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Appendix: The Linear Programlling Tableau 

ERS was asked by the Forest Se rvice to update Gee 's calculations of the value 
of Forest Service grazing. Gee (1) used information from the livestock 
enterpri se budgets to build LP problems. The design of the LP problems used 
to compute the value of Forest Service grazing closely follows that used by 
Gee . 

This appendix outlines the formulation of the LP problems used for thi s study . 
An example shows how the LP problems we re generated from the budgets . 

An LP problem can be summarized in a t aLle of coefficients called a tableau . 
Gee created each of his tableaus one at a time, using the same general format. 
Gee then ran his LP problems on a mainframe computer. Because of improvements 
in computer s ' f tloiare and hardware, this study used a generic format for the 
tableaus . These tableaus were c reated from reg ional budgets. 

An example of a tableau is given in appendix table 1. Appendix table I is the 
tableau for region I, with 1986 prices, based on shortrun variable costs . The 
columns of the tableau represent the activities avai lable to the 
decisionmaker. The rows of the tableau r epresent constraints. These 
constraints restrict \.he possible combinations of activities. Linear 
programing finds the best combinat ion of activities givp.n the constraints. 
Below , there are lists of the names of t.he activit i es and constraints in the 
generic LP tableau, a long with a brief description and deta ils on how the 
coefficients were generated from the budgets . The activities, or co l umn 
names , are first . 

ColWlllS 

COli This va riable re presents the head of bred cows in t he cow 
herd. 

FORESTFED The AM of Forest Servic e graz ing uti li zed. 

BLMFEU The AM of Bureau of Land Managemen t grazing utilized . 

STATE The AUM of land r ei ted frorJ the State. 

~ENT The AUM of land r ented from private individuals. 

IRRIGATED The hUM of irrigated pasture used. 

OTHER The AUM of other land l eased . 

DEED FED The AUM of deeded l and grazed. 

RESJED The AUM of c rop residue f ed . 

JAN_HAY-DEC_HAY Tons of hay fed in each mont h . Gee a llowed hay to be fcd 
on l y in t he winter months. Wha t co nst itutes winter fccdill r, 
varies from one r eg ion t o the next . Al so , nothing s top s 
ranchers from feeding hay in t he summer. excep t t he cos t . 
Allowing for ypar- round hay feeding g ives maximum 
flexibi lity i n dealing wi t h regional diffe rences. ALso , i f 
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MAKEHAY 

BUYHAY 

BORROII 

SELLHC 

SELLSC 

SELLYH 

SELLYS 

SELLCUL 

RIGHT HAND SIDE 

Rows 

OBJECTIVE 

FORESTAM 

summer hay feeding is not profitable . the LP solution will 
not include it. 

Tons of hay made on the ranch each year . 

Tons of hay bought during the year . 

The dollars borrowed for livestock production expenses . 

The head of weanling heifer calves sold . 

The head of weanling steer calves sold . 

The head of yearling heifers sold . 

The head of yearling steers sold . 

The head of cull cows sold . 

(Right hand side . ) This column contains the maximum or 
minimum levels of constraining factors . This column is not 
an activity . 

This row is not a constraint . It measures the costs a nd 
returns of the activities . These costs and returns are 
taken from the budget . Cows are charged a cost per head 
which is the variable cost pe r head excluding forage r.ost s 
and interest on operating capital. Forest Serv ice, BLM , 
State leases, r ented l ands, and irrigated l ands are charged 
t he appropria t e per unit fee . No cha r ge is i nc luded for 
deeded land and c rop residue. The costs of these grazing 
sources is fixed . The hay f ed in each month is not give n a 
charge . It does cost money to rai se hay and purchase hay . 
A constraint ens ures tha t all hay t hat is fed is paid for 
when it is e ither purchased or produced . The charge on 
borrowing is the interest rate adjusted for the time the 
money is borrowed. The return on the sa l es of ca lves 
yearlings, and culls is based on the value of t he sto~k per 
head . 

Thi s constraint restricts the total Forest Service gra z ing 
used to be l e s s than or equal to the amount in the origina t 
budget. The assumption underlying this res triction i s that 
t he enterpr i ses on which the budgets are based used a ll of 
t he Forest Se rvice grazing availab l e to them. 
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BLHAK , STATEAII, 
RENTEDAUK , 
IRRIGATED, 
DEEDEDAUK, 
CROPRES, HAKEHAY 

TOTAUIAY 

These constraints are similar to the FORESTAM constraint 
with the exception that they restrict the grazing on BLH 
land, State leases . rented lands . irrig.ated lands . deeded 
land, crop residue, and the amount of hay raised . 

This constraint requires the total hay fed from January to 
December to equal the hay purchased plus the hay grown. 

JAN_FEED-DEC_FEED These 12 constraints represent the minimum feed requirement s 
of the cow herd. These requirements can be met from 
National Forest, BLM, State lease. private lease, other 
leRse, deeded land , crop residue or hay . The number in the 
cow column for each of these constraints represent s the AUM 
of forage consumed per cow in each month . The rest of the 
numbers 1n a row represent the forage provided by each 
source . These numbers are negative . The forage provided by 
each sour~e is subtracted from the forage required by the 
herd. Each row requires that the total requ irement of the 
herd minus the total feed available be negat ive. 

PRODSC , PRODHC , 
PRODYS , PRODYH , 
PRODCULL 

FAIIILYV 

DnCAPR 

INTINV 

TOTALC 

In this problem, it has been assumed that when a r anch 
purchases an AM or an AUK of grazing , it purchases that uni t 
of grazing distributed over the year. The unit of g r az ing 
from a source is distributed according to the seasonal 
avai lability of total grazing from the source. Cons ide r the' 
example tableau . Crop residue provi des grazing only in 
October, November, and Decembe r. Of the total AUM provided 
by c rop residue approximately 31 pe r cent is supplied in 
October, 53 percent in November, and 16 percent in Decembe r . 
Hay can be freely shifted from one month to the next . Each 
ton of hay provides 3-1/3 AUK _ 

These rows restr ic t the production of steer calves , he ife r 
calves, yearling s t eers , yearling heifers, and cul l cows, 
respectively. The production of each type of sale animal i s 
required to be proportional to the breeding stock . 

This is an accounting row. This row does not affect t he 
optima l production or use of forages. It simply keep s t r ack 
of the value of family labor used . 

This is also an accounting row . It keeps track of the 
depre(.'iat ion and capital i nves tment per cow. 

This is also an accounting row . It keeps track of t he 
i n t6res t on capital investment per cow . 

This row requires the ranch to borrow money to purchase i t s 
grazing and to produce its hay . 

This is also an accounting row . This row accounts for fi xed 
costs and longrun variable costs. 
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The objective row, the accounting rows, and the OPR_INT rows change when 
prices change . The other rows are physical constraints and are not a ffected 
by changes in pr ices. 
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Appendix table 1··linea,. prog,._ing tableau fo,. region 1, 1986 prices, and shortr"" variable costs 

cow FORESTFED BlMFED STATE RENT IRRIGATED OT,,,:R DEEDFED RES_FED JAN_HAY FEB_HAY MAR_HAY APR_HAY MAY_HAY JUN_HAY 

OBJECTIVE ·58.93 ·1.35 ·1.35 ·2.99 ·7.51 ·4.05 · 3.34 
FORESTAM 
BllWI 
STATEAM 
RENTEDAlM 
IRRIGATED 
OTHERAlJIiI 
DEEDEDAlM 
CROPRES 
MKEHAY 
TOTAL HAY 
JAN_FEED 1.185025 ·0.01133 ·0.01403 ·0.00743 0 0 o ·0.00871 0 ·3.333 
FEB_FEED 1.300358 ·0.01123 ·0 .01535 ·0.00669 0 0 o ·0.00996 0 · 3.333 

V1 MAR_FEED 1.407191 ·O.~ ·0.01162 ·0.00693 0 0 o ·0.01257 0 ·3.333 
\0 

APR_FEED 1.529430 ·0.00940 ·0.04620 ·0.04361 ·0.01667 0 o ·0.02526 0 · 3.333 
MAY_FEED 1.657310 ·0.08731 ·0.39521 ·0.15192 ·0.13763 o ·0.16522 ·0.12245 0 ·3.m 
JUN_FEED 1.751136 ·0.13040 ·0.37816 ·0.16332 ·0.17532 ·0.25764 ·0.17494 ·0 . 14550 0 -3.333 
JUt_FEED 1.800655 ·0.28715 -0.10342 ·0.16951 -0.17646 ·0.30626 -0.17278 ·0.16737 0 
AUG_FEED 1.821718 ·0.29214 -0.10402 -0.17026 ·0.17724 -0.30826 -0.17386 -0.16989 0 
SEP_FEED 1.741103 -0.26659 '0.09862 ·0.l5Z04 '0.18750 ·0.06920 -0.16738 -0.17140 0 
OCT_FEED 1.465262 -0.10192 -0.00018 ·0.02825 ·0.12324 -0.05862 -0.14578 ·0.10699 ·0.30729 
1I0lUEED 1.186952 -0.05952 '0.03373 o -0.00292 0 o '0.05001 '0.53375 
DEC_FEED 1.161199 -0.01133 -0.01501 o -0.00299 0 o -0.00983 -0.15894 
PttOOSC -0.28263 
PttOOHC -0.14670 
PRooYS -0.11978 
PttOOYH -0.07806 
PROOCUll -0.14804 
FAMllYV -21. 19 
OnCAPR -29.8 
I IITI IIV -74.97 
OPtt_IIIT -1.35 -1.35 -2.99 -7.51 -4.05 -3.34 
TOTAlC -125.96 
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Appendix table 1--LinNr progr_ing tableau for region 1, 1986 prices, and shortrut variable costs, continued 

OIJECTIV£ -29.38 -49.95 -0.12074 247.08 302.28 398.47 474.42 330.110 
FORESTM 
BLMM 
STATEM 
RENTEDMM 
IRRIGATED 
OTHERAtM 
DEEDEDMM 
CIlOPRES 
MAKE""Y 
TOTAl""Y -1 -1 

JAIII_FEED 
FEB_FEED 
MAR_FEED 
APR_FEED 
MAY_FEED 
JUN_FEED 
Jut_FEED -3.333 
AUG_FEED -3.m 
SEP_FEED -3.333 
OCT_FEED -3.m 
NOV_FEED -3.m 
DEC_FEED -3 . 333 
PROOSC 
PROOHC 
PROOYS 
PROOYH 
PROOaJll 

FMllYV 
DnCAPR 
IIITrW 
OPtt_IIIT -29.38 -49.95 
TOTAlC 

<= 

<t 

<:: 

<:: 

<:: 

<2 

<:: 

<= 

<:: 

:: 

<a 

<a 

<a 

<a 

<= 

<= 

<= 

<= 

<= 

<= 

<= 

<= 

RI GIlT NAIl) S I DE 

943.1 
742.3 
403.5 

1403.7 
349.7 
92.6 

3292.7 
1170.2 
1090.2 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

" 0 
<a 0 

o 
o 
o 

<= 304165 


