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ABSTRACT

The terms of grazing lease contracts potentially influence a tenant’s incentive to preserve the vegetation resource. Annual
stocking rate decisions dictate the degree of overgrazing, which can be cumulative over long periods of time. The objective of
thisstudy isto identify the impact the tenant’ s planning horizon and cost structure specified in the lease contract has on his’her
profit-maximizing stocking rate. A multi-period, nonlinear programming model wasdevel opedtoidentify economically optimal
stocking rates each year over a 24-year period. The model was solved under 1-, 4-, 8-, and 12-year |eases on a*“ per acre” and
“per head” basis. Therelativeimportance of each |ease alternative and input variable on the tenant’ s optimal stocking rate was
ranked based on standardized ordinary least squares coefficient estimates between input values and optimal stocking rates.
Planning horizon and cost structure had aminor impact on optimal stocking ratesrelative to non-lease factors such aslivestock
prices and production costs. Holding other factors constant, per acre leases generated a 2% higher average stocking rate than
per head | eases. Optimal stockingrateswereinversely related tothelength of thelease. Twelve-year | ease agreements generated
18 and 13% lower optimal stocking rates than the 1-year per acre and per head |ease agreements, respectively. The optimal
stockingratedifferencebetween an 8-year and al12-year leasewasnegligibl e, suggesting the8-year leasewoul d provideasimilar
incentive to protect vegetation as alease with alonger planning horizon.

1Extension assistant, 2assistant professor, *associate professor, and “associate professor, Department of Agricultural Economics, Kansas State University,
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INTRODUCTION

Alternativeformsof landtenureinfluencesoil and vegeta
tion protectionincentivesfacedby agricultural producers. Over-
grazing isacommon cause of declining ecological condition
on rangeland and pasture (Ellison 1960). Stocking rate,
defined asthenumber of animalsonagivenland areafor afixed
period of time, isthe primary decision variablemanagement can
use to control overgrazing. Profit-maximizing stocking rates
may vary depending on the livestock operator’'s property
rights associated with the land. The terms of grazing leases
impact stocking rate incentives by influencing the livestock
operator’s planning horizon, and/or the cost structure of the
grazing enterprise.

Length of the Planning Horizon

The length of the planning horizon often is cited as an
important factor inthelivestock producer’ sincentiveto stock
appropriately (Torell et al. 1991, Workman 1986). A rela-
tively short planning horizon may encourage tenants to
overstock and exploit the forage resource for short-term
profitability at theexpenseof long-term pastureproductivity.
A short-term planning horizon, however, does not guarantee
that a tenant will have an incentive to overgraze a pasture.
Grazing studies suggest excessive stocking can reduce prof-
itability, eveninasingleyear planning period. For example,
Launchbaugh (1957) conducted grazing trials near Hays,
Kansas, and found that light stocking rates were more prof-
itable than heavy stocking rates. Shoop and Mcllvain (1971)
suggest producerswho overgraze usually arenot behavingin
their economic self-interest. Workman (1986) suggestsover-
grazing is usually aresult of ignorance and over-optimistic
forage production estimates, and occursin spite of the profit
motive, not because of it.

Several studies estimating the economic optimal stocking
rate, however, suggest livestock operators periodically have
anincentivetodepleteor “mine” theforage. Hart etal. (1988)
estimated the profit-maximizing stocking rate near Chey-
enne, Wyoming, assuming 1986—1987 price/cost conditions,
to be 60 to 80% above the Soil Conservation Service (pres-
ently NRCS) recommended level to maintain range condi-
tion. Manley et al. (1997) reported that stocking rates higher
than the NRCS recommended maintenance level were prof-
itable during favorabl e cattle price periods. McCollum et al.
(1999) found themost profitabl e stocking rate under continu-
ousgrazing intall-grass prairie exceeded NRCS recommen-
dations.

These studies used single-period models and did not
consider the impact of the current stocking rate decision on
futureforageproduction. Evaluating stocking rateincentives
under alternative forms of land tenure requires amodel that
considers the decision maker’s relevant planning horizon.
Dynamic optimization models consider the impact of future
pasture productivity and profitability by maximizing thesum
of the discounted income stream over the relevant time
horizon. Pope and McBryde (1984) used a dynamic optimi-

zation model to comparethe profitability of systematic over-
stocking coupled with periodic re-vegetation treatments to
maintaining a sustainable stocking rate. Optimal stocking
rates approached the biological sustainablelevel asthe plan-
ning horizon increased to perpetuity. The grazing strategy
that maximized the sum of the discounted cash flow streams
was to dightly overgraze and deplete the forage over a 10-
year planning horizon.

Torell etal. (1991) compared optimal stocking and forage
utilization rates for a single period to an extended planning
horizon based on Colorado production data (Sims et al.
1976). Profit-maximizing stocking rates were slightly lower
in the dynamic (long-term horizon) model relative to the
myopic (single-period) model, but were not high enough in
either model to substantially impair forage production. The
authors concluded that inter-temporal impacts on forage
production were a relatively minor consideration in the
current stocking rate decision.

Cost Structure

Economically optimal stockingratesareinfluenced by the
cost and revenue structure of the grazing enterprise (Work-
man 1986). The grazing |ease denomination (per head or per
acre lease payments) influences the cost structure of the
grazing enterprise, and, consequently, profit-maximizing
stocking rates. Cost structure refersto the proportion of total
costs categorized as fixed and variable. Fixed costs do not
change with the level of production. Examples of typical
fixed costs include interest and depreciation. Variable costs
changewiththelevel of production. Typical variablecostsin
alivestock operation include feed or veterinary care.

L ease payments are fixed costs, with respect to stocking
rate, when lease contracts specify compensation on aper acre
basis. In this situation, lease payments are unrelated to the
number of animals stocked on the pasture, as depicted in
Figure 1. Tenants operating under this type of lease can
reduce unit costs by increasing stocking rates. Thevalueof a
fixed cost does not impact the stocking rate decision (Work-
man 1986).

In contrast, lease payments are a variable cost when the
lease calls for compensation on a per head basis. Total |ease
paymentsincreaseasthestockingrateincreases(Fig. 1). This
impliesthat |ease costs can be lowered by reducing stocking
rates. Given diminishing marginal productivity as animals
are added to the pasture, optimal stocking rates are reduced
asthe lease rate increases.

The relationship between optimal stocking rates and cost
structure can be demonstrated algebraically and graphically
with asimple set of generalized equations. Consider acom-
parison of alternative profit functions specified as:

T[1 = TR]_(Ql) - VC1(Q1) - LC:[(Q]_) - FC]_
Profit function for the per head lease model; and

L, =TR,(Q,) —VC,Q,) —FC,LC)



Profit function for the per acre lease model;

where TR (Q,) = TR(Q,); and VC (Q,) = VC,(Q,).

The symbol Ttrepresentstotal profit; while TR, VC, LC,
and FC represent total revenue, non-lease variable costs,
lease costs, and fixed costs. The letter Q represents quantity
of head stocked. The first-order necessary conditions for
profit maximization are;

Variable Lease Costs
(0m/0Q) =TR,(Q) - VC,(Q)-LC'(Q) =0
TR/ (Q)=VC/ (Q)+LC(Q)

Fixed Lease Costs
(0p,/0Q,) = TR, (Q,) - VC,(Q,)-0=0
TR, (Q,) =VC,(Q)

The economic interpretation of TR (Q,) is marginal rev-
enue, whileVC '(Q) +LC,(Q,) representsmarginal cost for
the profit function with avariable cost (per head) lease. The
profit-maximizing stocking rate, therefore, occurs where
marginal revenue equals marginal cost. Marginal cost in the
per acre lease model issimply VC,'(Q,). Marginal costs are
greater at each level of Q when lease payments are variable
costs with respect to number of head. Figure 2 graphically

payments reduced the optimal stocking rate from Q, to Q,.
Thisimplies per acre leases may encourage tenants to stock
heavily relative to per head leases.

OBJECTIVES

The objective of this study is to explore the relationship
between alternative lease agreements common to grazing
land (Langemeier 1997) and economically optimal stocking
rates. Optimal stocking rateswere estimated for each grazing
season between 1975 and 1998 for each aternative lease
agreement given price/cost conditions observed in the rel-
evant year. Therelativeimportance of cattle pricesand lease
terms in the stocking rate decision were ranked based on
standardized regression coefficient estimates.

METHODS

Nonlinear programming model swere used to estimatethe
optimal stocking rate each year over a 24-year period under
per acreand per head 1-, 4-, 8-, and 12-year | ease agreements.
The objectivefunction of each model was specified asfollows:

k
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Figure 1. Relationship between stocking rates and total lease paymentsunder per acre and per head lease agr eements.



k
(2) Max [, = 3[{HD* (OSP* OSW-MSP*MSW,-VCH,—
LRA *640Ac}/(1+R)]

Stocking rates are constrained by the following equations:
(3) OSW, = MSW, + DOP, * ADG,

(4) ADG, = 2.45-0.0064 * GP,

(5) GP, = HD, * DOP/AF,

(6) AF,=FPC * HPI,

(7) HPI = 0.4343 + 0.5824 HPI,, —0.00136 GP,

Variable names are defined as follows:

1, =Cumulativepastureprofitability over thelengthof thelease

k = Length of the lease

HD, = Number of head per section in year t

MSP, = May steer pricein year t

MSW, = May steer weight in year t

OSP, = October steer price projection for year t, made at the
beginning of the lease arrangement

OSW. = October steer weight in year t

t

VCH, = Variable cost per head in year t
LRH, = Lease rate per head in year t
LRA, = Leaserate per acrein year t

R = Discount rate

DOP, = Days on pasture in year t
ADG, = Average daily gain in year t
GP, = Grazing pressure in year t

AF= Available forage in year t

>

FPC = Forage production capacity
HPI, = Herbage production index in year t

Equations 1 and 2 represent the objectivefunctionsfor the
per head and per acre lease models, respectively. The deci-
sionvariablein all modelsisthe number of head stocked on
the pasture each year. Equations 3 through 7 express the
relationships that limit the optimal stocking rate. MSW, and
DORP, refer to the May steer weight in year t and the days on
pastureinyear t. For thispaper, the M SW was assumed to be
600 Ibs every year, and DOP was 150 days.

Equation 4 representsaverage daily gain (ADG) inyeart.
The linear functional form and equation specification was
taken from Torell et al. (1991). Coefficient values were
recalibrated to match weight gainsobserved at various stock-
ingratesintheFlint Hillstallgrassregion (Smithand Owensby
1978, Launchbaugh and Owensby 1978). A linear relation-
ship between stocking rate and ADG is supported by experi-
mental research (Hart 1972, Jones and Sandland 1974, Hart
1993, Manley et a. 1997).

Figure 3 shows the production function derived from
Equation 4. The inverse relationship between stocking rate
and per head weight gain limits the economic incentive to
overgraze. Maximum weight gain per head at very low
stocking rates was approximately 340 |bs over the entire
grazing season, representing an ADG of 2.8 Ibs. Maximum
weight gain per acre was approximately 65 Ibs at a stocking
rate of 260 head for the grazing season.
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Figure 2. Effect of cost structure on optimal stocking rates.
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Figure 3. Functional relationship between stocking rate and weight gain on a per head and per acre basis.

Grazing pressurein year t (GP,), expressed in Equation 5,
is defined as stocker days per unit of available standing
herbage (Hart et al. 1988). Available forage (AF), repre-
sented in Equation 6, is afunction of pasture forage produc-
tion capacity (FPC) and the herbage productionindex inyear
t (HP1). Pasture FPC was exogenously assigned the equiva-
lent of 3,200 |bs per acre (L aunchbaugh and Owensby 1978).

HPI, expressed in Equation 7, provides a link between
past grazing pressure and current forage production. HPI,
values, ranging between zero and one, represent the propor-
tion of FPC available for grazing in year t. The functional
form and coefficient values were derived from Torell et al.
(1991). HPI , and GP, represent the herbage production
index and grazing pressure in the previous year. Specifying
HPI asafunction of the previous year GP and HPI suggests
HPI isan implicit function of all past GP levels.

TheModels

Lease aternatives investigated in the study were 1-, 4-,
8-, and 12-year per head and per acre agreements. The model
solved for annual stocking rate k years at a time without
considering impacts on future forage production beyond the
length of the lease. Futureincome was discounted at arate of
11.5% per year. This rate represents the average operating
loan rate over the 24-year study period reported by the
Federal Reserve Bank of Kansas City (Various Issues). The
leaserateassignedto eachtermwastheaveragerate observed
over the relevant lease period reported by Kansas Agricul-
tural Statistics Service.

L ease payments in the per head scenarios were modeled
with a mixed cost structure as depicted in Figure 4. Lease
payments were constant until the stocking rate reached a
minimum level (point A on the horizontal axis), and then
increased linearly as animals were added to the pasture. The
stocking rate represented by point A wasbased ontheannual
acreageguaranteet reported by KansasAgricultural Statistics
Service (Various | ssues).

Multi-year leases typically guarantee a minimum annual
payment for the duration of the lease, effectively creating a
mixed variable/fixed cost structure. Conversely, alease pay-
ment on a 1-year per head contract would theoretically be a
pure variable cost. A landlord, however, would unlikely
accept a tenant wishing to pay for very few head. Conse-
guently, atenant would likely face some minimum payment
inorder to leasethe pasture at all, eveninal-year lease. The
minimum |ease payment demanded by the landlord depends
on the allocation of market power between landlords and
tenants. The acreage guarantee observed each year was
assumed to be an approximation of the minimum stocking
rate dictated by the grazing lease market.

Data Sour ces
All priceand cost datawere expressed in nominal dollars.
Pastureleaserateswereregional historicaveragestakenfrom

1 The acreage guarantee reported by Kansas Agricultural Statistics Service
refersto the acres of grass guaranteed per head when | ease paymentsare on
aper head basis.
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Figure 4. Relationship between stocking rates and total lease payments under per head lease agreements.

the Bluestem Pasture Report (Kansas Agricultural Statistics
Service Various Issues).

May and October Dodge City, Kansas, feeder cattleprices
from 1975 through 1998 were used to represent incoming and
outgoing stocker cattle prices. Price projections for OSP in
the 1-year models, and inthefirst year of the multi-year lease
models, were basi s adjusted October futures prices observed
in May. Price projectionsfor both MSP and OSP for years 2
through k of the multi-year lease models were based on 5-
year moving average cash prices. Table 1 shows the method
of modeling price expectations over multi-year leases using
ad-year |easeagreement asan example. Inthefirst year of the
lease, the model was solved for years 1 through 4. In year 2
of thelease, themodel was solved for years 2 through 4 based
onnew priceinformation observedinyear 2. Inthethirdyear,
the model was solved for years 3 and 4, while in the fourth
year, the model was solved for year 4. This process allowed
the model to allocate the effects of the current stocking rate
decision over the relevant planning horizon based on ex-
pected long- and short-term cattle prices.

Calf pricestypically decrease asthe weight of the animal
increases. Thistrend, referredto astheweight priceslide, was
approximated with alinear interpol ation between the 700 and
800 weight prices observed each year. The calf weight price
dlide, which variesfromyear to year, typically placesupward
pressure on optimal stocking rates by favoring lighter ani-
mals. The model used the average price dide of $-0.02/cwt

observed over the study period. For each pound OSW in-
creases, OSP decreases by $0.02/cwt.

Table 1. Method of modeling price expectations in a
4-year lease agreement.

---------------- Solved for years ----------
Decision year 1 2 3 4
1 A B B B
2 A B B
3 A B
4 A

A = The stocking decision was based on the actual observed MSP, and a
basis adjusted futures price for OSP.

B = The stocking decision was based on 5-year moving average cash prices
for both MSP and OSP.

Operating costs included in the model are normally in-
curred on a per head basis. Operating cost estimates were
taken from Kansas summer stocker budgets compiled by
Jones and Dhuyvetter (1999), and include interest on pur-
chased livestock, veterinary care, |abor, mineral, and miscel-
laneous costs. A continuous operating cost data series was
not available for the relevant time period. Nominal costs,
therefore, were assigned to each year by inflating Jones and
Dhuyvetter (1999) estimates using the producer priceindex.
Interest on purchased livestock was calculated from operat-



ing loan rates observed each year and reported by the Federal
Reserve Bank of Kansas City (Various I ssues).

Ranking the Impact of L ease Termson Optimal
Stocking Rates

The relative importance of the grazing lease terms, live-
stock prices, and production costs in the stocking rate deci-
sionwasranked based on standardized ordinary least squares
(OLS) regression coefficients estimated from the models
represented in Equations 8 and 9. Standardizing coefficients
entails scaling OL S coefficient estimates by the ratio of the
standard deviation of theindependent variableto thestandard
deviation of the dependent variable (Pindyck and Rubinfeld
1998). This calculation converts OL S estimates to unit-free
coefficients whose absol ute magnitudes are directly compa-
rable, revealing the relative impact of the independent vari-
ableson the dependent variable. Theregression modelswere
specified as follows:

(8) HD,* = f(LENGTH, DENOM,, VC, MSP, OSP)

(9) HPI* =f(LENGTH, , DENOM_, VC,_, MSP,

t-1’ t-17 t-17

OSP,)

HD* and HPI * denote the optimal HD and HPI level
observed in year t. The length of theleasewas 1, 4, 8, or 12
years. Lease denomination (DENOM) was abinary variable
assigned a value of zero if the lease was specified on a per
head basis, and avalue of 1if theleasewas specified on aper
acre basis. VC, denoted variable operating costs observed
eachyear, whileM SP, and OSP, represent May steer priceand
October steer price, respectively. Since HPI isafunction of
previous year grazing pressure and HPI value, the indepen-
dent variablesin Equation 9 were all lagged one year.

Parametric analysiswas used to examinethe sensitivity of
the model to other input variables that could potentially
impact the results. Inter-temporal vegetative condition re-
sponses to grazing pressure would potentially influence the
relationship between planning horizon and the current stock-
ing rate decision. Thisrelationship wasincorporated into the
model through Equation 7. The coefficient values in Equa
tion 7 were estimated from data collected in eastern Col orado
(Sims et a. 1976). These values may depend on regional
growing conditionsand, therefore, may not accurately repre-
sent eastern Kansas. Parametric analysiswasused to identify
the sensitivity of the results to changes in the coefficients.
Each model was solved after changing coefficient and con-
stant values, oneterm at atime, to 80 and 120% of theoriginal
estimates.

To compare |eases with alternative time horizons, future
income flows should be discounted to their present value.
Discounting placesagreater value onincomereceived inthe
near future relative to the distant future, increasing the
incentiveto minetheforage. Therate at which futureincome
is discounted may impact the stocking rate decision. The
discount rate, however, may not have asignificant impact on

optimal stocking ratesif price/cost conditions frequently do
not favor exceeding the steady state grazing pressure. Sensi-
tivity of average optimal stocking rates to the discount rate
was evaluated by solving the models at alternative discount
rate values and comparing the resullts.

RESULTS

Optimal Stocking Rates

Table 2 shows the optimal number of head stocked each
year under per head and per acre lease agreements. The
average number of steers stocked on the 640 acre pasture in
the 1-year per acre lease scenario was 144 head, while the
solution for the 4-, 8-, and 12-year lease agreements were
130, 124, and 122, respectively. The per head |ease scenario
revealsasimilar trend. The average number of steersstocked
was 136, 131, 123, and 120 head inthe 1-, 4-, 8-, and 12-year
leases, respectively.

As the length of the lease increased, average optimal
stocking density decreased. The largest decrease in the per
acre scenario occurred when the lease jumped from one to
four years, while the largest jump in the per head scenario
occurred between the four and eight year leases. In both per
head and per acreleases, the optimal stocking rate difference
between 8- and 12-year leases was minimal. Average stock
density in the 1-year per acre and per head |ease agreements
was 22 and 16 head greater than the corresponding 12-year
lease agreements. This represents an 18 and 13% difference
in optimal stocking rates between the extreme planning
horizon scenarios included in the study. Furthermore, there
was a large degree of year-to-year variability in optimal
stocking rates with all lease arrangements.

Theper acreleaseagreementsgenerated anaverageprofit-
maximizing stocking rate similar to the per head lease agree-
ments. Removing the landlord imposed minimum |ease pay-
ment, however, substantially reduced the optimal stocking
rate in the per head agreement. Solving the 1-year model
usingastrictly variable per head | ease agreement reduced the
averageoptimal stock density to 91 head. Thisrepresentsa33
and 37% reduction in average optimal stocking ratesrelative
to the original per head and per acre models. Furthermore,
solving the 1-year model based on astrictly variable per head
lease generated alower optimal stocking rate than the long-
term leases with a fixed cost component.

Vegetative Conditions

Figures5 and 6 show the profit-maximizing HPI timepath
under per acre and per head |ease agreements. The 1-year per
acre lease maintained an HPI value strictly lower than all
other alternatives. A clearly dominant |ease strategy doesnot
emergefromthedataasthelinescrossfrequently. Ingeneral,
the HPI time path isinversely related to the stocking density.
Average HPI values, therefore, increased with the length of
thelease, but weresimilar acrosslease denomination, consis-



Table2. Optimal number of head stocked in a full-section pasture each year under alter native land tenure arrangements.

Per acre leases Per head |eases
1-Year 4-Year 8-Year 12-Year 1-Year 4-Year 8-Year 12-Year

Y ear Head per section

1975 218 135 122 122 156 235 203 196
1976 238 223 215 215 152 62 36 35
1977 221 221 204 203 152 152 152 152
1978 137 152 121 120 145 231 145 145
1979 167 156 173 171 157 108 122 117
1980 128 110 118 110 139 139 139 139
1981 160 161 160 142 142 142 142 134
1982 103 116 119 66 125 145 145 105
1983 113 68 63 87 125 49 60 70
1984 147 123 113 135 145 145 145 145
1985 155 159 144 166 142 107 89 112
1986 110 125 62 128 119 172 145 181
1987 106 64 80 59 110 145 145 145
1988 108 80 88 68 110 128 139 120
1989 134 123 129 99 135 149 149 139
1990 109 123 125 70 110 140 144 102
1991 121 89 85 98 122 56 54 56
1992 134 104 92 99 134 152 152 152
1993 112 103 84 87 113 112 81 81
1994 144 159 127 129 144 98 74 71
1995 162 131 145 146 149 149 149 149
1996 141 102 108 109 144 156 156 156
1997 139 142 145 145 143 117 126 125
1998 142 161 162 163 141 55 57 57
Average 144 130 124 122 136 131 123 120

tent with the stocking rate observations. Mean HPI values
were 0.66, 0.73, 0.75, and 0.76 in the 1-, 4-, 8-, and 12-year
per acreleases, and0.71,0.71,0.75,and 0.76 inthe 1-, 4-, 8-,
and 12-year per head leases, respectively.

All land tenure arrangements examined in this study
periodically reached optimal grazing intensitiesthat reduced
HPI levels. The 1-year per acrelease achieved thelowest HPI
valueof 0.54 observedin 1982. Thisindex valuesuggeststhat
economically optimal stocking rates reduced forage produc-
tion to 54% of its capacity. Lease denomination impact on
HPI values appears to decline as the length of the planning
horizon increases. Mean HPI values were five percentage
points higher in the per head relative to the per acre agree-
ments, but equivalent in the 8- and 12-year |eases.

Factor s Influencing Optimal Stocking Rates

Coefficient estimates of the dependent variableslisted in
Equation 8 were statistically significant (p = 0.05) except for
lease denomination. Figure 7 graphically illustratestherela-
tive importance of cattle prices, production costs, |ease de-
nomination, and the planning horizon in the profit-maximiz-
ing stocking rate, based on standardized coefficient values
from the regression. Cattle prices were the most important

factorsinfluencing optimal stocking rates. Figure 7 suggests
that, for each standard deviation livestock purchase and
selling pricesincreaseabovethemean, optimal stockingrates
decreaseby 1.327 andincrease by 1.169 standard deviations,
respectively, from its mean. As expected, variable operating
costs were inversely related to stocking rates.

Theinput variablesrepresenting grazing leasetermswere
the lowest-ranked factors influencing a tenant’s optimal
stocking rate. L ease denomination was specified as a binary
variable with the per head agreement designated as the base.
Regression results suggest that holding all other variables
constant, per acre leases increased optimal stocking rates by
an average of 2 head on the 640-acre pasture. Thisvaluewas
not statistically significant (p = 0.05). In addition, thelength
of the lease had a relatively minor impact on the optimal
stocking rate. The standardized coefficient value of -0.176
wasstatistically significant (p=0.05), but substantially lower
than corresponding values for cattle purchase and selling
prices. These results suggest expected short-term livestock
price/cost marginsand the stocking rateweight gaintrade-of f
carry alarger influence on current optimal stocking ratesthan
expectations regarding future forage production.
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Figure 5. Optimal HPI time path under alternative per acre lease agreements.

Factors Influencing HPI Values

Figure 8 showstheimpact of cattle pricesand leaseterms
on estimated HPI values. Since HPI values are inversely
related to stocking rate (Equation 5), factors influencing
stocking ratescould also beexpectedtoinfluenceHPI values.
Figure 8 supports this expectation. The ranking was similar
to the stocking rate value factorsillustrated in Figure 7. The
signing of the coefficients, however, was opposite. Expected
selling price had the greatest impact on HPI values with a
standardized coefficient value of —1.731, followed by cattle
purchase price with a value of 1.498. Planning horizon and
|ease denomination carried thelowest impact, with standard-
ized coefficient valuesof 0.409 and—0.029, respectively. The
coefficient estimate for lease denomination was not statisti-
cally significant.

Parametric Analysis Results

The discount rate does not appear to bear a significant
influence onthe optimal stocking rate. Reducing thediscount
rate from 11.5 to 6% reduced average optimal stocking
density by 1, 2, and 2 head in the 4-, 8-, and 12-year per acre
lease agreements, respectively. The discount rate reduction
had a similar impact on the per head | ease agreement, reduc-
ing optimal stock density by 0, 1, and 1 head inthe 4-, 8-, and
12-year models, respectively. Thediscount rateisnot afactor
inthe 1-year lease models. Due to the minimal stocking rate

difference generated by two relatively extreme discount rate
values, further investigation into the sensitivity of discount
rate changes was not warranted.

Adjusting the coefficient values in Equation 7 affects
optimal stocking rates and HPI values, but not the relative
importance of lease terms and livestock prices. In all cases,
rankings were consistent with Figures 7 and 8. Of the three
termsin Equation 7, the coefficient value for HPI , had the
greatest impact on optimal stocking rates.

DISCUSSION AND CONCLUSIONS

Understanding the interaction between economic incen-
tives and long-term physical impacts on grazing land is an
important component of addressing management-induced
pasture deterioration. Expected price/cost margins emerged
as the most important factors in the stocking rate decision.
This result may diminish the opportunity for landlords to
indirectly address vegetative condition through the length or
denomination of grazing leases. A landlord wishing to main-
tain a minimum vegetative condition may need to directly
specify appropriate stocking rates in the lease.

Planning Horizon
Although livestock pricesand operating costsclearly play
a dominant role in the stocking rate decision, short-term
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Figure 7. Relative impact of each input variable on profit-maximizing stocking rates.
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pasture leases may promote heavier stocking ratesthan long-
term leases. Asthelength of thelease increased, the optimal
stocking pattern appears to approach that of an owner-
operator with a perpetual planning horizon. Solving the
model with a 24-year planning horizon generated results
similar to the model with a 12-year planning horizon. Fur-
thermore, optimal stocking rates in the 12-year |ease were
only dlightly lower than the 8-year lease. These results
suggest that, holding cost structure constant, an 8-year plan-
ning horizon would provide a stocking rate incentive similar
to land tenure aternative providing a perpetua planning
horizon.

Range scientists typically define “proper” stocking rates
asalevel that will maintain or improve ecological condition
(Ohlenbusch and Watson 1994, White and McGinty 1992,
Launchbaugh and Owensby 1978). By this definition, all
land tenure alternatives examined in this study periodically
provided anincentiveto overgraze. HPI valuesin each model
declined rapidly fromtheinitial value of one, and converged
to a steady state ranging between 0.60 and 0.80.

Although statistically significant HPI value differences
wereobserved among alternative planning horizon scenarios,
the differences may not be substantial in terms of actual
forage production. The mean difference in the HPI scale
between the 4- and 12-year per acre models was three
percentage points, or approximately 100 Ibs of forage per
acre. The spread between mean HPI valuesin the 1-year and
12-year per head |ease model swasfive percentage points, or
160 Ibs of forage per acre. The 1-year per acre lease agree-
ment stands out as maintaining an HPI value substantially
lower than all other |ease alternativesconsideredinthestudy.

Mean HPI valuesin the 1-year per acrelease model were 10
and seven percentage points lower than the 12-year and 4-
year per acrelease models, amounting to approximately 225
Ibs of forage per acre. This spread was robust over al the
alternative coefficient values examined in the parametric
analysis of Equation 7.

The HPI values appeared to be cyclical. Furthermore,
cases where vegetative conditionsimproved under onelease
agreement while deteriorating under another were rare, sup-
porting thehypothesi sthat stocking ratesand subsequent HPI
values were primarily driven by livestock price cycles and
production costs, not by future forage production concerns.
This conclusion is consistent with Torell et a. (1991) sug-
gesting inter-temporal impacts on forage production carry a
minor impact on the current stocking rate decision.

Cost Structure

L ease denomination had arelatively small impact on the
optimal stockingdecision, particularly inthelong-term|eases.
Thisresult can be attributed to the method of modeling lease
costs in the per head agreement. Imposing a minimum |lease
payment effectively created amixed variable/fixed cost struc-
ture faced by the tenant. At optimal stocking ratesto the left
of point A in Figure 4, the lease cost structure effect on
stocking ratesin the per head agreement wasidentical to that
of the per acre agreement. Since price/cost margins usually
maintained stocking rates below this point, stocking rate
incentivesweresimilar acrossleasetypes. Thisstudy demon-
strated, however, that relaxing the required minimum lease
payment and converting fixed coststo variable costsreduces
the profit-maximizing stocking rate. This suggests pasture



lease market conditions or other circumstances that force
tenantsinto lease contracts that require minimum lease pay-
ments increase optimal stocking rates.

Limitations of the Study

This study was based on forage production and price/cost
conditions observed in the Kansas Flint Hills. Another issue
is whether these results can be generalized to other geo-
graphical areas. Inter-temporal impacts of the stocking rate
decision would vary depending on regional soil and climate
conditions. I nter-temporal impacts depend on the coefficient
values of Equation 7, which were estimated from data col-
lected in eastern Colorado (Simset a. 1976). The Flint Hills
grassland appears capable of recovering quickly from over-
grazingrelativetorangelandinthearid regionsof thewestern
United States (Owensby, personal communication). Adjust-
ing the coefficientsin Equation 7 to reduce the vulnerability
of thevegetationto overgrazing woul d strengthen the conclu-
sion that current grazing decisions are driven by price/cost
marginsrather thanimpactsonfutureforageproduction. This
result, however, may not be applicable to other regions such
astherelatively fragile desert rangeland in the southwestern
United States.

This study was intended to identify the economic incen-
tives confronting landlords and tenants, not necessarily to
describeactual behavior. Actual behavior dependslargely on
the perceptions and objectives of the livestock operator.
These results assume perfect knowledge of current stocking
rate decision impacts on future grazing capacity. Further-
more, this model assumes a profit-maximization objective.
Livestock producers may not necessarily manage to maxi-
mize profit.

Themodelsdid not account for theimpact of precipitation
and temperature variation on forage availability. Model re-
sults, therefore, should be interpreted as “holding weather
conditions constant.” Actual forage production and vegeta-
tion conditions are impacted by the weather. Additional
research could focus on how incorporating weather risk
would affect the results. In addition, the results of this study
clearly reveal that profit-maximizing stocking rate behavior
results in multi-year cyclical stocking rate behavior. An
untested, but plausible, hypothesisisthat thisbehavior isthe
result of long-term cattle price production cycles. Future
research needs to further examine the interface between
cattle cycles and stocking rate economic incentives.
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