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Summary 

A multiperiod linear programming model is used to determine the acre­

age of deeded land for germinating crested wheatgrass. Results from a 

multiperiod linear programming problem based on a representative rancher 

in northwest ~evada indicate that ranchers can make more profits by 

converting all of their deeded land from native grass production to 

crested wheatg~ass production. 

However, a rancher's risk or uncertainty associated with yields for 

native grass and crested wheatgrass may influence his investment deci­

sions. Therefore, multiperiod stochastic programming models are intro-

duced and applied for a given representative rancher in northwest Nevada. The 

first model asswnes that a rancher's risk is only associated with total 

crested wheatgrass procuction. The second model asswnes that a rancher's 

risk is associated with yields for both native grass and crested wheatgrass. 

Results indicate that acreage for germinating crested wheatgrass decreases 

as a rancher's risk allowance increases. In the case where a rancher's 

risk is associated with yields in both native grass and crested wheatgrass, 

acreage allocated for germinating crested wheatgrass is less, for a 

certain level of risk allowance, than in the case where risk is associated 

only with crested wheatgrass production. 



Introduction 

:-lost ranch management decisions are made under uncertain conditions 

associated with weather, disease, production techniques, prices, and 

institutional arrangements. Cattle in Nevada receive most of their 

nutrition from grazing deeded range land, National Forest Service (NFS) 

land, and/or Bureau of Land 1'-lanagement (BLM) land during the spring and 

summer seasons. Production of livestock forage from native· grasses on 

deeded rangeland in Nevada is highly vulnerable to weather conditions, par­

ticularly from low precipitation. In Nevada, average annual precipitation 

is relatively low compared to the national average and fluctuates consid­

erably from year to year. 

The average annual production of livestock forage on deeded range­

land can be increased by removing native grasses followed by seeding with 

crested wheitgrass. However, ~creage ot seeding desired by a given 

rancher depends on: the length of time for successful plant establishment 

to occur; the associated income foregone from nongrazing; the dif­

ferences in production between native grass and crested wheatgrass for 

fluctuating precipitation level over time periods; and the risk of 

various levels of success in plant establishment. However, new stands 

are fairly easy to establish. If the first year's results do not appear 

successful, usually a good stand develops in the second or third year 

after seeding [Archer and Bunch ( 1 )] . Therefore, precipitation level 

may be considered as a prime factor affecting a rancher's decision in 

germinating crested wheatgrass on deeded land. There has been increasing 

recognition by researchers that improved estimates of resource alloca­

tion can be obtained by the inclusion of ranchers' attitudes toward risk 



in determining production decisions. One method used by ~evada ranchers 

to protect against possible economic losses due to poor 1,eather conditions 

1s diversification between native grass and crested wheatgrass on deeded 

rangeland. This type of diversification is expected to reduce the poten­

tial economic loss induced by poor precipitation. Diversification of this 

for~ is feasible when alternative forage sources have differential responses 

to precipitation. Tobin (14) and others have shown that only if the 

decision-maker is risk averse will the optimal portfolio involve a mix-

ture of risky prospects, and output under uncertainty tends to be 

smaller than when conditions are more certain. 

In order to minimize risk, a rancher may prefer to diversify by 

removing native grass followed by seeding crested wheatgrass on this 

segment of deeded rangeland. Costs of this project will occur in the 

initial periods and positive returns will occur in later periods. There­

fore the decision model chosen should include not only the rancher's atti­

tude towards risk in production decisions, but also the present value 

criterion for project analysis. 

Specific objectives of this paper are: (1) to estimate the optimal 

allocation of deeded rangeland between native grass and crested wheat­

grass production to maximize multiperiod net revenue, under conditions 

of no risk or uncertainty and (2) to measure the effects of a rancher's 

attitude towards risk associated with the investment decision for multi­

period optimal allocation of deeded rangeland between native grass 

and crested wheatgrass. 

To accomplish the first objective, a multiperioct linear programming 

model (MLP) is used. In an MLP model with linear utility function, 

all coefficients are assumed to be known with certainty. This assumption 

of a linear utility function implicitly implies that all decision-makers 
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are risk-neutral in decision problems. Therefore, if a decision-maker 

is assumed to behave as a risk-taker or as a risk-averter, he cannot be 

assumed to behave solely as a profit maximizer. Therefore, a 

multiperiod stochastic programming (MS?) model is used to determine 

multiperiod optimal allocation of scarce resources under risk and 

uncertainty. 

Multiperiod Optimization Model 

~lultiperiod production planning models necessitate the incorpora­

tion of time and interest rates. To simplify the problems associated 

with time, it is common to assume that the planning horizon consists of 

T discrete time periods and each time period represents one year in length. 

It is assumed in this paper that inputs are purchased at the beginning 

of each period and products are sold at the end of each period. 

Another assumption is ti1at ranchers operate in a perfectly com­

petitive money market. In other words, the borrowing rate. and lending 

rate are assumed to be equal. 

In general, there are two possible criteria to determine the op­

timal level of investment. One is the present value (PV) criterion 

and the other is the internal rate of return (I~) criterion. The PV 

criterion recommends investment opportunities with a positive present 

value of net income stream. The IRR criterion favors investment in op­

portunities that have an IRR greater or equal to the market rate of re­

turn. Both PV and IRR criteria produce the same level or optimal invest­

ment over two time periods. But several problems exist with the IRR 

criterion for multiperiods even when the money market is perfectly 
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compet~ t::.ve and im·estr.ient opportunities are independent. The IRR may 

not be uniqely defined and it may not exist for a multiperiod investment. 

Therefore, :.he concept of oresent value is used in this paper. That is, 

:he rancher is assumed to maximi:e the present value of his profit 

st re a.i11. 

Suppose that a rancher removes native grass on a portion of deeded 

rangeland and then seeds this land with crested wheatgrass to increase 

=uture livestock forage. On this portion of deeded rangeland there is no 

livestock forage production for the first three years. In the first 

1 

year the improved area is plowed and seeded. Assuming successful ger­

r.iination, growth of the young plants continues in the second and third years. 

The economic question addressed in this paper is what acreage of 

native grass on the deeded rangeland should a rancher remove and seed 

crested wheatgrass to maximize present value of the profit stream, given 

the risk associated with establishing crested wheatgrass and the differing 

production levels and variability over time of crested wheatgrass and 

native grasses. 

Let the production function for the jth output be: 

q. = h. (x1 ,x 7 , ••• ,x ), j = 1,2, ... ,s 
J J .. n 

, ... here: qj is the jth output, 

x. is the ith input, and 
1 

(1) 

In the above production function [equation (l)], input-output ratios are 

assumed to be independent of the scale of production for each input x .. 
l. 

1see Hirshleifer (7) or Cohen and ~yert LSJ. 
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In other words, the production function is characterized by fixed input 

coefficients. Fixed-proportions production functions are homogeneous of 

degree one and such functions reflect constant returns to scale. It is 

assumed in this paper that different fixed-proportions production pro­

cesses are available and all inputs are divisible. A multiperiod 

production function for the planning horizon can be written in implicit 

form as: 

where: qjl denotes the jth output produced during the first three 

years, 

qjZ denotes the jth output produced during the rest of the 

planning horizon, 

x11 denotes the ith input used during the first three years, 

and 

xi2 denotes the ith input required during the rest of the 

planning horizon. 

Also, the total present value of returns is expressed as: 

s 3 
z l: 

j =1 t=l 

-t s T -t 
P. qJ.l (1 + p) + Z Z P. qJ. 2 (1 + p) 

J j =l t=4 J 
( 3) 

where; iJ is a discount rate and p". is a price of jth product. 
J 

Similarily, the total present values of costs is expressed as: 

n 2 -t n T-1 -t 
l: Z r. 1 x. 1 (1 + p) + Z Z r 1. 2 x1. 2 (1 + p) (4) 

i=l t=O 1 1 i=l t=3 
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where; ril denotes price of the ith input during the first three 

years, and 

ri2 denotes price of the ith input during the rest of the 

planning horizon. 

The Lagrangian equation for maximizing the total present value of profit 

stream can be written as: 
s 3 -t s T -t 

L = i l: P. qjl (1 + p) + l: E P. qj 2 (1 + p) 

j =1 t=l J j =1 t=4 J 

n 2 -t n T-1 -t 
- E E ril xil (1 + p) - l: l: ri2 xi2 (1 + p) 
i=l t=O i=l t=3 

where: A is the LagTangian multiplier. 

In the above Lagrangian equation (equation (5)), output price 

P. (j=l, ... ,s) is assumed to be constant over the planning horizon, 
J 

input price ril (i=l, ... ,n) is constant during the first three years, and 

r. 2 (i=l, ... ,n) is constant during the rest of the planning horizon, 
1 . 

where ril and ri2 may or may not be equal. 

First order conditions for optimizations are: 

aL 3 -t >-~ = l: P. (1 + p) + = 0 j =· 1,2, ... ,s (6) 
aqj 1 t=l J aqjl 

oL T -t >-~ = l: P. (1 + p) + = 0 j = 1 , 2, ... ·' s (7) 
aqj 2 t=4 J aqj2 

?L 2 -t >-~ 
axil 

= - E ril (1 + p) + = 0 i = 1,2, ... ,n (8) 
t=O axil 

oL T-1 -t aF 
= - E ri2 (1 + p) + >--- = 0 i = 1,2, ... ,n (9) 

axi2 t=3 axi2 
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~~ = F (qll' q?l'.'. ,q l'ql 7 '' '. ,q ) x?l' ... ,x l'xl2' '.' ,x 2) = O (lO) o ;, _ s _ s_ _ n n 

There are 2(s + n) + 1 of optimal equations from first order conditions 

for optimization. 

By choosing optimal equations for any two products produced 

during the first three years, the marginal rate of transformation for the 

first three years (MRT 1) can be written as: 

oF 3 -t a - ,\ aa . 1 I: P. (1 + p) P. 
(11) ~ 'J_ t=l J _J MRT 1 = = = = 

oqjl 3F 3 pk -A-- I: pk (1 -t 
aqkl t=l 

+ p) 

Equation (11) indicates that the marginal rate of transformation between 

any two products during the first three years should be equal to the r~tio 

of product prices. Similarily, the marginal rate of transformation for 

the rest of the planning horizon (MRT2) can be written as: 

oetk2 P. 
(12) MRT2 = = _J 

aqj2 pk 

Since output prices are assumed to be constant over the planning 

horizon, the results in equations (11) and (12) indicate that MRT1 

equals to ~!RT, for any two products over the planning horizon . .. 
Also, the marginal rate of technical substitution between any 

two inputs can be obtained by choosing optimal equations for any two 

inputs. 

oF 
3xhl a:\1 2 -t :-.IRTS 1 = - -- = = 2: ril (1 + P) ril axil 3F t=O (13) 

axhl 2 = 
-t rhl I: rhl (1 + p) 

t=O 
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and, 

r.? axh2 
>IRIS 7 

l.-= - -- = --
axi2 rh2 

(14) .. 

Equations (13) and (14) show that the marginal rate of technical 

substitution between any two inputs should be equal to the ratio of the 

input prices. Since input prices are assumed to be constant only during 

the first three years and the rest of the planning horizon, t-.lRTS 1 and 

~lRTS 2 may or may not be equal. 

The marginal rate of technical substitution between any two inputs 

for different periods can be obtained by choosing optimal equations for 

any two inputs. That is, 

ax nl ~!RTs 12 = - = 
axk2 

oF T-1 (l+p) -t 
axk2 t~3 

rk2 
= 3F 2 (l+p)-t 

ax t~O 
r nl nl 

The above equation indicates that the marginal rate of technical sub­

stitution between any two inputs for different periods should be equal 

to the ratio of the sums of their discounted prices. 

Choosing optimal equations for any one output and one input for the 

first three years such as: 

and, 

3 -t 
Z P. (l+p) + 

t=l J 
aF 

\ 

2 
z 

t=O 

-t 
ril (1 + p) + 

aF 
\ 

= 0 

= 0 

~arginal product of xil in qjl can be obtained as follows: 
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>,. lL_ 2 -t 
- oqjl axil t~O r · 1 (1 + p) 

~larginal product of in 1 
(15) xil qjl = = 

,\ aF 
= -

axil 3 
l: P. (1 -t 

aqjl + p) t=l J 

or I \ I 
-t\ ( 3q 1 \ 3 2 -t _J_; l: P. (l+p) ) = t~O ril (l+p) oxil / t=l J 

or 

('qil '(p 3 -t\ 2 -t 
t~l (1 + p) ) = ril t~O (1 + p) (16) 

-, J 
axil/ I 

Equation (16) indicates that the sum of the discounted value of marginal 

product should be equal to the sum of the discounted input price. 

Similarly, the marginal product of xi2 in qj 2 can be written as: 

\ 
-t, 

+ p) ·. 

I 
(17) 

Also, the marginal product of xil in qh2 can be derived by choosing 

optimal equations for any one output qhZ and one input xil" 

2 -t 
aqh2 tio r il (1 + p) 

This is, --= 
axil T -t 

l: Ph (i + p) 
t=4 

or 

T -t 2 -t 
t~4 (l + p) = ril t~O (l + p) (18) 

Equation (18) indicates that the marginal product of earlier inputs in 

the production of output later is decreasing. 

By comparing equations (16) and (18), one can derive the following 

results [equation (19)]. 
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aqjl 3 -t aqj2 T -t P. 
t~l (1 + p) = Ph >' (1 + o) 

3xil J axil t~4 

or 
3 -t 

aqh2 ' p (1 + ;: ) t=l j (19) = 
aqj 1 T ,-t 

"i' Ph (1 + ;: ) '"' t=4 

From equation (19), the marginal rate of transformation between one 

product during the first three years and another product during the rest 

of the planning horizon should be equal to the ratio of the sum of discounted 

values of product prices. 

The second-order conditions for the maximization of total present 

value of profit stream require that the relevant Hessian matrix must 

be negative definite or negative semidefinite. 

021 .......... 321 
0q11 3q21 3q11 3xn2 

H = 
321 a2L 

aq21 aqll aq21 2 
............ ----

This is, the Hessian matrix (i.e. H) of second order partial derivatives 

of the Lagrangian with respect to the q .. and xk. must be negative de-
J.J J 

finite or negative semidefinite when evaluated at the local maximum point 

(q*,x*,~*) when subject to the condition that: 

dE (q*,x*,~*) = 0 (20) 

The Hessian matrix, H, is negative definite subject to the constraints 
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• 

[equation (20)] if and only if the signs of the 2 (s: .+ n) - 2 determinants 

of submatrices of the [2 (s + n) + 1] x [2 (s + n) + 1] matrix obtained 

by bordering the Hessian matrix, H, by the Jacobian matrix of the con­

straint production functions are alternating. That is: 
l 

0 
1 aF aF 
I aq11 aq21 

-. -- - -
3F I a2L a2L > 0, •..••..• •·. , 
aq11l aq112 aqll aq21 

0 I oF oF oF 
1--

aq21 aq31 aqll 
I 

--------------------------------- < 0, •..••• , 
I 

oF I a2L a2L a2L 
aq11' aqll 

t 

2. aqll aq21 aqll aq31 

oF I a2L a2L a2L - 2 aq21 1 aq21 aqll aq21 aq21°q31 

aF I a2L a2L a2L 
aq31 , 

I 

aq31 aqll aq31°q21 aq31 2 
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(-l) 2 (s+n) +l 

~ 
oF 

0 
. aqll 

• 3F a2L 
a911 aq11 2 

aF a2L 

aqsl 39s1 3911 

! 3F a21 , __ 
! oql2 391i9u 

3F a2L --
, aq 
: s2 aqs2 3q11 

&F a2L 

i axll 
I 

axll aqll 
I 

\ aF a2L 1-- ----
1 

I gx 
, n2 

2(s+n) + 1 -

aF oF ctF 3F 

39s1 0912 09s2 ax11 

a21 a21 

aq11°9s1 aq11°q12 

a2'L a2L a21 221 

39 s1 
2 aqs 1aq12 39s1 39s2 aqsl axll 

a2L a2L a2L a2L 

aql2aqsl aql2 2 aq12°qs2 aq12 axll 

a2L a2L a2L a2L 

3s2 aqsl aqs2aq12 aqs2 2 .. aqs2axll 

a2L a2L a2L a2L 

axll aqsl axll aq12 axll aqs2 axll 2 

' 

' aF --- --
axn2 

a2L 

aq 1 ax 2i s n 1 

a2L 

aq12°xn2 

a2L 

aq 2ax 2 j s n , 

a2L 

ax11 axn2 

ax 2 
n2 

In this section of the multiperiod optimization model, several 

assumptions are made. These are: (1) output prices are constant over 

the planning period, (2) input price ril (i=l, ... ,n) is constant during 

the first three years and input prices ri2 (i=l,2, ... ,n) is constant 

during the rest of the planning horizon, where ril and ri2 may or 

may not be equal, (3) different fixed-proportions production processes 

12 
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are available, and (4) the discount rate is constant over the planning 

horizon. Under these assumptions the first order conditions for max­

imization of the total present value of profit stream can be summarized 

as follows: 

(1) the marginal rate of transformation between any two outputs 

over the planning horizon equals the ratio of their prices; 

(2) the marginal rate of technical substitution between any two 

inputs of the same period equals the ratio of their prices. The mar­

ginal rate of technical substitution between any two inputs of differ­

ent periods equals the ratio of their discounted prices; 

(3) the sum of the discounted value of marginal product equals 

the sum of the discounted input prices. 

The second order conditions for maximization of the total present 

value of profit stream can also be summarized as follows: 

(1) the marginal rate of transformation between outputs is 

increasing; 

·c2) the marginal rate of technical substitution between any two 

inputs is diminishing; 

(3) the marginal product of each input increases at a decreasing 

rate. 

A Multiperiod Linear Programming Model 

If the implicit production functions [equation (2)] can be assumed 

to have different fixed proportions production processes and 

all inputs are divisible, then a multiperiod linear programming problem 
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which is consistent with multiperiod optimization can be formulated. 

· bl be written as: This multiperiod optimization pro em can 

. . ~ max1m1:e: __ 1 1= 

subject: A11 
I Ql bl 

Ar 
Xl 

< (22) -.C 
Q2 b2 

--- I 

A31 A_? x2 b_ 
I .)_ .) 

and Q. and X. > 0 i = 1,2. 
l l 

where A11 and A31 are submatrices of technical input-output coefficients 

for the first three years, A?? and A_ 2 are submatrices of technical input--- .) 

output coefficients for the rest of the planning horizon, and Q. ~ = [ q1 . ---q . ] , 
l- _ 1 51 

for i = 1,2,x: = [x:1 . x?~ --- x: .], for i = 1,2, b. is a vector of resource 
l l -~ Ill 1 

constraints (where b1 and b2 represent resource constraints for the first 

and second periods and b_ is the transfer constraint from period one to 
.) 

period two), and all other variables are the same as defined previously. 

A rancher 1 s multiperiod production decision problem for a representative 

ranch in northwest Nevada is formulated according to equation set (22), 

as shown in Appendix I. The method of multiple grazing activities is 

used in a multiperiod simplex table to represent grazing activities on 

deeded and BLl•! lands (Garoian and Kim (4)) . The acreage of deeded land 

for crested wheatgrass production, which maximizes multiperiod net 

revenues, is determined in the model. 

Results obtained from a multiperiod linear programming problem are 

shown in Appendix II. Results show that a rancher can obtain maximlL111 
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present value of the future profit stream, $2,548,393.00, by germinating 

crested wheatgrass on all 20,000 acres of deeded land. 

Since yields in crested wheatgrass vary depending mainly upon 

rainfall during the spring months and reserve soil moisture, a rancher's 

attitude toward uncertain weather and consequently, yields may affect 

his decision on the investment problem. Therefore, nonsequential multi­

period stochastic programming models are introduced in the next section 

to incorporate a rancher 1 s risk or uncertainty in investment ·decision 

analysis . 
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A Nonsequential ~-lul ti period Stochastic Programming 

In a :nul ti period linear programming (~!LP) model, all tech-

nical input-output coefficients and resource constraints are assumed to 

be kno\\·n with certainty. One of the common problems in application 

of MLP is the difficulty in determining the proper values of tech­

nical input-output coefficients and resource constraints. 

In stochastic programming, risk is represented by allowing a 

small probability for violating each constraint. Generally, two types 

of nonsequential stochastic (chance-constrained) programming problems 

can be identified. In the first case, all of the technical input-output 

coefficients are known constants, so that only some or all of the 

resource constraints are random variables. For the second case, some 

or all of the technical input-output coefficients are als~ random 

variables. Both cases will be studied in this section. 

Case A: A multiperiod stochastic programming (MSP) problem under 

assumption that some or all of resource constraints are random variables. 

In the previous section, results from MLP problems indicated that a 

rancher can obtain maximum values for the objective function by converting 

all 20,000 acres of deeded land from native grass production to crested 

wheatgrass production. However, yields ·in crested wheatgrass vary from year 

to year depending mainly on weather conditions. Therefore, a rancher's 

risk or uncertainty on an investment decision problem may be associated with 

fluctuating total crested wheazgrass production. 

The MSP model for determining the optimal number of deeded acres 

that should be converted from native grass production to crested wheat-

grass production can be formulated as follows: 
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maximize: 

subject to: 

Alli Ql bl 

--- I Xl 
* b * A22 < 

I Q2 
2 

I 
A31 I A32 Xz b3 

IP ~22 Xz 2- Bzj > a. (23) 

where JP is a probability opl~;:~-jr, a. is a specified probability 

level between zero and one, A22 =La22 _ where a 22 is a rofb ve]_ctor which 

is associated with fonge production on deeded land, b 2 = ['.l: where B2 

is a total amounts of forage available from deeded land, and all other 

variables are tr.e same as ,reviously defined. .?robabili ties~· a. and. 

(1-a.), are interpreted as ti1e decision-r,1aker' s confidence and risk allow­

ance level, respectively. It is further assur.ied that the distribution of 

B2 in equation (23) is assu.;.ed to be norr.1ally- ctistTibuted. with mean h (.!~ 2) 

and variance cr~. Equation (.23) indicates the probability that the total ,., 

amount of forage required, B2, is greater than or equal to forage production on 

deeded land, a 22x2 . This probability should be gTeater than or equal to 

the decision-maker's confidence level a.. The probability constraint (.23) 

can be converted pToperly into linear pTogramming constTaints, so that 

the simplex method can be applied to solve the problem. If the random vari­

able B2 has a normal probability distTibution with mean E (Bl and variance 

cr~, then its probability density function (pdf) is given by: 
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f( B) = ( 1 ~ exp - (' [ B - E ( B) ] 2 \ 

O'B V2IT ) 2aB2 J - a: 
' 

< B < a: 

The random variable B can be converted to a standardized random variable 

K by subtracting its mean, E(B), and dividing by its standard deviation, 

o- 8 • That is, 

K = B - E(B) 
crB 

and the pdf of K is given by 

1 
f(k) = - exp (- ~2 ) 

V2II 

Since both the mean and standard deviation of Kare fixed as zero and one, 

respectively, we can use a probability table to determine the area 

(probability) under any portion of the normal distribution. The proba­

bility table contains cumulative probability values of the standardized 

normal distribution. The relationship between the pdf of K, f(k), and 

the cumulative density function (cdf) of K, F(k), is shown graphically 

in Figure 1. 

0 

1 
------ F(k) 

-3 0 3 

Figure 1. The pdf and the cdf of K 
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Now the probability constraint [equation (23)] can be written by the 

standardized form as follows: 

< 

Equation (24) can also be written as, 

if and only if, 
a22 x2 - E(B) 

cr 2- K 
B CL 

].. f a22x2 - E (B) . 
if and only ------ < K 

crB - CL 

B-E(B))>a 
cr -

B 

where 
co 

CL =f 
K 

CL 

1 --e 
\l2i 

2 
k 

(24) 

(25) 

2 d k 

(26) 

(27) 

Euqation (27) can be illustrated graphically as shown in Figure 2. 

E(B) + Ka crB E(B) 

Figure 2. Probability Density Function of B 
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The stochastic constraint expressed by equation (27) is equiva­

lent to the deterministic linear constraint. Therefore, equation (27) 

can be inserted into the nonsequential stochastic progrannning model to 

replace the probability constraint. Unfortunately, data for yields 

of native grass and crested wheatgrass which grow in Nevada are not 

available. However, Mitchell and Garrett (JO} have estimated ave-rage 

yields per acre·of native grass and crested wheatgrass to be 50 uounds 

and 500 pounds, respectively. Information about means and standaTd 

deviations in yields of native grass and crested wheatgrass were 

taken from a Canadian study CSmoliak (.12)) and are shown in Tab.le 1, 

Table 1. The Means and Standard Deviations in Yield/Acre of Native 
Grass and Crested Wheatgrass in Alberta, Canada. 

Mean (lbs.) 

Standard 
Deviation 

(lbs.) 

Native Grass 

393 

145 .11 

Crested Wheatgrass 

832 

257.44 

To approximate variances in yields of native grass and crested wheat­

grass in Nevada, standard deviations shown in Table 1 are scaled 

down using means as weights. The results are shown in Table 2. 
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Table 2. ~eans and Estimated Standard Deviations in Yields of Native 
Grass and Crested Wheatgrass in Nevada. 

~lean (lbs.) 

Standard 
Deviation 

l (lbs.) 
I ~ ,. ,. . . I 
I .__oerr1c1ent : 

1of variation ; 

>iative Grass 

50 

18.46 

2.71 

Crested Wheatgrass 

500 

154. 71 

3.21 

Using data shm·,n in Table 2, results obtained from a static multi period 

stochastic programming problem at different '.:/.-levels are given in 

Table 6 through Table 10, Appendix II. These results are also 

Slli'Tililari:ed in Table 3 and Figures 3 and 4. 

Table 3. Values of Objective Function and Acreages for Germinating 
Crested Wheatgrass at Different a levels (Case A). 

::- leve 1 i 0.9S 0.90 0.85 ,, . 80 o. 75 i;1LP 
(Confidence level)! 

SOL. 

value of objective i 2,011.0 2,130.5 2,208.8 2,270.9 2,328.0 2,548.4 
runction (1,000$) 

2.creage for 
germinating 
crested wheatgrass 

9,820 12,079 13,564 14,740 L 15,82~ 20,000 

Results in Table 3 indicate that a rancher's acreage allocation for 

crested wheatgrass production increases at a decreasing rate as the risk 

allowance level increases. For instance, a = 0. 85 implies that the resou1·ce 

constraints on deeded land will be met 85 percent of the time (risk allowance 

of 15 percentj generating an objective function value of $2,208,800.00 with 

13,564 acres planted in crested wheatgrass. 

In this section, it has been assumed that total amounts of forage from 

crested wheatgrass production on deeded land are normally distributed 

(i.e., a resource constraint coefficient is assumed to be normally distributed) 
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Figure 3. 
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of Risk Allowance. 
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and yields of crested wheatgrass per acre (i.e., technical input-

output coefficient) are asswned to be known constants. However, various 

weather conditions affect not only crested wheatgrass production, but 

also native grass production on deeded land. In Table 2, means and 

estimated standard deviations of yield are SO and 18.46, respectively, 

for native grass and 500 and 154.71, respectively, for crested wheatgrass. 

Ratios of mean values to respective standard deviations (coefficients of 

variation) are 2.71 and 3.21 for native grass and crested wheatgrass, 

respectively. These ratios indicate that yields of native grass are more 

fluctuating than crested wheatgrass. Therefore, ranchers may germinate 

crested wheatgrass not only to increase forage production, but also to 

avoid relatively high risks associated with native grass production. Next, 

variations in yields of both native grass and crested wheatgrass are consid­

ered as principal sources of risk involved in a rancher's decision problem. 

Case B: The technical input-output coefficients associated with native 

grass and crested wheatgrass productions are random variables. 

Consider the probabilistic constraint such that: 

1- 7 
.IPLa22x2 .::_ B2j = 1-,:i (28) 

In the previous section, the technical input-output coefficients, a22 , were 

asswned to be known constant. 

Suppose that a22x2 is normally distributed with mean vector E(a 22 )x2 

and variance-covariance matrix x2 ~wx 2, where IV is the variance-covariance 

matrix of a 22 . Equation (28) shows the probability that the total forage 

production on deeded land, a 22x2, is less than or equal to the amount of 

total forage required, B2. This probability should be equal to the risk 

allowance level 1-a. The probabilistic equation (28) can be written as: 
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or 

where: 

if and only if 

Therefore, 

with 

.IP 

.IP 

z = 

[z < Bz-~C•zzlx2 
- (x2 Wx 2) 2 = 

a22x2 - E (a22) x2 
1 

(x2 ~wx2) 2 

B2 -E(a22)x2 

(x2 ~wx2) l 
= K 

1-a. 

IP ~22x2 2- B~ = 1-a. 

1-a. 

(29) 

Therefore, the probabilistic constraint [equation (28)] can be replaced 

with the nonlinear constraint [ equation (29)]. However, equation (29) 

includes a·quadratic form and therefore, it cannot be solved by simplex 

method. However, the nonlinear constraint [equation (29)] can be approx­

imated under a certain condition. 

Consider the following relation such that: 

1 (~ • ii) l (x~Wx) 2 = x. 2 + z z x.x. {1. 
1. 1. 

if~ 
l J 

i J 

< (L a.2 + z z x.x. • •)l from the Cauchy-- i 1. 1. i j ]. J ]. J 
. .I.. Schwarz inequality J.rJ 

= Zx.o. 
1. l 

(30) 
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By replacing (x~Wx) 1 in equation (29) with 

eau-t1'on t:('"J .... ); Y ..., rp .,..., X - - B 
' a. . ' "" '- ~ 2 2 .. 2 . l\.1 <,. . i - i - ., 

-'-

Z:x.::.' 
1 l. 

we have the lineari:ed 

(31) 

Equation (31) has been applied by Rahman and Bender (_11) in their study 

of least-cost feed mixes. However, as Chen ( 2) noted, it is allowed 

for use in cases where random variables are highly correlated to each 

other. 
1 

Inequation (30), rxi~i overestimates (x~Wx)2. However, bias is 

reduced as the correlation between a- and a- increases. In cases 
l. J 

where a. and a. are perfectly correlated, the linearized equation (31) 
l. J 

and the nonlinear equation (29) are identical. Even though data for 

yields in native grass and crested wheatgrass on the same field in ~evada 

are not available, they may be highly correlated to each other. 

Therefore, bias generated from using the linearized constraint [equation 

(31)] instead of the nonlinear constraint [equation (29)] would be 

minimal. 

The MSP model described in this section is formulated as follows: 

s (tt -t\ n (tfo -t ;',Jaximi: e: p. q .. (1 ~ 

i;l + 0) -
j =l rjlxjl (1 + o) 

1 11 

J 
s 

( T 
n (\'. \ -t) -t '; + z P.q.7 (1 -+ 9) -
.,. 

r. 7X;, (1 i=l 
..,. ' ) . 

t=4 1 1- j =l t=.) J - J -
,., i 

I 

Subject to: 

~== 
Ql 7 rl 1 I ;s_--* Xl I 22 < ' b ,.. i 

~:; 
I ' ') 

Q2 I 
A32 

I 

Lx2 ~ l b_ 
! j 

_j L 

E(a22)x2 -+ K \ x.a. = 82 '-' 1-c, 
i l 1 
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Results shown in Table 4 are obtained from applying the above MSP 

model by allowing ~-level to vary. Results are also given in Appendix IV 

in detail. 

Table 4. Values of Objective Function and Acreages for Germinating 
Crested Wheatgrass at Different ~-levels (Case B). 

I 

l ::.-level 0.95 0.90 'J. 85 0.80 0.75 I MLP SOL. 
I 

value of objective I 

function (1,000$) I 2,151.1 2,214.2 2,261.8 2,303.6 2,345.8 2,548.4 I 

! 

acreage for I I 
! I 

germinating l I 

crested wheatgrass l 12,470 13,667 14,568 15,361 .16,160 20,000 ! 

! I I i I ! ' 

Results in Tables 3 and 4 are also depicted in Figure 5. 

Results in Table 4 also indicate that acreage allocated for germinating 

crested wheatgrass increase at a decreasing rate as the risk allowance levels 

increase. Fo_r example, a.=O. 85 implies that the resource constraints on 

deeded land will be met 85% of the time (risk allowance of 15%) generating 

an objective function value of $2,261,800 with 14,568 acres planted in 

crested wheatgrass. In Figure 5, acreages allocated for crested wheat-

grass germination in Case Bare always higher for given levels of risk 

allowance than in Case A. It should be noted that the results are ob­

tained from linear approximation of the quadratic form. As long as 

yields in crested wheatgrass and native grass are not perfectly corre­

lated, bias exists. Since the linear approximation expressed by equation 

(30) overestimates the real variance, this bias contributes to the differ­

ences in acreage allocation for crested wheatgrass germination between 

Case A and Case B. However, differences between Cases A and B decrease 

as the risk allowance level increases. As explained earlier, a rancher 

may germinate crested wheatgrass on deeded land not only to increase forage 

production, but also to avoid the relatively high risk associated with 

native grass production. 

,.,.,. 
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Conclusion 

Most ranchers in Nevada rely on forages from deeded and BLM lands 

during the grazing season. Since there exists increasing restric­

tions on BLM grazing allowances, ranchers may be willing to improve 

their deeded land to meet their forage requirements. 

A multiperiod linear programming model is used to estimate an 

optimal acreage of deeded land for germinating crested wheatgrass. 

Results show that a rancher may obtain the largest objective function value 

from germinating all of his deeded land. Since a rancher's attitude 

toward risk or uncertainty associated with yields may affect his invest­

ment decision, multiperiod stochastic programming models are used to 

incorporate a rancher's attitude toward risks in investment decisions. 

First, a rancher's risk is assumed to be associated only with crested 

wheatgrass production. Second, a rancher's risk is assumed to be 

associated with not only yield in crested wheatgrass but also yield 

in native grass. In both cases acreages allocated for germinating 

crested wheatgrass increase at a decreasing rate as the risk allow-

ance levels increase. However, acreages allocated for crested wheat-

grass germination in the second case are always higher at various 

levels of risk allowance than in the first case. It indicates that 

a rancher may germinate crested wheatgrass on deeded land not only 

to increase forage production, but also to avoid the relatively high 

risk associated with native grass production. 
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AU~t 

AlJM 
,\UM 
AUM 
AUM 
,\UM 
AUM 
AIJ~I 
\UM 
AlJM 
AUM 
.\UM 

< 

< 

AUi-i ~ 

llcad ~ 
Head ~ 

IAU!I 

l,\lJM 
AUH 

i 

Iron 
l11ead 
1t1cad 
jlleaJ 
!llca<l 
:11cad 
1llead 
:11 ... a<l 
1Head 
i11cad 
111ca<l 
Head 
Head 
Head 
Head 

< 

< 

RIIS 

200 
0 
0 

2,000 
0 
0 

700 
'0,000 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4,000 
0 
0 

0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
H 
15 
16 
17 
18 
19 
20 

21 
12 
23 

2-1 
25 
26 

27 

2~ 
30 
31 
32 
33 
34 
35 
36 
37 
38 
3~ 
40 
41 

q 

1,825 
6.125 

2.0 
0.5 
3.5 

- .49 
- .49 

" 'J 

0 --... 
): 

): 

3 

r 

47 

1.5 
4.S 

2.0 
0.5 
3.5 

1 
.s 

r -- ,-- ----r- · 
I i I ~ 
' . ._ I ~ 

,....,. I -
~ I :] :;, 

u 
... .. .. ... 
Cll 

I 48 

0.5 

I 

49 

0.5 

l 
- .99 

1 so 

o. 25 
1.75 

1 
- .985 

- . 14 I 
-4 

-3.S 
-S 

34 

I 
I 

... 
"' " ;,. 

51 

.975 
2.275 

l 
- .99 

52 

.8 

1.6 
.4 

2.8 

l 
- .99 

I 

~, .,, 
' .,., 

"' ~, 
~ 

~ : 
"J 
., i 

fl 
I 

' 

53 

1.35 ,1 

4.05 

I. 8 

1 
l 

- .8 

-1.6 

I 
I 

54 

1.95 
S.85 

2.6 
.65 

4.55 

-20 

.25 

- 3.25 

,~ ~~r·-
: '.J .... 3 ! .3 
~ fJ 

-:., ... - -
~ - - ..- -

: ..,l O :J' :J -
'A ~,"JI U :: 

I::: ::: :::: ii - : 
i ~ •~;~I ~ ~ 

js tiujv w 

:ss 
I 

/ 

I -I 
i I 
j I 

I 
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!i4: Nu11. 15 - Nov. 311 Ill .... .. .. .. .. .. ··• "' "' .. .. .. .... ... ... Ei• .. .. .. .. .. .. .. .. ... .. .. .. 
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..: ..: .n V) 

A II C II 
. 

l•oit Sit.u l~iiS ~ '111 , .. ,., ·- o3, 1.14 o5 110 67 oil b!l 711 71 72 n 74 75 

Alf.1lf.1 lanJ At..·ro WU 4~ 1 ·-
Alfalfo ,a f cc rm~, l h AIIII < (I 43 - .75 1 i -
Alf.II fa trau~fcr l 1 l 1 l Tou < II 4·1 -3.63 - I I -t:r;a!:i.!i hay lilnJ A<.:rc < 2,000 - 45 ' G.-ass hay ahcn11:ith AUM < .. 0 4(1 - .75 l l 
Gl·a~s hay t ,·.,us fer Ton .; 0 47 -1.33 l 1 I -
HcaJm, pastu1·c A<.:rc < 700 48 -
Tot.11 dccJcJ laud A..:.ro .; 20,000 49 -
Nat ivc crass trans for AUH < - II so 
Ci-cstcJ whcatgr•1ss tra11sfc1· AIJM < 0 Si - - ... .. ... . . - . .. .. 

.65-!il .\IJM < - II 52 -3 -3 

.65-!i2 ALIM < 0 !:3 -3 -3 --.H -!i2 AIJ~I < 0 54 -
Fura~u .9 -SI AUM < 0 55 
tnrnsfcr .9 -!i2 AUM 

-
< 0 Sb -l.O -!ii Alll<I < 0 57 -Scaso11 I 1.0 -52 AIIM < 0 51! -anJ l. 25-!il AUM < 0 59 -Season 2 I. 25-!i2 AIIH < 0 60 -l. 3 -SI AUH < 0 61 -I. 3 -!i2 AIIH < 0 62 -

Total UIJ.I a I low.,nce AU~I < 4,000 63 -
llull l"ClJUi 1·c11wut llcaJ < () M -
Dul I 1·c11ui rcmcnt llcaJ ; < 0 65 -
llul I rcqu i rcmcnt llcaJ < 0 60 - . 
l'orni:e !i-3 AU~~- < 0 67 -.75 -3 -075 -3 
tr,msfcr S-4 Alli-I 

-< f, 61: -.75 -3 -.75 -
!i-5 AIJII < - 0 69 -l 

AILllfa •·ctau i rcmcn t Ton < - 0 70 -5 
Steer ca If (1-8 WO.) llcaJ < (I 71 -llcifcr calf {1-8 mo.) llcaJ < 0 72 -
Wcaucr (9-12 mo.) llcaJ < 0 73 -
Yc:id ini: ( 13-17 mo.) !lead < 0 74 -
¥earl int (18-24 mo.) llcaJ < 0 75 -
llepla<.:cmcnt {25-12 mo.) llcaJ < 0 76 -llull rcqui n::u1cnt llcaJ < 0 71 -llcplacc cull cow lkaJ < 0 78 
llull tnansfcr llc«J 

-
< 0 79 -Prcguanl'.y llcaJ < 0 80 -

Scll calf 
; 

steer llca,I < 0 81 
Sell llcifc1· calf llcaJ ·-< 0 112 
Sell cull llca,I 

-cow < : 0 83 -Sell cull bull llcaJ < 
I 

0 84 I - I 
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t.uiuuata·ix A22 

SI: March 15 - April 30 
S2: May I - Sept. 14 
S3: Sept. 15 - Nov. 14 
S-1: Nov. IS - Nov . 30 
SS: IJcc. 1 - I-larch 14 

--
-------------1----- -- ~ 

Al fol fa land 
Alfalfa aftermath 
Alfalfa transfer 
Grass hay land 
Grass hay aftermath 
Grass hay tra11sfc1· 
Meadow pasture 
Total deeded land 
N~tive grass transfer 
Crested whcatgrass transfer 

forage 
transfer 

Season I 
and 
Season 2 

.65-SI 

.65-S2 

. 8 -S2 

. !I -SI 

.!I -S! 
1.0 -SI 
1.0 -S2 
I. 2f,-Sl 
I. !5-S! 
I. 3 -SI 

Acre 
AUii 
lo11 
Acre 
AUM 
Ton 
Acre 
Acre 
AUM 
AUM 

AUM 
All~I 
All~I 
AUii 
All~I 
AUM 
AUM 
AIIM 
AIIM 
All~I 

I::. 

I ::. 
I < 

i:;: 
' < 

I::. 
'· 

' < 1-
-

' < 

-
I. 3 -S2 AUM I < 

-... -o-ta---, -ll-L~l-~I _a_l_l_o_w_a_n_ct'-------+-A--11~1-- -- -~-

Bu I I requirement llea<l :;: 
Uull re,1uireme11t llca<l ::_ 
ll111 I rc,1ui re,ncnt llcad :~ 

------

-------
I\IIS 

2011 
0 
0 

2,1100 
0 
0 

7011 
20,11011 

(I 

0 

0 
(l 

0 
(I 

0 
0 
0 
0 
(l 

0 
(l 

------
4,1100 

(l 

0 
(I 

----

rK 
4~ 
43 
44 
45 
46 
47 
48 
49 
f.O 
51 

52 
53 
54 
5~ 
56 
57 
58 
59 
611 
(,J 
62 

·----- -· 

63 
(,4 
65 
b(1 

~--- --.--...-----.-------------------------------
... '" VI V) 

... >. .. .. 
.r: .r. .. .. 
E .. .... ~ 

~ 
111 <II 

"" ;s ;s 
0 0 

"!i ] -~ ~ 
l u 

IL u. ;:,: 

.. .. 
I.'! 
"" .. 
> 
•rl ... 
~ 
7. 

t.ra z I ni: on llcc,l<'d l.aml 
t-------,,----..,...----:-----:-----.,---------;----,--------·---

.6S .65 
SI S2 

.8 
S2 

.9 
SI 

.9 
S2 

I 
SI 

I 
S2 

I. 25 
SI 

I. 25 
S2 

I. l 
SI 

I. 1 '625 
S2 S3 

----lf----+--------1----+----+-----'----+-----l------------ t---- r------•-- ----· ----- I---- --

-·-·- - -- ------1,-.----0----- ---·--- ------i-- --- ---·-1-----4-----•·--·- ----. --+---+---1--
76 77 78 79 811 81 ! 82 83 85 86 87 88 8!1 90 91 !12 

-----1-----1--------1------- . ·--- ------1------1----1 

: 

I I ! 
I I 

i I I 
- .11(,25 .65 .65 .11 .9 .9 I ! I I. 25 1.25 I. 3 I. 3 11h25 

I 
- .(,5 

i -.65 
i 

I 
-.8 

I - . !I 

i I - .9 

I ' - I 
! - I 
I 

-1. 25 
! I -1. 25 

I - I. 1 
- I. 1 

---·-··-· . -
I 

I l l 
' - 211 

' I 
-------------J------- --•----1----1----+-----l---+---l------lt-----l-----t ----- ,,.,, .. 

fo1·ai:e S- 3 
trnnsfcr S-4 

S-5 

A If a If a requ i 1·cmcnt 
Steer calf (1-8 100. J 
llcif...- culf 11-8 mo.) 
l\caner (!1-12 u,o.J 
\carlin~ (L>-17 mo.) 
frarlini; ( 18-24 100. J 
ltep)ill'CDICllt (~5-32 PIO.) 
llu) I n-•1ui n•n1<0 11t 
l!q1lace cull co" 
Bui I transfer 

All~I 
Alli-I 
AUi-i 

< 

0 

70 
71 
72 
73 
7~ 
75 
7(, 
77 

. . 15 
-1 - .75 

. , 
-- .. ·----- -------· ----+---1--- ·---·-·--1----_.---

lo11 
llcad 
llca<l 
llcad 
lka,I 
lie.HI 
llcad 
llea<l 
llc,1<1 
llea,I 
llea,I 

(I 

(I 

(I 

(I 

(l 

() 

11 
(I 

(I 

(I 

(I l'n.·guancr 

Sc ,-~,-t-ec-,-. _c_a_J_f ---------,,-,-,.-,.-,J- ----- ·-· o 81 •----+---- ---·--t---1----:----1---- - ----, ---t------+--+---ll---+---+---1---~---
Sl'l J lleilcr calf Ilea.I II II~ I I 
Sc 11 cu 11 u11, llca,I O 83 ! I 
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--··---· ·-·. ·•··· ·-----···-·-·-·- ···--· ---------
... 
'" ,., 

,;.,a,.iun .:,·,•:ill~,, Whl';i'•~•·;,~,~ ,, 
tiulunall'JA A 1 , 

.... .. . --···' - ··•·-- . .. -··- ·-- ., .. 
SI: Mard, 15 - ,\pri I 30 'i 
S' · Hai• I - Sept. 14 ·1:1 

S3: Sept. 15 Nov. H ti 
.II I I I. 25 I. l5 I. l l.l .h!S ,. .bS . ,,s • !I .!I 

S4: Nol'. 15 - Nov. 30 "' SI :n SI Sl SI :q S\ ti 51 62 5l S2 Sl 
55: 11cc. l . Ha1·ch 14 ... 

u ---------•-· 
' 

--- -- ... ... ,. . -· -

l,ni t 5ij!l l'JI!; I~ !ll !14 !IS !Ito !17 !Ill !19 1110 IOI 102 IIIJ 101 lo~. 
- -- .... ---

Alfalfa land Acre 200 42 
Alfulfa aftcra1ath AUH " 0 43 -
Alfalfa transfer lou < " 44 I - ! 
Grass bay l,1nd Acn, - 2,000 45 
Grass ha)' aftermath AIJ~I -. u 4b 
Grass hay tn,nsfer Ton < I) 47 ' -

I 
Meadow pastun: Ac1·c < 700 48 
Total deeded laud Acre < 20,000 4!1 I - : 
Native grass transfer AIJ~I < 0 f,ll - : 
Crested wheatgrass transfer AUM < 0 SI -.(.25 ~b5 .bS .II .9 .!I I ' I I. 2r. I. 25 1.1 I. 3 .bl!> - i ,, l" 

! 
' . 6S-SI AUM < 0 52 -.65 -.65-S2 AUH ., I) ~3 ... t,S -

.8 -S2 AUH < 0 54 - . II 
forai:e .!I -Sl -

S!' I AUM < 0 - .!I 
transfer .!I -S2 AU~I < 0 SI, i - . !I 

l. 0 -Sl AIJI.I 
- 57 I ::. 0 - I 

Season I 1.0 -S2 AU~I < 0 Sil I -l 
und l. 25-SI - i AUM < 0 59 - l. 25 
Season 2 1. 25-S2 

- I -l.25 Allt-1 < 0 60 
l. 3 -SI -

Ailll < I 0 61 -1. 3 -
1.3 -S2 Alli-I < 0 t.2 -1. 3 - : --- - I =--

Total 8114 allo-,ance AIJM - 4,IIOII 63 
I I Bull rcqu ire men t llc,1J < 0 M 

llull requi1·cwe11t lie.id < 0 65 ! I I l -211 - i llull requ i re1ken t llcad < 0 66 I -
S-3 

·, I .61~1 Forace AUM < 0 67 
trnnsfcr S-4 Alll•I < tic: ' 

I 

- " l S-S .\UJ-1 < 0 (,9 
' i 

l ! 
Alfalfa 1·e<1uil·ement Ton ' 0 70 ! 
Steer c:ilf (l-8 wo.) llead < (I 71 - I Heifer calf tl-8 1110.) llead < 0 72 
Weaner ( 9-12 1110.) llea,I 

-
73 I < 0 -

harliuc ( 13-17 DIO.) llca,1 - II 74 i Yearling (18-24 a,o.) llead < 0 75 - i I Rep laccmcn l (2S-32 010.) lleud < I IJ 7b -
llull rcqu i n,ment lleuJ < 

I 
0 77 -

Replace cull C0~-1 Head ::. (I 7!> 
llull trnnsfer llead ' 0 79 
l'rei:nancr llead 

-
811 < 

l 
(I . . . ··• ... - --- . 

Sell steer calf Head < ' ll 81 

I 
1 -

Sell lleife1· ca If Ilea,! < i 0 82 ' 

l -I Sell cull co~, lleaJ < 0 113 

I Sell cull bul I llcaJ 0 84 
---



(;radn1: 011 111.M l.a111l 
Submatrix A .... ..., Mar ,r , • .liu!.L 1•11 ... -- 'H -< ..... 
SI: ;,J.irt:h 15 April 30 

..; <1 ... ..; 

. •• u ..; <1 

$>· ~IJ;' l Sept. H 
u <1 <J 

- 0 u 

S3: Sept. IS l\o,. 14 I I I. 25 I. 25 l. l · I. :1 
·, .. 

. 
. ()5 .65 .8 .!l .!) :, ): .. .. .. ... 

S4: Nov. 15 . Nov. 30 SI 52 52 SI 52 SI 52 SI 52 SI 52 :, :, .. .... 
0 0 .... "' S5: (Jee. I . ~larch 14 u u U} :r: 

ll I' G II 1 .J I( L ► I N II I' Q 

I.mil Sic, VJiS I~ 1()6 107 108 l09 110 111 112 ll3 114 115 116 117 118 11!1 120 

Alfalfa land Acre < 200 42 
Alfa) fa aftermath AU~l < () 43 -
Alfalfa transfer Ton < 0 44 
Grass har land Acre < 2,000 45 I -
Gra~s hay aftermath AUM ~ 0 46 

I Grass hay t1·ansfcr Ton < 0 47 -
Meadow pasture Acn, < 700 48 
Total deeded land Acre < 20,000 49 

' 
-

Native grass transfer AUM < 0 !;O 
Crested wheatgrass transfer AUM < 0 51 

.65-Sl AUM < 0 52 -.65 

.65-S2 AUM < 0 c- -.6S .. .) -.s -S2 AU~I < 0 54 • . 8 

Forage .9 -Sl AUM 
- -.9 < 0 55 

transfer .9 -S2 AUM < 0 56 -.9 

1.0 -SI AUM < 0 57 - I 1.5 

Season I I. 0 -52 AUM < 0 58 -1 4.S 

and I. 25-51 - I. 25 l. 875 AUM < 0 59 
Season ., l. 25-S2 AUM < 0 60 -1.25 {,. 125 .. 

I. 3 -Sl AUM - 0 61 -1. 3 < 
1.3 -S2 AUH -

0 62 -1. 3 < -.. -~-·~ _ _..._,,.. 

Total BL,-1 al lo1<ance AU;1 < 4,000 63 I 1 f 1 1 l l I l 1 l 

Bui l requirement Head < 0 64 -
Bull requirement Head < 0 65 
Bui I requirement llead 

- l l -20 < 0 66 1 -
Forage S-3 AUM < 0 67 2.0 2.0 .s • 5 
transicr S-4 AW•t < (i 6£ .5 .5 

S-5 Al.J'.-1 ,. < () 69 3.S 3.S -

Alfalfa requi reu,ent Ton < 0 70 
Srur calf (l-8 mo.) lle;.J < - (I 71 . .4!1 l 
tie i fer c:i If (1-8 1110,) llca<l < 0 72 . 4!) I 

(9-12 < 
. 

\\caner mo.) lleaJ 0 73 .!l!l - . 
Yearling (J:;.17 mo.) llcad < 0 7~ -
¥carlin& (16-24 mo.) llcaJ < 0 75 -Replacement c2s.:;2 mo.) Head < I) 7b -
null requirement Head < 0 77 I I -Rcpb.:e cu 11 CO\-J llcaJ < (I 78 . ~--bull tra1)!1ifer llead < (I 79 -Prcgn:,ncy llead _< 0 80 . 2(, - . 71 

Sell steer calf llcad < 0 Sl -4 
Sell Heifer calf Head < 0 62 . :\. 5 -Sell cull cow Head < 0 63 -5 
Sell cull bull Head - 0 84 !. 
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. 
I ~ 

" .-~ -~ .... .,, 
:>uomatrix ,\~~ ·• I ... .... .. "' 

.,, __, ·~ .... 
' ' 

.. , ,., ,, :, .-. 
N ,,.. 

"" ~- •) 0 :J 

,\pril 311 
.... r• r< ,, .. u .n 

SI; ;,1a1·ch 15 - ' ~- r: ,, .. 
~!, .. to ... .... . ... 

S'· Mar I - Si,p;:. 14 .,. .,. fl .. ... ·a .... .... 
,: r.: .. ... .. :l .... 

53: Sept. 15 - No\·. 14 ... •rt .... u Ill ·" u :l .. .... .... ., .,, 
S4: Nov. 15 - Nov. 30 ,: ... .. .-. .... .... .... .. .-. 

14 
., ., ., p • .... .... .... .... .... >-

SS: Dec. J - March -!! .. .. .. i .. .. .. .. .a ·- ·- ,x (/) II) Ul <II 

R s T u V 

l.onit Si&• l'JlS ~ 121 122 123 124 125 126 127 128 129 130 

Alfalfa laud Acre < 200 42 
Alfalfa aftermath AUM < 0 43 -
Alia I fa transfer lon < 0 44 
Grass hay land Ac1·e < 2,000 ·45 
Grass har aftermath AUM < 0 46 -
Gr .. ss hay transfer Ton < 0 47 -
)leadow pas tu1·e Acre < 700 48 -
Total deeded land Acre < 20,000 49 
Native crass transfer AU~I < 0 50 -
Crested 11heatgrass transfer AUM ~ 0 51 

.65-Sl AU~I < 0 52 .97S 
,65-52 AUM < - 0 !3 2.275 
.8 -S2 AU~I < 0 S4 .8 

forace .9 -SI AUM < 0 ss 1.35 -transfer .9 -S2 AU~I < 0 56 4.0S 
1.0 -SI AIJ~I < 0 57 

Season J 1.0 -S2 Ami < 0 58 -and l. 25-Sl AUM < 0 59 
Season 2 l. 25-S2 AU~I < 0 6(1 

1.3 -Sl AUM < 0 61 J.95 
1.3 -S2 AU.'I < 0 62 5.85 -

Total SLl-1 allo..-ance All~I < 4,000 63 
Bull 1·equi rcment lleaJ < 0 64 
Bull requirement Head < 0 65 
llull 1·equirement lleaJ < 0 66 

Forage S-3 AU)I < 0 67 1.6 1.8 2.6 
transfer S-4 Alll-1 .. < :; 6& .25 .4 .65 

S-S Alli-I < 0 b!I 1. 75 2.8 4.SS 

Alfalfa rcqui 1·ement Ton < 0 70 
Steer calf (1-S 1110.) Head < 0 71 -Heifer calf (HI mo.) Head < 0 72 
llcaner (9-12 mo.) lleaJ < 0 73 I 
\'car ling (13-17 mo.) tlead 

-
0 74 < 

-.985 1 \·car ling (18-24 mo.) HeaJ < 0 75 - -.9!1 • R~placea,~nt (25-32 mo.) llead < 0 76 
Bull re,1uirement lleaJ < 0 77 

-.99 l 
- l -20 Replace cull cow llcaJ < (l 78 

Bull transfer Head < 0 79 -.8 

l'regni.ncr Head 
-

0 80 .25 - l < 

Sell steer calf Head < 0 81 I 
Sell llcifer calf Head < 0 82 I 
Sell cull cow Head < 0 63 -l.(1 1 
Sell cull bull llead - 0 84 -l.25 1.02 

~ 
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Sub1unnices A3 1 and A;p All A32 

.. .. 
"'· "' ., 

"' -::I "' <II "' -::I "' :, .. <II .. :,, VI a'" ... 11 ... 0e' ...... ... OIi ..... .. .. .. .. .. ... 
" c., 2: :I ~c., 2: 3 :z: 

U;i u..:: :.. 

Unit Sien RIIS ~ -- 21 -- 34 -- -- 80 -- 93 

Native i:rai.s requirement Acre a 0 8S 1 el 
C.:rested.wheat~rass requirement Acre . 0 116 1 -1 

.. .. .. " 



Asswnptions ~lade for MLP Simplex Table 

(1) Acreage 

Acreage for alfalfa production = 200 acres 

Acreage for grass hay production = 2,000 

.-\creage for meadow pasture = 700 acres 

Total deeded land = 20,000 acres 

Total BU.I grazing allowance = 4,000 acres 

(2) Yield 

alfalfa production= 3.63 tons/acre 

Grass hay production= 1.33 tons/acre 

\ative grass production= 50 lbs./acre 

acres 

Crested wheatgrass production= 500 lbs./acre (1 AUM = 800 lbs.) 

Alfalfa aftermath= 0.75 AUM/acre 

Grass hay aftermath= 0.75 AUM/acre 

Meadow pasture= 0. 75 A.UM/acre 

(3) AUM 

Alfalfa= 3 AUM/ton 

Grass hay= 3 AUM/ton 

Spring calf (5-8 mo.) = 0.25 AUM 

Weaner (9-12 mo.) = 0.5 AUM 

Yearling (13-17 mo.) = 0.65 AUM 

Yearling (18-24 mo.) = 0.2 .-\UM 

Replacement (25-32 mo.) = 0.9 AUM 

Cow = 1 .-\UM 

Co,i with calf (3 mo.) = 1. 25 .-\U~i 

Bull = 1. 3 .-\UM 

(4) Cost and returna/ 

Raise alfalfa= S200.2/acre 

a 
.• ~ J' , ....... c ;;:: 

~ :::, -- • - -- are obtained from Torell et al. Ll5J ane1 are readjusted with 

proper price indexes. 

+l 



Raise grass hay= SS0.99/acre 

Germinating c::.-ested i,heatg:-ass = S23 . .13/a.::re 

BUI gra:ing = S 2. 36/AU~I 

Buy alfalfa= $111/ton 

Sell alfalfa= $97/ton 

Raise cow= S90.15/Head 

Buy bull= $1,500/Head 

Sell steer= 579.65/cwt 

Sell heifer= $67.68/cwt 

Sell cull cow= $43.60/cwt 

Sell cull bull = $43. 60/cwt 

(5) Discount rat~/= 3% 

Investments during the first 3 years: + (1:r) + (l:r)2) = 2.91 I 
I 

(6) 

Investments during the rest 27 years: 
I 1 1 \ 

1 \tl+rJ.:, + ..... + (l+r)29) = 17.27 I 

Returns during the first 3 years: 

Returns during the rest 27 years: 

a = $582.58 

b = $323.01 

C = S274.51 

d = $148.38 

e = s 23.43 

f though P = $6.87 

q = $262.34 

r = $262.34 

s = $225.41 

t = $191.53 

u = $123.39 

V = $123.39 

\ I 

R; __ l_ + (l+lr_' + __ 1_ 3) ~ 2. 83 R 
(l+r) ~ (l+r) _ 

(l+r) 4 R ( l + •••••• + 16. 77 R 

w = $1091.25 (Based on one fourth of $1,500/head). 

bIJowu, Yana~ida, and Norman (8) 
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( -) 
~ I A = $3,457.45 

B = S1,916.97 

C = Sl,626.69 

D = s 800.60 

E through 0 = $40.76 

p = ~1,556.89 

Q = $1,556.89 

R = $1,335.73 

s = $1,134.99 

T = s 731.17 

u = s 731.1 7 

V = $6,476.25 

( 8) BL:-.I grazing season is assumed to begin April 1 and end September 15. 

According to the data collected by Torell et al. (15), average 

turnout date on SLM summer range was 95 (i.e., Apri 1 3) with a standard 

deviation of 28 and the m"'an turnoff date was ~58 (September lL1-) with a 

standard deviation of 72. Torell et al. assumed that SLM grazing season 

begins on April 1 and ends on September 1. In their reasoning, they 

stated that the turnoff date is considerably more variant than the turn­

out date and therefore it would not significantly alter the results by 

assuming the BLM grazing season begins on April 1 and ends on September 

1. However, these assertions are not correct. Since variance ~nd/or 

covariance) is variant for scale factors, the ratios between means and 

variances are compared for the turnout and turnoff date. 

3.39 for the turnout date. 

E 258 
C = 72 = 3 • 58 for the turnoff date. 

These results indicate that the turnout date is widely dispersed compared 

to the turnoff date. Therefore, the BLM grazing season in this study is 

assumed to cover the period from March 15 to September 14. 
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Table S. Results Obtained from a Multiperiod Linear Programming Problem 

ITE:-t UNIT FIRST ~ YRS. REST 27 YRS. 

Sell alfalfa Ton 597 367 
Feed alfalfa Ton 129 359 
Grass hay production Acre 763 1,351 
'.-!eadow hay grazing Acre 700 700 
\ative grass production Acre 0 0 
Crested wheatgrass production Acre 0 20,000 

SDI grazing A.UM 4,000 4,000 

Raise steer (1-8 mo.) Head 186 519 
Raise Heifer (1-8 mo.) Head 186 519 
Yearling (9-12 mo.) Head 86 241 
Yearling (13-1 i mo.) Head 85 237 
Yearling 18-24 mo.) Head 84' 235 
Rep lacemem: ( 25-32 mo.) Head 83 233 
Raise cow w/calf Head 380 1,059 
Raise cow w/o calf Head 133 372 
Raise bull Head 30 83 

Sell steer Clv'T 744 2,076 

Sell heifer CWT 651 1,816 

Sell cull cow CWT 800 2,233 

Sell cull bull CWT 95 265 

Buy bull Head 7 21 

Value of objective function $ 2,548,393.00 

• 
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Table 6. Results from a Multiperiod Stochastic Programming Problem with a.= 0.75 

ITE:-l UNIT FIRST .) YRS. REST 27 YRS. 

Sell alfalfa Ton 597 41.3 
Feed alfalfa Ton 129 313 
Grass hay production Acre 706 1,176 
>leadow hay grazing Acre 700 700 
\ative grass production Acre 4,177 4,177 

Crested wheatgrass produc1:ion ' Acre 15,823 15,823 

BL\! gra:ing AUM 4,000 4,000 

Raise steer ( 1-8 mo.) Head 186 452 

Raise Heifer (1-8 mo.) Head 186 452 

Yearling (9-12 mo.) Head 86 210 

Yearling (13-17 mo.) Head 85 207 

Yearling 18-24 mo.) Head 84 205 

Replacement (25-3-2 mo.) Head 83 202 

Raise cow w/calf Head 380 922 

Raise cow w/o calf Head 133 324 

Raise bull Head 30 72 

Sell steer CWT 744 1,807 

Sell heifer CWT 651 1,581 

Sell cull cow CWT 800 1,944 

Sell cull bull CWT 95 231 

Buy bull Head 7 18 

Value of objec1:ive func1:ion $ 
2,328,002.00 
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Table 7. Results from a Multiperiod Stochastic Programming Problem with a=0.80 

ITE:-1 UNIT FIRST 3 YRS. REST 27 YRS. 

Sell alfalfa Ton 597 425 

Feed alfalfa Ton 129 301 

Grass hay.production Acre 691 1130 

:•!eadow hav Jra:incr 
, "' "' Acre 700 700 

\ative grass production Acre 5,260 5,260 

Crested wheatgrass production Acre 14,740 14,740 

BC·! gra:ing AUM 4,000 4,000 

Raise steer (1-8 mo.) Head 186 434 
Raise Heifer ( 1-8 mo.) Head 186 434 
Yearling (9-12 mo.) Head 86 202 

Yearling (13-17 mo.) Head 85 199 

Yearling 18-24 mo.) Head 84 197 

Replacement (25-32 mo.) Head 83 195 

Raise cow w/calf Head 380 886 

Raise cow w/o calf Head 133 311 

Raise bull Head 30 70 

Sell steer CWT 744 1J737 

Sell heifer CWT 651 1,520 

Sell cull cow CWT 800 1,869 

Sell cull bull CWT 95 222 

Buy bull Head 7 17 

Value of objective function $ 2,270,863.00 
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Table 8. Results from a Multiperiod Stochastic Programming Problem with a=0.85 

ITE:-.1 UNIT F-IRST 3 YRS. REST 27 YRS. 

Sell alfalfa Ton 597 438 

Feed alfal:ia Ton 129 288 

'3rass hay produc-c ion Acre 675 1,081 

:-!eadow hay gra:ing Acre 700 700 

\ative grass production Acre 6,436 6,436 

Crested wheatgrass production Acre 13,564 13,564 

!301 gra:ing A.UM 4,000 4,000 

R.aise steer (1-8 mo.) Head 186 415 

Raise Heifer ( 1-8 mo.) Head 186 415 

Yearling (9-12 mo.) Head 86 193 

Yearling (13-17 mo.) Head 8~ 190 

Yearling 18-24 mo.) Head 84 188 

Replacement (25-32 mo.) Head 83 186 

Raise cow w/calf Head 380 848 

Raise cow w/o calf Head 133 298 

Raise bull Head 30 67 

Sell steer CWT 744 1,662 

Sell heifer CWT 651 1,454 

Sell cull cow CWT 800 1,787 

Sell cull bull CWT 95 212 

Buy bull Head 7 17 

Value of objective function $ 2,208,827.00 
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Table 9. Results from a Multiperiod Stochastic Programming Problem with a=0.90 

ITE~I UNIT FIRST 3 YRS. REST 27 YRS. 

Sell alfalfa Ton 597 455 

Feed alfalfa Ton 129 271 

Grass hay produc-cion· Acre 655 1,019 

:,le ado\~· :i.ay grazing Acre 700 700 
\ative grass production Acre 7,.921 7,921 

Crested wheatgrass production Acre 12,079 12,079 

BU! gra:ing AUM 4,000 4,000 

Raise steer (1-8 mo.) Head 186 392 

Raise Heifer (1-8 mo.) Head 186 392 

Yearling (9-12 mo.) Head 86 182 

Yearling (13-17 mo.) Head 85 179 

Yearling 18-24 mo.) Head 84 177 

Replacement (25-32 mo.) Head 83 175 

Raise cow w/calf Head 380 799 

Raise cow w/o calf Head 133 281 

Raise bull Head 30 63 

Sell steer CWT 744 1,566 

Sell ' . ,: ne1 ... er CWT 651 1,370 

Sell cull cow CWT 800 1,684 

Sell cull bull CWT 95 200 

Buy bull Head 7 16 

Value of objec-cive function $ 2,130,465.00 

so 



Table 10. Results from a Multiperiod Stochastic Programming Problem with a=0.95 

lTE;,l UNIT FIRST ,J YRS. REST 27 YRS. 

Sell alfalfa Ton 597 480 
Feed alfalfa Ton 129 246 
Grass hay production Acre 624 924 
:•leadow hay grazing Acre 700 700 
\ative grass production Acre 10,180 10,180 
Crested wheatgrass production Acre 9,820 9,820 

BU.I grazing AUM 4,000 4,000 

Raise st.eer (1-8 mo.) Head 186 355 

Raise Heifer ( 1-8 mo.) Head 186 355 

Yearling (9-12 mo.) Head 86 165 

Yearling (13-17 mo.) Head 85 162 

Yearling 1-8-24 mo.) Head 84 161 

Replacement (25-32 mo.) Head 83 159 

Raise cow w/calf Head 380 725 

Raise cow w/o calf Head 133 255 

Raise bull Head 30 57 

Sell steer CWT 744 1,421 

Sell heifer CWT 651 1,243 

Sell cull cow CWT 800 1,528 

Sell cull bull CWT 95 181 

Buy bull Head 7 14 

Value of objective function $ 2,011,229.00 

S1 
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Table 11. Results from a Multiperiod Stochastic Programming Problem with a.=0.95 

ITDI UNIT FIRST 3 YRS. REST 27 YRS. 

Sell alfalfa Ton 597 451 

Feed alfalfa Ton 129 275 

Grass hay production Acre 660 1,035 

>teadow hay grazing Acre 700 700 

:--iative grass production Acre 7,530 7,530 

Crested wheatgrass production Acre 12,470 12,470 

BDI grazing AUM 4,000 4,000 

Raise steer ( 1-8 mo.) Head 186 3St8 
Raise Heifer (1-8 mo.) Head 186 398 
Yearling (9-12 mo.) Head 86 185 
Yearling ( 13-17 mo.). Head 85 182 
Yearling 18-24 mo.) Head 84 180 

Replacement (2S-32 mo.) Head 83 178 

Raise cow w/calf Head 380 812 

Raise cow w/o calf Head 133 285 

Raise bull Head 30 64 

Sell steer CWT 744 1,591 

Sell heifer CWT 651 1,392 

Sell cull cow CWT 800 1,712 

Sell cull bull CWT 95 203 

Buy bull Head 7 16 

Value of objective function $ 2,151,119.00 
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Table 12. Results from a Multiperiod Stochastic Programming Problem with a=0.90 

ITDI UNIT FIRST 3 YRS. REST 27 YRS. 

Sell alfalfa Ton 597 437 
feed alfalfa Ton 129 289 
Grass hay production Acre 660 1,086 
'.-leadow hay grazing Acre 700 700 
.\ative grass production Acre 6,333 6,333 

Crested wheatgrass production A.ere 13,667 13,667 

BUI gra:ing AUM 4,000 4,000 

Raise steer ( 1-8 mo.) Head 186 417 
Raise Heifer (1-8 mo.) Head 186 417 
Yearling (9-12 mo.) Head 86 194 
Yearling (13-17 mo.) Head 85 191 
Yearling 18-24 mo.) Head 84 189 

Replacement (25-32 mo.) Head 83 187 

Raise cow w/calf Head 380 851 

Raise cow w/o calf Head 133 299 

R.aise bull Head 30 67 

Sell steer CWT 744 1,668 
Sell heifer CWT 651 1,460 
Sell cull cow CWT 800 1,794 
Sell cull bull CWT 95 213 
Buy bull Head 7 17 

Value of objective function ::s 2,214,240.00 
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Table 13. Results from a l'<lultiperiod Stochastic Programming Problem with a=0.8S 

ITE:-! UNIT FIRST 3 YRS. REST 27 YRS. 

Sell alfalfa Ton S97 427 
Feed alfalfa Ton 129 299 

Grass hay production Acre 660 1,123 

~leadow hay grazing Acre 700 700 
\ati1:e grass production Acre 5,432 5,432 

Crested wheatgrass production Acre 14,568 14,568 

SDI grazing AUM 4,000 4,000 

Raise steer ( 1-8 mo.) Head 186 432 

Raise Heifer ( 1-8 mo.) Head 186 432 

Yearling (9-12 mo.) Head 86 200 

Yearling (13-17 mo.) Head 8S 197 

Yearling 18-2.4 mo.) Head 84 195 

Rep lacemem: (25-32 mo.) Head 83 193 

Raise cow w/calf Head 380 881 

Raise cow w/o calf Head 133 309 

Raise bull Head 30 69 

Sell steer CWT 744 1,726 

Sell heifer CWT 651 1,510 

Sell cull cow CWT 800 1,857 

Sell cull bull CWT 95 220 

Buy bull Head 7 17 

Value of objective function 2,261, i73. 00 
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Table 14. Results from a Multiperiod Stochastic Programming Problem with a.=0.8 

• 
ITE~I UNIT FIRST .3 YRS. REST 27 YRS. 

Sell alfalfa Ton 597 418 
Feed alfalfa Ton 129 308 
Grass hay production Acre 700 1,156 
>leadow hay grazing Acre 700 700 
~ative grass production Acre 4,639 4,639 
Crested wheatgrass production Acre 15,361 15,361 

SDI gra:ing AUM 4,000 4,000 

Raise steer (1-8 mo.) Head 186 444 
Raise Heifer ( 1-8 mo.) Head 186 444 
Yearling (9-12 mo.) Head 86 206 
Yearling (13-17 mo.) Head 85 203 
Yearling 18-24 mo.) Head 84 201 

i 
Replacement (25-32 mo.) Head 83 199 

Raise cow w/calf Head 380 908 

Raise cow w/o calf Head 133 319 

Raise bull Head 30 i1 

Sell steer CWT 744 1,777 
Sell heifer CWT 651 1,555 
Sell cull cow CWT 800 1,912 
Sell cuil bull CWT 95 227 
Buy bull Head 7 18 

Value of objective function $ 2,303,618.00 
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Table 15. Results from a Multiperiod Stochastic Programming Problem with a=0.75 

.. 

ITE~I UNIT FIRST .3 YRS. REST 27 YRS. 

Sell alfalfa Ton 597 409 
Feed alfalfa Ton 129 317 
Grass hay production Acre 711 1,190 
>leadow :1ay grazing Acre 700 700 
'.\ative grass production Acre 3,840 3,840 

Crested wheatgrass production Acre 16,160 16,160 
BDI gra:ing AUM 4,000 4,000 

Raise steer (1-8 mo.) Head 186 457 
Raise Heifer (1-8 mo.) Head 186 457 
Yearling (9-12 mo.) Head 86 212 

. Yearling (13-17 mo.) Head 85 209 
Yearling 18-24 mo.) Head 84 207 

• Replacement (25-32 mo.) Head 83 205 
Raise cow w/calf Head 380 933 
Raise cow w/o calf Head 133 328 
Raise bull Head 30 73 

Sell steer CWT 744 1,829 

Sell heifer CWT 651 1,600 

Sell cull cow CWT 800 1,967 

Sell cull bull CWT 95 234 

Buy bull Head 7 18 

Value of objective function 
2,345,766.00 
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