

Net S o c ia l  B e n e f i ts Consum ers1 S u rp lu s

Hunt 301 $242,723
i

$146,723

Hunt 303 190,427 108,627

Hunt 351 25,162 15,162

T o ta l $458,312 $270,512
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