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CHAPTER I. INTRODUCTICHN

One of the major sectors within the Agricultural Resource
Interregional Modelling System is the livestock sector. There are two
types of sectors developed in this manuscript. When location and
rations of the livestock secfor can be fixed, and the analysis is not
going to significantly impact the sector, a fully exogenous sector can
be implemented. However, in many cases location of livestock production
depends on the competitive nature of each region. This can change as a
result of a shift in production, rescurce limitations, resource
surpluses, changes in resource availability or costs, etc. If the
analysis is to evaluate the impacts these types of changes will have on
livestock, then a partially endeogencus livestock sector is required.

The livestock sector is impacted by government policy. However,
all too often, these impacts are ignored. As Robinson (1973) indicates

Policies adopted with respect to grains obviocusly do influence the
prices of livestock products...These secondary effects will be
considered, but the important peint to keep in mind is that most
policy discussions, now as in the past, focus on grains and tend to
ignore the rest of agriculture. (p.770)
Not only de commodity programs impact the livestock industry but the
resource policies also have this same potential. Inherent in many soil
conservation plans are rotations. These rotations typically contain
some forage which can only be used by certain livestock products. Land
retirement may be achieved allowing or disallowing forage. Without

livesteck included within the model, these types of policies cannot be

fully evaluated.



The Livestock Industry

Between 1970 and 1984, gross income from beef, dairy, eggs, pork,
poultry, sheep, and turkey increased by nearly 140 percent (Table 1 and
Figure 1). In 1984, beef receipts accounted for 447 of the gross income
with pork contribﬁting 257 (Figure 2). The share that livestock has of
gross farm income is 40 percent.

Beef, pork and egg production has remained relatively constant
during the past fourteen years (Table 2). Sheep production has
decreased. The production of broilers, dairy products, and turkeys have
increased during this same time span.

Over the past 20 years, many changes have taken place in the
structure of livestock production in the United States. As a result,
the compositicn of inputs required in the livestock production process
has also undergone significant change. This has led to many
unanticipated problems for the infrastructures that support the various
livestock industries in specific areas, as livaestock farms have
increased in average size and concentrated in fewer areas of the United
States. This fact has also been the cause for increasing concern by
policy makers in rural areas concerned with preserving the "family farm"
in their political territories.

As early as the late 1960s, many agricultural ecocnomists were
becoming aware of just how significant the changes in United States
livestock production could be. As profit margins in livestock farming
dwindled, costs of farm labor soared, and capital requirements
multiplied, it became obvious that major shifts in many aspects of

agricultural production were forthcoming (Ball and Heady, 1972).



Table 1. United States' gross farm income and income from livestock enterprises,

1970-1984

Gross Gross

Farm Gross Income for: Income
Year Income Beef Dairy Eggs Pork Poultry Sheep Turkey Livestock

........................... (billion doLllarS e . ve e s e ieeieresrereeanonnaens

1970 58.8 13.9 6.7 2.2 4.7 1.5 0.3 0.5 29.8
1971 62.1 15.2 6.9 1.8 4.1 1.5 0.3 0.5 30.3
1972 71.1 18.6 7.3 1.8 5.4 1.7 0.3 0.5 35.6
1973 98.9 22.8 8.2 2.9 7.7 2.8 0.4 0.5 45.3
1974 98.2 18.3 9.6 2.9 7.1 2.5 0.4 0.9 41.7
1975 100.6 18.0 10.1 2.8 8.2 3.0 0.4 0.7 43,2
1976 102.9 19.8 11.6 3.1 7.8 3.1 0.4 0.8 46.6
1977 108.8 20.7 11.9 3.0 7.5 3.2 0.4 0.8 47.5
1978 128.4 28.8 12.8 2.9 9.0 3.7 0.5 0.9 58.6
1979 150.7 35.7 14.8 3.4 9.3 4.2 0.5 1.2 69.1
1980 149.6 32.5 16.7 3.3 9.2 44 0.5 1.2 67.8
1981 166.0 30.1 18.2 3.7 10.0 4.8 0.4 1.3 68.5
1682 161.6 30.4 18.3 3.5 10.8 4.0 0.5 1.2 69.3
1983 150.6 29.2 18.9 3.5 9.9 5.0 0.4 1.3 68.2
1684 174.0 31.2 18.0 4.1 9,8 6.2 0.5 1.7 71.5

®Does not include income from the selling of chicks.

Source: (United States Department of Agriculture, 1986).
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Table 2. Livestock production in the United States, 1970-1984

Year Beef Broilers Dairy Eggs Pork Sheep  Turkey
«...{million pounds).... (million) ....(million pounds)....

1970 39,343 10,819 117,007 68,212 21,823 1,099 2,198
1971 39,434 10,818 118,566 69,649 22,832 1,071 2,256
1972 41,225 11,480 120,025 69,219 20,919 1,004 2,424

1973 41,231 11,220 115,491 66,039 20,154 896 2,452
1974 42,761 11,320 115,586 65,620 19,976 807 2,437
1975 40,901 11,096 115,398 64,626 16,835 785 2,277
1976 41,398 12,481 120,180 64,511 18,160 733 2,606
1977 40,745 12,961 122,654 64,602 19,021 706 2,593
1978 39,971 14,000 121,641 67,157 19,466 687 2,655
1979 ~ 38,803 15,522 123,350 59,209 22,617 704 2,958 -
1980 40,283 15,539 128,406 69,686 23,402 746 3,077
1981 41,178 16,520 132,770 69,825 21,813 772 3,264
1982 40,715 16,760 135,505 69,718 19,658 785 3,175
1983 40,301 17,038 139,672 68,169 21,195 768 3,336
1984 40,000 17,855 135,444 68,193 20,177 692 3,386

%In 1979 the egg data includes layers and eggs destroyed because of
possible PCB contamination.

b . : . \ .
Beef, broilers, pork, sheep, and turkey information is expressed in
liveweight terms.

Scurce: (United States Department of Agriculture, 198§).



Probably the most obvious change in livestock production over the
last 20 years has occurred in the production of grain-fed beef. Today,
industrialized commercial beef feedlot operations dominate in the
production of grain-fed beef, with less than 450 of these "farms"
accounting for more than one-half of the national production of
grain-fed beef (Schertz, 1979).

As pointed out in a recent assessment of future agricuitural
resources, the changes that have been occurring, and will continue to
occur in the future within other types of livestock pgoduction, are not
as obvious. This is because such changes, especially regional shifts in
the production of such land-based livestock production activities as
cow-calf operations and (to a lesser extent) farrow-to-finish pork
operations, do not come in the form of major or rapid shifts, but only

as gradual adjustments over time (Fontenot, 1984).

Location of Production

An analysis of past U.S5. Agricultural Census data tends to support
this observation. Tables 3 and 4 show how the national production of
feeder beef cattle and pork have been distributed between the nine U.S.
Agricultural Census Divisions (Figure 3) over the last four census
reports. Interestingly, proportioned production of feeder cattle has
remained fairly constant between census divisions since 1969, with only
small relative decreases in the proportions of total United States
production occurring in the West South Central Division and small
relative increases in the proportionate production in the Pacific

Division. Other divisions have had small fluctuating changes in



Table 3. U.S. Department of Agriculture Census Division percentages of
national feeder beef cattle production for 1969-1982

Percentage of national production

Region (1969) (1974) (1978) (1982)
New England - 0,97 0.85 0.93 0.95
Middle Atlantic 45,11 3.68 4,05 4.15
East North Central 11.08 10.26 10.50 10.51
West North Central 27.18 27.32 26.92 26.46
South Atlantic 8.30 8.92 8.95 9.10
East South Central 9.60 10.44 9.25 8.94
West South Central 20.61 20.01 20.36 16.94
Mountain 12.11 12.25 12.43 12.81
Pacific? 6.05 6.27 6.61 7.12
U.S. production® 45,511,356 51,912,416 44,445,284 44,985,290

aExcluding Alaska and Hawaii.

bBased on census data on the number of cows and heifers that have
calved.

Sources: (Bureau of Census, 1971, 1976, 1980, 1984).



Table 4. U.S. Department of Agriculture Census Division percentages of
national pork production for 1965-1982

Percentage ¢f national production

Region (1969%) (1974) (1978) (1982)
New England 0.12 0.10 0.10 0.08
Middle Atlantic' 0.98 0.18 1.58 1.82
East North Central 30.60 - 27.57 26.42 27.13
West North Central 50.76 52.97 52.82 53.68
South Atlantic 7.86 8.39 9.33 8:97
East South Central 5.27 4,66 4.81 4,02
West South Central 2.47 2,71 2.62 2.11
Mountain 1.32 1.72 1.69 1.61
PacificP 0.62 0.70 0.63 0.60
U.S. production® N 66,730,709 71,204,875 74,675,363

a .

Assumes same percentage of total numbers are feeder pigs as
reported in the 1974 Census, since no disaggregation occurred in the
1968 Census data.

Pexcluding Alaska and Hawaii.

“Based on census data for number of hogs sold, excluding feeder pigs.

Sources: {(Bureau of Census, 1971, 1976, 1980, 1984).
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proportion between census reports or relatively minor changes in
propertion since 1969.

' By contrast, Table 4 shows that the changes in propertionate
production of pork by census division have been more consistent since
1969, with the West North Central Division's share of national
production increasing by 3 percent at the expense of the East North
Central Division. Other divisions seem to be experiencing decreasing
proportionate shares of national pork production, with the exception of

the South Atlantic Division, which has shown minimal increases.

Changing Farm Numbers

In contrast to the slow, but gradual, farm numbers shifts in the
regional production distribution of feeder beef cattle and pork, is the
rate at which regional farm size distributions have been changing over
the past 20 years. Trends towards larger and more cost efficient feeder
beef and pork producing farms in almost all census divisions have led to
substantial decreases in farm numbers. Tables 5 and 6 show how farm
numbers in each of the census divisions that produce significant
quantities of feeder beef cattle and pork, have changed since 1969.

Overall farm numbers among the seven significant feeder beef
producing divisions were down 17 percent below 1969 farm numbers in
1982, with the East North Central Division showing the largest drop (27
percent below 1969 numbers). It should be noted, that feeder beef farm
numbers in 1982 were slightly higher than the respective numbers in 1969
for the South Atlantic Division. But, the 1982 farm numbers in the
South Atlantic Division still show a decreasing trend in farm numbers

when compared to 1974 and 1979 census data.
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Table 5. Changes in total number® of feeder beef producing farms
between 1969 and 1982 census reports

Aggregate Number of farms by census report vear
region (1969) (1974) (1978) (1982)
East North Central 157,637 149,753 124,958 115,499
West North Central 297,834 286,389 243,236 223,855
South Atlantic 73,823 88,120 78,274 74,506
East South Central 117,498 133,347 110,933 103,221
West South Central 180,613 177,292 176,052 . 162,673
Mountain 53,491 54,567 49,974 47,729
Pacific 28,256 29,837 27,742 26,612

aExcluding those farms producing less than 10 feeders per year.

Source: (Bureau of Census, 1971, 1976, 1980, 1984).

Table 6. Changes in total number? of pork producing farms between 196G
and 1982 census reports

Aggregate Number of farms by census report vear
region (1969} (1974) (1978) (1982)
East North Central 142,285 96,526 87,442 66,278
West North Central 243,334 180,436 168,492 127,290
South Atlantic 66,508 44,070 51,352 27,277
East South Central 64,674 37,780 45,895 23,547
West South Central 28,438 15,343 21,502 10,059
Mountain 10,496 7,379 - 8,618 5,123

aExcluding those farms producing less than 10 hogs per year.

Source: {Bureau of Census, 1971, 1976, 1980, 1984).
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Table 6 shows that the number of farms producing pork has declined
even more rapidly. Total farm numbers reported in the 1982 Census of
Agriculture for the six significant pork producing divisions were less
than one-half the total number reported in the 1969 census. The two
census divisions responsible for the majority of pork production in this
country experienced declines in farm numbers of 53.4 percent (East North

Central) and 47.7 percent (West North Central) between 1969 and 1982.

Regional Size Distributions

As mentioned above, a major reason for the decline in farm numbers
has been the trend towards larger farm units. Tables 7 through 13 show
how the distribution of feeder beef producing farms by size has changed
over the last five census reports for each of the census divisions with
significant feader beef cattle production. Tables 7-10 show that there
are relatively few feeder beef farms producing more than 200 feeder
cattle per year in the East North Central, West North Central, South
Atlantic, and East South Central divisions. It is also clear that the
relative number of farms producing 200 or more feeder cattle per year in
those divisions has not changed substantially over the last 20 years.
The more revealing results from Tables 7-10, however, are the
substantial shifts in the relative percentages of small farms (10-49
head) and medium farms (49-199 head) over the last 20 years. This shift
is most pronounced in the East North Central Division, where a 20
percentage point decline in small feeder beef farms has been
accommodated by a similar increase in percentage points by medium-sized

feeder beef producing farms, Similar shifts from small to medium-sized
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Table 7. Historical feeder beef farm number percentages by size in the
East North Central Division

Number
of feeder

cattle Percentage of total feeder cattle farms in the region
produced (1964) (1969) {(1974) (1978) (1982)
10-29 94.036  88.026 82.298 79.241 74.866
49-199 5.703 11.809 17.307 20.276 24.506
200-500 0.239 0.152 0.369 0.441 0.5706
>500 0.0224 0.0133 0.0267 0.0424 0.05714

100 100 100 100 100

Source: (Bureau of Census, 1966, 1971, 1976, 1980, 1984).

Table 8. Historical feeder beef farm number percentages by size in the
West North Central Division

Number
of feeder

cattle Percentage of total feeder cattle farms in the region
produced (1964) (1969) (1974) (1978) (1982)
10-49 82.444 78.294 69.562 70.388 67.117
49-199 16.271 20.253 28.057 27.140 29,895
200-500 1.108 1.276 2.103 2.140 2.595
>500 0.177 0.178 0.278 0.333 0.394

100 100 100 100 160

Source: (Bureau of Census, 1966, 1971, 1976, 1980, 1984),
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Table 9. Historical feeder beef farm number percentages by size in the

South Atlantiec Division

Number
of feeder

cattle Percentage of total feeder cattle farms in the region
produced {(1964) {1969) (1974) {1978) {1982)
10-49 - 84.733 78.581 76.306 77.677 76.350
50-199 13.236 18,883 20.698 19.272 20.398
200-500 1.456 1.878 2.267 2,277 2,468
>500 0.574 0.658 0.729 0.774 0.784

100 100 100 100 100

Source; (Bureau of Census, 1966, 1971, 1976, 1980, 1984).

Table 10. Historical feeder beef farm number percentages by
East South Central Division

size in the

Number
of feeder

cattle Percentage of total feeder cattle farms in the region
produced (1964) (1969) (1974) (1978) (1982)
10-49 87.226 84,238 79.199% 82.233 81.274
50-199 11.627 14.599 19.186 16.393 17.339
200-500 1.021 1.045 1.426 1.204 1.250
>500 0.126 0.117 0.190 0.170 0.142

100 100 100 100 100

Source: (Bureau of Census, 1966, 1971, 1976, 1980, 1984).
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Table 11. Historical feeder beef farm number percentages by size in the
West South Central Division

Number
of feeder

cattle Percentages of total feeder cattle farms in the region
produced (1964) (1969) (1974) (1978) (1982)
10-49 79.784 74.592 69.327 74,472 72.726
50-199 17.264 34.019 26.400 21.824 23.387
200-500 2.322 4,086 3.391 2.938 3.088
>500 : 0.629 0.952 0.882 0.765 0.799

100 100 100 i00 100

Source: (Bureau of Census, 1966, 1971, 1976, 1980, 1584).

Table 12. Historical feeder beef farm number percentages by size in the
Mountain Division

Number

of feeder

cattle Percentages of total feeder cattle farms in the region
produced (1964) (1969) (1974) (1978) (1982)
10-49 52.871 50.322 45,691 48,425 46,358
50-199 36.904 38.014 38.779 37.351 37.870
20-500 7.988 9.149 11.064 10.878 11.874
>500 2.237 2.514 3.467 3.346 3.518

100 100 100 180 100

Source: (Bureau of Census, 1966, 1971, 1976, 1980, 1984).
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Table 13. Historical feeder beef farm number percentages by size in the
Pacific Division

Number
of feeder

cattle Percentage of total feeder cattle farms in the region
produced (1964) (1969) (1974) (1978) (1982)
106~-49 65.731 51.397 56.618 56.755 55.402
50-199 26.334 31.275 30.154 28.563 28.708
200-500 6.000 8.802 9,488 10.262 11.088
>599 1.935 2.527 3.730 4,019 4,809

100 100 100 100 100

Source: (Bureau of Census, 1966, 1971, 1976, 1980, 1984).
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feeder beef farms have occurred in the West North Central Division and,
to a lesser extent, in the South Atlantic and East South Central
divisions.

A further look at Tables 11-13 shows that the percentage of feeder
beef farms in the small-sized category has decreased, although not as
significantly as above, in the three western-most census divisions over
the last 20 years. However, one should note that in the West South
Central, Mountain, and Pacific divisions, these decreases in relative
small numbers have been offset by shared increases in relativ; farm
numbers by medium-sized and large-sized (200-500 head) feeder beef
farms. In the Mountain and Pacific divisions, there have also been
substantial increases in the relative percentage of feeder beef farms in
the extra large (> 500 head) size classifications.

As suggested by the sharper declines in perk farm numbers, the
trend towards larger farm size has been much more pronounced in the
production of pork. Tables 14-19 show how the distribution of pork
farms, by size, has changed since 1959 for each of the six census
divisions with significant pork production. Tables 14 and 15 show that
small (10-59 head) and medium (50-199 head) sized pork farms in the two
census divisions, that account for approximately 80 percent of the
national production of pork, have been replaced in large quantities by
pork farms of the medium-large (200-500 head), large (500-599 head), and
extra large (> 1,000 head) size classifications. Unfortunately,
consistent data on the number of pork farms producing more than 1,000
hogs per year are not separately available from census data prior to

1982. Table 20, however, shows how significant farms in the extra-large



18

Table 14. Historical pork farm number percentages by size in the East
North Central Division

Number of Percentage of total pork farms in the region

hogs sold (1959) (1964) (1969) (1974) (1978) (1982)

10-49 45.103 32.981 30.744 29.762 28.955 25.067

50-199 41.504 45,212 40,577 38.850 36.660 32,705

200-499 11.439 16.765 20.568 20.236 20,196 21.321

>500 1.955 5.042 8.111 11,152 14.189 20.907
100 100 100 100 . 100 100

Source: (Bureau of Census, 1961, 1966, 1971, 1976, 1980, 1984).

Table 15. Historical pork farm number percentages by size in the West
North Central Division

Number of Percentage of total pork farms in the region

hogs sold (1959) (1964) (1969) (1974) (1978) (1982)

10-49 38.733 27.933 24.521 21.198 20.764 16.697

50-199 48.854 51.226 44,375 41.363 37.710 32.961

200-499 11.366 17.774 24.327 26,044 26.074 26.396

>500 1.047 3.068 6.778 11.295 15.453 23.944
100 100 100 100 100 100

Source: {Bureau of Census, 1961, 1966, 1971, 1976, 1980, 1984).
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Table 16. Historical pork farm number percentages by size in the South
Atlantic Division

Number of : Percentage of total pork farms in the region

hogs sold (1959) (1964) (1969) (1974) (1978) (1982)

10-49 78.550 66.617 57.907 52.272 53.0682 47.766

50-199 16.113 ©28.022 30.996 32.878 31.261 29.358

200-499 2.047 4,212 8.170 9.53 9.454 11.328

>500 0.290 1.500 2.926 5.318 6.193 11.548
100 100 100 100 100 100

Source: (Bureau of Census, 1961, 1966, 1971, 1976, 1980, 1984).

Table 17. Historical pork farm number percentages by size in the East
South Central Division

Number of Percentage of total pork farms in the region

hogs scld (1959) (1964) (1969) (1974) (1878) (1982)

10-49 78.590 67.064 59.387 54,635 62.830 49.301

50-199 18.740 28.988 31.340 33.984 24,197 33.164

200-499 2.378 3.009 7.219 7.830 8.875 10.226

>500 0.283 0,844 2.053 3.552 3.9589 7.309
100 100 100 100 130 100

Source: (Bureau of Census, 1961, 1966, 1971, 1976, 1980, 1984).
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Table 18. Historical pork farm number percentages by size in the West
South Central Division

Number of Percentage of total pork farms in the region

hogs sold 1959) (1964) (1969) (1974) (1978) (1982)
10-49 81.416 67.326 61.059 55.576 69.311 57.601 |
50-199 © 16.353 26.958 28.444 29,868 19.138 27.550
200-499 1.865 4,266 7.831 9.027 7.608 8.429
>500 0.366 1.450 2.665 5.533 3.943 6.421

100 100 100 100 100 100

Source: {(Bureau of Census, 1961, 1966, 1971, 1976, 1980, 1984).

Table 19. Historical pork farm number percentages by size in the
Mountain Division

Number of Percentage of total pork farms in the region

hogs sold  (1959) (1964) (1969) (1974) (1978) (1982)

10-49 72.033 61.074 55.650 50.291  57.835 48.607

50-199 24.333 30.504 31.869 31.156 23.920 28.424

200-49% 2,792 6.436 8.765 11.384 10.794 11.377

>500 0.843 1.986 3.716 7.169 7.270 11.592
100 100 100 100 100 100

Source: (Bureau of Census, 1961, 1966, 1971, 1976, 1980, 1984).



Table 20. Percentage of pork producing farms by U.S Census
Division reported as "extra large" (>1,000 head

sold/year) in 1982

Aggregated region

Percentage of

total farms®

East North Central

West North Central

South Atlantic

East South Central

West South Central

Mountain

9.

9.

2097

2922

-4120

L1214

.33336

. 76666

Source: (Bureau of Census).

2L
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size classification were in 1982, with those farms composing almost 10
percent of all pork farms in the East North Central and West North
Central divisions.

Tables 16-19 show that the size distributional trends, in the other
four census divisions considered as having significant pork preduction,
have followed similar patterns, with larger farms making up a larger
percentage of total farm numbers. It is important to note, however,
that the only size classification showing decreasing percentage points
in the Scouth Atlantic, East South Central, West South Central, and
Mountain divisions is the small-sized farms. This indicates that the
size distributional shifts occurring in the less important pork
producing areas of the country are following a more gradual course

similar to feeder beef producing farms.
Cbjectives

The objective of the remainder of this report is to present a model
capable of evaluating many of the above concerns. The model will either
be partially endogenous or fully exogenous depending on research needs.
The coefficients for both are presented in this deoccument. First, a
general description of the model is presented. In Chapter III, a fully
exogenous model is developed. The partially endogenous model is
illustrated in Chapter IV.

Examples of studies that have used this model's methodology
include:

1. Shraufnagel and English, 1982, and

2. Disney, 1985.



CHAPTER II. A GENERAL DESCRIPTICN OF THE AGRICULTURAL RESOURCE
INTERREGIONAL MODELLING SYSTEM'S LIVESTOCK SECTOR

During the past seven years, in the national analysis conducted by
Center for Agricultural and Rural Develcpment, the need for a fiexible
livestock sector became readily apparent. During the 1380 Resource
Conservation Act, the lack of a flexible livestock sector resulted in a
diminished ability to fully analyze the impacts of varicus resource
goals. Without a livestock sector, the adjustments that might occur as
a choice between rotations incorporating hay and changing the present
.ration of the beef herd cannot be made. The impacts of technological
advances in the dairy, beef, etc. sectors could not be fully addressed.
Projected changes in consumer tastes from grain fed towards roughage fed
beef and the subsequent impacts and our resource base could not be
evaluated. In order that these and numerous cother issues could be
analyzed, two different types of livestock sectors are built—

1. A fully exogenous livestock sector (FELS), and

2. A partially endecgenous livestock sector (PELS).

The purpose of this document is to provide an insight into the
structure and development of the livestock sector used in the
Agricultural Resource Interregional Modelling System's linear
programming model. In general, a livestock sector as a component of a
national linear programming model should reflect the most important
aspects of livestock production. For the purpose of the RCA analysis,
two types of livestock sectors are developed. The first type has fixed
location of preoduction characteristics and somewhat fixed feed

23
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requirements. This type of model is termed Fully Exogenous Livestock
Model (FELM). The second type of model allows location of production to
shift for some livestock types. This model is called a Partially

Endogenous Livestock Model (PELM).
Exogenous vs. Endogenous

An exogenous livestock sector is built to economize on model costs
at the expense of the detailed information provided by an endogenous
sector. The exoéenous livestock sector assumes regional distribution of
production of livestock is fixed. When combined with feed use
coefficients this regional production determines the regional demand for
feedgrains which is added to the human, industrial and export crop
demands in the model. Livestock water demands and nitrogen supplies are
also derived and provided to the model before solving. Thus, the
exogenous livestock sector excludes important information on regional
livestock location and interactions between crop producticn and
livestock feed demands, while providing a low cost methed of reflecting
livestock demand for feedgrains, concentrates, roughages and water and
supply of nitrogen.

The partially endogenous model allows production to shift from one
producing area to another in an effort to minimize costs. Regicnal
final livestock demands are prespecified. Activities that produce the
endogenous livestock commodities are incorporated and linked to the
cropping sector.

When considering whether the livestock sector should be exogenous

or endogenous, an evaluation must be made on the likelihood of livestock
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production and feed requirement shifting. If shifts are not desired and
livestock rations are fixed, the livestock requirements can be
prespecified and thus exogenously determined. In this case, the
livestock feed demands are placed in the model prior to solving by crop.
There are scome cases where shifts in rations are desired within the
féedgrain and roughage categories. Feedgrains, barley, corn, cats, and
sorghum can be aggregated together and placed in feed grain (corn)
equivalents; and roughages, corn silage, legume hay, nonlegume hay, and
sorghum silage can be aggregated together. In the final case, there may
be a need to allow shifts in the location of agricultural productioen.
This solution would require a partially endogenous livestock sector
where beef, pork, and dairy subsectors are endogenously solved.

Complete selection of location and rations is allowed within biological
limitations.

The remainder of this publication discusses these alternatives and
the formulations necessary to devise the required coefficients. This is
achieved by first discussing the fully exogenous ﬁodel and then the
partially endogenous model.l Each of these models are available in the

Agricultural Resource Interregional Modelling System.

Fully Exogenous Livestock Sector

The fully exogencus livestock sector {(FELS) contains the feed
requirement for beef, broilers and chickens, dairy, eggs, pork, turkey,

and sheep. In addition, the manure produced by these livestock products
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are determined. The water needs are also calculated. However, these
water requirements are not used in the model.2 The methodology used to

develop these data requirements are presented in Chapter 3.

Partially Endogenous Livestock Sector

Once the decision is made to constrﬁct PELS, the questien of which
livestock type should be included is raised. Since poultry3
production's location is fairly fixed, and it's not land oriented; it
will not be endogenous. Sheep are also not incorporated within the
modelling framework. As with poultry, its demand on resource use, crop
requirements, and water are prespecified and location is predetermined
in both models. The methods used to determine these ccefficients are
presented in Chapter 3.4

The endogenous livestock sector produces dairy, pork, and beef.
The production process is modelled using nutrient requirements (JA),
offspring (NA), demand for replacement animals (-NA), and capital, (CA)
as inputs. These inputs, when used, produce dairy, pork, or beef to
meet the final demands. The production activities can be brcken into
two types--final demand producing and offspring producing. The
offspring producing activities do produce some red meat, however.

The dairy subsector produces milk as a primary product. However,
steer calves are available for use by the beef subsector and roughage
fed beef.through culling is preduced to meet final demands.

Pork producticon is presented through three production processes.
These included farrow-finish, finish, and feeder pig. The feeder pig

operation supplies piglets to the other two production processes. In
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addition, it supplies some pork (from the culls) to meet the pork final
demands.

The final livestock commodity pr;duced in the model is beef. Beef
final demands are divided inte grain-fed and roughage fed. Cow/calf and
cow/calf/yearling operations produce heifers and steers for use in the
finishing activities. In addition, these activities supply beef to the
roughage fed final demand through the culling of the breeding herd.

Both the grain and roughage fed activities produce beef and require

offspring.
Data Sources

Nine basic sources are used for the construction of the livestock
sector. These sources include:
1. The Firm Enterprise Data System (FEDS),
2. The National Research Council publication on nutrient
requirements of livestock,
3. Published and unpublished CARD working papers,
4, Various editions of Agricultural Statistics,

5. The 1649 through 1978 Census of Agriculture,

6. The National Interregional Agricultural Projection System,
7. Future Agricultural Technology and Resource Conservatien, and
8. Unpublished regional and national data,

9. Feed Situation Reports.
An explanation of how these sources are used in the development of

the model will be addressed in the following twe chapters.
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A General View of the Agricultural Resource
Interregional Modelling System

A general schematic of the linear programming model is shown in
Figure 4. This schematic represents two crop producing areas (x and y)
within one market region/livestock producing area (z), and one ecosystem
(g). Generally, the types of resources required, active constraints,
and commodity demands are presented vertically with the activity types
listed horizontally. The symbols used in this schematic are the same as
those used in the mathematical representation that follows in the next
section with definitions presented in Table 21.

As can be readily seen, the feed transfer activities (XJ) serve as
the linkage between the crop and livestock sectors. There are two other
activity types that are documented in Chapters 3 and 4. They are the
livestock preducing activities (XA) and (XB). In addition, this
document illustrates how the right-hand-sides for exogenous feed demand
(RB), and a porticn of the nutrient supply/demand (RF) are determined.

This model utilizes three different regional definitions. The
first and primary set of regions consists of 105 producing areas (Figure
5). These areas are the basic regions for crop production. Therefore,
the land availability and irrigation sectors are also defined at this
level. The second set of regions is the 31 livestock producing regions
(Figure 6). From these regions, livestock production is defined. In
addition, these 31 regions serve as transportation and input purchase
hubs. Transportation routes are defined from one market region to
another. The final set of regions consists of 34 ecosytems. Range and

pasture production activities are defined at this level.
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Table 21. Description of variables used in the mathematical expression
of the model

Variable
Name Variable Description
CA is the per unit cost of livestock production in market
p.q region (p) for livestock type (q) (dollars per cwt. of
primary product)

CD, ., k.m is the cost of dryland cropping practices in producing
Lrds® area (i), on land group (j), rotation (k), employing
tillage practice (m) (dollars per acre)

CE o is the cost of exporting commedity (c) from Great Lakes
P Region to the east coast market regions (p) (7,10, and

11) (dollars per unit)
CF is the per unit cost of fertilizer in market region (p)
P (dollars per pound)
CGe £ ot is the per unit cost of forage production in ecosystem
- (e), productivity class (f), condition class (g), with
management strategy (h) (dollars per acre)
CI is the cost of dryland cropping practices in producing

1,3,k,m,w area (i), on land group (j), rotation (k), emploving

tillage practice (m) (dollars per acre)

is the per unit cost of feeding crop (n) for livestock

P, v type (v) in market region (p) (dollars per unit)
CLPi - is the cost of converting potential crop land in pro-
' ducing area (i) and conversien type (r) {dollars per
acre)
CMDIC, . is the cost of converting an acre of non-irrigated land
1,] . . . . .
to irrigated land in producing area (i) on land group
(1)
CMWETi is the cost of converting an acre of wetlands to non-
irrigated cropland in producing area (i)
CTAt u is the per unit cost of transporting endogenous commodity

(u) over transportation route (t) (dollars per hundred
weight)
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Table 21 (Continued)

Variable
Name

Variable Description

CTC

t,n

FD, .
llJ’klm

FL. .
i,j,k,m,w

JA
Psgs2

pyn,u,z

MINR

NA
P>q,u

PDRY,
i

PIRR, |,
i,j,w

is the per unit cost of transporting endogenous commodity
(n) over transportation route (t) (dollars per unit)

is the cost per acre foot of applying water source {(w)
in producing area (i) (dellars per acre-foot)

is the amount of manure (expressed in nitrogen equiva-
lents) produced in market region (p) by livestock type

(q)

is the amount of nitrogen required by a dryland cropping
practice in producing area (i), land group (j), rotation
(k), and conservation tillage practice {(m) (pounds)

is the amount of nitrogen required by a dryland cropping
practice in producing area (i), land group (j), rotation
(k), using irrigation type (w) and conservation tillage

practice {(m) (pounds)

is the amount of nutrient (z) required by the livestock
production activity type (gq) in market region (p)

is the amount of nutrient (2z) supplied by one unit of
commodity (n} to major livestock type (u) in market
region {p)

is the maximum percent roughage that can cccur in the
ration and maintain the level of yield for livestock

type (u)

is the minimum percent roughage that can occcur in the
ration and maintain the level of yield for livestock
type (u)

is the amount of replacement stock required of major
livestock type (u) for livestock production activity
(q) in market region (p)

is the percent of dryland in land group (3) and producing
area (i) that is converted when one dryland acre is
converted to irrigated land

is the percent of irrigated land using socurce (w) in land
group (j) and producing area (i) that is converted when
one dryland acre is converted to dry land
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Table 21 (Continued)

Variable
Name Variable Description

PLR®, . is the percent of land in ecosystem {e) having potential

11T of (r) in producing area (i) and land group (j)

RB b is the amount of feed required by the exogenous livestock
P» in market region (p) for feed type (b)

RDC 1 is the amount of commodity (n) demanded in market region

P (p)

RDCNn is the amount of crop commedity (n) demanded at a national
level [This RHS value exists only for those crops with no
transportation network]

RDL a is the amount of livestock commodity (u) demznded in

P market region (p)
REX_ ig the level of exports for commodity (c) in exporting
’ region (s)
RF is the level of fertilizer available (required) by
P exogenous agriculture in market region (p)
RLCRP is the amount of land that is planted in crop (n) in
! market region (p)

RLCTLi is the maximum quantity of land available for conservation
tillage cropping practices in producing area (1)

RLDYi is the amount of land available for endogenous dryland

! cropland production in land group (j) and producing area
(1)
RLG . is the quantity of grazing land in ecosystem (e),
18 productivity class (f), and condition class (g)
RLIN is the minimum number of acres irrigated
RLIRi - is the amount of land available for endogencus irrigated
01> cropland production in land group (j) and producing area
(1)
RLITi w is the minimum level of irrigated acres in producing area
’ (i) using water source (w)
RLTERp is the amount of land required to be in terraces in market

region (p)
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Table 21 (Continued)

n,i,j,k,m

P:q

Variable
Name Variable Description
RLTOT, is the total amount of land required to come into solution
+ in producing area (i)
RLZTLi is the amount of zerc or no tillage that can come into the
solution in producing area (i)
RWS, is the quantity of water available in producing area (i),
1.¥ and source of water {(w)
RPR? is the quantity of pasture available in market region
P (p) and ownership category (a) [when the grazing sector
is endogenous and a = 1, this value is 0]
. RPRT is the maximum amount of tons from the range sector
SWDD, . K.m is the per acre wind erosion coefficient for dryland
tadaks farming in producing area (i), land group (j), rotation
(k), and conservation tillage practice (m)
SWDIim. X . w is the per acre wind erosion coefficient for irrigated
d5 %50 land farming in producing area (i), land group (j),
rotation (k), and conservation tillage practice (m)
SWTDi Ckom is the per acre sheet and rill erosion coefficient for
1305y dryland farming in producing area (i), land group (jJ,
rotation (k), and conservation tillage practice (m)
SWTIi K omaw is the per acre sheet and rill erosion coefficient for
s1%:M¥ 4 rigated land farming in producing area (i), land group
(j), rotation (k), and conservation tillage practice (m)
WEI1 w is the incidental efficiency of water for producing area
' (1) and source of water (w)
WEO1 w is the on-farm water efficiency for producing area (i)
’ and source of water (w)
WRi Ko is the water requirement for producing area (i), rotation .
P {k), and scurce of water (w)
WIC is the percentage of crop (n) in producing area (i), land

group (j), rotation (k), and conservation tillage
practice (m)

is the activity level of livestock production type {q) in
market region (p)
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Table 21 {Continued)

Variable
Name Variable Description
XB is the activity level to transfer crop {n) so that
p,n exogenous livestock needs can be met in market region (p)
D3k is the activity level of dryland crop production in pro-
1r3,%,m ducing area (i), land group (j), rotation (k), and
conservation/tillage practice {(m)
XE is the amount of commodity (c) transferred from the market
Psc region (p) final demand constraints to the exporting
regions
XF is the level of the nitrogen purchasing activity in
P market region (p)
XGe £ o h is the level of the range activity in ecosystem (e),
1285 productivity class (f), condition class {(g), under
management level (h)
XIi Ckom.w is the activity level of irrigated land crop production
>d5 5T in producing area (i), land group (j), rotation (k), and
conservation/tillage practice (m)
XJ n is the level of crop (n) used for major endogencus
P.nsq livestock type (g} in market region (p)
XLPi c is the quantity of potential land type (r) in producing
! area (i) that is converted to cropland
XMDICi is the quantity of land converted from dry to irrigation
' source (w) in producing area (i)
XMIDCi is the quantity of land converted from land with
' irrigation source (w) to dry in producing area (i)
XMWET, is the quantity of cropland classified as a W soil
(Land Group 7) and converted to RCA Land Group 1l soil
through drainage
X‘I‘At u is the amecunt of major livestock type (u) transported on
? route (t) with a superscript I indicates an Import into
a region, with an E it is an Export
XTCt n is the amount of crop (n) transported on route (t) with a
»

superscript I indicates an Import into a region, with an
E it is an Export
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Variable
Name

Variable Description

XWA,
i,w

YA
p.q,u

n,i,j,k,m

p.;e,f,g8.h

YI ., .
n,i,j,k,m,w

is the amount of water
source {w)

is the amount of water
destinaticn (d)

is the amount of water
destination (4)

is the yield for major
category (q) in market

applied in producing area (i) from

exported in producing area (i) to

outflow in producing area (i) to

livestock type (u) in livestock
region (p)

is the dryland yield for crop (n) in producing area (i),
land group (j), rotation (k), and tillage practice (m)

is the proportion of pasture/range yield in market region
(p) that is in ecosystem (e), productivity class (f),
condition class (g), under range management practice (h)

is the irrigated yield

for crop (n) in producing area (i),

land group (j), rotation (k) and tillage practice (m),

water source (w)
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Mathematical Description of ARIMS

The presentation of the equations is divided into two sections, the
objective function and the constraints. The equations use the same
nomenclature as the schematic. Table 21 describes the variables used in
the equations. Generally, activities are identified as starting with an
X and levels of constraints begin with an R. Coefficients in the
objective function begin with the letter C. Those coefficients that are

documented in this manuscript are in bold type.
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The Objective function:

105 8 K 16

£ % £ 3§ (D, . % xp. |
i=1 j=1 k=1 m=1 . >3m i,1,k,m

Crop
Sector
105 8 K 16 2
b z X X z (CIi . kom.w % XIi  kom.w
i=l j=1 k=1 m=1 w=1 2555y 2+ %M,
105 2
2 % ( CWaA, *  XWA, * (WEO, /WEI, )) Water
i=1 w=l ¥ L LY LW gector
4h 4 3 90 Range/
b b} z z (co * XG ) Forest
e=10 f=1 g=1 h=1 e,f,g,h e, f,g,h Sector
31 14
T T (ca * XA )
p=1 g=1 Psq P:q
Livestock
Sector
31 16 5
bX z E (g ® XJ
PtV P01,V

p=1l n=1 v=1
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105 4
z CLP. * XLP,

iil =1 ( i,r 1,r)

105 2

X T (0.01 =* 3XMIDC, w)

i=1l w=l ot Land

Conversion
Sector

105 2

T I (CMDIC, ., * XMDIC, )

i=1 w=l i,] i,w

105

r (CMWET, * IMWET,)

i=1
31

b (CFP % XFP) Fertilizer
p=1 Sector
G867 16

z I {(CTC %
£=1 n=1 ’ t,n XTCt,n)
967 6

z i (ctA * XTA_ ) Transportation
t=1 =1 tyu tyu Sector
10

T I (CE * XE_ )

c=1 p=7,10,11 P»c p,c



Constraints

Fertilizer constraints (market region):

8 k 16
: £ £ & (FD, . * XD, .
jep j=1 k=l m=1  1+32KoB t3hkm
2 14
* -
) PR eme My pm) T F (P
P»q w=1 g=1
- XF_ < RF
S

Water sector constraints (producing area):

3 K 12
2z B ((XI. . *  WR, ) - (WEI, * XWA, )) z 0.0
j=1 k=1 m=l i,j,k,m,w ik,w i,w i,w
when w=l, XWAi is unconstrained
when w=2:
D D
<
XWAi,Z + E XWEi,d + E XWO]._,d < RWS]._’2
=1 d=1
Erosion accounting rows:
Sheet and rill erosion (producing area):
3 K 16
T I (SWTD..km * XD, Ly
j=1 k=1 m=1 tadats 21w
2
*
* WZ]_ (SWTIi:j)k:m,w XIinjsk:msw))



