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Pretace

THIS DOCUMENTATION outlines the many procs-
dures followed and sources used in developing
the structure and data inputs for the CARD-
RANN (Center for Agricultural and Rural Deve-
lopment-Research Applied to National Needs)
linear programming model of the U.S. agricul-
+ural sector. This model considers the rela-
tionship of agriculture to land ard water use
and the environment. The model was developed
in stages ovar a period of more than 15 years
with many members of the research t=am work-
ing undsr the guidance of Earl O. Heady, Cen-
ter director. The model u*tilized a revised
set of the budget data initially developed by
Roger Eyvindson in a research project
sponsored by the Iowa Agriculture and Hom2
Economics Experiment Station [ 20]. The cur-
rent structure of the model, including the
water, crop management, and livestock
sectors, was developed under the National
Science Foundation-RANN program, contract
number G1-32990. Procedures also were devel-
oped to handle the data more efficiently and
to make the models more accessible and flsx-
ible for future users.

Other organizations which provided ser-
vices, data, and other help include: the
Soil Conservation Service and the Economic
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Research Service of the U.S. Department of
Agriculture, and the Bureau of Reclamation,
U.5. Department of Interior. Persons who
nave provided direct help and input during
the RANN-sponsored portion of the study were
Howard Madsen, James Wade, Dan Dvoskin, Arden
Colette, Gary Vocke, Brent Spaulding, Art
Stoecker, Vince Sposito, and other staff mem-
bers of the Centar for Agricultural and Rural
Development, Iowa State University. William
Jechnson, Soill Conservation Service; Roy M.
Gray, Soll Conservation Service; and Larry
Tombaugh; the National Science Foundation,
provided particular aid in obtaining data and
research services. The So0oil Conservation
Sarvice supplied d=tailed data for the soil
loss section of the model.

We express our appreciation to all these
individuals and organizations.

The Authors



Chapter One

Mathematical Modeling
of Agriculture

AGRICULTURE has played an important part in
the economic position of many regions 1in the
United States. Agriculture encompasseS NOILE
than 1.2 billion acres of lard including
cropland, hayland, pasture land, and the mil-
lions of acres of privately or publicly owned
forest land that is grazed. Within the agri-
cultural sector, trade-offs in production
occur on both an interregional and intrare-
gional basis as production patterns are
changed in response to the economic system.
The ability to estimate the possible respons=2
to a policy change prior to its implementa-
tion can be a valuable asset. A linear math-
ematical programming model of the agricultur-
al sactor, incorporating the characteristics
most relevant to the sector and its economic
response factors, can provide the policymaker
with such a tool. The usefulness and the re-
liability depend upon the ability to incorpo-
rate the major factors in the complex of 1n-
teractions of the agricultural sector.
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Ob jectives

This report provides a documentation and
explanation of the CARD-RANN model of land
and water use, environmental quality, agri-
cultural policy, and food capacity for Ameri-
can agriculture. This model was constructed
under a grant from the National Science Foun-
dation through its Research Applied to Na-
tional Needs program. This documentation and
explanation is an attempt to provide detail
on the manner in which this model is speci-
fied, the nature of data that serve as inputs
for it, and the manner in which the model op-
erates. This information is provided on
behalf of persons and instituticns interested
in either using the results of the model or
using the model itself to analyze problen
sets. Hence, the report emphasizes the spec-
ification, structure, and output of the model
and not a specific set of results analyzed by
the model. Emphasized is a model which
allows an analysis at national, regional, and
interregional levels of land and water use
and their environmantal effects as expressed
by alternative technologies relating to soil
loss, nitrogen use, cropping patterns, live-
stock production systems, and alternative
levels of demand and exports. The details of
the model follow a brief statement on trends
in American agriculture and the possibilities
of linear programming models in analyzing
those trends.



MATHEMATICAL MODELING OF AGRICULTURE 3

The Nature of the Agricultural Sector

The agricultural sector consists of a
series of complex interactions relating to
ragional production possibilities, alterna-
tive comparative advantages, inter-industry
competitive alternatives, and a marketing
system that is both uncertain and Complex.
The importance of the sector results from its
supplying the nation's food and natural
fiber. In recent years government interest
has turned to stabilizing the agricultural
sector because of its capacity problems and
problems concerning its effect on the envi-
ronment.

Regional characteristics influence the
predominant size of the production units, the
methods of production that car be used, and
the crops or livestock alternatives that are
+o be considered. Size characteristics are
controlled by such a factor as the topography
of the area. If the area is divid=d by many
small streams or rough land, farming prac-
tices will reflect machinery use and produc-
tion technigques consistent with farming these
lands. If rough areas are common and live-
stock enterprises are tied to these units,
then the cropping pattern may reflect changes
in production to accommodate livestock rather
than a more intensive cropping system. State
or local governmental policies also affect
the production patterns in the areas. Taxes,
interest rates, and allowable capital availa-
bility are controlled at the state level and
can affect the relative profitability of al-
ternative production possibilities. Similar-
ly, local property tax or building codes may
affect the production possibilities.
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Specialization resulting from regional
comparative advantage occurs within the Amer-
ican agricultural sector as evidenced by the
concentration of corn in the Midwest, cotton
in a more limited area of the South and West,
Soybeans 1n the Midwest and more recently in
the South Central states, and wheat in the
Great Plains. Specialization by regions is a
function of spatial price patterns as re-
flacted 1in transportation costs and demand
concentration, relative yields as affected by
solls and climate, local resource supplies
and prices, and the relative profitability of
different crop and livestock enterprises for
the individual farmer. Regions do not Spec-
lalize completely because of the production
advantages resulting from mixed farming pat-
tarns. Among the advantages of the multi-
activity farming pattern are timeliness, risk
averslon, cropping patterns consistent with
L2sourcs management complementarily expressed
1n pest control and soil fertility, seasonal
requirements and availability of resource
services, and production-pattern adaptability
to the farmer's preference.

Tha large number of producers in the ag-
Licultural sector make quantity control a
difficult method of attaining economic sta-
bility. Federal acreage-control programs
have been successful in controlling the
quantity produced. However, these policies
have been very costly to the Federal
Tr2asury. The uncertainty surrounding both
production and markets cause the agricultural
Sector to be relatively unstable. Evaluating
the Impact of market fluctuations and devel-
Opling compensation policies has a large
"trial and error" aspect because of the com-
plexity and severity of the responses ob-
tained from the agricultural sector. This
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instability has been emphasized 1in recent
years when extreme oscillations 1n export de-
mands, farm commodity prices, and domestic
yislds have occurred.

The public has become increasingly con-
cerned with the relationship between farming
technology and environmental guality. Legils-
lation has been posed to control the use of
chemical and pesticid= inputs, the transport
of sediment, and the treatment of livestock
wastes. The controls have the potential for
dif ferential impacts on the income of farmers
of different regions. Farmers in regions of
limited rainfall and level land may even
stand to gain in income, while farmers 1in
other regions sacritice as they are rsquired
to shift their technologies and cropplng Sys-
tems to lessen the environmental impacts of
sediment, fertilizers, and insecticides. Of
course, the extent to which American agricul-
ture can meet future export demands and con-
tribute to world food needs depends on the
axtent to which environmental controls are
imposed on farming in different regions, the
extent to which water and other resources can
be transported among regions according to
their productivity, and the extent to which
the distribution of crop and livestock pro-
duction is distributed among regions accord-
ing to their comparative advantage.

Answers to these types of problems re-
quire analytical tools that generate detailed
empirical results at both national and re-
gional levels. National detail is requirad
so that market impacts on prices can be meas-
ured, supplies can be equated with demand,
and interdependence among regions can be es-
tablished. Detail by region is needed sO
that the flexibilities of or restraints on
production and resource use can be measured
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and i1mpacts can be expressed at the local
level. Also, regional detail is required if
the full potential of agriculture under al-
ternative export or market possibilities is
to be established or possibilities of meeting
national food demands at reasonable supply
prices are to bhe evaluated. This detail is
especially required for analyses related to
equity in the impact of alterations in tech-
nologies and resource availabilities pre-
scribed by environmental or other national
Fclicies. 1In meeting national food needs,
land in one region is a substitute for water
in another region, capital in the form of
fertilizer used on level land is a substitute
for creops on hilly land in another region,
and alternative crops are substitutes as feed
inputs for livestock within a given region or
among regions. Thus, 1f either resource and
production potentials under various environ-
mental, resource, or production policies are
to be fully evaluated, an analytical tool is
needed that allows measures and generates re-
sults at the level of both individual regions
ard the nation. This type of detail can be
provided by a linear programming model incor-
porating relevant production possibilities
which are differentiated to reflect their re-
gional technologies.

Use of Regional Linear Programming Models

The formulation of a minimizing lin=ear
program 1n matrix notation is:

min ot K

subject to g R D (a9
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wheres:

is a vector of costs;

is the vector of the activities in

the model;

D is the demands to be met;

R is the resources available;

Al is a matrix of the interaction coef-
ficients between X and D; and

Az is a matrix of the interaction coef-

ficizants between X and R.

> 0

This formulation is consistent with the re-
gional structure of agriculture if the vector
D represents the regional and national de-
mands for the ccmmodities to be met by the
system and R represents a vector of regional
and national resource availabilities for use
in satisfying the demands. The activities 1n
vector X represent production and transforma-
tion activities by region and the transporta-
tion alternatives which connect the regions
in the model. These restraints and activi-
ties are defined in the next section. The A
matrices include the activity interaction co-
efficients with the resources or demands.

The interactions will be delineated and the
quantification procedures outlined 1in the
section following the model formulation.

The restraints or rows in the linear
programming formulation represent markets in
the agricultural economic system. The re-
sources are obtained i1n a market, and the
production (supplies) and demands interact 1in
markets, including those for intermediate
goods such as the feed grains and feeders.
Other restraints are used to control relative
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use patterns or reflect institutional re-
straints where the use or production of one
commodlty requires a nonmarket but fixed in-
teraction with another endogenous commodity
or with an individual or group of factors not
directly controlied by the model interac-
tions. These generally are in the form of
bounds on the activities restricting imple-
mentation to some level not regulated by the
included resource or product market systenms,

Policy alternatives can be evaluated in
this framework by (1) incorporating naw mar-
kets (restraints) necessitated by the new
policy, (2) changing the relevant coeffi-
cients in the D vectors to reflect changes in
demands or the R vector for changes in re-
source availlabilities, (3) changing the
values in the C vector to reflect changes in
the relative activity costs resulting from
the policy, (4) changing the coefficients in
the A matrices to reflect a changed lesvel of
interaction between an activity and any of
the relevant markets, or (5) by adding new
activities to reflect the interactions of the
new policy.

The regional aspects of the system are
developed through markets and activities de-
fined with the specific characteristics of
the region within which the restraints (de-
mands or resource availabilities) are deter-
mined to be most relevant given the data
available and the modeling capabilities. The
regional sections are connected through re-
source interactions with other regions or
through transportaticn networks which can
balance the regional demand and resource re-
straints. This brief outline of the charac-
teristics of a linear programming system and
the interregional agricultural production
possibilities provides an overview of the
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structural possibilities available in formu-

lating a system representing the agricultural
sector.

Ob jectives of the Systen
Developed

The system developed in the upcoming
sections of this report is a tool for agri-
cultural policy evaluations. It is formulat-
ed to tie together the many regional charac-
teristics of American agriculture and to 1in-
terpret their actions in response to the al-
ternative policies. The system as formulat-
ed, including its backup data generators, has

the capability of evaluating policies that
affect:

(1) regional resource availabilities,

(2) soil loss limitation on alterna-
tive land classes,

(3) fertilizer input levels or the
prices of the fertilizer compo-
nents,

(4) the direct use of commodities
through demand,

(5) the export market of the commodi-
ties included,

(6) farming techniques practiced, and

(7) supply controls or marketing
quotas.

Regional resource availabilities could
be altered by policies affecting land use,
water availabilities or transfer, and the
availability of other endogenously allocated
inputs such as fertilizer or pasture. Soil
conservation alternatives can be controlled
at the per acre gross soil loss level with
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implications for water quality. The fertil-
izer input levels are affected by price
changes or quantities available. Price
change or per acre application restriction
can be traced through indicating the relative
reduction 1in yields or any possible shifts in
crop rotations to conserve or supplement the
fertilizer supply. Changes in demand as re-
flected in per capita consumption levels or
commodity substitutions in the diet can be
reflected by altering the regional demands.
Similarly, the impact of policies affescting
international trade can be analyzed by
altering this portion of the total demands,
including the regional export allocation. A
broad category of policies which can be eval-
uated are those affecting the farming tech-
niques utilized. Shifts from dryland to ir-
rigated agriculture as a new irrigation deve-
lopment is initiated, shifts to new tillage
practices such as minimum tillage, new varie-
ties that expand the regional compatability
of a crop, and technologies affecting the use
of the commodities or the efficiency of their
transformation are only a few of the farming
techniques that can be evaluated using such a
model. Supply control or resource use poli-
cies can be implemented by either minimum or
maximum restraints on acreage or production
by regions. Even with a great variety of al-
ternative structures and evaluation possibil-
ities, the linear programming procedure is
not without limitation.

——— T — ——
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Limitations of the Linear
Programming Model

Linear prograaming techniques represent
a useful and versatile method of evaluating
agricultural policies. But linear program-
ming has limitations that restrict the scope
of use and the interpretation of the results.
Linear programming in the conventional form
is, as its name implies, a tool utilizing
linear approximations to define the relation-
ships among inputs, outputs, and thelir assoc-
iated costs. In other words, the production
possibilities are all based on constant mar-
ginal products for the inputs and incorporate
no reflection of any cost-decreasing or 1in-
creasing scale economies. The objective
function represents a constant cost over the
relevant range of the variable simulating a
perfectly elastic supply curve for the prod-
uct and implying perfectly elastic demand
curves for the resources.

These characteristics provide a norma-
tive system that can analyze impacts of al-
ternative policies but the system provides
little or no information on how the transfor-
mation from one alternative to the other can
be accomplished with least impact during the
transformation period. A model could be for-
mulated to follow these transformations
through time, but computer and cost problems
must be considered. The linear programming
technique is a handy and useful tool for
impact analysis but is more complicated for
transformation analysis.

Any linear programming model, as with
systems simulation and other quantitative
methods, is only as accurate as its data
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inputs. The delineation of the proper pro-
duction, product transformation, or transpor-
tation activities can increase the reliabili-
ty of the system. Failure to include the ap-
propriate variables could restrict the possi-
bilities open to the system as it adjusts.
Or, without specification of the proper al-
ternatives, the relevant base situation may
not have been ackieved and the response to
the new policy biased accordingly. With the
limitations of the guantitative method in
mind and a proper perspective of the impacts,
a large amount of information can be obtained
about the direction and possible magnitudes
of the impacts of a policy. As in any model-
ing effort, interpretations must be strictly
in line with the capabilities of the formula-
tion used in the analysis.

The following sections of the documanta-
tion outline the model interactions, explain
the sources and methods of transformation of
the data sets, outline the interpretations of
the solution, and indicate the detail of the
model output. The overall procedure in
building, solving, and interpreting the model
1s outlined in Figure 1.1. The initial data
base described in Chapter 3 is developed and
formulated intc the matrix for the program-
ming model as described in Chapter 2. The
model 1s solved using the programming
package, and the solution generated is com-
bined with the input data to provide the
report=-writing inputs (tables) as described
in Chapter 4. This output can be used as
summarized or can be aggregated to a greater
level for 1incorporation into written reports
as indicated in the section.
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Chapter Two

Delineation of the
Base Model

BECAUSE of the wide variation in climate,
soil, and farm structure within the American
agricultural sector, a model designed to
evaluate the impacts of alternative policies
should reflect possible regional and firm ad-
Justments. The adjustments allow for changes
in farm production patterns consistent with
the changes occurring during the past decades
as farmers have developed capital-intensive
enterprises--specializing in one or a few
closely managed and usually complementary
commodities.

The interregional shifts occur when a
change in policy affects the regional compar-
ative advantage, either penalizing or
supporting the production possibilities in
the region. For example, the increass in low
cost refrigerated transportation and expan-
sion of feed grain production in the Southern
Plains has encouraged an increased number of
livestock, especially fed beef, in this re-
gion. Similarly, federal and state research
programs have developed new varieties and the
favorable prices resulting from other govern-
ment programs have encouraged the introduc-
tion of soybeans and sorghum in regions where
they had not been widely grown.

14

ad A eI I mm——

[ g



R ——

E—— S = =R

DELINEATION OF THE BASE MODEL 15

The basis for an interregional model
surrounds the definition of a set or number
of sets of ragions consistent with the char-
acteristics reguired to describe the resour-
ces available, the possible production tech-
nigques, and the interaction to be examined.
Wwithin the relevant regions, restraints are
imposed on the interaction between resource
availability and use and commodity production
and requirements. Within the bounds of other
regional restraints, activities representing
alternative production possibilities, re-
source transformations, and commodity trans-
fers delineate the possible interactions con-
sistent with the definitions of the agricul-
tural sector.

The following sections give a structural
outline of the CARD-RANN Base Model. Ini-
+ially, the structure of the model is de-
scribed in terms of its scope and interac-
+ions followed by a delineation of the re-
gions developed in the model. A mathematical
outline of the interactions developed within
the model is also presented. The next chap-
ter breaks out each of the sectors in the
model and outlines the development of the in-
+err=lationships and the required data sets.

S+ructure of the Base Model

The base model incorporates three sets
of operational regions in delineating the in-
teractions of production, marketing, and re-
source sectors. Restraints are included at
the appropriate regional level on the availa-
bility of dry and irrigated cropland by qual-
ity class, pasture, permanent hay, water, ni-
trogen for fertilizer, and the demands for
th2 crop and livestock commodities. A re-
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straint imposed exogenous to the model ini-
tially screens all crop production activi-
ties, eliminating those which develop envi-
ronmental parameters (soil loss levels) above
the allowable limit. Activities, besides
those for crop production, define the possi-
bilities for livestock production: fertilizer
and water purchase; demand generation as re-
lated to population, industry, and interna-
tional trade activities; the transfer of re-
sources or commodities among regions; and re-
quirements for ths resources and agricultural
goods for uses not specifically quantifi=d in
the model. A sector and restraint group de-
lineation of the above-implied interactions
1s given in Fiqure 2.1. The model divides
into three macro sectors including the re-
source avallability; the production, trans-
fer, and transformation; and the demand gen-
erating sectors.

The resource availability sector indi-
cates the number of acres of land in each re-
gicn that are availakle for cropland produc-
tion, including cropland hay and pasture.

The land base is adjusted for the require-
ments of the crops whose regional distribu-
tion is not specifically determined
endogenously while sclving the model. Also
included in this section is nitrogen fertil-
izer availability which determines the source
and price of ths nitrogen fertilizer compo-
nent. Additional resource determinations in-
clude the land available for nonrotation hay
and pasture and forest land grazed by region.
water supply by water region also is deter-
mined in the resource availability sector.

The production and product transfer
sector utilizes the rasources to produce the
crop and livestock ccmmodities for both in-
termediate and final uses. Included in this

& .-_r..‘___-_- -“—

P o i ‘_‘_H__.

S I ™ i il i

B — il T T N T, i Sl T,



RESOURCE AVAILABILITY PRODUCTION AND PRODUCT TRANSFORMATION DEMANDS

[

(?an-crnplaff)_%;__ Pasture
pasture i
|
|
(:Fért. EUY_:)—;*—— Fert. Bal. l

Area 1

= -—— —— Livestock |
1"\P‘:‘r:m:l':l :

Lﬂnd Av,

Dry |

Exog.

Uses Restr.

Y

o

(_}ermanent
hay

Water
Region A
(:_ Buy :)Nhk\\ Intermediate Region A
Water Supply Commod ity Product | Final
Transfer Demands I
L Balance
e
Inter basi
transfer | Net
Permanent | export
hay
Exog. ' Biiv. |
Uses Restr. |
Land Av, 1
s e Atea 2 i
Livestock

Prod'n |
|
(iFert. Buy ) > Fert. Bal, |
|
on-croplan Past I
pasture REELE I |

Figure 2.1. A schematic interaction outline of the NSF-CARD model.




18 CHAPTER TWO

section are the crop and livestock production

alternatives as related to the environmental

considerations, interregional transportation

for the transferable commodities, and product
transformation activities,

The driving force for the model is the
demand sector which provides base levels for
the final demand commodities. The commodity
demands are determined by considering the per
capita consumption levels for the commodi-
ties, the domestic requirement for the
nonendogenous livestock production alterna-
tives, and the requirement to meet the level
of exports specified for the analysis.

The interrelationships can be further
delineated in the context of a linear pro-
gramming tableau, Figure 2.2 The restraints
in the model are represented by rows in the
tableau, and the production, demand, and
transformation alternatives are represented
by the columns. Figure 2.2 gives an outline
of such a tableau for the CARD-RANN model in-
teractions based on three producing areas,
two watar supply regions, and two market or
demand regions.

The restraints that control the alloca-
tion within the model are defined to include
cropland by quality class, pasture, and fer-
tilizer nitrogen at the producing area level:
water supplies by water supply region; and
the commodities endogenously constrained at
the market region level, except cotton, sugar
beets, and spring wheat which have national
markets and restraints. Soil loss restraints
Oon a per acre basis are implied by control-
ling the crop production activities, thereby

e e A e e L B e ——————— S
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allowing only those meeting the restraint to
be included. Additional restraints are in-
cluded to reqgulate the level of the popula-
tion, international trade, exogenous crop and
livestock production, water availability, wa-
ter transfers and exports, and nonrotation
hay and pasture production. The form of the
restraints 1is indicated in Figure 2.2 as
being either upper, 0, or lower, L, re-
straints, and all activities have the addi-
tional restraint implied in the standard
linear programming formulation which reguires
all activities to be greater than zero. (The
default can be changed to allow negative
levels, but for our modeling the
greater-than-zero restraint holds for all
activities.) Each of the interpretations and
coefficient determination procedures associ-
ated with the restraints is discussed in
Chapter 3.

Tha2 activities in the model (the columns
in Fiqure 2.2) represent the demand generat-
ing, commodity production and transfer, and
resource purchase alternatives. In the
tableau, the interaction of the activities
with each of the resources is indicated by a
positive or negative sign appropriate with
the formulation.

Th= first four activity categories and
their associated lower bounds represent the
demand sector of the model which must be sat-
isfied by the appropriate incorporation of
the other activities. Population and indus-
try activities, defined by producing area,
interact with the market regions to create a
demand for the commodities and, with the wa-
ter supply regions, to create a water use re-
quirement representing municipal and indus-
trial needs. The per capita use coefficients
and the population bound insert an accumula-
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tion of demands into the appropriate market
or water regions.

The international trade activities are
expressed as net export levels and are formu-
lated with bound limits on the activities
which represent net export of the commodi-
+ies: corn, sorghum, oats, barley, oilmeals,
wheat, and cotton. International trade for
cach of the commodities not allocated
endogenously to the central model 1s deter-
mined, and their level of domestic require-
ment is adjusted to reflect this option. The
export activities are defined by consuming
region, and the relative magnitude of each
bound determines the regional distribution of
ths net export as based on the shipments from
the major ports in the region.

The exogenous livestock classes are rep-
resented by a set of activities that simulate
a fixed level of production of broilers, tur-
keys, eggs, sheep and lambs, and an "other
livestock" category. These alternatives
utilize pasture, water, and the commodities
that are relevant for the type of livestock
and the typical regional production method.
These livestock activities also produce ni-
trogen into the regional fertilizer balance
at a level approximating the production of
nitrogen equivalents from their wastes. The
lower bound forces in the required level of
production by market region and is represent-
ative of the region's proportionate share of
=2ach of the exogenous livestock groups.

The exogenous crop sector accounts for
the water and fertilizer requirements of
those crops that have small production levels
or whose production patterns are concentrated
in one or twd ar=as. Included in this cate-
gory are such crops as broomcorn, buckwheat,
coWwpeas, dry beans, dry peas, flax, hops,
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orchards and vineyards, peanuts, potatoes,
proso-millet, rice, rye, safflower, sugar
cane, sunflowers, sweet potatoes, tobacco,
and vegetables. The activities representing
the aggregate production patterns of these
crops 1indicate the utilization of water and
fertilizer by these crops. This crop sector
does not interact with the land base because
the land base 1s defined as land available
for crop production after these exogenous
commodities have been allocated their acre-
age.

The next two sectors named in Figure 2.2
indicate the heart of the model's production
sector. These two sectors produce the endog-
end2us crop and livestock commodities to sat-
isfy the demand levels determined in the de-
mand generating s=ctor. The crop production
sector produces the endogenous commoditises--
barley, corn, corn silage, cotton, legume
hay, nonlegume hay, cats, sorghum, scrghum
silage, soybeans, sugar beets, wheat (both
spring and winter), and summerfallow. The
cropping activities are defined to represent
rotations ranging frcm one *o eight years in
length, incorporating the above-named crops
in appropriate combinations to give the
desired rotational effect. Alternative con-
servation and tillage practices are combined
with the regions' rotations to providzs a
spectrum of crop management systems each re-
flecting a different soil loss level. The
crop production activities interact with the
relevant land group utilizing an acre of this
land and the other resources, water and fer-
tilizer, as is appropriate for the defined
crop management system. These activities
produce commodities based on the cropping
system and also produce aftermath pasture 1in
a quantity variable with the crops included

s =T
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in the rotation and the historic utilization
of this pasture alternative.

The livestock alterrnatives include dairy
cow, beef cow, beef feeding, and pork enter-
prises. The livestock activities utilize wa-
ter, pasture, and the feed commodities that
are appropriate for their defined rations and
location. They produce intermediate commodi-
ty feeders; the final demand commoditi=s,
dairy products, fed and nonfed beef (a sec-
ondary product of the beef cow and dairy op-
erations) and poerk; and the by-product resi-
dual nitrogen available for fertilizer.

The remaining activities incorporate the
resource availability and commodity or re-
source transfer sectors. The fertilizer and
water-buy sectors represent the purchase of
the particular resource at the relevant re-
gional price. The upper bound for water is
consistent with the availabl=s water supply.
The water export sector represents
contractual water laws requiring the transfer
of watar from within the water supply regions
to other areas external to the water supply
region. The water transfer activitiles repre-
sent both natural flow and developed
interbasin transfer networks to move water
between the relevant water supply regioLs.
Similarly, the commodity transport sector
represents the movement of the intermediate
or final goods from market region to market
region as is consistent with the transport
networks and the feasibility of transferring
the commoditiss. The nonrotation hay and
pasture activities represent the production
of roujhage from lands not presently dafined
as being undar cultivatiocn. They provide
roughage in nonlegume hay equivalents into
the nonlegume hay or pasture balance markets
and utilize water for those lands which have
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histcrically produced these commodities under
irrigation.

The final sector represents the transfer
of fed beef from its market into the nonfed
or cull bsef category. This activity allows
for the balancing of the two meat markets
without having a surplus of the primary prod-
ucts (milk or feeders), as the producing ac-
tivities attempt to increase production of
the cull or noanfed beef while preventing the
lower juality beef from satisfying more than
its historic proportion of the regional marc-
ket

R=2gional Delineations 1in the Model

In completely defining the workings of

the model, five sz2parate sets of regions are
INCOEPOE ated Th2 first represents regions
within which the data base is defined; the
second, th2 ar=zas within which the production
activities ar=2 defined; the third, thes re-
gions d=tailing water availability and trans-
fer possibilities; the fourth, the areas
within which the markets are defined; and the
fifth, the regions into which the results are
aggregated ror ceportinge.
“ha_data regions

Thes2 regions represant many sets of
roliticael and gecgraphic areas within which
data is tabulated by the collecting agencies.
Ihzy include the counties and states of the
continental Unit=d States within which census
and commodity production data are tabulated.
An additional s2t of regions included in this
jroup is the county approximaticns of ths=s
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major land resource areas as used for data
collection by the Soil Cons2rvation Service,
U.5. Department of Agriculture (Figure 2.3).
These regions divide the land in the conti-
nental United States into 164 areas based on
soil type and management characteristics. It
is from these regions that the data used 1n
calculating the soil loss by alternative
cropping activity 1is dsveloped.

Sets of weights based on relevant data
relationships are used to transfer data from
the regions in which they are obtained into
the common resource or producing areas where
the data are used in the model or in combina-
+ion with other data to generate coefficients
to be used in the model.

The producing_areas
, Figure 2.4 illustrates the 223 producing
areas defin=sd in the model. These areas are
based on county approximations of the Water
Resource Council's subareas [112] modified to
be consistent with the water supply regions
and the market regions. Each producing area
is an aggregation of contiguous counties con-
tained in a watershed draining to a common
waterway. The producing areas represent the
regions in which crop and livestock produc-
tion activities and the land by guality
class, pasture, and nitrogen balance re-
straints are defined.

Fifty-one water supply regions define
the areas in the 17 western states where wa-
ter supplies are determined 1in the model

R e
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(Figure 2.5). These reglions are an aggrega-

' tion of contigucus producing areas within
which a water supply can be said to exist.

The subdivisions of the 18 major river basins

of the Water Resources Council form the basis

of these regions [ 112].

Th2_marketr ragions

Contiguous producing areas are
ajgr2gated into major marketing areas of the
Tnited States to give the 30 market regions
for the model (Figure 2.6). It is within
thesa regions that the market balance re-
straints ars defined for the major commodi-
ties analyzed. The regions also have as
their mark=st center a city that serves as a
hub in the existing national transportatiorn
network. The ccmmodity transfer section of
t+he model uses these centers as points be-
+ween which commodities are moved as the
model adjusts its production pattern to ac-
count for eacn region's comparative advan-
tage.

Ihe2_reporting
These rsgicns represent aggregations of
th= market regicns such that r=sgional
similarities in agricultural production pos-
sibilities are maintained. The resultirg
seven regions fecrm a manageable number be-
tw2en which regional comparisons can bz 4d=-
fined while neither completsly over
aggragating the production impacts nor
creating a rz2porting system completely
overpowered by numbers. An approximaticn of
thasa regions is given in Figure 4. 7.
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L. Mathematical Explanation
of the Model

A linear programming problem forms a
simple simulatan=20ous equation network repre-
senting the group of restraints, with one of
the egquations d=2signated as the functional
rﬁla+ionship tha*t is to be optimized over
*hose activities in the firal basis (solu-
tion). A general formulation cf thes linear
rrogramming model in matrix notation was
given 1n eguation set 1.1 in chapter 1.

Th=2 following sections outline the ob-
jectiva function and the restraints that are
combined to provide the interrelationships
encompassing this modesl.

¢ objective function of the basic
model 1s defined to minimize the cost of pro-
ducing the givzsn dzmands subj2ct to the re-
straints on the availability of land, water,
fertilizer, pastures, and the intermediat=
ccmmodities. It represents a minimization of
the cost of producing and transporting the
intermediate products and the final commodi-
ties of the model, including the costs of
obtaining and transferring water. It simu-
ilates competitive =2gquilibrium since all costs
of production (including return or the farm
famiilies' labor) must be covered. The func-
tion can ba repr

mins 2065 ¥ X, L + T Y I
5 (k ikm ikm : ikn YCikn ; zikmzcikm)
m n m

+ 2 L, LC, + DPP.PAC, + TPP.PAC. + DWH,PAC,
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+ IWH.PAC. + FLG.PAC, + FP_.UC,) + L(WB WC
3 L R ¢ s I 3 [T W W

w
+ WD WE =+ WL WE ) X 2 T _ TG (2.1)
W W W W tctc GC
&= 1,2, Lusy)l for the endogenous col=

modities,!

= 1.2 .. ex223 for the producing
areas,

5 = 1,2, . == 30 for: the market regions,

k = 1,2,-..;9 for the land classes in
sach producing ar=ea,

f = A Zre e ey for the dryland crop man-
agement systems defined on a 1and
class in a producing area,

i = 1,2,«s+y £for the irridgated crop
management systems on a land class
in a producing area,

Pt L2 eiey TOE the livestock activi-
ties defined in th= purchasing area,

= 200,51 for the water Supply re-=
gions,

ey D8 for the transportation
routes.

whaere:

X {1 is the number of acres of dryland
crop management system m on land
class k employed in producing area
1y

XCrm is the per acre cost of dryland

crop management system m on land
class k in producing area 1;

Yikn is the number of acres of irrig-
ated crop management systam n on
land class k employed in producing

ar=2a 1i;
Ycikn is the per acre cost of irrigated
crop management system n on land
class k in producing acea 1;
Ziym 1S *he number of acres of dryland

crop management system m on 1rrig-
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ated land class k employ=2d in pro-
ducing area 1i;

is the cost per acre of dryland
Crop management system m on irrig-
ated land class k in producing area
1y

1s the numker of units of liva-
stock activity p employed in produ-
cing area 1i;

is the unit cost of livestock ac-
tivity p in producing area i;

is the number of acres of dryland
permanent pasture employed in pro-
ducing area 1i;

is the number of acres of irrig-
ated permanent pasture employed in
producing area ij;

is the number of acres of dryland
wild hay employed in producing ar=a
1;

is the numkter of acres of irrig-
at=2d wild hay employed in producing
area 1i;

1s the number of acres of forest
land grazed employed in producing
area 1;

1s the per acre cost of the ras-
spective permanent roughage sourca
in producing area i;

is the number of pounds of nitro-
gen fertilizer purchased in produ-
cing area ij;

1s the unit cost of fertilizer in
producing area 1i;

is the numter of acre feet of wa-
ter purchased for use i1n water sup-
ply r=2gion w;

1s the number of acre feet of wa-
ter ygenerated from desalting in wa-
ter supply region w:
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WT is the number of acre feet of wa-
ter transferred from water supply
ra2gion w;

WC. is the cost per acre foot of the
associated water activity 1in water
supply region w;

T is the net movement of commodity C
over transport route t expressed 1n
the units of the commodity; and

TC is the per unit cost of transport-

ing commodity c over transport
route t.

-—_—-_ﬁ--_-_-—--‘-_--‘-_—_ _—-_-—#—--_ S D —

Restraints on the level of an activity
or group of activities are includ=d in the
linear programming model at the activity,
producing area, water supply region, market
region, and national level. Each crop man-
agement systam activity and certain other ac-
tivities, such as population-industry, water-
buy, water-transfer, commodity-export,
nonrotation pasture production, and
nonrotation hay production, are regulated at
the individual component level.

The population-industry activities rep-
resent the interaction of the consumer and
manufacturing sesctors of the =2conomy with the
agricultural sector. One activity is detfined

for each of the producing areas and is of the
form:

PNi = LB (2462)

i = 1,2,+++;223 for the prieduecing areas

where:
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PNi 1s the level of population in pro-
ducing area i; and
LPN, 1s the lower level of population
' allowed in producing area i.

The lower limit on the regional population
activity 1s set at a level consistent with
the Bursau of Economic Analysis's population
projections for the area [101].

A set of activities, closely related to
the population-industry activities, generates
a demand for water in each of the 51 water
supply regions to reflect the increased de-
mand for water navigation, wetlands, and
other onsite water consuming activities. The
onsite demand for water reflects a uss over
and above the level in 1969, because the 1969
level of use is not part of the calculated
avallable supply. These rastraints are of
tha form:

WO 2> RWO (2+.3)
W \
w = 1,2,+..,51 for the watar supply re-
gions.
where:

WO 1s tha lavel of water used for
wetland, navigation, and othar
onsite uses in water supply region
w; and

RWD 1s the required minimum level of
water needed for wetland, navigation
and other onsite uses in water sup-
ply region w.

The foreign trade sector of the model
ad justs the commodity lemands to reflect th=a
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international aspects of agricultural equi-
librium. For the tase model, trade of all
commodities is held at a level ejual tdo the
1969 to 1971 annual average net trade,

The expor* demands for the commoditi=s
cern, sorghum, tarley, ocats, wheat, and
oilmeals are allocated to the market regions
whers they are restrained as:

5,
ch 2 Exjc: (2.4)
G0 1, 25 s w30 for the market regions,
o= N2 .., 1T for the comnodities’ (See
footnote 1, p. 178) «
where:
. is the level of export of commodity
J¢ ¢ from market region j; and
Exjc is t+he regional minimum level of

export of commodity c from market
region Jj.

The activities controlling the sxpert of
water to areas outside the water resource
arzas are bound with restraints of ths form:

WE_ 2 LWE (Zs5)
w W
W=l 2penapst £oE the Water sUbply e
gions,

WE. is the level of export of water
from water supply region w; and
LWF _is the lower limit arrangel by
compact for export of water from wa-
ter supply region w.
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The exogenous crop sector, representing
the production of crops not included in the
model, adjusts for water and fertilizer re-

gquiremznts through restrairing activities of
the following form:

EC;y, 2 PEC,, (2.6)
i1 = 1,2,¢+.,223 for the producing areas,
h = 1,2,...,19 for the exogenous crop
groups in the model,
whare:

ECih 1s the level of the activity for
exogenous crop group h in producing
area 1; and

PEC4y, 1s ths required minimum level of
the exogenous crop group h in pro-
ducing area 1i.

Similarly, the exogenous livestock
sactor, representing production of the live-
stock commodities not endogenously allocated,
1s res*trained to account for feed, pasture,
and water requirements and the production of
nitrogen =2quivalent wastes as:

ELie 2 PELie (24:7)

|.-t .

= 14240¢4¢,223 for the producing
areas,

1,2,+¢4,5 for the exogenous live-
stock groups consider=d.

M
i

EL: 15 the level of exogenous livestock
activity e in purchasing area i:; and
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I PEL;, is the prespecified minimun level
| of exogenous livestock activity e 1in
| producing area 1.

Restraints are defined on the water pur-
chase activities in each water supply region
+o control the level of water use at a level
consistent with the regions' water resources.
This restraint is of the form:

WP £ WS (2. 8)
W w
W = 1,2,s++,51 for the vater supply re-
gions,

| where:

WP is the number of acre feet of water
purchased in water supply region w;

| and
A WS 1is the number of acre feet of water
¥ in the predetermined supply in water

supply region w.

Restraints for the irrigated and dryland
native and noncropland roughages are of the

forms:
Dryland hay for producing area 1:

DWH, < ADWH, (2.9)
]l i

Irrigated hay for producing area i 1n
the irrigated area:

INH, < AIWH, (2.10)
1 1

! Dryland permanent pasture for producing
area 1:

DPP, < ADPP, (2 3)
2l 1l

L:-.._;_—_-;-._ —
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Irrigated permanent pasture for produ-
cing area 1 in the irrigated area:

IPP, < AIPP_, and (Ba2)

Forest land grazed for each producing
area 1is:

FLG, < AFLG, (2.13)
s 1

1 = 1,244,223 for the producing areas,
where:

DWH, 1s the number of acres of dryland
wild hay cut in producing area 1i;
IWHi 1s the number of acres of irrig-
ated wild hay cut in producing ar=a
1,
DPP, 1s the numkter of acres of dryland
permanent pasture grazed in produ-
cing area 1;
IPP, 1s the number of acres of irrig-
ated permanent pasture grazed in
producing area 1i;
FLG, 1s the number of acres of forest
land grazed in producing area i;
and
A is the number of acres of the type
of roughage source indicated as
corresponding to the ahove five
types in producing area 1i.

Within the crop production sector two
activity restraints exist. The first regu-
lates the per acre soil loss and is of the
form:

<
SLikm-m S ASLik (2.14)

EPUSP p————

e et T ¢
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i =1,2,..+,223 for the producing areas,
= e e L, 90 fori he dand. ela'sses
m= 1,2,..., £for the dryland crop man-

agement systems on the land class 1n
the producing area,

n = 1,2,++s, for the irrigated Crop
management systems on the land class
in the producing area,

wherez:

ST is the level of soil loss as-
ikm+n ] :
sociated with the crop manage-
ment system in m+n on land class
k in producing area i; and
ASL,k is the allowed level of soil
** Joss on land class k in produ-

cing area 1i.

The second restraint is not directly in-
corporated but is implied in the definition
of the rotations. This restraint maintains
cropping sequences which are agronomically
feasible. As an example, it 1s not a reconm-
nended policy to raise continuous soybeans 1n
+h> Corn Belt. Thus, no crop management sys-
tem representing soybeans grown alone contin-
uously is defined. The remaining restraints
in +he model are multiple activity restraints
and are defined at the relevant region level.

The major restraint at the producing
area level is the availability of cropland.
Within each producing area there exists the
possibility of nine land groups in each of
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the dryland and irrigated agricultural
sectors. The nine land groups represent ag-

gregations of the major land class and
subclass categories c¢f the Soil Conservation

Service, U.S. Department of Agriculture. The

dryland restraint by producing area and land
class is of the form:

i 4 a. . < EIb, (25 15)

-
I

1,242,223 for the producing
areas,

k = 1,2,...,9 for the land groups, and
m=1,2,..., for the dryland crop man-
agement systems defined,
where:
X:m 1S the number of units of crop

management system m employed on l

land class k in producing area i: !
a 1s the number of acres of land as-
sociated with one unit of crop man-
agement system m (scaled to be one
acre for this formulation); and
LDik is the number of acres of dryland

avallable in land class k in produ-
cing area 1i;

and the irrigated cropland restraint by pro-
ducing area by land class is of the form:

LY a + ¥ 2

ikn “n ikm ?m = MR (2-16)
1 m
3. = A2 waniy223 Eor the producing
areas,
k = 1,2,...,9 for the land groups,
m= 1,2,es., for the dryland Crop man-

b B i, T T B T g, L R . e T e i, S i el S
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agem2nt systems, and
= 2.y for the AFRigated SHOP
management systems,

wher=:

AT is the number of units of irrigated
crop management system n employed on
land class k in producing area 1;
A is the number of acres of land as-
sociated with one unit of irrigated
crop management system n;
is the number of units of dryland
crop management system m employed on
irrigated land class k in producing
area 1;
a. 1s the number of acres of land as-
sociated with one unit of dryland
crop management system m; and
is the number of acres of irrigated
ijand available in land class k 1in
producing area 1.

zikm

LRIk

The nitrogen fertilizer balance 1s also

defined at the producing area level and has
th=s form:

P, + g Ly b+ 2 Bl s iy = ﬁ el z (éxlkmf L

+ 151 Yiknfyin 4 [zﬂ zlk:m 1m) - DPP, ff - IPPiffi (2.-17)
- DWHiffi - IWH, ff - FLG ff =0

e = 1 2,...,5 for tha exogenous live-
stock groups considered,

3o = 12 esey223 0o the producing
ar 2as,
k= 1,2, .09,9 £or the land groups,
ne = 1920, «s, | For cthe dryland crop Han=

agement systems defined,
1, 25 «=, E£oF the irrigated crop
management systems defined, and

I

It
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P = 1,2,4¢4, for the livestock activi-
ties defined,

where:

ikm

1 25 g

1m

ikn

in

ikm

DPP

is the number of pounds of fertil-
izer purchased in producing area i:
1s the number of units of live-
stock type p in producing area i:
is the number of pounds of fertil-
lzer per unit of livestock type p;
1s the number of units of exoge-
nous livestock group e in producing
area 1i;

1s the numker of pounds of fertil-
izer per unit of livestock type e;
1s the numbter of acres of exoge-
nous crop group h in producing area
1,

is the number of pounds of fertil-
izer nitrogen required per acre of
exogenous crop group h in producing
area 1i; :

is the level of crop management
System m employed on land class k
in producing area i:

1s the pounds of nitrogen required
par unit of crop management system
m in producing area i

is the level of crop management
system n employed on land class k
in producing area i;

1s the pounds of nitrogen required
per acre of crop management systenm
n in producing area i;

1s the level of crop management
system m employed on irrigated 1land
class k in producing area i;

1s the acres of dryland permanent
pasture grazed in producing area i;

.-f_ - - -

ek b e
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IPP. is the acres of ircigated permas
1 nent pastures grazed in producing
ar=a 1i;
DWH. is the acres of dryland permanent
* hayland cut in producing area 1
IWH 1is the acres of irrigated permar
nent hayland cut in producing area
L,
FLG  is the acres of forestland grazed
in producing areca i; and
ff is the pounds of nitrogen reguired
per acre for the corresponding
noncropland roughage source.

The final restraint defined at the pro-
ducing area level controls the use of the

vasture-associated roughages and is of the
form:

| i th X rx R ry T s ek
ﬂ k m dikm ikm n ikn ikn m ikm dikm

: DPP r + IPPT¥ + FLG T -2 L qf - EL q >0 (2.18)
| 1 i g i3 p ip 4p ei el
= L e, 223 forn sthe ptoducing
areas,
o= R0 ey g o ctilie dlands gizoupsy
m= 152 s, for the droyland crop man-=

agement systems,
1.2 .5, For the i1irrigated crop
management systems, and

I

Il

p = 1,2,..., for the livestock activi-
ties,
whar=a:
Ximn is the level of dryland crop man-

agement system m on land group k 1in
producing area i,
@04 1s the yield of aftermath pasture
ikm
from dryland crop management system

R e e o 8
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CHAPTER TWO

m on land group k in producing area
1;

is the level of irrigated crop
management system n on land group k
in producing area ig;

is the yield of aftermath pasture
from dryland crop management systzm
n on land group k in producing area
1;

1s the level of dryland crop man-
agement system m on irrigated land
in land group k in producing area
1,

1s the numker of acres of dryland
pasture grazed in producing area 1i;
is the numker of acres of irrig-
ated pasture grazed in producing
area 1i;

1s the number of acres of
forestland grazed in producing arza
13

is the yields of nonlegume hay
equivalent roughage per acre of the
respective pasture type in produ-
cing area 1i;

is the numker of units of live-
stock type p in producing area 1i;
1s the quantity of pasture

consumed by livestock type p in
producing area 1i;

is the number of units of exoge-
nous livestock type e in producing
area 1i; and

is the quantity of pasture

consumed by exogenous livestock
type e in producing area 1i.

is the yield of aftermath pasture from ir-
rigated crop managerment system n on land
group k in producing area i;

S S SRR B - I S S WS AP S— U M W—— ——— e S NSRRI
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The water supply regions control the
availability of water and regqulate the flow

and allocation of transfers. The water use
restraint for region w is of the form:

WB + WP 4+ WL -WO - WX ~-WE -+ WD
i w - W W W W |
igw [ o= IPE d = i E Yikndy. - (2.19)
1. dl, = PN.d ) > 0 =
P ip. ip T Pl
= B Se o223 For thesproducing
areas,
k = 1,2;,:04+59 for the land groups,
n=a 192 545y fOr the irrigated Crop
management systens,
po= 1020 s es . for the livestock activis=
ties,
¥ = 1,2;s««301 for the mater supply rte=
gions, and
e = a symbel for "included in,"
whersa:

WB is the number of acre feet of wa-
ter purchased to generate the water
supply in region w;

WT is the number of acre feet of

gross water transfer from region w;

WI 1is the number of acre feet of

gross interbasin flows from region

W3

! WO is the number of acre feet of wa-

| ter used for onsite requirements in

, region w;

| WE, is the number of acre feet of wa-
ter exported under compact from re-
gion Ww;

WX, 1s the number of acre feet of wa-
ter required for use by the exoge-
nous crops and livestock in region
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LI
WD 1s the number of acre feet 2f wa-
ter developed through desalting in
water region w;
IWH, 1s the numker of acres of irrig-
ated wild hay in producing area 1i;
IPP, is the numker of acres of irrig-
ated permanent pasture grazed in
producing area 1i;
d, 1s the nunber of acre feet of wa-
ter required per acre of the re-
spective permanent rougnag=2 crops;
; 1s the numker of acres of irrig-
ated crop management system n on
land group k in produciling area 1;
dy;, 1is the number of acre feet of wa-
ter required per acre of crop man-
agement system n i1n producing area

13
Li is the number of units of live-
P stock type p in producing area 1;
dlip 1s the number of acre feet of wa-

ter required per unit of livestock

type p in producing area 1;

PN. i1s the level of population in pro-
ducing area 1i; and

dp. 1s the numbker of acre feet of wa-

ter required per capita for

municipal and industrial needs in

producing area 1i.

The water transfer restraint in 2ach re-
gion w 1s of the form:

T % WL, + WE 2 JT5NS {(2.20)
w W w W
W = 1,2,++.,51 for the water supply re-
gions,

where:

et It S s g P T 5 A At e i S i O e B s A s i i — SR
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WT is the number of acre feet of nat-
ural flow transfers from region Ww;
WI is the number of acre feet of
interkasin flows from region w; and
WE is the number of acre feet of wa-
ter exports from region w.

Restraints_ by market region

The only set of restraints defined at
the market region level represents the com-
modity market balance for all the
endogenously allocated commodities 2xcept
cotton, sugar beets, and spring wheat. The
restraint for ccmmodity c¢ is of the form:

L (T 6 CX + L Y cy + % %
i€] m dikm ikmc n 1ikn iknc m ikm
CX I s i iR =SPNScpl )t N T (2.21)

ikme p ip ipc 1% Hie GEqE e
E. = EL cy =0

e ej ejc —

e = 1,2,++.,5 for the exogenous live-
stock types,

S= 20 6,228 for the producing
areas,

3 = dyi2ss»se30 £o5 the market regions,

K = 1.2..:5,;9 for the langd groups,

m = 1,2,+.s, for the dryland crop man-
agement systems,

n= A2 ..., for the irrigated crop
management systems,

p = 1,2,.s+, for the livestock activi-

ties defined endogenously,
=g s 458 for the transportaition
routes in the model, and
¢ = a symbol for "included in,"

e N P
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ikm

2 ikmc

ikn
CY

iknc

ikm
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cej

CHAPTER TWO

1s the level of dryland crop man-
agement system m on land class k in
producing area 1i;

1s the yield of commodity c per
unit of crop management system m on
land class k 1n producing area 1;
1s the level of irrigated crop
management system n on land class k
in producing area 1i;

is the yield of commodity c per
unit of crcop management system n on
land class k in producing area 1i;
1s the level of dryland crop man-
agement system m on irrigated land
class kK 1in producing area 1;

is the level of livestock activity
P 1n producing area 1i;

is the yield of or requirement for
commodity c by livestock activity p
in producing area 1i;

is the level of population in pro-
ducing area 1i;

is the per capita requirement for
commodity ¢ in producing area 1i;

1s the net transfer of commodity c
from market region j through trans-
portation activity ¢t;

1s the net international export of
commodity c from market region Jj;
1s the level of employment of ex-
ogenous livestock activity e 1in
market region j;

is the requirement of commodity c
by exogenous livestock activity e
in market region 7j;

I T s | = W T l_----._,_

e i
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The restraints at the national level in-
cluda international trade restraints and the
national commodity balances for cctton, sugar
bests, and spring wheat. The commodity bal-
ances are of the form:

(B (2% By CX. + L Y. CY. ke

B e it ARR TR a
-~ PN, 1CP4 )' E 2 0

+;.>:nzkm k_m)

where all variakbles are defined in equation
2.21 except ¢ = 4,10,12 (see footnote 1% D=
178) «

The export ra2straints are of the form:

L E, z EX
; Je c
(2523)
¢ = 1,2,.s2,17 for the commadities (see
footnote 1, p.1l78),
= 1, 2,-¢s520 fOr the market regions,
M wherea:
3 E.. is the export level of commodity c
i from market region j; and

EX is the national export level of
C ; .
commodity ¢ stipulated;

.

i
— e e el ol

and the imports are of the form:

) 3L LS < IM
;1€ c (2.24)

¢ = 1,2,++3,17 for the conmodities (see
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footnote 1, p. 178 ),
i =1,2,...,223 for the producing
areas,

where:

Eie is the net export level for conm-
modity ¢ from producing area i; and
IM 1s the national import level of
¢ commodity c stipulated.

Each of the above variablss is also regulated
by the nonnegativity restraints consistent
with the model formulation as follows:

X s oo Ly,» DWH , IWH , DPP , IPP , FLG,,

FP., EL., WB_, WI , WL , WD , WX , WE , PN, T

B> ECi» ELy 2 0 (2.25)



Chapter Three

Determination of
Coefticients

QUANTIFYING the interactions defined in the
model represents the most time-consuming task
associated with developing the model. The
availability of the resources--land and
water--for allocation to the endogenously
determined uses must be quantified. The crop
and livestock production activities must be
delineated ani their interaction coefficients
jetermined. The demand sector needs to be

\ developed to drive the model, and the trans-
portation alternatives need to be delineated
with costs quantified to allow for the inter-
regional interactions. The following subsec-
+ions of this report outline the procedures
and the data sources used in developing the
above interactions for the model.

The Land Base

The land base represents the major con-
straint on the productive capacity of the
system. The number of acres of dryland and
irrigated cropland for use by the endogenous
crops,2 nonrotation hays, and nonrotation
pastures are determined by aggregating the
county acrzages as determined for the "Na-
tional Inventory" [ 8].

53
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The "National Inventory"™ [8] reports the
acreage of privately owned land by use and by
agricultural capability class, as determined
from a two percent sample of all private
lands 1n the nation. There are eight ma jor
capability classes with classes two through
elght further subdivided to reflect the most
severe hazard which prevents the land from
being available for unrestricted use. The
four hazards or subclasses reflect suscepti-
bility to erosion (e), subsoil exposure (s),
drainage problems (w), and climatic condi-
tions preventing normal crop production (c).

The county acreages are aggregated, for
dryland and irrigated uses, to the 223 produ-
cing ar=as by the 29 capability class-
subclasses. The 29 capability classes are
aggregated to give nine land groups that ex-
hibit a range in erosion hazard, yield, and
farming alternatives (Table 3.1). The land
base used for the endogenous dryland or irri-
gated crops represents the sum of the acres
in the component land classes of the "Nation-
al Inventory" [8] designated as being used
for row crops, close-grown crops,
summerfallow, rotation hay and pasture, tem-
porarily i1dled cropland, and land used for
fruits and vegetables with an adjustment for
the land used by the exogenous crops as de-
scribed in the crop production sector.

Projected 1increases in irrigated lands
in the western United States are added to the
irrigated acreages in each of the relevant
producing areas (Table 3.2). Only those ir-
rigation projects that have been approved for
construction before 1980 are considerad. The

PR ST SR —
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Table 3.1. Land class and subclasses
aggregated to the nine land

groups .2/
Land Inventory Land Inventory
Group Classr Group class-
subclass subclass
1 I 6 IVe
2 ils 7 IVs, IVc, IVw
3 IIs; TIc, 11w 8 all of V
4 IIle 9 &1L of VI,
VIL & VILE
5 Itds, ILlc,; ITIiw

e p— —— Rk I . S I SN S S e e e— T I T e — S ——— — ——— — e — S e S e D D e s S S b

a/

— Inventory classes and subclasses are
as defined by thz Soil Conservation Ser-
vice for the "Naticnal Inventory" [8].

proj2cted increase in acreage 1is weighted to
the relevant land classes based on the pro-
portion of the irrigated acreage presently in
cach group as determined from the "National
Inventory" {8 ]. A corresponding number of
acres 1s removed from dry cropland and
pasture in proportion to their acreages 1in
the area as indicated in the inventory. The
total dryland and irrigated acreages by eich
of the nine l1and groups are reported in Takbkle
343,




56 CHAPTER THREE

Table 3.2. Increases in acres of irrigated ‘
land occurring before 1980 by :
producing area. :

_——-—_——-——-—-—_—._——————l-——_--_-_—_-—--—---—_-

Producing Acres Producing Acres |
area ar =24 '
99 392,500 184 100 :
108 5,500 185 38,000 '
109 129,600 187 56,300 i
110 140,000 189 5,300 '
14 5,600 191 119,800
127 16,000 192 597,100
138 500 153 6,300
140 62,500 194 3,500
154 2,000 195 500 :
157 49,600 199 17,000
160 6,200 200 28,000
163 15,700 201 34,400 |
16U 18,900 208 184317 |
165 200 209 162,317
167 74,150 210 143,966
168 62,650 213 7,350
169 33,500 216 6,900
181 58, 500 219 5,000
182 400 223 72350

Source: U.S5. Dept. Interior [ 105 ]

sy — — T — . S S S i S — S S—— S — i S — T S N S — S — S — - ————

and_pastuces
Th= noncultivated land base is divided
into three land use catsgories based on the 1
acrrag=2s from the "Natiocnal Inventory" [ 8]. 4
oryland nonrotation pasture and rang=2land are ’
combined to give an upper bound for the improved
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Table 3.3, Total dryland and irrigated
acreages in the nine land

groups .2

Land Dryland Irrigated
Group ACres acresb/

(1000) (1000)

1 23,458 5,632

2 16,612 1257

3 73,748 4,796

4 65,598 3,6U8

5 45,838 =120

6 29,034 1,410

7 10,738 1,168

3 305 14

J 12,829 287

Total 338,220 Folts s o

S e — e S E— RS S S S T G ——— — — — — — S D e T S — e i —— e — T T " — — —

E/Represents the total acres available
for use by the =ndogenous crops.

b/Includes only those acres undar
ircigation in the regions encompassed by
the water supply regions, Figure 2. 5.
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or managed pasture activity by bprodu-

cing area. Irrigated, improved pasture acre-
ages are obtained from the irrigated
nonrotation pasture and rangeland categories.

The dryland and irrigated noncropland
hay lands are aggregated to provide upper
bounds for the dryland and irrigated perma-
nent hay activities in the model. These
acres represent wild hay and other hayland
which is continuously harvested except for
infrequent interruptions to reestablish or
improve the stand.

The third permanent-use category repre-
sents the forest land grazed category frcm
the "National Inventory" [8]. This land rep-
resents the relatively low yielding woodlands
pastured on farms as well as the large tracts
of forest=d lands under private control. The
acreage in each of the permanent roughage
categories 1s given in Table 3.4.

The Water Sector

This section outlines the determination
of the water supplies, the prices associated
with the water supplies, the natural flow and
intarbasin transfers, and the nonagricultural
water rzquirements (Figure 3.1).  The crop
and livestock water use coefficients are de-
veloped in their resgective sections of the
report,

Water supplies

The water supply in each water supply
region is a function of ths total raservoir
storage and the mean annual runoff in th2 re-
gion (Table 3.5). First, the total storage



Table 3.4. Acres of the permanent roughage crops by producing area.

Producing Permanent pasture Permanent hayland Forest
area dryland irrigated dryland irrigated grazed

(000 acres)

1 25.7 96.9 6.0
2 25.6 88,2 7.8
3 81.7 212.8 i,
4 23,1 102.1 2.0
5 15.9 22.1 3.2
- 88.9 110, 2 13.8
7 263.3 211.5 126.0
8 124.5 123.9 29.4
9 17 .4 51.4 2.6
10 291.9 2991 103.1
11 318.9 160.8 200, 7
12 664.3 376.3 125.8
13 21.5 12.0 0.0
14 237.7 157.1 49,7
15 467.0 281.7 134.6
16 177.9 93,1 56.7
17 24,0 38.1 el
18 509.9 301.8 119.7
19 209.0 38.1 17.6
20 706, 2 399.5 169.2
21 1,382.3 281.7 394, 2
22 2246 102. 2 217.1
23 244 .2 152,1 49,4
24 598, 2 200.9 169.7
25 611.8 148, 1 181.4
26 1,006.2 234.0 421.7
27 532.9 105.8 358.2
28 260.0 9.7 101.1
29 154.1 12.7 40.6
30 579.1 87.2 235.5
31 1,291.8 315.4 541 .2
32 108.0 55,2 108.9
33 250.7 59.5 121.9
34 106.3 46.5 34,8
35 325.6 110.7 124.6
36 465, 4 88.7 115.1
37 131.3 67.6 29.3
38 946.8 215.5 382.5
39 1,121.1 278.5 679.0
40 225,2 23.4 53.8




Table 3,4, (continued)

Producing Permanent pasture Permanent hayland Forest
area dryland irrigated dryland irrigated grazed
(000 acres)
41 363.4 63.9 143.8
42 379.5 29,7 135.7
43 426.7 94 .0 161.0
44 1,929.9 190.5 395.6
45 1,505.6 220.6 768.5
46 10523 74.9 368.7
47 859.5 91.5 425.3
48 989.8 124.1 279.3
49 1,794.4 212.7 589.5
50 986.3 106.9 551.6
51 1232 95.3 571.9
52 798.5 70,7 968.2
53 s s 314.8 722.2
54 1,295.6 100.4 823.7
55 3529 49,1 92.3
56 1,460.2 128.8 600.1
57 7179.7 104.0 286.1
58 1,144.2 127.0 459 .8
59 606.1 19.7 1,652.6
60 2,262.6 10.7 2,342.8
61 442 .6 14.3 1,021.5
62 1,108.3 6.2 1,969.3
63 170.5 2.1 363.2
64 382.9 209.5 280.6
65 237 .4 <) e 61.0
66 110.5 2.5 34.3
67 595.0 36.9 165.9
68 698,8 52,7 484.9
69 1,025,3 51.3 412.3
70 1,554.2 161,0 1,004.6
71 654.3 88.6 395 .8
72 12251 112.4 308.4
73 597.3 79.3 321.,2
74 1,812.4 182.0 3,326.8
75 558.3 26.8 533.9
76 1,793.0 74.7 1,710.3
77 595.5 19.3 835.3
78 498.4 19.6 605.1
79 553.6 47.0 1,788.2
80 1,068.0 87.9 877 .8
81 318.4 23.7 323.0
82 18 |y Gr £y 48 .4 2,085.8
83 466, 3 24,1 342 .4
84 190.7 5.4 776.9
85 571.6 10.3 993 .1
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Table 3.4. (continued)

Producing Permanent pasture Permanent hayland Forest
area dryland irrigated dryland irrigated grazed

(000 acres)

86 $E Sy ) 2.0 227.1
87 1,004.1 85.5 3,764.4
88 829.7 26.0 ZelFNn
89 65.8 26.7 49,3
90 740.6 79.5 717.6
91 99.5 113.2 168.3
92 439.9 117.0 447 .4
93 376.8 57.3 261 .4
94 817.9 Ll 514 .5
95 17.0 39.9 12.9
96 985.9 353.9 726.4
97 889.9 217.5 169.7
98 1,842.7 550.4 662.1
99 3,790.6 1,034,8 26.9
100 1,213.0 269 .6 0.1 bty .6
101 509.8 41.7 0.4 L 4
102 1,285.3 38.3 501.4
103 1,161.4 87 .4 506.7
104 1,061.2 51.2 455.1
105 631.6 101.3 0.2 190.0
106 759 .4 42.2 127.8
107 719.1 1.7 55.6 0.8 40.7
108 841 .4 37 .6 0.4 49,2
109 6,065.1 136.6 9.9 SR
110 2,399.3 50.0 28.9 47.5
111 5,646 .1 0.2 76.5 18.5 55.6
112 2,187.0 227::3 755.4
113 1,271.4 197.5 T2y
114 2,976.1 34,6 2,521.6
115 542 .7 18.9 166, 2
116 1,699.6 120.1 115.9
117 3,719.9 289.4 454, 3
118 4,504.1 70.7 3.5 20.1
119 4.307.0 99,3 5.0 44,0
120 1.637.5 3.8 657.3
121 1,199.8 13,2 711135 2
122 5,690.2 22.9 0.4 1,539.8
123 1,760,2 10.3 123.0
124 1,525.6 15 287.0
125 4,388.0 267.8 0.1 4,452 .5
126 1,732.5 86.9 2,286.9
127 12,540.3 12.8 22.9 200 1,198.3
128 3,353.6 117.8 559.1
129 6,495.5 1555 42 .6 950.9
130 2,228.6 7.4 1,064.4
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Table 3.4. (continued)

Producing Permanent pasture Permanent hayland Forest
area dryland irrigated dryland irrigated grazed

(000 acres)

131 10,843.5 222 it 3.3 1,470.
132 871.3 39 8 1,986,
133 2,853.6 66.9 0.4 3.049,
134 2,214.3 12.9 73.9 987.
135 1,419.4 2.3 69.7 2.4 1,927.
136 4,211.6 26.3 49 6 2,280.
137 11,834.3 32.4 1.3 101,
138 1,964 .8 37.0 2.0 0.
139 6,347.3 18.9 0.0 3.0 239,
140 1,476.4 245.6 49,
141 5,313.0 478.2 3.7 70.
142 11,969.0 1,319.9 4.5 62.
143 2,020.1 139.9 1.6 1
144 6,024.9 852 .7 0.9 ]l
145 2,453.6 67.5 72 67.
146 7,126.0 253.8 3k 163.
147 8,267.2 370.8 89.6 833,
148 2,394.7 1.5 70.4 13.6 13
149 9,371.5 33.4 207.5 45.3 417.
150 6,211.,3 0.1 1372 1317 101.
151 5,518,2 29.9 80,4 112, 5 108.
152 6,809.4 14.5 196.5 61,5 499,
153 2,297.8 61.7 72.5 122.8 233,
154 6,743.3 5.8 42.6 253,2 588,
155 3,927.4 10.6 55,9 34,4 163.
156 2,103,7 36.4 89.4 83.9 417.
157 2,659.7 213.3 47 .6 25252 309.
158 46.0 2.1 25.2 4.6 345,
159 1,646.2 160.9 145.6 200.0 1,943,
160 12,762.7 33.4 71.2 642 .6 437,
161 7,083,7 61.0 81.3 92,6 543,
162 8,705.6 45.3 36,2 112.0 1,301,
163 1,711.1 28.9 1225 93.0 694,
164 781.8 50.9 0.0 1241 976,
165 330.0 64.0 1.0 69.0 390,
166 1,250.1 213.8 0.0 214.0 238,
167 309.6 58.7 10.8 21.2 383,
168 2,749.3 81.3 15.4 57.6 1,002,
169 5,391.6 37.9 0.0 48,0 3,300,
170 1,995.1 0.0 0.0 0.9 17.
171 7,499,2 3.5 2.4 B8 156,
172 1,090.1 5.8 0.0 0.0 0.
173 2,473.2 773 0.4 7.4 0.
174 4,902.0 16.0 0.4 22.0 902,
175 5,838.8 21.8 0.4 19.5 0.
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Table 3.4. (continued)

Producing Permanent pasture Permanent hayland Forest

area dryland irrigated dryland irrigated grazed

(000 acres)

176 12,297.7 4.9 0.0 2.6 428.3
177 6,916.3 85.6
178 8,163.4 6.1 j S8 4.9 951.7
179 7,343.3 4.4 0.8 6.7 805.1
180 2. 5301 0.8 0.0 A L) 57.4
181 3,849.3 0.0 4.7 341.1 L7420
182 1,450.2 0.0 0.0 108.4 850.0
183 1,822.6 0.0 1.5 1942 757 .4
184 638.0 86.8 N2 64.9 311.1
185 3,682.5 282.6 5953 148.7 302.0
186 2,077.6 8.3 40.5 140.8 386.7
187 1,656.5 0.0 5.3 89.0 1,148.3
188 2,014.5 0.0 ) 58.4 992,7
819 1931 Y] 120.6 4.1 457 .3
190 1,590.9 0.4 53.4 3.9 1,103.7
191 4,028.5 180.1 42.2 86.1 791.0
192 3,561.8 89.2 1341 1,857.0
193 1,385.7 88.5 7S
194 3,469.,6 1352 34.8 1,646.5
195 2,134 .9 5.0 23.0 608.9
196 2,270.6 94 .8 448 .0
197 179.7 53.3 50 27.9
198 77 .4 31.6 71.0
199 25:3 86.5
200 156.0 11.8 182.0
201 304 .2 140,7 28.4 912.0
202 16.6 Tt
203 4,144.1 128.8 208.1 99.6
204 829.6 13,9 19.8 76.3
205 83.0 2405 5.7 53
206 1,855.9 124,2 70.2 94.9
207 634.9 48.7 5.4 38.0
208 2501207 284.5 51,0 270.8 2,608.2
209 59,5 PASL 0.8 1.0 568.0
210 1,138.1 93.3 6.6 146.3 700.8
211 3,144.5 10.2 1,280.4
212 993.8 3.0 74.7 124, 2 1,651.9
213 1= b s sy 40.4 39.5 4.2 897.8
214 7,562.4 Tis2 e | 6,358.3
215 4,110.6 6.1 4.9 1,491 .2

63




Table 3.4. (continued)

Producing Permanent pasture Permanent hayland Forest
area dryland irrigated dryland irrigated grazed

(000 acres)

216 5,893.1 4.1 1.9 13.0 2,394.3
217 3,730.0 18.4 4.0 1,117.9
218 8,553.8 7.0 0.4 482.1
219 301.2 16.9 63.2
220 875.2 7.5 66.9 32.0
221 2.1

222 9222 10,4 14,7 4.9 630.2
223 1,693.3 15.3 19.1 0.6 1,122.0
Total 476,101.8 2,969.4 222,376.1  5,541.8 136,339.0

SOURCE: 'National Inventory' [8].
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Table 3.5. Mean annual runoff, total reservois storage, and estimated water supply in 2000 in the 51 water
supply regions.

Mean Total Estimated Mean Total Estimated
Region Annuala Reservoir Net Water Region P.nnualEl Reservoir Net Water
Runoff—  Storage Supply Runoff— Storage Supply
(Million Acre Feet Per Year)
1 39.20  4.80 12.18 27 2.36 4.63 1.91%/
2 60.40 0.72 37.56 28 5+59 2.61 3'n6bf
3 14.87 1.26 3.45 29 3.78 14.88 3.02—
4 27.60 1.83 5'25bf 30 10.00 1.76 3'36bf
5 7.53 12.20 7.00— 31 2.73 4.92 2.18—
6 325 1513 1.86 32 1.87 2.01 1'41bf
7 11.16 0.98 2.66 33 3.21 37.33 E.SIE?
8 0.99 0.33 0.58 34 2.34 7.38 1.871—
9 29.55 9.94 16.61 35 3.98 0.18 0.49
10 23.05 0.44 13.18 36 5.75 3.37 2.74
11 7.94 4.65 6.30 37 3.82 87 s 0.50
12 9.73 5.38 7.56 38 303 3.23 2.69
13 29.00 Yl 10.73 / 39 12.02 4.23 4.71
14 2.99 3.67 2.58 40 4.68 1.85 1.54
15 2.46 27l s 41 7y 3 4.41 2.94
16 { 1.48 0.49 42 0.04 0.00 0.01
17 33.83 28.88 23.36 43 6.92 1.76 1.80
18 3.36 1 UNE 17 0.73 44 20.30 6.83 6.28
19 1.05 0.41 0.54 45 31.36 5.73 5.83
20 0.13 0.00 0.01 46 20.32 6.37 5'99b!
21 130 0.47 0.68 47 3.06 4.54 2.265?
22 4.03 2.08 2.30 / 48 2.44 1.27 101
23 5.54 5.37 4.33= 49 0.90 0.00 0.51
24 6.78 2.06 3'29h! 50 13.56 13535 5.40
25 273 22.81 Z.ZIE? 51 30.10 6.36 6.30
26 1 8 19.00 0.98—~ Total 535.09 280.89 239.51
ﬂjSQUICE: U.S. Water Resources Council [11l1, Part 6].
b/

Maximum regulated flow possible.

Efﬂear maximum regulated flow.
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capacities of reservoirs in each of the water
supply regions were determined by adding the
active conservation and joint-use capacities?
for storage dams in the region as obtained
from the Bureau of Reclamation,* the Army
Corps of Engineers [75-94], and a survey of
reservoirs in the United States in 1963 (34 ].
Second, the m=2an annual runoffs reported 1in
Table 3.5 were determined from The_Nation's

Water Resources [111]. Then, using the rela-
developed by Lof and Hardison [33 ], the net
water supply as a proportion of the mean
annual runoff was determined (Table 3.5).

In using the work by Lof and Hardison,
it is assumed that all water supply Ir2gions
in a given river basin have the same rela-
tionship between the gross water supply and
total reservoir storage. The gross surface
runoff in each water supply region 1s deter-
mined by interpolation between the points re-
ported in Table 3.6. Water supplies were
first calculated for all water supply regiorns
ir this manner:; then the gross water supplies
were ad justed for reservoir evaporation,
based on the work by Lof and Hardison [ 33],
giving a net water supply in each of the wa-
ter supply regions (Table 3.5). The rela-
tionship between storage and percent of tne
mean annual runoff available for use, givan
in Table 3.6, is shown graphically for the
Colorado River Basin in Figure 3. 2. For ex-
ample2, using the higher curve and given a
ratio of total storage to mean annual runoff
equal to 1.003, the gross water supply would
equal 0.85 multiplied by the mean annual
flow. From the lower curve, the net water

supply would equal 0.79 multiplied by the
mean annual flow.




Table 3.6. Storage to mean annual flow ratios to make the indicated percent mean annual flow available with
95 percent probability of adequacy.

Max imum
Percent Gross Mean Annual Flow Available Hetﬂ!
River Basin 10 20 30 %0 50 60 70 80 TR
Upper Missouri 0.035 0.075 0.138 0.225 0.349 0.522 0.725 0.988 1,750 - 0.80
Lowes M{ssourd 0.085 0.160 0.235 0.355 0.542 0.822 1.215 1.740 3.250 - 0.78
Upper Ark.-White-Red 0.005 0.130 0.269 0.438 0.676 1.000 1.444 - = 0.48
Lower Ack.-White-Red 0.100 0.190 0.305 0.455 0.590 0.762 1.015 1.475 2.370 - 0.79
5 Western Gulf 0.100 0.150 0.379 0.589 0.920 1.300 1.900 2.920 - = 0.50
s Hepee B SRace o 0.025 0.070 0.115 0.175 0.260 0.400 0.580 0.840 1.500 - 0.74
Colorads 0.030 0.075 0.125 0.200 0.300 0.420 0.571 0,775 1.278 2.680 0.81
Great Basin 0.020 0.050 0.095 0.181 0.312 0.481 0.730 1.152 1.925 3.695 0.70
pacific Northwest 0.030 0.070 0.115 0.175 0.260 0.374 0.449 0.574 0.900 1.622 0.93
Central Paciflc 0.075 0.139 0.205 0.274 0.391 0.562 0.850 1.350 3.050 - 0.88
South Paciic 0.100 0.283 0.545 0.838 1.263 1.820 2.660 - 8 0.44

SOURCE: Lof and Clayton [33].

% These numbers represent the maximum percent of the mean annual flow which can be made available for consumption

through surface storage. If storage is developed to retain a large percent of the mean annual flow, evaporation
will result in a decrease in net flow.
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Figure 3.2. Storage and flow in the Colorado River Basin.
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Mining of underground water supplies 1s
not permitted in any cf the water supply re-
gions in the programming model. Many of the
closed underground water supplies will be
depleted by th=2 year 2000 [ 28], and the
amount of water available on a continuous
basis from the others is not accurately
known. Those underground sources that are
replenishable remove surface runoff, and only
the system of distribution (pumps versus
diversion canals) differs. Also, since the
mean annual runoff includes some unknown
amount of water leaving the surface runoff
channels and entering underground streams,
inclusion of certain underground water
supplies would increase the net water supply
above its true amount as a result of double
counting. At the same time, some of the wa-
ter returning from canal losses and farm
wastes enters the underground streams and
later emerges as surface runoff. Thus, more
double counting would result 1if these return
flows are added to the water supply.

The price presently paid by farmers for wa-
ter in water supply region j, Pj, was de ter-
mined by using a weighted average of present
water costs in Bureau of Reclamation 1irriga-
tion projects [65]. The prices were deter-
mined as:

P, = % (CA/AE;) (WD;)/ I WD, (3.1)
i€ j 1€]
. = Vonsred 1B
j = 1peeas97,;

A —— A — N ——— -

o — e e—— Y -
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where:

CA; is the cost per acre to farmers 1n
project 1i;

AF; is the acre feet of water applied
per acre 1in project 1i;

d WD, is the total acre feet of water

delivered to the farms 1in project
e

For regions in which Bureau of Reclamation
data is not available, the water price in the
most immediate upstream region is used.

These estimated water prices are increased to
account for farm waste and deep percolation
to give the water prices based or cost per
acre foot of water consumed, Table 3.7. No

| correction is required for canal losses since

the deliveries, WDi, are measured at the
farm.

Water transfers

EEeaa SENED ENDD AN DN RS DI DEDD D SO I OO S S

Water transfer activities are defined to
allow water in upstream regions to flow along
| the natural slopes to downstream water supply
| regions. Each of these activitiss 1is bound
at a maximum level equal to 70.0 percent of
the upstream water supply. Since losses
occur from evaporation, removal by natural
vegetation, and some deep percolation, this
restraint prevents downstream movement of wa-
ter with 100.0 percent efficiency. The costs
associated with these natural flow transfers
are set at a level such that the upstream wa-
ter price plus the transfer cost 1s greater
than the price cof water in the receiving re-
gion. For some of these activities, the cost

IR e




Table 3,7, Present prices paid by farmers for water in the 51 water supply J
regions. @

Dollars Per Dollars Per
Region Acre Foot Region Acre Foot

26 3.87

1 2.04 27 8.65
2 4,01 28 2.30 .
3 2.29 29 5.13 |
4 2.29 30 213 :
5 2.94 31 2.52 3
6 2.04 32 10.74 ;
7 2.29 33 3.06 4

8 2.51 34 2.67
9 2.63 35 8.85 |
10 2.05 36 6.10 J
11 1.83 37 3.05 _-
12 2.73 38 3.05 "
13 1.91 39 6.10 1
14 5.88 40 6.10 {

15 30.28 41 4.22

16 57.96 42 4,22
17 8.32 43 11.58 !
18 3. 05 44 4.22 J
19 2.47 45 11.58 ,
20 2.47 46 6.10 1
21 4.13 47 2.20 ;
22 3.11 48 8.28 :
23 1.50 49 8.28 +
26 2.58 50 8.28 |
25 0.85 51 8.28 I
1

SOURCE: Statistical Reporting Service [ﬁﬂ].

% Prices include an ad justment to convert to cost per acre fost consumed
rather than delivered.
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would be zaro if water in the upstream region
is priced higher than water in the downstreanm
region. This procedure is included to force
regions to use locally available water before
using the upstream water. Thls guarantees
that all water used in the region be priced
at a level at least equal to local water.

Existing interbasin transfers are simu-
lated by transfer activities for those pro-
jects shown in Table 3.8. Due to the fixed
nature of the facilities and since present
water prices reflect their variable cost, no
cost is directly attached to the transfer,
and an upper bound set at the projected ca-
racity of the project to transfer water in
the year 2000 controls the level of flow.

One water export activity is defined to
transfer water in accord with the Mexican
Treaty of 1944 [55]. The lower bound on this
activity is set at 1.5 million acre feet, and
the water is transferred from water supply
region 26 (the Lower Colorado basin). Anoth-
er activity allows for the transfer of 1.1
million acre feet from water supply region 33
(the Dakotas) to the Souris-Red-Rainy River
basin as is projected with the completion of
the Garrison diversion project [38]. A
depletion activity is defined for water sup-
ply region 29 (northern Montana) to account
for the expected increased depletion of the
Milk River by Canada in the year 2000 [ 38].

Unbounded desaltation activities are de-
fined for all sea coast water supply regiomns
to allow for augmentation of the water sup-
ply. The price of $100.00 per acre foot
placed on these activities approximates the
best available estimates of the cost of

large-scale desalting schemes under present
technologies [ 27].
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Table 3.8. Existing interbasin water
transfers and the maximum
amount of water transferable

in 2000.
Project Million Acre Feet
Transferable
Colorado-Big Thompson
Project « 337

Bouluer Canyon Project 4.400
Platte-Niobrara Subbasin

to Kansas River Subbasin « 1990
Canadian River Subbasin to

Colorado River Subkasin « 051
Central Arizona Project 1135

. ——— . S I S I S S S —— S R S S ——————— - —

Sources: Missouri Basin Interagency
Committee [36-38]; Pacific Southwest
Interagency Committee [55]; and Upper
Colorado Region Interagency Committee
[ 73y Th)ia

Per capita water consumption for recrea-s
tion, municipal and industrial uses, and
rural domestic and thermal electric power are
assumed equal to the estimates in the Type
One Studies 6, 7, 36, 38, 41, 505 513 525033
B4 85 56 7135 14, 108, 1095 1a0s-wiliicse
projected regional demands are then multi-
plied by the projected population and the
total subtracted from the available water
supply in the region (Table 3.9). On-site



and municipal and industrial

Table 3.9. Water use for onsite needs, exogenous Crops, EXOgenous livestock,
uses in 2000,

Water Exogenous Exogenous Onsite Municipal - Water Exogenous Exogenous Onsite Municipal-~
Region crops livestock needs Industrial Region crops livestock needs Industrial
1 8 2,300 31 140 75 69
2 19 576 32 76 1 48 892
3 6 1,107 33 12 8 102 551
4 209 1 983 34 34 2 74 254
3 356 225 35 1 1 17 394
6 310 109 36 7 1 154 226
7 86 447 37 5 276 1,124
8 9 38 1 60 98
9 8 421 39 2 1,253
10 15 137 40 21 2 344
11 155 L 188 41 1 367
12 559 2 284 42 14 269
13 51 474 124 43 2 182
14 333 1 47 1,603 4b 9 1 3,737
15 787 21 288 45 7 3,008
16 1,267 1 55 4,284 46 52 494
17 8,719 3 751 1,682 47 118 1 367
18 3,135 1 77 309 48 298 3 855
19 1| 315 158 49 28 872
20 24 10 50 610 7 107 4,376
21 97 65 51 695 120 11,641

22 17 2 840 801
23 1 112 639 Total 18,645 56 4,797 51,322
24 15 1 41 78
25 28 1 45 361
26 178 1 261 478
27 206 324 979
28 2 1 51 223
29 1 51 146
30 50 1 72 942
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uses are determined from the same sources and
reflect the requirements in 2000 as an addi-
tional need over the present levels (Table
3.9). Present water supplies reflect the
levels of use of water for onsite needs con-
sistent with present demands; thus adjust-
ments are needed only for the increased re-
guirement.

D, W SR e e CERC SR e e e S e D e S S S T S S T S —

The Lower Colorado River basin provides
an opportunity to exhibit all the 1nterac-
tions of the water sector. The physical
transfer network involves natural flows,
interbasin transfers, and the export activity
(Figure 3.3). The only option not included
is the possibility for desalting water which
would provide an additional input of water to
a region adjacent to ocean water. Adding the
demand activities, water uses, to the flow
network provides the complete interaction
within this basin (Figure 3.4).

Crop Production Coefficients

Activities representing the production
of the endogerous crops are defined on each
land class in each producing area of the pro-
gramming model. These activities represent
crop management systems incorporating a rota-
tion of from one to four crops, covering from
one to e2ight years, wWwith a given conservation
treatment and a given tillage practice
(Figure 3.5). The crop rotations defined 1in
each producing area are selected from 330
unique rotations d=veloped from the Soil Con-
servation Service Questionnaire (Appendix A).
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The rotations in each producing area are se-
lected to give a range of production alterna-
tives consistent with historical production
patterns. The system used to select cropping
rotations allows for the determination of in-
terrelationships in production that would not
be possible if only individual crop activi-
ties were considered in the programming
model. These interrelationships include the
fertilizer value following legume crops and
the characteristics of crops that provide
large amounts of residue carry-over and humus
build-up in the soil to help reduce erosiocn.

The selected rotations are then combined
with one of the four conservation treatments:
straight row farming, contouring, strip
farming, or terraces. Conservation treat-
ments are defined on the land groups accord-
ing to the recommendations given in the SCS
Questionnaire (Appendix A). The crop manage-
ment system is completed by adding on2 of the
three tillage practices: conventional
tillage with residue left, conventional
tillage with residue removed, or reduced
tillage. (Reduced tillage is defined to in-
clude a feasible tillage practice for the
area that would result in a reduced distur-
bance of the upper soil horizons.) Soil
loss, crop yields, fertilizer use, costs, and
vater use coefficients are calculated for
each of the crop manag<ement systems (activi-
ties) developed on each iand class 1in €ach
producing area.

i —— — T S S — T S S S e S e S S S —— — ————— —

Gross soil loss as calculated represents
the average annual %tons of soil leaving the
field. This measurement of soil loss does
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not represent the amount reaching the stream
or bodies of water, since some soil particles
settle out or are diverted as the runoff
passes through grassed areas or onto flatter
terrain, thereby changing the water's capaci-
ty to transport soil particles. Two separate
procedures were used to determine the gross
soil loss per acre. For the areas east of
the Rocky Mountains, the "Universal Soil Loss
Equation" as described by Wischmeier and
Smith [116] is used to develop the gross soil
loss coefficients. The soil loss equation 1s
presented by: >

A = BxKxLxSxCxP (3% Z)

where:

A is the average annual per acre soil
loss;

R is a rainfall erosive factor based on
the local area's rainfall patterns;

K is a soil erodibility factor for the
specified soil determined from 1its
erosion under continuous fallow on a
nine percent slope, 72.6 feet long;

L is the slope length factor relative
to a 72.6 foot slope length;

S 1s the slope gradient factor relative
to a nine percent slope;

C 1s the crop managewent factor which
relates to a particular crop rotation
and tillag=s practice; and

P 1s the erosion control practice fac-

tor which relates to the conservation
practice.

Farther detail on the factors and on the com-
putational procedures used to calculate thenm
1s available from Wischmeier and Smith [116]
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and from the Soil Conservation Service [ 63].
For the areas east of the Rocky Mountains,
the above variables are defined as the domi-
nant value existing on each soil class and
subclass in the area of reporting. The soil
loss is then computed by Land Resource Area
for each feasible combination of crop rota-
tion, conservation practice, tillage method,
and soil class defined from the SCS question-
naire (Appendix A) .

The soil loss defined above for the rei-
evant of the 29 major soil classes and
subclasses is aggregated using welghting
functions determined from the "Natiomal In-
ventory" [8] to get soil loss by the nine
soil classes. The soil loss by cropping man-
agement system is weighted to the producing
area from the SCS data area as follows:

e e e S AT ISR A RGN (3.3)
1jm k ijk jkm = jm
i = 1,ese, th2 number of crop manage-

mant systems defined in the produ-
cing area,
1,..+,9 for the land classes,

k = 1,..25; Eor the parts of the 169 SCS
data areas,

.
1]

m = 1,e..,223 for the producing area,
where:
Sijm is the soil loss for crop manage-

ment system i on soil group j 1in
producing area m;
SL.. . is the soil loss from crop manage-
Lk pent syst2m 1 on soil group J con-
sistent with SCS data area K;
A is the acres of tillable soil
group j in the part of SCS data




i
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area k in producing area m; and
A is the total tillable acres of
J® soil group j in producing area m.

These coefficients are attached to the appro-
priate crop production activity and reflect
the severity of erosion for the conditions on
which the cropping management system 1is de-
fined.

For those agricultural lands 1in the
mountain valleys and on the West Coast, the
data required for the soil loss equation have
not been completely developed, and an alter-
native procedure is used to estimate the soil
loss from these lands. The SCS data ques-
tionnaire (Appendix A) asked for crop manage-
ment systems consistent with the production
possibilities of the SCS data arsza. The SCS
personnel estimat<ed the tons of soil loss as-
sociated with the crop management system on
each land class and subclass defined in the
SCS data area. These estimates are, for pur-
poses of this model, treated as if they were
developsd from the same procedure as the es-
timates in the eastern area. Tals "assumed
consistency" allows the soll losses from each
SCS data area to be treated equally 1in
welghting to the producing areas in the
model. This capability 1s required because
some producing areas overlap SCS data areas
in which the so1l loss 1s developed using the
eastern procedure, and other areas have the
soil loss estimated with the western proce-
dure. Each of the activities representing
the production of irrigated crops is consid-
ered to have a so0il loss similar to the cor-
responding dryland activities. The assump-
tions which are needed to enable this trans-
formation include: good management of the
irrigation system; a larger quantity of resi-

L T
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due left from crops receiving irrigation,
which helps to "bind" the soil during the
subsequent applications of water; and the
heavier growth resulting from irrigation 1in-
creases the canopy protection of the soil by
the plants, reducing dislodging during
rainfalls. The soil loss coefficients form
the first of the bank of total coefficients
required to completely define each activity.

Development of the crop yield coefficients

A unique yield is determined for each of
the irrigated and dryland crops as a function
of the producing area, soil class, the crop
rotation, the conservation practice, and th=
tillage method. The development of the
yields began with a series of state functions
capable of projecting to the future. These
are weighted to producing area functions and
the projected yields adjusted for crop rota-
tion, land class, and conservation and
tillage practice.

The state projection functions, Table
3.10, are modificaticns of the functions de-
veloped by Stoecker [71]. For each crop th=2
function is of the form:

JO MR G T

where:
Y{(t) is the estimated average per acra
yield of the crop in year t;
t) 1s the estimated average per acre
yield on unfertilized land in year
t, developed from a linear trend
function;
X(t) is the number of units of fertill=
izer applied to each acre of the

YD(
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Table 3.10. Yield projection function data inputs by crop and state.
Unfertilized Percent of optimal Percent of acres
trend fertilizatign fertilized 1 Spillman function data

Stated CropP CodeC intercept slope intercept slope intercept slope A lbs, N 1bs, P lbs. K
ME Corn TOT 50.78 0.910 0.753 0.001 0.753 0.007 52.10 28.00 5.50 19.20
G Bilo IOT 11. 26 0.065 0.453 0.008 0.653 0.007 7.99 31,80 10.00 19.60

Lg. hay TOT 1.65 0.011 0,324 0.001 0.324 0.015 1.40 0.00 3.50 24,60

nLg. hay TOT 1,22 0.010 0,324 0.001 0.324 0.015 1.50 11.60 6.30 19.30

Oats TOT 36,05 0.300 0.324 0.001 0.324 0.015 70.13 17.90 8.70 11.50

Wheat TOT 25.65 0.480 0.219 0.026 0.820 0.009 10.75 3.40 1,20 1.40

NH Corn TOT 50.78 0.610 0.753 0,003 0.753 0.007 58.10 28.00 5.50 19.20
C. sil. TOT 12,26 0.065 0.753 0.003 0.753 0.007 7.99 31.80 10.00 19.60

Lg. hay TOT 1.70 0.011 0.3246 0.001 0.324 0.015 1.40 0.00 3.50 24,60

nLg. hay TOT 1.17 0.007 0.324 0.006 0.324 0,015 1550 11LU60 6.30 19.30

Oats TOT 31.05 0,110 0.324 0.001 0.324 0,015 70.13 17.90 8.70 11.50

VT Corn TOT 51.78 0.710 0.753 0.001 0.753 0.007 58.10 28.00 5.50 19. 20
G sill:  LOT 10.26 0.055 0.753 0.001 0.753 0.007 7.99 31.80 10.00 19.60

Lg. hay TOT 1.76 0.012 0.324 0.001 0.324 0.015 1.40 0.00 3.50 24,60

nLg. hay TOT 1.31 0.016 0.324 0.006 0.324 0.015 15500 11,60 6.29 19,30

Oats TOT 23.05 0.010 0.324 0.004 0,324 ©0.015 70.13 17.90 8.70 11.50

Wheat TOT 24.65 0.380 0.219 0.026 0.820 0.009 20.90 8.59 6.79 12.79

MA Corn TOT 50.78 0,710 0,253 02001 0.753 0.007 58.10 28.00 5.50 19.20
C. sil. TOT 3.26 0.065 0.753 0.001 0.753 0.007 16.99 31.80 10.00 19.70

Lg. hay TOT 1.58 0.011 0.324 0.011 0.324 0.015 1.40 0.00 3.50 24,60

nLg. hay TOT 1.49 0.012 0.324 0.006 0.324 0.015 1.50 11,60 6.29 19,30

Oats TOT 26.05 0.010 0,324 0,004 0,324 0,015 70.13" 17.90 8.70 11.50

Wheat TOT 12,65 0,380 0.219 0,026 0.820 0.009 20.90 8.59 6.79 12.79

RI Corn TOT 41.78 0,610 0.753 0.001 0.753 0,007 55.10 28.00 5.50 19,20
€. sil. TOT 1.26 0.065 0.753 0.001 0.753 0.007 16.99 31.80 10.00 19,70

Lg. hay TOT 1.61 0.011 0.329 0.001 0.324 0,015 1.40 0.00 3.50 24,60

nLg. hay TOT 1.26 0.012 0.329 0.006 0.324 0.015 1.50 11.60 6.29 19.30

Qats TOT 20.05 0.211 0.324 0.001 0.324 0,015 70.13 17.90 8.70 11.50

Wheat TOT 25.65 0.280 0.219 0,026 0.824 0.009 20.90 8.59 6.79 12079
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Table 3.10. (continued)
Unfertilized Percent of optimal Percent of acres :
a o trend fertilization fortilized Spillman function data

State Crop Code intercept slope intercept slope intercept slope A lbs. N lbs, P lbs. K
CT Corn TOT 4478 0.710 0.753 0.001 0.753 0.007 55.10 28,00 29U 19.20
C. sil, TOT 5.26 0.065 0.753 0.001 0.753 0.007 16.99 31.80 10.00 19.70

Lg. hay TOT 2oL 0.012 0.324 0.004 0.324 0.015 1.40 0.00 3.50 24,60

nLg. hay TOT 1.34 0.016 0.324 0,006 0.324 0.015 1.50 11.60 6.29 19.30

Oats TOT 41,05 0.100 0.324 0.001 0.324 0,015 70,13 17.90 8.70 11.50

Wheat TOT 24,65 0.290 0.219 0.021 0.824 0,009 20,90 8.59 6.79 12.79

NY Barley TOT 28.70 0.372 0.219 0.021 0.824 0.009 27.20 7.10 4,70 13.80
Corn TOT 67.64 0.813 0.346 0.030 0.808 0.010 17,69 3.20 1.10 2,20

C. sil, TOT 10.66 0.061 0.346 0,030 0.808 0.010 2.69 3.20 ieE s, 2.50

Lg. ‘hay 10T LoD 0.010 0.219 07021 0.824 0.009 1.40 0.00 3.50 24 .60

nLg. hay TOT 11 e 0.010 0.219 0.021 0.824 0,009 1.50 110559 6.29 19.30

Oats TOT 49.79 0.789 0.219 0.003 0.824 0,009 19.70 6.20 2.40 12.10
Soybns,  TOT 15.28 0.349 0.346 0,030 0.028 0.006 14.60 1.20 4.50 910

S. beets TOT 12.15 0.100 0.543 0.030 0.808 0.010 3.50 8.50 19.10 9.80

Wheat TOT 27 .65 0.286 EaZl o HDrO26 0.824 0.009 10.75 3.40 1.20 1.40

NJ Barley TOT 3.74 0.691 0.091 0,043 0.730 0.010 48,14 3.30 1.80 3.40
Corn TOT 34,61 0.833 0.375 0.003 0.895 0.001 74.11 20,20 8.00 15,20

C. sil. ToOT 9.48 0.069 0.375 0.003 0.895 0.001 9:11 25,60 9.70 21.30

Lg. hay TOT 2,05 0.011 0.533 0:013 053560 07025 1.40 0.00 3.50 24,60

nLg, hay TOT 0.14 0.009 0.533 0,003 0.350 0.025 2.76 11.60 6.30 19.30

Qats TOT 41,86 0,280 0.533 0.003 0a356: 01025 21,71 5.60 4,90 9.30
Soybns, TOT 21.80 0.471 0.349 0.004 0.217 0.006 12.41 1.20 3.40 9.50

S. beets TOT 14.15 0.100 0.533 0.013 0.895 0.001 3.50 8.50 19.10 9.80

Wheat TOT 20.88 0.453 0.605 0.016 0.737 0.014 20,91 8.60 6.80 12,80

PA Barley TOT 3.74 0.691 0,091 0,043 0.730 0.010 48.14 3830 1.80 3.40
Corn TOT 20,96 0.810 0.107 0.026 0.855 0,006 79.10 17.30 5.30 9.50

C. sil, TOT 7.66 0.080 0.107 0.026 0.855 0.006 790 17,30 5.30 9.50

Lg. hay TOT 1.79 0.021 Q.274 0,023 0.734 0,001 1.40 0.00 3.50 24,60

nLg. hay TOT 0.90 0.007 0.274 0.023 0.734 0,001 1.60 3.28 2,90 11.00

Oats TOT | s [ 0.240 0.274 0,023 0.734 0,001 57.16 4.90 2.40 4.60
Soybns,  TOT 14,98 0.364 0.704 0.006 0.500 0015 16.17 0.00 4.00 7.60

Wheat TOT 2.34 0.241 0.249 0,036 0.879 0.006 30,21 4,00 1.90 3530



Table 3.10.

(continued)

Unfertilized Percent of optimal Percent of acres
s fertilizatign = al Spillman function data
State Crnpl} Code“© 1intercept slope intercept slope intercept slope A l1bs. N 1lbs. P 1lbs. K

DE  Barley  TOT 27,00  0.671 0.565  0.006 0.807 0.009 22.07 4.20 2.00 3.90
Corn TOT 45.92  0.880 0.922 .00l 0.782 0.011 24.83 14,00 3,20 6.10

C. sil. TOT 6.39  0.051 0.922  0.001 0.782 0.011 7.44 13,50 3.10 8.80

Lg. hay TOT 2.37  0.027 0.299  0.001 0.867 0.007 1.40  0.00 3.50 24.60

nLg. hay TOT 0.65  0.013 0.599  0.001 0.867 0.007 1.60 3,30 2.90  11.00

Oats TOT 34,81  0.312 0.594 0,001 0.867 0,007 28.67 7.00 3.30 6.40
Soybns.  TOT 18.84  0.404 0.594 0,006 0.165 0.040 6.84 0,00 3.30 6.90

Wheat TOT 27.68  0.201 0.707  0.001 0.879 0,006 16.80 5,80 2.70 5.00

MD  Barley  TOT 24.26  0.384 0.437  0.017 0.836 0.006 37.05 11.10  4.80 9.20
Corn TOT 13.80  0.470 0.125 o n18 0.857 0.007 92.47 21.00 6.70 12.70

C. @il. TOT §.51  0.011 0.125  ¢.p18 0.857 0,007  9.24 34,00 9.20  27.10

Lg. hay TOT 1,78  0.022 0.575 0.023 0.836 0.006 1.40 0.00 3.50 24,60

nLg. hay TOT 0.60 0,010 0.575  0.023 0.836 0.006 1.65 3,30 2,90 11.00

Oats TOT 28.58  0.433 0.575  0.023 0.836 0,006 36.96 9.00 3.90 7.40

® Soybns.  TOT 11.50  0.411 0.704  0.006 0.858 0.006 19.25 0.00 6,40 11.10
Wheat TOT 12.75  0.224 0.189  0.019 0.836 0.006 38.11 11.90 5.20 9.90

MI  Barley  TOT 39.44  0.599 0.629 0,001 0.804 0,00L 24.32 7.50 9.00 6.40
Corn TOT 45,48  0.911 0.152  0.048 0.700 0.016 33,54 15,50 3,50 6.50
Cooeid. TOF 9,30  0.030 0.152  0.p48 0.700 0.016 3,35 15.50 3.50 6.50

Lg. hay TOT 1.74  0.014 0.550  0.001 0.804 0,001 1.44 0.00 3.50 24,60

nLg. hay TOT 0.73  0.010 0.550  0.p01 0.804 0.001 }.65 330 2.90 11.00

Oats TOT 40.48  0.614 0.552 0,001 0.804 0.001 29.64 13.70  6.10 8.10
Soybns.  TOT 10.00 0,380 0.704  0.D06 0.276 0,021 14,21 5.10 2.70 5,10

S. beets TOT 15.15 0.100 0.704 0.006 0.804 0,004 353 8.50' T9¥0 9.80

Wheat TOT 18.95 0,251 0.187  0.D41 0.804 0.010 24.03 10.90  4.00 6.50

WI Barley TOT 35.16 0.664 0.591 0.016 0.466 0.002 37.45 10,10 4,40 11.60
Corn TOT 48.81 0,950 0.079  0.041 0.729 0,013 40.49 13.00 2.80 5.00

C. sil. TOT 7.04  0.090 0.079 0,041 0.729 0.013 5.82 13.90 4,30  13.80

Lg. hay TOT 2.25 0.018 0.591 0.001 0.466 0.002 1.45 0.00 3.50 24,60

nLg. hay TOT 0.94 0.022 0.591 0.001 0.466 0.002 3.65 3.30 2.90 11.00

Oats TOT 49.38 0,766 0.591 0,001 0.466 0,002 24.68 6.60 2.60 4,40
Soybns.  TOT 16.21  0.283 0.500  0.008 0.169 0.008 12,97 0.80 1.30 9.10

Wheat TOT 17.45 0,308 0.327  0.009 0.276 0.031 24,35 5.300 3.60 8.40



Table 3,10,

(continued)

88

Unfertilized Percent of optimal Percent of acres
trend fertilizatlzn fertilized Spillman function data

State © Crop : Code © intercept slope intercept slope intercept slope A 1bs, N 1bs., P lbs, K
1L Barley TOT 24.83 0.460 0.890 0.003 0.201 0,019 22,70 0.00 0.00 0.00
Corn TOT 30.42 1.150 0.013 0.039 0.263 0.035 72.21 25.20 4.70 8.00

c. sil. TOT 8.20 0.040 0.013 0.039 0.203 0.035 7.20 25.19 4,70 8.00

Lg. hay TOT 1.90 0.011 0.890 0.003 0.200 0,020 1.58 0.00 2.70 15.10

nLg. hay TOT 1.04 0.020 0.890 0.003 0.200 0.020 1.74 20.80 3.10 6.50

Dats TOT 33.55 0.919 0.899 0.003 0.200 0.020 33.95 6.20 3.90 3.40

Sorg. TOT 28.00 0.600 0.013 0.039 0.263 0.035 45.73 21.80 4,80 2,40

Sorg. sil, TOT 10.30 0.030 0.575 0.009 0.263 0.035 4,57 21.80 4.80 2.40
Soybns.  TOT 27.92 0.352 0,646 0.016 0.021 0,007 11.32 0.00 6.20 12,30

S. beets TOT 8.10 0.060 0.646 0.016 0.021 0.007 4.41 5.70 13.30 3.90
Wheat TOT 12,85 0.301 0.176 0.018 0.551 0.015 38.29 15.80 9. 80 9.10

1A Barley TOT 28.08 0.466 0.391 0.032 0.264 0.014 20.30 0.00 0.00 0.00
Corn TOT 58.72 1.081 0.144 0.064 0.257 0.034 41.01 17.80 3.30 4.40

C. sil. TOT 10.80 0.060 0.144 0.064 0.257 0.034 4.10 17.80 3.30 & .40

Lg. hay TOT 2.07 0.016 0.394 0,024 0.264 0,014 1.58 0.00 2,69 15.10

nLg. hay TOT L= 0.015 0,394 0.024 0.264 0.014 1.74 20.80 3.10 6.50

Dats TOT 25,76 0.768 0,394 0.024 0.264 0.014 36,22 5.30 2,30 2,50

Sorg. TOT 43.00 0.600 0,290 0,062 0.159 0.047 45,73 21.80 4,80 2.40

Sorg. sil. TOT 11.60 0.030 0.454 0.029 0.040 0.013 4.50 21.80 4.80 2.40
Soybns.  TOT 25.91 0.255 0.058 0.038 0.004 0,017 9,10 0,00 4,80 6.30

S. beets TOT 9.10 0.060 0.454 0.038 0.257 0.034 4,41 5.70 13.30 3.90
Wheat TOT 21.98 0.216 0.164 0.008 0.264 0.014 30.74 16.50 5,50 1,20

MO Barley TOT 16.00 0.600 0,246 0.063 0.548 0.022 21,64 6,10 2.10 3,40
Corn TOT 25.63 0.975 0.166 0.031 0.422 0.029 43,85 18.30 3.80 5.80

C. sil, TOT 7.10 0.060 0.166 0.031 0.420 0.029 4.38 18,30 3.80 5.80
Cotton TOT 264,20 4,630 0.080 0.006 0.640 0,019 457.27 11.50 3.70 7.10

Lg. hay TOT 1.10 0.017 0.552 0.059 0.348 0.024 1.58 0.00 2,70 15.10

nLg. hay TOT 0.57 0.013 0.552 0.059 0.348 0.024 1.32  9.40 2.80 3.80

Oats TOT 18.76 0.669 0.552 0.059 0.348 0.024 20.14 4,50 1.40 2,00

Sorg. TOT 5L 0.769 0.089 0.031 0.507 0.014 63.66 15.20 3.30 6.80

Sorg. sil, TOT 10,30 0.010 0,252 0.011 0.027 0.007 6.30 15.20 3.30 6.80
Soybns, TOT 18.43 0.237 0.325 0.007 0.007 0,008 25.46 0.00 3.30 5.90

S. beets TOT 9,00 0.039 0.454 0.059 0.348 0,024 4,41 5.70 13.30 3.90

Wheat TOT 4.61 0.400 0.169  0.026 0.748 0,008 26.73 7.40 2,30 4,30




Table 3.10, (continued)

Unfertilized Percent of optimal Percent of acres Spill £ e

trend fertilization fertilized =B A AR U AR Bl
State Crnp'b Code © intercept slope intercept slope intercept slope A Ilbs, N 1lbs, P 1bs. K
MN Barley TOT 26,35 0,588 0.013 0,036 0.129 0.034 19.99 5.50 2.70 1.10
Corn TOT Sl 0.998 0.039 0,050 0.219 0.036 34,39 12.80 3.20 4.00
C. &il. 10T 8.09 0.060 0.035 0.050 0.219 0,036 3.43 12.80 3.20 4.00
Lg. hay  TOT 2.22 0.011 0.227 0.009 0.038 0,020 1.44 0,00 3.50 24,60
nLg. hay TOT 1.03 0.011 0.227 0.009 0.038 0.020 1.65 3.30 2.90 11.00
Oats TOT 32,25 0.247 0.227 0.009 0.038 0.024 54.10 5.90 3.40 2.80
Soybns,  TOT 20.73  0.312 0.490 0.009 0.017 0.009 6.42 0.80 2.00 2.80
S. beets TOT 7.01 0.070 0.488 0.009 0.219 0,016 9.76 16.40 10.10 19.70
Wheat TOT 9.07 0.286 0.010 0.03% 0.163 0.037 20.88 5.80 2,80 1.60
OH Barley TOT 31.89 0.870 0.468 0.023 0.740 0.010 20.35 6.20 4.50 8.90
@ Corn TOT 57.86 1.256 0.468 0.023 0.9200 0.003 25.11 17.70 1.90 3.80
- C. sil. TOT 12,00 0.060 0.468 0.023 0.920 0.003 2.50 17,70 1.90 3,80
Lg. hay  TOT 1.29 0.025 0.468 0.023 0.920 0.003 1.73  0.00 3.50 24 .60
nlg. hay TOT 0.50 0.011 0.468 0.023 0.920 0.003 1.74 20,80 3.10 6.50
Oats TOT 35,65 0.680 0.468 0,023 0.920 0.003 37.14 8.40 4,20 8 .40
Soybns.  TOT 22.68  0.147 0.665 0.012 0.086 0.014 11.96 0.00 1.60 3.10
S. beets TOT 12.37 0,010 0.960  0.001 0.086 0.020 9.62 17.40 20.50 43 00
Wheat TOT 21.79 0.462 0.794 0,001 0.924 0,003 16.56 5.50 3.90 4.70
IN  Barley TOT 36.48 0.612 0.623 0,001 0.664 0,012 22,26 14,80 5,30 8.50
Corn TOT 35.42  0.877 0.060 0.024 0.900 0.005 79.85 32.60 7.50 27 20
C. sil.  TOT 10.10  0.010 0.060 0.024 0.900 0.005 7.90 32.60 7,50 22 2p
Lg. hay  TOT 1.43  0.013 0.528 0.020 0.938 0.001 1.58 0.00 2.70  15.10
alg. hay  TOT 0.71  0.020 0.528 0.022 0.938 0.001 1.74 20.80  3.10 6.50
Oats 10T 28.17  0.642 0.528 0.022 0.938 0,001 37.66 9.80  3.20 3.50
Sorg. TOT 30.10 0.400 0.122 0.043 0.047 0.046 58,71 22.50 6,90 19. 20
Sorg. sil. TOT 12,60  0.040 0.479 0.020 0.086 0,006  5.87 22.50 6.90 19.20
Soybns.  TOT 24,81 0.327 0.294  0.005 0.350 0.006 14.09  0.00 4.70 1160
Wheat TOT 10.34  0.329 0.190  0.022 0.938 0.001 36.50 15,70  6.50 5.70
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Table 3.10. (continued)

Unfertilized Percent of optimal Percent of acres
trend fertilizatign fertilized Spillman function data
State ° Crmpb Code intercept slope intercept slope intercept slope A lbs, N 1bs, P 1bs., K

ND Barley TOT 28,58 0.459 0.039 0.048 0.092 0.024 15.26 4.70 2.00 1.00
DRY 28.98 0.221 0.599 0.036 0.451 0.008 15.14 4,74 1.96 0.97

IRR 42.98 0.421 0.599 0.036 0.451 0.008 15,27 4,70 2.00 1.00

Corn TOT 46,21 0.633 0,009 0.039 0.180 0.004 26.09 15.30 4.30 2.30
DRY 43,42 0.658 0.461 0.034 0.262 0.005 26.07 15.30 4. 36 2039

IRR 72.13 0,578 0.357 0,010 0.262 0.005 26.09 15.30 4. 30 2.30

¢. sil. TOT 4,90 0.010 0.116 0.013 0.102 0.025 5.01 30.20 5.00 1.30
DRY 3.50 0.018 0.885 0.034 0,263 0,036 252 6.59 1.39 1.72

IRR 7.56 0.037 0.880 0.030 0.263 0.036 7.92 26,98 1.33 0,08

Lg. hay  TOT 0.80 0.016 0.015 0.060 0.099 0.014 1.58 .00 2,70 15.10
DRY 1.03 0.011 0.478 0.033 0.046 0,003 1.58 0.00 2.69 0.00

IRR 1.43 0.031 0.638 0.030 0.506 0.502 2.07 0.00 2.60 0.00

nLg. hay TOT 0.81 0.008 0.015 0.060 0.003 0.014 1.74  20.80 3.10 6.50
DRY 1.23 0.011 0.478 0.033 0.506 0,012 143 27046 1179 0.00

IRR 1.73 0.031 0.638 0.030 0.506 0.502 112  BIL90  14LER 0.00

Oats TOT 38.61 0.410 0,015 0.060 0.013 0.014 21.48 4.00 1.70 0.00
DRY 39,77 0.175 0.649 0.048 0.211 0.013 19.07 4,04 1.71 0.00

IRR 42,77 0.375 0.650 0.030 0.211 0,013 21.48 4.00 1.70 0.00

Soybns.  TOT 13213 0.251 0.528 0.127 0.089 0.007 3.30 0.30 0.70 0,00
S. beets TOT 12,70 0.100 0.871 0.001 0.180 0.004 4.41 570 13,30 3.90
DRY 9,60 0.100 0.870 0.001 0.780 0.004 4.41 13.30 3.90 0.00

IRR 10.10 0.120 0,870 0.010 0,380 0.040 5.73 3.40 0.00 0.00

Wheat TOT 19.40 0.198 0.013 0,046 0.027 0.038 8.79 2.80 1250 0.00
DRY 18.40 0.187 0.680 0.046 0.545 0.037 8.27 2.84 1.59 0.00

IRR 20,90 0.687 0.599 0.036 0.545 0.037 8.80 2.80 1.50 0.00

SD Barley TOT 28,92 0,422 0.073 0.062 0.017 0.007 20.85 9,20 2.80 0.40
DRY 26.55 0.290 0.693 0.051 0.094 0.007 22.73 9.20 2.80 0.40

IRR 47.12 0.487 0.79¢4 0,051 0.123 0.007 20.85 9.20 2,80 0.40

Corn TOT 33.82 0.269 0.116 0.013 0.102 0.025 50.14 30.20 5.00 1.30
DRY 25,97 0.352 0.274 0.013 0.261 0.036 46.65 30.14 4.97 1.30

IRR 63,74 0.530 0.357 0.013 0.960 0.017 50.14 30.20 5.00 1.30




Table 3.10.

(continued)

Unfertilized Percent of optimal Percent of acres
trend fertilizatign fertilized Spillman function data
State” Crcpb Code" intercept slope intercept slope intercept slope A lbs. N 1bs. P 1lbs. K
SD €. sil, TOT 4.60 0.018 0.885 0.034 0.263 0.036 2.52 6.59 1.39 B e
DRY 5.70 0.010 0.116 0,013 0,102 0.025 5.01 30. 20 5.00 1.30
IRR 7.56 0.037 0,880 0.030 0.263 0.036 7.29 26.98 533 0.08
Lg. hay TOT 1,53 0,011 0.939 0,036 0.045 0.003 1.58 0.00 2.69 0.40
DRY 1.04 0.010 0.140 0.034 0.041 0.011 1.58 0,00 2.70 1510
IRR 1.83 0.031 0.638 0,036 Bl 0.003 2,07 0.00 2.60 0.40
nLg. hay TOT 1.01 0.010 0.140 0.034 0.040 0.011 1.74 20.80 3.10 6.50
DRY 1.01 0.011 0.939 0.036 0.045 0.003 0.79 7.55 1.66 0.48
IRR 1.93 0.031 0,638 0.036 6 i i 0,003 0,93 10.90 1.00 0.40
Dats TOT 35.68 0.406 0.144 0.034 0.041 0,011 34,35 8.50 2,10 0,10
DRY 32,32 0,320 0.498 0.030 0.128 0.011 34.39 8.51 2.09 0.11
IRR 37.85 0,515 0,651 0,030 0.128 0.011 34,36 8.50 2,10 0.10
Sorg. TOT 3323 0.689 0..222 0,060 0.016 0.006 20.81 8.60 1.80 0.10
= DRY 33:15 0.302 0.609 0.050 0.075 0.006 21.19 8.67 1.76 0.09
IRR 62.62 0.465 0.609 0.059 0,077 0.006 20.81 8.60 1.80 0.10
Sorg. sil. TET 6.30 0.020 0,898 0,070 0,014 0.004 2.08 5.60 1.80 0.10
DRY 5.40 0.018 0,885 0.034 0.263 0.036 iDL 8,66 1.76 0.08
IRR 10.56 0.037 0.880 0.030 0.263 0,036 2,08 8,60 1.80 0.10
Soybns, TOT 17.95 0.367 0.507 0.034 0.067 0.003 8.90 0.97 2.10 1.00
DRY 16.90 0.329 0.195 0.050 0.020 0,002 8.42 0.90 2.10 1.00
IRR 23.95 0,367 0.520 0.037 0,067 0.003 8.42 0.90 2,10 1.00
Wheat TOT 15, 4] 0.143 0.002 0.032 0,077 0,015 16,08 8.30 3.80 0.10
DRY 13073 02127 0.445 0.031 0.139 0,022 10.60 8.35 3.80 0.06
TIRR 1797 0.327 0.604 0.036 0.145 0.002 16,08 8.30 3.80 0.10
NE Barley DRY 17.18 0.179 0.062 0,045 0.239 0.025 14.05 D23 135 0.00
IRR 29.03 0.409 0,362 0,045 0.573 0.025 21.04 5.20 1.40 0.00
Corn DRY 26,12 0,752 0.391 0.019 0.529 0.051 56.86 27,12 3,62 0.00
IRR 72.83 0,563 0.795 0,048 0.324 0.051 56,99 27.10 3.50 0.00
A 1 DRY 8.43 0.044 0.874 0.042 0.493 0.036 2.8 5,93 3.74 0.06
IRR 10.51 0.040 0,874 0.042 0.614 0,016 8.89 22.80 1.13 0.07
Lg. hay DRY 2.20 0.020 0.673 0.041 0.032 0.002 1.78 0.00 2.60 0.00
IRR 1.25 0.018 0.673 0.041 0.414 0.027 2. 27 0.00 2,60 0.40
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Table 3.10. (continued)

Unfertilized Percent of optimal Percent of acres
trend fertilization fertilized
State @ Crupi} Code“ intercept slope intercept slope intercept slope A Ibs, N 1bs. P lbs., K

Spillman function data

NE nLg. hay DRY 1.00 0.020 0.673 0.041 0.032 0.002 1.30 6.71 5.49 0.00
IRR 1.25 0,020 0,673 0.041 0.414 0.027 1.08 13.00 5.30 0.00

Oats DRY 20,85 0,242 0.690 0,040 0,221 0.014 41 .38 10. 39 2.36 0.00
IRR 22.18 0,431 0.786 0,043 0.609 0.014 38.79 10.40 2.30 0.00

Sorg, DRY 55,73 0.170 0.403 0.028 0.538 0,078 21.8 17.85 2.33 0.00
IRR 56,98 0,251 0.887 0.060 0.176 0,078 41.92 17.90 2.30 0.00

Sorg. sil. DRY 8.93 0,044 0.874 0,042 0.493 0.036 2.13 17.84 2.33 0.00
IRR 14,51 0.040 0.874 0.042 0.614 0.016 4.19 17.90 2.30 0.00

Soybns.  DRY 25.69 0.248 0,399 0.001 0.156 0,007 12.68 3.39 1.95 1.45
IRR 25.41 0,348 0.720 0.067 0.422 0,007 14.04 3,00 1.70 0.80

S. beets IRR 12.20 0.120 0.830 0.030 0.980 0,001 5.73 3,40 0.00 0.00
Wheat DRY 18,61 0.108 0.913 0.035 0.286 0.020 13.20 5.68 1.37 0.00
IRR 8.81 0,685 0.186 0,035 0.942 0,001 12.15 5.70 1.40 0,00

E KS Barley DRY 24,90 0.228 0.419 0.010 0.325 p.012 27.57 16,04 3.14 1. 21
IRR 48.59 0,628 0.419 0.010 0.325 0,012 27.18 16,00 3.20 1.20

Corn DRY 53.13  0.535 0.134 0,008 0.696 0,063 53.75 66.63 8.62 17.94
IRR 57.91 0,555 0.134 7D.028 0.936 0,063 57.40 15.90 2.60 21

c. 8il, DRY 7.92  0.047 0,732 0.045 0.700 0.064 3,78 15.77 2.43 5.85
IRR 8.98 0.076 0.732 0.045 0.936 0.064 9.04 30.09 .57 0.12

Lg. hay  DRY 2,03 0,030 0.054 0.030 0.147 0.005 1.78 2,60 0.00 0.00
IRR 2,95 0.031 0.243 0.083 0.244 0.005 2,27 0.00 2.60 0,40

nLg. hay DRY 1.53 0.030 0.054 0.030 0.147 0.005 0,95 23.23 2,45 2.49
IRR 2,35 0.031 0.243 0,083 0.244  0.005 1.07 10.10 0.50 0.00

Oats DRY 8.39 0.065 0.753 0.037 0.497 0.012 38.80 5.00 1.00 0,00
IRR 20.39 0.065 0.790 0.010 0.497 0.012 38.80 5.00 1.00 0.00

Sorg, DRY 26,52 0,236 0.746 0.050 0.431 0,056 23,84 20,66 2.48 1.69
IRR 67.10 0.636 0.837 0.050 0.749 0.056 45.54 58.80 6.70 7.10

Sorg. sil. DRY 8.92 0.047 0.732 0.045 0.700 0.064 2,78  20.25 2.48 1.69
IRR 12.38 0,076 0.732  0.045 0.939 0.064  4.55 5.09 157 0.11

Soybns,  DRY 19.62 0.336 0.223 0.057 0.116 0.007 7.03 5.11 7.53 8.21
IRR 29.62 0.536 0.220 0,057 0.116 0.007 10.35 5.10 7.50 8.20

S. beets IRR 11.50 0.130 0.840 0.020 0.460 0.C10 5.73 3.40 0.00 0.00
Wheat DRY 23,52  0.175 0.572 0.105 0.422 0,031 8,92 14.24 2.92 0.96
IRR 25.67 0.775 0.572 0.105 0.508 0.031 12.30 14.20 2.90 1.00
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_Table 3.10. (continued)
Unfertilized Percent of optimal Percent of acres
trend fertilizatign fertilized Spillman function data

State Crnpb Cudec intercept slope 1intercept slope intercept slope A lbs., N lbs, P lbs., K
VA Barley TOT 40,80 0.384 0.090 0.043 0.073 0.001 44.59 9.00 3.90 7.40
Corn TOT 48.72 0.407 0.107 0.010 0.850 0.006 46,90 27,20 3.80 9.00

(4] ol TOT 11.26 0.030 0.107 0.016 0.850 0.006 4.69 27.19 3.79 9.00

Cotton TOT 183.23 3.240 0,704 0.006 0.050 0.015 255.29 29.30 9.60 18.20

Lg. hay TOT 2.27 0.010 0,107 0.016 0.050 0.006 1.58 0.00 2.70 15.10

nLg. hay TOT 1.20 0.001 0.107 0.016 0.050 0.006 2.56 F:D0 3.60 8.30

Qats TOT 23.05 0.473 0.274 0.023 0.765 0.001 41.24 7.80 3.40 6.50

Sorg. TOT 39.42 0.670 0.366 0,020 0.200 0.002 28.85 28.70 3.90 7«30

Sorg. sil. TOT 10.70 0.050 0,366 0,020 0.200 0.002 2.88 28.70 3.90 7.30
Soybns.  TOT 21.88 0.245 0.704 0,006 0.500 0,015 3.30 0.00 3.30 12.40

Wheat TOT 34.76 0.157 0.249 0.016 0.087 0.006 28.92 12.60 5.50 10,50

Wwv Barley TOT 14.59 0.492 0.416 0.020 0.717 0.010 39.18 7.40 4.00 7.40
Corn TOT 15.06 0.150 0.178 0.014 0.519 0.020 91.43 34,00 6.00 14.90

Gy sil. TOT 8.60 0.010 0.178 0.014 0.519 0,020 Sedy 28.00 4.00 10.90

Lg. hay  TOT 125 0,006 0.170 0.Cl0 0.510 0.020 1.58 0.00 2.70 15.10

nLg, hay TOT 0,90 0.005 0.170 0.010 0.640 0.008 1.56 5.50 3.60 8.30

Qats TOT 2238 0.410 0.170 0.010 0,646 0.008 47.75 8.20 4.40 8.20
Soybns.  TOT 15,60 0.147 0.655 0.012 0.086 0.014 11,95 0.00 1.60 310

Wheat TOT 15.81 0.249 0.409 0.005 0.834 0.004 29.57 9.20 4.90 9.20

NC Barley TOT 35,69 0,361 0.416 0,037 0.783 0.014 29.16 16,30 3.50 6,60
Corn TOT 30,63 0.659 0.248 0.039 0.894 0.006 57.82 29.50 4.40 12.90

C. sil, TOT 8.90 0.050 0.248 0,039 0.894 0.006 5.70 29.50 4.40 12,90

Cotton TOT 206.02 3. 280 0.060 0.005 0.999 0.000 409,01 18.30 3.90 11.30

Lg. hay TOT 0.70 0.013 0.580 0.010 0.750 0.016 1.58 0.00 2.70 15.10

nLg. hay TOT Q.51 0,007 0,580 0.010 0.750 0.016 1.56 5.50 3.60 8.30

Dats TOT 45,24 0.395 0.589 0.010 0.750 0.016 25.20 10.80 3.60 6.80

Sorg. TOT 35.42 0.779 0.898 0.001 0.873 0.005 28.85 28.70 3.90 7.30

Sorg. sil, TOT 12.94 0.030 0.256 0.012 0.278 0.006 2.88 28,69 3.89 7.29
Soybns, TOT 12.58 0.334 0.475 0.026 0.612 0.003 15.12 0.00 3.00 6.60

Wheat TOT 11.30 0.372 0.204 0.028 0.822 0.011 32.18 14.20 3.60 5.70



Table 3.10. (continued)

Unfertilized Percevt of optimal Percent of acres Spillman function data
b . trend fertilization fertilized

State® Crop Code intercept slope intercept slope intercept slope A lbs, N lbs. P lbs, K
SC Barley TOT Y he e | 0.200 0,127 0.030 0.695 0,002 63.90 18.80 4.80 10.70
Corn TOT 7 0.728 0.086 0.043 0.936 0.003 52.40 19.80 3.80 10,20
G, Sdl. TOT 6.80 0,060 0.086 0.043 0,936 0.003 5.23 19.80 3.80 10,20
Cotton TOT 30.85 3.520 0.086 0.042 0.936 0.003 378.11 19.80 4,40 10,70
Lg. hay T0T ) 51 | 0,019 0.621 0.002 0.695 0.002 1.02 0.00 2.60 4 .80
nLg. hay TOT 0.10 0,007 033l 0.020 0.409 0,015 B 3.20 1.90 2,30
oats TOT 25.23 0.360 0,621 0.002 0.695 0.002 49,21 14.80 5.10 11.50
Sorg. TOT 3D 0.480 0.044 0.047 0.623 0.007 41.88 11.70 3.50 7.10
Sorg sil. TOT 6.50 0.060 0.044 0,047 0.633 0.007 4.18 11.70 3.50 Tiad k)
Soybns. TOT 14,83 0.380 0.440 0.470 0.633 0.007 7.38 0,00 2.00 8.20
Wheat TOT 1290 0.416 0,000 0,059 0,882 0,001 26.21 15,00 3.90 9.10
O GA Barley TOT 22.03 0.200 0,562 0.001 0.406 0.027 51.88 13,50 4,00 7.80
h Corn TOT 4 .64 0.709 0.109 0.073 0.406 0.020 43,20 19.10 3.90 10,40
s B TOT 8.20 0,080 0.164 0,022 0.406 0.027 4,31 19.00 3.90 10,40
Cotton TOT 180,75 3.420 0.035 0,013 0,984 0,001 331,01 15.50 3.30 9.00
Lg hay TOT 1.47 0.019 0.164 0,022 0.325 0.010 1.02 0,00 2.60 4,80
nLg. hay TOT 0.48 0.004 0.164 0.022 0.325 0,010 3.32 23,90 3.10 8.00
Oats TOT 27.94 0.410 0,562 0,001 0,406 G2 47.22 15.50 3.40 9.10
sSorg. TOT 14,76 0.618 0,109 0.073 0.406 0,027 29,35 11,60 2,50 6.20
Sorg sil. TOT 9.50 0,032 0.164 0.022 0.325 0.007 2.90 11.60 2.52 6.20
Soybns. TOT 1123 0.304 0.164 0.022 0.501 0,009 16.34 3.10 3.40 9.60
Wheat TOT 9.99 0,300 0.562 0.011 0,882 0,009 29,70 9.80 2.50 6.10
FL Corn TOT 6.68 0,623 0.254 0,013 0.536 0,025 20%13 LB0 Al 9.90
C. sil. TOT 8.30 0,027 0.254 0,013 0.536 0.025 501 L1719 5.30 9.90
Cotton TOT 363.28 3.792 e 0,001 0.992 0,001 410.43 14.30 6.30 8.70
Lg. hay TOT 1,13 0.017 0,180 0.012 0.020 0,067 LU 0.00 2.60 4,80
nLg. hay TOT L.33 0.025 0,180 0.012 0,020 0.067 1.01 22.20 5.10 10,20
Oats TOT 46,60 0.450 0,018 0.001 0,020 0.067 46.63 13,70 3.60 9.60
Soybns. TOT 1633 0.326 0,180 0.010 0.872 0.001 12,95 0.20 Sagl 10.70

Wheat TOT 1.93 0.290 0.890 0,017 0.117 0.039 32.34 8,70 3.80 7,20
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Table 3.10. (continued)

Unfertilized Percent of optimal Percent of acres
trend fertilizatign fertilized Spilimanifunciionidats

State @ Crcpb' Code® intercept slope intercept slope intercept slope A lbs. N 1lbs. P 1bs. K
AL Corn TOT 0.57 0,810 0.287 0,032 0.907 0,004 37.96 14,20 3.5C 6.70
G 8tl. TOT 5.50 0.053 0.287 0.032 0.9C7 0.004 3.70 14.20 3.50 6.69
Cotton TOT 256 .44 2.610 0.078 0.010 0.976 0.001 351.21 11230 3250 6.80

Lg. hay TOT 1.16 0.012 0,089 0.017 4 1 51 B 4 0.039 1.02 0.00 2.60 4.80

nLg. hay TOT 0.46 0.014 0.089 0.017 0.117 0.039 1,71 8.70 2.60 4.90

Oats TOT 15.42 0.428 0.534 0,017 0.117 0.039 36.41 4.60 1,80 3.40

Sorg. TOT 2.69 0.615 0.534 0,008 0.407 0.021 37,26 55320 2,10 3.90

Sorg. sil.TOT 8.70 0.029 0.534 0.008 0,193 0.009 3.72  5.20 2.10 .90
Soybns. TOT 16.29 0.229 1.351 0.034 0.522 0,012 6.30 0,00 Teidd) 3.20

Wheat TOT 5.94 0.201 0,089 0.017 0.117 0.039 32.34 8.70 3.80 7.20

MS Corn TOT 0.27 0,910 0.213 0.029 0.807 0.007 41.67 21.90 3.90 Seh0
GerBil . TOT 9.10 0,039 0,213 0,029 0.807 0.007 4,10 21.90 3.90 5.50
Cotton TOT 314.74 4,250 0,121 0.010 0.967 0.001 369.33 11.10 2.20 1.60

Lg. hay TOT 1.01 0.018 0.541 0.020 0.504 0.011 1.02 0.00 2.60 4,80

nLg. hay TOT 0.46 0,014 0.089 0,017 0.117 0.039 Radd: 8.70 2.60 4.90

Oats TOT 20.40 0.405 0.541 0.020 0,504 0.011 35.13 8.40 0.70 1.20

Sorg. TOT 4,84 0.617 0,201 0.039 0,081 0.050 39.02 14.30 2,30 3.40

Sorg. sil.TOT 11.10 0.013 0.062 0.012 0.129 0,017 3.90 14,30 2,30 3.40
Soybns. TOT U726 0.432 0,062 0,012 0.129 0,019 4.35 0.00 2.00 1.30

Wheat TOT 5.51 0.285 0.093 0,044 0.006 0.042 22,11 7.50 0.50 0.60
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Table 3.10, (continued)
Unfertilized Percent of optimal Percent of acres Spill £ Rl
trend fertilization fertilized L B e SO R
State ? Cropb Code“ intercept slope intercept slope intercept slope A lbs, N 1bs, P lbs. K
Ky Barley TOT 24,13  0.425 0.302 0.009 0.093 0.040 31.20 0,00 0.00 0.00
Corn TOT 32.38 0.705 0.062 0.056 0.636 0.017 35.45 12,20 2.00 3.90
C. sil. TOT 11.30 0.060 0.062 0.056 0.636 0.017 3.54 12.20 2.00 3.89
Cotton TOT 196.45  6.540 0.062 0.056 0.847 0.004 208.09 2.60 1.10 2.10
Lg. hay TOT 1.74 0.020 0,302 0.009 0.121 0.050 1,02 . 10.100 2.60 4,80
nLg. hay TOT 0.93 0.018 0.302 0,009 0.121  0.050 1.11 5,50 3.60 8.30
Oats TOT 36,65 0.215 0.302 0.009 0,121 0.050 18.14 2.70 0.90 1.10
Sorg. TOT 37.00 0.500 0.578 0.016 0.600 0,005 33.27 11.70 3.80 5.70
Sorg. sil.TOT 12,00 0,030 0.885 0.044 0.064 0,003 3.32 10.69 3.80 5.70
Soybns. TOT 22,454 0.424 0.062 0.026 0.186 0.002 11.07 0,00 1.10 3.50
Wheat TOT 15.32  0.266 0.302 0.009 0.445 0,026 30.47 9.80 5.20 9,80
TN Barley TOT 24.23 0,375 0.357 0.011 0.408 0,015 28.16 7.20 4,20 3.50
Corn TOT 4,41 0,510 0.012 0.025 0.636 0.018 80,02 42,20 9.90 18.80
C. sil. TOT 6,30 0.030 0.012 0.025 0.636 0,018 10.00 36.20 7.89 14,80
Cotton TOT 345,37 4,450 0.019 0.004 0.820 0,008 653.78 32.00 13.00 24,80
Lg. hay TOT 1.52 0.015 0.331 0,020 0,409 0.015 1.02 0.00 2.60 4.80
nLg. hay TOT 0.15 0,007 0.331 0.020 0.409 0.015 1.72  3.20 1.90 5.30
Oats TOT 24.68 0.345 0.331 0,020 0.409 0.015 41.55 9,80 5.70 4.70
Sorg. TOT 7.89 0.614 0.186 0.047 0.228 0.055 50,00 10.60 4,60 8.80
Sorg. sil.TOT 8,20 0,060 0.332 0.037 0.235 0.015 4,99 10,60 4,60 8.80
Soybns. TOT 10.95 0.000 0.382 0.001 0.193 0.012 33.03 0,00 3.40 6.40
Wheat TOT 10.95 0.129 0.081 0,009 0,691 0.006 56.75 23.90 13.90 11.60
AR Barley TOT 20.72 0.327 0.258 0,013 0.083 0.046 21.90 0.00 0.00 0.00
Corn TOT 12,47 0.970 0.301 0.009 0.401 0,024 38.79 20.30 3.00 3.00
C. sil. TOT 4,60 0,051 0.301 0,009 0.401 0.024 3.87 20.30 3.00 3.00
Cotton TOT 284,57 3.720 0.159 0.018 0.848 0.009 249.82 9.50 2.00 5.60
Lg. hay TOT 1.84 0,021 0.194 0,013 0.440 0.019 1.02  0.00 2.60 4,80
nLg. hay TOT 0.91 0,015 0,194 0,013 0.440 0,019 1.41 20.80 4.40 6,90
Oats TOT 28,29 0.329 0.194 0,013 0.444 0,019 56.51 10.70 2,70 4.90
Sorg. TOT 31.31 0.257 0.105 0.008 0.192 0.015 38.88 13.30 3.00 5.80
Sorg. sil.TOT 9.60 0.040 0.077 0.006 0.044 0.009 10,80 13.30 3.00 5.80
Soybns. TOT 13.88 0.260 0.273 0.018 0.162 0,003 12.86 0.00 1.60 5.50
Wheat TOT 9.26  0.336 0.09  0.017 0.103 0,038  29.10 13.80 2.10 3.20

U R ——



W—_

L6

Table 3.10., (continued)
Unfertilized Percent of optimal Percent of acres
trend fertilization ferctilized Spillman” function data
State? Cropb Code® intercept slope intercept slope intercept slope A lbs. N 1bs. P lbs, K
LA Corn TOT 20.38 0,875 0.394 0.026 0.615 0.014 27.72 21,70 3.30 6.30
G 8l TOT 10,00 0,130 0.394 0.020 0.615 0.014 2,70 21.70 3.30 6.30
Cotton TOT 76.38 1.385 0.583 0.002 0.584 0.009 720.27 24.70 4 .40 8.70
Lg. hay TOT 1.16 0.022 0.580 0.002 0.580 0.009 1,02 0.00 2,60 4.80
nLg. hay TOT 1.11 0.012 0.580 0,002 0.580 0,009 1.75 25.80 6.10 6.60
Oats TOT 40.88 0.300 0.582 0.002 0.582 0,009 21.18 14.40 1.90 3.90
Sorg. TOT 1.86 0.600 0.064 0,077 0.290 0.065 33.64 15.70 2,00 3.80
Sorg. sil. TOT 10,40 0,070 0.107 0.006 0.060 0,007 3.35 ‘15,70 2.00 3.80
Soybns. TOT 15.59 0.348 0.113 0,052 0.014 0.007 9.78 0,00 3.20 6.10
Wheat TOT 9.26 0.330 0.090 0,020 0.103 0.038 20.10 11.63 2,01 3.01
OK Barley DRY 23.33 0.348 0.680 0.047 0.392 0.058 20.98 11.52 2.89 2.62
IRR 33.23 0.448 0.680 0.047 0.392 0.058 16.71 6.10 2.10 1.10
Corn DRY 12,05 0.336 0.131 0.008 0.619 0,024 58,39 31.83 4.13 7.76
IRR 54,15 0,036 0.134 0.008 0.619 0.024 51.12 31.80 4.10 7.80
C. sil. DRY 8.27 0.040 0.738 0,039 0.500 0.024 2,96 17.83 3.13 11.26
IRR 11.33 0.046 0.730 0,030 0.994 0.024 5.55 32.57 2,80 0.15
Cotton DRY 97.02 1.200 0.180 0,012 0.345 0.026 449.26 11.49 3.27 5.85
IRR 168.60 6.014 0.679 0.044 0.923 0.026 254.35 7.02 1.41 2.42
Lg. hay DRY 2.04 0,020 0.132 0.006 0.169 0,008 1.78 0,00 2.60 0.00
IRR 1.66 0,023 0.444  0.032 0.605 0.008 2.07 0.00 2,60 1.60
nLg. hay DRY 1.44 0.020 0.132 0,006 0.169 0.008 1.24 35,92 4.75 9.40
IRR 1.70 0.023 0.444 0,032 0.605 0.008 1.03 30,50 2630 1.60
Qats DRY 36.68 0.230 0.715 0,041 0.498 0.031 22.69 15.81 3.25 4.58
IRR 29,28 0,430 0.570 0.010 0,498 0.031 35.94 10.47 2.03 k.15
Sorg. DRY 20,23 0.243 0.194 0.014 0.374 0,055 26.57 16.81 3.65 6.91
IRR 38.02 0.594 0.324 0.020 0.660 0.055 41.20 14.89 2,34 4.47
Sorg. sil. DRY .27 0.040 0.738 0.039 0,500 0.024 2.96 16.81 3.65 6.91
IRR 12.23 0.046 0.730 0,030 0,994  0.024 4,12 14.89 2.33 4.47
Soybns. DRY 5.46 0.201 0.516 0.018 0.472 0.012 12.25 1.04 1.87 2.04
IRR 18.46 0,301 0.510 0,010 0.472 0,012 11.10 1.00 1.90 2.00
Wheat DRY 22.41 0,197 0.532 0,109 0.453 0,040 6afk 9331 2,32 2.29
IRR 26.41  0.497 0,532 Q5109 0.007 0,040 9.31  6:93 1.84 1.02
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Table 3.10. (continued)
Unfertilized Percent of optimal Percent of acres
. b = trend fertilization fertilized Spillman function data
State Crop Code intercept slope intercept slope intercept slope A lbs, N lbs. P lbs. K
TX Barley DRY 10.50 0,180 0.554 0,010 0.245 0,037 25,13 6.44 1.48 1.75
IRR 10,90 0,200 0.401 0.080 0.479 0.057 44.90 10,00 1.74 0.00
Corn DRY 23.28 0.492 0.091 0,010 0.539 0,054 15.74 11490 3,67 4.26
IRR 60.96 0.863 0.218 0.020 0.961 0,054 54,70 61.13 8.50 3.77
Ce afl, DRY 5.22 0.049 0.056 0.030 0.534 0,054 2,58 4.50 1.88 4,75
IRR 10,12 0.049 0.747 0.030 0.919 0.054 6.10 11,50 1.22 0.01
Cotton DRY 145,78 1.900 0.717 0.026 0.208 0,016 170.81 8.62 1.62 0.52
IRR 191.01 3,600 0.438 0,052 0.753 0.016 291.76 10,36 0.32 0.28
Lg. hay DRY 1.68 0.024 0.409 0,016 0,177 0.008 1.58 0.00 1.40 0.04
IRR 2,58 0.030 0.462 0,037 0.796 0,008 2,07 0,00 1.40 0.40
nLg. hay DRY 1,28 0.024 0.409 0.016 0.177 0.008 1.23 8.86 2,84 4,00
IRR 1.33 0,030 0.462 0,037 0.796 0.008 1.07 16.72 1.42 0.04
Oats DRY 31.65 0.151 1,085 0.001 0.264 0.023 17.10 9.00 1.74 0.08
IRR 2,65 0.151 0.574 0.115 0.700 0.023 57.29 6.74 1.80 0.00
Sorg. DRY 2979 0,254 0.260 0.049 0.209 0,020 15.02 10,25 2.73 0.73
IRR 60.21 0.654 0.260 0.049 0.880 0.054 34,34 31,80 393 1.54
Sorg. sil DRY 7.82 0.049 0.056 0.030 0.534 0.054 2.50 13.64 6.90 0.00
IRR 13,92 0.049 0.747 0.030 0.919 0.054 3.43 31.79 3.52 1.54
Soybns. DRY 13.55 0.280 0.988 0,076 0.226 0.017 5.05 0.00 151 0.21
IRR 23.25 0.380 0.988 0.076 0.881 0.053 7.04 0,00 1sd5 0.00
S. beets DRY 13.50 0.100 0.838 0,058 0.753 0.016 4.41 4.10 1.10 0.00
IRR 11.30 0.100 0.438 0,058 0.753 0.016 9.10 6.50 1,10 0.00
Wheat DRY 11.28 0.169 0.511 0.020 0.173 0.013 12,90 4,25 1.34 0.21
IRR 7.08 0.419 0.511 0,046 0.848 0.067 28.94  5.47 0.23 0.01
MT Barley DRY 34,24 0.326 0.598 0.038 0.159 0.010 21,05 9,28 4.34 0.00
IRR 49.63 0.230 0.086 0.085 0.282 0.010 30.83 9,20 4.40 0.00
Corn DRY 13.52 0,515 0.539 0.049 0.467 0.073 3L.95 8.00 7.40 0.00
IRR 49.78 0.515 0.218 0.020 0.560 0.073 5191 7.91 7.37 0.00
C. sil. DRY 4.78 0.076 0.197 0,015 0.172 0.014 3.68 15.30 12.50 0.00
IRR 15.09 0,036 0.526 0.036 0.619 0.041 3,89 15.31 12.52 0.00
Lg. hay DRY 1.20 0,030 0.267 0.010 0.083 0.005 1.58 0,00 5.00 0.00
IRR 1.55 0.025 0.340 0.030 0.483 0.009 2.07 0.00 5.00 0.00
nlg. hay DRY 0.90 0.030 0.267 0,010 0.083 0.005 1.27 23.56 6.17 0.00
IRR 1.55 0.025 0.340 0.030 0.083 0,005 1.06 19.30 5.00 0.00

——
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Table 3.10.

(continued)

Unfertilized Percent of optimal Percent of acres Spill £ o

o - £ trend fertilization fertilized piijman TUNCEIOn CALR
State Crop Code intercept slope intercept slope intercept slope A lbs. N 1lbs. P 1bs, K
MT Oats DRY 44,98 0,226 0:532 0,015 0,022 0.010 23,73 Tald 3.43 0,00
IRR 54,23 0.476 0.999 0.015 0,130 0.010 23.89 7.30 3.40 0.00
S. beets IRR 7.40 0.130 0.940 0,060 0.610 0,020 9,34 12.80 0.00 0.00
Wheat DRY 20,39 0,197 0.562 0.037 0.293 0.021 10.43 7.22 3.45 0.00
IRR 27.93 0,397 0.948 0.164 0,616 0.021 10:57 7.30 3.40 0.00
1D Barley DRY 20.82 0.130 0,605 0,023 0.411 ©.030 24,16  6.50 0.00 0.00
IRR 35.61 0.230 0.170 0,071 0.602 0.030 30.36 6.50 0,00 0.00
Corn IRR 61.40 0.500 0.292 0.072 0.933 0.034 33.32 22.60 2.80 0.00
Cc. sil. IRR 10.98 0,041 0.277 0.075 0.948 0.035 9,03 16,40 2,80 0.00
Lg. hay DRY 1.16 0.030 0.462 0,022 0.057 0.010 1.78 0.00 2.00 0,00
IRR 132, D025 0.804 0,040 0.274 0,040 ¥.2q 9700 2.00 0.00
nLg. hay DRY 1.06 0,030 0.462 0,022 0.057 0.010 1.78 13.96 3.29 0.00
IRR 1.32 0.025 0,804 0.040 0.274 0.040 L.th 1550 2.00 0,00
Dats DRY 38.30 0.193 0,907 0.036 0.348 0.017 18.92° 5.63 0.00 0.00
IRR 44,78 0.193 0.145 0.061 0.348 0,017 25.79 5,60 0.00 0.00
Sorg. sil.IRR 15,98 0.041 0.271 0.075 0.948 0,033 4.47 17.81 5.86 2.19
S. beets IRR 10.30 0.100 0.404 0,083 0.594 0,019 9.98 5.80 0.00 0.00
Wheat DRY 31.48 0.184 0.104 0.045 0.345 0.019 9.38 13.50 0,00 0.00
IRR 27.07 0.084 0.404 0.083 0.594 0.019 33.44 13,50 0.00 0.00
WY Barley DRY 15.16 0.303 0.430 0.035 0.003 0,023 25.66 5.30 0.80 0.00
IRR 39,70 0,383 0.430 0,035 0.465 0,022 31.82 5.38 0.86 0.00
Corn DRY 19,34 0,137 0.495 0.034 0,201 0.021 34.60 9,90 1.40 0.00
IRR £2.27 0.537 0.721 0.060 0.680 0.021 38.06 9.90 1.40 0.00
C. sil. DRY 5.61 0.015 0.117 0.081 0.083 0.011 3.21 11,20 1.50 0.00
IRR 7.21 0.047 0.117 0.081 0.590 0.011 8.27 11.20 1.50 0,00
Lg. hay DRY 0.85 0.016 0.820 0,053 0.014 0.010 1.58 0,00 1.30 0.00
IRR 0.17 0,016 0.976 0,067 0.132 0.060 2,07 0.00 1.30 0.00
nLg. hay DRY 0.67 0.016 0,820 0.053 0,014 0.010 1.40 14.90 2.20 0.00
IRR 0.87 0.016 0.976 0.067 0.132 0,060 1.10 14.84 1.31 0.00
Oats IRR 17.51 0.020 0.746  0.063 0.001 0.010 53.71 3,60 0.80 0.00
DRY 14.39 0.010 0.746 0.063 0.461 0,023 41.76 3.58 0.76 0.00
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Table 3.10, (continued)

Unfertilized Percent of optimal Percent of acres

y trend fertilization fertilized Spillman function data
State Crupb Code™ intercept slope intercept slope intercept slope A lbs. N lbs., P lbs, K
WY S. beets IRR 11.80 0.120 0.945 0.060 0.685 0,030 132 4,60 0.00 0,00
Wheat DRY 6455 0.112 0.945 0.067 0.001 0.080 13.32. 5.00 1,20 0.00
IRR 19,39 0.498 0.945 0.067 0.285 0.050 29.24 5,00 1520 0.00
co Barley DRY 22.80 0.234 0.373 0.003 0.013 0,021 28.09 4.90 1.20 0.00
IRR 46.98 0.355 0.777 0.045 0.319 0,023 26.15 13.82 4465 0.00
Corn DRY 11.39 0.320 0.533 0,014 0.305 0,022 24,50 11.80 1,10 0.00
IRR 74,01 0.730 0.762 0.033 0.637 0,022 34.36 B.44 0.82 0.00
C. sil. DRY 7.34 0.048 0,379 0.017 0.332 0.024 3.17 19.20 2,60 0.00
IRR 12,32 0.030 0.816 0.034 0.667 0.024 7.88 16.56 2.27 0.00
Lg. hay DRY 0.86 0.023 0.520 0.023 0.041 0.010 2.47 0.00 9.90 0.00
IRR 1.89 0.023 0.520 0.023 0.144 0,008 2.90 0.00 9.90 0.00
nLg. hay DRY 0.96 0,023 0.520 0.023 0.041 0,010 1.47 14.40 2.20 0.00
IRR 1.49 0.023 0.520 0.023 0.144 0.008 1.21 18.56 9.99 0.00
Oats DRY 17.08 0.092 0.973 0,042 0.027 0,010 5%«15 7.30 3.10 0.00
IRR 30.70 0.192 0.973 0.042 0.142 0,017 58.34 14.43 325 0.00
Sorg. DRY 19.96 0.250 0.827 0.070 0.047 0.005 26,02 8.39 1,66 0.00
IRR 35.49 0.150 0.827 0.070 0.442 0.034 38.67 11.40 1.40 0.00
Sorg. sil.DRY 134 0.048 0.379 0,017 0.332 0,024 2.92 18.50 6.30 0.00
IRR 15.02 0.030 0.816 0.034 0.667 0.024 3.87 11.40 1.40 0.00
S. beets IRR 12.00 0.130 0.270 0.100 0.421 0,040 7.74  4.40 5.60 0.00
Wheat DRY 14.51 0.146 0.270 0,108 0.047 0.014 10.69 2.36 0.82 0.00
IRR 8.75 0.449 0.270 0.108 0.421 0.004 46.89 10,00 2.90 0.00
NM Corn DRY 28.43 0.116 0.181 0,014 0.348 0.010 29.44 22.30 2,80 0.00
IRR 33,36 0.669 0.487 0.010 0.475 0.036 25.16 21.30 1.50 0.00
C. Sil. IRR 12,80 0.030 0.244 0.040 0.544 0,043 602 330310 6.90 0.00
Cotton DRY 253.19 2.865 0.151 0.000 0.243 0.016 316.27 32.50 8.10 8.00
IRR 370.99 2.865 0.522 0.000 0.709 0.016 316.27 32.51 8.11 7.98
Lg. hay DRY 0.79 0.011 0.799 0.010 0.592 0.069 2,14 0.00 11.20 3.80
IRR 2,80 0.022 0,899 0.053 0.688 0.019 2,70 0.00 11.20 3.80
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Table 3.10. (continued)

Unfertilized Percent of optimal Percent of acres

trend ettt fertilized Spillman function data
State ° Crcph Code intercept slope intercept slope intercept slope A lbs. N 1bs. P 1bs. K
NM nLg. hay DRY 0,69 0.018 0.799 0,010 0,592 0,069 0,91 12.00 6.20 0,00
IRR 1.10 0,022 0.899 0.053 0.688 0,019 1.06 14.67 5.37 0.00
Qats DRY 22.00 0.030 0.692 0.020 0.010 0,010 25.78 6.87 A 0.00
IRR 37.90 0,200 0.900 0,042 0.140 0,010 43,47 14.17 1.91 0,00
Sorg. DRY 13.14 0,39 0,126 0.003 0.102 0,009 29.98 28,50 12.40 5.50
IRR 69,18 0.405 0.360 0,003 0.729 0.060 38.48 28.46 12.39 5.50
Sorg. sil.DRY 7.66 0.041 0.128 0.019 0.122 0,011 2.72 14,25 6.20 2.15
IRR 14,00 0.030 0.244 0,040 0.544 0,043 3.85 14.46 6:39 2a i
S. beets IRR 12.70 0.120 0,246 0,070 0.825 0,062 6.14 5.20 0,00 0.00
Wheat DRY 11.67 0,081 0,003 0,048 0.291 0.055 11.07 15.30 6.40 0,00
IRR 27.51 0.281 0.246 0.070 0.825 0,102 22.41 15.30 6.40 0.00
= AZ Barley IRR 59.20 0.291 0.172 0.038 0.712 0.034 22.86 14.40 3.10 0.00
Corn DRY 18.08 0,105 0.010 0.066 0.302 0,010 16,87 14,70 1,50 0.00
IRR 53.71 0,219 0.410 0,066 0,478 0.008 37.49 14.70 1.50 0.00
C. sil. IRR 14,55 0,062 0.973 0.060 0.724 0.004 6.21 13.67 2.03 0.00
Cotton IRR 580,12 4.450 0.622 0.155 0.949 0,011 376.80 14.00 2,10 0.00
Lg. hay IRR 3.20 0.029 0.910 0.069 0.590 0,033 3.00 0,00 8.00 0.00
nLg. hay DRY 1.10 0.020 0,248 0.016 0.298 0.033 0.84 12.00 6,20 0,00
IRR 0,60 0,029 0,910 0.069 0.590 0.033 1.34 12,00 6.20 0.00
Qats IRR 62.60 0.200 0.200 0.020 0.540 0.010 22,18 10,80 2.70 0.00
Sorg. IRR 38.90 0.400 0.994 0,076 0.972 0,029 38.34 10.60 1.90 0.00
Sorg., sil.IRR 16.35 0.062 0,973 0.060 0.724 0.004 3.83 10.60 1490 0,00
S. beets IRR 12.20 0.140 0.837 0,041 0.964 0,080 Se32 7.00 0.00 0.00
Wheat IRR 30.40 0.296 0.837 0.041 0,964 0.089 33.12 20.80 3.80 0.00
UT Barley DRY 19.12 0,200 0.760 0,043 0,009 0.028 20.29 9.60 0.00 0.00
IRR 27.13 0.110 0.330 0.043 0.302 0.016 47,38 9.58 0,00 0.00
Commn IRR 31.77 0.356 0.821 0.045 0.696 0.051 55.95 . 2.63 0.00
Ga B81Lka IRR 10,87 0.060 0.777 0,038 0.606 0.033 8,82 13.70 0.00 0.00
Lg. hay DRY 1.38 0,011 0.255 0,052 0,017 0.010 2.98 0,00 10,20 3.90

IRR 1.65 0.028 0.882 0.052 0.247 0,012 3.40 0.00 10.20 3.90



Table 3.10, (cnntinuedl_

Unfertilized Percent of optimal Percent of acres )

: trend fertilization fertilized Spillman function data
State © Crupiﬁ Code ~ intercept slope intercept slope intercept slope A lbs, N lbs, P lbs. K
UT nLg. hay DRY 1.68 0.018 0.255 0.052 0.017 0.010 0.98 12.00 6.90 0.00
IRR 1.45 0.028 0.882 0.052 0.247 0.012 1.17 18.98 10.26 0,00
Oats DRY 30.43 0.030 0.696 0.020 0.010 0,010 25.78 6.87 2:u42 0.00
IRR 41.63 0.216 0.696 0.020 0.080 0.014 41.09 Sedid 3.34 0.00
Sorg. IRR 65.62 0.410 0,994 0.076 0.972 0.029 25427 11.78 11.84 0,00
Sorg. sil.IRR 16,67 0.040 0,777 0.038 0.606 0.033 2:5% T1.77 11.84 0.00
S. beets IRR 14,30 0.130 0,655 0.016 0.266 0.060 4.82 7.00 0.00 0.00
Wheat DRY 18.77 0,030 0.355 0.016 0.104 0.006 10.65 10.80 0.00 0.00
IRR 39.15 0,130 0.355 0.016 0,266 0.006 43.80 10.76 0,00 0.00
NV Barley IRR 17.73 0.218 0.728 0.024 0.539 0.034 44 .41 11.40 2.00 0.00
Ce: 81l. IRR 11.74 0.050 0.253 0.093 0.799 0,053 6.95 30.50 4,10 0.00
= Cotton IRR 305,12 4.450 1.622 8155 0.949 0.011 376.80 14.00 2.10 0.00
N Lg. hay IRR 2.61 0.018 0.416 0.064 0,180 0.007 2.50 0.00 10.20 4.50
nLg. hay DRY 0.68 0.018 0.530 0,022 0.052 0.0067 0.77 14.50 F s 4] 0.00
IRR 131 0.018 0.416 0.064 0,180 0.0G7 I+ 15.39 0.39 0.00
Qats IRR 17.05 0.300 0,201 0.095 0.541 0.033 48,20 21,50 2,80 0.00
S. beets IRR 14.30 130 0,655 0.016 0.266 0.060 .82 7.00 0.00 0.00
Wheat IRR 17,84 0.365 0.455 0.019 0.689 0.024 42,16 13.40 2.00 0.00
WA Barley DRY 33550 0.100 0.873 0,024 0.611 0.025 23.35 14.59 i o/ 0.11
IRR 21.64 0.470 0.990 0.059 0.840 0.025 49.61 14.60 3.20 0.10
Corn DRY 37.68 0.360 0.742 0.010 0.540 0.010 37.64 53.00 /.80 9.10
IRR 84.83  0.436 0.685 0.048 0.990  0.029 55.35 53,06 7.85  9.04
Cis silf DRY 15.22 0.040 0.864 0.010 0.568 0.019 4.86 24,60 5.00 5.00
IRR 16.72 0.020 0.449 0.033 0.967 0.019 7.32 24,59 4,99 4.98
Lg. hay DRY 1.42 0.020 0.595 0.018 0,089 0.004 2,98 0,00 2,18 4.50
IRR 2,78 0,025 0.595 0.018 0.539 0.004 3.48 0.00 2.20 4,50
nlLg. hay DRY 1.76 0,020 0.595 0.018 0.089 0.004 1.08 8.94 2.14 2.84
IRR 2.18 0.025 0.595 0.018 0.539 0.004 1.39 11.90 210 4.50
Qats DRY 42,09 0.500 0.88& 0,004 0.762 0.067 20,03 1132 0.85 1.78
IRR 45.07 0.200 0. 732 0,010 0.766 0.067 34.89 11.30 0.90 1.80




Table 3.10. (continued)
Unfertilized Percent »f optimal Percent of acres
trend fertilizatign fertilized Spillman function data
State @ Crcph Code® intercept slope intercept slope intercept slope A lbs, N 1lbs, P 1bs, K
WA Sorg. IRR 0,00 0.000 0.000 0.000 0.000 0,000 62.21 37.34 0,00 0.00
Sorg. sil.IRR 19.32 0.020 0.449 0.033 0.967 0,019 3.22 16.50 0.00 0.00
S. beets IRR 17.80 0.150 0.615 0.090 0.918 0.010 8.10 5.60 7.90 0,00
Wheat DRY 30.03 0.156 0.215 0.067 0.770 0.030 12.50 13,86 1,92 3.05
IRR 10.48 0,464 0.215 0.094 0.918 0.010 53.90 13.90 1.90 3.00
OR Barley DRY 37.76 0,377 0.043 0.010 0.487 0.012 12,17 11,46 ) 0.00
IRR 33.73 0.243 0.592 0.020 0.629 0.028 41.32 11.50 1.20 0,00
Corn DRY 26.97 0.440 0.160 0,010 0.975 0.032 73.25 34.80 0,00 0.00
IRR 77.72 0.463 0,806 0,014 0.975 0,032 23.53 34,78 0.00 0.00
gihslls DRY 10.38 0,038 0.464 0.020 0.980 0.038 2.57 8.28 2.91 0,00
IRR 16.95 0,038 0.141 0.030 0.980 0.023 5.10 20:51 0.00 0.00
= Lg. hay DRY 125 000 0.676 0,011 0.166 0.012 2.98 0,00 9.60 0,00
53 IRR 1.49 0.020 0.676 0,011 0.334 0.012 3.48 0.00 9.60 0,00
nLg. hay DRY 1.65 0.017 0.676 0.011 0.166 0,012 1R 9.46 4.35 0,00
IRR 1,69 0.020 0.676 0.011 0.334 0,012 1510 28-S0 9.60 0.00
Oats DRY 38.91 0,341 0.693 0.010 0.486 0.014 26.45 6.70 0.00 0.00
IRR 50.21 0.485 0.481 0.015 0.553 0.014 26.45 6.70 0.00 0.00
S. beets IRR 13.20 0.140 0.769 0.030 0.887 0.020 9.42 8.00 0.00 0.00
Wheat DRY 19.40 0,126 0.410 0.014 0.676 0,015 18.94 12,70 0.19 0.00
IRR 25.00 05313 0.769 0,031 0.887 0.015 31,28 12,70 0.20 0.00
CA Barley DRY 21.38 0.168 0.775 0,010 0.495 0.038 15.78 11.20 0.00 0.00
IRR 34.56 0.368 0.254 0.045 0.750 0,038 25.41 11.20 0.00 0.00
Corn DRY 59.97 0.809 0.182 0,030 0.400 0.023 21.00 36,40 0,00 0,00
IRR 77.86 0.409 0.430 0.030 0.983 0.023 25.69 36.40 0.00 0,00
C. 8il. DRY 10.23 0.030 0.322 0.020 0.136 0.020 7.43 23.10 0.00 0.00
IRR 11.03 0.049 0.773 0.029 0.959 0.021 8:33 23.13 0.00 0.00
Cotton IRR 469.73 4,107 0.617 0.023 0.902 0.006 497.48 23.55 6.00 0.00
Lg. hay DRY 0.48 0,025 0.927 0,010 0.222 0.039 2.43 0.00 6.50 8.20
IRR 3.11 0.035 0.378 0.241 0.595 0.039 2.93 0,00 6.50 8.20
nLg. hay IRR 1.28 0.025 0.927 0.010 0.222 0.039 1.00 12.90 0.00 0.00
DRY 1,21 [L035 0.378 0.241 0.595 0.039 1.01 18.00 6.50 0.00



Table 3.10. (continued)
Unfertilized Percent of optimal Percent of acres ;
. trend fertilization fertilized Spillman function data
State? Crnpb Code® intercept slope intercept slope intercept slope A 1bs. N lbs. P lbs, K
CA Oats DRY 15,72 0.351 0.546 0,010 0.611 0,024 33.15 14.19 0.00 0.00
IRR 31202 S055] 0.346 0.054 0.860 0,024 30.20 14.20 0.00 0.00
Sorg. DRY 50.46 0.119 0.170 0.044 0.377 0.033 29,91 37,60 0.00 0.00
IRR 46.45 0.319 0.170 0,061 0.929 0,033 35.99 37.59 0,00 0.00
Sorg. sil.DRY 13.23 0.030 0.322 0,020 0.136 0,020 2.42 18.80 0.00 0.00
IRR 15.03 0,049 0.773 0.029 0.959 0.021 3.60 18.76 0.00 0.00
S. beets IRR 11.50 0.130 0.850 0.014 0.884 0,028 8.40 9,20 0.00 0.00
Wheat DRY 18.33 0.140 0.850 0.014 0.455 0.028 992! 2.80 0.00 0.00
IRR 38.67 0.460 0.850 0,014 0.884 0,028 16.96 10.50 0.00 0.00
SOURCE: Stoecker L?l].
dAbbreviations of state names taken from zip code listing developed by the U.S. Post Office. They are:
AL = Alabama IA = Iowa NE = Nebraska RI = Rhode Island
AZ = Arizona KS = Kansas NV = Nevada s¢ = South Carolina
AR = Arkansas KY = Kentucky WH = New Hampshire sp = South Dakota
CA = California LA = Louisiana NJ = New Jersey T8 = Tennessee
CO = Colorado ME = Maine NM = New Mexico TX = Texas
CT = Connecticut MD = Maryland Ny = New York yr = Utah
DE = Delaware MA = Massachusetts NC = North Carolina v = Vermont
FL = Florida MI = Michigan ND = North Dakota va = Virginia
GA = Georgia MN = Minnesota 0H = Ohio wA = Washington
ID = Idaho MS = Missigsippi ok = Oklahoma wv = West Virginia
IL = Illinois MO = Missouri OR = Oregon WI = Wisconsin
IN = Indiana MT = Montana PA = Pennsylvania WY = Wyoming
btrop abbreviations symbolize the following: C. sil. = corn silage, Lg. hay = legume hay, nLg., hay=

nonlegume hay, Sorg.
beets,

“Code abbreviations are TOT = total, DRY = dry, and IRR =

- —— -
- r— e . . o g p—

=

sorghum, Sorg.
The other crops are as written.

sil, = sorghum silage, soybns, =

irrigated.

soybeans, and S. beets = sugar
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CIOp 1n year ¢t;
PF(t) 1is the proportion of the acreage
of the crop receiving fertilizer in
year t, developed from a linear
trerd of the proportion of the crop
acres receiving fertilizer; and
t* 1s years after 1949.

The X(t) defined above represents:

X(t) = PO(t)*(ln(Px/Pc) - 1n A
= in (—ln = 8)))Aln: o8 (3+5)

ln is the natural log of base e;
Px 1s the weighted price of a unit of
fertilizer;
Pc 1s the price of a unit of crop c;
PO(t) 1s the proportion of the optimum
rate of fertilizer applied in year
(t), developed from a linear trend

of the proportion of the optimum
rates applied.

The above equation represents an estimate of
the gptimum application of fertilizer ob-
tained by solving the marginal conditions of
a profit maximization system adjusted for the
proportion of optimability which farmers are
projected to be using.

The second step in the determination of
yields i1s to welght the state functions by
the proportion of the acres in each producing
area and aggregate the producing area parts
into functions which can predict the yield on
a producing area basis. The weights are de-

{99] and are represented by:

Wm0 A 1 E A (3.6)

m
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ls=esp 15 Eor the crop nunmber,
1,¢¢.,223 for the producing areas,
1,...,48 for the continental
states,

et
T

whare:

i1s the weight for crop i from
state n to producing area Kk;

is the acres of crop i in produc-
tion area k and state n.

A, 1s the acre of crop i in producing
area k.

ink

ikn

These weights are multiplied by each of the
function coefficients and summed over m for
each 1 and k to give the producing area yield
prediction equation. This procedure is used
to transfer the yield, proportion of acres
fertilized, and proportion of optimal
fertilizer-applied functions and the prices
of fertilizer and commodities into the produ-
cing areas.

The producing area yield is calculated
for each crop bas2d on the functions devel-
oped and the projected levels of fertilizer
use. If the rotation in which any crop 1is
defined includes a legume crop, the carry-
over nitrogen from these sources 1s accounted
for in predicting the yields. The fertilizer
value of the legume crops will be covered 1in
the fertilizer-use part of this section of
the report. In many instances the legume,
especially alfaifa hay, produced more
fertilizer-equivalent nitrogen than would
have been applied commercially. When this
occurred, the fertilizer-egquivalent nitrogen
from the legume is used in the yield squation
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giving a larger yield than under trend fer-
tilizer uses.

The next step in determining the yields
for the cropping system is to adjust for land
class, conservation practice, and tillage
method. The data obtained in the SCS ques-
tionnaire {(Appendix A) included a set of
ratios giving the relative land class yields
of each crop category as ccmpared to the most
productive land class of the area. These
ratios 1initially are weighted to the nine
land groups and are ad justed such that land
group 1 has a relative yield value of 1.00.
The acreage w=2ights used are the acres of the
respective crop categories, row crops, close-
grown crops, and rotation hay and pasture,
from the "National Inventory"™ [8]. The pro-
ducing area yield is assumed to be determined
as a weighted average yield over the land
groups in the producing area. Using the rel-
ative yield indices, the weighted average
function can be expressed as:

Ly = Wi Y499 Y Wiyp Biyp Linp
Elass w5 Breg dp4q
- (i Wisk BRisk ) Yij1 (3.7)
= 2 ee s p2ed Eor the producing
areas,
3 = 1,2,5++,30 For the crops dryland
and irrigated,
k= 25 ss2 for The lanad classSes;
where:
Yij is the average yield of crop j in

producing area 1i;
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is the weight of acres in producing

area 1 which are on land group k for

crop 3J;

B 1s the relative yield factor for

ijk L . :
crop Jj on land class k in producing

area 1 with land group 1 = 1,00; and

is the yield of crop j on land

group 1 1in producing area 1i.

W

Y51

The above equation can be transposed and
solved for Y441 , and each of the other land
group yields can subsequently be determined
from the group 1 yield using the relative
yield indexes.

The conservation and tillage yield
ratios, obtained from the SCS questionnaire,
are used equally on each land class to adjust
the yields for both conservation and tillage
effects. The national average ratio is used
as a proxy for the adjustment ratio in a pro-
ducing area if the area's data was missing.
This substitution is only used where a prac-
tice and land group exist in a producing
area, and the specific data needed was not
provid=d in the SCS questionnaire (Appendix
A) . These adjustments completed the calcula-
tion of the crop yields as determined from
the response function of the arez, the land
class, the rotation, the conservation prac-
tice, and the tillage method.

Assocliated with the crop output determi-
nation 1s an estimate of the available
aftermath pasture. This is pasture available
for livestock after harvesting the major crop
and allowing the animals to run on the field
to graze the aftermath and fence rows.
Jennings estimates the yield of aftermath
pasture 1n acres of cropland pasture equiva-
lent for esach of the 48 states [31]. This
total yield is divided by the total acres of
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cropiand and hayland 1n the state [ 99] to
give an average ylield per acre of dryland and
irrigated land cropped. Each county in the
state was assumed to have this yield of
aftermath pasture, and the producing area
vield was obtained as a welighted average
yileld of all the counties in the producing
ar2as. These yields are included as roughage
production in conjunction with the annual
crop activities, except soybean and cotton,
or added *o the roughage production of the
hay crops in the respective producing areas.

Fertilizer use coefficients for the crops

L R R L. N B __ K _E ___§N___E___J}L __§ _§___§F " E- __E_ _J

The fertilizer use coefficients devel-
oped from the functions were independent of
the land class, the conservation practice, or
the tillage method. The yield functions de-
veloped from Stcecker's procedure [71] pro-
vided the basis for determining the level of
nitrog=n supplementation required. The level
of commercial fertilization required to meet
the projected yields is determined by taking
thas optimum level of fertilizer use as deter-
mined from the function and subtracting the
amount provided by the legumes, if any, in
the rotation. The legume nitrogen data were
developed from results reported in agronomy
publications [32;40;58;60;61] and through
consultation with William Shrader.® An esti-
mate of a function was developed which relat-
ed nitrogen fertilizer equivalent carry-over
of the legume as a function of the yield of
the legume. Only those lequmes which offer
the potential of high nitrogen production are
included when developing the function. This
s2lectivity allowed for the switch to equal
yielding but higher management legume varie-
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ties in order tc harvest the carry-over ni-
trogen. The lequme hays provided carry=-over
for a two-year period after a good yielding
stand, and functions relate the first- and
second-year production of nitrogen. The
first-year function is:

2 3
Nl = SO-O*Y = 5-01’ + 'ZY (3-8}
and the second-year function is:

where N, and N, are the pounds of nitrogen
supplied by the leqgume for the crop following
the first and second year after plowing, re-
spectively, and Y represents the annual yield
in tons of dry weight hay equivalent of the
legume hay during the years it is harvested.
The effect of lequmes does not include a
green manuring response but rather only the
Fesponse coming after a legqume hay crop.

Tkis type of relationship allows for utiliza-
tion of the roughage for feed and also the
nitrogen carry-over.

A similar functional relationship has
been developed for nitrogen carry-over from
soybeans. Shrader and Voss have shown that
soybeans provide a carry-over of approximate-
ly one pound of nitrogen equivalent per
bushel of soybean yield for the crop in the
following year [62]. The nitrogen coeffi-
cient for the cropping management system is
determined by adjusting the fertilizer use,
determined by optimizing the production rela-
tionships, for the amount of nitrogen
supplied by the previous years' legume crop.

Th2 source of nitrogen is determined
endogenously in the model. Nitrogen can be
obtained through the purchase of commercial




l_-.

e S

B S s —r

DETERMINATION OF COEFFICIENTS 1M

nitrogen fertilizer or the use of livestock
wastes. The nonnitrogen fertilizer required
to satisfy the calculated optimum application
rate 1s assumed to be purchased, and the cost
of this fertilizer 1is 1ncluded 1in with the
production costs to give the exogenously al-

located variable costs for the crop manage-
ment system.

Development of the crop production_ costs
The source of the basic data used in de-
termining the production costs 1is Eyvindson
[20]. Eyvindson developed a set of crop bud-
gets for the crops barley, corn, corn silage,
cotton, tame hay, wild hay, oats, sorghum,
sorghum silage, soybeans, and wheat. 1In
ar2as where irrigation 1s relevant, he devel-
oped both dryland and irrigated budgets. The
procedure used was one of budgeting each crop
based on the most ccmmon production technique
in the area in 1964. This entailed determin-
ing machinery sequences for each crop machin-
ery size, average length of life of the ma-
chines, repairs needed, and the acres coveared
with the machines. These data are combined
with the costs of the machinery and
supporting inputs to provide the cost and
labor coefficients for each of the crop bud-
gets. The budgets were developed to include
all costs except return to land or any fixed
cost associatasd with the land. Eyvindson's
machinery, labor, pesticide, nonnitrogen fer-
tilizer, and miscellaneous costs are weighted
to the 223 producing areas for each of the 11
endogenous crops? using the acreage of the
resp2ctive crop from the 1964 Agricultural

relationship:
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= X
Cijk ﬁ Cijmnk Ajnk
K (3.10)
jk
L F Nse ey Eox machinery, labor, pes-

ticides, fertilizer, and
miscellaneous costs,

j = 1,...,11 for the endogenous Srops,
k = 1,...,223 for the producing areas,
B = l,ssep157 for the areas in
Eyvindson's analysis,
L = 1,..., nunber of parts of
Eyvindson's areas in producing area
k,
where:
Ci'k 1s the value of cost i for crop j
U producing area k;
Ciﬁmﬁ; 15 the value of cost i for crop j
in Eyvindson area m consistent with
part n of producing area k;
A . i1s the acres of crop j in part n of
jnk .
producing area k; and
A.k 1s the acres of crop j in producing
J drea K,

Each part of Eyvindson's region is assumed to
reflect the cost of that region. The acre-
of Agriculture [99]. Labor costs were
adjusted to account for increases in technol-
Ogy consistent with a continuation of the
1949 to 1969 trend.® Total variable costs
for each crop are projected to 2000 using the
assumption of constant per unit costs.
Adjustments for conservation practice
and tillage method are determined from the
SCS data (Appendix A). A base of straight
LOWw cropping 1is used for conservation prac-
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tices, and ad justments are made in machinery
and labor efficiency for contouring, strip
cropping, ard terracing. Similarly, adjust-
ments are made for the tillage practices when
convantional tillage with no residue manage-
ment serves as the base. The variations in-
cluded conventional tillage with residue man-
agem=2nt and reduced tillage.

A further adjustment 1s made for reduced
tillage operations to reflect the tradeoff
between tillage operations and the use of
herbicides for weed control. In areas which
are not moisture deficient,?® Figure 3.6, a
direct tradeoff has been determined with the
saving in machirery cost being equally offset
by increassd herbicide costs [ 2;15;35;57].

In arid areas the adjustment consisted of a
$3.C0 increase in herbicide costs for each
$1.00 reduction in nonherbicide costs [ 59].
This is consistent with the extensive farming
methods us=d and the relatively lower machin-
ery cost per acre when compared to the fixed
herbicide application cost.

The costs reflect regional average costs
of produc*ion, and a response to summerfallow
is required for those crops normally grown 1in
a summerfallow rotation. From the Selected

T e e S S D SR G e s ey w— —

fertilizer and herbicides was obtained for
the plains area where summerfallowing 1s
common (Figure 3.7). The adjustments re-
flected a 4 percent reduction in pesticida
after summerfallow and an increase of 50 per-
cent if summerfallow 1s not part of the rota-
tion. The wide variation in the ad justments
results from the averages being close to the
after-summerfallow data as a result of the
large percent of all acres in a summerfallow
rotation. A similar adjustment 1s made for
fertilizer use with crops 1in summerfallow ro-
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tations receiving .92 of the average and con-
tinuous cropping sequences receiving 1.18
times the average.

Summerfallowing costs are treated as a
separate "crop" in the area. The relation-
ship 1s developed by comparing the crop rota-
tions 1n the Selected U.S. Crop Budgets
[17;18] which include summerfallow to those
which are continuous. In this way an esti-
mate of summerfallow costs 1s obtained and a
ratio of summerfallow cost to crop cost 1is
developed. The summerfallow costs in the
model are calculated from the determined crop
costs and the develop=ad ratios.

A final cost adjustment is made to re-
flect the terracing costs for those cropping
systems defined to 1include terracing. The
SCS questionnaire provided estimates of the
construction costs for terraces. The data
are provided only for those classes on which
terracing 1s a feasible alternative and other
lands do not have terracing as one of their
alternative conservation practices. The av-
erage terracing cost per acre is calculated

as:
TC .. = e TI{CCH, (B PN Seing ey
o prrig M e (3119
1 = 1,+es,223 for the producing area,
J = Tesses3 £Or the land groups,
where:

TC.. 15 the per cultivated QcEe

t terracing costs on land group J;
CC.. is the per acre construction cost
*J of terraces on land group j;
Pwij 1s the proportion of acres of land
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group Jj terraced having grassed wa-
terways for drainage;
W.. 1s the cost per terraced acre for
grassed waterways consistent with
the terraces on land group Jj;
PT.. is the proportion of acres of land
group Jj terraced having tiled
outlets for drainage;
.. 1S the cosSt per terraced adcrce of
tiling and drainage consistent with
the terraces on land class j;
PLT.. i1s the proportion of all land 1in
class j which i1s feasible to ter-
race; and
s+ 1 15 the factor to adjust for a
10-year amortized life of the ter-
race.lto

From the cost components the final production

1s determined for each cropping management
system as:

& o e O R TS o ) S i
ijk - ijm ijm ijm ijm
+ .
+ msljm) aijm EC. (3. 12)

i = 1,..s, for the number of cropping
management systems in the producing
area,

4= Ve 0y 223 for the producing areas,

Kk = 1,.s05318 for the land classes,
1y awny 9 dryland, and V0,.e., 1801 Erd=
gated land groups,

= N, oeey 19 for only those erops in
the cropping systen,

where:
Cijk is the cost per acre for crop man-

agement system 1 1in produclng area
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j on land class k;
M 1s the projected per acre machine
T cost for crop m in cropping systenm
1 in producing area j;
L., 1s the projected per acre labor
"M cost for crop m in cropping systenm
i in producing area j;

R 1s the projected per acre pesti-
T cide cost for crop m in cropping
system 1 in producing area j;

Fijm 1s the projected per acre
nonnitrogen fertilizer cost for
Crop m 1in cropping system i in pro-
ducing area j;
MS,, 1s the projected per acre other
*J% costs for crop m in cropping system
1 in producing area j;
R ., 1s the rotation weight for Crop m
YJM in cropping system 1 in producing
acred i ana
IC.. 1s the terracing cost per
cultivated acre on land class k in
producing area j.

e TR SETTN GER———

Crop_water use coefficients

Water use coefficients for each crop ac-
tivity in the model reflect *the net diversion
requirements to provide the crop with the !
amount of water needed for growth in addition |
to that provided from precipitation. :
Withdrawal coefficients are also calculated
to indicate the diversion requirements needzd .
to supply the water consumed. Gross delivery .
requirements in area i for crop j are: 5

= N
i 51| e o e e e

|
(IE;) (CE;) (3.13)
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1 = 1,604,223 for the producing areas,
7 = 1,...,19 for the endogenous
crops, !l
where:
GDRij 1s the gross delivery requirement
in acre fteet for crop j in producing
area 1;
CUij is the amount of water requir=2d by

crop J in producing area 1 as deter-
mired from regional publications on
consumptive use of water by crops
31309 263 12 15

EP, 1s the effective precipitation in
producing area 1 representing water
avallable after evaporation and deep
percolation are subtracted from the
Eaanfall s

IE, is the irrigation efficiency or the
efficiency of the crops in using the
water applied (Table 3.11). This 1is
affected by the surface of the land
exposed between plants and the abil-
ity of the plants to hold the water
in the ground for use; and

CE, is the canal efficiency or effi-
ciency of the delivery system be-
tween the diversion point and the
rarm delivery Jgate. Thls was calcu-
lated for each region from data on

Bureau 2f Reclamation projects
106 s

The ne* diversion reguirements, NDRij,
or the water use coefficients €or each of the
activities, are calculated as:

NBR, = €U, = EPy F (1= REG)
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Table 3.11. Assumad irrigation efficien-
cies of various crops.

Crop BEfficiency of Irrigation
Alfalfa 75
Clover 60
Pasture 70
Grains and Silage 70
Cotton 70
Vegetables 65
Rice 65
Sugar beets 65
Citrus and Nutxs 15
Subtropical Fruits

and Vines 15

source: Pacific Southwest Interagency
Committe=2 [53].

unaij - (cuij - EP;)
= CIR; + (1 = RF;) GDRys
- CIR. . (3.1%)
1]
1 = 14+..,223 for the producing areas,
J = 1,¢+.,19 for the endogenous crops,
whare:

Gaﬁti is the gross delivery requiresment

in acre feet for crop j in produ-
Cing area 1i;

Cl.. is the consumptive use regquirenment
in acre fest for crop j in produ-
cing area i [3313;19;26;72);

1s the sffective precipitation in
producing area 1i;

1
g
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CIR,, 1s the crop irrigation requirement
of crep j in producing area i; and
RF, 1is percent of the water not usei

by the plant which is returned for
reuse 1n the region. This return
flow 1s assumed to be 55 percent
for all river basins excspt the
Columktia-NorthPacific where 60 per-
cent 1s used [107 ].

I s — RS il T D e S W P Gl e i SELTE e name m— — S — N .

The noncrogpland roughage sector includes
the production of permanent pasture and hay
and the forest-grazed sources of roughage.
Ths land availakle for such uses has been
outlined in con junction with the definition
of the land base. This section will outline
the costs and yields associated with thess
activities. The activities are divided into
dryland and irrigated permanent pasture, dry-
land and irrigated permanent hay, and for=ast
land grazed.

The costs of the permanent pasture ac-
tivities wer= determined from the preharvest
costs of hay as determined by Eyvindson
[101]s The yields are developsd as a func-
tion of the hay yields in the area.
Nonirrigatsd cropland pasture 1s assum=ad to
have a yield egqual to 75.0 percent of the
tamne hay yield, 2f the tame hay yield is less
than four tons, and 70.0 percent of th=2 tame
hay yield if the yield is more than four
tons. 1Irrigated yields on cropland pasture
are determined ky a similar relationshi p,
with the yield being egqual to 85.0 percent of
the irrigated tame hay yield, if it is less
than four tons, and 80.0 percent of tha tame
hay yield if it is greater than four %ons.t2
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Heady and Mayer estimate that improved
pasture yields are equal to 88 percent of
cropland production [25]. This yield is used
to give an estimate of production from the
acres 1n the pasture category of the "Nationl
Inventory.Y" These costs and yields are
weighted to give the coefficients for the
permanent pasture activity.

Bounded activitiss are also defined for
dryland and irrigat<d nonrotation hay. These
activities represent wild hay and other
hayland which is continuously harvested
except for infrequent interruptions to
reestabllish or improve the stand. The acre-
age bounds for these activities ares obtained
from the hayland category in the "National
Inventory" [8]. The costs are determined
from Eyvindson's permanent hay and wild hay
costs by weighting these together for the re-
gion. An estimat=2 of wild hay acreage was
made from the 1964 Census _of Agriculture
[929], and this was subtracted trom the inven-
tory acreage to Jive the permanent hay acre-
ag2. The yicld coefficients are determined
from an adjusted 50 yesar time trend for dry-
land and irrigated tame hay and wild hay.

The trends were determined from annual crop
summari=s [1;4;65-67;69;70)] and the C=2nsus of
Agriculture [96-99]. The 50-year aggregate
state trend is used to reduce the more rapid-
iy Tising 16-year trend for the dryland and
irrigated yields of th2 census. The relevant
producing area yield is determined by
weighting the county's yield adjusted for its
value r2lative to the state vield into the
producing area bound on acreages from the
1964 Census of Agriculture [99 ]

A £inal noncroplard roughage activity
incorporatss th= forest land grazed category
trom thz "National Inventory" [8]. The
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roughage production from these acres repr=-
sents grazing of lands mostly in trees whare
productivity is low. The yield coefficient
is determined using the relationships dev=l-
oped by Jennings {317]. These gave the
yield relationship between woodland pasture
and cropland pasture by state. It was
assumed this relationship would hold to the
ysar 2000. The cost for the forest land
grazed activity is determined from the
grazing rates charged on public lands in the
area [21;102-104].

The noncropland pasture activities 1in-
teract with the nitrogen sector. Little 1if
any fertilizer 1is applied to the permanent
roughage crops; however, in order to mairnrtain
the relationships within the livestock waste-
nitrogen balance sector, the livastock wastes
deposited while the animals are grazing these
lands must b2 included. The nitrogen produc-
tion from wastes of beef cows per unit of TDN
consumed was determined, and this quantity
was multiplied by the units of TDN produc=d
per acre of pasture to give a nitrojen utili-
zation per acre. This procedure requires the
assumption that the nitrogen wastes of live-
stock, esp=cially beef cows, are produced
uniformly over the year in proportion to the
TDN consumption and are distributed with the
same efficiency as wastes from the winter
feeding period.

The Exogenous Crop Sector

The exogenous crop sector defines tnhs
use of land by region and land group, fertil-
iz=r nitrogen and water for use by the crops
not endogenously allocated by the model.
These crops include broonmcorn, buckwheat,
cowpeas, dcy beans, dry peas, ftlax, hops,
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orchards and vineyards, peanuts, potatoes,
proso-millet, rice, rye, safflower, sugar
cane, sunflowers, sw=2et potatoes, tobacco,
and vegetables. Soil1l loss from lands
utilized by these crops is not considered in
the total accumulation of soil lcss, as data
and alternative cropping patterns are not
available.

Water allocation for the exogenous crop
sector is determined directly from water use
coefficients developed similarly to those for
the endogenous crops. The per acre water use
rates are applisd to the acres of each crop.
The water use for all exogenous cCrops 1s
aggregated to become a fixed water regquire-
ment which 1s subtracted from each rejion's
supply to l=ave the quantity available for
the endogenously allocated uses. The alloca-
tion of land and nitrogen fertilizer 1is out-
lined in the following sections.

Acreages_allocated for use by the exogenous
CLops

The acreage d=2fined for use in e2ach land
group 1s adjusted to reflect the requirement
for the production of the exogenous crops 1in
2000. The 1969 production and the production
in 200C by state for most of the exogenous
crops is obtained frcm the OBERS work of the
Economic Research Servic=2.1!3 Acreages by
state for each crop in 1969 &re obtained from
age state yield is determined for 1969.1%
Dean reports yields for the e€xogenous Crops
produced in California in 1969 and projected
yi=lds for each of the crops in 2000 [ 14 ].19
The ratio--yield in 2000/yield in 1369-=-1s
determined for each crop in the California
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study [14]. It is assumed that the vields 1in
each state will increase proportionately to
those in California, and the above ratios are
ussd to adjust all state yields from 1969 to
2000. Acreage requirements for the year 2000
are computed by dividing the estimated pro-
duction by the projectad yields per acre.

All projections in the exogenous Crop
sector are made at the state level. The
acreage 1s allocated to the counties within
the state on the basis of the preoportion of
each crop grown in the county as reported 1n
the 1964 Census_of Agriculture [99].1® The
acreages of each of the exogenous crops 1in
each producing area are determined by summing
the projected acreage of the relevant crops
in the producing area over the subset of
counties consistent with the definition of
ths producing area.

Within each producing ar=a the exogenous
crops are grouped into three categories ac-
cording to their methcd of cultivation.

These categories are row crops, close=-jrown
crops, and orchards and vineyards. AcCreagjes
of these three categories are then allocated
to different land groups in proportion to the
calculated acres of other row crops,!? close-
grown crops, and orchards and vineyards as
determined by land class in the "National In-
ventory" [{8]. This same procedure 1s used
for both dryland and irrigated acreages. I
the projected acreage requirement for the e
ogenous crops 1s greater than th2 acreage
available in the land group, the excess acres
are allocat=2d either to the land group next
closest in erosion-hazard characteristic or
to the same land group 1in an adjeining produ-
cing ar=a depsnding on th2 agronomilic charac-
+eristics of the land groups, producing
areas, and cropping patterns required tc pro-

r
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duce the 2xogenous cCrops.

A — — —— S —— —— T ————— — —— — — — — —

Th2 use of nitrogen by the exogenous
crops represents a significant demand for ni-
trogen especially in the Gulf and West Coast
ar=2as. The amounts of nitrogen reguired by
the specific crops are determined from the
work of Ibach and Adams [128]. The gquantaity
us2d per acre for each of the exogenous crops
1s multiplied by the acres calculated in the
region. The assumption is made that by 2000
the averaje application rate for all acres
will be equal to the application rate on the
acres fortilized in Ibach and Adams data.l®
The regions' nitrogen requirement for the ex-
og2nous crops 1is determined as:

REy = 8 Uy Ww (3.15)
m
1 lye¢e,223 Lcor the producing areas,

=3
i

140,19 for the £xo0oJenous cCrops.

where:

Ay 1s the projected acre=ags of crop m
m . _ : 4 .
in producing area i in 2000;

Nim is the projected per acre use of
nitrogen by crop m in producing area
i in 2000;

RN, is the total projected fertilizear

nitrogen =guivalent of all crops in

producinrg area i in 2000.

o ™

R |
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The Livestock Sector

Within the total livestock sector the
dairy, pork, and beef production enterprises
ar2 allocated endogenously while the
remainder of the livestock categories hav=
exogenously determined rations and regional
production patterns. In all livestock cate-
goriss the rations alternatives combine with
the technologies available to give the output
and input requirements for the livestock
sector, Figure 3.8. The following sectilons
will outline the procedures used in determin-
ing the rations, the production levels, the
nitrogen balance interactions, and the re-
gional distribution patterns for the exog=-
nous livestock.

Determination of the lives Z

The livestock activities within the
model include diary, pork, beef cows, beetf
feeding, broilers, turkeys, eggs, sheep and
lambs, and a general category for "other ani-
mals" such as horses, mules, ducks, geese,
and zoo animals. Production coefficients are
required for all categories but cost data are
neesded only for the endogenously allocated
enterprises.

The endogenous livestock activities 1in-
clude hogs, beef cows, be=2f feeding and
dairy. Eyvindson's data [ 101] are used as
the basis for defining the 1nitial coeffi-
cients for projecting the data for each ac-
tivity. The livestock budgets were developed
using a procedure similar to the crop budgets
as described on page 1ll. Eyvindson defined
six different methods of producing feed bzef,
Four of these activities were based on
feeding calves after weaning until ready for
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slaughter and the other two were based on
placing animals on feed after they had grown
out in a yearling activity. No data are
available indicating the proportions of ani-
mals fed under each system to allow the dif-
ferent activities to be weighted together.
Also, size restraints on the modal prevent
+he inclusion of more than one beef feeding
activity per area. The beef feeding activity
selected fed a high roughage ration to ths
feeder during the early feeding period and a
larger proporticn of concentrates as the
weight of the feeder increased. This provid-
ed a cost component consistent with the rates
cf gain assum=d in calculating the ratios.
Weights are determined to combine
Eyvindson's data from his three farm sizes
which were determined from the economic farm
[265]. The weights for hogs are based on the
nunber of hogs marketed by economic farm
class, for beef cows are based on the number
of beef cows on hand as of January 1, 1964
for rach of the economic farm classes, and
for dairy cows are based on the nunber of
dairy cows on thz farm on January 1, 1964 for
cach of the 2conomic farm classes, Welghts
are calculated for the beecf feeding activity
based on the number of steers and h=ifers on
hand on January 1st not needed for replace-
ment as calculated from the number of steers,
heifers and cows reported on the farm by the
economic farm classes [265]. From these
weighted coefficients 1t 1is apparent that the
Midwest and East Coast producing areas would
not be competitive due to the greater propor-
tion of smaller and less efficient feedlots
in these areas. Over time those ar=as which
give way to a technological advantage will
alter their technology to make it competitive
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or they will change to the production of
other products for which they have the tech-
nological or locational advantage. In order
to allow scome shift in the technology of fed
beef production it is assumed that by the
year 2000 all ar<eas will be feeding cattle in
lots equivalent to those of Eyvindson's farm
size one (hls larger size operations).

After weighing Eyvindson's data into ag-
gregate coefficients, except for beef
teeding, the cost of production is adjusted
to reflect labor costs and interest charges
on capital required for production:

= + -
Fcij =& (ij ijwm)(l+rm) (3.16)
i:1'..l'157
J = Tpeea,t
N = senny Sptbid

where:

C. 1s the cost per unit of livestock

Jjm . . . s . ;
activity J in county m included in
Eyvindson producing area 1i;

L, 1s the hours of labor requirsd per

J™ unit of livestock activity 7 in

county m includ=d in Eyvindson pro-
ducing are=a 1i;

W 1s the wage rate per hour in county
m as determined from the state wage
rates [ 2000
r 1s the interest charge on produc-
tive capital in county m as deter-
mined from the interest rate chargad
on productive capital in the respec-
tive state [U46]; and
{ 1s the final cost of livestock ac-

] tivity j in Eyvindson producing area

e

=
M
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The coefficients, TDN requirem=nt, COSt,
and output levels, are weighted to the 223
producing areas from Eyvindson's regions con-
sistent with the total number of animal units
in each overlapping part of the regions.

A= T e 223 For thel produerngqg.ateas,
=1, .a5,4 Eor the livestock type=s
pork, dairy, beef cow or beef

feeding;

k = 1, 2,3 for the coefficients-=cost,
TDN reguirement or output,

= T aiewy 197 for Eyvindson's. producing

areas consistent with the overlap
part of n; and

n = 1,.+s, the number of ovarlap parts
of Eyvindson's regions in produclng
area 1.

where:

WC.. is the weighted coefficient Kk for
ijk jjvestock type j in producing area
13
N is the number of units of live-

J0 Stock type j in overlap part n as
determined from the 1964 Census_of
Agriculture [260];

N dis the number of units of live=

1l stock type j in producing area i as

determined from the 1964 Census _of

. e e i e i

Agriculture [ 265]; and

EC is the value of coefficient k for
Jjkm 3 yastock rype j in Eyvaindsdn's re=
gion Mm.

The coefficients by producing area are than
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ad justed to the year 2000.

e e EEEm bl R e el e ——————— R e e T —

Changes in feesd consumption by the vari-
Oous classes of livestock, Table 3,12, are de-
veloped to correspond to past trends in feed
consumption patterns with some restrictions
to keep projected feed consumptions within
the physical capacity of the animal and also
provide the estimated nutrient requirements
given the projectsd changes in production
technigues. For the hog and beef fzeding ac-
tivities the adjustments give a feed conver-
sion rate near the feed conversions obtained
pr=2sently by the commercial operators.

Table 3.12. Factors to adjust the 1964
TDN requirements for each of
the livestock classes in 2000.

Livestock Activity TDN
Pairy 1.00
seef cows 1. 00
Beef feeding 0.95
Hogs 0.865

Th= beef cow and dairy cow activities do
not show large changes in projected feed con-
sumption since the trends have indicated a
shif+ 1in composition of the ration especially
for dairy but little change in gqguantity
consum=1i.
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Changes in feed =fficiency for these two
activities arise frcm greater projected out-
put levels. The calving rate is assumed to
increase on the basis of the past state
trends, Table 3.13., The increase in effi-
ciency of feed conversions from the dairy cow
activities 1s a result of both the increase
in calves weaned and the increase 1in milk
output per cow, Table 3.13. The trands for
calves per cow and milk production are based
on 50 year linear time trends on state data.

No increase in the output 1s projected
for “he beef feeding activities as no con-
sistent trend has been daveloped which would
indicate any change in the weight of the
carcass from fed beef animals. The lower
feed regquirements are in part cancelled
against the hesavier feeders entering the
feedlot as the bsef cow operations wean
calves at a heavier weight. No change 1in
output coefficients for hogs is apparent so
the dressing percentay=s, 61.1 percent as
assumed by Zyvindson [ 101], 1s used to con-
vert the livaweight producticn 1nto carcass
weight as expressed in the d2mands.

. — . . — S S — — — — . —— T — — N —— — — —— — N — — ————— — —

A modified system of ration determina-
tion is used for this analysis. Rather tharn
allow for nutrient transfers from the commod-
i*ies to the livestock rations as has been
done in previous models [101, 116, 117].
This model d=fines alternative rations for
the livestock cat=gories which draw directly
from the commodity balance rows. Und=sr the
nutrient transfer system balanced rations ar
determined endogencus to the model, but it 1
possible to have rations which, becaus2 of




Table 3.13. Factors for changes in calves per cow
and milk per cow by state.2

=

State Calves Milk Per
Per Cows Cows
Maine 100 189
N.H. 1.01 1.62
Vt. 1.01 k.61
Mass. 1.01 e 72
Rilis 1.08 1.80
Conn. 1.04 L. 7Y
Nu¥s dig D3 1.70
N.H. 1.06 1.78
Pa. il (05 1.66
Ohio 120 1.63
Ind. U 10} 1261
i 1 1Y B 1.0 1.62
Mich. 1.08 1.67
Wis., 1.02 170
Minn. 1,02 1.66
Towa 1.02 1459
Mo. 102 1.50
N. Dak. 1502 1.46
S. Dak. ) [ 5 1.50
Nebr. 1.08 1ol
Kans. 1.03 1.5
Del. 1.08 1.58
Md. 110 1,62
Va. 10 L8
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Table 3.13. (continued)

Calves Milk Per
e Per Cows Cows
W. Va 1.10 1.40
N.C. 1.10 1.48
GG k.15 1.41
Ga. e AL8 1.45
Fla 1.10 L.oe
Ky. 1.03 1.41
Tenn 1.07 1.38
Ala 1.24 1.33
Miss 1.08 1.24
Ark. LaZ23 1.39
La. 1.19 .23
Okla 1.04 1.49
Texas 107 1.48
Mont 1.13 1e33
Idaho 107 1.69
Wyo Tiglsd 153
Colo. sl 1«55
N. Mex 15007 1.50
Ariz 1.03 1.76
Utah .19 175
Nev 1.08 LaZl)
Wash 1.01 1.75
Oreg 1.13 1.64
GCalif T, BEL 1.86

ia*-l!Calt:ulatec:l as projected output in 2000/output

in 1964.
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the commodities included, are not palatable
to the livestock unit. An example is to pro-
vide the energy component of a beef feed ing
ration from wheat which under normal manage-
ment systems 1s not a feasible alternative.
All rations provided for each of the live-
stock groups are balanced in separate mathe-
matical formulations basz=d on the nutrient
requirements specified by the National
Academy of Sciences[ 165, 166, 167]. The
rations are formulated to provide alternative
levels of substitution between grains, be-
tween roughages and grains, and between the
roughages given a grain component. These
rations reflect research based recommenda-
tions which approximate an optimal level of
feeding efficiency. In order to account for
the "inefficiency" of actual production, the
rations are adjusted to set the level of
total digestible nutrient consumption at the
level of projected TDN consumption as de-
scribed above to give the regional rations.
By providing alternative rations at the outer
edges of the substitution possiblity, a
linear combination of these rations will pro-
vide the system with a larger number of poSs-
sible rations.

In the rations the oilmeal requiremants
are based on the total demand for soybean
meal equivalent high protein supplements.
Part of this requirement is satisfied by high
protein grain by-products or from animal
slaughter by-products. The historic consump=-
tion patterns of animal and grian protein are
related to slaughter and milling, respective-
ly. The consumption level per unit of proc-
essing determined is assumed to hold to the
year 2000. Livestock production has its high
protein demands reduced by the expected pro-
duction resulting from the slaughter of each
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type of livestock and the milling production
of grein protein is accounted for by
adjusting the per capita consumption of the
commoditi2s determined.

The rations for the exogenous livestock,
Table 3.14, are used in conjunction with the
projected level of the exogenous livestock

group to creat a predetermined demand for the
commodities.

i S mm— — ATEE T I S ki S Dk N S T e i — i — i — T — IR T S

State data were used to develop the
livestock water use coefficients [31, 164,
251]. The livestock diversion is assumed
equal to consumption. Where production areas
cross state lines, the water coefficients are
determined by setting the county water coef-
ficient equal to the coefficient of the state
in which it is located, Table 3.15, and
weighting the assigned county coefficients
proportionate to the number of the relevant
animal units in the county as determined from
the 1964 Census of Agriculture [265 1.

. ———— S S S ———— — T — — I — I — N —— —

Livestock production of nitrogenous_wastes

e s S eSS g SR SRS ST S — T T S ——— . — ——

Livestock wastes historically have
served as a local source of plant nutrients.
With the advance of technology and the re-
sulting concentration of large numbers of
livestock in localized feeding facilities,
the disposal of the waste products has become
of concern to the operators of the facilities
and the commanity. All livestock activities
considered in the model produce a quantity of
nitrogen wastes which may be utilized 1in the
cropping sector as a fertilizer nitrogen
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Table 3.14. Rations for the exogenous livestock activities.

: Corn Sorghum Barley Oats Wheat Oilmeals Pasture Units
Livestock
bu. bu. bu, bu, bu. cwt . tons

Sheep 1.04 0.25 082 017 0001 1.01 1.01 cwt carc
Broilers 27 .01 1.89 0.67 Q.15 0.14 1.2:..29 0.0 1000 1b rcw
Turkeys 44 .45 7.94 0.0 1.33 2.70 14 .43 0,01 1000 1b rcw
Eggs 36,86 Q. d 6 260 3.69 12,36 0.0 1000 doz
Other 9.99 2.84 LA:5Y 165 0.43 0.96 0.16 index = 1000

I e e —WRT© W Tl - R e W e S I e e T e T— . TR
i TN NS, e T —r—



Table 3.15. Water consumption by livestock activity units by state.

Hogs Turkeys Chicken Broilers Sheep & Dairy Beef Feeder Horses

Lambs
a.f. (5 5 a.f. a.t, a.f. aof, a.f. a.f. a.f.
per per cwt per per cwt per cwt per per per per
cwt car. ready- (000) ready- of cow cow head head
to-cook dozen to-cook carcass eq. €q.

Arizona - - = - - . 0409 - - -
Arkansas .00092 .00029 .00306 .00054 - . 0409 .0197 - .0168
California - - - - - .0341 .0197 - .0168
Colorado .00060 .00066 .00550 .00097 - 0204 0144 - -
Missouri B .00029 = = - .0409 .0263 - -
Nevada - - - - - - .0079 - -
New Mexico .00092 - .00306 .00054 - .0341 - - E
South Dakota .00230 .00055 .00611 .00108 - L0477 <0187 - .0134
Wyoming . 00184 = .00367 .00065 .00668 ,0409 +O0X57 - -
Other states .00138 .00022 .00244 .00043 .00668 .0273 0131 .009% 0112

SOURCES :

Clark [5]; Murray [41]; U.S. Dept.

Agr.

[ 951]..
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source. Data expressing the daily production
of nitrogen wastes for the different classes
of livestock [151, 173 ] are adjusted for the
efficiency of the handling system ard for the
feeding time and pattern of the activity
[300]. The calculated per unit production of
nitrogen, Table 3.16, is used as the activi-

ties coefficient for interacting with the ni-
trogen sector.

Table 3.16. Nitrogen fertilzier equiv-
alent wastes from livestock.

'-—__-—__---_'_—_-—__—___- — —— e N S S S G S S G — —

Type Unit Lbs. of N
per unit
Beef cows Head per year 58.0
Beef feeding
(5= Head per day o 102
Beef feeding
(Z.ZSEJ Head per day - 103
Beef fesding
(3.0) a/ Head per day + 105
Dairy Head per day 142.0
Hogs Cwt. liveweight 2«8
Eggs 1,000 dozen 205
PoultryE/ 1,000 1lbs. ready
to cook weight 28.0
Sheep Cwt. carcass
weight 2417

a/ Rates are expected daily gain of the
feeders while in the lot.

b/ poultry represents the production of
broilers or turkeys.

_n_’
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The gquantity of nitrogen equivalent
wastes produced by broilers is determined and
a comparable production of nitrogen waste 1is
calculated for the other poultry classes
based on feed consumption and commodity pro-
duction relative to broilers. Sheep and lamb
wastes are calculated from the coefficients
of the endogenous ruminants based on the
waste production per unit of output.

The Demand Sector

Restraints are defined in the progran-
ming model to require production of the com-
modities at a level consistent with domestic
food and fiber, export, and intermediate feed
requirements. The endogenous uses are as in-
termediate inputs (feed) for the livestock
sectors and are discussed in the livestock
sections of this report. The exdgenous re-
quirements for domestic and export uses are
outlined below.

Per_capita commodity demands
The per capita direct demands for corn,
sorghum, barley, oats, wheat, and sugar beets
are based on the average 1967 to 1969 use of
cach. The corn and sorghum demand is based
on their uses feor milling, brewing and
cereals. Similar uses are considered when
calculating the demand for barley, oats, and
wheat. The per capita consumption level of
cotton is calculated using the consumption
levels over the past 30 years and projecting
to 2000 on this basis. The average sugar
beet production per capita over the 1967 to
1969 period is used as a proxy for the demand
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for sugar. This procedure is used since a
large proportion of the sugar consumed in the
nation i1s imported from countriss producing
sugar cane and to assume some increase in the
proportion of total sugar from sugar beets is
not warrant=sd when ccmpared to past trends in
the sugar market.

Per capita consumption levels of beef,
pork, and broilers are determined from the
price-quantity equations developed by Waugh
[301]. These equations were daveloped in a
price d2pendent form and for quantity deter-
mination were inverted to give:

- 0.0386Y (3.18)
+ 0'07283m: + 0.,0032Y (3.20)
QB = 32,0623 + 0.1076P, + 0.0728PP
where:

Q, 1s the beef consumed in pounds per
capita in 2000 on a carcass weight
basis;

Q_  1s the pork consumed in pounds per
capita 1n 2000 on a carcass weight

basis;
0 15 the broilers consumed in pounds
s per capita in 2000 on a ready-to-cook
basis;
P 1s the expected price of beef in
B 2000;19 | :
P 1s the expected price of pork in |
P 2000;19
P is the expected price of broilers 1in

J
!
Br  2000;19 }
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Y is the projected per capita
isposatle income 1in 2000.20

Using the prices assumed to prevail in 2000
and the appropriate level of disposable in-
come the equations are solved for the per
capita consumption levels for the respective
quantities, Table 3.17.

The per capita consumptions of turkeys,
milk, eggs, and lamb and mutton are calcula-
ted from the following equations, respective-

iy=
2. 40871 -043835 019929
QT = PT PB
0.21801
t (3:27)
6= 6301 = (G:0T9E
6.00183 - 0.1264¢t
= a e 23
Q, (3.23)
5.56087 =i« 95916 027397
QL =5 PL PB
0.36813 =o 3TTD
Y t (3. 24)
where:
QT is the turkzsy consumed in pounds per

capita in 2000 on a ready-to-cook
basis;

0 1is the dairy products consumed in
pounds per capita in 2000 on a whole
milk equivalent basis;

Q0 is +the number of eggs consumed per
capita in 2000;



Table 3.17. Projected per capita consumption levels for the commodities
in the year 2000.

Commodity Consumption Commodity Consumption

Corn 1.20 bushels Fed beef 108 1bs. carc. wt.
Sorghum 0.05 bushels Nonfed beef 51 1bs. carc. wt.
Wheat-total 2.58 bushels Dairy products 4.04 cwt. milk eq.
Wheat-spring 0.52 bushels Pork 68 1lbs. carc. wt.
Oats 0.22 bushels Broilershf 40 1bs. ready-to-cook
Barley 0.58 bushels Turkeyhj 9 1bs. ready-to-cook
Oilmealaﬂj 0.09 cwt. Lamb and muttonhf 3 1bs. carc. wt.
Lint cotton 12.0 pounds Eggshf 207.5 eggs

Sugar beets 0.11 tons

-Efﬂilmeal requirement reflects an adjustment for the high protein

grain by-products provided from the milling of the per capita equivalent
of the other grains.

b : : : : -
— Not used directly in the population-industry activities but used
in conjunction with the population to determine the level of commodity

demand and the resource use by class of livestock in the exogenous live-
stock sector.
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Q. is the lamb and mutton consumed 1n
L ; : .
pounds per capita in 2000 on a
carcass weight basis;
e is the Lase of the natural
logarithm;
P is the expected price of turkeys 1in
2000;21
P is the expected price of beef in
2000; 21
is *ime in years after 1947,
P is the eoxpected price of lamb and
mutton in 2000 ;272
is the projected per capita incone
in 2000.,23

ct

<

The per capita consumption levels of
turkeys, broilers, lamb and mutton, sSugar
bects, and eggs, Table 3.17, are multiplied
by the projected population and adjusted for
foreign trade to give the lower bounds on the
national production activities for the re-

spective commodities. The per capita demands
for beef, pork, and milk are used in the pro-
ducing ar=a population activities to creat a
demand in *the consuming region equal to the
sum of all the producing areas' population
times per capita consumption for the commodi-
ty in 2ach consuming regilon.

Activities are included in the program-
mirg model to represent alternative levels of
agricultural commodity exports. The base
export levels us=d for all commodities are
1969-71 average volumes, Table 3.18. The
export levels fcr the exogenous commodities
is handled in the programming model by ad-
justments in per capita requirements for a
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given commodity. A net import decreases the
production requirements of the commodity.

Table 3.18. Base level net exports of
commodities for the year 2000.

Commodity Import Export
(000) (000)

Corn 626,333 bua
Sorghum 126,666 bu.
Barley 48,666 bu.
Oats 16,179 bus
Wheat 658,719 bu.
0ilmealsd/ 276,407 cwt.
Cotton 3,306 bales
Beef 22 ;453 cwts
Pork 45 349 -euts
Dairy

productsbf 4,661 cwt.
Brcilers 295 L6 eVt
Turkeys 44,162 cute
Eggs 68,699 doz.
Sheep and

lamb 1,647 cwt.

——————————— ——— — ——— — S — i T — —— T W S — — i —— — —— i — W _——

a/0jlneals ars e xpressed as soybean
oilmeal equivalent of soybean cilm=sal,
cottonseed oilmeal, cottonseed and soy-
beans.

E/Dairy products are expressed as cwt.
of milk equivalents.
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Exports of corn grain, sorghum grain,
barley, oats, wheat, and oilmeals are allo-
cated to the consuming regions proportional
to the averag= exports of each commodity from
thz major ports over the 1967-69 period [ 36,
3T 3By 3]s

The Transportation Sector

The availability of and demands for com-
modities are defined by consuming region.

This implies that there is no spatial
differentiation among commodities produced or
demanded in various producing areas within a
consuming region. However, among consuming
regions, the cost of transporting commodities
is specified.

Consuming regions are defined using dual
criteria: first, the central city is a major
metropolitan area and second, the central
city is a transportation center. FoX [ 03]
defined 24 such regions which are modified
such that 30 consuming regions are defined.
The precise boundaries of the consuming re-
gions are determined by the boundaries of the
producing regions included.

A S o — — — — i — A —— I — —

Transportation routes are defined be-
+ween each pair of contiguous consuming re-
| gions. The model is basically one of partial
trans-shipment. However, some heavily used
long haul routes between noncontiguous re-
gions also exist, and transportation routes
ar= defined to represent the long haul routes
if the route reduced the mileage by ten per-
cent over +he accumulated short haul routes.

L R s
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Over each route two activities are defined

for each commodity--one activity for shipment
in each direction.

— I ——— i R R e T e e p— O IE I e ST e

A uniform rate is applied to each com-
modity over all routes. Ton-mile rates as
functions of distance for various commodities
are determined by least-squares regression
from data given in the 1966 Carload Waybill
Statistics [ 135]. Table 3.19 shows the equa-
tions used.

Similar data on milk shipments are not
available. However, over-the-road costs of
fluid milk transportation have been estimated
by Moede [ 161]. The costs are calculated as:

C = 4.434 + ,058C when D < 225,
C = 6.293 + .058D when 225 <D < 450,
(3.32)

C =8.878 + 0.58D when 450<D <675, .
C = 8.444 + 0.59D when 675 < D,
where:

C 1s cost in cents/ton-mile and
D 1s distance in miles.

In calculating the costs for the trans-
portation activities, these rates are held
constant. The carcass rate is used for both
beef and pork. The cost for each activity is
the distance of the route multiplied by the
appropriate rate, converted into the units of
the commcdity restraint row.
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Table 3.19. Calculation of rail freight
ra tes.

e T S — S S S S (e S S Sy — I . I AT I W — — — ST, T e e LGN NS SR OSSN ETE IS SR S i s

Carcasses C = e (3.25)
2.35975-0.318496D
Oilm=als C = e (3. 26)
3.269555-0.337677D
Feeders C = e { 3=27)
3.723356~0.538235D
Wh=at G = (3. 28)
3.513613-0.518981D
Sorghum g = @©e (3.29)
Ccorn C = e (3s 30)
2.544014-0.310044D
Barley C = e (3531

. —— e e  —— " T — ——— — pr————— T BB B X R L

Efc ijs *he cost in cents/ton-mile; D
1s distance in miles.
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Chapter Four

Results Available
from the Model

AN OPTIMAL solution obtained by the model for
the set of equations defined in Chapter IT
provides the base regional activity levels
which minimize the total costs of meeting the
specified demand levels subject to the given
restraints. This set of base activities can
be combined with the support data to allow
for presentation and interpretation of the
results. This section initially will cover
the interpretations of the solution variables
and will follow with a discussion and sample
of the possible complete output of the pro-
duction variables in the model. The program-
ming solutiocn procedures include three rou-
tines which provide separate interpretations
of the system of equations solved. These in-
clude the solution, indicating the levels of
the activities and the associated limits,
costs, and use of the activity or resource; a
randge analysis, indicating the amount of
change which can occur in each of the varia-
bles before the basic solution is altered;
and an analysis of the change that will occur
in the basic solution if a specified nonbasic
activity is included.

150
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Interpreting the Solution

Included in a solution of the program-
ming procedure 1is an analysis of the re-
straints (rows) and the analysis of the ac-
tivities (columns). In most of the commer-
cially available packages, these sections are
handled i1ndividually in the solution prints.
The restraint or rows' section of the solu-
tion indicates the level of use, the range of
possible use, and the implied value of the
restraint,

The level of use of a restraint 1s de-
termined as the sum of all activity levels
multiplied by +heir interaction coefficient
for the given recstraint or:

Rilip o= X @& . (4. 1)
J il 1)
3 =R e ey O @all activities,
Jo= 1.2 ,)«e0y for all restraints,
where:

RL; is the level of use of resource j;
; 1s the level of incorporation of
actiyvity 41: and
a:: 1s the interaction coefficient be-
tween activity 1 arnd resource j.

The value of RL. will be confined by the
lower and upper limits cf incorporation spe-
cified for the resource. These values are
listed to the right of the activity level on
th2 solution print. The slack activity
listed represents the difference between the
defined restraint for the row and the activi-
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ty level reported. If the row is designated
as a "less than or equal to" restraint, the
slack 1s calculated using the upper limit as
the restraint even if a lower limit is also
defined. Similarly, if the row is designated
as a "greater than or equal *o" restraint the
slack 1s calculated using the lower limit as
the restraint even if an upper limit is also
jefined. Thus, slack activity levels for the
"greater than or equal to" rows will be nega-
tive and on the "less than or equal to" rows
will be positive,

The implied value of the resource is in-
dicated as the dual activity of +he row in
the model. The dual activity is often re-
ferred o as the shadow price and represents
the marginal value product of the resource.
The value of the dual activity is zero unless
the restraint is at a limit in the given so-
lution., The dual activity or margimnal value
product represents the amount by which the
total cost (objective function value) of the
program will be reduced if the limit on the
supply of the resource is reduced by one
unit. In cther words, it represents the mar-
ginal value product of the last unit of the
resource, On the restraints that simulate
markets, the dual activity represents the
marginal cost of the last unit of the commod-
1ty and wculd reflect the market price if all
input's costs are considered in the model.
These marginal costs reflect both the produc-
tior and transpcrta*ion costs of satisfying
the demand.

Being consistent with the definition,
restraints at +*he upper level will have a
positive dual activity as a limit of one less
would remove from use +he last unit and would

- e e sl S —

ca+ted amcunt. Similarly, restraints at the
y
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lower limit will have a negative dual activi-
ty, and those at nonrestrained levels will
have a dual activity value of zero. Within
the model, as developed, dual activities or
shadow prices are determined at the producing
area level for nitrogen fertilizer, pasture
in hay-equivalent value, and lard by the nine
land classes. Shadow prices are determined
at the water supply region level for water
and at the market region for all the commodi-
ties except sugar beets, cotton, and spring
wheat which have national markets and thus
national shadow prices.

The final section of the solution is the
columns' or activities' section. This sec-
tion of the solution lists the activities,
their status in the solution--either at a
limit, in the basis, or not in the active
solution--the level of incorporation in the
solution, the input cost for the activity,
and the reduced cost or shadow price for the
activity. The activity level represents the
actual number of units of the activity incor-
porated into the solution to minimize the
value of the objective function (cost func=-
tion) subject to the resource availabilities
defined. The input cost i1s obtained from the
objective function coefficient for the activ-
1ty and represents its associated
nonendocgenously determined costs of use. The
"' lower and upper limits are as the titles
}| indicate--the imposed lower and upper limits
t on the activity as set in *he bounds' section
of the programming procedures. The normal or
defaul*t values for all activities are a lower
| limit greater than zero and no upper limit,

The reduced cost or activity shadow price
represents the amount by which the objective
function (the model cost) will be reduced 1if

the activity level was reduced by one unit,

| 2
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Thus, activities with no upper bound have no
reduced cost or shadow price as their only
cost 1s assoclated with rescurce availability
and not with limits on their use. Activities
at a lower bound (generally demand-creating
activities) will have a positive shadow
price, and activities at the upper limit will
have negative shadow prices. All activities
not included in the basis have zero activity
levels and are at the lower 1limit of zero and
reflect a shadow price equivalent to the
change in *the cost function if one unit of
the activity was inccrporated--in other
words, the penalty which would be experienced
from introducing use of the activity.

The solution provides the basis for de-
t*ermining the variations in the results.
When combined with the secondary input data
sets, 1t provides the total of the compari-
sons which can be made fketween two alterna-
tive solutions tc the model. These data com-
parisons for the present model are outlined
1n the upcoming section. However, prior to
*his comparison, an outline will be given of
two other output techniques which can provide
supplementary data to analyze the signifi-
cance and the sensitivity of the results ob-
taired,.

Rdditicnal Output Data

These two additicnal outputs from the
programming analysis include a range analysis
and ar analysis of the impact on the basic
solution of changing one activity level with-
in the model.

Range analysis is a post-optimal proce-
iure which undertakes ar analysis of the
moiel in terms of i*s present basic solution.
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The range analysis provides *hree types of
informaticn. They are:

1.

An indication of the effect of a
cost (objective function valu=e)
change on the optimum activity
levels,

The cost of changing a column ac-
tivity from the optimal level and
the activity range over which this
cost will prevail. This gives an
indication of the range over which
the reduced cost or shadow price of
an ac+tivity will holqd.

The value to the solution of a
change i1n a row activity level and
the interval over which it 1is valid.
This gives the range of possible
resource level changes over which
the dual activity or shadow price
will ke relevant for the given re-
scurce oOr other restraint.

This type of analysis gives an indica-
tion of when a solution needs %o be
reestimated because of changes in the costs
or availability of the resources or produc-
tion techniques. The printout gives an 1indi-
cation of the relevant length of the particu-
lar linear segment of a demand or supply
curve that +he solution is presently indicat-
ing as the equilibrium sector.

The second type of pos*t-optimal analysis
is obtained by premultiplying a given
nonbasic vector by the inverse of the basis.
This operation gives the impact on *he solu-
tion caused by introducing a given activity
and could represent investigating the possi-
ble effects of incorporating a conbasic com-
modity or technolcay into the agricultural
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production sector. The procedure also allows
for a print of the current inverse to give
tha unit interaction coefficients for the
basic variables. This provides a require-
ment's matrix for all the basic variables.

Format of Results

The optimal scluticn to the programming
modiel, when combined with the second level
ilnput data, provides the basis to determine
the impacts of the alternative policies being
avaluated by the model irn greater detail than
is available from the sclution as an individ-
ual source. The results available, on a re-
gional basis, include data on:

1. acres of dryland and irrigated
crops by land class;
2. nitrocgen utilization and price;
3. an agqregative water-use table;
4, yields cf dryland and irrigated
crops by land class;
> value cf resource use in crop pro-
duction;
6. the quantity and value of resource
used in livestock production;
7. the guantity and value of the com-
modities produced;
8. land use, value of land, soil loss,
and slack land-ty-land class;
9. acreage and soil loss by land class
and conservation-tillage practice;
10, acreage and percent of land farmed
under rotations of varying length;
and
11. water balance Lty water supply re-
gions fcr both consumption and
withdrawal needs.

B s, il
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The specific format and interpretation
of these information items are presented in
the following tables with theilr supplementary
term definitions. The tables are presented
as produced in the summary routines presently
used with the model. Most indicate the na-
tional summary but can Le obtained at the
producing area, market region, or any other
predetermined aggregation level desired. The
greater the level of aggregation, the lower
the level of bias resulting from the linear
characteristics of the prcgramming system.



es® MODEL I-C SUMMARY: HIGH EXPORT  wew SUM1 FOR UNITED STATES PAGE 0 A
BARLEY CORN-G CORN-S COTTON HAY-L HAY-N FALLOW DATS PAST-N SORG-G SORG-S S BEAN § BEET  WHEAT
Table 4.1. <€<<< DRYLAND CROP ACREAGES >>>>>
LG1-D 358 10987 2084 1746 1069 42 & 434 0 0 149 1108 2890 0 1433
LGI-1 0 0 0 291 378 0 0 0 0 0 279 0 0 0 182
LG2-D 498 25887 4733 947 12371 125 299 1561 0 0 2150 4261 13967 0 6873
L62-1 0 0 0 ASS 602 0 0 281 0 0 1347 232 0 0 T4
LG3-D 716 35331 2526 4061 11521 285 412 1405 0 0 570 2756 6899 525 B&06
LG3-1 0 0 0 4 114 121 0 21 0 0 0 0 0 0 12
LG4=D 4414 10705 2143 2193 12708 1219 1017 2136 0 0 5640 2365 RETS 130 11921
LGa~1 98 13 0 315 122 4 72 1 0 0 1€l 34 313 0 114
LGS-D 2717 B418 1108 2721 7660 1087 164 1049 0 0 331 3296 9872 292 7535
LG5=1 2¢ & 0 2 149 481 0 16 0 0 123 92 6 0 109
LG&-D 924 2735 566 918 7177 629 975 1143 0 0 2504 B27 1878 40 BO38
LGo&~1 27 17 0 17 72 8 13 1 0 0 23 45 17 0 149
LGT-D 5329 1008 372 1981 7249 215 123 389 0 0 535 373 4528 60 2830
LGT-] 43 0 0 2 75 16 24 3 0 0 32 0 0 0 122
LGB-D 0 28 0 9 118 10 0 15 0 0 15 0 13 0 111
LGB=1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LG9-D 0 348 0 0 2923 1608 674 816 0 0 222 34 56 0 1401
LGO- I 2 0 0 0 15 2 25 3 0 0 34 2 0 0 38
LGLO-D 0 0 0 0 0 0 0 0 0 £35491 0 0 0 0 0
LGLO-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SUB LG1-5 8827 91365 12594 13155 48694 3364 1970 8904 0 0 10950 14143 42542 948 36859
oy SUB LG&-9 6326 4136 938 2987 17629 2506 1834 2369 0 0 3364 1281 6893 101 12689
o  TOTAL 15153 95501 13533 16142 66322 5870 3804 11273 0 635491 14314 15424 49435 1048 49548
Table 4.2. €<€<<< IRRIGATED CROP ACREAGES >>>>>
LG1 0 1789 498 857 947 0 0 121 0 0 223 472 0 54 104
LG2 17 625 158 159 1213 0 0 119 0 0 478 118 298 2 320
LG3 216 247 Iz 195 2216 0 0 80 0 0 156 215 90 a0 531
L G4 116 227 429 63 785 113 0 29 0 0 153 0 33 1 356
LGS 207 417 328 176 2184 0 0 &5 0 0 136 0 12 65 258
LG 0 21 139 6 284 0 0 6 0 0 136 0 10 1 160
LGT 91 9 178 113 158 22 0 12 0 0 4 0 1 11 49
LGA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LGS 42 0 0 0 103 0 0 0 0 0 0 0 0 3 11
LG1O 0 0 0 0 0 0 0 0 0 9504 0 0 0 0 0
SUB LG1-5 556 3305 1725 1650 7345 113 0 415 0 0 1146 805 433 201 1570
SUB LG&~9 133 30 317 119 T46 22 0 19 0 0 140 0 12 15 220
TCTAL 689 3335 2042 1769 8091 135 0 434 0 9504 1286 805 bbb 216 1790
GRAND TCTL 15842 98836 15574 17911  T4413 6006 31804 11707 0 644995 15600 16229 49879 1265 51338
Table 4.3. <<<<< NITROGEN BALANCE TABLE >»3>>
e R ——— = A B B e e e e 1) AU 1 ) [
PURCHASED LIVESTOCK ROT AT 1ONS TOTAL USED SLACK PRICE
QUANTIT Y 23161626432 7200732, 41 0. 00 30362358,72 3024800941 114349.32 0.00
VALUE 3232988.98 986015, 36 0.00 4219004, 34 4219006, 43 -2.09 Dul%
Table 4.4. €<<<< WATER USE TABLE 33355
CROPS L IVESTOCK VALUE PRICE
65150.50 1223.06 1274750430 19.21
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Description of the row and column headers in Table 4.1; dryland
crop acreages by soil group.

Rows

1. LG1-D is
2. LG1-T is
3. LG2-D is
4., 1G2-I is
5. LG3-D is
6. LG3-I is
7. LG4-D is
B. LG4-1 is
9, LG5-D is
10. LG5-I is
11. LG6-D is
12, LGH-I is
13. 1G7-D is
14, LG7-I is
15. LG8-D is
16, LGB8-I is
17. 1GY9-p 1s
18. LGY9-I is
19,

land
land
land
land
land
land
land
land
land
land
land
land
land
land
land
land
land
land

class I dryland

class I irrigated land used for dryland crops

class I1E dryland

class TIE irrigated land used for dryland crops

classes 115, IIW, IIC dryland

classes 118, ITW, IIC irrigated land used for dryland crops
class IIIE dryland

class IIIE irrigated land used for dryland crops

classes ITIS, IIIW, IIIC dryland

classes IIIS, IITW, IIIC irrigated land used for dryland crops
class IVE dryland

class IVE irrigated land used for dryland crops

classes IVS, IVW, IVC dryland

classes IVS, IVW, IVC irrigated land used for dryland cxops
class V dryland

class V irrigated land used for dryland crops

classes VI, VII, VIII dryland

classes VI, VII, VIII irrigated land used for dryland crops

LG10-D is total noncultivated hay (including wild hay) and non-
cultivated pasture dryland

LG10-1I is total noncultivated hay (including wild hay) and nonculti-
vated pasture irrigated

SUB 1LG1-5 is the summation of rows 1-10
SUB LG6-9 is the summation of rows 11-18
TOTAL is the summation of rows 1-20

20.

21.

22,

235

Columns
1. BARLEY is
2, CORN-G 1is
3. CORN-S is
4. COTTION is

(000 acres)

barley for grain

corn for grain

corn for silage

cotton for lint (by product is cotton seed oilmeal)
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10.
11.
12.
13
14.
15.

HAY-L is legume hay grown in rotation

HAY-N is nonlegume hay grown in rotation
FALLOW is summer fallow land

DATS is oats for grain

Empty file

PAST-N is
SORG-G is
SORG-S is
S BEAN is
S BEET is

permanent pasture and hay not cultivated in rotation
sorghum for grain

sorghum for silage

soybeans for beans

sugar beets for beets

WHEAT is wheat (all wheat) for grain

Description of the row and column headers in Table 4.2; irrigated crop
dcreages by soil group.

Rows

1. LGl
2. LG2
3. LG3
4. LG4
s LG5
6. LG6
7. LG7
8. LG8
9. LGY
10.

J &1 B

12,
13.

14,
Columns

is
is
is
is
is
is
is
is

is

land
land
land
land
land
land
land
land
land

class I irrigated

class IIE irrigated

classes IIS, IIW, IIC irrigated
class IIIE irrigated

classes ITIIS, TIIW, IIIC irrigated
class IVE irrigated

class IVS, 1VW, IVC irrigated
class V irrigated

classes VI, VII, VIII irrigated

LG10 is total noncultivated hay and noncultivated pasture irrigated

SUB LG1-5 is the summation of rows 1-5

SUB LG6-9 is the summation of rows 6-9

TOTAL is the summation of rows 1-10

GRAND TOTAL is the summation of row 23 from Table 4.1 and row 13
from Table 4.2.

Columns are the same as for Table 4.1,
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Description of the row and column headers in Table 4.3; nitrogen
balance table.

Rows

1. QUANTITY is the quantity of nitrogen (000 tons)
2. VALUE is the value of nitrogen (000,000 dollars)
Columns

1. PURCHASED is nitrogen purchased

2. LIVESTOCK is nitrogen from livestock wastes

3. ROTATIONS is an empty file

4. TOTAL is the summation of columns 1-2

5

. USED is the amount of nitrogen used by endogenous and exogenous CIoOpS
(over and above nitrogen contributed by legume carry over)

o

SLACK is column & minus column 5 (surplus nitrogen from livestock)

7. PRICE is the weighted average shadow price of nitrogen (dollars
per pound)

Description of the row and column headers in Table 4.4; water use by
endogenous crop and livestock production.

Rows
No rows
Columns

1. CROPS is the quantity of water consumed by endogenous crops (000
acre feet)

2. LIVESTOCK is the quantity of water consumed by endogenous live-
stock (000 acre feet)

3. VALUE is the total value (price times quantity) of water consumed by
endogenous crops and livestock production

4. PRICE is column 3 divided by the summation of columns 1-2 or the
average price of water consumed (dollars per acre foot)
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#%% MODEL I-C SUMMARY: HIGH EXPORT "k SUM]1 FOR UNITED STATES PAGE O B
BARLEY CORN-G CODRN-S COTTON HAY=L HAY=N FALLOW OATS PAST-N SORG-G SNRG-S S BEAN S BEET WHEAT
Table 4.5. €<C<< DRYLAND CROP YIELDS >>>>>
LG1 40.0 11B.4 15.2 lake 4.2 2.5 0.0 63,2 0.0 0.0 40.6 25.0 38.7 0.0 39,2
LG2 606 104.5 13.6 1.0 3.0 2.3 0.0 60.5 0.0 0.0 38,1 15.9 35.3 0.0 35.8
LG3 42 .4 106.3 12.0 1.3 3.0 2.2 0.0 bleb 0.0 0.0 60.9 17.2 34.1 214 34.4
LG4 45.0 97.3 10.6 1.0 2a:1 I 4 D.0 472 0.0 0.0 47.0 17.8 34,5 20.3 33,9
LG5 40.9 79.1 10.9 0.9 2.8 2.0 0.0 57.2 0.0 0.0 21.3 9.3 29.7 19.1 33.4
LG& 39,3 79.8 9.3 0.7 2.6 2.0 0.0 46.2 0.0 0.0 33,4 8.0 32.0 18.9 24.5
LGT 20.1 57.4 8.0 0.9 1.8 le& 0.0 37.3 0.0 0.0 25.6 b6 28,6 16.5 By 45 ¢
LGR 0.0 48,0 7.5 0.3 2.6 le7 0.0 42.3 0.0 0.0 19.1 0.0 14.1 0.0 16.0
LGq' 22.5 3’2-“ ﬂ-a ﬂ'.ﬂ' 1!3 1-3 ﬂ-u Eﬁ.q Dtu u.ﬂ 'BI& ﬁ.q T-T ﬂ-ﬂ 1]‘5
LGlO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0«0 0.0 0.0 0.0
SUB LG1-5 b4 .2 102.9 12.8 Yal 3.0 1.9 0.0 57e2 0.0 0.0 43,5 15.6 33.9 20.5 34.5
SUB LGE"‘; 23-& T'D-l E.B ﬂsg 2.2 1-5 D-D 33-0 0.0 {.'I.Cl 3&-1 Tci 29-* 1?-5 21.&
TOTAL 35.3 101.5 12.5 =3 | 2.8 1.7 0.0 53,2 0.0 0.1 40.4 14.9 33.2 202 31.2
Table 4.6. €<<<< [RRIGATED CROP YIELDS >>>>>
LG]- ﬂ'-u 133"9 20-1 Zaﬂ 5‘-‘] U-ﬂ l:lo'D QEll ﬂaﬂ D-ﬂ 10&-& ZQ-E D‘.ﬂ 33‘!2 ﬁ?lg
LG2 121.2 110.3 16.5 lats 6.1 0.0 0.0 9l.4 0.0 0.0 55.8 18.2 4T.5 16.7 74.5
LG3 £0.3 110. € 14.9 2.0 &£.0 0.0 0.0 T6.9 0.0 040 Blab 18.6 b4aT 20.3 T71.3
LG4 57.3 91.0 13.8 1.5 3.9 la 0.0 529 0.0 0.0 T2.4 0.0 35.2 16.1 46T ot
a’ LGS 56,2 73.7 11.9 1.3 5al 0.0 0.0 40 .1 0.0 0.0 48.7 0.0 43,2 232 49,2
M Lrlé th 73.‘1 ILIT I.G 3-& D-ﬂ ﬂ.ﬂ 3?-9 ﬂ-ﬂ U.D 5?!5‘ ﬂ.ﬂ 35-5 1"0-‘! 3942
LGT 19,7 £T.6 10.7 1.8 4.1 1.3 0.0 27.9 0.0 0.0 63.3 0%0 3Il.% 17.3 §l.6
LGB 0.0 0.0 0.0 0.0 D.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LGo 24.0 0.0 0.0 0.0 543 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Eott 21.8
LGlO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0 0.0
SUP- LE]-_E GD.G 1“19 IE.T liq 5!5 11“‘ QIG BD.# ﬂ-ﬂ' D.{'.l Tﬂ-& 19-7 45'9 2'&.& &ZIT
SUB LGﬁ"q 3"!‘-5 Tli'ﬁ 11-2 1-& lﬁ'l-.l. 1-3 0..0 31-2 0=0 U-D 57-& 0.0 35-3 1#.4 35'3
TOTAL 551 146.2 15«0 1.9 5t Lok 0.0 T8.3 0.0 2.5 £9,2 19.7 45,6 23.9 59.7
GRAND TCTL 36.2 103.0 12.9 1.2 £ P | IsT 0.0 LT | 0.0 0.1 42.8 15,2 33.4 20.9 32.2
Table 4.7. <<<<< RESOURCE USE IN CROP PRODUCTION - VALUES 3>>5>
LAND WATER LABOR PEST FERT-T FERT-N FERT-DRJ MACH OTHER SOIL-LOSS ToTAL
BARLEY B92352 3427 106896 9057 T&820 33036 43784 482102 3907 0 1574560
CORN-G 16729759 107839 1233203 774072 2852107 1675485 1176622 54456283 437934 0 27581237
CORN-S 2418691 37326 2861135 11997 366714 159286 207429 10804683 68530 0 4290080
COTTON 3246398 1083249 623684 318437 275861 114946 160915 1019160 111622 0 5703452
HAY - TS8R4 64 3271923 B4E666 64960 4315791 37709 3980A2 3096873 305897 0 130646573
HAY-%Y S38650 680 51685 17998 27666 13169 14497 219471 2B669 0 884819
S FALLOW 260684 a 24076 2041 0 0 1] 130152 1479 0 418433
DATS 1174027 6450 BRT27 20191 120809 11698 109111 395537 1524 0 1813304
0 0 0 0 0 0 ) 0 0 0 0
PAST-N 0 0 0 0 0 0 0 0 0 1] 0
SCRG-G 1650419 BB154 119098 14634 145554 76994 68557 586550 12824 0 26170323
SORG-% 2416293 108959 326018 8301 281705 40196 241513 1182639 44862 0 4368782
SCYBEANS 17177184 20844 207501 125028 105550 3237 102313 12526989 45108 (1] 9474515
SUGAR BEET 172754 1358 30979 3226 21812 3292 18521 26428 4138 0 260&95
WHEAT 5521563 40379 249913)1 17024 460259 178571 281488 1382441 14876 0 1168474
TOTAL S0729B80 AS1TOR 4194604 1466765 5170652 2347621 2823031 16301016 1107371 0 79821998




Description of the row and column headers in Table 4.5; dryland crop
yields by land group and Table 4.6; irrigated crop yields by land group.

class I

class 1IE.

classes IIS, IIW, IIC
class IIIE

classes IIIS, IIIW, IIIC
class IVE

classes IVS, IVW, IVC
class V

classes VI, VII, VIII

1610 is land used for noncultivated hay and noncultivated pasture

SUB 1G1-5 is the summation of rows 1-5 (weighted average)

SUB LG6 -LGY9 is the summation of rows 6-9 (weighted average)

TOTAL is the summation of rows 1-10 (weighted average)

GRAND TOTAL (Table 4.6 only) is the summation of row 13 from Table 4.5
and row 13 from Table 4.6 (weighted average)

the yield of barley (bushels per acre)
the yield of corn for grain (bushels per acre)
the yield of corn for silage (wet tons per acre)

the yield of cotton lint (bales per acre, 480 pound net per bale)

HAY-L is the yield of legume hay grown in rotation (dry tons per acre)

HAY-N is the yield of nonlegume hay grown in rotation (dry tons per

FALLOW is an empty file
OATS is the yield of oats (bushels per acre)

Rows
1. LGl is land
2, LG2 is land
3, LG3 is land
4, LG4 is land
5. LG5 is land
6. LG6 is land
7. LG7 is land
8, LG8 is land
9. LG9 is land
10.
(permanent)
[ £
12.
15,
14,
Columns
1. BARLEY is
2. CORN-G is
3. CORN-S is
4, COTION is
e
6.
acre)
j
. Empty file.
10. PAST-N is
(dry tons
11. SORG-G is
12. SORG-S is

the average yield of nonrotation hay and nonrotation pasture
per acre of hay equivalent)

the yield of sorghum for grain (bushels per acre)

the yield of sorghum for silage (wet tons per acre)
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13. S BEAN is the vyield of soybeans (bushels per acre)
14, S BEET is the yield of sugar beets (tons per acre)
15. WHEAT is the yield of all wheat (bushels per acre)

Description of the row and column headers in Table 4.7; resource use in
CIop production--values.

BARLEY is barley for grain
CORN-G is corn for grain
CORN-S is corn for silage
. COTTON is cotton for lint (by-product is cottonseed oilmeal)

1
2
3
4
5. HAY-L is legume hay grown in rotation
6 HAY-N is nonlegume hay grown in rotation

7. § FALLOW is summer fallow land

8. OATS is oats for grain

9. Empty file

10. PAST-N is an empty file

11. SORG-G is sorghum for grain

12. SORG-S is sorghum for silage

13. SOYBEANS is soybeans for beans

14. SUGAR BEET is sugar beets for beets

15. WHEAT is all wheat for grain

16. TOTAL is the summation of rows 1-15

Columns (000,000 dollars)

LAND is the value of all land used

WATER is the value of water consumed

LABOR is the value of total labor (hired and family) used

PEST is the value of pesticides used (herbicides and insecticides)

FERT-T is the total value of fertilizer used (N,P,K)

-

FERT-N is the value of nitrogen fertilizer used
FERT-OBJ is the value of nonnitrogen fertilizer purchased

e ~ O b B W R e

MACH is the value of machinery inputs used (including fuel, oil,
repairs, and depreciation)

9., OTHER is the value of other inputs (not including pesticides, fer-
tilizer, labor, machinery, water, and land) used

10. SOIL-LOSS is an empty file

11. TOTAL is the total value of resources used and is the summation of
columns 1-5 and columns 8-9
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sxs MODEL I-C SUMMARY: KIGH EXPORT akw SUM1 FOR UNITED STATES PAGE O C
Table 4.8. c<<c< RESOURCE USE IN LIVESTOCK PRODUCTION - QUANTITY >>>3>

¥ UNITS SPACE  WATER CORN SORG BARLEY OATS  WHEAT OIL M HAY-L  HAY-N SILAGE PASTURE -N- CALVES
BEEF CONWS £2396 0 682 0 0 257328 0 47444 200878 B9515 108593 0 3619400 -42227
BEEF FEED 46231 0 307 52447 111732 90384 0 0 113933 1090 5304 307510 0 1348428  4£231
DAIRY 11052 0 76 1377971 0 299718 6&RA333 2701 54453  23B6&6 3677 30638 0 1503063 -4004
HOGS 260658 0 108 1894574 0 200 946 160 156803 1993 0 0 0 729841 0
BROILERS 9578 0 1 307267 21566 T&RA 1739 1592 139814 0 0 0 268197 0
TURKEYS L&b4 0 0 A7B4T 15685 0 2627 5334 24004 0 26 0 0 46578 0
SHEEP 2898 0 43 2643 643 823 427 222 2565 0 3416 0 0 6289 0
EGGS 4991 0 5 218461 57931 66123 15379 21849 53974 0 6505 0 0 102211 0
OTHER 30000 0 0 299682 B5116 4539 19533 12798 2B707 0 6900 0 0 0 0
TOT AL 429467 0 1223 42640892 292674 199734 366312 44655 621697 227828 109444 446741 0 7624007 0
Table 4. ccece RESOURCE USE IN LIVESTOCK PRDODUCT ION — VALUES >3>3>3>

SPACE WATER FEED INPUTS LABOR OTHER NITROGEN CALVES
BEEF COWS 0 1ABTE 21057986 3702770 1143803 2558967 491281 -19472081
BEEF FEED 0 10107 B4 62439 1630878 142314 1488564 161999 21403797
DAIRY 0 1389 71515161 4Eh1446 1384260 3257186 226013 -1853084
HOG S 0 967 7583272 1230316 567458 2662858 10E722 0
BROILERS 0 15 3007104 0 0 0 43448 0
TURKEYS 0 3 673760 0 0 0 6T46 0
SHEEP 0 715 271213 0 0 0 as 1 0
EGGS 0 53 2041639 0 0 0 15169 0
OTHER 0 0 2217443 0 0 0 0 0
TOTAL 0 32186 52830017 13205410 31237835 9967575 1052229 78632
Table 4.10. <<<<< COMMDDITY ACCOUNTS >>3>3>
--------------- QUANT I TY——==———————=- ——— e = — L Q| e

PRODUCED INT ER CONS NET EX PROD INTER CONS NET EX TOTAL P BOUND P SHADOW P
COPN 1017R126 4240892 291088 5617485 28710773 11962840 A21110 15845977 2.82 0.02 2.80
SORGHUM 667027 292674 11775 357639 2393475 1050193 42267 1283305 3.59 0.37 2,22
BARLEY 573336 1997 34 140478 231704 1467514 511241 359570 553070 256 0.00 2.56
DATS 633274 366312 53007 212643 B44158 488296 70658 283455 1.33 0.00 1.33
WHEAT 1653174 44655 626239 980674 6934638 187316 2626912 4113675 4.19 0.45 3.74
OIL MEALS 848207 £23158 —-21159 234671 10239460 79522696 -255429 2832917 12.07 0.48 11.60
HAY-L 227828 227828 0 0 13847425 13847417 0 0 60.78 0.00 60.78
HAY-N 114911 109444 0 0 7231089 &B8RT063 0 0 62.93 0.00 62.93
SILAGE 446741 446T41 0 0 B574701 B5T74695 0 0 19.19 0.00 19.19
PASTURE 0 0 0 0 0 0 0 0 0.00 0.00 0.00
COTTCN 20833 0 BOT8 12755 5628662 0 2182562 3446100 270.18 1.38 268480
SUGAR 26354 0 26394 0 290168 0 290168 0 10.99 0.00 10.99
PORK 159262 0 158584 -2400 10594897 0 10549786 -159660 66453 le54 64499
MILK 1167314 0 1170654 -3340 B492388 0 8516689 -24299 T.28 1.06 ba22
FEEDERS 46231 46231 0 -0 21953262 21953264 0 -0 47486 13.5% 461.28
FED REEF 274911 49444 181051 14481 32122382 5777395 21155225 =-1692054 116.85 2.20 114,65
N FED BEEF 57044 0 BL6T9 1609 6545029 0 9371532 -184610 114.74 0.00 114+74
--50Y 0 0 0 0 0 0 0 0 0.00 0.00 0.00
——FED 49444 0 0 0 0 0 0 0 0.00 0.00 0.00
TOTAL 0 0 0 0 165870024 T7B762417 55731049 26337874 0.00 0.00 0.00
Table &4.11. C€<<C POPULATION DATA >>>>>

POPULATION COST/CAP
242371.51 239,14



Description of the row and column headers in Table 4.0; resource use
in livestock production--quantities.

=
:

BEEF COWS is beef cows for feeder calf production
BEEF FEED is fed beef production

DATRY is dairy cows for milk production

HOGS is pork production

BROILERS is broiler production
TURKEYS is turkey production

SHEEP is lamb and mutton production
EGGS is egg production

W Oo0 = o U B W R e
T = L B

OTHER is other animals including horses and mules, zoo animals,
and other livestock

10. TOTAL is the summation of rows 1-9
Columns

1. # UNITS is the units of livestock produced: (a) beef cows (000 head),
(b) beef feeding (000 head), (c) dairy cows (000 head), (d) hogs
(000 cwt live weight), (e) broilers (000,000 of pounds of ready-
to-cook weight), (f) turkeys (000,000 of pounds of ready-to-cook
weight), (g) eggs (000,000 of dozens), and (h) other livestock
(000 units)

SPACE is an empty file
WATER is the quantity of water consumed (000 acre feet)

CORN is the quantity of corn grain used for feed (000 bushels)

SORG is the quantity of sorghum grain used for feed (000 bushels)
BARLEY is the quantity of barley used for feed (000 bushels)

OATS is the quantity of oats used for feed (000 bushels)

WHEAT is the quantity of wheat used for feed (000 bushels)

DD s~ O N B W M

OIL M is the quantity of oilmeals used for feed (000 cwt. soybean
oilmeal equivalent)

10. HAY-L is the quantity of legume hay used for feed (000 dry tons)
11. HAY-N is the quantity of nonlegume hay used for feed (000 dry tons)

12. SILAGE is the quantity of corn and sorghum silage used for feed
(000 wet tons)

13. PASTURE is an empty file
14, -N- is the quantity of nitrogen produced from livestock wastes (000 tons)
15. CALVES is thequantity of calves (000 head)
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Description of the row and column headers in Table 4.9: resource use
in livestock production--values.

Rows

Same as Table 4.8.

Columns (000,000 dollars)

1. SPACE is an empty file

2, WATER is the value of water consumed

3. FEED is the value of feed fed

4. INPUTS is the value of inputs used not including feed and water
5. LABOR is the value of labor used

6. OTHER is column 4 minus column 5

7. NITROGEN is the value of nitrogen produced from livestock wastes
8. CALVES is the value of calves

Description of the row and column headers in Table 4.10: commodity
daccounts.

Rows

1. CORN is corn for grain
.  SORGHUM is sorghum for grain
. BARLEY is barley for grain

. DATS is oats for grain

2
3
4
5. WHEAT is wheat (all wheat) for grain
6. OIL MEALS is oilmeals in soybean oilmeal equivalent
7. HAY-L is legume hay

8. HAY-N is nonlegume hay

9. SILAGE is corn and sorghum silage

10. PASTURE is an empty file

11. COTITON is cotton lint

12. SUGAR is sugar beets

13. PORK is pork from hogs

14. MILK is fluid milk from dairy cows

15. FEEDERS is 450 pound feeders from beef cows
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16. FED BEEF is beef from fed beef

17. -- S0Y is fed beef equivalent from soy protein meats
18. N FED BEEF is nonfed beef

19. -- SOY is nonfed beef equivalent from soy portion meats
20. -- FED is nonfed beef from fed beef

21. TOTAL is the totals for columns 5-8 only

Columns

1. PRODUCED is the quantity produced in the following units: corn q
grain (000 bushels), sorghum grain (000 bushels), barley (000 bushels), i
oats (000 bushels), wheat (000 bushels), oilmeals (000 cwt.), J
legume hay (000 dry tons), nonlegume hay (000 dry tons), silage (000 2
wet tons), cotton (000 bales), sugar beets (000 tons), pork (cwt. 4
carcass), milk (cwt. fluid milk equivalent), feeders (000 head),
fed beef (cwt. carcass), fed beef soy (cwt. carcass equivalent), 3
nonfed beef (cwt. carcass), nonfed beef soy (cwt. carcass equivalent) -
and nonfed beef from fed beef (cwt. carcass)

2. INTER is the quantity used as an intermediate product (see units for -
column 1) ]

3. CONS is the quantity used for final domestic demand (see units for

column 1) L
4. NET EX is the quantity of net exports (see units for column 1)
5. PROD is the value of production (000,000 dollars) ;'
6. INTER is the value used for intermediate product (000,000 dollars) ?
7. CONS is the value used for final demand (000,000 dollars) ;
8. NET EX is the value of net export (000,000 dollars) -;
9. TOTAL P is the total price or the summation of columns 10-11 .
(dollars per unit) i
10. BOUND P is the bound price generated by the minimum production
requirement, if any (dollars permit)
11. SHADOW P is the shadow price of the commodity (dollars per unit)
Description of the row and column headers in Table 4.11; population data.
o |
No rows 1
Columns t

1. POPULATION is the number of people in the United States (48 states;
000)

2. COST/CAP is a "cost of living proxy'' (dollars per capita)
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Description of the row and column headers in Table 4.12; land use and
soil loss.

Rows
Rows are the same as Table 4.1.
Columns
AVAIL is total available land (000 acres)
USED-D is land used for dryland crop production (000 acres)

USED-R is land used for irrigated crop production (000 acres)
VALUE is the value of land used (000,000 dollars)

PRICE is the land reni (dollars per acre)

1
2
3
/i, USED-T is the summation of columns 2-3 (000 acres)
5
6
7 SLACK is column 1 minus column 4 (000 acres)

8

S. LOSS is soil erosion (000 tons)
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L I-C SUMMARY: HIGH EXPORT = SUM1 FOR UNITED STATES PAGE D
Table 4.12. <<<<< LAND USE AND SOIL LOSS >>>>>
AVATL USED-D USED-R USED-T VALUE PRICE SLACK S. LOSS
LG1-D 24307 24307 0 24307 5161847 212.36 0 128435
LGl=1 6359 1130 5065 6196 1675241 270.39 203 17952
LG2-D 75673 75673 0 15673 11370596 150. 26 0 403507
LG2-1 5898 3391 3507 6898 922087 133.68 0 33703
LG3-D 75612 75613 0 75613 11930112 157.78 0 343743
LG3-1 4810 271 4539 4810 960206 199. 64 0 7087
L G4=D 65466 65466 0 65466 7768398 11866 0 365322
LG4~ 1 355] 1206 2305 3510 435216 123.98 41 16679
LGS5-D 46257 46251 0 46251 53B7519 116.49 7 209850
LGS-1 4985 1009 3848 4857 667239 137.39 129 11016
LG6-D 28515 28354 0 28354 2510771 88.55 162 152756
LG6=1 1217 449 763 1213 123210 101.60 5 3676
LGT-D 15136 25391 0 15123 1338458 52.71 13 75161
LGT-1 1272 337 848 1186 143723 121.20 86 2040
LGB8-D 119 319 0 319 21203 66.49 0 796
LGB-1I 10 0 0 0 0 0.00 10 D
LGS-D 8824 8082 0 8082 284374 35.19 742 53562
LGO-1 29¢& 121 160 281 29683 105.80 15 760
LG10-D 0 0 0 0 0 0.00 0 0
LG10-1 0 0 0 0 0 0.00 0 0
SUB LGL-5 313658 294316 19263 313579 46278459 147.58 379 1537294
SUB LG&-9 55589 63053 1772 54557 4451421 58.67 1022 288751
TOTAL 3659547 157369 21035 368136 50729880 134.06 1411 1826044
= TIable 4.13. >>ACREAGE BY LG AND CON-TILL<C

o STRAIGHT ROMW CONTOUR FARMING STRIPCROPPING TERRACES
CON-R CON-L  MIN-TIL CON-R CON-L  MIN-TIL CON-R CON-L  MIN-TIL CON-R CON-L  MIN-TIL
LG1 7194 15250 5168 1297 1487 0 0 106 0 0 0 0
LG2 9129 2783¢€ 18074 4148 6088 7240 7598 2155 0 18 283 0
LG3 13033 54330 5948 64 E 2940 0 o 175 0 &6 285 0
LG4 9969 16378 4686 3285 5407 7989 3198 3363 11174 1010 2516 0
LGS 11843 24572 6284 481 753 166 151 199 0 0 6658 0
LGE 5001 8795 1243 0 451 1791 1409 5175 2968 762 1971 0
LGT 14394 4671 708 115 204 597 0 5771 73 45 0 0
LGA 7 269 17 0 26 0 0 0 0 0 0 0
LGS 1621 2955 B76 906 1360 645 0 0 0 0 0 0
TAT AL 72190 155057 43003 13878 18717 18428 12357 16944 14215 1902 11713 0

Table 4.14. >>SOIL LOSS BY LG AND CON-TILL<<

STRAIGHT ROW CONTOUR FARMING STRIPCROPPIN TERRACES
CON-R CON-L  MIN-TIL CON-R CON-L  MIN-TIL CON-R CON-L  MIN-TIL CON-R CON-L  MIN-TIL
LG1 33110 74925 21461 9466 7154 0 0 272 0 0 0 0
LG2 36253 106655 105082 11075 50609 41913 47990 11072 0 12 548 0
LG3 44674 233338 25539 25806 20439 0 0 736 0 &9 228 0
LG4 42738 51119 32076 26703 42419 71500 8796 20545 80574 1701 3828 0
LGS 42765 105698 36273 3232 4795 1140 107 713 0 0 26142 0
LG& 20102 34199 9323 0 3600 15145 9181 10523 24862 1675 7821 0
LGT 16787 16364 1572 540 1555 3632 0 36218 404 131 0 0
LGA 1 651 5 0 139 0 0 0 0 0 0 0
LG 5453 17170 7210 1366 10761 6323 0 0 0 0 0 0
TATAL 241922 640118 242541 106188 141472 139653 66074 100080 105840 3588 38568 0

MODE



Description of the row and column headers in Table 4.13; acreages by land
group and conservation--tillage practices and Table 4.14; soil loss by

land group and conservation--tillage practice.

Rows

LGl is land
LG2 is land
LC3 is land
LG4 is land
LGS is land
LG6 is land
LG7 is land
LG8 is land
LG9 is land

Columns

class 1

class IIE

classes IIS, IIW, I1IIC

class I1IE

elasses ITIS, ITIW, ITIC

class IVE

classes IVS, IVW, IVC

class V

classes VI, VII, VIII
(000 acres)

1. CON-R is conventional tillage with residue removed with straight
row farming

2. CON-L is conventional tillage with residue left with straight
row farming

3. MIN-TIL is reduced tillage with straight row farming

4. CON-R is conventional tillage with residue removed with contour

farming

5. CON-L is conventional tillage with residue left with contour farming

6. MIN-TIL is reduced tillage with contour farming

7. CON-R is conventional tillage with residue

farming

8. CON-L is conventional tillage with residue

farming

9., MIN-TIL is reduced tillage with strip crop
10. CON-R is conventional tillage with residue

11, CON-L is conventional tillage with residue

removed with strip crop
left with strip crop

farming.
removed with terrace farming

left with terrace farming

12. MIN-TIL is reduced tillage with terrace farming
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*»4 MODEL I-C SUMMARY: HIGH EXPORT wEk

Table 4.15. << ACRES OF ROW CROPS GROWN IN ROTATIONS 5>

RCTATICN WEIGHTS

<«125 +250 « 500 « 7150 1.000 TOTAL
LG1 0 3326 4456 1053 14593 23427
LG2 0 11972 20803 3524 19918 56216
LG3 0 9821 9306 1924 33115 54167
LG4 0 10074 9564 4926 91R8 33752
LG5 0 5541 10974 1718 9167 27400
LG6 0 3027 4090 346 2498 9960
LG7 0 3151 1982 3893 582 9608
LGB 0 57 0 B 0 65
LG® 0 407 0 9 282 699
TOTAL 0 47376 61174 17401 89343 215294

PERCENTAGE DISTRIBUTION
Table 4.16.

RCTATION WEIGHTS

<.125 «250 «500 « 150 1.000 TOTAL

LG1 0.00 0.02 0.02 0.00 0.07 O.11
LG2 0.00 0.0& 0.10 0.02 0.09 0.26
LG3 0.00 005 0.04 0.01 0.15 0.25
LG4 0. 00 0.05 0. 04 0.02 0.04 O.16
LG5 0.00 0.03 D05 0.01 0.04 0.13
LG6 0.00 0.01 0.02 0.00 0.01 0.05
LG7 0. 00 0.01 0.01 0.02 0.00 0.04
LGB 0.00 0.00 0.00 0.00 0. 00 0.00
LG9 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 0. 00 0.22 D.28 0.08 0.41 1.00

Description of the row and column headers in Tabhle .1 v: v te e o1 1w

crops grown in rotation and Table .I6: proportivn of row crops grown

in rotation.

Rows

Rows are the same as luble 4.1 4.

Columns (000 acres)

l. < .125 is row crops grown in rotations comprised of less than
12.5 percent row crops

2. .250 is row crops grown in rotations comprised of 25 percent row
crops (1l in 4 vears)

3. .500 is row crops grown in rotations comprised of 50 percent row
crops (1 in 2 years)

4, ,750 is row crops grown in rotations comprised of 75 percent row
crops (3 in 4 vears)

5. 1.000 is row crops grown in rotations comprised of 100 percent
(continuous) row crops
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Table 4-17.

REGION

Do =N psupg=0

MODEL

[-C SUMMARY :

SE i e WATER AVAILABLE
RUNOFF TRANSFER

101097
S05
6279
1182
4392
453¢€
6831
25831
B88
494
T44
1215
2305
4188
3289
2210
1092
1789
2362
3594
1948
491
3244%
275
1536
2955
16
1005
377
351
112
2260
1806
511
3511
6436

24537

OO0 o000 00O

5643

3407
4979

oo
un
m—d

[ +]
o
oo~ Jd00000

DE SALT
213

o000 og

(%)
[—
cll=l=llllclelcl=llcfiefeslasNallalicslilcloclellalallefeclelaeloalle ola

KIGH EXPORT

———— — o ——

TOTAL
125848
905
6279
1182
4392
4536
6831
31580
888
3901
5723
1215
2305
4188
3289
2210
6212
1789
2392
5348
1948
2274
3298
275
1536
2955
873
1005
=R
351
112
2260
2908
562
3511
6436

SUM1 FOR UNITED STATES

* %k

<<<<< WATER BALANCE TABLE —— CONSUMED >>>>>

———————————————————— WATER UTILIZATION
EX CROP EN CPOP EX LVST EN LVSET ONSITE
31697 48191 50 1173 2918
i 478 0 9 0
1291 4568 1 32 0
584 527 0 6 0
1119 3186 1 31 0
1232 3221 2 26 0
227 394 0 T 4E9
9261 11142 & 51 510
668 0 0 10 T
ST70 56 1 8 14
2122 2767 1 11 19
B43 15 0 11 390
355 1239 2 20 459
730 0 1 13 81
634 143 1 5 22
496 357 1 6 38
650 4843 1 19 246
1319 305 2 20 45
987 1044 1 17 44
1124 2143 2 29 51
192 1339 9 196 124
57 2043 1 102 12
31 2720 5 142 232
2 0 1 65 S6
331 349 1 54 0
T6 1767 0 83 0
24 830 0 10 0
39 888 0 ) [jp 0
11 0 1 50 0
8 0 0 10 0
5l 0 0 T 0
1053 154 1 11 0
2131 459 3 18 0
312 47 0 20 0
1189 1057 6 42 0
859 112 0 20 0

167
112
BOO
121

66
315
333
47
153
298
182
1218
5445

TRANSFER

24537

(u]
=)
0O0O00OWVWOOO0ODO®MOOOOO

oo
o

PRICE
20.86
3.53
2¢49
263
1.99
2.73
1.91
8e49
30.28
59.96
B. 49
71.08
21.8¢&
1.50
24 83
30.68
3B.67
3.71
2e13
36.57
2&?0
40.68
E.623
4.99
165. 64
53.79
53.79
11.58
4.22
11.58
6.10
92.92
10000
122.34
8.28
8.28

S. LOSS
1826044
141
30263
5767
8736
12927
379
3752
653
122
276
162
4424
251
884
2015
287
7331
8305
13747
98816
36700
165024
77765
36483
64094
9423
41671
26118
9521
9295
519
6596
41056
75423

17861



Description of the row and column headers in Table 4.17; water consumption
balance table,

Rows

Rows designate the water supply reginn (1-35) and 0 is the U.,S. total.
These regions represent an aggregation of the 51 water supply regions in
the model. Data could be presented for each of the 51 regions.

Columns

1. RUNOFF is the dependable water supply available from surface runoff
(000 acre feet)

2. TRANSFER is water transferred in through natural flows, or inter-
basin transfers (000 acre feet)

3. DE SALT is water from desalting sea water in sea coast regions
only (000 acre feet)

4. TOTAL is the total water available or the summation of columns 1-3
(000 acre feet)

5. EX CROP is water consumed by exogenous crops (000 acre feet)

6. EN CROP is water consumed by endogenous crops (000 acre feet)

7. EX LVST is water consumed by exogenous livestock (000 acre feet)
8. EN LVST is water consumed by endogenous livestock (000 acre feet)
9. ONSITE is water consumed by onsite uses (000 acre feet)

10. M & I is water consumed by municipal and industrial uses including
recreation, mining and thermal electric power (000 acre feet)

11. TRANSFER is water transferred out through natural flows, interbasin
transfers, and exports (000 acre feet)

12. PRICE is the weighted average shadow price of water for all uses
(dollars per acre foot)

13. S, LOSS is total soil erosion (000 tons)
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Table 4.18.

REGION EXDG CROPS
0 45119
1 114
2 2071
3 955
4 1651
5 1861
3 326
7 1231¢&
8 838
5 1453

10 4057
11 1189
12 472
13 965
14 835
15 656
16 1017
17 2048
18 1532
19 1571
20 289
21 83
22 46
23 3
24 492
25 105
26 33
27 58
28 16
29 12
30 B4
31 1411
32 3011
33 422
34 1788
35 1260

SUMMARY : HIGH

ENDOG CROPS

48242
478
4567
527
3190
3221
394
11190
0

56
2766
15
1242
0
143
357
4842
305
1047
2141
1339
2046
2720
0
349
1764
830
888
0

0

0
154
459
47
1056
112

EXPORT ek

¢<<<< WATER USE TABLE —— WITHDRAWN >>>>>

EXOG LVST ENDOG LVST ONSITE
50 1173 3616
0 9 0
1 2 0
0 6 0
1 1 0
2 26 0
0 T 473
4 51 569
0 10 15
1 8 48
1 11 107
0 11 373
z 20 804
1 13 109
1 5 35
1 & 45
1 19 437
2 20 45
1 L7 44
2 29 51
9 196 124
1 102 12
5 142 232
1 65 96
1 54 0
0 83 0
0 10 0
0 11 0
1 50 0
0 10 0
0 T 0
1 11 0
3 18 0
0 20 0
6 42 0
Q 20 0

SUM1 FOR UNITED STATES

41962
2245
1958

386
292
228
90
2696
227
3154
292
124
619
280
44
365
1013
243
829
886
&£08
245
1141
1222
308
310
20
169
3433
3730
515
353
731
446
2984
9734

I



Desc

ription of the row and column headers in Table 4.18: water withdrawals.

Rows

Rows
Coul

designate the water supply region (1-35) and 0 is the U.S. total.
d be reported for the 51 water supply regions in the model.

Columns (000 acre feet)

li
2

-

3
4.,
5
6

EXOG CROPS is water withdrawn by exogenous crops
ENDOG CROPS is water withdrawn by endogenous crops
EXOG LVST is water withdrawn by exogenous livestock
ENDOG LVST is water withdrawn by endogenous livestock
ONSITE is water withdrawn for onsite uses

M &1 is water withdrawn by municipal and industrial uses including
recreation, mining, and thermal electric power

[P —

e

e B — e —
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RESULTS AVAILABLE FROM THE MODEL 177

The summary tables previously outlined
are usually compiled at the national, market
region, and water supply region levels. From
this level they can be reported or further
aggregated into reporting zones, vwhere all or
only specific segments of the data are re-
ported. The interpretation of the alterna-
tive solutions to the model and the resulting
implications fcr policy are given for the
complete model [45;46]. In other reports
only specific portions of the data are
analyzed or the model development procedure
is outlined [47;48;113].

o




Footnotes

The commodities include barley, corn,
silage, cotton, legume hay, nonlegume hay,
oats, sorghum, soybeans, sugar beets,
wheat, spring wheat, feeders, fed beef,
nonfed beef, dairy products, and pork.

The endogenous crops include barley,
corn, corn silage, cotton, legume hay,
nonleqgume hay, ocats, sorghum, sorghum
silage, soybeans, sugar Ekeets, and wheat.

Active conservation capacity 1s water
storage available for irrigation,
municipal and industrial uses, power, fish
and wildlife, or other direct uses. The
joint-use capacity includes that storage
area of the dam allocated for flocd con-
trol during part of the year and to active
conservation for the remainder of the
year.

Unpublished data oktained through private
communications with D. W. Davies, U.S. De-
partment of the Interior, Bureau of Recla-
mation, Denver, Colcrado, March 1971.

The data for this equation are developed
from tables given by Wischmeier and Smith
[116 ], and from the regional data given
for the soil classes in the SCS question-
naire (Appendix A).

Professor of Agronomy, Iowa State Univer-
sity, Ames, Iowvwa.
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FOOTNOTES 179

7.

10.

11.

ke

1K -

14,

The endogenous crops are barley, corn,
corn silage, cotton, legume hay, nonlegume
hay, oats, sorghum, sorghum silage,
soybeans, and wheat.

Increases in lator efficiency as based on
historic trends for each of the crop cate-
gories are 65 percent for cotton, 45 per-
cent for wheat, 60 percent for feed grains
and soybeans, and 35 percent for the
silages and hays.

Being moisture deficient indicates an
excess of potential evapotranspiration
over precipitation.

A 10-year amortized 1life for terraces
represents a tradeoff with a longer
amortization period and inclusion of
repair and maintenance costs.

The crops include corn, grain, corn
silage, grain sorghum, sorghum silage,
oats, barley, wheat, soybeans, cotton,
sugar beets, alfalfa, clover-timothy,
lespedeza, small grains for hay, and other
hay.

Private communication with Frank
Schaller, Department of Agronomy, Iowa
State University, August 1971.

The 1972 OBERS Report backup materials
were obtained through private communica-
tion with Dr. Melvin Cotner, Director,
NRED, U.S. Department of Agriculture,
March 1973.

For crops not included in the ERS data,
it is assumed that the acreage required 1in
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15.

16.

17.

18.

19,

20.

21.

FOOTNOTES

the year 2000 will be the same as required
in 1969 with the production differential
being made up by increases in yield per
acre.

Yields for the crops not included in
Dean's study [14] were obtained by extend-
ing the 1949-1969 yield trend from the Ag-
riculture Census [96-100] to the year
2000.

The 1964 Census _of Agriculture was used
for the state-to-county allocation, as not
all 1969 state summaries were published at
the time of calculaticn. State data for
1969 were available from the National Sum-

mary [100].

This assumption is used, as time series
estimates of the percent of acres receiv-
ing fertilizer are not available for the
ex0ogenous crops.

The weights were determined from the 1964

economic farm class [99].

Prices were included as an index with
1957 to 1959 = 100,

The income used 1s the disposable per
capita income projected by the Cffice of
Business Economics [ 101] with the addi-
tional restraint that no area will have a
disposable income greater than 4,000
dollars in 1957 to 1959 dollars. (5,400
dollars in 1970 prices).

See fcotnote 19.
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22 s See footnote 19.

. JE See footnote 20.
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Assigned Land Resource Areas by Regions and States

Northeast Region
Ohio

Kentucky

New York
Maine

New Hampshire
Connecticut
Pennsylvania
West Virginia
New Jersey
Virginia

South Region
OkIahoma

Texas

Arkansas
Louisiana
Tennessee
Mississippi
Alabama

North Carolina
South Carolina
Georgia
Florida

Midwest Region
North Dakota
South Dakota
Nebraska
Kansas
Minnesota
Towa
Missouri
Wisconsin
Illinois
Michigan
Indiana

West Region
HEEHEEE%EE‘
Oregon
California
Idaho
Montana
Wyoming
Nevada

utah
Colorado
Arizona

New Mexico

No LRA's assigned to Maryland, Massachusetts, Rhode Island, and Vermont,

114, 100, 139, 124
120, 121, 125

140, 101, 142, 141
143, 146

144

145
127,
126
149
128,

147
148

78, 80, 84

77, 81, 82, 83, 85, 86, 87, 150
117,318 132- -1 31119
133, 151

122, 123

134

135, 129, 133

130, 136, I33, 153
187,558 1

128, I36

138, 152, 154, 155, 156

53,
60,
64,

54, 55, 56

61, 62, 63, 66, 102

65, 71, 75, 106

72, 73, 725, fby 112y 7478
57, 88, 103, 89

107, 104

109, 115, 116

90, 91, 93, 95, 105, 92
108, 110, 113, 114

92, 94, 96, 97, 98, 99

9. 7.6
1

0, 23

»

3

1, 12, 13, 25, 43

46, 52, 58, 59

32, 33

27, 26, 29

28, 47
49,

40,

36,

45, 51, 67, 69
41, 35, 38
42, 70

198

21, 22, 17, 18, 14, 16, 15, 20, 19, 31, 30
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U.S. DEPARTMENT OF AGRICULTURE
Soil Conservation Service
Attachment to EVT-2

STATE

LRA

Form 1. Dominant Soil, L, S, K, and T Factors by Capability

Subclasses

1. Class and : 2. Dominant Soil - 3. L-Dom. :4. Dom. :5. K Factor : 6. T. Factor

Subelass : Slope Length : % Slope : -

' : (ft) . 6 . Tons per acre per year
I H - E -
Ile . :

I11s . 5 - -
ITw : - : -
Ilec - - -
IIle ¥ - . =
I111s .
111w : - ;
11Ic o . - - .
IVe - : : : -
IVs . . . . .
IVw - -
IVe - - . . .

LR LR} L]

-
e
L]
.
L]

Ve - : - : :
Vw - . - : .
Vs : - - - -
Ve . - : - -
Vie - - . - >

Viw - - - - -
Vis : - - s
Vic - : H . -
Vile - : - -
VIis : s 3 3 :
VIIw : - : 2 :
Viic . . . - -
Ville . - : . -
Viiis . g - - -
VIiiiw " . . . .
Vililc : . . . .




Instructions - Data Form 1

This form is to be used for all LRA's in the Midwest, South, and
Northeast Regions, and for those LRA's in the Western Region that
are east of the Continental Divide and have K and T factors assigned
to the sloping soils.

1.

Select the capability subclasses that occur in each LRA.

The most direct method is reference to the CNI printouts,
Table F, that were sent to the states in July 1970.

Write N.A. under dominant soil for all subelasses that do

not occur in LRA. Do not subdivide any subclasses.

Choose dominant soils on the basis of the full extent of the
LRA, not just that portion that occurs in the state responsible.
Some LRA's are assigned to two or three states. These LRA's
are underlined in the list of assignments. For these LRA's
choose the dominant soils only on the basis of that portion of
the LRA in the assigned state,

Designate a dominant soil mapping unit for each subclass selected.
This should be done from general knowledge by personnel well
acquainted with the soils of the state. Published soil surveys

or CNI printouts by soil series may be helpful in selecting a
dominant soil if uncertainty exists. Do not choose a series

on the basis that it represents the median of erodibility or
productivity of the soils in the subclass, unless that series is
in fact the dominant series or among the dominant ones.

Where the dominant so0il mapping unit is a complex or association
of soil series, list only the dominant series and its dominant phase.

Enter the dominant length of slope, in feet, and the dominant slope
gradient in per cent for each dominant soil in columns 3 and 4.

Do not use ranges in either value. These entries should be estimated
by personnel well acquainted with the spils of the area, If percent
slope is zero enter N.A. in column 3. For slopes more than 1200 feet
long, enter »1200 in column 3.

Enter the K and T factors for each dominant soil. Make single
entries for T values in column 6 specifically for each dominant soil.

200




e

. . H - - ! : : ! ...ﬁﬁH.._.._
2 “ - . $ - i . alllA
: . - . . - . 4 : SITIA

: 3 ; : _ . . " : OITIA

H : : : : : : ! : STIA

3 . H : ' - ; - allAa

. . ' : : . : STIA

i - : : : y : - . ' STIA

: . H 3 5 : : I ! 1A
H a } ' r : H ! “IA
: - - : . 3 : . =IA
- - ; ' : "1A

; : : : : A

. . . ' A

. . : L]

: : : i - - ST

W
e
e
mw
~
-
e

. x r .-»ﬂ.—
: “ - » - - ‘.vﬂﬂ
: . ; : . . aA T

e -m - A LY
ok W
- - &-m L -
=5 »
LR
. i .
;]
- n . -
- e -
— - - —
-

z . - - : - 1
Jeal gad agae aad spa) () (13)
.. . : . ' . T aspTaqns
- : : k - - : osdors: yiiuan g pue
- " ; ; . . J01 . . r obdojg:; SSET1ID ALY

sweindg Bujddos) pajiolag Jo) Sesxo] [10§ siveiiNg “9:i-oed 1°C° WNIp: o 110§ yumdiecgz: -piqedey” |

F=1 A7 3 Juses| ey
al | Alay sun s A Murddoaay payooiag vl
UuDjIFadawue] | el 10] uoisoJy 01 INO] [VOS SUNl PAIrmTIsEg puv
=g INI[HFTIHY [0 Juma NIOJIEL 1 puw ‘g ' "8 Juou e ‘a1 waag A1¥lSs

34400 WAIWAN palju)

201



Instructions - Data Form 1W

This form is for use in LRA's in the Western Region west of the
Continental Divide where K and T factors have not been developed.

1.

Select the capability subclasses that occur in each LRA.

The most direct method is reference to the CNl1 printouts,
Table F, that were sent to the states in July 1970.

Write N.A. under dominant soil for all subclasses that do

not occur in LRA. Do not subdivide any subclasses.

Choose dominant soils on the basis of the full extent of the
LRA, not just that portion that occurs in the state responsible.
Some LRA's are assigned to two or three states. These LRA's
are underlined in the list of assignments. For these LRA's
choose the dominant soils only on the basis of that portion of
the LRA in the assigned state.

Designate a dominant soil mapping unit for each subeclass selected.
This should be done from general knowledge by personnel well
acquainted with the soils of the state. Published soil surveys
or CNI printouts by soil series mayv be helpful in selecting a
dominant soil if uncertainty exists. Do not choose a series

on the basis that it represents the median of erodibility or
productivity of the soils in the subclass, unless that series is
in fact the dominant seriecs or among tho dominant ones.

Where the dominant soil mapping unit is a complex or association
of soil series, list only the dominant series and its dominant phase.

Enter the dominant length of slope, in feet, and the dominant slope
gradient in percent for cach dominant soil in columns 3 and 4.

Do not use ranges in cither value. These entries should be estimated
by personnel well acquainted with the soils ol the area. If percent
slope is zero enter N,A. in column 3. For slopes more than 1200 feet
long, enter » 1200 in column 3.

For each dominant soil, assign a T value representing the
allowable soil loss due to erosion in tons per acre per year.
Consider the thickness of the surface horizon and the relative
loss of productivity that would result from erosion of surface
horizons. Five tons should be the maximum value.

Select the dominant cropping systems and land uses for the
LRA and enter in the 6 blank column headings. Where rangeland
is a dominant use of land in the LRA, entries might include
(a) rangeland, poor cover and (b) rangeland, good cover.
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Example A.

Example B.

Example C.

Instructions - Data Form 1W (Cont'd)

Estimate the average annual soil loss in t/ac/yr that is
occurring throughout one full cycle of the cropping systems

or annually for land uses. These estimates are to be developed
for each of the dominant soils, except where it is known that the
cropping system or land use does not occur or exist for a given
soil., In this case, enter N.A. in the appropriate block. Choose

cropping systems that will result in a wide range in soil erosion
losses; for example:

Cropping System Estimated Soil Losses
t/ac/yr
Wheat-4 yrs fallow 70
Wheat-1 yr fallow 20
Wheat-peas 7
Wheat-continuous 4
Rangeland, poor cover 8
Rangeland, good cover 2

Estimated Soil Losses

Soil A Soil B Soil C

Irrigated Row Crop 2 N.A. N.A.
Irrigated close grown crops 0.5 N.A. N.A.
Wheat-1 yr fallow R N.A. 12
Rangeland, poor 6 15 12
Rangeland, good 2 3 3
Forest N.A. 0.1 N.A,

Estimated Soil Losses
Desert shrubs 4
Rangeland, poor 4
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Instructions - Form 2

One copy of this form is to be developed for each LRA east of the
Continental Divide.

1,

Include in column 1 those cropping management systems used

most commonly on land in capability classes I-IV in the LRA,

Do not abbreviate the name of the crop; indicate corn, soybeans,
ete., instead of rowcrop. At least 5 and no more than 10
systems should be listed. Be sure to include a range in
cropping systems from the most intensive to the least intensive
system commonly used in the LRA for land in classes I-1IV.

For each system listed, enter a C factor in each column on
the form,

For columns 2 through 5, to determine the C factor, choose
the pounds of residue which is usually left on the surface
in the LRA for the croupping managemenl system used.

Note-C factors for Kkinds of permanent vegetative cover are not

needed in data being assembled.
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U.S. DEPARTMENT OF AGRICULTURE
Soil Conservation Service
Attachment to EVT-2

STATE
LRA
Form 3. Change in Yield and Farming Time for Conservation
Practices and Tillage Methods
1. Operation : 2. Change in : 3. Change in
: Farming Time - Crop Yield
(A) Practice ; ;
1. Straight-row ; 100 ; 100
2., Contour farming - ;
3. Stripcropping ; ;
4., Conventional Terraces ; :
5. Parallel Terraces ; ;
(B) Tillage : ;
1. Conventional ; 100 ; 100

2, Crop Residue Use

3. Minimum tillage

B WE =8 LL ] am @@
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Instructions - Form 3

Form 3 is to be completed for all LRA's. In those cases where a
given practice cannot be applied in the LRA due to topography or
other restraints (for example, parallel terraces on irregular,
hummocky relief), enter N.,A, in all columns for that practice.
For some LRA's, especially in the western states, all entries
may be N,A, Form 3 should be completed in all cases, however.

1. Base levels of 100 for A. Practices and B. Tillage are
assigned for straight-row practice and conventional
tillage, as indicated in the table. Conventional tillage
includes both spring and fall plowing.

2. TIncreases in time or yield from practices or tillage are
to be indicated by assigning numbers larger than 100,
proportional to the percent increase, Reductions are
indicated by assigning numbers less than 100.

Example: If minimum tillage takes 20 percent less time than
conventional tillage, the value in column 2 for minimum tillage
would be 80. If it is estimated that yields, using minimum
tillage, are 5 percent higher than those with conventional
tillage, enter 105 in column 3.

Note: The economist may be able to assist in the completion of
this form.
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U.S. DEPARTMENT OF AGRICULTURE
Soil Conservation Service
Attachment to EVT-2

State
LRA
Form 4, Yield Differential by Capability
Subclasses
Close

Class and Dom ., Row Crops Grown
Subclass Soil Crop Hgy Pasture Range
=" —100 100 100
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Instructions - Form 4

This form is to be completed for all LRA's.

1. Include all capability subclasses and dominant soils identified
for the LRA on Form 1.

2. Write in the names of two or three dominant row crops from
among those indicated in the cropping management systems in
Form 2, in the blank column headings under "Row Crops."

3, Set the yield on class I land equal to an index value of 100
for each row crop and for close-grown crops, hay, pasture,
and range. In those LRA's with no class I land, set subclass IIe
(or the highest ranking subclass) yields at the index value
of 100. Where crop is not grown, enter N.A,

4. Use the "Predicted Acre Yield under Defined Management
Levels™ from the published soil surveys in the LRA, or similar
data from other sources where published soil surveys are not
available, to set index values for remaining classes and sub-
classes. (For consistency use high level management.)

Example: If the predicted yield of corn on class I is 110 bushels
per acre and the predicted yield on class IIe is 95 bushels, the
index value for IIe would be calculated as follows:

Index = 95 y 100 = 86
110
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Instructions - Form 5

This form is to be completed for all LRA's.

1-

10.

11.

By class, subclass, and dominant soil shown in Form 1, complete
columns 1 and 2 of Form 5,

Using slope and terrace spacing compute average acres served
per mile of terrace.

Estimate the percent of land area that is feasible to terrace,
assuming that none has been terraced. Excluded will be those
acres that due to topography or other physical reasons are not
feasible to terrace.

Show average cost per mile of terraces using predominant tyvpe
of terrace being constructed.

Estimate average acres of waterway needed to provide outlets
per mile of terrace.

Estimate average cost per acre of waterways.

Estimate feet of tile outlets required per mile of terrace, where

tile outlet terraces are being built.
Estimate average cost per foot of tile outlets installed.
Estimate percent of terraces with waterway outlets. Eﬁf

Estimate percent of terraces with tile outlets,. Eﬂf

Estimate percent of terraces with no outlets, This is generally

applicable to level terraces where no outlets required, 24

gﬁjFor columns 10, 11, and 12 use percentage based on modern systems

presently being installed.
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Spil Conservation Servior
LRRA Altachment to EVT-2
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Limitations in the Data Assembled by the SCS
for the ISU Water Quality Project

The data assembled provide no specific information about nutrients,
pesticides, dissolved oxygen and biological oxyvgen demand, water
temperature, pathogens, and other pollutants which are important
aspects of water quality. Some of these are related to sediments
from agricultural land, but no estimates are included on this
relationship.

No estimates are included of the delivery ratio--—-that proportion of
the sediment resulting from sheet and rill erosion that enters surface
water in streams and lakes. The delivery ratio varies substantially
in different parts of the country,

The dominant soil chosen for each subclass is the most extensive soil.
Several other soils will occur in the same subclass in a given LRA.

The length of slope, degree of slope, erodibility, vield differentials,
and feasibility of terracing will vary among soils in a given subeclass,
The dominant soil was not chosen to be typical in erodibility or other
qualities for the subclass, but merely on the basis that it is the most
extensive. Therefore, for subdivisions of the LRA where the soil
indicated as dominant does not occur, the data in the forms may not

be appropriate.

Some of the subclasses in Forms 1 and 1W represent only irrigated land.
On forms from the Western Region, an (1) designates such subclasses.,

The Universal Soil Loss Equation is adapted to irrigated land only
during portions of the year when no irrigating is done. K and C factors
have not been developed for irrigated land, and the relationship between
irrigated land and dryland in terms of these factors is not known.

Water added by irrigation will influence the EI of subsequent rainfall,
For irrigated subclasses, the K, T, and C factors provided on the forms
apply to the dryland equivalents of the dominant soil mapping units.

In the states west of the Continental Divide, K and T values have not

been assigned to so0il series. 1t was necessary for the states to estimate

the erosion losses for each subclass under selected cropping systems or

range conditions. These are gross estimates based on little or no measured

data for many subclasses and may be substantially in error. The soil
losses estimated for irrigated land in the west may represent erosion

resulting from irrigation practices in addition to that resulting from
the runoff from precipitation.

The soil loss equation predicts only sheet and rill erosion, Erosion

from road cuts, gullies, streambanks, construction sites specifically for
this study, and other sources cannot be predicted from the data assembled
by SCS. 1In some watersheds much of the sediment in streams comes from such
SOUrces.
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10.

Bl

12.

13.

14,

Only a limited number of cropping systems, the major ones currently
being used, are listed on Form 2 for each LRA. C factors are not

the same for a given cropping system in all parts of the country.
Thus when models predict shifting of cropping systems into an LRA,
where they are not currently used, the data assembled may not provide
the proper C factors for the new cropping system.

Assumptions made regarding the crop residue on the surface in minimum
tillage or no till practices may not be uniform between states. We
have not checked with the states to determine the assumptions made,
We believe that it is safe to assume that the C factors listed under
these practices apply to the prevailing method used in each LRA.

The use of diversions to control runoff and erosion is not accounted
for in the data assembled. In some LRA's where diversions are used
effectively to control runoff and reduce erosion on some land, no
entry is made on Forms 3 and 5 for terraces. Only a few states in
the northeast are in this category.

There is some variation in the use of the yield index of 100. Yield
index may be lower for Class I land than for some of the Class II land
for some crops. Some states used 100 consistently for Class I land,
More productive subclasses were given an index of more than 100, Other
states gave the most productive subclass a rating of 100 and gave
Class I land a lower rating.

A vield index of 100 for a given crop designates a wide variation in
actual yield of that crop, depending on the LRA. For example, an
index of 10C for corn may be 135 bushels per acre in an LRA in Ohio,
but only 70 bushels per acre in an LRA in Kansas. The vield per acre
in common units for a yield index of 100 is given on Form 4 for each
crop in each LRA.

Some states have almost an equal number of terraces of different types
currently being installed. Only the dominant one of these was chosen
for Table 5, Thus the overall cost of terracing in some LRA's may be
more or less than indicated by data in Table 5.

No estimates are included for the costs of relocating a crop into an

area where it is not now produced, or for bringing into cropland areas

not so used now. These costs vary by kinds of soil. They are substantial
for some crops on some kinds of soil and should not be disregarded,

NA has been used on the forms in many places. It means either not
applicable or that the practice is not now being used in the LRA,
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