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adverse weather conditions elsewhere, demand indeed seems to have taken
quantum jump upwards. However, as noted in CARD Report 50, ''total world
food demand generally does not leap from the trend line in a stair step jun
in the span of a year or two' [151, Indeed, it seems that demand changes

-4 o

occur rather gradually as do the major variables (per capita income and
population growth) which are most closely allied with food demand. Both
per capita incomes and population have gradual and continuous inter-year

changes (except in years of major depression or recession).

Because of the importance and role of the United State:

e .

in world grain

trade, however, jumps in the demand for American farm products can occur

because of the stochastic nature of trade. The United States is the world's
largest ''marginal'' food exporter. Because its food producing capacity

great, and because it does export such a large proportion of its production,

weather conditions elsewhere in the world can have a very great impact

U.S. export demand. A crop shortfall or supply decline in a country such as
Russia, with a large population and meager grain stock facilities, can becom:
a very large increment in export demand for U,S. farm products When weather

and yields worldwide are favorable, however lemand for exports fr
United States also can decline sharply within the span of a single ves:
mentioned, adverse weather conditions elsewhere Iin the w
demand for U.S. grain reserves And it appears that poor weathei

primary reason that the East block countries, and Russia in particular

entered the market for wheat in 1972 Purchases ftrom this group of natioi

—

contribute qreat] vy to the variability of demand for U.S farm products.
Mackie notes that the purchases of these countries explain about 0 per

of the erratic behavior or recent United States grain trade L”




Recent fluctuations in exports and world markets have had an impact on
U.S. agriculture. During 1973, the United States exported a record quantity
f cereals (Table 2) and at the same time experienced record farm commod ity
prices. In 1974, U.S. agricultural exports again rose to a record level of
9522

billion dollars, one-fourth above the 1973 level. But the increase in

dollar value was totally because of higher prices, as the total volume of
Y -

Table 2. U.S. exports of wheat, feed grains, and soybeans in specified years.

Commodity 1969-73 1971=73 1973 1974
Wheat (mil. bu.) 862.0 979.6 1423.0 980.0
Feed grains (mil. ton) 29.1 31.7 45.9 37.6
Soybean (mil. bu.) 448 .0 450.2 485 .8 523.3

—_— =

Sources: Economic Research Service EB]

exported commodities fell from 1973 levels. The value increases were mostly
exoerienced in soybeans and soybean oil, wheat, feed grains, and cotton.
But, even though the value of exports rose, net farm income fell by $5
billion from 1973 because of sharp increases in production costs not
completely offset by higher prices [6}.

The above figures emphasize the price and income effects that export
levels have on U.S. agriculture. And, although the short-run outcome of the
present situation is indeed critical, it is important to look ahead and

analyze the possible implications for U.S. agricultu whether the current

s tuation persists or proves to be only temporary.

Objectives of This Analysi:
lhe recent concern and emphasis on the world food situation, including

World Food ( onierence ht-l-‘i in Rome il”l 19,?“, ha% I’E’fiht,'t! nany a]lut‘_"w[ia_)n‘i»
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'
numerous production and consumption adjustments in agriculture that might be
lade to increase per capita food supplies the world over.
Another possible means i to C':‘—'fr,;—“‘i\’jf_" the composition of d iets or rations
| tock themselves. For example, possibilitie do exist for uaing 5
eater proportion of forage and a smaller proporti of grain in the ration
F ruminants. This could be feasible through several types of adjustments.
One way to substitute fo rages for grain in livesto production would be 3
greater use of harvest &ftcrrdth, or crop residue . from feed qraiﬂs and '
wheat. Only a small fraction of dry corn stalks is used for this purpose,
and the proportion of wheat . graﬁfw sorghum, and bar straw so used. is a |
relatively small proportion of that available, Experiments and farmer
nxﬁ&r}thv have pr an that the cellulose in the WQDIEMCntej
by protein in urea, serve successfully as feeds [ 33 38 ]. Rather than to
»
feed the residues after grain harvesting, whi Aksrarastiant havat BEns
dry and brittle, another method , of course, i simply to make si IsGerE o
corn and grain sorahum so that the whole plant is fed and a greater propor -
tion of It is forage.
Experiments and experience indicate that u ing crop residues is an
efficient and feasible way to increase the feed productivity of land and to :
produce beef with a feed 1| X represented b';,- a greater proportion of fﬁl‘)l"é'}q};(ﬁ
[é; I 1 12: 18: 24 3?]. Also, results from previous national programm-
| ot have shown that very ar savings might ade in the amount of .
ain required t produce the nation's beef supply if a mucl larger amount



Person Per Year

Pounds of Grain Per

'

1,000

——= [otal Grain Use
———o Grain  Consumed
Directly as Food

Income Per Person, 1965 ( Dollars Per

m iS.A
j
m USSR
= UNTED KINGBOM
m W. GERMANY
DIRI
CONSUMPTIO
= INBA _ MPAN o
oomu SHECo T T~
BNDUA o T _INTED KiNGoOM
BRGENTEA g B Vi ST e
W. GERMANY U.S.A
| U i | | L I | I
1,080 2,000 3,600 4,008

Year)




8

of silage was used in the ration [h; 19; 21].1

There are numerous other ways by which U.S. output of food could be
increased for export to hungry nations, if both this nation and the rest of
the world were serious about doing so. This seriousness would need to be
reflected by the creation of institutions, market he . and other
ethods which would continue a viable export market and stabilize | ces
at a level whereby American farmers did not sacrifice iring years of surplus,
Une approach would be greater investment in research. Another would be to

lower the price of inputs relative to commodities. Another one, still with
some great promise in the United States. woul L allocate irrigation :

water where it has the greatest margin of productivity (rather than so much

on the basis t '""rights'' mechanisms) and to allocate all resources and crops

T

Interreailona | ] V 1IN accordance wi L h thelr comparativ

advantage. \Various

LN

ilities [14; 21].°

CAR [J T ,’r;fr_" i N ave S N wn i ht‘ S€ PpOS

While many means exist for ;H‘=ﬁuc1ng:MﬂrC food and Increasing the supply

of grain available for export from the United States, the objectives of this

study are more limited. We estimate that increases in U.S. arain exports

1 _ : . e
In all of these models, the use of silage proved to be an erticient

i - - - ek i - e 1| o N e - - 4= 3 . - ,, ] o o o~ g -
1 ) 1 Deel DT yauctiIon f iNn reiavant rocations) and on I Y '."'}’L'f = 'L.A"'HJ‘L_IL‘J'I lons

ot restraints on silage use were included, much more of the 1an was kept
from being so allocated and beef so produced.
Water is allocated more nearly in terms of historic leaal rights
rather than marginal productivity. lo shift to a marginal productivity
stem would .* course, ha ve a cost 1n as set value to th 1S€ wWwho wou | d | ose
rightse ind a apital gain value to those who received the water Hence, it

uld be politically feasible only on a full capital value compensation
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feeding methods for beef and shifts in the consumption patterns of the
American public. This subsector includes four model alternatives.

The seven situations analyzed in this report will be referred to as
Alternatives* A through F. The first of these, Alternative A, serves as a
base situation for the other six. For Alternative A, domestic demands are
first satisfied and then exports of wheat, feed grains, and soybeans are
expanded until the land base available for these crops is fully utilized.
In this manner, potential production capacity in each instance is tied to
the nation's land base. For Alternative A, the export proportions of the
three grain commodities are forced to equal their actual export mix for the
years 1971-73. Cotton lint exports are fixed at 4.2 million bales for all
of the situations analyzed.

The remaining two alternatives of the first subset, Alternatives B and
C, allow the grain export mix to shift considerably. For Alternative B,
wheat exports are forced to remain at the 1971-73 average level while exports

of feed grains and soybeans expand to utilize the model's marginal productive

capacity. This alternative would be consistant with an affluent world's

demand for grains to feed livestock and a relatively low demand for food

grains. |t would suppose the world's richest and most developed countries

¢

dominate international export markets for grain to increase their consumption
of meat. The alternative associated with Alternative C represents the
opposite view of the world economy in the future, Here feed grain and
soybean exports are held at 1971-/3 average levels, and wheat exports are
allowed to expand. The situation described here is consistant with a world

desperately in need of food grains for human consumption, the major problem

emphasized at the Rome Food Conference.




n 1 - <11k 3 - lterna | 1 i
al econao ubset ot 1lternat | v - the export ' 1 | 'a remailns
— | { 1 e |
- —_ n |- ¥ 7 = ry
| y 1 1 ‘r]t ] 1 T_ ) averagil 1fJ J i N t‘“‘ | 5 irt 01 | t Nnd | i l_t'
— - ) i - - | & | -
= - ¥ N L -

larket e | minea ndoubtedly, som : er I tere ed n the com-
D | attect of thest NiTt { rfrerent EX| " L Tt SEe [ nations,
gle)]' | I & not etal led 1 this 21 script ) i by ¢ ~omi 3 N c
/ }1 D¢ "'}._“’T e | Y mi 1<'l" i l“'r'iﬂ’j £ cComput | O ,'Jtlktk"‘ =1 1S C r“:";f
i D iuse ot the nsiderable amount of data t ! jenerated in the ‘
Pl » and the length which would b ydd ‘ t h ¢ t t was felt that
f[_" ! nan Y ,?: t‘_’r”-,'ﬂ! |'1~ an . t } Iany N UM i‘. : = I ' ] | d *TVEe L cl e !
‘ 1 1N\ | : . OUlg serve to cloud
thi "fur‘ impl 1cations v the analys S.
For Alternati v ) shift withii the far I Ng Ndustr Le F 1S

) ] I NCE recent freseal Al that nore e f n i .,1! » Can :"Jf_ ?‘Pu

r =i f With rn 1 1 .8 1€ 1}‘3' ‘.1‘s?5| 'li c}TW [j] :l ‘!r_ e t- { TA N Iﬂi: [ ¢ ,£5§‘-5E"(_—f
| 5§ 1 & |1[l| e - e X !IT‘T ‘IP'{ :' !‘;1’.’?11’[' [ e L I LI Tutl -‘ifq f ‘L-' l{;xl{_,"
for Irait in beef product II-H, .-” percent over trend level: - assumed f-tf‘.‘f'
this ituation Acreaqe freed from agrain production by thi: hift is then

) ! 3 - ‘ N
liverted to the produ lon of grains fou export.
Changes in the consumption patterns of the American public are hypothe- !
| 2 ] the remaining three al ternatives. 'lhe source v f L*‘I‘l."—f.tf‘;!"l consumed

-
-
-
-
—
e
W
—
—_—
e
J
-
i
-
ke
-
—
o
-
.
L
L
-
-
-
M
J
.

cl
ce

(\beet, pork, broilers, lamb, and turkeys) is forced ! decline by 25 percent

Fro projected levels but is fully substituted bv caon sumption of vegetable

o b -

rotein. For '} :TH’I','I]',,"- S uif"-.'!)nﬁ'.ﬂ'l".‘ dlfe assumed to be the ource ot thi"%







=
& el
LOT
rend

S .

rend

projected
Consumption

levels refer
gsection of the report

- e rd R—
1 L 8}
— e R ———— —
{ ? 177
7 ) /

{ S C1C
. [
- |
L]
| |
‘ |
2D ETrCé | end

levels

{
1 &

L rom

- St e
levels

!:|"45 £ E‘

Lx
h.
Proiected 2D percent

11 me 4
WL DA C K

projected

consumption estimates presented

- E

e e —— —— e —



- 1

3 L O

Cil€

umipt

|

CAF L | LATINTS

i it

e

17

A linear programming model is used

analysis. This national model describes

soybeans, and cotton
corporates an interr
portation submodel

I

consuming regions,

T- Or T }3 e mMo i_i - ! are & ase

ne progra I N
ommodities (wheat,
rural areas and \
concept i A | =
dlld | S ar 2n |
= 4 Ll | 't—_‘ I JIm [ i L
COSC ) Drodu ]
| S | | ‘;‘., - ¢

production sectors

eqional comparative

and fulfillment of

to estimate the base data for this

L ht‘ \’-JI]‘:)«:;] C . f ee d gra | N

¥

of American agriculture.

' ]-,."_!.’]* ige ;1]",._»g,!.]|/‘ Cion e c
3 vy § p F
'.,t'l‘“}l,] 'l"_l e 11_1,1'1 N ]
| A =
&g F‘ Y | L ! ) al Sl il
| [ ] i Or | f { | | 4
Ll .| L
) Bl: i [ Al I n

$
1L Ll 1 1)
|
I N : i1 l'
t 1
I i : ™ e
) T
i
i X | \
' ¥ ( T
i
£ 14 v L1 |
{ |
| 1 £ n
{
| | | | | [
! [ (]
|
11 | |
) ' | | }
[ » §
C 1t | |
' f
| | | M

. ]
sllage,

IrKke
e r ¥ I
!]0 ;’
1 o A
] 1
¥
|
|
i
[
: |
| ! L)
|
4
1 1§
I
t
I
1 Of
11 O




-
a . J
- .
: z L - it
o & ™ - - -
— - [
- - - -
L — - ]
- - -t
- i -
- J .
. - -
.
i .
! - =
- - v 4 - P
— 3 ) >
+
i . ,
-— -
Y .
» L - -
» - .
- - v T G
- -
, . — it}
= r
i B
- .
) h - -
£ <} 4 r — i [ -
. 1 i = i
- . - L —
- L o /.
- . - -
-
. i i - 1
. . . -
- .
- - |2 ¥
- - . -
y = . - -
L .
- - .




19

is a minimum subject to the following restraints:

where:
Xx is a column vector of i‘H'z'Jt'_!LIc‘t’Euﬂ, L I'L'ir*l“af—{,~:‘, and
transportation activities;

C i S a row vector O1 un I L OSLCS \IL_(H' I 511_#;;-.' act 4 ‘-f; i 5:; S .

A is a matrix of transformation or input-output coefficients

b is a column vector of resource restraints and demand requiren

The al location ques ion iIs resolved 1Sin ] the yste presente

Equations 1.1 1.2, and 1.3. The pricing question is solved

formulation of that system. The dual problem can be described

sub ject to:

PA = C i L

pD IS a row vector of land rents and supp] prices ftor the Droc
b, A, and ¢ are defined previously.

The complete mathematical model is reported in the Ap

Ex Cept for the silage sector and the odel's |and

model is detail'ed in Sonka and Sonka and Heady | 25; 26 ] f

L C

however, production activities and demands ftor silags ave been addi

the programming model . I letermine cost and vield coeff

—

e, this programming
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silage activities, coefficients have been modified to be compatible with the
programming model used here [20; 21]. The following equation describes the
process by which silage cost and yields are generated for each of the model's

150 rural areas:

22 Sl_j/FGH iy (1.7)
where:
STi is the silage cost (or yield) coefficient in the jth rural area
d from [20; 21] for the kth silage type;
k T

S2j is the silage cost (or yield) coefficient in the jth rural area
for this programming model for the kth silage type;
FG,. is the feed grain cost (or yield) coefficient in the jth rural
area from [20; 217;
FG?, is the feed grain cost (or yield) coefficient in the jth rural
area for this programming model EZS; 2&];
J is equal to 1,...150

k is equal to 1 for corn silage and 2 for grain sorghum silage.

Composite silage cost and yield coefficients are generated as in

Equation 1.8:

C. = (A S_. + AT S-. M) /(A. + AY) (1.8)
J j 2] J 2] ] ]

where:
C. is the composite cost (or yield) coefficient for silage in the

jth rural area;

M is the ratio of net energy in grain sorghum silage divided by the

net energy in corn silage as given in Morrison [17];
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the demand for silage as a replacement for feed agrain:

w

(expressed In tons)

i."* tl]':‘ "_.'_V'St_il:‘r‘[l‘"I'- aemarl ,F‘ 1 I |‘_"_’i,| 4!"1 ‘;Ivti. DEee ;; DT a 1C 1 ;;..“‘

(EXLJFE*“SE“j in corn equivalent units) and 3.33 is the substitution
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]

ratio of silage for feed grains as determined from Geasler et al.
;
4

[T

ne total demand for silage for any model situation is then given by Equation

U s - : i
DS Is the total demand for silage (expressed in tons); and
F N T :
D. and D_ are as defined previously.
S S
\
The estimates for silage as derived above relate to silage usage at
the national level. A two-stage process is used to dist te these national
estimates to the 31 demand, or consuming, regions. The first step is to
distribute that portion of the silage demand attributed to the trend component |
N . . . _ : 4 : N ,
DS' Each consuming region is apportioned the same proportion of D. as it had
of the 1971-73 average national silage production. The second step is to
distribute that component of silage demand arising from any silage sub-
_ _ . F :
stitution tor feed grains, D_.. Each consuming region's proportion of the
ot
additional silage demand is based on that region's proportion of the average ‘
number of graiw-cmﬂnuming animal units of beef fed nationally in 1968-70.
The land base used as a resource restraint in this programming mode]|
s the average acreage harvested as feed grains for 1in, corn and grain-
scrghu S | 1»"':-4’-; , SOY beans for beans » wheat , COLLONn, a Lhe ac reage d iverted
P munication with Dr. Marshall H irgens, Associate
f S rence., C :!,c':,g J | u s : C )

ok
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1. RESULTS

Many numerical estimates ilable from t

is. Because of space limitations.

The

——
e
-

[}

are -re

LN

presented

wou ’ IJ

O\

variables

he programming model used
veve

r, on | VA est Imates for

-

chosen for presentation

ose which be significantly affected by the changes analyzed in
this report.
National Acreage, Output, and Yield:
For each model alternative estimates of nati. | production, acreage,
and ield N be derived di actly fro the lut i the Dr J;g:iff‘a[‘ﬁfY]iﬂf:T :
nodel (Table 5) Total national acreage 1s forced to remain stable at
around 250 i1 11on acres for each of the seven alternati ren though the
' ytal land base contai over 251 million acres. For each model
|terna /e the goal was to nearly but not totally exhaust the )and base,S
N rder letermine the with;i possible exports under different future
situations. Consequently, total acreage has been kept nearly constant
acro I ternatives so that each alternative's effec export potentials
1 11 b olated and clearcut. Of course, as will be discussed below,
the acreage allocated to each crop varies between alternatives., As noted 1
n Table 12, cotton exports are held constant for all the alternatives. This
3 1Ised to facilitate the comparison between the different model
ternati 5 with respect to the potential of incre: ports of wheat, !
eed grains, and soybeans.
[ -
‘When tl lel 1s forced to use its ‘tire land bas computing costs
become relat high and the upply prices determined in the programming
node | | | instab e
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because the location of silage production in the model is rather tightly

bound in each region. The programming model does not allow major shifts in
silage production to areas more compatible with higher yields, since silage
not an easily transportable commodity. The slight expansion in wheat
yields noted for Alternative A may seem lower than expected. However, the
model tends to allow wheat to be grown on lands available after the demand

for feed grains and soybeans is satisfied.

Alternative B, emphasis on soybean and feed grain exports ‘

=

n

Alternative B shows the effect of a world demand structure, which

emphasizes feed grains and soybeans. Again, this alternative supposes Iin- |
creased U.S. grain production is mainly exported to affluent countries for
jreater meat production. Under this option, the export of wheat is held
at i1ts 1971-73 level, whereas soybean and feed grain exports are increased

|
until the land base is nearly exhausted. Although total acreage stays rather
constant relative to A, feed grain acreage increases by 11 percent and soy-
beans by 26 percent. Production increases by 4 and 20 percent respec-
tively. Export levels of feed grains and soybeans can increase by
17 and 39 percent, respectively, under these circumstances. Obviously,

'

wheat acreage declines from the previous alternative as production falls by

1

32 percent to 1.6 billion bushels. As a result of lower vields under

Alternative B, cotton and silage acreage experience only a small change

.”1athﬁ Lo ﬁ.

Because of the emphasis on feed grain and

soybean production under
Alternative B, yields for the two crops fall by and 4 percent, respectively,

comparedad to A : ‘”'i ese [wo ara I ns are now compe | ! J TOr the more ”"f_-“:f‘(j inga I .

ver yielding land areas. On the other hand, wheat now is grown on land
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Figure 5, Estimated silage production for each model alternative (in million tons).
a

Statistical Reporting Service {{29; 303 31},
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X ror each of the model
alternatives for the United States and for each of the ten farm pro-
duction regions with 1971-73 figures for comparison.

Table 6,. Estimates of harvested acres for

el 71-73 A B C D E F G

(Thousand acres)

United States 49611.0 70659.4 47075.7 96919.5 72816.1 79098. 1 81126.3 87783.3

Northeast 066.3 193.3 193. 3 67.5 193.3 355.6 419.4  743.3 =

I
Corn Belt 3670.7 4010.1 23,1 @ 112422 4945 .5 6445.4 6875.9 8060.1
Lake States 2257.0 4908.4 1691.1 10280.0 4744.9  6205.9 6221.6 7906.4
Appalachia 306. 7 1508. 2 89¢.4  2525.9 1536.8 1610.0 1635.4 2466.4
Southeast 422 .7 1519.6  1164.2 2854.1 1482.3 1391.6 1158.6 1772.6
Delta States 385.0 3568.8 3274.1 4844.6 3497.0  3581.0 4379.4 4622.1
uthern Plains 6552.0 10289 28/7.6 13447.1 10073.9 11514.8 11514.8 11508.8
Northern Plains 22810.0 30861,2 21168.9 35572 ¢ 32054.4 33250.2 34172.6 35544.0

Mountain 8138.7 9397.5 6239.5 10675.7 9923.3 10275.6 10275.6 10681.4
Pacific 3977.7 4403. 1 4144 .5 4501.0 4364.7

¥ b
£
ch
00
b

4472.9 4478.1

a . . = g x -
Source: Statistical Reporting Service | 29: 30: 313!
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Table 7. Estimates of harvested acres for feed grains for each of the model
alternatives for the United States and for each of the ten farm pro-
duction regions with 1971-73 figures for comparison.

Region ‘a

United States 100876.3 107196.0 118602.9 14860.5 101596.5 96485.1 97143.6 86683.1

Northeast 3123.0 2508.4  2258.3 1904.1  2458.2 2518.1 2454.2 213

2

Corn Belt 33388.7 52:56.5 50287.6 49193.5 49063.6 47024.1 48259.6 42543

Iy y © 1467 R . Y/ 1 /4.7 Halala Q7 11791 3 70 n
Lake States 140£0.3 . 3650.4 L4448 .0 10006, 3 128/8.5 & G A 8, 11709.4 9890, /
i - - le Y 7} 4 ¥ - - s

lﬁﬁﬂLiIdCHld -+ L 5‘4 ! o ) ) 1 4 1 | “I,J i \J"j ] ")]f‘ Q
j“Dl.,li_,rlf".aSt {‘j['.p‘ g"_‘.‘;_v'.;', | 0. Q -‘Lu 2 (0 _I,:' 1’:’23 0 ]th ” 1,:,”4'-, fﬂ}

Delta States 721.0 222.¢ 222 .8 122 . 8 1590 199 { 999 @
4 - s b s e o e o e LS e e e g ) = e ds o\

-
£
.
—
t
{

-
Ll

>
(e
(=
-
J
=
i

Southern Plains R3¢

Northern Plains 23670.0 20191.8 25792. 17678.9 19850.7 17589.6 17092.1 15138.1

A . 1 4 :- .;I 5 LR Y N‘ '4 -7 4 I Bt | 17 ) ! b y I3 o T £ & Bar . E ™ — =

Mountalin 4971. 4545.3 (383.4 224/ .2 3594 .4 3/217.9 il 3165.9

| | - =g 5 I A - - L . y . -~ — e - = _ g

racific 2467, 1 3. | 163, 1 = /35 5 1o A, 35.7 135.7
- - - s . e~ s o I § o o @ F { -

a_ . e ; - : ~
aource: statistical Keporting aer ce

-




Table 8, Estimates of harvested acres for soybeans for each of the model
alternatives for the United States and for each of the ten farm pro-
duction regions with 1971-73 figures for comparison,

Model Alternatives

71~73" A B C D E F G

Region

(Thousand acres)

United States 48271.7  48927.7 61525.3 35580.7 49533.6 52416.1 50091.7 52773.5
Northeast 524.3 468. 1 718.2 337.8 468. 1 468, 1 468.1 543.3
Corn Belt 25384.7  16264.9 20025.6 12009.1 17383.4 19185.2 17520.3 21653.1 F
Lake States 4208.7 4421.4 6787.6 2768,8  5036.2 5375.3  5375.3  5501.6
Appalachia 3875. 7 3382.5  3907.3 2180.4  3130.3 3458.2  3182.1 2215.1
Southeast 2896. 0 4764.9 5066.7 3260.5  4744.4 4856.3  4873.7  4621.2
Delta States  8625.7 7803.7 8223.4 6740.1  7803.7 7803.7  7152.4 6733.1
Southern Plains 423.7 3861.4 4216.2 1881.8  3773.2 2641.8  2641.8 2560.1
Northern Plains 2333.0 7960.4 12580.2 6402.2  7194.2 8627.3  8878.1 8945.8
Mountain 0 - - - - - B -
Pacific 0 - - - - - - -

da - - > .
Source: Statistical Reporting Service [29; 30; 31]7.




Table 9. Estimates of harvested acres for cotton for each of the model
alternatives for the United States and for each of the ten farm pro-
duction regions with 1971-73 fYigures for comparison, :

AT

Model Aliternatives

Region » .a < =
& /1-73 A B ) D

=
=3
oy

(Thousand acres)

L
e
-
i
|
Ll

United States 12147.9 10023.3 10067. 10106, 0 10255, E 10047.6 10056.
Northeast - ! = = ~ -
Corn Belt 300.0 148. ¢ 148 . ¢ 148.6 148, 6 148.6 148.6 148.6
Lake States - - . = - = - -

Appalachia 629.0 1135.72 1153. 2 1519.6 1439.4 1258.7 1439. 4 1519.6
Southeast 1274.5 385 .2 344 1014.5 828. 0 800.4 /180.2 /19.8
Delta States 3168, 7 1495, C 13 /1 } 1283. 1495, 8 1495, 8 1348, 7 1495, 8
Southern Plains 24/4.0 4385.0 4558.5 4204, 1 4646 .7 4385.0 4385.0 4454 .9

b
LY

rthern Plains - - " _ )

O

Mountain 43£.0 102 . ¢ 102 . ¢ 102.6 102 .6 902.6 902

Pacific 3406. U LU/0. 5 1090, VAR /95. 0 1056.4 EO51. 915.5

i
. . . - —

oource: atatistica Reportina Servic 4]

|

L
[
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ble 10. Estimates of harvested acres for silage for each of the model
alternatives for the United States and for each of the ten farm pro-
duction regions with 1971-73 figures for comparison.

- Model Alternatives

s |
71-73" A B C D F

Region

L
—

(Thousand acres)

-
Lt
-
»
s
—
-
-

United State 5 12908.0 12304.4 1602h,7 11611.4 11610.2 12503.9

tn
5—

o

Northeast 1402.0 1202:.3 1202.3 1141.4 125455 1030.4 1030.4 948,

Corn Belt 201/7.3 2475.0 4/2 .2 2463 .6 34515.9 2253.7 2252.6 2652.0
T v g A s L | Ly g | ey & | 2 ) ™ e M { & = | " " 1 5 " ¥ L
Lake States 1449 .0 3243 ,2 1336 .2 3208. 4 3603, 8 2957 .2 2957.2 2964.6
. 4 | 6 4 29N ¥ - 1 ") J - | -
Appalachia 695.3 20, 320.0 09, 1 121 .4 7.0 % A 01l.2
C - b 211 [ 11/. 7 11¢ 1/ s X ) 7 ’ N 9
Southeast 231.4 $ i 314 429 . ¢ 288 288 330. 2

Delta States 123.3 135, 3 1353 135. 3 207 .. 123.3 123.3 152.7

R a2 [ Qe 9 QL ) = YE £k

southern Plains | i I LOD. ) 28, 285. 1 y 1 ¢ Fllols 266.5 1i/6. 8

N -y b s . 2517 0O 7987 9 naq- . of / \ YL E . | s B

Northern Plains <-21/.U 003, £ LOBI . 2826.6 3410, . 2650 2650 2772.0
M & 0 7) i ( Pl s "y 1 r = S & # i i ¥ . \ #

Mountain 82.4 962 . ¢ 162 . 8 962. 8 1367.0 882, 2 382, 2 1038.3

Pacific 239.0 488.0  494.8  488.0  802.6  437.3 437.3  567.9

a_ 5 . , . , . - =
Source: Statistical Reporting Service [ 29; 30; 3]]_
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Regional distribution under Alternative C

When wheat exports are emphasized under Alternative C, production
patterns shift drastically. Compared to the base alternative, the Corn Belt
and Lake States regions more than double their wheat acreage at the expense
of feed grains and soybeans. |In both the Southern Plains and Northern Plains
regions, wheat acreage increases by 31 and 15 percent, respectively, again

at the expense of feed grains and soybeans.

Regional distribution under Alternative D

The 25 percent silage substitution assumed under Alternative D brings
relatively few major changes in the location of production of crops.
Compared to Alternative A, the increase in wheat acreage, 2 million acres,

would be concentrated in the Northern Plains region. Feed grain acreage

declines by about 6 million acres, and 50 percent of this is in the Corn Belt.

This acreage can now be used for wheat and soybean production. Except for
an increase of 1 million acres in the Northern Plains region, soybean and
cotton acreages stay relatively constant between the base alternative and
Alternative D. Naturally, the silage requirement increases by 25 percent

to 16 million acres. The largest absolute increase, 1 million acres, is in

the Corn Belt region, where land requirements go up by 42 percent over

Alternative A. Though increasing in each region, the remainder of the changes

in silage acreage are all of relatively small magnitude.

Reqgional distribution under Alternative E

Under Alternative E, 25 percent of the projected animal protein

consumption is replaced by vegetable protein. For this alternative, wheat

acreage requirements increase by 12 percent, compared to the base alternative,
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i f farmers are to find the added output to be profitable.

Prices 't other alternative S
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:'yr;.f | S ma:'l \/ 1!,"._;[1.,'.‘ IO CoOSsTS '“f |'."I'w»~.‘||_ja,'l‘I,r«l"._ i I eact ,‘ﬁ? [ht’ Seven
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'able 12, Estimated exports for each model alternative with 1971-73 average exports for comparison.

Model Alternatives >

Actual?d
1971-/3 A R 0 D E F C

Wheat (million bu.) 979,8 1 744 ,1 979.8 2698 .4 1812,6 2038,0 2106.6 2351,

|
-

-
el

Feed grains (millicn tons) 317 56.4 66.1 SH sy 8.6 65.9 6842 76 .

Soybeans (million bu.) 450.2 801,3 1109.4 450,2 832.9 936,44 96749

" - e 1 . e b f 2 7 / s ) i e g
Cotton (million bales 4. L G el 4,2 4o 2 4,2 4ol 4.2 4.2
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Alternative G exports

Finally, grain exports under Alternative G are considerably higher than
under any of the previous alternatives. This situation incorporates a 25
percent reduction in meat consumption by U.S. consumers, substitution of
soy protein for animal protein for 25 percent of the meat consumed in the
United States, and a 25 percent substitution of silage for grain fed to
beef. This combination of shifts allows exports to increase 140 percent
over the actual 1971-73 average level, which were by far the highest in
history, and 35 percent more than Alternative A. Soybean exports now increase
to over 1 billion bushels, more than double the actual exports in 1971-73. X
Feed grain exports increase 20 million tons over Alternative A, and wheat
éxports now reach their second highest level of the seven alternatives,

2.4 billion bushels. With the same land base and with changes in food |
consumption patterns, animal rations. and spatial distribution of agricultural
production through comparative advantage of crops by regions, this nation

could export and additional 600 million bushels of wheat, 20 million tons

of feed grains, and 179 million bushels of soybeans above the very high

levels projected for Alternative A,

Price and program caution

Other changes also could be made wich would extend U.S. food production
and export capacities. These possibilities are being analyzed by the Center
for Agricultural and Rural Development (CARD) in conjunction with certain
aspects of environmental quality and protection of water and land supplies.
However, even the greater output and exports posed under the few changes in

consumption, substitution, and locationin this study have important im-

plications with respect to domestic and world prices and storage and market
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o 1 - SUMMARY AND POLICY REQUIREMENTS

American agricultrual exports have reached record levels, both

2
|
iNntitative and value terms, In recent years. The American farmer N
.3 ooy s L8 W T . , y : N A :
eral fared well during this period, although the nNigh grain prices |
] e - .. ’ : o~ ; - - - B ‘ - . e -
eventua y burdened |ivestock producers Lonversely, American consumers
were artrected adversel by the highly inflated food prices : !
|
"
1 { | | “"p!”f '1 = tr'!l-)i._l ;r - | 1ni"l';i‘~. gjt [ILI 15 =~ ti,.'r.f": | On | el angC t ‘LWL B DO I ﬂt f'f. I
I ey U, S iriculture able tao continue to a ke such arge contribut ions
n '""feeding the rid'" given the high birth rates n the LDC's as well as
\
the small iIncreases in per capita production experienced during the last
|
decade T It thi S. agricultural exports in perspe /e over the last
ecade, large part of the aqricultural aqrain commodities (especially wheat)
|
iere actually shipped through PL 48 od for peace ind other government
nroara ther than Omme | 1al Y s Ip TO 1972 conside rable L"-‘Liff‘f] | C
‘ | 3
\ 4 ; - } + 3 R = 2y | C - - " - :
S Ul 1y 1\t I1nt these export: inder PL 480 th nited States international _
‘ 7 |
food a proqgran begun I1n th 1";_*!) 1 ° 5 However, the amounts so subsidized N
»
}':1‘ (: deq I i,"‘ll ] ff"1 s 1 F !l Ik,’r' ‘.‘n].'.ilf'i ] t!lt_’ ]-J“ﬁ{ LWO ¢« L‘ilt"”ﬂrn"r vyears as the ‘
| _ t
er ) | l et n been trong enough to divert the jovernment ftrom
, i
!‘
bu ir‘.c.'; laraqe quant ities y F Irains 1 L ] f.:x'lf’l‘ﬁr.."'tiku“flt I";, - less U, 3 1T € N has
Dee shipped to countries that can least afford to buy it at recent high
|Ff ".'L Fl ,/l‘]'

U.S. and worl leaders have suggested the need for an

."LH'I

rganization of world food producing resources jreater food output,

expecially greater marketings by the grain exporting countries to the
" deve | op | ng countr ft,"*,
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their affluence in terms of consuming less meat.8 This suggestion of course
finds its roots in the partial misconception that grain fed to beef is an
entirely wasteful method of transforming grain into human nutrients. It is
true that beef animals are not very efficient in converting grains into
animal proteins, as compared to conversion of elements to protein by plants,
However, Zmolek suggests that the conversion of grain and protein supplement
to the total weight of beef cattle is about 3:1, contrary to the usually
quoted /:1, the difference being that feeders have gained most of their
weight on forage before they enter a feedlot [22, P. FE].

Also changes may come about on the consumption side. Consumers could
change their dietary habits, through decreasing the level of animal protein
intake or substitute soy protein for animal protein or some combination of
the two.

If indeed, a situation came about where one of the above alternatives
had to be accepted, how would it be accomplished? Would such changes be
adopted voluntarily or would they have to be implemented by mechanisms or by
government decree? |t appears unlikely that such changes would come about
voluntarily on a mass scale unless the price of meat were extremely high
in the United States. However, there is some evidence with regard to the
'substitution'' alternative, i.e., changes through the market system. During
the 1972 price freeze on beef, a marked shift occurred in the demand for
soy substitute as a replacement in such products as ground meat. People

quickly readjusted their tastes and consumed texturized vegetable protein as

Note that the assumption of a reduced meat consumption presupposes that
such action will provide the consumer with a diet that is nutritionally sound.

9

“Personal communication with Dr. Agnes F. Carlin, Professor of Food and
Nutrition, lowa State University, Ames, lowa.
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5ub»ir cCt 1 attainment f al domestic food demand
For the seven alternatives. estimated SUPP Y Price nf the crops are
|
't levels comparable to the target level prices of the 1973 Agricultural
and Consumer Protection C1 However, they are * eneral lower than actual
price r thi last few years, ever 1 f the est L I { are inflated
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stress that if national and world leaders are sincere about solving

world's food problems cand i f they expect American agriculture to provide
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APPEND IX: MATHEMATICAL STRUCTURE OF THE MODE
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(except for silage) among the 31 demand reqior
The model consi sts of :}1 /] equat lons and 2214 rea /ariables 1 Land 1

the ]‘ﬁ' rural areas and demands specified for the 51
national cotton lint demand) serve as straint for the equations. I'l
real variables inclu e Cr p Pro luction and transportation act

In mathematical notation we may write the model as follows

Find a set of x's such that

f(x" = L X r:'.".“f.l

Is minimized subject to

AL 0o = b [ ,‘*ﬂ .‘1 )

X 1s column vector of production and transportation activities

C is row vector of unit costs for the activitie

A is a matrix of input-output coefficients nd

b is column vector of resource restraints and demand
requirements.

The mathematical structure for
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where,
L. is the total acreage of land available for the five crop commedities

in the i=th rural area:

A. iIs the proportion of the total amount of land available to soybean

[
production in the i-th rural area (A. = .5 for all rural areas
|
except those in Arkansas, lLouisana, and Mississippi where A, = .7)
: [
and;

X . is defined as before.
]

In addition to the upper limits on production in Equations A.5 and
A.6, minimum production restraints are imposed in each rural area as in

Equation A.7:

xij = Bij G = 2 s 10 T el 2 3 5) (A.7)

where Bi' Is 50 percent of the acreage of the j-th crop harvested in
J
i-th rural area in 1963; and

xi_ Is defined as before.
]

Equation A.4 is minimized subject to the following additional linear

demand restraints:

L] Il 3'
3 R > + 3 y A
aie= R Re i) s a8
i=1 f=1

D = ¥ Y. x. + ¥ (A.9)




n 31
Dot 3 y] XYoo, Oeleledl (%0 sl
m3 5 130 12—~ mf3
i=1 f=1
(m= 1,2,50::31: £ 5 m)
n n 31
Dz S 9 W o + 2 Y Xy = Odha Ty
mé = i4 i3 by 14 AL — = mf4
i=1 i=] f=1
(! = 125 vasIt E =)
150
D = ¥ Y X
; . i5 "i4
2 i=1
n
D= Y. X
mé6 T i6 "i5
1=]
where,
n is the number of rural areas in the m-th consuming region.
D ; is the tons of the r-th commodity demanded in the m-th con-
o )
suming region (r = 1,2,3,4,6 for spring wheat, winter wheat,
feed grains, oilmeals, and silage, respectively);
D_
5

1s the national demand for cotton lint

3 is

(in 480-1b, bales);
the yield in tons
ir

(except for cotton lint which is in

(‘ r = 1 . 2

480-1b, bales) of the r-th commodity in the i-th rural area
' y2,3,4,5,6 for spring wheat, winter wheat, feed grains,
oilmeals, cotton lint, and silage);
X T and z

. are defined as before.
miTr

programming :

Finally we have the usual nonnegativity assumptions of linear

(AalO)

A.11)

(A.12)

(A.13)
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