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Preface

A sequential multiyear linear programing model is used to examine the
economic benefits of irrigation on a case study ranch in southeastern South
Dakota. This report presents the findings of the study and demonstrates a
method by which the impacts of other irrigation projects can be evaluated.
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Highlights

The benefits of irrigation are primarily considered to be of importance
in the year applied. Inm ranch onerations, drought can result in forage
shortages that require the liquidation of the breeding herd. Liquidation is
often at depressed prices and replacement may be during elevated prices. In
thie study, 31 years (1955-1985) of two ranch operations in the Lake
Andes-Wagner irrigation unit, southeastern South Dakota, are simulated for
both irrigated and dryland eituations. The Bureau of Reclamation plan would
supply water to 45,000 acres, most of which is currently in cropland. The
main objective of the study is to determine the impacts of irrigation on herd
size and ranch income over the 31-year period.

The difference in benefits between a dynamic model and a statie model
ie illustrated for the model ranches. For the static analysis, a one-year
model using the 31-year average yields, levele of production, and prices was
run for the irrigated and nonirrigated eituation. Differences between the
irrigated and nonirrigated return above variable costs are the static model's
benefite of irrigation. The same comparison was made using a dynamic model.
Pized irrigation coets are unchanged between the static and dynamic model.
The dynamic model calculates return above variable costs for each of 31 years,
go resulte for both dryland and irrigation were divided by 31 to get average
benefits of irrigation over the period. Comparing irrigation benefits from
the one-year model with the dynamic model illustrated the difference between
approaches.

e study used a sequential multiyear maximizing linear programming
model to trace the effect of drought eycles and irrigation benefite on
ranch profitability. Separate modele were developed for dryland and
irrigation situations. Faeh model maximizes expected returng for two decision
periods per year.

Resulte depended upon the resource endouments of the ranches modeled.
Ranch model I, representing the Lakes Andes-Wagner Unit average, had pasture
for 60 to 70 beef cows and 730 tillable acres of which 220 were irrigated.
The increased returns above variable costs from irrigation were 859,341
annually from the static model and 857,926 from the dynamic model. Reasons
for the emall difference in irrigation benefite are: (1) the beef enterprise
wae overshadowed by crops, (2) erop aftermath was available in years of low
pasture yields, and (3) herd reduction and repurchases occurred during years
of depressed beef profitability.

Ranch model II, representing a more specialized beef ranch, had pasture
for 140 to 160 cows with 480 tillable acres of which 145 were irrigated. The
inereased return above variable costs from irrigation were 836,516 annually
for the statie model and 839,830 from the dynamic model. Reasons for the
dynamic model's larger increase in irrigation benefits are: (1) larger
average size of herd, (2) fewer couws sold and repurchased, and (3) less

expensive forage.

vii



Benefits of Irrigation in Mitigating
the Impacts of Drought in a Range
. Livestock Economy

Johnson, Watt, Ali, and Schluntz*

The main objective of this research effort is to show how management
strategies are altered by irrigated production of feed in an area where
livestock are traditionally raised on range forage and hay is grown under
dryland conditions subject to periodic drought. Although the hypothesis would
apply to both public and private irrigation development, the objective of this
particular effort is to evaluate the impacts of public development.
Specifically, the research demonstrates the additional NED (National Economic
Development) benefits to irrigation above those available under the "Economic
and Environmental Principles and Guidelines for Water and Related Land
Resources Implementation Studies" (U.S. Water Resources Council). NED
benefits are the increases in net value of the national output of goods and
services, expressed in monetary units, These guidelines are intended to
ensure proper and consistent planning by federal agencies in the formulation
and evaluation of projects.

The analysis examines factors that are not usually considered in the
typical static farm budget analysis used in evaluating NED benefits. For
example, drought adversely affects livestock producers by forcing them to
market productive cows as slaughter animals at lTow prices and to purchase high
priced replacement cattle to rebuild herds. A dynamic model is needed to
capture the effect of drought cycles on ranch organization and profitability
over time. The nature of droughts in the western United States requires a
model that covers at least 30 years.

The working hypothesis is that the calculated benefits of irrigation of
a western beef cow ranch are understated by comparing average net returns with
and without irrigation. A model which includes changes in ranch organization
due to droughts will more accurately measure the total benefits of irrigation
over time. The higher benefits are due to more optimum use of forage and
increased efficiency in the operation of the beef cow herd. Increased
year-to-year income stability is another benefit demonstrated in the dynamic
model but not explicitly included in added benefits.

The specific irrigation benefits to a beef cow ranch that are
hypothesized to be better captured in a dynamic model than in a static model
are as follows:

1. A longer cow life because disposal of productive cows due to
drought can be reduced or eliminated.

*Johnson is professor, Watt is assistant professor, and Ali is former
research assistant, Department of Agricultural Economics, North Dakota State
University, Fargo. Schluntz is resource economist with the Bureau of
Reclamation, Denver.
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2. Fewer purchases of replacement animals, because with a stable herd
size all replacements are raised. This assumes that raised
replacements are less expensive than purchased ones because labor
and facilities for replacement stock exist on the ranch,

3. Replacements purchased to rebuild herd after drought are at higher
prices than were received for cows sold early because of drought.

4, More beef sold at higher prices (or less at lower prices) to the
extent herd liquidation due to drought is widespread enough to
influence market prices.

5. Greater use of labor and facilities by eliminating herd reduction
because of drought.

6. A larger percentage of calves backgrounded and/or finished because
adequate forage is available every year.

7. Fewer purchases of hay at higher than average prices and fewer
sales of hay at below average prices.

8. Reduced loss of hay due to deterioration in storage from high-yield
years to low-yield years. This occurs because dryland ranches put
up and store hay for more than one year as a precaution against
drought,

9. Less switching among forage sources, such as corn silage and
supplementing pasture with hay, that results in more costly rations
in drought years.

10. A higher pasture stocking rate because under dryland conditions a
winter forage shortage results in fewer cows on pasture the
following spring and summer.

11, More optimum use of crop aftermath because herd size remains more
constant from year to year,

Description of Area

The project area is located in southeastern South Dakota in Charles Mix
County (Figure 1). The Lake Andes-Wagner Unit lies on an upland plain bounded
by Choteau Creek on the east, by Lake Andes (a natural lake) on the west and
northwest, and by the lower slopes of a high ridge on the southwest and south.
The elevation of the lowest portion of the natural Lake Andes is about 1,427
feet. The streambed of Choteau Creek at the southern end of the unit is
approximately at elevation 1,362,

The Missouri River is the area's major source of surface water. The
river is impounded by Fort Randall Dam approximately 12 miles south of Lake
Andes. Lake Andes covers about 4,100 acres. Because of past drought

conditions, sittation, and an outlet ditch, the lake is currently no more than
a large marsh. The only other source of surface water of any significance in
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Figure 1. Study Area, Charles Mix County, South Dakota
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the area is Choteau Creek. The Lake Andes-Wagner Unit is largely underlain by
the Choteau Aquifer. This aquifer contains over 2,000,000 acre-feet of water.

The climate can be described as midcontinental, semiarid to
dry-subhumid, characterized by four distinct seasons and frequent daily
fluctuations in the weather. Average annual temperature is about 48°F,,
with extreme temperatures of over 100° F, occasionally in the summer and
below zero during the winter. Annual average precipitation is 20 inches. On
the average, 70 to 80 percent of the precipitation occurs from April through
September.

Lake Andes-Wagner Unit lies on a glacial till plain formed over a
buried preglacial valley., The stone-free silty surface soils suggest that the
glacial drift was covered by 1 to 2 feet of loess {wind deposited soil). Silt
loam is the dominant texture of surface soils, while subsoils below 14 to 20
inches vary from loam to silty clay loam. Slight depressional areas, which
are sometimes nonarable, usually have finer textured subsoils. Subsoils are
usually slight to moderately saline. Under irrigation with adequate drafinage,
the salts would move out of these saline soils into the drainage water without
any detriment to the soils or the crops. The topography of the area is smooth
but irregular, with a gentle overall gradient toward Choteau Creek or Lake
Andes. The surface is mildly undulating with Tow humps, shallow drainways,
and a complexity of slopes. This topography is generally favorable for
jrrigation,

The area's present land use is a mixture of row crops, alfalfa, small
grains, and native and tame grasses. The project area contains about 76,600
acres of cropland, 1,580 acres of wetlands, 17,030 acres of grasslands, and
1,560 acres of woodlands (primarily multirow shelterbelts). Native vegetation
consists primarily of tall and short grass types except in the extensive
wetland areas, such as around Lake Andes. Originally there was little native
woody cover except along the Missouri River, but numerous shelterbelts have
been established since the 1930s.

Under the preferred plan, water would be supplied to 45,000 acres.
Isolated parcels and undrainable lands would not be served., About 220 acres
of woodland, 650 acres of wetlands, and 4,290 acres of grasslands would be
changed to irrigated cropland. Most of the irrigable lands in the project
area are identified as prime farmland,

The population in Charles Mix County has declined since 1940 with a
modest upward trend in the last decade (beginning in 1970). The major service
centers are Lake Andes (population - 1,136) and Wagner (population - 1,665).
Native Americans of the Yankton Sioux Tribe comprise about 20 percent of
Charles Mix County's population.

Model Ranches

Two model ranches were developed to demonstrate the model under
different resource situations. Model I represents the average size and
cropland-rangeland mix for the Lake Andes-Wagner Irrigation Unit. Model II
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represents a more specialized beef-cow ranch with only supplemental cash
cropping. The second model ranch was developed to test the usefulness of the
programming model for ranch situations more typical in the western United
States than the Lake Andes-Wagner average.

Model ranch I had 880 acres, which represents the expected size in the
study area by 1995 (U.S. Deptartment of Interior). Oryland and irrigated land
use is summarized in Table 1, Labor supply consisted of 2,500 hours by the
ranch operator, which was equally divided between the summer and winter
period. Additional hired labor was available at $4,.50 per hour,

The beef cow herd consisted of a maximum of 60 cows for dryland and 70
cows with irrigation. These 11m1ts were based on the carrying capacity of the
pasture and aftermath grazing, Under irrigation some supplemental feeding of
hay on pasture would be required in most years. A 92 percent calf crop was
assumed. Cow culling rate was 16 percent. Calves could be sold at weaning at
425 1bs. for steers and 375 1bs. for heifers or could be backgrounded for 150

TABLE 1. LAND USE FOR DRYLAND AND IRRIGATION MODEL RANCH I and II, LAKE
ANDES-WAGNER UNIT, SOUTH DAKOTA

Model Ranch 1 Model Ranch II
Land Use Dryland Irrigated Dryland Irrigated
------------------- acres ===-=m=-=—mecoo—owo-
Rangeland pasture 123.0 123.0 493.0 493.0
Farmstead and waste 27.0 : 27.0 27.0 27.0
Total nontillable 150.0 T50.0 T20.0 520.0
Dryland alfalfa 50.0 50,0 120,0 65.0
Dryland tame pasture 75.0 75.0 50.0 50.0
Other dryland crops? 605.4 385.4 310.0 220.0
Total dryland tillable 730.4 510.4 7380.0 335.0
Irrigated alfalfa 0.0 26.0 0.0 60,0
Other irrigated cropsP 0.0 194,0 0.0 85.0
Total irrigated 0.0 . 0.0 .
Total land in ranch 880.4 880.4 1000,0 1000,0

3corn, sorghum, wheat, and oats.
bcorn, soybeans, and potatoes.

IThe economic assessment for the Lake Andes-Wagner Unit (U.S.
Department of Interior) assumed an 80-cow herd size based on pasture, crop
aftermath, and hay production, This necessitated the feeding of hay during
the pasture season in normal years, a situation not deemed appropriate for

this study.
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days and sold as yearlings at 650 1bs. for steers and 600 1bs. for heifers.
Under irrigation, the option of feeding the cattle out to market weight was
also available.

Model ranch II had 973 acres nearly equally divided between rangeland
and cropland. Dryland and irrigated land use is summarized in Table 1.
Labor supply was the same as in Model I.

The beef cow herd consisted of a maximum of 140 cows for dryland and
163 cows with irrigation. These 1imits were based on the average carrying
capacity of the pasture and aftermath grazing. As with Model I, some
supplemental feeding of hay on pasture would be required most years under
irrigation. The performance of the beef herd is identical to the Model I
ranch.

Theory and Methods

The benefits of irrigation on farm and ranch income are normally
modeled by comparing average net returns to a typical farm with and without
irrigation. Depending upon the purpose of the analysis and the irrigation
project involved, a point in time is selected to make the comparison based
upon projected yields and normalized costs and prices. The discounted present
value of the returns over the life of the project is used to calculate the
agricultural benefits of the irrigation project. The same dryland-irrigated
comparison is made in this analysis, except the net return for both the
dryland and irrigated situation is calculated each year over a 3l-year period.

The difference in benefits between a dynamic model and a static model
is illustrated for the model ranches. For the static analysis, a one-year
model using the 3l-year average yields, levels of production, and prices will
be run for both the irrigated and nonirrigated situations. The difference
between the irrigated and nonirrigated net return is the static model's
benefit of irrigation. The same comparison is made using the dynamic model.
The dynamic model calculates return for 31 years, so the results for the
dryland and irrigation situations are divided by 31 to get the average
benefits of irrigation over 31 years. Comparing the "average year"
benefits from the one-year model with the dynamic model illustrates the
usefulness of the model. The present discounted value can be obtained by
using current procedures and starting with the dynamic model's average
difference rather than that of a static model.

It is not recommended that the difference between irrigated and
nonirrigated returns each year in the dynamic model be discounted to present
value since the timing of the onset of a drought period would have a large
effect on results. Since the timing of drought onset is not known, the
procedure outlined above is recommended.

A sequential multiyear maximizing linear programming model is used in
this analysis. The model is sequential in that individual linear programming
models are solved for winter and summer periods for each year of the
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simulation. Only the information available to the producer at the simulated
time is permitted to impact the solution. In each matrix, an accounting row
provides the cash transactions that would take place. Therefore, the economic
decision and the actual cash impacts are separated. The modeling process is
sequential because the solution values of importance from each period's model
is passed to the following period as shown in Figure 2. Exogenous events of
weather (for yields) and market (for prices) are provided by historical data
sets. The historical data sets used are presented in the data section of this
report, specifically in Tables 6, 9, 10, 11, 15, and 16. The linear
programming alogrithm used was the "MPS-PC Linear Programming System, Version
2.1" by George Pfeiffer. The alogrithm is written in Basic, the original code
was modified to handle sequential programming and compiled with the Quickbasic
compiler Ver. 2.01. Transfers are accomplished by sui:routines included in the
model (Appendix B). Separate models are developed for dryland and irrigated
situations. Each model maximizes expected return for two decision periods per
year. The model can run for as many years as desired or for which data are
available. The Lake Andes-Wagner application was run for 31 years.

The summer period runs from May through October. During this period
decisions are made concerning what crops to produce based on anticipated
profitability subject to limitations imposed by rotational considerations,
labor, and/or machinery constraints. The size of the beef cow herd can also
be increased to a maximum or decreased, based upon the carrying capacity of
the pasture and the amount of hay carry-over from the winter period. The
grazing period is divided into early grazing (May to August) and late grazing
(September and October). The late grazing period includes the use of small
grains aftermath grazing. For the irrigation situation, backgrounded calves
are fed to slaughter weight during the summer period. The cattle finishing
decision is based on feed availability and profitability of feeding
considering feed prices and expected slaughter steer prices.

The winter period encompasses November through April. During this
period crop decisions are made to bale straw for feed, make corn silage, and
purchase hay. Decisions concerning livestock include whether to sell
producing cows based on winter feed available and whether to sell weaning
calves or feed through the winter on a backgrounding ration. Under
irrigation, the decision whether to hold backgrounded calves into summer to
finish is also made in the winter period. Alfalfa hay sales are only allowed
in the irrigation model.

The program keeps track of cattle and feed inventories and transfers
these quantities from one period to the next and from one year to the next.
Forage losses associated with storage are specified in the program.

An accounting of actual income and variable costs is made each period.
The accounting income is based upon actual prices and yields. In contrast,
management decisions are based on planning prices and average yields.
Planning prices are used in the objective function of the linear programming
model. A detailed presentation of the linear programming tableau is given in
the following section. :
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Figure 2. Schematic Diagram of Multiyear Sequential Linear Programming Model,
Lake Andes-Wagner Irrigation Study
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Linear Programming Mode12

The structure of the dryland and irrigated linear programming models
for both the summer and winter period are presented in Figures 3 to 6.
Numbers that may change between period in the dynamic model are identified.
Identification of rows and columns including units of measurement are given in
Tables 2 through 5. The models including the coefficients used in the static
model for Model ranch I are presented in Appendix A, Specification of the
period-to-period changes for the dynamic model are shown in Appendix B.

Summer Dryland

Each column (activity) of the model is explained in terms of the row
constraints. The accounting inventory (ACCTINV) column sums cost for each
activity in the solution. No sales are recorded during this period.

The beef cow activity has a maximum (COWMAX), which is based on the
pasture-carrying capacity in an average year. The cow inventory row (COWINY)
is used to adjust cow numbers. Initial inventory (RHS) plus purchases minus
sales equals number of cows that can be supported by pasture plus any alfalfa
hay carry-over. Replacement heifers (REPHFR) are set at 18 percent of the
maximum number of cows. Therefore, if cow numbers are reduced, a larger
percentage of calves are kept for replacements. Early (ESUPPFOR) and
late (LSUPPFOR) supplemental forage comes from alfalfa inventory so the
activity has no accounting cost. However, a cost in the objective function
forces pasture use before feeding hay.

Rangeland (GRAZRANG) and cropland pasture (GRCLPAST) provide both early
and late season pasture in a normal year. Small grains aftermath (GRSGAFT)
provides only late season grazing. The purchase of cows has an accounting
cost equal to the difference in value of a replacement cow and a utility grade
slaughter cow. Cow sales are divided into three activities. The first group
of cows sold (SELLCOW1) are cows that are culled one year sooner than normal.
The 1oss is a one-year depreciation. The second group of cows sold are the
next one-third, which are cows culled two to three years earlier than normal;
this action results in a larger depreciation charge. The third group of cows
represents selling the youngest half of the herd. The cow transfer (COWT) and
replacement heifer transfer (REPHFT) activities simply count the number of
these animals that go into the winter period. These activities are also used
to determine the amount of small grains straw that needs to be baled for
bedding.

Alfalfa transfer (ALFT) takes the remaining previous year's alfalfa hay
and transfers it to the winter period after deducting a 20 percent storage

loss.

2The discussion assumes a basic understanding of linear programming.
Readers without this knowledge may want to skip to the Crop Data section.
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TABLE 2. DESCRIPTION OF LP ROWS FOR THE SUMMER PERIOD
No. Item Unit Description
0BJ FCN $ Return over variable costs
Rows
1 ACCTING $ Accounting of variable costs (-)
2 COWINV Hd. Inventory of cows (beginning)
3 COWMAX Hd. Cows maximum
4 REPINV Hd. Inventory of replacements (beginning)
5 RPAST Ac. Rangeland pasture
6 SUMGRAZ AUM Summer grazing - 4 months
7 BEGALF Ton Beginning inventory of alfalfa hay
8 FALLGRAZ AUM Fall grazing - 2 months
9 WCOWINY Hd. Winter inventory of cows
10 EREPINV ~  Hd. Ending replacement heifers inventory
11 ENDALF Ton Ending inventory of alfalfa hay
12 ALFHAY Ac. Alfalfa hay acreage
13 CLPAST Ac. Cropland pasture acreage
14 TILLAC Ac.’ Tillable acres
15 CORNT Bu. Corn transfer
16 MINCORN Ac. Minimum acreage for corn
17 WHTT Bu. Wheat transfer
18 OWAF T Ac. Oats and wheat aftermath
19 OATT Bu. Oats transfer
20 SORGT Bu. Sorghum transfer
21 WHTLIM Ac. Wheat acreage maximum
22 OATLIM Ac. Oats acreage maximum
23 CSLIM Ac. Corn and sorghum acreage maximum
24 SUMLAB Hrs. Summer labor
25 HFRINV Hd. Inventory of heifer calves
26 STRINY Hd. Inventory of steer calves
27 SCOowWl Hd. Sell productive cows, 6 years old
28 SCow2 Hd. Sell productive cows, 4 and 5 years old
29 SCOW3 Hd. Sell productive cows, 1 to 3 years old
30 SBED Ton Straw required for bedding

Additional Rows Used in

31
32
33
34
35
36
37
38
39
40
41

IRTILAC
POTLIM
POTT
SOYLIM
SoYT
AFIRLIM
CORILIM
IFS

IFH

FST

FHT

Ac.
Ac.
Cwt.
Ac.
Bu.
Ac.
Ac.
Hd.
Hd.
Cwt.
Cwt.

LP with Irrigation

Irrigated acreage of tillable land
Potatoes acreage limit

Potatoes transfer

Soybeans acreage limit

Soybeans transfer

Alfalfa hay irrigated acreage limit
Irrigated corn limit

Inventory backgrounded steers
Inventory backgrounded heifers
Fed steers transfer

Fed heifers transfer
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TABLE 3. DESCRIPTION OF LP COLUMNS FOR THE SUMMER PERIOD
No. [tem Unit Description
Columns
1 ACCTING $ Accounting [actual gross income (+) or variable
costs (-)]
2 BEEFCOW Hd. Beef cows
3 REPHFR Hd. Replacement heifers
4 BUYCOW Hd. Buy cows
5. ESUPPFOR Ton Early supplemental forage
6 GRAZRANG Ac. Graze rangeland
7 GRCLPAST Ac. Graze cropland pasture
8 SELLCOW1 Hd. Sell cows, 6 years old
9 SELLCOW?2 Hd. Sell cows, 4 and 5 years old
10 SELLCOW3 Hd. Sell cows, 1 to 3 years .0ld
11 LSUPPFOR Ton Late supplemental forage
12 GRSGAFT Ac. Graze small grains aftermath
13 COWT Hd. Transfer cows to winter
14 REPHFRT Hd. Transfer replacement heifers to winter
15 ALFT Ton Transfer inventory of alfalfa hay to winter
16 ALFD Ac. Alfalfa hay
17 CORNAC Ac. Corn acreage
18 SELLCORN Bu. Sell corn
19 WHTAC Ac. Wheat acreage
20 SELLWHT Bu. Sell wheat
21 OATAC Ac. Oats acreage
22 SELLOAT Bu. Sell oats
23 SORGAC Ac. Sorghum acreage
24 SELLSORG Bu. Sell sorghum
25 HIRELAB Hr. Hire summer labor
26 HFRT Hd. Transfer heifer calves to winter
27 STRT Hd. Transfer steer calves to winter
28 INVALF Ton Inventory of alfalfa hay
29 STR8 Ac. Bale straw for bedding

Additional Columns

Used in LP with Irrigation

30
3l
32
i3
34
35
36
37
38
39
40

POTAC
SELLPOT
SOYAC
SELLSOY
ALF1
CORNI
FINS
SFS
FINH
SFH
LSUPALF

Ac. Potatoes acreage

Cwt. Sell potatoes

Ac. Soybeans acreage

Bu. Sell soybeans

Ac. Alfalfa hay irrigated
Ac. Corn irrigated

Hd. Finish steers

Cwt. Sell finished steers
Hd. Finish heifers

Cwt. Sell finished heifers
Ton Use current year alfalfa to supplement late

season grazing
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TABLE 4. DESCRIPTION OF LP ROWS FOR THE WINTER PERIQD
No. [tem Unit . Description
0BJ FCN $ Return over variable costs
Rows
1 ACCTING $ Accounting [actual gross income (+) or variable
costs (-)]
2 COWINV Hd. Inventory of cows
3 COWMAX Hd. Cows maximum
4 BREPINV Hd. Beginning inventory of replacements
5 CULLCOW Hd. Cull cows
6 HFRS Hd. Heifer calves (just born)
7 STRS Hd. Steer calves (just born)
8 CULLREP Hd. Cull replacements
9 ECOWINV Hd. Ending inventory of cows
10 BGHFR Hd. Background heifers
11 BGSTR Hd. Background steers
12 WINLAB Hr. Winter labor
13 BALFINV Ton Beginning inventory of alfalfa hay
14 TONC Lb. Total digestible nutrients for cows
15 PROTC Lb. Proteins for cows
16 CORNAC Ac. Corn acreage
17 CORNSILT Ton Corn silage transfer
18 CORNGRT Bu. Corn grain transfer
19 CSAFT Ton Corn and sorghum aftermath
20 OWAFT Ac. Oats and wheat aftermath (remaining after summer)
21 OATAC Ac. Oats acreage
22 WHTAC Ac. Wheat acreage
23 OATT Bu. Qats transfer
24 WHTT Bu. Wheat transfer
25 STRAWT Ton Straw transfer
26 SORGAC Ac. Sorghum acreage
27 SORGT Bu. Sorghum transfer
28 BHFRINV Hd. Beginning inventory of heifers (weaned)
29 BSTRINV Hd. Beginning inventory of steers (weaned)
30 REQREP Hd. Required replacements
31 PROTBG Lb. Protein required for backgrounding
32 NEMBG Mcal. Net energy for maintenance - backgrounding
33 NEGBG Mcal. Net energy for gain - backgrounding
34 SCOWL1 Hd. Limit on cow sales, 6 years old
35 SCOWL2 Hd. Limit on cow sales, 4 and 5 years old

- CONTINUED -
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TABLE 4. DESCRIPTION OF LP ROWS FOR THE WINTER PERIOD (CONTINUED)

No. Item Unit Description

36 SCOWL3 Hd. Limit on cow sales, 1 to 3 years old

37 STRAWL Ton Limit on straw fed cows and replacements

38 AMAXT Lb. Limit on TDN to cows from corn-sorghum
aftermath

39 AMAXP Lb. Limit on protein to cows for corn-sorghum
aftermath

40 MINF Pct. Minimum forage in backgrounding ration

41 MAXF Pct. Maximum forage in backgrounding ration

42 MAXS Pct. Maximum straw in backgrounding ration

43 MAXAFT Pct. Maximum corn-sorghum aftermath to calves

Additional Rows Used in

POTAC
POTT
SOYAC
SOYT
ICORNA
FST
FHI

PROT
NEM
NEG
FORMIN
FORMAX
ALFMIN

Ac.
Cwt.
Ac.
Bu.
Ac.
Hd.
Hd.

Lb.
Mcal.
Mcal.
Pct.
Pct.
Ton

P with Irrigation

Potatoes acreage
Potatoes transfer
Soybean acreage

Soybean transfer
Irrigated corn acreage
Finished steer transfer
Finished heifer transfer

Protein needs of finishing cattle

Net energy for maintenance--finishing
Net energy for growth--finishing
Minimum forage for finishing

Maximum forage for finishing

Minimum alfalfa transferred to summer
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TABLE 5. DESCRIPTION OF LP COLUMNS FOR THE WINTER PERIOD
No. Item Unit Description
Columns
1 ACCTING $ Accounting [actual gross income (+) or variable
costs (-)]
2 BEEFCOW Hd. Beef cows
3 REPHFR Hd. Replacement heifers
4  SELLPCOWl1 Hd. Sell productive cows, 6 years old
5 SELLPCOW2  Hd. Sell productive cows, 4 and 5 years old
6 SELLPCOW3  Hd. Sell productive cows, 1 to 3 years old
7 SELLCULL Cwt, Sell cull cows
8 SELLREP Cwt. Sell cull replacement heifers
9 SELLWHFR Cwt. Sell weaned heifers
10 SELLWSTR Cwt. Sell weaned steers
11 BGHFRS Hd. Background heifers
12 BGSTRS Hd. Background steers
13 SBGHFR Cwt. Sell backgrounded heifers
13 SBGSTR Cwt. Sell backgrounded steers
15 HIRELASB Hr. Hire winter labor’
16 ALFT Ton Transfer alfalfa hay to ending inventory
17 ALFC Ton Feed alfalfa hay to cows
18 BUYALF Ton Buy alfalfa hay
19 CORNSIL Ac. Corn silage acreage
20 CsC Ton Feed corn silage to cows
21 CORNGR Ac. Corn grain acreage
22 SELLCORN Bu. Sell corn
23 GRCSAFT Ton Graze corn sorghum aftermath
24 0ATS Ac. Qats acreage
25 WHEAT Ac. Wheat acreage
26 BSTRAW Ton Bale straw
27 FSTRAW Ton Feed straw to cows
28 PROTSUPP Cwt. Buy protein supplement for cows
29 0ATC Bu. Feed oats to cows
30 SELLOAT Bu. Sell oats
31 SELLWHT Bu. Sell wheat
32 SORG Ac. Sorghum acreage
33 SELLSORG Bu. Sell sorghum
34 EHFRINV Hd. Ending inventory of heifers
35 ESTRINV Hd. Ending inventory of steers
36 REPINV Hd. Inventory of replacement heifers
37 INVCOW Hd. Inventory of cows going to summer
38 ALFM. Ton Feed calves alfalfa hay for maintenance
39 ALFG Ton Feed calves alfalfa hay for gain
40 CSM Ton Feed calves corn silage for maintenance

- CONTINUED -
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TABLE 5. DESCRIPTION OF LP COLUMNS FOR THE WINTER PERIOD (CONTINUED)

No Item Unit Description

41 (] Ton Feed calves corn silage for gain

42 CGRM Bu. Feed calves corn grain for maintenance

43 CGRG Bu. Feed calves corn grain for gain

44 0ATM Bu. Feed calves oats for maintenance

45 0ATG Bu. Feed calves oats for gain

46 SORGM Bu. Feed calves sorghum for maintenance

47 SORGG Bu. Feed calves sorghum for gain

48 PROSM Ton Protein supplement for maintenance to calves

49 PROSG Ton Protein supplement for gain to calves

50 STRM Ton Feed calves straw for maintenance

51 STRG Ton Feed calves straw for growth

52 CSAFTM Ton Feed calves corn-sorghum aftermath for
maintenance

53 CSAFTG Ton Feed calves corn-sorghum aftermath for growth

Additional Columns

Used in LP with Irrigation

POT
SELLPOT
SoY
SELLSOY
ICORN
FINS
FINH

IFS
IFH
FCORNM
FCORNG
F SORGM

FSORGG
SALF
FSBMM

FSBMG -

FALFM
FALFG

Ac.
Cwt.
Bu.
Bu.
Ac.
Hd.
Hd.

Cwt.
Cwt.
Bu.
Bu.
Bu.

Bu,
Ton
Ton

Ton

Ton
Ton

Potatoes acreage
Sell potatoes
Soybeans acreage
Sell soybeans
Irrigated corn
Finish steers
Finish heifers

Inventory finishing steers

Inventory finishing heifers

Feed corn to finishing cattle for maintenance

Feed corn to finishing cattle for growth

Feed sorghum to finishing cattle for
maintenance

Feed sorghum to finishing cattle for growth

Sell alfalfa

Feed soybean meal to finishing cattle for
maintenance

Feed soybean meal to finishing cattle for
growth

Feed alfalfa to finishing cattle for maintenance

Feed alfalfa to finishing cattle for growth
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Alfalfa acreage (ALFD) is fixed to provide sufficient forage in a
normal year., Alfalfa production (ENDALFROW) in the dynamic model is based on
yield each year. Other crop production and sale activities determine acreage
planted to each crop based on expected profitability and rotational
limitations. Yields are detrended average yields. Planning prices in the
objective function change each year in the dynamic model. A minimum acreage
is planted to corn to cover potential silage needs. Wheat and oats are
limited to half the dryland acreage not in forage crops. Corn and sorghum
combined are limited to two-thirds the nonforage dryland acres. Straw for
bedding (STRB) for the cow herd and young stock reduces the aftermath acreage
available for grazing in the late summer or straw available to be transferred
(STRT) to the winter period for feed.

Winter Dryland

The accounting column (ACCTINV) counts the return above variable costs
for the winter period. A1l sales occur in this period so the costs from the
summer period have to be subtracted to obtain return above variable costs
for a year.

Beef cow activity is for cows remaining after culling 16 percent
(summer period cow transfers [COWT] activity level). Sales of cull cows are
recorded this period (SELLCULL). First calf heifers (REPHFR) are handled as a
separate activity from cows and are those replacement heifers left after
culling. In addition to cull cows and cull replacement heifers, output from
the beef cow and replacement heifers activities are heifer and steer calves.
Requirements are labor and feed. Feed requirements are expressed in total
digestable nutrients (TDNC) and protein (PROTC) for the winter feeding period.
The beef cow herd may be reduced during this period (SELLCOW 1,2,3) if winter
forage supplies are inadequate to support the herd size transferred from the
previous summer and the purchase of alfalfa hay is not economical.

Increasing the herd size is not an option during the winter period.

Heifer and steer calves can be sold at weaning (SELLWHR, SELLWSTR) or
backgrounded (BGHFRS, BGSTRS) and sold in the spring as yearlings (SBGHFR,
SBGSTR). Feed requirements for backgrounding are expressed in protein
%PROTB?), net energy for growth (NEMBG), and net energy for maintenance

NEGBG) .

Feeds available for cows are alfalfa (ALFC), corn silage (CSC), corn
and/or sorghum aftermath (GRCSAFT), straw (FSTRAW), purchased protein
supplement (PROTSUPP), and oats (OATC). Corn or sorghum aftermath is 1imited
to two months' grazing, and straw is limited to 55 percent of the ration.
Corn silage (CORNSIL) reduces corn acreage available for grain. Straw for
winter feed (BSTRAW) is limited to acres of small grains aftermath remaining

after bedding and grazing in the summer period have been satisfied
(OWAFTRONW) .

Corn, oats, wheat, and sorghum production activities are based on
acreages from the summer model. Yields and accounting row prices vary each
year in the dynamic model based on actual yields and prices.
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Ending inventory of replacement heifers (REPINYV) is forced in at
18 percent of maximum herd size to prevent selling backgrounded heifers needed
for herd replacement,

Feeds available to the backgrounding operation for either growth or
maintenance are alfalfa, corn silage, corn grain, oats, sorghum, protein
supplement, straw, and corn or sorghum aftermath. The backgrounding ration is
restrained to include a minimum of 25 percent and a maximum of 70 percent
roughages. Straw was further constrained to a maximum of 20 percent of the
ration. The corn or sorghum aftermath was limited to 25 percent of the
backgrounding ration.

Summer Irrigated

Irrigated crops of corn, soybeans, potatoes, and alfalfa are added to
dryland crop choices. Irrigated alfalfa is fixed and maximum acres of
of potatoes are allowed. Irrigated corn, soybean, and potato acreages are
determined by relative profitability based upon anticipated yields (the
detrended average) and planning prices.

Finishing steers (FINS) and/or heifers (FINH) to slaughter weight is an
option added in the irrigation model. The decision to finish cattle is made
in the winter period based upon planning prices of slaughter steers and
heifers relative to calf and backgrounded calf prices. The actual finishing
of cattle is done during the summer period.

Supplemental forage for late season grazing (LSUPPALF) from current
alfalfa production is an activity allowed in the irrigated model but not in
the dryland model.

Winter Irrigated

Irrigated corn, potatoes, and soybean production activities are based
on acreages from the summer model. Yields and accounting row prices vary each

year.

Steer (FINS) and heifer (FINH) finishing decisions are made based on
planning prices (IFS, IFH) and feed costs. Feed requirements for finishing
are protein (PROT), net energy for maintenance (NEM), and net energy for
growth (NEG). A forage minimum of 15 percent and a maximum of 45 percent is
also imposed on finishing cattle. Feed choices for finishing cattle are corn
grain, sorghum, soybean meal, and alfalfa.

A minimum number of tons of alfalfa are transferred to the summer
period. The remainder of the alfalfa is sold (SALF).
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Crop Data
Crop Yields

Crop yields in most cases were those reported for Charles Mix
County (South Dakota Crop and Livestock Reporting Service). Yield data
were obtained for years 1955 to 1985. Irrigated potatoes and soybean yields
were not available at the county level. Therefore, yields for potatoes at the
state level and yields for irrigated soybeans reported for Knox County,
Nebraska, were used (Nebraska Crop and Livestock Reporting Service). Knox
County, Nebraska, is adjacent to Charles Mix County, South Dakota.

Yields for some crops were missing for certain years. The yields for
missing years were predicted using linear trend regression based on available
yield data (for details, refer to Appendix C, Table 1). 1In the case of
irrigated corn and irrigated alfalfa hay, yields reported for Knox County,
Nebraska, were used for the missing years.

This study used production costs based on 1985 input levels and crop
prices adjusted to 1985 dollar values. Therefore, the historical crop yields
need to be adjusted (detrended) to reflect 1985 technology. For this purpose,
a linear regression function was developed for each crop using year as a proxy
for technology (trend). A significant trend (better than .05 significance
Tevel) was found in 211 crop yields with the exception of dryland alfalfa and
wild hay. The trend explained the variation in yields (R-square) from 0,23
for corn silage to 0.81 for irrigated corn grain. The regression functions
are as follows (note that numbers in parentheses are t-values):

Wheat yield = 10.7509 + 0.5108 (year - 1954)

(bu./acre) (6.26) (5.46) RZ = 0.51
Oats yield = 20,7315 + 0.8748 (year - 1954)

(bu./acre) (5.37) (4.15) R = 0,37
Sorghum grain yield = 27.2787 + 0.8412 (year -~ 1954)

(bu./acre) (6.78)  (3.83) RZ = 0.34
Corn grain yield = 17.7960 + 1,0740 (year - 1954)

(bu./acre) (4.31) (4.77) RZ2 = 0,44
Corn grain yield,

irrigated = 57.0272 + 2.8185 (year - 1954)

{bu./acre) (12.43) (11.26) RZ = (.81
Corn silage yield = 4.3447 + 0.1139 (year - 1954)

(tons/acre) (6.11) (2.94) RZ = 0,23

Soybean yield,
irrigated = 26.5755 + 0.4027 (year - 1954)

(bu./acre) (17.03)  (4.73) RZ = 0.44
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Potato yield,

irrigated = 118.7182 + 5.5045 (year - 1954)

(cwt./acre) (7.20) (4.11) RZ = 0,50
Alfalfa hay yield,

irrigated = 2.7348 + 0.0746 (year - 1954)

(tons/acre) (10.11)  (5.06) RZ = 0.47

The regression functions listed above were used to detrend the
historical yields. The detrended yield is equal to 1985 predicted yield plus
or minus the difference between actual and predicted yields for a specific
year (residual). For illustration purposes, oats is used to show actual
yields, trend line, and detrended yields for 1985 technology in Figure 7. The
detrended yields are used for the purpose of accounting in the winter model;
yields predicted for 1985 are used for planning purposes in the summer model.
Because no trend was found in dryland alfalfa and wild hay yields, the
historical yields were not detrended. The expected yields for these crops are
the mean over the 31-year period. The detrended and expected crop yields are
given in Table 6.

Bushels/Acre
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Figure 7. Actual Yields, Trend Line, and Detrended Yields for Oats, 1985
Technology
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TABLE 6. DETRENDED CROP YIELDS! FOR 1985 TECHNOLOGY, LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA
Dryland Crops Irrigated Crops
Corn _ Sorghum Corn  Altalta Wild Torn Altalfa
Year Wheat Qats Grain Grain Silage Hay Hay Grain Soybean Potatoes Hay
----------- bu./ac, === tons/ac,------ ----bu,.fac.---- cwt,/ac. tons/ac.

1955 26.28 46.29 47.23 44.24 7.07 1.45 0.53 124.10 39.63 252.12 4.39
1956 21.15 34,51 49.11 46.40 7.33 1.00 0.44 119.01 27.11 311.67 5.12
1957 33.65 59.86 61.90 57.56 8.96 1.90 0.78 145.59 44.61 297.67 6.14
1958 33.20 54.07 52.33 52.22 7.78 1.80 0.69 130.37 39.9%0 291.66 4.07
1959 19.17 30.90 38.17 41.88 6.02 0.95 0.52 117.55 36.60 252.16 3.99
1960 34.63 66.16 55.96 62.03 8.28 1.80 1.09 149.73 33.00 324.25 5.02
1961 27.54 50.45 58.80 62.19 8.66 1.75 0.90 146.91 40.70 294.25 4,74
1962 23.40 54.75 68.44 77.85 9.89 2.50 1.21 162.09 37.69 309.55 4.67
1963 22.17 48.28 62.40 60.51 9.15 1.95 0.89 133.28 42.89 263.54 5.39
1964 22.00 38.04 48.07 58.67 7.37 1.40 0.64 130.46 37.49 256.64 5.22
1965 26.96 50.25 41.97 40.83 6.62 1.55 0.84 145.64 35.08 323.03 4.44
1966 23.10 38.21 50.14 50.99 7.67 1.10 0.86 145.82 40.58 280,23 4.87
1967 30.87 52.68 38.17 39.65 6.19 1.40 0.61 155.00 36.28 249.12 4.19
1968 26.80 38.81 41.80 44.30 6.67 1.45 0.58 144.18 30.88 249.62 6.22
1969 26.66 47.06 54.94 60.46 8.34 1.90 0.98 152.37 45.47 255.71 4.15
1970 25.65 46.31 39.03 48.62 6.36 1.9 0.91 130.55 38.07 291.11 7.17
1971 30.09 61.30 53.89 54.28 10.60 1.70 0.88 137.73 39.67 370.10 5.90
1972 26.41 53.33 69.81 71.94 11.28 2.70 1.03 161.91 42.27 291.60 6.02
1973 33.13 57.05 59.24 64.10 9.87 2.20 1.01 154.09 41.86 296.10 5.35
1974 25.52 48.72 32.77 37.26 5.96 1.60 0.69 138.27 36.46 290,59 5.67
1975 20.81 42.16 38.29 36.11 5.34 1.71 0.86 141.58 39.06 256.64 4.8
1976 19.85 30.99 37.57 38.58 3.83 1.15 0.78 133.62 34.66 324.25 4.42
1977 32.75 656.11 59.08 62.33 9.72 1.46 0.95 146.18 43.25 263.54 4.55
1978 25.07 46.29 61.21 71.49 11.90 1.97 1.23 150.71 36.85 309.54 4.67
1979 30.87 53.66 59.63 61.55 9.79 1.93 1.22 149.00 41.45 311.67 5.10
1980 19.86 27.04 27.01 43.11 5.67 1.19 0.84 132.12 35.04 252.12 5.12
1981 23.55 30.71 48.11 50.57 8.06 0.84 0.66 137.54 34.64 291.66 4.75
1982 30.04 60.25 56.30 50.33 8.95 2.73 1.39 139.40 43.24 294,25 4,98
1983 23.13 42.32 45.65 54.69 5.83 2.29 1.13 121.64 34.84 291.66 4.60
1984 27.81 58.81 60.08 54.34 6.12 2.29 1.13 118.09 33.43 309.54 4.33
1985 32.15 S57.99 67.00 55.10° 9.00 1.80 0.97 135.27 38.09  311.67 4.95

Predicted

yield in

1985 26.59  47.85 51.10 53.36 7.88 1.72 0.88 139.67 38.09 289.40 5.05

1an yields are reported as an average moisture basi

Crop Variable Production Costs

s rather than a dry matter basis.

Variable production costs were estimated for wheat, oats, sorghum, corn

grain, corn silage, soybeans, potatoes, al
developed by St. George in a study of the
as the basis for production costs.

falfa, and wild hay. The budgets
Lake Andes-Wagner Unit (1985) served

An interest rate of 8.375 percent was charged on all operating expenses

for six months,
crops except for corn silage and potatoes.
silage was $0.21 per ton per year.

Yearly storage variable cost was $0.04 per bushel for all

The storage cost charged for corn

It was assumed potatoes were stored for
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four months. The monthly storage cost for potatoes was figured at $.0887 per
cwt. (Coon et al. 1986). Since hired labor is treated in the LP model as an
activity, the labor cost is not included in the crop budgets. The variable
production costs for the selected crops with and without irrigation are given
in Tables 7 and 8.

Crop Prices

Crop prices were the seasonal average prices (Appendix C, Table 2)
reported for South Dakota (South Dakota Crop and Livestock Reporting Service).
These prices were adjusted to reflect 1985 dollar values using the United
States Index of Prices Received for A11 Farm Products (USDA). The adjusted
crop prices hereafter will be referred to as actual prices.

The planning crop prices were weighted prices lagged for three
years. The rationrale for weighted lagged prices was to capture the idea
that farmers plan based on their most recent experience. The formula used to
compute the planning price follows:

Planning price in year t = 3/6 (adjusted price in year t-1)

+

2/6 (adjusted price in year t-2)

+

1/6 (adjusted price in year t-3)
The actual and planning prices for selected crops used in this study are given
in Tables 9 and 10,
Livestock Data

A cow-calf operation is the typical livestock enterprise in the study
area. Based on the amount of available pasture (includes supplemental
cropland pasture in addition to rangeland pasture and aftermath), an intial
herd size of 60 cows was used for the dryland model. Because of more assured
forage supplies, a 70~cow herd size was used for the irrigated ranch. The
cow-calf operation included the following efficiency assumptions (Allen):

1. a 92 percent weaning rate,

2. a 16 percent cull rate for cows,

3. an 18 percent retention rate of heifer calves for replacements,

4. a 2 percent allowance for replacement heifers lost for
reproductive purposes, either because of death or sold for failure
to breed,

5. a ratio of 25 cows to one bull, and

6. weaning weight of 425 1bs. for steers and 375 1bs. for heifers.
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TABLE 7. VARIABLE PRODUCTION COSTS OF SELECTED CROPS WITHOUT IRRIGATION, LAKE ANDES-
WAGNER UNIT, SOUTH DAKOTA, 1985

Sorghum  Corn Corn Alfaifa Cropland

Item Wheat Oats Grain Grain Silage Hay Pasture  Straw
------------------------------- $/aCre==—-ccmmcccccc oo
Variable costs:
Seed 8.50 8.70 2.12 11.07 11.07 2.34 2.34 0.00
Fertilizer 9.80 5.49 12.00 10.43 11.10 1.82 1.45 0.00
Chemicals 4.88 4.88 4.88 4,88 4.88 0.00 0.00 0.00
Drying 0.00 0.00 0.00 2.56 0.00 0.00 0.00 0.00
Storage 1.07 1.92 2.13 2.04 1.66 0.00 0.00 0.00
Twine 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.91
Repairs 9.69 10.13 14,20 15.48 19.60 9.36 0.92 2.30
Fuel and Tube 5.92 5.88 6.54 9.01 9.90 3.70 0.41 0.90
Interest 1.67 1,55 1.75 2.32 2.44 0.72 0.21 0.15
Total 41,53 38.55 43.62 57.79 60.65 17.94 5.33

SOURCE: U.S. Department of Interior, Bureau of Reclamation, Upper Missouri Region,
1985.

TABLE 8. VARIABLE PRODUCTION COSTS OF SELECTED IRRIGATED CROPS, LAKE
ANDES-WAGNER UNIT, SOUTH DAKOTA, 1985

Corn Alfalfa
Item Grain Potatoes Soybean Hay
------------------------ 3/ aCre-m e

Variable costs:
Seed 21.09 144.00 10.81 5.70
Fertilizer 45.92 84.60 . 4.16 16.25
Chemicals 28.40 55.00 28.40 4,88
Drying 7.00 0.00 0.00 0.00
Storage 5.60 91.41 0.00 0.00
Twine 0.00 0.00 0.00 0.00
Repairs 16.47 24.55 17.52 30.95
Fuel and lube 19.28 8.94 7.02 11.42
Interest 6.02 14,32 2.84 2.90
Total 149,78 422.82 70.75 72.10

SOURCE: U.S. Department of Interior, Bureau of Reclamation, Upper Missouri
Region, 1985.
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TABLE 9. PLANNING PRICES USED FOR SELECTED CROPS EXPRESSED IN 1985 DOLLAR
VALUES, SOUTH DAKOTA

Corn Alfalfa Wild

Year Wheat Oats Sorghum Grain  Soybean Potatoes Hay Hay
------------------ L T S Y T, 4 1T Pt

1955 4.9 1.52 2.68 3.12 5.75 4,50 39.75 29.75
1956 5.16 1.41 2.57 3.24 5.59 4.76 43.48 33.24
1957 5.18 1.48 2.54 3.13 5.36 4.25 44,94 35.69
1958 5.05 1.38 2.31 2.70 5.03 5.18 37.17 29.96
1959 4,61 1.28 2.20 2.40 4.70 4.13 30.76 25.58
1960 4.47 1.32 2.04 2.31 4,54 4.62 40.14 33.17
1961 4.39 1.30 1.93 2.24 4,77 4.41 43,82 36.44
1962 4.67 1.35 2.01 2.32 5.11 3.91 45.40 38.38
1963 4.90 1.33 2.07 2.38 5.28 3.61 39.40 33.21
1964 4,82 1.35 2.09 2.39 5.54 3.48 37.64 32.75
1965 4.15 1.39 2.20 2.55 5.87 6.43 42,80 39.03
1966 3.69 1.37 2.21 2.63 5.96 6.21 44,64 39.45
1967 3.60 1.36 2.21 2.65 5.94 5.54 45.77 39.50
1968 3.45 1.38 2.17 2.53 5.81 4.47 45.24 38.32
1969 3.22 1.34 2.10 2.44 5.61 4.16 46.18 37.08
1970 3.04 1.27 2.03 2.33 5.24 4.36 44.74 35.96
1971 3.03 1.23 2.10 2.44 5.47 4.46 42.39 33.68
1972 2.89 1.17 2.00 2.33 5.93 3.94 40,12 32.84
1973 3.12 1.20 2.12 2.44 7.05 4,11 37.23 31.47
1974 4.36 1.33 2.42 2.77 7.27 4.11 40.03 34.26
1975 5.07 1.59 3.00 3.32 7.69 4.20 49.59 42.88
1976 5.20 1.76 3.05 3.30 6.69 4,22 56.66 48.13
1977 4.29 1.89 2.74 3.03 7.45 4.14 67.99 58.40
1978 3.56 1.59 2.38 2.61 7.36 4.02 60.48 51.61
1979 3.19 1.36 2.04 2.31 7.33 3.67 47.06 38.54
1980 3.34 1.21 1.85 2.11 6.44 3.27 37.70 32.20
1981 3.73 1.40 2.08 2.38 6.51 3.39 49.38 40.97
1982 3.59 1.59 1.98 2.30 5.87 3.41 60.51 47.96
1983 3.56 1.50 2.03 2.37 5.44 3.45 51.59 40.95
1984 3.47 1.49 2.14 2.63 5.84 3.49 42.61 33.55
1985 3.31 1.41 1.61 2.48 5.48 3.38 38.65 30.93
Average 4.03 1.40 2.22 2.59 5.93 4,23 44.96 37.29
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TABLE 10. ACTUAL PRICES USED FOR SELECTED CROPS EXPRESSED IN 1985 DOLLAR VALUES,
SOUTH DAKOTA ’

Corn Alfalfa Wild

Year Wheat Qats Sorghum Grain Soybean Potatoes Hay Hay
----------------- S, 4 TT R S, 7T J————  { T S

1955 5.23 1.29 2.48 3.31 5.35 5.46 47.84 37.28
1956 5.12 1.61 2.55 3.01 5.27 3.34 45,05 36.89
1957 4.94 1.27 2.09 2.29 4,76 6.31 28.35 22.89
1958 4.22 1.17 2.16 2.27 4.45 2.95 27.50 23.51
1959 4.47 1.44 1.95 2.34 4.52 5.15 52.50 43.05
1960 4.39 1.25 1.84 2.16 5.05 4.41 43.64 36.48
1961 4,93 1.39 2.15 2.42 5.35 3.15 44.15 38.04
1962 5.04 1.32 2.09 2.43 5.31 - 3.65 34.82 28.92
1963 4.63 1.35 2.07 2.36 5.76 3.47 37.28 33.47
1964 3.54 1.43 2.32 2.72 6.13 9.32 49.15 46.14
1965 3.47 1.34 2.18 2.65 5.91 5.09 44.15 37.07
1966 3.1 1.35 2.20 2.62 5.90 4.55 45.68 38.84
1967 3.28 1.41 2.16 2.44 5.72 4,20 45,31 38.39
1968 3.01 1.29 2.02 2.39 5.45 4.00 46.93 35.62
1969 2.97 1.20 1.99 2.25 4,94 4.66 43.10 35.36
1970 3.08 1,22 2.20 2.59 5.82 4.49 40.38 31.91
1971 2.73 1.13 1.88 2.19 6.34 3.3 38.93 32.59
1972 3.39 1.24 2.25 2.56 7.94 4.49 35.03 30.57
1973 5.56 1.46 2.71 3.11 7.14 4.13 43.69 37.26
1974 5.31 1.80 3.44 3.72 1.97 4.14 58.43 50.77
1975 5.01 1.84 2.91 3.10 5.70 4,30 59.90 50.09
1976 3.47 1.96 2.40 2.75 8.42 4.04 76.57 66.47
1977 3.13 1.26 2.19 2.35 7.22 3.91 50.06 42.32
1978 3.14 1.22 1.81 2.14 7.02 3.39 35.04 26.56
1979 3.54 1.20 1.75 2.01 5.79 2.97 35.25 32.49
1980 4,05 1.60 2.39 2.71 6.80 3.67 63.59 51.46
1981 3.31 1.71 1.79 2.13 5.28 3.38 67.07 50,92
1982 3.55 1.32 2.08 2.41 5.09 3.42 37.29 30.79
1983 3.48 1.52 2.30 2.95 6.53 3.57 37.80 29.46
1984 3.12 1.37 0.99 2.20 4,93 3.25 39.67 31.94
1985 3.36 1.10 1,82 2.25 4.95 3.40 47.25 37.92
Average 3.94 1.39 2.17 2.54 5.90 4.18 45.21 37.60
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The selling weights and rate of gain assumptions for the backgrounding
and finishing calves were

1. backgrounding for 1.5 1bs. daily gain for 150 days,
(a) steers from 425 to 650 1bs.
(b) heifers from 375 to 600 1bs.

2. finishing to market weights
(a) steers from 650 to 1,150 1bs. in 182 days for 2.75 1bs,
daily gain
(b) heifers from 600 to 1,050 1bs. in 180 days for 2.5 1bs.
daily gain

Pasture, Straw, and Aftermath Production

Pasture yi2lds for the study area were not available. However, both
wild and alfalfa hay yields were available for the area. The procedure used
by the Soil Conservation Service (Appendix C, Table 3) was used to convert hay
yields to equivalent animal unit months (AUMs) of pasture. Wild hay yields
in tons per acre were multiplied by 1.67 to obtain AUMs for continuous
grazing of native pasture. Tame pasture was assumed to be a legume-grass
mixture. Statewide data for South Dakota indicate other tame hay to yield
about three-fourths that of alfalfa hay. Therefore, the relevant hay yield to
convert to AUMs of pasture was assumed to be three-fourths that of alfalfa
hay.

The grazing season was divided into a first four-month period and a
second two-month period. The following calculations were used to divide the
AUMs of grazing between the two periods.

Normal year: 5/6 first period, 1/6 second period
Dry year: 100 percent first period, none in second period

A dry year is defined as one in which hay production is below 85 percent of
normal.

The production of forage is not uniform throughout the year. More
production occurs in the spring and summer periods than in the fall. For
this reason the two-month fall period is given only one-sixth of annual
production. No fall production is credited in a dry year since it is assumed
that overgrazing will occur during the summer of a dry year, leaving no
harvestable surplus for the fall.

Straw yields and aftermath production were estimated based on secondary
data and personal communication with St. George. The straw yields (tons per
acre) were calculated by multiplying 0.016 times wheat yields (a ratio between
straw yield in tons and wheat yield in bushels per acre). The production of
small grains aftermath (AUMs per acre) was 1.03 times the straw yields. The
factor 1.03 was determined by multiplying the harvesting efficiency factor
used for pasture (1.67) by the percent total digestable nutrients (TON) that
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straw is of alfalfa hay (.62). Corn and sorghum aftermath production (stover)
in tons per acre was calculated from corn silage yields times 0.073. The
factor 0.073 was based on the following assumptions: (1) A factor of .33
converts corn silage yield to hay equivalent, (2) 44 percent of hay equivalent
yield gives stalk and leaves (Nevens et al.), and (3) 50 percent of stalk

and leaves were consumed (grazing efficiency). A 33 percent grazing
efficiency was used for irrigated corn. The calculated pasture, straw yields,
and aftermath production are given in Table 11.

Feed Requirements and Feed Nutrient Values

Nutritional requirements by animal type were determined based on the
information provided by the National Research Council (1984). The council
also provided the United States-Canadian nutritional values of feed crops.
This information is given in Tables 12 and 13. Appendix D provides a detailed
summary of calculations.

For the purpose of body maintenance, reproduction, and growth, cows and
bred replacement heifers had feed choices of oats, alfalfa, corn silage,
soybean meal, corn or sorghum aftermath grazing, and straw. Aftermath grazing
was limited to two months. Straw was limited to 45 percent of the ration.

The backgrounding animals were allowed feed choices of corn grain,
oats, sorghum, alfalfa, corn silage, protein supplement, straw, and corn or
sorghum aftermath grazing. Finishing steers and heifers had ration choices of
corn grain, sorghum, alfalfa and soybean meal. The total energy requirements
(Mcal.) for backgrounding and finishing 1ivestock classes were given
separately for net energy required for maintenance (NER) and net energy
required for gain (NEg), whereas total energy requirements were expressed as
TDN (total digestible nutrients) for cows and bred replacement heifers. The
backgrounding ration was constrained to a 25 percent minimum and a 75 percent
maximum for forage, In addition, straw was limited to 20 percent of ration,
and corn or sorghum aftermath grazing was limited to six weeks.

By providing nutritional needs for each animal type, nutritional values
of feed, and protein supplement, the LP model is able to select the lowest
cost quantity and combination of feed inputs required for the cattle herd.

The selection of a particular feed and its quantity was based on the
availability and price of that feed.

The price used for buying alfalfa hay was the actual price plus
transportation cost. The average cost of transporting alfalfa hay was
estimated to be $28.60 per ton (based on personal communication with St.
George).

Livestock Variable Production Costs

Variable production costs were estimated for each class of cattle using
1985 input prices. These cost estimates were based on "Budgets for Major
Livestock Enterprises in South Dakota" (Allen 1986) and the budgets developed
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TABLE 11. ESTIMATED PASTURE, STRAW, AND AFTERMATH PRODUCTION, LAKE ANDES-
WAGNER UNIT, SOUTH DAKOTA

Native Tame Corn &
Pasture Pasture Sorghum

First Second First Second Small Grain Aftermath
Year Period Period Period Period Aftermath (Stover) Straw

----------------- AUM's/acre--------c---c--c  ------tons/acre-----
1955 0.89 0.00 1.81 0.00 0.43 0.52 0.42
1956 0.73 0.00 1.25 0.00 0.35 0.54 0.34
1957 1.09 0.22 1.98 0.40 0.56 0.65 0.54
1958 1.15 0.00 1.88 0.38 0.55 0.57 0.53
1959 0.87 0.00 1.19 0.00 0.32 0.44 0.31
1960 1.52 0.30 1.88 0.38 0.57 0.60 0.55
1961 1.25 0.25 1.83 0.37 0.45 0.63 0.44
1962 1.68 0.34 2.61 0.52 0.38 0.72 0.37
1963 1.24 0.25 2.04 0.41 0.36 0.68 0.35
1964 1.07 0.00 1.75 0.00 0.36 0.54 0.35
1965 1.17 0.23 1.62 0.32 0.44 0.48 0.43
1966 1.20 0.24 1.38 0.00 0.38 0.56 0.37
1967 1.01 0.00 1.75 0.00 0.50 0.45 0.49
1968 0.97 0.00 1.81 0.00 0.44 0.49 0.43
1969 1.36 0.27 1.98 0.40 0.44 0.61 0.43
1970 1.27 0.25 1.98 0.40 0.42 0.46 0.41
1971 1.22 0.24 1.77 0.35 0.49 0.77 0.48
1972 1.43 0.29 2.82 0.56 0.43 0.82 0.42
1973 1.41 0.28 2.30 0.46 0.55 0.72 0.53
1974 1.15  0.00 1.67 0.33 0.42 0.44 0.41
1975 1.20 0.24 1.78 0.36 0.34 0.39 0.33
1976 1.09 0.22 1.44 0.00 0.33 0.28 0.32
1977 1.32 0.26 1.83 0.00 0.54 0.71 0.52
1978 1.71 0.34 2.06 0.41 0.41 0.87 0.40
1979 1.70 0.34 2.01 0.40 0.50 0.71 0.49
1980 1.17 0.23 1.49 0.00 0.33 0.41 0.32
1981 1.10 0.00 1.05 0.00 0.39 0.59 0.38
1982 1.93 0.39 2.85 0.57 0.49 0.65 0.48
1983 1.57 0.31 2.39 0.48 0.38 0.43 0.37
1984 1.57 0.31 2.39 0.48 0.45 0.45 0.44
1985 1.35 0.27 1.88 0.38 0.53 0.66 0.51
Average 1.22 0.24 1.80 0.36 0.44 0.58 0.43
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TABLE 12. WINTER FEED REQUIREMENTS FOR BEEF CATTLE

Replacement Backgrounding Finishing
Item Cowsl  Heifersl  Tteers Heifers Steers Heifers
----------------------- 1bs./head-----cccmcccmmccccccaaaa
Total digestible _
nutrients 1,931.2 2,213.0 - - - -
Proteins 298.4 316.7 207.3 187.5 377.3 313.6
----------------------- Mcal./head--==-eemcmmmcacaacaaoo
Net energy-
maintenance - - 1,295.1 1,276.3 2,914.5 2,793.8
Net energy-gain - - 769.0 779.9 1,851.1 1,829.3

lincludes feed requirements for 1/25 of a bull (cow requirement x 1.04).

SOURCE: National Research Council 1984.

TABLE 13. COMPOSITION OF SELECTED BEEF CATTLE FEEDS

Corn Soybean Corn Wheat Alfalfa Corn
Item Grain Oats Sorghum Meal Silage Straw Hay Stover
-------- 1bs/bu. - ~===]bs./ton- -
Total digestible
autrients 44.37 21.71 40.49 1,480.30 396.90 620.30 991.80 824.50
Proteins 4.98 3.75 4.87 879.70 49.60 54.47 312.90 108.83
------- Mcal./bu. - Mcal./ton-cmmccmccccceae
Net energy~
maintenance 50.22 23.711 45.21 1,650.06 411.29 880.29 964.52 727.06

Net energy-gain 34.73 15.61 30.61 1,121.40 251.00 488.29 529.96 314.81

SOURCE: National Research Council 1984.
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by St. George for the Lake Andes-Wagner Unit (1985). An interest rate of
8.375 percent was charged on all operating expenses and livestock investment.
The livestock investment was based on the beginning value of livestock. It
also included an investment of one bull for 25 cows. Each bull was kept for
four years. The itemized variable costs for a cow-calf unit, backgrounding
steers, backgrounding heifers, and young replacement heifers are given in
Table 14. Since the LP model had two periods, the cow-calf budgets are also
shown separately for the summer and winter periods. Bedding requirements
were .15 tons of straw per head for cows and finishing heifers and .08 tons
per head for backgrounding calves.

Livestock Prices

Livestock prices used were all expressed in 1985 dollars using the
U.S. Index of Prices Received for A1l Farm Products (USDA) these
prices were based on "Sioux City Quotations" shown in Appendix C, Table 4 for
different classes of cattle (USDA, Market News Service). All the prices were
averaged for three months (September, October, and November) with the
exception of 600 to 700 1bs. steers and heifers (average of March, April, and
May prices). These prices will be referred to as actual prices (Table 15).

TA?;§514. LIVESTOCK VARIABLE COSTS EXCLUDING FEED, LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA

’

Backgrounding Finishing

Cow-Calf!l Steer Heifer? Steer Heifer

[tem Total Summer Winter (5 mos.) (5 mos.) (6 mos.) (6 mos,)

---------------------------- $/head-mcoeecmmmom e LT

Variable costs:

Veterinary medicine 10.00 5.00 5.00 3.50 4.00 2.00 2.00
Salt and minerals 6.00 3.00 3.00 1.00 0.90 1.50 1.50
Bull replacement 22.00 11.00 1,00 0.00 0.00 0.00 0.00
Repairs 0.96 0.00 0.9 1.05 1.05 1.94 1.94
Marketing and hauling 6.00 3.00 3.00 10.50 10.50 15.00 13.50
Fuel & lube 5.08 1.69 3.39 2.54 2.54 1.26 1.26
Interest on oper. cost 0.92 0.31 0.6l 0.14 0.15 0.14 0.14
Interest on livestock 40.203 20.10 0.10 10.27 7.72 16.94 13.91
Total 91.16 44.10 47.06 29.00 26.86 38.78 34,25

lThe same costs were assumed for the winter period for replacement heifers calving with
the cow herd. ’
Replacement heifers assumed to have same cost as that of backgrounding heifers,
3Included interest on 1/25 of a bull.

SOURCE: Allen 1986.
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TABLE 15. LIVESTOCK ACTUAL PRICES EXPRESSED IN 1985 DOLLAR VALUES, SIOUX CITYl

Utility
Grade 4-500# 4-500# 6-700# 6-700# 7-800# 11-1200# 11-1200#
Year Cows Steers Heifers Steers Heifers Heifers Steers Heifers

1955 25.34 52.31 35.26 56.31 38.72 46.07 54.07 51.72
1956 26.07 52.18 35.04 46.27 35.60 48.05 65.90 58.82
1957 34.58 64.35 45.89 50.52 39.60 51.25 60.64 57.08
1958 43.48 82.89 60.67 61.73 52.94 56.70 60.96 61.28
1959 38.05 77.96 59.71 67.94 61.10 57.38 64.04 60.87

1960 34.73 66.26 60.41 69.25 63.79 51.91 60.20 56.98
1961 36.83 69.51 54.59 59.21 50.71 52.98 58.85 56.07
1962 37.19 76.86 69.18 64.50 60.20 58.75 70.32 64.99
1963 35.30 70.36 63.80 63.54 58.11 50.90 56.51 54.32
1964 31.91 59.67 54.46 55.63 50.69 47.71 60.23 56.60

1965 35.55 66.25 59.00 56.43 50.22 51.86 61.51 56.84
1966 38.87 70.68 61.46 63.12 57.19 49.24 54.92 52.18
1967 39.24 73.69 64.23 62.84 56.19 54.91 61.40 58.33
1968 40.31 73.21 63.30 65.19 59.03 55.65 63.15 59.16
1969 42.19 77.86 68.47 70.68 63.20 53.48 61.43 57.80

1970 43.19 83.22 73.48 74.91 67.01 54.14 60.55 58.05
1971 44.57 84.87 75.57 71.04 64.91 60.04 68.00 65.43
1972 48.55 93.48 82.95 74.83 67.28 58.48 64.04 61.45
1973 44.33 81.36 70.89 71.30 61.55 50.15 54.18 52.54
1974 24.33  37.93 32.64 53.38 47.49 43.38 48.24 46.32

1975 27.86 45.27 36.63 40.15 34.43 50.16 61.17 57.75
1976 28.75 51.66 42.86 54.48 46.73 43.46 47.28 46.32
1977 33.50 58.70 50.23 53.63 46.75 47.33 53.11 50.56
1978 45.42 82.23 72.36  63.76 57.50 55.63 60.78 58.18
1979 45.39 94.94 83.74 85.00 76.87 59.96 64.88 62.68

1980 43.01 79.91 69.92 69.27 61.95 59.34 63.96 61.49
1981 37.02  63.51 55.50 62.56 56.74 53.75 57.85 55.61
1982 37.39  67.17 59.79 64.44 58.53 53.40 57.84 55.51
1983 36.64 61.30 54.53 63.82 58.78 52.34 57.00 54.89
1984 35.94 60.89 53.95 58.46 52.03 52.94 57.38 56.01
1985 35.44 65.32 58.29 66.64 60.73 53.73 58.65 57.33

Average 37.13 69.22 58.99 62.24 55.37 52.74 59.65 56.88

1Average of monthly prices for September, October, and November, except for
6-700# steers and heifers, March, April, and May prices were used.
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Decisions to sell cows or background them and to sell backgrounded
yearlings or finish them were made six months in advance. Ranchers tend to
make these decisions based on current prices adjusted for normal seasonal
price changes. The planning prices for different classes of cattle used in
the winter LP model (Table 16) were calculated as follows: the planning
prices for backgrounded calves sold in the spring were the average of
September, October, and November prices in the previous fall which were
adjusted using the seasonal price index.3 On the other hand, the finished
cattle marketed in the fall were the average of March, April, and May prices
adjusted for the seasonal differences.

No price series was available for replacement cows. As an alternative,
a cow value series was developed based on prices of feeder calves and cull
cows. The value of a beef cow for breeding purposes was determined by the
discounted value of the returns generated over her useful life plus her
salvage value., The use of discounted present value to evaluate a depreciable
asset is explained in detail by Aplen et al.

The formula is as follows:

V = + .e + + (1)

(1+r) (1+71)° (1+m" @+

where
¥ = present value of replacement cow
A1,A2 .. Ay = per cow cash inflows from beef enterprise each year
r = the discount rate

expected economic life in years

cow salvage value in year n

n
S
A 4 percent discount rate is used. This approximates the long-term rate of
return to farm assets (USDA 1986). The expected economic life is six years.
Salvage value is a weighted average of current year and past two year's
slaughter values for utility grade cows. It is assumed that cash inflows

expected are constant over the six years at the predicted current year rate.
These assumptions simplify the equation into

1= 5.24A + .7903S (2)
The number 5.24 is the present value of $1 received annually for six

years at a 4 percent discount rate, and .7903 is the value of $1 received at
the end of six years at a 4 percent discount rate.

3personal communication with Timothy A. Petry, associate professor,
Department of Agricultural Economics, North Dakota State University, Fargo.
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TABLE 16. FED CATTLE PLANNING PRICES AND REPLACEMENT COW VALUES EXPRESSED
IN 1985 DOLLAR VALUES, SIOUX CITY

6-700# 6-700# 11-1200# 11-1200#  Replacement
Year Steersl Heifersl Steers? Heifers2 Cow3
--------------------- Y --%/head---
1955 50.61 39.29 57.75 53.23 253.40
1956 50.61 39.29 47.75 44 .52 260.70
1957 53.16 37.12 52.22 49,90 345.80
1958 55.66 45.04 63.92 59.67 450,72
1959 64.45 56.91 66.51 63.48 572.07
1960 64.90 58.18 63.14 61.24 510.71
1961 62.91 58.47 56.20 54.52 447 .25
1962 59.42 52.48 59.64 58.26 511.84
1963 70.43 65.65 51.29 50.59 507.88
1964 62.98 58.32 48.06 47.61 384.60
1965 55.81 51.35 55.92 53.47 367.20
1966 63.16 56.80 56.34 54.13 437.23
1967 63.22 58.39 53.31 51.33 526.93
1968 66.86 61.52 ' 57.67 55.44 567.20
1969 67.75 61.96 63.71 61.09 632.38
1970 71.26 63.70 60.79 59.60 719.02
1971 75.35 67.79 63.02 61.78 795.88
1972 76.73 72.11 61.81 59.63 927.30
1973 84.06 75.55 55.89 54.16 869.59
1974 73.99 65.78 46.28 46.31 322.15
1975 38.50 32.40 51.06 48.60 278.60
1976 49.36 41.86 47.45 45,87 287.50
1977 48.35 42.90 47.82 46.10 335.00
1978 55.08 48.26 55.94 53.47 493.82
1979 74 .32 67.12 67.59 65.46 808.85
1980 84.38 74.07 57.85 56.32 832.73
1981 73.73 65.18 55.49 54.41 602.37
1982 61.82 56.00 63.57 61.23 475.46
1983 64.62 57.80 60.82 57.98 387.62
1984 57.90 51.77 58.04 55.79 359.40
1985 59.41 53.52 55.83 54.36 363.30
Average 63.25 56.02 56.86 54.82 504.34

1Average monthly prices for September, October, and November (one-year
lagged) adjusted by seasonal price index to obtain March, April, and May
period planning prices. .

Average monthly prices for March, April, and May adjusted by seasonal
price index to obtain September, October, and November period planning
prices.

3Based on discounted present value of beef enterprise return per cow or
slaughter value, whichever was higher.
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Cash inflows per cow (A) are calculated using the following formula:
A = 195.50Pg + 108.75P, + 160P; - C (3)

where
cash inflow per cow per year

Pg = price/cwt., of steer calves, three-year weighted average

Php = price/cwt. of heifer calves, three-year weighted average

Pc = price/cwt. of utility grade cows, three-year weighted average
C = cost of production per cow excluding interest on cows

A1l prices are in 1985 dollars. The cost of production used was $226 per cow
(Allen). 1t is assumed that ranchers use the profitability of the beef cow
enterprise based on current livestock prices modified by their recent
experience. The following weights were applied to livestock prices to arrive
at estimated cash inflows: current year .5, last year .33, two years ago .17.
The same weights are used to predict the salvage value of the cow.
Substituting equation 3 into equation 2 and simplifying gives the following
replacement cow value prediction model:

- Replacement Cow Value (V) = 10.24P¢ + 5.70P, + 16.29P. - 1,187.38
In years where this model predicts cow value below current year utility grade
cow values, the utility grade cow value is used.

Labor Requirements

Crop labor requirements (hours per acre) used in this study were those
estimated by St. George. The estimated man hours for all crops were increased
by 20 percent to account for miscellaneous jobs (such as time required for
adjusting equipment, lubrication, maintenance, etc.).

Livestock labor requirements were obtained from "Budgets for Major
Livestock Enterprises in South Dakota" (Allen 1986). Estimated man hours for
all livestock classes were increased by 15 percent to account for
miscellaneous jobs.

The labor requirements for all crops were included in the summer
period. Livestock labor was included in the winter period with the exception
of cow-calf enterprise and cattle finishing. The labor requirement for beef
cows was divided between the summer and winter periods. Labor consists of
operators' plus hired labor. Operators' labor was assumed to be highly
skilled and supervisory. In the LP program, only hired labor was used as an
activity, assuming operators' labor as a fixed cost. The wage rate used was
$4.50 per hour of hired labor (Farm Labor, USDA/SRS). In the model, labor was
only hired when crop and livestock requirements exceeded the labor contributed
by the farm operator (2,500 hours per year). The total labor hours required
by selected crops and livestock are given in Table 17.
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TABLE 17. LABOR REQUIREMENTS FOR SELECTED CROPS AND
LIVESTOCK, LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA

Item Hours/Unit

Summer

Dryland crops (hours/acre):
Alfalfa hay
Corn grain
Corn silage
Straw
Oats
Sorghum
Pasture
Wheat

.

—_O e = O WN
* -
A= OO

Irrigated crops (hours/acre):
Alfalfa hay 4.0
Corn grain 4.0
Soybeans 4.8
Potatoes 6.5

0.3

Supplemental hay on pasture (hours/ton)

Winter Summer

Livestock (hours/head):
Cow-calf
Replacement heifers
Backgrounding steers
Backgrounding heifers
Finishing steers -- 1.
Finishing heifers -- 1

H oo
OCO~NN
1
[

SOURCE: U.S. Department of Interior, Bureau of
Reclamation, Upper Missouri River, 1985.

Results

The dryland ranch comparison between the static and dynamic models is
presented in Table 18 for ranch I and Table 21 for ranch II. The single
solution based on average prices and yields is presented for the static model,
while the 31-year mean and the range in results are shown for the dynamic
model. The static solutions and a summary of the year-to-year solutions are
presented in Appendices E and G. The irrigated ranch model comparisons are
presented in Tables 20 and 21. Appendices F and H provide details for both
the static and dynamic solutions.



..39-
Model Ranch 1

Cow numbers for the dryland ranch were reduced to 37 in 1956 due to a
lack of summer grazing and the exhaustion of stored hay supplies. A longer
but less severe drought from 1965 through 1968 required a herd reduction to
around 54 cows for the four-year period. The other herd reduction occurred in
2 976 when seven cows had to be sold due to lack of summer forage. The major
herd reductions in 1956 and 1976 did not have a large effect on net returns
because beef prices were low in both years and productive cows sold had a
discounted present value no more than cull cow values for slaughter., Cows
were repurchased in 1957, 1969, and 1977 to bring herd size to normal 60 cows.
In both 1957 and 1977 the cost of replacement cows was at cull cow values.
However, in 1969, a premium was paid for cows to replenish the herd.

Alfalfa hay carried over a second year was given a 20 percent storage
loss. Corn silage is a high~cost forage source for beef cows. Both
carry-over alfalfa and corn silage (high cost forage supplies) were used more
in the dynamic model. It was found profitable in the dynamic model to
background calves 14 of the 31 years., Also, the mix of crops produced changed
from year to year based on anticipated profits.

The additional return from backgrounding calves when profitable and
switching to more profitable crops offset the reduced profits in the beef cow
herd due to the forced herd reduction and higher cost forage supplies. The
dynamic model mean shows $22 higher return above variable costs that the
static model.

TABLE 18. STATIC AND DYNAMIC MODEL DRYLAND RANCH I ORGANIZATION AND INCOME
COMPARISONS, LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA

Static Dynamic Solution

Item Unit Solution Mean Range
Beef cows hd. 60.0 58.3 37 - 60
Backgrounded calves for sale hd. 0.0 16.6 0~ 44
Supplemental forage on pasture tons 0.0 4.9 0- 40
Small grains aftermath grazed ac, 141.0 152.2 57 - 268
Corn or sorghum aftermath grazed tons 54.0 61.1 38 - 79
Alfalfa carried over to summer tons 34.0 42,1 0 - 148
Straw fed tons 14.3 22.8 0 - 55
Corn grain ac. 44,0 82.0 44 - 400
Corn silage ac, 0.0 6.4 0 - 38
Sorghum ac. 356.0 281.5 0 - 356
Wheat ac. 205.4 235.5 205 - 300
Alfalfa ac. 50.0 50.0 50 - 50
Hired labor hrs. 233.0 70.0 0 - 310

Return above variable costs $ 49,521 . 49,543 27,458-91,963
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TABLE 19, STATIC AND DYNAMIC MODEL IRRIGATED RANCH I ORGANIZATION AND INCOME
COMPARISONS, LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA

Static Dynamic Solution
Item Unit Solution Mean Range

Beef cows hd. 70.0 69.9 67 - 70
Backgrounded calves for sale hd. 0 20.5 0 - 52
Finished cattle hd. 0 5.6 0 ~ 51
Supplemental forage on pasture tons 17.1 22.1 0 - 44
Small grains aftermath grazed ac. 163.6 134.7 97 - 170
Corn or sorghum aftermath grazed tons 62.2 72.8 60 - 92
Alfalfa carried over summer tons 26.9 21.9 0 - 44
Straw fed tons 0 1.6 0- 24
Alfalfa hay sold tons 165.1 113.1 0 - 256
Dryland crops

Corn grain ac. 16.7 48.5 0 - 220

Corn silage ac. 27.3 17.9 0 - 44

Sorghum ac. 141.4 143.2 0 - 176

Wheat ac. 200.0 175.7 165 - 200

Alfalfa ac., 50.0 50.0 50 - 50
Irrigated crops ,

Potatoes ac. 60.0 60.0 60 - 60

Corn ac. 134.0 127.5 67 - 134

Soybeans ac. 0 7.5 0 - 67

Alfalfa ac. 26,0 26.0 26 - 26
Hired labor hrs. 749.0 821.0 683 - 1,116
Return above variable costs $ 108,862 107,469 66,541~173,817

Forage available from irrigated alfalfa virtually eliminated
variability in the beef cow herd for the irrigated ranch even at the higher
stocking rate. However, supplemental forage on pasture was needed in all but
five of the 31 years. Calves were backgrounded for sale 15 years and finished
for slaughter 5 of the 31 years. Some corn was harvested for silage most
years and fed to both cows and backgrounding calves.

Potatoes, the most profitable irrigated crop, were produced every year.
Irrigated soybeans were substituted for part of irrigated corn acres in
four years.

Return above variable costs in the dynamic model was $1,393 lower than
in the static model. Reduced returns in the dynamic model came from more
supplementation of pasture with alfalfa hay, less alfalfa hay sales, and a
small reduction in the cow herd one year. Profits from backgrounding and
finishing cattle in the years it was judged profitable and substitutions of
soybeans for corn when profitable were not sufficient to offset the reduced
returns.
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The increased returns above variable costs from irrigation were $59,341
annually from the static model and $57,926 from the dynamic model. The $1,415
lower irrigation benefit from the dynamic model was not in the direction
hypothesized.

Reasons model ranch I showed Tittle difference in irrigation benefits
between a static and a dynamic model were (1) the beef enterprise was
overshadowed in importance by crop enterprises, (2) forage available in large
amounts from crop aftermath was a major factor in mitigating variability in
pasture yields, and (3) herd reduction and repurchases that did occur were
mostly during years of depressed beef profitability when replacement cows were
worth only their slaughter values.

Model Ranch II

Cow numbers for the dryland situation were severely reduced in 1956 and
1959 due to a lack of summer grazing and exhaustion of stored hay supplies.
Smaller reductions occurred periodically in the summer throughout the period.
Cows were sold in the winter period in 1974 and 1976 due to a lack of forage.
Cow numbers by year are graphed in Figure 8, Hay prices were too high
relative to losses from selling cows to make hay purchases profitable in 1976;
however, in 1974 a combination of hay purchases and sale of cows was selected
by the model. Some hay was also purchased in 1981, Over 30 cows were
purchased in 1957, 1960, and 1977. However, only in 1960 were producing cows
selling at a premium over their slaughter value. A1l but one of the five
years of fewer than 30 cow purchases were years in which replacement cows sold
at a premium.

Forage use was mixed between the static and dynamic models. Although
the dynamic model resulted in less hay carried over summer with its
accompanying storage losses, the dynamic model fed more corn silage, a high
cost feed source for cows,

It was profitable to background calves 10 of the 31 years in the
dynamic model. As in Model I, the mix of crops produced among wheat, corn,
and sorghum changed from year to year based on anticipated profits.

The reduced profits in the beef cow herd due to forced herd reductions
and purchases of replacement cows more than offset the additional returns from
backgrounding calves when profitable and switching to more profitable crops.
The dynamic model mean shows a $6,000 lower return above variable costs than
the static model.

The irrigated ranches, even at the higher stocking rate, show almost
no variation in herd size due to forage availability from irrigation.
However, supplemented forage on pasture was needed nearly every year. Calves
were backgrounded for sale 9 years and finished for slaughter 2 of the 31
years. Some corn was harvested for silage 19 years and fed to both cows and
calves.
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TABLE 20. STATIC AND DYNAMIC MODEL ORYLAND RANCH II ORGANIZATION AND INCOME
COMPARISONS, LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA

Static Dynamic Solution
Item Unit Solution Mean Range
Beef cows hd. 140.0 134.1 85 - 140
Backgrounded calves for sale hd. 0.0 22,6 0 - 103
Supplemental forage on pasture tons 39.0 9.0 0 - 84
Small grains aftermath grazed ac. 53.2 73.6 36 - 116
Corn or sorghum aftermath grazed tons 111.7 83.9 13 - 112
Alfalfa carried over to summer tons 45,0 6.9 0 - 62
Straw fed tons 0.0 0.0 0- 0
Corn grain ac. 60,0 94.1 60 - 208
Corn silage ac. 0.0 25.7 0 - 56
Sorghum ac. 148.0 93.4 0 - 148
Wheat ac. 102.0 122.0 102 - 155
Alfalfa ac. 120.0 120.0 120 - 120
Hired labor hrs. 0.0 2.0 0 - 63
Return above variable costs $ 37,583 31,58

Potatoes were produced every year. Irrigated soybeans were substituted
for part of the irrigated corn acres in 3 years.

Return above variable costs in the dynamic model was $2.687 lower than
in the static model. Reduced returns in the dynamic model came from less
alfalfa hay sales, more corn silage fed, and a small herd reduction in one
year. Profits from backgrounding and finishing cattle and substitutions of
irrigated soybeans for corn when profitable were not sufficient to offset the
reduced returns.

The increased returns above variable costs from irrigation were $36,518
annually from the static model and $39,831 from the dynamic model. The $3,313
(39,831-$36,518) higher irrigation benefit from the dynamic model was as
hypothesized.

Model ranch II showed greater irrigation benefits from the dynamic
mode1 because of large reductions in cow number during periods of drought and
some purchases of hay. The crop enterprises were less important and did not
provide sufficient aftermath to mitigate reduced production from dryland
pasture and hay. Under irrigation however, the irrigated forages were
sufficient to virtually eliminate herd size variability.

Static and Dynamic Model Comparison

A comparison of the benefits from irrigation between the static and
dynamic models is presented in Table 22. The hypothesized benefits of the
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TABLE 21, STATIC AND DYNAMIC MODEL IRRIGATED RANCH II ORGANIZATION AND INCOME
COMPARISONS, LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA

Static Dynamic Solution
Item Unit Solution Mean Range

Beef cows hd. 163.0 162.9 160 - 163
Backgrounded calves for sale hd. 0.0 17.9 0 - 120
Finished cattle hd. 0.0 2.5 0- 79
Supplemental forage on pasture tons 77.3 75.0 24 - 108
Small grains aftermath grazed ac. 53.1 50.8 31 - 65
Corn or sorghum aftermath grazed tons 98,5 79.1 22 - 124
Al1falfa carried over summer tons 30.7 33.1 12 - 84
Straw fed tons 0.0 0.0 0o- 0
Alfalfa hay sold tons 48.8 92.6 0 - 461
Dryland crops

Corn grain ac, 60.0 66.5 60 - 110

Corn silage ac. 0.0 26,7 0- 60

Sorghum ac. 50.0 43.6 50 - 50

Wheat ac. 82.5 82.5 83 - 83

Alfalfa ac, 65.0 65.0 65 - 65
Irrigated crops ‘

Potatoes ac. 40.0 40.0 40 - 40

Corn ac. 45,0 40,8 2 - 45

Soybeans ac. 0.0 4,2 0 - 43

Alfalfa ac, 60.0 60.0 60 - 60
Hired labor hrs. 319.4 360.7 307 - 729
Return above variable costs $ 74,101 71,414 38,601-113,573

dynamic model delineated at the beginning of this report are tested with this
data.

1. The reduction in sales of productive cows in the dynamic model
showed the longer average productive cow 1ife with {irrigation,

2. The reduction in purchase of replacement cows in the dynamic model
illustrated this advantage of irrigation,

3. The lower cow replacement cost with irrigation was due to greater
herd stability, The premium paid for replacement cows in some of
the years purchased plus the loss from selling some cows one to two
years before the end of their normal productive 1ife were
captured in the dynamic model.

4, Reduced calf production due to cow liquidation in the dynamic
dryland model occurred during periods of below-average calf prices
resulting in slightly higher calf values under dryland than under
irrigation,
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TABLE 22, COMPARISON OF ANNUAL IRRIGATION BENEFITS BETWEEN STATIC AND DYNAMIC
MODELS, LAKE ANDES~WAGNER UNIT, SOUTH DAKOTA

Ranch I Benefits® Ranch II Benefits?

Item Unit Static Dynamic Static Dynamic
Beef cow number hd, +10,0 +11,6 +23.0 +28.9
Sales of productive cows hd. 0 -1.1 0 -6.3
Purchase of replacement cows hd. 0 -.9 0 -5.4
Cow sale and purchase costsb $ 0 -93,38 0 -366.46
Yalue of steer calves® $/cwt, 0 -.03 n -.18
Value of heifer calves® $/cwt, 0 -.11 0 -.37
Calves backgrounded hd. 0 +3.9 0 -4,7
Calves finished hd, 0 +5.6 0 +2.5
Price of hay sold $/ton 0 +1,72 0 +1,72
Hay purchased tons 0 0 0 -3.9
Alfalfa carried over summer tons -7.1 -20.2 -14.3 +26.2
Hay fed with pasture tons +17.1 +17.2 +38.6 +82,2
Stocking rated Au/ac. +.06 +,07 +,05 +.06
Small grain aftermath grazed ac. +22.6 -17.5 0 -22.8
Corn or sorghum aftermath fed tons 8.2 11.7 -13.3 -4.8
Return above variable cost $ $59,341 $57,926 $36,518 $39,831

aIrrigated ranch linear programming solution minus dryland ranch solution. For
the dynamic model the 3l-year mean solution was used.

DSum of losses from early culling and depreciation cost of purchased replacements
divided by 32.

CAverage price of calves produced under irrigation minus price under dryland,
Number of cows and replacements heifers per acre of rangeland and cropland
pasture,

5. Herd size increase was greater with the dynamic model resulting in
better use of labor and facilities.

6. A greater number of calves were backgrounded and finished with
jrrigation in the dynamic model for ranch I, but fewer calves were
backgrounded for ranch II. These results 1nd1cate the potential
for better showing this effect of irrigation in the dynamic model,

7. The price of hay sold was higher under irrigation in the dynamic
model, This indicates the effect of selling more hay when its
price is higher and feeding more when hay price relative to
1ivestock planning price was low. A reduction in hay purchases
with irrigation occurred for ranch II,

8. Alfalfa carried over through the summer for ranch I was reduced
with the dynamic model because of irrigation. The dynamic model
was able to follow the buildup and drawdown of hay inventories
under dryland conditions. Hay supplies tended to be chronically
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short under dryland for ranch II so there was an increase in hay
carryover under irrigation. A 20 percent hay storage loss was
specified in the model.

9. There was was some increase in supplemental hay fed with pasture
between the static and dynamic models especially for ranch II.

10, Stocking rate increase was slightly higher in the dynamic model
than for the static model.

11. Use of small grain aftermath was less under irrigation in the
dynamic model due mainly to less small grain acreage. However,
corn and sorghum aftermath use did increase more under irrigation
for ranch I in the dynamic model than in the static model. Reduced
acreage of corn and sorghum was the reason for less use of this
aftermath for ranch 1I.

The difference between the static and dynamic model depends upon the
ranch situation being modeled. Some of the hypothesized benefits of
irrigation are increased under a dynamic model but not all. 1In a few cases
irrigation benefits are actually less in the dynamic model. The two ranch
situations modeled suggest added benefits are shown in a dynamic model when
livestock are more important relative to crops. Livestock number variations
due to drought appear to be the most important variable better modeled in a
dynamic contex. This would suggest the improved measurements from a dynamic
model would increase in more extreme drought areas than eastern South Dakota.
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APPENDIX TABLE 1, LINEAR PROGRAMMING MODEL FOR SUMMER DRYLAND, RANCH MODEL I

®a RNttt TRANCOL OF LP MATRIX #3553 4 % %56 %

LP PROBLEM FILE NAME: sumdry
PROBLEM TYPE: MRX
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APPENDIX TARLF i. LINEAR PROGRAMMING MODEL FOR 3!MMER DRYLAND, RANCH MODEL I
(CONTINUED)

{
2
:
:

ALFD CORNAC SELLCORN  WHTRC SELLWHT  OATAC SELLOAT
-17.9480 -57.976@  2.5908 -41.530@ 4,830 -38.5580 1.409

ACCTING E ’ . . . -17.9400 -57.97%@ . =41, 5308 . -38. 5500 .
m“lw E . . - . - . . ] . * .
cox L . . . . . . . . . .
@lm E . L] - L) . . K} . . . .
RPAST L . . . . . . . . . . .
-~ m L . . . . . . [ - - . »
BEBAF E . . . 1,800 . v . . . . .
FALLERAZ L 0.4 . . . . . . . . . .
WOINV E . 1. 0000 . . . . . . . .
EREPINV E . . 1.1259 . . . . . . .
ENDALF  E . . . -0.8000  -1.7200 . . . N .
AFHAY E . . . . 1.80%¢ . . . . . .
ORsST E . . . . . . . . . . .
nuae L . . . . 1.0008 1. 90298 . 1.9002 . 1.0000 .
CONT L . . . . . -51. 1809 1. 0088 . . . .
NINCORN 6 . . . . . 1. 0008 . . . . .
WIT L . . . . . . . -25. 5900 1. 009 . .
T L 1. 0000 . . . . . . -1. 6009 . -1, 0088 .
OATT L . . . . . . . . . 47,8520 1,088
SORET L . . . . . . . . . . .
WTLIN L . . . . . . . 1. 0028 . . .
OATLIN L . . . . . .. . . . 1.8008 .
&I' L ) . . . . i. m . . . . .
A L . . . . 1.10293 2.6000 . 1.6000 . 1. 7008 .
mlm E ] . . . L . . » » . .
STRIW E . . . . . . . . . . .
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SBED E . 8. 1528 0. 1508 . . . . . . . .

= CONTINUED -
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LINEAR PRNGRAMMING MODEi F3P <IHMMFR DRYLAND, RANCH MODEL I
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LINEAR PROGRAMMING MODEL FOR WINTER NRYLAND, RANCH MODEL 1

LP PROBLEM FILE NAME: wintdry
PROBLEM TYPE: MAX
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LINEAR PROGRAMMING MODEL FOR WINTER DRYLAND, RANCH MODEL I

APPENDIX TABLE 2.
{CONTINUED)
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WINTER DRYLAND, RANCH MODEL I

LINEAR PROGRAMMING U . .

APPENDIX TABLE 2.
(CONTINUED)
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APPENDIX TABLE 2. LINEAR PROGRAMMING MODE =2% JINTER DRYLAND. RANCH M
(CONTINUED) v , RANCH MODEL 1

RO BFRINV  ESTRINV  REPINV INVCO4 ALFN CoRe 0AT
0BJ FIN .
ACCTING
CouINw
COAX

BREPINV

5
g
B
g

e & @ & & o
-

WS

ECONINY
BEFR

——
-

—~
-

e ® & & @ & & & 8 e & e s = e e & & » & & o & v w e @
" & & @€ o ® & e & ° o

WINAB
BRLFINV
N

" e & & 8 & 8 ® ° & e & e @

-
.
-

CORNAC
CORNSILT
CORNGAT

-
e

1.0083
1. 300 1. 0000

GATAC
WHTRC

-

SORGAC
SORGT
BFRINV
BSTRINV

s & 6 o & 8 = & & & = s @ e &8 » B o o
e 8 a & e & = o @

* ® 8 ® 8 & ° e & & e & & ® @ & 5 5 & ° v & 0 o
e o & & & & s s * &

-
.

~290,7000 -290.7220 -49.6080 -43.6000 -4.93@ 4.9 -1.75
-951. 8629 . -410, 55068 . =49, 5600 . ~23.6529
-249.5809 . -34. 2908

-
3

e & ¢« o o o
- « = @

® o o s o o =
"« e & ® @
* & o e @
s » e« s »®
e o & ® e =

8.75% 8.7588 9.2589 0,250 -0.0070 -2.8070  -0.0048
2.3629 0.3000 9. 1000 81000 -2.01% -9.8195 -d.0112
.20 -2.2000 -0.0700 -0.87%0 -9,0856 -9.0055  -0.pAs2
-3.2520 -.2500 -0.9888 -9.8808 -0.0070 -0.9370  -0.000

rfrerfroooo - rrrCeCcrceCcECrIOmMmMMmPBaEmMIMMOmMmMeECEmMmMmMmMerrmMmecroamoamnmmmemm

e & & @& & & o e e o & a
e & @ @& & & @ & & o & & 8 ®© & B & & e v v
*a & & o ® o ® ® O e © s

= CONTINUED -



- 56 -

LINEAR PROGRAMMING MODEL FOR WINTER DRYLAND, RANCH MODEL I

APPENDIX TABLE 2.
(CONTINUED)
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APPENDIX TABLE 3. LINEAR PROGRAMMING MODEL FOK SuMMix IRRIGATED, RANCH MODEL I

wunenseniinnt TRANCOL OF LP MATRIX S48 8554

LP PROBLEM FILE NAME: sumirrig
PROBLEM TYPE: MRX
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APPENDIX TABLE 3,
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APPENDIX TABLE 4,
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APPENDIX TABLE 4.,
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APPENDIX TABLE 4.
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LINEAR PROGRAMMING MODEL FOR WINTER IRRIGATED, RANCH MODEL I

APPENDIX TABLE 4.
(CONTINUED)
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APPENDIX TABLE 4. LINEAR PROGRAMMING MODEL FOR WINTER IRRIGATED, RANCH MODEL I
(CONTINUED)
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APPENDIX TABLE 4. LINEAR PROGRAMMING MODEL FOR WINTER IRRIGATED, RANCH MODEL I
(CONTINUED)
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APPENDIX TABLE 4, LINEAR PROGRAMMING MODEL F
(CONTINUED) OR WINTER IRRIGATED, RANCH MODEL I
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Linkages Between Periods in Dynamic Model
The source for values which change period to period (circled
coefficients in Figures 1-4 of text) are presented here. For the first year
1955, summer model all right-hand side values are from the static model
(Appendix A). Values for the objective function and Aij's are determined as

shown.

APPENDIX TABLE 1. LINKAGES TO SUMMER DRYLAND AND IRRIGATED DYNAMIC MODELS

Row Column Source?

Dryland and Irrigated

0BJ FCN 8 SELLCOW1 = 10(utility grade cow, T15) - replacement cow, T16
6
9  SELLCOWZ = 10(utility grade cow, T15) - replacement cow, T16
2.38
10 SELLCOW3 = 10(utility grade cow, T15) - replacement cow, T16
1.33

18  SELLCORN
20  SELLWHT
22  SELLOAT
24  SELLSORG

corn grain planning price, T9
wheat planning price, T9

oat planning price, T9
sorghum planning price, T9

Irrigated Only

31 SELLPOT
33 SELLSOY

potato planning price, T9
soybean planning price, T9

- CONTINUED -
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APPENDIX TABLE 1. LINKAGES TO SUMMER DRYLAND AND IRRIGATED DYNAMIC MODELS
(CONTINUED)

Row Column Sourced

Dryland and Irrigated

ACCTING 4  BUYCOW = (-) replacement cow - 10(utility cow(i4g))P
8 SELLCOW1 See formula under objective function
9 SELLCOW2 See formula under objective function
10 SELLCOW3 See formula under objective function

6 SUMGRAZ 6 GRAZRANG = (-) native pasture first period, T11
7  GRCLPAST = (~) tame pasture first period, Tll

8 FALLGRAZ 6 GRAZRANG = (-) native pasture second period, T1l
7  GRCLPAST = (=) tame pasture second period, T11
12  GRSGAFT = (=) small grains aftermath, Tl1

11 ENDALF 16 ALFD = (=) dryland alfalfa hay yield, Té6

30 SBED 29 STRB = g-; straw yield, Tl11

31 LLSUPALP 16 ALFD dryland alfalfa hay yield, T6

Irrigated Only

11-1,200 1b. steer price, T15

ACCTING 37 SFS =
39 SFH = 11-1,200 1b. heifer price, T15
11 ENDALF 34 ALFI = (=) irrigated alfalfa hay yield, T6

dyalues are for the year being modeled--1955 for first year, 1956 for

second, 1985 for last year.

b(t+6) is six years in future so, for example, in 1955 utility cow price in
1961 is used. Because the data set ends in 1985, the first six years of the
data set, 1955-1960, were used as proxies for cow prices in 1986-1990, (t+6)
cow prices for 1980 used 1955 utility cow prices, (t+6) cow prices for 1981
used 1956 utility cow prices, etc.
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APPENDIX TABLE 2. LINKAGES TO WINTER DRYLAND AND IRRIGATED DYNAMIC MODELS

Row Column Sourced

Dryland and Irrigated

2 COWINY RHS = COWT (13) activity level
4 BREPINY = REPHFRT (14) activity level
13 BALFINV = INVALF (28)activity level
16 CORNAC = CORNAC (17)activity level
20 OWAFT = WHTAC(19) + OATAC (21) - GRSGAFT
(12) - STRB(29) activity level
21 0ATAC = QATAC (21) activity level
22 WHTAC = WHTAC (19) activity level
26 SORGAC = SORGAC (23) activity level
28 BHFRINY = HFRT (26) activity level
29 BSTRINV = STRT (27) activity level
34 SCOMW 1 = BEEF COW (2) activity level
35 SCOW 2 = BEEF COW (2) activity level
36 SCOW 3 = BEEF COW (2) activity level
Irrigated Only
44 POTAC = POTAC (30) activity level
46 SOYAC = SOYAC (32) activity level
48 ICORNA = CORNI (35) activity level

Dryland and Irrigated

0BJ FCN 4 SELLCOMW1 = see formula from summer period
5 SELLCOW2 = see formula from summer period
6 SELLCOW3 = see formula from summer period
7 SELLCULL = utility grade cow, T15
8 SELLREP = 7-800 1b. heifers, T15
9 SELLWHFR = 4-500 1b. heifers, T15
10 SELLWSTR = 4-500 1b. steers, T15
13 SBGHFR = 6-700 1b. heifers, Tl6
14 SBGSTR = 6-700 1b. steers, T16
16 ALFT = (.8) alfalfa hay price, T9
18 BUYALF = (-) alfalfa hay price , T9 + 28.60
22 SELLCORN = corn grain price, T9
30 SELLOAT = oat prices, T9
33 SELLSORG = sorghum prices, T9

Irrigated Only

61 IFS = 11-1,200 1b. steers, T16
62 IFH = 11-1,200 1b. heifers, T16
67 SALF = alfalfa hay price, T9

- CONTINUED -
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LINKAGES TO WINTER DRYLAND AND IRRIGATED DYNAMIC MODELS

(CONTINUED)
Row Column Sourced
Dryland and Irrigated
1 ACCTING
4 SELLCOW1 = see formula from summer period
5 SELLCOW2 = see formula from summer period
6 SELLCOW3 = see formula from summer period
7 SELLCULL = utility grade cow, T15
8 SELLREP = 7-800 1b. heifers, T15
9 SELLWHFR = 4-500 1b. heifers, T15
10 SELLWSTR = 4-500 Tb. steers, T15
13 SBGHFR = 6=700 1b. heifers, T15
14 SBGSTR = 6-700 1b. steers, T15
18 BUYALF = (-) alfalfa hay price, T10 + 28.60
22 SELLCORN = corn grain price, T10
30 SELLOAT = oat price, T10
31 SELLWHT = wheat price, T10
33 SELLSORG = sorghum price, T10
Irrigated Only
55 SELLPOT = potato price, T10
57 SELLSOY = soybean price, T10
67 SALF = alfalfa hay price, T10
Dryland and Irrigated
17 CORNSILT 19 CORNSIL = (=) corn silage yield, T6
18 CORNGRT 21 CORNGR = (-) corn grain yield, T6
19 CSAFT 21 CORNGR = (-) corn or sorghum aftermath, Tll
32 SORG = {-) corn or sorghum aftermath, T1l
20 OWAFT 26 BSTRAW = 1/straw yield, T11
23 OATT 24 0ATS = (~) oats yield, T6
24 WHTT 25 WHEAT = (-) wheat yield, T6
27 SORGT 32 SORG = (=) sorghum yield, T6
Irrigated Only
18 CORNGRT 58 ICORN = (-) irrigated corn grain yield, T6
45 POTT 54 POT = (~) potato yield, T6
47 SOYT 56 SOy = (=) soybean yield, Té6

dvalues are for the year being modeled--1955 for first year, 1956 for second,
1985 for last year.
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APPENDIX TABLE 3. ADDITIONAL LINKAGES FOR SUBSEQUENT YEARS TO SUMMER DRYLAND
AND IRRIGATED MODELS

Row Column Sourced

Dryland and Irrigated

2 COWINV RHS = INVCOW (37) activity level

7  BEGALF = ALFT (16) activity level

25  HFRINY = EHFRINV (34) activity level
26  STRINV = ESTRINV (35) activity level
27  SCOW1 = INVCOW (37) activity level

28  SCOM2 = INVCOW (37) activity level

29  SCOW3 = INVCOW (37) activity level

Irrigated Only
38 IFS = FINS (59) activity level
38 IFH = FINH (60) activity level

avalues are from previous year's winter solution; for example, summer 1956
values are from 1955 winter solution, etc.
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APPENDIX TABLE 1. HISTORICAL CROP YIZLDS JSED OR LAKE ANDES-WAGNER UNIT, SOUTH DAKOTA

Oryland Crops Irrigated Crop Yields
Corn  Sorghum  Corn Alfalfa Wild- Corn Alfalfa
Year Wheat Oats Grain Grain Silagel Haye Hay2 Graind Soybean® Potatoes5 Hayd
---------- Dy./acre-=mecceveee eeceeetOn§/aCre----=-- ---bu./acre---- e-a--tons/acre-----
1955 10.95 20.05 15.00 19.00 3.65 1.45 0.53 44.28 28.50 124.22 2.20
1956 6.33 9.14 17.96 14.54 4.02 1.00 0.44 42.00 16.40 152.00 3.00
1957 19.35 35.36 31.82 27.88 5.77 1.90 0.78 71.40 34.30 143.50 4.10
1958 19.40 . 30.45 23.32 26.18 4.70 1.80 0.69 59.00 30.00 143.00 2.10
1959 5.89 8.16 10.28 15.13 3.05 0.95 0.52 49.00 27.10 109.00 2.10
1960 21.85 44,29 29.10 35.31 5.43 1.80 1.09 84.00 23.90 186.60 3.20
1961 15.28 29.46 33.02 34.36 5.92 1.75 0.90 84.00 32.00 162.10 3.00
1962 11.65 34.63 43.73 43.93 7.27 2.50 1.21 102.00 29.40 182.90 3.00
1963 10.93 29.04 38.76 39.50 6.64 1.95 0.89 76.00 35.00 142.40 3.80
1964 11.27 19.67 25.51 36.48 4.97 1.40 0.64 76.00 30.00 141.00 3.70
1965 16.74 32.76 20.48 21.66 4.34 1.5 0.84 94.00 28.00 212.90 3.00
1966 13.39 21.59 29.73 28.34 5.51 1.10 0.86 97.00 33.90 175.60 3.50
1967 21.67 36.93 18.83 20.98 4.13 1.40 0.61 109.00 30.00 150.00 2.90
1968 18.11 23.95 23.54 25.22 4.73 1.45 0.58 101.00 25.00 156.00 5.00
1969 18.48 33.07 37.75 39.40 6.52 1.90 0.98 112.00 40.00 167.60 3.00
1970 17.99 33.19 22.91 32.62 4.65 1,90 0.91 93.00 33.00 208.50 6.10
1971 22.93 49.05 38.85 139.49 9.00 1.70 0.88 103.00 35.00 293.00 4.90
1972 19.76 - 41.96 S5.34 58.71 9.80 2.70 1.03 130.00 38.00 220.00 5.10
1973 27.00 46.55 46.35 51.30 8.50 2.20 1.01 125.00 38.00 230.00 4.50
1974 19.90 39.10 20.95 26.88 4.70 1.60 0.69 112.00 33.00 230.00 4.90
1975 15.70 33.41 27.55 19.63 4.20 1.71 0.86 118.12 36.00 234.30 4.10
1976 15.25 23.12 27.90 26.21 2.80 1.15 0.78 112.99 32.00 239.80 3.80
1977 28.66 49.11 50.48 51.97 8.80 1.46 0.95 128.36 41.00 245.30 4.00
1978 21.49 40.17 s3.69 60.25 11.10 1.97 1.23 135.71 35.00 250.80 4.20
1979 27.80 48.41 53.18 53.25 9.10 1.93 1.22 136.82 40.00 256.30 4.70
1980 17.30 22.66 21.64 36.55 5.10 1.19 0.84 122.76  34.00 261.80 4.80
1981 21.51 27.21 43.81 43.42 7.60 0.84 0.66 131.00 34.00 267.30 4.50
1982 28.51 57.62 53.07 45.76 8.60 2.13 1.39 135.68 43.00 272.80 4.80
1983 22.10 40.57 43.50 51.53 5.60 2.29 0.67 120.73 35.00 278.40 4.50
1984 27.29 57.93 53.00 44.46 6.00 2.29 0.67 120.00 .34.00 283.90 4,30
1985 32.15 57.99 67.00 53.43 9.00 1.80 0.66 140.00 39.10 289.40 5.00

lcorn silage yields were not available for the years 1955 to 1970. The regression function used to
predict silage yields for the missing years is as follows:
corn silage yield » 1.7602 + ,126 (corn grain yteld)
(1.19)  (3.95) RZ = .55 ‘
- 2Hay yields for Charles Mix County missing for 1983 to 1985 were predicted by using the following
regression functions: wild hay yield = 0.4383 + .5336 (wild hay yield, South Dakota)
(2.05) (2.52) R = .39
alfalfa hay yield = .3919 + .8259 (alfaifa hay yield, South_Oakota)
(.72) (2.6) RZ = .40
3Corn grain yields (irrigated) were not available for the years 1955 and 1975 to 1982. The
relationship between corn grain yields for Charles Mix County and for Knox County (Nebraska) was
developed to predict the yields for missing years:
corn grain yield = -1.4177 + .8917 (corn grain yield, Knox County) + 1.1063 (year - 1954)
{-.07) (3.15) (1.61) RZ = 80
45oybean yields (irrigated) reported for Knox County (Nebraska) were used. The yields were not
available for years 1955 to 1957, 1959, 1960, 1962, and 1966. Therefore, irrigated soybean yields
reported for South Dakota were used for these years.
Spotato yields (irrigated) were reported at the state level. The yields were missing for the years
1955 and 1975 to 1985. A regression function was developed based on yields data from 1956 to 1974.
A random number generator program was run on residuais (difference between actual and predicted
yields) to predict the yield for missing years. o
6alfalfa hay yields (irrigated) reported for Knox County (Nebraska) were used for the missing years
1955 and 1975 to, 1985.

SOURCE: South Dakota Crop and Livestock Reporting Service, Various Issues, 1955-1985. Nebraska Crop
and Livestocx Reporting Service, Various [ssues, 1955-198S.



- 80 -

APPENDIX TABLE 2. HISTORICAL SEASONAL PRICES FOR SOUTH DAKOTA, 1955-1985

Index Price
Received for

Corn Alfaifa wild All Farm
Year Wheat Oats Sorghum Grain Soybean Potatoes Hay Hay Products
------------------ 3/bu.---~cccccccaacaaas -3/ /cWt.--  -----3/ton-----  1910-13=100
1955 2.07 0.51 0.98 1.31 2.12 2.16 18.94 14.76 232
1956 2.01 0.63 1.00 1.18 2.07 1.31 17.68 14.48 230
1957 1.98 0.51 0.84 0.92 1.91 2.53 11.37 9.18 235
1958 1.80 0.50 0.92 0.97 1.90 1.26 11,73 10.13 250
1959 1.83 0.59 0.80 0.96 1.85 2.11 21.50 17.63 240
1960 1.79 0.51 0.75 0.88 2.06 1.80 17.80 14.88 239
1961 2.02 0.57 0.88 0.99 2.19 1.29 18.08 15.58 240
1962 2.10 0.55 0.87 1.01 2.21 1.52 14.50 12.04 244
1963 1.92 0.56 0.86 0.98 2.39 1.44 15.46 13.88 243
1964 1.43 0.58 0.94 1.10 2.48 3.77 19.88 18.66 237
1965 1.45 0.56 0.91 1.11 2.47 2.13 18.46 15.50 245
1966 1.67 0.61 0.99 1.18 2.66 2.05 20.58 17.50 264
1967 1.40 0.60 0.92 1.04 2.44 1.79 19.33 16.38 250
1968 1.31 0.56 0.88 1.04 2.37 1.74 20.43 15.50 255
1969 1.36 " 0.55 0.91 1.03 2.26 2.13 19.71 16.17 268
1970 1.44 0.57 1.03 1.21 2.72 2.10 18.88 14,92 274
1971 1.31 0.54 0.90 1.08 3.04 1.60 18.67 15.63 281
1972 1.81 0.66 1.20 1.37 4.24 2.40 18.71 16.33 313
1973 4.24 1.11 2.07 2.37 5.45 3.15 33.33 28.42 447
1974 4.36 1.48 2.82 3.05 6.54 3.40 47.96 41.67 481
1975 3.96 1.45 2.30 2.45 4.50 3.40 47.33 39.58 463
1976 2.75 1.55 1.90 2.18 6.67 3.20 60.63 52.63 464
1977 2.44 0.98 1.71 1.83 5.63 3.05 39.04 33.00 457
1978 2.81 1.09 1.62 1.91 6.28 3.03 31.33 23.75 524
1979 3.64 1.23 1.80 2.07 5.95 3.05 36.21 33.38 602
1980 4.24 1.68 2.50 2.84 7.13 3.85 66.63 53.92 614
1981 3.58 1.85 1.93 2.30 5.70 3.65 72.45 55.00 633
1982 3.69 1.37 2.16 2.50 5.29 3.55 38.75 32.00 609
1983 3.65 1.60 2.41 3.10 6.85 3.75 39.67 30.92 615
1984 3.46 1.52 1.10 2.44 5.47 3.60 44.00 35.43 650
1985 3.36 1.10 1.82 2.25 4,95 3.40 47.25 37.92 586

SOURCE: South Dakota Crop and Livestock Reporting Service, Various Issues, 1955-1985. U.S.

Department of Agriculture, Various Issues, 1955-1985.
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TABLE 3. CONVERSION OF HAY YIELD TO ANIMAL UNIT DAYS (AUD) OR
UNIT MONTHS (AUM'S) OF GRAZING

Divide hay yield in pounds by 40 to obtain AUD for continuous
grazing.

(4,000 pounds divided by 40 = 100 A.U. days of grazing)

Multiply hay yield in tons by 1.67 to obtain AUM for continuous
grazing

(2 ton hay x 1.67 = 3.34 AUM grazing)

Divide hay yield in pounds by 35 to obtain AUD for rotation
grazing of improved grass-legume pasture

(4,000 pounds divided by 35 = 114 A.U. days of grazing)

Multiply hay yield in tons by 1.9 to obtain AUM for rotation
grazing of improved grass-legume pasture

(2 ton hay x 1.9 = 3.9 AUM grazing)

SOURCE:

SCS Technical Guide.
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APPENDIX TABLE 4. HISTORICAL DRICES BY CiASSES OF CATTLE RASED ON S[i!Y £ITY
QUOTATINNS, 1955-1985

Year  7-BOO# 7-BOO# 7-B00O# Utility Utility Utili ty
Hei fers Heifers Heifers Gr Cows Gr Cows Gr Cows

Sept Oct Nov Sept Oct Nov
1955 18.92 18.52 17.27 10.€5 10.33 F.12
1356 19.82 18.97 17.78 10.59 10.49 9.62
1357 20.36 20.12 21.17 13.80 12.82 13.98
1958 23.88 24.02 24.67 18.51 18.54 18.60
1959 24.12 232.45 22.92 16.78 15.62 14.35
1960 20.735 20.76 22.00 14.6Z2 13.77 14.10
1361 21.36 21.48 22.25 15.20 15.18 14.86
1962 24.20 24.16 25.02 16.52 15.34 14.59
1563 -+ 21.76 21,09 20.46 15.20 15.01 13.70
1964 20.93 20.06 16.89 14.11 12.20 12.30
1965 21.71 21.65 21.68 15.44 14.89 14,25
1966 22.85 22,00 21.63 12,75 17.70 16.0S
1967 23.97 23.40 22.91 17 40 16.97 15.85
1968 24.32 23.90 24.42 18.3= 17.68 16.62
1963 24.86 24.22 24.28 20.15 19.39 18.34
1970 26.04 25.47 24.42 20.735 20.54 19.29
1971 28.01 28.€8 29.70 21.59 21.84 20.70
1372 31.32 31.43 30.96 26.3 26.41 25.04
1973 41.21 37.14 36.31 35.50 24.26 31.68
1974 36.48 335.79 34.38 22.78 20.14 17.02
1975 aB.u- 40.67 39.87 23. 08 22.36 20.60
1976 33.5 34.30 35.40 23.88 23.02 21.39
1977 36.24 37.29 37.23 26.95 25.95 25.49
1378 49.47 50.29 49.51 10,03 41.62 40.23
1979 €2.18 60.99 61.70 47 .96 46.84 45.1S
1980 £2.92 €£2.83 59.85 468.7 46410 42.36
13581 60.02 S7.68 96.41 $2.63 39.78 37.51
1982 56.34 54.88 $5.32 40.28 29.15 37.18
1983 S4.72 S94.495 SS5.60 39.75 28.88 36.70
1984 58.71 - 56.64 €0.72 40.12 40.20 . 39.20

1985 48.72 SS8.65 S6.81 36.35 26.05 32.88

= CONTINUED -
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APPENDIX TABLE 4, HISTORICAL PRICES RY CLASSES OF CATTLE BASED OM < o IITY
QUOTATIONS, 1955-1985 (CONTINUED)

Year 4-5S00# 4-500# 4-500#% 4-3008# 4-500# 4-5004°
Steers Steers Steers Heifers Heifers Heifers

Sept Oct Nov Sept Oct Nov
1355 20.64 21.0S5 20.494 13.81 14,22 13.€E5
1956 20.45 20.66 20.33 14.90 13.85 12.81
1957 24.16 26.44 26.81 18.00 18.58 18.62
1958 33.20 34.94 33.95 23.79S 25.50 26.40
1359 33.38 31.94 30.46 235.92 24.32 23.11

1960 26.56 26.60 = 27.91 24.32 23.94 25.45 -
1961 27.75 28.59 29.05 21.62 22.44 23.00
1962 31.00 32.00 33.00 28.50 28.90 29.00
1963 23.15 29.05 23.321 26.49 26.30 26.56
1964 24.€65 23.80 23.94 22.65 21.72 21.69

1365 . 27.40 27.69 28.00  24.98 24.52 24.50
1966 32.12 31.94 31.45 28.06 27.75 27.25
1967 31.56 31.50 31.25 27.88 27.50 26.82
1968 32.00 31.70 31.88 28.00 27.45 27.19

1969 35.350 35.80 . 35.50 31.06 21.55 31.31
1970 =~ 39.60 39.50 37.62 35.25 35.19 32.62

13971 39.00 41.00 42.12 34.50 36.68 37.56
1972 48.739 90.739 90.30 43.75 44.88 44.30
1973 65.46 €1.86 S8.85 55.70 54.42 52.10

1974 32.25 30.80 30.38 28.62 26.90 24,88
1975 - 332.44 25.10 38.74 29.50 28.55 28.75

1376 40.10 40.44 42.16 33.90 33.7S 34.16
1377 45.25 45.62 46.50 29.50 39.25 38.80
1978 73.38 72.88 74.40 64.25 64.62 65.30

1979 102.38 96.95 93.38 90.75 85.45 . 82.00
1980 83.50 84.80 83.00 74.25 74.00 71.62
1981 69.90 68.12 67.75 63.30 58.38 S8.12
1982 72.10 69.12 68.25 64.70 61.62 €0.12
1983 63.00 64.38 635.60 >6.88 S7.38 S7.40
1984 68.00 €7.90 66.62 62.00 59.80 S7.62
13985 64.38 €6.20 65.38 57.88 939.50 57.50

- CONTINUED -
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APPENDIX TABLE 4, HISTORICAL PRICES BY CLASSES OF CATTLE BASED ON SIOUX CITY
QUOTATIONS, 1955-1985 (CONTINUED)

Year 6~=700# 6-700% 6—-700# 6—=700# 6-700# 6-7004#
Steers Steers Steers Steers Steers Steers

Mar Apr May Sept Oct Nov
1955 22.19 22.83 21.80 20.10 19.96 18.73
1956 17.48 18.25 18.7S5 21.48 20.42 19.33

1957 19.41 20.34 21.02 22.23 21.51 21.75 .
1958 25.88 26.22 26. 30 56.75 27.19 26.75
1959 27.25 27.84 28.38 26.92  .26.01 25.06
1960 28.€5 28.08 28.00°  o5.09 24.56 25.64
1961 24.76 24.38 22.60 -23.82 23.83 23.75

1962 26.75 - 26.81-© 27.00 28.25 28.55 29.25
1963  27.00 26.65- 25.38 25.90 25.35 25.38
1964 24.00 22.23 21.25 22.35 21.88 22.00
" 1965 22.40 23.62 24.75°  25.80 25.69 26.00
1966 29.30 28.12 27.88 28.56 27.76 27.25
1967 26.60 26.38 27.45 28.25 28.00 27.46
1968 28.00 28. 44 28.67 28.75 28.65 29.12
1969 30.25 31.95 34.75 32.00 32,00 31.62
1970 34.88 35.00 35.19 35. 50 35.38 32.50
1971 34.40 33.88 33.94 25.50 35.75 36.75
1972 39.25 39.62 41.05 42.50 4s5.12 44.15
1973 54.08 54.20 S4.88 s7.81 54.78 53.04
1974 45.42 45.35 40.72 31.25 21.00 30.50
1975 28.62 30.90 35.62 =7.31 28.58 38.52
1976 41.18 45.31 42.91 27.50 37.69 37.16
1977 40.30 42.81 42.38 a1.88 42.69 41.50
1978 52.90 55.69 62.50 £5. 00 64.38 65.70
1979 84.50 89.38 88.20 87.00 84.10 83.38
1980 77.88 70.20 69.75 77.00 75.30 74.50
1981 68.50 63.30 64.88 66.90 64.00 €5.00
1982 65.70 66.75 68.50 £7.50 64.88 64.75
1983 67.90 66.38 66.62 57.62 59.38 61.30
1984 66.12 64.50 63.80 64.62 63.80 64.88
1985 66.50 66.12 67.30 58.88 61.80 61.62

= CONTINUED -
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APPENDIX TABLE 4., HISTORICAL PRICES BY CLASSES OF CATTLE BASED ON SIOUX CITY
QUOTATIONS, 1955-1985 (CONTINUED)

- Year 6-=700# 6—-700# 6-700# 6-700# 6-7004# 6~-700¢
Hei fers Heifers Heifers Hdifers Heifers Heifers

Mar Apr May Sept Oct Nov
1355 14.50 16.00 1S.48 '15.56 15.48 14.61
1956 12.35 14.50 15.06 15.44 14,11 132.20
1957 14.92 15.97 16.74 17.92 17.43 17.65

1958  21.15 22.79  23.82 23.75 23.75  23.75
1959  24.56 25.00  25.50 24.81 22.96  22.14
1960  26.05 26.00  26.00 23.38 23.00 23.60
1961 20.83 21.12  20.35  20.88 21.19  21.00
1962  24.75 24.94  25.50 26.50 26.70 " 27.60
1963  24.08 24.19  24.00  24.07° 23.50  22.38
1964  21.50 20.18 19.81 20.75 20.15  20.03
1965 19.80 20.88  22.31 23.18 23.25  23.25

1966 26.40 25.50 25.38 26.19 25.75 25.25
1967 24.20 23.56 24.15 26.25 26.19 24.58
1968 25.38 25.78 25.90 26.50 26.50 26.12

1963  26.88 28.70  31.12 2B.92  28.50  28.06
1970  31.25 31.30  31.44  32.00 32.00  29.00
1971 31.45 21.00  30.94  36.25 22.19  33.05
1972 35.10  36.12  36.60  3B8.88 40.50  39.05
1973  46.70 45.70  48.44  50.34 4B.66  48.25
1974  40.28 39.90 3€.78  27.38 26.30  24.38
1975  24.62 26.35  30.62 33.50  31.90  31.62
1976  34.38 39.50 . 37.12  38.30 23.62  32.76
1977  34.40 37.75  37.25  37.38 37.38  35.70
1978  47.00 50.69  56.60  59.00 S8.88  S8.30
1979  7S5.62 82.00. 73.40 78.38  72.90 - 72.12
1980  63.62 €2.20  63.00  68.12 67.00  65.38
1981  62.62 €2.70  58.50 61.70 sg8.38  57.38
1982  59.90 60.25  62.38  61.20 S8.12  57.00
1983  62.80 61.75  60.50  S2.38 S2.75  54.30
1984  S2.38 s7.38  S6.30 38.75  57.00  58.38
1985  61.62 59.88  60.70  53.50 56.00  S4.62

= CONTINUED -



- 86 -

APPENDIX TABLE 4, HISTORICAL PRICES RY CLASSES OF CATTLE RASED ON STOMMY rITY
MUOTATIONS, 1955-1985 (CONTINUED)

Year 11-12008# 11-1200# 11—-1200# 11-1200# 11-1200# 11-1200#
Steers © Steers Steers Steers Steers Steers

Mar Apr May Sept Oct Nov
1955 25.68 24.70 22.42 22.25 21.75 20.22
1956 19.72 20.04 19.91 27.63 26.42 23.54
1957 21.43 22.44 22.80 24,50 24.08 24.36
1958 29.32 29.25 28.26 26.15 25.81 26.0€

1939 28.32 29.52 28.88 27.13 26.14 25.40
1960 27.49 27.64 26.86 24.23 24.22 25.21
1961 25.31 24.83 23.14 23.78 23.80 24.72

1962 26.33 27.11 25.62 29.48 -+ 28.88 29.47
1363 22.70  23.04 21.97 23.94 23.598 22.76
1964 21.09 20.52 20.27 25.37 24.16 23.54
1965 23.29 24.90 26.24 26.58 25.58 24.99
1966 28.16 26.69 25.96 25.70 24.70 23.81
1967 232.82 23.85 24.7S5 26.95 26.18 25.45
1968 26.78 26.68 26.44 27.74 27.04 27.66
1969 28.86 30.57 33.32 29.02 27.71 27.54
1970 30.52 30.51 29.46 29.37 28.30 27.05
1971 31.75 32.19 32.30 32.56 . 31.96 33.32
1972 35.16 34.34 35.863  34.72 34.68 33.23
1973 435.17 44.52 46.06 45.08 40.56 38.34
1974 40.96 40.39 39.62 41.27 39.90 37.64
1975 36.26 42.82 49.33 S50.44 48.61 435.91
1976 36.14 43.22 40.26 36.28 37.09 38.93
1977 37.36 40.10 41.31 40,48 42.22 41.58
1978 48.88 52.67 S7.76 54,64 54.98 53.48
1979 71.57 75.51 74.11 68.00 ' 65.76. 66.27
1980 £6.36 62.73 64.00 70.41 67.34 62.29
1981 89.62 £4.39 66.80 66.40 60.94 60.08
1982 66.95 69.97 73.50 61.54 59.48 59,34
1983 65.18 €9.235 €8.68 59.61 60.10 59.71
1984 €9.64 €8.78 66.46 £3.04 62.10 65.70
1385 60.28 S59.97 S57.92 S52.18 S59.54 64.23

= CONTINUED -
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APPENDIX TABLE 4, HISTORICAL PRICES RY CLASSES 0OF CATTLE RASED M SINUX CITY
NUNTATIONS, 1955-1985 (CONTINUED)

Year 10-1100# 10—-1100# 10—1100#:10-11008 10—-11004# 10-1100#
Heifers Heifers Heifers Heifers Heifers Heifers
Mar Apr May Sept Oct Nov

31
o] 22.98 22.76 21.36 21.46 20.65 19.

:ggs 17.51 18.65 19.47 24.12 23.46 21.67
1957 19.88 21.64 22.19 22.77 22.37 23.92
13568 26.48 27.20 27.37 25.38 25.25 27.80

.81 | 27.89 28.07 25.82 24.90 24.06
iggg gg.gs 26.71 26.28 22.94 22.86 23.91
1961 . 24,30 23.93 22.86 22.76 22.77 23.35
1962 25.87 26.27 25.09 26.69 26.72 27.76
1963 22.33 22.51 21.94 23.12 22.52 21.92
1964 20.88 20.42 20.00 23.67 22.57 22.42
1965 22.19 23.59 25.40 24.27 23.58 23.44
1966 26.76 25.72 25.15 24.24 23.47 22.81
1967 23.00 - 22.91 23.81 25.69 24.76 24.21
1968 25.72 25.55 25.55 25.73 25.44 26.06
1969 27.69 29.21 32.04 27.01 26.07 26.20
1970 29.80 29.87 29.05 28.11 27.34 25.96
1971 30.95 31.63 31.76 30.61 31.01 . 32.53
1972 34.09 33.60 33.73 32.99 23.19 32.30
1973 43.94 43.13 44 .48 43.50 39.06 37.67
1974 41.22 40.57 39.26 39.56 38.13 36.40
1975 34.61 40.55 47.06 46.74 45.76 44.34
1976 34.54 41.45 39.64 35.71 26.63 37.69
1977 35.81 38.46 40.22 38.39 40.05 - 39.87
1978 46.17 50.70 55.41 51.90 52.53 51.70
1979 68.69 73.12 72.40 65.19 63.67 64.41
1980 64.76 61.05 62.15 66.69 65.16 61.52
1981 59.23 62.46 85.40 62.92 59.15 58.08
1982 64.44 67.25 70.96 58.72 57.16 57.23
1983 62.35 £85.94 65.44 57.47 57.12 58.20
1984 66.42 65.88 64.63 61.60 60.29 64.41

1985 58.70 57.62 56.79 50.91 53_}4 62.94
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CALCULATIONS FOR COMPOSITION OF SELECTED FEEDS

Total
Digestible Net Energy
Feeds Ory Matter Nutrients Protein Maintenance Net Energy Gain
Tbs.- - MCal s -mcmencesnccancanccee-
Corn grain (bu.)} 48.78 - 4.93 49.56 .29
(56 x .88 x .99) (48.78 x .101)  (48.78 x 2.28/2,2086)  (48.78 x 1.55/2.2046)
Oats (bu.)2 28.20 21.71 3.75 23.66 15.60
(32 x .99 x .89) (28.2 x .77) (28.2 x .133) (28.2 x 1.85/2.2046) (28.2 x 1.22/2.2046)
Sorghum (bu.)3 48.20 - 4.87 45.04 0.51
(56 x .99 x .87) (48.2 x .101) (48,2 x 2.06/2.2046) (48.2 x 1.4/2.2046)
Soybean meal (ton)d 1,762.20 1,480.25 879,34 1.646.52 1,118.96
(2,000 x .99 x .89) (1,762.2 x .84) (1,762.2 x .499) (1,762.2 x 2.06/2.2046) (1,762.2 x 1.4/2.2046)
Corn silage (ton)S 601.40 396.9 49,61 410.55 249.58
(2,000 x .97 x .31) (601.4 x .66)  (601.4 x .0825) (601.4 x 1.505/2.2046) (601.4 x .915/2.2046)
Wheat straw (ton)d 1,513.00 620.3 54.47 439,22 75.49
(2,000 x .85 x .89) (1,513 x .41) (1,513 x .036) {1,513 x .64/2.2046) (1,513 x .1172.2046)
Alfa1fas hay (ton)? 1,710,00 991.8 290,70 961.80 527.44
(2,000 x .95 x .9) (1,710 x .58) (1,710 x .17) (1,710 x 1.24/2.2046) (1,710 x .68/2.2046)
Corn stover--corn
or sorghum
aftermath (ton)8 1,649.00 5 108.83 725.54 314.15

(2,000 x .97 x

824,
.85) (1,649 x .5)

(1,649 x .066)

{1,649 x .97/2.2046)

{1,649 x .42/2.2046)

leorn grain--dent yellow, grade 2, good feed management, and concrete bunks, wastage 1%.
20ats--good feed managemant and concrete bunks, wastage 1%.
3Sorghum--8 to 10% protein, wastage 1%.

Soybean meal--wast

SCorn silage--average of few ears and well-eared,

age 1%.

6Wheat straw--wastage 15%.

7Alfalfa hay--sun-cured, mid bloom, good feed management,,

8Corn stover (aftermath)--wastage 3%.

SOURCE::

Natfonal Research Council 1984.

wastage 5%.

good feed management using feed bunks, wastage i.
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APPENDIX TABLE 2. WINTER NUTRIENT REQUIREMENTS FOR A COW AND BULL

Total Requirements
oM TDN PROT

oM TON PROT Days
Item (1) (2) (3) (4) (1x4) (2x4) (3x4)
----- 1bs./day----- “=N0.> =c<sccacac|bS.-mccceeeeea-
Cow (1,000 1b.)
Middle third 18.1 8.8 1.3 56.7 1,026.3 499.0 73.7
Last third 19.6 10.5 1.6 94.3 1,848.3 990.2 150.9
Nursing 20.2 11.5 2.0 30.0 606.0 345.0 60.0
Total 1810 ,480.6 1,834.2
Bull (1,700 1b.)
27.7 13.4 1.9 181.0 5,013.7 2,425.4 343.9
Nutrient requirements for one cow and
1/25 of a bull:
Cow 3,480.6 1,83;.2 Zgg.g
Bull 1/25 200.5 97.0 .
Total 3,681.T T,931.2 .
SQURCE: National Research Council 1984,

APPENDIX TABLE 3. WINTER NUTRIENT REQUIREMENTS FOR A REPLACEMENT HEIFER AND BULL

Total Requirements

0M TON PROT NEm NE Days DM TON PRO NEm NEg
Item (1) (2 (3) (&) (5? (6} (71 x6) (2x6)(Ix6) (4x7) (5x7)
—=--1bs./day--== Mcal./1B. <f0.- -—--m--eees Tbs. —--Mcal.-=-——-
Replacement heifer:
800 1b. 18.3 11.7 1,57 0.65 0.39 56.7 1,037.6 663.4 89.0 674.5 404.7
Last third 19.0 11.3 1.60 0.58 0.32 94.3 1,791.7 1,065.6 150.9 1,039.2 §73.3
Nursing 20.8 12.9 2.10 0.62 0.36 30.0 624.0 387.0 63.0 386.9 224.6
Total 181.0 3,453.3 2,116.0 302.9 2,100.5 1,202.7
Nutrient rgguirements for one replacement
eifer an of a oull:
Heifer 3,453.3 2,116.0 302.9 2,100.5 1,202.7
Bull 1725 200.5 97.0 13.8 0.0 0.0
Total 3,653.8 2,213.0 316.7 2,100.5 1,202.7
SOURCE: National Research Council 1984.



- 93 -
APPENDIX TABLE 4. NUTRIENT REQUIREMENTS FOR BACKGROUNDING STEERS AND HEIFERS

Total Requirements

oM PROT NEn NE Days oM PROT NEm NEg
Weight (1) 2y (3) (4? (5) (6=1x5)(2x6) (3x6) (4x76)
-1bs.- Tbs./day %  Mcal./ib. N0, =ovwe-- TbS.o=mmomm  —ome-- Mcal.--=--

Steers (medium frame, 1.5 ADG):
462.5 12.04 10.88' 0.64 0.38 50.0 602.0 65.5 385.3 228.8
550.0 13.75 10.15 0.64 0.38 66.7 917.1 93.1 586.9 348.5
625.0 15.15 9.65 0.64 0.38 33.3 504.5 48.7 322.9 191.7
Total 150.0 2,023.6 207.3 1,295.1 769.0

Heifers (medium frame, 1.5 ADG):

387.5 9.95 12.88 0.72 0.44 16.6 165.2 21.3 118.9 72.7
450.0 11.15 10.85 0.72 0.44 66.7 743.7 80.7 535.5 327.2
550.0 12.95 9.95 0.72 0.44 _66.7 863.7 85.5 621.9 380.6

Total 150.0 1,772.6 187.5 1,276.3 779.9

SOURCE: National Research Council 1984,

APPENDIX TABLE 5. NUTRIENT REQUIREMENTS FOR FINISHING STEERS AND HEIFERS

Total Requirements

DM PROT NE, MNEq  Days i PROT  NEg NEg
Weight (1) (2) (3) (4] (5) (6=1x5 (2x6) (3x6) (4x°6)
-1bs.- Ibs./day % Mcal./lb. N0, ====--- 1bS mmmemce  ceenae Mcal.=eemee=

Steers (compensating medium frame, 2.75 ADG):

675 17.5 1.93 0.74 0.47 18.2 318.5 35.1 235.7 149.7
750 18.9 1.98 0.74 0.47 36.4 688.0 72.1 509.1 323.3
850 20.8 2.04 0.74 0.47 36.4 757.1 74.3 560.3 355.8
950 22.7 2.11 0.74 0.47 36.4 826.3 76.8 611.4 388.4
1,050 24.4 2.17 0.74 0.47 36.4 888.2 79.0 657.2 417 .4
1,125 25.3 2.20 0.74 0.47 18.2 460.5 40.0 340.7 216.4
Total 182.0 3,938.5 377.3 2,914.5 1,851.1
Heifers (compensating medium frame, 2.5 ADG):
650 15.5 1.65 0.84 0.55 40.0 620.0 66.0 520.8 341.0
750 17.2 1.71 0.84 0.55 40.0 688.0 68.4 577.9 378.4
850 18.9 1.76 0.84 0.55 40.0 756.0 70.4 635.0 415.8
950 20,6 1.80 0.84 0.55 40.0 824.0 72.0 692.2 453.2
1,025 21.9 1.84 0.84 0.55 _40.0 438.0 36.8 367.9 240.9
Total 180.0 3,326.0 313.6 2,793.8 1,829.3

SOURCE: National Research Council 1984,
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STATIC AND DYNAMIC SOLUTIONS FOR DRYLAND RANCH MODEL I



APPENDIX TABLE 1.

STATIC SOLUTIONS FOR SUMMER DRYLAND RANCH MODEL 1

@BJECTIVE FUNCTIDN=  52571.5929%

SECTION | - ROWS
NUMBER TYPE ... 0.
. E ALCTING
2 E CoNDw
3. L COoWRX
4 E REPIW
3. L RPAST
6 L  SuAGRAZ
7. E BEBAF
& L FAleMz
9. E  WCOWIWw
1. E ERPIW
1. E ENDALF
12. E ALFHAY
13. £ CPLAST
f4. L TILAC
15. L CORNT
16. 6  NINCORN
17, L WHTT
18. L DwAFT
13. L oArT
2. L  SOR6T
2l. L  WHTLIN
2 L oAn
2. L s
. L Smns
2. E HFRIW
2. E STRIW
27. L soou:
28, L  SChe
a3, L St
3. E SED

AT

BB BFFEBFFBFFFFEBBEOFBRBFEBFRE0

« e ACTIVITY. ..

69. ¢oeas
5. 22290
10. 80308
123, 26028
-5. 22401
34. 68088

50, 00222
75. 00000
730. 46002
44, 0200
-330 281“

£85. 40002

400, 6ooe
1250. 30209
27.60020
27.68082

- 97 -

SLACK ACTIVITY ..LOWER LINIT.

3. 22401

94.933%8
3908. 22832

69. 8ecee
60. 62228
£0. 0oees

- CONTINUED -

£0. 00800
NONE

10. 80028
NONE
NONE

34. 8008
NONE

9. o0
75. 82009
NOXE
NONE
44, 02029
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
27.60200

27.60028

NONE
NONE
NONE

«.UPPER LINIT.

£0. 20209
60. 080ed
10. 80000
123.20000

34, 82000

0. 68008
75. 00209
732, 400%

NONE

362, 22002
320, 20020
400, 00009

1252, 08200

27.60000
27.60098
£0. 00000
60. 00002
60. 20200

DURL RCTIVITY

-22. 16800
182. 75545
-6.99773
0.3543%

8.22727

-81.317T11
-55. 34589
58. 42778
2.59002
-4, 26924
4,03920
1.40000
2.220%0

8.311%8
4,50000



APPENDIX TABLE 1,
(CONTINUED)

se. JION 2 - COLLnNG

NUMBER

i,
2
3.
4
3
&

7.
8

. 9%
18.
1L
12,
13.
14,

.

4

16.
17.
18,
18,

-
.

2.
2,
a3
2.
&.

2.

i 27-
2.
3.

« COLUMN,

ACCTINV
BEEFCON
REPHFR
BUYCOW
ESSUPPFD
BRAZRANG
BRCLPAST
SEiLCONL
SELLCOW
S2LCON3
LSUPPFOR
GRSSAFT
CCaT
REPHFRT
ALFT
ALFD
CORNAE
SELLCORN
WHTRC
SELLAHT
OATAC
SELLOAT
SORGAC
SELLSORE
HIRELAB
HFRT
STRT
INVALF
STRB

AT

RREREEBEFEEREREEEBFFFBEBBFFERE
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STATIC SOLUTIONS FOR SUMMER DRYLAND RANCH MODEL I

38843, 83047
£2. 2600
18.802¢0

125. 20800

75. 80000

148.91818
2. 4dvoe
9. 622008
34, 30200
S0. seeed
44, 30000
2248.39393
205, semR
3461, 58653

356, 00008
18935, 16822

25, 04002

27.60080
27.60008
113. 20080
31.20002

173. 20009

-22. 16909
-43.21002

-2, 16208
=55, 42000
-89, 75800
-45.21009

-3, 10209

-17. 94308
-57.970¢0
2.53200
=4i.53009
4.33008
-38. 55000
1. 40808
=43. 62008
2.22008
-5, 50000

NONE
NONE
NONE

«eoRETIVITY... .. INPUT COST.. ..LOWNER LIMIT. ..UPPER LINIT, .REDUCED COS™.

-44, 32809
-62. 76028

-33.26808
~77,39823
-62, 97848

=37.63771
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APPENDIX TABLE 2. STATIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL 1

OBJECTIVE FUNCTION=  70322. 20831

SECTION 1 - ROWS

MMBER TYPE ...R0M.. AT ... ACTIVITY... SUCK ACTIVITY . LONER LINIT. ..IOPSR LINIT. .DUR ACTIVITY
1. E KCTINS E0 . . . . .
2 E CONIW ED 5. 42829 . 59, 40328 5, 40909 -22, 15089
i L coawx  ouw 62, 92099 . NONE 69, 02222 178.66258
A E REIW B 9, 50009 . 9, 6029 9, 52800 -5, 42287
5. E CuiCos €0 . . . . 3713028t
& E *—Rs - m - - [] . L]
7. E SiS ED . . . . .
L E QR m . . . . 446.34915
9. E ECoWhw ED . . . . .
1. £ BSFR EB . . . . 349, 34254
f1. L BSSR W . . NONE . 417,8178
12 L WpasB  BS 385, 85786 864, 14214 NONE 1258, 22082 .
13, £ BAFIW ED 113.2e200 . 113.20998 113. 20008 36. 16309
14. L TN i 8 . . NONE . 8, 33646
5. L PROTC BS  -8480.57882 8488, 57882 NONE . .
15. E CORMNAC 20 M, 20808 . . * b4, 20228 45, 0099 129.73399
17 E  CORMSILT EO . . . . 16.83428
8. E CORNGAT €O . . . . 256898
19. & CSFT  BS -178.01177 178.01177 NONE . .
2 L T W 1330028 . NONE . 30000 £.20429
2. € OATAC EO . . . . £6.51158
2 E WL 8 285, 39339 . 205.39999 295, 39999 .
3. E MIT e . . . . 1.39009
2% E WHIT 1] . . . . .
% € STRWT ED . . . . 22,6549
%. E SORGRC M I55. 28928 . 355, 20000 355. 88280 145. 79121
21. & SoReT ED . . . . 2.170%
28, E BWFRIWV 27.50220 . 27.60822 27,6020 229, 93634
N, E BSTRWW B a7.60082 . 27.63382 27,6090 294, 55328
P £ RSP B 19. 520022 . 10.50820 19.50008  ~340,94234
3. L PROTEE BS  -3074.53409 3074, 53408 NONE . .
2. L M85 W . . NONE . 9. 23262
3B, L NEEEE . . . NOE . 9.25343
# L SiCal BS 2, 80901 59, 93999 NONE 60, 2000 .
X L sowm2 B . £0. 29223 NONE &2, 03008 .
%. L scOuL3 BS . £0. 0000 NCNE . £0. 20000 .
7., L STAML  BS -2, 46851 32, 46851 NONE . .
B -8 AMIT WL . . . NONE -8, 33534
¥ 6 MM BS 5808, 29873 -808, 09579 . NONE .
. 6 NN BS 18.98314 -12.98314 . ' NONE .
M, L mxF uw . . NDE . 7.68282
2, L M o] -3.85105 3.65125 NONE . .
43, L MINFT W . . NONE . 28,352351

- CONTINUED -
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APPENDIX TABLE 2. STATIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL I
{ CONTINUED)

ZTTTON 2 - COLLANS

MIER LCOUMN. AT LLLACTIVITY... . INPUT COST.. ..LONER LINIT. ..UPPSR LINIT. .ZETLCDD COST.
1. RCCTIW BS 6836112 . . NOE .
2 =AM OBS 2, 42022 133. 29920 . NGNE .
3. REPHR 8BS 9, 62008 133, 00208 . NONE .
4, SLL0M BS . -22, 16288 . NONE .
S. STLLCON LL . =55, 42009 . NOE - -13. 26009
6. STLLLON3 W . -39, 75309 . NOE -77.59320
7. SaLful BS 93, 76008 37.13009 . NONE .
8, STl BS 3.54915 52, 74209 . NONE .
3, SELLMFR BS 62, 38537 £8.93009 . NBNE .
10, SELUNSTR BS 117, 44681 69. 22009 . NOE .
11, BGHFRS 10. 96447 -26. 86089 . NE .
12, E55TRS 85 . -29, 00008 . NOE .
13. SEEWR LL . 5. 02009 . NONE 22,9177
14, SBSSTR L . B3. 25208 . NOE -1,99385
1S. HIRELAB W . . -, 50008 . NONE -4, 52200
16. RUFT -3 31,43929 36.16323 . NOE .
17. AFC ] 7077757 . . NOE .
18. BUYALF L . -73.81009 . NOE -37.65%08
19, CORNSIL BS . -2.85099 . NONE .
2. o T . . . NONE -2,36379
21, CORNGR BS M, 30020 . . NDE .
2, SULON BS 2248. 39993 2.54808 . NOE .
23. GACSAFT BS 47.88648 -2, 10028 . NDE .
2, OATS BS . . . NOXE .
X WEAT  BS 205.39999 . . MO .
. ESTRAW BS 14, 35345 -7.9989 . NOXE .
27, FSTRAW  BS 14, 35345 . . NONE .
28, PROTSAP LL . -200. 82809 . NIE -146. 32259
29, CATC L . . . NONE -2,53864
2., SEL0AT 85 . 1,33008 . NGAE .
3. SELMT BS Si61, 58587 . . NONE .
2, SORB B5 55, 80999 . . NOE .
33, SELISORS BS  18734.65695 2.1722 .. NONE .
3. EFAW BS 27.60002 . . NOE .
3. ESTAIW B8 27.68020 . . NBE .
B. BIW S 18. 30209 . . NOE .
37, INCW  BS 60. 23280 . . NONE .
B, AL S 9, 34686 . . NONE .
N, A -] 1.83628 . . NONE .
4. w . . . NOE -1, 94101
M, 0SB w . . . ME -A.48715
2, CGRM i . . . NOE -2,57M16
43 (T . . . NDE -,:5108
M, 0ATH L . . . NOE -2.41888
4. CATE w . ) . . NONE -2, 26252
. SOREN W . . . NS -3, 35161
A7, SCAGS  BS 26i.50327 . . NDE .
8, PROSt 1L . -290, 30328 . NDE -133.817¢2
A9, PROSS LL . -209. 00083 . NS -120, 95842
S, STAN w . . . NOE -10. 59235
51. STRG u . . . NONE 2. 42954
D, SN BS 6. 10174 -2, 12909 . NOE .
RoEEou . -2, 10000 . NNE 4. 98065
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APPENDIX TABLE 3. DYNAMIC SOLUTIONS FOR SUMMER NRYLAND RANCH MODEL T

Dryland (Suzser solutions)
H 2 3 4 5 6 7 8 9 1 12

ACCTING  BEECON REPHFR  BUYCOW ESUPPFOR GRAIRAMS GROLPAST SELLCOWS SELLCON2 LSUPPFOR EBRSSAFT

1955 39,788 68 1.8 8 1.5 1.2 K 8 e 1.1. 268.%6
1956 »e IS 10.8 ¢ e 1212 b+ 1 1% 9 222.%
1957 37,345 60 1.8 19.28 o 1232 ] 8 ] 0 109.7
1958 38,543 ] ie.8 L 9 12R8.% n ) L 8 187
1959 31,308 68 18.8 8 27.88 1.2 LH] 9 8 1214 256.72
1960 38,549 6@ 10.8 ) e 1.2 S L] ] 2 9.8
1961 38,361 ] 10.8 9 o 1.2 L] 8 [ e 133.38
1952 33,589 6 10.8 ? 8 a2 ] ? 8 e 917
1953 38,387 (] 10.8 8 e a2 L] e L 8 158.39
1964 39,829 68 1e.8 [ S.67 1232 7 0 0 8.12 261.67
1963 9,667 96.55 10.8 9 e 1.2 75 k¥ ) ? 9 136.63
1986 30,468 5316 10.8 9 e 1.2 ;] 3.% L] 8.89 195.12
1967 38,48 .19 10.8 8 2 1.2 L) 8.0 [ 9 216.45
1968 30,38 N8 1.8 e 9 ja2 n 1.83 ? ¢ 2855
1969 32,609 68 19.8 497 8 3.2 ] 8 e e 257
1978 39,854 6 1e.8 () 8 1.2 ] [ 9 8 1.5
1971 36,835 68 1.8 9 e 122 £ 8 0 8 128.%7
1972 38,848 68 10.8 9 e 122 5] ® 9 ¢ 993
1973 39,826 68 10.8 2 8 1.2 L] ) 8 e 92l14
1974 31,88 -] 10.8 [ 438 1232 L) ? 8 7.1 172.68
1975 39,912 68 10,8 [ 8 1232 L] ] 8 2 16375
1976 39,681 52.88 1e.8 ) 263 1&.2 1] L1 8 7.98 166,28
19m 31,913 6 19.8 5.98 e 1.2 3 0 ) 0 162.26
1978 38,854 68 1.8 ) 8 a2 ] e e 8 112a
1979 30,833 60 1.8 L 8 1232 o 8 L) 8 9.3
1988 31,233 68 10.8 [ 8.06 1232 o) 9 9 2.1 163.48
1981 31,558 60 1e.8 2 a9 122 s e 8 17.M 178.8
1982 30,835 [ 18.8 o 9 a2 -] ) ] 8 56.68
1983 38,863 68 18.8 [ e 1.2 ] 9 9 8 116.79
1984 37,834 6 1.8 o 8 1a.2 L] 9 o 8 9.8
1985 37,229 68 1e.8 e 8 1.2 ] ) e 8 107.18
average 31,620 S8.32 18.88 8.9 263 1313 TN e.a3 8.4 a2 1521
std. dev. 2,088 446 .3 3.69 6. 47 2.4 800 226 .29 A51 5537

- CONTINUED -
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APPENDIX TABLE 3. DYNAMIC SOLUTIONS FOR SUMMER DRYLAND RANCH MODEL I
( CONTINUED)

Dryland {Sumper soluticns)

16 17 13 23 25 26 &7 a8 29

AMFD  CORNAC WHTAC SORGAC HIRELAB  HFRT STRT  INVALF * STRB

1955 50 44,0 300.3 26L& 36 27.6 21.6 89.6 3.9
1956 58 3/2.4 253.9 2.0 216 27.6 2.6 50.9 3.0
1957 58 A88.0 205.4 8.0 310 18.7 18.7 95.9 2.2
1958 58 44,8 300.8 26l.4 ) 27.6 27.6 113.9 2.3
1959 50 44,0 300.8 261.4 162 27.6 27.6 62.4 $3.3
1968 S8 44,0 300.0 o6l.4 1) 27.6 27.6 9.8 26,4
1951 59 44,8 300.8 2bl.4 6 21.6 a1.6 88.7 30.5
1962 50 44,0 302.0 261.4 6 ar.6 27.6 139.8 36.3
1963 S8 44,0 300.3 2Bl.4 b 27.6 27.6  166.3 38.3
1964 58 44,0 320.0 261.4 60 21.6 7.6 el 3.3
1965 50 44,0 205.4  356.2 18 21.6 27.6 7.5 38.2
1965 50 44,0 228.5 3329 18 26.3 26.3 5.8 3.4
1967 5 4.8 24,5 319.9 6 25.9 25.0 70.2 5.9
1968 58 44,9 275.2 2812 ) 5.4 a4 7.5 8.6
1969 50 44,9 205.4  396.9 2 2.3 23.3 95.9 0.4
1978 B 44,6 285.4  356.8 a5 27.6 27.6 112.8 2.7
1911 50 4,8 285.4  355.9 5 27.6 27.6 113.9 28.9
1972 0 44,8 285.4 356.8 - 27.6 27.6 9.2 319
1973 50 44,0 205.4  396.3 P 21.6 21.6  201.9 25.3
197% 59 44,3 285.4 356.8 70 27.6 27.6 153.8 2.7
1975 58 44,8 285.4 356.9 33 27.6 27.6  102.7 50.7
1976 9 44,0 205.4  396.0 g2 27.6 27.6 97.5 39.1
1977 50 4,0 285.4  396.8 25 24,9 24.9 73.8 2.2
1978 50 44,0 265,4 356.9 &5 27.6 27.6 1414 B35
1979 50 4,0 285.4 355.0 5 21.86 27.6  192.7 27.4
1988 59 44,8 285.4 356.0 104 27.6 27.6 178.6 41,9
1981 58 44,0 285.4  356.8 173 21.6 27.6 48.9 35.3
1982 g8 44,0 285.4 356.0 23 27.6 2.6  161.3 8.0
1983 58 44,8 285.4 355.0 25 27.6 27.6  223.4 36.3
1984 S8 42,0 Q05,4 0.0 318 27.6 27.6  19%.3 R.5
1985 S8 480.0 285.4 2.9 318 21.6 27.6  169.8 26.3
averape 58,09 88.4 235.5 @28L.5 78 7.8 27.6  119.7 31.7
std. dev. 2.80  115.6 M.l 115.4 9 1.7 1.7 52,9 5.5



APPENDIX TABLE 4,

' DLWINTER QUTPUT
{ 2
RCCTING BEEFCOW
1955 84,147 39.4
1356 85,959 3.1
1957 97,973 50.4
1938 99,798 $9.4
1959 63,753 59.4
1968 g5, 485 0.4
1961 93,585 50.4
1962 98, 489 9.4
1963 83,394 3.4
1964 75,112 5.4
1965 67,242 42.5
1966 73,226 8.7
1967 67,031 45.5
1968 63, 485 45.4
1969 76,911 58.4
1370 73,918 30.4
1971 72,360 59.4
1372 101,320 50. 4
1373 122,789 5.4
1974 86,641 5.4
1975 79,878 50.4
1976 <8, 139 44,4
1977 82,185 3.4
1978 81,714 50.4
1973 82,134 50. 4
1988 71,745 9.4
1981 2, 983 59.4
1982 75,508 0.4
1983 89,702 50.4
1984 82,193 58.4
1985 93,7230 5.4
average 81,979 49,0
std. dev. 13,602 3.7
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DYNAMIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL I

3 7 ] 9 18
REPHFR SELLCULL SELLREP SELLKHFR SELLWSTR
9.6 95.8 9.0 62.3 117.5
9.6 9.1 9.0 62.3 117.5
9.6 95.8 9.9 29.1 79.7
9.5 35.8 9.8 62.3 117.3
9.6 958 - 9.0 8.2 112.5
9.6 95.8 9.0 8.9 8.0
9.6 95.8 9.9 8.9 117.5
9.6 95.8 9.9 62,3 U3
9.6 %.8 9.2 8.2 8.3
9.6 95.8 9.8 0.3 8.9
9.6 9.3 9.0 2.3 117.5
9.6 84.8 9.9 5.3 1118
9.6 86.5 9.9 2.4 106.2
9.6 86.3 5.0 8.9 8.9
9.6 9%.8 9.9 53.8 191.7
9.6 9.8 9.0 2.3 ULS
9.6 %.8 9.0 8.0 8.9
9.6 9.8 9.0 8.8 1175
9.6 95.8 9.9 8.0 8.9
9.6 95.8 9.0 2.9 2.0
9.6 9.8 9.9 .3 117.3
9.5 84.4 9.3 6.3 117.5
9.6 9.8 9.9 2.3 1857
9.6 95.8 3.9 6.3 117.5
9.6 95.8 9.2 6.3 117.5
9.6 95.8 3.9 8.3 2.9
9.6 95.8 9.9 2.9 8.2
9.6 9.8 9.9 2.3 %S
9.6 95.8 9.8 0.2 8.2
9.6 95.8 9.9 62.3 8.0
9.6 93.8 9.9 ge.3 117.3
9.6 9.1 9.9 34.0 3.3
.8 1.1 .3 23.5 3.8

- CONTINUED -

14

11.9
11.9
11.8
1.9
27.8
21.6
2.6
11.0
27.6
21.6
11.2
11.9
11.8
25. 4
11.3
11.3
27.6
a7.6
2l.b
a7.6
11.8
11.9
11.8
11.9
1.9
27.6
27.6
1.9
27.6
11.8
11.9

17.9
&1

DLWINTER QUTPUT
12 13
BBSTRS  SBGHFR
0.8 0.9
2.0 0.8
a.9 8.9
0.0 8.0
‘0.8 98. 1
27.6 98.1
8.9 9. 1
0.9 8.9
27.6 98.1
21.6 98.1
0.9 8.0
0.8 8.2
6.8 8.2
25. 4 8.9
8.9 8.0
0.8 0.0
27.6 98.1
2.8 9.1
2.6 9.1
2.6 9. §
8.2 0.8
0.9 0.8
8.8 0.9
0.9 8.8
.0 68
27.6 98.1
21.6 9.1
8.9 8.0
27.6 9.1
a%.6 0.0
0.2 8.2
9.7 40.7
13.1 48.0

14

8BESTR
2.9
8.9
0.0
8.8
0.9
176.5
0.8
8.0
176.3
176.5
2.9
8.8
0.9
i6e.2
0.2
0.8
176.5
0.9
176.5
176.5
0.9
0.9
2.2
8.9
8.9
176.5
176.3
0.9
176.5
176,35
9.9

62.2
8.9

16

e.9
0.0
29.8
8.7
a2
1.4
18,5
86.9
33.9
0.2
2.9
2.9
0.2
8.0
23.5
36. 1
9.7
122.4
1ea.7
21.9
18,6
0.0
3.7
120.2
169.1
48,8 -
31.9
136.2
168.5
N7
102.6

43,2
49.2



APPENDIX TABLE 4.

DLMINTER

1955
1936
1957
1958
1959
1958
1961
1962
1953
1964
1969
1986
1967
1968
1959
1378
1971
1972
1973
1974
1975
1976
1977
1978
1979
1969
1981
1982
1983
1984
1985

average
stangard

(CONTINUED)
QJIPUT

17 19
RLFC  CORNSIL
79.8 e
8.8 a5
5.0 2.1
45.2 8.9
62.4 19.7
45.2 0.0
45.2 8.9
45.2 8.0
§.1 a3
79.8 1.2
85.6 2.9
x.2 9.5
72.8 B.2
72.5 el
86.5 3.6
n.7 8.0
2l.2 24.3
8.1 8.8
49.9 0.0
79.8 8.0
79.8 8.0
%3 9.5
19.3 16.8
2.2 1.7
23.5 10.8
7.8 2.9
17.9 37.9
a.2 8.3
67.6 39
8.8 2.0
6.8 0.8
3.3 6.4
19.3 9.2

8 2l
CSC  CORNGR
e.s 43.9
11.8  346.9
.3 4032
2.9 4.0
43.3 283
8.2 44,8
0.2 44,3
2.8 45.0
8.9 44,3
e.2 31.8
0.9 44,3
A2 343
a.5 37.8
2.2 2.9
0.2 4.4
8.9 4.0

199.3 19.5

8.9 44,9
2.8 44.2
0.9 4.2
0.9 4.8

3.2 34.6
134.5 21.2
108.3 2.3
3.4 33.2

0.2 42,9

154,86 8.4
She b 6.3

2.2 44,9
a.a m.a
2.0 480.8
&S.2 8.8
4.2 117.9

- 104 -
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2 a3 - a7
SELLCORN GRCSAFT ESTRAW  FSTRAN
2974 47.9 8.8 8.0
16812 2.9 0.9 8.0
24511 42.9 39.7 3.7
a0s3 47.9 .9 X2
927 47.9 8.8 3.9
2462 4.9 -T75.9 5.2
2587 47.9 .9 3.2
3811 42.9 9.3 sh.2
2746 41.3 36.2 3.2
1529 47.9 2.2 LX)
1847 45.6 16.56 16.6
1728 43.4 2.0 2.9
1442 4.1 8.9 8.0
958 4.9 0.0 e.8
2220 47.3 a2 21.2
1717 47.9 14,4 184
1848 47.9 a3.7 23.7
3972 47.3 3.0 3.8
2697 47.9 4.7 4.7
19 42.3 0.0 8.0
1438 47.9 8.0 ad
128 4.2 °.8 0.9
1385 47.9 18.5 10.5
1979 42.9 2.9 a.9
1982 41.9  ALS 415
1133 A7.9 8.9 o9
294 47.9 2.3 8.2
1985 47.9 36.4 2.5
2009 47.9 19.4 19.4
23164 42.9 3.6 3.6
26553 47.9 36.7 36.7
4476 46.8 2.8 aL?
1% 29 2.8 a8

- CONTINUED -

3 3 3 3 37
SELLWHT SELLSORE EWFRINV ESTRINV  IWVCOM

7884 11285 a1.6 2.6 6.3
5351 8 18,7 18,7 8.7
6912 0 a1.6 2.6 628
9983 13678 27.6 .27.6 6.0
5734 1635 21.6 2.6 6.9
10383 14813 a1.6 a1.6 £2.0
fee2 13579 2%.8 ai.6 60.8
7828 20e72 21.6 27.6 62.8
6651 1450t 276 2.6 60.0
66ed 1@ 21.6 2.6 6.3
$[38 14278 2.3 6.3 5.1
2718 16740 a8 &8 .3
U35 12649 5.4 N ) .1
A3 11634 2.3 2.3 BN
5476 21288 21.6 216 62.8
5263 17047 21.6 a1.6 0.0
6180 18139 27.6 21.6 0.8
5425 oA e 216 2.2
6885 21583 21.6 21.6 60,0
5242 13865 an6 27.6 6.3
2% 12855 21.6 27.6 6.8
77 13222 24.3 2.9 .0
6727 22189 27.6 2.6 .0
S48 2215 21.6 2.6 .8
834 21676 27.6 2.6  60.0
4879 14045 27.6 21.6 .0
4837 16818  27.6 2.6 63
6170 17658 7.6 216 6.9
ATS) 181838 216 a1.6 N
a2 Q a1.6 a6 8.0
6634 8 216 a1.6 60.8
6242  1MN 27.0 ane 8.6
1471 6728 1.7 1.7 3.7
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APPENDIX TABLE 4, DYNAMIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL I
{ CUNT[NUED)

DLWINTER QUTPUT
38 39 v 43 4 57 50 52 TOTAL
ALFM  ALFB e CGRG  SORSM  SORGG STRM CSAFTM  INCOME
1955 9.8 8.2 1.5 ] ) 219 .2 5.9 53,359
1956 .0 8.3 5.9 224 ] 8 9.8 5.1 51,039
1957 10.2 2.2 0.2 246 9 8 0.8 58 59,728
1958 10,8 3.0 2.9 249 8 ) 8.7 5.7 60,25
1959 2.3 8.3  61.8 8 ) 592 8.8  13.6 32,459
1968 53,4 - 8.3 0.0 8 S 1397 R7 2.5 64,945
1961 23.5 1.5 8.9 0 ) 677 5.7 146 63,004
1962 8.6 0.1 0.8 ) ) 278 4.1 55 67,9
1963 50.6 5.7 .9 ) 2 1316 8.2 387 52,804
1964 2,3 a3  70.2 ? 8 1237 8.8  28.6 43,284
1965 10.2 1.2 2.2 8 ) 262 .9 6.1 36,575
1966 .2 8.9 248 8 ) 235 8.2 5.4 42,757
1957 0.2 2.9 246 ) ) 235 2.0 5.4 35,621
1968 0.8 3.8  114.7 ) 9 1089 8.8 24,9 33,0%
1969 2.0 3.3 246 ) ) 235 0.2 5.4 44,312
197¢ 10.9 1.8 8.9 [} e 262 0.2 6.1 43,067
1971 2.2 2.0 124.9 ) 8 1185 8.0 2.2 41,55
1972 5.9 2.5 2.9 8 8 658 8.0 _15.5 70,472
1973 58.6 8.7 2.2 ) B 1316 8.0 37 91,%3
1974 51.9 3.3 8.0 1243 ) ) 8.0 238 55,589
1975 10.2 2.2 0.8 247 ) 2 .9 5.8 39,96
1976 2.8 0.2 2.8 8 234 279 0.9 4,8 27,458
1977 .2 8.3 5.9 224 ) e 8.8 5.1 51,092
1978 8.0 8.3  24.6 8 8 235 2.0 5.4 50,860
1979 ~ 2.8 8,3 ~ 2nE’ ] ) 235 0.0 5.4 51,301
1980 59,9 2.9 2.0 ) B 1382 8.8  30.4 48,509
1981 2.9 8.9 1249 9 8 1185 8.8 27.2 31,354
1982 .2 8.8 212 8 9 257 3.9 5.8 44,665
1983 50.6 5,7 8.9 ) 8 1316 2.9  30.7 49,839
1984 3.4 .3 2.0 868 ) ) 2.8 2.3 44,999
1985 10,2 8.2 8.9 247 ) ) 2.8 5.8 56,480
average 15.6 2.7 2.3 114 -8 518 L1 14,3 449,458
std. dev. 18.9 1.4 37.8 2639 1Yl 508 3.8 8.6 13,303

Inventory Ad). 8
Adjusted Income  $49,543
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APPENDIX TABLE 1. STATIC SOLUTIONS FOR SUMMER IRRIGATED RANCH MODEL T
OBJECTIVE FLNCTION= 108433.925832
SECTION { - ROWS
NUMBER TYPE ...ROW.. AT ...ACTIVITY... SLACK ACTIVITY ,.LOWER LINIT. ..UPPER LIMIT. .DUAL ACTIVITY

1. E ACCTING ED . . . . .

2 E (NN ED 70. 30029 . 70. 22220 70. 20008 22, 16008
3. L COWMAY WL 70. 28989 . NONE 70.00000 11.70589
5, E RPIW B2 12. 60099 . 12. 52398 12,60200 -86.359:8
S. L HRPAST W 123, 28200 . NONE 123, 26280 32,4532
6. L SIMBRAZ WL . . NONE . 20. 92028
7. E BEBAF EB 44, 02030 . &, 33908 44, 20000 .

8. L FRIBRAZ WL . . NONE . 20. 58667
9, E WCOWIW ED . . . . -3.1243
9. E EREPINV ED . . . . -2.77772
1t. E ENDAF ED . . . . .

2, E AMFHY EB 59. 20008 . 50. 20003 50. 22002 -89, 62928
13, E CPLAST ED 7. 00200 . 75. 20000 75. 22009 -21.67281
14, L TIUAC W 518, 39899 . NONE 518.39999 65. 73928
15. L CORNT @ . . NONE . 2.55008
6. 5 MINCORN LL 45, 09200 . 44, 20200 NONE -4, 26321
17. L WHTT W . . NONE . - 5,23008
18, L OWFT W . . NONE . - 8. 95813
19. L ©0ATT 18 . . NONE . 1,40008
2. L SORST W . . NONE . 2. 20088
2t. L WHILIN W 209. 62308 . NONE 208, 20000 0. 54654
22, L OATLIS B . 208, 20000 NONE 209. 20000 .

25, L (SLIM  BS 185. 35599 34,6201 NONE 229. 06009 .

2, L SMAB W 1252. 20822 . NONE 1258, 30008 4,50200
2. E HWRIW ED 32.20009 . 32. 20008 3228008 -1.66663
%, E STAIW 8 32, 20008 . 32.22929 2.20002 -1.56663
27. L ..SCOM1  BS . 76, 09008 NONE 78. 23008 .

8. L SCOW2 BS . 70, 20209 NONE 70. 20209 .

29, L SOM3 BS . 70. 20228 NONE 70. 20009 .

B E En . . . . 20. 83287
3., L IRTILAC WL 220, 25029 . NONE 229, 63803 193, 56528
2 L PO W 6o.20088 . . . NONE 52. 20008 578. 12669
3. L pOTT U . . NONE . 4,23008
3% L SOYLIM  BS . £7. 20020 NONE 67.20920 .

[ L sovT u . . NONE . 5., 9390
%. E AFIRLIN EB 26. 20020 . 26.22028 26.20008 -84, 26528
37. L CORLLIM W 134, 0068 . NONE 135, 00008 .

8. E IF5 EC . . . . -8, 18902
3¥. E IFH ED . . . . =7.20909
®, E F5T ED . . . . .

4, E FHT 3] . . . . .

- CONTINUED -



APPENDIX TABLE 1.
(CONTINUED)

SECTION 2 - COLLPWNS

NUMEER

1.
A
3.
4
3
6.
7.
&
9.
10.
11.

12,

13.
14,
15
16.
i7.
18.

LCOLUMN, AT

ACCTINV
BEEFCON
REPHFR
BUYCOW
ESSUPPFD
GRAZIANG
BRCLPAST
SELLEOAL
SELLCOWE
SELLLCOW3
LSUPPFOR
GRSERFT
COWT
REPHFRT
ALFT
ALFD
CORNAC
SELLCORN
WHTAC
SELLIAT
GATRC
SELLOAT
SORGAC
SELLSORG
HIRELAB
HFRT
STRT
INVALF
STRB

883
ER 8
FERERBEBFE R REEBRBEFRERERRRBBRFFFBBRREEREES

ALFT
CCRNI
FINS

534

b
B

..-mIVIw..'

72372, 33572
70. 20200
12. 68008

13.81866
123, 22008
7. 82080

3.26867
163. 60088
58, 8600
11.20008
5. 3267
59. 28200
b4, 20000
20954, 17969
200. 02029
3318, 20003

3
-

141, 39999
7545, 18376
743, 42937
32. 22089
32.20000
238, 83854
36. 40020
68. %0ea2
17363. 99963

25. 20828
134, 30808

- 110 -

«« INPUT E03T..

170. 80300

~-22, 16208
"45- alm

-22, 160083
=35, 42000
=99, 75000
~44,21208

-2, 10208

-17. 94820
-57.97023
2. 59008
-41, 536803
4,983209
-38. 35008
1. 40089
=43, 6c008
2.22009
=4, 52000
=422, 82981
4,22000
~70. 75200
3. 33008
~72. 12083
-149, 78300

=45, 21028

. LONER LINIT,

- CONTINUED -

-.UPPER LINIT.

NONE
- NONE
NONE
NONE
NONE

STATIC SOLUTIONS FOR SUMMER IRRIGATED RANCH MODEL I

o -————
e REVTN

=44, 32028
=77.580@
-121.91¢0e8

-36.99107

* & & + o o

~£0. 44159
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APPENDIX TABLE 2, STATIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL 1
JECTIVE FINCTIC:E 11848, 38333

SECTION 1 - ROS
MBER TYPE ...RO0A.. AT ...ACTIVI7Y... SLRCK ACTIVITY . LCWEX LINIT. ..UPPER LINIT. .DUAL ACTIVITY

1. E AL E . . . . .
2 E (W @ 53, 30228 . 58. 88200 53. 68829 14791914
L L Coamx BS 70, 29009 . NONE 70, 20¢29 .
s E BRPIW B 11,20020 . 11,29089 11,2882 118,84055
5. E Cuucol En . . . . 371, 30201
6. E WS & . . . . .
7. E SR & . . . . .
6 £ QU &! . . . . 446, 34916
9, E EMw B0 . . . . B
1. E B&FR @ . . . . 345,53929
1. L BSSR W . . NONE B 55176
12 L HINAB B 452, 16749 799, 83251 NOE 1252, 20020 .
13, E BFIW @ 232. 32029 . 233, 20209 236, 30002 M4, 95000
14, L T W . . NDE . 8. 94825
15. L PROTC W . . NONE . 8,017
16, E CORWEC D 44, 20000 . 44, 20989 44, 20229 $28.793%9
17, E CORWILT EI . . . 16.83425
18. E CORMGRT ED . . . . 2.54200
19. L CS¥Y -132. 70663 132, 70663 NONE . .
2 L BT W . . NBE . 7.72482
A, £ oA @ . . . . 66.51150
2 E WA 200, 20600 . 29, 20209 200, 20983 .
3. E T @ . . . . 1.330%
2. E WY . . . . .
2S. E STRWT @ . . . . 5.9097%
%. E SORGRC @ 141.395%9 . 141,399%9 144,39599 11579121
27. € ST @ . . . . 217008
2. E EWAIW £ 32, 20009 . 32,2000 2.0 22,9363
2, E BRI & 2,280 . 32, 20089 .00 294,553
N I ERP = 12. 60200 . 12. 62809 12.5288  -345.5999
3. L PROTES BS  -~13%.66%05 1356, 85385 NONE . .
2 L N W . . NONE . .2359
3 L MBS W . S NONE . 2.2595
3 L SsooMi BS . 72,8009 MIE - 70, 32209 .
3L S22 BS . 70, 22083 NONE 70. 00009 .
B L SCOR3 B . 72, 02829 NONE 70, 23200 .
37. L SWw IS ~43, 34359 4394253 NONE . .
B 5 AT W . . . NOE 8. 24242
N 5 AW ES 942, 78184 -342,78181 . NONE .
0, 5 MN¥ BB 1153233 -11.53239 . NINE .
M. L OMF . . MIE . 6. 16585
2 L MSs S ~3,985%2 3.98392 NOE . .
43, L RXFT W . . NONE . 2105
M, E POTRC @ £0. 0229 . 62.20800 60, 20308 .
S. E POTT EB . . . . .
6, E SOYRC @ . . . . .
4. E ST . . . . .
88, £ it 2@ 134, 22820 . 134, 92320 134,200 354.76i79
8., E F5 £ . . . . 73665308
., & FAT £0 . . . . 648, 22217
5., L _PROT BS . . NONE . .
2. L NN w . . NOE . 0,04759
R L NGB (3 . . NONE . 2.8738
54, § FORMIN BS . . . NN .
. L FORAX W . . NOAE . 1.47264
%. £ AN @ 4, 30002 . M4, 20009 4, 20022 3. AMAID

~ CONTINUED -



- 112 -

APPENDIX TABLE 2. STATIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL I
(CONTINUED)

SECTION 2 - COULRS

MHBER O AT . ACTIVITY.., ..INPUT CCST.. ..iGAER LINIT. ..UPPER LIMIT. . AEDUCSD COST.
1. ACCTINV BS  18123%5.25746 . . NONE .
2 PB=rity BS 58, 32329 133. 98208 . NE .
3. REPHWR BS 11.2e829 133. 22208 . KO .
4 SELULCH WL . -22, 15328 . NOBE =172, 37314
S. SELCON L . 55, 42028 . NONE =293, 33914
6 SEL00N3 WL . =99, 73228 . NONE -247.66914
7. ssuoai 88 111. 72009 37. 13288 . NDE .
B SRR BS 18, 44268 52, 74000 . NOXE .
9, SELUWFR 72. 68560 38, 33829 . -NONE .
1o, SIKSTR BS 137.02128 £9. 22000 . NDE .
11. BG¥FRS BS 12,7916 -26. 85208 . NRE .
12, BSSTRS BS . -29, 0000 . NOE .
13, SEGFR W . 35. 22000 . NONE ~1,695¢8
.. SBESR WL . 63.25 . " NONE -1.82143
15 HIREAD LWL . -4, 52000 . NORE -4, 5%
16. ALFT BS A, 2208 38. 16909 . NDE .
17. AfFC 88 a.6m8 . . NOE .
8. BYRF W . 733X . NDE -2, 85209
19, CORSIL BS a.32312 -2, 35808 . NOE .
28, CC 8S 162, 35552 . ‘s NE .
21, CORGR 16.67688 . . NE .
2. SO 19257, 95843 2 5400 . NRBE .
23. GRESAFT S3.65738 -£. 10000 . KNE .
5. 0A1S BS . . . NOE .
5. \MERT BS 200. 52020 . . NOE .
28, SR BS . -1. 35220 . NE .
2l. FSTRsd . . . NONE .
¢3. PROTSFP LWL . -200, 28220 . e =125, 13883
&. 0ArC w N . . NOE -0.4518
33, SaLOAT B8 . 1. 3923 . NONE .
31, SEiWHT B8 3318, 0063 . . NONE B
32, SO0RG BS 141.39939 . . N .
3. SELLSORS BS 7270.3229% PRy . NOE .
3. BFAWV 8BS 32,2000 . . NONE .
33, ESTRINY 32,2000 . . NONE .
36, REPIW 12.52020 . . NOE .
3. Iweed  BS 10, 00009 . . NOE .
38. AM W . . - m -3.69911
39. AF8 L. . . . NOE <7.38T%
8. 85 28. 65320 . . DE .
M. B 5. 29648 . . o€ .
2, (5t w . . . & -8, 39867
43 18 . . . NONE .8
M, 0AM 1R . . . NRE -2, 3353
45, OATE % . . . MONE -2, 26263
L (18 . . . N -8, 15225
47. SCRSS 274, 55282 . . N .
43, PROSH 1 . =202, 20809 . N -127.93%1
43. PROSB w . -200. 30069 . NONE -129, 36731
a m 18 . . ) m 'll.%l

- CONTINUED -
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APPENDIX TABLE 2. STATIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL I
(CONTINUED)

"SECTION 2 - COLLMRS

NyrBER LCOUWN. AT ...ACTIVITY... . INPUT COST.. ..iOWER LIMIT. ,.UPPeR LIMIT; .REDUCSD CO5T,

Si. STW6 L . . . NONE -23, 26548
52, CSRFT S 6. 23040 -9, 10802 . NONE .
53. [SAFTB L . , -3, 12208 . NONE =7.55566
54, POT 85 60. 20229 . . NONE .
€5, SELLPOT BS  17363.93963 . . ) NONE .
5. SOY BS . S . NONE .
57, STis0Y BS . . . NONE .
S8, ICOM 85 134, 22220 . . _NONE .
53. FINS BS T -37,78022 . NONE e
B3, FIM S . =34, 25200 . NONE .
6i. IFS L . 56. 86200 . NONE -7.2293%
62. Ifs i . 54. 82900 . NONE -6.87171
63, FOORWS LU . . . NONE -3.13!158
B4, FOOMNS LL . . . NONE -2.87723
S. FSORGY B . . . NOXE .
66. FSORSS BS . . . NONE .
67. SRF BS 165. 12948 44,9500 . NONE .
68. FoEEM W . 203, 30023 . NONE -129, 97923
63. FSEMS L . -£00. 20020 . NONE -128. 55754
7%. FALFN 85 . . . NONE .
7. FAFS W . . . NONE -8.549%
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APPENDIX TABLE 3. DYNAMIC SOLUTIONS FOR SUMMER IRRIGATED RANCH MODEL 1

SUMIRRIG (Sumser Irrigated) SUMIRRIG (Sumser Irrigated)
1. 2 4 5 8 1 12 15 17 19 3 P %
. ACCTING BUYCOM ESUPPFOR SELLCONt LSUPPFOR GRSBAFT ALFT  CORNIC  WHTAC SORGAC HIREBLAB  #FWT
1955 72,952 79 ] 2 (] 17 163 ) 7Y 200 141 a7 R2
195 76,532 &7 8 4 3 ] 129 ] 229 165 0 L6 22
1957 75,408 7 2 15 e e 145 ] 212 17 () 879 3.2
1958 72,402 70 (] 15 ] s 178 24 4 208 141 7| R2
1959 62,795 7 ] 43 e ! 158 9 vy 200 M 08 R2
1968 43,829 70 ] ] ] 8 128 4 “ 200 141 T R2
1951 40,487 7 ] 12 ) 2 164 k] " 200 141 2y R2
1982 72,893 72 ] 9 ° [} 151 M " 208 141 €83 2.2
1953 72,285 7 8 7 0 7 155 30 M 200 141 ™ R
1964 72,955 7 (] 2 ] 23 195 ] ") 200 141 |3 22
1965 72,512 . ® -] ° 5 164 19 M 200 141 78 22
1956 73,000 7 (] F- ] ] 19 123 e 7Y 185 176 88 .2
© 1967 72,99 70 (] 2 ) -} 133 ] Ty 163 176 s »2
1968 73,872 7 (] 2 e 22 129 e 7Y 185 176 883 .2
1969 T, U6 Y] e s ] 6 129 3 “ 163 176 7 R
1970 72,451 » ] 7 8 8 127 F A4 165 176 ns  R2
1971 72,521 » ] 15 e 6 133 2 o 165 17 % R2
1972 72,211 7 ] ] e . 2 128 2 M 165 176 67 R.2
1973 67,108 7 ¢ ] 8 ¢ 126 M [Ty 165 176 w3 R2
1974 72,884 7 ] 28 ] 20 127 4 M 165 176 8 . R2
1975 7,722 7 ¢ 15 e 14 118 15 “ 165 1% 83 2
1976 73,138 7 9 3 ) 16 118 @ [Ty 165 176 8 R2
177 72,597 b} ] 9 (] 11 135 2 M 165 176 % R2
1978 72,257 70 ] 8- ] 5 126 3 M 165 176 T8 R2
1979 67,108 b 8 ] (] (] 133 M M 165 176 W R2
1988 58, 408 70 ] 24 (] 2 116 ) A 165 178 ™| R2
1981 73,376 7 ] k" ] 7 124 ] M. 165 176 | R2
1982 72,164 e ] ] ] ] 97 M 5 165 17 69 22
1983 51,558 7R ] ] ) 6 123 k'] " 165 176 %3 R2
1984 75,368 7 e '] ] 2 138 42 229 165 8 a8 R2
1985 75,468 y(} (] 8 ] 2 13 k' 20 165 e 863  R2
verage 69,256  £9.9 %1 a3 o1 7.8 13,7 2.9 8B4 1787 1Ml2 & »
std. dev. - 8,718 e.5 &4 131 2.9 77 67 1.6 %3 156 5.2 % ]

= CONTINUED -



APPENDIX TABLE 3.

{ COKRT INUED)

SUMIRRIG (Suxwer Irripated)

1955
1956
1957
1938
1939
1969
1961
1962
1963
1954
- 1965
1956
1967
1968
1969
1970
19
1972
1973
1974
1975
1976
1977
1978
1979
1989
1981
1982
1983
1984
1983

average
std. aev.

27
STRT
k.2
2.2
3.2
.2
R.2
2.2
3,2
.2
3.2
2.2
k.2
2.2
2.2
Rx.2
.2
2.2
2.2
.2
R.2
2.2
2.2
2.2
n.a
3.2
k.2
2.2
2.2
k.2
R.2
3.2
k.2

2.2
a2

a8
INVALF
189.8
140.9
238.6
244,9
133.3
251.8
228.6
321.9
2.4
251.7
246.1
209.7
5.5
212.9
247.3
2.9
222.2
2%8.2
277.8
216.3
21.9
178.6
211.8
5.6
a63.4
170.2
151.7
331.3
25.9
e31.9
249.2

229.8
45.8
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23
STAB
3.3
4.1
8.7
8.5
8.5
28.5
3.6
42.3
M7
4,7

36.4 -

2.3
3.9
36.4
36. 4
8.2
2.6
37.3
29.5
3.2
A4
48.9
3.1
39.1
3.9
8.9
4.2
2.6
2.3
5.6
3.7

3.9
6.4

3
POTRC
6.0
60.2
6.9
68.9
2.9
0.9
60.9
60.9
0.8
6.9
60.0
6.2
69.9
60.8
6e.2
69.8
68.9
68.9

60.8
60.0
6.9
6.9
60.9
60.9
62.9
60.9
6.9
2.0
68.9
6.9

6.9
8.8

k]
SOYRC
8.9
8.2
8.3
8.9
8.3
2.9
0.0
e.2
8.0
2.0
8.9
0.0
0.9
2.9
a0
2.9
8.9
8.9
67.8
LX)
0.9
8.9
8.9
0.0
67.9
67.0
0.9
2.9
.2
8.9
e.8

6.5
19.8

34

2.9
2b.8
6.0
2.9
26.9
26.9
6.9
2.8
6.8
26.8
26.8
6.8
6.8
26.0
26.9
26.8
6.8
26.9
26.9
26.8
26.9
6.8
26.8
26.3
6.8
25.0
26.9
26.9
6.8
26,8
6.9

26.8
e.8

3

134.0
134.0
134.8
134.8
134.9
134.0
134.9
134.9
134.0
134.8
134.9
134.8
134.9
134.8
134.8
134.8
134.8
134.2

67.0
134.0
134.9
134.8
134.0
134.9

67.9

67.8
134.8
134.0
134,
1343
134.0

127.5
19. 8

36
FINS
8.2
e.3
2.2
2.0
8.9
37
3.7
8.2
8.9
8.2
e.8
0.2
0.9
2.8
0.8
8.9
8.9
0.2
0.9
e.e
0.8
8.9
2.0
2.9
e.e
e.e
6.9
3.9
3.7
-8.9
8.3

1
9.4

k1)
SFS
0.9
8.9
8.2
8.9
e.9
364.8
364.8
8.0
8.9
8.2
8.9
e.e
2.0
8.9
8.9
8.9
e.8
a.9
a.2
e.9
8.9
8.2
8.0
8.2
8.9
8.0
8.9
0.0
364.8
8.9
8.0

35.3
187.8

SUMIARIE (Summer Irrigaten)

8
FINH
0.2
2.2
0.0
0.0
19.1
19.1
19.1
0.0
0.0
0.0
0.9
2.8
a.8
0.8
0.0
0.0
2.0
0.2
0.0
2.8
0.0
0.9
0.8
2.2
0.0
19.1
0.8
0.2
0.0
2.0
2.0

2.5
6.4

39 40
SFH \SIPALT
0.9 5.9
0.8 3.5
8.9 2.0
8.9 8.8

%7 a.6
20,7 e.2
203.7 2.9
8.2 8.9
2.9 0.9
8.9 47
e.9 0.0
8.9 1.8
8.8 3.6
a8 1.3
8.9 0.9
6.2 e.3
8.0 0.0
0.9 8.9
a.8 8.2
0.9 e.9
2.8 8.0
0.0 8.4
9.8 2.9
0.3 2.9
0.8 8.0
a7 35
8.9 a3.5
8.9 .9
8.2 a.2
2.8 LR
2.9 0.9
2.9 3.8
67.3 8.3



APPENDIX TABLE 4,

WINTIRRI QUTPUT
1 e
ACCTING  BEEFCOM
1955 193, 889 58.8
1956 169,226 5.6
1957 238, 164 58.8
1958 149,434 58.8
1959 128,333 58,8
1960 169,263 58.8
191 172,30 58.8
1962 195,915 58.8
1963 158,723 8.8
1964 246,772 58.8
1965 204, 414 58.8
1966 185,812 58.8
1967 167,983 58.8
1968 158,649 58.8
1969 178,476 58.8
1970 181,23 58.8
1 173,363 58.8
1972 218,677 58.8
1973 216,037 58.8
1974 201,634 58.8
1975 178,261 58.8
1976 172,037 58.8
1977 170,866 58.8
1978 169,588 58.8
1979 146,812 58.8
1980 149, 1454 s8.8
1981 149, 408 58.8
1982 147,331 58.8
1983 169, 657 58.8
1984 155,242 58.8
1985 173,546 58.8
average 176,75 58.7
std. dev. 235,731 8.4
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3 7 8 9 18
REPFR SELLORL SELLREP SELLWHFR SELLNSTR
t.2 17 10,4 7.7 1318
1.2 1875 18.4 2.7 137.8
1.2 1.7 18.4 68.9 132.7
1.2 U7 18.4 8.0 138
1.2 17 10.4 2.9 0.8
1.2 17 18.4 e.e 0.0
1.2 ULz 1.4 8.0 137.9
1.2 1.7 18.4 .7 1318
1.e un? 10.4 0.9 0.8
1.2 17 10.4 8.0 2.3
1.2 L7 18.4 =7 1310
1.2 U7 184 727 137.8
1.2 U7 18.4 7 1310
1.2 1.7 18.4 e? 97.8
1.2 117 1%.4 .7 137.9
1.2 uL? 18.4 .7 131.0
1.2 L7 10.4 e.9 0.9
1.2 17 18.4 727 137.8
1.2 17 18.4 0.9 0.8
1.2 L7 18.4 0.0 0.0
1.2 17 16.4 7 138
1.2 1.7 18.4 7 1318
1.2 1L? 18.4 7 13.%
1.2 UL? 10.4 .7 13.8
1.2 L7 18.4 0.9 137.8
1.2 L7 18.4 a8 o0
1.2 1.7 1.4 9.0 .9
.2 U7 18.4 A 8.2
1.2 1187 18.4 a0 .0
1.2 L7 8.4 727 137.0
1.2 L7 18.4 2.7 130
1.2 1116 10.4 39.7 7.8
-8 .7 6.8 361! 64,9

- CONTINUED -

11

ESFRS
12.8
12.8
2.8
R.2
r.2
R.2
k.2
2.8
R.2
R2
2.8
12.8
12.8
2.2
12.8
12.8
R.2
12.8
.2
2.2
128
1.8
12.8
12.8
2.2
2.2
k.2
12.8
2.2
2.8
12.8

216
9.7

1

e.2
8.8
8.2
o8
2.2
2.2
a9
a0
Rx.2
2.2
a9
2.8
es
9.2
8.8
a8
2.2
0.8
R.2
2.2
0.9
a9
.0
&9
e.9
2.2
2.2
2.2
2.2
a9
e

11.7
15.3

13

8.8

0.0
o9
0
8.0
118.5
6.8
114.5
114.5
[N
et
e.8
114.5
e
e.8
114.5
e.s
1145
114.5
0.9
a9
0.0
0.0
e.0
114.5
114.3
0.0
118,5

0.8

36.9
.35

14

WINTIRRI OUTPUT

16

1

SBSSTR ALFT AU

8.0
0.8
29
a8
8.9
e.8
e.0
(N ]
206.0
29%6.8
a8
a0
8.9
58.9
6.9
.0
296,08
&9
206.9
206.9
.8
a8
o0
2.9
a2
206.8
206.9
al
206.9
e.2
.9

5.9
89.6

“l
.0

s ELEEEESEESESESESSESESESESESSSESE

%.9
9.2
2.9
9.8
5.5
2.2
2.9
2.2
3.8
a.8
s.8
2.9
.9
.9
2.9
2.9
2.9
a.68
89.8

“qag

9.8
9.8
2.9
2.9
2.9
8.5
2.9
a.3
9.0
s.0
2.0

%.0
IS
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APPENDIX TABLE 4. DYNAMIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL I
(CONTINUED)

NINTIRRI OUTPUT
19 ] 21 2 a3 6 2l 3 3 W 3 k14 3
CORNSIL (SC CORNGR SELLCORN GRCSAFT BSTRAWM FSTRAN SELLMMT SELLSORG BFRINV ESTRIN  INVCOM [ 42 ]
1955 8.0 0.0 M,0 18788 5.9 a9 o8 5256 5350 2.2 ».2 70.8 11.6
1956 2.9 0.0 218.8 28377 541 9 0.8 498 L] 3.2 3.2 67.8 6.8
1957 23.8 180.3 187.8 3087 55.9 0.8 8.8 5845 e 2,2 .2 70.0 2.9
1958 8.2 0.0 43,9 17601 5.9 e.9 0.9 6649 7384 2,2 R.2 7.0 3.8
1959 4.8 88.9 8.0 13887 55.9 0.0 e.9 3834 ) r.2 2.2 7.0 a0
1960 37.5 135 6.9 208 5.9 249 ah0 6926 16% 2.2 R.2 70.8 8.0
1954 3.8 1823 13.0 20451 5.9 0.0 0.8 5508 8162 2.2 2.2 70.8 2.0
1962 21.3  175.7 2.7 232 .9 2.4 2.4 4680 10733 2.2 r.2 78,8 8.9
1963 1.5 e.8 2.5 28513 5.9 a9 0.0 M3 7837 2,2 R.2 7.0 5.4
1964 0.0 0.9 M9 1957 5.9 0.8 0.0 408 6768 R.2 2.2 78 %I
1965 53 0.8 38.7 211a 5.9 8.8 8.8 392 5499 .2 2.2 7.9 a8
1966 28.1 188.3 15.9 23X .9 2.0 8.9 2821 a7 2.2 2,2 70.8 %8
1967 .8 182.3 3.2 2u2 55.9 8 e.8 5106 6784 R.2 2.2 70.9 .8
1968 4,0 180.3 0.0 19328 5.9 0.0 0.8 M3 6988 R.2 2.2 7.0 | X
1959 S.8 18.3 18.2 21417 55.9 8.0 e.0 10 10386 2.2 2.2 78.0 8.8
1978 3.9 188.3 1.2 1789 5.9 0.0 0.9 4243 8283 2.2 2.2 70.0 e.8
1971 336 188.3 19.4 19016 5.9 0.8 8.9 s 8171 R.2 2.2 78.8 0
1972 3.1 8.0 4,9 24531 %.9 0.8 8.0 438 12387 2.2 2.2 7.8 e.0
1973 a9 a8 M9 12931 55.9 5.2 5.2 5488 96 2.2 x.2 78 5.1
1974 8.8 0.8 M0 18528 55,9 0.9 6.9 4221 6558 ».2 2.2 7.8 6.6
1975 a8 8 .0 20358 55.9 a8 8.0 2 635 2.2 2.2 7e.0 11,9
1976 e.0 a8 M0 19558 .9 e.0 0.9 283 619 2.2 R.2 70.8 8.8
1977 2.6 183.3 2.6 29628 5.9 8.9 8.0 507 10978 R2 R.2 7.8 e.0
1978 18.1  183.3 a.9 21781 5.9 0.9 0.8 4147 12308 2.2 R.2 e 9
1979 2.4 179.8 16.7 10976 5.9 2.3 8.3 5106 8337 2.2 .2 78.9 (N]
1960 M8 73.3 0.8 8852 5.9 e.9 8.9 3285 6285 R.2 R.2 7.0 8.0
1981 4,0 188.3 8.0 1843 5.9 0.8 2.2 3833 7534 R.2 2,2 78.8 2.8
1982 N.2 4.6 13.8 19455 5.9 17.2 17.2 4969 A 2.2 R.2 7.8 2.0
1983 a9 [N} 4.0 183e8 5.9 0.0 0.0 826 7995 2.2 .2 78.9 5.6
1984 0.8 0.8 220.8 28751 5.9 2.0 8.0 4600 8 3R2 R.2 70.8 11,9
1985 et 6.0 229.0 3575 5.9 8.2 8.8 5318 0 2.2 .2 7.9 11.9
average 12.9 89.8 48,3 20276 5.8/ 1.6 1.6 4670 6479 2.2 R.2 £9.9 1.3
std, dev. 16.7 85.0 64.8 Ag72 a3 52 82 89 3559 0.2 82 .4 a1.6

- CONTINUED -



APPENDIX TABLE 4,

(CONTINUED)
WINTIRRI QUTRUT
39
AFB
1855 1.2
1856 2.9
1957 2.0
1958 e.8
1939 e.9
1968 0.0
1961 2.0
1982 2.9
1963 0.2
1964 S.4
1965 .8
1966 0.0
1967 8.9
1968 e.e
1969 8.0
1970 2.9
1971 0.0
1872 e.8
1973 5.4
1974 2.3
1975 8.2
1976 8.2
1877 oo
1978 8.9
1979 0.9
1580 2.0
1981 2.0
1982 2.9
1983 a9
1984 0.0
1965 2.9
average 0.4
std. dev. 1.3

40
csn
6.9

12,7
a&a
6.9
145.7
145.7
2.1
2.7
e.2
2.9
28.7
8.7
28.7
93.2
28.7
28.7
145.7
8.7
.8
2.9
a9
- a8
2.2
28.7
2.1
145.7
145.8
1.2
8.9
2.8
2.8

M,
2.0
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4
£s6
8.8
2.9
4.1
.2

3.3
32,3
15.9
63
3.5
8.2
6.3
6.3
63
2.0
6.3
6.3
38.3
6.3
o8
0.0
0.0
.9
4.1
6.3
15.9
30.3
28.5
2.7
a2
0.9
8.5

9.6
18.6

a
BRI B

g

124

&
HyBEE. .. 8E=

B

69t

g

&
B E

WINTIRRI QUTPUT

4
CSAFT
7.4
6.4
%]
16.9
3.7
3.7
15.8
6.3
5.4
3.8
6.3
6.3
6.3
2.4
6.3
6.3
3.7
6.3
35.8
.8
6.7
36
6.8
6.3
15.8
3.7
3.6
2.1
5.1
6.7
&7

/
17.8
12.2

- CONTINUED -

57

63

SELLPOT SELLSOY FCORNM

15127.2
18708.2
17868.2
17499.6
15129.6
19455.0
17635.8
18573.8
15812, 4
153%3. 4
19381.8
168¢3.8
14947.2
14977.2
1533026
17466.6
22006, 9
1749%.8
17766. @
17435, 4
15398. 4
19455.0
15812 4
18572.4
1870.2
151ar.2
17499.6
17655.
17499.6
18572.4
1870e,2
8.0
173%.9
1785, 1

B coccetflececoBonssccsccnennnnans

oooooooooeooooooooooo‘ooouooﬁooo

s
o >

e

2o

4
gn

cofesonensecsscrenncnblonse

,
§

ER woe

s

gg@@’@

s
—

owai-s-ootoosoooooooeooooooo

SR



- 119 -

APPENDIX TABLE 4. DYNAMIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL 1
(CONTINUED)

RINTIRRI OQUTPUT

67 70 TOTAL

SALF  FELFM  INCOME

1955 40.0 8.8 125,128
1956 8.8 .3 %,69%
1957 193.7 9.0 154,756
1958 44,9 3.8 77,029
1959 8.9 31.9 - 66,541

1960 15,5 28,1 125,443
1961 155.8 9.0 131,819
192 . 267 0.9 123,823
1963 3.8 0.0 85377
194 2.2 0.9 173,817
1965 109.8 0.0 131,92
1965 1448 0.0 112,012
1967 148.7 0.9 %,9%7
1968 1488 Q.0 85,57
1969 182.4 0.8 106,130
1978 1680 0.8 108,782

1971 157.3 0.0 109,842
1972 18.1 0.0 138,465
1973 79.5 0.8 148,938
1974 18.4 0.0 125,750
1975 7.8 0.0 185,539
1976 5.5 0.8 9,89

1977 146.9 8.8 9,359
1978 7.7 8.8 97,32
1979 165.1 18.4 79,704

1989 825 0.0 %,7%
1981 8.9 0.8 75,032
1982 46,4 177 75,167
1983 5.2 0.8 118,108

1984 103.0 8.8 79,876
1985 100.2 2.8 95,086

average 113.1 3.9 107,469
std. dev. Ba.8 9.5 25,491
Inventory Adj. L]

Adjusted Income 107,469



APPENDIX G
STATIC AND DYNAMIC SOLUTIONS FOR DRYLAND RANCH MODEL II
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STATIC SOLUTIOMS FOR SUMMER DRYLAND RANCH MODEL II

DBJECTIVE FUNCTION=

SECTION 1 - ROWS

NUMBER

i.
2
3.
4

S

6.
1.
8
9.
®.
il
12.
13.
H S
15,
16.
17,
18.
19,

2i.
2.
23.
24,
5.
b.
27.
(-

32.
31.

TYpE .‘.m”..

MM PG I mMEA MM M memm

e

ACCTING
CoJiN
CORRAX
REPINV
RPAST
SU¥GRAZ
BEGALF
FALLBRAZ
WCORINY
£REPIW
ENDALF
AL7HAY
ChoAST
TILLAC
CORNT
MINCORN
WHTT
OWAFY
DA T
SORGT
WHTLIM
DATLIN
goLin
SUMLAB
HFRINV
STRIWV
SCOw!
5CCwa
SCCW3
53=D
LLSUPRL?

BS

- 42464.7473)

oo oBLTIVITY. ..

140, 22320
142, edooe
25. 20220
433, 0o0ed
-37. 54804
84. 02008

120. 2a2ed
S0, 23200

460, 30000

60, 32223

208, 2002
1047, 85563
64, 40020
64. 42222

-242, 41 164

SLACA ACTIVITY ..LOWER LIMIT.

- CONTINUED -

149, 22222
NOKE
25. 20020
NOXE
NONE
84, goooe
NONE

120, 20000
5. 20000
NONE
NONE
£2. 00000
NONE
NONE
NONE
NDNE
NONE
NONE
NONE
NONE
54, 42000
54, 40020
NONE
NONE
NDNE

NOhE

«« UPPER LINIT)

-22. 16089
169.17397
-14,7357¢

2. 89360

1285567
-1,81567
-1.61393

-88. 77264
-65, 49224
70. 83264
2.5
NONE
4. 23002
5. 20493
1. 40200
2.228%0

4, 00656

12.10438

.DURL ACTIVITY

-0, 46221



APPENDIX TABLE 1.
(CONTINUED)

SECTIDN 2 - COLUMNS

NUNMBZR

Ll Al

=
-

e N wm

i6.
17.
18.
19,
28,
21,
2.

24,
as.
25,
et
aB.

3e.

+ COLLIN,

ACCTINV
BEEFCOW
REPHFR
BUYCOW
ESSUPPFO
BRAZAANG
BRCLPAST
SELLCONE
SELLCON3
LSUPPFOR
BRSBAFT
COWT
REPHFRT
MFT
ALFD
CORNAC
SELLCOAN
WHTAC
SELLWHT
OATAC
SELLOAT
SORBAC
SELLSORG
HIRELAB
HFRT
STRY
INVALF
SiRB
LSUPPRLF

AT

BB FrE BB BB E BB EEFrFEEBEFEERER
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STATIC SOLUTIONS FOR SUMMER DRYLAND RANCH MODEL I1

s0e ﬂcTIVITYl LR ]

23771.2559:
143, 02000
25, 20300

493. 20222
39, 22000

38, 98546
53. 16279
117, 62000
22, 40000
45, 31454
129, 20202
69. 82002
3063, 9999t
102, 8geee
2712, 18082

148. 30222
7897.20839

b4. 42309
64, 46202
242, 41154
48, 83724

«« INPUT CO57..

173, 0820
-2, 16328
-45.21000

-c2. 16222
-35. 42000
~99. 75282
-36. 17809

-, 10282

=17. 94309
~57. 97829
2,590
1.53009

4, 03202
-38. 552020
1.40800
~43. 626080
2,220
-4, 52262

~45.21803

«+LONER LIMIT,

++ UPPER LIMIT.

NDNE
NONE
NONE
NONE
NONE
NONE

NONE

« REDUCED COST,

~44, 32003
=45, 21003

-33. 2ww
~77.53020

-370 18771



APPENDIX TABLE 2.

SBJECTIVI FuNCTION=

WYBzR

1.

16.

e,

a7,

TYpE ‘l.m“ll

ACCTING
CONINY
CCWXAX
BREPIW
CLLLCoW
HFRS
STRS
CULLRER
ECORINV
BGAFR
BGSTR
WINLRB
BALFINV
TOND
PROTC
CORNAC

CCANGRT
CSAFT
OWAFT
OATRC
WHTRC
OATT
WHTT
STRRNT
SORGAC
SORGT
BFAIW
BSTRIW
REGR:A
PROTBG
NEMBG
NEGBS
SCOW_:
SCCi.2
8COAL3
STRAL
AYAXT
AxAXP
NINF
BAXF
#AXS
YAXRET

rammppEmemmmMmmm e MMM rerrmmmmmmmemm

e ror

rrooorrr

CORNSILT
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79425. 2384¢

AT . ACTIVITY...

ED
ER
BS
E0
€l
31}
3]
EG
EQ
ko
u
B8S
EQ
u
BS
e
Ea
3]
18
L
EQ
0
EQ
0
EQ
&0
EQ
=]
€0
&

BEFERFBEBREFFR

117.6@300
149, 228000
22, 40820

989, 33499
242, 33993

-24867, 83866
£0. 2Be20

548, 20220

b4. 40200
64, 42000
25. 22000
-7830. 37158

-102, 34432

1885: 6362
25. 18137

-9. 41074
-5. 83477

SLACK ACTIVITY

7692.37.52

182, 203
142, 20228
143, 22023
102, 35432

-186%5. 56362
=23, 18137

9. 41974
. 03877

- CONTINUED -

o LOWER LINIT.

117.602¢0
NONE
22, 40000

132. 00200

148, 30229

64. 40000

64. 40000

25.20000
NONE
NDNE
NONE
NONE
NONE
NONE
NONE

NONE
NCNE
NONE

.o LPPER LINIT,

135, 41869

104, 83345
371, 30201

446. 94916

356. 21662
433.08538

36, 168¢
9.93646

1835, 47444
17,1968
2. 54800
27,8355
6. 33429
66.51150

1,30R

22.61549
131, 47165

. {7000
229, 93634
294, 55322
-356. 21662
@. 43829

8, 96566

STATIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL Il

+DUAL RETIVITY
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APPENDIX TABLE 2. STATIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL II
(CONTINUED)

ScCTION 2 - COuums

WMBER (COLuMN, AT LLLACTIVITY... .. INPUT 2OST.. eoOuER LIOIT, LGSR LIMIT, L ELCID LOST.
i v BS 63976, 86335 . NONE .
2, BEEFLN B8 117, 62000 133, 90930 . NONE .
3, REMFR  BS 22, h20de 133, 2000 . NONE .
4 SELLIGHY w . ~22, 16008 . AE -197.57359
3. SEL.CONE W . -55, 42000 . NONE -190,83868
6 SELLON3 . -39, 75909 . AONE -235, 16855
7. SEalul. BS 223,43993 37. 13200 . NONE .
8. SELLEP BS 20, 88136 52, 74008 . 1 .
9. SELWFR BS 145, 37920 58, 59000 . NONE .
9. SEMSTR ES 274, 84256 69. 22000 . NONE .
li. BGFRS B8 25, 58376 -2h, 86000 . NI .
2. BSSTRS  BS . -29, 00000 . KONE .
13, SEGWFR L . 56, 28 . NN -3.46817
14, SBSSTR w . 63, 25808 . NONE -3. M55
15, nlRELAB L . -4, 50800 . NONE -4, 50000
16, ALFT 8 b, 35328 35, 16290 . NONE .
il. ALFC BS 188, 8257 . . NONE .
B, BWASF . -73.51008 . NN ~37. 65008
19, CORMSIL Lo . -2, 86038 . NN ~12. 66AB3
20, CsC - . . . NONE -2, 7208
2l. CORMGR  BS 69, 20000 . . NN .
2. SELL[ORN BS 3065, 93994 2, 54008 . NN .
23, GRSAFT  BS 111.7355) -4, 19208 . NONE .
24, DATS BS . . . NOME .
25, WeEAY 182, 20000 . . MAE .
26, BSTRMM B85 . ~7. 99000 . NONE .
27, FSTRAM  BS . . . NONE .
8, PROTSLPP .o . =200, 20808 . NONE =346, 325
2, 0T [*R . . . NE , S3684
38, SELLDAT 35 . 3. 39008 . vONE .
31, SELLMWT BS 2712, 18082 . . NGNE .
R, SOR6 BS 148, 02000 . . AONE .
33, 5z..S0RS BS 7297, 72357 2..7008 . N .
#*, SFUW BS 64, 42008 . . NINE .
35, ESTRIW BS 64, 40000 . . NONE .
3. REPIW BS 25, 20008 . . NOME .
37. IwCGW BS 143, 00000 . . NONE .
8. AFM BS 21.231% . . MINE .
39, AFB BS 3.83418 . . NONE .
9. S Li . . . NONE -1, 78232
41, (Sb BS v . . NRE .
42, (6% R . . . NN -3, 60305
43, C8R6 tL . . . NONE -2,:1367
&, OA™M % . . . e -0, 46463
43, JAT6 “ . . . NN ~2,28.75
46. SORBA e . . . O -3, 41572
47, SORGS BS 593, 55652 . . NONE .
48, PROSH ¥R . -200. 30 . NONE =35, 7805
43, PROSS - . -220. 20808 . a0 -.28, 70667
, ST “ . NOVE -6, 4379
Si. 516 - . . . NN -17.93637
X, C5RFF™Y 8§ 8, 70489 -2, 10000 . e .
3. USHFTR Ll . -3, .00 . N -5.8211



- 127 -

APPENDIX TABLE 3., DYNAMIC SOLUTIONS FOR SUMMER DRYLAND RANCH MODEL II

Pryland (Summer Solutions)

1 2 3 4 5 6 7 8 9 n 12 15

Year ACCTING BEECOW  REPHFR BUYCOW ESUPPFOR GRAZRAMG GRCLPAST SELLCOW1 SELLCOWZ LSUPPFOR GRSGAFT ALFT
1955 25,899 140 25.2 0 41.42 493 50 0 0 42.58 52 0
1956 23,443 85 25.2 0 0 493 50 23.33 31.7 0 61 0
1957 25,111 136 25.2 42.14 0 493 50 0 0 0 117 0
1958 25,444 140 25.2 3.43 0 486,54 S0 0 0 0 115 0
1959 23,968 101 25.2 0 0 493 50 23.33 15.98 0 103 0
1960 27,654 140 25.2 33.02 0 493 50 0 0 0 117 0
1961 23,657 140 25.2 0 0 493 50 0 0 0 107 0
1962 23,687 140 25.2 0 0 493 50 0 0 0 98 0
1963 23,698 140 25.2 0 0 493 50 0 0 32.9 95 28
1964 23,048 121 25.2 0 0 454.85 50 18.89 0 0 102 0
1965 24,906 . 140 25.2 15.87 0 493 50 0 0 0 106 0
1966 25,922 140 25.2 0 0 493 50 0 0 0 45 0
1967 25,189 124 25.2 0 0 493 50 16.21 0 0 83 0
1968 23,001 120 25.2 0 0 493 50 6,57 0 0 78 0
1969 29,772 140 25.2 16.96 0 493 50 0 0 0 53 0
1970 23,779 140 25.2 0 0 493 50 0 0 0 51 0
1971 23,754 140 25.2 0 0 493 50 0 0 0 58 0
1972 23,775 140 25.2 0 0 493 50 0 0 0 52 0
1973 23,740 140 25.2 0 0 493 50 0 0 27.11 62 19
1974 23,498 135 26.2 0 0 476.19 50 5.33 0 0 105 0
1975 24,836 140 25.2 11.09 0 493 50 0 0 0 38 0
1976 23,350 129 25.2 0 0 493 50 10.51 0 0 a 0
1977 24,859 140 25.2 35.556 0 493 50 0 0 0 62 0
1978 23,783 140 25.2 0 0 493 50 0 0 22.75 50 33
1979 23,751 140 25,2 0 .0 493 50 0 0 19.83 59 57
1980 23,827 140 25.2 0 0.74 493 50 0 0 50,42 36 16
1981 23,530 126 25.2 0 0 493 50 13.98 0 0 116 0
1982 25,2717 140 25.2 11.74 0 493 50 0 0 0 58 0
1983 23,798 140 25.2 0 0 493 50 0 0 27.55% 45 63
1984 25,89 140 25.2 0 0 493 50 0 0 0 54 0
1985 25,869 140 25.2 0 0 493 50 0 0 12.53 61 0
Average = 24,572 134,08 25.20 5.48 1.36 491,02 50.00 3.8 1.54 7.60 74 6.92
Std Dev = 1,430 12.53 .00 11.38 7,32 .30 0.00 7.26 6.19 14,15 27 16,15

- CONTINUED -



APPENDIX TABLE 3.

(CONTINUED)

Dryland (Summer Solutions)
16 17

Year
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

Average =
Std Dev =

ALFO
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120

120
0
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CORNAC
208
208
156

19

WHTAC
102
102
155
155
155
155
165
155
155
155
155
102
122
2
102
102
102
102
102
155
102
102
102
102
102
102
155
102
102
102
102

122
25

23
SORGAC

148

93
60

25
HIRELAB

o0

CCOO00O0ODO0VO0OTOOVOODODOVOTOOOOODOOCOO

26

HFRT
64.4
64.4
43.1
62.8
64.4
49,2
64.4
64.4
64.4
64.4
57.1
64,4
64.4
58.1
56.6
64.4
64.4
64.4
64.4
64.4
59,3
64,4
48.1
64.4
64.4
64.4
64.4
59.0
64.4
64.4
64,4

27

STRT
64,4
64.4
431
62.8
64,4
49.2
64,4
64,4
64.4
64.4
57.1
64.4
64.4
58.1
56.6
64.4
64.4
64.4
64.4
64.4
59.3
64.4
48.1
64.4
64.4
64.4
64.4
59.0
64.4
64.4
64,4

61.6

28

INVALF
131.8
67.5
202.9
161.3
§6.1
201.6
181.1
284.8
256.)
99.2
152.56
85.0
99,2
105.2
194.6
190.6
166.6
296.2
278.8
123.2



APPENDIX TABLE 4,

Dryland {(Hinter Solutions)
1 2

Year
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1978
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

Average =
Std Dev =

ACCTING BEEFCOW

57,506
54,677
61,827
69,084
50,747
61,455
67,542
75,881
63,938
50,314
48,161
58,633
55,005
49,862
61,405
63,561
65,198
85,127
89,418
40,564
42,205
37,860
50,402
70,348
75,459
63,266
44,297
60,575
64,021
61,5621
68,693

59,953
11,973

118

n
114
118

85
118
118
118
118
102
118
118
104
101
118
118
118
118
118
107
118

82

3

7

REPHFR SELLCULL

22.4
22.4
22.4
22,4
22,4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4
22.4

22.40
.00

223.4
135.6
216.9
223.4
160.7
223.4
223.9
223.4
223.4
193.3
223.4
223.4
197,6
191.2
223.4
223.4
223.4
223.4
223.4
202.4
223.4
155.9
223.4
223.4
223.4

- 129 -

8 9 10
SELLREP SELLWHFR SELLWSTR
20.9 145.4 274.0
20.9 145.4 274.0
20.9 65.7 183.6
20,9 139.6 267.3
20,9 145.4 274.0
20,9 88.5 0.0
20.9 145,4 274.0
20.9 145.4 274.0
20.9 §9.2 0.0
20,9 145.4 274.0
20.9 118.1 243.0
20.9 145.4 274.0
20.9 145.4 274.0
20,9 121.9 247.4
20,9 116.2 240.8
20,9 145.4 274,0
20,9 59.2 0.0
20,9 0.0 274.0
20.9 59.2 0.0
20.9 0.0 0.0
20.9 126.3 252.3
20,9 145.4 274.0
20.9 84.1 204.5
20.9 145.4 274.0
20.9 145.4 274.0
20.9 0.0 0.0
20.9 145.4 0.0
20.9 125.2 180.5
20.9 145.4 1.2
20.9 145.4 274.0
20.9 145.4 274.0
20.9 112.5 191.3
0.0 47.0 115.4

- CONTINUED -

11

BGHFRS
25.6
25.6
25.6
25.6
25.6
25.6
25.6
25.6
48,6
25.6
25.6
25.6
25,6
25.6
25.6
25.6
48.6
64.4
48.6
64.4
25,6
25.6
25.6
25.6

-
N

SBGSTR

.
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APPENDIX TABLE 4. DYNAMIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL II
(CONTINUED)

Nryland (Hinter Solutions)

17 19 20 21 22 23 26 27 n 33
Year i pc CORMSIL CSC  CORMGR SELLCORN GRCSAFT  BSTRAW  FSTRAw SELLWHT SELLSORG
1955 431, 37.2  183.2  170,8 7487 88.8 0 0 2681 0
1956 g3.5 29.0  146.3  179.0 8267 75.7 0 0 2157 0
1957 491.8 6.0 0.0  149.0 8643 96.9 0 0 5216 0
1958 451.3 32,6  174.2  122.4 5823 69.8 0 0 146 0
1959 56,9 55.9  305.6 4.1 158 43,6 0 0 2971 2882
1960 797.5 12.8 16.1 47.2 2642 85.3 0 0 5368 2684
1961 g1, 9.8 54,5 50.2 2949 91.5 0 o 4253 a8
1962 1g6.2 0.0 0.0 60.0 4106  111.6 0 0 362 6814
1963 191.4 0.0 0.0 60.0 3744 105.4 0 0 3436 1047
1964 99,7 36.6  239.2 23.4 1124 63.9 0 0 3410 4477
1965° 152,58 34,2 195.6 25.8 1083 58.0 g g 4119 2
1966 85.0 49.6 300.5 158.5 7363 88.7 0 0 235¢ 0
1967 99,2 54.5 257.7 134,0 4533 60.3 0 0 371 05
1060 198-2 422 20%’3 ;;'g 332% 131'3 0 0 2719 8296
1969 4.5 . . .
1970 :gg'; 18.8 39.9 41.2 1609 87.0 0 0 ggég 2323
1971 166.6 42.1 48.8 17.9 965 1M.7 0 0 3069 5760
1972 186.1 0.0 0.0 60.0 2189 1.7 0 0 2694 o111
1973 186.1 13.0 0.0 47.0 2788 111.7 0 0 3319 s
1974 222.6 60.0 0.0 .0 0 41.8 0 0 3956 el
1975 162.8 33,1 148.7 26.9 22 68.2 0 0 2123 5344
1976 92.6 60.0 229.8 0.0 0 30.3 2025 4513
1977 81.4 33.8  261.7 26.2 1027 11,7 0 0
1978 186.1 5.9 0.0 54.1 333 1M1.7 0 0 2557 10031
1979  186.1 0.6 0.0 59.4 3541 11,7 g 0 g;;g agg?
1980  155.9 60.0  181.6 0.0 0 60.7 0 g 2026 !
1981 43.6 60.0  483.6 0.0. 0 13.2 0 3650 I
Y 5.0 0 2.0 3% ¥ 0 0 2389 5832
1983  204.6 0.0 0.0 . . 0 2359 2
. 0.0  208.0 11946 93.6 0
}gg; fgéﬁf g.g 0.0 204.2 13132 1.7 0 0 3279 0
1. 68.5 3560 83.9 0.00 0.00 3247 3808
2::'333 - ‘23:3 gg:% :;7.2 62.4 3413 271 0.00  0.00 883 3360

= CONTINUED -
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APPENDIX TABLE 4, DYNAMIC SOLUTIONS FOR WINTER DRYLAND RANCH MODEL II
(CONTINUED)

Rryland {(Hinter Solutions)

34 35 37 kY] 39 40 43 46 47 50 52

EHMFRINV ESTRINY  INCOW ALFM ALFG CSH CGRG SORGG STRM  CSAFTM CSAFTM  TOTAL

Year INCOME
1955 64.4 64.4 140.0 0.0 0.0 79.5 582 0 0 0 0 31,606
1956 43.1 43,1 93,8 0.0 0.0 58.4 523 0 0 0 12 31,234
1957 62.8 62.8 136.6 1.1 0.0 53.5 582 0 0 (] 0 36,716
1958 64.4 64.4 140.0 0.0 0.0 79.5 582 0 0 0 0 43,640
1959 49,2 49,2 107.0 0.0 0.0 30.7 0 445 652 0 0 26,779
1960 64.4 64.4 140.0 0.0 0.0 89.9 0 1321 1888 0 0 33,801
1961 64,4 64,4 140.0 0.0 0.0 30,7 0 445 652 0 0 43,886
1962 64.4 64.4 140.0 34,0 4.1 0.0 0 0 582 (] 0 62,194
1963 64,4 64.4 140.0 64.8 0.0 0.0 0 1846 2856 0 0 40,240
1964 57.1 57.1 124.1 0.0 0.0 30.7 0 445 652 0 0 27,265
1965 64.4 64.4 140.0 0.0 0.0 30.7 0 445 652 0 0 23,245
1966 64.4 64.4 140,0 0.0 0.0 79.5 582 0 0 (] o 32,711
1967 58.1 58,1 126.4 0.0 0.0 79.5 582 0 0 0 0 29.816
1968 56.6 56.6 123.0 0.0 0.0 79.5 0 0 652 0 0 26,861
1969 64.4 64,4 140.0 8.5 0.0 37.7 0 0 652 0 12 3,633
1970 64.4 64,4 140.0 0.0 0.0 79.5 0 0 652 0 0 39,782
1971 64.4 64,4 140.0 0.0 0.0 326.0 0 ] 2273 0 16 41,443
1972 64.4 64.4 140,0 58.4 6.1 0.0 0 ] 1536 0 36 61,352
1973 64,4 64.4 140.0 92,7 0.0 86.3 ] 0 2513 0 29 65,678
‘1974 59,3 59.3 128.9 6.4 0.0 357.6 0 281 3259 0 0 17,066
1975 64.4 64.4 140.0 0.0 0.0 28,2 582 0 0 0 0 17,369
1976 48.1 48,1 104.5 0.0 0.0 0.0 0 545 652 0 11 14,510
1977 64.4 64.4 140.0 0.0 0.0 58.4 523 0 ] 0 12 25,543
1978 64.4 64.4 140.0 0.0 0.0 57.3 0 0 549 (] 13 46,565
1979 64.4 64.4 140,0 23.4 0.0 0.0 0 0 603 0 14 51,708
1980 64.4 64.4 140,0 0.0 0.0 158.6 0 2231 3259 0 0 29,429
1981 59,0 59,0 128.3 3.4 0.0 0.0 ] 1928 2270 0 36 20,767
1982 64,4 64.4 140.0 38.6 3.7 0.0 0 0 1006 0 23 15,298
1983 64,4 64.4 140.0 120.3 0.0 0.0 0 0 2262 0 0 40,223
1984 64,4 64.4 140.0 34.0 2.0 0.0 581 0 0 0 0 35,630
1986 64.4 64.4 140.0 1.7 0.0 29.8 548 0 0 0 13 42,824
Average = 61,6 61.6 134.0 16.4 0.5 62.6 182 320 970 0.00 7 35,381
Std Dev = 5.5 5.5 1.9 29.6 1.4 82.5 264 618 1037 0.00 11 11,988
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APPENDIX TABLE 1.

OBJEZCTIVE FUNCTION= -

SECTION 1 - ROWS

NUMBER TYPE ...ROW..

1.

2,

3

4,

S

6.

7.

8.

S
18.
1.
12,
13.
14,
15,
16,
17,
18.
19,
20,
2l.
2,
23,
24,
a3,
26,
ar.
28.
29.
3.
3.
2.
33,

3A.
2

36.
37,
38,
39,
49,
hi,

MmO r M r o CrMmEmEMmMMMmMMmM e MM mm

re

mmmMmmmr mmrr oot

RCCTING
CONINY
COWRAX
REPINY
RPRST
SUMGRAZ
BEBALF
FALLGRAZ
RCOKINV
EREPINV
ENDALF
ALFHAY
CPLAST
TILLAC
CORNT
MINCORN
WHTT
OWRFT
ORTT
SORET
WHTLIN
CATLIN
CsLin
SU¥LAB
HFRINV
STRINW
SCONY
5CCwe
SCOW3
SBZD
IATILAC
POTLIN
POTT
SOYLIN
SoYT
AFIRLIA
CORILIN
IFS

IFH
FST

FuT

STATIC SOLUTION:

a7

EG
(3
L8
EQ
L
uL
ED
il
&G
EQ

m
s

BB EBFFRFREFFFFEFEDBR

<« ACTIVITY...

163, 02028
163. 00003
9. 34200
493. 00000

128. %0200

65. 02220
39, 32002
335. 20000

60. 20200

62, Se0ed

27.50820
110, o300
1239, 2029
74, 98020
75.98029

143, 22008

42. 00220

62. 20282
45, ogeee

- 135 -

73763. 8357

SLACA ACTIVITY ... OWER LIMIT.

- CONTINUED -

163. 20220
NONE
29. 34808
NOXE
NONE

103, 32002
NONE

63. 20023
0. 20209
NONE
NONE
£0. 20022
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
74, 98000
74. 98020
NONE
NONE
NONE

NONE
NGNE
NONE
NONE
NONE
69, c2eed
NONE

« o UFPER LINIT.

2. 16323
49,81995
-62. 49939
21,9360
15.52%¢0

12.52867
~1. 88474
-1.67533

-43. 08293
6. 24547
26, 19293
2.5900
NONE
4. 03000
5.48293
1. 40202
2.22020
37,6371

48, 54627
4,532

12. 56436
193, 96528
978. 12669

4,238

S. 92082
-cB4, 26528

-8, 10022
"7. 2%&

FOR SUMMER IRRIGATED RANCH MODEL II

.DUAL RCTIVITY

-4, 86921



APPENDIX TABLE 1.
(CONTINUED)

SECTION 2 - COLLMNS

NUFBER

l.
-3
3’

13,
at.
2.

23
24,

~
o

a7,
28-

30.
31,
.
3.
34,
3.

37
38,
39,
42,

COLUMN,

o
b=

ACCTINV
BEEFCOW
REPHFR
BUYCOW
ESSLPPFO
BRAZAANG
GRCLPAST
SELLCONY
SELLCOW
SEilCOW3
LSuPPFOR
BRSBAFT
CoWT
REPAFRT
RFT
ALFD
CORNAC
SELLCORN
WHTAC
SELLWHT
OATAC
SELLOAT
SGREAC
SELLSORG
hIRELAB
HFRT

FE BB ERrFr B RB R RREERREERaERBRBFFFRERERERS
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.o ACTIVITY...,

43408, 15715
163. 00000
29, 34000

23.14132
493, 62200
59. 82203

54, 13973
33. 13954
136, 92000
26.980%00
38,71895
65. 20000
69, 83222
9351. 14383
B82. 58300
2193.67501
27.50088
1315. 87498
30, 63200
2668, 88883
319. 44431
74.38000
74. 98800
439.37517
96. 86246
40. 20000
11575, 99976

£9. 2od00
43. 20000

.. INPUT COST..

170, 82000

-22. 16800
-45.21008

-22, 16999
-55. 42000
=99, 75009
-36. 17029

-2. 10990

-17. 94900
-517.97e88
2.59009
-41,53029
4. 93008
-38, 55009
1.48209
~43.62000
2,220
=4, 56000

=422, 82091
4, 23000
=78, 75020
S. 92

~72, 10802
-149, 76880

-45. 21220

+LOWER LIMIT.

« UPPER LIMIT.

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

NONE

. REDUCED COST.

-bé, 32889
-77.582¢28
-121.91009
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STATIC SOLUTIUNS FOR WINTER IRRIGATED RANCH MODEL II
99707.287.:4

GBJEZCT-VE FUNLCTION=

SECTitN | - 30w

NUMBER TYPE ...ROW..

l .
2.
3.
4
S
be
7.
8.
9'
la‘
l x L]
i2.
13,
14.
13,
16.
17.
18.
13.
a‘
at.
2.

e CcrecrmMmmmMmmmmMmeEmmM e mMmmmmcEr-mermmommMmmsm e mm

mro-FCFEFEMmMMmMMMBMmMEeCrrEaaooe e

ACCTING
coulw
COuNAX
BREPINV
CULLEDW
HFRS
STRS
CULLREP
ECONINY
BGHFR
BGSTR
NINLAB
BALFIW
ji10
PROTC
CORNAC
CORNSILT
CORNGRT
CSAFT
QWRFT
ORAC
WHTAC
CATT
W
STRANT
SORBAC
SORST
BHFRIW
BSTRINV
REQAEP
PROTBS
NEMBS
NZGBS
SCoWLL
SooaL2
SCTWL.3
STRAWL
ARAXT
AR
bt
YAXF
pAXS
MAXRFT
POTRC
pOTT
SOYAC
SovT
1CORNA
FST

Fut
pROT
NEM

hEG
FORMIN
FORMAX
ALPMIN

AT LLACTIVITY...

NEFRFFF NN R R R R FF B BB BB BFFEEBEEFER-080BBBBHD

136. 92002
163, ¢o2ee
26, 28030

1048, 24717
433, 37083

-32224, 91438
68, 00002

27. 50320
82,5902

-133,62533
26288, 43599
<638, 88975
24, 33263
-3,3169
-12, 13535
-13, 19419
40. 20209

45.20009

108, 12309

SLACK ACTIVITY

"« e a =

*» ® & o e o

201.75283

32224, 91438

«a o & e o

9601, 39206

163. 20020
163. 20080
163. 202
133.62533
-26888, 49399
-5638. 88975
-24. 33263
3.0169

12, 15535

15, 19419

+LOWER LINIT.

136, 92880
NONE
26.08208

£00. 10009
- o Al

- CONTINUED -

o UPPER LINMIT,

116. 90239

81.84331
371, 20001

446, 94916
368, 27849
410.71429

44, 96300
@, 34533

DUk

151,41408 _

19,5773
2. 54008
37.27608
8.67841
66.51150

1,300

28. 11927
137. 41129
2.170%
229, 93534
294, 55320
~368, 27849
8.94675
@.8783

383, 46431

653.5632%

575, 86032
21198
o.62718
0.04020
O

28, 69256
-3, 5029

TIVITY



- 138 -
APPENDIX TABLE 2., STATIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL 11
(CONTINUTT®
SECTION @ - COLme
MREER LCOLAN. AT LLLACTIVITY... . IMAUT COST.. ...OWER LIMIT. . UPPER LINIT. .REDUCED COST.

1. AICTINV BS  123591.21815 . . NONE .
2. BezFCON BS 136. 52000 133. 80200 . NONE .
3. REPFFR  BS 26, 28929 133. 20222 . NONE .
A, SELICOMY LL . -2, 16928 . NONE -138, 16238
5. SELLCOW2 L. . -55. 42008 . NONE -171. 42238
6. SELLCONI LL . =99, 75008 . NONE =215, 75239
7. Selllwi BS 260, 14799 3713022 . NONE .
8, SELREP BS 24.31186 52, 74093 . NONE .
9. SELLWHFR BS 163, 26293 S8, 99208 . NONE .
10, SELLNSTR BS 319, 85384 69.22829 . NONE .
1l BGNFRS BS « 29,785889 -26. 86008 . NONE .
12. BGSTRS WL . -29, 02320 . NONE -34. 85589
13, SBGWFR W . 56, 82020 . NONE -5.48117
14, SBSSTR BS . 63.25229 . NONE .
1. HIRELAB LL - . -4, 50202 . NN =4, 52300
16, AT BS 108, 10322 36. 16223 . NONE .
17, AFC BS 242, 95515 . . NONE .
8, BUYALF LW . -73.81008 . NONE ~28. 85300
19. CORMSIL BS . -2, 86288 . NONE .
2. 8 . . . NONE -1.58577
2l. CORMGR BS 69, 0283 . . NONE .
22. SELLCORN BS 9351, 14983 2. 5490 . NONE .
23, GRCSAFT BS 98, 43099 -0. 10200 . NONE .
24, 0ATS BS 27,5009 . . NONE .
. WEAT BS 82,5229 . . NOE .
2%, BSTAN BS . -1.933% . NONE .
-27. FSTRAM BS . . . NOXE .
28. PROTSWPP LL . -200, 20220 . NOME -132. 88639
23. OATC w . . . NONE -9, 40638
30. SELLOAT BS 1315, 874% 1,390 . NINE .
31, SEL.kMT BS 2193. 67581 . . NONE .
R, 8036 BS 59, 20909 . . NONE .
33. SciiSCRE BS 1999.873% 2.17e2 . NONE .
. BFIW B85 74.90000 . . NONE .
3. ESAlwW BS 74,3008 . . NONE .
3. RePIW BS 29, 34093 . . NONE .
37. INCOE BS AN . . NONE .
38, AFN BS 39, 52682 . . M .
39, ALFB L . . . MOKE =1.5687%
4. (o w . . . NONE -0, 38649
4. CS6 L . . . NOME -1.88474
42, (6 w . . . NOXE -8.22328
43, CGR6 w . . . NBE -0.10912
M, OATH w . . . NONE -0,28403
4. 06 L. . . . N E -9, 26489
8, S0 L . . . N E -9, 86457
47, 50366 2] 758, 926¢7 . . NXE .
A8, PROSM iy . -208. 22399 . NONE -123. 32855
49. PROSE L . -200, 3xeee . NINE ~128.67484
. ST W . . . NN -7, 58856

- CONTINUED -



APPENDIX TABLE 2.

(CONTINUED)

SECTION 2 - COLUMAS

NUMBER

ol.
2.
53
A,
S5
%,
7.
8.
5%
Ea,
&1,
82,
63.
B4,
65,
66,
&7,
68.
&3,
7.
1.

« COLUMN.

STRG
CSA-TM
CSAFTE
o7
SELLPOT
soy
SELLSOY
1CORN
FINS
FINH
iF§
IFd
FCGRNS
FCORNG
FSORENM
FSORGE
SALF
FSB
FEBXG
FRLSH
FRLFG

]
e

FBFFBBBFFBBFBEBE8B88FFR
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STATIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL II

e RETIVITY... ..INPUT COST..

. ]

. -8, 1002

T -0, jeaee
40. 20000 .
11575, 99376 .
45, ¢0000 .

. -37. 78008

. -3h. 25220

. 55, 86000

: 54. 82009

48.76803 44, 95008

. ~200. 80208

. -200, 20222

= ]

EnD OF SCLUTION OUTPUT
SAVING WIIR1B3R.ACT

.»ONER LINIT,

. UPPER LINIT.

NGNE
NONE
NONE
NDNE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
NOXNE
“NONE
NOne
NONE
NONE
NONE
NONE

. REDUCED COS7.

-22. 76764
~3. 46014
-15. 185

-19. 23331

-8,22073
-8, 18969

-37.67785%
.370 4%13

-4. 94857
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Irrigated (Summer Solutions) 163 cow herd
26

Year
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

Average =
Std Dev =

APPENDIX TABLE 3.

(CONTINUED)

HFRT
74,98
74.98
73,67
74.98
74,98
74.98
74.98
74,98
74,98
74.98
74.98
74,98
74,98
74.98
74.98
74,98
74.98
74.98
74.98
74,98
74.98
74.98
74,98
74.98
74.98
74.98
74,98
74.98
74.98
74,98
74.98

74.94
0.23
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DYNAMIC SOLUTIONS FOR SUMMER IRRIGATED RANCH MODEL II

21 28 29
STRT THVALF STRB
74,98 309.5 58.2
74.98 244.4 70.7
13.67 458.2 45.3
74.98 415.7 46.1
74,98 241.4 18.9
74,98 464.3 44.5
74,98 395.9 55.6
74.98 592.4 66.1
74,98 405.8 69.9
74,98 478.1 69.9
74.98 468.6 56.9
74.98 442.5 66.)
74,98 364.3 49.9
74,98 378.9 56.9
74.98 459,2 56.9
74.98 423.6 59.6
74,98 409.1 50.9
74.98 507.8 §8.2
74,98 501.9 46.1
74.98 387.7 59,6
74,98 414.9 74.1
74.98 363.6 76.4
74.98 409.8 47.0
74,98 443.9 61.1
74,98 481.1 49.9
74.98 345.3 76.4
74.98 31341 64.3
74.98 613.0 50.9
74.98 445,2 66.1
74.98 442,5 55.6
74,98 467.8 47.9
74,94 422.2 59.2
0.23 80.8 10.0

30

POTAC
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40,0
40.0

w
~

34

ALF1
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60,0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0
60.0

v
[=]
-
e s s >
o

»

&
NS QLDOOTWWOOOOCWOOOO0OO0O00ODDLOOO0O00

DRI EEEREEEEEEEEEEEEREEREREEEE

NN O00000O00O00O00COODOOOOCOODDOOOOCOOOO0
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APPENDIX TABLE 4. DYNAMIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL II

lrrigated (Winter Solutions) 163 cow herd
1 2 k| 7

8 9 10 n 12 13 14 16

Year ACCTING BEEFCON  REPHFR SELLCULL SELLREP SELLWHFR SELLUSTR  BGHFRS  BGSTRS  SBGHFR  SBGSTR ALFT
1955 116,260 136.92 26.08 260,15 24.31 169.26 319.06 29,79 0.0 0.0 0.0 108
1956 95,892 134,08 26,08 254,75 24. 169.26  319.06 29.79 0.0 0.0 0.0 108
1957 151,035 136,92 26,08 260,15 24.31 164.37  313.51 29.79 0.0 0.0 0.0 108
1958 113,860 136.92 26,08 - 260.15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1959 107,886 136,92 26,08 260,15 24.1 150.76  319.06 34,73 0.0 0.0 0.0 108
1960 85,444 136.92 26,08 260.15 24.31 169.26 0 29.79 75.0 0.0 0.0 108
1961 113,709 136.92 26,08 260,15 24.31 141,37 319.06 37.24 0.0 43.9 0.0 108
1962 137,235 136,92 26.08 260.15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1963 109,108 136.92 26,08 260,15 24.0 169.26 104.43 29.79 50.4 0.0 322.6 108
1964 163,116  136.92 26.08 260.15 24,31 169.26  104.43 29.79 50.4 0.0 322.6 108
1965 138,378 136.92 26,08 260,15 24.3) 169.26  319.06 29.79 0.0 0.0 0.0 108
1966 126,587 136.92 26.08 260,15 24.1 169,26  319.06 29.79 0.0 0.0 0.0 108
1967 113,292 136.92 26.08 260.15 24.31 169,26  319.06 29.79 0.0 0.0 0.0 108
1968 109,084 136.92 26,08 260.15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1969 126,196 136.92 26.08 260.15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1970 129,133 136.92 26,08 260.15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1971 129,562 136.92 26,08 260.15 24.01 169.26  319.06 29,79 0.0 0.0 0.0 108
1972 151,659 136.92 26,08 260,15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1973 140,423 136.92 26.08 260,15 24.31 169.26 0 29.79 15.0 0.0 479.6 108
1974 107,708 136,92 26,08 260.1S 24. 0 0 74,98 75.0 266.6 479.6 108
1975 105,961 136.92 26.08 260.15 24.31 169,26  319.06 29.79 0.0 0.0 0.0 108
1976 105,477 136.92 26,08 260,15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1977 112,382 136.92 26.08 260.15 24N 169,26  319.06 29.79 0.0 0.0 0.0 108
1978 123,976 136.92 26.08 260,15 24.0 169.26  319.06 29.79 0.0 0.0 0.0 108
1979 121,537 136.92 26.08 260,15 24.0 169,26  319.06 29.179 0.0 0.0 0.0 108
1980 99,083 136.92 26.08  260.15 24.31 169.26  104.43 29.79 50.4 0.0 322.6 108
1981 99,616 136.92 26,08 260.15 24.0 0 0 74.98 75.0 266.6 479.6 108
1982 118,581 136.92 26.08 260.15 24.0 169.26  319.06 29.79 0.0 0.0 0.0 108
1983 111,194 136.92 26,08 260.15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1984 106,668 136,92 26.08 260.15 24.31 169.26  319.06 29.79 0.0 0.0 0.0 108
1985 118,562 136.92 26.08 260.15 4.0 169.26 319,06 29.79 0.0 0.0 0.0 108
Average = 118,987 136,83 26,08 259,98 24.31 156.69 256.94 3.1 14.6 18.6 77.6 108
Std Dev = 17,176 0.50 0.00 0.95 0,00 41,56 117,20 n.Nn 27.6 65.6 162.2 0

- CONTINUED -
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APPENDIX TABLE 4. DYNAMIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL II
(CONTINUED)

Irrigated (Hinter Solutions) 163 cow herd

i? 19 20 21 22 23 26 27
Year ALFC  LORNSIL €CSC  CORMGR SELLCORM GRCSAFT BSTRAW FSTRAW
1955 201.4 14,0 63.1 46.0 7758 84.6 ] o
1956 136.3 57.1 325.8 52.9 7217 63.2 0 0
1957 242.1 10.3 0.0 99,7 12043 99.4 0 0
1958 243.9 0.0 0.0 60.0 8329 97.4 0 0
1959 116.1 60,0 361.2 0.0 5290 56.7 0 0
1960 261,0 39.8 0.0 20.3 1902 76.8 0 0
1961 238.4 0.0 0.0 60.0 10139 104.0 0 0
1962 230.2 0.0 0.0 60.0 11400 113.9 0 0
1963 233.8 0.0 0.0 60.0 9742 109,5 0 0
1964 246.6 0.0 0.0 60.0 8755 94.1 0 o
1965 252.1 0.0 0.0 60.0 9072 87.5 0 0
1966 244.8 0.0 0.0 60.0 9570 96.3 0 0
1967 165.7 60.0 278.8 0.0 6975 57.2 0 0
1968 256.8 13.9 0.0 46.1 8416 81.8 0 ]
1969 84,7 60.0 464.6 0.0 6857 65.2 0 0
1970 259.5 14.6 0.0 as.4 7648 78.6 0 0
1971 50.6 60.0 533.3 0.0 6198 73.2 0 0
1972 221.0 0.0 0.0 60.0 11475 124,9 0 0
1973 261.2 5.8 0.0 54,2 3517 76.5 0 0
1974 277.7 60.0 0.0 0.0 1943 56.7 0 0
1975 260.3 0.0 0.0 60.0 799 77.6 0 0
1976 243.1 21.0 80.6 39.0 7477 59,6 0 0
1977 50.7 60,0 539.2 0.0 5498 70.2 0 0
1978 50.2 52.5 510.3 7.5 7242 84.7 0 0
1979 73.3 60.0 551,6 0.0 298 37,0 0 0
1980 237.2 60.0 173.1 0.0 0 22.0 0 0
1081 146.2 60.0 313.0 0.0 2624 64.2 0 0
1982 43.8 60.0 501.2 0.0 6273 67.2 0 0
1083 256.7 0.0 0.0 60.0 8213 82.0 0 0
1984 254.8 0.0 0.0 110.0 11245, 84,2 0 0
1985 235.6 0.0 0.0 110.0 12780 107.3 0 0

Average =  196.0 26.7 151.5 39.7 7224 79.1  0.00 0.00
Std Nev = 71.2 21.0 208.6 33.7 3296 21,9 0,00 0.00

- CONTINUED -
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APPENDIX TABLE 4. DYNAMIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL II
(CONTINUED)

Irrigated (Minter Sclutions) 163 cow herd

n 33 34 35 37 38 39 40 41 43 46
~~ar SELLWHT SELLSORG ERFRINV ESTROMV  INVCOW ALFM ALFG CSh (1] CGRG SORGH
1955 2168 935 75.0 75.0 163.0 0.0 0.0 35.8 0.0 0 518
1956 1745 0 73.7 73.7 160.2 0.0 0.0 92.6 0.0 677 0
1957 21776 0 75.0 75.0 163.0 0.0 0.0 92.6 0.0 6717 0
1958 2739 2611 75.0 75.0 163.0 39.5 0.0 0.0 0.0 677 0
1959 1582 0 75.0 75.0 163.0 14.5 0.0 0.0 0.0 0 674
1960 2857 0 75.0 75.0 163.0 0.0 0.0 329.1 0.0 2033 0
1961 2272 2161 75.0 75.0 163.0 49.4 0.0 0.0 0.0 0 0
1062 190 2556 75,0 15.0 163.0 12.5 0.0 0.0 0.0 0 578
1963 1829 70 75.0 75.0 163.0 63.9 0.0 0.0 0.0 0 929
1964 1815 1109 75.0 75.0 163.0 107.4 1.7 0.0 0.0 0 0
1965 2224 1283 75.0 75.0 163.0 39.5 0.0 0.0 0.0 0 0
1966 1906 17N 15.0 75.0 163.0 39.5 0.0 0.0 0.0 0 0
1967 2547 1224 75,0 75.0 163.0 0.0 0.0 92.6 0.0 0 0
1968 2211 1456 75.0 75.0 163.0 0.0 0.0 92.6 0.0 0 0
1969 2199 1746 75.0 75.0 163.0 0.0 0.0 35.8 0.0 0 518
1970 2116 1672 75.0 5.0 163.0 0.0 0.0 92.6 0.0 0 0
1971 2482 2038 75.0 75.0 163.0 0.0 0.0 92.6 10.1 0 0
1972 2179 2838 75.0 75.0 163.0 39.5 0.0 0.0 0.0 0 0
1973 2733 881 75.0 75.0 163.0 132.6 0.0 18.4 39.1 0 0
1974 2105 1863 75.0 75.0 163.0 1.9 0.0 357.6 0.0 3387 0
1975 1717 1806 75.0 75.0 163.0 39.5 0.0 0.0 0.0 677 0
1976 1638 592 75.0 75.0 163.0 12.6 0.0 0.0 0.0 0 578
1977 2702 g 75.0 75.0 163.0 0.0 0.0 44.0 0.0 677 0
1978 2068 2992 75.0 75.0 163.0 0.0 0.0 92.6 21,6 0 0
1979 25417 1800 75.0 75.0 163.0 0.0 0.0 35.8 0.0 0 518
1980 1638 0 75.0 75.0 163.0 0.0 0.0 167.1 0.0 264 425
1981 1943 0 75.0 75.0 163.0 0.0 0.0 170.6 0.0 3387 2529
1982 2478 1239 75.0 75.0 163.0 0.0 0.0 35.8 0.0 0 518
1983 1908 1398 75.0 75.0 163.0 12.5 0.0 0.0 0.0 ] 578
1984 2294 0 75.0 75.0 163.0 39.5 0.0 0.0 0.0 677 0
1985 2652 ] 75.0 75.0 163.0 39.5 0.0 0.0 0.0 677 0

2194 1264 74.9 74.9 162.9 22.1 0.4 60.6 2.3 446 270
372 990 0.2 0.2 0.5 32.2 0.0 89.2 7.9 884 499

- CONTINUED -

-

-



- 145 -

APPENDIX TABLE 4. DYNAMIC SOLUTIONS FOR WINTER IRRIGATED RANCH MODEL II
(CONTINUED)

Irrigated (Winter Solutions) 163 cow herd

41 52 5% 57 63 64 65 66 67 70
TOTAL
Year SORGG CSAFTM  SELLPOT SELLSOY  FCORMM  FCORNG  FSORGM  FSORGG SALF FGLFM THCOME
1955 759 0 10085 0 ] 0 0 0 0.0 0.0 66,721
1956 0 0 12467 0 0 0 0 0 0.0 0.0 45,550
1957 0 0 11907 0 0 0 0 0 108.0 0.0 100,733
1958 0 0 11666 0 0 0 0 0 24.2 0.0 64,435
1959 885 0 10086 0 0 0 244 29 0.0 2.7 58,254
1960 366 0 12970 0 0 3936 2736 0 0.0 95,2 38,601
1961 949 0 11770 0 0 0 0 0 0.0 0.0 113,010
1962 159 0 12382 0 0 0 0 0 241.6 0.0 87,858
1963 2026 0 10542 0 0 0 0 0 0.0 0.0 59,674
1964 1824 0 10266 0 0 0 0 0 4.2 0.0 113,573
1965 759 0 12921 0 0 0 0 0 68.9 0.0 88,960
1966 759 0 11209 0 0 0 0 0 50,1 0.0 77,131
1967 759 0 9965 0 0 0 0 0 90.4 0.0 63,809
1968 159 0 9985 0 0 0 0 0 14.0 0.0 59,567
1969 759 0 10228 0 0 0 0 0 266.4 0.0 76,835
1970 759 0 11644 0 0 0 0 0 56.0 0.0 79,740
1971 676 0 14804 0 0 0 0 0 250.4 0.0 80,184
1972 759 0 11664 0 0 0 0 0 139.2 0.0 102,300
1973 2324 0 11844 1800 0 0 0 0 0.0 0.0 94,350
1974 0 0 11624 0 0 0 0 0 0.0 0.0 58,225
1975 0 0 10266 0 0 0 0 0 7.0 0.0 56,493
1976 759 0 12970 0 0 0 0 0 0.0 0.0 55,957
1977 0 0 10542 0 0 0 0 0 251.0 0.0 63,038
1978 583 0 12382 0 0 0 0 0 285.7 0.0 74,615
1979 759 0 12467 1782 0 0 0 0 . 299.7 0.0 75,461
1980 1730 0 10085 1507 0 0 0 0 0.0 0.0 52,827
1981 0 0 11666 0 0 0 0 0 58.8 0.0 50,084
1982 759 0 11770 0 0 0 0 0 461.1 0.0 69,272
1983 759 0 11666 0 0 0 0 0 68.0 0.0 61,809
1984 0 0 12382 0 0 0 0 0 40.1 0.0 56,425
1985 0 0 12467 0 0 0 0 0 84.5 0.0 68,337
Mean= 685 0 nsn 164 0 127 96 9 92.6 3.2 71,414
Std Devs 606 0 137 503 0 696 484 51 119.2 16.8 18,685
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