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A general problem involved with measuring economic relations éver
a time series is that the economic environment or regime in which decisions
are made may change. When this occurs the determinants of decisions may
change and/or the relationship between choices and particular determinants
may change. In what has Become a well-known work, Nerlove [1958] carefully
chose the time series over which he measured acreage supply response to
exclude any years during which acreagé control programs were in effect.
ﬁnderstandably, he argued that the determinants of acreage decisions made
during a free‘market period differ from tﬁe determinants of such decisions
during years when government programs were operative. Despite this early
recognition of the potential problems involved with estimation of acreage
choice functions over a time series encompassing various economic regimesy
subsequent literature has ignored ﬁany of them. Traditionaliy, studies which
have estimated acreage response functions over time series have failed to

investigate the hypothesis that several different regimes may have existed.

Examples of such studies include national’aggregate studies by Lidman and

Bawden [1974], Garst and Miller [1975], Just [1973], and Houck and Ryan {1972].

‘each case, despite variation of government policies and response to them,

parameters of estimated acreage response functions were assumed to be stable
over the entire time series involved.ll The premise of this paper is that
the existence of an effective acreage control‘policy implies the existence
of an economic regime which is distinct from that which might exist in the
ébsence of that policy.

A careful review of ‘acreage policies suggests that another important

characteristic of the policies has been overlooked. Although policy details
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have varied over the years the generalization may be made that they offered
producers a choice between two sets of incentives depending on the level at
which acreage of thg controlled crop was set. During typical programs if
the producer planted in excess of the allotment; he woﬁld face market
prices, penalties and ineligibility for various program benefits. If
instead, acreage was set equal to or less than the allotment a different
set of government determined incentives were faced.2 It will ©be argued
that this discontinuity in incentives over the range of acreage implies

that under such policies, decisions are not continuous functions of any

one set of incentives.

The objectives of this paper are to investigate the implications of
these two complications for empirical measurement of supply response and
to assess their importance through empirical tests. The studies cited
above have focussed on national aggregate acreage response models. As
will be illustrated, the later problem re-emphasizes the need for sub-
national aggregate models. For this reason, aggregate data for major
wheat producing states will be employea to re-examine the relationship

between acreage decisions'and their determinants.

Section 2 will address the specification of wheat acreage response

- during various post-war policy regimes by presenting a theory of cheoice

under discontinuous policy. From this theory hypotheses will be derived

concerning the existence of different regimes during the time series as

well as different sets of determinants of acreage response within particular
regimes. In section 3 we i1l empirically investigate these hypotheses
by presenting winter and spring wheat acreage response functions fér major

wheat producing states based on an annual time series of 1948-1974, -
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:II. épecification‘qf Wheat Acreage Response Under Discontinuous Policy
There exist three general regimes of wheat policies which may be
distinguished during the post-war period. With.the exception of 1950,
the years 1948-1953 and 1974 may be characterized as free market'
years during which acreage to be planted was derived from a consideration
'of market information and was unconstrained by policy restrictionms.
During the years 1971-1973, the wheat set-aside programs required diversion
of crop land for eligibility for price support. However, both the support
mechanism and the role of allotments were changed to allow market prices to
play a greater role in income determination and land allocation. A
minimum set-aside of cropland was the only requirement for eligibility
for support. Although price support was only available on acreage less
than or equal to the allotment, cropland remaining after the diversion
. could be allocated without further restriction._ Prices were supported
at 1007 parity by deficiency payments. Thus, one may conclude that as
during free ﬁarket periods, acreage w;s allocated during the set-aside
- programs after‘é consideration of relative prices recéivable. We will
label these years as Regime 1. Frém 1954 to 1963 the existence of quotas
with penalties for_planting in excess of the éllotment suggests a second
regime (Regime' 2) may have existed. Although quotas were not in effect in
1950 and 1964, allotments were maintainéd as a basis of qualification for
price support. ‘Thus, the years 1950, 1954-1964 will be grouped by years
during which acreage allocation may ﬁave been controlled by policies.
Ve willl'label these years as Regime 2. Finally, from 1965-1970 government

.policies employed marketing certificates and allotments, however substitution



and excess production provisions may have effectively relaxed the
constraint placed on acreage decisions by acreage controls. We will
distinguish these years as Regime 3. To proceed, we will characterize

decisions during each of these three regimes.

Regime 1: Free Market Years_(l948, 49, 51-53, 71i74)

We will maintain the hypothesis that firms allocate acreage between
two typés of crops: wheat (w) and its alternatives (A) to maximize
expected profits subject to technological, total land and other fixed
factors,ahd any government policy constraints which may be existent.and binding.
During a free-market period, the following reduced forms for allocation of acreage
to crop i may be derived from the hypothesized choice problem:

1) a., = g(E(®),, T

i 8,) i=1, .. .m tery

t’ 't

where E(P)t is an 1 x m vector of expected prices for output vector Q.
T, is a 1 x n vector of factor prices for a variable input vector X.
et is a 1 x s vector of factors of prodﬁction_which are fixed in the
short fun.

7. is the set of years t in regime 1.

1
Regime 2: Quota Years (1950, 1954~64)

During the quota years 1954—1965 producers who did not exceed their
wheat acreage allotments (5;) coqld place their production under non-recourse
loans at a suppo;ted rate of Rw. Because the mafket price is uncertain, the
expected suppoit receivable R: = max (Rw,'E(le). In addition, a penalty tax
(ti, a percentage of Rﬁ) was imposed on any portion 6f fhe_product of acreage
planted in excess éf the allotment which was marketed. Although this tax
could be avoided by storing the excess, oppbrtunity and storage costs were

nevertheless incurred. To generalize, we may conclude that for each acre placzed



(harvested after 1955) in excess of the allotment the expected tax equalled
the product of the farmer's normal yield‘(Yw) and a per bushel tax rate
t, equal to the minimum of total storage cost per unit and ti.

Thus, for all acreage in excess of the allotment, expected

profit was reduced by a marginal tax on acreage. In 1950 and 1964 although
the penalty tax was zero producers utilizing acreage in excess of their
allotments, were ineligible for.support and instead faced market prices.

The direct implication of this policy was to introduce a discontinuity
in the relation between:expected profits and acreage planted fo wheat.
This discontinﬁity is immediately apparent when we write the expected
profit definition. Durigg the Regime 2 we have:

2 Bz Ko, +E@®Q, - r'X] [1 - ala)]

+ [E(®) Q_ + E(P)LQA ~TA - r'X] a(a )

{RZ[l - a(aw)] + E(P)Wa(aw)} Q, + E(P)AQA - a(aw) T A, - r'x

*
PW Qw + E(P)

1 _ _ et
AQA a(aw) iwaw r'X

where Qw’QA are quantities of wheat and a vector of quantities of altermativs
crops, and E(P)A_is a vector of expected market prices for QA'

ma
x (R LE(P) )

X, T are vectors of variable inputs and their prices,

3
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*
Pw is the expected price receivable for w.
We hypbfhesize that acreage is allocated by maximizing 2) subject

to a technological constraint:

F(QW’ Q,, X, 8) =0



and a land constraint which is contained in the vector B:

< a.
a, + a, <a

i e

The discontinuity of expected profit implies that in place of a single set

of necessary conditions for maximum expected profit there exist two sets of

conditions depending on the level of a . pfﬁ’L
P B vz ewﬂéx
&7 0e
In the textbook case, the necessary conditions provide a structural

equation system or set of choice rules which establish a continuous
relationship between incentives, constraints and optimal choices. When
discontinuity is introduced by control policy as described here, the

best that may be hoped for is what might be labelled "locally continuous"(
' X
relations between choices and the particular sets of incentives and ’

constraints faced in various ranges of the controlled choice. That is,

o *
for a, <a, the necessary conditions relate acreage decisions to (Pw, E(P)A,

T, 6) and for a_ > a_ our
w w

*
to (P ’E(P) s T, (t '_a.', B). A
Oy R 0

a role in the decision of whether to comply (aw E,EQ) or mnot (aW > EQ),

del suggests decisions may be locally related

Although both sets of incentives play

neither set of incentives is continuously related to the final choice of [~
o . 3 .

acreage utilization. Thus, in the presence of the discontinuous policy

we must acknowledge that any one of the following three reduced forms for

choice of a_ might characterize a producer's choice of acreage in Regime 2(1?):

3) aWt = f(Pwt:E(P)Atsrtg et) if awt < awt

4) awt = awt A : if aWt = aWt

5) a__ = (P* E(P i a
we B e (‘)At’rt’twt’aﬁt’et) it awt >
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Which of these cases is appropriate to characterize decisions during the
quota period is an empirical question which past studies have not only

failed to address, but also whose existence they have failed to recognize.

Regime 3: Certificate and Substitution Years (1965-1970)
Without going into equal detail, decisions made during the years

1965-1970 may be analyzed in an analogous fashion. In brief, we

note that the fundamental difference between policies during these years

and those of Regime 2 was the termination of the uenalty tax and institution

of é variuble subsidy to be paid to thuse planting within their allotments.

This subsidy amounted to the product of the difference between the

parity price (Ppw) and the expected support receivable (R:) and the normal yield
(Yw) on the farm. Thus, the amount of subsidy payment (Sw) varied with

acreage planted up to the point at which allotment was exceeded. Ve may

_ write this subsidy payment s, as:

% . -
6) S =sa = (P -R)Ya fora <a
woOTww PV woww w— W

In addition, a substitution and an excess wheat provisiou were
introduced uhich'allowed’for oVerplanting of wheat allotments. Under the
substitution provision, wheat allotment acreage could be uéed for feed
grains and vice versa. Alternatively, a producer who was relativély
specialized in wheat could take advantage of the excess wheat option which
allowed overplanting of the allotment by>uu to 50%Z. So long as the
excess production was stored, eligibility for certificates on the
allotment and 1baus on the entire production was preserved. Similarly,

under the substitution provision, support was limited to permitted acres

)

(all a, 5_2;) while loans gt waere available for the entire production.



The 'evffect of these provisions for producers setting a, > -a'w was
to shift vertically the expected' profit by a lump-sum paymént -S- = (1’pw - R:)x _
‘Yw—a-w for all leyels of acreage in excess of the allotment while preserving
‘the discontinuity of the expected profit definition introduced by the

certificate program. Because the shiff of the objective function was

vertical, the only decision affected was the choice of acreage if that

choice would otherwise have been equal to the allotment. That is, if in
the absence of these provisions it would have been optimal to set acreage
equal to the allotment, it is possible that the vetticél shift of the
segmént of the expected profit definition for acreage in excess of the
allotment may have been sufficient to render overplanting optimal.

As during Regime 2, the discontinuities in the objective function
introduced by the marketing certificate, substitution programs of Regime
3 imply that reiatioﬁs between choices and information may only be defined
locally over various sets of information variables. When the optimal
acreage to be planted to wheat fell short of the allotment a local relation
of the following form may be.dgfined.for any yéar £ in Regime 3 (13).

’et) ifa<a

7)‘ a_ = f(s ’Pwt’E(P) 2t wt

wt Wt ATt

Where a corner solution was optimal, we have

8) ay = 3

Where substitution or overplanting was optimal, the choice of acreage was

independent of the lump-sum payment, and so may be written for a local

range of information variables as:

s ‘
9 a, = h(Pwt’E(P)At’ rt,et) | ifa_ >a



Additional Compliéations
During the years 1956-1958 and 1965-1970, three different diversion
programs were off;red to encourage farmers to reduce their allotments.
When diversion was mandatory (1962-1963) the requirement resulted in a
1um§-sum subsidy or tax depending upon whether any payment made exceeded
the opportunityvcost of such a diversion. In either case, the requirement
did not affect the marginal conditions for optimal acreage allocation by
a participant. Instead the only impact on dééisions resulted from the
reduction of the actual allotment to aﬁ effectivé level equal.to the
difference of the actual allotment and the required diversion. The effect
of this waS‘to'shift the point of discontinuity in the objective function.
Similarly, voluntéry diversion programs (1956-58, 1962-66, 1969, 1970)
reduced allotments to some effecﬁive level. Howevér, these programs introduced
the additional.complication of appending an inequality constraint to the
choice problem. Although the acreage which could be diverted was constrained
between a minimum and a maximum, the producer could be expected to chose
any amount between these points. That is, because the voluntary‘diversion
payment rate (d) became the Qpportunity cost of allocating land to crops,
maximizatioﬁ of expected profit rgquired aiiocating land to crops until
the marginal value product of ;hat land felllto equal the diversion payment
rate. At that point, all additional land would be allocated to diversibn‘
so long as this additiénai land did not exceed the maximum diversion allowable
(MAd). Whep the optimal diversion exceeded the maximum, the cénstraint
became binding and thus, MAd became a determinant of acreage ailocation by
participants as represepted by 3), 4), 7), 8) or 9). Alternatively, where

the maximum allowable diversion failed to place a binding constraint om land
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allocation, 1£ can be shown that the diversion payment rate would play‘a
role in the land allocation decision of an expected profit maximizing
participating‘producer. We conclude that.the discontinuous nature of
diversion opportunities introduced discontinuity to the relation between
1and allocation decisions and}théir determinants. Thus, the impact of
the inequality constraint on diveréion was to introduce additional discon-
tinuity in the objective functioh. ‘As in the cases already discussed,
‘this discontinuity implies that the reduced form reléting‘choiges'fo
information is also discontinuous. Estimation over a time series'is
further complicated by the fact.tﬁat the nature of the inequality
constrainfs, and»ﬁhe diveréion payment rates changed over time. To
proceed,'we‘will recognize that when the diversion constraint was
binding the maximum diversion established by policy determined the
diveréion, otherwise the diversion payment rate together with other

determinants of acreage allocation determined diversion.

An additional complicafion remains. The above reduced forms are'
appropriate for chafacterization of tﬁe choices of a singie producer
or a hoﬁogeneéus group of decision makers. waever, although we might
safely assume all producers face similar technoldgy, differences in
scale and other factors which are fixed in the short-run would impiyv
that we may expect that different farmers may find under-planting,
over—planting or corner solutioné (awf= 3;) fo be optimal. If choices
coﬁld‘be-continuously'relateq;to a single set of informationbvariables,
and producers could be éssumed'to face a common technoiogy, the inclusion
of a vector of fixed factors would control for tﬁis effect. However,
where different levels of fixed factors imply that decision-makers

find themselves in different ranges of a discontinuous objective
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function, different locally continuous choice functions would describe ‘
their decisions. In such a case, aggregation might rendér,parameters
describing the responsiveness of qhoices to a particular determinant
unidentifiable. Wé wili labellaggregate acreage response (Awt) in this
case of heterogeneity as "mixed." Asva simple example of the identification
problem involved, if we‘ignore aiversién complications during the quota
years, thep‘each of equations 3) - 5) might have characterized decisions

of a subset of producers. Where the number of producers whose choices

are characterized by 3), 4) or 5) in year t are respectively n., m P,

we may write the aggregate acreage as:

N o
10) A, = nt{g(Pwt,E(P)At,rt,et,MAdt,dt,twt,awt)}

.
+m {E(P, LE(P), ,T,,6,)}

+ pt{EQt} . ‘ terT,
where MAdtand dthave been introduced to 3) as suggested by the discussion above.
Clearly, if the number of producers (nt, m s pt) in eéch case'changed

each year;'as determinapts in different cases changed, we would be unable

to identify the resﬁonse of aggregate aéreage to changes in various

determinants by estimating 10). Similar, tﬁough;mdre,compligated; "mixed"

cases may be defingd for aggregate ;creage responsé dufiﬁg fhé ﬁafkeéing
certifiéate,~substitufion years as well as when diversion programs were

operative. To summarize this section, although past studies Have presumed
parameters are stable over time.series composed of several different policy
regimes, we have found theoretical basis fér the hypothesis that 1) different
policies imply different choice_fuﬁctions, and so e&en‘in a simple world their
Vparameters may be expectéd to vary across these policy regimes, and 2) alternztive:

sets of determinants may in a locally continuous sense be related to choices

within any particular regime when policy is discontinuous.



1I1. Measurement of Acreage Response under Discontinuous Policy
The third part of this paper will d1llustrate the impact
of the above~compli¢ations on estimation of aggregate acreage response.
In order to proceed, we will focus solely on expected prices receivable,
allotments and technology as determinants of aggregate acreage response.
Although the above theoretical analysis suggests input prices (r) and
levels of fixed f?ctors (6) are important determinants, we shall exclude
them from the present analysis in oider to retain focus on the implications
of the.egiétence of multiple policy regimes over time and diécontinuity
within each of these regimes. To the extent that these excluded determinants are

- - . . . .
uncorrelated with those included, their exclusion will not bias estimated parame:ers,

We will demonstrate the importance of our theoretical results by

establishing a general unrestricted model and expressing the alternative

_characteristics as sets of parameter restrictions on this general model.

This procedure will allow use of F-tests to test the validity of the
-alternative hypotheses. Specifically, we will pose the "mixed” éase

in each regime- as the general unrestricted form. That is, during each

of regimes'Z.and 3>we might find that both market and policy incentives
and constraints are determinants of aggregate acreage response due to
the aggregation over heterogeneous response to both acreage and diversion
contraints. . ‘These ﬁyﬁotheses may be written as a linear representa=

tion of 10) during Regime 2:

. x _
11) Aw =a, + BZPwt + YZAwt + 62Dt + 2

c MA., + u2dt + € tet

27d t 2

if we assume n, =mn, m =m p_=Pp.
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where.liﬁear homogeneity of prices has been imﬁosEd leading to appropriate
re-definition of P:t as a relative price scaled by E(P)At'

MAd represents the maximum diversion constraint /

d represénts the diversion payment rate/bushel

D represents a time trend ,

5

et represents a stochastic aggregate measurement error.

A similar aggregation of 7) - 9) for Regime 3 would allow us to write:

12) . AWt =a_ + BBPwt + ¥3Awt'+ 63Dt + u3dt + €, te‘t3

3

while for Regime 1 we may unequivocally write the traditional free market

acreage supply function

: _ %
13) Awt =0y + Blet + 6 Dt + €, tet

1 1

- - e -

In addition to these models (which wé wiil label jointly as model 0),
if we augment equatibns 3) - 5).and 7) - 9) to include appropriate diversion
variables, then linear representations of fhe resulting eqﬁations constitute
alternatiﬁe hypotheses of acreage response during Regimes 2 and 3. TFor
example, during Regime 2 producers maj have found it optimal to pérticipate,
 but.a1thments may not have imposed a binding coﬂstraint on acréage alloca-
tion. If suéh were the caSe,'a linear aggregate representation of 3) could
be hypothesized and tested as a parameter restriction (u2'= 0) on 11).
Alternatively, allotments may have beén binding during Regime 2, a hypotheses -
Qﬁich can be represented by the restriction of dz ='B2 = 62v= 0. Although
such an approach is quite simplistic it serves as an adequate basis for

illustrating the point that the discontinuity and changing nature of
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control policy during the post-war period implies that parameter variation
over time may be expected and that several locally continuous relations may
characterize choices made under any particular policy. We could, of course,
go a step further and investigate the specific role of diversion variables
by recognizing that for each time period where acreage is less than or
equal to allotment the diversion constraint may have been binding, not
binding or in the aggregate may have been binding only for some farmers.

To proceed, we will mnot investigate thisissue and instead maintain

the hypothesis that the diversion programs had a mixed effect. Specifically,
Table 1 presents parameter restrictions of the Model 0 which are comsistent
with each of tﬁe alternatives defined by 3) - Sj and 7) - 9). Testing these
hypotheses is facilitated if we note that in several cases they are nested.
That is, various models mdy be represented as further restrictions of other
models in the Table 1. In such cases we shall proceed by testing the

least restrictive model against the unrestricted model 0 and proceed to

test the next more restricted model conditional upon the validity of the less

restrictive model. The nesting of hypotheses in Table 1 is indicated in Chart 1.

Where hypotheses‘are independent (not nested) our tésting becomes
more complicated. For example, if we are unable to reject two
independent sets of_restrictions on the unrestricted model, then we are
left with two altermative hypotheses which can not be forced into direct
competition and tested against each other using paramefric tests.
Unfortunately, when hypotheses are independent their differences can
not be sumﬁarized as a set of point restrictions‘on parameters whose
distribqtions are known. This renders typical statistical tests inappro-

priate. However, the comparison of alternative independent composite



Table 1. Alternative Models and Parameter Restrictions* for Acreage
Response During Regimes 2 and 3.

Regime 3 Regime 2

(1965-1970) ' - (1950, 1954-1964)

Underplanting Mixed Allotment Binding
Underplanting oy =0y = ag 'al = o @y = aq

Bl = 82 = 83 Bl = 83 Bl = B3

61 = 62 = 63 61 = 63 61 = 63

Y =73=0 v3 =0 Y3 =0

a, = 82 = 62 =0

Mixed a; =@, No a, = 32 = 52 =0

Bl = 82 Restrictions

617 %

v, =0

Allotment Binding

S a3 = Bj 2 = %

B, = B, =8,=0 a;=8;=8,=0
5, =5,

83 =Yy = 0

%Parameter restrictions are those which are sufficient to restrict model 0
to consistent with each respective alternative model.



Chart 1. Nesting Alternative Models of Post-War Acreage Response.

Model O

Level 1

NG

Model 2 | Model 4 | Model 7 Model 5

_\Level 2

Model 3 Model 1 | Model 6 Model 8




Te

15

hypotheses amounts to whét'Thiel.[;957] has labelled specification
analysis. Recognizing this we employ Thiel's residual variance criterion
to discriminate between alternative, though independent hypotheses.
The validity of this approach ;s conditional upon the set of alternaéives

compared being an exhaustive set.

The sample employed is one of state ievel aggregate data for each
of the major winte? and spring wheat growing stateé'for the annual time
series of 1948—1974. Although error terms‘might be correlated between
states and, thereby, call for a Zellner [1962] efficient eétimation
procedure, software for ZEF estimation of the set of equations for

all 13 states was unavailable. " While such an approach might allow

an increase in the efficiency of estimates, ordinary least squares

estimators are unbiased and vés chosen-as the estimation method, However,
in order fovallow for parameter restrictions acfoss regimes the equations
hypothesized for each of.:egimes 1, 2, and 3 Were‘stacked before estimation.

- The results of the tests of nested hypotheses for each state are
reported in Table 2. The F—Statistiés represent the weighted percentage
change in fhe sum of squared.errorvof the model postulated under the alternative
hypothesis vs: that held as thé null hypothesis, ‘Thus, the F-statistics
present a Basié'fpritestingvthe éaraﬁeter'restrictions notéd iﬁ Table 1.

That is,

. ey L RLK
' q,anu e'eU ,n—KU
,where e'eR is the sum of squared errors for the restricted model (null)
e'eU is the sum of squared errors for-thevunrestricted model (alternative)
' KU’KR arg the number of parameters estimated in the unrestricted and
restricted models, respectively

n is the number of observatioms.



Table 2. F-Statistics for Nested Hypothesis Tests

Model Maintained as ~ Branch 2 Branch 4 Branch 7 Branch 5
Null Hypothesis: 2 3 1 4 1 6 7 6 8 5 8
Alternative Hypothesis: 0 2 2 0o & 4 0 7 7 0 5

Degrees of Freedom: _ (14,4) (18,3) (18,4) |(14,4) (18,4) (18,3) |[(14,3) (17,4) (17,3) |(14,3) (14,3)
| (n Ky K %) |

State . Wheat Type*

North Dakota SW' 87.586 16.436 ‘ , 1.475 16.887 7.468 | 9.673

South Dakota SW . 52,387 3.413 33.936 5.068 | 11,241 3.714 6.418

Montana SW 16.249 11.332 2,199 2,152 | 7.552 6.583 2,422 | 5.363

Colorado WW 4,183 1.654 0.361| 0.440 4.980 7.765  9.239 1.984

Illinois WW 0.555 4,227 3.327 | 1.233 2.205 2.883| 4.094 0.808 3.373 5.&00

Indiana WW 2,156 1.257 0.834| 1.071 2.101 2.379 | 3.356 0.668 1.676| 2.841 2.188

Kansas WW 3.641 1.528 0.357 | 0.831 3.507 1.280| 1.610 0.782 1.631 | 2.211 1.097

Montana WW 1.536 3.328 6.593 3.445 3,544 5,819 | 15.961 5.774

Nebraska WW 2,797 2.613 1.143 | 0.900 3.576 1.730| 2.182 0.798 3.074 | 4.310 1.269

Ohio WW 3.577 0.921 0.298 | 0.878 3.257 0.646 | 0.713 - 1.013 2.301| 2.671 0.502

Oklahoma WW 7.534 0.987 8.407 1.626 | 2.096 0.883 2,477 | 3.549 1.238

Texas WW 4,673 1.223 0.780 | 1.233 4.618 1.673| 2.750 0.790 1.697V 2.997 3.530

Washington WW 9.028 0.978 0.927 | 1.026 8.763 3.481 | 5.331 3.590

*SW symbolizes spring wheat; WW, winter wheat.

————



16

As an example of the testing précedure, supposé wé begin by tesfing the

null hypothesis that model 2 characierizes the aggrégate relatiéﬁ against
»the alternative hypothesis that model O is appropriate. If we reject
model 2, we have evidence supporting the validity of model 0; however,
model 4, 5 or 7 may not be able to be rejected by the current sample.
Thus, we.proceed to test model 4.as the null versus model 0. Should we
fail to be able to rejéct model 4 we may then pose it as the alternative
to the‘fqrther restrictéd models nested under it in Chart 1, e.g., model
1 or model 6. However, despite our inability to reject model 4, we must
also consider models 5 and 7 which are restrictions of model 0, but
independent of model 4. Followingvthis procedure Table 2 only reports
F-statistics for those models on a branch which are nested under hypothesized
models which could not be rejected.

Although each model could be tested directly against model 0, the

nested structure of the hypotheses allows us to place these alternative

i

in direct competition. In order to control for the overail level of
signifigancébof the nested tésfs, we will establish an overall criticél
.level of significahcé at .02, Noting'that the probability of type 1 error
for a test at the second level of nesting (e.g., model 3 vs. model 2) is
conditional upon the probability of type 1 error at the first level (e.g.,
model 2 vs. model O), we will attempt to minimize the overall probability
of type 1 error by allocating the overall level of Significance between the
two stages of‘tests as follows: level 1: 4015; 1e§e1 2: .005. Critical
~values for the F distributiéniemployed are reported in Table 3. For each
state (except North Dakota) we are left with several models which

cannot be rejected as restrictions of models under which they are nested.



Table 3. Critical Values of F"(nJKU,KU~Kﬁ).

.02

.005

| .05 ~.015
14,3 3.34 4.68 5.12 6.68
14,4 3.11 4.27 4.65 6.00
17,3 3.20 4.40 4.79 6.16
17,4 2.96 4.00 4.34 5.50
18,3 3.16 4.33 4.71 6.03
18,4 2.93 3.93 © 4.25 5.37
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Although this does allbw us to eliminate a large number of models as
inconsistent with the current sample, the remaining models are independent
of each other. To pro;eed, we employ Thiel's [1971] residual-variance criterion.6
That is, if one of thé remaining models is the model which underlies the
population from which the sample was drawn (i.e., the "true" model),

then of the set of models remaining it will have the minimum sum of squared
residuals after adjusting for degrees of freedom (n-K). Specifically,

- where S2

= e'e/n-K
we have
2 ., 2 2
ST = min (ST, SF)

where T indicates the true model
F indicates a miéspecified model.
The residual-variances for models which could not be rejected through nested
tests are reported in Table 4. The model for each state which satisfies
the residual-variance criterion is reported in Table 5 along with ﬁodel 0.
Two general conclusions may be immediately drawn from Table 5. First,
only in the case of Illinois did the current sample fail to reject models
in which parameters are stablé across the three policy regimes. Secondly,
within regime 2 and 3 different characterizétions of the choice of
acreage were found appropriate in differenf states. Tﬁis result lends
support to the theoretical results of section 2 that within any regime there-
exiét three différent.choice relations (e.g., 3)-5) or 7)—9)) which may
characterize choice. 1In more specific terms, we find evidence that supﬁorts
" the conclusion that during regime 2 ('50, '54-'64) farmers underplanted

their allotments of winter wheat in Illinois and Montana while in Nebraska,



Table 4. Residual-Variance

State Model Degrees of Freedom S2
 South Dakota(SW) M6 21 .00252
M8 20 .00251
Montana ' (SW) M6 21 .01496
M8 20 . 0088
Colorado (WW) M1 22 .0214
M3 21 .02652
M5 17 .01554
M6 21 .02442
T1linois (WW) M1 22 .02718
M3 21 .02791
M6 21 .02830
Indiana (WW) Ml 22 .02062
M3 21 .02204
M6 21 . 02057
M8 20 .02418
Kansas (WW) M1 22 . 02435
M3 21 .02965
M6 21 .01740
M8 20 .01686
Montana (WW) M1 22 .02168
: M3 21 .01452
M6 21 .02503
Nebraska (WW) M1 22 .01293
: M6 21 . 00859
Ohio (WW) M1 22 .01663
M3 21 .01884
M6 21 .01119
M8 20 .01335
Oklahoma (WW) M1 22 .03085
' M3 21 .03315
M6 21 . 01432



Table 4. Continued

State Model Degrees of Freedom 32
Texas (WW) Ml - 22 .03121
M3 21 .03356
M6 21 ) .02064
M8 20 .02376
Washington '(WW) M1l 22 .02794
M3 21 .02823

M6 21 . 01510




-Table 5., Summary of Estimated Models.

North Dakota

(16.508)

State: South Dakota Montana (SW) Colorado
Model: M8 MO M8 - MO M4 MO M4 MO
Coefficient »
al 7.307 7.892 4,74 5.080 6.704 11.870 4.680 4,630
(_3.250) (4.952) (5.683) (8.982) (2.383) (6.906) (6.478) (5.487)
aZ 3.277 1.800 16.140 8.953 14.572 14.813
(0.507) (0.630) (1.879) (1.797) (4.266) (4.032)
a3 -1.958 5.852 ag =0, 6.752 oy ‘= oy 6.121
(-0.330) (1.810) (0.768) (0.998)
Rl 3.998 3.343 1.956 1.792 1.509 -2.128 0.529 0.622
(2.923) (3.384) (3.727) (5.153) (1.121) (-2.359) (1.620) (1.378)
B2 0.550 0.409 -2.066 -1.539 -1.777 -1.771
(0.569) (0.652) (-0.816) (-1.099) (-3.110) (-2.893)
B3 -2.453 0.280 33 = 81 1.358 B3 = Bl 1.310
(-1.103) (0.241) (0.242) (0.960)
81 ° ‘-0.335E—Ol -0.291E-01 -0.737E-01 -0.718E-01 -0.888E-01 -0.959E-01 -0.357E-01 -0.387E-01
(-2.060) (-2.525) (-10.085) (-14.929) (-3.625) (-7.057) (-4.569) (-4.158)
62 -0.517E-01 -0.456E-01 -0.184 -0.119 -0.134 -0.134
(-0.807) (-1.776) (-2.124) (-2.421) ) (-3.758) (-3.507)
53 0.126 -0.688E-01 63 = 61 - =0.534E-01 63 = 61. -0.827E-01
(1.401) (-1.822) (-0.637) (-1.081)
Y2 0.951 0.819 0.762 0.835 -0.114 0.566 -0.543 -0.652
(42.469) (2.951) (26.256) (2.798) (-0.130) (1.118) (-1.005) (-1.106)
Y3 1.050 0.475 0.621 0.992 -0.594 0.353
(36.299) (2.716) (0.499) (-1.814) (0.850)



Table 5. Continued

State: : North Dakota

Montana (sw)

South Dakota Colorado
Model: M8 MO M8 MO M4 MO M4 MO
Coefficient

A 0.252 0.512 0.967E-01  0.418 0,194 .  1.472 ~-0.250 -0.636

(1.492) “(3.146) (0.428) (2.143) (0.764) (4.577). (-1.799) (-1.667)

u -0.465 -0.926 -0.172 -0.323 -0,289E-01 -1.181 -0.973E-01  0.232

(-1.800) (-3.843) (-1.362) (-2.888) (-0.172)  (-4.416) (-1.250) (1.059)

Rz .9439 .9806 .9498 . 9855 .7688 . 9454 .7766 .8014

DUR-WAT 1.742 ©2.588 1.829 1.903 | (1.250) 1.486 1.488  1.455
Price Elasticity ‘

Regime 1 472 : . 3948 825 .756 .606 -.740 .199 . 247

Regime 2 0 ©.100 0 .268 -1.008 -.751 -.839 -.836

.606 .759 .199 446

Regime 3 0 | -.307




(0.942)

Table 5. Continued
State: Illinois Indiana Kansas Montana (WW)
Model: ML MO M6 - MO | M8 ... MO M3 MO
Coefficient
al 1.427 0.658 0.661 0.394 19,208 18,507 -0,996  -2.689
(2.012) (0.693) (0.730) (0.446) (5,407) (5.475) (~0,948)  (~2,629)
o2 az = al 1.679 ~-1.161 -1,534 a, = ul ~7.743
(0.616) (-0. 386) (~0.816E-01) (-2.290)
a3 Ay = o 1.477 0y = o 2.411 ~0.176 -5.832
(0.121) ‘ (0.233) (~0.506E-01) (-0.834)
81 0.538 0.989 1.278 1,245 2,550 2,757 0,473 1.335
O (1.645) (1.864) (2.744) (2.510) (1.327) (1.526) (0.876)  (2.328)
82 By = 8; 0.126 -0.555E-01 -2.326 By = B, -0.765
(-0.269) (-0.126) - (~1.019) (-0.774)
B3 By =8,  5.177 By = B, 2.759 12,849 5,780
| : (0.932) (0.613) (1.537) (2.793)
51 -0.607E-02 -0.339E-03 ~0.114E-01 =0.588E~-02 «0,158  «0.149 0.434E-01 0.521E-01
(-0.832) (~0.429E-01)  (~1.455) (-0.799) (-3.494) (~3.460) (4.941)  (6.424)
82 6, =8, 0.224E-02 0.271E-01 0.111 5, = 8, 0.120
| (-0.770E-01) (0.737) (0.522) (3.478)
83 65 = 6, -0, 416E-01 65 = 8, -0.412E-01 -0.917E~01 0.142E-01
(-0.318) (-0.368) (~0.224) (0.189)
v2 ~0.188E-01 1,069 0.812 - 1.019 0.869 0,949
(0.266E-01)  (16.099) (1.048) (20.687) (1.267) (2.576)
Y3 -1.067 -0,818 - 1.005 0.442 0.643 0.433
~ (-1.087) (-0.793) (15.608) (20.991)  (1.936)



Table 5. Continued

State: Illinois" Indiana Kansas Montana (WW)
Model: Ml MO M6 MO M8 MO M3 MO
Coefficieht ;
A 0.507 0.684 0.440 0.942 -0.622 -0.567 0.171E-01  0.341
(1.184) (1.317) (1.878) (1.668) (~1.659) (~1.346) (0.216) (1.478)
‘w . -=0.135 - =0.172 -0.573E-01 -0,210 1.563 0.993 -0.160 -0.245
(-0.926) (-1.116) (-0.872) (-1.497) (1.707) (0.998) (-2.172) (-1.299)
r2 .4020 .7032 .5680 .7631 .6027 ,7567 .6992 .8655
DUR-WAT  1.239 2.304 1.322 1.6949 1.7312 1.894 2,466 2.536
Price Elasticity
Regime 1  2.20 .555 1.075 .992 .237 .256 .28129 .796
Regime 2  2.20 1,233 0 -.051 0 -.275 .28129 -.453
Regime 3  2.20 5.848 - 1,075 2.59 0 1.13 0 2.421




Table 5. " Continued

State:

Nebraska

Oklahoma

} ‘ ,Ohio‘ Texas
Model: MG‘ MO M6 ' MO M6 MO M6 MO
Coefficient o ' '
el 6.510 -6:822 1.743 1.631 3.294 3.504 6.089 5.257
(7.450)  (7.666) (1.816) (1.489) (2.310) (2.488) (3.858)  (3.429) -
a2 5.631 2,981 4.196 -3.971
(1.505) (0. 644) (0.582) (-0.391)
o3 0. = 0 -2,811 0. = 0. 1.694 0. = a -4.946 0. = a 6.899
31 (-0.289) 31 (0.178) 3.1 (~0.351) 31 (0.419)
3 1.054 0.695 1.597 1.487 2.102 1.745 1.893 1.525
(2.221) (1.252) (3.323) (2.444) (3.993) (2.950) (2.563) (1.893)
B2 ~0.728 -0.182 ~1.056 -2.515
(-1.131) (~0.325) (-1.101) (-1.708)
B3 . B. = B. 5.528 B. = B 3.538 B. =8 5.466 B. =8 6.242
371 s 31 (0.888) 301 (1.949) 3071 (1.675)
§1 ~0.663E-01 -0.645E-01 -0.295E-01 =-0.245E~01 0.523E-02  0.105E-01 -0.479E-01 =-0.2563-02
(-7.702)  (-6.991) (-3.465)  (-2.649) (0.316) (0.588) (-2.385)  (-1.123)
52 - -0.433E-01 ~0.265E-01 -0.988E-02 0.103
© (-1.019) (~0.486) (-0.127) (0.838)
83 5. = & 0.187E-01  §_ =& -0.333 5. =6 ' 0.485E-01 5. =& -0.126
31 (0.165) 31 (-0.313) 31 (0.287) 31 (-0.620)
Y2 1.055 10.389 0.961 0.202 1.013 0.590 0.978 1.255
(30.153) (0.962) (16.926) (0.201) (22.924)  (0.968) (15.522) (1.762)
Y3 -0.182 -0.881 0.420 -0.430E-01
(-0.470) (-1.142) (0.985)

(-0.670E-01) -



Regime 3 «325 1.711

Table 5. Continued
State: Nebraska , Ohio Oklahoma Texas
Model: M6 MO M6 MO M6 .. . MO M6 MO
Coefficient ‘
A 0.133 | -0.839E-02 0.137 0.702 0.474E-01 -0,496E-01 -0.823E-02  0.316
(1.110) (-0.273E-01) (0.695) (1.291) (0.312) (-0.123) (-0.366E-01) (0.521)
u -0.196E-01 -0.186E-02 -0.607E-02 -0;277A ~ -0.324E-01 -0.701E-01 - -0.197 -~ =~0.491
(-0.205) (-0.827E-02) (-0.818E-01) (-1.522) - (-0,189) (-0.164) (-0.825) (-0.804)
R .8196 .8886 . 7649 .8303 .6992 .8154 .5665 .7493
DUR-WAT 2.033 1.066 1.698 1.756 1,991 2.947 1,622 1.5§8
Price Elasticity '
Regime 1  .325 .213 1.079 .936 .410 .362 413 .335
Regime 2 0 ~-.261 0 -.146 0 -.288 0 -.729
1.079 2.761 410 .948 .413 1.344




Table 5. Continued

State: ‘ Washington

Model: M6 MO
Coefficient .
al 0.906 1.121
(1.261) (1.841)
a2 3.693
(1.079)
a3 o, = 0o -4,492
31 (-0.750)
81 0.417 0.228
(1.441) (0.816)
B2 -1.454
(-2.481)
83  B. = B.- 2.210
31 (1.872)
81 0.131 0.183E-01
(2.389) (2.798)
82 -0.205E-01
(-0.537)
63 6, = 8, 0.577E-01
(0.296)
v2 0.936 0.535
(20.865) (0.904)
Y3 ©0.505

(1.383)



Iable 5. Continued

State: Washington
Model: M6 MO
Coefficient
A 0.145 -0.986E-01
(0.934) (-0.286)
" -0.438E-01 ~0.473E~01
(-0.632) (-0.354)
; .
R .6704 .8576
DUR-WAT  1.367 1.613

Price Elasticity

Regime 1 .191 .115
Regime 2 0 - =-.989

Regime 3  .191 ..843




18

Indiana, Oklahoma, Texas, Washington, Ohio, North Dakota, Montana (spring
wheat), KénSas, and South Dakota allotment§ appear to ha§e imposed binding
contraints on acreage allocation. Only for Colorado do we find evidence
of heterogeﬁeity among producers during regime 2 which supports the
mixed model (model 0). ¢
Similar results are found for regime 3 (1965-1970); however, the
results sﬁpport what is iﬁtuitive even at a theoretical level, namely,
the characterization of choice in the two regimes is independent. That is,
the finding»thatAallotments were binding in regime 2 does not preéent a
basis for inference concerniﬁg the appropriate model for regime 3. We
find that in Illinois, Coiora&o, Nebras<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>