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Abstract

This paper analyzes the dynamic effects of the acreage restrictions and land
diversion requirements that are characteristic of the farm subsidy programs
in the United States. The subslidy payments a farmer recelves are based upon
historical base acreage, and it 1ls sometimes optimal for a farmer not to
participate im a program in order to increase base acreage in anticipation of
higher future subsidies. Thls paper determines the farmer's optimal peolicy
as the solution to a deterministic dynamic program. It shows that farmers
with low base acreage typically opt out of these programs, whereas those with
high base acreage participate in them. The paper concludes with an
examination of aggregate data from the programs involving barley, corn,
cotton, oats, rice, sorghum, and wheat during 1987. It shows that these
programs actually increase the aggregate output of each of these crops and
that they represent an annual deadweight loss of more than $3 billion.
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The Dynamic Effects of Agricultural Subsidy Programs In the United States

Harry de Gorter
and

Eric O'N. Fisher1

He was a long limbed farmer, a God fearing, freedom-loving, .
law-ablding rugged - individualist who held that federal aid "to anyone
but farmers was creepling soclalism. ... His sgecialty was alfalfa,
and he made a good thing of ot growing any. The government paid him
well for . every bushel of alfalfa he did not grow. The more alfalfa he
did not grow, the moré money the gavernment gave him, and he spernt
every penny he didn’t earn on new land to increase the amount of
alfalfa he did nof produce. ... He invested in land wisely and soon

was not growing more alfalfa than any other man in the country.

[Hle was an outspoken champion of economy in government, provided
it did not interfere with the sacred duty of government to pay farmers
as much as they could get for all the alfalfa they produced that no one
else wanted or for not producing any alfalfa at all.

(Joseph Heller, Catch 22, pp. 82-83)

I. Intreduction
The analysis of acreage restriction programs is one of the staples of an
introductory course in economics. For example, Samuelson and Nordhaus (13th

Edition, 1989, p. 433) explain:

.{Iln the 1980s the Treasury simply mailed a subsidy payment
to farmers for every bushel of wheat or corn harvested.

! The authors would like to thank Larry Blume for several very helpful
discussions. They would also like to thank Henry Wan, Panagiotis Mavros,
David Nielson, and seminar participants at Cornell University for their
comments. Any errors remaining in the manuscript are solely the authors’
responsibility.




One.of .the. most common government farm programs. requires farmers.
to restrict plantéd acreage. ... If the Bepartment oef Agrlculture
requires every ‘farmer to)j‘sat aside" 20 !
planted area of ‘corn, “this® ha ' 2 : ] :
curve of corn to the left. Because tbe ‘demands for corn and most
other agricultural products are imelastic, such crop restrictions not
only ralse the price of corn and other products; they also tend to
raise the total revenues earned by farfiers and total farm incomes.

This 1s a typlcal representatioq”pf farm policy in the United States; it

emphasizes the effect of acreage restrictions in decreasing the supply of

crops. However, these acreage restriction programs are voluntary, and hehce

t’he:y
explain in the paragraph above that this year's subsidies are baséd in part
upon last year’s planting. It is clear then that v’a(fdf’warﬁigi;oék:ing farmer

may plant a large acreage in ajnftxcl-pa}_t.mn:oiﬁ, nefcbyéar"“s subsidies. One can
consider )’r.*his activ1ty - rent-seeking .behavior on .the  part of a
flcn-‘p‘ei;n‘fcicipa-r"x%. 'It ‘is, t’ﬁéfef&%e, riot Z)‘:imméé?ia;tfpaly obvious what the net -
effect of these programs is on aggregate market supply.

“We focus our analysis upon the individual farmer’s choices under. the:
incentives these programs offer. It . is important -to understand the net
effect of: these programs on -ou;féput because farm subsidies have become such-a
controversial political issue in this decade. Indeed, agricultural policy is.
a central topic in the current Uruguay round of negotiations under the
General Agreement on Tariffs and Trade.' “Further, the costs of these subsidy
programs have risen dramatically during a period when the federal
government’s budget deficit has been an issue of pressing public concern. VWe
develop a dynamic model of the effects of acreage restrictions pretisely in

order to determine the net effect of these programs on the outputs of the



seven~majqncfkeidwcﬁo§§;'wThevadvantageaaf_th&s;model:isathat*rt Incorporates
the microeconomie. foundations of the -farmer’s decisions.
. -A - key feature of these farm policles is that a particlpant in a program
is not permitted to plant as .much: acreage as she deslires. A farmer 'in. a
program is limlted -in her planting by her base acreage, a fixed proportion of
which.must be diverted: In order to qualify-for subsidies. The current policy
in :the. United - States determines historieal. base acreage for an individual
farmer -according to a five-<year moving average of her "“considered p&ant;ngs?z
cfwthawsubsidized;crop§>eEarmEts;gngnufing,Lt in, their lomg-run interest to
opt -out —ﬁ,egmporari};y from the :pm:gram)'aﬁd; increase current ‘planting. 3 . This
raises bhoth base acreage and subsidy payments in the future.. Hence .any
dynamié;analysis of thése;praghaMS must address the exteni to which farmers
are willing to forego current -subsidy payments, incur-extra production costs,
and increase current planting in order to increase future subsidy . payments.
The official jargon for these programs is "base acreage limitations" and
- "acreage diversion®. The Treasury sends two different checks to participants
in the'programﬁ"dnérahegk covers: the ﬁifférenéeybetween-ihe actual price of
output and:a predetermined target price; and the other covers the land that
the farmer is required to divert. These are called "deficiency payments" and
“diversion payments” respectively. The deficiency payment is a per unit
subsidy that is the difference betweéen a target price and the maximum of the

market price and a "loan rate".4 It is calculated as the product of this

Considered plantings are the sum of actual planting and acres diverted
under the requirements of a subsidy program.

3 See Ericksen and Collins (1985).

4 This is an official predetermined selling price that the federal government
guarantees for any farmer in the program. The government maintains the loan
rate by stockpiling farm output. The cost of this policy is borne by the
Commodity Credit Corporation, and it is independent of the deficiency and
diversion payment schemes.



of acres planted. The diversion payment is a per “unit: payment -on' land not
planted. Further, for -each subsldized crop, there .ils.a maximum on the’ total
subsldy payments that.a-farmer may recelve in any omne year.

To the best of our knowledge, there has been no :dynamic analysis of
these - programs #n the 1literature: The - effects of these programs -are
typically analyzed -using comparative statics. Wallace (1962) and Gardner
(1984)  model: acreage diversion as a leftward shift of -this supply curve. and
Gardﬁér»f1§8?)/al&ésusgswthiS‘techn}Qﬁe,ihﬁhisﬁ&nfl@enﬁialvtéxt;vﬂLiehtegbexg
eghvironméntal tégﬁiatioﬁg) éﬁﬁiféfmsfs -who p&fﬁis&ﬁatey»in~V£héseu acreage
restriction -programs. Eckstein "(1984) applies dynamic proéra:mmi:n—g to the
farmer's dec¢cision problem, but he analyzes the planting decisions of Egyptian
cotton produceérs.

Bur - own work incorporates -¢ix ‘elements- that are.-not found. unifermly in
thé :literature on -azgricultural subsidies. First, we .emphagize  that
participation -in thé-progrém°%é volunfary:fhéﬁcey‘it mustxbénhndeled as an
endogenous decision of the farmer. Second, we. deal explicitly with the fact
‘that farm’ acreage must be diverted into unproductive uses in order for 2
farmer to receive deficiency payments. Third, we use the fact that subsidies
to a farmer are limited by her historical base acreage. Fourth, we treat the
difference between the actual yield that a farmer realizes on her land and
the official program yield that the federal government uses to determine
subsidy payments. Fifth, we model the diversion payments that a farmer

receives. Sixth, we incorporaté the fact that the total value of deficiency

> This "official" level of production is a predetermined yleld per acre; this
is called "program yield"”. This yield is set by the federal government, and
it is public knowledge.



payments and diversion payménts is currently limited to $50,000 per farm.

The rest of the paper is structured as follows. Section II sets out the
model and shows that there is an optimal policy for the farmer. In Section
111, we analyze a simple example to lllustrate the nature of the optimal
policy. Section IV presents simulated solutions to the dynamic program for
the seven major field crops in 1987, the only year for which complete data on
the distribution of farm base acreages are avallable. Section V presents our

conclusions, and our data and sources are described in the Data Appendix.

II. The Model

Let us consider the long-run decisions of a farmer operating under the
current acreage' restriction poliecy in the United States. Because we are:
interested in the decisions of an individual farmer, we shall study a model
of price taking behavior. It is important to emphasize that we assume that
the farmer has perfect foresight. This will enable us to model the farmer’s
decision as a deterministic dynamic program. The assumption of perfect
foresight is in part justified by the fact that the target price, the loan
rate, the program yield, the diversion factor, the diversion payments, and
the maximal subsidy payment available to a farmer are all known before the
time of planting. Moreover, almost all of these parameters have not changed
dramatically during this decade. As we cshall see below, market price and a
farmer’s actual yield do influence the per period reward, but we assume that
farmers outside the program can take covered positions by using forward
contracts in order to insure agalinst adverse price movements. Further, we

assume that all farmers of a glven crop are identical and that each farmer’s



output iéraé%éfﬁiﬁ5§£féﬁﬁ' In" essence;; the farmer knows the long-run values
of 41l parameters before.she:makes ther planting decislions.
We begin by defining the net profit. function.of a farm facing a price p .

and having the cost function clg) as
fip, q}.=p q ~ clg) (1)

where f(p; q) is net profits per perlod when the farmer plants enough acreage
to produce g units of output.

Wé7makg‘the following assumptions about the cost function clgl). .

kssumption 1v The cost’ function e{g} is -positive, non-decreasing, and
continuous on R__ . Further, 11md¢0~c{q) z 0, and c(0) = 0.
The analysis can' be this general because the existence of a dynamic program
is. robust with-respect to.many specifications of the cost function. We can |
everiallow for the possibility of no fixed -costs if one places an upper “bound
on the amount of acreage that any farmer may plant. In practice, we shall
simulate the solutions to . the dynamic pregram wusing an arbitrary
specification of clg) as a .third.degree polynomial.

‘If .a farmer is a participant in.a subsidy program and plants sufficient

land to yield q, bushels, the deficiency payments she receives are given by

6 We recognize frankly that both land and farmers come in different qualities
and that each farmer’s output is stochastic. Since we are not limiting
ourselves to quadratic «cost functions, the effect of incorporating
uncertainty about yield inte the farmer’'s dynamic optimization would
complicate the analysis considerably. Including individual farm
characteristics would create analogous difficulties. Further, in the
empirical work in Section IV, we cannot hope to analyze individual yield per
farmer with aggregate data.



[t ~ max {P, L}] [PY/AY] [qtl

where 1t is the target price, P is the market price, PY is the program yield,
AY is the actual yield, and L is the loan rate., We shall assume, of course,

that T > max {P, L}. The farmer's revenues can be defined as
[t - max (P, L}] [PY/AY] {qtf + Imax {P, L}] {qtl

where all the variables are -as& above. This. expression shows that- she sells
her ocutput at the maximum of market price and the loan rate and that her
deficiency payments can actually be increased by a higher program yield.

We must add the further consideration that a participant is often paid
for the acres that she is forced to divert in order to be in the subsidy
program. Farmers receive a per -unit payment ¥ for every unit’s worth of
“ land that they leave fallow.7 Let the farmer’s base acreage be given
- equivalent to x

¢ units of output. Now let q; = Xy - Then the total revenues

accruing to a participant in the program are

g(xt, q T P, L, PY, AY, 7)

1

[t - max {P, L}] [PY/AY] [qt] + [max {P, L}] [qtl + 7 [PY/AY] [xt - qt]

where we have defined the function g(xt, qy; -}, with the variables and

parameters deflined as above. We can now define

7 It is more accurate to model diversion payments as a non-linear function of

the number of acres diverted. There is typically a minimum number of acres
that must be diverted for which there 1s no diversion payment. Then there is
an increasing payment per additional incremental acres that are diverted by a
participant in the program. We do not have data on these non-linearities, and
leaving them out of the model does not affect our results in any substantive
way. Indeed, these diversion payments were identically zero in 1987 for
three of the crops we study.



h(x.t, qt) = g(xt, 9 T, P, L, PY, AY, ¥} - C(qt) (2)

where hix,, q,). denotes net revenues a _participating farmer receives from

having base acreage equivalent to x  units and planting acreage to yleld only

t
q, units.

As we mentioned above, there is.a maximal suhSidyvunder4the program; let
us denote ‘the planted output equivalent of this maximum by M. 8 This

--output equivalent.is defined implicitly by the.minimal x,.such that:. ... .

max éi}.éé':E’ﬁ, dezt},;{;;; - pax AP, L}} [BY/A¥} [qy) + » [PY/AY] 0%, .- q,) = 50000.

Since this expression is linear in 9> it will attain its maximum at O or Xy
Indeed; if [t~ max {P, L} = »} = 0, then’it attains-its makimum at x, ,  and M

1

t’
= 56000 [AY/PY]It - max{P, L}} ; if [t - max {P, L} -¥] < O and v > 0, then

M =-50000 [AY/PY] 7 .

‘is

‘We are now in a position to define the farmer's problem. Since ®y

the farmer’'s historical base acreage, we can consider it the state variable

in a dynamic programming problem. Then the reward function can be written as

hix,, u,) if u, = min{(1 - 8)x,_, M}
r(xt, ut) = vt t t (3)
f(P, ut) otherwise

Farmers have been quite ingenious in circumventing this maximum. For
example, they have subdivided farms. into several corporations. It has been
particularly easy to give such a corporation to one’s child, thus keeping the
benefits of federal subsidies in the family. They have also leased land on
their farms to employees, charging rents high enough to capture a shbstantial
part of the implicit government benefits. Sumner (1989) gives a good
discussion of this lissue.



gﬁe;e’a e.{@,:ij is @hé.qérééggzﬁiverstén ﬁéctop. u; Is the output eguivalent

t
to the planted acreage at time t, h&xf.fut} is defined In equation (2), and

f(P, u,).1is as defined ‘in_(1). We consider u, the farmer's control variable:

Notice that,r(xth ut), considered as:a function.of u_, has at most twe points
of discontinuity; these may occur at 0 or min {(1 - a)xt. M}. These possible

discontinuities notwithstanding, we c¢an show that r(xt, ut) is upper

semi-contlnuousg since T > max {P, L}.

Let us define the transition function as

T A T S
Ky = th‘w B . %f {1 - 8ixt =u f)xt ? (g}
;Sxt'+ ‘Zut 8 : ylf xt < u,
where X4t 41 is the output equivalent to period t+1"s historical base acreage

and where for simplicity we havé assumed that the five-year moving average Xy
is the same as the average base acreage during the last four years.10 This is
the reason that we use the coefficient .8 in (4). :This equation states that
- acreage planﬁed in year t adds to historical base écre;ge in year t + 1 by a
gimple weighted-average formula. This simplification allows us to maintain

the Markevian structure of the dynamic program. This transition is Markovian

is

in a degenerate sense, because given X, and a current choice of u xt+1

t t’
entirely. deterministic.

Further, let the discount factor be given by 8, with 0 = 8 < 1. Let us

%A function f(x) is upper semi-continuous at x. if and only if limxex fx) =
0

f(xo); f(x) is upper semi-continuous if it is upper semi-continuous at each

0

element 1in its domain.

10 If a farmer diverts exactly the required acreage, then her historical base

does not diminish; however, if she wishes to decrease her historical base, we
assume that the required atreage diversion 1is part of her considered
plantings.



Now we can define the discounted .dynamic ‘prbgfﬂm "of the farmer as ‘a
four-tupel- <X;~U, z, B> where X 1s the state space,U 1s ‘thé control.space,
z: X x U9 X-is ‘the transityon rule, and B i the discount fattor. A policy

is a functien m: X - U; and the ekpected discounted total return from n 13
]
I 2 RPN
Hmy ) = §, 8 r(r)(x)

where I(n) is the expected value of fbilbwiﬁg,iﬁg policy m when the state is x
e X. An;éptimaiagélicy'iﬁ;a.§;ah»n* such théﬁ‘i(ﬁ*stx) = i(n)(x}'fbr all n and
x &€ X. ~He”gn§ i;tgrééééafin agrivihg,this function. -Notice that the optimal .
poliéy function does not vary with time; it is in'this sense that this is thé
solution tglg‘sﬁationary dynamic program.

1f thergniavan,ppt@malhpaligy,,then”thgyyalue.af,the state x, € X. is

t
given by
Vix,) = max o r(xt, u )+ B Y(xt+1) (5)

t

where .u, is chosen accérding to n* and where x

¢ is given by the transition

t+1
equation (4). Eguation {5) has the interpretation that a farmer with base

acreage equivalent to output x, who follows an optimal plan will have V(xii

t
as the present discounted value of the -subsidy program. Equation (5)
characterizes the optimal policy function implicitly.

We make a further assumption about X and U

1 A more general formulation of a dynamic program allows the set of controls
to depend upon Xy but we are not losing any generality to treat U as a fixed

set, perhaps the set of all arable land in the United States.

10




‘Assumption 2: The state space X and the control space U are compact.

This assumpﬁion is innocuous enough; 1t says. that ylelds are not infinite,
that a farmer can have only a finite base acreage, and that she can plant

only a finite plot of land. We may now state

Theorem: There is a solution to the farmer’'s dynamic program. Further, the

value function is upper semli-continuous..

Proof: Since T > max {P, L}, it is easy to check that r(x,, u.) is upper
semiﬁpontinubugnig/ﬁi. ’§h§7;ransitignxfunc§ign given. .in equation 4) is

continuous in u, and it is degenerate; hence, it is trivially continuocus in

t
the sense of the weak convergence of measures. Since X and U are compact and

'Ur{x ut) is upper semi-continuous, we-may apply Maitra’s (1967) theorem. o

t’ s
It will be useful to give some characterization of the optimal policy
that the solution to the farmer’s program e@tails. It will Be convenient

to define the function
#(q) = [t - max {P, L} - o] [PY/AY] [q] + [max {P, L}] [q] - c(qg).

Note that if x, is sufficiently large ¢{q) = h(xt,q) - [PY/AY] #x where

t ¢’

h{g) is as defined above. Since both f(P, q) and ¢(q) are continuous in q,
P * : * :

we may defline g*(P) € argmax qel0, M) f(P, q) and g*(t) € argmam:q&{o’M}i ¢{q).

If there are several elements in either of these sets, let us consider only

the smallest such element. The. quantities q*(P) and g*(t) are the (smallest)

static profit maximal outputs for a farmer with sufficiently large base

acreage facing price P and subsidy program parameters (r, L, PY, 7). We can

11



now state

Proposition 1: ' (i)’If*h(xl.*q‘(r)) < (P, q*(P)) for x, € [g*(z}/(1 - &),

t
M}, 1hengﬂ@fxt)>= g*(P) for al} xt;
(11) If q*(t) s M and h(g*(1)/(1 - &), q*(t}) > £(P, q*(P)),

then n'(xt) = gq*(t) for all x, = g*{(t)}/(1 - 8); and

t
(111) Assume that M < q*{(t) implies that M maximizes ¢(g) on
[0, M]. 1If £(P, g*(P)) < ¢(M), then n'(xt) = M for alllxt ES
M/ (1 - 3).

Proof: -If h(k£, g* (1)) < £(P, 4*(PJ) for large’x then the static profit

t’
maximal choice of output is gq*(P) even for farms with sufficiently large base

acreage.. This implies that for any state x n*(xt} = q*(P). This proves (i)

.

Since hig*{r)/(1 - 8}, q*lx)) > (P, g*{(P)), the static profit. maximal
output for a participant with sufficiently large base acreage is g*(7).
Henpe; a farmer with base acreage X, Z g*(t)/(t - 8) may plant g*(t) and earn
h(q‘fr)/(l - 8), g*(x)) per period. Since Xy =z g*(t)/(1 - 8}, Xy 41 2
g*(t)/(1 - 8). This implies that the state next period will be such that the
one-period profit maximal choice of acreage will again be possible. This
establishes (ii).

If M maximizes ¢(q) for q € [0, M} and f(P, q*(P}))) < ¢(M}, then
planting M is one-period profit maximal. For X, 2z M/(1 - 8), we can use the

same argument as in (ii) above to show that the one-period choice is maximal

for the dynamic problem. This shows (1ii). b
Part (i) of Proposition 1 has the simple interpretation that all farmers will
choose to opt out of the subsidy program and produce the quantity at which

market price equals the marginal cost of production if the maximal subsidy

12




payﬁénts are,~§;ffi¢ieﬁiiyuwlaw. .-Now let” the ‘maximal éﬁbs&dy‘”paymeﬁ%éfﬂgé
large. Then part (11) of Propositién 1 states that farmers with sufficieéntly
large historical base acreage plant the oné-périod profit maximal -acreage.
Part (111} of this propositionsdeals ‘with the .case in which' the maximal base
acreage is a binding constraint; if costs are inéreasing then the farmer will
be bound by this constraint. Still, if she has sufficiently large base
acreage, planting M will maximize static. and dynamie profits.

We now state a .second: propesition.
Proposition 2: The value function V(xt) i's non-déecreasing.

Proof: Let Xy =Y, and let ﬁ?ﬁ € argmax r(x

s } : ' s < . % : 3 ; ;
ut). Since [0, xt] < [o, yt}, r(xt, 5! t) = r(yt, v t). Further, we may

’ T * X
t‘vut) and v ¢ € argmax r(yt,

: * * 1 * < oy 1] lies that %, . = %, -
always choose u £ and v t such that u £ = v ¢ This implies that X441 Xy +
1% . . * =y ; u* < * I Ty 3
ut Sy, VRS YL Hence r(xt+1, u t+1) = r(yt+1, v t+1) where' u L+l and
v*£+1:are analogous to uft and V'E.  But this is:'true for every subsequerit

period.s = t+1. Now let n* be an optimal policy. Then I(n*)(xtﬁ < I(ﬁ*)fyt)

and thus V(xt) = V(yt). o

The intuition behind. Proposition 2 is ‘straightforward. It states that it
never hurts to have a larger initial base acreage. Indeed if a farmer’'s base
acreage is larger than max {M/(1 - &), g*(7)/7(1 - &)}, then it is costless to
plant a lower acreage. Moreover next period’s historicdal base wikl still be
larger than max {M7{1.- &), gq*(t}/{1 =:8)}.-

In the rest of the discussion, we shall assume: (i) that ¢lq*(r)) > f(P,
g*(P)); and (ii) that M < g*(¥) implles that M maximizes ¢(q) on [0, MI.
Again, this states first that maximal allowable base acreage is large enough

so that it pays a farmer to be in the subsidy program and second that if the

13



maximal base  acreage ;¢g£st§ain£0 is zstnding, .thgnﬂilti;is one-perlod . profit
maximal to plant. M. Let us-define p = min {q"(ct)/(1 -:8), M/(1 = &8)}; .the
parameter p is simply .the output equivalent of maximal base acreage that a
participant in the. program will -maintain. We can now further describe the

optimal policy function and .the implied value function. We state

1

Proposition 3: If»xt z u, then n*(xt) = (1 - 8)u and V(xt) =(1 - B) h(xt,

(1 - 8)u). Further, there is an interval (a; pl] in which n*fxt} = (1 - 5)xt

€ {a, pl; this Implies that Vixt) = (1 ~ B)_I‘h(x , (1 - a)xt) for

for all x +

t

X, € (a, npl.

Proof: If x, = p, then hgxt, (1 - ath) z f*(P, gq*(P)). Then Propesition 1

implies that n*(xt) = (1 - 8)p. This implies that Xipg = H and hence that
1

Vix,) = (1.~ .8) hxgs (1= &)p).

Now let X, € {a, p! where a is sufficiently close to u. Let us assume

that there is an x, .€ (a; pl} such that u = n*(xt) > (1 = 8)x,. This implies

t
that

V(xt) = f(P, ut) + B V(Xt+1)

1

= f(P, u ) + g8 (1 - 8) " hiu, (1 - &)

= £(P, g*(P)) «+ B (1 ~ B Y hip, (1 - &)w)

where -the first Inequality follows from the definitlion of the. maximum of the
value function and the second from the maximal flow profits .accruing to a

producer opting out of the subsidy program. Since we have assumed that u, =

u‘ext) is an- optimal policy and since the value function is not decreasing,

we know that planting U, = (1 - 6)xt is not optimal; this means that (1 -
-1

B) h(xt, {1 - 5)xt) = V(xt). But this implies that
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(1 -t hix, (1 - 8lx,) = £(P, q™(P)) + B (1 - ) nin, (1 - &
which is equivalent to
hix,, (1 - 8)x.) = (1-8) f(P, q*(P)) + B hip, (1~ &) p)

which 4s clearly contradicted for x, sufficlently near p because tht, (1.~

t
sz;xt.j is continuous #r x;. and ‘P < 1 implies that, in a neighborhood: of -,
£X(P, g*{P)) ﬁﬁh(u;xii,*aﬁigiv This contradiction establishes that m*{x ) ="

(1 - &)x,. Then for x, -€.(a, p), Vix,) =11 - »3)_1 hix,, (1 = 8)x,) from the

definitions of the value and profit functions. o

The intuition behind. Proposition .3:is simple.. It states .that it is. never
optimal for a farmer with sufficiently large bagse acreage to opt out of the
.subsidy program because . the preaentgd discounted value of the gains .from
increased future base>écreage do not offset the current loss in flow profits
owing to opting out of ‘the subsidy program. This implies that the value of
the subsidy program for sufficiently large farms 1s the present discounted

value of maintaining their current base acreages.

We continue our- characterization of the optimal policy with

Propogition 4: Assume- that f(P, gq*(P)) > 0. Then there is a an interval [0,

b) .such that for all x, € [0, b), n‘(xt) > X

t t

Proof: Let X, € {0, b}, with b sufficiently near 0. Assume that n*(xt) =

(1 - G)Xt. Then since Xe = X g

15




Vix,) = (1 - gy} hix,, (1.- 8)x,)

Ylgley, (- 8)x o, P, L, PY, AY, 3) - c((1 - §)x,)1.

= (1 - 8)

But limxt¢0 g(xt. (1 - a)xt; T, P, L, PY, AY, 7} - c((1 - 8}xt) s 0. Since

f(P, q*(P)) > 0, this contradicts the optimality of n*. o

Assume that it 1s at all profitable to produce the <crop under
conditions of ‘perfect competition. Then Propositiscn 4 -states that the there
will be zome states fér which the ‘farmer will find It optimal to opt out of
“the program. This follows from the fact that the acreage diversion policy
gives smill farms no deficiency payments in the limit.

We finish the characterization of the optimal policy with the following
observation. Consider, a farmer whose historical base acreage is such that
it is optimal to ~ept out of --the subsidy program.- If the cost and value
functions are differentiable, then this farmer will plant an acreage
equivalent to the output wy that -is greater than that the output at which the
marginal cost of production is equal to market price P. This follows from
the fact that the first order condition for the maximization of (5) is given

by
P-c (ut) + .2 8Y (.8xt + ‘2ut) = 0 (6)

where we have assumed that u‘t > xt and where we have used the definition of

X .  Since V’(xt+ } 2 0 by Proposition 2, we know that u, z g*(P), the one

t+1 1

period profit maximal output choice when a farmer faces price P. It is in

t

this sense that the deficiency payments cause even nonparticipants to produce
a quantity that is not economically efficient. Indeed the only situation in

which it is optimal to produce g*{P) is when the farmer discounts the future
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entirely or when the value functlon is {lat.

I11. A Simple-Apalytical Example

It is difficult to provide a closed fé%m solution for the farmer’s
optimal policy because of the level of generaiity with which we are treating
the cost function. In this sectlon, we shall provide an analytical example
of the dynamic effects of the deficiency payments program.

Assume that the cost function ls given by

—elg) =cq
where ¢ is the constant marginal cost of production. In order to keep the
analysis tractable, we shall assume that max {P, L} = P = c. Further, we

.assume here that PY = AY = 1 and that y = 0; these assumptions state that the
. program yield is the actual yield and that there are no diversion payments.
~This allows us to cencentrate on the, intertemporal effects of deficlency
payments only.

The present value of maintaining the maximal base acreage is

Vi) = (1 - )" !

(1 -8) (t~-c)yu

where all the variables are as abéve. This value is positively related to
the target pfice, the ef%ective maximal acreage, and the discount facter.
Indeed, the more patient a farmer is, the mgre valuable a continuing flgw of
sﬁgsidies iéato her. The maxi#ai valué isnglso neéétively relaéed to ghe
diversion factor and the marginal cost of production.

Now consider a farmer whose base acreage x, is quite low. By foregoing

t

participation in the program, she must sell her current preduce at market

17



price P and thus make no profits. Because ¢osts are limear, she will find §t
optimal to produce u, = Spu-4 x, so that the output equivalent to her base
acreage in the next period is Xypop = H Of course, {n every  subsequent
perted, this will be her baSefacveagé as well. The present value of this
policy is -

1

Vi) =8 (1 - B * (1 -8)(t-¢)u

which is simply the present value of having x = 4 in the next period.

t+1
We are interested in the maximal ~acreage for which this policy is

optimal. Notice that any participant with base acreage Xt can achieve

1

Hm)(x,) = (1 - BY “(1 - &)t - ¢) X,

simply by maintaining base eguivalent to x, and diverting the requisite

t
proportion & of it: Hemnce a farmér will opt out of the program in period t
if and only if

(1-8710 -8t - chx, <B (1 - 811 - 8)(x - ¢)

which is equivalent to Xy < B u.

This result is the crux of the example. Farmers with small base acreage
will opt out gf the program for one period in order to build up base acreage
for all futu;e periods. If farmers are ldentical in every way except for
their initial base acreage, then the farms with small base acreage will opt
out of the program and those with large base acreage will be participants in
it. The aggregate effect on the market supply of this crop will depend of
course upon the distribution of initial base acreages.

We can summarize this example by stating that the optimal policy is

18




a*{x. ) =

{ 5 g -4 X, if xt/<xgy
t

min {xt, u} otherwise.

Further, the value functlion ls

Vix,) =

{ B(1 - B)_l(i - 3)(r - c)xt If x, < Bu
t

(1 - B)_l(i - 8)(t - ¢} (min {xt, 1) otherwise.

that we described in the p%évious section. There is an intef;éi near zero
where the opfiméiﬁﬁolfé& entails oﬁtiﬁg out, and there i< an interval near g
where it entails no adjustment of base acreage. Further, the value function
is increasing and upper semi-continuous. It is obvious that we could obtain
a closed form solution for this example because the assumption of linear cost
entailed that the optimal policyﬂéxhibited a full adjustment to the maximal
base acreage in one step. This is not true in general; indeed, the curvature
of the cost function has much to do with the level of adjustment that a
farmer will undertake when she increases her base acreage. This idea will

be developed more Yuily in the next section.

IV. Simulation Results for the Seven Major Field Crops

In this section, we simulate the dynamic program for the seven major
field crops in 1987, the only year for which data on the distribution of base
acreage are avallable. The crops we analyze are barley, corn, cotton, oats,
rice, sorghum, and wheat.

The first step in the simulation procedure involves constructing an
estimate for farmers’ cost functions. It is generally recognized that a farm

is a multi-product firm, but introducing several crops into the dynamic
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program would complicate the analysis enormously. It is quite difflicult to
get estimates of éingle pfoduct cost functlions in tﬁe=iffer§ture, and we were
forced to simulate them ourselves. We allowed the cost function for a farmer

to be an arbitrary third order polynomial. Hence costs for a farm are glven

by

cl(q) = F + «q + a2q2 + a q3 (7)

3

which has the advantage that it is flexible enough to dllow for parabolic
m&rginai costs.lz
We used aggregate data from the Depgrtment of Agriculture to simulate

thege costs for gach of the seven crops. These data are summarized in Table

1 and Table 2.

-- Place Table 1 here. --

-- Place Table 2 here, -

We have to simulatg the four parameters of equation (7) for each of the seven
crops. The data in Tables 1 and 2 allow us to compute average output per
farm. From this, we can immediately recover fixed cost per farm; it is still
necessary to determine the values al, az, and qa. We did this using the

following three relations

_ 2
AVC a + ad, +eq (8.1)

_ 2
P=n (a1 + Zazqe + 6a3q0 ) (8.2)

2 Since we are using a smooth cost function, we are assuming implicitly that
the farmer faces no acreage limitation over the relevant ranges of planting.
This is not unreasonable for the acreages that we analyze for the seven creps
in this section,
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O=a (8.3)

where AVC is the reported average variable cost per farm, q  1s. the observed
average output per farm, % is the elasticity of market supply, and P is again
the observed market price.. The first relatlonship is simply the definition
of avgrgge»variablexggst. The second equation uses the observed elasticity
of market supply to derive a:relatipnship,bgtgeenvma;giqal cost and the
second derivative of the cost functien. The. third relation is imposed
arbitrarily to tie down the%aetggyycggtAfunptiap;>§§ill, it has the economic
interpretation £hat the marginal- cost of .the first unit of output is near

zero. We present our simulated cost functions in Table 3.
-- Place Table 3 here. --

Even though the procedure we used to simulate these cost functions was ad
hoc, the results correspond roughly to our intultion about the productien
techniques for" the sévén crops. In particuiar, cotton and rice are
characterizgd'by“high fixed. costs per farm, whereas the coarse grain .crops
typically have relatively low fixed cests.

The next :step in the simulations is to collect the parameters that
determine the optimal policy. We present the list of these parameters in
Table 4.

-- Place Table 4 here. --

We refer the reader to the Data. Appendix for a full description of the data
and their sources.
We simulated the dynamic program by dividing the state space into five

acre increments. The discount factor that used in all simulations was 1.(')5_1
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in -order to capture the notion that ‘thé Treal interest rate in 1987 was
roughly five percent per annum. The optimal policies for the seven major
érops are presented inFlgs. 1 through 7 at the end of thé text. The optimal
polices are graphéd‘fo shoW’ planting beyond base ‘acreage; any farmer that
does plant strictly less than her historical base is not a participant 1n the
program. - Otherwise, fariers divert at least the requisite proportion of
their base acreages, and they may éven plant a lower acreage in order to

décrease thefr historical basés quickly. The actual optimal policy is simply

the s of bate soreagd i the' Funétions”shids tn” the Chgures.

It ié*éirikiﬁg ih&t’Eﬁgée”6ptihgl“ﬁéiié§*fuﬂciiéns‘éﬁow that a farmer
with~5mail/bQSe acféégé‘fé’ﬁ5£ a)ﬁarticibaﬁf'in”ghé“crdp‘réstricticn program.
It has been the popular conception that agricultural subsidies in the United
States have been intended to Help the small family farm. But Proposition 2
-above shows that these policies benefit big farms more than small ones. This
theoretical result - is c¢éorroborated by Fig. 8. The figure 1illustrates
that the average base acreage ‘of participants was much’ }.a,r'g}ér than that  of
non—particiﬁﬁﬁ{s for each of theseé seVenZCrépézih réé?.

In order to get & seénse of the effect that the crop restriction policies
had on the average farmer’s output, we caleulated the perfectly competitive
outputs corresponding to the market prices given in Table 4 and the cost
functions ‘given in Table 3.13 For barley, corn, cotton, oats, rice, $orghum,
and wheat, these outputs are given by 40, 35, 60, 12.5, 75, 25, and 50 acres
respectively, where we have rounded the numbers to the nearest five acre
increment to make them comparable with Figs. 1 through 7.14 Notice that the

farmers participating in the program are typically planting roughly the

13 We are assuming for simplicity that the price of each of these crops is
fixed by conditions in the world market.

14 It was necessary to use 2.5 acre increments for oats.
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téarfectly competitive ac;eage. But the¢farmers with low historlcal base
acreage. are planting far beyond these levels. This is especially true of
those - farms  whose base ' acreage. .1s near ‘the -thresh-hold .-that -defines
participation in the subsidy -program; this is precisely when these farms find
it advantageous to expand thelr base acreages. These rough calculations are
a good Indication that policy makers have chosen the diversion factors have
so -that the net effect of these.policies-on aggregate output is to produce
near the perfectly competitive. output if all: farmers participated. But we
shall show below. that the rent-seeking behavior of farmers outside the

programs has expanded. aggregate output substantially for all. the crops but

oats. . Ammore~a£cﬁrateqpiaﬁrétiﬁn»of the effects &hatfvj,sg §pijci§s~haveﬁuﬁ
aggregate output depends, of course, upon the distribution of historical base
acreage. . .

-We obtained- data- on -this distribution. -ef farms through private
correspondence with the United States.Department of Agriculture, Agriculture
:Stgbi;;gagien and Canseryat&on~‘5ervice; Commodity Anmalysis Division; phe
sauféé of.thése unpuﬁiished data was the Commodity Analysis Division/National
Agricultural Statistical Services database, and the data are dated 30
December 1988. Using these data and the simulated optimal policy functions,
we calculated predicted .aggregate output for each crop. We present these
calculations in Table 5. It is appropriate to compare these predicted
outputs with the aetual outputs from Table -2. We have fairly accurate
predictions for the:aggregate outputs -of barley, cotton, oats, and riee. The
prediction for wheat output is the most inaccurate, and this. is incorrect by
roughly thirty percent. Consldering that we imposed the restriction thatnai

= 0 arbitrarily in (8.3), we feel that these predictions are quite credible.
-- Place Table S5 here. --
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The predictions on. the relative effects of ' the programs on aggregite
outputs are apt to be:guite accurate because any bias in our determination of
the cost ‘functtons affects the simulation: results’ of the dynamic program ahd
the ‘predicted perfectly competitive outputs equally. - We turn our attention

now to the summary data on output presented in the first half of Table 5. " It

is a remarkable fact that, -in almost every-=gase, crop restriction programs

pesult in-outp percernit higher than would have
‘;EﬁiAiS%ébfﬂ coursé ‘interesting  to ‘analyze ‘the effect that- these crop

restriction pro;g;%ei&s*h@e on producer Su;rplgiéi ’irh;é;d:mtmﬁs; to the dynamic
pregrams ~are - value functions; these are precisely the present 'value of the
producers surplus. We have not reported the value functions here in order to
“save “space; but it-is-an easy calculation to detérmine producer- surplus for
‘all -farmérs for -a-given crop because we have the distribution-of the. farms’
base -acreages for 1987. It is also gquite s-‘i*m:pvlé* -to ‘ealcvulate producer
surplus uﬁdé%‘pérfect competition at the'magketvp%iCes given in Table 2. The
preserit value of “this surplus is-the discounted sum of one period producer
surplus in perpetuity. . The.results of our calculations are reported in the
second “half of Table 5. We see that the existence of vcrop restriction
programs typlcally -gquadruples producer surplus. 15 Indeed, we calculate that
these erop restriction programs ralses the present value of producer surplus
for these seven:crops by $232.1 billion; this represents a flow transfer of
#11.6 billion per year, slightly less . than 0.3% of the United States’ gross

national product.

15 QOats were the exception in 1987; this occurred because their market price
was so high as a result of the recent discovery that oat bran has beneficial
health effects.
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We cogclude thlis section with a calcﬁlazion>gf thekprgﬁuct;on degdwgigﬁt
loss that these programs .entall. 16,-Re are .in.a 'second best world, .and hence
the ‘present. value .of these subsidies may be an inevitable part of the
political process. ' It is still interestlng to calculate the the deadweight
loss to soclety’ of these programs as a proportion of the total economic
transfer to - farmers. We did- this by calculating the incremental costs, net
of the value of increased output, that the Induced excess production for each
of “these crops-entails. We present. these data in Table 6. It is interesting

‘that égéieﬁy-a&&ld%save>$66;biiiianYiﬁ’piéﬁent‘yglue of wasted .resources
simply by giving these farmers-a iump&sumwtfans{erméf,$232.1Abillion,and then

abol%éhing all these programs.

-- Place Table 6 here. —--

‘V.}Qpﬂ?idsiap

This papér develops the first dynamic analysis ef the crop restfictipn
programs of the United States. - The model emphasizes the fact that the
decigion t& participaté in these programs is voluntary. We solved the
dynamic program that the farmer’s decision problem entails, and we showed
that farmers with small base acreage tend to opt out of these programs. The
optimal policy for small farmers to produce in order to bulld up bgse
acréage; this is akin to rent-seeking behavior even. by produceps who are not
currently participating in these programs. We have shown how acreage
diversion, the target price, the loan rate, the difference between actual and

program yields, and diversion payments affects the incentives of both

16 Since we are assuming that output prices are fixed, there is no consumption

deadweight loss.
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participants and noh-partliécipants.

Wé “have not explored “the implicitions of ‘this . model on the- leng-run
distribution of ° f&fm'~é12es,’“but ‘We have rshown. .that small farms tend to
increéase their plantings. = This may explain in part the evolution of the
structure of farming in the United States in.this half century. The family
supporf programs.” The single most- important empirical finding is that these
drop réstriction programs result -in production levels that -are: typically more
théh fhiféyvﬁéiceﬁt hié&er5fhén'woufavhﬂVﬁ?beén~thewﬁa§egin~the>abseng@_of
"thégélbfﬁéfamé: Qé’showédvfhat the present Qaluefofkrésau;ées wasted in this
rent;seeking behaviﬁr'wﬁsv$66'billion.

It is ironic that our analysis has Iimmediate application for
agricultural policy in centrally planned economies. In these economies, it
is typical to establish a production. quota for a collective farm. Any
production beyond the quota results in a reward to the farm. It is obviously
in the interest- of - managers of these collective farms to produce at
relatively 1éw levels for several years in order tO‘kéep their)qaatas low. If
a farm does exceed its quota, it is also in its long-run interest not to
exceeé"the quota by teoo much; a successful. year only means that the
coliective farm will likely be purished for .not meeting its future gquota.
This has been commonly called the “ratchet effect”; see, for example, Johnson
and Brooks (1983). The dynamic inefficiencies that these poligies entail are
quite similar to -those ‘of policy of -the United States. The ecurrent
initiatives in the Soviet Union to6 reform this policy have met with political
opposition, Jjust as has any proposed change to the :price support programs in
the United States. An alfalfa farmer is an alfalfa farmer, no matter where

she lives.
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Data Appendix
4 The data on costs of pr&&ﬁction are reported ln McElray, Ali Dismﬁﬁéé,

and Clauson. Fixed costs are based upon the gross value of a crop relative
to that of all_crops grown. on.a. farm. The national ayerage is obtained by

technique 1n calbulating,aggregate data on variable costs

The data we repbrt on lhe nunber of farms in tﬁé(United States refer to
farms that have base acreage of the crop in question in 1987. These farms
may or. . may not be participants in_ the relevant programs in that year. The
source is as indicated in. the text

The data we report for total output of these crops 1s obtained from the
United States Department . of Agriculture s. Economic . Research. Service’s
Situation and Outlook Repart for Wheat (August 1989)»»n1tuatian and -Outlook
Report for Feed (August 1989}, Sltuatian and Outlook Report for Rice (April
1989), and Situatlon and -Out look Réport for Wool and Cotton jﬁqy 1989). The

yield. per atre refers to planted acres, and these data are again from
McElroy, Ali, D;smgkg; .and Clauson.

Market prices, taréét pricés, ahdylb&n”ratés>afe frém the’SEiuation and
Out look Reports for the relevant erops. Ti
calculated as.the ratio of acres diverted to total base acreage fcr each of
the crops. Acres diverted include those in programs involving “acreage
reduction”, "paid land diversion", ‘“payment in kind", "0/92", and "S50/92".
. The acres placed into the. longvterm conservation . reserve pfogram are- not
included in acres diverted. For all crops but cotton, the source for the
data on acres diverted and base. acreages is the United States Department of
Agriculture’s Agrlcultural Stabilization Conservation Service, Commodity

© .Analysis DlVlSiQn These data are not. publlshed The data. for-barley, corn,

cats, and serghum are dated July 1989 the data for wheat is dated 10 May
1989, and the data for rice is dated October 1989. The corresponding data
about acreage diverted for upland cotton is from the United States Department
of Agrlculture s publication, News, déted 10 March 1988, and the data on
cotton base acreage are found in Stults, Glade, Sanford, and Meyer on pages
77 and 79.

The program yields are in units per acre planted. The diversion
paymenis per unit not planted are calculated as the ratio of total diversion
payments to this product: total acres diverted multiplied by program yields.
For all the crops except cotton, the sources for these data are the same as
those for acres dlverted as described in the paragraph above. The data for
cotton are found in Stults,. Glade, Sanford, and Meyer on page 79.
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‘fable 1: Data Used in Stmulating ‘the Cost Funétions
(1987 Dollars per Acre, Except for the Number of Farms)

Fixed Costs Vétlaﬁle Costs ';/VNumber of Farms
Barley 28.81 48. 37 224,900
Corn 56.18 119.90 1, 459, 600
Cotton!’ 250. 00 99.32 139, 800
Oats 39.74 35. 00 543, 200
Rice 254.02 57.25 22,980
Sorghum . 54.74 26.37 407, 800
Wheat 14.56 23.88 1,118, 100

Sources: The cost data are from McElroy, Ali, Dismukes, and Clauson {1989).
The number of farms represent all farms with base acreage in 1987 as defined
by the Agricultural Stabilization and Conservation Service, Commodity
Analysis Division on 30 December 1988.

17 Throughout this study we have examined upland cotton only.
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Table 2: Data Used in Simulating. the Cost.Functions

Total Output Yield per Acre Elasticity
{billions)
Barley . 5295 46.96 0.6
Corn 7.0721 122. 49 0.48
Cotton 6.9498 679.32 0.74
Oats . 3740 35.00 0.6
Rice .1296 54.67 0.4
Sorghum . 7392 §8.79 0.6
Wheat 2.1070 31.64 0.6

Notes: The units are all in bushels, except for cotton and rice. In these
cases, it is pounds and cwt, respectively. The elasticities have no units.

Sources: The output data are from variocus USDA publications; see the Data
Appendix for details. The data on ylelds per acre are from McElroy, Ali,
Dismukes, and Clauson (1989). The elasticity parameters are from Roningen
and Dixit (1989); we have imputed the elasticity 0.6 given for "other coarse
grains" to barley, cats, and sorghum.

31



Barley
Corn
Cotton
Oats
Rice
Sorghum

WEéat

Note: Calculated as described in the text.

.1

Fixed o
1444. 4 0
2222.5 "0
7268. 2 0
436.5 0
5906.8 0
704.2 0
1422, 3 o

32

.36

. 45

5. 78

.24

.60

.00

5. 50

(24

2

. Table: 3: ‘The: Simulated Cost Functions
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‘Table '4: Thé Parameters in 1987

Market  Target Loan Diversion Diversion Program

P;i;e ) ?r}gg Rate Factor Payments Yield
Barley  #1.81  $2.60 $1.49 0.274 $0.22 49.0
Corn  $1.94  $3.03 $1.82 0.3;; so.éé 105.0
Cotton  $0.64  $0.79 $0.52 0.286 $0. 00 593.0
Oats $1.56  $1.60 $0.94 0.209 $0. 20 50.0
Rice $6.95 $11.66 $6. 84 0.392 $0. 00 49.1
Sorghum $1.56  $2.88 #1.74 0. 275 $0.58 - 60.0
Wheat  $2.57  $4.38 $2.28 0.312 $0.00 35.0

Notes: Prices are dollars per bushel, pound, or cwt., as relevant. Diversion
payments are in dollars per bushel, pound or cwt., not planted. Program
yields are in bushels, pounds, or cwt. per acre, as relevant.

Sources: See the Data Appendix for a full description.
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Table 5: Predlcted Aggregate Qutputs and Predicted

~ Output Producer Surplus
(b}llions) {billions)
Perfeéﬁ (‘ Crop | Perfec£ Crop
Competition Restrictions Competition Restrictions
Barley 0.44 0.58 2.3 9.2
Corn 6.1 , 8.1 80.2 216.6
Cotton 5.9 . - 7.3 1.9. : 3.4
Dats 0.35 0. 39 1.7 2.3
Rice .09 0.13 1.2 5.0
Sor ghum 0.66 0.8 - 6.1 26.0
Wheat l.é 2.8 20.0 83.0
Notes: Output for cotton is -in pounds and that for rice is in cwt.

Predicted total output 1is typically larger than the actual output as
presented in Table 2. Producer surplus is in present value dollars.
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Table 6: The Soclal Cost of the Crop Restriction Programs

Annual Deadweight Production Loss Deadwelght Loss as a
(billien 1987 dollars) Percentage of Increased
- ‘ Farmer Surplusg

Barley 0.1 28%
Corn - 1.6 25%
Cotton 0.2 28%
Oats 0.03 85%
‘Riig;'e* | - 0.1 28%
Soféhum ' 0.1 12%
Wheat W 40%

Note: The first column is the incremental production costs owing to the crop

‘restriction praograms net of the increased value of farm ocutput, both measured

- -in annual rates. The second column is the present value of the first column

- of this table as a percentage of the difference between the fourth and thkird
~. columns of Table 5.
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Fig. 2

: Optimal Policy

Acres per Farm

B

// SN /// ~ //f, N ////////,/;

1

[ NN

i

NOSOUNSOONNSANNS SN

I

SOSSSOOSNNSNSNNNY

BN SOUNNNNNNY

I

SOOI

f/_// //// ////f////

OSSN N

27a//x;\

1

v/ /w.//../,ﬂ.f/
V///r//r//vrlv /.

I

I

N f/,.// <

b

LN NN N

I

I

NS

T ] T

BN

[ w.“, 4/,/.
.W./.M/.. N

T

N

RSN

NN

T

1

, I ~

NN

////// OO

OSOSNSSNN

/%/J/J/f/ _,

2 8 KR:e °

eaeg puoAeg Bugueld

| E-

10 15 20 26 30 35 40 45 50 56 60 65 70 7580 B85 90 95 100105 TO 15 120 125

Base Acgeagn




[

) - T N
7/// /../// NN // //// ™4

O N NN
SR
AN N NN
AN NN NN

T

i

1

8
8
2
g
LSOO - m
c | /.,///m//é -
8 AN *
z SRR -8
QO SO N - 8
] NN - 3
=4 EERNEARNY ¥
WJ £ | SN -2
a i AN g &
Ilnm m ,,/H///.,/%;///// " ....Mw m
g NN rB
= SN i
o NSNS - @
o) AR -8
oh BN - 8
L SO - &
| OO - R
BOSOSONONUONOSONNONN NN - 0
DO NN NN N - @
SNSSSSSSN r

ﬂ
S 88 @ 8 ] R .° ¢

-20
-30 —
_40 -
50

eseg puoAeg bugueld . .




for Oats
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Plantmg Beyond Bauo
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Fig. 8: Average Base
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