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JESESSING THE IVPACT OF LAMB PRICE STABLISATION O PRODUCER WELFARE®
by

€. J.0'Donnell
Department of Economstrics
Universityof Sydney, NSW., 2006

Abstract

This peper considers the maximising behaviour of small competitive firms engeged in the
production of woo!l and 1amba &3 joint products. Groups of these firms are assumed fo have
acoess 1o the sames stochastic technology and are sesumed to be expactad utility maximisers
who must cheose input Tevels exanfe. & number of essumptions are mede in order that
nput demands can be expressed 83 tractable functions of the mean ¢nd variance of & random
return. The Minimum Reserve Prics scheme for wool and a partial lamb price stabilisation
schems sre incorporsted into the model. Exprassions for the producer welfere effects of
changes in the degree of partiel lamb price stabilisstion ave derived.  The estimation of the
porameters of the model is discussed,
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The Tamd industry is comprised of & largs numbser of relatively small end Wighly competitive
firms fecing o high degree of uncerieinty in the joint preduction of Tambs and wosl. Spetifically,
{hesx outpuls sre @ joint stochestic function of inpuls which must be chosen befors eutput prices
ore known {exanfe). Of courss wool price uncertainty is currerdly reduced by the Austrelian
Wosl Corporation {AWC) through ths edeinistretion of & Minimum Resorve Price (MRP) scheme.
This paper i3 motiveted by calls for 8 reduction in lemd prics umcertsinty through the
sdministration of & lamb price stsbilisation scheme (sea for exampie Ogilvis ( 1383), McSporrsn
{1984) snd Scolt-McGowan {1984)). The paser is ¢ theorsticsl one - {he resulls of sn
empiricel application of the model and the estimation techriques outlined below ere not yet
gviilable.

Price stabitisstion proposals are often empirically esaessed by simulefing the operstion of & price

stabilisation acheme using e model of agriculturel supply respante {ane for example BAE (1979)

o Micinmes #2487 (1966)). Theos empirical models ef agriculiurel supply response tend to
account for uncertainty by the ‘nclusion of risk variables which are somatines crude and often

erbitrary {see for example Behrmen {1968), Fresbeirn (1973} and Just (1974}}. In this
paper, however, we explicilly generele en uncerleioly model of suppiy responos frem e
theereticel bese, Specificsily, producers are essumed to heve ecoess to the same stechestic
technology and are sssumed to bs expected ulility meximisars who must choose Tevels of inputs ex
&nde. &s Quiggin (1986) points out, under certein essumptions the beheviour of ihese firms is

formelly equivalerd to the behaviour of firme which meke similer cholces with eccess to e
deterministic tschnolegy. Models of this genre heve been considered by Beren {1970}, Sandmo
(1971) and others. In theoe models firms essume some distribution of output prices to prevail in

oach time period and output is generelly derived &8 some function of the moments of this
dictribution. We make a seperability sssumption on the stachestic technology which is sufficient

Tor these modals 1o apply. Ineddition we s3cume thet firms hold retionel expectations in the sense

that ths price distribution which they wssuins prevails in cach time pariod corvesponds to the
distribution of prices found &3 the solution tu the market equilibrium conditions.

The structure of the paper isas follows. InSection 2 we consider the behaviour of firms in thres
Tamb and wesl preducing sectors of the Ausiratisn sconomy. Input end planned sutput choices are
specifiod a8 functions of the meen end variance of a ‘rendom return to production’. InSection 3 we
derive expressions for this ‘random return' by sssumirg thet the inverse demand schedules for
lambs end woel are stechestic end, in fect, logerithmic. In thie section we model the Minimum
Reservs Prics acheme for wool &5 & buifer stock schems with known fleor and ceiling prices.
Moreaver, we model & feasible partis) price stebilisstion scheme for Tambs, and this scheme is



simply o tax {subaicy) which is collscted (peld) Dy the stabitiostisn sutherity at the end of the
productien perisd. In Ssctien 4 we make sasumptions ragerding the distribetion of rendom
verieblos which give rive s supply and demend uncerteinty, and o6 & noault wo are mors sxplicit
obout the meen and varients o7 the ‘rendom retura’. In Section § we derive expressions fer the
cash bensfits of corisin stell e Terge chenges In the degres of particl Tomb prics sisbilisation. In
Sectien 6 ve eutlise techaiques by which the perameters of the modsl con be eatimatod. The paper
s concluded in Section 7.

We view the aconomy as being compriced of @ number of sectors inciuling @ fotst of ihres sectors
Cindexad k = 1,2, 3) inwhich firms produss differest kinde of wool end lamds (indead §= 1 , 2
rospoctively)t. Ineddition we lot there be firms in otkar soctors in ths aconomy which producs,
for exampls, beef cattie and coresls. Indesd, we essums there exist firme wiich, {0 ths course of
one or mors preduction periods, produce adult sheep using lemts a8 an inpwk. In practics, we fid
indévidus! farmers vartically and horizertelly infegreting thess firms fo the point where e farmer
may, for example, own firms which preduce differsnt kinds of Tambs end woul, firms which
produce cereais, end firms which produce adult shasp frem lambs. in fast, 1t 1s ot uncommen for
firms in the sastern Australien wheet-shoep 2ons fo be integreled in this way, with the
conglemersie of firms being referred fo o2 & “form®, and exch firm being referred &2 28 a0
“enfarprise”.

We make the simplifying sssumption thet the relative pricss of different types of wool ere
constunt, and that {he relstive prices of different braxds and crosses of Tamb sre elso consterd.
Then, by Hick's Aggregetion Theorem, we sggropste the differaatiable wool eulpulo of firms in the
three sectors into & single output, wosl. Likewise, the diffsrentiatis lamb outpuls of firms in the

three sectors are aggregated into o singie output, lambs. We write the output of product j frome
firminsector kes g (k=1,2,3;§=1,2).

Ve meks the sdditions] simplifying essumption thet in esch sector Tambs end wool are produced by
firms in fixed proportions, so that for any given firm or sector we may consider the two joint

eutpuls of the firm or ssctor s o single composits output. Indeed, we messure snd dencte the
compesite output of & flrin in seclor ks G = Gy ¢ G > Gy + bylyy Where by is ~ factor of

proportionality (&, 2 0; k= 1,2, 3).

! These sectors are the Merine woolgrowing, non-Merino woolgrowing and prime Yamb producing
sactars. A fuller description of the sctivities of firms in esch of these sectors s glven by

0°'Donnell (1987).




12 sector k easch of K parfectly competitive firms are assumad fo make thair preduction decieions
befere By, the price of the compesite sutput, is knewn (inpet levels ave chessa cravée). Exch
firm {2 sssumod o supposs 26ma probability distribution of prices to preveil in sech poried. Ve
waume that this distribution corres;onds % Gie probability dirlributien of prices derived from
ks mariet equilibrium conditions. 7. this senss firme ere assumad *n hald retions] expectetions.

Each firmis essumad o heve access o the some stechustic Sechnelopy whareby | multiple veriable
inputs, Xy ..., X, 870 W08 B9 preduce the randem compesite outpik . Tho lachneiegy mey be
represented by g = filoy, 30,), vhere X' = (ey,... ) ©n where & 8 @ rentom verieble
represemting & supply-side source of instebility in output prices.  We meln the simplififing
assumption thet & » 8,8 viere the §, ars constants whoos reties moesure the relstive standard

devistione of 1he &, ead where 8 is o rendom variable wilh urit meen which gives rise fo
randomness n the sitpuis of 6l secters. This specification bes the property theteg © Efeg} 0@y
© E{8;} foralioand j, 0 thets uad (bod) season’ in ors secter 7.plies & ‘goed (bad) asecer” in

ol ssctors, Wo make U offitions! simplifying assumption thet the stechestic technolegy is
multiplicsdvely separable in &, = B8 90 thal g, = 8 fi (xy) ond E(8, ) =8y,

Individeal prefit is given by o1y = B8 G(x,) - vy, whers w'={wy .. wy) fs & vector of inpwt
prices. Before convidering the maximisation preblem it is convenient to reperametsriae the profit

fanction using on silsrmetive charecterisation of the tachnology, the cost function. If we 1t
Ti*Pihy, be @ meosurs of the random return % preduction inssctor k thenitcen be shewn thet the

prefit funciion con be writlen:
’k = rk ‘k-ck(w’ ék) ( ‘}

where €y (w,§,) = m}: v'z, subjectio §,=q0x.).

Eech firm is sesumed to meximise & general von Meumenn-Morgenstera utility function, U(.),
dfined aver profite. Using (1) the maximisation problem of firms in sector k cen be writien:

% E{U{fk ik"' ER(V’ Qk)l} c 2)
end the first ordsr condition for & meximum is given by:
Ui ~Chiw, 41 =0 €]

& stivtion to equation (3) requires, in the firstinstance, the specification of & utility function. We
sssume the ulility function is exponential with parometsr v : Ul ) = -exp(-wm). The first
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 derivetive is () = wxpl-vmi) which va sppreximats wsing a first erder2 Togisr's series

e Eﬂ(“*‘k"s”f""t‘f'*‘k,”‘,“,"f’f%"*_‘t’mfg} 5
| ol §)En ) - A ER)

Egustion {4) is the uncoriainty enategus of the supply Tuactien. Incquetion {4) axpectod supply is
writhen s ¢« noa-Tneer furctiea of the moments of tie distribution of the rendom return to
praduction ané of the parematers of the fechnology ond wtility fusctien.

Under the simplifiging cssumption thet e praduction techusiogy axhibits vonsterd reterss fo scale
squetion {4 becomes:

. A | »
St tlE(R2)- 28, (w, DE{r} + C (v, 17 )
Satving {4) or (5} for plonned outpit requires the evalietion of E{r,} sad E{r2}, whereupon

{eput demends eve given wsing Shepherd's Lemms. [n the fallowing Sectisn we derive exprossions
for rymii, and 1.2 o8 functions of 8 aad rendom varisbles ropresonting dimend side sources of

price instabllity.

We essume slochestic Togerithmic inverse demend scheduies 20 thet, in e absemcs of any
stabilisstion schemne, the prires +f wool and lombs are given Yy (j=1, 2):

Poy” Ak prt )« ®

whers the &; ere nonnegetive deterministic Tunctions of eny numbsr of exogensiss variables, ey is
the (comstont) price elesticity of demand fer product j, the §; ere ronnegetive indeperdently
distributed rendem veriables represemting demend side sources of price instebility, end Q,j fs tha

totel eutput of produst j verisesiy dofined es (j=1,2):

2 o heve followed the suggestion of Rewhery end Stighitz (1981) and delayed the uoe of Taglors
series eppracimations until it is ro tonger enelytically tractabls lo procoed without doing 0.
Thus, rether then take & sacend order Taylor's seriss expansion of U, ), which yields

w08 140~ 2,2 end U ()€ r 2129, o have taken o first order Taylor's serie
expamstonof UWimy), which yislés U(m ) =-exp(-yW) ond U(s5 )8 v 2.
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whe the dfinitions of Ty, Ty ey oraolvisws. Thes (j=1,2):

Ayl @
viere g9

i bogin by modelling the F1RP Scheme o @ DUffer Steck sckema itl AW iervention takin) e
form of 20tss srd purchecss of waol actording b the feflewing rule:

§ Colo ¢ ADEYY 1 'ﬁg.mﬁ.gi”"‘zc |
S it 1 <y lale] e ®
| Culigeade™ it A,_i!,ﬁ@,fm‘"ﬁ

where T end ¢ denets known fleor snd cefling pricss respectivelyS. The imverss demend schedil for

| e it wcApE O,

Poy ™1 “:-‘fﬂﬁﬁtﬂi" 11 AR Mg A s iy, (9

» f if :,'& A:'.f-qIQQg

i additien we consider & cheractarisstion of ¢ latnb price stabilisetion scheme which ellevs for
pertial price stabilisstion. We sssuza thet the government leviss {paye) o varichble por unit

commodity tox {oubsidy) on lambe, and we sssume thet the size of the por unit tax {subsidy) ine
given poriod depende on the valua of A, ae weli es on the {censtont) level of everage eutput, the

(comstant) price ~inaticity of dometsd, end roelisstions of the rendem varisble @, indeed, we let
the par urit fax {suiesidy) onlembe be given by:

t= Ay (ur 1) 2 g, Ve (10)

3 I roality the floor prica is known biut the cofling price is unknown, Nevertheless, we can
meintain the integrity of our theoreticsl mode) if we sssume that the cefling price is et wsing e
prodetermined end knowa rule, for exsmple, inerder thet E{S}=0. The resson we chosos ot to
purawe swch a cheracterisetion is thet, for the purposes of this paper, it gives rise toan

waverranded dogres of vconometric complexity,




215 6 governmeat chaics yeriabis viich deermins the dogros of partist Tem prica
ssitiontion, Wian 520 304951 (1) we bave et 120 (20), ke, Lins ooy (0. The

 altor-tax {-sebeidy) prics received for lombe isgivenby: |
ey gt o un

Poptl = by

fiste thot 2+ Tmties a0 sed we Loy Moreever, 2a1 correspende o parfact

The tetel after=tax {-subsidy} raturn recsived bys firm in sector & for the ssle of beth produsts
fsgivendy K% %) = Pesi + (mﬂm 95 {het the per unit returnon the ssle of the

Jrint eutpits fo simply ¢ weighted oversge price: pe = {poy+Bic (et 1}/ (12, Indend, 18
follows frem {9) and {10} et (k=1,2,3);

p-

1A C+iy R, p, %‘ﬁ }i(]*bg} i goe®

&-V A,(q,é,,)%'*bk.&, 2 %‘ﬁ.f"]l(hbk) if cogyf® {12)

If +by. A9y M"ﬁ.;h‘]l(hi,‘) g

where c¥= AT, and fe=A1 YT,

From sguation { 12) the definitions of ri=p i@ end ry.2 ars cbvious and in the following Section we
moke distributions] sssumptions en & 6nd §; (J=1, 2) in order to derive expressions for the
wxpected velues of these veriables.

In sur notation, if Y=logX is normelly distributed with meen i and verisncs o2 then X is
Togrormally distributed snd we write X-A11,2). In eddition, we wse A(xju 2} % dencts the
cumulative distribition functien of X 9o that A(x|it »2)=Pr{Xax) vhen X-Aln #2).

Wesssuims thet ¢ snd § {i=1, 2) are independent lognarmelly distributed random varisbies with
wnit means end veriences, Than 8-A(-0.542.a%) end A -0.502.042) {121, 2). Meresver,
from the distribution of the sum of independent rermelly distributed rendom variebles (j=1, 2):




Q}‘&Qi;’d(*&slvf'ﬂjcél,cg«f.ﬁ) | {i3)

,r | mm : ristess Ay e?) wummwmw,m-,zmm

mmm«mm the first of which is & gumeralioe o0 of twe resulls presonted by
ﬂ&mmmms?}

 Thsorem1: LatxeA{u,2) et tet theoa parts of 2 distribetion for which X1 and x2k be
rawnved, 30 that the Mstribution of x is Frawceda ot these points, Then .

ki cxsh) = xp(ki s 0.5k%2) B |
Ta(burke? o) - Alleke? 231 7 Talhine?) - 4011020

Proof: 0'Dosnel] {1967)
Theorem 2: Let {x, y)-Aluy, 8y, o2, o2, o) whers peCorr{(in x, 10y} =y /nmy. Lot

thoss parts of the distribution for wiich y<l and y2h b3 remcved, %0 thet the joint
dstributien of x and y is {rencedar’ ot theoe points. Than

(]I sush} = explkis, +0.5k202).
LAty Keggy 0,20 - AT+ ey 201 7 1ACH I 4 2) - ACHHIy m 2]

Prsof: 0'Donnelt (1987)
A stréightforward spplication of Theorem 1 yields:
Elp, b= ’[c.A(e'lug,v%’) +Lli-Alf%{u, )]
+ &,.ﬁ;‘,h'mp(&‘éc,’fcfn,ief).l&(f*ing- oflo,, of)-AleHn - ofe,, o))

+ bk.hz.ﬁ;y"‘mp(nzfz-1}10240.'5«}(2-02703)]/(1wk} (14

The evalustion of E{r, } and E{r,2} is more problematic. It can be shown thet the expecistions
E{r } and E{r2} tnchude sxpectations which we can writs in the genersl form E{e=.rP ix"jeson b}



whirs a=§ "&(ﬂﬁt',ag e,a,',

amn,qmgzmmm Tog-rormally distripuind readom verisbles we bave that
E{osP EFactnid) = Eltsleciach} E(PlashnsB)E(l7} and these expacistions con sath be
v luted wing Theorem 2. Spacificatly, lat xo6 and fet yodn 5o tirt:

E¢*jasingh} = exp{05q%la - 1}).
[A(b]Eg rang? 5y 2) ~ Aleliy sen?012) ] 7 LACBINy .vﬁ) - Adelny m2))

Simblariy, If we lot x=n 458 yobn (ben o streighSorvard spplicetion of Thoorem 2 yisids:

E{wPlesonsh} = exp{0.5 3!;%;2(! + ey}
JA‘ﬂBi*ﬂjzvﬁznzﬁ - Meinma;?-v?,qzn
Aalng 2 - Aloley.n 2]

9 that we mey write:
)= o8, b,,4,8,,0,,,0:2.2, &, o, cf,, o2, 2,61} {15)
E{rf} ® '2"&4 bkl &p “331&0‘;602;911 02’ {114 ’é ‘€ Z, C‘ f) (‘6)

whers the functions 4(.) end #,(.) are provided in Appendix 1. Upon substituting equations (15)
a4 {15) inke equstions {4) or {5) eur mode] of firm behaviour is compiste.

Consider achunge inz, cor Tafler the stert of the praduction pariod, thet is, efler input decisions
have boen made. We refer to the effect en welfare precipitated by & such & chenge 83 the impect
effect. Inihis ssction we bagin by considering the impect effect of # Jarge changs in z on the welfere
of praducers in sector k.

11w Tot 0y and °; respectively denots (he rendom profits of individual firms in sector & before
&rdd oftar 8 large change in the degres of lamb price stebilisstion, the impsct bensfit of the change in
the stebilisetion program, By, is found &3 the solution to E{U(y,-w"xy)} = E(U("-w By )}
where g and §°, respectively represent incomes before end after the changs. If the utility
functisn is additively or multiplicstively seperable then it can bs shown that By, is elso the solution
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' gg{m,&;; = E{U( - B)). Foilowing Newbory and Stightz (1981) we take socend-oréar
Teglor geries expeasions of ssch side sraund the maen of y, andoguats thess expensions, Welel R
devole Uss cosfliciont of relative risk aversienevilusied ot the maen of yy end we find, evaritueily,

% = e ety gE - verlgdaa? - Ga-8,707] (n
Vhere aE(y), T =EOG) ool B -
Equstion {17) can be opproximeted by:
% » e gl - vartrn] (18)
The first ferm on e right hend side is referred fo by Mswbery snd Stighitz (1981) as the
‘transfor bopefit’, The sacond term is referrsdto as the risk bemafit”. Initizlly we sssume there
is 7o \amb price stabilisetion (220) so that the moan and verionce of initicl income ere given by:

Hyl=8=d En) e Yer(y)= 47167} - E{n )] {19)

Lot the stebilisation suthority chooos 6 degrae of stebilisetion Beg 1 so thet the mesn and veriance
of income are then given hy:

BRi=0=d frel od  Yar(y)= 42[ER% -ER)) (20}

whare the definition of r® is obvious. Thus, for &n exponential wtility function with cosfiicient of
sbaslute risk eversiony, squetion (18) bacomee:

%ﬁsii{r@-e{r,;«a.s:.qk.is{r,f;-z{rk}*-.s{r,gﬂ}*s{@‘*‘zlzs{yk} (1)

where the expectations can bs evalusted using equations {15) snd (16).

Now consider s change in 2, c or T which gives rise to chianges in plannsd outpuls. We rafer to the
effect on welfere precipiteted by auch s change as the Tong-run effect. 1T we Tt m, ond B

respectively derote the rendom profits of individual firms in ssctor k bsfore and sfier a Jaroe

changs in the degres of lamb price slsbilisstion, the associaled lomg-run benefit of the
sbilisation program, By, is found &3 the solution to E{U(m )} = E{U{'y - By)}. itean be shown

thet:




| % -‘%* §R [l A2 Verts T2 -5 8,72 22
where §, =E(T,}, F=E(H )}, 4B =F,-F end Risowevaluated ot 7,

- Moreaver, equation {22) can be approximeted by:

2+ Ft R [vortm a2 -vertp)15] (28)
# k ¢

I the absence of a Tamb price stabilisetion acheme (20} profit mey b represented by (1) vith s
wean and variance given by:

B )=, = R -C w4 end var(m) =2 [E(R2)-EiRS]  (29)

Agein, Tet tha steldlisetion suthority cheose @ degree of stebilisation D<1 30 thet profit is given
by:

= s - Clw, &) {25)
whers the definitions are obwious. The mean and varisnce of profil ars given by:
By} =T = G B} -Clw, &) and Yer(m) = §2[ER-E(R]  (26)

Thus, heving assumed an exponentisl utility function, and under the sssumption of constant returns
 scale, we tia writs (23) es:

e (G802~ 4 HR) - Bom(G- )
k

-05v] é;’.{f{rf)-ﬂr,;}zi-63.[E(r§}-i{rk}2}]]fﬁk.lf{rk}-Ck(w,i)} (29

whers E{r} and E{r;,2} are given by equations {15) and (16) end the ramaining expecistions are
given by:

E{ré} = 'l( Bk’bk" A‘,Az, ﬁ's‘,ﬁiz, 8‘, 02, o?t" d’?z, 4.‘%2" Z,ﬁ’ f) (28}

Elr;2) = a08,, b, A1, Mg, Oy, Tz, 00,05, of) L 00 %602,6,1) (29}

10




 whera Ty =TTy~ FH g forj=1,2.

" Finlty, although our interest cantres on Targs changes Tn 2 we might consider o stebilisation
suthority which mekss amald adjustmente s the dagres of partial Tamb price stabitisation in the
short tsrm. in the remainder of this section we consider the impact effect of this fine tuning on
producer welfers,
We write e maximised value of the expected titity of profits for firms in sector kes:

W= {Ulp, 80, - C 0w, 40 (z0)

Following Mewbary and Stighitz { 1981) the impect effect of 3 smell change in the degres of partiel
Temb price stabilisation on producer welfare can fow de found by partially dtfferontiating doth
gides of this expression with respect to 2. Since 3xy/e2=0 we have that:

W » efirtmd T og,] (31)

Pertishy ditfererdisting {12) with respact to z ylelds:
% - [ 0% 0y " 0w, e, rem) (32)

0 that {31) becomes &n expression which involves the expected values of the products of normally
end Tognormally distributed rendom variebles. We choose to approximate these expectations using
8 sequence of Taylor ssries axpansions. The expression we derive is given in Appendix 2. For
convenience we write:

?% ¥ '3"5 w7, 3&: dkl bku ﬁ', *2: Gﬁp 602.53‘: 32: ’é; Ué' 9320 Z,t, f} (33)

Ths cash equivelent banefit of & differential shange in Z Is found efter dividing this resuil by the
merginal utility of expoctad profits.

In this section we generalise the model o t=1,., 7 time periods 50 that .i=1,.., N=Ny+No+Nz. We

discuss technigues by which the parsmeters of the production technology, the parameters of the
inverss demeand schedules, and a group of remaining parameters can be estimated seperstely.

H
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(i The Paremeters of the Production Technology.

Forillustrative purpeses we choose to consider the estimstion of a CRTS Cobb-Dougles tachnology
whichwe recognise a3 being theorstically restrictive® bt which can bs written in & form which is
linsar in the peratmeters. . We heve chosen to exsmplifiy the sstimetion of the perameters of the

fechnology using the preduction function rather then the cost or input domend funciions bacsuse the

peremetar restrictions implied by the CRTS sssumption are easier to impose®. We sseume® that
ohoervations on the Wi, X4 80d g,y ave svailable for sll nendt,

Tire CRYS Cobb-Dougles production function for firm nin time period t can be writien?:
dyo [ (34)

vhere }'.“kj =1. We substitute for §_, and rearrange to oblain:

6= %&cﬁ Xy (35)
#fter taking logs we heve thet:
g, =lnf, + éakjinxnﬁ +1n8, (36)

where In 8 is normally distributed. The {Tx1} vester ¢ = [Ingy ... Ing7]' hes the following
properties:

4 {t con be shown that the ‘slasticity of substitution’ between each peir of inputs must be
dentically one, and it is difficult to find on # or7077 Justification for the imposition of suche

restriction.

S Even thowgh estimating the production or cost functions is more Tikely to give rise fo omitted
varisble bias,

6 In fact this dats has been constructed from Austrslisn Sheep Industrg Survey (451S) dete
genarously supplied by the Buresu of Agricultural Economics. inour empirical work we have
constructed data for six input groups: lsnd, labour, capitel, livestock, equipment and supplies
ond servicas and over heads.

7 Notice that this particular Cobb- Douglas specification does not includs a constant term. Recall
from Section 2 that fi {6y, x;.) is multiplicatively separable in 8, and thet 6y =8p,. It follows
that the parsmeter 3 is indistinguishable from ths constant of the more usual Cobb-Douglas

specification. This is not the cass for a1l {schnologize and this is the reason we have chosen to
writs the model of Section 2 in ite mare genaral form.




(e} =-05425, e E{ee)= 21, % 02558 1, {39

whers Iy is 4 (TxT) identity matrixend 37 is s (Tx1) vector of ones. Attins cint we chosse fo 6dd
i, 67 independentiy snd identically distributed normel randem variable v/ivich hes the properties:

Hmgd=0j,  Eagmyl=edly, e Ewmm }=0l; {tes) {36)
where wg=[ny nyl’ isan{kx1) vector.

The nyy heve been introduced to rofloct messurement error in the dependent varishle and equetion
{36) cen bs now be written:

ng, =llng,~0Se2} + ;‘ki’“*hﬁ +Uy (39)
where Uys{ny+in(8,) +0.5%2). e now Gefine the veciors and metrices:
si=[Ingg . Ingg )’ e {Nxi)
= =[ {281 /n2) 1n{Ba/By) .. W(Be/B1) =py . eqp epy gl 88 (K(I+1)x1)

Xop =1 InXgge Iyl a0 (D)

Ky ssthe (Mx) metrix [xyq .. Xl* whore rows which correspond to kaj have been
replaced by & row of 2ero’s.

¢ won {hx1) dummy variable vector with elements taking on the value one if k=j and
the valus Q otherwise.

By =1y b2 .4 Xye Xt - Ka ] o5 (RxK(1+1))
We can now write the period t mode: as:

By = Xy + my+ 100§y + 0.573, (40)

The complete set of NT ubaervations mey be writlen es:




Using cdvious definitions the complets set of NT observations mey be written moracompactiy es:

¥ =Xa ¢ n + 1O + 052@jy (40 R ‘

" whick ic the form of an srrer componesls model. Spacificslly wo bave, by our earlisr
ssemptisns, thet:

Hu}=0jy, Emn)=efl, o Hargy )0l (42) +
20 thet the properiies of the composite ervor ferm 8= w + 1@+ 0562 B}y ere:
E{w} = Ofyy ; J
How'} = Zlyy + 518y by
* i@ I uiy * 2 1y)
= k@Y
= Q {43}

The cevariance matrix © i3 bieck disgonel because ihe disturberce vectors essocisted with

differsnt time period sre uncorrelated. Ths paremmisrs of the technology can be estimated by
meximum likelibood or by using the estimated gonsralised lesst squerss provedure oullined in
Judge ot ol (1982, p.490-494).

(ii) The Parameters of the inverse Demend Scindule for Wool.

For time perieds prior to the introduction of @ wool price stebilisstion scheme, the inverse damand
schedule for wool in the tth period can, after taking Jogarithms, be written es:

In {!."=‘RA1'U&'.‘RQQ“* Indye {44)




where we sssume thet &q is o conatent® aod whera In &yy Is, from Section 4, an indapendent and

Hasatically Slutridutod nermel random verisble with o meen equel to the nagetive of one WelY of ite
veriesce: 1Ly~ R{~05ex2, oy 2). Imanyoef the T periods the t¥ ebsorvation may be written

in the filewing comysct rm:

(S i xg8+ug2Cy

uisf BP vy i Feexg® +uy<C, (45)
LF, i X8 +u,sF,
wisre Cy=lngy
Fy=lafy
B8 Pose
X =1;100e5 ]

8 = [(0Ay-05ey2); {-1/0y)]
awd  wpeindye+ 0502

The properties of the disturbures rm an(y;,...uy) ars, given our sartisr sssumptions: E{a} =
Ojy and E{ew’} = opy2ly. Equation (45) is the form of o censored regression model.  For
molstione] convemience we et e2mepy? and wiile the likelitwod function for the T indepundent

sheervetisme urMm o equatien {45) ea:

L= 8((Fx M) TU1-(Ci-x 8Vell TN u-x 0Me)  (46)

where %y denctes the product over thoss t for witich Xy + uy < Fy
11y dsnetes the product over those tfer which X + Up> Gy
I1, denetes the predict over those t for which  Fyc xi® + uy <Gy

snd @ and § are U distribution snd density function respectively of & stenderd normal varisble.
The Togerithm of the Hkelihood function is:

oL = Z1n18{(F-x8)/o)l + Zinli- 8((C-x8./e))
- (0,722 Ine? - (1726)) o2 90 (47)

where » is the number of time periods for which Fe< x@ + uy <Gy The first derivatives are:

8 Extending the specitication I the case where Ay is & function of eny number of exegenous
variables is triviel, provided the functione) form of Ay is & convenient one (multiplicative).
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AL « (1) F RN BT x I g
+ 076D 5 L(C % @) (1 $U(C-x 81N x;

WA (49

%} = (12 I 19{(F-x )0} /8 ((F-x 8))l{Fy-x,8)
- (/22 16 (Cx @M /(1-$UC-x @M -x8)
- (0y72) - (L2 Jlyx @ (49)

and the meximum likeliheod estimators are defined gs the solutions to the equetisns obleined by
setting oquetions {48) snd {49) tozers. Becouss these equetions sre pon-liseer in the paremsters
they must be sclved fterstively. Meddala (1963) cleims that the lkelibeod function is globelly
concave end this implies thet & stenderd iterative method such s Newton-Raphson or method of
scoring is guarsntsed fo coriverge.

{iii) The Perametsrs of the Invverse Demend Schadule for Lembs.

Set z=(i =5 thet the inverse demand achedule for lambs in the 1% periog can, effer taking
Tegarithnis, be writlenex:

18 pent = N fp-1/02. InQgzq + Infyy {50}

vhere, egein, we sssume thet Ay is o constant end where In § is independenty normelly
distributed: 1n §gy = ¥{-0502, ep1?). Agein, equetion (50) mey be re-writion in o more

compect form:
=g+ {51)
where the definitions sre anslegoue to the definitions sssociated with equation {45). Moreover, the

properties of the disturbencs form ware: E{w} = Ojy and E{ww’} = «22Iy. it follows thet ordinery
Toast squares spplied to equation (51) will yield best linesr unbissed estimates of ¢ arsdc;}.
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{m'mwm; umetors n ths Hoe.

Thie remeining peren ';mammmgmmﬁm 2,3). Cow squction 10 our moded which

axprosess  reletionshi between thess peramaters ia oqeation (5). Anquivelent form of aquation
{5}, mmuwammmt 13 the following®: .

" wmm“} cg(wwum(rg; zck(wm,m{r“mkwﬁ,n 1 (52

‘ mmmm(is)m(ts) mmmmﬂmwﬂmmmm Xt (3::;,, ,5) the
Tegorithm of eguation (52) con b writtenes:

U # g ¢ RTCHACLoD Dty #By o V- Gyl

- 10 FIA %) g by +0E )

~20 170D (i # By X +C 21 + 106, (53}
wiere Y =Ingy
a =In{124)
Cot n,ck(vnt, i}
and a typical xy, 18 given by:
xm’ OXPKU 59’2("’1132)*1"‘{) (""i’z}l Q % “z’k (54)

With the exception of Cy; the explanatory veriebles in the ron-Tinear equation {53} ere
unobserved. &' ntuitively reesaneble procedure is to replacs In 8y and the xgq {§=1,..5) vith

variebles constructed using estimates from poris (i) to (3ii)10. Then cquetion {53) becomes:

2 Our motstion implies that input prices are free to vary between individuels, end this varistion
13 infended to reflect variation in the quality of inputs avstlabls to differcnt individuls. We
essume thet ell individuels face the ssme prices for labour, equipment, suppliss, and services.
Hovever, individuals are assumed to face different pﬁmfer Tand, capitel and livestock unless
thay ere engegad in the sama productive sctivity {belong to the same sector) and are located in
the sema glographics! ares (stete and 2one). In this case, the seme input prices are feced byell
individuste.

10 An estimate of 1n 6y con be obtained by e method suggested by Judge o2 {19682, p.494-495).
Our decision 1o replece In 8, with this estimete forces o cerlein consistency between the
spparent realisations of the rendom variable & in equetions (41) end (53). Meresver, this

replacemant causes the erry structure fo be considerably simplified (it does not give rise toan
ervor components medel).




Bt g F I R PR -l

L YU S T

=26, (1B DR, 9B Rory ) 9C.TT o 1y, (s5)

A% this point we choven o intraducs on tndepondent mormelly distribuied rondom varishls vye with
the folleving properties:

Ewy) =0y
and

)= ?ly

vy = (vgg .. v)"

e introduce the vy, in erier to reflect messuremasat errov in the dependest verioble s well es the
fact that (55) is only sn epproximele relationchip. Wo cheese to write the set of N ehservetions
correspending to tima parisé toe:

9= 8(R, 2,,0) + v, (56)
where 8 = (Y50 )’
Ry=Do dy, Gydy, -~ Ruadn s » Rsnly, - 2sel, !
Z =Ly, €. Cu)']
b={ay, by, ..., b
90 thet the complete sst of NT ohesrvations mey be written:
L) ‘?(gz-zv')«k %

b= f + 1 (57)
5] |otR,2,8) v

g=hid,Z,B)+¥ (58)



whaza the definitions are obiiews and wiers E{v}=Ofyy oo E{vv'Jun 2y, Eqmtion {58) isof
the torm of @ Ma-Tioser 1ok vorielies model. Estimeters for these typae of mefels ore
MW&&M s (1984)) %t in mast cooos & number of Tmpertent statisticol
sroperties romein enkeawn, Algtor of o7 (1934) suppnt that RL) e opproximaied by ¢
polyonaniel of roquired sccurucy befors epplying the sigerithm of Ml o/ (1969).

Wherses meny price slabilisation projesels are empiricaily ssaessed using & mere or less ar'dve
model of spricuitersl supply respones, we have cheoen 4o divelop @ madel of Supply respanse
which ia fownded in the economic theoryef firm bekevieur under wacerteinty. The model is then
tatlorcd % an sseessment of & portiel Tamb prics stshilisation schams slong tines propesod by
Nowbery and Stighitz (1981). Finslly, we outline methods by which the paremeters of the modsl
can be estimeted,

The peper exxtends the theorwticsl price stabilisetion studies of Tisdeld {1963), Subotrik and Houck
(1976) 2nd Turnevsky (1978) by medsiling preducers s expacted utility maximisers and by
sllowing for partiel price stabilisstion, The saeiysis geoaralises the thesreticel study of Newbery
ond Siighitz (1961, p.3040) to the muitiple input cose, with oulput pricy uncerteinty dus to
randomness in Dothd  »24end supply.

From en ecorometric viewpoint it is interesting 1o note thet the theeretice) modsl of Sections 216 5
impliea the estimetion of s orror compensnts model, @ censored regression madel and a non-linesr
1atent varisbles model.




EHr )= f[pxp!,ﬁs.’g( 14(2- 118, 0{(2-1/0)-05 e 201 —'z)lﬁ;{-*,-ﬁzﬁ%
+ Metugrodopde + [1-Mis{ueof e d
+ :xp[ﬂ.&ﬁ(!‘»!fe,i.%h‘.}}é{f*}ﬁ#fbtie,)cavﬁ}-Aic‘ll,é(!-m,)cf?,c‘,’)!
k) Mﬂfﬁr'ﬁ o8- Afc| n,~0&2, Y
Aoy Ay ) leHln o 3 140
g2} = [m@h{(t*(z-t)!e?)(lﬁz(awim,h (1-2X1-22)10 5 2y 2 bA2
» exple? L1 ACc® |1 2 262 e20c? +[1-A(15]p 2 26242162
+ exp{0.56F {2+ (2-1Me, )1 4(2-1)/e,)-0. soéz(t-»z)l 2 by Ay
Jatct|n 4 (20 (2- 1o, )of e de +11-A{r* (24 (2-1 )0, )od 02} )1 )
+ expl@U1- e 1-27e ) se2 )l .42
1a{telng (2-2/0 )0 e2) - Aetn, e (2-2/0 )2 o))
11302007 o) - Mo g-2008 oAy o) Ae* D)
* expl0.5e( 21704z~ 10, ) 1-(1/6.} 4 (2-1)/0,} - 0.50F 2(1 -2)]
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Substitating squetica (32) it squction (31 yields:

oo o T

o [Efirtm e W =] - o, frm ) Mgl g, )

,aﬁ.q‘,ﬁjﬁz%E a1

The utitity fusction is exponential with parsmater v. We axpend the subjects of the expectations in
afirat order Taylor ssries expansioneround 7y = 030 that:

wem el Ve g R0y 4 (g g2y ). Ve pl 2 (a2)
wd :
TEA T P TR AT L F I TR (43)

Wa expand {&2) is & second order Taylor series expansion arcund 8=1. Under our sssumptions on
{he disteibution of the rentom veriables in the model we eventualiy find that:

EU ()0 0 e 10} & fexplo)- 1]

.[mp( 052 (z-t).&g).[(w +¥2C, (w, 4, N40.5+(2-1)/e,)

-y2 E%,{ﬁ.5+(z-v‘i)fez).{c—c.hie‘i-&so;,;*: 2)*“"-6(“"'&50;513”

+ 15~ oy o (-1ie) A T A0 5 0202401105 2020

-2 %, 3, Ton 1. 54 2(2-1Ve,) oxpll1-2)(1-22) ) (A9
(‘ *" "i ; 2 02 %2

vheres's &;.ﬁ-:,h‘!c and ft= ﬁrﬁrft’ .




| Weexpend (A3) in e second order Taglor's striss eround Ep=1. Eventuaily we find that:

E{ﬁ‘(wé).n“(‘"”‘s.gg‘ “Ina} # lexple )11
‘.{(Q.S»z}.mtn.sﬁ?(u :a-nza,}(mm,}.‘[a +y2C,0e,4,)
" xiﬁ%&,{&b@ﬁszg(ﬁé (210, o2 e 2y+1-L. &0 e {142 'Fl)fﬂg}ﬁ%d‘?)}]
«—12&%@.Eb,caz.§1{‘{(t.5-..2z)zxpm;5.§(zftzq)lez)(n(z-ﬂfe,))
{05-2).8,, AU s Oslz- 1o dot e2)

~Aletfu s (14{z-1/e, o, w21} axpl 0. 5ag? {1~ 1/e;s (2-1Ve ) (2100, 11'8,))]}

{45)

Favetions {A4) and {AS) tre substituted into equation (A1) and for convenience the result is
written as equation (33).
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