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· .h'\!. E'QlJ1LI BRItJ1vll-lQI}EL <OF.DlS'f,RlBU:I'lOXAL EFPECI'S
OF LA'\!D CüNTROLS IN AGRlCULTURE

The agricultural industry is often cited as a classie example of a com-

petitive market. The observed performance of such markets, however, is the

result not only of competitive forces but also of governmental intervention.

Such intervention is often motivated by equity or distributional concerns.

Typically, the impact of such governmental intervention is evaluated only in

terms of output m"rket:s (O><E. RH1n<'!OW). Such investigations are grossly inade

<juat:e since~over1).l:n~ntal polici.esimpicllgedirectly On asset aswell as How

mark"'lo$: fd.~ boloh inputs andoutputs. III general, lohe disloributional conse-

quences depend upon lohe ownership, utilization, quality, and technology asso-

ciated with the assets.

This paper develops a framework for capturing the distributional implica-

tiollS of governmental intervention in the agricultural sector reeognizing its

most importallt features. TiIese f"'al:ures include UL.inelast,ie domestic demai:!:<;l;,

(2) competitiveness, (3) asset fixity,(4) rapid technologieal change,

(5) variable asset qualities, (6) institutional limits to <;redit availability,

and (7) partial separation of asset ownership and utilization. The first four

features are documented by Theodore Schultz, Willard Coehrane, and.Glenn Johnson.

Theodore Sehultz has also ealled attention to thelarge differences in the

rates of return to resources among regions as weIl as.ac~oss producers. Much

of this variation emanates from differences in production loechniques, land

quality, human capital, and wea1th eontro1led by individual producers. The

limitations of credit availability for producers of different size classes

have been noted by recent empirical evidenee. This evidence strongly suggests
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that !arger farmers borr<:>w more;they I>orrow more to fnvest in eapital; and

their ability to borrow more stems, in part, from their higher repayment

capacity (C. B. Baker; Olin Quinn; Chris Riboud).l

In the evaluation of governmental intervention, land and rental markets,

along with tenant arrangements, must be given special attention. Over the

last deeade, there has been a rapid esealation in farmland prices. 2 This

rapid appreeiat10n has been assoeiated with another emerging phenomenon.

namely, .. tlle disrtlption ofl:he traditional unity hetween ~wnership and opera

tion of· farm urt:l.ts.

A specificatiori of theagd.cultural produetion strueture, Wllich admits

all of the special features noted ahove, is the so-called putty-elay frame-

work (Leif Johansen; W. E. G. Salter). This framework reeognizes the teeh-

nieally embodied eapital available for adoption by farmers. Moreover, at

least some of the "new" eapital is indivisible whieh, in turn, leads to

unequal deg~ees of return to scale in using the new teehnology for large

versus small-$ealeprodtieers. Particularlyin the ease of macihinilry, these

capital goods are often specialized to the extent that their input-output

ratios cannot be altered. of co~rse, prior to investment decisions, pro-

ducers ean $elect an alternative technology described by eonventional
:3

neoclassical production funetions.

Over the post-World War 11 period, governmental intervention in agrieulture

has assumed a nurober of alternative forms. These forms inelude price supports,

aeeumulation of public stocks, acreage set-asides and diversions, defieieney

payme~ts, diversion payments, stockholding subsidies, and target prices under

both mandatory and voluntary participation. Governmental programs have foeused

on wheat, feed grains, cotton, and rice as weIl as a number of other commodities.
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Unfor tunately, lit tle >>:n the ·"ay of..·cGineJ:ete results:".:"conceptual· or empirical--

are available. As for the distributional implications of these policies, Bruce

economists have·notbeen able> convincingl.y. to establish"connection one wfi!.y o.r

the other betwe",n· polie)' .and the strllC:turo· of agriCult\1rillproduction "< ."

(page 842); >

influene>eof gov"''Slilll!elltnl.. i.llt~ryenti.on ()l;l th",. Str"et"lre 01: "gr1.cu1.t.\J):'''l,.. pr.()....> .

. d".c.tion, 'f~efr~ework:ts.sti'ffiCientlygen~i'7aJ.,tQ.determinetM~~.l1eet$Q.f
. ..

bqthlnandai:~\;yatid voluntilrygove):'lilll!en.t<l1. prQ.gralIt$~d.er·which~rQd\lc""'sil>re

ltequfiltd.to >dfver t .6r se~aside sCJmepclrtJQ.nQ.f theira1tai1.a,b~e land.(a;l3s,et

contro1) and possfblyreceive ·as an irtcerttive a subsidy.or diversion payment.

Tnepolicy variables, acreageset-as.ides>orland ret:fr~ent proglZams, andas-

s6ciated subsidies nave been the keyelements in land,use related governmenta1

4
programs ove):' the last two decades. These>. formsof inte';vention have beon

ftg,ti/;,uteoPl"inc1P>a;J.ly. in .thetlt\~i.:>dS tate$,Qanl>~a•. I1tl,:lAust~a1~a. .. '1'11.:>· dis-

tributional fmplications of such programs dßpend not only on tne typic~lly

exam:Lnedoutputmarkets!Jtlt, as wßll, tlpon l.and.and rental lIlii'>rkets. These

implications will !Je drawn by noting·the 1imitations of rural credit markßts

along with the fm~ortance oftechno~()gicalchange.The.heterogeneityaf

agricultural production is explicitly recognixed by al10wing variations in

land quality across producers as weIL as for a particular production unit.5
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. I~ Putty,cCJ.ay Ag'ricuLtural 'l'rod"ction

In' general, the dbtribuU,onal implications ofagriclilturn;l., poLil1Y depend

on farm sc:i.ze, land quaIity ,ettuity, c;lpital;, and exist:ing t:echnology·. Pis,..

sume an agrieultural sectar consisting, of,·I farms denoted hy indexes, i",

1, ••. , I. To reflect the distribution of farm si~e and Iand quaIity, let

Li ""'<L
iI
,· '" LU}' representacreage endowment;sof, qualities ci,~ I, .,~. J

Qwned byfarm iatthe begitining of a pro<:tuetioti pecriod . Becfore implement;ing

proa:tl:ctioi:id~Hsians,a I:'todUlier tjiay choose either !;obuy addition1t1; la.nCl CU!>

sal:J;"e:it'tstii\ßland.Thtts, let lIL
i

~ (t1L
Ü

' .. , ,1ILiJ>' ,beavect:or represent:ing

thecM'rige in ownershipof vatiotfs landqualit;1es (lIL .. >0 represeptsn",t I:'<lr-
~J

ehases and lIL
ij

< 0 represents net;sales). In addition; the farmer may choose

to 'augntenthis landholdings fot'· the durationof the.productiori. period byrent-

ing additional land from external sources represented by 2.
i

c (Zi1' •.•• '·Z iJ>

whereZ~; < 0 correspends to leasing some of his own land toanother farmer.
l.J .

In '\:h;l;sconte'l<it the .vector Ai of acreage.!; .of V'arious· quaLities ·utiliiZedby

farm i in erop produetion must satisfy

O.5.A. ~Li +lIL. + Zi
1. ~ ..

and, of course, the farmer cau neither sen. norleaset:o another farmer more

land than is actually owaed,

(2)

(3)

tu., .? -L
~ i

Z > -L ~ lIL
i

,i-i

To coasider the distribution of capital stock and technology iu the in-.

dustry, suppose there are So types of existiag technologies in the industry,



o
and ."very farm:' ,;;",,,;isr'i,ng rr=<;;lllk01ogy, 5i' .mar·ha !"lilssified il1toone o·fthese

types denoted by s = I, ... , SO' The teehnology type thus speeifies the eom~

plete mjlehinery eomplement, 1'1t:ru!"tlr,es,."te, In add:LU"n,w.:Lrh the new

l11;od.uetion period, 51 - 50 new tecl:molog;ies beeome ava;ilable. Follow;ing the

putty-clay apprqaeh, a farm may eontinue operating withits exisrin!l.teeh-

nology or inet\r. eosts of investlll,i1;,t k
s

in ado~HuganeJi!T teehnqlogYß,

6
s =,80 + .:L,~"., SI (fqr silllplieity~assumek s ."'~ .for s '? l~ ••. , SO~, Tl:le

eost ofne}' teellnolog:Leal,inv"stmejJ.Hattributahl,e t", .the. pr"sent l"rq~uetion

per~~!I.is .tih\lsYks. wh."re 'f. refLeets t:!J;~.:,CljSr 9.f eap;ital an4.4.epre,cü1:U"n and,

thus, appropriat:ely "al1nual;izes"the rEl:LEfvant. ihvestment vaille.

Moreover, fo;I.lowingthce pt\tty-'clay asstiHlPt~on,each.tElq.}molOgyisa$.':'

soeiated w.i.th fixe<! ifiput-output eoeffieients whieh may he a1;n.yed in an L x J

matrix Uswhere .elements Us~j defiote the amount of.variabieinput~re~uired

per acre oJ type j l,md using .t.echnolqgy .s. In addition, eaell: teehnology is

5.

assoeiated with a 1 .x J .veetor of produet;iv;ities, Ys' where ~emenrs Ysj define

the<y;ie,;tdpet acre "n..!.and "ftype j under teclrn0:lClgy$. And, f'iIl;~ily, eaeh

tech,:,o:Logy is assoeiated with a lineilt capacity eonstr.a;int, es Ai i. bs' whieh

may he rewr;ittenwithout 10ss of generillity as

(4)

where es = (esl ' ... , e SJ ) ;is a 1." J veetot of eonstraint eoeffie;ients. For

example,. t
sj

refleets the maximum of type j land that ean be farmed with

teehnology s (e.g., with machine sizes s.peciJied by technology s). In addi-

tion, the constralnt implies that capilcity .utilÜatio.nmay be subst.ituted.

proportionally between land types. Of course, re~listie~lly, capaetty may be

doubled by purchasing twiee as much machinery, buildings, etc. (incurring
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investlllent costs·2ltl. but·. rhismaybe simp'Ly· rl$ptt'isented· asan· alternative
s

tecnnology, s·'''' s.

Assutliing a competitive :l.nduSrry, each farm regards itsoutput priee P arid

the vector of input pricesV = (VI"'" V
L

) as given.7 Thus, with techno'Logy s,

total revenue fromthe sale;of pröductiön isPys Ai' and variable costs of pro

duetion (e><:cluding rental e><:pens.e) ;are lls Ai where lls = VH
s

is a vecrot- of

average eostsper adre. Suppose, also, th"t tlrel/Üld and rental rnarketsate

competiti1iewithre;'peettol xJ pdce "'eHot,,;, W= (Wi" .. ,Wj), and R =.

(~{ .. .rs) eorrespo:ttdingti> the vatiotts>land types. ThiJs,. the tiet itrvest

mant in new.land is Wt'l.L
i

, <iM net· t~nt"l·expense is· l'Z ••
. . .;. 1

Now further stIppose eaeh filtmer expeets latrd toapp.reciate and h$ a sub-

jeetive expeetation of land pdees W~ at the· end of the produetion period. Ex

peetedeapiral gains on la:ndhtildings "re thus given by [W~ -(1 + 6). Iv] (Li + AL.)
1 1

where6 is the efteetiveinterest r"te onthet"rmer's l/Üld investment (inelud-

ing opportunity eost önland held free of debt). In tltiscontext, supfiose the

fa\';,uer has alnyopie objeet:/.ve for the present produet:l.ötrperiö~ofmaxitliizing

his tot"l gains 7(i defined· by rhe stim of short-run profirs less the annualized

cost of ne.w "apir"l investments plus e"pitalga;l.ns from land appre.cliltion,8

Finally, to refleet the role 01' equity in allowing farl1l$ to eapit.alize on

opportunities of'fered or e:ncourage:d by new polieies to expand landholdings or

upgrade teehnologies, assume rhat the industry does not have aeeess to a per-

feet eapital market. Supp6se that farmshave different eredit lines "vailable

to the.ln, possibly depending on their equity, management, ete. Let m
i

represent
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the total funds avail~ble to farn i at the beginning of theproduetion

period ineluding both internal liquidity and external eredit. Then the new

investment in land and alternative teehnologies must satisfy

(6) k +WlIL..s. m]." •s ].

The farmer's myopie deeision problem thus beeomes maximization of n
i

in (5)

subjeet to the eonstraints in (1), (2), (3), (4), and (6). The farmer's deci-

sion involves"choiee of a pr~uuetion teehnology, the quantities of output and

1ttputs inciudiM hmd retttal, and bndpoi'tfolio adjust!llellt,'

Pllt:P~~es,thti decü~~on problem m~y I:>e ~roken fnto two stageS.

For 1l0:O:ceptua+

'First, op1:~"",,+
~ ," ,

c~n be determinedbY linear programmi~~

for a given technology, i.e.,

Suppose the resllltintde-

** .""*denoteo by Ai' Zi' and 84i ,

11 • ,
].

(7) max
Ai.,Zi,lILt

s.ubje~t to Cdns~r~ints (1), (~), (3),(4) , and (~).

dsions, whieh are fune dons of P, R, V,andH', are

ano let the resu+ting :maximum under technology s be dencited by 11 . (s) . The
].

optimal t'echnology then
."
found by maxirilizingis over s,

(8)

p 0
where ßi = (si' So + 1, So + 2, ... , SI) is the set of potential teehnology

ehoiees for .farm i; Let the optimal "teehnology . choicefrom the problem in (7),

whieh ls also lifunetiori"öf pri",es P, R, V, 'andW,. be denöt,,·a:· bYl)1.
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Given the above framework for each individual farm, the farm responses ean

be simply aggregated into market relationships. Each farm's output supply eurve

for given input, rental, and land prices is y * A~; henee. market supply is
lIi :1

S 1 * . DX (P) ~ k. 1 Y * A.. Lett:1ng X (I') represent market demand for agricultural.
:1~ l). :1

_n' 1
output (X- < 0), the market equilibrium condition is thus

(9)

S:imilar equilibrium conaitioE;l;JCanalso be de'iTil.:ioped for input market.lS,. b1.1l:

they are not given here e~Hci'tlY sinc~t'I,erßlSults in theremainderof this

paper are derived assuming fixed input prices (elastic input supply).

While input and output prices are determined by the interaction of the

agricultural sector with external forces from the rest of the eeonomy, the

priees and rental rates of land are determined internally. For example, for

given input and outputprie~s.and given rental rates., an ino,ivitlual farm's a!!

if negati'iTe) iSll~~ (\>I), whieh isa
. .. 1

funetion o.f land.. pr!ces .according ..to .the ahove optimization problem. Supply is

e'tualto aemandfor each type of· land, and equ:Llibrium prevails in the ind.1.1stry

on1y if

(10) lIL~ (H) ~ O.

Simi.larly i the del1land for r.eJi1tal land qf various types .{s";.j?ply, 1f nega

tive) is given bYZ~(R) .JOT ._g!vE!cn pricesof land, other inputs, lilnd qutput.

The rental markets are thus in equilibrium only if
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,I.,
E

i=l

9.

(includingrent.ed lai';d),

Consider now the role of. agricultural policy instruments corresponding

to diversion ~olicies. Specifically, consider the introduction of voluntary

acreage controls and diversion payments. Suppose a farmer has the option of

either divert:Lng or pot diyertinga :!1ra<;ti"n, 1'"- w,. o.ftheland he tanns
,< >-

If hE>.cl:iverts L -61öf hfsland, he receives a pay-

~E>.fit för. normal prbd.uction o~the nolildi~ett:d land.

on regi~nal average yields, hereceives a pa}~ent of P pet acre Jt non~iverted

land where P is based on a payment rate per acre and normal average yields for

the region. If the fanner does not comply and diVert 1 - w ofhis. ·lanl:J;, .then

he receives only the market price. Let A. be a dichotomous decision variable
1

where Ai = 1 corresponds to compliance with the diversion program and Ai = 0

corresponds to noncompliance•. The fanner 's decision ~röblem fora g.iven tech":

nology choice in (7) thus becomes 9

(12)

sujjJect to

= [py + PA. e - ~ ] A; - RZ. - yks 1. 5 .... 1. S

+ tu': - (1.+ e) W] (L. + llL.)
1. 1 >-1

(13)

and the constraints in (1), (2), (3), (4), and (6) "'here e = (1, 1, ... ,1)

is a 1 x J row vector.
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!Ir. Individual Firm Behavior Under Diversion Polic:y

In the c:ontext of the above problem, the effec:ts of agric:ultural polic:y

on individual ~arm behaviorl"an.be examined by c:omparing the results of com-

plianc:e with nonc:omplianc:e using the results of the Appendix. To facilitate

the disc:ussion, definitions of three quantities of land are important: owned

the c:ase of utilized land, the relevant shadow value is

Li" + lIL." + Zi..jJ l,J •..

(14) <J>lji

Thus, iftype j land is utilized,then from (A.33)

(15) -
R

J
. = Py j + PA. - ~ . - $4i c: . - $6" A. (1 - w)s . 1, SJ SJ 1. 1.

while, if it is not utilized, then from (A.34)

(:1.6)

Solving (15) for $4i' the quasi rent to tec:hnology, and noting that this rent

measure will exc:eed program net returns [PY
Sj

+ PA
i

- V
sj

- $6i Ai (1· - w)}

less the rental rate adjusted fo th' Ir e c:apaC:l.ty measure 1 c:. for all types
sJ

of land whic:h are not utilized obtains

(17 )
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If the first tetlllon the .right..,hand side af(17) is negative for all land.type:s.,

then $4i = 0 and nO land is utilized. In the case of noncompliancc (Ai = 0),

$4i is simply themaximuIU profit (returns to land minus rental payments) perünit

of capacity over all types of land controlled bythe farm. IO

To further interpret $4 4 for the case of compliance (A. = 1), note.from
.L -, ~

(A.33) and (A.34) that $6' < (R. - $l")/w for all j where $1" > O. Ihus,
~ - J J~ J~ -

$6i < .RJlwfor all 'j, But thl1: diversionrequirement cannat be satiSifed unless

sOl!la>landis~ontrI:lUedbllt/not utilized(AiJ><Lij +ll.Lfj + Zij);elearly ,

from (li), $6f"llclUlfl:lrsl:lnielal).d typej and, henee,

(18) ::;:: min
j

Ibus, the farm will divert on1y land with the lowest rental rate. Tbe shadow

. i 1· d' . l' 1·· 11price of diversion s the renta ratg on ~version qua2ty and· adjustedup-

ward by a factor reflecting tbe proportional amoun.t of land for which the

marginal diven>ion acre satisfies the Q::i.versionrequirement.

Turning to land transaction$, (A.33) and(A.34) of the Appendi"imply that

the gain from eitber controlling or·leasing out land of typej isequal to the

market rental fee. Th:i.s result, alorig with relationslilips (A.31) and (1<.32),

reveals thaI' land of type j ;will be held if thc e"pccted capital gainsfrom

ownership, plus the gains from controlling tbe land· (represetlted. by Rj ) ,are

equal to the opportunity cost of the credit constraint, i.e.,

(l'f)

> -L
ij

"'·-Lij

if

if
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Theopportunit:y ,cost> or,shadöw pticeofcredit: may be deterlIlined hom

[W~j - W. + R. -e} o}(20) <PSi == maJt {max J ] ;"< '"

W
jj

"The aböve results on rent:aL rates, (15)-(18). amI: land t'ransaetions, viz. ,

the edl;erion fnnetion (12).

the land types"",!>ete not all land is rentedout and not a11 land is sold and

using (18) wH!> R emin R. leads to
]

(21)

Note ~hat, sinee Li + 61i +Zi - Ai is a veetor of diverted acreages and'R

applies to all types of land whieh are diverted, the third term on the right-

handside of (21) is R times total divertfed aereage if R > O. Rowever, sinee-

[(1 ,~ w) /w]'eA
i

i8 also tot,al diverted aereage, the sum of, tbe second and third

terms of (21) vanishes. Henee,

(22a)

or, using (A.26) and (A.27), it i8 evident that either <PS' ~ 0 or the credit
1. '

constraint in equation (6) holds in striet equa1ity; therefore, (22a) ean be

rewritten as

(22b)
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Equation (21) implies .that the overall gatns for the t"rm are made up of two

components, viz., ~4i - yks represents the gains from operation and

~5i IV (Li -I'[,L i ) repres,mti< th.~ g~ins'from wealth (in landholdings) •

IV. Market Equ~librium Under Diversion Policy:
..... The C,!se OfFixed Technology

To examine thedistributii::>l:lill: ifuplkations of diversion policyand the per

formance of marke!:s, 'assume initiallytl1:"t firmSdo niJt.hav:etb~Q~poÜunity

of adopting oew techilology. llence,'e.very:l:armoperates ",ithi.ts existin~tech-:

nology s ~ • Moreover , fot: tlle sake of SilllpHci.t:Y;iUldwll;:bOUt ,!,oss of geret:ali!:y,

assurne the capacity of each technology is independent of the land quality uti-

lized,i.e., c . = c , for all si' Finally, the total amount of land available.
SJ S' J

of qualit)' j is presumed fixed at L ..
J

The assumption of fixed technology implies that, along with a fixed amount

of available land ofquality j:. [as equ"t.~on (2.7) sugg"s!:s}, land 1,ltilization and

associated gains from operations can be treated Separ?t";ly fron! :landownership

and its associated gains. The component k
s

1s zero, and thus the link between:

landownership and land utilization is eltminated. In other wards, .the tr<itde-off

between land transactions and capital good investment does no.texist. Given a

perfeet rental market, the optimal land utilization will involve the maximization

of industry gains from operation. Thiscan beshown by comparing the equilibrium

conditions derived from individual firm hehavior and conditions ohtained from

industry maximization of gains from operation.
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The key determinant of the equilibrium is the. degree of ~olllP1iance. The

conditions for compliance are summarized in Proposition 1.

PROPOSITION 1: The key deterrilinants of aQmptianoe are thediversion payment

per diverted aare, [W/(l - w)] I>, arid the minimwn rentaZ rate, R. SpeaifiaaZZy,

for fuU aompZianae,. Ill)!(1 w) J I> >B. foX' partiaZ ~mpZianee, [w/U -w)J I> = B;

and for ne~~mptYzlU3.e.,rw!(1 .,. ll))LI> < ß.

PROOF:·

. IntrodtiCing (18) into (17)ohtains

(23)

S;I;pce Ai is a choice vadaole, Ai ;= 1 for a11 i i1' P > (1 - ti))/If,lR, w'hile

A
i

= 0 for all i if·P < (1 - w)/w R. Hence, Ai will oe selected in accordance

with the largest value of $4i. The participation decision is given oy

otherwise.

(24)

1f ... 1 - w -r > .. R
- w

For P = (1 - w)/w R, each farmer will be indifferent between comp1iance and

noncompliance which will generally result in partial comp1iance.



15.

The case of no compliance is, of course, of little relevanee to our analy-

sis. Hence, we shall investigatethe caSes of partial and full complianee for

a given P. 1'0 examine the equilihrium conditions for these two cases, note

first that flrms with the same technology for land·quality j are indfstinguish-

ahle. Thus, they can he treated as a single aggregate, viz., the total land

of quality j employing technology s is defined hy

(25)

whexe A
isj

referstg· :J,and of type j uj:n;i.zed '&y Hrm iwith.tec.hnology s. Since
~ - .

the capacity of each technol<l1>:\1 is ind"pendentof land qua1:1,j:y, theaggregate

defined in (25) is eonstrained hy

(26)
1

EA.<N-c '
j SJ - S S

s ~1, .•. , $

where Ns is thenU;lI1her of fi.rms employing tEi\ch110l0gy s. Similarly, 4>4s = 4>4iS;

and since '" i8 the dual value for the capacity eonstraint for each firm
"'4s

employing technology s,

(27) O
N

4> ..,..!
4s C

s
E Ä~ = O.
j SY

1'0 admit theeffects of.diversion poliey, defirte the amount of land-

type j diverted as AOj'

diverted,

Sinee all thc land is either utilized or



So ~ ...
1: A. =.L.;

s=O sJJ

and simi1ar to (13) for individual farms. the aggregate limit on diversion is. - . . . ' .. . -' -, .. .

16.

(29) < (1 - w) l: L .•
jJ

Thus. using Proposition 1 in the cases of partial and full compliance obtains

00) .. ·tCI - w) b.L. - .J,;. A.1 ·rii.:. 1 -w i~.. ,. o.
j >J' .0Jj.w .. . . J .

To complete the statement of firm land-use equilibrium conditions. in-

troduce (18) into (14) and (15) .anduse the assumptionof at least partial

compliance. P - (I - w) Iw R.:: 0, to obtain

(3l)

(32)

Conditions (26) and (27)-(32) determine the firm land-use equilibrium

values Cf ll.j' R.· <P4s ' and A
Sj

(s = 0, ••.• 50;j
1••••• J) for a $iven P.

This equilibrium can bio easily determlned from thefo11owing proposition.

PROPOSITION 2: The firm land-use equilibrium (26) and (27)-(32), for a given

output prioe rn=imizes industry total gain from utiUzation an.'! diversion,

where diversion is treated as an addltional teehnology, i.e., the land-use

equilibrium satisfies



(33)

'\

I
1 - !Al Ä \-

w Ojl
J
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subjeat to the aonstraints:

(34)

(35) - 1
l: A . < N c'
j SJ - S S

(1 - w) ); L.
j J

S = 1, ••• , 50

(36)

l'ROOF:

5
l: Ä .

s=O sJ
j=l, ... ,J.

Define a O' as '

(36), respective1y.

and O. as the shadow values associated with (34), (35), and
J

The resu1ting first-order conditions for (33)-(36) are

(37) 5'" ((1 - w) ); L..
.. v j • J

- ); A ]. Oj
J ...

o

(38)
(

N
Sa -.-.-

S "'G
S

l: Ä..•). = 0
sJj

(39)

(40)

(41)

(42)

CJ,(L, - ); A .) C' .0J .. SJS .

l'y . - V . - 0 - a < 0
SJ· SJ j S -

A (Py . - \l 0 - a ) = 0sj SJ sj j s·

P
w O. a < 0- -

1 - w J 0-



(43) AO·. J
- 0

W j - ao) = o.
18.

To establish the equivalenee between aggregate firmbehavior and the progra~ing

solution, the following identities are neeGed:

(44)

and

(47)

a - '" es - "'4s s

~- 1 .. w -~
Cl.. = W :1' - ... .~.o . W •..

- 1 - -o=-R-P
W

-where '6 is the shadow priee, 0r for "'hieh A
Oj

> O•. The eonditions (34)-(43)

are satisfied by the firm land-use equilibrium (25)-(32). Conditions (34),

(35), and (36) are identieal to equilib):'ium conditons (29), (26). and (28),

respectively. Introducing (46) into (30)Obt~iris.>(37);intrOdu':i;:>g (44)i;:lt b

(27) yields (40); (39) is implied by (28); introdueing (44) and (45) inta

(31) results in (40); introduci;:lg (44)and (4$) into (32) implies> (4l); end

introdueing (45)-(47) irito ~Oj IR - RjJ end noting by construetion that

Rj .:::. il. ver.ifies eQnditions (42) ~nd (43).

The equivalenee between the firm land-use equilibrium and the linear

programming formulation ean be easily established <for 0j > 0, at least when

AOj > 0 and the equilibrium solution exists by noting that the optimal linear

programming solution will laal to an optimal solutio.n to the equilibrium

problem. This can be shown by solving (42)-(46) in terms of R
j

, R, and

<P
4s

and performing the needed substitutions. l2
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B. Chang?s in Divepsion Poticies

Proposition 2: allowsana1:ysh.of the ·impact,? of changes in div"r!;ion

paymentsand requ;irements on total diversion, .output, rental rates, and gains

from operation in t·he context .of thes.impliJied linea;rprog:rarnming. framework..

Iä this analysis an explicit repl':esentatio~ of the dualto (33)-(36) will prove

useful.·Tlle ·dua.l prol>lem i8:

(48)

stibject to

Min
J

.E L
j
. Ö. +

j~l . J

(49)

(50) tu
öj + an'::: P .1 _ tu

First;.consider theimpaet Ofch;anges in P on. total diversi.onmeasured

by T J -
= Ej=l AOj for a given P. An inerease in P will augment the value of AOj

in the primal. Under partial complianee., this inerease will :result in

large;r diversion whi1:" under full compliance, of course, nO effect will be
~, ' .--

regü;tere!1 ondiversj,on.

Theimpact of inereased diversion payments under a '?tate of partial partici-

pation can be captured bythe use of the dual. rep:resentation, (48)-,(50). For

partial participation prior to the increase in .diversion;payments, the initial

level of the shadow price a
O

isO. Henee, from (49) and (50), 1t foHow" that a11

land-technology eomhinations for whieh the return, PYOJ" - \l ., is smaller than the
.53
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payment for diverted land, ~ wl(l - w), will not be utilized (i.e., A
Oj

~ 0).

Given a nonbinding aggregate diversion limit, as P increases at some point,

the effect::ive :diversei",oipayment,P ewl (l - w), :surpasses the net ga:i;n J"easure,

PY
Oj

"': Ilsj ; andthe assodated (s, j) land-technalogy combinations will be

diverted. Such lands: receive a hi2;her return when allocated to diversion than

yh~rt utilizedwith initial technologies. Note thatutilizationeof these lands

with more efficient technologies is unprofitable since. ifetheenew higher elevel

ofdiversionPaym~mtsWeere feasible and profitable. it wouId have been feasib1.e

artd profit",-ble aswell as ffr{ t;,e initial level of p, Einally, if F incre~s:e$. , ,

butdoes not sürpass any (s, j) land-technotol;l:y combinat":tons fOr which thellet

gain measure is larger than the initial P 00/(1 - W), the land-use pattern will

not change.

An increase in diversion requirements on total diversion, T, has two im-

pacts whieh may be eaptured in terms of the primal (33)-(36). First, it makes

the d:i;version constraint in (34) less binding; second, it diminishes the gain

horn diversions,F wl (1 - W),the priee of A
Oj

's. The second iBipaet hasthe same

affect as a reduction in diversion paym~nts. Hence, if the initial participation

is partial, an increase in 1 - W·will affeet t only thr6tl2;h the reduction in

p 00/(1 - 00). In this event, total' participation and the amount of diverted land

will dec1ine. On lohe other hand, for the ease of full paiticipatiort,botltbefore

and after lohe inerea:se in 1 - 00, total diverted land (1 - w) I:~ L'e will rise.
J J

Clearly, if'participationis complete prior to lohe rise in 1- oo. partial par-

ticipation may restllt after lohe increase.In this case, lohe effect of an increase

in lohe diversion requirement on total diversion is unc1ear.

As with total diversion, lohe impact of changing diversion payments and.

requirements on the aggregate supply depends upon the degree of participation.
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~

Hader fullp~rticipatiO)1, giyen output pr~ce, an ine.rease in. P will not change

land-use patterns or total output. However, under partial participation, an in

crea,se inP may result in the. diversion of som". p.reviously utili.zed land, with

the nondiverted land eontinuing to employ its ini~ial technology. Henee, an in

erease in P tends to reduee aggregate output. Moreover, under partial partiei-

pation, a rise in.diversion requirements has the same qualitative impact on

aggr"gat.e supply as a deerease in P; namely, outputis inereased. On the other

hand~ if partic:j.pation is eomplete both before and after a change in diversion

re<j;uirements, ",n increase in 1 -lll will reduce total ut.ilized land, foreing a

redt,lcfionin the utilization of some of the l:l"ehnologies without increasing

the ut:ilization ofothl"rs. Under thl"se cireumstances, total oul:put will fall.

Some of the more interesting qualitative effects relate to changes in P

and 1 - w on land .rental rates and farm operators' quasi rents. For full par-

ticipation, equations (34)-(43) indicate that the new optimal solution to the

primal for higher P will be identical to the original solution. However, the

solution for the dualfor alternative levels of Pwilldiffer. That is, to

insure that equation (50) will not be violated, Cto must increase sufficil"ntly

to compensatl" for thl" increase in diversion payml"nts, i.l".,

(51) AN

O
'" ClL Ap

"'~l- w'" •

Hl"11Ce, horn ProposHion 2 and the equivalence cond.Hions (44)-(47), we find

that, under full partieipation, an inerease in P will not alter the indust~y

production pattern or the gains or quasi rents from operation (<I>4s)' Tj1e addi

tional income from diversion payments will increase the rents for land. From

(45), (46), and (51), these changes are given by

(52)
, .1,
uR. ~ 1 "P.

J - w
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In lOhe case of ~arti"lpardeipaH()l\bef()reand afterthechmige in P, lOhe

fact that lOhe shadow valiieof lOhe diversion eonstraint (<:t
O

) laust be zer6along

with (43), (45), and (47) implies thai R. = ö.. Thus, chaiiges in rehtalrates R
jJ J

are equal to changes in O. in lOhe linear programming formulatlon. Recalling
• .. J

that an increase in P results in lOhe di~ersion of all land operated with those

teehnologies for whieh Py . - P . is smaller than lOhe new effeetive diversion
.. sJ sJ

payment, P wl(l - w), lOhe change in rental fees will be equal to lOhe chang~ in

lOhe effec~ivediversion payment. The quasi rents after this inerease i~ the. . . "

operat~:rs of tho~ teehn~logies the.t were employed on d:l.~erted land fai1sto

For {'itnd~teeh~ology"Combinations that continneto operalOe w:Lth lOhe net.t
/ . "

diversion payment, if lOhe land is of diversion quality, (49) and (50) indieate

that lOhe quasi rent to lOhe operator must deeline to eompensate for lOhe increase
. ~

in P wl (1 - W). Constraint (50) implies that 0j must inereases"inee a
O

= 0;

thus, for eonstant Py . - P ., some elements of a must tend to decrease. These
SJ SJ s

ehanges will spread to other land qualities and teehnologies; thus, land rental

rates will tend to inerease to absorb lOhe gains from inereases in lOhe diversion

payments, while quasi rents will deeline to absorb lOhe loss from reduced produe

t10n. In lOhe case of partial participation, where lOhe rise in P (wIr ~ w) 1s

not large enongh to inerease diversion,. as· CH) ;tndieates, lOhe resulting in-

erease will be refleeted in inereased rental fees for diversion-quality land

>lith lOhe result that, for other types of land, lOhe quasi rent will deeline ae-

eordingly by (49).

Thc above results can be summarized by:

PROPOSITION 3: Given output priae, an ilwl'ease in diversion payments wiU be

refleated by rental rate adjustments suah that all inareased benefits will aa~

crue to lal1downers mther than operator;,;. In the aase of full partiaipation,

the increased diversion payment will ir1Cl'ease rental ratee leaving quas1: rents

unchanged. In the aase of pill,tial participation, the increase in the diversion

payment tends to irL:l'eaSe land rental ratee and reduae quasi rente.
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Proposition 3 impliestna:f,for tne:"ase 01 P<'rt ial pa:rticipat:Lon , in-

creases~in diversion requirem,ents tend to deerease renta+ rates and increase

qU(!Lsi rents. Ta examine the impact of more st:ri~~ertt div"lCsiOn reqnirements

in the ease of f\ln participation, the relltal,rate for thisease ean oe ~derived

from (44) and ~(45),

(53)

i. e.. ,

Uo
R =oJ'+-'j ()l

In

Under ful:t.partieipation, aniherease in ~l -' w will reduee t::heamountof

utilized lan~;thÜs,~ome (s, j) combitiati~riS will no long<?;r Ire operated.

rednced to zero; and since Py . 
SJ

rise so that (49) is not violated.

~ . is given, assoeiatedelements of
SJ

The inerease in elements of O. may
J

re-

sult inche reduetionofother elements of a. assoe:tated with technologies eom
s

bined with land type j; and this reduetion man in turn, increas~e stillother

elements 01 0.' Thns, the redu"ti:o!l in utilized land due>tohi:gh"'r diversLon
J

requirements "'i:ll redu~ee quasi: rents while simultaneously :Lnereasing therental

~rates for land through i:nereases in sOm'" 0j's. By (53); theincrease ial - w~

also tends toinelCeaseRj through the reduction i:n w ",hieh eontril:mtes to in

creases in "o/w. However,by(51) ,~the reduction in the effeetive ~diversion

payment will teduce 6 + u
O

; and since 6 may increase, aO~will fall leading to

;teduced R .• In other words, the reduetion in the gain~ from diverted acreR,
J -

wl(l - w) P, tends to reduce the rental rate. 'rehe ~net result of these opposiug

effects is ünclear. ~
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PROPOSITION 4: Fox'· gitienbutpät pi'i:ee tinder pC1X'tial partieipciti:01i, an i:norease

i:n divex'si:im· reqliirementi'i t5endsto reduC1.erentai::· rates and inrJrea,se· qWisi: rents.

lJnd.er fuU pcrrUeipati:on,mOre st;ri:ngent di:versi:onrequi:'rements1i}i:U i'IIHJu7;t

in wwer quasi: rents, but t;hei:r effeat on rentaZ rates i:s unel:ear-. Reduation

in utiUzed i::and tends to i:nareaserentai:: rates, but t;he reduat;i:on i:n payments

per diverted aare tends t;o redUae rentaZ rates.

Ac~rollary of some t~orta~~e follows immedia~ely fr~mPropositions 3
, ,'-

and 4--~amelY. an~tlerease tn i and/or w, under·partialparticipati:an,reduees

~s .e:nd thns·f:arees same technologies and assbeie:ted farms to eease opera~iont.

Henee, some operating farmsincluded in N .bcf~re the inerease will exit from
s

the industry and, thus, eoneentration will increase. That is,

COROLlARY 1: An inarease in di:version payments or a reduation i:n diversicn

requir.emen1Js" under pC1X'Uai:: pC1X'UdpaUon, i::eads to inareased .aonaentra.tion

meas;uwedbyf;.he.G!;verage. Zanc1 size of aative farms •

... The aboveresults presume given output ptices. However, since demand for

the ftLnal gopd isnot eompletely elastie. it follows that eha.nges in: P "nd 1 - w

tend: to change: output prices. To be sure,the second-orde):" ·effeets resul!:ing

fr"!ll pr:!;ee: :ehanges mustbe take:n into aecount when. the overall influenee of

ehanges in P andl - w is evaluated. Thesesecond-round effee!:$mo~ify somewhat

the results in .Procpositions 3 and 4, butthe qualitative directionsimplied:bY

these.propo siti:ons :remain unaltered·.

Under full parti:eipation, an increase in P will not affeetoutput Priees;

and the results of Propositions 3 and 4 remain unchanged. Under partial par-

tieipation, an inerease in P will inerease output price; and that increase

willoffset the initial inerease in diversion that results. Nevertheless,
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the 9yeral+ ~p~e~ of a~ increase in P will be toinerease diversion and reduee

output. .This is the ease sinee, if the seeond-order eHect led to reduced di-

version.and in~r~ased output, ultimately the p~ice would deeline; and the

second-order effeet would be reversed. Similarly, the inerease in output priee

-result:j.ng f~om an inerease in P will strengthen the inerease in rental rates by

Proposition 3 and will tend to offset reduetions in quasi rents.

Under partial partieipation, an inerease in diversion requirements will

redueeoutput priees. Thiswil.lpartially o(fs.e.t the reduction in tOtal di-

.It will also increase the quasj;rentsand si:re4gthen the iner.e<i;s.ein. .....' . '.

rental rat.e/?(by Pr.opQsition 4) .l'1nder fu;ll p;artitipation, the inerease in di-

version requirements'will inc.rease output prices. Finally, the increa/?e in
~" .

priees will lead to similar rnovements in quasi rents and rental rates.

C.Cost-Red1i;eing TeoJinoZogies

The equilibrium level of diversion, rental rates, and quasi rents ean be

<\atermined· ~raphieany for the spetial ease where lan,<t produ6tfvity isinde-'·

pendent of teehnology (y . = Y
j

). and the eost of eaeh teehnology is independent. SJ

of landquality (p
sj

= 'lls)' The .dua~, (48)-(50), indieates tha.t inthis ease

there will be a eritieal j* such that all types of land with nigher produetivity

.c~j :> ~j*) will be utilized, whilelower produetillity lands (Yj <Yj *) will flO.t.

There also will be a marginal teehnology, s*, such that all the lower eost teeh-

nolo~ies (Ps * > ~s) ~ill oe fully.utilized (hereafter referred to as efficient

teehrrologies) and all the less-effieient teehnologies will not be utilized. More-

o~er, by the independence of land productivity and teehnology, a unique eorres-

Pondence between land quality types and technologies (a unique A. - s) will not
sJ

exist. For the optimal solution, diverted lands may be utilized with any
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efficient technology. Only the optimal level of total diversion i~ captured;

this total diversion determines the marginal land quality, Y'B' and the mar~
SJ

ginal technology, ~s*' along withtheir utilization levels. 1n Figure l~a),

qualities 01' land are arrayed by declining quality along the land axis with

total revenues per acre shown in the upper bar graph. Existing technology

capacities are also arrayed along the land axis by declining efficiency'with

operating costs per acre shown in the lower bar graph. Subtracting operating

costs 1'rom revenu.es allowsg"ins froni' operation, 1'1. - ~ ,100 be deterinine<l as
. J s

shown in Figure l(b). The aggregate diversion req"ir';ment, ifal1farms comp:ly,

is uJL. Thus, i1' w/(l - w) P > a, a11 farms will comply since the diversion

payment per diverte<l acre exceeds the g"in possible on all land to lohe righf of

uJL. If a > w/(l - w) P > b, then gains from operation exceed the diversion pay-

ment per diverted acre on the land ("'-1:, La) so thnt utilization increases to L".

Thus, from Figure l(a), all of land qualities 3 through 6 are utilized while

some of themarginal technology, So - 3, continues to stand idle. Now suppose

thediversion payment is lowered so that b > w/(l - w) P> c. Then, fOllowing

the above reasüning, utilization increases from L" to L
b

sO that all of tech

nology, So - 3, is utilized but land quality 2 is only partially utilized.

Fin"lly, ifthe diversion payment is lowered such that d > w/(l - w) P, then the

gains from operation on all land exceed the diversion payment per diverted:"cre.

Hence, no compli"nce will result.

Since any land utilization pattern consistent with Figura 1 is optimal,

the equality in (49) will hold for j ~ j* and s ~ s*. This equality implies

that rental rate differences between two types of utilized land will be equal

to the difference in the values of their output, i.e.,

(54 ) k, j ~j*.
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SimUarly, quasi rents per acre among utilized technologies wUI differ", '

by the amount of the differences in their respective costs per acre, i.e.,

(55) if

As Figure I illustrates, two types of equil±1>rium are 'l±kely under par

tial part±cipation. In one case, for example,when 1> <j; w/{l: - w} < a, the
, '

marginal land is fully utilized andtli~ marginal techn9logy is partially utilized.

1n this cas~thequasi rentfor, the margi];lal t.echno!ogy'is zeto; andby (4:!Y)

aridtSO), üsing(47),the X:ental rate for the t\I!!:rginal bnd is

(56)
.;:

·R.*·", PYJ'*
J

w'
j;l . > P ,,","-:-:

s* i -w

In the second case the marginal land -ispartially diverted, while the

marginal technology is fully utilized [for example, when c < Pw/{l - w} < bJ.

1n ·this case the rent for the marginal land is equal to P w/{l - w}; and the

'lt!!!:si rent fO,r themargina1, techno:Logy is determiged· from (44). (49). and{S()},

(57)
PYj * -t»I (1 - lll) P - Ils *

::::;

In the case of full participation, the optimal solution likely results in

both marginal technology and marginal land being partially utilized. In this

case the quasi rent of the marginal technology is zero, and the rental fee

for the marginal land is equal to the rental feeof diverted land. Introducing

these results into (47) and (49) yields the rent for diversion quality land,

(58) R ..
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Note that the rentalfees <f'.or an)' utiliz.e!lla.ndquality can be derived by

introducing the rental fee for marginal land in (55). The quasi rents for each

technology ean be deterffilned ~imiiarlY.. These results and Figure 1 illustrate

the use 01' Propositions 3 and 4.Under partial participation a reduetion in

the div~rsion payment per acre, P w/(l - w), may reduee total diversion, the

productivity of the marginal land [if P w/(l - w) moves from segment ab to bel,

andthe e!'fieleney oft!,e marg'Lnal t.echnology (if 'Lt· moves froitt be to cd), whilß

diversiortpayment i5 inereasing over segment ab, only the rental fee tor diver-

sion quality land will increase; while, by (54)and (55), other rental rates

and all quasi·rents will not change. rf, however, effßetive diversion payment

i5 rising within asegment such as be, (54)-(57r indieate that all rental rates

will increaseand all quasi rents will decrease. An inerease in effectivß di

veri>ion payntent, whieh l.nvolire5aslliftfr6mone segrnent.t;o anothet (from be

to ab), will increase all rents and reduee all quasi rents. 11' demand is nega-

tively sloped, the change will inerease OUtput price; and this, in turn, will,

by (54) and (56), inerease the rental rates for utiliz.ed land and the rental

rate differentials.
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The above resu).ts related tu distributiunal effects on ope):"ators can be

extended tu landowners. To simplify this extens~un, a specific ~ssumption On

the form of land-price expectations will prove expeditious. Suppose each indi-

vidual merely holds a subjective expectatiun,on the rate uf appreciation whieh

applies to all tYJ'es of land; h/ilnce, Wrj = (1 + $i) Wjwhere ~i,iS the subjec

tive rate of appreciation for farmer i. Thus, from (20), the shadow priceof ,

creditfur individual i is

where, j is any type of land owned by individual i in the new production period;

if individual i owns no land in the newproduction period, then <PSi = O.

Using (59) in (19) thus implies that each individual will own only,l,and types

(60)

via the equili,brating market mechanism where IV is the price of diversion quality

land. Thus,:( 59) becollles

(61)

if $-6+!>0
i W -

o if ljJ. -
1

R
6+ W:SO.

Using (59) in (19), along with conditions (A.26) and (A.27) of the Appendix,

implies that al)' farmers with $i > e - R/W will buy land until thair credit is

exhausted, whila all farmers with lj!i < e - R/W will seIl all their landholdings;

farmers with $. = e - R/W will be indifferent to owning land, i.e.,
1



><WtiL >.. m.
i 1.

(62)

Ihus, a critica1 ~ will exist, vi~.,

i;f

if

0/. >C1Ci:.<g >.
1. W

Ji
ljl. = 6 - -;-
·1.W

3.1.

, " ,

su\tn 1;hat8,11 .fätlUers wi1;n1/!i· >~/1:ijlyfand.; 8,ll ;f"rlll"'r:s> w'Ltnt/Ji < ~ will sell

blt<!. The~il:itiCa1~",i1+.t>!! de~~rtIianed I:>ythe. 1atld market eqjlHihrijlmeq;uati6n

in \11) whieh, whenptemu1tiplied by W, heeomes

(64) E_ WAL
i

+ E
ljIi >)jJ t/Ji <$

= o.

(65)

Subs!=it.jltingequa,tiC\11(62) in. (64) and "sing (61) obtailts

Henee, l.and 1;ransactions i.n thle marginal group with t/J. = iji reust adjust so that, ' ,', ;: , ' <:: ' ,-" , , , :L

the total newpurehase of<;btnd by fitrms with 'P. :> iji iseqtla1 1;0 theiil: eredil;
1. .

availability.

Introducing (63.) into(65) ylelds

(66a)

(66b)

RL. «6- W)
1. - .

RL. > (6 - iji)
1.

1: m••
JjJ >ijj 1.

i .
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Thus, ~ can be determ~ned by ranking $i and then ~erforming tests with ~ $i'

i = 1, 2, ••• , using Ras determined in the previous section until a $. is
1.

found where (65) hbld~. Note that equilibrium is obtained ·only if e - 1jJ. > 0
1.

for some i; otherwise, the equilibrium condition in (63) cannot hold for posi-

tive prices.

PROPOSITION 5: An inc:r>ease in the dive:r>sion payment <;md a reauction in the di

ve:r>$ion requi:r>emel'lt WIder partial. participation tend$. to increase Land p:r>ioes

but at a Z~@ 1.'ate thart rental. fee inct'ea8es :r>esuLting[:rom such ahanges.

PROOJh

First, prove by negation that a/w= e - ~ may rise with Pw/(l - w)under

partial participation. Suppose an increase in Pw/(l - w) raises ~ from ~O

to *1' From (66a),

(67) 1:
,I•. <"
"'i "1

R
1

L. <
1.-

at the new equilibrium where RO and·Rl are vectors of the initial and new

renta1 rates. By (66b),

(68)

at the initial equilibrium. By Propositions 3 and 4. R
1

.?: R
O

; and, assuming $1 > ~O'.

(69)

Also,

R1 L.> E:
1. - 1jJ. <1jJ

1.- 0

(70) m <
i-
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CombiningpO) ,(69), an<! (68) cqntJ;aciicts (67);J:;hus, an inc1Cease in} U!l(l - til)

may reduce iji and.raise R. To show that an increase in Pw/(l - w) may increase

bUI;:. n~yeJ; redlic~ ~andprices, n.qte that. !,he possible reduction in l/J due to the

increase .in P w/(l - w) will cause !,he equality in (65) to be violated; and

the only way for restoration is for land prices to increase.

V. Technologica1 Adoption

Inthe.context of the a!>ove. ;framework, wh!'!.t !'!re. the major "ff"cts of diver

sion policiesqn the ado1"~ion of new t.~tth~ologi"S? To inv""t:lgate this iSSlie,

technologi",s callnot bepr""?!,,ed .fi:1!;ed; theip:~roducBj.on of new technologies must

be.allo>le<l. :):n this event the trade."offbetwaell landtrapsactio!is alld clkpital

good inv"stmellts cap po lopger be lleglected. S1"ecifical1y, the lillk between

l!,!ll<lownership apd land utilization, the cqm1"onent k [see (29)], is now 1"osi-. .. . . ·s .

tive. Necessary and sufficient conditions for the adoption of a new technology

sI instead of So are that technology sl yields higher gains, i.e., [by (21)],

(71)

and that the new tecbnology can be financed, i. e.,

(72) k. <mo + (,AL,.
s - 1 1.

As im1"lied by (71), 1"olicy changes will augment the tendency to adopt tech

nology sI if the newtechnology is feasible before and after the 1"olicy changes

and "i (SI) - 1[i (SO> becomes positive after the po1icy changes.Üuder these con

ditions, the policy changes opera te through two distinct efl'ectS: (a) a quasi-

- Q ) and (b) a credit priel'4s
0

rent effect (an increase in the difference, ~
"4s1

effect (a reduction in the shadow priee of credit, i.e~) a reduction in
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Cotlditiot(72) implies that~Oliey ehangl'!s Diäy inC'teasl'! fhl'! tl'!ridgncy to

adopt thl'! nl'!W 'technolo~ythrou~h a third l'!ffl'!et, viz., thl'! erl'!dit availability

effl'!cL Thiseffect f~il'!alizl'!d iftlil'! new tedmo10gy, which was prl'!v;(ously

infMsibll'! dul'! to erl'!dit limitations, bl'!coiiil'!smore profitable arid feasible

after the poliey ehanges.

The oVl'!rall effeet of diversion polieies eannot be determined unequivo-

eally. Nevertheless, under partial partieipation, Proposition 5 implies that

"an increase:in F .ili:d ';1 reductfon in 1 - w willtiil'l: ohly increasliereditavai1:a

biHty <thr,\,ugh :l.ricreased landpd.<:ic~il)bUt also :l.llerealie tliie c:osto'ferE!:dit
, , ..

(thlt(:}t;~hanittcreaseiniUw) .~oreove'r,the iIler-l'!ases in ciGj::l'ut priee and

rl'!utal ~atl'!s rl'!sultin~hoillan in~rl'!as>e in P wl (1 - w) 3:110';'s detl'!rtnination '

of the effeets of diversion poliey ehanges on thl'! quasi-rl'!nt differl'!tltial,

$4s - $4S ' sinee, by (23). $4s
1 '. 0.,

tieipation wherl'! j denotl'!s land
s

The ab\'vl'! Il'!sults imply:

!py .
SJ s

ut:l.lizl'!d

-]J •• ' -R: )'je for
'S'J J S

S s
with technolo~y si.

PROPOSITION 6: Underpartwl partiaipation, an inerease diversion payment

anti a reduation in diversion l'equir,errrent 1iIiZ 1; affeet the tend(mcy to adopt the '

new techno1;ogy thr-vugh (a)a positive' credit effect, (h) a negative capital

cost, eff1?;ct, and (c) a negative qu@i-l'ent effect for a given output priee as

suming that the modern technology has lal'ger capacity.

Sinel'! output,pricl'! may rise when P w/(l - w), inerl'!asl'!s, (23) indicstes that

the quasi-rent effeet ofProposition 6, m~y be reversed when the, modern tech-

n010gy is yield iI\creasin~. Thus, the direction of the quasi-rl'!nt l'!ffect dl'!

13pl'!nds on thl'! naturl'! of thl'! modern technology. Thl'!reforl'!,
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CO\<OLLARY 2: Ir the modern teahnol.ogies 0/'1 not smaUep in saal.e than the

ol.der ones, an increase .in diversion payment arJi a reduation of diversion

:!'eq'uil'ement uY'.del' partial. partieipation witz. .aiJect the quasi-rant c1ifferen

tial. betlfeen the new and the ol.d teohnol.ogies .suoh that (a) the tenc1eOO1{to

adopt new eost-rec1uoing technol.ogies wil.l. decl.ine.and (h) .the tendenay to

adOpt new output-increasing technol.ogies may increase. This effeet is

stf'onger when the dema11J(J el.asticity is l.ower.. _.. .~~ ~ . . ..

l:eehrtt>logilis. 'rlie magtiitud" of thequas:fc.r"nt "ffeetd"peuds alst> ontne

eharaeteristies of lOhe initial farm technology. Equstions (71) snd (23) imply

thatf;'rlllS <iperatingoldliir teehn6:logies '.fith lower quasire:nl:S will haie mor.e

ineentive 100 adopt tlianthose operating newer i"chnologies;: H,,{nee, an ;inerease

i".EiffeetivEi a;:Lir"rs:Lon pat!nent w\>::f.uh encourages~<;loption will g§:p~rally aC

celerate thescrapping of ;t1:t~ otdest teuhno1ogies.

VI. IJj:)J:lcluding Remarks.

As show"" lOhe distrih:..ttional effee·l:s of a:g);ic""ltura1 polic)' <:an be dis

d.ng~isliedintims of tliree behaviora1 un:l:ts: operati>rs(aet:iV:e:farllls),

landowners, and investors in new tethnblbgy. Introduetion of a po1ie)' in wliieh

the effeetive diveision payment On diverted lilitd,P w/ (1 - lJ>); ~ceedsthe

ex:l.sting minimal rent"l rate will iuf1uence operators I>y decreas.1:ng thair nu.tll

beI' (Corollarf 1), inereas.:l:tig lOhe minimal rental rate (propositiomf:3 and 4) >

and deereasing the qUasi rent to techno1ogy (Prbposit:tdns 3 and 4). These are

the initial effects. The second-round effects result from increasing outpUt

priees as a result of reduced supply. The minimal rental rate inereases
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further in the second round, whi1e the quasi rent to techno1ogy and the number

of active farmers increase. These resu1ts suggest that the comp1iance per

centage wou1d decrease after second-round effects.

The initial effect of the above po1icy on Owners is an increase in land

prices with a further increase in such prices after the second-round effect

on output prices. These effects, in conjunction with the effects on active

farms,suggest that the number of absentee oWnerswi11 initial1y increase;

l>Utl;:h:!.sincrease will. be<~~pere~ 1;>y the. secon4-rolUld",ffectson output

pr:!'"e.. , .. In Ol;:!l:er JJords,. for thesho1Ct run (wi.l;;h.fixell tli'chnolo!>y~, tllenet

resu.lt !'if i,.creas!l:~ d!tversion payments and/01'. redu,ced d;l:ver,,1.on r",qu,irements

is·toll!o·tivate a ,sepa1Cation between operationof farm units and ownership, L e .,

an increase in ilbsentee ownership.

For technology adoption, a distinction maybe m~~e between operators

and owner.s as investors. In the case of operators, the effect of increased

diversion payments .and redl.lced diversion 1Cequirements .is to ill<:orease rellta1

rates and 1'educe quasi rents to <i::eClm010gy for boi::h output-inc1'easing and cost

redUcing investments. The second-round effects through the output markets

simp1y augmen~ the change inrenta1 rates whi1e pil1Ctia11y 1'eversing the change

in quasi rents to technolQgy. For theowner,operator, land prices initia11y

increase and are fo110wed by a further increase once the reduced supp1y gene1'

atesa higher output price. This change augments the wealth position of o\m.ers;

it improves their co11atera1 and expands the avai1ability of credit. The ex

pand"d.. availabi],ity of credit, a10ng wüh perhaps better credit terms, provides

further incentives for 1arge 1andowners to adopt modern technologies; hence,

a high co1're1ation is expected between large landowners and 1arge-scale

technologies.
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The short~run effects of policy on distribution and equity must be dis~

tinguished from the long~run effeets. The usual eonelusions of statie analysis,

whic:h: suggest that pr1J:dlieel's are able~ to: captnre the, ",,1:til}sfrom teehnolp:gieal

progress underdiversion polieies, must be modified onee dynamic~: effec~ts are

explicitly I'<!.eognized. As Corollary 2 .elearly illustrates, under: "Certaincir~

cumstances! i~creases in diversion payments and ~educcians, in '~he'diversion

requirements (under partial participation) caTI possibly inerease the

tendeney to ad!?f!tnew:o.utput~inerea",ingteahnologie",.Ultima,tely, s.",eJl. tech

nplogies, giventheinelastie nat\1re ~of O\1tput demand, will lead to augmenta

tic;us ot eonsulireT s\l:rplus as a dir<!Cl> resu1tof such divJersi"n<po:\.ici<!s.

!1areo1ier, the short-run eff<!ctsofsueh poliefe" enhance crenit availability··

and thus motivate further teehnology adoption. This latter effeet sheds

light on the importanee of agrieultural eredit polieies in eapturing the

effeets of diversion polieies. In any dynamie empirical analysis of agrieul

tural poliey on the distribution and structure of landoWner"hip in U. S. agri~

e.ulture,~~both credit~and:diversion po1.icy must be exarrrinad slll1ultaneously.

Some of the more interesting results of this paper pertain toprogram

eomplianee aeros", variolls agrieultural regions. In partieular, l1:tnd and rental

markets are separated by geographical boundaries beyond which tran~portation

and eoordination costs make farm expansion unprofitable. Henee, the results

of this analysis ean be applied to agricultural regions individually or by

groups. In partieular, diversion program eomplianee tends to be greater in

agricultural regions with higher costs, less efficient marginal technology,

and lower quality marginal land.
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Appendix

The Appendix cnaracterizes thesolutionöf tneindi:lPidual'f?inn's d,ecis,ion,

problem given the te,cnnologycnöice and compliance ,decision. ' Bl'sed" 9cneq1,1a-

tions (1), (2) ,(3), (4), .(6) ".(13), and (14.), lohis decision may 'be formull'ted

as a linear :programmillgpl:oblem,

(A.I)

max

"A:t,t:1,Z~,4t1,l\t~
lT

i
(s, A) = (Py + P.J..- jJ) A. - R (i: - z":)

S 1. 81,. 1. J.

subjec;: 120

(A.2)

(A.3)

(A.4)

(A.5)

(A.6)

(A.7)

2
1
, - L + 6L~ - 6L+

1
. ~ 0

i i

c A, < 1s 1,-

W~L: - WÖL~ < m, - k
1. 1 - 1. S

+ +
where 6L

i
= 6L

i
- 6Li , Zi = Zi - Zi' snd thus all decision variables ean be

appropriately constrained 120 be nonnegative. Defining ~l' W2 ' ~3' $4' $5'

and $6 as shadow priees for lohe respeetive constraints in (A.2)-(A.7) , the



Kuhn-Tucker conditions for maxDaization, aside from those associated with the

constraints, are
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(A.8)

(A.9)

(A.10)

(A:U)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)

(A.ln

t. Z+ = 04 i

(A.la)

(A.19)

A. - L.
~ ~

~ t. = 0
16



(A.20j

(A.2l)

(A.22)

(A.23)

(A.24)

(A.25)

(A.27)

(A.28)

(A.29)

1>2 l7 = 0

19 := c A - 1 <0
s:l;· -

+ -llO =W6L. - W6L. - m. + k < 0
1 1 ~ S -

[ + - +_ Ae A. - W (L. + AL. - ÖL, + Z, - z) ] ~ 0
11111 ~
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Combining (A.8) , (A.9), (A.18) , and (A.19) verifies equation (15) ~here

$1 = ($11' ••• , $lj)' Similarly, from (A.10) , (A.ll), (A.20), and (A.21),

ro
if $lj + $3j + W~. - (1 + 6) H. - 1>5 Wj + $6 AW = 0

6L~
~J J

(A.31)

= 0 if $lj + $3j + ~j - (1 + 6) Iv. - 1>5 Hj + 1>6 AW < O.
J

Also, using (A.12) , (A.13) , (A. 20), and (A,2l) obtains
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ÖL~ . Lij if 1>2j W. 1>S " + (1 + 8) \01. 1>1' - <p}j <P(, Aw > 0= = - \oI
1j - -

~J J .. J J

(A.32) 0 < ÖL~j < L.. if <P 2j = \01. <PS - W~. + (l + 6) \01, - <P1j - <P3j - <P6 Aw= 0
~J J ~J J

llL--:. = 0
.. ~J

if

F1na11y, from (A.14), (A.15), (A.22), and (A.2~), one finds

(A.33)
{

LO.
+Z..

.. ~J= 0

if.

if

R=<P·+<P6
AW

j 1J .

O <'1.-. < L . + AL ..
- 1j - 1j ij

if

if

if
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FOOTN(')TES

1 ...
As Haro1d Carter and Warren Johnston have observed for U. S. agrieulture,

rural eredit markets have beeome an important determinant of redistribution

within the U. S. agrieultural sector. They have eautioned that the intense

pressure toward a heavy relianee on eapital markets in order to purehase land

and equipment may poseareal threatto theexist,mce of the fami1y farm.

The basis for thi$ observation is the evidenee that "t!le .proportion of Ifarm-

land] transfer$ on whiel:l. dehl:wal$. ineurred rose horn 56% in 1950 to 88% in

from 51% itl1950 to 77% ~n 11m ••." (p •. 744). U. S. farm1and debt has in-

creased from apProximately $30bi11ion in 1971 to about $72 billion in 1979.

2For e>;:ample, U•..S. farmland prices have more;han tripled since 1967and

moved from an average of $43 per acre in 1950 to $244 in 1976. A dramatic

redistribution 0;1: .<lgrieultuJi:al;produetion l:l.as been associated with thil$ ..inerease

in prieea. Tne average aize of produttion units inereasedtrom 216 acres in

1950 to 390 acres in 1976.

3 . .
It shou1d be noted that this framework is entirely cOnsistent with empiri-

cal s.;pecifictations of ecorlometric models .which have been. advanced to estimate

supp1y response in agriculture. Generally, these specifications operate

with aereage response equations (ex ante choices) and fixed or, at most, addi-

tional probability distribution specifications for yie1ds per acre (ex post).

The latter relationships reflect various micro input-output coefficients which

result direetly from past investment decisions taken by various producers.
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4The subsidy eorresponds to the defieiency payment of the U. S. 1977 Food and

Agrii::ultural AcL Undar this Act, the actual. subsidy--or deficiency payment--is

computed as the minimum of either the difference be~.een the target price and

the average farm priee ora,. the difference, be,~e'enthe target priee and the

loan rate or price support. Producers who participate in the program are re~

quired to divert or set aside land from historieal aereage allotments (prior to

1977) or from ,"normal crop ,acreag,e'~(1977 onward). This; 4,ecision is, made at

planting time after set-aside,s and associated subsidies a,re announced bythe-. . .... . ~ . .

to theactt!;t1 market pri<:ce, provided this Price e"i::eeds t:he loan rate., ,'rhe

analysis, however; ,ls total.lycons~ste~twich th", ease of exogenons diversion

payment subsidies. Extensions to the case of market price related endogeneity

(as with the current U. S. deficiency payment subsidy) are also possible.

5
This feature allows an examination of the impact associated with diverting

only the most unproductive lands. As numerous authors have noted, average

yields tend to increase when acreage res tric tions are iJ!lposed (I'. Weisgerl:>erf.

Weisgerber estimates that, as a result of acreage set aside or coutrol pro-

grams within U. S. agriculture, the combined effects of land selection within'

farms and the differential impact amongareas cause land'withdrawnfrom pro-

duction to be, on the average, 80-90 percent as productive asth.. lann t1ti~

lized. This has been referred to in the literature as "slippage"; it i.5. often

computed on the basis of past da ta and is assumed in policr imp;act analysis.

In Our model such slippage rates are treated endogenously.

6The ,assumption here is that a farm will only incur investment costs to adopt

new technologies because of obsolescence expectations of existing technologies.
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7For simplicity, assume that input ,prices include capital casts associated

with operating debt.

8Ontpnt; pr;i~e ;expectations are assumed rationaLand commonacross, producers,

whi1e land-price ,expectations vary acrossproducers.

9Note that the trade-pffo.etween liqtlidity, as reflected o.y current or operat

ing iilc'ome, and caPib1gains l,Sunity. ''Ihis simpltfyfng assUlllption can be

easily relaxedo.:}i' introdtlcing a eonstanttrade-oH which, however, would not

alterthE1: i:e~tllts!,btained hEifiliMbreovef,liql;lid,itypr.?ferences , tor 'c",rr~nt

cashfldw maYbe ou!+weigl),tedby tnore favorahle tax rates on capita1 ga:l:ns (or

zero tax if capital gains a:r'e "unrea1izedH
).

lOWhile th~g regult suggests specia1~zationo.y e4ch farm in,the type 01' land

which gives the farmer the greatest profit per unit 01' capacity (leasing out

all other tYj>es 01' owned land and renting from others enough 01' the one type to

fU1 his c<tpll;city), the equiliJ:>rium rental marl<;;e;; conditions discussed 1;>elow

leadto adjustment in rentalrates which, on average, tend to equate Frofits

per unit 01' capacity on all types 01' land.

11A. land quality j is de,finedas diversion quality land if it is at least

partia11y diverted.

12Note that the linear programmingformulationcan also provide a non~

compliance solution, i.e., A
Oj

=0 for all j.

13The quasi-rent effects 01' changes in Pw/(l w) are perhaps the most

important since they ap1'1y to all firms and do not depend On their credit

situation.
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