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1. 

CRAFTER OHE 

Il~TRODUCTION 

The New Zealand dairy industry is an important contributor to the 

New Zealand. economy. The industry earfls approximately 20 percent of 

Nevi Zeala.'1.d. ' s export income from the sale of milk related products. 

It also earns a substantial proportion of the meat export income from 

sur:ol us calves and cull cows. 

The ir1dustry is organised on a cooperative basis with each fai"•me:c 

supp1ying milk ( or crea.:n) to his cooperative factory. The factories 

process the milk into a variety of :products whi eh a.re sold loc0.1ly, to 

the New Zea.land Dairy Boa.""'.:'d, or, in a few speci::>..l circurnst2nc~s , 

directly overs,.:"?as. The export market doninates the indust:q , taki..ng 

apprnximatcly 80 percent of butter p r oduction, 90 percent of cheese 

produc tion, 90 p2rcent of milk povrdcr productio::i c.nd more than 99 per­

cent of casein production L59J*. 

The New Zealand Dairy Board. controls the ex·port marketing of mi.:l.k 

related :products and sone of the procLu.cts fron surplus calves. The 

cooperative f actories influence the Dairy Board through their 

rep1:esentatives on the Board and. the farmers control the factories 

through thair shareholding in the f actor.ies. 

The seasonal supply dair-f farms, while scat -tered throughout NZ, 

tend to be conc.0 .. ntrated in a few important rcgic.,us . For the purposes 

of study , the NZ Dairy Board separates New Zetla:.."1.d L11to 11 dairying 

regions. Of these , 3 regions ( Northland, South Auckland and Taranaki/ 

Weste:rn Uplands) contain approximately 60 percent of . the dairJ herds 

of 10 or more cows. 

The study of supply relationships in agricul tu.re is froue;ht with 

ma..1y difficulties. In Chapter Two, the difficulties and ·some of the 

methods that c a.11. be used to overcome them are discussed. The chapter 

'rhe references are listed in the Bibliography . 
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includes a discussion of previous New Zealand dairy supply studies and 

studies of :i.11terest from other countries . 

The theory of jnvestment and its appliodion to a dairy fanner a.re 

i..11.cluded in Chapter Two. Dairy co1'.'s are capital i terns u sed j_n t he 

production of clairy products. As t he prices of output and i n pu ts 

cha.'1ge , the stock of capital (th e heI\.i.) vlill chcmge in size and compos i­

tion. These changes are due to t he effects of i..'Ylvestraent decisions. 

In the discussion , the basi s for a rnoclel that can take account of the 

investment process in dairy cattle is outlinedo 

The Tara:oaki .region i s chosen for the study because the dairy 

fa,rmers i n the region tar:icl to be specialised producers who produce 

little i n t:hc nay of other products. This specialisation reduces 

the v c..riability of the region and mc:kes the rei;ion easier to model since 

the farmers have a nm~.rovrer range of dec.i sio:'1s to make. Pu.rther, 

Ta::-:'anak.i. is one of New Zealc'.nd ' s major dai ry fc.rr-•. d.ng regions a.'ld s o 

chmc;e8 in the region are of importm1ce to the h1d.ustr.f . J? inally ~ the 

2.utho :!~ of t his study is familiar with th0, rec;ion a.nd this familiarity 

was helpful in conceptuaHs.ing the SUIJl)ly reldionships . The 

hor:10Genei ty of the sample is increased by stuclyi..'lg only the factory 

Dilk s upply clai.ry farms . The data cuvcrs the period from 19 63/6~ to 

·1973/74 for t he Taranaki/\7edern Upland.s J'.'eg i on a::J.cl is suppl ied b.1 the 

h'Z Dairy Board, Ji'ar,n P1·odnctio11 Division. The ch2.nges tha t have 

occurred. in the region over , the period of t he d:;..ia.. and t he prices used 

in -t:be study a:r·e discussed in Chapter Three . 

The New Ze2_land Dairy Board undertakes annuaJ. surveys of ea ch 

dairy f arming region in New Zealand. The purpose of the su.:rve;-,rs is to 

gather information on ma...'ly aspects of th8 dairy .industry including t he 

economics and efficiency of dairy fa:rming in Nevr Zealand. From the 

surveys , da t a on the average farm for each regi on , herd size and type 

of supply are published. 

This infonnation i s extremely valuable as an historical record of 

changes in the industry but, a s with all surveys~ there is a delay from 

the period to whi ch t he i..11formation refers, to U: e time the information 

is published. In the case of the infonnation on each r eg.ion, · most of 

the da t a is collected in one season, -r efers t o t-b.2 previous season and, 
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by the time the information is analysed and published, another season 

has passed. So:ne of the information is niade avo.ilable vdthin a 

relatively short time but most of t he information is at least tvro seasons 

out of date. However, attempts have been made to rectify this 

situation by questioning f a1'il:lers about t_heir production plans. 

'rhere sti11 remains a ne? ed fo r t he I.F.J..iry Board and the cooperative 

f actories to project future stock numbers and mill~ production in order 

tu o:cganise marke t:L"lg strategie s and mal~e investnent plans. This study 

is ar. attempt to develop a p:r:oce du_re that cou1 d. be used to p:r"Oject 

future dair,;r farm output, stock numbers and the level of i nputs on a. 

reeional basis. In the study, dai:cy farm output includes mil.¥-.i'at , cull 

cows and surplus calves. The p:r.-oce a.iu~c used ir1 the study attempts to 

model a dai:c:>r farm productio:1 system 8.lld a dai ry farmer decisio:i :process. 

In rnoC:.elling9 the aim i .s to represE>JYG the actur.J.1 situation in a fom 

t kct ca...n. be lwed to test tb e bebaviou.r of the z.d,:J.al situation. In 

t his study, tbe a,ctuaJ. sit11a tion is moa.el1ed .1:1::i;frerndic<..lly. The model 

i s a simplified ve::csio~-i. of the act ua.1 :c:Hu2"tion 211d thus c2;nnot be 

expected to repr oduce the f\111 comp:! sxi t.i.es of t~::c actua l situation. 

The study assumes tho;L 2, dairy f u:nsr wishe:::> to rr,ax:Lm.ize his 

profits over ti.r'.\e j bz.sed o~. his exr)0c i;;J.tions o: J'uture prices az1d 

stJ.bj oc t to :proO.uction function con st:rc.i,ints. 

ovc~r hi.s pl21mi11g horizo:1 9 the dairy f.u·!'ler \7il1 envisage acljusting 

stock numbers so that at thb end of the :µlan.ninc horizon the f CL:rmer is 

m:llking an 'o:ptimum' numbe:;:· of cows . The yec:.:r a.ft er the pl2n is made, 

prices vril1 have cha.11ged c <:1us ing the farmer 's e:>..rpectat ions of fuhrre 

prices to chr.me;e . Thus the fa...YT.ler vrill make a new plan with an 

envisa.ged new ' optimum 1 nurr.bcr of CO\'IS. 

The chapters on previous studies, invest-ment theory and the 

Taranaki/Western Uplands region form the basis f o:t' a model of a dairy 

f arm. The model consists of a dairy farm production system and a dairy 

f armer decision process. The model and the assumptions upon which the 

model is built, are described in Cha1)ter Four. 

The model is 'fitted ' to data on tbe a:V'erag~ factory ~ilk supply 

dairy farm in the Taranaki/ Western Uplands region. The aim in 'fitting' 

the model to the data, is to make the model predict the important 
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decisions made by the dairy farmer . The model is then used to make 

projections. The proceduxes used t o estil!lat e the parameters in the 

mod.els the resu.l ts and evaluation of t he model and the pro,j ections 

made outsid.e the period for which data is availabJ.e are discussed in 

Chapt0r F ive. 

F i nally , t :Oe conclus ions reached arc discussed in Chapter Six . 

'l'he chapter i..'J.cludes a discussi on of the technique used and an evaluar­

tion of its applicability for further use. The rns ul ts of t l:.e study 

are also discussed. 



THI; SUPPLY :il:"::LATIOHSIIII'.3 DJ AGTIICD1E'URE 

The aims of this chapter are rather broad. The chapter <:dJ:i;; to 

develop a supply model from the theo1y of tbe firm, to show ho-.; this 

theorct1c~l model can be moclifi.ed to i."'lco:r.j_)Orate the special f<.:.ccts of 

Cl{;ricul tural supply relationship:::; , nnd. to consider some previous sh:.dios 

rel ev3nt to the Ncm Zc2land d.ai:cy supply industr-_y. 

In orJer to achieve these n.ims tbe cl1apter is separated. into three 

sections. 'l'he first section l>ogins with the 'i;heor-J of · the f i rr:1 and 

buiJ.ds a theoretical supply mod.cl. The theoretical l'.1odel is then 

adapted to tMe accotmt of si tun.tions whcn?e the applica tion of iliput:::> 

and the :resulting outpnt do no~ occur in the smne period. 

In the second. c;cction , the c1i:.:'ficult5.es :iJl sup:pJy nn2..l yais :u1 ccne·caJ. 

and in o.{;:dcultur:.il nup:ply anaJ:,·sis in p~·:-ticul£>...r axe c1iscusscd.. 'i1he 

sectioll rJ_so consiC::.crs 3.tter.r!:»t.s to overccr:c so::.e of t!::e diff icuH:i.es . 

The incorporation in cup:ply ana..ly~>is of p:r.·.:i.cc exp~cto.tions <incl iuve~.d,-

11ent bi f :b::cd. CJ...'1d quasi-fixed f aders of proU.uc-tion a2:0 considc::ed. in 

::;one detc:1,iJ.. In co:1siueri.i--ig tho investr.wnt b f ixcd and qu<:?.s i-f.i.xcd 

f actor;; of production , a model is developccl that c.an take accmmt of 

chancscs in i~vestnent in dairy livestock.. 

The final section is separated into t\';o pa:cts . The f irst part 

considers J!revious studies of the 11ew Zealand dairy supply industry. 

The second part discusses studies r.iade of how New Zealand farmers form 

their price expectations and models of price format.ion in New Zen.1.a.i.--id 

cattle auctions . 

2 .1 The Generali.Geel Derivation of a Simple J.:ul-;i-period 

Su1wly Functi o::-i 

rl'he follow:inc- sets out the derivation of a .n.-ru.JL ti-period supply 
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function. I nj_t i aJ.ly, the firm is assmned to produce two outputs and to 

use one input in the same period. The system is then cenerali~:;ed to a 

multi-peri od i1roduction systc:1. The basis for the f ollorring i s given 

in IIendernon and Quo.nt £"26J.* 

Consider the ca;:;e of a fi rm produc:i.11~ t '1o outputs ( q1 and q2) by 

usil1G one variable i.YJ.put ( x ) in the same period as output occurs. The 

relationship betm;!en input and outputs in te:rmed the rirod.uctim. function 

and c an be wri tte:i in its i mplicit form~ 

(2.1 ) 

H i s assumed to possess continuous first- and second-order pa):tial 

derivv,tivcs wl1ich a:::-c different from zero fo:::- all its non-trivi2,l 

solutions. Also, it is asswncd that its pal:-t i2.l <l.e:dvatives v1ith 

respect to outputs are :posi ti·1,1 e 2.nd i ts po.rtial deT:i.vati ve with respect 

to input is nee;ative. It i;:; :further as:::v . .:ncd that (2 0 1) can ·be w:e:i.tte:n 

in the form: 

( 2.2) 

v1hcre h dcno·~es c:.~ produetio:'1. reLd;:t:mship. 

The cost of ::_-iroduction ( C) is depen:·knt on t11e price of t~10 input 

( r ) <::.nu t he cost of fixed fa.ctors of prouuction ( b). C is cxrrcssed as: 

C == r x + 1J, 

which by substitution of x , fron (2.2), b8comes : 

(2.3) 

The margina l costs of produ.cing one: more unit of q
1 

( I.1C i) and of 

q
2 

(l.:c
2

) e3.ch are derived from the first partial derivatives of (2.3) 
with r e sped to q_

1 
and q_

2 
respectively . They a.re: 

(2.4) 

* ChaptcrB 3, 4 and 8. 
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and (2. 5) 

Assuming tha t the pro,1ucer wishes to maximize profits , he forms i:he 

IJrof it ( 7f) function of the folloYrm r; form, us inc; market prices for q
1 

c,:nd 

q
2 

( p
1 

a.nd p
2 

re3pectively): 

( 2. 6) 

The firn-c o:'.:'cler conditions for profit l:'.a.,'Cimization o.re obtained by 

I>::.D:-!;ia.1 diffe:cer1t.io:tion Of ( 2. 6) Witi-1 i~espec"!; to q_l a..Yld CJ'), ? .... ncl °bJ ,_ 
equa t :iJ1r:; the::;c to zc:.r.o . 'l1h.i.s yields: 

0 7f 
r h~ ( q1 , q2) oq1 - p1 - = 

0 To 
r h;(q1, ' 

oq2 - P2 - '?.2} = 

and p to the ri cC:! t h and siclc:s ~ 
2 

0 

0 

( 2.7) 

Eqn 2.tions (2.7) st3.te th:;.t the firm rrill produce q_u0....Dtitfos of outp;1t 

tha,t equates t he J.:c of eaeh oatput to its respcftivc price. The 

order conditions can be shown to 'requ ire that ~o~ > 0 for maxiLmm 

Y:'hich means tha t the MC' s must be increa .... inc. ·1 

As the price of q
1 

aJ.ters , ( 2.7) will no lenser hold a t the 

seCO!lC1--

p:co f"i"~i 

previous solution levels for q
1 

and q2 • The firn will adjust q
1

, but 

this al ters MC
2

. Thus as each output price changes the firm must 

adjust bot:1 q
1 

Dnd q2 f or ( 2. 7) to hold. 

In the short run, the finn will attempt to pxoduce quantities of 

output that just equate the respective M.C ' s to pr.ices . If the price of 

one output faJ.ls belov1 the avera.se va riable cost ( AVC), the firm will 

not produce aYJ.y more of that product smce sale of that pr:oduct is no 

lonGcr gomg towards meet.me overheads. The r elationships between 

output a.Yl.d costs are shown in Figure 2 .1 where B is the minimum AVC 
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point and !ill is the horizontal l ine from :B t o the vertical a.xis. Thus, 

the supply of q1 from the irnlivi dua1 firm,. in response to changes in its 

ovm p :rice, vri ll follow t he line OAI3C in Fi csure 2.1 , gi ven th.J..t all 

oti-ie r price:,; rer:iain consta:.1.t. 

$/ unit 
of 

Output 

A 

0 --·-------- --

F:i.lYt 

c 

---- ----
Quar:t i ty of q~ 

I 

The qua.nti ty of q
1 

a..vid q2 supplied by firr:i j (S
1 

jand S2 j 

respectively) can be obtain~d l1y solvin~ ( 2 . 7) fo::- q1 and q2 • If thc 

equations ( 2. 7) 2.re solved s ir:mlfa .. vieously , the q_ua~1ti.ty of e.:te.h output 

supplied is dependent on the prices of outputs antl the price of the 

input . Thus: 

s l j =.s lj ( p1' P2 ' r ) 

(2.8 ) 

s2j = s2 j(p1, P2 ' r ) 

These suppl ;r functions a-re derived from the production function , the 

cost funct ion and the profit maximization objective . 

If t he demand curve for the input is infinitely elast~.c , the 

industry supply function is obtained by the horizontal summn:tion of the 

individual fir.n ' s supply ftmctions . If m fir.ns produc e q1 then the 



industrJ supply of q
1 

( s
1

) would be determined by: 

:r.l 

s
1 

= r= s
1

. 
. 1 J J= 

m 
- E s 

1 
. ( }) ,, p

2 
, r) , 

-· 1 J I J== • 

9. 

In genercJ. most firms apply inputs in a perj_ocl before output occurs . 

For sinplici ty, consicler a firm proclucine one output ( q), one period 

after a siriele input (x) is applied. If the :firm is concerned ui th a.."1 

optililal production plc:.n over n years , the im:;ilici t production .function 

can be exp1·essed as: 

G( qt ' • • •' ~' xt-1 ' • •• ' xn-1 ) = 0 ( 2.9 ) 

The assu.':'lptions concerni115 the productio::1 function for the sjnc;le per:i.od 

input-output case rem~jn. 

If the individual firm wishes to maximize profits over time it will 

discount future inco1~w by a different fa-:: t or for eacb ye2.,r ( et)-r.· am1 v:ill 

wish to v2.::dmize the present value of t he proi.'i t fro:~ p::codudion ~mbject 

to the teehnical constraints of the prodllction :fimcticm. 

fo nn the p:..'ofit function: 

n n 
?r' = r; ritq.._e,_ - E rt-1Y.+.-"1et- 1 

t=1 v L· t=1 ~ 

whci·e p :.;: the p1·ice of• q_, 

r = the price x, aYld 

A = a La.gra.11cc multi.plier. 

••• , x 1) n-

The finn will 

The firm will then set the first-order p?.rtial dexivatives equal to zero: 

ch' A~= ptet + J..G' (a., .•• , x 
1

) = O, 
u~ ~ ~ ~ 

* For ease of notation the discount facto r for year t is \'lritten a3 et 

where el;= (
1
1i)t and i =the interest rate. 



.. . ' x 1·) = n-

.. . ' x 1) n-where ( for example ) 

It foll ows that the f i rst-order conditions for maximizing ?r1 arc: 

a_nd 

pt et G~ ( qt' ... ' xn- 1) 
t --- - GI ( (1 pkek "I' ) 

a ·t ' ... ' •. ' 1 
·k 11-

GI ( qt ' ••• ' x 1) 
xk .. n-

r e 
t-·1 t-1 

r e 
k-1 k-1 

- 1 

G' ( q 
X ·t' 
J t-1 

.. . ' 
= Gx' -(..-q,-~ ,-·-•• • ' 

"k-·1 v 

fort , k. = 1, ••• , n. 

x 1) n-

x 1) n-

10 . 

( 2. 11) 

( 2. 12 ) 

( 2. -13) 

Condi ti.01:. ( 2. 11) requi:res that t be ra.tio of prociuct tr2..::lr;fo:.:lnat ic!.s 

betvrccn eacii re:::-iod are equ:it.cd to the ra.t i.o of t11e discot~::rced output 

prices for those periods. Condition ( 2. 12) st2.-t.es thc;;~ t l1e discounted. 

value of th" m1rr;foal product of x applied dm~inc the k-1 pc~riocl '::i tl·1 

respect to outpu:t in each period., r.:ust be equatcll to the disc:.ounted rrice 

of x in the k-1 period. 13y cond.itior. ( 2. 13) the ra.tio of the ra.te::i of 

tecbnical subs·citution in the different time periods must be equated to 

t be ratio of the discounted ir1put price in each period the inputs were 

pui·chas ed. 

As prices change the fim will need to adjust production t hrough 

tbne in ox~er that the co~ditions (2.11), (2.1 2) ?...nd (2. 13 ) hold. ThGs 

the L!dividual firm ' s supply through til:le is a ftmction of the output 

price f o r the current and each future pe:riod discounted for the period 

the output i:J to be sold, and a function of the input price for the 

current and each future period discounted f o r the period the input i::i 

pu.rchased. If all the m firms in tbc ii-idustry use x to produce q , then 

the suppl y function for the industry ( St) in period t is the horizontal 
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summation of all then indiv idual finns' supply functions ( Sj t)' 

provided that the demand for the i nput is infinHel~,r elastic . Th<it i s: 

m 
= E S .. _ (pt et, • .. , p e , rt 1 e + 1 , . 

1 
J~ n n - v -

J= 
. · . .. ' r 1e 1). n- n- ( 2.1 4) 

In pra ctise , fi nns u s ua lly use s everal inputs to procluce several 

outputs. It can be shown that in thi:3 case t he industry supply fur..ction 

includes the prices of all the outpnts and all the input s for all the 

periods outputs are sold and inpu t s are purchas ed , where the output 

prices are discount ed f or the peri ods the prod_uc tion is sold and the 

input price s are discounted for the periods the inputs are purchased . 

The theo:i:y of supply jus t outlined, C<l:mot be applied directly to 

a given si tu'.ltion. I n all cases , many- of the a ssrnnpt ions ma.de in t he 

theo retical model need to be r el axed . Ji'or EX<-~.r:~:ple in practise the 

as sump ti or, t hat the fir1;i wishes t o m;:n: i rn i ze :pr·c'<fi ts very seldom bolds . 

The first part of this section con::; j_ der::; Lhe obje<: t:i.ves of f armc;j:·s. 

Oth er prohl f~1ns assoc:i e.ted vrith 2,gricnl t ural Dup;:ily ::i.nalys i s o.::cc ~:;um;narisod 

by Nerlov e as : !lprobleno connected. d th ( 1) tee complex structure of 

production, (2) technolog ical ch211ge , (3) 2..-r:r;-ree;ahon , ( ~) investment 

in fixed or quasi-fixed f actors , ( 5) w1cert:l..in ~Y and expecto..tions". 

r 
J_ .:42' p. 31J. These p:r:oblem areas are expc.nded upon in this section and 

mean s of overcoming parts of the associ.;:,ted in·- blems are dis cussed . 

2. 2 . 1 Farmers ' ob,j ective~ 

Several studies have considered the objectives of farmers and 

attempted to test the relevanc e of profit maximization as a farmer goal . 

Of t he studies a l arge number have concentrated on the f ann operator 's 

decisions concerning management under condi tions of risk and uncertainty.* 

* In this context s ee Officer and Halter L58J and McArthur and 
Dillon L 35J. 
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Patrick and Eisgrubcr ,{"'6oJ, in building a behavioural mo<'l.el of 

the farm fi nn, conclude tha t t he f a r m. f ariHy goals can be grouped into 

those conn e cted with living standards , f arm ownershi p, lcisu.re--chil dre:n 

and credit-usin0 , risk-ta.kinG behaviour. They clefine these groul1s in 

t h e follo· . .,·ing ma.111er. Living standards are com1ected with the desire 

f or current income for current consumption. Fam ormership is rel a ted 

to the desi:ce t o ovm farm l and 2..'1.d the desire to increase the f arm ' s 

net worth.~(· Leisu.re-c:hildren is interp::~et ed as beinr; t h e desire for 

l eisure and family time . Credit-using, risk-taking i s the willingnes s 

to accept :cisk and reduce security to achicYc other goals . They also 

concl ude thJ.t the importance of the goals changes with t h e age of the 

f armer, net worth , size of the f 2..r1n and s i ze of the fal'.: ily £ 60, p.494.J. 

Lin et a.L set out to t est the hypothesis "that f armer 's 

operational a.ecisio:is are more cons istent ni th utility m.:::.ximi zation 

than profit ma::d.mi z2.tion" L 33, p.497J. They tested three alteT.native 

decision c:r:i ter~~ p:r:ofit m2_......:imi.so:.tion, :Dcn:.oulliarr utility rnc:..xii.1i-

satio:-J. c:i,nd lexicogra,phic maxir:iis:::.tio11 of utility • .;~* 

t ested on 6 case stmly farms. Hone of the cr.i teria eave good 

precUctiYc r.osults . Had the f2.imers wfrhcd to 8GJ.imizo :profits they 

would h~vc chosen plans furthest from tho::; c:; a.ctua.1ly cho:s~m. On the 

other h<.l:.'ld , t:hc maximization of a Be:!'.'110ulli'1fl t ype ut:i.lity gave resu1ts 

closest to those actually chosen by the f 2;cmers . 

I n conclusion Lin et al. suggest t hat better aggregate pred.ictio1'!s 

would be obtained b-.t e.ggregating fanns on the basis of simil arH:r of 

utili t 3' functions. 

* The authors do not define net worth but presuJnably they were meaning 
equity in the f3,.J,.lll. 

** The basis for the Bernoullian and Lexicographic utility f u.Dctions 
was a mca.D-variance frontier for ea~h possible crop the f armers 
could grow. The J3ernoullian utility funct i ons were estima ted by 
each decision-maker 'playing' a series of 'games agains t nature '. 
The Lexicographic utility functions were detennined biJ asking the 
decision-makers to rarik t heir goals. Under a Lcxicoc;raphj_c sys tem 
the f i:r.m is a ssumed to maximize the l east important goal, subject 
to ' satisfactory ' levels of the dorainant goals. 
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These studies support the contention that a fanner tends to 

maximize utility. That is, the contenti0n that a faJ5ner does not strive 

to satisfy one eoal but tries to achieve a balance between sevem.1 eoals. 

The particuJ.::,.r goals each f arner considers and t he ii:iportance of each 

goal depeni on a wide range of factors. Amongst the goals are the 

goals of the far-..ner himself, of other fa.,uily members, goals of peers 

and goa.ls possibly cortllnon to aJ.l farm fa:nilies . These goals may be in 

confJ.ict or have differing i mportance with differe...YJ.t staces of life 

£"23, pp.431-432J. 

2.2.2 Cor:rnlcxi ties of uroduction __ ... 
Acricu_l tural production systems are comple.."C. A large nm11)er of 

inputs infJ uence production in the period they are applied &ncl continu.e 

to influe:aee production in subsequent periocls. A further conpJ.c:d.ty 

arises becau.se factors inter·act to eive corabi."led effects on procl.u.ction . 

Agricu.l tu~c8l output its elf is ma,de up o f ci, nnmbe::::' of proJ.ucts: ~; ome of 

which e.ec01!nt for a l arge proportion of incor:1e on tho incli.viclu.:iJ. f a rm 

while othei's a.re r:lo:re in the nature of bJ-11:r.odLtc.ts or in·oducts from 

hobbies. Each input has a cliffera"'lt effect 011 each output. So.me 

inputs have a specific use in the produ.ction of one pi:.cticular output, 

but the me.,jori i:;y of inputs can be used in the production of sc:veral 

outpt~ts. 

The t:r.eoretical supply mod.el developed. in the p:ccvious section 

inclucles a supply func.tion for each output of the firm. It v12s shomi 

that the quantity of each output supplied is depe_r1dent on the prices of 

all the outputs proG.uced and the price of the variable input used by ·~he 

firm.* :Because of this large number of variables that need to be 

considered in suppl;~{ analysis, it is diff icuJ. t to use regression 

techniques to analyse supply relationships. 

Nerlove states that "The co:nplex structure of agricultural 

product.ion leafu; to serious problems in time-series analysis for two 

* In fact a firm uses more than one v a:-iable input, espeoially in the 
longer run, and hence all the prices of these inputs need. to be 
included. 
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reasons. Firstly, time-series are ge..."'1.erally short relative to the 

nu.mber of variables vrh i cli it wou~ld be des.:.1.ra,ble to include in statistical 

al'lalysis in the light of the complexi tic s of agricultural production; 

hence, only relatively fevr nay be ta.1<:en into· accou."l'lt. Secondly, 

because r!!ony time-series, particularly p:cices, tend to move tocethe:r 

over time, the separate effects of e-v-en. those few variab1es included 

ca.'1.llot l)e discerned." L 42 , p. YlJ. 

In order to include the l a.ree numbe:e of va:dables in supply 

analysis, mc:my reseo,Tchers turn to analys:~ng supply relationships using 

normative me thods. One of the :more co1ll!7lonly used r.1c thods are inter-

temporal programrninc models . 1'he problc;:is of the cumplexi ty of the 

product:i.on system are , boweve::..·, not overcvme since pi·ior esti1n::t.tion of 

the production a.nd cos t parameters i s necessaiy . 

So;:ic :cc::rn<.:.rchers v:hile recoc:;nising the prcbl eres of supply cor:iplexi-

ties proj ect sirrp1e knovm trends . r- .... 
C.,,r·1·"1·, .. i· -"'""1_,_ 0 _j -r-01• ex"'rl '>] e c;.. l.J \ - · U"' V J.- / ) .L .0..:1 l:- ' in 

projeetecl accord.inc to plausi.ble: c.ssur:1pti c.:,1s con()erning r ate s of growth, 

without. pu.yinc attt'ntion to c;:;,u.s2.tion 11 L9, p. 3J. 

In considering c.,ge;rega-Ce ac;ricul hu·0.:1_ r):,:oriuction, the mnnbe:c of 

vc.:.ria1Jl es t h:;;. t infJ.ucnce production is [,'l'C:'.ter t:no..r. t he number tl1 a t 

influence production on the i11c1ividual fc;,rn1. 

faros incJ.ucle some in1mts tha.t are not com~1on to both, the am;rer;ate 

output of the two f arms wiJ.l be influencGcL 1w the full set of inputs. 

~~he full se~~ of inp:.i.t s will b() greater t han t he ave:rn.ge number of inputs 

of the two farras. In order to t ake account of the numher of v 2..riables 

in either the 2.ggrec~te or the individual situation, most studies 

combine sevE;ral of the vu.riable3 :i.nto one. 'l'he combining of the 

va.riables i1:troduces a problen to do with a..3'g.regation. The subject of 

aggregation of production uni ts is discuss ed in the next part of this 
.1..• seci,ion. 

Two types of aggregat ion need to be considered i n supply a..'1a1ysis. 

There is the agereeation of variables and the aggreg--~tion of production 
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units. Nerlove points out tha t 11 the necessity of confining attention 

to a f ew relevant variables in time-series analysis is itself a form of 

the aggregation problem" L42, p.32J. 

The fonn of aggregation dis cussed h ere i s the combining of a number 

of production uni ts and the use of the a m;:cegate to estimate the supply 

relationships . T'nc t heory of supply begins with the theory of the finn 

and sUTJ1s the individual r espw.s es to obtain the aggregate response. 

In p rac.tice t h e problem of ha..'1dl ing a larec number of i ndividu'=l.l 

producers is often simplified by worldnG with r:1ore a{;g-rcgate production 

un its than the individual fams a..'1d fanne:rs. In so doing, the estL11atcd 

o utput may not equal t he actua l event tha t occurs due to incorrect 

aggre gc::·Uon of the production uni ts . 

The :problem as Baker and Stanton sec' it j_s "to t ake a ll the individual 

f arms and farrJe:~·s and consolidate them into an unde:rstandable whole which 

will provide app:ox.imations t o reality" £"3, p.711J. In order to 

overcor:w part of t he problem, they sugge~;t ·Ghat rep:resentative .farn1s 

shoul d be drawn from homogeneous groups . Tlle :r.·epI·esentative farn1s can 

be used as a reasonable gui de to hm·: the cr.:iup wi11 respond.. In 

sor ting f2_:uns into hornogene ous groups, i:hc 2.in i s to reduce the 

varia.t i o:1 of the sa.i:1pJe. A suff i cient n umber of f2.r:.13 n eed to l1e 

anal ysed to reduce the er:eors to a 'tole:.cab:L e le7 el' and a cri te:r:ia is 

r e gui:ced to s ort t he f arms into homoge.YJeOU8 groups. Eaker an.cl Sta..ll ton 

suggest tha.t the groups should. be so:r:ted. acco:cd.ing to some ir.1portnnt 

p roduct i on trait. 

Frick and Ana_r ews ,,[' 19J in stuclyine t he problem of aggregation bias 

obtains-cl linea::· proc;ram:r;:iin3 ' supply fu..'1ct ions ' fox each of 51 f arms. 

These 51 supply functions were swnmed to provide a rneasu:re of the 

i ndustry 's supply functions tha t were ass umed to be free from aggregation 

bias. Four methods of selecting represe.ntative farms were employed and 

the estimated supply functions, appropriately weighted and surr.med, were 

obtained. The differences between the e s timated. supply responses 

using the four methods and that obtained from the sum of the 51 farms 

gave a m.easm~e of the level of aggregation bias. The four methods of 

select:Lon u s ed vrere: ( 1) the average farm , developed by taking the 

mean of the resources of the 51 f arms; (2) t h e present ~iz~ of the 

farms ; (3) the most limiting resource; and (4) the potential size of 

the f arms . 
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The selection method t hat closel y reproduced t he agcrcgate results 

was the g:coup:ing a ccording to the most limi tine; :resoi.JJ~ce . When using 

this method., however, as Frick and Andrews point out, problems of f a rm 

size 8.ncl level of technology are i aiored nnd othJ?r probler.1s arice \'1hen 

mal:ing pro jections '1..'ld when :b .. a.ncl1ing mol'e th~'l oii.e product . 

The selection of representative f a.i·ns de:pen~s on t he particular 

situation. El-Adecny an cl llacArthur L 15J considered proceclu l:'e s for 

the selection of repi·escntativc f aiTis and sugcest that the modaJ. fann 

in each homot;eneous c:rou:p may be a better indicator of the group's 

response to changinc; stimuli th:m t he ave:::-ac;e f a.:r..u. 

TechnolOGY 2..s defined by Hemlerson cc.nd c;,~1~ t [" 26 , p. 54J i s al l 

the t cc:Onic::.l infornw;'.;:.i.on avci,il2..ble to the p:roch:..-c:er concerint:; tlw various 

cor:itir1atior;c of the i nputs fo tJ.10 produc~:i,m of output ;3 o..-.1d i ncludes 

all physical possibil ities . A crw;nge iD the a".:X>unt. Of teehnica.1 

technologicol chance . 

t he same q_ua.'1tity of inputs, or the sc..mc ouJt.:put ~rol!: less in111r~s. In 

other words, tlrn aclv2.nc:e causes an increase :i.n tr·!e efficiency of 

pr.odu.ction. 

The difficulty for the supply a..riaJ.y:0:t is to mea"ure t he ar.1ou..D.t of 

tecr.nice:..l infoDnation and so quantify chux1c;0s in t he amount be.inc used. 

As HeH.dy states , "These vari2vbles are difficult ~o measure and e~press 

in direct guanti t ative and. logical rel ab on to supply. Hew resources 

arise as specific capital i terns and innovations , and they do not have 

price obnervat ions "bJing them Yri th time-series observations of other 

variables" L24, p.23_/. 

Technc·logy cha.11ges with time but no·!; necessaurily at a constant 

r ate of change. Cochrane L12J, in consideri!lg technological advances 

in United States a.e;ricul tu.re argues that over lonre periods, changes iJ.1 

production efficiency have occurred in s pui-ts rait!her than gra.dua.lly . 

During some periods , especially some short pe:rioaL.;s , the level of 

technology has r emai ned constant. 
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In quantifying supply relationships , researchers often choose a 

sho:rt period or a s sume that no structural. changes due to changes in 

technoloty have occurred over the period in question. The a.ssumption 

of no tecJ1_noloc;ica l ch<mge cloes not hold foT lonr::er time periods. 

1Jer1ove L42J, in consi dering time-series a.11alyscs , states that "over 

lonr;e r periods of time, to which time-series refer, it is cl ee!-r that 

this a s:::;umption ( of no ch3nge) is a poor one. In hme-seri e:_; analys e::; 

for indiviclue..l coinmodi ties, <t simple trend has generally been used to 

take o,ccourJ. t of the effects of changing tech.TJ.oloey-" L 42, p. 32J. 

A time tre!1d, ho\'lever, is only of use if ch311f;es in p:coduction 

efficien cy have b een gradual. Eve:'1 then Learn and Cochr2.ne, r1hen 

disc t~ssinc regre::-Js ion estil:n3.tion of supply relationships, poi11t out tb:::,t 

a J.ir1oc.1r time trend "can re s ult in biased coefficients for othe r 

indcpcn<le::l.t varia.bles which exhibit a secular trend11 L32, p.'fOJ. 

'l'hcn'e are otber l!lethods of taJr...in5 ac c;ount of c:hanc e s in tcdmologyc. 

'l\ro of the r::o:r-e c ommon involve t:i1c use of dw:i.'T!y v~r.i.ables a:nc3 surr og.:d e :'3 

for t eclmolocica l chCJ.11.r;c. 

chH"<ges in tecl::nolor;:; by acl j us ting t h e cons t211t t e :r,·.; in a l'e.r:;recs icm 

eq_u::.U.on fc•:c· differen t U .E1e IJCl'iod.s. 

cha.!1['/? is 8, v m 'j a bl o that i s considered. t o ch3Ilg<? \Tith e:h a:,-~ce~; i :n 

tcc1molors . 

1)roduction in the USA, used the number of d8.irf her.cl improver::cnt 

a s c oc.ie.tions a::~ a c,urrogate. fo~ the l eve:i.. of technology ., 

The f2~Tin opern.tor, ma1:ing pl ans for the futur e, has two b r oad 

areas of uncert~jnty. He is uncertain a s to wha t input and ou-tput 

prices to use in plannL-rie; and he is uncertain about the likely output 

he will achieve with a given bundle of i·esoui·ces. Prices are 

uncertain because markets are uncertain. The uncertainty of production 

responses arises through the uncertainty of future weather, disease 

and pest incidences and th.rough the variability of the various production 

units (in this case the variability between livestock) . 

The method a farm opera tor mi5ht be expected to use in p r ojecting 

prices are discussed here. The variabiJ i t:r of s upply responce is discussed. 
later. 
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2.2.5.1 l)rice expectation fo:nnulation 

The theoretical model outlined earlier assumes that the fi:r.n knows 

the fntu.re :Prices i t will receive for ou.tput 8JJ.d pay for inputs. L'1 a 

dynamic sib.ation the faDne1~ does not knon t he prices he vrill :receive and. 

pay in tbe f uture. E'.ren so tho f arn1er must pl an for the fubn:.·e ond 

in order to make a pl an the fc.nner rnust use the prices he thinks he 

will receive a..Yld p;:i,y. Thes r? future prices the far1,18l' usez are ' price 

expectations ' and VT.i.11 be l ikely t o differ from thost": that eventuate . 

As the fc.rmor ' s pr ice ex:_oectations chm1ge) his plan for the fut DTe will 

change and. current actions will alter. Co_:tvalho L-10_7, in discussi ng 

the fo:r."':"Dation of price expect3.tions, states "that inc'U.vid.uals react to 

current values of variables o.nd t o their expected futu:r.e values is 

well esta.bl:Lshed i n economic theor.1 . Eon expectations are generated 

i s still a na:cter of debate. It is unlikely that there i s a miique 

ex:planator~r mechanis:m11 £"10, p.85J. 

Hicks f-27_], in consid0di1c:; the rc:la;l;ionship between tl1e 

producer's GX})ecta.tions cf t he future rn:ir..::c; a:id the c~u:·rcn.t J)cj_co of a 

cormnod.i ty , (lefines the ' elasti.ci ty of c:q,cctCLtions' r!110r.e 11the e J_c.1stici"t·,y 

of a p c-a·ti.cular lJCI'co;:-i ' s expectations of the price of c:::i~:1mocli·~.~· X ( iG) 

t he ratio of.' the F'O:po:ctionaJ. rise· in cx:;_:,c cted futn:cc Jlriccs oi' X to tl1 0 

' - • , • .1. t . " '2·7 "or· ·7 propoT.,iona..L rise in l vS c:urroll" price L , p. G )_, • 

elas ticity is zero , the current p:d.ce cloe s not i.nflucnce the fntt1.:re 

expectcu. price. If the e:i..::is·cic:i.ty is ll~'li ty , a ch~rnf;e in t he cu:cre.nt 

price vriJ.l cause cx1iec·tations of the fuJ~nrc price to chance in t:!:.e 

same prr.:iportion. 

'.I'he cobweb model was one of the first theories to explicitly 

develop a model of price expectation forrn2,tion . 

The CobYIGO Hodel 

The co-tmeb model is adapted from stc:itic econonic t heo r.>r where 

supply i s predetermined. The model, outlined by Ezekeil /:'17.:J*, 

assumes that (1) production in any one period is determined by 

.. * The model is also summarised by Waugh L64J. 
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producers ' resp::mne to price under conditions of perfect competition ; 

( 2) the production period is such tha t at . least one full period i s 

required before output c a.ri be chaneed; and (3) dema.Yld does not shift 

["n, p.274J. 

The producer is assumed to expect the price in the next period (pt+) 
to be the curren t price (Pt ) . That l. " • .::>• 

In order to adapt the theor-.r to be 1110re compatible with observed 

price and qumtHy fluctuations , severa l qualifications t o the theory 

are required £"17, 13J. The main interest in the theory , however, 

has centered on the conditions required for the system to be stable. 

In considering the cobvreb theory and. the co:::ditions under '<rhich it 

can be applied, Buchano.n £7_] concludes that the theory i s only valid 

t.mder ver.J special circwnst2.nees . Ho clso co:J.e:J.u<les that in goneral 1 

the theo:q imrlie3 constant losses by producers a..°'1.d that pco1)le do not 

l e a n1 f:t'Om expe:r.:i.mice. 

1.Ictzle:c ['"37J put fori'T2xd the c:drapol ative expectation theory a,s 

2n alternative to the cobweb theor,t. 'l'he ·basi s for extrapo1 2..tive 

expectations i s the assumption tha t producers project some proportion of 

the trend through the most recent knmm prices. That is: 

where e; i s Jfotzler' s coefficient of e:A.'}lectation, ·which adjus ts the 

most recent price for the trend in t he last t wo :prices . Metzler makes 

the point "that expectations of future sales may depend not only upon the 

past level of sales, but also upon the direction of change of such sales" 

£'31, p. 119J. In a fo otnote, Met zler compares his coefficient with 

Hicks' elasticity of expectation and concludes that ( 1+g) equals Hicks' 

elasticity L-37, pp.119-120_7. * 

* Metzler defines Hicks ' elasticity of expectation 

Pt - pt-2 pt-1 - pt-2 
= 

pt-2 . pt-2 

as: 
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In analysint; the extra:polati ve expectations mod.el, A:rrow and 

Berlove £'2, p. 298J point out that t he extrz.pol::i.tive properties of the 

model hold only if g > o.. If g=O, the model reduces to the cobweb model. 

In the case where c < 0, the expected price equals the vmi[;htcd raoving 

averace of the pa st two years ' prices. 

Some support for extrapolative expectaU0:1s cones frOI'.l ',/illiams {"65J 
vrho in cons i de:!'.'ine the price expectation and production plans of milk 

J):roducers in Incli.c.Jna ( USA), found tha t producers pro ject recent priees 

i nto the future ....-rith only minor modification. ';'iilli ams concludes the.t 

the elasticity af price e}:pectations a,m::mc;st t he surveyed f:i.:ti!lers mo,y 

lie nearly ur1i ty. 

Cagan £8J put forwarcl the moo.el of adaptive expectations, based 

on the elasticity of expectation clevelop8d by Hic}:s . In this mod.el 

producers are 2:3surned. to adjuct their expectat2.ons in t he light of ths-

mo3t recent i nfo::.mo.tj_on . '.L'he form of the ex:pect a tio!1 l. 
. ..... ..., . 

6' is the coeff icient of E'.Xpectation \'lhich "clet0:crnines the rapicli ty wi t1·~ 

\'1h.i.ch e}.."}_)ec.:tod. rates of ch8.Jlce in pr ices adjusts to actual r a tes " 

L8, p.37 __ ]. Ii' the prices are in logaritlms ~- becomes Hicks ' 

cl<:!.stici.ty of expecta tion. i If 6' = ·1, the moclel becomes the cobwell r.1otleJ. 

J3y assun1int; that 0 < ~ < 1, it can be shm·::..'1 that: 

P·X· 
t 

oO • 

= ( 1 - /3) .E ,e1pt-1- i 
i=O 

vrhe:re ,6 = 1 - ~ ·*-'-''• This expression states that the expected price is 

the weighted average of all previous actual prices , where the weie;hts 

decline geometrically with the lag. 

* Arrow and Nerlove asswne time to be discontinuous c:ind, on the basis 
tha:f individuals think in tenns of a 'normal' price, l et the expected 
price be the ' normal' price expected at t he beginning oi' the perioC. 
T2, p.299J. 

See Carvalho ["10, p.92J. 



21. 

A similar type of expectation fo nna.tion model s ometimes used is a 

vreighted average of only a fen pas t price'3. Patrick and Eisbu_rger 

{"6oJ, fo r example, .in studying the supply response s of f armers , use a 

weighted moving average of the previous three years prices of the fona: 

_Rational E;q?ect.a.t.ions 

Muth L 40J propos ed a mod.el of price expectation format ion which 

he t en1ed 'ra tioncl ' and hypothesised tha t expectations are e ssentially 

the .saL1e as the predictions of the relevan t economic theory. The 

r at io!1a1 e;,.--pectations model i s based on t hree hypotheses conco::cning an 

.individual's behaviour: "(1) Inform:i.tion is scarce, and the economic 

system generally does not waste it. ( 2) The way expectations <J.re 

for1ned. depends s pecifically on the structure of the rcleva..rit s:fs tem 

des cr:Lbing the eco:noE1y . (3) A 'public prediction ', ••• , vril l h ave :..10 

substantial effect on the operation of the ecoYJ 01;,ic syst em ( m1less it :L s 

based on inside i nformatim1)" £'40, p. 3 ~ 6J. 

L1 this model, the producer is assumed. to bavo s o;ne ide 2. of m8.rket 

price mal\:i ng forc es and uses these in forming bis expectations . 

Somo support for Muth ' s r a tional cxpoctatio:ns ca n be fou;1d in 

research c oncerning farmer's price expectation .foi'n::.tion . Heady and 

Kalder found tha t "for thei r 1948 and 1949 forecasts the majo r ity was 

not us inc; simple mechanical models such as the pro jection of the curren t 

price or recent price trend i nto the nex t year but was atteraptinc to 

analyse tnd predict the more complex price-making forces . A rather 

common procedure appeared to start the process of devising expected 

prices from current prices. The cu.rrent price was then adjusted for 

the expected effects of important supply-and-demand forces. Where 

farmers possessed little infor.aiation about these fo r ces, there was a 

tendency to pmject either the current price or tbe recent price trend" 

["25, p.35J. 

Muth ["40J suggests tha t the aggregate eJ...."'J'ected price of the 

firms for period t+1 (.in period t) must be equal. to the expected value 
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of the market equilibrium price for period t+1 predicted by the market 

forces in period t. That is to say, t he expected price is an 

unbiased estir..i.atc of the market price and the expected price is 

endogenous to the system. 

Consider an example given by l'.'luth ["33, pp.317-320J: 

'l'he particul ar market i.s asstrnicd to consist of a demand function: 

C, =-(3P • (; -t' 

a oupply function, 

a market equilibrium condition, 

and. a vrice expcctc.!.t:ion functio:1, 

whe:ce ct = the a::aou.-rit co::isumed in 11eriod t, 

st = the number of inyuts produced. in 

l a sting as long as the production 

pt = the market price ·in period t, 

Pf = the expect~d price for period t, 

(3, and ~ are constants and 

ut is an error tenn. 

the per:Lod 

l ag, 

J·ituth assumed -Chat all v ariables were ex:rressed as deviations from 

equilibrium values. 

If the errors between periods are serially correlated, Muth shows 

that the solution to the expected price i s : 

* (3 [; ( b' )j 
pt = "j . (:3 + ! p t-j' 

J=1 

which states that the expected price is a geometrically weiGhted movinG 

average of past prices where the weights depend on the supply and dema.~d 

coefficients /:40, p.320_7. 
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Thus Muth ' s ration.a l expectat:i.on model requires the specification 

of demand, supply and expect ation function s and a market equilibrium 

condition. The expectation fllilctfon is an .integral part of the market 

forces and cannot be deterinined separately from these market forces . 

2. 2 . 5. 2 The i.mccrtaini\r of product ion response 

Productio:-:i pla.n.s for the future con tain eletiCnts of nncertain"bJ due 

t o the U.'1certainty of the response from a given btmdle of res ources. An 

i mportan t c ause of the uncertainty of the production respon se in 

agricul t ure is the variability of what is loos ely termed ' weather '. 

' Weather' is the conglomeration of many factors. In supply 

analyses , t he asJ:lect of \'leather th'1t inflllence.s production and the 

period over ril1ich t hat 2,spect of weather has its influence are difficult 

to ascertain. It i s even more di:'ficul t to q_u211tify the aspect of 

weather and include it in a SUfJpl y model.* 

!Jules r39~]' i n studyine; the sapply res:;;ionse of dairy fc:.,:c:i.ers .i..n 

Aust:ral i a , sum~:ia.r:i. ses the various raethods of excluding or including 

vreather as aYl explana to ry va.r.iabl e in sur)pJ.y analysis in the following 

ma..Yln. e ~r: 

( a.) Select or modify a dependen t variable so that it is free 

of the influences 'of weather. 

(b) Assume t hat weather is r ando::n and there.fore can be 

r elegated to the error term. 

(c) Use r ainfall, sunshine, tei:iperature evaporation etc. 

measurements to quantify the effects. 

( d) Use a broa d surroeate of the weather influence where 

the surrogate can be a f actor greatly affected by weather 

formed into an index of the changes of the variable from 

its trend through time /:"39, p.197.:J. 

* For exmnple see Mau....'1der J:34J who attempts to predict monthly dairy 
production from water deficiency data~ 
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The method to use in either incorpo:raUne weather :L11to, or 

excluding it from, SLlpply anc;,lysis will depend on the product beine 

studied, the time period beine studied and the measurabili ty of the 

particu.1a:r aspect of neather influencing production. For example, in 

an ag('.;regate supply model, re.in.fall measurcnents will not be a reliable 

{Sui.de to the influence of weather if the vrnather differs bet·ween regions 

within the agerecate . 

2. 2. 6 Investr.:ent fo fixed and ouasi- fixed fa.ctors of pro due ti en 

'i'he followin;; section is separated i nto t:h.ree parts . The first 

part coD s iders some aspects of investment theor>J that are relevant to 

supply oTw .. ly-sis. The second part discusses .so-rae attempts to i11corpo:r·ate 

fa.vestment theory into supply 2212.lysis and the third part considers the 

inves-Lrr!CX1 t ·beh<:wionr of a dni:r:y fa:r:mer. 

Curre;1. t and fu.ti1 i·e levels of fam. 0 1it:put ( 5_. e. su::;:rply) wiU be a 

fimct:i.on of po,st and current nanar;ement clecisio!1s Vii th respect to the 

alloc01tion of resoL;.:cces . Exar,1ples of such deci.sio:1s nay be the 

cx}XJ,nsion or renewa l of come f<.~cto:rs of productim1 such as du:r:able 

inputs or the expo.n::iion or retraction of livestock munbers . Services 

frorr. d.~ab1e inputs will be, cJ.erived over a period of time. Similarly, 

decisions made vrith respect to the reten:;ion of livestock wHl, 

depend.ing on the type of stock involved, affect output for some time 

after the decisions have been m2.de . 

All such decisions are called investmer.ts since the f armer is 

spending money ( or sacrificing consumption) in the current period in 

the cxpect.ition of earning a stream, or flow, 0£ annual income over some 

future period. The theoxy of investment deals 'With the rationale 

U."'lderlying such investment decisions. The theo:!'y also considers 

criteria to guide the individual in selectine a.':ltmg a number of 

alternative income streams . 

In the theory of investment an individual is assumed to have a 

time preference for consumption which is based on his intertemporal 

utility function. For the individual, a sum of ;money in the curi·ent 



period is worth 1:iorc than the sa.'!lc sum of mone:r in the next or some 

l ater. period. rrhe extra amount t hat noulci need to be pCLid to t he 

individual i n the next period so thc..t he is inf_i fferent bctrreen an 

2.P.lonnt in the current period ai.'1d t he samo a.r::ou...""1 t in the next period , 

de1xmds on t he inclividuQ.1 1 s r ate of tir.ie preference . 

Fisher ["°1 GJ consi 6_cr ed -that -Lhe individual \7ould \'!ish to 

distribute consu.mpt :!_on t hrough time i n order to ma.xir:iize utility. 

He diff ere:n tio.ted between inves t :oent oriportun i ties ( procluctive invest­

l'.lents ) such o.s the puTchase of 1ive~3to ck , 2..nd ex:cha.nge oper at ions rmch 

as borrowing an.d lending rioney . J!'isher shov1ed that t he i nves t ment 

opportln1i tic·s cannot be evalua-Geo. sc~"larately fron t he c onsunption 

al tcrn:J,ti ves. 

Jn the Fishc:ri <lTl vievi of inve;::;tue11t , the i_nclividual must c}1oose 

betvreen t he i):roclnctive inves tments avai.lable to him in. o~ccJcr to attc..:Ln 

his optim3.l in cC!rtc1. poral c onsumritio:·1 pattern. Criteria such a.s net 

present val ue C.PV) a.'1cl :! nt<.;rnal r 2.te <:if rch1r~: ( IR.1i ) have been devised 

to assist i n the sel ection bet·:tcen ~oro,~_ uctivc :i;_westments. The l~J?V of 

<. p:r-oduct.ivc investment i ::: t he sun of the discot.:nted s ~:re '.-tr.1 of inc.one 

fro:~1 the i nvc:::tr'.!ent . That is: 

YT here b . = the 
J 

j = 
c. = the 

J 
j = 

i = the 

n b . -· c. = L , _ _J_ __ __J_,. 

j =1 (1 + i)J 

' ll1COJ7!C rec0ived Ci..t t 3-!e cross 

1, .... ' n , 

costs .incurr ed at the end of 

1, ... ' n, 

mc::.rket interest ra-~e, c:i.nd 

encl of t he years 

the years 

n - the last ye2.r the 5n v est ment provided an income 

or incurred a cost. 

The I RR is the discount rate tha.t equates the present value of the 

gross income stream and the pres ent value of the costs stream. Tha t 

i s where: 

where r =the internal rate . of return . 



Jn the theory of investment, the i nd.ividual selects an optirrru.m proCT.uctive 

investment from tho:1e available with the aid of an investment criteria., 

He 'dill then adjust the income stream between periods by either borrowilig 

or lending,. The type and extent of the exchange operation will be determined 

by the individual's intert emporal utility function. 

Consider tbc case v:hcre the indivj dual has fou:c investr:!ent 

orpoTtu..'1it ies ( :F.!1, •• • , E4) tha.t are indepenuen t of ec:ch other a.nd that 

invoJ.ve trro periods. The fom· inves t.nen t opportun.i ties are sho\'fil in 

Fi.;ure 2.2 \'!here for example, E2 yielcls 0...11 income of oa in tbo first 

year ancl ob in the second year . It is asswned thZ'..t a pe:rfcct capital 

m<J.r}~ ot exists where the bor:covrinc; 2...Yld lendinc; rates of inte1:.·est are the 

same and equal L In Figure 2. 2 the consta."'1.t r-iarket rate of intere:.-~t 

is denoted. by the parallel ljnes whose slope equals -( 1+i). 

Year 
2 

($) 

b 

0 
0 a 

Figure 2.2: Two Period Investments 

Year 1 ($ ) 
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In this case , E2 is the investmcmt opportunity with highest NP1l 

(when u.sint; i as the dis count rate). 

By superinposi..Tle a set of indifference c.urves ( derived from the 

i ncliv-idual ' s i :1.tcrte:npornJ_ utility function) on Fieure 2 . 2 , the 

exchane;e opera tion tha t the indivil1ttal should pei'fonn can be der ived. 

This is r;ivcn in Fieu_re 2.,3. In t his example tl:e individuaJ. shouJ.cl 

bol'.cow nn ar.iour1 t ac in y ear one and should repay a.-ri a."!lount bd in year 

two in order to attaj11 the hi(:;he s t level of utility . Therefore he 

r1ould be able to attain point P i n Fieu.re 2.3 Q.TJ.d would consume oc in 

year one and od :in year two . 

Year 
2 

($) 

b 

d 

0 

d a 

A Two Period. Solution 

c Year 1 ($) 
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'11hus , Fisher shoned that the investmel:.-t process is made up of t wo 

steps : a r)rocluctivc investment step a.'1d a.11 ex:chanec operation step . 

11ut because li ttlc is known of the indifference curves of the i ndi.vi clual 

(or of the firm or society) the type cmd extent of the exchanGe 

ope :r.·ation must be l eft to the i:;iclividual to deterraine . All t hat ca.n. 

be cons:Ldcred for t:he indi.vidu2.l i s vrhich .investme:1t opportunity t o 

sel ect. 

In extondi..Ylg Fisher's a.YJ.alysis , Hirsh1eifer f 29J consi.clered t he 

conditions 1_mde r v1hic.h the 11PIT and the nrn rules cou1d. be u sed to guide 

2...11 individue .. l in select.inc between productive investment s. He showed. , 

using iso-quaDt a..v:!al.fsis methods , that once the assunption of a 

perfect ca1)i to.l market i s dropped (i. e . that the bo:t'ro•;;:LYlG a.Yl.d lenaJ.r.r; 

i ntcrPst rates are not equal ) the NTY a214 IRR criteri a will not in a 

all c2.ses i ndicate the same solut.io:1 as the iso-quant analysis . 

Further, IJirshl eifer found that rrhere the m.:::.:r.·ei.nal cost of "bornwing 

increa3cd as t:ie qLJ_;::;ntity· bo:cToi.·red inc2·easec1, i:Fil 2 .. nd IRR can l cc:.d t o 

vrong b1~c3tment decisions. 

After investj.,:_;2.ting other con0..itio'1s 1mO.er wb i.c':l the two :ru.1cs 

vrould cor:rectly indic2..te the s2,:ne solution as h i s iso-quo..n t o .. nalys is, 

Hirshlei.fer conclu·::'e cl that 11 t he present v2J~e rule is correct in a 

wi :J.e v:-:::ri ety of cas es ( but not tu"'j_ver s<:d.ly) 11 [-29t p.35 1_7 -Dti_t it 

fail s to g ive the s ame solution as his fao·-qu.2.nt 2.nclys i s i':hen 

i nvestment op:!:Jortunities are non-indep8nde:1t <?...'1.d. \':here ch2.11e;es i n the 

r <::mki::l<; of investments occur by usinc different interest rates. 

Hirshleifer also concluded that "the main burden of the cmaJ.ysis 

justifie:c.~ the contentions of t hose who reject the internal rate of 

returD as an investrnent criteria" f 29 j p. 329J. 

I nvestmen t a..-ri.d Supply Anal vsis 

Many attempts have been ma,de to includ.e in supply analysis the 

affects of changes in capita l items on produ.cti.on .['"22, 41J. But 

the quantities of the capita l items themselves cha..'1Ge in response to 

economic stimuli, especially in livestock production where the cap ital 

i terns j_nclucle the livestock which are used. to :p.rovide a..11 income 

stream over future tj_me periods . As Hildreth ~d Jarret f 28 , p.21J 

point out at an;>r given time an animal is a fintl good , a good i n process 
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or an item of capital . The decision to sell an animal i s a cl8cision 

to inves t in less of that class of livestock. 

'.i.1hree recent studies [10, 30, 66J h~ve a:r1alysecl cattle production 

relationships by considering cattle as investment goods . Carvalho 

L10J studied the investment behaviour of a cattlerno...11 in the United 

States and claimed that 11 the resuJ.ts yield a eood 2.pproxine.tion to t be 

cattleu211 ' s behc::.viour'' L10, p.139J. In a sinilar manner to Cc.rvalho, 

Yver £.66J a.n.d Jarvis f-30J built investment models of a..YJ ArgeE-tin.01 

cattlef'la.n ' G behaviour. J a_-rvis po:i.nted out tho.t nthe ccntrcl. tl1cmc is 

s:i.mple. Cattle arc co::isiclered to be capital goods \Zhich arc: held by 

producers c;.s lonG a s their capital value in production exceeds their 

slau_,-~hte r ·v-alue. In essence producers become po:.:·tfolio l:l ill12.(:;·2:cs see:'::..i..ng 

the optir:lal combin[~tion of different categories of mimals -Co c.or:ipler.:1ent 

their non-cc.:.ttJ.e a3r;ets, given existin{; conditions and fut-ixce 

In both :.;; tuclies, the results \':o:ce consir~o}:ed. 

by the authors to describe the behavioLn' of Arr;entin2 .. cattlei~wn bette :· 

than previous at-Lei:1pts . Jarvis conclu.rl.t.id that t}1e results ri s.10uld 

abolish doubt8 3.S to \'ihetho::.· Argentin.'.1 r:::-od.ucers respond to pr:i.ces" 

'rhese stud"i.Ps provide an introd.uction to t :c_o co:1cept of c al~tle as 

investment items. I n dai:cy production , cattle c;;..:1 be consi:}cTe cl 2oS 

capital items , 2.nd decisions to change the size and cornpositio::1. of a 0.J,:i_:ey 

herd c2 .. :t1 be considered as investment decisions. 'rhe follov:in c 
cliscussio:1 considers chances in the size and con:po3i tion of a dairy b i:~:r\l 

fro r:i a.11 investm0:1t point of view. '11his discussion draws u11on the 

stL1dies of Carvalho [10J, Yver £"6GJ a..YJ.d J arv-is ["30J. 

'11hc Investnent :Behaviour o_f a Dai:r;L~ .. rner 

A dairy f arner is in business to :produce milk z..YJ.d other products 

such as caJ .. ves and cull cows, in order to earn an income . His desire 

for consumption between periods will incluce him to adjust :production 

which he wi.11 do by the decisions he makes . 'l'he ma.i.1agement decision3 

facing the da.ir.t farmer concern the size and composition of the cattle 

herd he should retain to maximize hi.B future incou~e streara, and the 

level of inpnts. The former is mostly an investri.mt decision and 

the latter is a current produ ction decision. For example, if the 
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dair,>r f armer desires a higher cuxrent .income he may reta:in less calv es 

and/ or retire 1:1ore . cows. 

The da iry f a..."r'Ine::- 1 s declsions vrHl depend on his expec b .tion of 

future prices . If h e expects the future pr ice f or milkfat to increase 

he may retain r,,o re femal e ca l v es and retire less cows and :increase 

inputs to achieve a hit;he r production from the i...'1.crea s ed stock numbe:r.·D. 

Thus t he dairy fsn::ter is investing fo r f uture output and hence inc 01:1e. 

One of t he inpu-:s the dairy fa:rmer may .increase is t he area of land 

available to t he milking h erd . This can be achieved by brinc ing mort~ 

l and into procluctive use by developr;1ent , or bjr expandin g tho size of 

the f arn: . :Bo t h t hese are investment decisions thouch some of the 

increases in production will be realised in the current yea r. 

While recognising ·t h e importance of effective f a m. size decisions , 

t h j s stud.y does not e;cplicitly trea t jJwest ment cecisions concerning 

t he effective fa:rr:1 size . The a..11alysis considers only t h e short run 

\'/ho1·c the o.air~r f armer t clces the effective f arm size as f i xed.. 

'11he de.iry f t:,_rucr c 2...n be considered as an i nvestor-produccn:· who u ses 

ma..YJ.y resources to earn an income . Some of thes2 :resources ( his mil1dn.; 

hei·d and repl a,ccn enl:s ) will produce i n come over -:inc and t hus can be 

considered as capi t2.l o.ssets vrhich the da.iry fa.r:;:'er will build ti_p or 

deplete de:pend.inG on his expectation of the futu_,-:-e i n come s treOJn . 

His i nvest rr·.ent decisions copcem the nurJber o.f f e1:iale ca lves to rear 

as herd. rcpl2.cer:ients ( sacrifice from c ur:eent inco:ne ) , the numbe:r of mc::!.le 

calves to rear and the nw-:iber of milkine; cm«s to retire . It is pos s i ble 

for a dairy f a.rmer to sell some of the heifers not in the milking herd, ·X· 

but thes e a re small :in number. 

The decisions on the number of ca ttle t o retain reduces to dec idi."1e 

the optimum ae;e to sel l an a.."'1imal . 1',emale a.ni.raals have the potent i aJ 

t o produce millr,i'a t and calves each perioo, as ue].1 as providing meat 2.t 

s l auehter. On the other hand, mal es. ( other than a small proportion ) 

* In this study, the dai:iy farmer is a ssumed to milk all uva ilable 
heifers in preference to milking a cow due fo:r retirement. 
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produce only meQt at sla ut;-hter. Therefore, a f~~ale calf at bi rth is 

r.iore valuable t han a male calf , since the stream of income from the 

fcr;-1ale is expected to be hi5her than tha t fo;r- a rila.le. 

The dairJ f arme1· is int erested i n making inv e:::tment decisions so 

as t o m2Ximi ze ut ility . In t he ma jority of cas es , the fi:rn t step 

shoul u he to mJ.J~ir..iize the n et present value ( EPY) of the expected income 

strea.!'.\ from e a ch an~nal. 

'rl1e 1'.J"'PV of a female animal at time t (V ft) i s the sum of the 

dis counted va l ue of future railkfat production, plus the discounted vaJ.ue 

of t h e calves born plus the discounted future value of the con in period 

k when sold , minus the discounted costs of the ir1put stream. Tha t is: 

k Pi.I . I.P . k VC . PCk W~k k ·Cf_. PI . 
2: J .1 ~ J - - L: .Ll___.J.. 

= (1 + i)j + (1 + i)J + 1~ + i) k - . ,_ Z1 + iJj ( 2.15) 
j=t j =t J=~ 

where t - t he cur r ent pe rjoc1, 

k = t he pei·j od in nhich t he an:i1nal i s t o be sold. , 

f i ndicates a femaJ. e c:t:'1 i r-1::i.l, 

i - the di scount r o.te ( ass'Jmcd fo r sir::.;1lici ty t o be con s t m t), 

PE . = 
J 

J.P. --
J 

vc. = ., 
<.) 

t he expect eel mill:fr;l; price for :pe:d od j ' 
,_. 
L.JlC expected :r.;.ilkf a t :Production for period j' 

t he expec t ed value of t he calf cro;,i for pe r iod j 

a.ii d is depe .den t on t D.e ca:1_v:i...'1e rate, the probability 

of the cclf being ma.le or fer:iale , c:nd the cx~l)ected 

future v a l ue of male an d f emale caJ.ves, 

PCk = t h e expected price pe r unit of weight of the cow for 

period k, 

wfk = the expected weight of the cow for period k, 

cf j = the expected inputs per fe111ale ani.r.ial for period j , 

PI. = the expected price of inputs for period j. 
J 

and 

The decision facing the dairy famer is to ch oose the k that will 

maximize V rt• This is the same as sayincr that the dairy fnnner chooses 

k so as to max~ize the capital value of each animal . Since some 

females are sold as calves and others are retained for milk . production, 

function (2.15) could be considered as being bimodal £30, p.498J For 

some females, however, their discounted futur e ~come strea.I:l must be less 



tha..'1 their value as vealers. Dairy f armers retain fcnal e calves from 

hi[;her producinG e::..rlier cc.lving coY1s. and· thus function (2 . 15 ) v1il l be 

maximi zed for s ome females a t five days old :md others after servine a 

period in the milkinc h2rd. I t c2n be sho\'in that fo r all aces belm·1 k , 

t he capi tal v:::tlue must ex ceed. t he market va ltw , but at le \'rill equ;:iJ. the 

market vaJ.ue {66, p.18J. At tl~is point the dairy fc::.rmcJ: is irnlifferent 

between retrdning the ariimaJ. nnd s elling it. Thus 1 for a tra.'lsacU.on 

to occur at less t ha..'1 the s laughter a.ge of the cow, the market price 

must exceed its future productive and. slauc,;hter value . 

A cov1 should be retired from the herd 2nd slaughte~ed i'lhen the lJPV 

of the future expected i n come stre<::.m ( capital value) eqm1ls or i ~i less 

than the currer;.t slaur.;hte:c value of the aniL1al . If the val~e of a 

cov:, Y1he11 s l aur,'htered , focreases ( cete1~is pai'ibus ) the clo,ir.1 f a21ner 

should retire more oldGr covrs since PCk will exceea. t he V fts of some 

of t he oldFt' CO\'rs. If the incre2.ce is expected t o pcn ist t hen Ute 

dai ry famr:r should also retajn more f emal e c.J.lves since thei r V .r-.Ls 
.i (, 

will incre;~;3e above their value as vealers. 

t he future milk.fat price ( ce-C eris }X1:ribus ) vdJ.l increas e the VN of 
.1 v 

f0mcle3 of 2,11 aces , hence l ess co .. ·rs shoulc1 be retired ( Ol' their r0tiJ·<J--

ment age s{1oulc1 increase) and rno:r~ female c3lves should be retaiJwd fl.. ~-: 

herd repl 3.CC::1en.ts. Similarly, an expected c1.ro1) in the iqxi.t co ~-;·:~s 

as;:,oci2ted wit':J. holclinr.:; fem<:!.les Yiill raise the Vft of o,1 1 fer.i2.les v:ith 

the sar;"Je effect as 2.n e:x:pect ed increv..se in the mil kfat p:::-ie;e . fb 

i n crease in the discount rci.te \'!ill decrease the vf' of 2.11 ani malf.: 2_n<l ·c 
hence less femal e calves should be re2Xed 2..nd mo2~e cor;s ::cetirGd. 

A further.· avenue of i nvestment readily avail able to the dai:ry 

f a:rmer is to retain sor.ie male calves . Tbe options here are to sell the 

male ca lves a.t five days of age, as ;1eaners of 3 to 4 nonths of aee , h1 

the early spring as yearlings or for slaughter in the f oll owing au-b,.un:n .• * 
The NPV" of a male animal at time t (vm·i) is given by: 

·X- See Barry L 4-, p. 13J. Given that about half of the )Jew Zealand 
dairy- farmers use artificial insemina tion methods L 44J, the 
keepine of bulls for breedinG purposes i s not considered here. 

i. 
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L: _El..J__.;J. . 
j=t ( 1 + i)J 

i7here th0 -v-c:::.:cia.bles are as defined for function (2.1 5) , 

m indicates a male animal~ and 

PBk = the expected price peT unit of Y>eight of a male 

animal for period k . 
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( 2 .1 G) 

T'ne decision the dahy fanne:c raake3 is to choose k such tha t V , is m·c 
maximized. As before , at t h i s k the maxket value of the 2.riirnal e qu8.ls 

its future vmto 

Ti-aditim.a lly in new Zeala:1d , the number of male calves reared by 

dairy farmers h2.s been small and the numl)er wintered on dairy farms 

even l ess L 4, p. 12J. · For ages less tl"1a."l"l t he sl2.ushter ace (of 18 to 

20 months ), sales should occu::c only vrh0r•~ the ;aar}::e t p:rice per unit of 

weight exceeds the s l aughter :price {""6G , p.17J. Some evidence f or th:L:::: 

CCJi be seen i n s<1J.es of dai:ry /beef·X· anim1'.ls :L.'1 1Tf~rr Zeal 2.Yld. \":\·ic::re , as the 

slaughter 2,r;e approaches , the price pr:,::- \ll1it of ':! eicht at vrh:i.ch the 

anfr1a1 cha.n,';es 01mersbip , declines £21, p . 25J. 

It C2.11 oe ::;ho·::n thc..t the optirnuil slaus.h.ter c..:-;e of a Eialo nnimaL 

is v:r,ere the r;.1,tc of Tiei£;ht gain eq_uals the r ate of ir1terct::t plu;:: the 

clail:/ feed c o::;cs per dollars rmrth of the animal £66 , p. 18.]. That 

i s , where nargi112.l return ~quals ma:r.gin2-l costs. 

Thus , as the :!;)rice of beef fron mc..le dai:r:y an imals increases , or 

i s expected to increase ( ceteris p2.ri bus ), more i:aaJ.e C2.l ves should lie 

reared since foi· sone of them. their discoui1ted future vcl.ne rrill excee d 

t:beir currr..nt v2.lue as vealers . A drop in the price of i nputs or in 

t he discount rate should have a simil2.r effect. 

The dairy f arc1er thus holds , o r potentially can hold, a mixed 

portfolio of animals of different sex and ages. Inthe short run , :tf 

he aims to max:imize his fu·l;ure net r evenue strea.".!l , he should 11 t r.r to 

* The definition of dairy/be ef used her e is eiven in Barry [ 4J, 
p .12. 
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equalise the rates of return to fovestments in (his) mixed portfolio" 

f 66 , p.1 8J. As rn·ices and. di~cotrnt rate'.~ cha...n.ce , ox· are expected. to 

chi n.ge , the d.airy f CLrrJ e:c vrill adjust h.is portfolio. He s hotLld adjus t 

his portfolio b~r invcstin;;; in thG<.t class of animcl that has the hichest 

ca.pi tcl v<:.lue. 

I n the sho1.·t run the c.xea of lo.nd avu.j L '..ble to the clairy f arr:ier is 

fixed , and thus he vii.lJ. want to disinvest :Ln that class that has the 

lea,s t capitcl value or · else increa se inputs other th2n. Lmd to naintai.11 

the extn_,, stock. Fo:e examples if the pr:i_ce of rnilkfc:.,t i s expected to 

i ncrease the d2i:ry f.::u:ner shoulci. :iJ1vest 5.n no:::-e cows c:nd female calves. 

But the inc.Tease :Ln the number of cows in the he:rd \'d.ll differ from the 

in crease in the nu;:i1Je:c of calves sin ce the 2PV of the older cows not 

retired nill differ f .l' CP.1 the !·:1-"Y of the c~~ trp. c3...1 ves r e<:red . At t he 

s2ne time ·she o.aiiy f ;:inne:c may jncrease ·foe level of in:ruts to maintai n 

On ·the other h o::~cl 1 if the p:cice of meat from 

d.a.irJ a...Ylimals is exp cctecJ. to incrc;;1se th.: ll.<:.i.:-y fc;.:cr.ier shou.1rl i nvest i;;. 

( n o:ce ) male: c a.lves 2J.-: d l ess co';/3 but ·;ril :'.. b e .fo:rc.ed to i rnrcs t :i.n. less 

f er:3.l e c 2Jye3 . Th e cxt e:-it of aJ.Jy s h ift b 2 c·.:ecr! the v<::,r _" ous c ;;: tcr;or5.e.:; 

of llvcs-CocL ;:r.nd bc"c·; : c.;c~1 li vestod~ 3.i.1d. rn :~tcr.i 21. inputs ni ll depcnd a l so 

outpu.t by s <.1,~r one clo:Uar . 

Thu.s j r. order to s tucl;y- the SUIJ:)ly r csy:.0;1.t;es of the d.airy :i..nclust:ry 

to chanr;iri:'; prices , iJt- is n'ecess <:~ry to do·G o:r:;::.i.ne the effects of chan{;ing 

prices on the stoc.<: of capital. · It is "by ch:.::..."lt;:i.ng the stock of c,:.pita l 

th2.t the c.lc;,ir-.;r fa:r'iT:er adjusts f ut ure L'lcor.:e . The a c tua l level of future 

income will depe.."'!d 2,lso on t he l evel of T"lateri.al inputs . Thus the 

d.e cis ions cor:cer.1.1inc; the level of rna.terial in:puts are an integral pa rt 

of the analysis. 

The variables that a re involved in the decisions con cerning stock 

numbers and inputs are specified in functions ( 2. 15) and ( 2.1 6). 'rhese 

v a riables a.re current and expec.ted output and input prices , the current 

and expected quantities of i nputs and outputs and the discount rate(s). 

I n Chapter Foui·, a moclel of a dairy farm i s built based on function (2.15). 

This stucl.y is based on a representative fa.nn and thus , the NPV- of 

each animal o~ the fan~ has to be _summed to obt~ t he capitalis ed 



35. 

m~pected i."'1co:ne stream . The order of summation of the capitalised 

income streaJil does not alter the result, .so that expected income in each 

period can be obt2.i.rl.ed and this income stream capitalised. 

i s follovred in Chapter Fam:.·. 

This approo..ch 

Before building an empirical model to attempt to expl ain the SUJJply 

responses of da i ry f armers and to t est it agab1st actual data , the 

r eeion from ·,·rhich the data is deri vcd needs to be anal ysed. 

t he subject of the followine chapter. 

2 & 3 Relevc;nt Previous Stmlj_es 

This is 

The follow:Ln ::; discussion i s ::iimo d primarily at outl ining previous 

stndies of t he suppl y of dairy )1roduct s in Ne\'T Zea.land . 'l'he section 

i B separat ed into t v;o rarts. The first part consider s s t ndie3 of New 

ZealG.nd dai r-J Slll)pl y , a.ncl the second section o utli."1.es new Zec.:.land. f 2,rrner 

pi·ice expec.t2.tion and price fo:m.ati on models. 

Tbree q_uo.ntitative studies conccr.njnc the supply of da.h y products 

in !Jev Zeal ancl ho.:ve been published £4, 5, 36J. In the earlies t of 

these Berfptrorn £5J used data for t he period. frora 1922 to 1938 to 

esti mate suppl y equatim"s for dairy products and dairy cor1 numbers ( as 

wel l as meat , \'Tool and livestock). He assum~d the e..'1t:cepreneu2· pl ar:i.rnd. 

to maximize his expected s trear.i. of cash surpluses subj ect to a production 

function l imi tatiorr a'1d that the ela:::; tici ty of the e.i-it repreneur 1 s }H 'i ce 

ex:pectationst~ was unity. The price eXJJectation assumption , v:hich rnea..'Ylt 

that expected future prices moved in ex::ictly the same proportion as the 

current price, allowed J3e rfjs trom to use cur:remt prices in the year of 

production. By includinc the number of livestock in the supply 

equations, J3erestrom was able to build a simulta neous model of dairy, 

·:+ The definition of the elasticity of the entrepreneur ' s price 
expectations is given in Hicks T 27, p . 205J and is di~;cussed 
earlier in this chapter. 
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sheep and beef production a..YJ.d i.YJ.clud.ed chan.ges i..'1 cattle and sheep 

numbers . 

For the daiT"J equations the price elasticity of suprily tunrnd out 

to be neca tive. In discussinc these re~;ult s, Bergstrom argued tha.t : 

"A likely expliriation of the nccative ::rnpply elasticities is tb ~~t , 

because of inco1n.e effects, profit maxini :r.c:.tion is not consistc~1t \Tith the 

maximizo/c ioE of farr.wr ' s utHity" f5, p.2G7J. 
other expl anations tha t could be made. 

Ther e are , ho':reve r , 

Bergs t r om i gnored the i..'1flnence:::; of tecbnolocy change s a.rid 

weathe r on production . Over t he period f ron 19 22 to 1938 , both thes e 

facto:cs are likel y to have affected production . 1.lutton and l a1;1b prices 

have tended to move t ogetherY.- 8ncl thus, (lue to problems of multi­

co11ineari·ty , the r el iabili-bJ of the estimated coefficient s would be 

reduced. Another point i s tha t Tieres trom 1 s dairJ cm·.- e qua t ion contained 

prices la.seed by only one year . In aggregate , dai~· cow numbc·:rs C3.!.'1 

only i ncrec.;.se i n l'e\'I Zea1 anc1. by rea.rjng noro female c01lves . '2he time 

l ag be ti:rce11 an inc:r·ee.se in t:ie nrnnber of f er.:2.le calves and an inc:re2.se 

in the rn.:un1Jer of cows jn l!lilk i s t i'io yen.rs . As, over the i)el'i_ocl of the 

study, t he nur.1ber of cOi'iS i n r.1ilk vras increasing , e, two year time l as 

in prices would have been more appropriate . A f urther criticism , 

is the omi s sion of the prices of the co.pital items . Jn other ·;10J_·d.s , 

t he r:;io clel excluded n.llor1ance for t he invcs t me:1t decisions in l:lore or 

less d~~ir,f cows. 

A study by Barry f 4J, us inc data from 1957 t o 1970, c orisill.ered 

t he grov:~h potential of the Nerr Zealand beef and da i ry h erds. He used 

single c qua.tion l agged adjustment model s to expl ain t be nwnber of cows 

in milk ( IlCU). The only est imat ed equa tion published for DCI:l was : 

·* The correlation between the logari tbm to base 10 of the two series 
i s 0.9804. 
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DCEt = - 26 , 288 .92 + J . 46 PI.:F~_2 + 0.57 DCJ.:t:·~· + 13. 66 T{(·~} 

(1.62) (4.12) (2.39) 

where Pi\'.F t-2 = an in:2.cx of t he ririce of railkfat at factorJ <loor 

t wo periods prcviousl~f , 

DC1',:t_
1 = t he nrnnber of dn.iry cows i.'1 milk one period 

previously, 

~1 = a t:i.r.ie trend, 1957 ' ... ' 1$70 , 
R2 = .997. 

~2lw valuen in p::!.rcntheses al:e student t values of the coe.r.ac.:i.cnts 

directly abo-:c then. The short run elastici t~, of co·;1 numbers r:i th 

rc;3pect to the p:.·icc of mHkf.it = • 18 and the lcnc TIL."l el asticity = • 42. 

As an acGre.:;<itc mod.el of the chunf;es in the number of dairy cows in 

lier: Zcale.nd , B::i.:c:r.'J ' s uodel appears rea:rnnable. 'i'he time trend anC!. pa:rl; 

of the previous ye2.r 1 s cnt.tlc nw1bcrs tu.b) 2.Ccount of shifts in technolo,:;::. 

A critici::;;'l b th::t ch~1t;cs in technolor.:l ove~ tl~c perioG. h;wc not bc8n 

(;rarlu::!l and this a line:>..:::' ti.":1.C tr0nC. v:ou.ld no,;; <'.ccom1t for cptL'?"ts in 

tLc u3e of nc·.r technolot'..Y . 

cor;s hc.s not bce!1 incl uded. 

Ar; i."l I:ercst~-·o;:1 1 s r::cacl , the price of cnl.J. 

'i'he onj y r; tud~· o:f rdev;,:nce to tbe Tti.ra.l12)~:i./\7estern U11lct>1.(ls rer;ion 

( tlic- reGion of interest in thin stncy), is th<lt b~r J:cist(?:r. [-36J, 
He ;;iscd. a rct;ion::l line:·.r ;ro;:;rc.u:'u"'.!inS approac:; to cstir.l:lte interrcc;io~tl 

changes in t he nu:pply of nillr.fn.t and dairy/ beef for the i:orth Island of 

Hovi Zc2la.rid. l:cister considered the :r.ecional effects of mill:fat p:dc0 

changes and market quota i:cstrictions assumi.'rlt; two objective functions : 

( a) an objective of minirlizini; the cost to the nation of producing a 

certa in qu:;.i"!tit:.,r of milkf<:i.t ; and ( b) a fe;,rmer coal of max:imizinG rirofit. . 

Usine data on the avera3c f .::um for each region in en.ch herd s ize 

category for 1966/67, l.!ei stcr found that 'the Taranaki/ITestern Uplands 

* Coeff i cient differs significantly from zero at the 10% confidence level . 
II If II tr 
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r egion was a hif;h cost dairying recion a..Y!d t hat the recio:n woul d not 

rcsponcl to ch2.!1c;es in the price of r:1iJ.lr..f;:i,t over the ranee of prices 

considered. ?.:eiG ter did. not discllss these pa:!:'ticular findin (Ss, since 

he was interested in other mii.ttei·s, but the· ti[;:'hc r cost of d '3.iry farm.i.nG 

in 'l'e.ra."1aY.:i nou.lc~ be C.uc to the hishc:r. fertilize r required for is.'1tcnsJve 

livestock L::cninc i.ri the rocion L 5<JJ. The rcsul t of no rc:::;11onse to 

the price of niJ.kfd i.11Uicates thn.t t he i)rice elasticity of supply of · 

mill:..fat is zero. This zero elasticity implfos that t __ c n2re;inal cost :::: 

of da iry farrili.nG' in the rcr;ion fall s sha rply as p :coduction O.ecreascs. 

1:owever, Given that t he region is n. hi.ch cos t o!'le and tht' hir;h co s·~ is 

due to the extra fertilizer ( a variabl e input) :::.·equirecl, the avera;<;e 

vari2,ble cost s in the re($.ion are likely to be l:.i:_;};er U::an in other 

rc{sions. r.rhe implications of this hich vari:J.~lc cost fo r the 2.veraee 

fo.rm i s that Ll.S p:cices for 0!1tput f all, some .far.;:.1S in the i·egion \'.'ouJ. C. 

be expected to go out of pi·od.uction before f2.l'r!S jn othe:c rer;ions ill Eei7 

Zee:~land. 

lfoistcr ' s findinr;s for lJeYr ZeaJ. a..11ci were t.h::::.t 2.s the J)r.-Lco of mill-.f;o:.t 

fell the fa:cr:1 su:si~"lY rcsponl:::e Y1ou1d 1)c i;1el2.0tic at med.:Lwn p:dces , h.i.t as 

t~no p:rice feJ.l further, production nould fall ::>(~v erely as farmers turi.·"el 

to beef :rn·oductio:n. 

In Ne·:1 iccl2-nd , dahy farraers <:.re irtsul~te (i f rora the shoi·t tern1 

m2..rket forces 2.ncl need not consider these forces i n for:r1i ng their sho:r.t 

tenn price CX!)ecta -!;ions. The payout for. r:iilk related proclucts is set in 

advance for e2.ch season 3.l1d is based on :'.,)rices p~,id. to dairy fac tories 

which have been set by a.-ri independent authorit;>r. 'rhe independent 

authorit-.r ( the Dairy Products Pricin8' Authorit:'.r) takes into account 

market fo r ces in New Zeala.l'ld ' s export markets a.11.dL stabilisation 

regulations . Cull cow prices are set each week by the meat exporting 

companies c:;nd surplus calf prices a:r:e set ( in Ta:r="3llaki ) by the Pig 

I\'..arketing Ass ociation.* 

·)(· See Chapter Three. 
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~~o publ:i.s h cd i n formation i s ava :i.lab1 e on l'TeYi Zeal an d ( and in 

p2.rticul ar Tar.:.t.naki ) da i ry f2.rmer s ' price expectations . The only 

i!1fo1.·11 ·.~tion conco:rns price c>x:pectati o:i::; a:td price fo rm<lt i on model s of 

l-Te;·1 Zcal2.nd sh eep and beef f e,r;ners . 

:Do,v ey , * i n 2- s tudy of sheep f a rme:cs ' price e:·::r.wcto:t io:n fo rrnation 

used a:i adapt. i vc.: J!l'i c e expectation model. Th e results indicD,ted t'.:-1at 

t ho f arrner:> acl j ur1 Led. t h eir ncr: exp ect ::.i-t:Lons cons i derably fo r tllc erro ~c-

i ..r1 t he i r previ ous expecta t ions . 

'i'wo other studi es are of interest. . V.'al ker {"G3J and GiJ. lingh am 

£"20.J s tudi ed price fo rmahon i n nor.' Zeal and. stox·e cattl e auctions . 

'rhe:r found a h ic;h l evel of m:pl8...'1ation of i;he auction prices v<as due 

to t~rn price mec., t exporting con:p;:.ni es v:ere prepc,:cei to pay for the meat 

of tha,t class of animai a t tl"w time of t :.w auc tim1. 

a r e th2.t be ef fa:t:'; ct8:C:-:-: proj ected. t h e c ti·t'f'en t neat schedul e v:r:i.cc fr1to 

t he pci·i od whe:-1 the c:.nimal wc,s expe c t ed to be sla,t11)1tc r ed . 

J?or t he pu.:i:.·po::;es of th:i.c; study , t;}w c oi'.1clus:i.on is ma<lc, tlleTcfore, 

t ha, l; sbeep a.11d beef :f'2.rr:iers use s i npl 8 r:;rJdcl s t-;; :rr-ojcct fu"LLL'C in:-ices ~ 

and i n t he abse:ilcc of i n f or.:1:;.tio:n t o the contra.:_y , dai~-Y faru ~:m 2-:ce 

ass1JJ:1e c1 t o d.o l il':ewisc . 

* Report e d in Scot t /:'62.:J. 
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IrEILEVAHT rl'lillTDS I H THE REGIOl~ UNDER STUDY 

The aim of this chapter is to a.escribe the d.:Lta used in this stuc'iy 

and to discuss some of the changes t ha t have occurred in the data. 

The dat;:i i s dravm from a s c:w1ple of da,iry farmers whose production systems 

v a:.ry between each other a..Dd from yea r to yea:r. This chapter considers 

the data from the s ampl e a.s if the average of the data wa~~ a f arm in 

its own right . The farmjJ1g system is simplified by consi derjng the 

important variabJ.es and lur.rpjng the other components of the system into 

a simple r el a-Ci vely unL"Uportant cateeory . The assunption is made t h::it 

the :Lmport?..nt V2.r.i.abl es ar e coJ;JDon t o all the da iry farms in the s ample 

D.nd have ouch the same effect on e2.ch f<ir:n. 

'.I'his ntudy consi de1:s en important clai.L"J fan'liJ1g rec;ion in lJew 

2t~2.l and v:hich is select eel fo r the homot:;enei ty of the sai'11ple f:com vrbich 

the data i s clra~m a.,_"ld for the stability of t he farming systcr:is ni t hiE 

the recion. The Ta.rarwJ:::i/;'/estern Upl az1ds ree;ion from 19 63/ 64 to 

1973/74, has rcrnci,ined an iJ..1porta.."1t d.airyine; re5ion with no ereat tn~.nd 

away from dairy- producti on. The homogeneity of the s ample is 

increased by studying only the f acto:ry milk supply dair-,y fa.ms which 

make up over 95 :perc ent of the f arms in the sa..'Tiple £43J. ·X- However, 

t he homoGeneity of the sample is reduced by the inclusion of the 

Western Uplarids region. 

In the first section of this chapter the price settli1g mechanis:ru, 

the release of price ll1.forma tion and the sources of the price .informa tion 

used in the study are discussed. The 3econd section considers the 

~<· The 19 63/64 data is not separated into cream and milk supply f arms 
and so the data for that yea:r includes t he cream suppliers. 
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the sources from which the :physical and finC',;.'1.Cial dat3. used is 

derived. The third section outlines the mo,jor chai1[;es tha t have 

occurred in the averaGe farm of the Tarn.naki/.'festern Uplands region. 

The fourth section analyses these cha.nees .in a simple manner a...Yld the 

final section GUJTu112..ri ses the chapter and i ncl uc1es the conc.1 usions of 

the simpl e analysi s . 

3.1 Price Settjl},f, a11d. the Releo.se of Price Information 

to Sunnl:i;.9rs in tho Ta:t'an_§:lf5- Jl~gion 

In t his secti on the payout system for milk suppliec.l to factories 

in Tara.naki i s discussed. The price fo r sur1!lus calves a..:nd cull covm 

are then discussed. Finally a brief review o:f movemcrits in output and. 

input prices is given . 

3. 1.1 l\li)l ~l<-',t . .J?..riceq_ 

i.1ilk supplied to a factory, is :processed i:.r1to tvro c,Toups of 

products; tho:3e processed from t.hc milkfat :portion ( e . p; . , butter) 

and those proces::ed from t he solid-not-fat ( S:& ) portion of t he rnilk 

( e.g. , cl::ir.l milk pona.e1:). The pri.cc the supplier rece.i. ves is derivccl. 

fror:i the f2.ctory income minus manufacturing costs of the different 

products. 'rhe payout is then u su:illy based on the quantity of rnilk-

fat received by the f actory. 

In July of each year the Dairy- Products Pricing Authority ( DPPA) 

armounces an advance price it will pay to dairy- companies for milk 

products during the season. The system of setting the advance ea ch 

year has changed over the l ast two seasons. In the fo1lorring, the 

system prior t o the chanee s is discussed and then the changes 

themselves are outlined. 

Prior to 1975 t he advance for the milkfat related products had to 

be set so that the advance did not rise more than 5 percent nor fall by 

more than 5 percent on the previous season 1 s average total. payout 

{"55, p.1713J. The advance included the f ull expect ed reali sations 

for milkfat related products plus 75 percent of \hat the DPPA 
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estimated for the S1Ji' relded products reaJ.i::iations [55, p .1725J. 

Each dairy company then converted the aclvance set by the DPPA to nn 

advance to suppliers. The conversion to ru'l 2.dv ance to su:pplier.s was 

made by subtractins the estimated cods of r..nnufacture from each product 

price ancl then .?.djusting the baJ.ance for the proportion of milkfat in 

t he finaJ p:t'oduct . 

I n the T~ranaki region t he advance t o suppliers was usnaJ.ly 

aimounced in late July. This advance was usually \7cll belo\"/ the total 

2.dvance est.im2..ted from the advance to the companies by the DPFA ( sec 

Table 3 .1) . As the season pro3resscd, upwa:cd adjust:icnts were made to 

the advance. These adju:::;tments \'/ere retrospective fo:!' the sea::::on a.YJd 

thus amou.~tcd to a considerable sw1 of net income. The adjust111ents 

usually occurred in: December, to cover Christr.la.s and fertilizer 

e:>..yenditurc; in Fcbrllel.r'J, t o cover tn.xahon and rates; and in 1':.ay a.'1d 

June to provide a.11 .incoLJe over tho \'Tinter months. 

In l ate July, the fin.:11 po.yout for the previous sea.so~ ~·1::..s set and 

announced. The finctl pcyout usually included. v.ny differences in 

estir.l<ltc<l <:nd c:.ctual n~1uf.:1cturinr; costs , co:1;:i2...1y pro.rite , the value: of 

S~3' steel~::; held by the ::cm Zo.:i.J c:.nd Dairy JJo~u:d C:Z:V3), a..,.7 tradiu0 

su:rpluc ra;:idc by tbe ::zn:J in s::I<, product::; ~ :plus disperscr.:cnts of MY 

tradinc profits I:'..adc b:,r the Ii"ZD:S for milkfat products . The fin<. ,l 

payout was usually spread oyer July, Aueuct a.:1d Septer:ibc:::- to m::iinta.in 

::;uppliers :i.nc.oraes durinc; the period of L.ttle or no protluction. '11ile 

final payollt was once again a fey1 cents u, kilocrcm on total milk.fat 

supplied to the factory . 

The timing of chanBes in payout for a major Ta.rana.ki dairy conpany 

are shown in 1.12.bl e 3. 1. 

From the fo regoing it i s obvious that suppli ers , at the beeinning 

of the season, could budeet on receivjne substantially more during the 

season than the initial adv ance , and in f act in mos t years they would 

have been told the estimated total advance for the season. 

Following meetings between the NZDB and the dair:r compani es in 

October each year, the individual companies obtained market infoina.tion 

and prospects . From this information the companies got some idea of 
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Table 3. 1: Chan0es i11 the Payout for r.~ilkfat 

Date mJ.iJA _fill/..15- . 1215./_16 
(cents/ kg for 'Finest ' 

grade milkfat) 

20 July 72 90 90 

20 October 6 

78 
20 ]ecember 5 6 6 

83 96 96 

20 February- 5 6 8 

88 102 104 

20 A:p:cil 2 

90 

20 J.by 6 3 2 

96 !05 106 

20 June 6 6 6 

'l'OT/IL ADV AlJCE 102 111 11 2 

20 July 12 10 12 

114 121 124 

20 AUc,"USt 12 9 10 

126 130 134 

20 September 10.4 5.25 10 

TOTAIJ FINEST GRADE 136.4 135.25 144 

SOURCE: Taranaki Co-op Dairy Company. 
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whether an extra end of season payout from the 11ZDJ3 f or milkfat rel ated 

products was likely. Very- little of this information was pass ed on to 

s uppliers but at about Christmas time of each yeo;r the suppliers 

obtained an indicdion of whether they could expect a final payout for 

t he season. 

In mid 1975 the system of payout by the HZDB rras altered to include 

the setting of t~-ie prices of the SHF related pr oducts under stabilisation 

reeuJ_ations . The adva.vice payout for Sl:l'F 2nd milkfe.t relat ed products 

must now be set not more thm1 5 percent belol'l nor 10 pe:rcent above the 

previous season 1 s avera.,se tot2.l payout L56, p.916J. This cha.YJt;e 

means tha t the advaDce prices for both SIIF t11ld milk.fat related productG 

are subject to the same price s tabilisation regulations. 

1l'hese ch~mt;es to t he p2.yout system :ced.ucl:!s the V::!.riabilit.y of the 

total milkf2.t payout. Thus, suppliers \'Till know at t he beginning of the 

s eason, the total advance for t he season . lL..,_y final payout will come 

from ci the:c the comran:'l ' s profits or fron ari.y trading profits dispc:::-sea_ 

by t he NZDB. These changes rny mean th ).t the su:p:pliers wilJ. :receive ?N 

higher aclv<.:.i1ce aYld. lo'.7er final payout~ in \'Thich case, the suppliers will 

be able to mal<:e a closer estimate of the tottl payout for eacll season. 

3. 1 • 2 Surul u::::: caJ.f _.Eri ces 

Calves , surplus to dail;/ failll.ers 1 requirer;1e..."lts for rea..-rinr.; , need to 

be held on farms for at least fou..1:' day;.; befo:::-e they can be sold for 

slauehter. The c11.ves sold for slaur.;11tc:r, a.!'e sold t hrouc;h a local 

1pool1, * which, under government regulation , controls the collection and 

transport of these calves f 57, p.815J. I n Tar.a.naki , there are 

approximately 20 bobby calf pool s opera.ting . ** Some of these pool s 

have the calves slau{;htered by the local freez:ing works and t hen sell the 

meat, vells , skin and offal to the Pig Marketing Associat ion ( PMA). **»t 

* A committee of local f armers which is tenned a ' :Bobby Calf Pool'. 

*·* Personal comment . 

*H· A producer cc-operative opera.t int?; throucbou t New Zealand. 



Other pools sell the calves directly ·to the local freezing companies, 

but t he v ells are s old by the NZDB /:55, p.1724; 57, p.817..:J. 

'rhe price p<iid to f anaers for surplus calves is derived from t he 

differe..."rlt components of the calves . '.P.he price for vells is set by the 

Minister of Agriculture each J:iarch after consultation with the NZDI3 . 

'rhe prices f or the othe r components are se-t by the P1.1A and. the freezing 

comp211ies. All buyers make an initial payment to t he pool s a t the end 

of Aur,-ust and September for the calves collected up t o t hose dates. 

This initia l payment tends to be approximately half the tota l payment 

for the calves. Some of the pools retain this p:::.yrn.ent until the fjnal 

payment is macle. 

A fincl po.yment is made b°IJ t he PJ,:A in l ate Februar.r and b'J the 

f reezine companies i.ri l.farch. 

pa~•meu-b:: made by the PMA. 

3.1. 3 Cull cow urices ------"'---'--

All paY111ent s tend to be related to the 

Old cov1s , re tired from dairy herds, a~re tmw::.lly sold. to loc:il 

free zing companies for slau.Q'1te:c. The m::Lin period over which tho co-.-rs 

are retired ( cullecl) occurs from April to June as the cows fi'lish 

producinc; milk ['"52_]. 'l'he compariies set the pri ces they are prepared 

t o pc:,y fa:r:mers for a."tllinal s for slauGhter. These prices diff cr for 

diff crcnt weight ranges of the carcases of the cows and are set each 

week in a dvance. 

3.1.4 Sources o,f p_rice series and movements in uric_~ 

A. series of prices paid to suppliers for :milk:fat supplied to dairy 

factori es is obtained from the annual report s of six representative 

dair-s companies in Ta ranaki. *. The scn:ie:s is the wei ghted mean of the 

:individual company ' s payouts for whole milk from each cor.ipany' s :::.l tct.cehol der 

suppliers. - The weight s are the proportions of the total milkfat handled 

-lC· The companies are listed in notes to Table A.2 , Appendix A. 
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by each comp::i..'1y. The mean pcyouts are taken to represent the prices 

paid to dair:;r faxmers for millr...fD.t in the 'l'ar.:!naki/V/estern Uplands reeion 

a~d are given i..~ Table 3. 2. 

graphed i::1. F ic;ure 3. 1 • 

An Index of tb.c total mill:fat payout i s 

Table 3. ?_: . n ... c:121·osentativc Prices Paid to Sun~J.iers for i.1ilkf at from 

.J5~63/64 to 13...75.l.16 in Taranaki ( c/l:r::)_ 

Advru1ce Final !_otal 

1963/64 72 .186 13. 629 85 . 815 

1964/65 7E3.421 17 . 430 95 . 851 

1965/66 79.268 19 . 235 98 . 503 

1966/67 73.902 17 . 241 91. 146 

1967/68• 64. 169 12.322 76.49 1 

1968/69 58.774 13. 970 72 . 744 

1969/70 62. 256 11 .547 73.803 

1970/71 66 . 898 18 . 951 85.849 

197·1/72 84 . 97'7 22. 968 107 . 945 

1972/73 91 . 497 19 . 879 11 1. 376 

1973/7 If 101 . 562 28. 240 129 . 802 

197 4/75 111 . 156 20 .803 131 . 959 

1975/76 113.317 33.664 146.981 

SOURCE: Table A.2 , Appendix A. 

The HZDB publishes a NZ avcraee price paid per head for calves 

purchased UJ the bobby calf pools [""44J. This average price is t aJ.cen 

to represent the prices pa.id to dairy farmers in Tarana.ki for their 

su.rplus ~al vcs. Annual changes in this .series are graphed in 

Figure 3 .1. 

Repres~ntative cull cow prices have been ta.ken from the North 

Isl and Meat Exporters ' Schedule for boner cows in the last '1eek of May. 

The schedule i s publi shed by the NZ Meat Producers ' Boa.rd £45J. An 

average carcase vreight for this grade is approximately 160·kilograms £47J. 

An index of the annual movements in prices per head for dairy cows is 

graphed in Figure 3 . 1. 
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SOUiWE: Appendix A1 'l'nble A. 2 

Pif;u:re 3. 1: Inaex of Price J.".over.icnts 

From 1963/64 to 1973/74 t he total payout for milkfat i ncrea::rnd by 

a.11 aver~~e of 3. 8 percent per year. Over the sa.~e period the prices 

for surplus calves increased f:rOn $4. 35 to $15.08; an increase of 12..0 

percent per year. In May 1964, farmer::; received approximately $35 . 20 
per head for cull cows. By 1973 this had increa:::::ed to $97. 01 per head, 

but fell to $52 . 80 in 1974. The increase from 1964 to 1974 i s an 

average of 3.8 percent per year. As can also be noted in Figure 3.1, 

milkf at prices increased more than cull cow prices, but l ess than surplus 

calf prices from 1963/64 to 1973/74. It can also be noted that cull . 
cow and surplus calf prices arc less sta-ole than mil!d:at prices. 
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The HZDB publishes indices of the prices paid and received by Nev1 

Zealv.nd dail.'IJ f ·.!.l'.'Illers £ 44J. The i..."'1.dex of prices pa.id by dai ry fanners 

may not repre::::ent the tru.e movements in the. prices paid for dairy fann 

jnputs . -!1 Honevcr , ill this study the index is assumed to be represent<.'..-

tivc cf the price chMgen . The a.'1..."1Ua.l chances in these indices are 

craphed in F icl.U'e 3. 2 . },rom 1963/ 64 to 1973/7 4 the index of prices 

r eceived by d~i~J f2..:rmers .i...~creased b'<J 5.9 perce~t per ye~r on average . 

Over the sa.~e pvrlod the index of prices pai d by dairJ farmers increased 

by an o.verage of 4.9 percent per yez.r. As can be noted il1 Fi€;11Ie 3.3, 
output prices h:i.ve inc1"Cased faster than input prices in the t wo periods 

f rom 19G3/64 to 1966/67 and from 1968/69 to 1972/73. 

3. 2 The F<1r:'.1 .f:::-o<l.uction Division ' s Survey of· Fa.c.to:c:r Sunply 

Dai r:L F <lITt'.1 

This study uses dat?~ from. many som:e;es . Tbe physical t>nd fina"1oi J.1 

data on th~ aver2.r;e o; the factory 1:1ilk suppl y cfa.i:?:;/ f arms ill Ta.ro.naki/ 

\'lc3tcrn "UplP-"1ds is obtained r;?O:..>tly f1:0:;: tl-ic 1~Z :0tl::::/ Board, Fo.im 

P:r0duction :Oi\js:i.on ' s (PIJD 1 i5) survey of' l'ac·tory t;Upply da:i.27 f<>r:ns. 

The bforE:ttio:1 f:".'O::J. this survey is puolj_shccl as a..'1 armua..l :publication 

f -43J and <ls pa:rt of the J.i'P:D ' 3 amm::i.l r~port £ 44J. Infol.'r!l<ltion on 

tot:-~l stock num1)crs on a re:Jional b~3is is obtai."lcd fron the Government 

St.a.tisticic;n ' s census of l ivestock numbers i:n i;cr•r Zealand L 51J. 

The FPD' s survey gathe:rs inforrw.tio:1 on individual f ar:ris from t he 

f armers ' fjnancia l 8..cc.ou."lts . The balance dates of the accounts va:ry 

from J.Jarch to Ju."lc of each y0ar and no attempt is made by the FPD to 

adjust theD to a COIT.non bala.'1ce date. 'l1he survey uses a sample of 

dail.'IJ farmers drawn fro:n those willinc t o p<:!.rticipate e<:i.ch year. 

* The index of prices pa id by d.aiI"J farme rs is c ompiled by weightin5 
the individual i terns in f arm expencli ture by the proportion of total 
expenditure on each item. Thus, the index includes the effects 
of changes in the proportions spent o:i ea~li item. The proportion 
spent on a particular item may increase because of an increased use 
of that particular i tern vri thout the il1creased use of all other i terns . 
Therefore , the index '"ill only reflect the true cha.nees· in prices 
if the quantities of ea ch input remain in the so.me proportion to 
each other as prices change. 
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A ramdom sample of new f actory suppliers is adcled to the sample each 

year so that a sample of 10 percent of eligible farmers is obtained. 

A f arner is included in the sa.'Ilple if he is willinG to lend tne FPD a 

copy of his accounts , the accounts a:ce in a suitable form, the farmer 

receives more tha..""l 75 percent of his income from dairy farming ( includ:i.ng 

pien), he milks at least 30 cows, does not supp1y tovm milk, does not 

employ a share milker and his ovmership system i s ' uncomplicated '. 

All accounts are then ad.justed to an 'ovme:r-operator ' basis by e..-x:cluding 

f arms operated by shai·e milkers and adjusting intel'.'-family ' leases and 

salaries to sons. 
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The level of bias in the su:.r:vey cannot be accuratel;y- assessed. 

The J.'icw Ze3.1 8J1d Government Staticticia.'1 publis he s the number of da iry 

cattle in Ne11 Zeal.and based on a livestock censu s on a regional basis 

The nwnbc~r of dairJ cattle includes to::n milk ancl factory 

supp1y hcrcls of 10 or more cows . The avera0c n unber of cons per herd 

from the census is approxj~1at ely 9 perc en t l e3s t h<ln t he average herd 

size in Tara.nab. from the FPD ' s survey . 

J.re i ster L36J considered the discrepencics in t he Horth Island of 

Hew Zeala.YJ.d tot a l number of f arms , munber of cow"'!. and milk.fat produced 

estj3;iatecl from the FPD' s su.rvey as cct1pared vi th other sot::r.ces of the 

data L36, pp .(3-80.:J. l,!eister concluded th2.t: 

"J3ecaus c of t he mcny calculations , a.'1~1 t he many 

as s tunptions made , it is not possible to do a test 

to reconcile ( the ) differences between c 2.iculatccl 

and real totals. Errors nill have Corle i n all 

along the way. Not wit hst;:i,nc1:i.rl5 thtlt , it is 

believed that ( the ) discrepencie s a re wi. thin 

accqr'celble limits , 2x1d do account fo r ou tput c:.n<l 

corrs on t~1e f a ::.T1s of other butterfat s up:;.iJ.ie:r:s 

not b.ken into accovnt in this study." L36, p . 7o_J 

The :F'PJ) defines '.11ota l Farr;1 Incoree ( TFI ) e.s t h e income derived from 

the sale of milkfa.t , the grqss profit from the ca.ttle acc otmt, t he cross 

profit from the calf account, the r.,Toss profit from t he pig accom1t , the 

cros s profit f~om other livestock , end other fa.rn ;L'1come. The other 

livestock accotmt includes t he profits frora sheep,, horses, dogs and 

poul tr-.r. Other fn.rn income is the income frow ca:sh cropping, contracting , 

wool and skins, value of produce consumed and othe::r· items . ,~. 

Farm expendi tu.re is listed by the FPD under s'<everal headings.* 

The general items of expenditure such as freight , !fertilizer, and seed, 

labour and development expendi tu.re a.re included uru..-iiler F arm Cash Ex}Jenses 

(FCE). Depreciation , deferred expenditure and :in~ome equalisation 

account adjur.rtments ( prior to 1966/ 67 , taxation com.cessions on fertilizer 

* For a definition of these items see L43.:J, vo1~ X, p .39 . 
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and investment, were included iJ1 place of income equalisation adjust­

ments) are added to cash expend.i ture to cive Total I' arm Expenditure ( TFE). 

3.3 :rhe Taranakif'lestern Unlanc'is Rer;ion 

The structure of the dair,Y :Lndust:r:y in Tara.naki/ Western Upla.rids iG 

discm:ced in this section. The Ta:r.anak i rceion incJ.ucles the counties 

of Clifto"1 , Taranald , Inelcvrood, Eonon.t, J.ia tham, 1.'faimat0 West, Har1era 

and I'atea. Westei'n. Upla."'1cl.s is coL1pri scd of ·,:Tai tomo , Tc.umarunui a...J.d 

Waima:r.·ino Counties. The tvro regions are of sirnil a.r size but topography, 

$Oil t;{pes a..nd therefore f a.:cming syster:i:::; cliffer bctrrcen them. In the 

TaranaJd region in 1971/72, 8~ percent of t he farr:i s <-md 49 percent of 

the livestock DJ1.its* were of t he rlairJin::; t-ype. In \'.'cstern Uplands 

in 1972/73 these p:coportions nere 32 p oTcerd; a.n.d 2 pe):cent respectivel:t· 

However, the Wcster11 Upl ands contained l es s than 4 pe:ccen t of the d_airy 

ca ttle Jn t he combined ree;ion L51_7 

In the combined region d.a:i.ry f a:crj:br; is heaviJ.y concentra.tccl on t l-1e 

foo thills of Ifow.1t Ec,mont L 41J. In tl Je 1,72.:i.Jn::o.te \7cst count.:r , for 

examples in 1965/ GG, 94 per0eEt 0f the :rural land <cre2. was devoted to 

clairy fa:rmi:·1g and. 87 percent of the f cu:m:J ·were f ul l time dail"y fc.,::_-,;1s . 

A further 2 p2rcent of the farm3 were rnL:ed sheep 2 '1 d d2.iry £ 49J. 

Part of the reason for this concentrat iOi~ is that ·che soils i11 the 

foothills of t h e mountain are c;cne:ral J.y free drairiin{; , fri2-ble a.rid. stai.1d 

up to intensive c.lairy farmin;; in a net cJ imate {"50, p.53J. 

From 1963/ 64 to 1973/74 t he number of cows in milk in the ree;ion 

increased at an avcr~ge rate of 1.3 peYcent per y ear. Over the same 

period the number of suppliers declined bJ an average of I. 9 percent per 

yen;r and t he nw11ber of dairy co-operat ive companies declined by an 

average of 6.8 percent per year. 

Figure 3.3. 

11.'he <::.."'1nual chances are shown in 

* Livestock uni ts are the wciGhted sum of different cl2.sses of livestock 
where the wei.chts are eivcn in £48J> p.10. 
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Figure 3.3: Chanp;es in the Taranaki Region 
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3. 3 .1 The chanr;es in the averace of the Taran2.lci/.'lester11 Upl ands 

facto r.Y milk suppl;v d<:!.iry f'1rr1s 

In this section the chances ths..t have occurred on the averaee of 

t he Taran.aki/.7estern Uplands factor-y- milk supply da iry farm are 

discussed. The discuss ion considers the average as i f it were a fa.J'.i71. 

'l1he period lmd.er consideration i s fro:,1 1963/64 to 1973/7 4. 

Total Farm L~come (TFI) on the avera..3e fal"'ffi increased from $9342 

in 1963/ 64 to $24 , 566 in 1973/ 74. The 2nnual changes i11 T.PI and the 

c omponents of '11.FI are graphed in Figure 3. 4. As can be noted, t he 

major influences on TFI Here chances i11 milkfat income. The proportiona.l 

contributions to TFI f rom the various sources ill 1963/ 64 and 1973/74 a:ce 

set out in 'l'ablc 3. 3. The annual changes ill the proportional 

contributions to TFI are eraphed i11 Figure 3.5. 

As ca11 be noted in F i f;ure 3. 5 a11d Table 3. 3, the importance of 

i n come fror:t milkfat declined over the period. of sturly , but continued to 

be the most iraport<int source of incone . The- percent age of inco::1e fro;r1 

milk.fat, catt le and surplus calves i ncreased from 92 percent in 1963,/64 

t o 95 percent in 1973/74. This increas c 11as clue mainly to the 

increased. i rr:portancc of cattle incor:ie . 

sources declined. 

The income froir1 pi(Ss and othc:c 

A brec:ikdovm of other farr;i illcor~e for 1973/74 is given in Table 3.4. 
1rhis breakd.ovm i11dicatcs that cash cropping as a source of illco;ne in 

1973/7 4 was not very important. 

For this study an attempt is made to separate out into an i tern 

called 'cov1 input costs' the expenditure that influences per cow 

performance, from the expenditure that is influenced by changes in cm: 

munbers. * Further, the amount of exrie.ridi ture on development, insofar 

as it can be identified, is subtracted from Farm Cash Expenditure (FCE) 

to give a.11 estimate of current cash expenditure.** The annual changes 

* See the notes to Table A.4, Appendix A, for a listine_ of the 
items included in cow input costs . 

See Table A.4, Appendix A. 
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Fip;ure 3. 4: Sources of Total Farm Incone (TFI) 



Ta.blc :h.,1: 

Te.bl c .3 .• .1: 

Percc~t.~1cs of 'l'ol;'"l Far.rt Incc:~e Fro::i V~ious Source::: 

1973/71 
(%) 

J.iilk.f 2. t 82 .1 80.0 

Calves 2.5 3.7 

Cattl e 7 .3 11.7 

Pi es 5.8 2. 6 

Other stock - 0 . 4 0 . 1 

Othe.!'.' f ann incmrie 2 .'{ 1. 8 

'fotal Faro Inc:or.ic 100.0 100. 0 

Tirc:~l:do -:21 of Otl1e::: P.l'~:: i Ir~: ·. '.J.._•,~1~:.£_q/:£:.:::?..1.:;!:.C~-of 

Tot::i.J lt'·,-n Inccr;..2_ .i.::.l.~1JL.L~ 

\7ool 8; skin::: 

0.15 

0,53 

Vo.lue of p:::-o~luce con::::ti•::ecl 1. 16 

Ot her 

1. 84 

SOURCE: JJ e-:1 Zealand Dairy DoarJ £ 43J 
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in thc;:;e itws arc graphed in Ii'igure 3. 6. Over t he period of the study , 

T.FE increci.sed froi;i $5810 ( v1hcn it mis G2 pcrc011t of ':L'~n) to $14,432 (whm1 

it W8.S 59 percent or T.FI) . 

8.6 percent. 

The al111.ual <:wc~-e increase in 'J.'i• l~ \·~F.!B 

In 1963/64, the average factory supply dairy farr.i in Taranak.i/ 

\7esten1 Uplands contained 85 cows in milk. :B-/ 1973/7 4 the u.vera£$e 

f actory milk supply dairy f arm had increased to 121 coY:s, which is an 

average increase of 3.3 percent per year. Over t he same period the 

effective farm area had incrc<J.sed from 4/t to 61 hectares, an o.vcrage 

increase of 3.0 percent per year. Cow :inputs ( real cow input costs ) . 
increased at an averace of 3.3 percent per year. Thus , stockinr~ rate 

increased only olichtly and co\7 inputs per co.: :r12ma.incd const<mt . 
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rrhe Conocneats of f!.'ot:u F c::.r,., r~e11di ture 

Labour on the avera0c f 2.rm increased. slightly from 1. 61 tmi ts in 

1963/64 to 1. 69 tmits in 1973/74. The 1n.ajori ty of this labou.r was 

f ar:iily members ( includin;:; the 1 ownel'-opcrdor ' ) , which accounted for 

83 percent of the labour in 1964/65 and 86 percent in 1972/73 . The 

increased uoe of herringbone st-yle rulkint; sheds over the period of the 

study* allowed the srune number of labour units to handle the increased. 

number of cows. 

* Published information ,{'"44J covers only farms usin,'.; 
brecdinG (A.13) methods for the whole of !Tew Zealand. 
10 percent of farms usine AB, had herringbone sheds . 
this proportion had increased to 63 percent. 

artificial 
In 1963, 
In 1972, 



DurL~e the sar.ie period nilkfn.t production per farm increased from 

11 468 kg to 15 281 k5: an averase increase of 2. 7 percent per year. 

This mcDJ1s that milkfat production per corr fell only slichtly over the 

period. Causal factors could. hc..ve been the slit:;htly higher stockl.ng 

rate, the lower level of cow inputs per cow, the wcu.ther or a combinat i on 

of tho3c factors . 

IndJccs of the annual ch211t:es in herd size, effective fann area , 

cow inputs , l abour uni ts on the farw and r::dlkfa.t production are c;ra.phed 

in FiQlre 3.7. 

3 .4 A Sirrole -"-nalysis of the I nnortant P:-oduction Factors 

Irr this section the i mportant facto:cs tl...at appe<lr · to have influenced 

production over the period of the ntudy are discussed. Part of the 

v~riation in the::;e fo,ctors arc then discussed. Finally, the off cc-ts of 

cha.11ges in technolO{jy arc ruialyscd. 

In th0 prcvioc:.; sectio11, it is notc-1. that cow inputs, cov1s in mil!~ 

ani C'ffec-Cive fahi area expand.c~l at a s:i --i.ilaT rate to the incrca::;e in 

tobl r.iJ k.fat in.·ocuction . It is also i:otcd !hc;,.t ckn:~es in the v;ec:i,tlJe:c 

could hR.vc influenced milkfat procluction p er co:·; over t!:le peTj o<l. A 

clco.rer picture of the chc:.nccs in the vrocbction f actoTS and mi 1 i~r.,t 

productioa i s obtained by cons idcriJJ6 ch."11[:;Cs in nilk.fc.t production pct' . 
cow, cov: inputs pe:c co·:: , cows per hectare CJnd a variable th:;t is thoueht 

to take account of changes in weather. 

~raphecl :i.11 Figure 3. 8 . 

Indices of these v aric.blcs a r e 

The vo.riable thc;.t i s t hought to take account of changes in weather 

is constructed from the avcrof,e of the amoW'lt of ra:infall that fell at 

t wo wcathc:r stations~ in Tara.naki over the six months from October to 

March of each sea.son . This period is considered because t he rainfall 

for these months appears, on a visual examination of t he da ta, to explain 

changes in milkfat production better than other periods cons idered. 

* M~aia and Stratford. 
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Fip;ure 3.7: Inputs and M.il kfat Production Chances per F a.i.i::i 
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It is further thought that as the amount of rainfall increases , 

production i ncreases but at a declinin& rate of increase. The 

diminishi.YJ.G .influence of rainfall i s incl uC.ed by taldng the l oe2.ri thm 

( to base 10) of the averat;e rainfall over the six months.* The 

resul tin[! series becomes the weathe:r· variabl e 11hich i s indexed in 

Fieure 3.8. 

As can be noted in Figure 3 . 8, in mos t years when the weather 

variable and cow inputs per cow increased, rnilkfat production per cow 

increased. Conversely, as the number of cows per hectare incr eased, 

milkfat production per cov1 tended to decrease. 

From ·;963/64 to 1973/74 , the average factor.>' milk supply dai~J f arm 

expa;nd_ed production. This eXIJansion took place as a result of increases 

in fann arc::<!, the number of co·1\'S milked and covr jnputs , c>..nd occurred 

over two periods . Indices of the output prices, input prices a."1d cm·, 

m.nnbers ovE'r the period frora 1963/64 to 197 4/75 3nd cow inputs from 

1963/64 t o 1973/74 are craphed in Figure 3. 9. 11.s C[l.11 be noted., cows 

in milk anc corr jnputs increased in periods ·.·:hen output prices were 

inc1:cas:in,'; faster than input prices. I n the case of cows in milk, 

there appe2rs to be a lasced response to prices. 

The main feature of the rrara..'1a1r.i/.'!e:::tcrn Upl<mds :r0r;ion OVC:!'.' tl1e 

period of the study i s the increased use of inputs other than l abour. 

It is likely that the ratiq of capital to l abour being used in the 

production process has been al ter~d by the conversion of r.iilkinc shed~; 

to the h errincbone style L 44J. 'l'here has also been a gradual shift 

t o all grass grazin[; cystems and the use of come purchased. inputs such 

as fertilizer have increased L 38J. 'i'hese changes have allowed the 

S3.me l abour force to milk the increased number of cov1s , but do not 

appear to have influenced milkfat production per cow l evels in Taranald/ 

Western Uplands . 

In order to t est the hypothesis that changes in cow numbers , 

effective farm area, cow inputs, weather and changes in t echnology have 

* A full definition of the weather vari able is given in t he Notes to 
Table A. 6, Appendix A. 



Index 

2000 

1800 

1600 

1400 

·1200 

1000 

I 
J 

I 

I 
I 

I 

/ 
/ 

I 

62 .. 

/' 
/ 

Input 
prices 

I prices 

I Input 
I costs 

800J.-~~--'~~~-....;._~.~--~~~-1-~~~---

' 63/4 ' 65/6 '67/8 ' 69/70 '71/2 '73/4 
Year 

SOURCE: Appendix A, Table A.2 and Table A. 5 

~: Cha11ge s in Some Inputs per Farm and Prices 

• l 
, ; 



63. 

influenced milJrSat production per covr, three ordinary least s quares 

recression~.:; rrere estimat ed using the _data· from 1963/ 64 to 1973/74 for 

the average milk supply dairy f arm in Taranaki/Western Upl ands . In 

all three regressions the dependent va riab1.e rras milkfat production per 

cow. The firs t rer;ression excluded \'ieather 2nd a t ime trend variable . 

The second rcr;ression exc1udecl the time t rend variable and the t hir d 

re~reosion included all variabl es. 

cl.iscussed in Appendix B. 

The estimation and results are 

The best regression of cha...11ges in per covr milkfat product ion of 

t h e three regre::;sions was obtained by the exclus ion of the trend 

variable. The result of inc l uding the time trend indicates that some 

gradual t echnological advances have occurred in the milkfat product ion 

relations.hip. However, the estimated coefficient, which indicates that 

milkfat production per cow was 0.8 percent hieher each yea:.r du.e to 

t echnologie;al advances, is not significant ly different from zeroo 

Chanr;.:Js i n tec"b.nolocy, hovrever, ma~r not ha.ve beeD gradual. As an 

indi cat ion of tecb1olocical chn..11c;es in p:coduction the ratio of output to 

tota l :i..nputs i s estimEl.ted for each yeo,r. 

as a :productivity index (It) -x· where: 

'I.'he ratio can be represented 

where 

I. ·c 

p Qt 
-- 1 w 

t + ·c ~.·J. , f0r t - 1, • •• , n; rit+SJt 

p = price o.f ou-bput in the base year, 

~ -- quax1tity of output in year t, 

VT= price of l abour in the base year, 

Lt= quantit-y of labour in yea:r t, 

r = price of cap.ital in the base year, 

Kt -- quantity of capital in year t, 

s = price of materiaJ. inputs in the base year , 

J,lt = quantity of material inputs in year t, and 

n = the number of yea:rs. 

In this case p Qt is Total Farm I ncome deflated b-.f the index of pr.ices 

received by dairy fanners and total inputs ( wLt + rKt + 811\) is fann 

e:>..'"J>enditure deflated by the index of prices paid by dairy .fanners £ 44J. 

·>!- Discussed in ,fohnson £"68J . 



}"'arm expenrli ture is the sum of cur:r:ent en.sh expenditure, as defined 

earlier, plus depreciation and. t hus , includes rents, rates and interest 

paid .• An inclex of the ratio of total 01.ltput to total inputs (I t ) is 

shown in Fi5-ure 3 .10. Also included in Fie;ure 3.10 is an index of 

gross oul:;put. 

Figure 3 .jQ: 
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Because of l imitations in the data the r atio (It), in this instance 

i s not a perfect indicator of changes :in productivity. The index of 

prices used to deflate expenditure on inputs does not reflect the true 

chanGes in prices (as in<licatcd earlier) . · Further, the full flor1 of 

sen i ces from the capital employed in production C".:...YJ.d the f ar.Jile::-' s own 

l abour a re not included in t he inputs . Even with these errors presen l;, 

It will have declined as a result of cxpc::...ri.s ion in production as averace 

p roduct (which It measures ) will have declined. On the other h<md, t l-1e 

ro..tio wil l have increased due to a gencrt?..l contraction in production 

and/ or throueh a technological advaTlce. 

As can be noted in Figure 3.10, the index increased over t wo 

periods when production was increasing . The t vro periods are from 

1965/ 66 to 1967 / 68 and f rom 1972/73 to 1;173/74. Hovrever , without an 

estimate of t he real capital being employed o:rnr these two periods , t h-2 

changes in the rat:i.o cannot be a ttributed to a single cause. 

One aspect of productivity trends vr}Jich can be analysed i s t he 

change i..ri. f.'.1ctor output.* This ;nethod est i mat es real n et outr;ut ( Ot) 

frot1: 

, for t = 1, ~ • • , n, and 

where the variables are as defi..ri.ccl above. 

From t he assun1ption t h<:t material i nputs n.re ucecl up t o the i)oint 

nhe:r.e ·thei:c L1arginal value product equals their priee , it i s impl ied 

that the re:~idual is factor i ncome . 13y defl ating factor income by the 

index of prices received by clairy farmers, trends in real cross income 

and real factor income (factor output ) ca.:'.1 be estimated. 

From 1963/64 to 1973/74 real gross income increased by 3.25 per­

c ent per yea r, real material inputs increased by 2. 6 percent per year 

a.'1d factor output increased by 3.9 percent per year.** This i ndicates 

that a declining proportion of gross outpu t went to pay for material 

inputs. Over t he period of the study, the effective fa:rm area expanded 

by an average of 3.0 percent per year while t he number of l abour units 

* See for example Hussey and Philpott £"67J and Johnson ["31J. 
** See Table A. 8 , Appendix A. 
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rer.iained r e latively condc::.nt . Thus the weiehted sum of real capital 

employed, effective fan:i area and the nwn'Qer of labour uni ts would 

probably hove increased by betYrecn 2 and 3 percent per year. Therefore, 

the estimated increase i n factor output woul(l tencl to support the 

hypothesis that the up 1,;ard. movements in the rc::.tio of total output to 

total input s r,raphcd in Fieure 3.10, are partly due t o ch~nges in 

tcclmology. 

SLJJnmary 8nd Conc1u.sions 
--~-----·---

This clmptcr described the ch~1ces tha t ho:ve occurred. on t he average 

milk supply d2.hy fana in 1i'aranaki/(festern Uplands from 1963/64 to 

1973/74. A s i mple a..'1alysis of these ch2.ngcs \'l:J.S made usin~ input 

output r at i os. 

Th8 TaT2J1n1'.i/ ,'leste1n Upla..'1.d.s re:_:;jon was chosen for this study 

becaus e of -;~1Jc homoceneHy of the s<~:·1IJJ.e a..'l.d l;eec.:.use the f o...."!'.'ms b.1 the 

region produce na:Ln.ly m:Llkf;;:,t , surplus c<;,lves n.nd cull co·.-:s . Some bic::,s 

conlrl be FCcse11t in t:1e ::mr:1?le fros r:'n ict the 2:\·era,.;o;e fai-:1 was cle:cived, 

but this bfr :; is not c onsidered. to ci.ffect this Gtucl.y . 

Prices :ri<-·.l.d. a..Yld received by cb i:cy f armers ho..ve :iJ1erc<1secl over the 

The mnount of v.rice 

infom.ation released to farmers ho..s increased. over the period hut f armers 

still only l:novr the ad.va.nce 'for the season 2,t its begirmil1g and do not 

know the final amount paid until the l)eeinninc; of the next ::mason. 

The rccion has u.i1derr;one a considerable rationalisation in the 

munber of dai I"IJ companies with t he consequcnee that the number of 

suppliers to ea ch company has increased. 

herds h a s increased. 

At the same tLme the size of 

Income from milkfat has been ver-J important , accountine for over 

74 percent of income in all years . However , its importance has declined 

and the importance of inco:o.e froI:l cattle has increased. The combined 

income from milkfat , surplus calves and cattle as a proportion of total 

inconc has increased over the per·iot1 from 92 percent in 19 6.;:3/64. 

Farm expenditure increased substantially , but this :increas e was due mainly 



to increased prices for some inputs such as l abour. There was a 

chanc;e in the input mix to labou:r savin[S' devices. The level of non-

factoi· inputs per cow, hor;ever, remained fairly constant. The 

import2 ... '1t inputs tha t appear to have influenced Ile r cow production a.re 

the number of CO\'ts, effective fann area, the level of certain non-factor 

inputs per corr and weathe:r:. 

Farmers appear to hav e responded to economic stimuli. As output 

pr.ices increased faster than input prices, farmers have tended to expa.rid 

production . The a..rialyd.s indicates that over the period from 1963/ 64 

to 1973/74, the average dair<J fam jn Ta.Tanaki/\'Testern Uplands, achieved 

s ubstantial increases in the number of cows milked per labour unit. 

While this exp2nsion may have b een the fa:rmers ' overall obj ective, the 

periods \7hen output prices increased faster than input prices, allowed 

farmers to use s urplus cash to fine,:nce farm expansion. 

This e: ~p<.>.nsion has occurred by aduinr.; to faro size r ather than by 

increasing ~toc.1::.i..rig rate. 

over t he pe):iocl of study. 

Stoddnc; r ate remained relatively constant 

As the nmnber of covrs increased, the 

quantity of inputs th2.t are thou0ht to influence production per cow also 

exp2..nded. 

The re<:l.son for l abou r input rer:1a:ining constant over the period 

ca.;not be dc~duced f r om this analysis, but give.'1. that wages 2..ccou..'1.ted. for 

13 per.cent of tota.l f arm expenses in 1963/64 3ll d had increased to 16 p ··~r­

c ent in 1973/74) 011d was the l argest single expenditure item in all 

years {"43J, s urrgests that the ris i ng cost of l abour caused a shift 

to relatively more capital intensive production methods. 

'.i'he chffilge over t he period of the study, to more capital intens i v e 

:production nwthods has occurred mainly in milking methods . However, 

total output per unit of inputs has remained relatively consta..'1t. The 

conclusion is t herefore made tha t some technolo ,sical changes have altered 

the production relationships, but H is not possible in this study to 

determine the extent of these .changes. 
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CHAPTER FOUR 

THE DAI RY PRODUCTION Alffi D.:!X!ISIOl~ J,;QDEL 

This chapter is a description of t he model ( of a dairy f arr.1) used 

to project dairy cov1 numbers and future dairy production. The chapter 

describes the assumptions made, the rnathcm::i.tical f orm of t he mod.el and 

the manner in which projections are made . 

The chapter i s separated into six sections . The first section 

gives an overall impression of the model and ~ outline of the method 

of estina tinc; the :parameters in the model. '11he specific assumptions 

concernjnG the behavj our of the dairy f ai'lller are outlined. The second 

section detail s the ~ssumptions made jn modelling t he production system 

and the r:iathematical fonn of the functim:.s included in the model. 

The decision proces s assumed in the model, the linlr...s between the 

production system and decis ion process a;.1J between production periods 

are described Li the third section. Th0 production and. decision p:i.rt.:: 

of tbe ~odd are put toi,;ether in the four th section and the analytical 

derivation of t he va:cia.bles unC.er the farmer's control are desc:cibed. 

The fifth section outlines t1·10 methods of making 11rojections and the 

overall moc.3.el ia SUinr:c:irised. i n the sixth section~ 

t ':any a.ssu."!lptions are made in · this cli.apter to facilitate the 

builaing o::' the model. The assumptions are made firstly so that the 

model describes in a simplified 1112nl1er t he farming system under study 

and the major changes that have occurred in the system. Secondly, the 

assumptions are made so that a relati vely simple model can be built 

that can be solved a."l'lalyti cally for the important variables t hat 

influence future stock numbers . 

The aim ( in making the assumptions ) is to ba:ild a model that 

exhibits increasinB returns but at a diminishing xate of increase as the 

l evel of inputs increase. As output increases, costs are assumed to 

rise at an increasing rate. These responses are assumed to be 

quadratic in n ature ( or can be described by quruL""'l"'a.tic ftmctions ) and as 



output increases revenue and costs chanr;e . n.s shO\m in Figure 4.1 ( a ). 

From the revenue and cos ts functions a net revenue function is 

derived which changes as indic2.ted. in Figtn:e 4. 1 ( b) by the line OBC. 

'rho many assumptions nade in builcling the model alloY1s the output level 

that maximises OBC ( point A in 1'1 igure 4.1) to be obtained a..riaJ.ytically. 

The level of inpllts that produce the quantity of output at A is then 

estimated. 

The model must a.lso estimate the level of expected net reven'1c over 

a number of years. This level o.f net revenue must be consistent with 

the farmer ' s time preference for income. 'Phc level of net revcnae in 

one year is influenced by the expected level in the next year since 

farmine~ as with most enterprises , is dynalLi. c in th;:it decisions made 

each yea r influence future levels of output. Thus the 1;iodel edlmates 

t he plarmccl in::mt J.9vels for eacb year th~t yiela t~1c desireCl. i1ci.: 

revenue streaia throw_;h timG. 

'1.1his r.:odel is the combin8.t:i.o::i. of a rr.oclel of a prorLuct.ion syffc em 

and the da:i.r-J farmer 's decision :p:rocess. 

is to represent the ua.iry f a:r:minG systen. 

The prod.uetion mod.cl is a convi:m tio ·1:-~1 output :!.'es9onse model; the 

output level changes in response to var-.r iJ.1g :inte:nsitieo of input 

applicatio:.::s . These output ch;mees o.re dependent on :production 

para.meters, the number of stock carried, the farm area, and the level of 

certain inputs under the farmer's control. The vn.riables that the 

farmer controls directly are teri::wd decision variahles, and link the 

production and decision processes. 

There are many vaI·iables that the dai:ry farmer will control in the 

real world. For purposes of simplification, those included in the 

model are the number of cows to cull fro;u the mil.kine herd, the number 

of female calves to rear and the quantity of variable inputs that 

influence per cow performance. The important omission from this list 

of decision variables is the area of land available to the milking cows. 
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Land is included in the model as an input variable by assuming t hat 

for the plani."linc horizon, the effective f a rn1 area will continue to change 

by the same a.'11.ou..J. t as it cha.need from the previous season. The 

inclusion of effective far:n area i s extremely i.rr:portant because , as 

indiC'atcd in Chapter Three, effective f arrn area has expanded over the 

period of tho study at the same rate as the number of cowc. It is al so 

importa.."'lt as a decision variable cmd should be in.eluded jn the model. 

II0-.1ever , the inclusion of effective far.n area as a decis.i.on variable to 

be solved for ~ould make an analytical solution extremely difficult . 

In the decision nodcl the dairy farmer i s asswned to make a plan 

each year, based on the f armer ' s currc:.1t state of k:noY1lcclge, current 

stock number-s and his expecta tions concerning future prices. Each 

year he will plan to chan[Se from his current .sifo_ation and \7Hl begin. 

to move tov:ards an ' optimum' • He w.i11 adjust stock numbers arid other 

inpi.;.ts in the cui·rent year. In futu:ce years he will envisa::.:e crw.nGing 

t ho v;:i.riablcs so as to atto.:i.n the ' optim-Xll ' in D yea.rs t iJne. In thi::; 

study the '01rLii:mn' pla..ri is v1here the ca:pi talised. eAp ectcd future inc0r.:o 

strca.~ i s m:::..'Cir.iized. As the farmer' s expecL:::cion of futm~e prices ar cl 

his J:.llowledc;c clle?..11ge , his ' optimum ' :plax1 i'!ill c:'.!enge . Tbus the 

envisac;ed future input a11d output l evels will not be thou~ realised" 

Instead the f arne r uill a l tcr input levels i-'1 line with his n e \'! pla...11. 

The dynw1ics of th8 nodel are represented. in FiGQre Lj. 2 where t wo 

years arc shm·:n to indicate the r el a-Cionshlps . Output in ec..ch yc<.>.r is 

determined by the level of inputs~ B:1 ret a:i:J.i..'15 stock fo r future y ecx s , 

t he faD.ner i s investing in future income . The rate at Ythich he inveds 

in future income will depend on his time preference for income . His 

time pref er~1ce for income determines th0 rate at which he discounts 

future income , which determines the number of stock to retai.."1 at tho 

end of the year. 

In thd following two sections , r elationships are developed to 

explain the envisaged future output and input levels. These intel.'-year 

functions are stock reconciliations, decision relationships and price 

expectation functions. The stock reconciliations allow envisaged 

future stock numbers to be expressed in terms o.f current year stock 

number s . The intcl'.'-year decision r elationships allow envisaged l evels 
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of dec.ision variables to be expressed in terms of current decis.tons and 

the price e;qJcctation functions express expected prices in tcniu; of 

These relatio:r:ships a.llo·.r envisaged future inco!lie to 

be ex_pre.3scd in tcn.1s of current and lmmm variables and each year ' s 

envisLl{;cd income is linked to~ether by the discount rates . Thus the 

expected futu:r:-e income stream can be exp).'.'essed in terms of cu:ci·ent 

and J:no\'ln variables . 

In building the model , functional forms of the relationships are 

assumed and para.-:ietcr~ inserted. These parameters are assu."llecl to be 

conGtc.n t over the period of the study and ~~eed to be estimated. As 

indicated in Ficu.re 4.3 t he par2.I!leters arc preset and the model is 

solved for the decision variables. Th:?:.:;e decision vo.riables are then 

compared Tii th those derived from the actu.al data and the parameters 

adjus tcrl untn the estimated decision variables are as close z.::: possible 

t o the actiwls . The model can then be used to project future output 

2nd input 1cvols. 
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4. 2 The Production Mode1 

The product.ion model is conce:r.ned ,.;j_ th the physical effects of 

cbanc;ing level s of input on output anc1 cos.ts . In a dynamic sense the 

production mod.el is conccined with the :;pread of output between years 

t h:r:our.;h the retention of stock. TlJe variables t hJ..t are assumed. to 

influerwe prQ(1.uction are tho number of c0Yls in mi.H~ (CE), tlw 

effective f arm area (A) and the .inputs tJ-w;t influence pe:r covJ 

perfoxmance (IC ). 

Output is corrrposecl of milkfat prochwed ( i\T) , su..L'p1us calves ( B) 

and cull cows ( C). In prachse, some 1:.ei.fers available to be milked, 

could be cu..ll ed. In the model these an:~ arrnumed to be an .insignificant 

number ana. are isno:ced. . Other sou.rc0:-:: of j11cor;:e on the d<'!.iry farm are 

also ignored. to keep ·tbe model relati.vely simple. 

Tbe costs arc sp1i t into three grOEl)f.l. ~he most i nrµortcmt a.re 

the cos-Cs of the inputs that. infllwnce rer corr perform2~nce and. a re 

ten12cl 1 co·;; input costs 1
• -X· Other costs rnwh <is l abour and. cb,ily shed 

exriu;rn0s \!:i.11 V2-XY as a result of chan[;c;s :iJ1 COYf nur.1bers i.1XHl the3e a J·c 

te:r.'il:0c.1 1mi.lki.nc; co ~-::t s ' . Some costs suc.1>. as gra;:..in:;:; expcnse>s wil l. va:ry 

in ros:p~nse to chan1:ses in the rn:unber o.f heif crs h0ld. 

1 he if e:r c.osts 1
• 

'l'hesc a,re te1mcd 

The clair<J fu.:rmer is i n business to pro<luce an :tncor:ie. 'I'he 

combined. d 'fects of the inputs, output ;mG. costs on incoill.e is rJhov.rn 

diagrarr!Datically :i11 Figure 4. 4. The pi~ices are consta.""lt for en.ch 

year a.>J.d :independent of the level of output or inpnt. 

This section explains the assumptions made i n building the 

production model and the exact mathematica1 f oirus of the relationsr.i.ips . 

The model is built on the assumption that managerial ability has not 

changed over the period of the study anrl that chc-.n5es in technoloQ" 

have not affected the production relati<Jnships . It is f urther 

* The term 'cov1 input 
a..ff ected by out:r:ut. 
'cow inputs ' ( IC ) . 

costs ' differentiates the costs from t h ose 
The quantity of t hese inputs are termed 



75,. 
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assumed that the avero.ge f arm, whic.:h the model is being built to 

describe, was drawn from a sample in which the l Gvel of teclmology , 

manageriaJ. ability and the levels of inputs were independent. 

The variables tha t the fa.rmer adjus ts in order to aJ. ter output 

levels are discussed in the section on the decision process. 



4. 2. 1 1.lilk nrocluction 

'l1he quc:i.'1ti ty of milkfa t produced·)(- i s assumed to be dependent on 

·the n umber of covrs milked and the avcra{;e qu.ariti t:ir of milkfc.it produced 

per cow. The qua.-ri ti t--y of milJ:.fat produced per coYl is depcn d.ent on the 

&';JOlm t of feed a.vCLilable per cow, whicb in turn i s dependent on the 

amou..'1.t of inputs u sed to produce grass a.-ri d. the effective f a::r:m n.:rea. 

The follovrJnc equ2.tion describes the m2..'1.ner .il1 which the factors are 

a ssumed to affect milkfat produc tion , and the section in pc:i,renthesis 

is the average mi.lkfat production per cow. 

(4.2.1) 

for t = 1, • • • , o0, <:U'1d 

where e 
1 

s • • • , e 
4 

a:ce production pa...""2met ers . 

The milkfat production equc.tion t~ ots not tc.J::e chances in weather 

into account. The effect s of cha..'1t;in& input l evels on m:i.lkfat 

production per cow are .illdi cated in Appendix B. 

Two s impl ifyin8 assumptions are made to incorporate t he production 

of calves and t he sale of surplus c.alves . F i :rs tly, the nrn,:-ber of 

calves born t ha.-C survive to sale are asmm.cd to equal the 1nu;1ber of 

cows milked in J'anuai7 of tha t season. Secondly, any ma.le calves 

reared to be sold as weaners for beef production are assumed not to 

compet e vrith t he cows :in milk f or :i11puts and hence not to i nfluence 

the f armer 's decisions concel"!ling t he number of cow·s to mil k. These 

t wo assumptions allow the number of surplus calves s old each year to 

be expressed as the balance of the cal v es bom minus the female calves 

* The solid-not-fat ( SNF) portion of milk is asswned to be a constan-e 
proportion of the milkfa t content of the milk 3l1d s o a ' dis cussion 
of milkfat includes the SNF portion. 
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reared for replacement purposes. 

surplus calves ( B) becomes: 

Tiy simplification, the nu.~ber of 

t = 1 , ••• , o0 , and (4.2. 2) 

. v1here FCt - the number of female calves reared. 

4.2.3 Uilki.nfi costs · 

As cow nu.mbers increase the cost of certain items such as labour, 

f1cei ght and dairy shed e:>..--penses are assumed to increase at an 

increasing rate. Generally, the ad.di tion of some input i tenm such as 

the addition of an extra labour unit, is lumpy in relation to total 

use. l3ut given small increases in cov: numbers, l abour, for example, 

can be incr8ased er-adually by the employr:ient of c asuaJ. la1JOU.L' at 

milkint; times or weekends. 

The followine eq_uation has been u s ed to model the effects of 

chunsine co·N numbers on milking costs: 

where a
1 

= fixed costs per cow, 

a2 = a constant , 

t = 1, ••• , ao, and ( 4.2.3) 

a2 CI.1 = variab'J.e costs per cow, and 

llC = milking cost. 

The changes in l.TC as CM change are indicated in Figure 4. 5. 

The number of heifers retained as replacements (H) will influence 

grazing, mating a.-rid handling costs. If the heifers are grazed on the 

farm the cost will be in terms of the opportunity cost of milk 

production.* Fixed costs associated with holding heifers are assumed 

~} For example, if the heifers are grazed on the farm the cost may be a 
decrease in milkfat production. 
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to be negligible a..'1d are iGUored. The eQu~tion that takes account 

of cha.riges in heifer c osts (HC) a;:: II· charigc:s i s: 

t = 1, •• • , c.>0, a.l1d b -· a constant. ( 4.2.4) 

'i1hc effect of varying H on HC i s i!-1.dicated in Figure 4. 6. 

All available cows ci,re D-ssumed to be milked during the season and 

all cuJ.lincs occur <.lt the end of tlic milk production period. It is 

reco";I"lised that ix1 p:ra.ctise some cul.ling \';ill occur d.u:dng the seas on , 

but t o sir:.i~_llify the mod.el this has beel1 i c;n.o:red . The f a:rmer is 

2..ssumcd to milk all he:i.fers that survive f::com t:r1e previous season and 

calve , in p:cefcrence to r-cfa.iniu,~ ci:: older co·,'i due for r etirement. 

'11hus ·tlJe nu.."'lber of cov:s rrdJ.ked each yc;~r is the rcconc2.liu.tion o f 

the cows t l:at survive f:ro:!1 t he p:i.'cvio1Js sea~;0D, the 11UJ:lr)e1· of heifers 

cwcdlable in the curren-t. scaso;i 2.'1d the numb8:r of CO\':s culled a t the 

end of the p:!.'evioun sea'.;on . T!1e..t J.s: 

where r1 - t he s1..:.rvival rate of cows in rnj_] k, 

¥2 = the su:r:-vival a:n.d calvine :ca:i..c of heifers. 

Tho mm1ber of heif crs held i n any :;-ear (B) is assumed to be 

t hose female calves (re) tha t survive from the previous season . 

That is: 

t = 1 ' •.• ' 0.0 ' a.."'ld ( 4.2.6) 

where 'O 
3 

= the survival rate of female calves. 
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4.2.6 Farm area 

Over the period of ·the study effe ctive farm area has expanded . 

In order to . take this expansion into accoui1t the area of the fo,nn ( A) 

i s assumed to alter over t he planning horizon by the amount that it 

has changed from the previous season f1S fallows: 

At == At-1 + ( At ~ - At-2) 
. t - 2, m, 

- I ' ... ' 
where m = the e..'1d of the planning horizon , a..'1.d 

J..:'I.· 
t = the envisa.ced f a rm a:t:·E~a. 

After year m the f a rm area is assurncd to remain constant. 

4. 3 The l.'.od(;). of the Decision Proces~ 

The decision proce ss assumed for this model is tha t tbn f armer 

h2.s a pla:mi11,3 horizon of m years ove1: vrhich he plans to 2,cljust stock 

numbers and i nput levels so as to 2.t hl . .L1. nn ' op Gimum: f arn si t utlt ion. 

The i mportant variables tha.t the fo.nn•:H' can 2,clj 'St are t e:nned 

decision vJ.rit'!:bles and arc discussed i n tlie fil~3 t pa:et (' ~ 1 • 
0 .l.. l.•J.1J.J:1 

Tne 'o:r)timum' plan is 'l'rhei·e the cc..1xi.t2.lised fut ure expcctE::J income 

stream is maximized. The exact form of incluc"°'..~'15 each yc<J..rs expected 

in.come in t he objective fl:::t1.ctio11 i s discussed. i n the Becond pa.rt of 

t his section. The thi rd po..Tt deals vri th the ~~s ~.m.r:ied pro cess of 

fo n:iing price expectations . 

4. 3. 1 Decis:l.on_variables 

In the production model the f a_"l"ffier has several v a.riable s under his 

control which he can adjust to influence future cow numbers . The 

variables that directly affect the number of c ows milked are the 

number of heifers enterine the herd and the numiber of cows being culled. 

In th.is model all the available heifers a:i;-e ass:iumed to ente r the herd. 

The decision concerning the number of heifers available is made in the 

previous yea:r when the f arme r decides the numbe-21'.' of female calves to 

rear. The decision concerni.."1.g the. number of c4>ws to cull is assumed 

to be made at the end of the production period .. This decis ion 
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is based on the desired number of cows to milk in the followine season. 

'l111c second type of decision variable concerns the level of inputs 

t hat a.ffect per cov1 performance and are terned 11 cow inputs" ( IC ). 

Th e 1 cvel of these i.riputs i s indirectly related to t he number of stock 

carried. J~en so, they forn~ an important p art of the product:i.on a...'1.d 

decision :p:cocesses as indicated in Chapter 2, and car.u10t be i cnored in 

this moclel . A full listing of the inputs incluclecl in IC is given in 

Table 114 :in Appendix A. Each unit of input is assumed to ha.ve the 

same i nflvence on output. Vi'hile t he effect of different inputs 

varies .in the rea.1 world, the a i m is to reiJresent the overall effect 

of ch2.11ging i nput levels. The jnclusion of individ.ual inputs in the 

model .is not possible in thi s study. 

'11he i nvestment decisions the farmer m21<es in each yea:r will 

influence future s tock numbers and, in tl iis rwdel, the C.ecisio~12 a,re 

based on the fa:rmer ' s 'optimun' future stock levels . In t he curre..11.t 

year t lw farne:c plans to make f v:ture dGcisions. I n order to 3-VOid 

t he necessity of solving for , i n this c2,se , 3 decision variables for 

ea ch of t he m years s the intervening ye2.l' 1 s decisions .~.re as surJcd. to 

t ake D~ :JP ~) cific fon11 . Tl1e nssw~nption i~J r.Jade t11at .!i:;l1e e11vis~1.~8d 

deci sions wlll depend on the current years decision but a r e a rl j m;ted 

fo:r· envi.ss,gec'l changes in the number of cows milked . 

The cm.visa.,ged nuxnbcr, of cows to b e culled in fut.u.rc yeai~s is 

given by: 

t = 1, ••• ' m- 1 (4.3.1) 

where cx
1 

and cx
2 

are cons tants, 

and * indic.a.tes an envisaged level of a variable. 

In year m the number of cows culled in orde r to maintain a stable he:rd 

size from year m to oo, will be the surpli.ls from the heifers available 

minus the cows tha t died. That is: 

(4.3.2) 
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The number of calves . envisaged as beinG reared in future years i s 

modelled as : 

(4.3.3 ) 

where o
1 

and o2 are constants to be estimated . 

I n ye<.:.rs m-1 c.:nd m t:r..e cnvisae;ed number of female calves to rear is 

assur:iecl to renain constant at the number reared in year m-2 , in order 

to maintain a stable herd cizc from year m om1ards. That is: 

FC·>< = Ji'C* = FC·* m m-1 rn-2 

The level of corr inputs fa .icsumed to depend on the level the 

previou:= year and the envisnr.::;ed changes in CQW numbers between years , 

u11 t o y ear m. That is: 

(4.3.5) 

where Q
1 

and G,..
2 

are cmis Lc::nts to be cst:iJ!tated. 

In cll case::;, in t:ne yea:r after the plan i s uncle the current yea;:_· 

v ari<l.bl(:S become ei~Y:i.sa;,;ed vari2.bJ.es . 

The h.vpothesis put for\'m.rd is that t he dairy f armer makes decis i ons 

each year with the intenti on that in m yea.rs time he wil l milk an 

' optirrmm ' number of cows. The ' optimum' plan is assumed to b e where 

the prc3cnt vn.luc of the expected future inco1::i.e stream is maximised. 

To allow for the fanner' s time: prefere..Yl.ce for income, the expected 

income for each year up to year m is discounted and the income in year 

m capitalised and the capital value discounted. Because of the 

possibil ity that the dairy farmer ' s time preference may not follow the 

pattern .explained by a constant interes t rate, a variable discount rate 

for each year is incorporated into the model. 

The objective function to be ma.-..::imizcd, is expres sed •for year k as: 



where 

J.laximizc ~; 

z 
k = yk + Yt+1 d2 + • • • + Y.>f.· d 

k+m-1 T!'1 

Yt = the envisaCTed income in year t , 

k = the year the l)l an is made, 

d2 , •• • , dm are the discou."'lt rates, and 

d is the capi talisin.:; discount :rate. m 
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(4.3. 6) 

In year k+ 1 the plan \7ill nJ. ter if prices chanae s i nce the f a.r.:ier will 

cxrect ~ differer-t income stream. The new Z in year k+ I is civen 1Jy: 

\':here ** indicates the ne·.·1 cnvisa.ced income. 

4.3. 3 PJ:i_cc exnec'.:::lticns 

J..]nvisaeed future inc.one is influenced °b:i" the :prices the f<!ri'ler 

expects to receive in future yc~~s . In line \7ith the inform<::.U c:n 

prescntc::l in Ch8.ptcr 2 , it is G.8s1uned t1JC:.t t he fai"'Y'":cr project::; sir.ple 

trends t.brouch k!:1o•m prices . T!1c assu.110d process is th~t th~ follov:i."1[; 

season 1 s pr.ice will che>.nge ~J so:..1e proportion of the ar.iount by v:hich it 

ch8nge~ from the pTevious .season . 

where P = lmovm price , 

P* = t he expected price, 

e = a constant. 

That is: 

t = 1, ••• , o-1, and (4.3 .7) 

The formation of the expected prices will differ for the v<::.rious 

price serj cs in the model depending on g. The setting of g i s 

discussed in the following chapter. 



4.4 The Overall Hodel 

The overall model links together the production and decision 

processes . The production process is n:ade up from input/output 

relationships anu stock r econciliations . The decision process a i CTs 

t o m2..ximizc net revenue over time in a manner t hat reflects the dairy 

f armcr1 s desire for future income. 

Under the ansumptions o t...tlined in t he previous two sectim.:..; , the 

envisaced future income strc.:un can be expressed in terns of tLe current 

year ' s stock numbers, decision variables, production p::i.rar.ietcrs 2.nd 

known prices. The cxpress5.ons that al1orr this are the stock 

reconciliQ.tionr.: , inter year decision relationships und the price 

expecta.tio;1 functions. The para.meters arP. assumed. to remain const<m t 

over t he p::.anninr; horizon. 

The f <irmcr' s cli.scount r~tcs link e<.i'.)h year ' s i ncoi;ic, aJ.101·:.i.ng the 

farmer ' s o'.:ljectivc ftinction ( i~) to be e:::;n·essed in tcr.no of Lnrmr. dat3. 

and production par2m0tcrs . Since each cJcd sion vn.riable for Yic 

current yc,!.r is p:rezmt in 7i, :Lt is a n~tt0r of solvinc.. the first 

partiz~l dccivatives of Z for t he decin:ic,' v:::.:riables th::i.t mv.xir · .. i..zc Z. 

The ncccss .. '.L"Y a.rid sufficien ~ conclition::.i fo:r. Z to bC' a mc:.xi r,m,·1 <.n:o tha·c 

the first f.lrtia.1 derivatives of Z with rc:.:pC>ct to the clecis:i.011 v:·riz.~.:-J C''; 

are equ:D. co zero and that the r.:i.trix of second p:rrti2.l deriv .tives i:::; 

~eg(.:...tivc il.cf.ini tc £1' pp . 495-)00J. Ji'urther, t he system or first 

partiaJ de:civatives oust ~e of such a foi"fn tha.t the decision v~::::i3.bles 

can be nol ved. 

These cstim'1ted. decision variables can then be u 30d to project 

f uture sto~k numbers . The process of obtaining the decision 

variables is indicated diaerammatically in Figure 4.7. 

Mathematically the procedure can be expressed as: 

JJa.ximise 

(4.4.1) 

where d
2 

• • • dm are a s defined earlier, and 

Z = t he present value of future net income. 
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where -t.he arrows indicate cil:ections of estimation 

'2he Overall 7.:odcl 

Each year ' s inc.ome, 

fort = 1, ••• , m 

Tihere <r = production parameters 

f is a specified function , 

SN = stock numbers, 

DV = deci sion variables, 

P* = expect ed prices . 

By substituting the intervening year ' s functions and price 

expectations into Yt, Yt can be expressed as: 
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(4.4. 2) 

fort= 1, ••• , m 

v;here ft i.o a specified function for each t derived from the 

suh.:;titution . 

This then allows the objective function (4.4. 1) to be expressed as: 

(4.4.3) 

where z is a function derived frorn the substitution of (4. 4. 2) 
in to ( 4. 4. 1) • 

Z i s r,1aximisecl where t he :partial der ivativ es of Z with respect to 

the decision v :?.riables , are set equal to zero (it is assQIIled t!1at the 

r:iat:ri:-:: of second p~rtial derivatives i.s negative definite) . 

az 
(J IN - = D. DV 1 - 1~ = 0 

1 
(4 .4.4) 

\':here D ic a matrix such that 

D - d( ~7 " ,...) • - ~-1' '- 1 ' v ' 

where d is a specified f unction derived from t he partial 

differentiation of (4.4.3), and Eis a vector such t hat 

where e i s a specified function derived from the partial differe:ri­

tiation of (4. 4.3). 

The systen (4.4.4) can be solved for the decision vari ables by 

i nverting D and post multiplying D by E: · 

-1 
DV

1 
= D E. 
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4. 5 The Pro i ection Jfothods 

The following briefly sets out two methods of making projections 

using the model. 

in Chapter 5. 

The projection procedures used are di scussed fully 

After e s timation of the paraJ'.leters in the model, the decision 

variables th2..t rn.J.Ximize Z can be calculated and projections made using 

these decision variables. There are tvm simple methods of ma.1<:ing 

projections usine; this model. 

The first and simplest method. is to project m years a.'1.ead on the 

basis that t he fa.rmer carries his envisaged plon through. This type 

of projection \7ollid inclicate the direction in \7hich the farm i s moving. 

In F igure 4.8, the solid line indica tes this first type of projection. 

The second method is to project one year ahead using kn.mm prices 

and continne to project ona year ahead using prices that are projected. 

outs ide the~ model. 'I1his process cc::.n be continued for as r.:w.ny years 

as prices are available. The projecti.on s r.iade by this second method 

are represen tecL ·b'J the dashed a..Yld dot-c.::,~hed l:iJ'les in Figure I\.. 8. 

The pro j ection usinr; 1morm prices will contain an error due to 

the rriodel. In subsequent years the projections will contain errors 

due to the price projectio:'.1s as \7ell as the model. These errors vrill 

increase as the number of years fo r which the projections are made 

increases. Thus, the ranee of possible future stock numbers will 

increase accordingly. 

4. 6 Sum.!11ary 

In th:Ls chapter a model of the production and decision processes 

were outlined. The basis of the model is that the d.air.y farmer is 

assumed to plan each year m ·order to attain an 'optimum' situation rr. 

years ahead, using his expectation of future prices and his current 

state of knowledge. Each year after he has made a plan, the fanner 

is assumed to change it in the light of new info~mation •. 
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1 2 3 4 years 
ahead 

indicates a 4 yea:r projection 

:indicates a projection one yea:r ahead us:ing 

favourable prices 

indicates a projection one year ahead usi.l1e 

unfavourable prices 

Two Pro.i ection · Methods 



Z = yk + d2 y~+ 1 + d3 y~+2 + •• • , + dm y~+rn- 1' 

vrhere k = the yca:r the plan is ma<le 

d2 , • • • , dm at'c discount rates , 

Y = net income, 

Y* = envisaged net income, a.'Yld 

m == t he farmer's pl2.~nling hor.izon. 

Net incose i s : 

Y = Pm l1P + Pb 13 + Pc C - 1>~C - HC - PI IC , 

Y1here Pm = t he p rice of rnilJrJ'at , 

Pb = the p:rice of su.rplus calves, 

Pc = the price of cull cows, alltl 

PI = -1-' u.'lC index of prices of inputs. 
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(4.3.6) 

Envisaged income is constructed. using prfoc cxpect~tio:n fun ct:i 0 !1S cf 

the e;cnci-2.l forni.: 

where P <!.re 2.ctual prices ,· 

P·* is the exr>ccted price, and. 

e = a constant. 

The dee.is ion var:i.ab'J:cs ( C, FC and IC) are o.s smned to be cnvit>2[:;8cl as 

chai1ging in a pnrticul<:..r manner fo r eac£1 variable \7ith:in the pl<:?..'1Ilini:: 

horizon . 
/ 

These relationships are as follows: 

c+:-
t+1 :.:: 0(1 C + CX ( CJ'.* - (ThT ) • t 2 '"t+1 't ' for t = 1, ••• t m-2, and (4.3.1) 

c-x- = ~2 n:_., - (1 - .11 ) CJ,1-1<· (4.3. 2) 
m m 

FC·* 
t+1 = 81 FCt + 02 ( CJ.It,..1 - CMt); fort = 1, ... ' m-3 , and (4.3.3) 

FC~ = Fc;_1 = Fc:i_2 , (4.3 . 4) 

where * indicates envis~ged or expected variables and 
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Farm a:rea ( A) i s assrnr1ed to exp2nd over the planning horizon by: 

~J t he use of the above r elationshi ps Z can be expressed in terms 

of known variables, the parameters ancl the dec i s ion variables . 

Z i s mc..ximized °b'J setting t he first partial derivatives of Z with 

respect t o the decision v ari2,bles equal to zero. The system of 

simulta..11eous equations is then solved for the decision variables . 

Estimati on of the parc:.meters involves compar:i.115 the decision 

variables obtained from the maximiza. tion of Z vri th the levels of the 

decision variables obtamed from the da t a and adjust:in.g the pa:rameters 

s o as to make the estimated. decision variables as close as possible to 

the actnu.ls. The estimation of the mod.el is discussed fully in t!le 

next ch::-c11tcr. Once the model h:.1s been estimated it can ·be u s eJ. to 

project future stock numbers and the level of inputs nnd output b-.t 

us i ng the estir1atecl decis i on vari<.i.bles . 
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J?1 ·f_:~c fieco~:d r:P ... -~ion ono o: the ~ct.a rf 

rar<10 .. :i. ,V:l o .. : these p:rr.:.:.!::ctcr,: need to b~ cs-Linatetl si.nu.l L:u1L,ou,;ly to 

t:JJ. :.c(:.cu;1 ~ of ?ny :LYJ.-':.eruc'l.jons bctvinGn cl-3cisio:1 vari2.b1es :;>1d. 

~;ii::ulta"lcousljr e.:;U.ma.t.inc; c::.11 the p-.~rancters. T!!e proceiures uscJ. 

r.c:·c- will gJve c-~d.:i.m:J.tes of the p3.ra.metc.~ but ti1<? :properties of the 

rwthod a:.1d tne c::c:...ors ansocfa.tcd with ca~h cstlm~ tcd p~r<in!cter are 

un};:nonn. 

'r1ie ;n.Jdcl c.c i;irn.:i.tes th:czc decision variables for cacR. ycar4 'l'he 

cstJ.u-:.tl<c of the dE'cision varJablen c.:·!l be compa.i·r.:i v:i th the :Jctu;tl 
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cleci s iorJ::.' n2 .. ae by tl'1 c f armer. 

pof~siblc the actu?J .. dcc:Ls ion va:d2J >les 11~1.i.ch i s achie\'ed. 

by 0.dju:;;t:J .. nc t he values of t he l':·.ra.meters i ;1 the l!lOCl.el. Jlovrev~:c, a 

ch2 .. n ce :i.n 0~1c p2.r21!10-C.:Jr value r:i::i.y reduce t lw C..iffenmcn between the 

actual 2.."lcl estimate :for one dcc::i.::;ion va..rio.l1lc but rnciy c:o.use t ho 

the overc1J J. fit of tl::.c) moa.eJ.. Jn other 1: 1o:cd.3, tbe c1j.fferc1cc3 

represents t he relaJ..,ivc :i.J:i.po:!:'t.::rnce of e ;:::.ch d.ecinion va..t':i.able. 

One r~:::thod which 2 .. llow::; the poin t cstir:~:'.t. i.c~1 of tr:c p~rt· .. :~1:::tc:::s of 

'"'lll. 1JJ·~·)0 ":t.."'" ·c' }·· n det P'>:··i.,.-,~·~~ + (1:1) O.r ~' ,......., i·v-i' -.r (\'!T) ,,r t}•n i1-i·", f'crCnCC""' '- U . o..:;..., _1..... -· .l.. --·.J.--J. v _ _ c.;,. J. u ....... 1..J- ·- , , '-"'- ... #...., ~ - ---- i "') 

clia,so:!.al clertC'.nts of H are the :::u:ri:s of scp·.c•.'(•:; of rl.i.ffc;:t:..:::r:ce;; :~o:...~ eacL. 

deci3lo:1 '.I .:::1: j 2ble. 

n /\ ? 11 /\ /\ 

II L: ( JJV n-r )~ 2.; ( D'' JP ·1r· .,, "''\ ... ,. \ 
::: .. , 

. . "i 1 ' • ' ~ .J 1 , 1 I \-»: 2 .uV011 ... 
:i.==1 1 ) == 1 '-

n /\ /\ n /\ ') 

. L. (nv2 
;y r )( 11F ;~r \ ,._, c-... - T~- ) : • 

Ji ' 2 ~ : 1 .u, . ., ) ' / _, ll'. 2 .IJ.; f') ' 

l ==1 
I i ::-: '1 "· 

and F = I HI; 

where DY = decis ion vari~blcs , 

n - the number of years of data 

" 'JJ'l -- the estimate of the deci.sion variables, and 

the subscripts ref er to each decision varfa.bJ.e. 

As the estimates of the decision var:l.c: .. bles approach the actuals, 

F appro~chcs zero. 'l'hus est:i.r.iation of t he p2.ra.ineto::rc involves 

adjustinc; the parameters so as to x-Qduce li'. J.n est:i.rao..tfog the 



po..r;:iz:1etc-rs, ::!. V8.riety of procedure:~ <i,re used.. 

ThG v.~,1 u.()f; of .:.c:rcral of the p:;.r D.::ccters \':ithin the model are 

oat:o;irle ·i,h.~ ; ,o:lcL 1\/ using this .::;,ssu.'!tptio:.1, t he milkfat product::.on 

Sevc.r;~l Vil't'i:-,:;t.im·~-:; of equation ( ~. ~~ 1) c~-!2. ii•ilkfd j;:'"01l1~ct ion 

C'q::-.2tion ) ;.re (!8tiua tc .l u.sinc o:rd~_,1~.ry lco..Gt. f'(:uares :rec~~0r::=don . '.l'i·c> 

T"' .; J ',r ( 'r l i ., 
~.i... ... .. ...... ' c. 1" .... .,) 

C(;Y,'~; ·i_:1 r· j_l 1~ 

ni' 

- · ""•"\ c ..l , .. 

rounded. (Y ) 3 
th:::c h~ r:.ost yc<1.rs one fema.lc c<:lf per ho:·cl \7i) 1 1 • 

(L~t_ (; 

In cr.:lc:r· to be a1,J.c to co,;n1x1.rc act:.als Rnd e:;bne.i.cs of ti1c 

{1.ccision vr-~ri:!blcs , tLe £!.C t LU:ll decision::; r.:acle over t he :period of th! 

r; tudy have to k; extracted from tbc date . 'l'rG 11m1 Zealc:...id D<.W.::.y :i~oc:•.::d 

collects infori:i:i.tion rlurinr:; its cow census s1.tr\rcJ on the number of 

·* The C.OY)Ccr:ti 0;1 rate j s based or: d.3. ~a on CJ.rtificidl b1~0eding :r:.i.te3 
of return.· ,l1i4J. 
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' J calve s rea:r.cd. as herd replacements on a regional basis L 44 . The 

proporti o:;:i of the.se calves to the nwnber · of cows in the r et;ion is 

multiplied by the average herd size data gj.ven i...'1. '.rable A. 5, Appendix Af 

to provide an es t irn2J;o of the munber of fe,1ialc c illves :rca:cecl i n each 

y eai-. The number of heifers being held as hercl repl2.cements is 

obtained u::;in?; the heifer s tock reconciliation ( equati0n (4e2 .. 6) ) .. '.rhe 

nur.1ber of eovrs culled each ye-:J.r i .-;; then estimated usine; the covr 

reconcil i ation ( equation (4,.2.,5 ) ) 1 reaI-rm1cec1 as foll ows: 

for t = 1 , •.. ) n • 

Tbe number of heifers bolcl i n 1963/G4 i s assc.mcd to be in the s~mc 

JffOportion to the ntuabc r of covrs in milk as the :proportion of heifers 

to co\7s pn.oli.shed :ix1 ·;,!'!_..:; oi'fici3.l co-..7 ce~1::;us data. L 5 iJ. Tl10 

estimate:':> of the numbers of c uJ_ls, heift~rs ;.;:nrl fer:;.3,le c21v<~s re;:cr('d 2,re 

prosen-cel .i....'1 Tabl e C.1, Aripe..vid.i:x C. 

Tl1c J~CL10~ining p2.::-a:neters are estit1::... t ecl lltLLllC the fuJ.1 [10c1.el .. I~.1 

plc:..'1-rii.ng ho:i::i.zo;1 need to be dctcrni:ned. 

avera3e cl2.i. :cy farmer ' s planni:.Dg horizon i s a~:,::rnDed t o h0 5 yo::ix .:-:.. ]<' iv0 

years allo\'18 time for fer::alc calves :r.·oarcd jn the yco.i' the lil<:21 :t s 1 ~ade, 

to be full~)· :producinc at the encl of the plo.'mil1f; ~1orizon. 

The pdce ex:pect2.tion constonts(0 1 s) are estima·l;ocl by te3t:i.nE a 

limi tecl n unber in the model and selcctine ti10~30 that give the 101'.'cst F . 

This proccJ.ure req_uires that the other para.ii:eters are set at i7ha t 

appea:r.'s to be reasonable vaJ.ues. 

prese;'lted in Table 5 ~ 1. 

The estii:iated va lues of the e's, are 

The remaining parameters are estimated simultaneously using an 

efficient procedure developed by Powell ["'61J. Thi s is a steepest 

de scen t proc edure th~t adjusts n parameters, one ~t a t~~e, to m:L~5..mize 

a statist:i.c (in thic; case F) vri thout calcul<?..tiJ.10 first de::-iva tivea. 

The procedure is available as a computer subroutine and does not 

req_uire aodifica tion for this study. 
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Po::.rar,ietc r ___ .. ___ ._... .. 

c 
1 84.479 

ii 
e2 -·25, 427 
8 4.7 110 3 

If 

(: - 0. 000:59 4 
fl 

Survtval .~: ;;!;·~:~ -----··- -···---
o.j 0.91(( 

fl ~ '> 0.900 ,.._ 

4. 2 . 6 J' 3 o. 9Go 

G riiJ. kfL·d; 0.5 
If {S cU:.U.8 o.o 

EC ~i ir :J.l l1 :::; co.J.ves o. o -.> 
fl 

fl g co-;; 5~~1j ·· 1 jt s ·1. 0 

'l'ho riossibiJ.j_tJ CJ.i:' lo:;sl r.~:inir;ia i:::: ~1lcr1.cd fo r by 

as a co~st:::nt interest :::·ate. In other :_r_·t.ms the cliscou..'1·~ rn.tes arc 

estimo.ted ci irect:Ly. The estirr!.:i.tcs of pn.n: .• :ioter valuGs 2..."'ld level of F 

for three r:d.njJna are given in Table 5.2 . 

The parameter v alues, estimated outside the model, are presented 

in Table 5.1. 
Appendix B. 

The ~1ilkfat produc.tion pci.rameters are discussed. in 
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Table 5.2: ~neters Es tinated Simul taneousl;y 

Equation nq_. Parameter Miuimum ~.ti nimurn Minimum -----
.'i 2 3 

1.Iilkin.a Cost 

4.2.3 a1 355,9856 498 .4159 1808.0509 

" a -0. 9469 -1.6575 -4-9140 2 

Heifer Cosi~ 

4.2.4 b -30.1069 ~.5492 -54.0193 

I nter Year Function 

4.3.3 81 -1.1183 - 1.7389 -1.0347 
II 

82 8.998i 6.6014 42.4035 

4.3.1 CX1 1.03~0 0.8677 1. 0236 
II 

D<.2 0.0363 0.0101 -0.0105 

4.3.5 Q1 0.1571 0.5025 0.3356 
II 

Q2 ·155.9810 14-8 . 6062 61 9.9479 

])iscou...rit F;:·ctors 

4.3.G d2 ·1 .4979 0.9615 0.964 2 
11 d3 .0091 o. 4736 o. 9296 

" d4 -0.1l513 0.4245 o. 8963 
II a5 2.4718 3.1456 23.2624 

o39.15x109 2"3 ... 1010 "'O 
F • - l j=~ .457Gx10 1 

----

The price expectation constants tend to reflect the rel a tive 

stability of the different pric~ series . The price expectation model 

for the cull cow and su:rplus calf prices is of the cobweb type wher0 

the current p:ricc is projected into future years ~ The milkfat price 

is relativdy more stable and the expected mil:Y..fat 2.dvance is the current 

price plus half the change in the advance between the previous and thP. 

current season. The cow input price cxpectatio~ parameter value of 

1. 0 reflects the tendency of input prices to increase steadily • 

. 
Simultaneous estimation of the paramete:cs was begun from various 

parameter values. Three sets of estimates of paraiaeters a.re given in 



Table 5.2. !1~o ::: t of the p.:~rnrncter v2.lue r;: have ma.o1i tudes and signs 

c ons is tent with those assu1;:ecl in the tu:iJ.d.ing of t he model. However , 

some of the parQ.mcters 2.rc i :n consistent. In pa,rticular, t he east 

:par;:uneter o.
1 

in a.ll sets i ~; :posi tive ar.d large a.'l1cl the cost po.ra.r.ieter b 

is positive for minh1um 2. These cos t pcira.meters Yrere as suraerl to be 

n er;2.ti.vo . The jn·tcr-year C..ec :i..sion p::;,rair1eter o
1 

i s nego.tive <:nd of 

suet. 1~1~-:.f;nitude tbat as the Eun1ber of fe rn=.:0.e calves reared in the first 

y ear i ncrea ses , t he number rca:r:ed in tbe second. year will decline 

marl:eUly. The estimated ~ · in all set;:: is 1<1rt;c 2..ncl gives an undue 

irrfh:0nce of the envisaged dia.riges in CO\'! numbers on the e;1vi ~~a..:::;ed level 

of co1r :i nputs. 

expC:.·ctecl i n come in year two j_s preferred to inco.>.1c in other years. 

The r..c:gati·re vah:.e for d
4 

i rnUc 8..tes t h0,t the expected income i n year 

four cl(;t:cu,(; ts f:rom tl~e fan::er ' s utili 'bJ . In tlini1:run 2, fu:Lu:ce 

cxpec tccl i 11come i~..; d.iscountci at an h1c;..c-c:.i.sinc; r ;:.i;c fo:c eo.•,ch ye.::,r . 

J;!in:i11rrn:1 3 has a:-i esti!nat0clc,1?1~~tan·l; cJisco•.m t +e..tc c.r 3. 716 pc:'.:c ~c1t. 

V:?.-riou.s c r i t eri a cou1C. be used to select t ho set. of :ru::2,-:wtc:r-.J 

i~o 0 1:2.J u<.lte the nod.el 2..Ylcl t0 make proj ec tions . Since the c:..:·.i_tsria 

thc..t i s 1t.::; ei t o select pa1·\.5_cul~r ;pa:r~:-!leter v2.lue:s is t he minir.1ization 

of }' , thin criteria i s used to justify the select ion of U.iniuum 1 

para:1e t er values in further a:pplica·aons of t he R.OdGl. The mod.el i. s 

nov; GVZ!lU2-tGd. Pro jections o.re •:'U.scussc.d :in t he next section . 

Three methocls are used to evaluate the model. The first 

:r.n:occdure compares the act uaJ.s and estimates of tbe deci sion variables 

for the periocl over which t ho model fo e sti..11atcd. . The series of 

actuals and estimates of t he decision V2..ri.ables are shO'l'l.'11 in F igures 

5.1 o:nd 5.2. As can be s een in Figure 5.1, the estilllates of the numbe::c 

of co\'1s culled e~ch year is 1~easonabl;r close to the actuals and all 

turnine; points ai·e correctly predicted . The coi~rclation be tween -~he 

two series is 0. 934. This correlation is reduced by the· se:r:ious 

under-estimation of cows cu11ed :in ·i965/G6. The est.ilr...a.tes of the 
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female calve3 re>ared a.re slichtly l ess 2,ccurate and a.ppear t o predict 

turn.in~~ points one yeo.:r after they occui·. No obvious reason f or t his 

occurrence exists and no attempt i s made here t o e)..-pl ain it . The 

e;orrelati.o:n betrlE!en the two series i s 0 . 846. The model estimates cow 

input levels of the correct ma[;n.itude bu.t fails t o predict several 

turning points. Part of thi s poorer estimation for cow inputs may be 

due to the series of actuals. The seri es i s constructed by adding 

toc;ethcr the amounts spent on a number of i nputs that i nf luence per covr 

pcrfornc:ince. The sep3.r<ltion of inputs bet\1een those that affec t cow 

perf ormMce and those that are affected by con numbers or output lev el s , 

is ver:/ imprecise. The series i s then defl ated by an index of the 

price s of all inputs used on the dair.r f~nn weighted by t he proportions 

spent on e3.ch inriut. 

and actuals is 0. 814. 

The correl ation between t he cow input estimates 

'1.'he seco;.1d type of eval uation tcs ts the r.:od.els ability to 

project coa numbers within the period oi estimation. Two trpes of 

projoctions are r:'adc . In the first , the model i s used to project CO\/ 

nu .. '!loc:i:·s one y ec::.r ahead usi.nc the prev5.oi..;s year ' s actual nwnbe:r of cow.:; 

in r'.'Hk, hei fer nu.:::t.srs and prj.ces , but using the estimated nunber of 

cor;::; cuJ.lel. '.!.'his yielcls :r.ec.:.:::onable i·e ~.rn.l ts as inclicated. in Figure 5. 3 

by the dc-.sl:ed line. The over estim::i.tion of cow numbers in 1966/ 67 

is due to the under-cstimatim·1 of cull s in 1965/66. The correlation 

beh:ee;} tn::? actuil.s a.'1d os;tir.la.tes is 0 . 97 1. The second projection 

method tests nhethcr errors jn the model compound as the model projects 

more thn.n one y c::-:.:r ahead. Actual stock numbers in 1963/64 are used 

to bc{;in the projections of coi·1 numbers . Estimates of decision 

variables and projections of stock numbers are used from then to 

1973/74. I n all t he proj octio~s , actual anc expected ~rices and f c:.:rm. 

area are used. The results are indicated by the dotted line in Figure 

5. 3. 1rhe effect of an und.e!.'-cst imation of cull s in 1965/66 raises t i1e 

series above the actuals , but the er rors do not appear t o compound. 

The cor.cel 3.tion be tween the a ctuals and estimates is 0. 980, '7hich is 

hi&}1er tha11 for the ot her method because t he previously di scussed method 

unde!.'-estimated tho number of cows culled in 1966/67 ( see Fi5ure 5. 1) . 

Finall y, the milk.fat p r oduction for each y ear is estimated 

usine the estimates of cow input levels and the projections of cow 

MASSEY UNtV!ltSTfl 
LIBRAIU 
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l!O'l'E: ( :>.) Projr:ctfons usfo~ ::ill :rdcc.; hlcrc·a:;ine; by 10 pc1·cent pc::- ycu. 
( b) %c nill~l'at adva.'1cc falls hy 5 percent per year and all other 

pr ices i.l1c)·r:o.se by 10 :i.>crccr.t per y('n.2'. 

SOUP.CD: 'l.'able C. ·1 wd Table C.2 , Ap)•cndix C. 
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Thc r!UU:.fat a.dv:irice fells by 5 :i:c:rce?1t per year a."'l<l cll other 
prices i ncrease °b'J 10 pe:rcc:1~ p~r year. 
'l'nble A.5, ll.ppcndix A aml Tc~~Jlc C.2 , l.pi;e:-,dix C. 

Figure 5. 2 : Actual, Est j mated etnd Pro jcctcd (;ow Inputs 
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SOURCE: Table C.2, Appendix C • . 

. NOTE: ( a ) J'rojectionc m:jnc zJ J. p::-ices incrt:a~;inc b-J 10 l'Crcent per yc<i.r. 
( b ) The r::i ilkfci.t adva.'1ce i'<tL .. s hy 5 pe:ccc:1t per ye.:w 211d all other 

price::; :i..ncr~ase bJ 10 llorcent per ye2..1..', 
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numbers . The projections of cow munbcrs is the series derived from 

actua,l stock nwnbers in the previous year. The a.ctu3J.s azld est ima tes 

of milkLi:t production are sho\m in Fisu r c 5.·4· 'l'hc poor e stimation of 

cow inputs reduces the a,ccuracy of t ho estimate s of milkfat production . 

Horreve:c, the majority of tho turning poi..YJ.ts are COl'J'ectly pre dicted but 

the mar;nitudes of the chenr;cs between yea.rs are not so well cstim.:tted. 

11hc col'rel a t ion betvrnen the t wo series is 0. 868 vrhi ch indicates a 

reasonabl e degree of accura~y . 

For tl ie pe)_'fod of the stucly , 1963/64 to 1973/74, the r:1odel 

e st:i.matcs the nu.r:iber of cm1s cu1led wi i:h a reasot:.9.ble degree of accur2-cy. 

:Because of this accu.r acy , projections of cow numbers are roac'3 on2,bly 

accura te . The estimation of c;ow input levels ha;".3 the loric :::; t cori·el a;Lion 

betwe e..ri series of actuals and estimates mid this affects t he accuracy 

o::L estimates of milkfat production, but the level of error be b 1ccn 

actur:.<l.s and. est5Jllates of Dilkfat production are les~; t han those for cc·1.; 

inputs. 

The b<J.sis of the model is that ~~ s in:·ices ch~:iiu~ the d~i.:.t·;.r f a m e::::­

adjusts his cuTrc:n.t p roduction a..Yl.d he pla.ns to adjus t his futur e 

pr ocluctiori levc1s . In orde:r: to quan tify the ex l;ent of t£10 f armer ' s 

reaction to })ri ce changes the model is used to e s tinate the docision 

variables , rnilkfa t output and. to project cow numb e r s us:in0 t he averagr.: 

prices and stock numbers for the period of estim;:itior.. . Co•:i numbers 

are pro j ected by the simpler of the b ·ro methods clescribod i n Chapter 4. 

The pr·ojections u s ing this method give an i rnlication of the direction 

in Ythich the farmer is moving. Becaus e of the u .. n satisfactory nature 

of some of t he in tel:\-yea r decision va.ri2,bles, the maGTli tud.e of the long 

run changes in cow nu..rnbers needs to be treated with some caution. 

Each price is increased by 10 percent wbile the other prices remain at 

their a:-verage level. The responses a.re recorded in Table C.3, 

Appendix C. The percentage changes in rGsponso to a 10 percent change 

in each price are give.YJ. in Table 5.3 . As can be s een, there is very 

little response to chanees in the prices of culls ;md surplus calves. 

However , as t he milkfat advance increas ss , t he munber of cows culled 
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( a ) Projec.ticns us.inc all p:dcc:.; increac:L"lij by 10 percent per yc~~r. 
( b ) Tne miJ.kf<.'..t a.J.v2-"1c0 f<1JlG by 5 percent per year <-l'Jd. alJ. other 

priceG incre;:-,sc by 10 pcrcc1'?.t p0r ye<.1.r. 

li'i.&'Ure 5.,4: . Actual, EE_timated and Projected. 1'.l_i l kfat Production per l<'c.rrn 



105., 

declines, the numb8:c of femal e calves reared increases , cow inputs 

incrca::rn <.Ln~l the herd. size eXJ)<mds . ~l:hi; 1ong :nm response of covr 

nv..I!lbe :.c~J to the changes in t he mi1kfat actv;'!-1ce is greater than the short 

run r e spon s c. '11he response to changes :i.n the :price of inputs is 

larecr th811 that for the mill:f<.Lt a dvanc(;.'. In this c2~se, the numbe~c 

of culls i ncreases , the numbe::.· of fenalc: c alves re2.red declines , cow 

inputs increase 2nd the herd si7.e cont:t'o,c-~s. 

run, the :response is ereater than the short rtm. 

The I;c :r:centa.~e C!12.n r·:e :in a.n :2:_.; t:Lm2.ted. V2.·r i::1bl e duo to a 
---------~-~---- ___ .. _._ .... __ _ 

10 pe1:ct"~'t increase in the IJ:!~ .i. cc o:f 

Vari a1:;J~0'5.. 
1:1i1ld.';;l, t Ci.0.1 Sur.plus CoYr 

~~'1!.2$ .. 9 C0\73 c2'l ves j n ,.mts --------- ·-· .• c:..::::.= 

c·L) llS in yea-::: 1 -3. 8 ~Oc6 -0.G -!- :j .. 8 

E1 c~:i2le caJ ves re::x<;d i..'1 ;{eai ... 1 +1.tl, o.o o.o --Cl. 3 

CO'if :!.nru.t~ ; jj1 y c d-l' 1 +5.G +0 .3 0.0 -\-6~ 3 

r.~ilkfa t ;,:L."QC1.t-tcti O~:l in year 1 +2.e +0 .2 o. o +3.2 

Com:: j r J'"f·~:r " +0 .5 -0.2 o.o -0 .9 __ , L 

CO\'lfj i n yea:r_ ... 3 +1. 2 -0.3 o.o - iJ\ 

Co1:.; s hl y c,:;i.r 4 +6. 5 ... 3. 2 +0 .3 -11.8 

Corrs in yc-:J..r 5 -1- 8 . 8 -1. 5 +0. 3 -11.1 

-------· --------
SOUHCE: ~.'£!.ble C.3, Appendix C. 
NOTE: 'l'he percent age changes are c :::. l culated. us ing the miro1~nd.ed c l:ancc.J 

j n the variables 

The only response not predicted by the t heo:ry of i nvestm.::nt , i s 

the increc..se :L"l covr inputs in t he current year, as the price o.L input.::; 

rise. From the theory of .llwestme.nt, an increase in the costs of 

holding COYIS would decrease _the capita l vo.J.ue of all cows and henc e 

the number culle c1 would increase. This says v er.J little about the 

expec.tcd change in inputs. If the level o.f inputs remains constant 

on a fixed area f la.nd as the number of cows declines, the i:l\pi.lts per 

cow vwn1ll. increase, milk production per cow wou1d increane , but t ota.i. 

mill.r...fat :production is expected to decline. Thus the reason t hat · 
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inputs inc:m<lse is to h1c:rcc:.se t otal miJ.Jr..f~::.t pr0duction. IIoYrever, 

inc:reasecl cor: :input prices result in a dee} ine in cow numbers Y1hlch 

i'.'ou.ld redl;;.ce total milkf;:ti; productlcn in t):ie long tenn. 

5.3 Projectfor._s 

In th-::: Jlr:c·,rious chapter tv;o methods of rnalr.i..'1g proj ecticns were 

outlined. In this section m1e of the methods is used to make 

projection::; up to 1979/80~ The method uses the stock numbc:;rs projected 

from t:ne p:!'.'cvious year and projects the deci::;io;.1 variables for each 

year. The cJcci~~fon variables are projeci:;ecl usir1s projected prices . 

2nd projected f~>..::cm area. 'l'he projected levels of pr:ices and. farm 

2.r02. h ave to be obtained from outside the model. 

In IJ:.:'Dj ecti.J1g the decision v2;ria'b1es up to 1976/77, o.ct1wJ. prices~ 

oht8-ined f':co ::l the s8..1r,a sources cis used in est.:i_n12,tinc; the pa:cc;:r;,0terB, 

a.re 5.nse:ctc~a. ixYto tl1e r:1odeJ... Prices for th2 1976/77 season ar8 

pnjected at the level they were o..t t!-1e middle of the season. r'or 

197 G/7'7, i 11p'..l-t prices a:ce a ss"J.1110cl to .ilv;rease by 15 pe~c ':nt. T'ror;; 

1976/77 to 1S79/30 , ·h10 set.s of price :rn:ojecticv1s are nsc:cL Th8 

firsi.. takes a] 1 prices <:s ine:rcasinc by 10 pe:r-cent per y(!",:c and the 

while all ot!:J e:c price[; increase by 10 p::J.'ccnt, :ix:n· year. 

prices a:re jJlcludecl jn Tab'le A. 2, Ap1i€:ndi.x A. 

The projcd eti 

In all the p:co ,jections fa.rill area. is held. constant at 61 hectare~ .. 

In projectinz the decision v ariables ancl cow numbers, rainfall is the 

ave:r:at:;e level over the period of estimation of the;· parameter VG.1u.es. 

The proj ected numbn· of cows cu1led and fe;naJ.e calves reta:U1ed 

are included in Figure 5.1. The projeoted. level of co ·1 inputs are 

included in Ficure 5.2 and the projccteJ. number of cows are :included 

in Figure 5.3. 

In projecting mi11r..fai; production, the projected stock numbers 

a.re used, fa:r.m a:r.ea is held constan t at 61 }1 eetares and input coE;ts 

are those projeoted for each year. For the projectimrn of mil:Y-Sai; 

p:r.oducticn up to and i ncluding 1975/76, actu.2.l rainfall f.i.g1.1.res are 



used .• From 1976/77 to 1979/ 80 rnilkfat ;iroduction J. :-3 projected v.sing 

the avE•r.:igc rainfa.:lJ. ove:t' t!-w period of es t:l.Bation of the para.1r..eter 

values. The pr.::ijcctfons of m.ilkfat production ax.·e included in 

Figu.re 5 .. 4. 

The numbei- of. cows cull.eds the numb(~ :c of female calves ret::i,ined 

a.11.d the level of cow inputs are all proj e:cted to deGl:iJ1e in 197 6/77 

as co;;1p<:rce,:l r;i th 1975/76. 'l1ht~ nwnber of cows in milk is GX})CGtecl to 

decline in 1976/7'7, but because of the projec.tea. dee.line in t he nu.mbe:c 

of cows cu1lec:!. that yec.,r , the nur.1ber of covts :in milk is IJrojectcd to 

increase :i..;1 'i977 /'to. In 1976/77 milkf2.t pro::3.uction is projected to 

decline clu.e to a. decl:.Lne in cow i."'1puts 211cl in cow munbers. 

F'ro:<1 1976/77 to 1979/80, if aJ..1 pl.'ices :increaso liy -10 percent :per 

years the u.vera;.;c f c..:n,1(! r is :proj <.;ctcd to rapirlly expXi.1d hi3 he:r-:-1. si~e 

by decrcas'LDr; the rn1r;iter of covrs culled. At the s~j;JC tine he :u:; 

proj ectcd to d.ccre;:;.sc the l evel of CO'rr .:i 11pu.tc up to 1977 /78 aD cl Lhen 

:r8.tc; 8.:1d t ·:1.e projeet ecl cha.ngos i n cov; .:iJ; :puts , milkfut p:r.oducti o~-1 is 

proj ectecl -~o decli;w U:fJ to ·1979/80 . 

Ov u:c the sa1ne pe~·ioa , if th2 milkfc-.-~: :idve.ncc decreases by ) pc:t'­

cent pcJ:.' y22.r and. alJ other p::.'ices incre a~3e by- 10 ?c:rccnt :pe:r :rc:c..r -; the 

2.veri1[;e f2 :::·m2r is projected to decrease his heJ.:-d. size b.J incre:u.sing 

the nu.mbe:r. of cows cu1led., He is al.so projected to increase t bc level 

of co\'T inpats up to 1977 /78 and then to decrease tho level of cmr 

inputs. As a r esult of these ch2-'1ges milk.fat p:::-oduction .i.s projected 

to incre:i.s8 up to 'i977 /78 and. then to decline. 

All t hese projections are conditional on the p1~ices, farm area 

and :ca.inf2ll used in deriving them. As the num.be:r of years fo::c wbich 

projections are made increases, the proJectio::is become conditional on 

these :rrior projections eventuatint~ and any errors will be carried 

into the next year•s ~rojections. 'I'he projections of cow numbers ar8 

in a.deli tion, conditional on the projections of the decision variables 

i.n the previous yea:r. The milkfat product ion projections are, in 

turn, cond.ition2J. on all the p:r:evious pr,>jcctions and \'iil~ conta in 

errors due to the projections of these other variables. Fu:ctherj 

the projections for the period from 1976/77 to 1979/80 use prices from 



well outside the r ange of prices used in estimatjng the parameters 

in the model a..Yld the:r.efo r e mu.st be treated with some caution. 

In th.:~3 section the re sults of the esti1nation and evalua tion of 

the model and the pJ::'Ojections are summarised .• Estimation of the 

pa r ameters in the model began from several s tartL'11g p3..rameter values. 

All sets of p3..rameter estimates contain :parameters with tmsatisf acto:ry 

signs ~md magnitudes . However, paramete:r values sel ected to evalue/ce 

the model, gi ve reaso:'l.able estima tes of the decision variables. 'l'he 

model ;-i .. ccu::.'atC'!ly predlcts all t he turninr: points in t he actual cu.11 

cow series but fails to prediet several of the turning points in the 

other dec;ision variable series . The co:erelat:i.ons between actu.c:.ls o...n.d 

estimeites of the decisi on variables are : 

( a ) cull cows 

(b) female cab.res 

( c) and cow j.nputs 

0.934, 
0 . 846, 

0. 814. 

'i1he model pro j ects covr nmnbers over the pe:dod of estimati.on with 

2. r easm-12.ble deeree of accuracy when projectir1g from the actu:;.l co·.-:r 

numbers. '17hen proj ecting using p:reviou:c:ly p1'0:.i ected covi numbers , 

errors are carried fo rward.but d.o not ap:riear to multipl y. The estimates 

of millc.faJv produc tion do no t change between years by the same m.2.[p-ii tude 

as the act1:.a1s but most of the tuming points are correctly predicted. 

The correlatiornJ between actuals and estimates a_~: 

( CJ,) cow numbers projected ucing ac t ual s t ock munbers 0.971 , 
(b) cow numbers projected using projected stock numbers 0.980, 
( c.) ;::nd milkfat production o.868. 

The effects on the model of changes in prices .indicate tha t 

changes in the prices of input s have a greater influence than chant;es 

in the milkfo.t adv2.:nce. The changes predicted by the model are 

consistent wi th those predicted °h'J the theory of investmeqt. 

Proj ecti ons of decision variables, cow numbers and mil kfa.t 
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r)rodue;tion ai'e mo.de beyond the perio·l over which the model i s estimated. 

It is po:i..YJ.ted out that the pro jectiorrn ci,re condit:i0!1al on the v ariabl es 

used and t he previous projections . The p.rojecti.ons ind.icate that, 

COElJ>ared with 19'15/76: 

(a) the nu:n.bcr of C OYiS culled in 1976/77 i s expected to 

decline ; 

(b) the nun ber of fcinale calves reared as herd replacements 

i n 1976/77 is e.'::pected to dec1ine ; 

( c) t he level o f cm; inputs is expected to decline in 

1976/77 ; 

( d) co 11 nur.1bers are E.'-xpected to decline in 197 6/77 but 

t o i ncrease in 1977/78; 

( e) total r:1ilkfat :pro:luctio~ on tbe a.veracc farm is 

expected to declj.ne in 1976/Tl. 

The pr ojections fro1:1 1976/77 to 1979/ 80. ind1.c2.te that if all 

prices ir1c·cec--;.~c by 10 pel'C(mt per y ee::c , cow numbe:rs \'rou.ld. ine:re3.se but 

bo th cow :inputs anJ. milkf.::i.t production would d.ecre:ase . I f the 

rnj_}kfat aCivc-:.nce der.rcases hy 5 percent :fJCT yeo.:r: and all o Lhe:c prices 

increase by 10 :percent pcx· year, CO\'l numbers arc pro jected to decline 

1Jt1t co·.•r :i.ffputr; and. milkf~-i,t productio::1 a.re projGetcd to :initia lly 

increase and then t o decl:Lpc. 
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CONCLUSIONS 

This study consiclered an average factory :rd.lk supply dai:r:,· farm jn 

t:he Taranaki/Western Uplands :cec-ion and the chan[,"CS that he:wG occur:r:ed 

on th2.t fa::rm from 1963/64 to 1973/74. The aim of the stucly y,·Q.~; to 

bniJ.d a r.lOdel th2.t eoul d be used to project futnre dairy f2.:r:1a ontput, 

stock nu;;1lJe::::-s and the 1eve1 of :L"lputs on a regi.one:'J basis. A model of 

the C.airy f2.rm p r oduction system and the fo.rr:ier dec2.s1on proco s~; was 

built and. the model 's ability to predJ.ct the fa:rme1"s dec:i.s:i.o,'s, a:i.·Hl 

farm output were analysed . 'i'he results of the study a,:ppear :p:romisil1c-. 

The technic2uc used j_n this study :cr:guircs <.:::. lc::.l'GO 2.n101mi_; of 

jnforr:.::i:~ion. 1 .~uch of this information is not c urrently avaiJ :.-..l;l~ . 

conccrni:nz. the fon:m of the prockctio::1 r2lci;cionsh:i.!).:; ::ind the :~:~ ·.--r.K~r' s 

behaviour . Fo:c i:h8se reasons this study oust he e:cmsicl.e:red 2s 

ex:pJ.c~cc:.t oi-y . 

The aim of this study was to builU. a nodel tho.t coulcl be u.sed to 

project clairy pro.:luction re::; )O:'!ses to cbanc;ing p~dces.. In buildint; 

the model, the relationships betwee."!1 variables were given sper;ific 

mathematical fori;is. The parameters im:erted were unknown and had to be 

estima ted . Tbc ~stjJnation of the parameters involved adjuating the 

paraJ"Jeter values until the actual and estimated decision variables 

were as close as possible. 

Some of the estimated p~rameter values appear Q~satisfactory. In 

partieulai· some of the para'll.eters that d.etermL··ie the envi:rne;ed levels of 

future variables and one of the discount rates are of the wrong sign.,. 

One of the8e parameters is also of such m;:i.gni tude that :if 

the envisaged number of cows increasess 
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the number of female ca lves reared. ma.:ckedly decl:L..--ies. The result i::; 

th<:~t t he .CTodel docs not indic2.te a feasible p2,th to t he ' optimwJ 1 plc:;n 

at t:ic encl of five years. 

The cos t pa rameters also appe<:r t o be u.11s.;:.!.U.sfacto:cy. One of the 

n:ilking cost rJa.raB.etci·s .is of the Yll'Oll,""; sign f..n.cl magni tucc v1hich may be 

due to not t a':>ine tech.no1oc;ical cho.nges into accoun t in t he mod.el. I·t 

vra3 2-:Jsli.med in t he mo de l the.t t he technoloe;ica l cha11ges that had occ1P'red li2.:'t 

not influerced the product ion rela.tionships o Ho '.1ever , dur~.n e; the per j.ocl of 

the study t he re has been a change to hcrrins-bonc milk.in::; 

vrhich m::t.y have oJ. tered t1"c nilkinr; cost :pc;,raJ;;cters. 

In spite of tliese l i1;1 i t a t.ions, the mcclel estir.1ates the: hL>toriccl 

decis ions made by the aver2r;e dai:cy fa:r•1ter with a reaso:nvJ>1c d.e.:;;roc of 

accuracy • It is considered th<:t t he mcdel r.lescribes the ch3...YJ.,;es o~-;. i: '.10 

.:?,Ve:r·agc f 2.l H with su.ffich:n t a ccu:r::i.e:y for 3Ghe r;;o2.cl to be of use i n 

re;5,kiee projections for a liL1ited. pe:rlocl tmtside the per5.cci. fo :c which 

'rhe rac10J..!l, insofar ao it d.e sc):·j.bcn; the dcci:Jicn procco:J of the~ 

in in;mt pJ:icc s than o:rtpu.t prices ovei· tbe 11ci·:LoJ of st1.ld ~,r . 

the r:icd.el st:f;:;csts th.:::;l; ch;:.mce s in cu1 l -:;ov.- p:::-.i.cr1s hav t:! ve:cy :J.i tt1t~ 

e\ren less in1p2ct'" 

~fois 2..nalysis implie s that if lJen Z.e2.la.'1d policy Dal:ei:-s vrfoh t o 

incre.:i.se mill~ p:r·ocluctio::J. , they shodcl pay close attentfon to t.he :ori.e ;:; 

of' ir:pu"L:r; such ·a.s fertili zer a.'1.d other input s th~t are thouc;ht to 

jnfluencc per cov1 production. In the short r·u.n (in the current sca ~;e;n ) , 

XG increase in the price of some inputs i s likely to .increase milk 

proQuction. In the long term , increased. prices of these inputs are 

J. ikeJ.y t.o c~.ecrease dai:cy f arm output s.i..-ice t :!:lc munber of cows i n milk 

v:ould decl ine. 'Ibu::: , as a l ong te:t'P.1 policy, clos e attention to tbe 

prices of inputs rather than outputs would have a greater j ;npa ct in 

inc:r·easbg p1:otluction. Policy raec:.su.1'.'es that i nfluence tbe prices o.f 

cull cows v.ncl su:cplu.s calves cetcres paribus, are not like,,ly to havo a. 

cred impact on })j::oducti.on. Ho\·:cvcr, a da.iry com1xi..'1.y in the Ta.rana..ld. 

:rc5ion vii.shin.:::; to incre<?-se milk product.ion i n the short and long run , 
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is likely to have a reasonable degree of success b:y- increasing the 

mn kfa t advcmee 9rice . 

The p:rnjectim1s outsid.e the periocl f or which data was availabl e 

for e.sti?aatinc the para.meters, indica.te that as cor.11)ared with 1975/76, 

dairy ff!.nners rrould decrease herd size and milk output in 1976/77. The 

projected decline in milk production is due to 2~ :projected decline i n 

inpu.ts that are cm1sidered to in:luence per cow mill: production . 

co-.·1 nmribers are pro j ected to decl ine, tot2~l millr..fat production is 

Since 

projected to decline . I t is also projected t ha t a smaJ.lcr number of 

co·•m would be cuJ.1cd in 1976/77 in the r-eeion ( us co::1pared with 1975/76) 

in or·der to i ncrease herd. size in 1977 /78. 

'l'he :p:r.oj ec.t.io:ns fro m 19'/ 6/77 to 1979/ 80 indicate that , if all 

pr-ice;,; increase by 10 percent per year! co\7 nwnbc1~s would. incre:ise hui: 

both COY.' inpu"'.;s ar1d Jll.ilkfat production \·:.:wld dec:coa.sc . 

a.d.v'-.:.nce tlec:rec:.scs by 5 percent per year a..'1d o..11 othe::? prices .i:oc.rease 

b'.f 10 :f)ercent per year, co\'! nUJ-;ibers c;,r-e projected to c1.ecli~1e 1;1x(: cow 

inputs and r.iilkf8:f; production are p:::oj8ctea t::i in:i. ticlly :L.'1cY'oase and 

then to decrease. 

'l1hc proje?ctimrn from 1976/ 77 · to 1979/80 a.Te ri1ad.e usfae data 

proj ected f.ro;;1 th:rce to six years on·bide the pe:i_·::_od f'o:r: i'ihic!1 liata.. r:.s.s 

a.va:Llable for o s Limation of the p2-ra:tE) tcrs . The :pro jcctior:.s a.-::·~ also 

made Yri th price l)rojE:ctio:1s from 1976/77 ·t.o 1979/80 . Hence , these 

projections are conditional on these pri..:n.· projections and include th<:' 

errors in these other projections~ 

6.2 The AoprqiJ&{1 to Su.ppl7 _,\~'1a17sb 2.:."ld _its Limitations 

'rhe avera.sc d;::,i:ry farmer was assumerl to make a plan each year t h2t 

envisaged ch&'"lJi.'1g stock numbers over the next five years so that at 

the end of five years the dairy farmer m.ilked an 'optimum' number of 

COVIS. The 'optimum ' was where the discounted expected i ncome stream 

was m<n::imised over time , given the farmer ' s discount rate. The 

expected future income dependeQ on the farmer 's expectation of future 

prices a."l'ld the expected production levels. The ex')?ected production 

levels depa..11ded on the envisaged number ~f stock and the level of 
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certain input;s . In order to alter })rocluct ion in the clire ctim. of the 
1 optiI!HJJn ' pl2.n, the dJ.iry fa:r.'nicr adjust cl current stock numbers and 

inputs. 

In practise the dairy f ar.·,ier never <.whieves t.h2 ' optimum 1 due t o 

fac tor-s sucl1 as price chai.'1ges infl uencing price expecta tions . Thus , 

the va:r·iabJ.cs after tbe f irst year cannot be obser\'ed. Hence, these 

envisa.geu variables v:0re expressed in terms of variables in the f.irst 

year of the plan , which were observable. Envis<::'..{;ed stock numbers, 

envisar_;ed. decision v c::..riables ac'1d 12:zpectecl futw2e prices were all assumed 

to depm•d. 0;1 specific matheme,tical expre2si8nR concerning the p:::'0v i::ms 

year's V2-r:i.ables . These mathematical cx:rressions aJ.lowed the farmer ' s 

assumd ob,iect.ive fu nction ( the d.iscolJnLcd expected fvtu:ce i ncome 

stream) to be expressed in terms of obscrv:1ble va.riD.blef.; . 

T~1e appl'02,Ch ad.opted for this study requi:reCI. a. c~~cat deal of 

inforinat:l.co concerning the decision proe•.>ss of the avc:1:a8e :fa:r~ :~c1· a."'"lcl 

prod:udio:--1 interrcL::t:ionship:; of the fc>x.-.1. J,~·uch o.f thj c 5.n fo:s1c,t.i..on 

is not cu1';~cntly 2.VCJ.ilable in Dew 2ea.la.n:.l ci .. nci thu::i~ m2.ny a.ss\.Ui1ptiuns 

were m'.1.dc .i.n buiJ.di.ns- the mo<lel. 'l'hess :\ssu.npt5.ons v6ll have 

co!! tr.i bl t0•l to the llil r;;a:t;isfac.tory nature of scr.c:.e cstim~1.tcd. par.:;.:,: ct er 

val u.es 0 iscussed in the prev io'.ls sect:i.on. In the a:.o:pro<ich u sed. these 

er:r.oi's ca:n only be a.voided by a nore comJ:•lcte lmowled3e of tho fa.r.ner' s 

dccis :i.o·,1 i1.: .. x·css and. vrould. have decreased tb.: ability to rr.od.cl the 

p:r:occss in a. manner so that the mod.el can be solved for the irr,~io:r:tant 

<lee.ision v 2ria.bles. 

Infer.nation conc;e:r:.0ing the objective fi.mctio;i of farmers, how 

farriers form their price expectations a-rid the relationships between 

cu.rr1.::nt and envisaged variabJ.es would have greatly r educed the err.ors 

in the decision process . A more mathem.aticaJ.ly conplicated objective 

function would have reduced the possibility of obtaining an aneJ.ytical 

solut1on and i r1 creased the costs of estima tion. A similar result would 

have occm::red with more complicated price expectation funct i ons , but 

more information on how f armers fonn their price expectations lilay have 

reduced the number of parameters to be estimated vrithin the modeJ.. 

An wen , it may also have increased the reliability of the price 

ex:pect2;tion parasne ter estimates. 



The abili t-y to solve the model analytically depended on the 

assump tion of CJ.U2.d.ratic ri:roduction ancl. cost relationships which if 

rcl2...xed. would rw.ve introducc~u more variables to be estimated. arid 

i ncreased the co~a:~lexi tics of the modcJ_. Other techniques 1ould need 

to be used to solve the 1:1odel a.rid esUmate the p<1r-ar.:ieters. 

A maj o:~ Jj.Ji"!itation in this model is the as::;un:ptions concerning 

effective f ar::1 a~cea. A method of introduci.i.~g f arn area as a decision 

variabl e would have been more realistic. This addition would also have 

increas ed the complexities in the mod.el and would. have made H diffic1;J.t 

to obtain an ana1ytical solution. 

A furthe:c J.imi tat ion of the approach has arisen in the course of 

the study through the inability to separate the m:put items in the cla-::a 

more v:recisely. This problem and t he problem con cerning the index o:. 

input prices are more concerned wit:i the' data a.i.;cl could l>e ovel'come 

with a more careful study of the inp:.tts aY1d pric,.;s. 

'j'he limi t .?,t:i.ons discussed a'oove could partly 'be overcome with mo··-'e 

res ca:.cc}1 into t11esc areas . The s:inplfr.ities 01· this stu:3y 9 hom:over, 

cou.ld v:e11 di ~~2..J)pc.::.r . 

t he appro2.eh h2-s merit and could be usccl to proviclG a r:w-thod of 

pr~lj ectini:; dai:r.y cow num·ocrs, dai.r:,r p1·0t1.uction e11d in1nt 1cvel::; in 

New Zeala...Dd. The study h~s o..lso idcmtfied areas of d.aJ.1:-1 sup:rly 

rospo:':lse that 1:oulcl benefit from fur ·hc:c \'iork. Such investication 

could be 0f benefit to supply analysts not incl ined. to forr.10.l model 

b uilding as v;ell as allow:Lng a mo:re complete su:p_ply model to be 

c onsidered. 
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APPENDIX A 

THE Di\'l'l\ 

TABLE A. l: TARANi\lG/WES'I'EJ~!·~ UPIJ-->.NDS REGION 

NO. OF NO. OF NO. OF 
FACTORIES a) SUPPLIEHS -a) cows IN 

MILJ( b) ( 000) ----·-· 

1963/64 37 3906 297 

1 964/65 36 3794 303 

l 96~/6G 32 3715 313 

1966/67 28 3665 311 

1967/68 22 3590 336 

196 H/69 21 3620 3~2 

19G 9/70 21 3548 360 

1970/71 21 3402 369 

1 971/72 21 3262 351 

197 2/73 21 3183 332 

1973/7'1 19 3046 343 

1 974/75 . 15 2 98 9 

Annual l'.verage 

Perce ntage Change 

1963/64 to 1973/74 -6.8 -1.9 1. 3 

SOURCES : a) N.Z. Dairy Board. 

_ b} Government St.:i.tistition f5J1 



1230 

'I'l\DLE A. 2 : HEPRESEI~TA'l'I\'[; PlUCES 

RECEIVED P.ND PJl.ID BY D.l\IRY FJl.CTOH.Y 

MILK SUPPLIEHS IN 'l'AR.ANMa 

'IOI'AL CULL SURPWS INPUI' OUI'PUI' 
MILE.FNI' a) CCT.\'S b ) Ci\LVES c) PRICES d) PRICE c) 

~---($/Head) __ J§_P.Iead ) (Index ) (]!ldex) 

1963/G4 85.815 35 . 20 4.45 1000 1000 

1964/65 95.851 35.28 4.10 1011 1101 

1.965/G6 98.503 47.62 4.93 1037 1171 

1966/67 91.146 44.10 6.30 1071 1194 

1967/68 76.1191 58 . 21 6.59 1112 1154 

1968/69 72. 744 62.96 8.84 1139 1147 

1969/70 73.803 82 .90 9.94 1197 1218 

1970/?i 85.849 77.60 9.52 1.7.79 1380 

1971/72 107.945 68.78 9.37 1319 1609 

1972/73 111.376 97.01 14.12 14')0 1781 

1973/7'1 129. 802 52.80 15.08 1688 1859 

1974/75 131. 959 '11.60 7.25 1908 1768 

1975/76 J.'16.981 76.00 8.42 /.174 

1976/Tl f) 138.000 68.00 11;. 00 2500 

1977/78 g) 151. 8 (+) 131.l (- ) 74.80 l S.40 2750 

19"/8/79 g) 167.0 (+ ) 124 .5 (-) 82 . 30 16.90 302S . 
1979/80 <]) 183. 7 (+) 118. 3 (- ) 90.50 18.60 3330 

Annual Average 

Percs 1tage Change 

1963/64 to 1973/74 3.9 3.9 12.2 4.6 5.9 
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a) '1.'hc mil kfct prices are obLain~ frcm th':! follo..r.ing ~:ix ccuiµa.1ic!; : 

!1'.311 Dl ock Co-operative Dnixy Ltd . 

Clifton Co-op.~rative Dairy Co. Ltd. 

Kiwi Co-op.')rative D .. , irics Ltd. 

l·ba Farm:>.rs Co-o~2rntivc Da:i.ry Co. Ltd . 

'l'aranvki Co-operative Dafry Co. Llcl. 

The Karca CO-open1.tive D<dry C.o . Ltd. 

plus tre ca:-;_...><mies frcm which t hey e;volvoo . 

b) Obtain cx1 frcm the Meat E.':i.x:>rtcrs ' Schc.rl.1.lle of pr iccs t o 

p:u:xluccrs in lhe last \ JL'ek of t-:ay . 

c) Obtai nc<l fl.un the N. Z. l\:U.z y B0,.v.d fi'!l 

d ) 00ta)ne<l frcm fli1} and ii:; fl N.i.' . \-,~jghh:-.J fodcx of pcices p:iid 

by dairy fan.v:?rs \;here Lh-2 r.-rices of j n·) i:v id'Xll in:·x1ts are \!Ci :_1hl "-XI 

by U1e pro;Y'.>rdon of cxp.::;-iditm·c on c:ich item. 

e) Oht:;1incd fra.11 [ t;t:] nnl :is ct N. Z. \l2ilji:tcd a\·0ra92 o;_ p::cices 

rc..~civeJ by dah:y farrren; . 

f) The J 976./77 pr ices t:ire projections . '1'h ;! rilHa t p:1yout is tho 

advani:=e for Lhc season. 'l'hc cull co:: cu·.] surplu~;; c ,1lf pricf!s h.ve 

IA.'>Cn projected 'tu th2 MiniGtry of l\'J!·knlturc ard J'fahcrie:; fSV. 
'l'hc inp~t price index is increz.se.d by 15 percent . 

g ) 'l\,o s ets of projections arc used for Ul(! 5ezsons of 1977/78 to 

1979/00. The milk.fat advance is inciTn:.;;::rl by 10 perc('nt eac;h 

year in one sot (indimtol by (+ ) ) arrl <lecrmsE.tl by 5 percC'.nt 

each year i n tile other (indimtcd by (- ) ) • J\11 other prices for 

the period arc increased by 10 jX?rcent per. yen- in lx>th cases . 
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'l'l.l~Ll.: A. 3 : SOURCES OF 'i'OTl\L Fl\HM INCOME ON MILK 

SUPPLY FJ\iU'1S 

MILKFJ\'I' CALVES CATTLE PIGS OTHER TOTAL 
INCOME FARM 

INCOME 

( $) 

1963/64 a ) 7674 230 682 538 218 934 2 

1 9G'1/65 940 6 232 506 526 2 24 J.0 8 94 

1 965/66 1035 0 2 69 878 509 2 20 12226 

1966/67 11335 349 1005 671 2 69 1 3629 

196.i /68 .11281 409 1215 602 218 13725 

1968/69 l 0371 55 3 1450 545 2 87 13 206 

1969/70 1047 6 6 54 1 7 02 512 360 1 370·1 

1 970/71 10530 594 2093 536 373 1 4126 

197)/7/. 15481 5 92 1937 662 4 68 1 9140 

1 972/73 17591 859 ~738 594 4 2 J. 22203 

1 973/74 19651 920 28 76 640 4 79 245G6 

SOURCE: N. Z . Dairy I3oard fl,~/ 

a ) 1963/64 data includes crea m supply farms . 
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'J'l\BLl; l\ . 4: AVERl\GE HILK SUPPLY l'l\Ri1 EXPElWJ'J'URB 

cow OTlTlm CURRENT 'l'O'I'l\L 
. IN PU'f rn PU'l'S b) FldU•1 Fl\RM 
COf>'l'S a ) Cl\SH EXPENDITURE c1 ) 

EXPEND!-
'fURE c) 

($) 

J 9G3/64 c) 2256 28GO 5116 5810 

1964/65 2492 3198 5690 6558 

1 965/66 2 842 3579 6121 7288 

1 966/67 3234 4027 7261 82-13 

1967/68 3360 4 /. 3 0 7590 8656 

1%8/69 3189 4266 7455 8447 

1969/70 3301 4334 7635 8735 

1970/"/) 3459 t, ~- 8 9 8046 9134 

1971/72 4370 SGS .i 10027 11506 

19 72/73 5089 625 4 11343 13284 

1973/74 5744 GC13 12S57 11432 

-----·--

SOUHCE : N. z. Dairy !3(n1rd {"/', ~7 

Notes : a) Sum of animal health, conll:<ictors, feed , fer1.. j lizc.,r 

and beed , .general, weed anc.1 pest control and :--c·p~irs 

and maintenance items . 

b) Sum of administrai..ion , hrccding, dairy shed, c-lcct­

rid ty , freight , vehicles , insurance , rates, l abour , 

int~rcst and ren~ expenditure items . 

c) Sum of a ) and b ) 

d ) Sum of c) plus development , depreciation , taxation 

concessions , dcf..:!rrecl expenditure , apd income equali­

sation transactions . 

c ) 1963/64 information includes cream supply farms . 



1963/64 d ) 

1964/65 

1965/66 

196G/G7 

1967/68 

1968/69 

1969/70 

1970/71 

1971/72 

1972/73 

1973/74 

1270 

O·J 'J'J JE 7\VERi\Gj:; ~·!I.LK SUPPLY Fl\!¥! 

CC>;•!S Fhr-M 
IN J1r<.r:11. a ) 

MILK 

- ·--------· 
(No. ) (HccUxcs ) 

85 '13.7 

91 '16.5 

102 50.2 

103 52.G 

108 51.4 

109 53.0 

111 53.8 

112 55 . 9 

lltl 59.0 

121 Gl. 0 

121 Gl. 0 

F.'1) ~M 

IAOO'.JR b) 

(Un:i.ts ) 

l. 61 

l. 62 

1.G8 

1.69 

1.61 

1.60 

1.56 

1.52 

1. GS 

J.. 70 

1.69 

CC'\'.' . M.ILKF/\T 
IH PUTS c) PRJDOC'I'IO~ 

($) (kg ) 

2256 114.68 

2'1~i6 12636 

2742 13286 

3020 14059 

3022 13964 

2800 14618 

2758 13032 

2704 13300 

3264 15720 

3510 15425 

3403 15281 

Percentage change ~i • J 3.0 0.1; 3.3 2.7 

---,-·---------·----·--------·-·----

sources : N. z. n~ii . r.y· P.oa.rd p, '.},7 

Notes : a ) Fa..'ltt area is ·u--.~~ ' l ~ f r:ective fc•rm nre.."l " as defined by th:: l' f. z . 

Da i ry Board f t,.y and does not foc lude farm nm-off area. Jt 

b) Fo.nn l abour i s U ic total qurnrtjty of l aJxmr on both mil.k a.id 

cream sui)ply fo.nns. 

c) 'J'hc' v.:::.daLl e crn11 .inruts is derived by dcfla t.ing cow inpLlt 

costs by the index of prices r ·a:i.d by dairy farmers. Unfortunately 

an index of the prices of itE:mS in "cow input costs" weighted 

by their quantities w:8<l cloes not exist. ~thenrore , U1e 

index of prices p<lid has Uie expencli.ture items weighted. by t11e 

proportion of c ·.>q:x~ndi turc on each i tan. 
d) 1%3/6'1 data focludcs crc;:am supply farnis. 

,_ \ ~ 
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'l'l'BI.E A. 6: MILl·J''.l\'1' PI~ODLr.::~rrcX·l PER CU/! 7\ND I'NPUTS 

f.ULKFAT co:.-1s CO'li WE!l'I'HER 
Prooo:::;rrm PEH INPUTS Vl'.HIABLE a } 

PF.:R CXJ."l I lECl'AR1~ PEE Cv/I 
--------

1963/64 134.9 1.93 26.54 2. 75 

1964/65 138.9 1. 91 27.09 2. 86 

1965/66 130.3 2.04 26.88 2.90 

1966/67 136 . 5 l. 94 29.32 2.83 

1967/68 129 . 3 2.12 27.98 2.87 

1958/69 134 . 1 2.0G 25 . 69 2.94 

1%9/70 117 . 4 2.06 24 . 84 2. G7 

19'/0/71 118.8 2.00 24 .14 2. B4 

1971/72 137.9 1. 93 28. 63 ?.. 98 

1972/73 127.5 l. 9U 29.0l 2. 65 

1973/74 126.3 1. 98 28.12 2. 73 

1974/75 2.88 

1975/76 2.80 

SOUJa: Table A. 5 & /51} 

Note: a} The \·1eath~r variable is th~ ]f.X:JZ<rithrn to b.-:i.s'.? 10 of UiC: 

ru.i nfall iri millirr1ctcrs fro:n Q~olx:r. to i"..arch (6 m::mtbs ) of 

each season. Th<.~ tota.1 rainfall is ob'.::ained from t11e f'~-rnaia. 

(98 meters al:ovc rn.:an sec::. l evel) c::r<l the StraLCor cl (311 

rreters ab:we _nl2<m sea leve l) ID2l"c.nx:>logic:al stations , and 

i s t he average of the nonthly rainfall rc..:1dings. T11e pcrio:J. 

(O::tobcr to March} appears visu.ally to e>..-pluin noverncnts in 

milkfu.t production better than other periocls c:md its lcx1arithm 

is used to fodicate a diminishing influence on production u.s 

rainfall .increases . 



1963/G4 

196-1/65 

1965/GG 

1966/67 

1967/68 

1%8/G9 

1969/70 

) 970/71 

197J/72 

1972/73 

l 973/74 

TABIF. l\. 7: l\ Mr:J1SUPJ': OF PHODl.X.."T'IVlTY 

REAL TOTAL 
F'/U~·l 

INCa·IB 

(a ) 

REAL C.'UJm!'.A'T 
Fl\RM 

EXPENDI'l'UPE 

(b ) 

11.\'l!)J:;X OF 
I'lCIY..crIV I'l'Y 

(c) 
------------- -

9342 5716 1000 

9895 6346 957 

10441 6941 920 

11415 7626 920 

11893 7696 950 

11514 ?373 957 

11251 7220 9~7 

10236 7094 883 

11896 8407 871 

12467 8908 859 

13215 8-113 %3 

rercentac,p Ch: .. u~ge 3. 3 3. 9 - 0. 6 

SOUJU: N. Z. Dc:ii.ry P..cr-.u·d fa 3} 

Not es : a) Total f mn cx~Ji turc is dcflahil !Jy an fridr:; of price.s 

r cceivoo by deiir.y far;w?rs . 

b ) Fann cash expcndil·.irc plus deprC'dation i s de.Llatcd by 

an index of prices p<1id by daily farn-ers. 

c) The. index i s tJ1c ratio of a } divi ded by b ) . 



1963/64 

1964/65 

1965/66 

1966/67 

1967/68 

1968/G9 

1969/70 

1970/71 

1971/72 

1972/73 

1973/74 

'l'ABLE A. 8: GP.JSS l-\N D FJ\ CTOl< OUI'Pill - ----

GROSS 
OUI'Pur 

9342 

9895 

10441 

11415 

11893 

11514 

11251 

10236 

11896 

12467 

13215 

3.25 

Ml\'l'ERIAL 
JNPill' 

5630 

5731 

5997 

6582 

7119 

6885 

6690 

6210 

6652 

6917 

7486 

2.6 

SOUR'-...'.E : N. Z. Da iry Board {-1 V 

Note: '!'he m::!tl1cx:1ol ogy is discm~sec1 i n Section 3. 4. 

/ 

FACIDR 
mCCT·1E 

3712 

4164 

4444 

4833 

4774 

4629 

4561 

4026 

5244 

5550 

5729 

3.9 



APPENDIX B: 

'£HE MILJ\Fl-'.T PHODUCTIO!l RELA'l'IOL-JSIJIP 

Central to supply anzilysis is the o~veloµn--211t of a prcx:1uction 

function that explains output in ter.1ns of the inputs e~loycd. In 

Chapter 3 it was hypoth~sisc<l that milkfat p!."oduction (MP ) per cow 

noved in response to ch:mges in CO\·:s in rrilk (CM) , farm area (l\) , 

cad inputs (IC )~ weuU1e.r (Iv) and technol ogy ('J.') • In order t.o 

131 .. 

t est these influences , it is hypothesj scrl that the rnilkfat prcx:1uc tion 

relationship i s of the form: 

where E is an error t:0r.m. 

Technology i s included as a time t rc:..1c1 varici.ble w.i.th lhe l evel of 

t echnology cqu.31 to 1 in 1%3/64 cind thY:> takes account of gradual changes 

ill tE. .. .-chnology . W2tithcx i s included its l:.i1e l(>g<'u:itbr;. to base 10 of the 

rainfall in the region over t.he six r:ont 1S fran O:::Lol:>2r to March of e:i.ch 

seilson. ~.'he othc;r vari ables are as giv211 il1 .l:>..pp2.>-id i ;-: A for the 'I'c:ir::~n:iki/ 

h'estcrn Uplar.d.s region , 

Three fo:rms of the pr o::lu::tion func t..ian arc estil!Uted , us i n9 orclinary 

l east squares regressions . The firs t ec_rl12.tion (Bl) excludes v1P.<1ther and 

tech:10J.ugy vari i'l.bl es , the sxond (132 ) excludes the t echnology variable and 

the t...hi..rd (B3 ) j11cludes all variabl es . 'J."he results are prese..rited in 'l'dblc~ B.l. 

The accuracy of t hr:? estinated parar:cte.rs is J :United because with only 

11 years of d<J.ta the de<"Jrees of freedom of the equations are snnll. 

Hav-.'ever, jn a ll equations the coefficients are corn..">C t in sign on ~prior_~ 

grounds . 'I'he i.J1clusion of the weather v-driablc reduces the cons tant but 

leaves the other coefficients virtually unchanged . The inclusion of t11c ti.me 

trend variable substantially alters all the CCX!fficients excepting that for 

"''eather and increases the . standard errc,rs . Only the \·leather coefficient is 

* Co.'l input.-s <•re cow input costs deflated by the index of prices paid by 
dairy fonuers . Items includE.d in c<:M input costs are given in the Notes 
to Tab.Le ll. . 4, Ap].JE'ndix /\. 



significcmUy different fran zC'rO at the 5 percent l evel of test . The t ime trend 

c'00ff jcient , while not sjgnificantly cliffei.·ent f rom zero , indicates that 

gradual irnprovcm:-:nts in t echnology have focre.ascrl milkfot production per 

CXM by 0. 8 perc ent per year over tJ~c pericxl of estimc"ltion. 

The 11Dst satisfactory of the es l.ineted milkfat prcxluction 

r eJationships appears to be equation B2 and thus this equati on i s used 

i11 the rn:x:1el. F,qua t i on 132 indicates , f or exa.11ple , that with an jncrease 

in stocking rate of one crnv per hectare , miJkfat production per co,..· vJoul d 

fall by nnre tkm 25 . 4 kilcgr~ns J-A..-ocuuse input s per co.·1 V\Du l d have declined 

as well. · The investigation of equation B2 i s best carried out 9i:-aphically . 

'l'he r esults are given in Fisrure B. l (a ) to (d ). Each graph i s derived by varying 

only one VCJ.riabl c in equa tio!1 B2 at a time . l"or e_xample , in Fi~1urc Bl (a ) U 12 

number of co.vs in milk is changed \·.·hile tl1e other vari abl es are hQld const.·mt 

at the average of the ir l evel fra.n 1963/64 to 1973/74 . Thus , Fiqt.lre B. l (a_ ) 

i ndicates the irrpact on milkfat pro'lucLion per co.v of chang.2s in stcx:l<'.i.ng 

rate . The ilrpact of tJ1e vari ablC'.s outside tlie r ange over which t he eq ... mtio:1s 

were estinr:tt E.d is invesi:.i 9<1ted jJ1 order to detirm:iJ1 e the l imits of equati on 

B2. 

The <JCY..>]J!C'.Ss of f.it of cqucJtion B2 is inclic.:ited in Fic;ure H. 2 where, 

actua l and cstirna.tcd mi lJ.;:fot productio;·1 p:.r caw 1·run 1963/64 i:o 1973/74 

· · r..re shawn . 



T.Z\BI.E :B . l : EST::::!·~l\TEL' !'-~L!<'".F!;T PRO~'.JCTICN COEFFICI.D."'TS 

EQUATICN I S'I'CCKING 
n<PUT I IN?U"'T DEGREES 

CCNsrA.W 
Rt\TE 

cosrs COSTS WElcTHER TIME OF 

I 
PE.cl. CCJil SQUi\P3D FREE!XX:vl 

rnR CCJ.-7 
I , 

*** ** I 
Bl 61.672 - 20.249 5. 430 - 0. 00048 I 7 

I I (31. 227) (1. ti87 ) (. 00019) 

*** -1<* ** I B2 0.690 - 25 . 427 4.712 - 0. 00039 29.597 6 

I (21. 350) (l.174) (. C0013) (9 . 826) 

I . 
* B3 -82. 672 - 9. 660 

I 
7.576 - 0. 0CC83 30 . 347 1.087 5 

(38.289) . (5 . 730) 
' 

(0. 00036) c .. o. 594) I (2.122) 
i I I I I l 

' 

NOr.E: Figures in ~1.rentheses are standard errors of the estirrated coefficie.:'1ts 

*** Indicates a coefficient u.at is sis,nificantly different frcm zero at the H level. , 

** ti II " II II II II II !I " ti 2. 5% " 

* " ti II II " 
,, 

II " !I 5% II · 

,. 

I R2 I 
I 

. 700 

.881 

. 887 

• I 

F 

5.45 

11.08 

7. 82 

I 
I 

~ 

_,. 
VJ 
VJ 
e 
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Figure B . l(b) : Milkfat Production in Response to Changes 

in Farm Area 
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Figure B . l{d) : Milkfat Prcxluction in Resp::mse to Changes 
in Ra.inf all 
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Fiqure B."2: Estimated and Actual Milkfat Prcx1uction per Cow 
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l>.PPErmIX C: 

rJ1-IB RESULTS -------

TABLE C.l : S'I\..":CK NUMBEP.S DER1Vi::D FFD:--1 THE 11\Tl\ -----

0:X-.'S in Co .-lS He ifers Female 
Milk culled calves 

:Feared ---
(a ) (a) (b ) 

1963/64 85 8 21 21 

1964/65 91 2 20 23 

1965/66 102 13 22 28 

1966/67 103 l'i 27 30 

196 7/68 108 19 29 33 

1968/69 109 /.1 32 32 

1%9/70 111 21 31 31 

1970/71 112 19 30 29 

1971/72 111 12 28 29 

1972/ 73 121 19 28 30 

1973/74 121 27 29 32 

1974/75 ll4 (c) 

Source: Tabl e A. 5 and the Stock Heconciliation Equations ( 4 . 2 . 5 ru10 
4.2.6 ). 

NOI'ES: (a ) Estimat~d using the stock reconciliation. 

(b ) Cbtained from the percenta9e of femal8 calves wintered 
on dai.ry fanTs /4 4 .l 

(c ) Provisional . 



TABLE C. 2 ACTUAL, ESTL~TED Al\i"D PRCIJECI'F.D nscrsrm V1"\..R.:A3LES, CCJtJ NI]v!BERS A.."iD MILKFAT POODl.JCTICN 

ESTIJ.'1ATED Di':CIS IO::-l VA..t\1..7\..BLES (a ) C(;.f! ~V.-3ERS MIL.'<FAT PRODUCT!CN 1 
CULI.S IB<ALE (.'Cf,\ AC'i'uAL ?20J.::.C.IBD ACTUAL ESTH-iATED ,d) 

CALVES JX?lTI'S ;..:-;o ?IV.Jr.CIED 

(NL'ITlbers) ( r~ai $) (b) (c) (Xg) 

1963/ 64 5 22 2452 85 11468 11981 

1964/55 3 21 2474 91 95 94 12635 12460 -
1965/66 7 23 2606 l02 105 102 13286 13186 
1966/67 15 28 2689 103 112 110 14059 13290 
1967/68 20 30 2699 - lCS 117 107 13964 13375 

. 1968/ 69 23 33 2709 109 118 109 14618 13762 

1959/70 21 33 2971 111 120 no 13032 .::.3606 
1970/71 -.-- 32 3007 117. 1 2 2 112 l ") J(\f) 14427 .c.v _ ,. .J'-1\..· . 
1971/72 15 30 3128 114 124 113 J.5720 15464 . 

19/2/?3 20 31 3363 121 i27 118 15425 1495? 

l9iJ/74 24 32 37(;5 121 126 120 152SJ. 15952 

1974/75 (g) 30 35 2981 
'-=-) J J /, 1 ·-- . t 123 117. .::.4845 

1975/76 (g) 34 38 3397 109 16479 
1976/77 (g) (h) 12 37 2769 100 14336 (f) 

1977i/8(h) . 4(i) 46(j) 34 (i ) 40 (j) " 2"<l (i) l'02 (j) 12782(i) 
( ~ \ 

E.. - - .J 115 ]_7510 \.)/ 

1978/79 2(i) 41 (j ) . 32(i) 43(j) 2328 (i) 3847 (j) 135(.i) 95 {j) · 2r:; ~ ~ (i) 
( ., 

J_ .) .;\;:) 16618 ,]/ 

1979/80 o<i) 40 (jl 30 (i) 44 (j) 2429(i ) 3559<:i) , r:5 (i ) 
-'. J 

84 (j) J_2179(i) 15553(j) 

~DIES : .(a) ':"ne decision v-a:::-iables ha·;e :0-2e.:-i cstirc.at ed u.sbg th-2 ac'.:'.1.3.]. sto::k n:zrZ3rs a..;d prices U::? to 1973/74 . 

(b) C~\ ~1~.".bc~s hav'e bs1eD p:!:'"Oj'2 c7:~C usi.r.s t.i.~~ pr2·lio·.;_3 y-:a::-' s projcc::tQd. sto.:::~ nurriCers a.!d estir.zted. decision "'variables 
a11d using t,'1-2 actual prices. 

(c) Ca..v m.i!rbe::::s have J::een projected u.sir:; t.'ric p:r.:evio'.lS year ' s cictual stod: '1urrb2rs 2nd prices and the est.L-mted 
decision variables shown b this t::.ble . 

-' 
\.;.I 

°' • 



NO'.IES 'IO TAB.LE c . 2 CCNT I D 

(d) r-"rilkfat production has been estirnated using the ccr.-v foputs shovm and the ca..v n'\.!rrbers projected under (c) but using 
actual farm area and rainfall. 

(e) Provisional 

(£) Milkfat has been projected using the projected cc..v inputs and cow m::rrbers under (c) but with farm area held consta'1t 
at 61 hectares and rainfall at the average for l 96 3/G4 to 1973/74. 

(g) 'Ihe proj ections fran 1974/75 to 1976/77 ha.ve teen rrade using actual prices but using stock nurrbers projected under (c). 

(h) Tr.e decision variables in 1976/77 end tl:e cc11 mr.bers in 1977 /78 haVG been projec ted using a 15 percent inflation rate 
in ca-N input costs . 

(i) Projections fran 1977/78 to 1979/80 hc.vt~ reen rr.ade ,,•:'..t.11 all prices increasing by 10 pzrcent each year . :Rainfall used 
is the average over the period of estim;iti.m ari.d farm area is held constant at 61 hectares . 

(j) Projections from 1977 /78 to 1979/80 have teen rrade wit.h tr.€ milkfat advance declining by 5 percent per year whi le all 
other prices increased by 10 :;:e:::-cent per year . :Rai:-ifall and fclnu area are a.s for (i) above. 

_,, 
VJ 
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'f'[\l3LJ; c . 3 

V:1tic-:bks 

Culls i n 

Year 1 (;~o . } 

FcnHlc Cal vr:·s in 

Ycur l (t;"o. } 

Cm: I nputs in 

Year 1 ($ } 

Effect with 
AVCl~_:J_CJf.! P.ij C'- S 

16 

29 

2793 

Mi lJ,fi.!t Prnf:uction jJ1 

Year 1 (kg ) l36G4 

Cu .-;s in Yccir 2 (l\to. ) no 

Co::s in Yc.:ir .:> (r lo . ) 113 

Cu.vs in Year 4 (No. ) 8G 

Cc:.,·s in Ye::•1: 5 (No. ) 90 

... 

140. 

Effect with 10% Increase j n the l\vcr~s-c 
Price of : 

Milliat 
ArJ~r.u1re 

15 

29 

2950 

H 052 

111 

114 

92 

98 

C'ull 
Cows 

16 

29 

/802 

13687 

110 

113 

84 

89 

·~~~~~~-~~~ 

Surplus 
CcllV.:!S 

16 

29 

2791 

13659 

H O 

1J3 

ff / 

91 

17 

29 

2969 

lli O!'J8 

109 

111 

76 

8Q 

:NOl'C : '1~h0 r c~~·J.lls have· 1>-..~n roundc~1 to the ncarc:;L intc.gC>.r . 




