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AN FQUILIBRIUM MODEL. OF DISTRIBUTIONAL -EFEECTS
OF LAND COVTRQLS IN AGRICULT&RE

The agrlcultural 1ndustry is often eited as a ciassxc example of a com-
petitive market. The observed performance af such markets, however, 15 the

result not only of competltlve forces but also of governmeutal 1nterventlon.

Typically, the nmpact of such governmental 1ntervent10n is evaluated only ln

terms of output markets {G“E* Bran&ew} ‘Such 1nvest1gat19ns are grossly lnade*
‘quaﬁe since governmental pal&eles 1mp&nge dlrectly on asset as well as flew ;H
markets far both inputs and ﬂutputs. In general the d1strlbut10nal conge—
quences depend npan the owne:shlp, utilization, quality, and technology aseo~
ciated with the assets.

This paper develops a framework for capturlne the distributional impilcaw
tions of governmentai 1ntexventlon in the agrlcultural sector recegnlzlng its
most 1mpertant featurese These features xnelude (1) 1ne1ast1c demeetme deman&,
(2) competltlveness, (3} asset leltY, (4) rapid techneioglcal change,

{5) varlable asseﬁ qaallties, (6} 1nst1tut10nal llmlts to eredit avallabzilty,
and (7) part1a1 separatlon of asset UWnershlp and utlllzation. The fzrst four -
features are dqcumEnted by Theodore Schultz,IW1llaxd ﬁachrane, a&&:@leng.Johnscn.
Theodore Schultz has also called attention to the large dif%erencee in QQQ

rates of return to resources among regions as well as across producers. _EﬂCh,
of)this var£;tiﬁn emanates from differences in production techniqueg,‘lan&
qualit?, human ceﬁitel, and wealth conerolled by individeal praéucers. The
limitations of credit availability for producers of aifferent size classes

have been noted by recent empirical evidence. This evidence strongly suggests



that larger farmers borrow m@re-;_{tbey b'arz‘:c&wg more td"invgs:& in capital; 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 governﬁantéi iﬁﬁervention, land ané-rental markets,
along Qith tenant érraﬁgeﬁ;ﬁts, must be given special agtention. Over the
last decade, thera has been a rapid escalation in farmland prlces.z) This
rapid apprec1&tion has been associated with another emerging phenoménon,
namely,;ﬁ@e:diSfﬁptian ofséhe-tzaditional unity Setween éwnarship and opera-
tiﬁﬁrofiférﬁ;uﬁiésm 4- | o " o ‘

A specific%gion of the agrmaultural productlen structure, which admlts
all of the special features noted above, is the so~ca11ed puttywclay framem
work (Leif Jehansen; W. E. G. Salter). This framework recognlzes the tech-
nically embodied capital available for adoption by farmers. More§ver, at
1ea§£ some of the "new" capital is indivisible which, in turn, leads to
unequal deggggs of return to scale in using the new technology for large-
?%fénscsméfias%aleiﬁra&éceré. ?axtxcularly in tha case of machlnary, these
capltal goods are often spec1alzzed to the extent that their input-output
ratios cannat be altered. 0f course, prior to investment declslens;.pro—
ducers éan select an alternative tachnelog& describeg by ﬁénventional
neocl&séiﬁai production funct{ons. |

d@ermthe past—world War 11 period, governmental intervention in agriéulture
has assumed a num%er;of alternative forms. These forms inelude price supports,
accumulation of public stocks, acreage set-asides agd diversions, deficiency
payméﬁts, diversion payﬁaﬂts, stockﬁolding suBsidieﬁ, and target pricés undeyr
both mandatory and voluntary participation. Governmental programs have focused

onn wheat, feed grains, cotton, and rice as well as a number of other commodities.



3(

Unfortunately, little:in the way of.cdncréte results=—conceptual or empirical--
are availaﬁle. As for the distributional dmplications of thege policies, Bruce
Gardner has noted: ““The current -state of &ffairs, in: sum, is-that agricultural
econpmists have not been able;cbﬁvincingly,tq'establishﬁ@uconnectigp79&& way or
the other between policy and the structure-of agriecultural production . .. ."
{page 842} .

The atalysis which follows dntreduces a fzgmgggnk,ﬁp; investigating the
inﬁlueﬁaednf,govetnmenﬁ&lwiﬂ&&rvention-en)tha structuﬁev&ilagficultnxaiipr@ﬁhjﬁ

,dﬁébiéﬁﬁ The framﬁwork is suff1C1ent1y general ﬁe éatermlne,the affects af

requiré& £o dlvert or - sekuasxde som& portien of. thelr avaxlabie land (aSS&t

control) and possibly receive as an incerntive a subsidy er diversion: payment.

sociated subsidies have been the key elements in land-use related governmental
_ : _ . 4 .
prﬂgrams<GVﬁrtthe last two decades. Thasg;forms of interventlon have been . .

-The dis-

tributional implications of such programs depend not only oI the typically .
examined aurput mafkets'but; as'well _upon land an& rental m&r&etﬁ, These
impllcatlans will be drawn by netxng the 1imitatlons of rural credlt markets
aieng with the 1mpartanae of technologzcal change. ihgnheterogenelty eé

agricultural production is explicitly recognlzed by allawlng varzatlons in

land quality across producers as well as for a particular productioﬂ unit.5



- T.  Putty-Clay Agricultural Proddction ' -

In gemeral, the distributional implications of agricultural policy depend.
on farm size, land quality, equity,. capital, and exidéting technology. Ag-—
sume an agricultural sector consisting of 1 farms denoted by: indexes, £ = .
3y 2oy I. To reflect the distribution of farm size and land quality, det
LieffLii, ;.Kg’LiJ)' represent acreage endowments .of qualities 3= 1, (s., J
»owﬁéd b;ffarﬁ i at the beginning of a pro@ﬁctipn.pgxiqd. Before implementing

prodiiction decigions, a producer way ‘choose either. to buy additional land or.

sell existing land. Thus, let BLi;= GﬁLii, ;.;,;ApiJ}?,be-a;veqtoryrégféSeg&ing
théithéﬁgé?iﬁ'OWﬁéréﬁipvcé'vafﬁbﬁsfiandtqﬂalitiﬁs.GALij">‘O represents net. pur—
chages andV&Lij % 0 represeits net sales). In additiony the farmer may choose
to augment “his landholdings for the duration of the.production period by rent-
ing additional land. from external sourcés represented byvzi = (Zil‘ .;.,-zij)

where ziﬁ < 0 eoiresponds to leasing some of his own land to another farmer.

In'ﬁhis~taﬁt&xtﬁthé'veaﬁaifAi:af acreages of various gualities utilized by
farm 1 in crop production must satisfy
(1) 0 XA, <L, +AL, + 2
: i i i i

and, of course, the farmer can neither sell nor lease to another farmer more

land than islactually owﬁed,

(2) ) ALi z =L
{3) Z > -~L, - AL,.
i i i

To consider the distribution of capital stock and technology in the in—.

dustry, suppose there are S0 types of existing technologies in the industry,




and every ﬁg;gﬁgﬁgxis&%ng_taghgglogy,;sg,,maygbeyalassified into one of- these

types denoted by s = 1, ..., Sg. The technology type thus specifies the com-

prgﬁgctign p&ripd, $1V~ SD new technologies become,avai;ahlg: Following the

putty-clay approach, a farm may continue operating with its existing tech~

6
m+$a j,;, sems Sl,(fgr sigyligity?nassume k\, Q for s =1, "":Sg) The,x

hus approprlately annualizes the relevant 1ﬂvestment value;‘ ﬁ;if@
sociated with fixed ipput-output coefficients which may be arrayed im an L x J
matrix ﬁs-where elements Hsﬁﬁ denote the amount of variable input. & required

per acre of type j land using technology s. . In addition, each. technology is

associated with a 1 x J vector of  productivities, y » where elements y j define

thg@y;gid_per_ag;e GQMQandégf ;ype j under techn&ngy,a; And flnally, each:
technology is associated with a linear capacity constraint, Eﬁ Ai i'bs’ which

may be rgwgigteg;wi@hout loss_uf generality as

) S | e Ay <1

where:cs = (csl, cees ch) is 2 1 x J vector of cunﬁggainc"qogfficients. For
examgieiigsj_reflects)?be maximum qf»;ype,j land that can be ?armad.with
technalmgy s (e.g., with machine si@gs spggified by technology g). In addi-
tiom, thg constrg;gt implies that capacity utilization may be substituted.
proportionally between land types. Of course, realistically, capacity may be

doubled by purchasing twice as much machinery, buildings, etc. (incurring



Adnvestment castﬁfﬁkS%; but this may be é&mpiy‘ié?%@éentedfas”aﬁ‘éiﬁeinative
technology, st # s.

Assuming 4 competitive industry, each farm regards itsé output price P and’
the vectof of input prices V = (Vi,:k.., Vi) as givenmz Thus, with?tedhﬁblog§zs,
total revénue from the sale of production ié”PyS Ay and varisble costs of pro-
duction (excluding rental expense} are u Ay where ﬁs = VH_ 1is a vector of
average costs per acre. Suppose, also, that thé 1and and rental markets are

competitive with réspett to 1 x J price veétors, W's (wi,:z‘.,‘ﬁg), and R = -

(ﬁlif..ﬁ}jﬁ&)'C6tfé§§6ﬁ&iﬁg’§b the various land types, Thﬁs,zﬁﬁeéﬁﬁﬁ invést-

ment in new.land is.ﬂﬁii;'3&&;ﬁ§ﬁ‘f&htal)éibénée is RZ,.

H‘éﬁw furiﬁei*' suppose each Farmer ’expe‘é.té ‘lafid to appreciate and hds & sub-
jective eéxpectation of land prices W? at the end of the production period. Ex-
pected capital gains on landholdings are thus given by Wi ~ (1 + 8 W] (Lij+ AL.)
where § is the effective interest rate on the farmer's land investment (includ-
ing opportunity cost on land held free of debt). In this éontext, sup?dséhthg
farmer has é‘li'ix&epic bi:rj:écti‘?e:*f&r the préesent "pro&u‘c,:ttiaifi?*péria;yé of maximizing

his total gains m, defined by the sum of short-run profits less the annualized

cost of new cdpital investments plus capital gains from land &ppreﬁi&ﬁimn,s
=5 [ . — P T L % —_ ., .
3 LA (Pyé ps} Ai Rzi Yks o {Wi (1 + &) W% {Li + ALi)

Finally, to reflect the role of eqﬁity in dllowing farms to capitalize on
opportunities offered or’éncéurageﬁ By new policies to expandvlandhaiéings’or
upgrade technologies, assume that the industry does not have access to a per-
fect capital market. Suppose that farms have different credit lines avallable

to them, possibly depending on their equity, management, ete. Let m, represent



perlﬂd 1uclud1ng both 1nternal liquldlty and external credit. Then the new

investmﬁnt in land and alternatlve tachnologles must satlsfy

(&) - : Co ‘ ki + WAL, € m_.
5 1 1

The farmer's myopic decision problem thus becomes maximization of ™ in (5)
subject to the constraints in (1), (2}, (3}, gé), and {6). The farmer's deci-
sion inVOlves choice of a prgﬂncéiOn nechnéiogy,_the quantities of output and
inputs 1nc1ndlng land rental an& 1and portfollq adjustmenta For gpnheptﬁg;1
puxposes, ﬁhe dBCLSlGn prcblemuﬁéy be brcken 1nto twu stages. Fifétfaogé%ﬁal

9rodugtlon pl&ns and land transactlons can be éetermlnad by Ilnear programmlng

for a given tachnology, i.e.,

(7) max .,

Ai,zi;ALi

,subjecﬁ to c@nstra;nts CI), (2}, (3), {&) and'(é?h Supﬁbée<the nesﬁltiﬁg“&é~,;h
cisions which are functlons of P, R V and W are dandééﬂ byVA; Zz, and'ﬁﬁi,
a&ﬁ let the resultlﬂg maximun under technology s be dencted by ﬂi(s). The

optimal technology is then found by maximizing over s,
(8) max “i(g)’
0 . ;
where_gii = (si, SU + 1, SO + 2, ..., Sl) ig the get of potential techrnology

choices for farm i. Let the optimal technology choice from the problem in (7),

which is also a function of prices P, R, V, and W, be denéted by nj.
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be 31mp1y agg regated into market relatxonships. Each farm s autput supply curve
for given input, rental and land prlces is y % A, hence, market Supply is

Ny
X (B) = ZI =1 y # A.. Letting X {P) represent market demand for agricultural:

output (XD < ), the market equilibrium cendition is thus

B ,, o - B Tl N Lo z
) | x‘:’a:) -2 yn* A

Similar equllibrium can&itiaﬂs cdr also be daveiaped for 1nput markets, but V

fthey are not given here eﬁpli itly since the rasults in_tha ramalnder of this

paper are derived assuming fixed input priCes (elaﬂtic 1nput supply}

While input and output prices are determined by the interaction of the
agricultural sector with external forces from the rest of the economy, the
prices and rental rates of land are determlned internally. For example, for

given inpnt and output prxc&g and glven rental rates, an in&mvidnal farm 8 dem

3mand for)laads af varx&us types (supply if negatxva) is ﬁL* (W), Wthh is a
function of land prices according to the above optimization problem. Supply is

equal to demand for each type of land, and aqﬁilibrium ﬁrevails in the industry

only if
I
(10) N AL? W) =

i=1

Similarly, the demand for rental land of various types {supply, if nega~
tive) is given by,zgéﬁ),ﬁogqgiven pricesof land, other inputs, and output.

The rental markets are thus in equilibrium only if



(11) o o }: 2*(3)

i=1

1. Diversion-Payment and Acreage~Control [istruments

Consxder gow éﬂe‘rale éf agrlcuitur;i polx;y 1nstrum§n£s éorrespondlng
to dlversxcn poizcles.n Speciflcally, conslder the 1§£raduct10n of voluntary
acreage controls and dxverslon payments. SuppOSe a farmer has the optlon of
either dlverting or not divarting a fractlan, L= - W, af the land he farms

(1nc1ud1ng raﬂted 1ahd}= 1f ha»éxvarts,i;":&unf hlsxland, he recelves a pay-

ment far normal producﬁian on the nond;xg:ted land. Smnae the payment is based
on ;egiqnal average yields; he Teceives a payment of P per acre ﬁf nondxverteﬁ
:land where P is based on a payment rate per acre and normal average yields for
the region. If the famrmer does not comply and divert 1 - @ of his land; then

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

where Ai = 1 corresponds to compliange_with the diversion program and Ai,= 0

corresponds to noncompliance. “The farmer's decision problem for-a given tech-

nology choice in (7) thus becomesg

(12) N Aéag AL Wi(s) = [PyS + Pki e - us] Ai - Rzi - Yks
i, i,l’ =4

* )
+ [wi - (1.4 8) W] (Li + Mfi)
subject to

(13) Ay oo fw (L + AL+ Z) - A 20

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

is a 1 x J row vector.



10.
ITTI. TIndividual Firm Behavior Under Diversion Policy

In the context of the above problem, the effects of agricultural policy
on individual farm behavior can be examined by comparing the results of com-
pliance with noncompliance using the results of the Appendix. To facilitate
the discussion, definitions of three quantities of land are imporﬁéﬁt: owned
land (L + AL }, controlled 1and (L + &L + Z, ), and utlllzed 1land (A Y. In
the case of utmlzzed land the relevant shadow value is |
§ 7 Vag T Py Sy T Bgg Ky ST TR PR
(14 6,44 ' "

Thus, if type j land dis utilized, then frem. (A.33)

~

15 R, =Py . +PA, -y . - - (1 -
( :) 3T ey TP My ™ %4y °s3 " b6 Ay - w

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

(16) . . ¢61 g W

Solving (15) for ¢&i' the quasi rent to technology, and noting that this rent

-~

measure will exceed program net returns {Pys. + Phi - usj - ¢6i li €1 - w)l]

less the rental rate adjusted for the capacity measure 1l/c¢c . for all types
_ 5]

of land which are not utilized obtains

(a7n ¢4i = max ¢ max
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If the first tetm on the right=hand side of (17) is negative for all land types,
then ¢éi = 0 and no land is utilized. In the case of noncompliance (Ai = 0),
¢4i is simply the;méximum prmfit (fé;urnthé land minus rental payments) per unit
of capacity over all types of land controlled ﬁy'the farm.iﬂ
To further interpret ¢Ai’fﬂr the case of compliance (Ai = 1), notée from
.3 . & < - O H > 0. S
(A.33) and (A.34) that ¢6i __(Rj @lji)/m for all 3§ where ¢lji > 0. Thus;
Qeilg»aifwzfar all ‘3. But the diversion Yequirement canméet be satisifed: unless
some-land is ‘controlled: but-not utdilized (A, < Lo, + AL,. + Z,.)¥; clearly,
v 13 R = & M v
‘from (l?);‘¢61,#fkﬁiw~for some land typeaé,éﬁdilhencég’

- wo PR S K PR ¢ R, 1

Thus, the farm will divert only land with the lowest rental rate. The shadow
price of diversion is tbé rental rate on diversion quality laﬁdlﬁ'adjusted<d§—
ward by a factor reflecting the proportional amount of land for which the
marginal ine;sion acre satisfies the d;versiqnﬁraquirement.

f'Tux#ing-tc-land transéétionsi (A.33) and {Ai34) of the Appendix imply that
the gain from either contrelling or-leasing out land of type j is equal to the
market rental fee. This result, along with relationships (A.31) and (4.32),:
reveals that land of type j will be held if the eéxpected capital gains from
ownership, plus the gains from controlling the 1and=(representedjgy Rj), are

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

. * -
> "Lij if wij - {1+ 8 wj + Rj ¢51 wj
19 .
- ﬁLij L £ W 1 +8) W, +R, < W
=L, . if S . 3 WL,
1 g3 = O Ry <0, Wy



12,
The opportunity cost or.shadow price of credit may be determined from

wzj -~ W+ Rj
0 #gy = max- x| - 84, 0

-

I

i.e., if any land is held, ¢§i is the expected rat§'of return on land minus the
rate of interest.

~ -‘The above results on rental rates, (15)-(18), and land transactions, viz.,
W;j-v’(1i$ &) Ws “~¢5i-wj 7_33 ﬁgf‘hﬂigmland, allow a useful simplification .of
the criterion fgnetioﬁ {12).  That is,Vsubstiﬁuting;thaga"xasélts inte (12) for

the land types where not ‘all land is rented out and not all land is sold and

using (18) with K = min R, leads to
i

1 -w

21y wi(s) = ¢41 + li R eAi - R (Li + ALEV+ Ziﬂf %i)

+ogg WL+ AL = Yk

Note that, since L, + ﬁLi +5Zifw A; is a vector of diverted acreages and ‘B
applies- to all types of land which are diverted, the third term on the right—
hand- side of (21) is R times total diverted acreaée if R > 0. However, since-

{(L - w/wleA, is alsoc total diverted acreage, the sum of the second and third

i

terms of (21) vanishes. Hence,

{22a) Hi(s) = ééi - Yks + ¢5i W (Li + ALi)

or, using (A.26) and (A.27), it is evident that elther ¢5i = 0 or the credit
constraint in egquation {6) holds in strict eguality; therefore, (2Za) can be

rewritten as
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Equation (21} implies that. the overall gaiuns for the farm are made up of two
components, viz., ¢4_ - Yk represents the gains from operation and

¢5 i (L ¥ AL ) represents the gains from wealth (1n landholdlngs)

IV. . Market Equilibrium Under Diversion Policy:
The Case of Fixed Technology

To examine the distributional imﬁlications §f divéfsion'pdlicy'énd the per-
‘formance of markets, assume initxally that flrms do-not have the apportunlty
of adapting new Eeﬁhn@lggy Hence, Evaxy Farm aperates.with its exmstlng tach«n
nology sg. Mbreover, for the sake of 31mp11cxty and witheut loss of. gerarality,
aséume the capacity of each technology is independent of the land quality uti-
lized,i.e., csj = Cgs for all sij' Finally, the total amount of land available.
of quality j is presumed fixed at Lj.

The assumption of fixed technology implies that, along with a fixed amount
of available land of quallty j-fas- equatlan {2?) Suggests}3 langd. utlllzatlnn &n&
assoﬁlated galns from cperatlons can be treated separately from: laﬂdownersth
and its associa;ed gains.; The component ks iz zeroi and thus the link between
landownership and land utilization is eliminated. in gther words, .the trade-off
between land transactions and capital good investment does not exist. Given a
perfect rental market, the optimal land utilization will involve the maximization
of industry gains from operation. This can be shown by comparing the equilibrium
conditions derived from individual firm behavior and conditions obtained from

industry maximization of pains from operation.



14.
A, Fizm Land-Use Bquilibwiim Conditions

The key determinant of the equilibrium islthg:éegpge_gf_gagpliance. The

conditions for compliance are summarized in Proposition 1.

PROPOSITION 1: The key determinants of eompliance are the diversion payment

el

per diverted acre, [w/(l - w)] , and the minimum rental rate, R. Speeifically,

[

for full compliance, [w/(1 - w)| B > B; for partial compliance, [w/(1 - w] B =5

and for ﬂglggmg;§4nga,;[MX{1 - 2];? < R.

"B

© PROOF:

T m;oducing (18) ing:o in obtains

(23) ¢45 = max { max e,
J’ki s

Since Ai is'a choice variable, limﬁ 1 for all 1 if P> (1 - w)/w R, while
AiVm'G for all i if P < (1 -~ w)/w R. Hence, li will be selected in accordance

with the largest value of ¢¢i' The participation decision is given by

1 u PxiZBy
24y - Aj(s) =
5 otherwige .

For P = (1 - w/w ﬁ, each farmer will be indifferent between compliance and

noncompliance which will generally result in partial compliance.
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The case of no compliance is, of course, of little relevance to our analy~
sis. Hence, we shall investigate the cases of partial and full compliance for
a given P. To examine the equilibrium conditions for these two cases; note

first that firms with thé same ﬁecﬁﬁoiogy'for iéﬁd'dualiﬁy 3 are indiétinguiaﬁ~

able. Thus, they can be treated as a single aggregate, viz., the total land

of quality j employing technology s is defined by

.

(25 Asj v f_ Aisj

wheare Ai 5 refars tﬂ land af type i utillzed by firm 1 wltﬁ technelagy‘s. Since

the capacity of each technolagy iz independent of land quallty, the aggregate

R

defined in (25) is constrained by

ot

(26) A, <N .21.-,,_ s =1 vsn,

L % s
j ¥ s

where N_ is the numbex of firms employing technology s. Similarly, ¢4_ = ¢&ié;
L . - : .- 5 ¥
and since ¢As is the dual value for the capacity constraint for each firm

employing technology s,

N
s ~ -
(273 %s(ﬁ: - 'z’. ASQ -
s 3

To admit the effects of diversiom policy, define the amount of land-
type j diverted as }10&. Since all the land is either utilized or

diverted,
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So

(28) N T A, =L

g=0 51 3

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

(29) | EA.<(Q-wZLl,.
i R

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

irmediately

’(3-(?4’ : k~ {(l; m) ?LJ 2 § 03} {'" '"”’““"“‘ } = 0.

To complete the statement of firm land-use equilibrium conditions, in-
troduce (18) into (14) and (15) and use the assumption-of at least partial

gompliance, P - 1 - w/w ﬁ‘z‘ﬂ,to obtain

SRR R

e B gt . 5 - — - <

(31) Pygy = By * P w R =R ¢&$ s 20,
(32) Ay Eys P (P - Ii) Ry = b4 cs] 0.

Conditions (26) and (27)-(32) determine the firm land-use equilibrium
values bf‘Rj; §,3¢43, and ﬁéj (s = 0, .., Sajgj*# 1, «.., J) for a given P.

This equilibrium can be easily determined from the following proposition.

PROFPOSITION 2: The firm land-use equilibrium (88) and (87)-(32}, for a given
output price maximizes industry total gain from wtilization and diversion,
where diversion 18 treated as an gqdditional technolegy, i.e., the land-use

equilibrium satisfies
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]
=L -w T
33 ; -
(33) + P S AOji
i,)-'
subject to the constraints:
34 Ih . <(l-w L,
(34) i O} < ) P |
J
(35) ri . <N - s =1, +o., §
. sj — sc’ L * o
1 &
. 5 ~ : "~ C
36) : LA . =Ly 0 037 1, seey J
(36) oo s % 3 »
PROOF:

Define ag, ag, and 53 as the shadow values associated with (34}, (35), and

(36), respectively. The resultiﬁé first~order conditions for (33)-(36) are

an. e oy 1@ ;vw) L LJ - I A.Oj] =0

( g ) |
(38) . ) o {— - b A.J =0
39 §. (L. -IA )=0
(39) 3 <3 z ;s;}}
(40) Pysj R 6j ~a <0

A - -8 _a =

sy . Asj (Pysj usj ; S)N 0
(42) P2 -5, —a, <0
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~ s w A
€3) Ko (? T - 6 - ch) = 0.

To establish the eqdivaleﬁce betwégn aggregate firm behavior and the programming

solution, the following identities are needed:

(44) | a = 4,

) L ,,_)
(45} csj=aj—(9— w R
and | N - :
47> F=-1-%-%

wﬂefé S'is thé éhadow pfice, 5j’ for wﬁiéh Eﬂj > b. The cand;tions 343~ (43)
are satlsfled by the firm land—use equillbrlum (26) {32). Con&ltlams {34}y,
(35), and (36) are identical to equlllbrlnm condltans (29), (26), and (28},“
xespectlvely. Introducing {46) into (30) cbtalﬂs (3?},1ntroduﬁxng (&&} 1nt:ew
{27) vyields (40); (39) is implied by (28); én;rcducing {44 and (45) into
(31) results in (40); introducing (44) and g&é} into €32) implies (41); and
intzgducigg>(%§}~(ﬁ?) into ;Qj R - Rj] aaﬁ not%pg by cénstruction th;t

R, 2 R verifies conditions (42) and (43).

The eguivalence between the firm land-use equilibrium and the linear
programming formulation caﬁ)bé éasily establisﬁéﬁifar Gj > 0, at least whén
Eﬁj > 0 and the equilibrium solution exists by noting that the optimal linear
programming sclution will lead to éﬁ,optimai sﬁigtiaﬁ to the equilibrium
problem. This can be shown by solving (42)-(46} in terms of Rj’ R, and

¢&$ and performing the needed substitutians.lz
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B. Changes in Diversion Policies

Proposgition 2 allows -analysis of the -impacts of changes in diversion

payments and requirements on.total diversion, output, rental rates, and gains

Iﬁ'this~analysi5'an'expliqit representation of the dual,ggu(33)f(36} will prove

useful.” The dual problem is:

v . 7 “ s, S
(48). . Min E Lj &, + I &* G. + u (L -w) I L
s=1 j=1
Sﬁbjeét to A c
(49) (Sj + 0’.5 > ?ysj - HSJ
g —~ é}-- - ]
(50) éj + ag_a P R

Fifst;écoﬁsider thg,iﬁpggt~éf ;ﬁanga; iﬁ.§,¢g(tptél diversign_méasuxéé
by T = E =1 WO for a given P. An }nprgase in P will augment ;h; value of ij
in the primal. . Under paxtial Q?myliappe, this increase will result in
larger divg;sion_whilg»ugéer fu%l compliance, qﬁ course, ne effect will be
ragistere§=on<divér$;0n.

The impact of increased diversion payments urnder a state of partial partici-
pation can be captured by the use of the dual representatien, (483~{50}. For
partial participation prior to the increase in,divegsieg;payments, the inirial
level of the shadow price % is 0. Hence, from (49) and (30), ig fq;;ows thgt all

land-technolegy combinations for which the return,. PYG“ - 3 is smaller than the
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payment for diverted land, P @l(l - W), will not be utilized (i.e., A . = 0.

03

Given a nonbinding agzregate diversiﬁﬁﬂlimit, és P increases at some point,
Pyaj - “;5; and -the associated (s, i} land-technology combinations will be
diverted: Such lands receive a higher return when allocated to diversion than
when utilized with initial technologies. WNote that utilization of these lands
with more efficient technologies is unprofitable since, if the.new higher level
of diversion payments were feasibla and profitable, it would have been feasible
‘and proficable as’ well as for the initial level of ?. Elnally, if P 1ncraases
but éoas not surpass any (s, j) land—technolagy combinatians for Whlth the nga'
gain measure is larger than the initial ? w/(l - W), the land-use pattern will
not change.

An increase in diversion nequirem&nts on total diversion, T, has two im-
pacts which may be captured in terms of the primal (33)-(36). First, it makes
the diversion comstraint in (34) lgss binding;yseﬁcnd, it dimindishes the gain
frdm:&iversigﬁé,-g Wil - w};.fhe)péice of Esj'é;TfThe'sedond’im?act has the same
effect a; a reduction in diversion payments. Hence, if the initial participation
is partial, an increase in 1 - W.will affect T only through the reduétion in
P w/(l ~ W). In this event, total participation and the amotnt of diverted land

will decline. On the other hand, for the c¢ase of full participation, both before

and after the increase im 1 - w, total diverted land (1 - w) I L, will rise.
Clearly, if participation is complete prior te the rise in.1-- ®, partial par-
ticipatibn,may restlt after the increase. Tn this case, the effect of an increase
in thé'&ivérsion requirement on total diversidn is unclear..

As with total diversion, theé impact of changing diversion payments and

requirements on the aggregate supply depends upon the degree of participation.
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Knder full part1c1pat1on, glven ocutput price an increase in P will mot change
lan&—usg patterﬂs or tatal Output. Hﬁwever under partial participaticn, an inw
crease in P may result in the dlverslon of _some prev;ously utlllzed land, w1th

the nmndiverted land centinulng to employ its 1n1tial technology Hence, an in-

crease in P tends to reduce aggregate output. Mereover under partial paftici~
patlen, a rise in diver51cn requlrements has the same qualltatlve 1mpact onw&
aggregate supply as a decrease in P- namaly, output is increased. On_the other
hand zf partlgfpatlon is complete both befﬁre and after a change in dlversien
requlremants, an increase in 1 - will reduce tatalﬂutllized land férclng a
reduction 1n the utliizatlan of(seme of the ﬁechnolcgles wlthaut intrea51ng o
the utiligatmeg of others. Under these c1rcumstances, total Output will fail;
Some of the more interestipg qualitative effects relate to changes in P
agd 1-won @andgrental rates énd farm opgrators' quasi rents. For full pai—
ticipatioq, equaticns (34)—(&3} indicate that the new optimﬁl solution to the
prlmal for hlgher P w111 be identical to the orlglnal solutlon. However, the
solution for the dual for alternatlve levels of P wlll ﬁlffer. That is, to
o must incteas;.sufficientiy

insure that equationm (50) will not be violated, a

to compensate for the increase in diversion payments, i.e.,

: ; s Ap.
(51) ) o ba s AP

Hence, from Proposition 2 and the equivalence conditions (44)-(47), we ?ingu,
that, under full partiecipation, an increase in P will not alte;uthe ipdu§§;y
production pattern or the gains or quasi rents from operation (éés). ?be addi~
tional iucome from diversion payments will increase the rents for land. From

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

1=
= AP,

(52) ARj =
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In the casé of partial participation before and after the change in P, the
fact tﬁét the shadow value of the diversion constraint dzﬁ)’must be zers alohg
wi&h {43y, é%S);'aﬁd (47)'impiies thaf'Rﬁ = Sj. Thﬁs, ch%ﬁges in rental rates Rj
are equal to changes in ﬁj in the linear programming formulatfon. Recalling
that)aé:increase iﬁ 5 results i% the diﬁérsion of all land operated with thosé
technologles for which Py sj - usj is smaller thaﬁ the new efféctivé diversion
payment, P wJ{l - uﬂ, the changa in rental fees will be equal to the changa in
the effectiva &iversion,payment. Th& quasa rents after this increase tn t&e
operators of thﬁsa téchneiegles that were empleyed on diverted ‘1and falié'fér
zero.»)?er l&ndf&ﬁchﬁaiﬁg?‘C0mb1nat;ous_that‘@@ﬁtin&&‘ﬁﬁ é@eraxglvéth thé fiew
aivérsion pay&é;;, if the iand is o% diversion éﬁéliﬁy; (&9yjaﬁd tSO)nindicate
that the guasi rent to the operator must decline to compensate for the increase
in P @/(1 ~.aD. Constraint (50) iﬁplies that 6i“ﬁust increase since Oy = 0;
thus, for constant Pysg -y 3’ some elements of o, must tend to decrease. These
changes will spread to ?;hgr land qualities and technologies; thus, land rental
raﬁés Qill tend to incrééséxta absgxb the gains fgom increases in the diversion
payments, while Quasi rents will decline to aBsorb the loss fﬁem reduced produc~—
tion. In the case of partial participétioﬁ, whé&e the rise in P f@fl - i) is
not large enough to increase diversion, as (50) indicates, the resulting in-
crease will be reflected in increased rental fees for diversion-—quality land
with the result that, for other types of land, the gquasi rent will decline ac—
cordingly by (49).

The above results can be summarized by:

PROPOSITION 3: Given output ?Piae, an increase in diversion payments will be
reflected by rental rate adjustments such that all inereased benefits will ae-
erue to landowners rather than operators. In the ease of full participation,
the inereased diversion payment will increase rental rates leaving quasi rents
unchanged. In the case of partial participation, the inevease in the diversion

payment tends to inecrease land rental rates and reduce quasi vents.



23.

creases in diversion requirements tend to decrease rental rates and increase
quasi rents. To examine the impact of more stringent diversion reguirements
in the case of full participation, the rental rate for this case can be derived

from (44) and {43}, i.e.,

(53) R, =65 +

Under full part clpation, an inﬁrease 1n l . w111 reduce the amouﬁt of

utlllzed Eandf‘thus, some (s, J} comhinatlens w111 no langer be cperaae&. Ih
thése cases, those elements of a assoalated with the dlscarded technolcgy aré
reduced to zero; and since Pyé; ; ﬁsj is given; asseciated elaments of Gj must
rise so that (49) is not violated. The increase in elements of éj may re-

sult in the reduction of dther elements of &_ associated with technologies com-
bined with land type j; and this reduction may, in turn, increase still other
e.la‘ment:s of 5 . Thus, the reéuctmn in utillzed land due to higher dwersﬁm
requlrements will reduce quasi rents whlle s1multaneously increasing the rental
rates for land through increases in sope 5j’sﬂ By (53), the increase in. 1 - w
alsoc tends to"increaséfﬁj’ﬁhrougﬁ the reduction. in @ which: contributes to in-
creases in @éiwl However, by (5;),ntha-redu¢;ign in the effective diversion
‘payment will reduce & + o,; and since § may inerease, o,

raduced Rj’ “In tther words, the reduction in the gain from diverted acres,

will fall leading to

w/{l ~ w) %, tends to reduce the rental rate. - The net result of these opposing

effects is unclear.
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PROPOSITION 4: For given output price under partial particfpation, an increase
in diversion requirements teénds to reduse rental vates and increase quasi rents.
Under full partieipation, mors stringent diversion vpequirements will pesult

in lower quast rents, but their effeect on rental rates is wnelear. Reduction
in utilized land tends to increase pental rates, but the reduction in payments

per diverted acre tends to reduce rental rates.

A carollary of some importanee foll&ws imm&diately from P109051tions 3
and &-mnamely, an increase in ? and/or w, uﬁdar'partlal parﬁielpatian, raducesv
@é ard thus farces some technologles and assoclated farms to cease gpé?&tma&la:
Héﬁce,”$ome épera£¥ng.farms included in N before the Increase will exit frcm

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

COROLIARY 1: 4n imcrease in diversion payments or a reduction in diversion
requirements, under partial participation, leads to increased coneentration
meggureﬁzbyithgagveyage land size of acﬁ@verfarms.

" The above results presume given output prices. However, since démand for
the final gﬂodVis‘noticompletely elastic, it follows that ehanges»inzg and 1 — @
tend” to chaﬁga:autput prices. Té be sure, the secon&—order(effects resulting
from price changes must be taken into account when the overall iﬂﬁ}ueﬂﬂe of
changes in P and' 1 - @ is evaluated. These second~round effects modify somewhat
the results in Propositions 3 and 4, but the qualitative directions émp}iedwby
these propogitions remain unaltered. |

Under full participation, an increase in P will not affect output prices;
and the results of Propositions 3 and 4 remain unchanged. Under partial par-
ticipation, an increase in P will increase output price; and that increase

will offset the initial increase in diversion that results. Nevertheless,
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the nverall 1mpa¢t of an 1ﬂcrease in P w111 be to 1ncrease ﬂlverqlen and reduce
output. Th&s is the case 51nce, 1f the secondﬂorder effect ied to raducéd‘dzm
versxon and incréased output ultlmately the prace would deallna, and the ‘
second—crder effect WOuld ‘be reversed. Slmllarly, the 1ncrease iﬁ ﬂutp;t prieé
resultlng fram an 1ncrease in P w111 strengthen the increase in rental rates by
Propo§it}§n 3 and will tend to affsetrredq;t;ens in quasi ;ents‘ -

Unéer partlal part1c1pat10n an 1ncreas’e in ﬁmersic;n requlremants mll
rg&gegaputpwt prlce&. Thls wlll partlally affset the reductlon 1n total di—
gvaréién, It w111 also 1ﬁerease the quasl rents. and strengthen th& lncrease iﬁv
rental raxes (by PrapQ31tian 4) En&er fuli particlpatlen,nthe 1ncrease 1n di~

version requlxemeats’w;ll lne:ease cutput prices. Flnally, the 1ncrease in

prices will lead to similar movements in quasi rents and rental rates.
C. Cost-Redueing Pechnologies

The equilibrium level of divers1on, rental rates, and quasi rents can be
Aéﬁ&&?ﬁiﬁédigrépﬂicalkj for the speczal case where land. pra&uctlv1ty.1érindg;lf
pendent of technology (ys ) and the cost of each technology is 1ndepenéent
of lagd ggaxity_(gsj = ;S). The dual, (ég)ééﬁﬁ),‘lndlcates that in th£§ 3353‘ 
there will bg a cri;iqal j? such that ail types_of land with higher'yioddcﬁivity
ﬁij > §jﬁ)xwéil be utilizgq,:;hiie.;ow;t ?roduc#i§ityylan§sy(§j$é'§§%} Will ﬁ;t:
There also will be a marginal technology, s¥%, su;h that ail the Io%er cost tech-
nologles (p ok > u ) W111 be fully utllxzed (hereafter referred to as e££1;1ent
technglog&es) and all the less efficient technologles w:il not be utlllzed. More-—
over, by the independence of land productivity and technology, a uaique corres—

pondence between land quality types and technologies (a unique A s ~ s) will not

exist. For the optimal solution, diverted lands may be utilized with any
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efficieﬁt tecﬁnéiégf. Oﬁiy the optimal level of total diversion i¢ captured;
this totéi.diversiOﬁ determines the marginal lan& quality, §sj*’ and the mar-—
ginal technology, li» along with their utilization levels. In Figure 1(a),
qﬁélitiés of land are arrayed by declining qualityalongthé land axis with
total révenues per acre shown in the upper bar grafh. Existing technology
capacities are also arrayed along the land axis by declining efficie&ty)with
operating écéts pexr acré sh;ﬁn-in'ﬁge lower bar gréﬁhJ Sdbtrééting opéréting
costs ﬁfdﬁ;fevéﬁuéé)alldwswgéiﬂswffoﬁ\o@eratibn, ?;E - ﬁg,xtb”bé'&é£9%ﬁineﬂ,as
~w;§ownfi;”%igﬂﬁéﬁlfg5; Tﬁé éggregéfe di@étﬁién régﬁffémeﬁk, if;éll'farms comply,
is @i. VThaS;Hif-Qlﬁi - mf ?lﬁ ai’éiivfafms:;iilrcémﬁly since the diversion
payment ﬁér diverted acre exceeds the gain poséibie on all land to the right of
whe If a > w/ (1 - w 5 > b, then gains from operétion exceed the diversion pay-
ment per diverted acre on the land (wk, La)hsc that utilization increases to La'
Thus, from Figure 1{a), all of land qualities 3 through 6 are utilized wvhile
some of tﬁe,margina; t&chnoiégy, Sg = 3, continue§ to stagd idle. HNow suppose
theiéiversi;n ﬁéjﬁent is lowered so that b > m/(ljm w) P> ec. Then, folldﬂiné
the above reasoning, utilization increases from La to L_ so that all of tech-

h , , b
0" 3, is utilized but land quality 2 is only partially utilized.

nﬁlogf;:s
¥inally, if the diversion payment is lowered such that 4 > w/{l - w) %, then the
gains from eperation on all iénd:exceed the diversion payment per diverted acre.
ﬁence, no compliance will:result.

Since anyiland utilization pattérn consistent with Figure 1 is optimal,
the equality in (49) will hold for j > j* and s > s*. This equality impiies
that rental rate differeéces between two types of utilized land will be equal
to the difference in the values of their output, i.e.,

(54) R~ R, = P§k - Py,

k, j > j*.
3 § » 1 7 3
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Similarly, quasi rents per acre among utilized technologies will diffe;;q>” .

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

- = o ] 3 *
{53) o o U us if 515 Sy “_s
As Figure 1 illustrates, two types of equilibrium’are'likely under par-
tial participation. In one case, for example, when b <P w/(lE* WYy < a, the
marginal land is fully utilized and,tﬁe marginal Eechnélogy is:partiaily utilized.
In this case the quasi rent far the marginal technolﬂgy is zera' and by (49}

and (50}, u31ag (&?), the rental rate for the marglnal 1and is

(56) '“Rm_“%3Pyj* f“ﬁs* > Py

In the second case the marginal land -is partially diverted, while the
marginal cgchﬂology is fully utilized [for example, when ¢ < §~m/(l - @) < bl.
In this case the rent for the marginal land is equal to P wf (1 ~ w); and the
:qa&si rent. for ﬁhe»marginai,technaiogy is de;grmig@d‘erm {&&),ZCQQ}? and iSﬁg,

-

_Fyye - w/(l -w) P~ u_,

Cper =TT o

(7)Y

In the case of full participation, the optimal solution likely rgsulﬁs in
both marginal technology and marginal land being partially uéilizgd. -In this
case the quasi rent of the marginal technolegy is zera,rand the réntai fee
for the marginal land is equal to the rental fee of diveréed land; Introducing

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

(58) R= Ry =0 (Y, =~ Hig, + P).
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Note that the rental fees:for any-utilized ldnd quality can be derived by
introducing the rental fee for marginal land in (55). The quasi remts for each
tecﬁhdlégy Ean ﬁe'éeterméﬁéd éim&iarly. These results and Figure 1 111u$trate
the use af¥Prbpositioﬁs 3 and 4. Under partlal partic1patien a reductlon-ln‘
the diversion pa§ment péf'aére, P w/(i —}m), may reduce total diversion, the
product1v1ty of the marglnal land {if P mf(l - m) moves from segment ab to bc},
and the efflciency of the marglnai tachnolngy (if it moves from be to cd), whlle

,praductien ma,;y mc::rease-.

The effects of changes in effect1VE diversicn payﬁént on- rental rétesuaﬁd“
quasi rents &epepﬁsteg»;he,segménts over wﬁiﬁh such‘ﬁhagges_pccur‘ 1f effective
diversioﬁ‘paymemﬁ is increasin'g‘ éver segment ab, énly the rental fee for diver-
sion guality land will increase; while, by (54) and (55), other rental rates
and all quasi rents will mot change. If, however, effective diversion payment
is rising within a ‘segment such as be, (54)-(57) indicate that all rental rates
will increase and all quasi rents will decrease. An jncrease in éffgétive di-
version paymert, ﬁhich invol@es;a sﬁift‘fram'bné segment. £o anothef’{frdﬁ be
to ab), will increase all rents and yeduce all quasi rents. If demand is nega-—
tively sloped, the change will increase output price; and this, in tura, will,
by (54) and (56), increase the rental raées for ;tilized lané and the rental

rate differentials.
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D, Landewmer Distributional Effects

The above results related to distributional effects on operators camn be
extended to landowners. To simplify this extemsion, a specific assumption on
the form of land-price expectations will prove expeditious. Suppose each indi-

vidual merely holds a subjective expectation on the rate of appreciation which

‘eredit for dmdividual 1 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 new production peried, then éﬁi = 0.
Using (59) in (19) thus implies that each individual will own only land types

for which R./

R ?3 = mix Rk/wk‘énd’ hence, ownership of all land implies
(60Y R R 3 -
ViW Wy W

via the equilibrating market mechanism where W is the price of diversion quality

land. Thus,'{ﬁg} becomes

R R
by - B+ = if v, - 8+ > 0
{61) ¢5i =
R
0 if Y. - 8§+ —=2<0.
i W

Dsing (39) in (19), along with conditions (A.26) and {(A.27) of the Appendix,
implies that all farmers with wi > 8 - R/W will buy land until theilr credit is
exhausted, while all farmers with y, < 0 - R/V will sell all their landholdings;

farmers with ¢i = § - R/W will be indifferent to owning land, i.e.,
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(62) , T A &
AnL . i : =

Thus, & critical ¥ will exist, viz.,

<a§> | RS zé; bs

such that all £axmers wlth $ >. $ Buy iaﬁd all faxmers wzth ¢ < @ will sell

land. fhe azlnlcai $~w111 be d&termanaé by the 1and market e@uiixbrmum équaﬁlon

i (11) which, when pramuitapixad by W, becomes 5

(64) I WL, + 3 WL = 0.
v,2P 0, <F

Substituting equgtienvﬁé%)finx(ﬁﬁ} and wsing (61) obtains

{63) - : L_WL,6 - I WAL, = I m.
b <$ ' '

Henc&, land transactlgns in the marglnal group with ¢ = 1§ must adjust so that
the total new purchase of land by farms wich @ > w is equal to their cred;t
availability.

Iﬁtraducing (63) into (65) Ylelﬁs s

(662) cOE Ry <0 -9) Eom
L 7L b >0

(66b) E_RL, > (8- I m,.
v, <P o >0 *

ER
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Thus, 5 can be detérmined by rankinggmi and then performing tests with ) = wi’
i=1, 2, ..., using R as determined in the previous section until a ¢i is
found where (65) Holds. Note that équilibrium is obtained only if 8 - wi >0
for some i; otherwise, the equilibrium condition in (63) cannot hold for posi-

tive prices.

PROPOSITION 5: An increase in the diversion payment and a reduction in the di-
version requirement under partiql partictipation tends to increase land prices

but at a lower rate than rvental fee increases resulting from such changes.

PROOF:

First, prove by megation that R/W = 8 ~ ) may rise with P w/ (1 - w) undexr

partial participation. Suppose an increase in P w/ (L - w) raises ¥ from wo

to El' From {(66a),

(67? L Rl

L<®-9) I m
i 0!

i

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

rental rates. By (66b),

I m,.

(68) I R, L, >(8-P _

)
ot i ¢ Bt G 0

at the initial equilibrium. By Propositions 3 and 4§, R} > Ryl and, assuming 1?1 > tba,

(69) I R L > I RL.
vi<h v

Also,

(70) 6-9%) I m <@®-9) I m,.
SN O oy,

1
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Combining (70}, (69), and (68) contradicts (67); thus, an in;;easerintf w/ (1 - w)
may reduce ¥ and raise R. To shcw that an lncrease in P mf(l - W) may increase
increase in P w/ (1 - w) will cause the equallty in (65) to be v1olated, and

the only way for restoration is for land prices to increase.
V. Téchnological Adoption

In_the context of the abave fxamework what are the major effects of diverw
sion p911c1es ‘en the adapﬁian of new 1::&1{::1:]&)@:3-Z‘Lc:glxa‘s"i To 1nvestigata thxs issue

te@hnologies cannct be’ presumed fixed the lntrnductlon Gf new teahnﬁlogles must

be,a1¥QWed.e In this event the tradevaff between 1and transaatiﬂns and a&pltai
good investments can no longer be neglected. Specifically, the llnk between
lanﬁawnershlp and land utlllzatlon, the component k {see (29)1, is now p051—
tive. Necessary and $ﬁff1c1ent condltlons for the adaptlan of a new technology

sy instead of s are that technology sy yields higher gains, i.e., [by (21)],

(71) mi(8)) - TSy = bs, " %

bs, d)5’ kg 20

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

(72) 7 ‘ ’ © k. <m, + WAL..
s — i 1

As implied by (71), policy changeg will augment the tendency to adopt tech-
nology s, if the neﬁtéé;hnology is feasible before and afteér the policy changes
and ﬁi(Sl) - ﬁi(Sﬁ) becomes positive afrer the policy changes. ’ﬁﬁderhﬁhése con-
ditions, tﬂe policy changes opérate through two diétiﬁctﬁeffects: (a) a quasi-
rent effect (an increase in the difference, ¢451 - ¢4 O) and (b)Y a credit price

effect (a reduction in the shadow price of credit, i.e., a reduction in

¢Si = wi - 8 + R/W).
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adopt ‘the néw ‘te-chnelogy ‘throigh a third effect, viz., the ¢redit availability
eé%ect. This %ffécéw{;’redlizad 1f the néw tééﬁn&lﬁgy; which was previously
infeasible due to credit limitations, becomes more profitablé'éﬁd{féasiﬁiei’
after the policy chanéés.

The overall effect of diversjion policies cannot be determined unequivo-

calzy. Nevertheless, under partial participation, Proposition 5 implies that

“héthz@ gh an increase in R/W) Ebrenveg, the incregses in output price and -

rental rdtes reSultlng From an increase in P w/(l - wy dllovs determination -
of the effects of diversion policy changes on the quasi-rent differential,

4)45 - % . since, by (23), ¢, = [Py “Hgy <Ry )/c for partial par-

1 G Sjs

ticlpation where 3 denotes land utllized with technology 8¢

The abgve rgsults tmply:

PRQ?ééITION 6: énder'partial partiaipation,ran £ncyeasan&€version payment

and a reduction in diversion requirvement will affect the tendency to adopt the
new technology through (a) a poéitévefergéi% eff;ef, (b}'a négatiUe'capitaZ
cost effect, and (c) a negative quasi-vent effect for a given output price as-

suming that the modern technology has larger capacity.

Since output price may rise when P w/(1 - w) increases, (23) indicates that
~ the quasi-rent effect of“Proppsition 6 may be reversed when the modern tech-
nology is yield increasing. Thus, the direction of the quasi~rent effect de-

pends on the nature of the modern technology.l3 Therefore,
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COROLL&RY 2 If the ma&éyn technologzes are net smallep~zn seale tkan.ﬁhe

alde? ones,ran zn&rease %n dzverszon pagment aﬁd a re&uctzon of dﬁﬁerstaﬂ
reguirement undér partzal parﬁz@zpatzon wall a;fécé the quabz rent dszér
tial betwgen ‘the new and ﬁhe old teﬂhnoZ@gtes such that 6@) tke tendéncg to
adopt new costnreduc$ng technalogtes wzll decZ@ne and (b) éka tendenay t&

adopt new output-increasing teehnologpes may increase. T%as efféat ts

stronger when the demand elasticity is lower.

“té&hﬁblogles. The magnltude of'the=quas1%r3nt effect'degands also QﬂfﬁhE“
characteristics of the initial farm technology. Equatiens (71) and (23) imply
that farms operating oldér techmologies with lower quasi rents will have more

inecentive to ado?t than those opéféting newer technologies. Hénce, an increase

.VI. Concluding Remarks

Ag shgﬁ%, t&e}&istriﬁﬁﬁféﬂal effects of &ggiéﬁitufglﬁpgiicy can be dis-
tiné&isﬁe& £n§%éfm§ of thrée behavioral ﬁnitsg opéréﬁbfs:{hcﬁfﬁéifarms); -
laﬁdawﬁers; and iﬁVesécrs in new ieéhnélégy. Intro&uetion of a policy in which
exi'sting minimal rental rate will infliuence 'oﬁefééors by"decréasli?ng their nim—
baf’{Gorollat§’13;mincréﬁéidg the minimal rental rate (bepésitf5n§°§ and &),
and decreasing the quasi fent to %echﬁology fPerogifibns 3 and 4). These ate
the initial effects. The gecondvround effects result from increasing output

prices as a result of reduced supply. The minimal rental rate increases
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furtﬁér invgﬁe second round, while“the quasi rané tmtﬁeéﬁnolngy and the number
of active farmers increasé. These results suggest tﬂét iﬂe compliance per~
centaée QOuld decrease aéter second~-round éffects.

The initial effect of the above policy on owners is an increase in land
prices with a fﬁrth&r increase inﬁéuch prices after the second-round effect
on output prices. Thése effects, in coﬁjuﬁétion with the effects on active
farms, suggest that the number of absentee owners will iﬁitialiy increase;s
but: this increase Will,begyﬂ@gesggxﬁyvihe»aa;gndrrOQﬁdyaffects<cn output
'prigaa,ﬁlim;ptygr words, . for the:shgft.pun (with. fixed tgthpgl@gg),nthezggt
%esainvﬁfhggcﬁgéééﬁ diversion payments and/or reduced &iﬁersiﬁnvﬁéqgiremants
is to motivate a separation between operation of farm units and ownership, i.e.,

an increase in absentee ownership.

Equtachnﬂip&guadqption, a di;pinctiqn m%y{be made between operators
and owners as iqyestors. In the case of operators, the effect of increased
divgrsipp paymgntg_and»redgqu diversion ggqairements is:pq‘iggrease rental
rétQS'and redﬁéé quasi rents ﬁq/tebhnolangﬁor‘bdth output-increasing and cost-
reducing investments. The second-round effects through the output markets
simply augment the change i&\ﬁénﬁaI:?ates'whilé'partially reversing the change
in quasi rents FQ,tQQh§°1Q$Y~ For the,awngrﬁageragor, land prices initially
increase and are followed by a further incre§$e once the reduced supply gener-
ates a higher output price. This change aygments the wealth position of owners;
it improves their collateral and expands the availability of credit. The ex-
panded, availability of credit, along with perhaps better credit terms, provides
further incentives for large landowners to adopt modern technologies; hence,
a high correlation is expected between large landowners and large-scale

technologies.
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The short-run effects of policy on distribution and equity must be dis-
tinguished from the long-run effects. The-usual conclusions of static analysis,
which' suggest that producers are able. to’ ¢apture the gains from technological
progress under diversion policies, must be modified once dynamic: effects are .
expliditly recognized. As Corollary 2 clearly illustrates, under certain cir-
cumstances, increases in diversion payments and reductions im the diversion
requirements {(under partial’participaticn) can-possibly increase the
,zgndency-to'adgpt'new §§;put—in§féa§iag technai;gigg. hQ;ﬁima;ely, Sgﬁh»tech_»ﬁ
n@logiéé;iggﬁénj&héaiuélasfic.ﬁagarénof output demand, will leé& to guém&gta;v
Eiansﬁgf caﬁéuﬁér sgrélus as a.dixé§t;£éﬁult"ﬁf'Such'divérsiqﬁlpalicigs}
Moreover, the short-run effects of such policies enhance credit éﬁaiiabﬁlit§:!
and thus motivate further technology adoption. This latter effect sheds
light on the importance of agrieultural crédit policies in capturing the
effects of diversion policies. 1In any dynamic empirical analysis of agricul-
tural policy on the distribution and structure of landownership in U. 8. agri-
éaltufé;Vhoth‘credigﬁand:diversian ﬁaligy must be examinsd simultaneeusly.

Some of the more interesting results of this paper pertain to program
complianﬁe>§crass various agricultural regions. In particular, land and rental
markets are separated by geographical boundaries beyond which transportation
and coordination costs make farm expansion unprofitable. Hence, the results
of this analysis can be appliéd tozagricultural regions individually or by
groups. In particula;, diversion program compliance tends to be greater in
agricultural regions éiéh higher costs, less efficient ﬁ;rginal rechnology,

and lower quality marginal land.
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Ahgendix
The Appendix. characterizes the solution of the individual farm's decision
problem. given the technology choice and compliance decision. -Based on equa—
tions (1), (2}, (3), (4), (6),7.(13), and (14}, this decision may be formulated

as a linear programming problem,

S e N ‘ = -
e e D T Byt BT ) A - R -2y
FA.l) »ﬁi’ ?i’ 21, éLi, &Li - . o | N A

" - Lo . ;exkgﬁq[WE— {1 f B}W](Li4-&Li_— ALi)
subject £o
(A.2) A, -L -a v -z2v 427 <o
i i i i i i
{A.3) ALi - Li <0
(A.4) - 2. - L+ a7 -at <o
1 i 31 %
(A.5) c Ay 21
(A.6) WALY - WALD <m, -k
i i i &
N <:: + . - "}‘ " v )
(A.7) he EAi - W (Li + &Li - ALi + Z:i - zi}} <0
+ - + - : :
where 4L, = AL, - AL,, Z, = Z, - 2., and thus all decision variables can be
i i i i i i

appropriately constrained to be nonnegative. Defining @1, @2, @3, ¢4, @5,

and ¢6 as shadow prices for the respective constraints in (A.2)-(A.7), the
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Kuhn-Tucker ceonditions for maximization, aside from those associated with the

constraints, are

(4.8) £IE(PYS+P:L?\H”S)ﬁel"(bhcs—@&keﬁa
(A.9) .L‘_l" Ai = 0

= fu¥ . - ' "
(A.10) ‘cz z {wi a1 -0 Wl + cbl + «1>3 @5 W+ ¢’6 iwe < 0

(A:11) S E,m =0
aa2) £y E [~ (1 0) W e - g, - @1; + 6o U = 0 hue <0
(A.13) 7 Ly =0
(A,14) 1:4 = -R +‘<z>:L + @é due < 0
;(A._;s) V‘ ' L, 2: =0
(A.16) L,2R~ 0 — &3~ ¢, hue <0
(A.17) ' toz. =0
(A.18) £65Ai«LiHALj+&L;*Zi+2;_§O

(A.19) o. L =0




(A.20) L, = AL, ~ L, 20
(A.21) @2 .ﬁ7 =
. -
(4.22) Lo T2 - L, +AL7 - 0L, <0
(A.23) o | 2, £8 = 0
(A.24) Ly = e, 311" 1<0
(A.26) £ zwALY - wWALT - m, +k <O
) 0 ~ i i i s =
(A.28) L. Zhe A -w (L, +28L - AT + 28 -2y <0
: 11 - i i i % i’ =
(A.29) £,1 g = 0.

Combining (A.8), (A.9), (A.18), and (A.19) verifies equation {(15) where

R e (@11, e $lj)‘ Similarly, from (A.10), (A.11), €A.20), and {A.21),

>0 i ¢l +¢3 +wij (l'i'G)Wj @wj ¢6Aw o

+ h| 1 5
(A.31) 4L

=0  if ¢1j+¢3j+w§ij-—(1+8‘) wj-¢5wj+¢6;\m<0.

Also, using (A.12), {(A.13), (A.20), and (A.21) obtains

40,
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AL, . =L,, 4if ¢.. = W, - W o+ (1 + 8 W,
ij i3 ¢2J i ¢j5_ ij ¢ ) 3

- ¢1j - ¢3‘ - ¢6

1.7 < = - W ' - - -
(A.32) 0 < M’i L,, if ¢2j Wj ¢5 wij + (1 + 8) wj (‘blj cb?;j ¢6

3 ij
ALY, =0 if W, - W+ (1 + ) W,
% B ¢5 i3 _< ) 3

Finally, from (A.14), EAV.J.S), (A.22), and (A.Zléj, oné ‘f)s‘.zi‘ds

AE Rg= 4t g e

- and, from (4. 16}, CALT), (AJ22) »a’ﬁ&’:(A.?ii}-;’f

Zij = Lij + &Lij if _¢3“ = R - ¢1 -

(A.348) 022, 2L, + AL i ‘if gy =R - <§1 -

Z,. =0 if R, = Lo

"y 7 935 7 %
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FOOTNOTES

lAé Haréid Carﬁer aﬁd Warren Johnstan have obéé?ved for U. S.'agriculture,
fural éredit‘markets have becamg an important determinant of redlstributlon
within the ¥. S. agricultural sector. They have cautioned that the intense
pressure toward a heavy reliancé’gn capital %argets in“;rde£ to puraﬁa&e ;énd
and equipment may posé’a real threat to thé existénce of the family farm.
The basis for this observation is the ev1dance that “the proportion of [farm-
Iaué] transfers on which debt'was incurred rose from 58£ in 1950 to 88% 1n .
1977 .and the ratio of d;.ebt o' purchase price of -.-qreditt.ﬁi%n%assd .:transfers__msﬁ :
from 57% iﬁ”igéb té ?7%0£ﬁ 19?% .. WU (p.i74E). UL S. farmland debt.ﬁés in-

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

zFer example, Y. 5. farmland prices have more than tripled since 1967 and
moved from an average of $éé per acre in 1950 to $244 in 1976. A dramatic
' red@strih@ﬂi@nxqf7agrieu;tn§alcpredu¢pion has been associaﬁed with this increase
in pricas. théjééerage size of %rodﬁétgon anits iﬂéréased‘f}om'216'écfés in
1950 to 390 acres in 1976.

.3It should be noted that this framework is entirely consistént with empiri-
cal specifications of econometric models,whiéh have béen,aéﬁanced to estimate
supply response in agriculture. Generally, these specifications operate
with acreage response equations (ex ante choices) and fixed or, at wost, addi-

- tional probability distribution specifications for yields per acre (ex post).
The latter relationghips reflect various micro imput-output ceefficients which

result directly from past investument decisions taken by various producers.
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éThe subsidy corresponds to the deficiency payment of the U. §. 1977 Food and
Agricultural Act. Under this Act, the actual subsidy~~or deficiency payﬁent—mis
computed as the minimum of either the difference between the-target §riée'énd
the average farm price or as the difference between the target price and the
loan rate or price support. Producers who participate in the program are re-
quired to divert or set aside land from,historical acreage allotments (prior to
1977) or from normal crcp acreage“ (1977 onward). Thig,gepisian is made at
?%%ﬂtiﬂ,%_ time after set-asides and associated subsidies are announced by the
HSBﬁéu Under the 197? Aet, the deflczency gayment subsmdy is inversely related

ta ﬁhe actual market price, prav1dad this prxae exceeds the loan rate., The

analy31s, heweverg is tatally conslatent w&th the cage of exegenous dlvarslon
payment subsidies. Extensions to the case of market price related endogeneity

{as with the current U. S. deficiency payment subsidy) are alsc possible.

This feature allows an examination of the impact associated with diverting

only the most uﬁproductive lands. As numerous authors have noted, average
yields tend to increase when;aéfeégé'réétric;ibns are imposed (P. Qéisg@rﬁér?Q
Weisgéiber estimates that, as a result of acreagé set aside d} control pre-i
grams within U. S. agriculture, the combined effects of land selection within
farms and the differential impact amﬁng'areas cauge land withdrawn Ffrom pro-
duction to be, on the average, 80-90 percent as productive aS~the’laﬁ& uk g
lized. This has been referred to in the literature as "slippage"; it is often
computed on the basis of past data and is assumed in policy impact analysis.

In our model such slippage rates are treated endogenously.

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

new technologies because of cobsolescence expectations of existing technologies.
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. .
For glmpilczty, assume that 1nput prices include capltal costs assoclated

with ﬁpgratigg_égb;.

8 . s ot .
Output. price expectations are assumed rdtional.-and common ddéross producers,
while land-price expectations vary across produtiers.

Yote that the trade-off between liquidity, as reflected by current or operat-

ing incoms, aﬁ&'taﬁitai'gains7§s:ﬁﬁity{'jThié'siﬁblffffﬁg aséﬁmpéiOn can be

easily relaxad by 1ntroduc1ng a. censtant ‘trade~off which however, would not

zere tax if capxtal gaxns are unraallzed")

lawhile this result suggests specialization by each farm in the type of land

which gives the Earmer the greatest profit per umnit of capacity (leasing out
all other tygés of owned land and renting from others enough of the one type to
f111 h1s capac1ty), the equlllbrlum rental market abnditlons discussed helew
lead to ad;ustment in rental rates whlch on average tend to equate prefits
per unit of capacity on all,types of land.

1;ﬁ land quality j is defined as diversion quality land if it is at least

partially diverted.

Lyote that the linear programming formulation can also provide a non~

compliance solution, i.e., ch = 0 for all j.

13The quasi-rent effects of changes in P w/(l - w) are perhéés the most

‘impoftant since théy apﬁiﬁﬂto all firms and do not depend on Ehei? credit

situation.



45.
REFERENCES

B. Baker, "Imnstability in the Capital Markets of Y. S. Agriculture,"

Amer. J. Agri. Econ., Feb. 1977, 59, 170-77.

E. Brandow, "Policy for Commercial Agriculture, 1945-1971," in A Survey

of Agricultural Economics Literature, Vol. 1. Edited by L. Martin.

Minneapolis: University of Minnesota Press, 1977.
0. Carter and W. E. Johnston, "Some Forces Affecting the Changing Structure,

Organization, and Control of Am@ﬁiean Agricultute," Amet, J. Agri. Eeon.,

Dec. 1978, 60, 738-48.

W,iéﬁﬂﬁiané;“FéE& Prices: Myth and Reality, Hiﬁhgapolis 1958.

‘L. Cardner, "Publiec Policy and the Control of Agricultural Production,"”

Amer. J. Agri. Econ., Dec. 1978, 60, 836-43.

Johansen, Production Functions: An Integration of Micro and Macro, Short—

Run and Long-Run Aspects, Amsterdam 1972.

L. Johnson, "Supply Function--Some Facts .and MNotions," in E. 0. Heady,

H. G. Diesslin, H. R. Jensen, and G. L. Johnson, eds., Agricultural Adjust-

ment Problems in a Growing Economy, Ames 1938,

B. Quinn, "Sources and Uses of Funds in Agriculture,” Amer. J. Agri. Econ.,

Dec. 1975, 56, 1063-65.

Riboud, "Agricultural Credit Markets," unpublished manuscript, Department
of Economics, MIT, 1977.

E. G. Salter, Productivity and Technical Chanpe, 2d ed., Cambridge 1966.

. W. Schultz, The Economic Organization of Agriculture, New York 1953.

Weisgerber, Productivity of Diverted land, U. §. Economic Research Service,

Report ¥o. 398, 1969.





