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Abstract 

The government must manage public rmgehmd in the face of 
alternative multiple use interests, including wildlife and domestic 
livestock production. The objectives of this study were to estimate 
a production possibilities frontier for antelope (Antilocapra amer- 
icma (Ord)) and stocker cattle on the Wyoming Red Desert and 
then evaluate the most economical combination for the specific 
production and price assumptions used in the analysis. Nine 
antelope-steer combinations were derived by using a linear pro- 
gramming model to maximize total number of animals subject to 
annual forage production on a representative 405ha range site. 
The resulting 9 combinations included 72 head of antelope with no 
steers at one extreme and 35 head of stocker steers with no antelope 
at the other extreme, with various combinations of each in 
between. Because of the different forage preferences of antelope 
(primarily browse) and cattle (primarily grass), the marginal rates 
of substitution of cattle for antelope (MR&.,) varied widely along 
the production possibilities frontier. Specifically, the MRS.,, was 
very low moving from 72 antelope-O steers, to 69 antelope-29 
steers, in terms of sacrificing only a few antelope (3) in exchange for 
a comparatively large number of steers (29). Conversely, the 
MRS,.. moving from 69 antelope-29 steers, to 0 antelope-35 steers 
was very high in terms of sacrificing a relatively large number of 
antelope (69) in exchange for only a few additional steers (6). This 
wide range of substitution rates suggests that economic benefits 
Crnm rntplnna rnrl .--HIP ..m..lA hmwr tn h. avtrrmrlv Aiffarmt a.“... -...w.“r.. _..Y w_...x. ..“I.” “I._ .” .rw W”.....‘.C.J . . . . . . . . . 

before “multiple use” ls not preferred in the case study setting. 

Key Words: production possibilities frontier, marginal rates of 
substitution, economic benefits and linear programming 

Authors are graduate research assistant and professors, Agricultural Economics 
Department and associate professor, Range Management Department, respectively, 
llnwrreit” "fW"nmin~ lnramir 1171171 _...._."._, __ ..,-_----..D, _._..I____. _. 

Manuscript accepted 24 August 1990. 

390 

The management and use of public rangeland is becoming a 
more controversial topic. Conflicts have arisen recently as conser- 
vationists and recreational users have become more interested in 
public lands (Portney 1982). Many of these people hold livestock 
owners responsible for increased soil erosion along streams, reduc- 
tions in size of wildlife populations, and the spoiling of their 
outdoor experience (Haines 1986, Wuerthner 1989). Livestock 
grazing on public rangeland is important to individual producers 
as well as the economies of local communities in the western states 
(USDI 1982, US-GAO 1988). Ranchers often view recreation on 
these lands negatively (Holechek et al. 1989) because of profit 
losses stemming from increased incidences of disturbance, vandal- 
ism, fires, livestock theft, and animals wounded or killed by traffic 
or shooting where heavy recreational use occurs. Given these con- 
trasting viewpoints, the public land manager is faced with allocat- 
ing this resource among alternative uses with an overall goal of 
maximizing social welfare. Decision makers concerned with this 
allocation need additional tools or processes to aid them in assess- 
ing different allocations. 

This study evaluates a hypothetical case of public land managed 
for grazing by cattle and antelope in the Wyoming Red Desert. Our 
objectives were to: (1) determine a production possibilities frontier 
for cattle and antelope (including the 2 extremes of no cattle and no 
antelope) given a fixed range resource; and (2) determine the most 
.wvwmmimllv efficient comhinatinn nf pm&o cattle and antelnne. .,I.,..., . . . . --.-, --- ____--- ------- -----___ _- ~______~ _-____ -__- -______r_) 
given the specific assumptions used in the analysis. By placing a 
value on the activities supported by public land, determining a 
point of greater, if not maximum, benefits should be possible. The 
point of greatest benefits received by users will be assumed to 
represent the greatest social welfare (in terms of the optimum 
allocation of the range resource), regardless of distribution. 
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Materials and Methods 
Cattle and antelope grazing, marginal rates of substitution, and 

economic benefits were analyzed using data derived largely from 
the Red Desert area of southcentral Wyoming. This area is widely 
used for ~umrner cattle ma&o _A_n!&ne are ahnndnnt and the -__- _-_ -- ________ ______ o------m. r _ __ _ _ _ ______- - ____ _ --- 
most common big game animal in the area. The Red Desert area is 
largely public land managed by the USDI Bureau of Land Man- 
agement (BLM), and is typical of many western ranges where 
analysis of potential competition between uses and values asso- 
ciated with those uses can help resolve multiple use controversies. 

Vegetation typical of large parts of the area are described in 
Severson and May (1967) and Krysl et al. (1984). Yearly and 
geographic variability are expressed in the above references. The 
vegetation resource consists largely of shrub-dominated plant 
communities. Severson and May’s (1967) vegetation production 
and species composition data (Table 1) were used in our analysis. 

Dietary composition of antelope in Wyoming and the Red 

Table 1. Assumed forage production (kg/ha) on the Wyoming Red Desert 
study arta, (Stvtmon and May 1967). 

Species/ Group Average 

Shrubs kg/ha 
Big sagebrush (Arremisia tridenfota Nutt.) 
Douglas rabbitbmsh (Chrysofhomnus viscidiforus 

(Hook) Nutt.) 
Winterfat (Cerutoides lanuta (Pursh) J.T. Howell) 

Grasses 

231.6 
100.0 

9.4 

Western wheatgrass (Agropyron smithii Ryd b.) 
Needle and thread O~S(EE t.‘?tinn ~nrnn#n Trim h Rnnr b D--“” \‘..y- _“,,.“.” A . . . . . I ..“F.., 

Indian ricegrass (Oryropis hymenoides (R. & S.) Ricker 
ex Piper) 

Bottlebrush squirreltail grass (Sfanion hysrrix (Nutt.) 
J.G. Smith) 

61.0 
73 d a_.” 

18.9 

15.7 

Sandberg bluegrass (Pea sundbergii Vasey) 6.3 
Obtuse sedge (Carex obtusatu Lilj.) 6.3 

Forbs 1.5 
Total 473.0 

Table 2. Assumtd d&t composition (96) by staton for cattle and antelope 
grazing in study arta (Holnun 1976). 

Winter Spring Summer Fall 

Plant Ante- Aiite- Ante- Ante- 
class lope Cattle lope Cattle lope Cattle lope Cattle 

___________________per~ntl______________-__- 
Grass 13 82 22 91 5 78 5 78 
Shrubs 80 14 61 2 64 2 83 16 
Forbs 7 4 13 8 30 19 9 5 

‘Percentages do not always ad to exactly 100%. since they are derived as a composite 
average from several sources. 

Desert is described by Taylor (1975), Sundstrom et al. (1973), and 
Severson and May (1967). Cattle dietary composition for some 
seasons and some factors relating to dietary selection can be found 
in Krysl et al. (1984), Gomes (1983), Herbel and Nelson (1966), and 
Holechek (1980). Holman’s (1976) seasonal dietary composition 
data for cattle and antelope grazing the Red Desert were used in 
our analysis. Antelope diets are characteristically dominated by 
shrubs while cattle diets are generally dominated by grass species 
(Table 2). Diet composition data for this area indicates minimal 
dietary overlap between cattle and antelope. 

The simulated site for this analysis is assumed to be 405 ha of 
uniform vegetation (Table 1) with adequate water supply to 
accommodate antelope and cattle grazing. Class of cattle is year- 
ling steers. The antelope herd is of mixed age classes typically 
found in the area. Diet composition is by forage class (Table 2) 
rather than plant species due to lack of site specific information for 
both animal saecies for all seasons. Diets of animals at the varinnr c~____ __~ ~~__ -...--..-. -.__- -_ - ______ --_ __ ____ ._____” 
ratios (cattle:antelope) used in the analysis are assumed to not 
change under the 50% forage utilization constraint of our analysis. 
Seasonal and geographical variability in vegetative composition, 
availability, and subsequent animal diets limits the results of this 
analysis from being directly applicable to any particular situation. 

A mixed-integer linear programming model (Table 3) was used 
to derive a prodluction nmrihilitL=r frnntipr fnr osttl~ nnrl nntdrmn r-” 1.1.....-” 1-v 11.1 VI I”. “.&..I_ UI.Y s.jI.w,l”yr 

by estimating 9 feasible combinations with respect to available 
forage. The objective function was designed to maximize total 

Table 3. Linear programming model used to tstimatt combinations of anttlopt and cattle which could be produced in the cnst study area based on dtfintd 
consumption 8ctivitits and forage constmints. 

MAXIMIZE 

W W 

Antelope Steers 

(1) (2) 

(k.8) (W (kg) (kg) W (kg) (kg) (kg) 
Wtr. Spg. Sum. Fall Wtr. Spg. Sum. Fall 
Grass Grass Grass Grass Shrub Shrub Shrub Shub RHS 

(3) (4) (5) (6) (7) (8) (9) (10) 

1) No. of animals 
Subject To: 

2) Total grass (kg) 
3) Total shrubs (kg) 
4) Wtr. grass 

Req. (kg) 
5) Wtr; shrubs 

Req. (kg) 
6) Spg. grass 

Req. (kg) 
7) Spg. shrubs 

Req. (kg) 
8) Sum. grass Req. (kg) 
9) Sum. shrubs Req. (kg) 

10) Fall grass Req. (kg) 
11) Fall shrubs Req. (kg) 
12) Specified no. (hd) 
13) Specified no. (hd) 

1 

13.8 -1 q  o 

56.0 -1 =o 

24.1 

42.2 
24.5 
44.5 

9:6 
57.5 

1.0 

1 

1 

173.5 

4.1 
573.4 

19.1 

1.0 

I 1 1 
1 1 I 1 

-1 

-1 
-1 

-1 
-! 

-1 

126,775 
514,503 

=o 

=o 
q  o 
=o 
zg 
=o 
=K 
=K 
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production of animals (steers and antelope expressed as integer 
variables) based on constraints of annual forage production (rows 
2-3). Seasonal forage rows (4-l 1) and columns (3-10) are account- 
ing constraints and activities used to calculate the seasonal con- 
sumption of grass and shrubs given a particular combination of 
antelope and steers. These should not be viewed as constraints on 
the amount of either grass or shrubs available for a particular 
season, since the production possibilities are based on annual 
availability of grass and shrubs without regard to seasonal distri- 
bution (rows 2-3). Given the goal of maximizing animal numbers, 
equal weights (one-to-one values) were placed on antelope and 
cattle in the objective function. 

Because forb production was low in the study area, this category 
was combined with grasses. Sundstrom et al. (1973) suggest forbs 
may substitute for grasses in the diets of both animals. If the linear 
programming model had been optimized with forb production as a 
specific constraint, it would have been the most limiting of all 
forage types. Assuming substitutability with grass, this type of 
constraint could significantly understate the actual production 
possibilities of the range resource. 

The rule of “take half-leave half” for grasses was implemented 
through the forage production constraints. For example, amount 
of grass available for consumption was set at one-half (26,775 kg) 
of assumed production (53,549 kg). Based on actual use estimates 
of shrubs by Severson et al. (1980), the shrub constraint was 
adjusted downward to 10.5% of total shrub production due to the 
large portion of sagebrush in this category. As a result, 14,503 kg 
was the constraint for the shrub class. The constraint resulted in 
estimates of antelope density within realistic expectations for this 
area. Constraints in the linear programming model for total avail- 
able dry matter from grass and shrubs are in rows 2-3 of Table 3. 

A yearling stocker system is considered in this analysis as it tends 
to be common in the Red Desert. In this scenario steers were grazed 
4 months (1 month for spring; 3 months for summer) at an average 
daily gain of 0.68 kg with beginning and ending weights of 250 and 
331 kg, respectively. Seasonal forage consumption was calculated 
by multiplying percent of diet of each plant class by kg of dry 
matter (DM) required by the steers (approximately 2.5% of body 
weight per day) each month (Ensminger and Olentine 1978). The 
total digestible nutrients (TDN) and crude protein (CP) require- 
ments were met at this level of gain and intake. 

Total forage requirements per antelope per season were calcu- 
lated by multiplying 0.77 kg DM (Severson and May’s [1967] 
estimate of DM consumption per antelope per day) by percent diet 
for each season and by 90 days per season. This yielded DM 
consumption for each plant class by season. These estimates were 
the basis for calculating seasonal forage consumption for selected 
antelope and steer combinations in the linear programming model. 

Given the annual forage constraints, the linear programming 
model was then used to derive animal combinations. In order to 
find extreme points (i.e., all of one and none of the other), the 
constraint for antelope (row 12) or cattle (row 13) was set equal to 
zero and an optimal solution (given available range forage) was 
obtained. Maximum number of animals was optimized when both 
animal constraints (rows 12-13) were relaxed from equalities to 
inequalities of greater than zero. Other selected combinations were 
calculated by specifying numbers of animals found between these 
extremes along the frontier in each of the animal constraints (rows 
12-13). For example, the midpoint values between points A and D 
(Fig. 1) were found by setting the antelope constraint (row 12 in 
Table 2) equal to integers between the antelope values for those 
points. An optimal solution was then obtained for each of the new 
constraint values. 

Economic Evaluation 
The value of the benefits from cattle grazing was based on kg of 

I II I 8  

0 10 go 90 40 go 60 70 go 
CAlTLE 

Fig. 1. Estimated production possibilities frontier for cattle and antelope 
in the Red Desert of Wyoming besed on the cese study data. 

gain for the Cmonth period multiplied by the number of animals 
and average market. price for 1977-1986 equal to $1 M/kg (prices 
from Kearl[1987] expressed in 1983 dollars using the Producer 
Price Index), minus total costs associated with land use. Included 
in total cost was an opportunity cost associated with the invest- 
ment incattle. The opportunity cost was estimated to be $7.84/ head 
using an average weight of 290.6 kg multiplied by the 1977-1986 
average price for that weight class (adjusted to 1983 dollars) times a 
6% real interest rate for the bmonth public grazing period. Esti- 
mated costs of production associated with federal grazing were 
reported by Obermiller and Lambert (1985) to be $14.67/ AUM. 
Net benefit per head of cattle ($67.85) equals $1 &/kg times 8 1.7 
kg of gain, minus %7.84/bead opportunity cost and production 
costs of $41.96 (.715 (AUM coefficient) * 4 mo. * $14.67/AUM).l 

Antelope were assumed to occupy the area yearlong. The value 
of antelope hunting was based on herd size multiplied by a harvest 
factor, a hunting value per day, and the number of days per hunt. A 
value of %19.68/ hunting day was estimated in Utah by Sorg and 
Loomis (1984) using a zonal travel cost method adjusted to reflect 
travel time, but not substitute sites. Adjusting the $19.68 to 1983 
dollars using the GNP price deflator resulted in a value of 
$20.141 hunter day, used for this analysis. A harvest factor of 0.455 
was used to estimate the number of antelope harvested from a 
sustained herd size which reflects reproductive rates in the Red 
Desert and desired post-hunting season ratios of 40 bucks per 100 
does in that areaz. For example, in a herd of 1,000 antelope, 455 
fawns would survive to yearling age and 455 permits would be 
issued. The hunting success rate in the Red Desert has typically 
been close to 100%. The average hunt was assumed to be 1.5 days 
(Sorg and Loomis 1984). Net benefits per antelope were estimated 
to be equal to the product of $20.14 value/ hunting day times 1.5 
days times a 0.455 harvest factor. 

Results 
Nine steer-antelope combinations were estimated along the pro- 

IThis calculation is based on observing average deflated spring purchase prices for 
light feeder steers as being approximately equal to average deflated fall sales price for 
heavier feeder steers over a recent (1977-1986) IO-year period. If spring purchase price 
for Ii 

% 
hter animals proved to be greater than fall sale price of heavier steers, the net 

bene It of cattle would be less than the $67.85 per head value calculated above. 
*Based on oersonal interview with Harrv Hanou. Head Bioloaist. Wvominn Game 
and Fish Cbmmission, 1988. 
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Table 4. Nine sustabmbie combinations of antelope and cattle and the 
associated estimates of AUMs utiiized at each combination (given 
essumptions about the range site). 

Antelope Cattle 

Combination Head AUMs’ Head AUMs’ Total AUMs’ 

A 72 172.8 0 0 172.8 
B 71 170.4 31.5 201.9 
C 70 168.0 :O! 57.2 225.2 
D 69 165.6 29 82.9 248.5 
E 50 120.0 31 88.7 208.7 

: ;; 
93.6 

3’: 
91.5 185.1 

69.6 94.4 164.0 
H 19 45.6 34 97.2 142.8 
I 0 0 35 100.1 100.1 

‘AUM is defined as forage required to maintain a 1,000 lb. animal for 1 month. The 
AUM coefficient used for the steers is ,715. 

duction possibilities frontier given the constraint of available for- 
age production from the 405-ha area (Table 4). Combination A 
represents the maximum number of antelope (72) the range can 
sustain without any cattle grazing. Using an AUM coefficient of 
0.20 (USDA 1976), 72 antelope represent 172.8 AUMs. This esti- 
mate is slightly greater than Severson’s estimated carrying capacity 
of 67 antelope on 405 ha in the Red Desert, and is near the upper 
limit of population densities recorded for the Red Desert area. 
Combination I indicates 35 steers (100.1 AUMs) could be sup- 
ported by the range if no antelope were allowed to graze during the 
specified 4 months. Technical guides for the area (USDA 1988) 
recommend a stocking rate of 100 AUMs for 405 ha in fair condi- 
tion. The maximum production of animals occurs at combination 
D where it is estimated the range could support 69 antelope and 29 
steers. Total AUMs at this point are 248.5. It should be emphasized 
that the change that occurs at point D (Fig. 1) is due to the 
changing of the limiting constraint. Moving from 0 steers to maxi- 
mum steers, grass availability becomes constraining in the area of 
point D and shrub availability becomes nonconstraining as you 
move past point D. 

The production possibilities frontier in Figure 1 reflects a com- 
petitive relationship and negative marginal rates of substitution 
between cattle and antelope since fewer antelope are observed with 
increasing cattle numbers throughout its entire range. In this case 
the marginal rate of substitution of cattle for antelope (MRS& is 
defined as the change in head of antelope with respect to change in 
head of cattle (AA/ AC) or the slope of the production possibilities 
frontier. Although the MRSc.* is negative (competitive) through- 
out the entire range of cattle-antelope combinations, it changes 
abruptly at combination D. Specifically, the average MRS,., 
between A (no steers) and D is very low or close to zero [AA/ AC = 
(72-69)/ (O-29) = -0.1031, suggesting only a few antelope (3) have to 

Table 5. Estimated value of each dmuiated combhmtion of enteiope and 
cattle activities. 

Antelope Cattle 

No. No. 
Combin- Ante- Hunt- Dol. No. Reven- (-) Dol. Dol. 
ation lope ed Value Cattle uel Cost2 Value Total 

P 72 71 32 33 997 967 ii 0 i ,292 0 54: 744 0 1,711 997 

C 70 32 967 20 2,349 996 1,353 2,320 
D 69 31 937 29 3,406 1,444 1,962 2,899 
E 50 23 695 31 3,641 1,544 2,097 2,792 
F 39 18 544 32 3,758 1,593 2,165 2,709 
G 29 13 393 33 3,876 1,644 2,232 2,625 
H 19 9 272 34 3,993 1,693 2,300 2,572 
I 0 0 0 35 4,111 1,743 2,368 2,368 

‘Rev q  no. of hd. (x) kg/animal X Sl&/kg (10 yr deflated avg for med frame no. I 
700-800 lb. steers). 
Tests = no. of AUMs (x) $14.67/AUMs (estimated cost/AUM associated with 
federal grazing) plus estimated opportunity cost associated with the cattle ($7.84/ hd.). 

be sacrificed when adding a comparatively large number of steers 
(29). However, from D to I (no antelope), the MRS,.. becomes 
extremely high [AA/ AC (69-0)/(29-35) = -11.51, suggesting a 
relatively large number of antelope (69) must be sacrificed given a 
few additional steers (6). This reflects the dietary habits of antelope 
and cattle. An important implication behind such a wide range of 
MRS,., (-0.103 to -11.5) is that net dollar benefits from cattle 
versus antelope apparently have to be markedly different from 
each other, before an “all antelope” or “all cattle” policy supersedes 
a “combination of antelope and cattle” from an economic stand- 
point. 

An isobenefit function was derived as the ratio of net benefits per 
head for cattle over net benefits per head of antelope ($67.85/ S 13.75). 
Given this isobenefit relationship and the nature of the production 
possibilities frontier, combination D (Fig. 1) represents the opti- 
mum number of cattle and antelope, corresponding to the point 
with the highest total value in Table 5 ($2,899). 

Finally, it should be noted that at combination D (69 antelope 
and 29 cattle), annual forage harvest is very close to the upper limit 
of available grass (26,775 kg) and shrubs (14,503 kg) from the 
405-ha range site (Table 6). For all simulated combinations includ- 
ing more cattle relative to antelope (E to I), grass harvest remained 
near the upper limit (26,775 kg), and the harvest of shrubs corres- 
pondingly declined, while the opposite occurred for those combi- 
nations having fewer cattle relative to antelope (A to C). Also, for 
all combinations, grass consumption was minimal during the fall 
and winter seasons. However, with the exception of combination I 
(no antelope), consumption of shrubs was more evenly distributed 
over all 4 seasons. 

Table 6. Simulated seasonal forage consumption by selected animal combinations. 

Comb. 

No. Animals 

Antelope 
/ Grass Shrubs 

Summer Fall Total Winter Spring Summer Fail Total 

__;;_(bd)_____ _______~_~._____________~_____~~~__(kg/~5ba)__~~__~~---~_~~-~-_______~________ 
0 997 1,733 1,762 693 5,185 4,03 I 3,037 3,203 4,158 14,429 

71 11 983 3,61? 8,045 683 13,328 3,974 3,040 3,369 4,100 14,483 
70 20 969 5,155 13,181 674 19,979 3,919 3,034 3,496 4,042 14,491 
69 29 956 6,692 18,317 664 26,629 3,863 3,029 3,623 3,986 14,501 
50 31 692 6,582 18,999 481 26,754 2,799 2,236 2,816 2,887 10,738 
39 32 540 6,491 19,303 376 26,710 2,183 1,776 2,346 2,252 8,557 
29 33 402 6,424 19,632 279 26,737 1,624 1,357 1,920 1,675 6,576 
19 34 263 6,357 19,961 183 26,764 1,064 940 1,494 1,097 4,595 
0 35 - 6,073 20,069 - 26,142 - 143 667 - 810 
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Conclusions 
Opposing public views exist concerning use of public rangeland. 

One view favors cattle grazing on public rangelands, while another 
does not. Given this specific study area (the Wyoming Red Desert) 
in conjunction with the particular biological and economic assump- 
tions embedded in the analysis, the estimates of benefits suggest 
optimal economic use of the range resource should occur when 
managed for multiple use. Loss of social welfare and under- 
utilization of this renewable resource could occur if the interests of 
any particular group (e.g., naturalists or livestock producers) were 
allowed to dictate management of public lands for only single 
purpose use in this case. In this example, a loss of $1,902 would 
occur if only antelope were allowed to graze, and a loss of $531 
would occur if only cattle were allowed to graze (Table 5). 

In many instances the number of big game that are to be main- 
tained in a management area has already been specified. In such 
cases, this type of modelling approach could be used to determine 
the number of cattle allowed to graze given the specified number of 
big game. The model could also be used to evaluate the opportun- 
ity costs of this management strategy compared to the optimal 
strategy suggested by the model. 

It should be emphasized that results and conclusions are based 
on characteristics of this particular study area as well as specific 
assumptions regarding the estimates of economic benefits, forage 
requirements, and availability. Consequently, results should be. 
interpreted cautiously for general policy purposes. If, for example, 
more winterfat had been produced on the site used as the basis of 
forage production, the cattle diets might have contained a larger 
percentage of shrubs (Krysl et al. 1984) than specified in this case. 
Constraining the amount of shrubs and grasses on a seasonal 
versus an annual basis might also alter the production possibility 
relationship somewhat. Since data on seasonal forage production 
were- not available, the analysis was conducted using annual forage 
production. Given the difference in diets, it is not anticipated that 
using seasonal constraints on forage would alter the production 
possibility relationship to the extent that the general conclusion 
would change. 
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