
MULTIPLE USE OF FOREST LANDS: 

THE ROLE OF RANGELAND 

G.C. Van  Kooten 
Department  of  Agricultural  Economics 

University of British  Columbia 
2014 Lower  Mall 

VANCOUVER,  B.C.  V6T 1W5 

Background  study  prepared  for  the  B.C.  Forest  Resources  Commission.  The  author  wishes  to 
thank Fred  Oberrniller  for  valuable  information  that he provided  and  Liza  Vemnsky  and Dan 
Vemnsky  for  helpful  comments  and  suggestions on an earlier  draft of this  paper.  However,  any 
remaining  errors  should  not be attributed  to  any of these  persons. 



TABLE OF CONTENTS 

r n O D U C n O N  

BACKGROUND TO RANGELAND RESOURCES 
Rangeland  Resources in British Columbia 
Grazinglrimber production  Conflict on F a s t  Range 
Invesunents in Range  Improvements 
Forage/Camle/Wildlife  Interaction: 

Range Condition and  production  Function 

BACKGROUND  TO  RANGELAND MANAGEMENT 
Role of Public  Range in Cattle Operations 
Effects of Domestic  Grazing on Public  Range 

and  Administered  Prices 

MULTIPLE  AND  CONFLICTING  USES OF  FOREST  RANGELAND 
Economic  Efficiency  and  Multiple  Use:  Static  Analysis 

Transformation  Functions for Alternative  Land  Uses 
Determining  Optimal Use: Application 

Economic  Efficiency  and  Multiple  Use: Dynamic Analysis 
Dismbutive  Equity  and  Multiple  Use 
Fairness  and  Political  Acceptability 

DISCUSSION  AND  RECOMMENDATIONS 
Recommendations 

TABLES 

FIGURES 

REFERENCES 

APPENDIX 
Dynamic Optimizing Mol del of MI 'E )f Rang< :lands 

1 

3 
4 
6 
8 

9 

12 
12 

15 

18 
19 
19 
22 
25 
26 
21 

30 
31 

33 

39 

45 

49 



MULTIPLE USE OF FOREST LANDS: 
THE ROLE OF RANGELAND 

INTRODUCTION 

In the Province of  British  Columbia,  the B.C. Minisay of Forests and  Lands  (hereafter 
a&ay) is  responsible for the  management  not only of the timber  resources  but also the range 
=Sources found on public or m w n  land. The Minisay of  Forests  Act  (1978),  the  Forest  Act 
(1978) and the  Range  Act  (1978)  suggest  that the Crown  lands be managed for multiple use.’ 
h the United  States, as a  result of federal  legislation,  such as the Federal  Land  Policy  and 
Management  Act  (1976)  and the Public  Rangeland  Improvement  Act  (1978),  management of 
public  lands  in  that counay must  satisfy  both a sustained yield and a multiple-use  mandate? 
Sustained  yield of range  vegetation  implies  that periodic forage  consumption by all uses be no 
~ t e r  than  periodic  growth as determined by  government fiat; multiple-use  management of 
public  rangelands  has been interpreted as a tradeoff that  gives  neither  domestic  livestock nor 
wildlife an exalted  status  over  the  other  (Huffaker er ai. 1990,  p.74). 

Recently in the United States  there has been public  pressure  to  abolish  domestic  grazing 
on public  lands (see Quigley  and  Bartlen 1990; Godfrey  and  Pope  1990). The arguments for so 
doing ax several:  (i)  the  livestock  sector  benefitting from grazing on public  lands  is small 
relative to the rest  of the sector, even in the western states; (ii) the  beneficiaries  tend  to  be pan- 
time (hobby)  farmers or farmers  who  obtain  most  of their receipts from other agricultural 
endeavours; (ii) the  costs  of  providing  public grazing services  exceed  the  benefits;  and  (iv)  other 
uses of  the  rangeland  resources are substantially  more  valuable. The main factor  favouring 
retention  of grazing on public  lands  appears to be community  viability,  although  there are other 
reasons as well.  Given the situation  in the U.S., it is  likely  that B.C. will  likely  encounter  similar 
pressure on rangeland  in  the future. Given  the  importance  of  public range to the cattle  sector of 
the  B.C.  economy, it is surprising  that  economic  issues  regarding  management of public 
rangeland  resources,  particularly  for  multiple use, has  received  inadequate  attention. 

The  current  study  provides  a  conmbution to the  multiple-uselabolition of public  grazing 
debate.  Its  purpose  is to examine  economic  efficiency  and  other  economic  aspects of multiple 
use as  they  relate  to  the  management of public  rangeland  in the province  of British Columbia. 
The  study  is  divided into four  sections. The next two sections  provide  background  material, 
including  definitions. The first of these  provides  a  background to biophysical  aspects.  It 
includes  a  synopsis  of the status of the  province’s  rangeland  resources  and  a  review  of 
biophysical  studies  of  plant  and  animal  interactions  and  ecological  models  of  such  interactions. 
The second  background  section focuses on economic  issues  related  to  the  province’s  livestock 

I Section  4(c)  of the Minisay of  Forests  Act is the clearest  statement in this regard. See also 
Duffy  (1990). 

2 A number of court  cases  have  reinforced the multiple-use  mandate in the legislation (see 
Huffaker  and  Gardner  1987). 
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sector  and the role of public  range. 

The  economics of multiple  use  is  the  focus  of  the  third  section.  Since  biophysical  aspects 
of  resource use are an important  component  of  economic  analysis,  these  aspects  also  appear 
throughout the discussion.  The major problem in implementing  the  economic  models  examined 
is  lack  of infomation and data concerning  rangelan&  however, the  purpose  here is simply to 
identify  methods of analysis.  Throughout the report,  reference will be made to existing  literature 
on range  economics,  obviating  the need'for a separate  literature  review.  The final section 
presents  conclusions  and recommendations. 

Finally,  the  focus of  the current  study is on rangelands, but the  techmques  that  are 
discussed,  particularly  in  the  section  pertaining to the economics of multiple use are relevant  to 
the broader  issue of land use conflict  and  multiple use of  public  forest  lands.  The  approach  to 
multiple use discussed  here  is  not  considered in any of the  other  background studies. 
Nonetheless,  it  is this approach  to  multiple  use  that is relevant to making  economically  efficient 
allocative  decisions  regarding  land uses. Determining  optimal nadeoffs among  land  resource uses 
is also important  for  cost-benefit  analysis in the  context of managmg  public  forest  lands. 

BACKGROUND TO RANGELAND RESOURCES 

This stuay  begins  by  defining  the  bioeconomic  unit  of  measurement  describing  use  of 
ageland resources,  namely,  the animal unit  month (AUM). An AUM is the  amount  of  feed or 
ranee services  required to maintain a  1,000-pound  cow or its equivalent for a period of one .~ meith. ~n alternative  defininon is that it is the amount  of pasture  services  required  to  support 
a COW and  her  calf  for one month;  nursing  calves  less  than 4 months  old  exert  little  pressure on 
the  forage  resource  (Workman  1986,  p.180). 

Cattle  equivalents are defined. in terms  of  100-lb. units or 0.1 AUM. Thus, the  forage 
nquirements of a  domestic  sheep are considered  to be equivalent  to 0.2-0.25 AUM and  those  of 
a horse to 0.15 AUM per 100 lbs.  The  general  formula  for  converting  the  forage  requirements 
of other animals is (see Workman  1986,  pp.  149-50): 

,'5/A@'5 = (W/AQ3I4, 

where W is  the  weight (in lbs.) of the  animal  in  question  and AU refers to a  1,000-lb.  cow. 
However,  in  converting wildl i fe forage  requirements (e.g., elk)  to AUM equivalents,  it  is 
necessary  to  keep  in  mind  that the conversion  formula  assumes  similar  foraging  habits,  which 
is obviously  not  the  case (Pia 1982). Some animals are grazers  and some are browsers,  while 
others are mixed  feeders. Nument requirements  and  comparison of AUMs cannot  truly  be 
represented by the  foregoing  formula;  not only do  feeding  requirements  and  habits vary by 
species, for example, but according  to the breed  of  cattle. This makes it  difficult to evaluate use 
of rangeland by  wildlife  in AUM equivalents. 

Research  indicates  that, on average,  about 300 kg  of available  forage  is  required to 
support one AUM (Nordsmm  1984, p.54). A very  rough rule of  thumb for determining  the 
amount  of  grazing to pemit on grasslands  is  to estimate the total  forage  yield,  allow  a  45% 
carryover  to  avoid  damage to the  range,  and  divide  the  remaining  forage  by the requirements  of 
one AUM. It  is  not clear,  however, if this rule holds for  forest  range (e& clearcuts). 

Multiple  use of forest  lands  for  timber  production  and  grazing  has  the  potential to enhance 
allocative or economic  efficiency  of  land use. However,  a  "major  area  of  disagreement  concerns 
the  effect  of  grass  and  grazing on conifer  regeneration  in  transitory  range  such as clearcuts  and 
burns, as  well  as  loss  of  forage  production  and  summer grazing areas due to  single-purpose 
logging  and  SilViCUlNal  practices" (Nordsuom  1984,  p.1). While economic  efficiency  and  other 
aspects of multiple use are the  topic  of  a later  section, in this section  the  conflict  between grazing 
and  timber  production  is  examined  primarily from a biological  perspective.  The  discussion 
Proceeds by providing  a  brief  summary  of B.C.3 rangeland  inventory. 

Rangeland Resources in British Columbia 
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There are approximately 8.5  million  hectares  of  rangeland  in  B.C.  administered by the 
government,  with 90% utilized by cattle (95%), horses (4%) and  sheep (1%) (Ministry of Forests 
1989,  p.11).  Publicly-managed  rangeland  resources  are  important to the  livestock  industry of  the 
province,  providing  approximately 1 million AUMs  of  forage to the ranch sector of the  economy 
each year  (Table  1).  There are two important things to keep in mind  about  these figures. Firstly, 
there  is  evidence  (discussed  in  a  later  section)  that  the  public  rangeland  can  support  greater 
numbers  of  cattle  simply by allocating  the  range more  efficiently.  Efficient  allocation of range 
resources is important  given  that  lack of range  access is considered to be a substantial  limitation 
to  expansion of the  industry  (Talisman  1989).  Secondly,  effective utilization of rangeland  tends 
to  be concenmted in  the  southern  part  of the province,  in the Caribou,  Kamloops  and  Nelson 
forests, with some  utilization  in  the Peace River  region  (Tables  1 & 2). The Kamloops  Forest 
Region alone contains  almost  one-third of  the provincial beef cow herd. 

Rangeland in  B.C.  can  be  categorized in a  variety  of different ways. A simple  method 
is to split  all  rangeland into two main  categories-open  range  and  forest  range.  Open range refers 
to  land  rhat  is  not  used  primarily for timber  production  and  the  successional  and/or  climax 
vegetation  includes  few  large trees; the  canopy  cover  is  almost  negligible. Open range  is 
generally  found  in  the  southern  interior (see Table  3),  the  result  primarily  of  a  drier  climate  that 
does  not  permit  extensive  forest  growth.  However, this need  not  always  be  the  case  since  open 
range  can  also be the  result  of  extensive  clear  cutring  with no subsequent  establishment of 
secondary  forest  growth.  Forest m g e ,  on the other hand, consists of land that  is  currently 
forested or has  been  clearcut  and is designated for commercial  timber  production.  Forest  range 
constitutes the  largest  component  of  the  province's  rangeland resources available  for  grazing, 
except  in  the  Vancouver  and  Prince George forest  regions  (Table 4). Areas  growing non- 
commercial  timber are included  in  forest  range, as are  forest  meadows,  alpine and wetlands. 

The Minisay of Forests  (1980;  1984)  attempts to provide  more  detailed  inventories of 
rangelands, but this seems to be a  difficult task. Definitions of  what  is to be included  in  the 
various  categories of rangeland  appear  to  change  from  one  period to the  next;  there are a  variety 
of different  classifications of rangeland  depending  upon  the  purpose  of  the  categorization 
(compare  Tables 4 & 5); it is  unclear  how  range  classitication  and  productivity  are  related  to use; 
there  is no effective  and  comprehensive  inventory of provincial  range  resources;  and  monitoring 
of resources  is  lacking  (Ministry of Forest  1989,  pp.37,  59). The following  categories of 
rangeland are defined by the Minisay of Forests  (1984,  pp.B39-B42). 

1. Open range  consists of a  variety  of grasses and  forbs,  with some old  pine  and fK 
present. open range  is  generally  located  at  elevations of 700 to 900  metres,  divided  into  three 
elevations:  lower, middle, and  upper  grasslands.  Lower  elevations are important for spring  and 
fall  livestock  grazing,  while middle and  upper  levels  provide  summer  range.  Precipitation  tends 
to  be  low  and production  falls  in  the  interval 550-1,120 kg of air-dry forageha; open  range 
provides  excellent  grazing  for  both  cattle  and  wildlife,  and  this  interaction is a  source  of  conflict, 
as  discussed  later.  Information  about  the  location  and  importance  of  open  rangeland  in  B.C.  is 
provided  in  Table  3.  As  noted,  open  range is important  primarily  in the southern  interior-the 
Caribou, Kamlmps and  Nelson  forest  regions. 
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2.  Wetlands  provide  excellent  summer  grazing  when soil moisture  is  low  enough  to permit 
cattle. Productivity is about  1,500-4,000  kg of air-dry forage per hecm.  This range type is 
panicularly  important  in  the Peace River  (Prince  George NE) region. 

3. AlDine range is  used  primarily in late  summer  and  can be fairly  productive.  It  is  found 
at  upper  elevations  and  can  easily be degraded by overgrazing. (In Table 5 ,  it is  included  in  the 
"other"  categ0ry.j 

4. In the  Ponderosa  uine  forest,  water  scarcity limits forage  productivity  and grasses 
dominate  a  poorly  developed  shrub  layer. This range is used  primarily for winter,  early  Spring 
and  late  fall gradng. Although  forage  can  be  of  high-quality, the range  must  be  carefully 
managed  to  avoid degmdation. This range type constitutes  0.1% of the area and a  negligible 
mount of  harvested A m .  (In Table 5,  it is included with the  next  category--Dry  Forest 
range.) 

5. Drv forest range is  found  primarily  on stands of douglas-fir  and  lodgepole pke mix in 
the  southern  interior.  The  herb  layer  constitutes  pine grass and  associated  forbs. This range is 
used mainly in  the  summer  and  produces an avemge  of  about  275 kgha of air-dry  forage. 

6 .  The  Lodgeuole  Pine  range type is  found  extensively  throughout  the  interior of  B.C., 
particularly  the cenaal interior.  It  is  used  for  summer grazing and  can  produce  550  kg  of air-dry 
forage  per ha  at  low  stand density.  Burning  and thinning can be  used to increase its productivity 
(see discussion  below). It is on this type of  range  that  there  exists  a  great  potential  for  conflict 
between  wildlife  and  cattle. 

7. Clearcuts  in  the  wet  forest constitute  rangeland  that is used  extensively  for summer 
grazing. Again there  is a  great deal of  potential  for wildlifdcattle conflicts  due to  competition 
for browse  in  denser  lodgepole  pine  stands. 

8.  Deciduous foresthansitional range type is  only  used  for  cattle in the Peace  River 
region.  It is characterized by a  rich  understorey--herb  and  shrub  layers are rich  in  nutrients-, 
sufficient  water,  and  a  productivity  in  the  neighbourhood of 1,ooO  kg of air-dry forageha. This 
range type  is  generally  used for community  pastures (see Barichello  1978). 

Transitionallbrush  and urban range types are also identified by  the M i n i s t r y ,  but  their 
characteristics are similar  to  one  of  the types described  above,  depending  upon  location. In 
addition  to  the  distinction  between  open  and  forest  rangelands  described  above,  the  Minisay 
aggregates  categories  1, 4 and 5,  plus  clearcuts in  the  ponderosa  pine  and dry forms, into &y 
raneeland. Such range  accounts  for 47% of  the forage  utilized by livestock  and  5.3%  of  the  land 
area.  Wetland, transitionalhrush, clearing,  and urban range types represent 15% of the  land  area 
and 38.1% of the  AUMs harvested. A summary  of the occuxrence  and  importance  of  the  various 
range  categories  in the province is provided  in  Table  5. 

Possible  conflicts  between  domestic  livestock  grazing  and  timber  production on clearcuts 
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are discussed in  the  next  section.  Clearcuts are transitional forest rangeland  because  they are in 
the process  of  becoming a commercial forest--amsitionaI between  old growth and  second  growth 
forest. The occurrence of  this  range type by forest  region  is  described  in  Table  6. Unlike the 
U.S., there  appears  to be no range  forage  situation  (range  condition)  report  available for B.C. (see 
Joyce  1989). 

GrazingfTimber Production Conflict on Forest Range' 

In addition to recreational use and  watershed  functions,  forestlands in B.C. can be  used 
for wildlife and  domestic  grazing  and  timber  production,  although it is not clear to what  extent 
one use (domestic  grazing)  interferes  with the other  (timber  production).  Forest  rangeland  can 
be considered to be either  herb and shrub  dominated  (early  successional  forest) or uee dominated 
(late  successional or climax  forest).  Forage  prcduction declines in going from the former  to  the 
latter, with perhaps  the  most decline in forage  occurring when  overstory  cover  reaches  20-3070 
(Nordstmm  1984, p.63). As illushated in  Table 7, the grazing productivity of forest range is 
substantially  lower  than  that  of  clearcuts.  However,  forage  productivity on forest lands is 
substantially  higher  than on open range, perhaps as high as 10 times (Quigley  and  Banlett  1990, 
P.2). 

When a  forest is initially clearcut, seeding grasses is  a  silvicultural  practice  that  can  be 
used  to  initially  stabilize  the  clearcut  site  and  reduce soil erosion. By seeding appropriate 
domestic grasses or mixes of grasses, the site can provide good forage for  cattle  for  a  period of 
15-20 years: Studies in  southern  B.C.  indicate  that seeded lodgepole  pine/Engelmann  spruce 
clearcuts  should  be  grazed  for  3-4  months  during  the s u m m e r  grazing season, with each  pasture 
utiLzed for  only  30  days.  Based on this recommendation,  0.73  hectares of range will support  one 
A M ,  there  is good pasture  utilization (7545%). and  the  range will produce  about 60 kg of beef 
per  ha  per  year (Nordsmm, p.49). 

Seeding of domestic grasses is done either  manually or aerially,  but  seedbed  preparation 
(e.g., scarification)  and  fertilization is usually  prescribed to get  rid  of  undesirabie,  competitive 
vegetation  and  enhance  range  productivity (Nordsmm, pp.24-32).  Although  Nordstrom  reports 
on a  number  of  studies  that  have  examined the effects  of  scarification, fenilization, plant  varieties 

'Much  of  the information  in this section  comes from Nordsmm (1984). This review  should 
be consulted  for  additional detail and  explanation. 

4Nordsuom  (p.49)  cites  an Oregon study  indicating  that  the site could  provide  forage  for as 
little as 6 years, but the  majority  of  studies  indicate  the  clearcut  range will provide  forage  for the 
length of time indicated. 
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and grass mixes (pp.15-31).  there  is  a  conspicuous  absence  of  economic  feasibility  studies? The 
only  studies  of  economic  feasibility  of seeding that  the  current  author is aware of have been for 
open  range in the U.S.. These studies  indicate.  that,  in  some  instances, it is feasible from a  social 
standpoint  to  plow  overgrazed  public  rangeland  and s e e d  it to  more  productive grass varieties 
(see Stevens  and Godfrey 1972). 

The primary use of clearcut  forest land is commercial  timber  production.  Although  such 
land may  be  used for cattle,  there is conflict between range and forest users over  possible  damage 
to uee seedlings by cattle.  Research  indicates  that  the potential for damage and the actual  costs 
of such damage depend on whether or not  the  clearcut is seeded to domestic grasses, whether  or 
not uee seedlings are  planted,  the  species,  the  stocking rate, the  presence of wildlife ( e g ,  
big game, rodents), and so on. The evidence  indicates  that, with appropriate  management, the 
damage to me seedlings from domestic livestock is minimal. The damage  that does occur is the 
result  primarily  of  repeated  uampling,  and t h i s  occurs  as a result  of overgmzhg or where  cattle 
congregate. One strategy,  therefore,  is to employ  appropriate  management  tactics (e.g., fencing, 
location  of  salt  and  water,  and  slash  removal)  to  reduce damage. However, the  costs  and  benefits 
of such  strategies need to  be  studied.  Another  suggestion  is  that  grazing  be  prevented until trees 
reach 2-3 meters  in  height, but this  reduces  the  economic  viability  of seeding clearcuts  for 
domestic  cattle use. 

While trampling is a  problem, damage from  other  causes,  such  as  browsing by game 
animals  and  rodent  damage,  may  be  greater (see Nordstmm  1984,  pp.54-57).  Further,  domestic 
grazing can help  in  establishing  a  seedbed for uee seedlings and  conifer  release  where natural 
regeneration  is  relied  upon,  and  can  be  used  as  a  method  of natural and  random thinning. Thus, 
it is  possible  that  domestic grazing on clearcuts aids forest  reproduction. While studies  have 
focused on the  interactions  between  forage, trees and  livestock,  there  is  little  information  about 
economic  aspects of these  multiple use interactions.  Perhaps economic losses to loggers resulting 
because cattle increase the  time  required  to establish a second growth forest are  more  than 
compensated for by gaim to livestock producers. 

In summary, as  Quigley  and  Banlett  (1990)  report,  "recent  research  has  demonsaated  that 
livestock grazing has  potential as a  silvicultural  tool. Grazing has been found  to be  an effective 
technique of brush control,  seedbed  preparation  under  timber  stands, and  as an effective  technique 
to  obtain  income  from  timber  land  between  harvest  cycles"  (p.2). The economics  of  livestock 
grazing  and  investments  in  forest  range  improvements  need  to  be  investigated  further  for  B.C. 

Investments in Range Improvements 

'Nordstrom  does  review  economic  studies of range  management,  but  that  review  constitutes 
but a single  page (p.70). However, he does list eight  economic  questions  that need to be 
addressed  if  conflicts  between  forest  and  range users are to be resolved  (p.71). 
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There are a  number of management  practices  that can enhance  the  productivity of 
rangelands.  Seeding  of  forest clearcuts to forages has already been mentioned  Although  native 
forage  is  available on clearcuts,  there are benefits to seeding  domestic  species. In addition  to 
such  benefirs as erosion  control,  increased soil fertility and  mitigation  against  weed  invasion, 
seeding  of  domestic  species  increases  productivity of the range  for caale (Nordstrom  1984, 
p.14):  However,  there is little  information  concerning  the  biophysical  aspects of seeding 
clearcuts (i.e., yields, competition among plants  and  tree  seedlings,  fate  and  persistence  of seeded 
forages,  rate of recolonization of native plants,  etc.), let  alone economic feasibility. 

On forest  lands  that  have not been  denuded,  management to improve  forage for livestock 
consists of tree thinning  and  prescribed  burning. While thinning is not economically  feasible  due 
to  the  expense  of  slash  removal,  the same is likely me for prescribed  burning.  However,  there 
is little or no economic information about  these  management activities, although  biophysical 
studies  suggest  that  prescribed  burning  holds  the  most  promise  for  Ponderosa  pine  range,  for 
example. 

Finally,  there  have been economic  studies  that  examine  the  feasibility of cultivating  open 
range  and  seeding  domestic  forage. These studies are the result  primarily of efforts in the U.S. 
to restore  range  that  had  previously been overgrazed  Investments  in  range  improvements  via 
plowing  and seeding, provision  of  inputs  (water,  fencing),  and  prescribed  burning  or  chemical 
spraying to eliminate  unproductive  species  have  occurred  primarily as a  result of political  factors. 
Although  Congressional  appropriations  in  the U.S. for range  improvements  require a cost-benefit 
analysis, this has  not  always been the  case in practice. Ex post analysis of investments  in  range 
improvements near Vale,  Oregon, for example,  indicate  that  such  investments  were  only 
marginally  feasible  (Stevens  and  Godfrey  1972).  However,  the  rangelands  chosen  for 
improvement  were  considered to be less  productive  than  alternative  sites. 

In summary,  investments  in  range  improvements  can  enhance the productivity  of  both 
forest  and  open  rangelands.  These  investments  include  prescribed  burning,  seeding (with or 
without  seedbed  preparation),  and  physical stTucm (e.g., fencing). Along with herd 
management  (location  and  duration  of  grazing),  investments  can  increase  the  output of the 
livestock  sector.  Although  studies  of the biophysical  interactions  of  these  management  techniques 
are  ongoing,  too  little  attention is given to  their  economic  aspects.  Economic  analysis  of 
rangeland  investments  indicate  that  some  yield net benefits to society,  but  that  others  result  in 
losses. It  is  important  to  idennfy  range  investments  that are efficient,  weeding  out  projects  that 
are unable to cover  society's  costs, where  the  latter  include  the  opportunity  costs of other uses. 
It is also important to idennfy  possibly  profitable  projects  that have been overlooked. 

6 One study of burn  sites  found  that  yields  on  seeded  sites  were 3,400 kg/ha  compared to 
1,300  kg/ha on sites  left to regenerate on their own; undisturbed  sites  yielded  about 500 kg/ha 
(Nordsuom  1984,  p.49). 
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ForagdCattleWidlife Interaction: 
Range Condition and Production Function 

The interactions  among  vegetation  (forage),  domestic  livestock  and  wildlife are important 
in the  context of range  management;  they are also  important  considerations  in  economic models 
of  multiple use of forest  rangelands. In this section, these interactions are examined  in  greater 
detail. 

Systems  Modelling. The integration of all  possible  interactions  in  a  systems model of 
rangelands  and  their  management rarely occurs in practice,  primarily due  to  difficulties  in 
modelling  such  interactions.  Nonetheless,  simple  models may be useful as an aid to  policy 
makers as illustrated by Walters  (1986). A possible  systems  model is provided in Figure 1, 
which is adapted  from  Starfield  and  Bleloch  (1986,  p.93). (These authors  provide  a  model  that 
includes  vegetation  and grazing by different species of wildl i fe in southm Africa.) The model 
is essentially comprised  of three modules  identified by -gular boxes.  Exogenous  factors or 
management  decisions are enclosed by  an oval  or  circular  line. 

In Figure 1, biophysical  factors  such  as  precipitation,  location, et cetera are insmental 
in  determining  the types of vegetation  (species  and  competition),  and the quantity  and  quality of 
vegetation,  that  is,  the  "range  condition"  (Dyksterhuis  1949).  Range  condition is also  affected 
by  grazing  and  human  intervention  (viz.,  range  investments), as indicated  below. In order  to 
simulate  the  herbivory,  it  is  necessary  to  identify  the  various  herbivores  that use the  range,  the 
plants  they  eaf, the amounts eaten,  the  interactions among herbivores,  and so on. Based on this 
information,  population  growth  over time for cattle, elk and  other  users are consaucted. 
Population growth minus  harvests  over time have  a  feedback  effect on future vegetation  and 
range  condition, as do  range  investment  and  stocking  decisions  and  exogenous  biophysical 
factors. 

Development  and  implementation  of a systems  model  is  beyond  the  scope  of  the c m n t  
study. It is  a  research  task  that requires interdisciplinary  cooperation among specialists in a 
number  of  fields.  Given  the  nature  of  rangelands,  models will need to be  site  specific,  and  will 
likely  need  to  account  for  movement  of a n i m a l s  (both  domestic  and wildliie) between regions. 
Simple  systems  have  been  constructed  by some researchers  (e.g.,  Huffaker  and  Wilen  1989). but 
these  tend  to  be  rather  esoteric,  appealing  to  mathematical  modellers,  because data are generally 
unavailable. 

Production  Relations. Utilization of the  range by cattle  is  a  function  of  the  relative 
palatability  and  availability of forage. The presence of  slash from logging  operations 
significantly  lowers  utilization,  for  example,  although  slash  helps to  control  erosion. The mix 
Of domestic  and  native  forages,  and  the types of domestic  forages that are. seeded,  affect 
utilization. 

It is possible  that  the  production of forage on the  range  is  increased  as a result  of  efficient 
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allocation  of use rates and  planting  of grasses that  increase  in  productivity when  they are grazed. 
"The term 'range  condition rend' refers to the  direction of change in forage  composition  and 
productivity on a  range site, normally  in  response  to  grazing"  (Nordstrom  1984,  p.52). 
Competition from native  herbs  and  shrubs  leads  to  a  downward mnd in  range  condition  unrelated 
to  livestock  urilization,  while  grazing may result  in an upward or downward  trend  in  range 
condition. 

Dyksterhuis  (1949)  identifies three types  of  vegetation  according  to  their  impact on range 
condition:  decreasers,  increasers  and  invaders. The decreasers  and  increasers are "species of 
undisturbed  and  relatively  stable  or  climax  plant  communities,  whereas  invaders are not" (p.  108). 
The decreasers  and  increasers are grasses and  forbs  that are palatable  to  herbivores,  although 
palatability  varies from one  species  to  the next Although it depends  upon  location, an example 
of an increaser  is  Sandberg  bluegrass,  while  bluebunch  wheatgrass is an example of a  decreaser, 
a  native  forage  that  declines  as it is grazed by cattle  (Anderson  1962,  p.247).  Knapweed  is  Iikely 
the  most  problematic of the invaders,  at  least  in B.C.  However, from the  perspective  of the 
rangeland  resource, trees are. also  a  major  invader  (although  loggers are unlikely to think of trees 
as an invader  species). 

T h e  relation  between  &creasers,  increasers  and  invaders  provides  a  quantitative measure 
of range  condition  (Dyksterhuis  1949) as illustrated in Figure 2. As  the  range is grazed, the more 
palatable  decreasers  begin  to  decline,  but  increasers axe able to expand  their  cover.  However, 
as the  availability of decreasers declines and  increasers are utilized to a  larger  extent,  they  also 
begin to decline,  thereby  permitting  invaders  to  overtake  the  range.  Dyksterhuis identifks 
overgrazing as the main cause  of  depletion  of  the  range  resource. In 1986,  18% of BLM 
rangeland was considered  to be in  poor  condition,  while 35% was  in  good  or  better  (excellent) 
range  condition; 20% of Forest  Service  rangeland was thought to be  in  an  "unsatisfactory 
management  state"  (Joyce  1989)? 

Production  functions  for  a range are indicated  in  Figure 3. Rather  than  constituting  a 
"single-line"  frontier as is  typical  in  production  economics  theory, the vegetation  production 
function  is  a  thick  curve. The upper line (A)  represents  conditions  where  forage  plants  are 
vigorous, while the  lower line (B) represents the average  lowest  yield  recorded  for  the  range 
condition--low-vigour  forage  plants  (Anderson  1962,  p.246).  Vigour  is  affected  not  only by 
weather, but also by grazing  and range investments (e.g., burning  and  fertilization). If vigour  is 
related  primarily  to  the  stocking  rate,  then  one  can  consider  the  upper  line  to  represent  the  case 
where  the  stocking  rate permits the  range  to  recover,  while  the  lower  line  represents  overgrazing. 
In the  former  case, it is possible  (perhaps  with  other  investment) to improve  the  range,  while,  in 
the latter  case,  range  condition mnd is negative. This is indicated by the directional arrows on 
lines A and B  in  Figure 3. 

Utilization and  carrying  capacity of the  range  are  also  illustrated  with an example  in 

'As reported by Quigley  and  Bartlett  (1990). 

.. 
Figure 3.'  Domestic  cattle  and  antelope are assumed to graze on the  range in question.  Since 
each animal prefers  a  different  species of plant,  utilization  and canying capacity far  cattle  and 
mtelope vary with range  condition as indicated  at  the  bottom of the diagram. The bottom rows 
in the diagram provide some information  regarding  the tradeoff between  domestic  and wildlife 
@g, information  that  is  important  in  deciding  optimal  multiple use of rangelands, as discussed 
in a  later  section. 

McKelvey  (1980)  develops  a  dynamic  mathematical  model to analyze the interaction 
among  vegetation,  domestic  cattle  and wildlife grazing, and  the  effect  of  stocking rate (harvest 
of vegetation)  decisions  on  the  dynamics of the  system.  Such  analytical models are particularly 
helpful  in  identifying  possible system instability  and  critical  levels  where  economic 
irreversibility  occurs,  although  economic  considerations are often  ignored in these types of 
ecological  models.  Further  research  is myired in B.C. to identify  at  least  the  range of  values 
where  critical  interaction  occurs,  particularly with reference  to  the  knapweed  problem, and  the 
costs  and  benefits of maintaining  a safe minimum standard (see Ciriacy-Wanmp 1968,  pp.253- 
68). 

?he example  is  for  Texas  (McKelvey  1980). 



BACKGROUND TO RANGELAND MANAGEMENT 

For the  purposes  of  the  current  study, it is useful to clanfy  what is meant  by the terms 
range  munagemenr and range economics, that are often used to describe the same notion.  There 
are some who  make  a distinction between ranch  economics, range management and range 
economics.  Workman  (1986)  suggests that ranch  economics, which  has  been practised since  the 
1870s.  refers only to  the  application of  economics to ranch  management  decisions  (p.2).  As  a 
discipline,  Workman argues, range munugemenr, which did not appear until around 1910-1920, 
deals  with  questions  of "will it  work--the biological questions. Range  econom'cs is considered, 
by Workman, to be  a  subdiscipline  of  range  management because it deals  with  questions  of  "will 
it pay"--the  financial  questions.  Unfortunately, this taxonomy is misleading and results in 
jurisdictional  disputes  that  could  hamper  efficient  allocation of range resources. As conceived 
by  the  current  author,  economics  is  a  subject  with a broader scope  than that implied  by 
Workman. 

Rather  than  employing Workman's rawonomy, the  following is adopted. Ranch  econom'cs 
and  private  range  management are synonymous and a  subdiscipline of farm  managemeng  the 
term  farm  management  is  preferred  because it refers to a  well-known  body  of  literature  and  tools 
of  analysis. Farm management  concerns  private  evaluation  of  on-farm  resource  allocation  and 
marketing  decisions,  subject to both  institutional  and  biophysical consmints. This is why  farm 
management  is  often  considered  a  subset  of  production  economics.  As  indicated  below,  tools  of 
production  economics are useful in analyzing  multiple  land use. 

Since  questions  concerning "will it pay"  cannot be separated  from  those  dealing  with "will 
it work", it is clear  that  the  economic  consequences of range  management  decisions  cannot  be 
separated from biophysical ones. The biophysical  constraints  constitute the production  function 
of  economics--the tradeoff function among competing  land  uses.  Therefore, range economics 
cannot  be  practised  without  input from biologists, and biologists  cannot make efficient 
management  decisions  without  input  from  economists  (Nelson  1983,  p.41). As a  result,  range 
economics and range  management are the same thing, a subset  of  natural resource economics or, 
perhaps  more  appropriately,  a  subset  of  ecological  economics  (Costanza  1989). The terms are 
used  interchangeably in the  current  discussion? 

Role of Public Range in Cattle Operations 

Cattle  operators  can  be  divided  into  four  categories: cowsalf, cow-yearling,  background 
and finishing. Cow-calf and cow-yearling  operators  have a substantial  investment  in a cow  herd 
which  generally  includes one steer  for  every 20 cows. Steers are replaced  every h e  years. 

'%I his historical  ovelview of range  legislation  and  research,  Gray  (1983)  makes no 
distinction  between  ranch  economics,  range  economics and range  management 
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Approximately 80% of the  cows  give  birth to calves  which are born in the early  spring  (see 
Kearle  and  Hoye  1983,  p.19). In the  fall,  15% of the  herd is generally  culled  and  calves are sold, 
except for  those  to be  used as replacement  heifers. (For genetic reasons, replacement  steers are 
always  purchased.) A cow-yearling  operator will keep  the  calves  somewhat  longer,  selling  them 
the  following  year  as short or long  yearlings  depending upon whether  they are sold in  the spring 
or  fall,  respectively.  Background  operators  have no investment  in  a  cow  herd  but  purchase  calves 
in the fal!  for  sale  the  following  year. Finishing occurs in beef  lots. 

In B.C., cowsalf and cow-yearling  operations  dominate.  These  activities also rely  most 
upon  range resources. The  B.C.  livestock  sector  has  traditionally been a  supplier of feeder  cattle 
to  Alberta and other  beef  lots. The B.C. herd  constitutes  about  220,000 beef  cows  and 75,000 
dairy cows,  with an annual  production  of  about 235,000 calves. 

Cattle  feeding  can  be  divided into six periods per  year, two of which are during the 
winter.  For  B.C., Graham and  Borth  (1988,  p.285)  employ  the  following  feeding  periods: 

1. early  spring  (May 1 to  May  31), 
2. early  summer (June 1 to July  15). 
3. summer  (July 16 to September 1 3 ,  
4. fall  (September 16 to  November 30). 
5. winter  (December  1 to February 28),  and 
6. calving  (March  1  to  April  30). 

The  year  can  also  be  divided  into  monthly  feeding  periods or ones  that  differ from the  above, 
but, practically  speaking,  these are a  function of  when calves are born  and  the  availability  of 
range  and  pasture  lands  (i.e.,  climate  conditions). In general,  range and pasture  lands are not 
available  during  the  winter  and  calving  seasons,  but  cattle  might  be  able  to graze on public  range 
and private  pastures  found  at  low  elevations  in  southern  regions. 

The rancher  has  to make decisions  concerning  the  allocation  of his or her  owned  improved 
and  unimproved  lands  subject  to  the  availability of public  range  or  community  pastures." 
Tenure  requirements  may  also  make  the  rancher  responsible  for  allocation  decisions on public 
range,  subject  to  the Ministry's constraints."  Ranchers are given  either  grazing licenses, that 
provide  some  guarantee  regarding  long-term use of the  range  and  require  that  they N e  
management  plans, or grazing  permits,  that are renewable  but  subject to periodic  review. (To 
qualify  for  either  a  license or permit,  producers  must  show  that  they  can  support  their  herd  during 

"Improved  lands  are  those  that  have  been  seeded  to  pasture,  tame  hay,  alfalfa  or  some  other 
crop;  unimproved  lands  are  meadows  and  pastures  with  native  grasses,  forbs  and  browse  that 
have  generated  naturally,  wetlands,  brush  and  waste  lands,  and  forest  lands. 

"One problem  of  tenure  concerns  grazing on clearcuts  where  herds  must  be  moved  from one 
spot to the  next.  In  this  case,  existing  ranchers are preferred  over  entrants  because  herd 
behaviour  has  been  established,  makmg it easier  to  move  herds  and  satisfy  Minisny  regulations. 
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periods  when  public  forage  is  not  available  (Ministry  of  Forests  1989,  pp.15-16).) In practice, 
permit  renewals  have  been  administered  in  a  way  that makes them almost indistinguishable  from 
licenses,  but  the Ministry is not  satisfied  that  licenses  provide  adequate  long-term  guarantees to 
commit  producers  to making range  improvements (Ministry of Forests 1989,  p.31). In the U.S., 
researchers  have  urged adoption of  perpetual gradng rights  since  these  provide  incentives  for 
sustained  management of range  vegetation  (Quigley  and Thomas 1989).  Debate  about  these types 
of institutions  is  also taking place  in B.C.’’ 

The costs to the Minisay of managing the range  resource  and  providing  support  services 
to the  livestock  sector  is  approximately $6.0 million per year (Ministry of Forests  1989,  p.19). 
Given  that  almost 1 million A M  of grazing occur on public  lands  and  that  the  1988 grazing 
fee was  %1.75/AUM, revenues  amount  to  about $1.75 million. or about  30%  of  costs. The 
Ministry proposed to increase  the grazing fee to $2.30/AuM for 1989,  thereby  recovering 
approximately  38.5%  of  annual  costs  (Ministry of Forests  1989, p.18).13  By arbitrarily 
amibuting only half  of the aforementioned  costs  to  supporting  the  livestock  sector with the 
remainder  to  other  rangeland  functions,  the  Ministry  suggests  that 60% or more  of its costs  are 
recovered 

Whether  or  not  the  industry is subsidized  depends upon the  actual  market value of an 
AUM of grazing  and  the  efficiency of providing  the  public  services  to  the  livestock  producers. 
Basing  charges on management  costs is inappropriate from an  economics  standpoint  since  costs 
do not reflect  values. In any  event,  it  does  appear  that  the  livestock  sector  is  receiving  a  subsidy, 
but it may only  be  comparable  to  that  received by U.S. producers.  Godfrey  and  Pope  (1990, 
pp.6-7)  estimate  that,  in  1983, the m e  opportunity  cost of one AUM of grazing  in the U.S. was 
$2.44.  Even  with the  increase  in  BLM grazing fees for 1989,  the fee would  only  be 
approximately $2 in  U.S. funds. 

Since  cattle graze in areas where  they  come  into  conflict with wild animals,  there  is 
always  potential for conflict. In some  cases,  cattle are lost  due to predation,  although  this seems 
to be  a  minor  problem.  A  second  and  greater  problem  concerns  what Pin (1982)  has  termed 
homesreader elk. These are big game animals (elk) that  feed on private  feedstocks  along  side 
cattle  during  the  winter  months. This  imposes an external  cost on the rancher  since he or she 
is not able  to  capture  the  benefits  associated  with the maintenance of the elk. However, this 
problem is easy  to  overcome  with  compensatory  payments from hunters  or  the  government  to 
ranchers. The same is m e  if predation is a problem:  to  prevent  ranchers from trapping and 
killing predators,  the  government may need to make payments  to  ranchers. 

1 ? h e  Ministry  argues  that  permits  need to be convened to licenses,  and  licenses  have to be 
made  more  flexible so that  they  confer  more  rights to producers.  Indeed,  the  Range Program 
Review  recommends  that  the  Range  Act  be  rewritten as soon as possible  (p.31). 

13 The BLM grazing fee was  set at $Cdnl.84/AUM in 1988,  with  a  proposed increase of 25% 
for 1989;  this  is  the maximum allowed  under the U.S. Public Range Improvement  Act  (1978). 

Finally,  there are problems  associated with the  enforcement of range  regulations. Cattle 
often graze beyond the period  permined by the Ministry. Commercial outtitters and  guides 
frequently use public  range  resources  (for grazing by  horses  during  recreational  trips  and at other 
times) without  paying  for  them, as required by the Range  Act. These are problems  related to the 
development  of  appropriate instruments for collecting forage fees, development of appropriate 
and  effective  penalties,  and  simply  enforcement. 

Effects of Domestic Grazing  on  Public  Range and Administered  Prices 

Grazing rights on public  rangelands  and  the  fees  charged to ranchers art not  determined 
in  the  market  place;  public  grazing  fees are an  example of administered prices. In Canada and 
the  United  States,  public  agencies  determine  both  the amomt of  domestic  livestock  that C a n  be 
grazed,  to  whom  grazing  rights  are  given,  and the amount  that needs to be paid to graze animals. 
The  government  agency  responsible for rangeland  management  also makes decisions  Concerning 
range  improvements. 

The effect  of grazing on cmwn  rangelands  and the impact  of  administered  prices  (grazing 
fees)  can be illustrated  via  Figure 4. In the figure, the  derived  demand for range  and p a w  
services is  assumed  to  have the usual  negative  slope.  Although  final  output  price  @rice of beef) 
is  a  parameter  to  the  indwidual beef  producer, it  is  likely  that some of the inputs  into  production 
will  have finite  supply  elasticities,  thereby  giving rise to the  negative  slope. 

The supply  of  private  foraging  services (S,) is upward  sloping  because  sources of supply 
can be ordered  according  to  their  basic unit costs:  unimproved  land  with  little  alternative use 
owned by the farmer,  pasture  land  rented from other  private  owners,  and  improved  land on the 
farmer’s  own propeny which can be  used for hay or grain production (see Barichello  1978,  p.29). 
The  supply  of  public  rangeland (S,) is  determined by public  agency  fiat  and,  therefore,  is 
assumed  to  be  totally  inelastic  at  the  number of AUMs  of  public  grazing  made  available by the 
government  agency. 

The  impact  of  public  grazing  is  illustrated in Figure. 4.  Given  that  there  is  a  public  supply 
of rangeland  services  (measured  in  AUMs)  of  amount  q2ql  (=OR),  the  supply of grazing  services 
is  given by S,+S, and the net  amount of grazing  services  resulting  from  public  provision  of 
rangeland  is  given by q,,q,, with the  actual  amount  depending on the  elasticities of supply  and 
demand.14 The benefits  of grazing on public  rangeland  are the results of two effects. (1) There 
is  an  increase  in the benefits  accruing to cattle  producers  because  the  price of private 
range/pasture  services  has  fallen from Po  to  P,.  This  increase  in  benefits  is  measured  by  the  area 

14 If N is  the  increase  in  total  range  and  pasture  consumption  as  a  propomon  of  the  amount 
of  public  range  made  available (N = qoq,/qlqJ, then N = Ed/@s+Ed),  where Es is the  elasticity 
of supply  and  Ed  is  the  elasticity of demand  (Barichello  1978,  p.29). 
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under  the  demand  function,  namely,  bcQQ. (2) An amount 42% of range/pasture  services  is 
released for use in its  best  alternative. In the current  situation, there is a shift of grazing  from 
own pasture  land to public  range. The freed  pasture  land  can be  used to produce hay or other 
crops  (e.g.,  barley)  that  can  be  fed  to  the  cattle  during  the  winter months. This benefit is 
measured by the  area  ab%%. 

The  private users of the public  range (Le., cattle  ranchers)  pay  a  grazing  fee igJ that  is 
administered  and  likely  below  the  market  price;  There are several reasons why the  grazing  fee 
might be  below  the markt price,  including: (1) the  agency dces not know  what impact  provision 
of public  range  has on market  prices (Le., P, versus Po); (2) the opportunity  costs of providing 
public  range  are  neghgible,  a  result  of normal forest  harvesting  and administrative activities;  and 
(3) the administered  price  structure  is  an  institutional  arrangement  that  has  bestowed  historic 
property  rights  upon  cattle  ranchers. These historic  rights or benefits are capitalized  in ranch 
values  and  withdrawal of them,  now or in the future, will require some form of compensation 
( O b e d e r  1982). 

In terms  of  Figure 4, ranchers  pay a price of P,  for @ AUMs of grazing  services  and g, 
for rhe remaining %q, AUMs. Thus, the net benefits to cattle  ranchers &om public  grazing are 
given  by  area  eabcd in  Figure 4. Net social  benefits  are  less  than  net  private  benefits by  the 
amount  that  the  per  AUM  cost of providing  public  grazing  services  exceeds g, multiplied by OR. 

Whenever  cattle are shifted  from  private  pasture to public  range  during the  spring, 
summer  and fall grazing periods, a  consaaint  upon  cattle  numbers is relaxed The private  pasture 
can now  be  used to produce hay, forages or other  feed  that can be used in the  winter months. 
Thus, an  increase in grazing  permits on public  range will make private  lands more productive 
and  ranchers  better off. Access to public grazing  thus  becomes  capitalized  in ranch values. The 
capital  value is given by area  eabcd  divided by  the  private  discount  rate,  which  includes a risk 
component 

Often  the  public  agency  is  faced with decisions  regarding marginal changes in AUs of 
grazing on public  rangeland.  Perhaps  the  decision  is  whether  or  not to make  a  particular  range 
improvement or whether to reduce domestic  grazing so that  more  is  available  for  wildlife.  Since 
changes  are marginal, the total benefiu of an increase (costs of a  reduction)  in  public  grazing  can 
be  approximated by the  market  price of an AUM of grazing times the  number  of  AUMs  made 
available by the program  (decision). Again, the net  private  benefit of (loss due to) such  a 
decision  is  given  by the change  in  AUMs times the  difference  between the market price  and g, 
However, if the changes in the  availability of rangeland  grazing are normarginal, then an analysis 
similar  to  that of Figure 4 is quired. In this case,  however,  the  amount OR is considered to be 
the change (increase or decrease) in grazing on public  range  rather  than the total  grazing 
available on public  rangeland. 

The diffkulty in the foregoing  analysis is that of determining the costs  of  providing  public 
rangeland. The costs  of  providing this range are not incurred by the private  operators  but  accrue 
to the Minisay. These social  costs are difficult to measure and may even be negligible in  the 
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case  where  excess  capacity exists or where the public  range was previously  poorly  managed (see 
&aham and Borth 1988). The costs of providing  increased  grazing on public  lands  likely  consist 
of two components.  Firstly, the Minisay may  incur  expenses  as a result of providing  increased 
@g on rangelands. These costs  include  increased  administration  costs and, perhaps,  outlays 
for  range  improvement. In any case,  these  costs can be measured 

A more  difficult  component of costs  involves  alternative uses of the range,  including 
primarily reductions in nunient  availability  to  wildlife. A reduction  in  wildlife  numbers  implies 
a reduction  in  the  welfares of hunters as well as those  of  preservationists,  sightseers  and so on. 
If the  range is to be managed in a way that maximizes the total welfare of society,  and  not just 
that  of  one  group in society, it needs to be managed for multiple use. In the next section, the 
issue of multiple use on rangelands  is  examined  in  greater  detail. 

Finally,  there  is the problem  of  setting  grazing  fees.  Efficient  fees  can  determined  by 
means  of  auctions  or  bids. While the Minisay indicates  that  actual grazing rights may  be  worth 
$1.50-39.50/AUM, depending  upon  range  condition,  access  distance,  and so on, it  argues  that 
auctions  are not practicable on the basis of equity and  political  acceptability (Minisw of Forests 
1989, p.60). While these  are  real  concerns  and are discussed in the next  section,  there may be 
l o c a l  monopsony  or  monopsonistic  competition  that  mitigates  against  an  efficient  solution  via 
such a mechanism. An example of this is  preferred  desirable  behaviour by established  herds. 
Appropriate  fee  setting  is  a  difficult  and  politically  dangerous  task,  but  the  best  way  to  move 
toward  economic  efflciency  is by charging  variable fees depending upon, e.g., regional  climatic 
and  productivity  factors, season of use, distance to access,  species of livestock  and,  perhaps, 
breed of animals. Any modifications  to the current  system,  however,  must take into  account  both 
fairness  and  political  acceptability. 
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MULTIPLE AM) CONnICTING USES OF FOREST RANGELAND 

Forest  range has a number  of potential uses that  cannot  be  ignored  in  decisions  concerning 
optimal use. In addition to  logging  and  domestic grazing, such lands have  usefulness in activities 
that are either not measurable  in  the  market  place or are measurable  only with great  difficulty. 
A ncent survey of U.S. Forest  Service  employees by Quigley  (1989)  found that they  considered 
domestic grazing to  conmbute 10% of total value  associated with multiple use of forest  lands, 
timber  15%  water  25%. remation 25% and wildlife 25%. None of these  values  is  insigtllficant, 
indicating  that  multiple use managemnt is an important consideration in  valuing  forest  lands. 
Although studies of  multiple use management  focus on interactions  between  timber,  domestic 
grazing and wildlife gazing, it is important  not  to  ignore  other uses of rangelands. Issues of 
concern  include  such things as conflicts between  recreationaIists  and  domestic  grazing, 
destruction of riparian  habitat  and  deteriorating  water  quality  resulting from cattle conpgating 
near s t r e a m s ,  and  existence  (preservation or nonuse)  values for both unspoiled  environments  and 
wildlife. 

In British Columbia,  section  4(c)  of  the Ministry of Forests Act  requires  that  integrated 
resources  planning  occur on forest  lands,  and  section  4(b) requires that the  resources be managed 
in such  a fashon "having  regard to the immediate  and  long  term  economic  and  social  benefits 
they  may  confer on the province".  However,  "the  presumption is that  timber  production is by 
far the most  valuable use and  that  only  minor  adjustments  in  the  timber  harvesting  plan  should 
be made to  serve  wildlife, outdoor recreation,  wilderness,  fisheries,  and  water  supply  demands" 
(Fox  1990,  p.12). Likewise, because the Minisay's focus  is on timber resources, it appears  that 
range  resources  have  been  neglected  and,  consequently,  may  have  been  inefficiently  managed 
(Graham  and B o d  1988). This may  be true particularly  when  considering the potential  for 
multiple use management. 

Fox  (1990)  identifies three steps  in  order to manage  forest  lands in a way that maximizes 
the  net  benefits from the  resource. (1) It  is  important  to  determine the net  benefits from utilizing 
land  for  each  possible use on a sustainable  basis  in the absence  of  interference from any  other 
use.  (2)  It  is  necessary  to  identify  conflicts  among  different uses and  their  economic  sigrufcance. 
(3) Finally,  combinations of uses must be. examined in an iterative  fashion so that the mix of uses 
that  maximizes  the net benefits  of  the  land  can  be  identified.  That  is,  "each use is  accommodated 
to the extent  that the  marginal  benefit  of  that use equals the marginal  cost  imposed  upon  other 
uses" (Fox  1990,  p.13). This is  the  economic  efficiency  criterion  of  multiple  use. 

Economic  efficiency is only one of  several  criteria  that  can be used to  evaluate  multiple 
use  for  policy  making." In t h i s  study, the following  four  criteria are considered: 

. economic  efficiency, 
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. income  dismbution, 

. fairness,  and 

. political arceptabilify and operational practicality. 

The income  dismbution  criterion  refers  primarily  to  local (e& county-level)  economic  impacts: 
range  management  decisions  have an impact  on  regional  income  redismbution  that Cannot  be 
ignored.  Such  issues are often  analyzed  using  tools of input-output  analysis.  Fairness  and 
political acceptability/operatioual practicality are. similar and will be dealt with in  the same 
section. The former  refers to such things as historic  rights of access to  range  forage  and  access 
to  range by  hunters;  the latter  refers to society's  concern  with  sustainable  development (e.&, 
maintenance  of range productivity),  acceptability of range  management  policies, et cetern. 
Perhaps,  to  be  included with political  acceptability is operational  practicality. This refers to the 
feasibility of  making  decisions  regarding  multiple use in  the  field;  regional  managers often rely 
on rules  of  thumb  and  intuition  when making decisions.  Each of the aforementioned  criteria will 
be discussed  in  the  sections  that  follow. 

Economic  Efficiency and Multiple Use: Static Analysis 

Transformation  Functions for Alternative  Land Uses 

Prior  to the. 1920s,  much  of the southern Rocky Mountain Trench  was  covered  with 
forests. As a  result of intensive  logging  at  lower  elevations  (to Supply a  growing Prairie 
economy)  and  subsequent  fires duing and  shortly  after the decade,  large  rangeland areas became 
available for domestic  and wildlife grazing.  As  a  result,  populations  of  whitetail  and  mule  deer, 
elk and  bighorn  sheep  reached their peaks in the East  Kootenay  Region  during  the  1950s. During 
the  next 30 years,  however, wildlife populations  declined,  partly as a result of overharvesting, 
but  also  because  range  resources  were  limited (see Pitt  1982,  pp.5-6). 

Rangeland  resources  in the East  Kootenays  experience  constraints  that arise from multiple 
use. Forest  succession  and  ingrowth,  combined  with fire suppression,  have  reduced the available 
rangeland,  thereby  exacerbating  conflicts for forages  between  domestic  cattle  and  wildliie.  Since 
1975,  the  Coordinated  Resource  Management  Planning (CRMP) in the  East  Kootenays,  with 
funding from federal-provincial  agricultural programs,'6  has  increased the availability of forages 

"For  example,  the Ministry of Forests  Act also considers the "social  benefits". While this 
term has a  vague meaning, an  attempt to provide  substance to it is provided  below. 

'The Agriculture  and Rural Development  Agreements  between the federal and provincial 
governments  provide  for  cost  sharing  of range improvements--45%  by  each of the two levels  of 
government  and 10% by agricultural  producers. 
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I on public  rangelands.  However,  in the East Kootenays,  there  remains  conflict (1) between  those 

who  wish  to  increase  cattle  numbers  and  those  who  desire  increased use of  the range by wildlife: 
(2) between  those  advocating the land be used for timber  production  and  those  favouring  range; 
and (3) between the aforementioned  groups  and  those who would promote some  form  of 
suburban  development (see Pia 1982). To a  greater or lesser  degree, similar conflicts among 
commercial  timber,  wildlife,  ranching  and  other  interests  characterize  rangeland  conflicts  in  all 
areas  of  the  province. In this section,  the  focus  is pnmanly on conflicts  between  domestic  and 
wildlife grazing, but the economic  techniques d e s c r i b e d  can be used to evaluate  other  land use 
conflicts as  well.  Biophysical  aspects  of  the  interactions  among uses were  discussed in the 
preceding  sections,  although  further  reference  to  such  aspects will be made in the  following 
discussion  as  needed. 

The various  land uses can be considered  outputs produced by  the land  resource. 
Alternative  land  uses are (1) competitive, (2) complementary,  (3)  supplementary, or (4) 
antagonistic (Workman 1986,  p.103).  Competitive  and  complementary  land uses can  be 
discussed  with  the aid of Figure 5. Competitive  products are those for which an increase  in 
utilization of the  land for one use results  in  a decrease in the output fmm the other use. When 
products are complementary  in  their use of the land this implies that an  increase  in  utilization  by 
one use actually  increases  the amount of product  available from the other use. 

In Figure 5,  suppose  that  land use #I refers to domestic  grazing by cattle,  while use #2 
refers to gradng by deer. If the rangeland  is  used only by domestic animals, the  number  of 
AUMs that  can be supported  is given by OH. If the  land is utilized only  by  deer, then the 
carrying  capacity of the  range  is OG. W h e n  cattle are introduced  onto a range  that  is  currently 
used  only by deer,  there  may be an increase in the number of deer  that  can  be  supported by the 
range. By grazing  cattle,  more winter range becomes  available for deer  because  the  cattle  prefer 
grasses  and  forbs  that  compete  with  shrubs  and  other  plants  preferred by a  browser. By grazing 
cattle,  the  shrubs  grow  better,  providing  more  forage for deer. Likewise, if the range is  currently 
used  by  cattle, i nduc ing  deer will incnase the  carrying  capacity of the  range  for  cattle. In 
both  cases,  there  is  complementarity  in  land uses that is illustrated by the segments  GF  and HK 
in  Figure 5. Thus, at  moderate  stocking  levels  and  with  proper  management,  the  interaction 
between  deer  and  cattle  can be mutually  beneficial.I7 

However,  at  higher  stocking  levels,  complementarity  gives way to  competition  for  the 
range.  Competitive use implies  that there is  substitution  between  the  products  available  from  the 
range  and this substitution  can be either  constant  or  increasing. The case of increasing marginal 

17 As another  example of complementary  land uses, sheep are sometimes  grazed  in  reforested 
areas to reduce  competition  for u e e s  ( M i n i s t r y  of Forests 1989,  p.16). The sheep will eat the 
plants (mainly fireweed)  that  compete  with uees in the  early  stages of tree growth. Nordstrom 
(1984,  p.49)  reports  that an Oregon study  found  heifers gained 0.64 kg/day in a  cattle-only 
enclosure, but 0.84 kg/day  when elk and  deer  were  permitted to browse  with  cattle; 
complementary  interaction  actually  increased the forage  available to cattle. 
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~l i fes  of substitution  is  indicated by  the  concave-to-the origin curvilinear segment FK in  Figure 
5. This indicates  that, as more  cattle are fed on the  range,  the  number  of deer that  can no longer 
graze on that  range  increases-deer are displaced  at an ever increasing  rate.  A  constant  rate of 
substitution  implies that the rate at which deer are displaced by cattle is the  same regardless of 
the  number of cattle  that graze on the  range, up  to  the  carrying  capacity  of  the  range  for  cattle. 

The  case of a  constant  rate of substitution  is  frequently  postulated for the interaction 
between elk and  cattle (e&, Cory and Martin 1985). The reasons are twofold.  Firstly, the most 
common  conflict  between  domestic  and  wildlife gazing is between elk and  cattle.  Given  a 
paucity  of information about  the actual shape of the  biological &off function,  it is convenient 
to  simply assume a  suaight  forward  substitution of  some  magnitude. For elk, the  tradeoff in B.C. 
has been  between 0.33 and  0.625 AUM per elk (Pitt  1982,  p.48). A mre recent  estimate  of  the 
tradeoff suggests  that it is 0.33 A W e k  in the summer and 0.43 A W e k  in the winter  (Pin 
1990).18  Secondly,  there is evidence to suggest  that elk and  cattle do have similar foraging 
habitats,  which  permits  a linear transformation  function mtt 1982,  p.48).  Figure  6 illus~ates the 
linear amsformation  function. 

The  case of  supplementary  outputs is a  special  case of complementarity  where  the  output 
from one use is unaffected by the  other use. Rather than an upward slope on the production 
possibility  function,  the tradeoff function  is  horizontal  as  indicated by the  saaight line segment 
GF in Figure 7. Suppose  that,  rather than deer or elk, use #2 refers to domestic  sheep.  The 
segment GF is  horizontal  because  the two types of livestock  prefer  different  plant  species. At 
sufficiently  low  numbers of cattle,  there  is no competition for forages between sheep  and  cattle. 
However, as the  number  of  cattle  increases,  they begin to compete  with the sheep for the  same 
plants.  Once  again,  the  shape of the  curved  segment FH indicates an increasing  marginal  rate 
of substitution  between  competing uses of  the  range. 

Given  positive  values  (prices) for the  land uses discussed  above,  and  assuming  that 
multiple uses are  indeed  possible  for  the  rangeland,  the  optimal  (best  economic) use of the land 
will be determined  where  a line with  slope equal to the negative of the ratio of  the  prices (-Pl/p3 
is tangenr to the  tradeoff  function.  (Prices are on a  per AUM  basis.) This is illustrated by  point 
E in  each of Figures 5 and 7. In Figure  5,  optimal  multiple use of the  range  implies  that OA 
AUMs are allocated  to  domestic  (cattle)  grazing  and OB AUMs are allocated  to  deer.  Likewise, 
in  Figure 7,  OA AUMs are allocated  to  cattle  and OB AUMs to sheep.  Although it  is  difficult 
to  determine  the  price of an AUM for  domestic  cattle  (and  sheep) (see Barichello  1978,  pp.39-44; 
Gee 1983). the major  difficulty in  this  analysis is determining AUM  values  in  wildliie 
production. 

Figure  6 illustrates the  case  where  simply  finding  market  values  for an AUM in  cattle  and 
elk will  lead  to  the  exclusion  of one of  the  two uses of  the range, unless the ratio of the  prices 

"While  somewhat  suggestive of a nonlinear  tradeoff function, linearity  remains  the  workable 
assumption;  only  the  year  needs to  be divided  into  more  than one period. 
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happens to equal the. biological  ratio  of  AUMs  per elk. The use of  price ratios is an 
approximation to the correct  procedure  which  is to find the marginal net benefit  functions for 
both  wildlife  and  domestic use of  the  range.  That  is,  it  is  necessary to  determine how the  net 
benefit  to  cattle  ranchers  changes as one more AUM  is provided and  the  net  benefit to society 
(hunters  and  nonconsumptive users) when  that AUM is made available to wildlife. In this case, 
the ratio of the marginal net benefits will have the form  indicated by the curve MEN in  Figure 
6.  However,  there is greater  difticulty  in  determining this relationship. This issue  is  considered 
further  in the next  section. 

The foregoing  analysis  can be extended to cases of  commercial  timber  production versus 
livestock,  timber  production  versus wildlife grazing and so on, or to the case  of three or more 
possible uses of the  land. For  example,  for the case of commercial  timber  production  and  cattle 
grazing, it  is  necessary to determine the shape  of  the  biological  uansformation  function  (how 
much is timber  production  reduced  as  more  cattle are grazed on commercial  forest  land)  in 
addition to the prices of each of the  uses (see Clary 1983). In the case of more than two land 
uses. the dimensions of the diagrams  simply need to be increased, which makes visual but not 
mathematical  conceptualization  of the problem  more difficult. 

The foregoing  analysis  is also based on the assumption  that  resource  allocation  decisions 
are  efficient  at both the  private  and  public  level,  enabling the economy to attain  the  product 
transformation  frontier.  Godfrey  (1983)  warns that resource  allocation  decisions  often  result in 
production  at an interior  point,  such as C or D in Figure 5. Research by Graham and Borth 
(1988) indicates  that this might  indeed be the  case for B.C. Hence, future research  should  focus 
on improving the efficiency of public  institutions so that  public  range  can be used to produce 
more  of  both  domestic  livestock  and wildlife, for example. 

Finally, an antagonistic  relationship between land uses results  when  the  transformation 
(hadeoff)  function is convex  to  the  origin as shown  in  Figure 8. Such  a  situation  could  occur 
if domestic  cattle  and, e.g., buffalo are susceptible to the s a m e  disease  and  one of the species 
becomes  infected.lg In Figure  8, an economically  optimal mix of  land uses (where  the  price 
line is  tangent to the production  function)  occurs  at one of  the  comers  (either  point X or Y in 
Figure 8). This implies  incompatible  land uses with single use the only  feasible  outcome. I t  is 
possible  that  consuuction  of  marginal  net  benefit  functions  results  in a level of opdmal  multiple 
use, but this is unlikely  and  would  depend, in any case, on the curvature of YX relative  to that 
of the function  consuucted from the ratio of  the  marginal  net  benefits  of  cattle  and  buffalo. 

Determinine  Optimal  Use:  Amlication 

There  have  been  only  a few attempts to find  the  optimal  multiple use of public  rangeland. 

"Such a  situation  occurred on rangeland  adjacent to Wood Buffalo  National  Park  in  Alberta 
in  1990.  Wildlife  officials  were  under  pressure from ranchers to desuoy  infected  bison. 
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M h  er al. (1978) argue that  forestlands  have  four  major  economic use values:  commercial 
timber  production,  water runoff, domestic grazing and  recreation.  They  interpret the latter as 
related to wildlife grazing and  habitat, with economic  value  accruing as a  result of  hunting. TWO 
of these uses-wildlife. (hunting  services)  and  water runoff--are not traded in the market  place. 
Given the diffculty  of  analyzing all four uses, Martin et 01. focus on the aadeoff between 
hunting  values  and  domestic grazing of cattle  in Arizona The rangeland  manager  is  interested 
in  determining (1) the allowable  level of cattle grazing, (2) the  level  at which game species 
should  be  encouraged,  and  (3)  the  level of public  access for hunting  (and  other  recreational 
activities not  considered  in  the  study). 

The study by Martin er al. is, f i t  of  all, an attempt  to  estimate the average,  rather than 
marginal, mdeoff between  land uses. They determine the  loss in consumer  plus  producer 
surpluses from elimination  of  beef  production on all  public range in Arizona. The change in 
consumer  surplus is determined by the  area  under the national retail demand  curve for beef 
resulting from a  reduction  in  Arizona output. Producer  surplus is taken as the  value  of  a  cattle 
ranch in  Arizona  and  determined  by the sale  price of  such ranches. Likewise, the  researchers 
assume a reduction in all elk hunting  activity  in  Arizona  since this is the land use that is most 
competitive  with  cactle. The area  under the demand curve for elk hunting  (determined  in  another 
study) is taken as the loss from using  rangeland  solely for the  purpose of cattle  production. NO 
complementarity  between uses is  assumed. 

Martin et al. conclude  that  beef  production  has  a  social  worth  that  is  five times greater 
than hunting.  However, they note  that  hunters  have  been  able  to  protect  their  rights in cases 
where  conflicts arise because  they  have  greater  economic  potential for political  activity  (p.96). 

The main  shortcoming  of  the Martin et al. study  is  that  they  consider  an  "all-or-nothing" 
scenario  and do not permit  more than one use of &I the  rangeland  in  Arizona. Cory and Martin 
(1985)  address  this  shortcoming  by  postulating  a  biological aadeoff function  that  has the 
following linear form (see Figure  6): 

Q c = a - b & ,  

where Qc is  the  size of the  cattle  herd, & is  the  size of the elk herd,  and a and b are positive 
constants. The capacity of the  rangeland  under  investigation  is  given by "a" for cattle  and a/b 
for elk. In the  central  plateau of Arizona,  32  acres  are  required  to  support one animal unit,  while 
170  acres are required  to  support 1 AU  in  the deserts of  the southwestem  part of  the state 
( m i n  et al., 1978);  thus, to suppon  a  700-cattle operation in the  central  plateau  requires  about 
22,400 acres  (9,068 ha) of rangeland. Cory and Martin use ba .5 ,  which  they  obtain from a 
biologist;  thus, the carrying  capacity  for  the  range  is  half  as  many AUs  of elk as  cattle.m 

In order to  find an optimal,  multiple use that  does  not  result  in  a  comer  solution  (choose 

2?his falls within the range  0.33-0.625  AUM/elk  indicated  earlier. 
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one of  the two uses), it is necessary  to  derive  marginal  net  benefit  functions  for  both  cattle  and 
elk. That  is, to avoid  a  comer  solution, it is not  possible  to  have fixed prices for elk and cattle. 
The  marginal  net  benefit  function for public  range  in  cattle  production (NMB3 can be found in 
the  manner  discussed  earlier  in  conjunction  with  Figure 4.2' The marginal  net  benefit  function 
for public  range  in elk production (NMBd is determined, by Cory and Martin, from information 
about  hunters'  willingness-to-pay  function for elk. (To address the  management  question  relating 
to the  number  of  hunting permits to issue, adjusmnts are made for the  probability  of  success 
as a function of the  number of hunting  permits  issued.)  Finally,  the  optimal numbers of cattle 
and elk to permit on a given  size  of range is  found by solving  the  following  mathematical 
programming  problem: 

Subject  to Qc = a - b & 

Qc, QE > 0. 

where NB&) is  the  net  benefit  function  for  cattle as a function  of  the number of  cattle  and 
NB,(Q is the  net  benefit  function for cattle as a  function  of the  number of elk. 

Upon  applying  their  model,  Cory  and Martin find  that  "the marginal elk is much  more 
valuable  than  the  marginal  beef animaY (p.290)  indicating  that  cattle  and elk numbers  are far 
from an economically  efficient  equilibrium, as given by point E in  Figure 6, for  example. In 
particular, the  evidence provided by  the authors  indicates  that  less  cattle  should be pennined on 
the  range,  thus  encouraging  greater elk numbers. This conclusion differs remarkably from that 
of Martin er al. (1978),  thereby  illustrating  how  average  analysis  can  result in misleading 
conclusions  for  rangeland  management 

Although  Cory  and Martin illustrate  a  correct  procedure  for  analyzing  multiple use of 
rangelands, they  point  out  some  inherent  difficulties  in  their  analysis.  (1)  Cooperation  is  required 
among economists, wildlife biologists  and  plant  scientists  in order to determine  the  uansformation 
function  between  various  land uses (in this case,  cattle  and elk). The carrying  capacity of  the 
rangeland  in  multiple uses needs to be determined, as does the effect of decisions on range 
condition mnd These are the  production  relations  discussed  earlier. (2) It is necessary  to 
determine  wildlife  values, both for hunting  and  other  recreational uses. In this regard,  it  is 
necessary  to  estimate  the  relationship  between wildlife numbers and  hunting  success,  and  between 
willingness-to-pay  and  success.  It is also  important  to  relate  nonconsumptive  uses  of wildlife to 
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wildlife  numbers. If neither of these tasks can  be  accomplished,  "the  economists'  claim of 
management is hollow"  (p.292).  (3)  Difficult  issues  concerning  impacts on recreation 

at  alternative  sites from changes  in  the  opportunities  at one site  are  ignored.  (4)  Finally,  the 
analysis  is  static which is  somewhat  disconcerting  since  biological  relations are dynamic. 

Economic  Efficiency and Multiple Use: Dynamic  Analysis 

In the preceding  section,  a  static  framework for analyzing  decisions  about  multiple use 
was presented;  however,  the  transformation or tradeoff function of traditional  production  theory 
embodies  biological  relationships  that are inherently  dynamic.  Although it is Still useful  to 
analyze  multiple use in the  static  framework,  another  approach is to  treat  the  biological consmcts 
as dynamic  constraints.  Indeed,  in  comparing  static  and  dynamic optimizing in  agriculture, Tmpp 
(1989)  argues  that simple dynamic  models  may yield much better decision  rules  than  static  ones, 
even  where  the  latter  embody  much  more  detail  and  complexity. 

Burr (1971) was the first to suggest a dynamic  optimizing model for making pasture and 
range  decisions,  although he  was  severely criticized  for  using  unrealistic  relationships (see Manin 
1972;  Bromley  1972). Martin (1972)  argued  that  the  information requirtd by Burt was Simply 
not  available  and may never  become  available. (In a broader sense, Martin's comment  applies 
just as well to  studies by himself and his colleagues  cited in the  previous  section.)  Upon 
assessing this comment 10 years later,  Nelson  (1983)  indicates  that  the data problem  remains; 
both  she  and  Clary  (1983) attribute this to  a lack of coordination  between  biophysical  scientists 
and economists  in  formulating  research  problems  and  in  subsequent data collection  and  analysis. 
The study  by Burt and  subsequent  studies  (e.g., Karp and  Pope  1984)  focused  only on optimal 
stocking  rates  and  optimal  timing  of  range  improvements  in  both  deterministic  and  stochastic 
environments.  Nonetheless,  a  bioeconomic  approach  to  range  problems  and  multiple use can 
benefit  from an approach similar to  that  suggested by Burt and by Howitt  (1983),  and  outlined 
in Figure  1.= In the Appendix,  a  dynamic  theoretical  model of multiple use is presented  and 
discussed.  Implementation of  such a  model is constrained both by the lack of biophysical  data 
(Howitt, p.32) and  computing  power. 

The  dynamic  optimizing  approach  to  analyzing  multiple use offers  some  promise for 
reconciling  conflicting  land uses. The main advantage  of  the  methodology is that it takes into 
account  the  impact of current  decisions on the  future  state of the  system,  that is, on future  costs 
and  returns  to  the  various uses. From an analytical  perspective, it sheds  light on issues of land 
tenure  and  the  importance  of  reconciling  land  uses  in an explicit  fashion. The major  obstacles 
to  overcome  have  to  do  with  the  specification of appropriate  functional  forms,  including the 
tradeoff or utility  function of  the  decision  maker,  and  finding  an  empirically mctable solution. 

"Cory  and Martin use a  similar  approach but focus on the  beef  market rather than the 
derived  demand  for  range  services as in Figure 4. However, the welfare measws (or marginal 
net  benefit  function)  obtained  will be  the  same  regardless  of  the  market  in  which  measurement 
takes place. 
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Distributive  Equity and Multiple Use 

Major  rangeland  issues in the  western U.S. have  been associated  with  attempts by the 
Bureau of Land  Management (BLM) and the U.S. Forest  Service  to  incrcase  grazing  fees or 
reduce  the  numbers  of canle grazed on panicular  rangelands  (Bromley er al. 1968;  Obermiller 
1982;  Radtke er al. 1985).  The  reasons  had to do with  agency  revenues  and  with grazing 
capacity-BLM  biologists  felt  that  overgrazing  was taking place,  but  others  disputed this or felt 
that the public  agencies  needed to invest resources in range  improvements. Either an increase 
in  grazing  fees  or  a  reduction  in  permitted  grazing on public  lands will result  in  a  welfare  loss 
to ranchers.  Such  a  welfare  loss is considered to be a violation of their  inalienable  property 
rights to the  public  range  (Obermiller  1982).  (A  mechanism  for  mitigating  against  either  action 
is discussed in the  next  section.)  However,  there  is also a  loss  in  economic  activity  in  the 
regions  that are impacted  by  reduced  grazing or higher  grazing  fees. 

Historically,  the  method for analyzing  the  regional  economic  development  impacts of 
changes in land use has  been via primary-data, local input-output (1-0) models (see Bromley et 
al. 1968). Obermiller  (1983)  defends  the use of regional 1-0 models as the  appropriate tool for 
analyzing  income  dismbutional  consequences  of  rangeland  decisions.  Radtke er al. (1985) 
compare  the use of  primary-data, 1-0 models with those derived  from  secondary data and 
conclude  that,  given  the  current  state  of  the art, regional changes  in  economic  activity are best 
measured  by  primary-data, 1-0 models. While such  models are expensive to develop,  they offer 
the best  tool  for  both  extension work (aiding farmers  and small businesses  in  anticipating, 
adjusting  to,  and  taking  advantage  of  changes  in  economic  conditions,  technology  and 
government programs)  and  analyzing  the local economic  impacts  of  resource  use  investments  and 
decisions.21 

In a  multiple-use  context,  regional 1-0 models can be  used to determine  the  impacts on 
a  local  economy  of  changes in the  allocation of  range  resources,  logging  activity,  tourism and 

Z3An  important  methodological  consideration is that  regional 1-0 models  are  square as 
opposed to rectangular.  Existing  models  of  both the Canadian and B.C.  economies are 
rectangular in form. A description of  square 1-0 models  and  their  relationship  to  rectangular 
ones  is  found  in  Van  Kooten  (1990). 

An  important  aspect  of  public  range  management  concerns  historical  property rights. 
While  historical  rights  to  resources  such as the  range  appear  to  be well established in the  United 
States,  they are less obvious in Canada.  However,  there is implicit  recognition of historical 
property  rights  when, for example,  federal  funds  for  agricultural p~ograms (ARDA/ARDSA) 
include  contributions  to  improving  public  range  resources in B.C. Further, any  subsidy 
component  related  to  public  provision  of  forage  is  capitalized in ranch values and attempts  to 
dramatically  depart  from  previous  policies  (e.g., by large increases in grazing  fees)  will  result  in 
unanticipated  and  unfair  losses  to  ranchers. Thus, based on both  criteria of fairness and  political 
feasibility, it is  unlikely  that  government  decision  makers  would  resmct  rancher’s  access  to 
public  range or even reduce  the  number  of  AUMs  available to them  (either through regulation 
or substantial  increases in grazing  fees).  However,  there  may  be  circumstances  where it is 
necessary  to  resmct  domestic  grazing on public  range  for  reasons  of  economic  efficiency (e&, 
grazing by elk has  greater  social  value). 

Whenever  decisions  regarding  the use of  public  range  require  a  reduction in domestic 
gazing, it will be  necessary to compensate  ranchers  for  their  losses  because of the  historical 
inviolability  of  their  property  rights.  The  question  that needs to  be  addressed is not  whether 
compensation  should take place,  but,  rather,  how  compensation  should  occur.  One  approach is 
to  simply  pay  ranchers  according to the  AUMs  of grazing that  are  lost. This poses  a  difliculty 
associated  with  the  evaluation of  such  losses,  but this is not  an  insurmountable  difficulty, 
although  one  that  could  have  political  ramifications.  Some  compensation  schemes  may  not  be 
politically  acceptable  either to the  ranchers or to  the  public  at  large  (as  represented  by  the 
government), or both.  Further,  compensation  is  not  economically  efficient  since it does  not  lead 
to the best  land use. 

One approach to resolving  the  conflict  between  multiple use and  historic  property  rights, 
and  yet  obtain a solution  that  is  economically  efficient,  is  to  charge  ranchers  a  higher  fee  for 
grazing  while,  at  the same time, providing  compensation  based  on  the  amount of forage  left 
behind  or  not  used. The reason  for  increasing  grazing fees is that these are administered  prices 
and do not reflect  the m e  oppormnity  cost  of  grazing.  The  current  system  of grazing fees results 
in inefficient  allocation of the  range  between  cattle  and  other  uses  (primarily  big  game).  Further, 
grazing  fees  do  not  now  take  into  account  differences  in  range  productivity  which  is  both 
inefficient  and  unfair (see Minisay of Forests  1989,  p.18). An increase  in  grazing fees and/or 
a  change in the  suucture of fees will  increase  efficiency of  land use, but it will  also take away 
implicit  rights  that  ranchers  currently  enjoy.  This  is the reason  that fee increases  have been 
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resisted--such  increases, both in  B.C.  and  the U.S., are politically not feasible, 

One  mechanism  for  making  higher  grazing  fees  more  acceptable is to compensate  ranchers 
according  to  the  amount of forage  that is left unused on the  public  range.% An offsetting  fee 
structure  (where  producers are paid  for  unused grazing) can  improve  land use efficiency  since 
it takes into  account  other uses of  the  range. For  such  a  system to work,  range  utilization by 
cattle  and  wildlife,  and  range  productivity,  will  need to  be determined and  monitored by 
biologists. 

Huffaker er al. (1989)  consider  an  institutional  arrangement  (for  that  is  what it is)  for 
shifting  "forage  away from livestock  production  to  the  provision of competing nongazing uses" 
(p.671).  but  without  subsequently  changing  the  income  distribution  resulting from historic  grazing 
rights on public lands. Their  approach is directed at  improving  public  rangelands and  satisfymg 
the  multiple-use  mandate in the U.S.'s Public Rangelands  Improvements Act of 1978. The 
researchers use an optimal conaol model to determine  both  the  levels  of  the grazing fee and 
compensation.  They  note  that: 

"Implementation of the offsetting fee system  implies  that the government has access  to 
a  sizable  amount of allorment-specltic  biological  and  economic  information in order  to 
compute  the offsetting grazing fees and  compensation  associated with particular grazing 
allotments.  However,  in the real  world,  the  government  realistically  cannot  acquire  such 
detailed  information.  Hence,  the  government  is limited in applying  the  offsetting  fee 
system  to  trying  different  combinations of fees and  compensation  payments until one is 
found  which  induces  the  required  stocking  response"  (Huffaker ef al. 1989,  p.677). 

Although  there are practical  difficulties  implementing  an  offsetting  fee  system, it is possible to 
overcome  them.  Further, it is likely to result  in an efficient,  effective  and  fair  allocation  of the 
range  resource  among  competing users. 

The major  limitation of the  foregoing  analysis  is  that it does  not address the issue of 
grazing by wildlife. In principle, as suggested  above  and by the  authors  themselves, the analysis 
can be extended  to  include  grazing  by  wildlife.  Commercial  timber  values  on  clearcut land could 
also be  taken into account  by,  for  example,  compensating  ranchers in a way  that encourages  them 
to  prevent  trampling  damage  to tree seedlings by their  cattle,  However, in these  cases,  greater 
information  about  the  bioeconomics  of the system than is cunently available will likely  be 
required. 

%e W s n y  does  the  opposite for tenured  grazing  rights,  charging  livestock  producers  a 
lower  fee of $02O/AUM for unused AUM grazing  only  if  less  than  90%  of the tenure is used 
(Minisny of Forests  1989,  p.19). While this is ostensibly  done  to  avoid  nonuse of the  range 
resource,  there are situations  where  nonuse  might  be  encouraged,  especially on land  that  is 
important  for  big game animals  and  where  conflicts  occur. 
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Finally,  Huffaker er nl. recommend  that  fees be assessed for non-grazing  services  received 
by environmentalists and  recreationalists,  wherever these. can be identified and  assessed. This 

help  to  allocate  public  range in an economically  efficient manner among  multiple uses. 

The offsetting fee system  recognizes  issues of economic  efflciency,  fairness  (equity)  and 
political  acceptability. It is fair because  the  grazing  fee  and  payment for unused  forage  can  be 
set  in a way  that  leaves  the  welfare.  of  ranchers  unchanged;  their  historical  property  right  is 
protected, with ranch  values  remaining  unaffected It would also seem  that  an offsetting fee 
srmcture  is  politically  acceptable for that  reason  and  the  fact  that users of  the range pay 
according  to  the  actual grazing value of the  range.  However, it is st i l l  necessary to determine 
the origin  of  the  funds  needed  to  pay  ranchers for leaving  behind  forage. A mechanism  for 
charging  hunters,  recreationalists  and  environmentalists according to the  value  they  place on the 
land in an alternative use needs to be determined. This can be done via  increased  hunting fees, 
that are somehow  related  to the probability of hunter  success (is., wildlife  numbers),  hiking tolls, 
er cetera. 
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DISCUSSION AND RECOMMENDATIONS 

The majority  of  rangelands in B.C. are owned and managed  by  the  government. While 
some  would argue that  private  ownership of the  range will result in  more  efficient use, there are 
three compelling  arguments  favouring  continued  public ownership and  management.  Firstly, 
private users may  deplete the range  through  overgrazing  because  they  employ a higher  discount 
rate than  that  used by society.  There will be a  tendency to liquidate  range assets and invest the 
funds in  alternatives  yielding higher rates of return. This is  particularly true if range  resources 
have  common  propeny  aspects  to  them,  which  may be the  case  for  forest  range that  is  given  over 
to  private users. 

Secondly,  in addition to ranchers’ rights,  rights of timber companies and dependent 
communities  cannot be ignored After all, p i n g  often takes place on clearcut  land,  land  that 
is  in the process  of  producing  new  growth  for  future  timber  harvests. 

Finally, there are exrermiiry aspects  associated  with  livest& use. Externality  is of two 
types: ownership or technological externaliry and public goods externaliry. Under current 
institutional  arrangements,  hypothetical pnvate owners of  what  is now public range cannot 
c a p m  the external  benefits  of  maintaining  the  range resource, nor do they  pay the true social 
costs of using  the range. For  example,  hunters  benefit from investments in range  improvements, 
but private  owners  cannot  capture  these  benefits by charging  individuals for shooting  game on 
their  land;  nor do ranchers bear the full cost when  congregating  cattle  cause  damage  to  watershed 
resources. These art examples of ownership  externality.  Examples of public  goods  externality 
occur  because  ranchers or other  potential  private  owners of what is now  public forest  land  have 
no incentives  to  preserve  wildlife  species  and  scenic amenities. Given  multiple use of range and 
forest  land  resources,  it is unlikely  that  alternatives to public  ownership  and  management  exist. 
Thus,  discussion of provincial  forest range should take place in the  context of public  ownership 
and  management. 

One aspect of multiple use that was not considered in the  foregoing  discussion  concerns 
exclusive or primary use. This refers to the  concept  of limiting use on land to one major 
activity;  each  land  unit is allocated  to  a  particular use, with  other  possible uses relegated to a 
secondary stam. Such an approach  makes sense for some  of  the use and nonuse demands. 
Certain  recreational  pursuits  require use. of large areas  and  nondivisibility  is  one  characteristic 
of use, especially  when  the  sought  after  attributes are solitude  and  space (e.g., wilderness  areas). 
This  activity  is  incompatible  with  either  logging  or  domestic  grazing. The same might  be me 
of  certain  watershed  functions  and  wildlife  habitat  (e.g.,  northern  spotted  owl). 

In some sense, delineation  of  primary uses for  rangeland,  or  forest  land in general,  results 
in  the rural  counterpart of urban zoning.  Thus, for example, wildlife grazing might  be  permitted 
on a certain land  area to the exclusion of cattle,  while cattle are permitted in another area to the 
exclusion of recreational use and, to the  extent  possible,  wildlife grazing. T n i s  separation of 
competing uses is  done  primarily  for  adminisnative  convenience  and  practicality.  It  does  not 
deny  multiple use but, rather,  explicitly  accounts for multiple use by designating  land areas to 
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specific,  primary uses. The  success,  relevance  and  political  acceptability of such an approach 
is  &pendent  upon  the  size  of  the  unit  of  measurement  that is chosen. If the unit of measurement 
is large  (e&,  a  watershed),  then  the  system will likely be unacceptable  politically  because  it 
requires  designation to single use of too large  a  unit. If the unit of measurement  is  too small 
(e.g., a hectare),  then the system will bog  down in an administntive  quagmire. In both  cases, 
there  will  be  concern  about  whether  the  unit is ecologicdy relevant  and this issue  will  need to 
be addressed. 

A form of zoning  is  currently  practised  by the Minisay (see Duf€y  1990).  The  method 
involves  using  map  overlays  to  determine  the  dominant  and,  perhaps,  only use. The  problem 
with this method is that it  relies on physical  amibutes of  land  resources as opposed to the  more 
relevant  economic  attributes. This can  result  in  land uses that are inefficient (see Van Kooten 
1991). 

While  assigning  single use is more difficult  in  the case of  wildlife/cattle  conflicts,  the 
principle  remains the same. Unless substantially more information becomes  available,  it  may  be 
best  to  allocate  range  to  cattle on the  basis of knowledge,  however  sparse  it may be,  about its 
stocking  capacity  for  various uses and  it  ability  to  withstand  grazing  without  deterioration.  That 
is,  regulation  can  be  relied  upon  to allocate the  range in the  short term In the  intermediate  and 
longer  term,  it  is  necessary  to  allocate  range  more  efficiently  than  appears  to  have  been  the  case 
in the  past.  A  start  towards  that  end  can  be  made by developing  appropriate institutions to 
encourage  efficiency  without  compromising  equity  and  political  acceptability. 

Recommendations 

The  B.C.  Task  Force on the  provincial  Range Program (Ministry of Forests  1989)  made 
a large  number of recommendations  concerning  the  current status of  management  of range 
resources.  Many  of  these  pertain  to  adminismtive  and  other  internal  procedures  that are not 
addressed in this  study.  Overall,  the  Task  Force  found  the  current  Range  Act  and  administrative 
practices  to be less than  desirable,  concluding  that  major  changes  need to be made. The purpose 
here  is not to  repeat  those  recommendations,  but  to  provide  another  perspective on range 
economics  issues. The recommendations  below  highlight some of the ones found  in  the  Task 
Force  report,  while  putting  forward  others  that  were  not  considered  there. 

(1) It  is  necessary  to  get  economists  involved  in  the beginning stages  of  range  research, 
in problem  identification,  data  collection  and so forth. One  important  step will be to identify the 
feasibility of range  management  projects  that  might be considered.  There  is no sense in 
proposing  management  regimes  that  cannot  pass  even  the  simplest  cost-benefit  criterion;  while 
some  management  practices  may be feasible from a  biophysical  point of view, they may  be 
rejected  oumght  from an economics  standpoint. Iden~cation of infeasible  projects  will  not  only 
save  public  monies  in  the  future but also  valuable  research  resources  that  might  otherwise  be 
employed  in  more  fruitful  endeavours. 
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(2) In economic  feasibility  studies,  it  is  necessary  not  only  to take into  account  domestic 
grazing bur also wildlife grazing and  site  stabilization.  Cost-benefit  analysis of range 
improvements--prescbed burning, seeding, plowing  and seeding, scarification,  fertilization, 
fencing, ef cerem-can help  identify  practices  that  can be rejected oubight because  they an highly 
inefficient. 

(3) Current grazing fees  do  not  represent  actual  market  values  and this is one  reason why 
livestock  production  results in inefficient  resource'use.  Although  increasing grazing fees is Wrely 
to be opposed by agricultural  producers  and will not  be  politically  feasible, a system  of offsetting 
fees addresses this issue head on. By permitting grazing fees to  increase  and  compensating 
producers  for  forage  left  for  other users, or tree seedlings left unuampled,  economic  efficiency 
is  enhanced  while  income  diseributional  concerns an accounted for. Research  toward 
implementing  such a system for B.C. should be  pursued. 

(4) Other  users  of  range resources should  contrjbute to the adminisuative costs and 
improvement of  range  resources.  Such  payments  could  possibly  be  provided  to  livestock 
producers as compensation  under an offsetting fee system or used to  offset  the  difference between 
the Ministry's costs  and  revenues in managing  public rangeland 

(5) It  is  important to develop  institutions  that  encourage  efficiency  without  compromising 
equity  and  political  acceptability. Some have  been suggested, but additional research is required 
both  to  think  up  new ones and to implement  them  in  British  Columbia. 

(6) More  systems modelling research  and  practice (viz., extension)  is  required.  Models 
may  not  be  entirely  representative of the  rangeland ecology nor  need  they  be.  Often  the 
experience gained from modelling complex  rangeland  interactions is sufficient to enable  decision 
makers  to  alter  their  perspective  in field practice.  Economic  considerations  should  not be 
negiected in the modelling exercises. 
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Table 1: 

Year 

- 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

r 

Source: 

Nelson 

1103 
97.9 
985 
915 
82.6 
81.7 
79.6 
77.7 
71.4 
74.0 
73.8 
75.0 
75.0 
77.7 
99.4 
80.4 
78.4 
74.5 
71.5 
74.2 

Kam- 
loops 

681.6 
674.7 
672.3 
3225 
322.0 
320.1 
3163 
316.0 
316.8 
313.1 
307.1 
3213 
318.9 
326.8 
332.4 
333.1 
325.2 
330.9 
327.7 
330.9 

Fores 

caribou 

- 
- 

331.0 
332.5 
349.0 
3272 
3325 
324.9 
351.7 
386.2 
367.4 
364.6 
362.9 
360.8 
362.7 
358.4 
349.4 
335.6 
325.7 

- 

tegion 
prince 
George 

50.6 
493 
583 
42.0 
45.7 
57.8 
61.9 
86.6 
112.7 
130.5 
124.7 
140.5 
138.0 
154.7 
129.4 
129.1 
137.1 
141.9 
1263 
128.1 

1969-80, Nordstrom (1984,  p.4) 
1981-88, Ministry of Forests (annual). 

prince 
Rupert 

- 
- 
- 
- 
- 
- 
1.8 
1.6 
2.0 
2.0 
15.7 
26.4 
24.7 
35.0 
323 
31.1 
30.1 
30.0 
28.5 

282 

Van- 
couver 

- 
- 
- 
- 
- 
0.6 
0.6 
0.4 
0.4 
0.3 
0.7 
0.6 
0.6 
0.7 
0.8 
1.4 
1.8 
2.7 
2.7 
2.4 

TOTAL 

8425 
821.8 
829.1 
786.9 
782.7 
809.2 
787.4 
614.6 
828.2 
871.6 
908.1 
931.2 
921.9 
957.9 
934.9 
937.8 
931.0 
929.2 
892.2 
889.5 
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Table 4 

Region  Hectares  Percent Actual Use Percent 
miL AUMS 

caribou 22 26 360295 39 

37 
78,585 9 
95,348  10 

35,952 4 

Kamloops 1.3 16 3439 1 

Nelson 03 4 
Prince  George NE 1.9 23 
Prince  George 0.5 6 
Prince  Rupert 2.1 25 
TOTAL 8 3  100 

5.55 1 1 

919,672 100 

Source: Ministry of Forests (1984,  pp.D9-D10). 

Region HeCtareS % of Public AUMS 
Harvested 

Prince  George NE 10,952 I 

Prince  George 3,008 - 
Nelson 42,742 22 
Caribou 141,254 14 
Prince Rupert Coast 10 

Prince Rupert  Interior 
- 

93% 
camloops 

- 
134,376  15 

13 rOTAL 341,736 
- 

Source: Ministry of Forests (1984,  p.B62). 

Range Types 

Under- 
developed 
Native Pasture 

community 
Pasture 

Reserve 

Pasture 
Development 
Potential 

Open  Range 

Open  Forest 

Meadows 

Forest 

Alpine 

TOTAL 

-I- 

- 
Nel- 
son 

3,770 

Source: Nordstrom (1984, p3). 

7iiq-z Forest Region 

- 576 

- 11 

- 148 
- 35 

2,158 

2,833 

Prin 
Rupert 

- 

- 

- 
- 

11 

43 

11 

155 
- 

220 

T 

576 

11 

148 
70 

691 

1,382 

309 

5,275 
6 

8,468 



Table 5: . .  
111 Ron- for Do- 

- 
Range Type % Land  Area % AUMS Harvested 

Open  Range 0.4 l3 
Dry Forest 4.4 22 

Clearings 0 2  8 

Lodgepole  Pine 11.7 12 

Transitional/Brush 12.6 22 

Deciduous  Forest 4.6 8 

Wetland 20  7 

Other 64.0 8 

Source: Ministry of Forests (1984, p m 0 ;  1989,  p.10). 
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Table 6: &cent  Occurrence of Tr- by F- ' n  * .  

Region Aggregate % Transitional 
(ha) 

Prince George NE 614,325 153 

Prince  George 692,607  71.4 

Nelson 246,423 613 

Caribou 340,135  86.8 

Prince Rupert Coast 53,023 143 

Prince Rupert  Interior 73T725 53.5 

Kamloops 355,487  76.8 

Vancouver 272.474  43.7 

TOTAL 3,307,474 I 38.4 

Source: Ministry of Forests (1984, p.B64). 

Table 7: Grazin? F'roductivitv on Forest vs. Clearcut Land 

Range Type Location Stocking Average class of Animal 
(ha/AUM) Daily Gains 

(kg) 

Clearcut B.C. 0.73 0.64 calves 
0.13 cows 

Forest B.C. 1.94 0.79 yearling steers 
Clearcut Oregon 0.66 0.74 yearling steers 
Forest Oregon 121  0.48 yearling steers 

Source: Nordstrom (1984,  p.68) 



i Table 8: and Effect o- Growth 
I 
i 

- 
Stocking Rate cows calves 

ha/AUM kgPd/yr kg/ha/yr kg/h~/Yr kg/wyr 
4.0 16.8 1.12 88.0 5.71 
12 132 1.12 81.7  6.95 
0.8  -1.8 -0.11 762 8.96 

Source: Nordstrorn (1984,  p.68) 
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FIGURE 1 : System Model of Rangeland  Use 
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FIGURE 2: Qualitative Basis for Determining  Range  Condition 
FIGURE 3: Production  Functions for Vegetation and Herbivores 

for Hypothetical 1,OOO Ha Range in Texas 
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FIGURE 4: Benefits of Grazing on Public Rangeland 
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FIGURE 5: Complementary and Competitive Land Use 

FIGURE 6: Constant Rate of Substitution 
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FIGURE 8: Economically Incompatible (Antagonistic) Land Uses 
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remaining discussion.' 

The objective  functions of the two remaining groups (ranchers and  hunters) are presented 
in equations (1) and (2). 

M a X c , , p ,  3 f'(C,,R,) P C  + r(r,) 

w<o ac 
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r- 1 

In the  above, t E [O,T-1]  and fi is the  real  discount  factor. While might  vary  among  groups. 
it is  assumed  that this is not the case; indeed the  private rates are assumed to be equivalent  to 
the social  rate for simplicity. The functions  r  and h refer to the  values  of  the  rangeland to each 
of  ranchers and hunters,  respectively,  at  the  end  of the  time horizon--the  salvage  value  of the land 
for each  of  the  groups. 

The respective  state  transformation quations  (quations of  motion)  for  forage  biomass, 
wildlife  and the stock  of range improvements are given  by equations (3). (4) and (5). 

The state  transformation  equations are the  production  (interaction)  functions  for  the  range,  and 

it has  already  been  noted  how  difficult it is to empirically determine these relationships. 
Therefore, no attempt  is  made  to  determine  the signs of the  second  derivatives  of  the  foregoing 
functions. 

'Conceptually, it is a simple task to  specify  objective  functions  for  loggers  and 
preservationists  and  include these in the social  objective  function (Q. (6) below). Likewise, a 
state transformation  funcaon  for timber can be specified  and S and TM included in the 
appropriate  functions. The problem  becomes  unmanageable  only  when  attempting to solve  it 
analytically or computationally. 

Whereas it is  possible to determine op~imality conditions for any one of the groups  by 
ignoring use by other  groups,  the  public  manager  of  the  forest  rangeland  must  somehow  balance 
the  competing uses of  the  range. Therefore, the  range  manager's  objective  function  can be 
represented by  a utility function  that  balances  the  objectives  of all the  groups. One possibility 
is that  the  objective  function is simply  the  summation  of P and f. In the current  analysis, the 
public  manager's  objective  function is specified as: 

where R is the  social  value  of  the  range  at  the  end of the time horizon. 

The  discrete-time,  current  value  Hamiltonian  for  problem (6), given  constraints (3)-(5) is: 

In addition  to  the  eauations of  motion (3)-(5). the  first-order  conditions  require  that: 



(ii) 

(iii) 

(vii) 

(viii) 
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Condition  (i)  states  that  the  current  marginal  social utility of  stocking  cattle  (1st  term on 
the w.IS of the equation)  must  equal the discounted  marginal social opportunity  costs (2nd  and 
3rd  terms on the m). Likewise, the  marginal social benefits  of  investments  in  range 
improvements  must equal their marginal  social  costs  (condition ii), and  the  marginal  social 
benefits of hunting  must  equal  their  marginal social costs  (condition iii). In each  case,  the 
marginal short-run benefits of the  decision  must be equated to the marginal long-m opportunity 
Costs. The costate  equations (iv)-(i) represent the current values  of  the  state  variables. 
condition (iv) states how the  current  value of range biomass  changes over time, while conditions 
(v)  and (vi) indicate  how  the  current  values of wildlife  numbers  and  the  stock of range 
improvements  change  over time. The respective  values of these  variables at the end of the time 
horizon are given by conditions (vii)-(ix). Emally,  interactions  among the activities  (i.e.,  impacts 
of one activity  upon  the  value  and  availability of the others) is accounted for by the  partial 
derivative  terms  and  the  costate  variables  (via  conditions  (iv)-(ix)  and  the  state  transformation 
equations). 

There are two ways in which private  and  social  decisions might diverge  in  range 
management. First, if one is  interested  only in the  rancher’s  perspective,  conditions (i) and (ii) 
would  become: 

(ii’) 

The partial  derivative of U with  respect  to fl is  missing in (i’) as is  the  partial  derivative  with 
respect  to d is missing  in (ii’), while  the  last  term on the LHS of (i) is no longer  relevant. Thus, 
the optimal  values of the  decision  and  costate  variables  and  the  paths  that  the  state  variables  take 
over  time will  differ  depending upon  whether  a  private or social  perspective is taken. The 
divergence  results  because  social  valuation  takes  into  account other values of  the range--in  this 
problem,  wildlife  values. 

Next, if the authority  provides  annual grazing permits,  ranchers  have no guarantee  for  the 
future. Annual  permits  with no guarantee regarding  future use of  the  range  implies  that h = 6 
= 0 in (i’) and (ii’). Since  vegetation  left  for  next  year  has no value  to  ranchers in this 
circumstance,  overgrazing  occurs--the  range  is mated as a  common  property  resource.  Likewise, 
the stock  of range improvements  has no value  under  annual  licensing  and,  therefore,  there  is 
underinvestment  in  range  improvements. In B.C., ranchers are provided  some  security  with 
regard  to future use of the  range. The foregoing  result  simply  illustrates the importance of 
providing  security  via  long-term  leases  or  other  institutional  arrangements  that offer the same 
guarantee. 




