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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 Nevada indicate that ranchers can make more profits by
converting all of their deeded land from native grass production to
crested wheatgrass 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 assumes that a rancher's risk is only associated with total
crested wheatgrass procuction. The second model assumes 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

Most 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 Management (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 toc year.

The average annual production of livestock forage on deeded range-
land can be increased by removing native grasses followed by seeding with
crested wheatgrass. However, icreage of 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 fo?
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
successtul, 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 Nevada ranchers

to protect against possible economic losses due to poor weather conditions
is diversification between native grass and crested wheatgrass on deeded
rangeland. This type of diversification is éxpected to reduce the poten-
tial economic loss induced by poor precipitation. Diversification of this
form 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 multiperiod 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




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
multiperiéd stochastic programming (MSP) model is used to determine
multiperiod optimal allocation of scarce resources under risk and

uncertainty.

Multiperiod Optimization Model

Multiperiod 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 tnat 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 (IRR) 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



competitive znd investment opportunities are independent. The IRR may

concept of present value is used in this paper. That is

assumed to maximize the present value of his profit

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

rangeland and then seeds this land with crested wheatgrass to increase

Zuture livestock forage. On this portion of deeded rangeland there is

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

vear the improved area is plowed and seeded. Assuming successful ger-

mination, growth of the young plants continues in the second and third
The economic question addressed in this paper is what acreage of

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

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

bl

no

years.

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

k)

production levels and variability over time of crested wheatgrass and
native grasses.
Let the production function for the jth output be:

»S

i =12
hj (xl,xz,...,xn), j 1,2,... (1)

where: the jth output,

the ith input, and

In the above production function [equation (1)], input-output ratios

assumed to be independent of the scale of production for each input X<

l,-. . 1 . - - N N - =z
See Hirshleifer (7) or Cohen and Cyert (35).
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the risk associated with establishing crested wheatgrass and the differing

Ire



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
£orm as:

F(qll"'"qsl’q12’°"’qSZ’xll"'"an’xlz""xnz) (2)

where: qjl denotes the jth output produced during the first three
years,
qu denotes the jth output produced during the rest of the
planning horizon,
X1 denotes the ith input used during the first three years,
and
X5 denotes the ith input required during the rest of the
planning horizon.

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

2 é A+t 2 T op 1 -t 3
. . + + . . +
TR IP! P it B Py %2 ( P) (3)

(e X"

1 ¢t

where; o 1s a discount rate and P} is a price of jth product.
Similarily, the total present values of costs is expressed as:

n 2
z I T,
i=1 t=0

n
-t = -t
il Xil (l + D) +i§l tis riz Xiz (l + D) (4)




where; Ty denotes price of the ith input during the first three

years, and
Ti2
planning horizon.

The Lagrangian equation for maximizing the

stream can be written as:

S 3 . -t S T
L= i I Piqy Qe "+ I EoP
=1 t=l j=1 t=4
L (1 »)‘t P
- T., X. +p - T.
i=1 t=0 1 11 i=] t=3 12

+ A [F (qll: q21:"':qslxq12:q22:'--)q‘szl’xl

where: A is the Lagrangian multiplier.

In the above Lagrangian equation (equati
Pj (j=1,...,s) 1is assumed to be constant ov
input price riq (i=1,...,n) 1is constant dur
riz'(i=1,...,n) is constant during the rest
where Tl and r;, may or may not be equal.

First order conditions for optimizations

3 -
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X5 t=3 12 X, 5

denotes price of the ith input during the rest of the

total present value of profit

-t
. q. 1 +p
] Jz ( )

-t
X;5 (1 +0)

1 x21,...,xnl,xlz,...,xnz)] (5)

on (5)), output price

er the planning horizon,

ing the first three years, and

of the planning horizon,

are:
1,2,44.,8 66)
1,2,...,s (7N
1,2,...,n (8)
1,2,...,n (9)
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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 (MRTl) can be written as:

3F 3 .
. I p. )" .
C % ThBay g Py Wee) Ry (11)
MRTy = 5= = I 3
Yl Lop k
g1 ¢=1 'k °)

Equation (11) indicates that the marginal rate of transformation between
any two products during the first three years should be equal to the ratio
of product prices. Similarily, the marginal rate of transformation for
the rest of the planning horizon (MRTz) can be writtén as:

3¢ .
MRT_ = _fﬁig = 3 (12)

2 95 Py

Since output prices are assumed to be constant over the planning
horizon, the results in equations (11) and (12) indicate that -MRTl
equals to MRT2 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.
3F
ax 9X.
“hil i1 2 -t
MRTS, = - = =
1 5x,.  3F efg Tip (B re) Ty L3
i1 3 = (13)
°Xn1 2 -t T
i Thi (1 + p) hl

ct
(@]



and,

3x T.
2 2
VRTS. = - —22 - 12 (14)
2 3X. T
i2 h2

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, MRTSl and
MRTSZ may or may not be egual.

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,

5F T-1 -t
3x_.- 3% L. Tkp (1*0)
\ _ nl _ k2 t=3
\MRTS, ., = - - -
12 3x 5F 3 _t
k2 5% g, a1 (1*0)
nl t=0 -

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:

3 -
TP, 1+t E =0
t=1 ] oqjl
and,
2 -
-z r., (1 + ) e 3F =0
t=0 ! %41

Marginal product of X,

in q., can be obtained as follows:
il jl
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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 x.

i2 in qu can be written as:
/, \
199, T ‘ T-1
i 22 -t -t
x| T5 [tEa (B re) 7=y Ly (Dre) a7
i2) s |
Also, the marginal product of Xiq in 9y, can be derived by choosing
optimal equations for any one output U2 and one input Xiqe
2 -t
. Gn2 B Ty R
This is, =
3xX, T ) -t
il I P (L+e)
t=4
or
o, T )t Pt 8
T, h otk (1TR) =y ol (o) (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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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 discountcd

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.

2 2 2 | ..
¢ 9L R P, 3 L 5
A ~ l
99792 247799y 3q;, 9% 2,
i 3
2 2 2 i
L. 2 3L e, 3L |
N _ L |
9921411 %922 #91%%p2
__________________ |
| > 5 |
32L L L. .. 5L
029911 X% %442

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

of the Lagrangian with respect to the qij and ij must be negative de- |
finite or negative semidefinite when evaluated at the local maximum point
(q*,x*,A*) when subject to the condition that: |

dE (q*,x*,A*) = 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:
]
0 ' 9F 3F
139y, 39y
5F | 3L 320 | > 0y, ,
v
3q;1]3dy¢  3ap13ay;
E 3%, Bl
4
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L0 ' F oF 3F |
' aq aq aq
% 21 31 *
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2 ~
3Qp; " %4y, 99179451 9471943
3F | %L 3°L 3%L
2 -~
8951 1 99p194;; 39y 9951943,
3F 1 32 3%L 32L
2
943p ' 39379q;; 3943939, 39
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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 Tiq (i=1,...,n) is constant during
the first three years and input prices T, (i=1,2,...,n) is constant

during the rest of the planning horizon, where T.q and T, may or

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

12

~ 1 + (u+s)g

(21)



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;

"(2) 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




which is consistent with multiperiod optimization can be formulated.

This multiperiod optimization problem can be written as:

. 52 . -t n X 1' -
f mize. .. - . . + C - .4 i . X. + 2
maximize 21 tz1 Ci 41 ( ?) j=1 t=0 rJl (Jl ( )
T-1
n
s T p N7t - T s 1 S
2 2 4., (1 +0) L, Lo T., X, (1 +2)
* L (Ly 1742 j=1 t=3 7 j2
: - | - ~ 4 L
subiect. All | Ql b1
—_——— ] _-——— X
1
| -
A2 3 = | b, (22)
——— --- 2 -
|
L4510 352 L% ] L b5

and Q. and X. >0 1 =1,2.
i i-—
where All and ASI are submatrices of technical input-output coefficients

for the first three years, A and A

29 are submatrices of technical input-

32

output coefficients for the rest of the planning horizon, and Qi‘ = [q, i-—-qsi] ,
1 = 2 ‘= -——— 1 = ] 4 res

for 1 1,_,xi [xli X5 xni], for 1 1,2, bi is a vector of resource

constraints (where b, and b, represent resource constraints for the first

2
and second periods and b3 is the transfer constraint from period one to
period two), and all other variables are the same as defined previously.
A rancher'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 BLM lands (Garoian and Kim (4)). The acreage of deeded land
for crested wheatgrass production, which maximizes multiperiod net
revenues, 1s determined in the model.

Results obtained from a multiperiod linear programming problem are

shown in Appendix II. Results show that a rancher can obtain maximum

14
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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, nonseauential multi-
period stochastic programming models are introduced in the next section
to incorporate'a rancher's risk or uncertainty in investment decision

analysis.

15




A Nonsequential Multiperiod Stochastic Programming

In a nultiperiod linear programming (MLP) model, all tech-
nical input-output coefficients and resource constraints are assumed to
be known 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 also random

variables. Both cases will be studied in this section.

Case A: A multiperiod stochastic prograﬁming (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 wheatgrass 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:

16
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where [P is a probability operator, a is a specified probability
level between zero and one, A =
22 a5,

b*
is associated with forage production on deeded land, b, = -1 where 82

A *
2 . .
J where a,, is a row vector which

2
is a total amounts of forage available from deeded land, ;;d all other
variables are ths same as previously defined. ~Probabilities; & ana
(1-a), are interpreted as tiie decision-maker's confidence and risk allow-
ance level, respectively. It is further assumed that the distribution of
B2 in equation (23) is asswaed to De normally distributed with mean ELBZ)
and variance G%. gEquation (23) indicates the probability that the total
amount of forage required, BZ’ is greater than or equal to forage production on
deeded land, a55%5- This probability should be greater than or equal to
the decision-maker's confidence level a. The probability constraint (23]
can be converted properly into linear programming constraints, so that
the simplex method can be applied to solve the problem. If the random vari- *
able B, has a normal probability distribution with mean E(B) and variance

2
og, then its probability density function (pdf) is given by:

17
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exp - | LB=EBI o g

o V2I 2082'

f(B) =

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,

OB. That 1is,

¢ =B - E(B)
g
B

and the pdf of K is given by

(k) =‘fé: exp | - 5~ - =<k <«
van

Since both the mean and standard deviation of K are 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, £(k), and

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

in Figure 1.

Figure 1. The pdf and the cdf of K

18




Now the probability constraint [equation (23)] can be written by the

standardized form as follows:

E)

P b2

x, - E(B)

g

Equation (24) can also be written as,

a
P| K >

if and only if,
o
B

This implies that PE‘ZZXZ < BJ > a

a..X
if and only if 22 2

a X
22 *2 - E(B) <k

- E(B)’

9

That 1is, a22x2

< E(B) + K, op

> a (24)
(25)
2
f@ . d k
a = — e 2
K \kn
a .
(26)
(27)

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

(1- o) /

/

/

—_—

E(B) + K o
a

Figure 2. Probability Density Function of B



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 programming 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 (10) have estimated average
yields per acre of native grass and crested wheatgrass to be 50 pounds
and 500 pounds,.respectively. Information about means and standard
deviations in yields of native grass and crested wheatgrass were

taken from a Canadian study (Smoliak (12)) and are shown in Table 1,

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

{ Native Grass Crested Wheatgrass
|
1

O E——

Mean (lbs.) 393

832
i Standard f
| Deviation 145.11 257.44
; (1bs.) !

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.

20



Table 2. Means and Estimated Standard Deviations in Yields of Native
Grass and Crested Wheatgrass in Nevada.

Crested Wheatgrass

! Native Grass

2.71 3.21

of variation

Mean (lbs.) 50 | 500

Standard _
. Deviation 18.46 154.71 *
f (1bs.) | lI
| Coefficientg '

Using data shown in Table 2, results obtained from a static multiperiod
stochastic programming problem at different a-levels are given in
Table 6 through Table 10, Appendix II. These results are also

summarized in Table 3 and Figures 3 and 4.

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

! i ! i ! i
u-level 1 s oo, L0, .80 | 0.75 | MLP SOI.
(Confidence level) 0.9 ; 0.90 0.85 0 | 075 | [
| ' | | i

value of objective 12,011.0 . 2,130.5}2,208.8 1 2,270.9 ; 2,528.0 : 2,548 4 d
function (1,0008) | i i |
; i

acreage for 09,820 - 12,07¢ 13,564 14,740 i 15,8253 f 20,0060

. germinating , } § I
| crested wheatgrass ' ; 2
i : ; ;
! :

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, 2 = 0.85 implies that the resource
constraints on deeded land will be met 85 percent of the time (risk allowance
of 15 percent) generating an objective function value of $2,208,800.00 with :
15,564 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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Value of Objective Function ($1,000)
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Figure 4. Values of Objective Function at Different Levels of Risk Variance
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and vields of crested wheatgrass per acre (i.e., technical input-

output coefficient) are assumed 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 50 and 18.46, respectively,

for native grass and 500 and 154.71, respectively, for crested wheatgrass.
Ratios of mean valuesto 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. Therefbre, ranchers may germinaie
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:

-
Pl a,,%, < B2J = 1-2 (28)
In the previous section, the technical input-output coefficients, a,,, were

assumed to be known constant.

Suppose that a,,X, 1s normally distributed with mean vector E(a22)x2
and variance-covariance matrix xz‘sz, where W is the variance-covariance
matrix of 355- Equation (28) shows the probability that the total forage
production on deeded land, a55%,, is less than or equal to the amount of

total forage required, BZ' This probability should be equal to the risk

allowance level l-a. The probabilistic equation (28) can be written as:
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I = P
_ (xz sz) (xz sz) i
or — _—
By Elayp) %,
P Z f_—,—w——-—_f——- = l-g
(xz Xz)z

(———

_ 229%p "E(a,))x,

where: Z -
(X.z WXZ) 2

if and only if B, ~E(a,,)x,

. 1 =K
(x2 sz)i

1-q

Therefore, ]PE'ZZXZ < BZ] = l-g
. - cwx 12
with E(ag)x, + K (x,7Wx,) " = B, ‘ (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 1
xWx)2 = [ x, 0.2+ LI x.x. 2
G ) ivi is 175 i]
ifi
n 2 1
< | Zx; 0.+ I LXx.x, 0.0\ from the Cauchy- ,
FR S | 137175 71 i .
i$3 Schwarz inequality
= Ixja; (30) )
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By replacing (x”“Wx)? in equation (29) with inci, we have the lineari:ced

equation, E{a, Jx,*K ﬂ (31)

[SEES]
i
“
1]

w

Equation (531) 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.
Inequation {30), inci overestimates (x’Wx)%. However, bias is

reduced as the correlation between aj and aj increases. In cases

where a; and aj are perfectly correlated, the linearized equation (31)
and the nonlinear equation (29) are identical. Even though data for
yields in native grass and crested wheatgrass on the same field in Nevada
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 3 n |
o 3 2 -t g 2 -t
Maximize: z z, P.q. + \ - .z z o] .
b | efp Py (Br ) | Typ¥yy o)
s /T e\ n [Tt t\
+ D) Ie) - T T - A = t
121 [ t24 Pi%p (072 21| e25 Tjo%y2 (L7 o) J
o . ; — 7] - ‘j
Subject to: Flll l Q1 b1 ;
--- 1= X c
AT 1 o
| 22 -- < itb,e
N N %2
31 { 32 X2 b3
Blagdxy » Ky B 3y = 5,




Results shown in Table 4 are obtained from applying the above MSP
model by allowing u-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 x-levels (Case B).

x-level 0.95 0.90 J.85 3.80 0.75 MLP SOL.

value of objective
function (1,000S8) 2,151.1}2,214.2 }2,261.8 ; 2,303.6 |2,345.8 | 2,548.4

acreage for
germinating
crested wheatgrass | 12,470 . 15,667 14,568 &15,361 :16,160 E'ZO,OOO

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. For example, 2=0.85 implies that the resource constraints oﬁ
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 B are 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
vields 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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Alfalfa land Acre| = w0l 1 ’ | l i ‘
Alfalfa aftermath AUM < J 2 - .75 1 1 : ) |
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Heifer calf (1-8 mo.) Heady < 0 29
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Grazing Crested Wheatgrass

Submatrix A, o [ —
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Alfalfa cransfer Ton = 0 44
Grass hay land Acre =t 2,000} 45
Grass hay afvermath AUM i 0 40
Grass hay transfer Ton < 0 47
Meadow pasture Acre < 700 | 48
Total deeded land Acre < 120,000 49 ! :
Nutive grass transfer AUM < 0 50 .
Crested wheatgrass transfer AUM < 0 51 |--6258] 6% .08 .8 .9 .9 L} ] 4.25 1.2 ! 1.3 1.3 L0624
CAN
.65-81 AUM < 0 52 -.68
.65-82 AUM = 0 €3 -.65 '
.8 -82 AUM < 0 54 -.8 )
Forage .9 -8l AUM < 0 5% -9
transfer] .9 -52 AUM < 0 56 b9
1.0 -S1 AuM < o | s7 f -1
Season 1] 1.0 -$2 AUM < 0 | s8 ! -1
und 1.25-81 AUM < 0 59 ! -1.28
Season 2] 1.25-52 AUM < 0 60 -1.25
1.3 -81 AUM < 0 | el -1.3
1.3 -82 AuM < o | e -1.3
Total BLM allowance AUM < 4,000 1 63
Bul) requirement Head < 0 64
Bull requirement Head < 0 65 ] ] ] -20
Bull requirement Head < 0 66 —
Forage | S-3 AUM < o | e -62%
wransfer] S-4 AUt < [ 68 i
5-5 AUM < o | 69 !
Alfalfa requirement Ton < 0 70
Steer cylf (1-8 wo.) Head < 0 71
Heifer calf (1-8 mo.) Head < 0 72
Weaner (9-12 mo.) Head < 0 73
Yearling (13-17 mo.) Head = 0 74
Yearling (18-24 mo.) lead < 0 75
Replacement (25-32 mo.) Heud < 0 76
Bull requirement Head < 0 77
Replace cull cow Head < 0 78
Bull trunsfer Head < 0 79
Pregnancy tlead < 0 80 . ~ ~ _
Sell steer calf Head < 0 81
Sell lleifer calf Head < 0 82
Sell cull cow Head < 0 83
Sell cull bull Head s 0 84




Grazing on BIM  Land
Submatrix A, Mar, - Sepy . 14) .
== ‘ro ; W l-:
S1: darch 15 - April 30 Y ] a a
$2: May } - Sepr. 14 Rk ° v “
S3: Sept. 15 - Nov. 14 65 .65 .8 .9 .9 1 1 1.25 1.28 1.3 1.3 x x 5 o
54: Nov. 15 - Nov. 30 S s2 52 51 52 51 s2 si s2 s1 s2 x 2 8 o
S5: Dec. 1 - March 14 Q ©) (%) T
C ¥ G I 1 J K L M N 0 v Q
vnit  Jsigd wuis N 106 107 108 109 110 1 12 113 114 115 116 117 18 1y 120
Alfalfa land Acre < 200¢ 42
Alfalfa aftermath AUM < 0 43
Alfalfa transfer Ton < 0 44
| Grass hay land Acre < 2,000] 45
Grass hay aftermath AUM < 0 46
Grass hay tvansfer Ton < 0 47
Mcadow pasture Acre < 700} 48
Total deeded land Acre < | 20,000} 49 |
Native grass transfer AUM < 0 50
Crested wheatgrass transfer AUM < 0 51
.65-S1 AUM < o | s2 | --65
.65-82 AUN < o | <3 -.65
.8 -§2 AUN < 0 | s4 -8
Forage .9 -8l AUM < 0 55 -9
transfer] .9 -S2 AUM < 0 56 -9
1.0 -1 AUM < o | s7 -1 1.5
Season 1| 1.0 -S2 AUM < o | s8 -1 4.5
and 1.25-S1 AUM < 0 59 -1.25 1.875
Season 2| 1.25-S2 AUM < 0 60 -1.25 6.125
1.3 -8l AUM < o} e -1
1.3 -S2 AUM < 0| 62 -1
Total BLM allowance AUN < | 4,000 63 ! 1 ! ! ! 1 1 ! ! 1 1
Bull requirement Head < 0 64
Bull requirement tiead < 0 658
Bull requirement Head < 0 66 1 1 ! -20
Forage S-3 AUM < 0 67 2.0 120 K3 .5
transter] S-4 AUH < (1] 68 K3 .S
S-5 AU < 0 69 3.5 | 3.5
Alfalfa requirement Ton ha 0 70
Steer calf (1-8 mo.) Heaud < 0 71 - .49 1
Heifer calf (1-8 mo.) Head < 0 72 . .49 1
Weaner (9-12 mo.) Nead < 0 73 - .99
Yearling (13-17 mo.) Head < 0 74
Yearling (16-24 mo.) Head < 0 75
Replacement (25-32 mo.) Head < )} 76
Bull requirement Hcad < 0 7 1 1
Replace cull cow Head < 0 78 .5
bull transfer Head < 0 79
Pregnancy Head < 0 80 L26) .74
Sell steer calf Head < 0 81 -4
Sell Heifer calf Head < 0 82 -3.5
Sell cull cow Head < 0 $3 ' -5
Sell cull bull Head < 0 84
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»?

~~ — If']. “e
- «p ’ ‘o ~
SUDBAtTiX '\L‘" —_ N o o a o " =
- A I A b IR E
51: March 15 - April 30 & < (& & b 8 . .
$2: May 1 - Scp;. 14 - =] o g s o 3 3 o]
§3: Sept. 15 - Nov. 14 u ] o} 8 w £ o o F
$4: Nov. 15 - Nov. 30 g " = ~ - ] - - = .
! o o « . —-t — — -t -
$5: Dec. 1 - March 14 ] 2 o K] ] 3 S 2 3 a
R S T u v
- vnit  Isig| ehs h Y 121 122 123 124 125 126 127 128 129 130
Alfalfa land Acre < 200 | a2
Alfalfa aftermath AUM < 0 43
Alfalfa transfer lon < 0 44
Grass hay land Acre 2 2,000} 45
Grass hay aftermath AUM < 0 46
Gruss hay transfer Ton < 0 47
Meadow pasture Acre < 700 } 48
Total deeded land Acre < | 20,000} 49
Native grass transfer AUM < 0 50
Crested wheatgrass transfer AUM < 0 51
.65-S1 AUM < 0 52 .975
.65-52 AUM < 0 £3 2.275
.8 -S2 AUM < 0 54 .8
Forage .9 -8l AUM < 0 58 1.35
transfer] .9 -S2 AUM < 0 56 4.05
1.0 -81 AUM < 0 57
Season §} 1.0 -S2 AUM < 0 58
and 1.25-81 AUM < 0 59
Season 2| 1.25-S2 AuM < 0 60
1.3 -s1 AUM < 0 61 1.95
1.5 -82 AUM < 0 62 5.85
Total BLH allowance AUM < 4,000 | 63
Bull requirement Head < 0 64
Bull requirement Head < 0 65
Bull requirement llead < 0 66
Forage S-3 AUM < 0 67 1.6 1.8 2.6
transfer] S-4 AU o} < o (%3 .25 .4 .65
S-5 AUN < 0 09 1.75 2.8 4.55
Alfalfa requirement Ton < 0 70
Steer calf (1-8 mo.) Head < 0 71
Heifer calf (1-8 mo.) Head < 0 72
heaner (9-12 mo.) Head < 0 73 i
Yearling (13-17 mo.) Head < 0 74 -.985 1
Yearling (18-24 mo.) tiead < 0 75 ° s 9y 1
Replacement (25-32 mo.) Head < L} 76 o .99 1
Bull requirement Head < 0 77 . 1 .20
Replace cull cow Head < ] 78 -8
Bull transfer : Head < 0 79 : 2 R
Pregnancy Head < 0 80 o
Sell steer calf Head < 0 81
Sell Heifer calf Head < 0 82 L
Sell cull cow Head < 0 83 -1.6 1 )
Sell cull bull Head | < 0| 84 -3.25 1.02

e



Submatrices As and Az,

©“
N

Native

Grass

Crested
Wheatgrass

Native
Grass '

Crested
Wheatgrass

UnitiSign

RIS

== 2] -~ 34 -~

- 80 -=

93

Native grass requirement
‘Crested wheatgrass requircment

Acre
Acre

8S
86

1

-1

-1

40~



Assumptions Made for MLP Simplex Table

(1) Acreage

Acreage for alfalfa production = 200 acres

¢ Acreage for grass hay production = 2,000 acres

Acreage for meadow pasture = 700 acres
' Total deeded land = 20,000 acres

Total BLM grazing allowance = 4,000 acres

(2) Yield

alfalfa production = 3.63 tons/acre

1.33 tons/acre

Grass hay production

Native grass production = 50 lbs./acre

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

Alfaifa aftermath = 0.75 AUM/acre
Grass hay aftermath = 0.75 AUM/acre

Meadow pasture = 0.75 AUM/acre

(3) AUM

Alfalfa = 3 AUM/ton

3 AUM/ton

Spring calf (5-8 mo.) = 0.25 AUM
Weaner (9-12 mo.) = 0.5 AUM

0.65 AUM

0.8 AUM

Replacement (25-32 mo.) = 0.9 AUM

Cow =1 AUM

Grass hay

Yearling (13-17 mo.)

Yearling (18-24 mo.)

[}
P
[
(¥3]
P
[
=

Cow with calf (3 mo.)
Bull = 1.3 AUM
a/

(4) Cost and return—

Raise alfalfa = $200.2/acre

a

proper price indexes.

11

=izures are obtained rrom Torell et al.

(15) ana are readjusted with



(6)

Raise grass hay = 330.99/acre

Germinating crested wheatgrass = S25.15/acre
BLM grazing = S2.36/AUM

Buy alfalfa = $1l1l/ton

Sell alfalfa = §97/ton

Raise cow = S90.15/Head

Buy bull = $1,500/Head

Sell steer = §79.65/cwt

Sell heifer = $§67.68/cwt
Sell cull cow = $43.60/cwt

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

Dy, . . .
Idowu, Yanagida, and Norman (8)

- 42

Sell cull bull = §43.60/cwt
Discount rate— b/ . 3%
Investments during the first 3 years: I| 1 + (lir) + (lir)ij =
/
. . [ 1 1
Investments during the rest 27 years: Ii]1+r)3 cees TI:;TQQI
\ i
Ceine tn . ~1+1,+1_'_
- Returns during the first 3 years: ) (l+r3 (1+1)3
1 \
Returns during the rest 27 years: ( l+r)4 ...... (1+r)30)
a = $582.58
b = §323.01
c = §274.51
d = $148.38
e = 3§ 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

2.911

16.77 R



[

(8)

.45
6.97

,626.69

= S 800.60

through 0 = $40.76

] [}
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=

76.25

BLM 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 BLM summer range was 95 (i.e., April 3) with a standard

deviation of 28 and the mean turnoff date was 258 (September 14) with a
standard deviation of 72. Torell et al. assumed that BLM 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 (and/or
covariance) is variant for scale factors, the ratios between means and

variances are compared for the turnout and turnoff date.

E = g% = 35.39 for the turnout date.
2
? = Eif = 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

' [
ITEM UNIT g FIRST 3 YRS. REST 27 YRS.E
| |
Sell alfalfa Ton f 597 367 5
Feed alfalra Ton | 129 | 359 :
Grass hay production Acre ; 763 E 1,351
‘leadow hay grazing Acre ' 700 700 :
Native grass production Acre 0 ; 0 é
Crested wheatgrass production Acre 0 3 20,000 ?
BLM grazing AUM 4,000 é 4,000 ?
Raise steer (1-8 mo.) Head 186 § 519 E
Raise Heifer (1-8 mo.) Head 186 | 519 é
Yearling (5-12 mo.) Head 86 | 241
Yearling (13-17 mo.) Head 85 237
Yearling 18-24 mo.) Head 84- 235
Replacement (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 CWT | 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

R

2,548,393.00
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Table 6. Results from a Multiperiod Stochastic Programming Problem with o = 0.75

ITEM | UNIT |  FIRST 5 YRS. | REST 27 YRS.

|

|

' |

Sell alfalfa Ton 597 ; 413 i

Feed alfalfa | Ton 129 o 313 :
Grass hay production | Acre 706 | 1,175
Mleadow nhay grazing : Acre 700 _ 700
Native grass production f Acre ; 4,177 4,177
Crested wheatgrass production é Acre E 15,823 - 15,823
BLM grazing ﬁ AUM 4,000 4,000

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

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

Yearling (9-12 mo.) ‘ Head 86 210 '
Yearling (13-17 mo.) | Head 85 207
Yearling 18-24 mo.) . Head 84 : 205
Replacement (25-32 mo.) Head 83 . 202
Raise cow w/calf Head 380 922
Raise cow w/o calf Head 133 324
Raise bull Head ! 30 5 72
Sell steer > : CWT | 744 } 1,807
Sell heifer | CWT 651 1,581
Sell cull cow oWt 800 1,944
Sell cull bull . CWT 95 - 231

Buy bull : Head 7 § 18

v - . . .
alue of objective function 2,328,002. 00

PRSUROUR N——
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Table 7. Results from a Multiperiod Stochastic Programming Problem with «=0.80
: ! ‘ !

ITEM i UNIT | FIRST 3 YRS. REST 27 YRS.:
| : |

Sell aifalfa g Ton 597 ; 425 i

Feed alfalfa | Ton 129 | 301

Grass hay production : Acre 691 1130 .

‘leadow nay grazing Acre 700 700

Native grass production Acre 5,260 5,260

Crested wheatgrass production Acre 14,740 14,740

BLM grazing AUM 4,000 4,000

Raise steer (1-8 mo.) Head 186 ! 434 |

Raise Heifer (1-8 mo.) Head 186 é 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 cWr 744 1,757

Sell heifer CWT 651 1,520

Sell cull cow CWT 800 1,869

Sell cull bull CWT 95 222

Buy bull é 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

i |
TEM | UNIT ; FIRST 3 YRS. z REST 27 YRS. !
Sell alfalfa . Ton 597 a3
Feed alfaira i Ton | 129 288
Grass nay production Acre é 675 1,081
Meadow nay grazing Acre | 700 700
Native grass production AcTe 6,436 6,436
Crested wheatgrass production Acre 13,564 i 13,564
BLM grazing AUM 4,000 ; 4,000
Raise steer (1-8 mo.) Head 186 2 415
Raise Heifer (1-8 mo.) Head 186 | 415
Yearling (9-12 mo.) Head 86 193
Yearling (13-17 mo.) Head 85 190
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 neifer 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

i

16

|
ITEM UNIT FIRST 3 YRS. § REST 27 YRS.}
Sell alfalfa Ton 597 455 g
Feed alfalfa Ton 129 271 é
Grass hay production’ Acre 655 1,019 |
Meadow hay grazing Acre 700 700
Native grass production Acre 7,921 7,921
Crested wheatgrass production AcTe 12,079 12,079
BLM grazing 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 WT 744 1,566
Sell heifer CWT 651 1,370
Sell cull cow CWT 800 1,684
Sell cull bull WT 95 200
Buy bull Head 7

Value of objective function

8%

2,130,465.00
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Table 10. Results from a Multiperiod Stochastic Programming Problem with «=0.95

ITEM E UNIT ! FIRST 3 YRS. § REST 27 YRS.;
| | f |

Sell alfalfa { Ton | 597 i 480 ;

Feed alfalra é Ton % 129 E 246 f

Grass hay production ; Acre } 624 : 924 |

Meadow hay grazing f Acre | 700 700

Native grass production t Acre 10,180 10,180

Crested wheatgrass production f Acre 9,820 ; 9,820

BLM grazing } AUM ; 4,000 4,000

Raise steer (1-8 mo.) ’ Head 186 é 355 :

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

Yearling (9-12 mo.) Head 86 | 165 |

Yearling (13-17 mo.) Head 85 162

Yearling 18-24 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 i 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 ﬁ CWT 95 | 181

Buy bull i Head 7 é 14

Value of objective function g S 2,011,229.00

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

Q

] '

ITEM UNIT FIRST 3 YRS. % REST 27 YRS.

|
Sell alfalfa Ton 597 ; 451 E
Feed alfalfa Ton 129 ; 275 ;
Grass hay production Acre 660 ; 1,035 |
Meadow hay grazing ; Acre 700 700
Native grass production 2 Acre 7,530 : 7,530
Crested wheatgrass production ? Acre 12,470 12,470
BLM grazing C A 4,000 4,000
Raise steer (1-8 mo.) _ Head i 186 % 398 f
Raise Heifer (1-8 mo.) ; Head | 186 % 398 g
Yearling (S-12 mo.) Head 86 | 185 ‘
Yearling (13-17 mo.). | Head 85 182
Yearling 18-24 mo.) Head 84 ; 180
Replacement (25-32 mo.) Head 83 178
Raise cow w/calf Head 380 812
Raise cow w/o calf  Head . 133 285
Raise bull Head | 30 1 64
Sell steer cuwr ! 744 . 1,591
Sell heifer CWT 651 1,392
Sell cull cow : CWT 800 : 1,712
Sell cull bull : CWT 95 ; 203
Buy bull i Head 7 16

Value of objective function

4

2,151,119.00




Table 12. Results from a Multiperiod Stochastic Programming Problem with a=0.

90

! i
ITEM UNIT ; FIRST 3 YRS. % REST 27 YRS.%
Sell alfalfa | Ton | 597 | 437
Feed alfalfa T 129 . 289
Grass hay production ; Acre ? 660 1,086 :
Meadow hay grazing | Acre : 700 700
Native grass production Acre 6,333 6,333
Crested wheatgrass production Acre 13,667 13,667
BLM grazing AUM 4,000 4,000
Raise steer (1-8 mo.) Head 186 é 417 j
Raise Heifer (1-8 mo.) Head 186 é 417 |
Yearling (9-12 mo.) Head 86 194
Yearling (15-17 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
Raise bull Head : 30 67
Sell steer CWT 744 1,668
Sell heifer CWT 651 1,460
Sell cull cow WT 800 1,794
Sell cull bull : CWT 95 213
Buy bull ; Head 7 | 17
Value of objective function $

2,214,240.00
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Table 13. Results from a Multiperiod Stochastic Programming Problem with «=0.85

UNIT FIRST 3 YRS. | REST 27 YRS.

) |
ITEM i |
| |
Sell alfalfa | Ton 597 427 :
Feed alfalfa | Ton 129 | 299 i
Grass nay production é Acre 660 ; 1,123 I
Meadow hay grazing | Acre | 700 700
Native grass production f Acre 5,432 5,432
Crested wheatgrass production Acre 14,568 14,568
BLM grazing f AUM 4,000 4,000
Raise steer (1-8 mo.) Head | 186 ) é 432 ;
Raise Heifer (1-8 mo.) Head 186 ! 432 3
Yearling (9-12 mo.) Head 86 ‘ 200
Yearling (13-17 mo.) © Head 85 197
Yearling 18-24 mo.) Head 84 195
Replacement (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 i Ci 800 , 1,857
Sell cull bull CWT 95 : 220
Buy bull é Head 7 } 17
Value of objective function f S 2,261,773.00
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Table 14. Results from a Multiperiod Stochastic Programming Problem with «=0.8

FIRST 3 YRS. ! REST 27 YRS.

{

[TEM UNIT | |

- !

Sell alfalfa Ton 597 § 418 f

Feed alfalfa Ton 129 | 308 S

Grass hay production | Acre 700 1,156 ‘
Meadow hay grazing : Acre 700 700
Native grass production Acre 4,639 4,639
(rested wheatgrass production Acre 15,361 ' 15,361
3L grazing AUM 4,000 - 4,000

Raise steer (1-8 mo.) Head 186 E 444 f

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
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 71
Sell steer CWT 744 1,777
Sell heifer WT 651 1,555
Sell cull cow CWT 800 1,912
Sell cull bull CWT 95 227
Buy bull Head 7 18

Value of objective function ;

€A

2,303,618.00
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Table 15. Results from a Multiperiod Stochastic Programming Problem with a=0.75

‘ ! ! !
ITEM i UNIT 5 FIRST 3 YRS. E REST 27 YRS.é
| | : |
Sell aifalfa } Ton § 597 ; 409 ;
Feed alfalfa ' Ton i 129 ; 317 |
Grass hay production g Acre | 711 1,190
Meadow hay grazing % Acre { 700 700
Native grass production ? Acre : 3,840 , 3,840
Crestsd wheatgrass production f Acre : 16,160 - 16,160
BLM grazing i am 4,000 . 4,000
Raise steer (1-8 mo.) ‘ Head ; 186 ; 457 |
Raise Heifer (1-8 mo.) Head 186 ; 457
Yeariing (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 i 30 : 73
Sell steer B 744 1,829
Sell heifer ; WT 651 1,600
Sell cull cow f CWT 800 - 1,967
Sell cull bull x CWT 95 : 234
Buy bull % Head 7 | 18
Value of objective function ! $ | 2,345, 766. 00
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