March 1970 A.E. Ext. 555

LINEAR PROGRAMMING
A NEW YORK

DAIRY FARM

Stuart F. Smith

Department of Agricultural Economics
New York State College of Agriculture

A Siatutory College of the State University
Cornell University, Ithaca, New York



TABLE CF CONTENTS

as]
&
7
@

Tntroducticon ............................»......................
Objectives ................................................
Application ......................b........‘.............‘.
Information Needed ........................q...............
Programminé pProcedure .....................................

Input Dats Used ......,.........................................
plan-Now Farm Resources ....,.o........................,...
production Processes and Activities R R R
Activity Variations and Additions T
Aetivity Tudgets ..........................................

Programming Mebrix .....................,.............‘..,.

'I,_S
T\ OOl 4 R PR

-
o

Programming Results ............................................
First Optimum.Salution, Plan-Now Farm T R 16
Return to Fixed Resources (Basic Plan) $40,303 aeesvrrce 16
Marginal Values ........................................ 18
Penalty Costs ............;............................. 16
Changes Affect Solution ................................ 19
Adjustments Made in Inpub Data R R 20

8econd Opblmum 8olvtion, Plan-Now Farm O 20
The La‘b(}r ProblEm ’l-.‘l..'...lﬁlﬁl.ly"!'l.l'...ﬂ.l.'l. 22
Marginal yalues and Penalty Costs T Ry 22
Two-Man Expanded Business, plan-Now Farm eeeeerceerrcst®? 2L
E)cpanSiOnActivitieS .I‘l!l_‘l"l.!..l.ll.l".l'.'.ﬂ..b.l 2Ll'
Optimum Solution ....................................... 2k
Three-Man Business, Plan-Now Farm ........;................ 28
Using ldnear Programming to Develop & Parm Plan  eceeesserscertrt? 32
Timitabions and Prohlems .................................. 32
Conclusions and Decision .....,............................ 33

Sl}mmav:f‘y u-c-.-qcl-cnoc--otngobconvpoconnctl!-u-lolnac-olo-coo--o 35

A‘_@PeﬂdiXI o-c-rouI-D---l-ctIoQOCtDn'-ltnn.oc-ito.-an-l-nb-onos 36
SEleCtedACtiVitYBudgetS .-cootloto--Qnicocinilnvaiolonoc9 36




ii

1.I5T COF TABLES

pudget for Activity Fl, grow 3-Year Alfelfa, Unadilla Soil

gummary of Feed producing Budgets

gummary of Feed Consumption and Selling Activity Pudgets

programming MatriX (simptified Yersion)

Page
10
il

12

ih & 15

10

11

12

13
1h

15

16

S Y G

18

Level and Identification of Activitles First Optimum
golution

Marginal values of Timiting Resources

Penalty Cost of Tntroducing Activities Not In Solution
First Opbimun Solubion

Level and Tdentification of Activities, gecond Optimum
goluvion

Comparison.of Tabor Available and Required, Second Cp-
tigum Solution

Marginal Values of Limiting Resonrces, gecond Optimum
golution

Penalty Cosb of Introducing Activities Not In Solution
aecond Cptimut golution

Level and Taenbification of Activitles, Two-Man Expan-
ded Pusiness Optimum

Tywo-Man Expanded Pusiness Oplimum, Tabor Summary

Marginal yalues of Timiting Resources, Two-Man Expar-
ded Pusiness Optimum

Penalty Cost of Introducing Activities Mot In golution
Tywo-Man Expanded Business Optimum

Tevel and Tdentification of Activities, Three-Man Rusi-
pess Optimum

ihree—Man Business Optimum, Tabor Summary

Marginal Values of Limiting Resources, Three~Man. Busi=
ness Opbimum

17
18

19

21

22

23

2%
26

26

27

29
30

30



Tahle

19

iii

penalty Cost of Introducing Activities Mot Tn Solubion

Three-Man Business Optimum

Budget for Actlivity P2, Harvest J-Year A1$alfa Hay,
Unadilla Soil
Budget for Activibty P8, Corn Silage, Unadilla Scil

Pudget for Activity P9, Corn Grain, Unadilla goil

page

31

36

37
3%

Budget for Activity P17, Deiry Cows

Pudget for hetivity P18, Raise_Replacements to 27.5
Months of Age

Budget for Activity P25, Buy 279 Total Protein Con-
centbrate

39

ho

L1



INTRODUCTION

Objectives

The purposes of this bulletin are:

1. To show how linear programming can be used to help a New York_dairy—
man plan for future changes; ' '

2. To familiarize the reader with linear progremming procedures, and;

3, To point out usefulness and limitations of linear programming in
Tarm management work. '

Application

Linear programming is a mathematical method which may be used to maxl~
mize or minimize a given objective such as horofit,” subject to certain
1imitations or restrictions. It can e used most efficiently when there
are many alternabive processes Or activities under consideration, and
several restrictions on resources. Iinear programming has been used mosat
extensively in areas such as feed mixing, trangportation, and plant lo-
cation. Budgeting can be gpplied more efficiently to a single enterprise
business having a small number of production processes. Although alter-
native enterprises are limited on most New York dairy farms, the number
of different production processes associated with the dairy enterprise
are often numerous and the availability of resources is limited. Thus
linear programming sppears to have potential as a planning technique
for dairy faxrms. N :

Tn 1969 linear programming wes used to find the combination of ac-
tivities and processes thet would maximize the return to fixed resources
on a real New York dairy farm., Because of the confidential nature of
individual farm business data, we will call this the Plan-Now Farm. The
alternative plans or solutions presented for the Plan-Now Farm cannot
e directly used for deciglon msking by any other farm manager gince re-
source mix and limitations vary with cach farm situation. However, the
plans may have scme velue as a guide to dairymen with similar resources.
The linear progremming procedures used on this farm should be of value
to the farm management worker interested in this forward planning technique.

Information Needed

The information needed to develop a farm plan by linear programming
ig similar to that used in budgeting, with considerable more detall re-~
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quired, Input-output data for all fessible production, buying and selliang
processes and activities must be carefully defined. Restrictions affect-
ing the use of processes and activities must be identified and planning ob~
Jectives must be specified.

In linear programming, a technique such as the production of corn si-
lage on a particular field with a given set of inpubs is one process. If
one production technique differs from another in type, preportions, or
timing of the resources it uses, the two are treated as separate processes.
The program also includes every feasible buying and selling opportunity
as a separate activity.

In order to develop the brocess and activity data, the amount and unit
cost of each variable must be determined. These variable coefficients
correspond to the feed, labor, and capital requirements used in budgeting,
and most iadividual production processes require a different set of coefw
Ticients, Coefficients for crops include the yield from one acre, and the
inputs of fertilizer, labor, machinery, and other variable items for this
acre.

Determining expected price levels is an important part of programming.
Prices effect. the costs incurred by all production processes and buying ac-
tivities as well as revenues realized through selling activities. ZImpha-
sis 1s placed on accurate relative prices rather than the exact level of

prices used,

The identification of Sspecific restrictions for the linear pPrograme-
ming model is guite different than the budgeting approach. Although gen-
eral restrictions affect the amount and kind of resources considered in
a budgeting problem, specific restrictions such as the labor available
in a given month are seldom congidered,

Given the restrictions, prices, production coefficients, and selected
activities, linear programming will specify the plan which will give maxi-
mum net income. This is called the optimum solution. However, other ob-
Jectives or operator goals such ag avolding risk or working with a parti-
cular enterprise need not be ignored. The model can be constructed to
force certain processes into the solution, restrictions can be imposed to
force out certain processes, or, processes can be omitted from the orig=-

inal model.

Programming Procedure

There were six basic steps followed in programming the Plan-Now Dairy
Farm. They are as follows:

(1) Obtain the primary data from the fam and other sources.
(2) Process the primary dats into activity and constraint form.

(3) Transfer the data to computer cards.,
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(L) -Meke & "ast! or preliminary run on the computer.

(5) Make the necessary corrections and adjustments to
data and make & gecond run.

(6) Make additional runs following desired changes in
processes and constraints.

The Plan-Now Dairy Taym was visited twice to obbtain information on
present resources, feagible activity and process considerations, operator
goals and gvailability of resources fop the future. Some of this infor-

mation was obtained by corresponding with the farm operator between vi=
sits. The Plan-Now Farm Flectronic Accounting Symmary was used to help
determine some of the cost and production coefficients and establishing
price ratios. gince only variable production costs are used in The
model, additional cost data and estimabtes nad to be obtained from cther
sources. Agrieunltural Planning Data for the Norbheastern United States,
Pepnsylvania State University, A.E. and R.S. 51, July 1965, was one of
the data sources used. After an examination of the process and activity
budgets, bhe Timited contributicn of convenbional cash account and elec-
tronic records to linear programmlng will become more obvious.

Processing the primary data into sctivity and constraint fom is an
important and time conguming process. The inexperienced programmer will
spend from one to three hours developing each process activity. This
time requirement depends upon the availability of bench mark farms and
the similarity of production processes within the program being developed.
Bench mark farms could help provide some of the basic information such as
1labor and machine requirements for & given crop. Construction of the
patrix format so that each Process ig in proper perspectlve and that all
necessary controls and constraints have the correct role, 1is a fTascin-
ating and rigorous DProcess.

Preparing data 1ists for card punching is =z mechanical process which
involves listing all the activity and constraint informaticn in the cor-
rect order and format. This regulres some pagic knowledge of the compuber
Program requirements. The Cornell University MPS/36O program was used
for this linear programming problem.

Steps 4, 5, and 6 involve making several ruas. More than one ruf may

be needed to cobtain the first optimum solution. Once the first opbimum
solution is obtained, a whole series of changes may be desirable to test

the results of using different producticn processes and restrictions. This
worker made three runs to get the first optimum golution. The changes and
progrom adjustments made will be explained along with the presentation of
results., The changes and program adjustments will be explained along with the
presentation of results. '
"""”"“The“followingminformationmismpEQSQQteﬂniﬁ_the next section of this

report: St

(1) A swmary of the Plan-Now Farm resources.
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(2) An outline of the activities and Processes considered in
the basic program.
(3) A sample activity budget with explanation.

() A simplified version of the programning matrix.

The progrem solutions are Presented in the third section. Six activity
budgets are presented in the appendix.

INPUT DATA USED

Plan~Now Farm Resources

Land

There are 165 acres of tillable land ocwned. The majority of this
¢ropland is well~drained and is adaptable to intensive cropping. Thers
are 75 acres of Unadilla soil, 40 acres of Tioga soil, and 50 acres of a
combination of moderately well-drained, stoney goils. A1l the Tiogs soil
is on the first bottomland adjacent to the farmstead. The Unadilla is in
two separate varts, one is located five miles from the farmstead.

Building Capabilities

The present dairy housing facility is a combination of a 40 stanchion
barn and a 40 cow free stall shed. All cows are milked in the stanchion
barn, there are 70 head of youngstock on the Plan~Now Farm. Present young-
stock facilities are inconvenient,

The dairy herd is self-fed from a 1500 ton capacity trench silo that
can be used to store corn gilage. A 1h % 55 cement stave silo isg equip~
ped with a silo unloader and will store 200 tons of hay erop silage or
high molsture ear corn. '

Equipment

Adequate field equipment is availeble to handle all érops to be con-
sidered except for harvesting high moisture ear corn.

Labor

The operator, one full-time hired man, and approximately five months
of family labor are available at a fizxed quantity and rate. Part-time
labor is available for field work at $1.75 per hour,



Regource Limitations

In developing the first model it is assumed no additional resources
may be purchased, Therefore, the following resbrictions are placed on the
use of rescurces:

(1) Any combination of production processes on Unadilla soil must
be less than or equal to 7D acres.

(2) Production processes on Tioga soil must be less than or equal
to L0 acres.

(3) All processes on other sOLL canniot excesed H0-&cress

(4) Cow numbers must be équal to or less than 80 head.

(5) Replacement numbers must be adequate to turnover at least 25%
of the cow herd each year.

(6) Corn silage production may not exceed 1500 tons per year.

(7) Hay crop silage plus high moisture ear corn production must
be less than or equal to 200 tons. '

(8) There are 600 hours of fixed lebor available per month with
hired labor allowed from April through November. Therefore,
labor may not exceed 2500 hours from December 1 through March
31,

Production Procesges and Activities

Following are the processes and activities considered in the first or
basic plan, the objective of the basgic plan is to find an optimum solution
to which alternative plans can be compared. A general description of each
process and specific controls or limitations affecting its use are included.

P, 1, Grow 3-Year Alfalfa on Unadilla Soil

An annual production=process Tor growing alfalfa on Unadilla soil. A1l
cropland used for this process must be left in production for three years.
Additicnal sctivities are required to harvest the alfalfa.

P. 2, 3-Year Hay on Unadills Soil

This is the 3~year alfalfe crop harvested as hay. The activity bud-
get shows annual yields and variable costs for this activity.

P, 3, 3-Year Silage ol Unadilla Soil

The 3-year alfalfa crop is harvested as hay-crop silage. Any combina«~
tion of processes 2 and 3 must equal the acres in process 1.
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P. 4, Grow Alfelfa for the Lth and 5th Years on Unadilla

The alfalfa grown in P.1 is left down for two additional years. For
every three acres of Unadilla in P.1, two acres of P.4 are allowed.

P. 5, hth and 5th Year Alfalfe Hay on Unadillas Scil

If activity P.4 is used the crop may be harvested as hay.

P. 6, Uth and 5th Year Alfalfa Silage on Unadilla Soil

The Lth and oth year alfalfa stands may also be harvested ag hay=~crop
silage. The acres used in P.5 and P.6 may not exceed the acres in P.h.

P. 7, Seeding Year on Unadills Soil

If alfalfa 1s grown on this soil it must be seeded. The seeding year
would be followed by either three or five years of alfalfa. Alfalfa is
seeded without a purse ¢crop and is harvested the seeding year.

P. 8 and P. 9, Corn Silage or Corn Grain on Unadilla

Corn silage and/or corn grain may be produced on Unadilla soil,
There is no limit on the length of the corn rotation, but at least two
years of corn are required in each rotation. Corn grain is harvested as
high moisture ear corn and stored in an upright silo. Corn silage is har-
vested and stored in the trench silo,

P, 10 and P. 11, Corn Silage or Corn Crain on Tioga,

-Corn silage and/or corin graln are the only crops that are considered
on the 40 acres of Tioga soil, This land is most adaptable to continuous
corn, it is highly productive and most accessible for manure disposal,

P. 12, 5-Year Hay on Other Soil

A 5-year hay crop mey be grown and harvested from other soils. Har-
vesting the hay crop as silage has not been allowed on this soil.

P. 13, Pasture, Other Soil -

Some of the meadows included in P.12 may be Pastured but this alterna-
tive is limited to 15 acres Der year because of access.

P. 14, Seeding year on Obher Soil

Ihe other soil must be seeded to a legume preceding the five years
of hay. : : : :
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P. 15 and P. 16, Corn Silage or Corn Grain on Other Soil

Corn silage or corn grain must be produced for two years preceding the
seeding year. : :

P. 17, Cows

A maximem of 80 cows may be kept without a major change in facilities.
They will produce 12,500 pounds of nilk for sale and will require 5300
poundsl of TDN from Torage, 3500 pounds of TP fyrom grain, and 1160 pounds
of digestible protein. ' ' B

P. 18 and P. 19, Replacements

Opportunity is provided to either buy (P.18) or raise (P.19) replace-
ments. Cows will be replaced every four years.

P, 20 and P, 21, Buy Hay

Hey may be purchased as standing (P.20) or as baled hay (p.21). Stand-
ing hay purchased may not exceed 50 acres. :

P, 22, Sell Hay

Hay produced on the farm mey be sold,

P, 23 - P, 26, Buy Concentrabe

Four different levels of protein concentrate or supplement may. be pur-
chased %o balance the dairy herd feeding requirement. Fach cow requires a
minimm of 3500 pounds of TDN from grain. The protein needed from purchased
concentrate will vary depending upon the quantity and quality of forage and
home-grown grain fed. The linear programuing model is constructed to select
ccmbipations of purchased concentrates that will balence tobal protein re-
quirements as well as meeting TDN needs. P.23 is a 15% total protein con-
centrate and P.2L is 20%. P.25 is the amount of 274 protein supplement
to mix with high moisture ear corn snd P.256 is 36% supplement. P25 and
P,26 would be used only if high molsture ear COrn was in preoduction at
the opbimum.

The grain required by raised replacements is provided through ac-
tivity P.23.

P, 27, Sell Corn

__Corn grain may be sold.

1/ After the Pirst optimum solution was obtaiﬁed, forage TDN required per
cow was increased to 6000 pounds to more nesrly reflect production re-
quirements rather than only feeding requirements.



P, 28, Sell Milk

Milk produced by activity P.17 is transferred and sold for $5,30 per
cwt. This is the gross rrice less hauling and marketing costs paid by the
farper. Selling milk is the major income producing activity. The price
could easily be changed to another level without arfecting the coefficients
established for P,17.

P. 29 - P, 36, Hire Labor

Day labor may be hired during an eight-month period of April through
November for $1.75 per hour.

Activity Variations and Additions_

The preceding production bProcesses and activities were selected for
the basic plan because all seemed feasible and applicable to this farm site-
uvation., A1l the production processes had been used on the Plan-Now Farm
except high moisture ear corn., The farmer had no interest in considering
any other crops or livestock enterprises, However, additional processes
and activities such as the production of wheat, oats, dried ghell corn,
and the sale of youngstock, feeder calves and Christmas trees could be
added without changing the production coefficients already determined.

Tt may be more efficient to combine certain production practices and
conglder them ag g complete rotation. This is true when there are a8 limi-
ted number of rotaiion alternatives on s given goil, involving several
crops. For exzample, a rotation including five years of hay, two years of
corn silage end one Vear of seeding could be designated ag one process pro-
viding asll acres were produced and harvested in & similar manner.

The combination of like Processes may create programming problems,
For example, one set of inputs 1s used for corn silage production on Un~
agilla goil. One should conszider using different Ffertilizer requirements
for the intensive and extensive corn rotations.

The cost of capital to the farm operator is an importent considers-
tion. The Plan~Now Farm basic plan does not include an activity to borrow
caplital for it was assumed adequate operating capital was available. Vhen
expansion activities were brought into the plan, interest was included as
part of the variable cost.

The cost of money should be considered by some method, Including an
activity for short-term capital is recommended for the use of all capital
that has some opportunity cost.

Expansion activities were included as alternatives after the optimum
solution for basic plan was determined. The expansion activities and cor-
responding changes made in resource restraints and input coefficients are
defined in succeeding sections. -

i
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Activity Budgets

Each production progess or activity requires & certain guantity and
quality of inputs for each unit of output. Budgets are developed for each
process in order to determine input requirements and, output contributions.

Sample Budget

The budget for P.l, Grow 3-Year Alfalfa on Unadilla Soil, is presen-
ted in Table 1. It was developed in the following manner.

Alfalfa grown under an intensive three-crop, three-year system would
yield approximately 3.5 tons of hay equivalent under Plan-Now Farm condi-
ticns and management. This yield is eguivelent to 3640 pounds of TDY and
840 pounds of digestible protein per acre. TON was calculated at 52% and
digestible protein at 12%. Yields are transferred to the corresponding
harvesting activibties for this crop. The cost of egtablishing the alfal-
fa are included in P.7, seeding year on Unadilla soil. The annual vari-
able costs of maintaining the alfslfa stand included in %his activity
are:

(1) 300 pounds of 0-15-30 fertilizer per acre at $61.50
per ton.

(2) Fertilizer custom applied for $1.50 per acre.
(3) Alfalfa weevil control will average $2.88 per acre
ineluding the cost of materials, $2.75; and the es-

timsted varisble cost of operating the tractor and
sprayer, $0.13.

The only farm labor requirement ig 0.15 hours per acre for weevil con-
trol during June.

Budget Summary

A summary of all the feed producing process or activity budgets is
presenfed in Table 2, Processes thait consume feed or use some limited
resource are in Table 3. The only activities nobt included in Tables 2
and 3 are the labor purchasing activities which require no further ex-
planation.

Additionsl detailed activity budgets are included in the appendix.



- 10 -

TABLE 1

BUDGET FOR ACTIVITY P1l, GROW 3-YEAR ALFALFA,
Unadilla Soil

Average Annual Yields, 3 crop system:

Crep - TDN, lbs/acre}/ Hay equivalent,tons/acre
1 1729 | LT3
2 . 1118 ; 1.07
3 - : 1110 .04
Total adjusted for ioss 36h0 - 3.50
(10%) (Digestible protein = 84O pounds)

Variable Growing Costs per acre per year:

Cogt per acre

Fertilizer (300 1bs. 0-15-30) $ 9.23
Custom application, fertlizer _ 1.50
Weevil Control (materials) o - 2.75
(tractor & sprayer costs) 0.13
TCTAL annusl, variable cost : $13.61

Tabor Reguirement:

' Hours/acre .- Month
Weevil Control 0.15 June

1/ TODN was caleulated at 52%, and digestible protein at 12%.
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TABLE 2
. SUMMARY OF FEED PRCDUCING
Activity Budgets
Producticn Unit Hr. of Lebor Tons TON Dig.Pro. Variable
Process Junit/yr 1/ Per Unit Per Unit Per Unit cost/unit 2/
1bs. 1bs. dollars
Pl G3YRALFU 1 acre .15 - —— — 13.61 |
-~ P2 3YREAYY  lacre — 643 3.5 3¢ B8 BT
P3 3YRSIIU 1 acre  3.48 8.0 3640 900 7.37 |
Ph GUSRALU © 1 acre .15 — —— ——— 10,73
P5 LS5YRHAYU 1 acre 5.94 3.0 3218 6L8 7.93
P6 US5YRSIIU 1 acre 3.13 6.5 3120 770 6.56
T7 SEEDU - 1 acre - 5.80 1.5 1750 32k 58.37
P8 CRNSIIU 1 acre 5.17 16. 61400 512 45.48
P9 CRNGRU 1 acre 3.19 4.0 uéhoi/ 3&&3/ 43,94
P10 CRNSILT 1 acre 7.26 25. 9999 800 42,06
P11l CRIUGRT 1 acre h.56 6.25 72503/ 5385/ 39.h2
P12 SYRHAYO 1 acre 6.39 3.0 3h32 792 22,64
P13 PASTO 1 acre 1.55 e 2808 6L8 15.11
P1k SEEDO 1 acre 5.80 1.5 1750 324 58.37
P15 CRNSILO 1 acre 5.17 16. 6400 512 hs.48
P16 CRNGRO 1 acre 3.19 k.0 n6403/ 3&&5/ k3.9%
. P20 BUYSTHAY 1 ton 3.34 1.75 1750 280 17.30
P21 BUYBHAY 1 ton .25 1.0 1000 2ho 30.00
P23 15GRY 1ewb.  mmem mme- 72 12 3.75
P2l 206RN 1 cwt. B 62.1 15 4,05
P25 OTCRNEMC 1 owit. .12 a—-- . 6L.b 10.6 1.62%
P26 36GRIMIMC - 1 |

c'W't- . .12 T s 13=3 lcTOE/

Refer to programming matrix for monthly labor requirements.

Refer to appendix for breakdown of variable costs on selected activities.

RRK

TDY and digestible protein from high moisture ear corn is transferred to
and included in processes 25 and 26.

Ei:

Cost of producing high moisture ear corn is charged féHP;Q,”P;ii,'aﬁd“m
P.16. ' o
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TABLE 3
SUMMARY OF FEED CONSUMPTION AND
Seliing Activity Budgets
.. Hrs., of Labor TDI Dig.Pro., Return Over
Process Unlt - /unit/year  per unit per unit Variable cost/unit
lbs. Ibs. Dollars
P17 CCWS 1 head 69.6 8850 - 1160 $ 11.00
P18 RASREPI}-/ 1 head 43,6 5120 1064 ~73.00
P19 BUYREPI, 1 head —~——— ——— ——— 450,00
P22 SELLHAY 1 ton _ .25 10Lo 258 - 28,00
F27 SELLCRN 1 ton .50 1160 86 22,50
P28 SELIMIIK 1 owb. ———— ' —-——— 5.30

;/ Requirements are for raising one animal to Treshening age or 27 months.

Progranming Matrix

The matrix format is developed to determine and show the gspecific rela-
tionship of all activities, constraints, controls and transfers. The basic
Plan-Now Farm matrix includes 36 columns or activities and 36 rows for cope
straints, controls and transfers, :

A simplified version of the programming matrix developed for the Plan-
Now Farm is shown in Table 4. There are 16 processes or activities in columns
followed by one consbraint column. The first row contains the net return or
variable cost of each activity. Teonomists eall this the objective function.
P.17 and P.28 are the only activities presentad in Table % that produce a
net return over variable ceosts. AlL other activities result in & net cost
to the program. Rows two through 16 contain constraints, controls or trens-
fers. Their relationship and effect on the various activities is explained
below.

CIANDU is the constraint on the amount of Uhadilla cropland available.
Any combination of production processes P.1, P.b, P.7, P.8 and P.9 wmay not
exceed 75 acres. ' _ '

L, SALF ties the production of fourth and fifth year alfalfa to the three
yvear rotation., Alfalfa must be grown for three years before the fourth and
fifth years of production can be obtained.
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RESE®DA provides for one acre of seeding activity for every three
acres of P.l.

HAYCNTA is a control that ties the growing and harvesting of alfalfa
together.

PRESCOW ig the constraint which prohibits cow nubers from exceeding

Lines 07, 08, and 09 are the hours of labor regquired by the various
processes for June, Sepbember and the winter period of December through
VMorch. The constraint column shows that there are 600 hours of fixed

1sbor available in June and September, and 2100 hours available during the
 four-wonth winber season. tihenr the hours of fixed labor are exhausted,
hired labor cen be purchased in April through November from activities P.29
tarough P.36 (not shown).

REPLACMENT, line 10, controls the ﬁumber of replacements_that must be
raised or purchased. One~fourth of the cows will be replaced each yeaT.

MILKSCLD traﬁsfers the 12,500 pounds of milk produced by each cow to
the milk selling acbivity. ‘

REPLGEN transfers the grain'required'by youngstock Lo the 15% grain
buying activity. Hach rveplacement grow 0 27 months or age will reguire
1600 pounds of 15% protein grain. :

CRNPROD transfers the 7000 pounds.of 33% moisture ear corn produced .
per acre to activity 25 which uses 63.2 pounds for each 36.8 pounds of
27% grain purchased. :

Iines 1L and 15'transfer TDN and digestible protein produced and pur-
chased to the feed consuming activitles., The complete matrix also has a
transfer row for TDN in grain. :

STIAY 1imits the amount of standing hay purchased to 50 acres or less.
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TABLE &
PRCGRAMMING MATRIX (SIMPLIFIED VERSION)
Production Frocesses and Activities
Constraints | PL | P2 | P3| Ph| ®5| P6| Py | P8 | pg
Controls G3YR | 3YR 3YR | Gh5Y | BSYR i L5YR | SEED CRN | CRN
Transfers ALFU | HAYU | STWU | RALU | HAYU | STILU U SILU | GRU
NETRETRN/ | : : )
OL (VARBCOST [13.61 (8.76 }~7.37 |-10.73|-7.93 -6.56 {-58.37 |-45.48 |-43. 04
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1k 3 TDNFOR -36h0 }-36L0 -3218 | ~3120 | .1750 | -6L00
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PROGRAMMING RESUTTS

First Optimum Solution Plan-Now Farm

Iution and the level at which they should be used are identified. Any
change in thig combination of activities and Processes would increase
variable costs ang reduce profits,

The optimum solution for the basic program is quite similar to the
Program now being followed on the Plan-Now Faxm except for the intensity
of the Cropping program, The farmer ig growing more corn silage, less
hay, and hag g snaller hay Surplus available for sgle. _

In most cages units of measure have been rounded off and expressed ag

whole numbers, Thereforea 78 cows divided by 20 replacements does not
exactly equal the required 4/1 rstio,

Return to Fixed Resources {Basie Plan) $40,303

The Profitebllity of the optimum golution produced with the basic
model was $40,303, This is the return to fixea resources or the return
over varisble costs, The varisble costs associated with each selected
activity have been deducted from the total revenue aecuulated by the
Selling activities used. To provide an estimate of net farm income, it
is hecessary to deduct Tixed costs from the return over variable costs,
Following is an estimate of fixed costa:

Fixed Iabor Force $ 6,000
Machine & equipment depreciation (45,000 @ 149) 6,300
Real estate depreciation and upkeep 500
Taxes and insurance o 1,500
Telephone and fixed utilities _ 800
Miscellaneous overhead cogts | 500

TCTAL FIXED COSTS $15,600

Return over varisble costs less fixed costs: $2k, 700
less interest on capital investeq
(6% or $160,000) ~_ 9,600

Approximate return to operator's labor and
management $15,100
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TABLE 5
LEVEL AND TDRNTIFICATION CF ACTIVITIES
Pirst Optimum Solution
Level Aetivity
27 acres p.1  Grow 3-year alfalfa on Tnadilla
golil.
27 aeres P.2 Harvest P.l as hay.
18 acres p.b CGrow Uth and 5%h year alfalfa on
‘ Unadilla soil.
12 acres p.5 Harvest hih and 5th year alfalfa
as hay. .
6 acres p.6  Harvest lth and 5th year alfalfa
as silage.
O acres P.7 Seeding year, Unadilla.
21 acres r.8 Corn silage, Unadilla,
1L acres p,10 Corn silage, Tioga.
26 acres P.11 Corn grain, Tioga.
31 acres P.12 5-Year hay, other soil.
6 acres P.14 Seeding year, other soil.
13 acres P15 Corn silage, other soil,
78 hesd .17 Cows
20 head P.18 Replacements raised.
50 acres ?,20 Standing hay bought.
230.5 tons P.22 Hay sold.
15.6 ‘tons p.23 15% grain purchased.
83.0 tous p.26 36h supplement.
B 9750.00 cwt. p,28 Milk sold.
S 16 hours P.29 Hired Lebor, April
' Ll hours P.30 Hired Labor, May
106 hours P.31 Hired Lebor, June
""" 147 hours | p.32 Hired Labor, July
216 hours P.34 Hired Labor, September
o towrs .. PR3 Hixed Isbor, Octber

39 hours p.36 Hired Labor, November
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Marginal Values

The marginal value of g Limiting resource is the added return that
could be realized if one additional unit of thig rTesource were made avail-
able to the plan. Thig assunes that the costs incurred in utilizing this
wnlt of resource and the value of output from this unit, would remain the
same.,

TABLE 6
MARGINAT VALUES OF LIMITING RESCURCES

Resource Marginal Value
Cropland, Unadills, $34.28 per acre
Cropland, Tiogs 83.98 per acre
Cropland, other 3L.01 per acre
Winter ILabor 10.19 per hour
Stending Hay 9.60 per acre

(ne additional acre of Unadilla cropland would add $3%.28 to income
or the Plon-Now Faym could afford to pay as much as $3'..28 anmially for
one additional acre of this land. The marginal values of the other
limiting resourceg listed above shoula be interpreted the same way. One
additional acre of standing hay would add $2.60 to net income.

The Plan<Now Farm operator cannot expect the marginal values to ra~-
main constant as unlimited amounts of rescurces ape added, The warginal
value of Unadilla croplend may be $34,28 per acre for the addition of
20 acres with the 215t acre at $15, '

Penalty Costs

activities were used in place of an activity now in the selution. It can
also be interpreted as the amount the cost of these activities would have

the solution. The figures in parentheses show the range over which
the penality cost would remain constant,
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TABLE T

PENALTY COST CF TNTRODUCING ACTIVITIES NOT IN SOLUTION

First Optimum Solutlon

Activity Penalty Cost

P.3 Harvest 3-year ﬁay silage, Unadilla $ 5.4 per acre
(5 acres)

P.9 Corn grain, Unadilla (21 acres) 0.25 per acre
P.13 pasture, obher (3 acres) . 0.33 per acre
p.16 Corn grain, other soil (32.5 acres). 0.24 per acre
p.18 Buy replacements (20 head) 23,00 per head
P.él Puy baled hay (8.8 tons) 6,45 per ton
P.24 Puy 20% grain 0.54% pér.cwt.
P.25 Buy 27% grain - 0.16 per cwt.
P.27 Sell Corn 3,62 per ton

If the Plan~Now Farm operatoy decided to harvest five acres of 2-yesr
pl1falfa grown on Unadllla as gilage rather thon hol, he would reduce pro-
fits $5.0k per acre OF $27.20, If he decided to sell corn to a neighbor,
the Plan-Now manager wust charge $3.62 more per ton to avold a loss.
However, corn grain could be substituted for corn silage on Unadilla
at a very small loss in revenue.

Changes Affect Solution

The preceding golubion is a product of the yields, feed and labor
requirements and other input-outpub relationships used. Results depend
on the restrictions imposed by the operator and the programmer, as well
as the price levels used. It is the opbimum plan given these valuves and
assumptions are correct. A change 1in any one of these factors could
change the optimum solution. '

Tor example:
+ 1) A-small-increase- in yield of corn silage cn Unadilla

soil or a small decrease in the varispble cost pey acre could o
double the acreage of this activity used in the solution,
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2) A decrease in the monthly labor requirement of keeping cows
on this fam would have increased the number of cows in the
selution,

3) If the difference between buying and raising replacements
were reduced by $23 per head, the opbimum solubion would ine
clude buying replacements,

L) It the activity %o buy standing hay were not limited to 50
acres, a considerably higher acreage may have been included,
If this activity were eliminated, the optimum solution would
change substantially,

Adjugtments Made in Innut Data

After the basic optimum solution was eveluated, it was decided that
there were two previous assumpbions affecting the results thet should be
revaluated and adjusted,

We had previously assumed thet the standard TDV requirements for masin-
tenance and milk production could be usad to establish the forage and grain
requirements used in this model, We found the forage reguirenents based on
the feeding standsrd come out significantly lower than the amount farmers
report as used or the ameunt faim monagement workers recommend, Therefore,
the forage TDN requirement was inecreased from 53C0 o 60C0 poUnds per cow
to represent the amount that should be stored to allow for wncertaintiecs
of guality, level of production, and storage and Teeding losses,

The preceding plan also assumes that the famm operator can hire lahor
in any month from April through November, and that the number of hours
hired in sny one month would be independent of the hours hired in any
other month. Tt was decided that this essunption was unrealistic under
present farm labor supply conditions. A constraint was added to require
labor purchased in the high demand month %o also be purchased in all
sunmmer months (May through October),

The plan obtained following these changes is Presented as SECOND Op-
TN SOTLUTTON,

Second Optimum SBolution, Plan-lNow Fam

This is the basic plan with the forage TDN requirement increased to
6000 pounds per cow and a constraint added to surmer labor. The labor con-
straint forced extra seasonal labor to be hired at a level established
during the high demand month,

The second opbimm solution shows a return +o Tixed resources of
$38,739. This is $1,564 less than the return from the first optimum so-
Ivtion., The two changes made in the program have increased the varisble
cost of production.
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TABLE 8
LEVEL AND IDENTIFICATION OF ACTIVITIES
Second Ophimum Solution
Level _ o Acbivity
25 écres P.1 CGrow 3-year alfalfa on Unadilla.
25 acres ?.2 Harvest P.1 as hay.
16 acres .U Grow hth.ﬂni 5th_year alfalfa on
Unadilla.
10 acres P.5 Hervest Lth and 5th year aifalfa
as hay.
6 acres. P.6 Harvest Wth and 5th year alfalfa
ags silage.
8 acres P.7 Seeding year, Unadilla.
26 acres P.9 Corn grain, Unadilla.
39 acres P,10 Corn silage, Tioga.
"1 azere , P.11 Corn grain, Tioga.
31 acres P,12 5-~Year hay, obher s01l.
& acres p.1L Seeding year, other soil.
13 acres p.16 Corn grain, cther soil.
78 head P.17 Cows
20 head P,18 Replacements raised.
50 acres 7.20 Standing Hay purchased.
192 tons ‘ P.22 Hay sold.
15.6 tons p.23 15% grain purchassd.
75.0 tons p.25 27} supplement purchased.
1.2 tons p.26 36% supplement purchased.
g750.00 cwh. P.28 Milk sold.

Return to Figxed Resources: $38,739

A comparison of Table 5 and Table 8 indicates some change in the mix
of processes and activities. The second solution includes mere corm acre-
“age, lesg hay screage and less hay sold. Increasing the forage TN requlire-
ment has resulted in a more intensive cropping program and 2 reduction
of surplus forage. o
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The Labor Problem

The result of adding the labor constraint is summarized in Table 9.
The high labor demand month is September when 796 hours sre required,
There are only 600 hours of regular labor available in any month so 196
hours of seasonal labor must be hired in Bepbember to meet the require-
ment. The labor constraint forces 196 hours of seasonal lsbor to be hired
in the other five summer months creabing unused or slack labor in these
months., The largest amount of slack labor occurs in August when cnly 591
hours are needed to carry on the activities in the solubtion. Slack labor
could be used to carry out tasks and duties not connected with any of the
activities in solution, Vacation leave for regular employees and the
operator should come during slack lzbor months.

TABLE 9
CCOMPARISON OF LABOR AVATIABLE AND REQUIRED
Second Optimum Solution
Labor Hired Labor Required Slack Labor
Month Boubrs : Hours Hours
(Fixed labor available, 600 hours per month)
April 15 615 0
May 186 650 146
June 196 672 a2k
July 196 The 5h
Auvgust 196 5¢1 205
Septenber 196 795 0
October 196 767 29 -
November 40 640 0

Marginal Values and Penalty Costs

The marginal values of limiting resources and penalty costs of unused
activities resulting from the second optimm solution are presented in
Tables 10 and 11. The program adjustnents have resulbted in a higher mar-
ginal value on land and a somewhat lower value on winter labor. Penalty
costs of producing activities that were also exleuded in the first opti-
mum solution such as pasture, buying replacements and buying baled hay,
have also increased. The penalty cost of selling corn has been reduced
more than two dollars per ton.

Two adjustments in program regulrements have resulted in many changes
in the optimum solution. The changes in marginal values and penalty costs
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can he asgociated with the added labor constraint. If additional land were
available some of the slack lapor could be employed by certain activities to
preoduce higher returns than before. Introducing sctivities that reguire
23ditional labor in the peak demand month will cost more because the ex-
tra labor must be nired for the enbire six menth summer period.

The Plan~Now Farm operator and his linear programming consuttants be-
lieve the second optimum golution comes from a more reglistic plan than
the first. The second plan will be used as a base to develop expansion
alternatives.

TABLE 10 .
MARGINAT, VALUES OF LIMITING RESCURCES
Second Optimum golution
Regource Marginal Value
Cropland, Unadilla $ 37.87 per acre
Cropland, Tioga 89,26 per acre
¢ropland, other 36,70 per acre
Hay silage & HMEC capaclty 1.7l per ton
Winter Labor 8.86 per houx
standing Hay ' 12.15 per ecre
TARLE 11

PENALIY CoSTS CF INTRODUCING ACTIVITIES NOT IN SOLUTION

Second 0ptimum.$olution

Activiby Penalty Cost
corn silage, Unadilla (25 acres) $ 1.58 per acre
pagture (3.5 acres) %.09 per acre
Corn silage, other soil (12.5 acres) 1.58 per acre
Buy replacements (20 head) 41,50 per head
Puy baled hay (9 tons) 6.50 per ton
Buy 20% erain 0.66 per cwt.

gell corn (3 toms) 1.37 per ton
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Two~Man Fxpanded Buginess, Plan~Now Farm

Following the second plan expansion activities were introduced to allow
the dairy famm enterprise to grow within the restraints of a two-man bus-
iness. In other words, the restriction holding cow numbers at 80 was elim-
inated, but the restriction on 2hoo hours of winter labor was retained. In
order to house more than 80 COWS expansion activitieg were introduced.

Expansion Activities

P.37:  Purchase or builg & free-stall barn =i $300 per cow
which is equivalent to an annual cwhership cost of
2,60 per cow.

P.38: Purchase or builg a milking parlor for $19,500 or an-
nual ownership cogt of §2,T69. Cne complete parlor
is required for any substantial increase in herd size,

ﬁ.39: Purchase additionsl bulk tank capacity for all cows ex-
ceeding 100 at an annual ownership cost of $7.hh per
cov.

P40 Purchase additional corn silage Capacity for that
& quantity exceeding 1200 tons at an anmual cogh of
P.ba; $1.55 Per ton and new storage capacity for hay crop

silage and BEC at an annual cost of $2,80 per ton.

P42  Buy additional cows at 450 per head for an ahnual
cost of $25,05 per head, :

Included in the anmual ovmership cost for each expansion activity is
the annual depreciation, repair, taxes, insurance and 6% interest on the
average investment.

Changes in the type of dairy housing and milking facilities allowed
for corresponding changes in dairy chore lsbor requirements per coyw, An-
hual ciore time per cow was reduced from 69.6 hours to 48 hours for the
free stall system, Per unit production and feeding coefficients remaineqd
unchanged, :

Optimum Solution

The optimum combination of brocesses and activities for the twe-man
expanded business plan sre bresented in Table 12, The return to fixed
resources is $40,105, The lgbor sumary, marginal values and penalty
costs associated with the two-man business optimum are shown in Tables
13, 14 ang 15,
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TABLE 12
LEVEL AND IDENTIFICATION oF ACTIVITIES
Two=-Man Expanded Business Opbimum
Level Activity
7 acres p.1 & P.2  Grow 3-year alfalfa on Unadilla,
harvest as hay.
5 acres P4 & P.5  Grow Ith end Sth year slfalfa on
Unadilla and harvest as hay.

D geores P.7 Seedlng year, Tnadilla.

20 acres p.8  Corn silage, Unadilla.

41 acres p.9 Corn graln, Unadilla.

4O acres P.10 Corn silage, Tioga.

3L acres p,12 Hay, S-yeals other soll.

6 acres p.14 Seeding year other soil.

13 acres p.16 Corn gréin, other soil.
104 head P,17 Cows

26 head p.18 Replacements raised.

50 acres P.20 Standing hay purchased.

W7.6 ons p.22 Hzy sold.

20 tons p.23 15% grain purchased
115.1 tons p.25 27 concentrate
13000 cwt. p,28 Milk sold.
10h stall : p.37 Free-stall barn purchased.

1 ‘.P¢38 Parlor purchased.

I} cows P.39 Aaditional pulk tank capacity.
116 tons .40 Corn silage capacity purchased.
21k tons p. 41 IMEC storage capacity purchased.

ol head p.li2 Cows purchased.

Return to Fixed ResoUrces: $10,105
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TABLIE 13
TWO-MAN FXPANDED BUSINESS OFTIMUM
Labor Summary
Month Labor Hired Labor Requireg Slack Labor——ﬁh
Hours Hours Hourg
(Fixed Légg;w;;éilable, 600 hours per month)
April 9 609 0
May 21L 726 88
June 21k 62k 190
July 21k 604 210
August 214 554 260
September 214 81k 0
October 21k 808 6
November 5k 654 0
Dec. - March 0 2koo 0
—
TABLE 1k
MARGINAL VATUES oF LIMITING RESOURCES
Two-Man Expeanded Business Optimum
Resource Marginal Value
Cropland, Unadilia $ 39.35 per acre
Cropland, Tiogs, 9%.05 per acre
Cropland, other 38,11 per gere

Winter Labor

Standing Hay

8.148 per hour

16.33 per acre
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TABLE 15

PENALTY.CCST OF TNTRODUCING ACTIVITIES NOT IN SOLULION

Tyo-Man Expanded Business Optimum

Activity : Penalty Cost

P.3 Hay silage, on Unadilla $ 1.50 per acre
p.11  Corn grain, TiOgA8 (26 acres) 5,35 per acre
P.13 Pasture, other soil (15 acres) 3,81 per acre
P.15 Corn silage, other soil (13 acres) 0.00 per acre
P.190 Buy replacements L4.05 per head
p,21 Buy baled hay ~ 6.08 per ‘ton

.04 Buy 20% grain 0.61 per cwb.
P.06 Buy 36% supplement | 0.19 per cwt.

P.27 Sell Corn 5.00 per ton

et

The bwo-man expanded pusiness opbtimum solubion includes the purchase of
s 104 free-stall bern, one milking parlor, silo capacity for 330 tons of
mabterial and addibional bulk tank capacity for the milk from four COWS.
Tn practice other alternatives would be available to meet the milk storage
veculrement, '

The introduction of expansion activities has rosulted in several major
chenges in the optimﬂm.solution. Cow numbhers have increaged to 10k head,
corn has inereased to 11k acres and hay has decreased to L3 acres exaluding
standing hay purchased. The cropping program has Lecome more intensive
although excess hay is still peing produced and sold.

The two-man expanded tusiness would provide an increased return to
Pixed resources OF $1,356, if menaged ab the optimum, All the costs
nascciated with purchasing and owning the new facilities have been 1n-=
cluded in the expansion sctivity budgebs since they would be avoided if
there were no expansion. The $1,366 additional return can be interpreted
ag increased profits.

~ Sephember continues as the peak labor demand month. Two-hundred
and fbﬁrtéén”houTS”ofwlabormareuhiredmin.eachmﬁﬁmm??mmonth to guarantee
its availability in September. T

The marginal values show that the use of additional land would be
profitable ab typical rental rates and additional winter lebor is worth
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$8.48 per hour. The penalty costs 5t111l represent the cost of using actis
vities not in the sclution. Corn silage could replace corn grain on the
“other" soil without changing the costs and returns at the optimum. This
Plan has more than one optimum combination of processes.

The most significant change is the increase in cows from 78 to 104
head, Yet this increase of 26 head is only a 33% increase in herd size,
and 1s not as large as one might want to consider, The gize of herd is
not being restricted by lack of facilities, The winter labor constraint
is breventing cow numbers from increasing, If additional winter labor
were made avallable we would expect another incresse in cow nubers.

Three~Man Business Plan-Tow Farm

The constraint on winter labor was relaxed to allow an cptimum so-
lution for a three-man business. The fixed labor force weas increazsed by
one full-time employee which provides a total Fixed labor force of three
nen plus O.4 man equivalent as family help. The fixed labor force now
supplies 850 hours per month.

No other changes were made to constraints or brocesses.  Since cogts
incurred by hiring the second full-time employee have not been included
in the plan, the return to fizxed resources must be retuced by these costg
when compsrisons are mads, The optimum combinabion of processes and acw
tivities for the three-man business are presented in Table 16. Other re-
sults from the three-man optimum sclutions are bresented in Tables 17
through 19,
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TABLE 16
LEVEL AND IDENTIFICATION oF ACTIVITIES
Three-Men Business Optimum
Level Aotivity
56 acres p.8 Corn silage, Unadilla.
19 acres p,9 Corn grain, Unadilla.
40 acres P.10 Corn silage, Tioga.
31 acres p.12 B5-Year hay, obher soil.
6 acres p.14 Seeding, other soil.
13 acres P.15 Corn silage, other soil.
159 head p.17 Cous
4O head 7,18 Replacements reised.
50 acres .20 Standing hay porchased.
72 tons. p.o1 Baled hay purchased.
333.6 tons p.23 15% concentrate purchased.
38,6 tons P.25 27% concentrate purchased.
198750 cwt. P.28 Milk sold
159 cows .. .37 Free-sgtall barn‘purchased.
1 P.38 Milking parlor purchased.
59 cows P.39 Additional bulk tank capaciby.
897 tons P, 40 Corn silage capacity punchased.
75.8 tons P.h1  HMEC storage cepacity purchesed.
79 head p.U2

Cows purchased.

Return to Fixed Resources: $49,757




TABLE 17
TEREE~MAN BUSINESS OFT MY
Lghor Summary
) Month - Labor Hired Labor Requiréd Slack Lébor
Hours : Hours : Hours
(Fixed Labor Available, 850 hours per month )
April . 7 857 0 |
May " 300 o7k 176
June : 300 _ 793 357 |
July | 300 889 261
August ' 300 7ho L10
Septenber 300 o 1150 0
October 360 1077 73
November 19 869 0
Dec. « March o} ‘ 3400 0
TABLE 18
MARGINAL VALUES oF LIMITING RESOURCES
Three-Man Business Cotimum

Resource ’ Marginal Value
Cropland, Unadilis BT $ 82.26 per scre
Cropland, Tioga . 161.09 per acre
Cropland, other 63.6% per acre
Winter Labor 5.52 per hour

Standing Hay 27.52 per acre
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TARLE 19

PENALTY COST OF INTRODUCING ACTIVITIES NCT 1N SO@LUTION

Three~Wan Dusiness Cotimum

Activity

Penalty Cost

T Sy

p.1 & P.4  Grow Hay on Unadilla

P.2 & P.5 Harvest hay on Unadills

p.3 & P.6  Harvest hay gilage on Unadille

$15.51 g% 36.05 per acre

11.94 & 15.66 per acre

i
i

n

5 g 15.L1 per acre

P.11 Corn grain on Tioga (12 acTes)
P.13 Pasture other soil (15 acres)

p.16 Corn grain on other soil
(12.5 acres)

P.10 Buy replacements (HO nead)
.22 Sell hay (oh tons)

P.2k  Buy 20% grain

p.26 Buy 36% supplement

p.27 Sell corn

e b R e T

The three-marl vusiness opbimum goliublic
T# the last man added #o the lavor force costs $6,000 anmually,
the reburn %o vemaining fixed 1abor and other

Compare this to the return from the two-mnan puginess opblmom.

ragOurces.

1.06 per acre

7.63 per acre

0.00 per acre
66,80 per head
6.30 per ton
Q.32 per cwb.
0.23 per cwb.

17.26 per ton

n hag returned $49,757 ©o fixed

resources would equal $43,757.
Adding a

third man to rhe labor Torce has increaged neb pelourns 0y s@proximately

$3,600 snnually.
ond optimum golubion.

Returns are $5,000 higher than those obtained in the sec-

The additional returns are being generated.by the substantial increase

in cow numbers.
gion plan.
cropping prograd.

Herd size has more fhan dovbled from the basic, no expans
The large dairy nerd has forced t
The only hay produced on owned land is that regquired

ne use of a very inbensive

by povational constraints. HaY must e purchased to meeb forsge reguire-

ments.

aome aspechs of this solution are surprising and quite unexpected. Al-
~mthoughuf0rage_is_being”pp:Q?QSedp corn grain 1s gti1l in production. Re~
placements &re gbill beling raiéé&“alﬁhcugh-hay-mustmbe_purchaggi to

feed them.
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The laber sunmary in Table 17 shows the uneven labor distribution re-
3ulting from-the“heavy Corn progrem. The only months using any Significant
emount of zeasonal labor are Fay, September ang Cctober. The Flan-Now
Faym ig charged with 300 hours of seasohal laber rer month from May’through
N0vember, and 1220 hourg are not used, If the labeor supply were completely
flexible, labor cogtg could be reduced by than $2100.

The high marginal values associated with land in Table 17 are further
evidence of the Crop production intensity in this optimum solution, Adding
the third man to the Fixeg labor force has decreageg the marginal value of
winter lahop, The value of additional standing hay acreage has increaged
to $27.523 since thisg ig g5 relative inexpensive source of scarce. forage,

The penalty costy of using less intensive Crop production processes
are large but the Denalty for shifting from corn gilage %o additional acre-
ages of corn grain is relatively smail,

If the Plan-Noy Farm operator were sericugly considering a three-man
businessg further Program adiustments should be made to examine different
combinations of resources. The assumption that additional cropland would
8ot be purchased should be relaxed. The purchase or rent of additional

Ccropland appears to be g very profitahle alternative ang warrants further

USING LINEAR PROGRAMMING T0 DEVELOP A FﬂRM PLAN

The two-man expanded business optimum solutien was of particular in-
terest to the farmer., He wag already congidering a larger dairy Tacility

and had thought about increasing the milking herd to around 120 head.
There wag 1ittle interest in the three~man busginess solution.

Limitations and Problems
Tl and Problems

Following are the major limitationg and problemsg considered by the
Plan-Now Faym cperator as he studied the gdats and results frem the two~-man
expanded business optimum?

1) Some of the yielgd estimates gre very optimistic ang may be
high for Planning Purposes.
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2) The coefficients representing machine and labor re-
gquirements for crop production may be inaccurate for
some processes. Gorn fertilization and yield coel-
ficients should be adjusted as the crop rotation
becomes more intensive,

3) Iinear progragming assumes that & 100 cow free-gtall

' harn costs the same per etall as a 200 cow unit and
the yleld per acre from Tive acres of corn would e
the same as that obtained from 60 acres.

§) The cost estimates used Lo the expansion activities

are average cost data and may nob correspond to local
prices and bullding costs.

Conclusions and Decisions

The Plan-Now Farm cperator was able to reach the folleowing con-
elustions:

l) Moving toward an expanded tyo-man business in a new
dairy facility would probably result in a modest in-
crease in farm profits.

2) The largest expense in this plan is the aogh of the
new facility. If some Af the old facilitles are in-
corporated into the plan and if new facilities are
purchased OVer & period of Lwo Or mOre years, costs
may be reduced.

3) The seagonal labor biil can be reduced by bebtter
distribution of the work load, and a more flexible
labor supply.

4) Some production processes and activities have def-
inite econcmic advantages over others. 1f input and
output data used 1g reasonably accurate, corn ghould
be considered pefore hay. Raising replacements will
cost less than buying replacements. Specific acti-
vities including corn for grain and buying standing
hay should be considered regardless of previous
biases.

The preceding conclusions led to the following decision on the
Plan-Now Farm:

Cwpewr free=stall barn-and wilking facility for approximating 100 cows
will be eongtructed within one year. The old facilities wiil ve adapted’
for youngstock and 4ry cows.
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The conclusions and decisions made by the Plan-Now fammer are not
unique to linear brogramming. The seme decision and many. similar con-
clugions could have been drawn from a conventicnal budget. The linear
programming solution may Drovide more available information about the
value of regsources and coste of other activities, Budgeting may be
more useful in planning for credit needs and.dﬁtermining_a repayment
Schnedule. Budgeting is a more efficient nlanning tool when one specific
plan of action must be compared with another or when there are very few
alternatives to be considered.

Linear programming allows consideration of a much wider range of al-
ternatives than is practical with conventional budgeting. The Plan-Now
farmer has not congidered as many albternatives 28 would be available »n
& more diversified operation. Hewever, if we had used conventicnal bud-
geting techniques to work out a Plan-Now Farm golution it is likely that
only one cropping rotation on each soil type would have been considered.

ternatives such as raising corn grain, selling hay, and buying standing
ney may have been pagsed off as impractical.

Two major limitations +o the widesvread use of linear programming as
a Farm planning tool are the costs associated with She time required to
seb up a program, and the lack of appropriately trained personnael o con-
duct the services, The cost of linear programming is directly related to
the amount of time reguired to collect, organize and form the data for
the model. The cost of computer time cannot be ignored but is relatively
small comparatively, If 2 large number of similar type farms were 4o
be programmed the time reguired for each basic plan could be reduced
substantially. We would then face the problem of training additional
bersonnnel to conduct farm programming services,
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SUMMARY

linear programyuing Was ysed to find geveral opblmum solutions cor-
responding to different 1evels of resource availability on 2 New York
gtate dairy farm. ‘ :

The various aolubions presented for the Plan-Now warn illustrate
the potential of linear programuing 8s o farm planning tool., Onee &
hasgic plan Nas Yeen developed, 8n unlimited musber of resource combla-

ations can be tested by meklng relatively small adjustments in the
input data. The linear programming aniution provides mMoOTe than the
optinum rate of resource use and correct combination of TOCEBSes. It
gives ipsight into the effect of changing the quantities and uge of
available rescurces.

The opbimum golution obtained through linear programming ig subject
to the accuracy °f prices wsed, yield predictions and other cosfficient
velues uged in the models. The ragulbs are aleo biased by the re-
strictions and constraints smposed by the operator and programmer. Pro-~
gramming cannot solve all the problems associated with farm planning.
The farm management worker wust formulate prices, estimate input—output
relationships'and.must malke the decigion on what restrainbs to impose.

Linear programming can be useful in farm,management work if its
strengbhs and weakness are understood. mhe conclusions and declsgions
reached by the Plan-Now Faym operator have ween tempered DY the limi-~
tations of linear programming and improved bY the auxiliary informas-
tion found in the solubion.

Linear programming ss not the only OF necessarily the best for-
ward planning technique. A complete Flan-Now Farm budget could have
heen produced faster end with less resources. Conclusions and decl-
gions resulting Pyom & complete pudget may be ag accurate and as help=-
ful in farm planning as those resulting from linear programming.
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APPENDIX T

Selected Activity Budgets

Productiocn Processes and activities representing the major parts of the
Plan-Wow Farm business are bresented here. The budget for Browing 3-year
alfalfa on Unadills 801l can be found in Table 1 on page 10, The summaries
of all processes and activities aye in Tables 2 and 3 on Pages 11 and 12,

Appendix Table A

BUDGET FOR ACTIVITY Pz, HARVEST 3~YEAR

Alfalfs Hay, Unadilla Soil :
__w____‘__m____~w_~mﬁ_‘““_ﬁ~_“m"mm“_”wd__H_hmmmﬁm_hmﬁ_r_,m~WNMWWMA“”%“WWﬁﬁwhmﬂﬁm_fuw_

Average Annual Tields, (See Table 1, page 10), 3.5 tong hey equivalent per
acre, 3640 1bs. TDN per acre and 840 1bs. digestible
Protein per acre.

Harvest system: Self propelled windrower with crusher, baler with thrower,
wagens, and random piling of bales.

Variable Harvesting Costs, Per acre, and Per year:

Operation Machine Cost /Hour ggggg Yar, Cost/Acre
3. P. W, 1.67 1.07 $ 1.79
Turn . 1.00 - 1.05 1.05
Bale 1.70 1.08 1.84
Haul and Stope 1.6k ' 1.08 1.77
_Twine @ $4.66/5on or hay 2.31
———
TOTAL | $ 8.76
Labor Requirements:;/
Honth Hours Per Acre
June 2.67
July, Augugt, September,
and Cctobar 0.0k

;/ Labor requirements are determined.by estinating the tipe re-
quired for each operation during each harvesting period,
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Appendix Table B

FUDGET FOR ACTIVITY P8, CORN SILAGE
Unadilla Soil

Average Annual Yield:

16 tons per escre = 9600 lbs. dry matter, 6400 1bs. TOW, 512 lbs. D.P.

Variable Annumi Growirgend Harvesting Costs:

gpsts Par Acre

Fortilizer (plow down 120-30-90 plus applica~

tion) $ 21.30

(plant 8-214-8) ' 5.25
Time (.25 tons per acre ) | 2.63
Seed (.33 bushels per acre) 2,67
Weed Control (atrazine plus linuren) 6.52
Operations:

Rate Per iour Hours

Plow 5 1.h0 .51 LT
Disk 1..25 .20 .35
Plant 1.10 .25 .28
Spray BT .15 L1
Chop 2.25 1.22 3.11
Haul & Store 2,09 1.22 2.55

e it

Potal anmual variable cost § HIRING

Labor ReQuirements:

Menth Hours Per Acre
__May 1.19
eptbener Sy

Ochober 1.33
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Apvendix Table O

BUDGET FCR ACTIVITY PQ, CORN GRAIN
Unadilla Soil

Average Annual Yield: 8C bushels shell corn eguivelent or 7000 lbs. IMEC
per acre @ 33% moisture, 58% TDN and k.3% P,

Harvest System: Pick, grind and store in gilo as high moisture earn corn.

Variable Annual Growing and Harvesting Costs:

Cogt Per Acre

Variable growing costs same as P3,

Appendix Table B (fertilizer Shrovugh spray) $ 39.82
Cperations (additional) Rate Per Hour Hours
Pick and gring 2.57 1.0 2.57
Haul and Store 1.55 1.0 W5
Total annual variable costg $ 43,9k

Labor Reguirement:

Month Hours Per Acre
May 1.19
Cetober 1.00

November 1.00




Appendlx Table D

...39..

BUDGET FOR ACTIVITY P17, DATRY CCWS

Annual Milk Sold Per Cow:

12,500 pounds

(Production estimate = 13,000 lbs. 3.5% milk}

Annual Revenue Per Cow (Milk Bxcluded)

.25 cull cow @ $240 $60.00

5 bull calf @ $21 9.45

45 heifer calf @ $21 9.45
Annual Variable Cost Per Cow: 478.90

Breeding Fees $ 8,00

Veterinary & Medicine 10.00

Bedding 4.00

THIC 8.80

Milk House Supplies 9.60

Other dairy expenses ey

Cow Insurance 2.00

Death Loss 11.85

Electricity 5.75

$67.90

Net Return Over Variable Costs: $ll,00
Feed Requirements Per Cow:

TDH from forage, G000 lbsol/

TDY from graln 3550 lbs. Total 9550 lbs.;/ TDN

Digestible protelin 1160 1bs,
Laber Requirement per cow (man hours per cow month) :

Present facilities: Free~-Stall Barxm:

September through April 6.1 hrs. October through May 4,0 brs.
e May - hrough - AUgUSE. o 5o 2. H0S 0 June. bhrough Sephember 2.9 hre.

1/ Coefficients used after first solution.
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Appendix Table B

BUDGET FOR ACTIVITY P18, RAISE REPLACEMENTS
To 27.5 Months of Age

Varlable Cost Per Head:

Helfer Calf - $50.00
Milk substitube 10.00
Veterinary & Medicine : 2,00
Other livestock expenSei/ 1.05
Share of bull . 3,00
Death Loss (15%) 3.15
Electriecity 2.00
Insurance 1.80

TOTAL $73.00

Feed Requirement Per Head:

1600 Ibs. of 15% total protein grain = 220 lbs. of D.P, and 1120 lbs.
of TDHN,

4.0 tons of hay equivalent = 4000 1bs. TDN and 840 1bs. digestible
protein. '

Labor Requilrements Per Head:

June through September 1.25 hours x 2.3 years = 2.9 brs/month
4.0 hrs/month

Cetober through May 1.75 hours x 2.3 years

1/ No registration fees inecluded,
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Appendix Teble F

RUDGET FOR ACTIVITY P25, BUY 27%

Total Frotein Concentrabe

Use: Concentrate purchased and mixed with high moisture
ear corn to supply 355C pounds TDN per cow per
year.

Mix: Pounds_of 27% Pounds of HMEC Tctal

Welght 36.8 63.2 100

TN/ cwt 2k, L 36.7 62.1.

D.P./ewt, 7.9 2.7 10.6

Variable Cost Per 100 Pounds of Grain Fed:

27% concentrate @ $87/ton = $1.60 per 36.8 pounds
Handiling BEMEC & mixing grain = .02
TOTAL 1.62 per cwt.

Labor Requirement:

Mixing and handling: 0.0l hours per month




