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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

The New Zealand Wool Marketing Study Group was set up in December, 1964 

to investigate and report on all relevant aspects _of wool marketing • . The terms 

of reference of the Wool Marketing Study Group included the requirement that 

they should e:xa.mine methods of containing wool price fluctuations whilst re­

taining the existing auction system. as the basic method for the disposal of 

wool. 

The present study, supported in part by the Wool Marketing Study Group, 

examines what the effect would have been if alternative Wool Co:cJDission floo r 

and ceiling price policies had been in force at New Zealand wool auctions for 

the historical period 1952/53 through 1965/66. 

1. 2 Aim of the Study 

The aim of the study was t o develop and test a wool marketing simulation 

model which would describe and SUI,ll!larise the performance of the New Zealand 

wool market, at auction, under a variety of demand conditions and Wool Commissiqn 

floor and ceiling price policies. 

This involved: 

(a) The construction of a s~ation model which would incorporate 

some of the more i.raportant features of the New Zealand wool 

market, with sufficient flexibility to allow for; 

(i) the implementation of different decision nues (policy 

parameters) for the purchase and sale of wool by the 

Wool Commission, and 

(ii) the inclusion of structural parameters to indicate the 

magnitude and direction of the responsiveness of the 

wool trade to price movements ~a. to the various Wool 
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Commission policies. 

(b) Inclusion in the model of measures, such as average price and 

variance in price, which would be important in sU!illTiarising the 
·1 

2. 

outcome of each Wool Commission policy (or simulation run), and in 

indicating if and how these policies were significantly different 

from what actually happened over the historical period being con­

sidered. 

(c) The conversion of the model to cooputer programmes. 

( d) Running the sinulation progratJmes for a variety of parameter 

(value) coobinations, (representing Wool Co:r:Elission policies and 

market demand conditions). 

( e) A ttem.pting to infer from the sir:mlation runs, for the period 

being considered, what Wool Commission policies would have been 

viable, and what would have been the effect of changes in deoand 

for wool brought about by the Wool Co:DI!lission 1 s policies. 

The ain of the study was not to estir.late or conclude what values of the 

parameters are the "right" ones for the New Zealand wool r.iarket, rather it ·was 

to make "if ••• . , then • ~. 11 statem.ents; if these had been the conditions ruling, 

then this would have been the outcome. 

1.3 Thesis Guide 

This section indicates the manner~ which the thesis is presented. 

Chapter 2 is priL:larily a review of sooe of the literature on wool mar­

keting. The aim of the chapter is to acquaint readers with the context of the 

present study. The chapter reviews studies which have documented the extent of 

wool price fluctuations at auction-in New Zealand, and studies which have 

attempted to SUI!lillarise or explain the relationship between the deoand for wool 

and wool prices. 

Chapter 3 describes in sone detail the operations of New Z~alnnd wool 

auctions. The chapter also includes a consideration of price stabilisation 
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scheraes, particularly floor and ceiling price policies, which could be super­

lllposed on the wool auction. Measures which would summarise the performance of 

auction under alternative floor and ceiling price policies are then discussed. 

A nUL1ber of sIDulation studies which investigate the effect of alternative 

floor and ceiling price policies have been carried out within the context of 

the Australian wool auctions, and Chapter 3 concludes with a review of these 

studies. 

Chapter 4 discusses the salient features of the use of simulation in 

research. The chapter demonstrates how simulation under certain conditi ons can 

3nable the researcher to generate information which would otherwise be diffi­

!ult or mpossible to obtain. A description of iraportant aspects of the 

,onstruction and operation of a siraulation model, t ogether with the method of 

lra.wing conclusions from the numerical results obtained, is also presented. · 

Chapter 5 details the construction of the Wool Marketing Simulation 

[odel used in this study. For the purposes of presentation the three parts of 

;he model are described individually. The first part t o be presented is the 

.uantitntive balance which accounts for all wool sold at auction in a given 

•eek by calculating first the price at which th~ market will be cleared , and 

hen the anount of wool bought by the wool trade'and the residual bought or sold 

y the Wool Commission. The second part to be described is the inclusion of 

inancial or revenue iraplications of the quantitative balance. Finally, ten 

ummary measures are described in tems of variables in the nodel. 

Chapter 6 comments on the realism of the model, in particular the quan­

itative balance. 

Chapter 7 provides an analysis of the results obtained from running the 

imulation model for various parameter combinntions. Two methods of inference 

are used in interpreting the res'U.lts from a series of simulation runs. The 

1apter can be divided into two distinct parts. The first part discusses the 

1eoretical background to the two methods, while the second part records the 



empirical results obtained by using them. 

Chapter 8 concludes the thesis by sULEJ.arising priefly the inferences 

which can be drawn f'rom the study. 

' 



CHAPTER 2 

THE WOOL MARKETING SYSTEVI: A REVIEW OF LITERATURE 

2.1 Introduction 

This chap t er provides a review of the li te.rature on the wool 11arketing 

systen. All t opics r eviewed have been dealt with nore fully by other authors 

elsewhere. No claim t o originality is made , other than the particular way the 

review rJD. t erinl is presented. The a~~ of this review i s to provi de the r e~der 

with a brief survey of the setting within which the thesis a ttenpts t o contri­

bute to our knowledge of the wool market. 

Five oain topics are dealt with in this chapter. The first t opic is a 

description of the physical processes wool goes through between the aucti on 

room and t he final consuner. This indicates the cooplexity of the technologi­

ca l processes through which the narket has t o guide wool t o the consuner. 

The second set of studies reviewed is also descriptive, and exaE1ines the 

degree of fluctuation in wool prices which have cha racteris ed the wool narket 

since the collapse of the Korean War boon. These studies were corunissioned by 

the New Zealand Wool Marketing Study Group and refer exclusively t o New Zealand 

wools. 

A third inportant line of research involves the estination of price and 

income elasticities of demand for wool. The price elasticity is a crucial 

statistic for any evaluation of the nerits of alternative r:iarketing strategies. 

Econonetric estinates of price elasticity of demand inply that elasticity is 

constant over tine. 1 This is an assumption which also underlies the sirJ.ulation 

study r eported in subsequent chapters of this thesis~ 

The fourth group of studies of the wool na.rket provides an analysis of 

the degree of market penetration likely to be achieved by the synthetic fibres. 

1. If this assumption was not made it would not be possible to obtain any 
esti.Dates of price elasticity, using conventional econonetric nethods. 
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Two approaches to this topic can be distinguished. The first, typified by the 

work of Lipson, attenpts to evaluate the relative technological competitiveness 

of alternative fibres. Another group of v,orkers, including Powell, Polasek and 

Burley, have attempted an er:ipirical estioation of the speed and extent of 

market penetration likely t o be achieved by synthetics, by fitting appropria te 

l ogistic curves. These studies have been unabl~ t o demonstrate that the price 

of 'WOOl relative to the price of synthetics has had a significant influence on 

the process of market penetration by syntheti"c fibres . 

The final section of the chapter summarises a study of wool price fluc­

tuati ons which has been mde us ing the "reference cycle" approach. This 

approach emphas ises the interdependence of ali types of economic a ctivity, and 

isolates economic variables which hopefully expl ain wool price movenents, and 

certainly move closely with wool prices . 

The chapter concludes with a brief sUI".,nnry of the r::iain ideas contai ned 

in the review. 

2.2 Technological Aspects of the Wool Marketing System 

This section provides a brief description of the manufacturing pro cesses 

involved in converting raw wool into the finB;l product. New Zealand wool is 

used in a va riety of end products. For the purposes of this thesis, however, 

two :naj or ca tego ries of end products a r e distinguished, namely gaIDents and 

carpets. Thes e are now discus·sed in turn. 

2.2.1 Preparation of Wool for Processing 

The initial preparation of wool for the production of both gament s and 

carpets has ouch in corru::ion. The first step in manufacturing both products i s 

scouring. (This :raay take place before the wool is sold at auction.) Scouring 

is designed to remove as much of the grease , swint and cont aninnnts as possible. 

The wool may also be: 

(a) sorted - p~tting fleeces into general lines, 



( b) blended - different wools and other· fibres m:-e nixed fox 

repeatability, colour, uniformity, reduction in cost, and to 

produce special effects, 

(c) opened - tearing cotted fleeces apart, and 

7. 

(d) bleached or carbonised - the latter to reuove vegetable uaterial. 

2.2.2 The Production of Gaments 

In the early stages of the manufacture of garments, two distinct pro­

cesses exist f or the production of yarn; these are the woollen and worsted 

processes. 

The Woollen .Process: Rainnie (43) notes that the first, and nost 

important step in the vvoollen process is the blending of different fibres t o 

produce special visual and t actile effects in the yarn. The blends nay include 

raw wool, reused wool, waste wool from the vrorsted industry, cotton , hair end 

synthetic fibres. The operation which follows blending is carding , the func­

tions of which are: 

(a) to disentangle the wool, and t o increase the unifomi ty of the 

blend, 

(b) t o produce a rough ali1?;nment of fibres, and 

( c) to renove any renaining contar:iinants. 

The wool coTies off the carding machine in the form. of a sliver which is 

then spun into woollen yarn, Spinning involves drawing the sliver into a o.ore 

attenuated foru, inparting twist to it (to give the yarn tensile strength) and, 

if necessary, doubling to produce a thicker yarn. 

The Worsted Process: In addition to being carded as in the woollen 

process, the wool, or blend, is also coobed. The functions of conbing are 

~onsidered by Rainnie ( 43) to be: 

(a) to nake the fibres parallel, 

( b) to re:oove the shortest fibres (giving noils) , and 

( c) to remove any reoaining contaoiru:mts. 



W O O l 610vtl 
.... 
~ 

~ WIil IIDK!I SCOURII& WIIIS ... ... 
--~ IONUfltTOHR 

IIINUFHTURING ,11tlHfS 

umN, &.ll!NIIII 

1CIURIII 

UUllD ,uc!11 Wllll!N lllttll mm• ftll IIUING ITH!I IIIUTllll · US!l 

___ _r_:_-_-_-_-_:;---~,:.::.::..::_-_..,.:.::.:-....,....1 -~ .... ----;.-:..-:,-;-;-;i;,.-,.,-:,,-::-,-:---_,-~-----, 
CIUO~IIIIG 
II ~1011111 

CIIIUIIIH 
If Ulllltr l lllNDIN6 

6111116 '­
,uHHIU 

CIMII ll 

IHWIU 

HIUIU 

TIIHIU '­
IIUlllH 

Ul\11& 

----... .. 
~ ... ... 
iii ... ----

lt[NOIRG 

IIIDIN6 &. 

CIIIIMIIRG 

HU ITIIM6 
lfr, uir,j) 

IUILING I. 
IIINDIN& 

ICOUlllG 

HlCHIIO a.. 
ILIMOIRG 

U1Hl il6 

IIIILLING ll 
IULIIH 

WIIHING , ll IN& 
'- l!NHlllG 

, fl., SH ING. 
CIHIIO,n!lll" 

Nllllll &. 0111116 llllU 

UITTIN& 
SHrnNi '- f!NllKIU 

u1 mm, 
UUINTS 

RAT&.U 
IILTI 

tllTNIH IIUUIUTOlU II WNIIISll!I 

UIAIL!l> 

CIISUll!I 

FIGURE 2.1 FLOW CHART ILLUSTRATING THE N'.LAIN 
MANUFACTURING PROCESSES OF THE WOOL INDUSTRY 

PHIIU Ill 
., .. 1511111~ 
UI IDUITDl l , 

muas.m. 

8. 

Source: Bureau of Agricultural Economic·s ( 2) 



9. 

The result of the conbing operation is a continuous sliver of wool which 

is generally terned "top". The final stage of the worsted process involves 

drawing, twisting and, if necessary, doubling the slivers to produce worsted 

yarn. 

In woollen yarn the various fibres are deliberately nixed and crossed 

in order to impart to the ya m its characteristic looseness and rough o.ppear­

o.nce. By contrast, the tighter and sraoother appearance of -worsted yo.mis 

achieved by processing longer fibres so as to make th.eo lie parnllel to ench 

other. 

Sone yo.rn is sold directly to the final consumer for knitting purposes . 

Foro.ation of Cloth: Two processes exist for the forrJation of cloth, 

namely weaving and knitting. After the process of knitting or wen.ving the 

cloth is "finished". This involves inspecting o..nd rnending the cloth, A.nd 

washing the cloth to rerJove oil and dust, and to produce felting and shrinking 

effects . The cloth may also be dyed at this stage. 

A certain ru:iount of cloth is sold directly to final consumers. 

Garoent Manufacture: A large proportion of the cloth, in the knitted or 

woven fona, is made into garments. Gament 1;:ianufacturers are usually very con­

scious of trends in fashion, and order appropriate cloth fron the wenvers o.nd 

knitting nills . 

A flow chart illustrating the nnin processes involved in the production 

of cloth is given in Figure 2.1. In this flow chart the process of felting is 

mentioned . The mo.in operotion in Ir1'.lnufacturing felts involves agitating wool 

in a hot water bath. 

2.2.3 The Production of Carpets 

The initial stages of carpet production are sinilar to those in the pro­

duction of garments; the wool is scoured, blended, oiled, carded, spun and 

fine.lly dyed. The nanufo.cturing stages specific to the production of carpets 

include designing, weaving and finishing. 



WOOL GROWER 

(AUCTION) MERCHANT 

SCOUR 

(Wool may be owned by 
Carp et company at this 
stage) 

v I mpo rted 

CARPET COMPANY '= ~ scoured 
. ~ carpe t 

V 

Blended and opened 

V 

Carded 

V 

Spun, twisted and 
hanked 

V 

Scoured 

(contd next column) 

wool 

(contd) 

V 

Dyed 

V 

Dried 

V 

Wound onto bobbins 

Loomed (Weaving and 
insertion of pile ) 

V 
Inspected and repaired 

V 

Brushed, cleared and shorn 

V 

Inspected 

V 

Measured, rolled and packed. 
Ready for dispatch. 

1 o.· 

FIGURE 2.2 FI/JW OF WOOL IN CARPET PIDDUCTION 

Source: Candler and Riseborough (6), 
p. 28, 29. 
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Designing involves selecting th~ colour pattern for the carpet. 

Considerable differences exist in the construction of ma jor carpe t 

types, particularly in the method of inserting the "pile" into the "backing. 11 

In some carpets (e.g. A:xminster) the backing is woven o.nd the pile is inserted 

by looping the pile ya rn aro1.ID.d the threads of the backing. In other ca rpets 

(e.g. Dalton) t0e pile ya rn is pushed into the backing, which nay or :r:iay not 

be woven, and is held in place by some form of glue. 

Finishing involves repairing defects in the carpet. 

A flow chart illustrating the main processes involved in the production 

of carpets is given in Figure 2.2. 

2.3 Fluctuations in Wool Price 

This section reviews studies which have docUL,ented the extent of wool 

price fluctuations a t New Zealand auctions. In gener2.l, the r easons for these 

fluctuations have not been analysed. 

Initially, the results of an analysis by the Wool Marketing Study Group 

are given, indicating the extent to which the price of one wool type has varied 

on one day. Two studies by Candler are then reviewed; the first describes the 

degree to which the prices of wool types move together, and investigates whether 

r.3IlY discernible pattern in average price movements over t:irae exists, while the 

second compares fluctuations in the average price of wool at auction with fluc­

tuations in the prices of related wool futures, tops and yarn. Finally, a 

study by Candler and Yap is reviewed which evaluates the extent to which price 

fluctuations at auction can be attributed to variations in demand, and to varia­

tions in supply. 

Candler (3) has suggested a number of reasonably distinct time periods 

for the purpose of examining wool price fluctuations: 

(i) Fluctuations occuring in successive lots at auction, 

(ii) Fluctuations over the period of a week, and 

(iii) Fluctuations over longer periods, i.e. from a number of weeks 



2 up to several seasons. 
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Information on price fluctuations at wool auctions occuring within one 

da.y has been provided by the Wool Marketing Study Group ( 49). The· standard 

deviation of prices paid for individual lots of the ~ wool type on the same 

day were recorded for a series of wool types, and were related to the corres­

ponding seasonal average price for each wool type. The standard deviations 

ranged fron 1.0 to 1.5 cents. If the prices paid for a particular wool type 

were normally distributed and if, for example, the standard deviation of lot 

prices was 1.3 cents, then 68°/o of the prices would f'all between the range of 

Av. Price.±. 1.3 cents/lb •• Similarly, 95% of the prices paid would fall ~dthin 
\ 

the range Av. Price.±. (1.95 x 1.3) cents/lb •• The percentage of the variance 

in price which could be explained by yield differences va.ried fron 10 to 50~ 

for the different wool types, but was usually between 20 and 3Cf/o. It vvns 

therefore apparent that substantial fluctuations in price did occur for the 

same wool type on the same day. 

The first study by Candler (3) was concerned with the third kind of 

price fluctuations mentioned above, that is fluctuations over periods longer 

tha.n a week. In dealing with price fluctuations between wool types, a nunber 

of neasures were used. One measure was the degree of correlation between the 

movements of the prices of eight different wool types for the period 1952 to 

1965. (If the correlation coefficient, r, is equal to +1 the prices nove per­

fectly together, if r == 0 there is no tendency for price movements to be related 

to each other, and if r = -1 then the prices move in perfectly opposite direc­

tions.) The inforoation which was obtained on the correlation between the 

weekly average prices of selected wool types is recorded in Table 2.1. Reading 

across the top line, the correlation coefficient between vvool type 86 and wool 

type 100 was 0.901, and the correlation coefficient between wool type 86 and 

the sale average is _0.888. 

2. These price movements would be super:Lraposed upon the long tenn trend of 
wool prices. 



TABLE 2.1 

Correlation 
of Wool Type 

86 

100 

107 

114 

128 

506 

E695 

739 
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OORRELATIONS BETWEEN V:IEEKLY AVERAGE PRICES OF SELECTED WOOL TYPES 
( 1952/3 TO 1964/5) 

' With Wool Type 

100 107 114 128 506 E695 739 Sale Av. 

.901 .907 .899 .900 .957 .952 . 968 . 888 

• 991 .989 .980 .871 . 972 .953 . 860 

.998 . 995 . 843 .976 .953 . 885 

.997 .833 .976 . 957 • 871 

.832 ~973 . 953 . 894 

* -l(- .916 

. 957 . 925 

. 944 

* Wool Con~ission Type 506 ~as not offered at the same sales as E695 and 739. 

Source: Candler (3), p. 12. 

A sinila r table was constructed giving the range of correla tion coeffi­

cients obta ined in different seasons . The table indicated the maximur;i and 

miniruun correlation coefficients between c:ny two v~ol types in any one season 

fron 1952 to 65. The mnge of correla tion coefficients was fron -1. 0 to a. so 

for the Dini.mum correla tion between two vvool types in o.ny one season, and fron 

0.9 to 1.00 for the naxinun correla tion between two wool types in any one 

season. In only a limited number of cases were the mininun correlntion co­

ef.ficienisbetween wool types for any one season negative, and , in general, it 

can be concluded that the weekly average prices of the selected ei ght wool 

types tended to move together. 

i 

Candler also considered fluctuations in the weekly average price for o.11 

wool, or weekly average price for a particular wool type ~ tine. The sort 
. . 

of information which was provided on this subject was: the week and the price 

a t which a peak or trough occurred, the tiLle (in weeks) to the preceding or 

succeeding peak or trough, and the price at these points . For some indication 

of the magnitude of price movements involved, Table 2.2 shows the nULlber of 

peaks and troughs which represent mover:J.ents from the l ast peak or trough of 

less than 2d, 2d to 5d, 5d to 10d, and 10d or more. 
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TABLE 2. 2 NUMBER OF PEAI<:S AND TIDUGHS REPRESENTING PRICE MOVHJIENTS OF 
LESS THAN 2d, 2d ro LESS THAN : 5d, 5d ro LESS THAN 10d AND 

10d OR MORE 

Peaks I Troughs 
Price Movement 

% % Nuiaber Number 

Less than 2d 45 60.8 48 64.0 

2d to less than 5d 21 28.4 19 25.3 
. 5d to less than 10d 4 5. 4 I 2 2.7 

10d or more 4 5.4 6 8 . 0 

TOT.AL 74 100 75 100 

Source: Candler (3), p. 21. 

Finally Candler attenpted to detemine if there was any recognisable 

pattern in wool price fluctuations by searching for the best -raw wool purcha­

sing policy that a buyer could adopt with perfect knowledge. Subject to 

assumptions on the cost of storage and manufacturing requirements, it was found 

that the optirawn policy of purchase and storage of wool was 11% cheaper than 

"feeding hand to mouth" (or not engaging in speculation). Assuming that the 

foresight and the financial strength needed to carry out this policy was not 

readily availo.ble3 then opportunities for profitable storage of wool were con­

sidered li.Llited. Candler argued that this indicated it was difficult to find 

any systematic way of predicting future wool prices on the basis of past wool 

prices. The randonness of wool price movements at auction has only been 

defined negatively; that is, patterns in price movements have not been detec­

ted, and therefore any systematic pattern in ' price changes is not likely to be 

sinple. 

The second analysis by Candler (4) exanined the relationship between the 

Neekly average price of all New Zealand vrools (at auction), and related futures, 

tops and yarn prices . The possibility of lagged relationships existing between 

3. This "optimuo policyn on three occasions during the 13 year period being 
studied involved purchasing two seasons' requirenents of wool in a limited 
period of time. Therefore, although the policy was optiraum in the sense 
that it minimised the cost of supplying the required wool, it was not the 
sort of policy that a buyer could reasonably follow. 
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these products was investigated. Little was said about causal relationships, 

although soo.e extreme views on the relationships between the products were 

refuted. 

Initially, the correlation between price of wool a t auction, and the 

price of related futures, t ops and yarnocourr:i..ng at the same t ime were t abula­

t ed. Lagged relationships were then introduced. Table 2.3 records the 

corTel a tion between the prices of these products a t the sane tine, the max.imuD 

serial correlati on between the prices of the products, and the lag (in weeks) 

which gave the maximUt~ serial correlation. 

TABLE 2. 3 : CORRELATIONS AND MAXUIDM SERIAL OORRELATIONS AMONGST WOOL , 
FUWRES, TOPS ANTI YARN PRICES ( 1952/3 ID 1963/ 4) 

I 

I Correlation with 

Price of Tops 
Wool Futures 

64 B 56 1 s 50 1 s 

Corr. • 702 

Futures Ser. • 706 

Lag 1 

Corr. .61 8 . 987 

Tops _64 B Ser. . 628 . 987 

Lag 2 -1 

· CorT. .660 • 782 .745 

Tops 56 1 s Ser. • 796 .789 .745 

Lag -3 -2 0 ' 

CorT. .806 .683 .608 • 925 

Tops 50 1 s Ser. .822 . 687 .609 .930 I 

Lag -5 -1 -1 2 I 
Corr. 1-638 .307 .219 .662 . 804 f 

Yarn 50 1 s Ser. • 641 .310 .219 • 704 .sos I 
Lag - -7 -1 0 -2 -1 ... 

Source: Candler (4), p. 22. 

In interpreting Tab~e 2.3 Candler noted that even where strong relation­

ships exist between prices in different weeks, any arguments about causal 

connections between prices need to be formulated with extreo.e ca re. 
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In the review of findings, three views which have been expressed on wool 

marketing were reported as disproved. The first extreme view was that the auc­

tion reflects the demand by the wool trade extremely accurately • . There is some 

evidence of consistent price relationships between wool types at auction and 

products at different points in the marketing chain, however, t hese relation­

ships are not as strong as some have argued . 

The second extreme view was that through the accelerator mechanism 

fluctuations in the demand for mw materials are increased, by a constant 

stocks to sales ratio , from retailers backward along the chain to auction. 

Conversely, it has also been argued that fluctuations in auction prices are 

passed down through the marketing chain to the manufacturers . Such theories of 

simple causation were not substantiated as there were not strong price relation­

ships between the products . 

The third extreme view was tW?.t New Zealand wools can be effectively 

hedged on existing futures r::1a.rkets . Because of the l ow fila.Xi.mum serial corre­

lation (0.7) between spot and futures prices , there is doubt whether New Zealand 

wools are adequately covered. 

In the final study to be reviewed in this section, Candler and Yap (7) 4 

evaluated the proportion of the variation in wool prices at auction which could 

be attributed to the supply of New Zealand wool, and the proportion which could 

be attributed to demand. They found that regardless of the price elasticity of 

denand more than 75% of variations in wool prices were due to changes in demand, 

and if elasticity was less than -1 (more elastic) then over 90% of variations 

were due to dena.nd effects . 

The model used assumed: 

(i) In any one year the supply of wool wns completely inelastic, 

(ii) The form of the function for the demand for wool was: 

4. The basic approach used in this study was derived from an earlier a rticle 
by Powell ( 40) • 



(iii) 

where : qi is the 

pi is the 

k. is the 
J. 

e is the 

e q. = k.p. 
J. J. J. 

seasonal production of wool in year i, 

deflated seasonal average price in year 

shift parnraetcr, and 

price elasticity of demand. 

17. 

i, 

Between seasons there are changes in d em.and and supply o.nd these 

together explain price variation. 

Given knowledge of the values of o. and p. and by assuning a constant value 
J.. . J. 

fore, the value fork. can be found, and thus the constant elasticity demand 
J. 

function is completely specified for year i . There are no grounds for assuning 

elasticity constant during periods of high and low prices, but equally there i s 

little evidence to show how it would vary. The variance of the esti.Bated 

pricrn which would have r esulted from a cons t ant supply of wool in every year 

(which increased in each year in accordance with the trend i n supply) was 

calculated for each of a nUL1ber of assUD.ptions about the price elasticity of 

der::J.c'Uld. This was then coLlpared with the variance in observed prices, o.nd the 

result gave the percentage va riability in wool prices which could be a ttributed 

to changes in demand . The renainder of the t otal variability was due t o varia­

tions in supply. 

In the subsequent sections of this chapter empirical studies which have 

attempted to explain or sumnarise wool price movements nre reviewed. These 

studies have dealt with ~onthly and quarterly data. A review of studies which 

attempt to explain the cause of shorter term price movements has not been 

undertaken in this chapter. 

2.4 E:npirical Estimates . of the Price Elasticity of Dooand 

The price elasticity of detiIBnd measures the percentage rise (fall) in 

the quantity demanded of a particular commodity if the price of that coDEJ.odity 

falls (rises) by one percent , other things being equal. 
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The relevance of erapirical estinates of the price elasticity of demand 

is their importance in the analysis of price containment schemes at auction. 

To be useful in this context, however, the estimates of the price ·elasticity 

have to refer to denand at auction, and not to denand at some stage of :cia.nu­

facturing. 

In this section three studies which estinate the price elasticity of 

deJ.:J.and are reviewed. The study by Horner is the first to be reviewed. In this 

study the price elasticity of denand was detemined, using pre-war data , from 

the rel~tionship between the manufacturers' demand for wool and the final con­

sumers' d6tland for wool clothing, and the relationship between the price of raw 

wool and the price of wool clothing. 

The study by the Bureau of Agricultural Economics estimated the price 

elasticity of deo.and at the carding stage, and derived the price elasticity a t 

Australian auctions fron a knowledge of the Australian share of world (market ed) 

supplies of wool. 

In the third study to be reviewed, McKenzie tested the hypothesis that 

quarterly wool price at New Zealand auctions depends on the extent to which 

stock holders are prepared to hold or sell stocks, ana that current supply and 

current mill consUL1ption are independent of price. Price fluctuations, accor­

ding to this model, are detemined solely by traders' expectations of the 

future. 

2. 4.1 Study by Horner 

The estimates of price elasticity of denand and income elasticity of 

demand, made by Horner ( 26), were for pre-war deBa.nd for raw wool and wool 

clothing in the United States and the United Kingdon. Annual ti.L1es series data 

were used, although recourse to cross-sectional family budget data was necessary 

to calculate the final consumers' der:iand for wool clothing. 

In Homer's study the price elasticity of raw wool was composite, being 

derived from estiDates for final consumers' demand for wool clothing and 
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manufacturers' demand for raw wool, and a relationship between price of wool 

clothing and the price of raw wool. This method was selected since the us e of 

either final consumers 1 der.:iand or manufacturers• demand was consi de r ed inappro­

priate as it neglected i.raportant explanatory variables. 

(i) Analysis of the denand for all clothing. 

Since no data on annual wool clothing consur1ption was available the 

data used was f or annual all clothing consumption. The function fitted was : 

where 

Log C = n + b log Y + C l og Pc + d log Pr ( 1) 

C i s quantity _of clothing purchased , 

Y is real national incoiile , 

Pc i s t he clothing price index, 

Pr is the index of retail pric es for corJTiodi tics other thc..n 

clothing , and 

a , b, c and dare parameters. 

It was assumed~ priori tha t the function would be linear i n logs. The 

co efficients were therefore the r equired elasticities. The inclus i on of tirae 

t o explain any changes in t aste was tried but it had little effect on t he Sllfil 

of squares explained and henc e was omitted. 

Using r egression analysis the price nnd income el asticities of demand 

were estimated. Serial correla tion (where the successive observations of each 

of the independent variables are co~elated) was presumed t o be pr esent. 

In order to interpret equation ( 1) in ten;is of dwand for~ clothing 

use was nade of cross-sectional f amily budget -data. It was considered that 

although variations in expenditur~ on clothing between income groups and expen­

diture on clothing by a corJr.1unity with different incomes through t ine were not 

the same conceptually, they could be assuned to be of the same order. By 

taking account of the probable differential between wool and all clothing, the 

income elasticity of deraa.nd for wool clothing was evaluated as .1.1. 



The variables in equation (1) Pc and C therefo"re becaL'.le Pwc and WC 

respectively, gi.ving: 

where 

Log WC = e + f log Y + g log Pwc + h log Pr ( 2) 

Pwc is the price of wool clothing, 

WC is quantity of wool clothing purchased, and 

e, f, g, and hare pararaeters. 

The value for the price elasticity of deo.and for wool clothing was 

calculated as -1.0. 

( ii) Analysis of manufacturers r demand for raw wooL 

Two types of functions were specified~ The first neasured only the 

quantity variation in manufacturerst dffi~and: 

where 

Log MW = n + n log P'w 

MW is the quantity of wool consumed per unit of total 

clothing output, 

Pw is the price of raw wool, nnd 

CT and n are para.D.eters. 

( 3) 

20; 

It wns not possible to include the price of substitutes as an €Xplanatory 

variable as these were mainly recovered (or reused) wools, nnd their introduction 

would also introduce multicollinearity since the price of recovered wool is 

closely related to the price of row wool. Costs such as labour o.nd capital 

were ignored due to the lack of data, and because these variables could be 

prem.u:i.ed to be constant •. 

The dependent variable was manufacturersi consumption (not purchases) 

per unit of output. Hence speculative denand was eliminated. Horner argued 

that although changes in manufacturers' consumption would occur as a result of 

~rice expectations, the latter changes would affect consumption and output 

3qually and hence not affect the value of MW. 
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The second function neasured both the qUc.'l.Iltity and quality variation in 

the amount of wool purchased by manufacturers: 

where 

Log MQ = q + r log Pw ( 4) 

MQ is the value of wool consur.1ed / standard quality price 

·of wool, per tu1it of clothing output . 

Rather than Lleasuring consunption by the weight of wool consuraed as in 

the first function, by dividing this weight by a price index the nanufacturers 1 

use of more or less ex~ensive grades of raw wool would be reflected. The price 

elasticity estinated fron equation (4) would therefore indica te how the na.nu­

facturers vary the quality of wool consuned, as weil as the substitution 

between wool and other fibres, in respons e to price changes. 

Using the least squares method of analysis the price el asticity of 

dennnd of Llanufacturers f or rfJ.W wool was es tio.ated as -0 . 4 in the United States 

and the United Kingdon with the quality va riation included, and -0 . 2 for the 

United States and -0.1 for the United Kingdon if the quality variation was 

excluded. 

(iii) Estimation of the relationship between the price of raw wool and 

the price of wool clothing. 

The function specified wus : 

where 

Pwc = s + t Pw 

Pwc is price of wool clothing, 

sis that part of cost of transfornation independent of 

the price of wool , 

tis the pyramiding ratio - the nur.iber of ti.Bes o. given 

change in wool prices is r:Jagnified by fixed manufacturers' 

nnrgins in r:u:mufacturing and distribution, and 

Pw is the price 8f wool. 



From this: 

t = aPwc 
aPw 

The corresponding elasticity, u, is: 

u = t Pw = t.Pw 
Pwc s + t.Pw 

Homer assuned t = 1.0 so that: 

u = Pw 
s + Pw 
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( 5) 

The value of u in the United States was 0.08 and 0.14 in the United 

Kingdom. 

(iv) Coobining5 parts (i), (ii) and (iii). 

5. The link between equations (2) and (4) is that: WC= y.output, since 
quantity of wool clothing purchased, WC, is directly proportional to nanu~ 
facturers 1 output. 

The modified fonn of equation (2) becones: 

Log (y.output) = e + flog Y + g log Pwc +.h log Pr (6) 
Equation (4) can be rearranged to give: 

Log (Value of wool consuoed/standard 
log (output)= q + r log Pw 

Therefore, rearranging equation (7): 

quality price of wool) -
( 7) 

Log (output)= -q - r log Pw + log (quantity wool consumed 
by manufacturer) (8) 

The elasticity, u, in equation (5) can be obtained frora: 

Log Pwc = u log Pw. (9) 
Rearranging equation ( 9) : 

Log Pwc = Log Pw1:. ( 10) 

To obtain the elasticity (the% change in Pwc given by 1% change in Pw), 
first find d Pwc by differentiating equation (10) totally with respect to Pw, 

d Pw 

and then nul tiplying both sides by Pw : 
Pwc 

d Pwc • Pw = u. 
d Pw Pwc 

Substituting equation (9) in equation (6): 
Log (y. output) = o + f log Y + gu log Pw + h log Pr 

Combining equations ( 8) and ( 11 ) : . 

(11) 

e + Log (quantity of wool consuoed by raanufacturer) = q + 
flog Y +(cu+ r) log Pw + h log Pr - logy ( 12) 

equation ( 12) 
is given by 

In this equation e, q and logy are constants. Since 
double logari tho. fom, the price elasticity of demand 
gu + r. 

is in 



Manipula tion of the above estir1ates results in: 

(a ) The income elasticity of demand for wool clothing = f = -1.1 

for both the United Sta t es and the United Kingdon. 
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(b) The pric e elasticity of deoand :for raw W'.)Ol = gu + r, was fron 

-0. 4 t o -0. 6, and slightly higher in the United Sta tes than in 

the United Kingdon. 

2. 4. 2 Study by the Bureau of Agricultural Econoraics 

The study by the Bureau of Agricultural Economics ( 47) is an econometric 

analysis of the quarterly mill consumption in the United Kingdom f or the period 

1952 t o 1964. The study was specifically aiDed a t measuring the price el as -­

tici ty of denand f or Australian wool. Two hypotheses of cons i derabl e inter es t 

wer e t es t ed ; t hat the Unit ed Kingdom deoand f or wool i s mo r e el as tic in periods 

of high price than in periods of l ow price , and that t he demand fo r raw wool 

i n t he United Kingdom has become uo r e. price el as tic over the period 1952 t o 

196 4. 

The l evel of mill consumption, ueasured a t the carding s t age , was 

chosen f or t he analysi s , rather t h..'l.n denand a t auction: 

" ••• becau se it i s no r e convenient with respect t o t he availa ­
bility of dat a , and becaus e it i s mo r e appropria t e t o the oeasurer:ient 
of manufacturer s ' response t o price changes . Wool auction dat a a r e 
expected to include an important el eoent of short term stock changes 
becaus e of s pecula tive trading. Da t a on mill consumption, on the 6 other hand , should r eflect a l onger run r esponse by manufa cturer s ." 

This sta terJ.ent i s inconsistent with t he a:i.D t o detemine t he el asticity of 

demand :for Australian wool ( to be used, :for instance , in simula tion studies of 

reserve price scheI!les). If the effect of specula tion i s present in the f orua­

tion of auction prices, then estimates of the price elasticity of demand f or 

raw wool at auction raust include it. Consideration of Australia 's shar e of the 

world raarket is not sufficient. If specula tion was present at auction, then 

one night expect that the percentage change in the quantity of wool denanded, 

6. Bureau of Agricultural Economics (47), p. 3. 
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for a given percentage change in price, would be greater than if speculation 

was not present; that is, demand would be more elastic if speculation was 

present. 

The simplest statistical models postulated were: 

Income Models 

log CHt = log a0 + a1 log P t-2 + a 2 log Yt_1 + a3 log Tt_1 + a 4 log At_2 

+ log ut (13) 

( 14) 

Sales Models 

log CHt = log c0 + c1 log Pt_2 + c2 log SHt + c
3 

log Tt_1 + c4 log At_2 

+ log Vt (15) 

log CM:t = log d0 + d1 log P t-2 + d2 log SMt + d
3 

log Tt_1 + d 4 log At_2 

where 

( 16) 

CH is raw wool available for hon e consunption per head (lb), 

CM is Dill consunption of raw wool per head (lb), 

P is weighted prices (a/lb) of raw wool (64 1 s and 56 1s) 

deflated by a retail price index for all items (January 1956 

= 100), 

Y is personal disposable income per head(£ stg), deflated by 

a retail price index for all iteras (January 1956 = 100), 

SM is manu:facturers 1 sales of wool products per head (lb), 

SH is availability of wool products for hone consunption per 

head (lb), 

T is ratio of stocks of tops to quantity of tops drawn plus 

exports, 

A is synthetic staple fibre available for hone consumption per 
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head (lb), 

u, V nre error terms, 

a., b
1
., c., d.; i = o, .•• , 4 are parameters, 

]_ ]_ ]_ 

a
1

, b
1

, c
1 

and d
1 

are the price elasticities of denand in e·quations 

(13), (14), (15) and (16) respectively, and 

t is the quarter. 

The two dependent variables (CM and CH) were included since _about 4o% of 

manuf acturers' sales of wool products a r e export ed . Raw wool available f or hone 

consunption was defined as Dill consumption of ro.w wool t1inus an est:il1ate of 

net exports of wool products . 

The explana t ory variables included those variables which de t emined 

manufacturers' consunption of row wool, and yet (i) were not thei"'.ls elves .a func­

tion of the l evel of consunption of raw wool, and (ii) were quantifiabl e and 

(iii) did not display ~ulticollinearity. 7 

The influence of population growth was taken into a ccount by converting 

absolute quantiti es consuraed into a per head basis. The quantity of synthetic 

fibre sol d was included rather than the price of synthetics, it being a rgued 

that the quantity sold has nore effect than price. This conclus i on is con­

fimed by the work reviewed in this chapter on the availability of substitutes . 

The difference between equations (13) and (14), o.nd equations (15) and 

(16) is in the treatnent of incooe . In equations (13) and (14) disposable 

income was included, and tastes and fashions were ignored. In equations (15) 

and (16) IJ£tnufacturers' sales of wool products were specified, expressing the 

joint effect of income and consuner tastes . If manufacturers' sales of wool 

products are a function of manufacturers ' deL1and for raw wool then a sinulta­

neous equation approach might be more appropriate than the single equation 

model being reviewed. 

Using least squares analysis the paraneters in the four equations were 

7. Multicollinearity occurs where two explanatory variables a re highly 
correlated. 
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estimated. For equations (13) and (14), R2, the coefficient of multiple deter­

mination, was 0.41 and 0.42 indicating that a little over 40% of the variation 

in deoa.nd for raw wool was explained by the independent variables. With an 

R2 of 0,4, the explanation achieved by the nodel is so small that it is doubt­

ful if any attention should be gi.ven to it. 
2 . 

For equations (15) and (16) R was .79 and .63 respectively, and in both 

equations the coefficient for the variable At_2 was not significant and the 

Durbin-Watson statistic indicated the presence of some serial correlation. 

Estil:ia.tes of the price elasticity of der:iand were -0.26 in equation (15) and 

-0.16 in equation (16). These are lower than estimates of -0. 4 and -0.6 

obtained in Homer's pre-war study. 

Testing the first hypothesis, that United Kingdon deraand f or wool has 

been more elastic in periods of higher wool price than in periods of l ow 

prices, the method used was t o partition periods of high v~ol prices, nnd 

periods of low prices and apply the models to each. The differences between 

the high and low estimates of price elasticity were not significant a t the 5fo 

level. The results are consistent with the null hypothesis, that the price 

elasticity is the SDLle for high and low prices. 

The second hypothesis tested was that the price elasticity had not 

become more elastic over the period under consideration. The results indicated 

that the estiIJates of the price elasticity for the second half of the period, 

1952-64, were significantly more elastic than for the first half. On this 

basis the second null hypothesis should be rejected. 

By assuning a constant elasticity of denand schedule, equations (13) 

through (16) assuned that price elasticity is constant over tine. The study 

proceeded by allowing changes in the price elasticity of denand for raw wool to 

occur due to wool's s:muller share of the .total fibre consunption by nanufac­

turers. It was noted that through the period being studied (1952-64) v~ol 1 s 

share of total fibre consunption has declined froo 9$J6 to 8o%; however, the 
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inclusion of this substitution of wool for synthetics did not significantl y 

raise the elasticity of the derJand for raw wool. 

Tho estb:iates of price elasticity of denand recorded above were nade f or 

the world denand for -raw wool. The price elnstici ty of deuand for Australian 

wool was evaluated by trucing into account Australia 1s share of the narket . The 

equation to give the price elasticity of da"'1illld for Austrnlian v,Qol, eA' was 

taken to be : 

where 

= (17) 

f is the Australian share of wo rld apparel woe,l production, 

ew is the price elasticity of wo rld dewand for -raw uool, as given by 

the estm~ted elasticity of United Kingdon dco.and, 2u1d 

e8 is the price el as ticity of supply of wool fron suppliers 

other than Austmlio. . 

By taking a range of es timated values for e.,11 eA VvnS calcula t ed as : 

= 1/0.37 ((-0.27 to -0 . 4) -0. 05) + 0. 05 

= -0.82 t o -1.17. 

The Bureau of Agricultural Econonics have evaluated the price el asticity 

of der:iand f or Australian wool at the carding stage but, as noted earlier, if 

there exists a speculative elenent in denand at auction, and this is not present 

to the same extent at the carding stage, then the estimated price el asticity 

will not necessarily be equivalent to the price elasticity of dennnd at 

Australian auctions . 

In order to be able to use single equation models it was argued that 

:raill consumption is a function of the price of raw wool l agged by two quarters, 

but that the current price of wool is not a :function of current nill consunp-

tion. The condition necessary t o be abl·e to use single equation nodels is 

not that current price is independent of current mill consUL1ption, as wa s argued, 

but rather that lagged prices are independent of current mill consUTiption. It 
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is likely that lagged prices are influenced by current . .uill· consunption, or, cur­

rent prices_a.re _ sona..:funotio.n . of e:x:pecte-d. ~futu.-re miJ..J. cOUSUDption, Therefore, 

a single equation model is likely to be inadequately specified, and n siTiulta­

neous equation approach may be nore appropriate. 

2.4.3 Study by McKenzie 

As contmsted with the Bureau of Agricultural Econonics 1 study, the 

distinguishing feature of McKenzie's study (28) is the concentration on the 

effect of stocks in detemining the quarterly price of raw wool. 

The hypothesis tested in this thesis was that in any period as short as 

three months the prices settles at the level that stock holders are prepared to 

hold or sell stocks, and that current supply and current mill consumption a re 

independent of price. This model ·says that price fluctuations are caus ed by 

mover..1.ents in speculative demand, which in turn are determined solely by 

traders' expectations of the future. That supply is inelastic is a coonon 

assunption, however it is desirable to give sone of the reasons why Dill con­

sumption in a given quarter was assU1~ed independent of price. The first reason 

was that the price of raw wool is only one of the costs of production which 

influence nanagement decisions (though according to Fead (16) it is a substan­

tial one) and that costs can be passed on by pricing on a 11 cost plus" basis. 

Further, ,it is costly to have a fluctuating rote of production. Finnlly, it 

was considered that current Llill consunption is a ±'unction of current da~and for 

wool textiles. 

The uodels McKenzie constructed specified a supply function, a conSUDp­

tion function, a stock de11and function and an equilibriun equation. 

The stock dena.nd function he specified took the forn: 

where 

( 18) 

S 1 = desired level of manufacturers' stocks at the end of t 



quarter t, 

C*t+ 1 = expected rate of mill consunption in quarter t+1, and 

lf*PWt+
1 

= expected change in price between periods t and t+1 as 

assessed in period t. 

Initially a linear function was assu.~ed: 

where 

s 1 
t = 6*PWt+1 

( 19) 

29.. 

The difficulty with this f ornulati on was tha t the tvro independent 

variables wer e not di rectly observabl e. In order t o enabl e statisticnl tes ting 

of the original hypothesis it wns necessary t o specify these t vro variables i n 

terns of observable variabl es . 

First, it was initially assumed that t he expected l evel of nill consunp­

tion in the next quarter, C* t+
1

, was equal to the current Titte of nill 

consunption. That i s : 

= ( 20 ) 

where 

Ct is the actual rate of nill consumption in period t. 

Secondly, the. expected change in price, 6*PWt+ 1, .vas specifi ed in tems 

of a series of price expect2.tion hypotheses which have been postulated by 

various research workers. Incorporating each of these hypotheses {!J:J.ve a nunber 

of models which were subsequently tested. Three of thes e nodels will be given 

in this review. 

The data used were quarterly wool prices (s:inple averages of 64s and 

46s on a clean basis in the United Kingdoo), quarterly Dill consunption (for 

nine countries), quarterly stocks, and quarterly supply of wool, for the period 

January 1952 to June 1964. Owing t o the paucity of data on stocks, :McKenzie 

estiLiated these himself. McKenzie recognised rauny of the deficiencies of his 



data, but the series he constructed appear to be better than any other stock 

series currently available. 

Modei A: Taking equation ( 20), and specifying li*PWt+
1 

using the Keynesian 

type price expectation hypothesis, 

!J.*PW = f(PWt) t+1 
( 21) 

PWt is the actual price of oool in period t. 

then by substitution in equation (19) the following relationship 

is obtained: 

st 
1 ao + a1Ct + a2PWt = ( 22) 

The nodel is conpleted by the equation: 

st 
1 

st Qt + st-1 - C = - t 
( 23) 

where 

St is the actual level of stocks at the end of quarter t, and 

Qt is the supply of wool in quarter t. 

By equating st1 to St equation (22) becooes: 

( 24) 

the reduced fom of which is: 

( 25) 

where 

B
0 

= -ac/a2, B1 ~ -a1/a2, B2 = 1/a2 

This nodel had a low explanatory ability, for R2 = 0.39, and hence it is 

very doubtful if anything can be concluded fron the nodel, except that it is 

inconpletely specified. It should also be noted that there is no~ priori 

reason to fit (25) rather than (24), unless there are thought to be errors in 

the observations of stocks. If there are thought to be errors of nensurenent 

in stocks, then (24) is likely to be preferable to (25). 
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Model D: Equations (19) and (20) were taken again, and t*PWt+lwas defined as : 

( 26) 

where 

PW¥--t;..i- 1 is the expected price in period t+1, forriul~ted in 

period t. 

Nerlove 1s adaptive expectations hypothesis was used t o define Pi7t+1: 

PW)(-t+ 1 = PVli + S(PWt - P~); 0 ~ S ~ 1 ( 27) 

where 

P~ is the expected price in period t, f omulated in period t-1, 

and S is o. coefficient. 

This hypothesis says that the forecast is changed by an anount proportional t o 

the nost r ecently observed f orecast error. 

By substitution, 8 the reduced foro was obtained: 

where 

= 

The explanatory ability of this @odel was also very low (R2 
= 0.35). 

8. Substituting equations (20), (26) and (23) in equation (19): 

st= a0 + a 1 ct+ a 2(Pwt.1 - PWt) (29) 

Substituting equation (27), in equation (29): 

St= a0 + a 1 Ct+ a 2( P~ + SPWt - SPWt - PWt) 

Rearranging: 

P\Vt = 0.0 
a 2(1 -S) 

Fron (29): 

+ a2( 1-S)P~ _ 
a

2
( 1-S) 

st-1 ·= ao + a1 ct-1 + a2(P~ - PWt-1) 

Rearranging · ( 31) in · terns of Pi~ and substituting in ( 30): 

PWt - PWt_
1 

= MW= ao + a1 Ct _ a 1 Ct-1 + St 
a

2
(1-S) a 2(1-8) a 2 a2(l-S) 

(30) 

( 31) 



This nodel is over-identified in the sense that the nunber of parnneters 

in the reduced form eqhations exceed the nunber of structural parar1eters. 

Therefore the paraneters in equation ( 28) do not provide a unique .est:L-:iate of 

the structural pa:rar:ieters of the model. Given ove!'-idcn_tifioation ordina+Y 

least squares should not be applied to the reduced fom equation. Other esti­

nating procedures, such as two stage least squares, can be used to obtain 

deteminate estir:iates of the structural paraneters. 

Another difficulty exists in the specification of the nodel . The hypo­

thesis to be tested was that the quarterly price is a function of the deri_c'Uld 

for stocks, and that the mill consur,1ption in that period is independent of 

price. In equa tion (23) it is indicated that the desired level of' stocks in 

the current period is equal to the actual level of stocks in the current period, 

which is in turn a function of the current supply of wool, the stocks of wool 

last quarter and current r:i.ill consur1ption. In equation (18) desired s tocks are 

specified as being a function of price. If stocks last quarter and current 

supply are taken as given then the only way the series of equations in the nodel 

can hold is for mill consumption to be dependent on price. This contradicts 

the original hypothesis. 

In subsequent nodels McKenzie used alternative price expectations hypo­

theses, and respecified c~
1 

for some oodels (so that expected :o.ill consunption 

next quarter was not equal to the actunl level this quarter). The criticisms of 

model D also apply to many of these models . 

Model H: The best nodel, in teros of explanatory ability, 10 was heuristic in 

its approach. Heuristic models are not deduced from structural relationships 

but rather include those variables which are considered significant. Such 

models are not inherently bad, but the specification of the nodel, or the 

results obtained fron the model, nay be ambiguous or inadequate. 

9. This point has also been nade by Yap (50). 

10. Meaning that a large proportion of the total sur:i of squares have been ex­
plained by the inclusion of the independent variables - not that the nodel 
is correctly specified. 
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Model H, a heuristic nodel, yielded the following estirJa tes: 

= -40.2s + 0.124 ct+1 + 0.165 ct - 0.125 ct_1 
( 32) 

-0.035 St - 0. 39 D1 - 16. 21 D2 - 7.04 D
3 

R
2 = 0.89 

where 

D. is a seasonnl shift variable for the i th qunrter. 
J. 

All paraneters were significant at the 1% level, except tha t for the n
1 

which 

was significant at the 5% level". It argues, inter alia, tha t current nill con­

sunption is independent of both current and l a gged prices. It 1ny be correct 

that current r,ill consunption is independent of the current price of mw wo ol 

however it is unlikely to be independent of lagged price. 

The price el a sticity of deua.nd indica t ed by nodel His -6 plus or ninus 

-4, i.e. sonewhere between -10 and -2. 11 The r eason for the higher es t ir.k'l.t e of 

price elasticity than the two previous studies i s due to the inclusion of cm 

important speculative elooent. The qU£Lntity derumded, by including speculo.tive 

denand, is nuch nore responsive to price changes and is therefore no r e elastic. 

Given sane substitutability between vrool and synthetic fibres, denc.nd could be 

even nore ela stic. 

Co:or:ient could be nade on the use of expectations hypotheses as a n ethod 

of specifying the expected clnnge in price, ~*PVvt+1• These hypotheses have 

been atteupts to understand and est:inate the generation of expectations by 

relating then to observable variables. They have also been Sll~ple autorogres­

si ve syster.1s in which the expected value of price in the next period is o.. 

function of the weighted and/or lagged values of past prices. Mills (30) notqs 

that er::1pirical studies have shown that for nany econonic series only a liuited 

11. As stocks alone are responsive to current price, the short run price 
elasticity for der:iand for all raw wool was calculated fron the stock 
coefficient in eqUD.tion (32)(-0.035), and the average price of wool in 
each quarter, clean, delivered in the United Kingdon, and the average level 
of der::iand for raw wool in the United Kingdon. The price elasticity for New 
Zealand wool was obtained by nultiplying the elasticity for all ~~ol by the 
fraction that New Zealm1d supplies; 



34. 

proportion of the variation in that variable can be explained by looking a t 

past values of the variable. Mills therefore concludes that an expectation 

based exclusively on an autoregressive schene is likely to yield a poor forecast 

of the next period's value. The inference fror:i Mills' argunent is not that 

traders nnd nanufacturers of wool :Gl.Dke near perfect forecasts, but rather thnt 

they are likely to take more variables into account than only historical nove-

t . . 12 nen s in prices. 

In the context of McKenzie's study, it is likely that nill consur1ption 

is one of the variables that the vrool trade would consider in foming expecta ­

tions of future price novenents. 

McKenzie 1s analysis is based on the asSUBption that in the short run, 

denand at auction is doninated by speculative purcha ses. The Bureau of Agricul­

tural Econooics neasured the responsiveness of Bill consumption t o changes in 

the price of raw wool, and obtained an estimate of price elasticity of der:iand 

for Australian wool in the vicinity of -1, whereas McKenzie measured the res­

ponsiveness of auction purchases and obtained a price elasticity for New Zealand 

wool of -6. McKenzie's estinate therefore provides son e support for the 

hypothesis that speculation is an inportant factor in dete:rr1ining wool prices 

at auction. 

The implications for the present study is that an evaluation of the nerits 

of floor and ceiling price scheoes need to take into account the possibility of 

some response by speculators. McKenzie's results suggest tha t, in general, 

speculative activity is stabilising since in equation (32) stocks vary inversely 

with price. McKenzie notes, however, that in t:iI:1es of 11 boon 11 speculators nay 

"follow the oarket" and in tines of "bust" speculators nay adopt a "wait and 

see" attitude, and in both cases denand at auction would becone very inelastic. 

The presence of a floor price when prices are low, and the presence of a ceiling 

price when prices are high :raay, therefore, generate a response in speculative 

activity which is not sinply a oovertlent along the linear or constant elasticity 

12~ Fairly extensive si.Llulation studies by Candler, refer~ed to in (3), failed 
to produce good buying guides at auction which relied solely on past price 
infonna tion. 
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denand schedule which is said to exist at nore interuediate prices. 

In the study by the Bureau of Agricultural Econonics it -was o.rgued that 

nanufacturers 1 consunption was a function of lagged prices, but tha t current 

prices wer e independent of current consunption. McKenzie, on the other h:.'Uld, 

argued that current price is a function of current consur:1ption, but t hnt current 

nill consumption is independent of current price. Such divergences of opinion 

a re in part due t o the sioplifying assULJ.ptions necessary in nodel constructi on 

and t o the l ack of r eadily available dat a t o tes t the nodel with, but they a r e 

also du e t o a basic l ack of knowledge of the oper a tion of the wool narket. The 

econouetric oodel which provides a conpl ete specification of the wool narket 

is likely t o be very conpl ex, and l ack of data is likely t o ir~pose s evere res­

trictions on its applicat i on. 

2.5 The Availability of Substitutes for Wool 

In the l ast t wo decades synthetic (non-cellulosic) fibres have becon e 

availabl e coDnercially, and have r epl a ced wool in tla.IlY of its traditional end 

uses . 

In this section t wo appr oaches t o analysing t he degree of narket pene­

tration achieved by synthetics a re discussed, The first approach investigat es 

the r el a tive t echnological coopetitiveness of alte:rn:~tive fibres, whil st the 

second estinnt es fron erapirical data the speed and likely extent of raarket 

penetration a chieved by synthetics. 

2. 5. 1 Technological Conpeti tiveness of Fibres 

Pol a sek (37) notes that nan nade fibres fall into two broad groups : 

cellulosic (nainly rayon) and non-cellulosic. In the latter group three nain 

types can be distinguished, namely polyaoides, polyesters and acrylics . 

Polyanides (for instance nylon) because of their properties of high tensile and 

abrasive strength are cooplenentary to rather than coopetitive with wool and 

are used in blends with wool. Polyesters are produced under a va riety of trade-
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marks, the best known being Terylene and Dacron. Polyesters nre often blended 

with wool as they add strength, crease retention a:nd easy care properties to 

the blends. Acrylic fibres appear under trade names such as Orlon, Acrilon, 

Oourtelle and Dralon, and because of their softness, lightness and bulkiness 

have competed with wool in the unblended fo:rm. 

Lipson (27) provides a comparison of some of the physical properties for 

wool and synthetics, These are listed in Table 2.4. It should be noted, 

however, that given the large amount of research expenditure aimed at over­

coming the defects of fibres breakthroughs in eliminating these defects are 

common. Further, different synthetic fibres have significantly different 

physical properties. 

TABLE 2. 4 A COMPARISON OF PHYSICAL PROPERTIES 
OF WJOL AND SYNTHETICS 

PROPERTY WOOL SYNTHETICS 

Strength Fair Excellent 

Resistance to insect attack Poor( 1) Excellent 

Pe:rmanent creasing ·Poor( 1) Good 

Resistance to heat and flame Excellent Poor 

Resistance to shrinkage Poor Excellent 

Dyeing properties Excellent Poor 

iV:ill processing perfo:rmance Good Fair 

Mois ture absorption Excellent Poor 

(1) Research has more or less overcome these disadvantages. 

Source: Lipson (27), p. 546. 

It is also possible to compare the "commercial" merits of wool and syn­

thetics in terms of properties such as: 

(i) availability of supplies, 

(ii) classification of the technical properties of the fibres into 

clearly defined grades, 

(iii) guarantee of quality of fibre bought, 

(iv) availability of technical advice and advertising support, and 
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(v) price stability, 

The importance of these properties depends on the rnanu:facturers 1 a ttitudes. For 

instance, with respect to price stability, Weisser (45, p. 513) notes: 

"To what extent wool price instability is the operative factor 
in any permanent switch from wool to synthetics or in the. displace­
ment of potential demand for wool is so far a matter for conjecture. 
Australian manufacturers operating integrated-mills have been most 
critical of price fluctuations associated with the free auction 
system, whereas Bradford toprnakers, specialising in risk taking , are 
strongly in favour." 

Gutman and Fead (23) note that synthetics have many commercial advantages over 

wool, in pa rticular synthetics hnve greater price stability and a more positive 

promotional programme, It could be noted that in discussions on the stability 

of synthetic prices, reference is usually made to quoted prices rather then to 

actual negotiated prices ( which are thought to be less stable), 

In comparing the physical and technical merits of wool vis a vis synthe­

tics, Boyer (1) has argued that for many purposes wool is a more satisfactory 

raw material for the manufacturer on physical grounds, but synthetics are used 

in large measure due to their considerable commercial advantages, 

2.5,2 Studies of Market Penetration by Synthetics 

A series of studies are now reviewed which attempt to describe t he speed 

and the ultimate extent of the displacement of wool in a number of its tradi­

tional end uses by synthetic fibres. The technique used in these studies is 

first described, and then attention is turned to the contribution of each study. 

The technique used, as described by Powell, Polasek and Burley (41), 

involves statistically fitting a logistic growth curve to past data on the 

consumption of wool and synthetics. The curve describes the rate of adoption 

of synthetics as a function of time, and indicates what the final extent of the 

displacement of wool is likely to be, If necessary, the effect of changes in 

the price of synthetics relative to the price of wool, in accelerating the rate 

of adoption of synthetics, can also be incorporated~ 

The logistic curve used in the studies reviewed in this section has the 



form: 

where 

yt = K/(1 + e -(a+ bt)) ( 33) 

Yt is the ratio (consumption of synthetic staples)/(consumption 

of raw virgin wool + synthetic staples), 

K is the ceiling or upper limit tha t the curve becomes assymp­

totic to (the final extent of the penetration of synthetics), 

a is the coefficient locating the logistic on the time scale~ 

b is the mte of adoption or speed at which the curve becomes 

assymptotic to K, 13 

t is time, and 

e is the base of the natural logari tr..ms. 

A graphical exposition of the infonnation provided by the logistic growth 

curve is given in Figure 2.3. 
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Wool 1 s 
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\ -._(ii) 
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FIGURE 2. 3 EXAMPLE OF LOGISTIC CURVE 

Source: Polasek and Powell (38) p. 22. 

1.3. Powell, Polasek and Burley (41) refonnulated b in order to include the 
effect of the relative prices of ¥~ol and synthetics accelernting the rate 
of adaption. 



39. 

The upper limit of the penetration by synthetics in Figure 2. 3 is 50%, 

and the process of market adjustment takes place over a period of ten years. 

Three phases in the adoption of synthetics can be distinguished: (i) the 

initial innovational impact, (ii) the gradual assimilation of synthetics, and 

(iii) a relatively stable market adjustment giving a long run equilibrium. 

The logistic growth curve approach infers what happened rather than 

explains why it happened, since it describes the general trend of synthetic 

penetration and does not isolate the market forces at work except perhaps in 

the case of relative fibre priceo . Further, it implicitly assumes a constant 

technology, and this reduces the usefulness of the method for predictive 

purposes . The method does, however, provide a convenient summary measure of 

market adjustment. 

Turning now to an analysis of the results using this t ech..YJ.ique , Polasek 

and Powell (38) contended that two appr oaches to the analysis of the penetra­

tion of synthetics were practicable . The first approach focussed attention on 

inter- fibre substitution at the mill level . This assumes tha t a substantial 

amount of the changes in the proportion of fibre used is determined by the tech­

nology of the fibres, subject to acceleration by relative prices and promotion 

expenditure . Polasek and Powell noted that for the first approach, s ince 

synthetics were in the early stages of development, the changes in the propor­

tion of fibre use was due to the manufacturers' initiative, rather than the 

consumers ' choice. 

The second approach suggested by Polasek and Powell utilised statistical 

information on the changing fibre composition of a series of end products. This 

approach would indicate those garments and other end products where substantial 

synthetic penetration had occurred . 

Using the first approach (discussed above), Powell, Polasek and Burley 

(41) studied the substitution of synthetics for wool by manufacturers in the 

United States, using quarterly data for the period 1954 to 1962. The logistic 
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growth function, given in equation (33) explained 96% of the variance in the 

data used. In this analysis the rate of adoption of synthetics was only a 

function of time, and the relative price effect m.s ignored. The ceiling, K, 

was estimated to be a little over 5o%. One might argue that as the price of 

wool relative to synthetics rose, the trend towards an increased use of syn­

thetics would accelerate. The study by Powell, Polasek and Burley showed, 

however, that the inclusion of relative prices as an explanatory variable 

reduced the accuracy of fit. The conclusion that relative prices are of no 

interest in the adjustment process may be erroneous since relative prices, as 

an explanatory variable, were only lagged by three months and for a ma jor 

decision like switching from wool to synthetics a longer lag might be justified. 

The introduction of the price variable did however substantiate the 

suggestion of Ferguson and Polasek (17) that there was a structural change in 

the United States wool in 1958 • .Any set of estimates prior to mid 1958 under­

sta ted the rate of growth of the consumption of synthetics after 1958. 

The second approach applies the logistic growth curve to statistics on 

the changing fibre composition of a number of end products. Polasek and Powell 

(38), using the same technique as above, quantified the trend against wool for 

a wide range of end products. Items suitable for casual wear had a high or 

intermediate ceiling~ some over 80%. For women 1s apparel the ceiling varied 

considerably. For non-apparel end uses, e.g. drapery, upholstery, blankets and 

carpets, there was a high to intermediate ceiling. Aggregate data \11/8.S then 

used and, although there was some difficulty with the index number problem, the 

ceiling for the United States was 5o% with or without carpet wools being 

included. 

A further study using the logistic curve, by Polasek and Powell (39), 

indicated the logistic trends in a number of the main wool consuming countries, 

and indicated which countries could expect further displacement of wool. 

In the light of more recent data Gruen et al. (22) have recalculated a 
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number of the above results. The recalculations indicated that the earlier 

proje~tions under-estimated the ceiling in synthetics share of the market. Two 

main reasons were ~ggested; firstly there has been quality improvement in 

synthetics (that is technology has not remained constant), and secondly the 

change of relative prices has been markedly in favour of synthetics , and that 

this factor becomes more important close to the ceiling. 

2.6 The Reference Cycle Approach 

• Fluctuations in the business activity in the textile industry •an be 

considered in terms of cycles in a number of economic variables; namely, 

output, prices, stocks and orders . The reference cycle approach a tt~~pts to 

establish the interdependence of these variables by first documenting how these 

cycles are related , and then explaining why the variables are related. 

Zarnowitz (52) has observed that some relationship between output, 

prices, stocks and orders exists since changes in demand f or a commodity can 

be met by : 

(i) increases or decreases in output and/or price, 

(ii) depletion or replenishment of stocks, and/or 

(iii) accumulating or running down orders. 

Phillips (35) has attempted to relate fluctuations in Japanese wool 

textile activity to wool price movements at Australian auctions. 

"The questions that have been put to the data are several . 
Are fluctuations initiated by changes in general economic activity, 
consumer incomes, or retail sales of clothing or are they caused by 
changing expectations and stockholding at intermediate stages of the 
production process? Or, is there a combination of both factors opera­
ting? If so, what is the time sequence of transmission of fluctua tions. 
Do these factors result in magnification of activity amplitude, if so 
from where does the stimulus originate and is it intensified or damped 
at any stage? 11 14 

Phillips argues that stocks (of raw materials, goods in process and 

finished goods) are not merely held for speculative purposes, but rather serve 

a wide range of functions. The reasons for holding stocks under perfect 

14. Phillips (35), p. 89. 
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knowledge situations were given as; economies of purchasing and leads in the 

ordering of raw materials, and to overcome seasonal variations in the demand 

for finished goods. In conditions of uncertainty additional reasons were; 

stocks of purchased raw materials may be needed as a hedge against price changes 

and against shortages or delays in supplies, and stocks of finished goods may 

be needed to smooth the production flow and to overcome unforeseen fluctuations 

in demand. The reasons listed for restricting stockhold:ing were; cost of 

storage, physical deterioration and the risk of economic deterioration, and 

because stockholding tied up capital which could be used elsewhere . 

To explain either the initiation or the continuance of cyclical activity 

in the Japanese wool textile industry three mechanisms were postulated . 

The first mechanism hypothesised a constant stock to sales r a tio. This 

implied the simplest form of the accelerator model, a technological or mecha­

nical model of business behaviour where the net investment i s a function of the 

rate of change :in output. 15 It also implies the relatively instantaneous 

transmission of demand from the retailer back along the marketing chain, r:nd, 

further, an increase in the amplitude of fluctuations in demand from retail t o 

auction. 

The second mechanism which was postulated was a long term and a short 

term speculative model . In the long term model, cycles were initia ted and 

curta iled by expectations resulting from movements in general economic activity. 

The cumulative increases or decreases :in demand which moved along the marketing 

chain were produced by speculation. Whereas the accelerator mechanism is 

essentially based on past changes in consumer demand, the long term speculative 

model is based on expectations of future consumer demand. 

The short term speculative model suggests that short term cycles were 

irrational, and were caused by waves of over optimism and over pessimism of 

expectations in responding to changes in consumer demand. Phillips argu.~d that 

15. A retarda tion in rate of increase in output will cause an absolute fall in 
net investment, thus cycles in net investment should lead cycles in output . 
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the expectations of speculators could become divorced from consumer demand. · 

The third mechanism which was postulated involved a combination of the 

first and second model s discussed above. 

The data that Phillips presents does display cyclical tendencies . 16 In 

Figure 2.4, raw wool consumption, yarn production and fabric production have 

been graphed for the period 1951 to 1963. It can be seen tha t these ~ctivities 

move up and down at more or less the same time, rather than being l agged by 

time required for the physical flow of goods . This is a basic finding of the 

r eference cycle approach; it is s-tooks and orders, rather than the nc~l flo w 

of goods through sequentia l physical ope:m.tions, which express the transmi ssion 

of demand . 
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16. Techniques have been developed, to a large extent by the National Bureau 
of Economic Research, to provide a reference frame for defining cyclical 
movements. 
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Monthly deseasonalised data of stocks of yarn 1 tops and raw wool were 

also charted . The stocks of purchased materials increased during periods of 

cyclical expansion in production, and decreased during periods of ·cyclical 

contraction. Spinners' stocks of finished goods moved inversely to the 

reference fro.me indicating the inverse relationship between final (buffer) 

stocks and sales, while weaversi fabrics showed no conformity. Here the study 

of the movement of orders would probably explain more, since weavers tend to 

work to order rather than to stock. Stocks of tops, which are n hybrid of mw 

materials, goods in process and finished goods, also showed no relation to the 

cyclical trend. 

The mover:ient in the yam price series shared nll the movements of the 

output series. The raw vvool price series also showed a considerable conformity 

to the trends in production. Both the yam and the raw wool price series showed 

a fairly consistent lead over the output series. 

Phillips' conclusion was that the three mechanisms were unsuccessful in 

explaining the initiation of the cyclical activity from consumers' purchases 

of wool textiles, and their transmission back along the marketing chain 11 due 

perhaps to the inadequacies of data or, more fundamentally, to the method of 

1.nquiry • II 17 

The part played by inventories in transmitting and increasing the ampli­

tude of movements in demand was apparent, however, in that stocks of purchased 

materials varied positively with the output series. 

Further, the price series conformed to variations in demand as measured 

by inventory investment . 

Perhaps the most important aspect of the study was the charting of 

monthly data, and indicating the relationships between the output, price and 

stock series and the relationships within each series between the various stages 

of production. Although considerable attention was paid to the importance of 

17. Phillips (35), p; 143. 
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stocks, the mo dels postulated for the initiation and transmi ssion of cyclical 

behaviour were simple and were expressed in descriptive terms. The ability of 

the models in explaining the cyclical behaviour was only tested by a visual 

analysis of the charts. 

Sum.r:iary 

In this chapter, literature on five different topics has been reviewed. 

The topics covered were : a description of the manufa cturing processes ; the 

extent of wool price fluctuations ; estinates of the price elasticity of 

demand; t he ava ilability of substitutes f or ¥~ol; and a~ applica tion of the 

reference cycle approach t o the wool marketing system. 

A description of the complexity of the mnnufa cturing pro cesses involved 

in converting gr easy wool into the final product indicates t he difficulties 

involved i n tTa.rfsf_e.IT:i..ng informati on from t he final consur.ier ba.ck t o the grovrnrs . 

It also indicates tha t the marketing of wool i s by no means completed once t he 

wool has been sold by auction. 

In documenting price fluctuations , three different types of fluctuations 

were distinguished; namely, fluctuations in price between wool types, fluc­

tuations in the a verage price of all wool over time , and a comparison of 

fluctuations in the average price of raw wool with r el a t ed futures , tops :1.nd 

yarn prices . Of particular importance in constructing a model of the operation 

of wool auctions is the observation t hat the prices of eight ma j or wool types 

tend t o move together. This provides some justifica tion f or considering the 

average price of all wool, ·thus avoiding the tedious process of cons idering the 

prices of a number of individual wool types. 

Three studies which have estimated the price elasticity of demand have 

been reviewed. The estimated values of price elasticity ranged from -1 t o -10. 

A number of short-comings were noted in t he studies, and these indicate the 

difficulties involved in estimating the price elasticity of demand a t auction. 

All three analyses assumed a constant elasticity of demand, but it is unlikely 
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that this assumption is correct. 

Two approaches to considering the impact of the availability of synthetic 

substitutes for wool have been distinguished. The first approach •involved a 

discussion of the physical and commercial merits of wool vis a vis synthetics. 

It is possible that although wool may be a more satisfactory raw material fo~ 

manufacturers because of its physical properties, synthetics may be preferred 

because of substantial commercial advantages. The second approach makes use of 

logistic growth curves to summarise the speed and likely extent of market pene­

tration by synthetic fibres. 

The reference cycle approach attempts to SUII1L1arise how, and explain why, 

cycles in output, prices, stocks and orders are related. The study by Phillips 

indicated tha t some cyclical activity vva.s present, but because of data inade­

quacies and the methodological approach used it was not possible t o dis tinguish 

clea rly the relationships between the variables. 
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CHAPTER 3 

THE AUCTION SUB-SYST:EllI AND ALTERNATIVE MARKETING POLICIES 

3.1 Introduction 

This chapter describes sone features of the operation of the nuction sub­

system in detail, and indicates the considerations which are of interest in an 

assessment of altermtive price containment scher:i.es. This chapter therefore 

11 sets the stage" for the develop:raent of the wool marketing simulation ;:aodel in 

Chapter 5. 

Initially a brief description of the growers 1 supply of wool is provided. 

The chapter then proceeds t o a description of the actual process of sale by 

auction, covering t opics such as the preparation and display of wool, the 

classification of wool, and the activities of the New Zealand Wool Cor.n~ission. 

In the next section, the demand f or wool at auction is discussed, by 

exrunining, firstly, some of the characteristics of demand for wool, and then 

the problems involved in formulating a reclistic der:iand function for wool. The 

formulation of a de:oand function is a necessary prerequisite for the an..'7.lysis 

of alternative Wool Comm.ission floor and ceiling price policies, since we have 

to argue what would have happened with alternative floor/ceiling price policies . 

FinEtl.ly the section contains a discussion of the possible effects of the Wool 

Cor:unission1 s policy on demand. 

Attention is then turned to a consideration of wool marketing policies, 

particularly floor/ceiling price policies, which can be superimposed on the 

wool auction and the objective of these policies. The section also includes a 

brief sur::nnary of the history of wool price stabilisation in New Zealand. 

The next section•is concerned with the problem of comparing the "success" 

of alternative Wool Cor:JL1ission floor and ceiling price policies. A nuober of 

summary raeasures which are likely to be of interest in describing the outcone 

of a Wool Commission policy are defined. 



48. 

A limited nUL1ber of simulations, testing the effect of alternative floor 

and ceiling price policies, have been carried out in the Australian context, 

and the chapter proceeds with a review of these studies. 

The chapter concludes with a sunmary of the important ideas contained 

in the chapter which have relevance for the construction of a nodel of the 

auction sub-system. 

3.2 Growers 1 Supply of Wool 

3.2.1 Production of Wool 

Wool is supplied by growers on a seasonal basis meaning that, without 

supply control, through each season the quantity of 'WOOl being sold varies, 

and considerable changes in the composition of the clip occurs . The variation 

in quantity sold through each season is illustrated in the partial listing of 

the data used in this study given in Appendix c. This data consists of weekly 

readings of average price and quantity of wool sold for the 1965/66 season. It 

can be seen that in a number of weeks during winter no wool is sold. 1 The 

composition of the clip varies through each season since different categories 

of wool are shorn through each season, and 'WOOl is usually sold at auction soon 

after it is shorn. This latter aspect is developed more fully in section 3. 3.4. 

The supply of 'WOOl is price inelastic both within a season, and between 

a limited nuober of seasons; that is, given a certain percentage change in the 

price of 'WOol, the percentage change in the quantity supplied is very stlall . 

Supply is price inelastic in the short tenn because the anount of wool produced 

is largely a function of sheep numbers, and the anount of wool held by growers 

froo one season to the next is a snall and relatively constant aoount . Over 

the longer term supply also tenas to be price inelastic due to the presence of 

joint products of meat and. wool. 

Over a series of seasons there is a trend towards increased production. 

1. This is in spite of the Wool Board-Wool Commission1 s attempt to extend 
auction sales over more of the season. 
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Changes in the supply of wool away fron this trend owing to a change in price 

would take three or four seasons to eventuate. 

3.2.2 Disposal of Wool 

In New Zealand there is no control over the way in which a grower disposes 

of his clip; 2 he may sell privately, or sell by aucti on in London or New 

Zealand. The no. jority of New Zealand wool i s sold by the l ast 2ethod. Reasons 

f or only a limited ao.ount of wool being sold by auction in London include the 

delay in the r eceipt of payr~ent, suspicion thct the average price tends to be 

l ower in London, and the general convenienc e of l ocal sales. 

The figure that Fraser (19) gives for t he extent of privnt e sales and 

sales by aucti on over seas , principally London, is 11% of the New Zealand clip. 

The ac tual pro cess of the growers 1 supply of wool t o New Zenlnnd auctions 

begins with the sorting of wool into wore or l ess honogeneous bins from which 

it is pressed into 320 t o 350 lb. bales in the sheering shed. The bales a re 

.oarked with the grower 1 s brand, a description of t he wool, and a r e nunbered 

consecutively. Growers arrange f or the transport of their wool fron the 

shearing shed t o the vvool broker1s s t ore . In addition, growers nay provide 

infomation t o the broker on t he r equired preparation of the wool, and whet her 

a res erve is t o be put on his wool when it is offered at auction. A r eserve 

price is the niniraUI:1 price which is accep t a ble t o the grower , and if this price 

is not reached the wool will be retained by the grower. 

A Description of Sale by Auction 

This section provides infonaation on: the classification of wool, the 

preparation and display of wool, the distribution of lot sizes sol d nt auction, 

the seasonal distribution of wool types sold at nuction, the auction sale 

procedure, the activities of buyers, and the activities of the Wool Cor:unission. 

2. Other then the requirement that all f oreign exchange earned must be repat­
riated through the banking system. 
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3.341 Classification of Wool 

Although treated in most empirical work as a honogeneous commodity , wool 

is in fact extreraely heterogeneous. At present the New Zealand Wool Cor:inission 

has classified well over a thousand wool types, based on quality nuuber, style, 

type and length of wool. A number of these criteria which are used for clas­

sifying wool are discussed by Fraser (19). 

Qua.lity nuaber indicates how fine a thread can be spun fro:n. the wooli 

historicc~ly it referred to the ntrrtlber of (560 yard) hanks per potmd of y2rn. 

Fibre fineness is the most i,,;iport2..nt deterr,1inant of quality number 2..l thoug."IJ. 

cr:i.Bp, handle and lustre r:ire significant . 

Style refers to such factors as unsoundness in the fleece (such a s 

breaks and tenderness), cotting, vegetable nnd mineral contnnin.2.tion, tippy­

ness or hair-yness, nnd stains . 

Type depends on the breed of sheep, position of the v~ol on the sheep, 

and the time of shearing. 

Length is self explanatory - it affects the tensile strength of the 

yarn which can be spun froo the wool and hence dictates to a certain extent the 

process and gament in which the wool will be used. 

Another factor in the appraisal of wool is yield. This refers to the 

percentage of clean wool in a saople of greasy v~ol. The rer:iaining percentage 

is comprised of wool grease, swint fron the sweat glands, and vegetable nnd 

mineral contnoinants . 

Greasy wool prices depend to a varying extent on all of these factors. 

At present the determination of the.physical characteristics and hence the vn.lue 

of v10ol can be considered to be subjective , rather than objective, ~s the above 

ch::,_racteristics of wool are detemined by visuo.l and tactile tests. 

3. 3,. 2 Preparation and Display of Wool 

The handling and display of wool prior to sale by auction is carried out 

by wool brokers on behalf of growers . The preparation of wool for sale nay be 
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partly or completely done by the grower, or left to the broker. 

Preparation of wool by the broker, when instructed by the grower, can 

involve reclassing, binning and interlotting. Reclassing refers to one grower's 

wool being classified by the broker according to Wool CoI1I;1ission types. Binning 

involves the pooling of fleeces owned by a nunber of growers into one even line 

of bales of the sane type. In recent seasons approxif'.lately 6Cf/o of wool offered 

at auction in New Zealand ~ns binned or reclassed by brokers. 

A lot is the unit ar.1ount of wool being sold by the auctioneer at one 

time at auction, and is comprised of n nUL1ber of bales of the SE'.Be wool type. 

Interlotting involves combining a nunber of small lots of the sane wool type 

into one larger l ot. Approximately 6% of New Zealand V10ol is handled in this 

ma".111.er . 

At present in New Zealand the degr ee of preparation of wool prior t o 

sale is left to the grower and/or the broker t o dec ide, and standards of pr e­

paration are not enforceable. 

Wool is displayed to prospective buyers in well lit sheds t o which 

buyers have access, and a limited nUIJ.ber of bales are opened for inspection. 

The wool buyer notes his assessuent of the wool in which he is interested in a 

catalogue provided by the broker. 

Regulations regarding the display of wool are jointly agreed to by ~~ol 

brokers and wool buyers, and cover points such as the stacking of tho bales and 

the proportion of bales to be opened . The wool broker Dakes no undertaking as 

to the quo.lity of the wool being displayed, except that the bales which arc 

opened for inspection are representative of each lot. 

3.3.3 Distribution of Lot Sizes Sold at Auction 

An analysis of the distribution of sizes of lots sold at New Zealand 

auctions has been carried out by Pierse and Beggs (36) in order to cxaLJ.ine the 

effect of lot size on price. Their findings are·recorded in Table· 3.1 for the 

1964/65 season. Pierse and Beggs reviewed their findings on the distribution 
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TABLE 3.1 : DISTRIBUTION OF SIZES OF LOTS SOLD AT AUCTION 

Lot Size (bales) I No. of Lots % l No. of Bales % i 
' \ 

I 

1 - 6 64,360 48.8 287,747 
21.s l 

7 - 10 31,618 23.9 260,368 19.9 
11 - 15 16,166 12. 3 204,714 15.8 

16 - 20 7,313 5. 5 129,705 9.8 

21 - 25 4,949 3.8 14,805 8.7 

26 and over 7,610 5.8 315,036 24.0 

Total 132,016 100 I 1,312,375 100 

Source: Pierse and Beggs (36), p. 1 
of lot sizes by noting that almost half the time at an auction sale is devoted 

to selling one fifth of the clip (the 1 - 6 bale lot category) while , at t he 

o ther extreme , one sixteenth of the time is spent selling one quarter of the 

clip. Further, they showed that so.all l ots and some very l arge l ots wer e sold 

at auction a t a perceptible discount. 

3.3.4 Seasonal Distribution of Wool Types Sold a t Auction 

Once the sheep have been shorn the wool is usually i.Innediately sent to 

brokers. One reason for growers doing this is the fear that there is a down­

ward trend in prices over the season. Because different wool types are shorn 

at different times of the season, the composition of wool types being sold at 

auction varies through the season. 

During the winter 0.onths crutchings , oddments and some second shear ar e 

sold, although, as mentioned earlier, there are a nuraber of weeks in which no 

wool is sold. In September, October and NoveBber hogget wool is sold. From 

Noveober to March the main fleece cor:ies onto the narket . During February, 

March and April the bulk of lamb 1s wool is sold. 

In evaluating fluctuations in the average price for all wool types over 

time, care needs t o be taken that the mover:ients. in price due to the changing 

composition of wool being sold are taken into account. 
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3. 3. 5 Auction Sale Procedure 

In New Zealand there are eight selling centres at which wool is sold, 

four in the North Island and four in the South Island., A roster of auction 

sales, detailing the date of the sale and the selling centre , is drnwrt up a t 

the beginning of each season. 

Sale by auction is a s:i.m.ple uethod of passing wool froo the grower t o 

the buyer. Each lot is sold to the highest bidder. The grower can, if he 

desires, place n r eserve price on hi s wool, below which the ~~ol cannot be 

sold, however the use of this practice is very liDi ted. In order t o enforce 

the floor price, the Wool Corinission purchases wool which othe:r;vise would have 

sold below the flo or. 3 The stocks of wool are subsequently r esol d through 

auc tion. 

3.3.6 Activities of Buyers 

Wool is displayed prior t o the aucti on sale to allow the buyer to 

exa.Dine the lots which interes t hiD and to enable hiD t o note his own estimate 

of the wool type and yield of each l ot. In the situation where the buyer is 

acting on behalf of a client the estir.w.te of yield is used t o calculate the 

greasy price liDit fron the clean price limit specified by the client. The 

greasy price l:i.m.it then becomes the m3.Xiraurn price the buyer is prepared t o pay , 

and this foms the basis of his bidding a t auction. A more detailed discussi on 

of the purchasing armngenents between buyer and client is given in the following 

section. 

Where the buyer1 s assessnent of the classification of the wool is con­

sidered incorrect by the client, the client is able to clail.1 aonpensation. 

After the sale, bales which were opened for the purposes of display are 

sewn up and counte:rmarks requested by buyers are put on the bales. Space in 

ships is booked to ensure prompt shipment of wool overseas. Buyers pay for 

3. The current form of supporting growers 1 incone, the deficiency paynent 
scheme, is outlined in section 3.5.2. 
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their purchases on 11 prompt date 11 , that is eighteen days after the sale. 

3,3,7 Activities of Wool CoI!Jlilission 

The first duty of the Wool Co:c:unission, in conjunction with other interes­

ted bodies, is to set the average floor price at the beginning of each season, 

and a barer:ie of floor prices for each wool type, Factors which arc taken i .nto 

account in making these decisions are discussed in a later section. 

The 11 day to day11 activities of the Wool Cor.imission in mainto.ining the 

floor price first involve o.n appraisal of all wool which is to be sold at 

auction, both in New Zealand and in London. The Wool Commission1 s valuers 

place n floor price on every lot which is to be sold at auction. At nuction, 

if the bidding for a given lot does not rise above the floo r price, the Wool 

CoEJnission1 s buyers bid the floor price. If the co:r::u:iercial buyer wishes t o 

purchase that lot, he Bust bid higher. Once wool has been passed t o the Wool 

Cor:iDission, growers (or dealers who have bought wool direct fron growers) nay: 

(i) through their brokers, negotiate a higher price with buyers, 

(ii) accept the Wool Comnission1s floor price, or 

(iii) withdraw their wool, and subsequently re-offer it at auction 

(and again receive protection). 

The second possibility is the one nost cor:nnonly used. 

Demand for Wool at Auction 

This section provides a brief analysis of the denand for v~ ol at auction. 

Initially a study which sur;:rr;iarises reasons for short tem fluctuations in price 

at auction is reviewed. This is followed by a discussion of the purchasing 

arm.ngeraents that buyers adopt in supplying wool to nanufacturers. Sone co!ill:lents 

are then made on the existance of both speculative and trading conponents in 

the demand at auction. The section continues with o. discussion of tho assunp­

tions which need to be nade in order to specify a function for the doo.o.nd for 

wool. Fin.'1.lly, there is an analysis of sone of the possible effects of floor 
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and ceiling price policies on the dcoa.nd for wool~ 

3. 4. 1 A Model of Buyer Beha.vior at Auction 

In section 2.3 studies which docunented the extent of wool price fluc­

tuations at auction were reviewed. One type of price fluctuations considered 

was variations in the price of one wool type on one day. Whan and Richardson 

(46) have constructed a model which atteo.pts t o account for the price varia ­

bility of one wool type during one sale. They list three factors which ~~uld 

lead to variations in the price paid for identical lots during one sale. The 

first factor is tha t there are variations in the denand for wool caused by 

buyers withdrawing fron, or entering the market, according t o sonc buying 

strategy. An exanple is where buyers withdraw fron bidding when they rove 

filled the orders for wool they rove r eceived from nnnufacturers mid other 

clients. The second factor leading t o price variability is that price lir.lits 

for one wool type differ between buyers. The price liDi t is the r:iaxir.1un price 

that each buyer is prepared t o pay, and is deteroLDed by factors such as the 

"efficiency" of the buyer and the requirements of the nanufo.cturor he is acting 

on behalf of. With effective nark et intelligence it is unlikely tha t pr-lee 

l:i.Di ts will vary over a wide range . 

Thirdly, variations in price result fron errors in the estiDation of the 

value of wol which occur since the technical characteristics of wool a.re 

est:inated on a subjective basis. 

The auction serves the double purpose of transfering ownership of v,ool 

and deternining the price at which it will be transferred. In the absence of 

perfect inforoation (which would rwke the auction unnecessn.ry) there are bound 

to be different opinions about the value of wool, and these differences result 

in price variations for successive lots of identical wool as buyers feel their 

way towards an "equilibrium" price level. 



3.4.2 Purchasing Arrangeo.ents 

Since an overseas manuf'acturer cannot obtain wool directly fron New 

Zealand auctions, he oust employ sooeone to buy wool on his behalf. Wool buyers 

therefore purchase wool at auction either to fill orders which hnve already 

been placed by manuf'acturers, or to hold in stock until sale can be negotiated 

at a later date. 

The Report of the Wool Marketing CoDI:l.i ttee of Enquiry ( 48) ( the Philp 

Report) listed four ran.jar nethods by which buyers fill orders. These are : 

(i) Comission Buying. ComDission buying refers to wool purchnsed 

against orders for a..Yl agreed mte of commission. An order fron a oc.nufncturer 

specifies that a particular quantity of a particular wool type, at or below a 

given price is to be purcho.sed . The cor:rr:iission buyer usuo.lly fills orders by 

entering the auction r:iarket, rather than fron stocks, or fron other buyers . 

The comnission received is in the region of 2 to 3% of the cost of the wo ol. 

(ii) Merchanting. The nerchant,at the tine he purchases wool, either 

within or outside auction, ms no specific orders to fill and stocks of wool 

are held for sale at a later date. Wool is purchased for a variety of 

reasons; the current price at auction my be expected to rise, the price of 

poorly prepared wool Iilay be raised by reclassing1 or because sales nt a letter 

date are anticipated . 

(iii) Fim Offer. The wool buyer and client agree on the price of a 

given quantity of a particular wool type to be delivered irill~edintely, that is, 

within one nonth. The buyer fills the contract by either entering the auction 

market, or froo his stocks. 

(iv) Forward Sales. The wool buyer contracts to sell a particulnr 

quantity of a particular type of wool at a fixed price (usu.ally below nnrket 

price) for a delivery date which is more than one nonth in the future. The 

wool buyer nay fill the order by entering the narket some t:i.JJ.e before the 

delivery date, or fro1;:i his stocks. 
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The forward sales 1 price is likely to be at or below the current auction 

price. If the agreed forward price was below the market, 4 the manufacturer 

profits. If the agreed forward price was above the market at some· point in 

time then the wool buyer may make a profit. 5 The forward price is tied to the 

price of wool futures, and the cost of wool storage, insurance and interes t on 

capital involved. 

In the above discussion four methods of buying and selling wool have 

been listed, not four distinct categories of buyers. A buyer may employ a 

number of the buying methods. 

3.4.3 The Speculative Component of Demand at Auction 

An element of speculation exists at auction partly because of purchasing 

policies adopted by wool buyers, and also because of manufactur er s ' inventory 

policies and ordering strategies . Buyers, when adopting a merchanting role, 

may speculate at auction for t wo distinct reasons. The first reason is that 

they buy wool in anticipation of receiving orders. Most buyers who have opera­

ted in the auction market for some length of time have built up a clientele of 

manufacturers. From the historical pattern of the placement of orders by thes e 

manufacturers, the buyers can expect a similar pattern in the current season, 

and may enter the market early to fill these orders. 

Secondly, buyers may engage in pure speculation, where orders have not 

been placed with buyers and are not anticipated, but purchases (or sales) are 

made because wool prices are expected to rise (or to fall). Buyers who engage 

in for,,,rard selling can also be considered a speculative element since they buy 

at an appropriate time before the forward contract is due. 

A buyer may operate in both the spot (or the forward) market and the 
. 

futures market, either to reduce the uncertainty of adverse price movements, 

4. Actually "below the price at which vvool could have been bought and held 
until needed." Thus "below the market" refers to prices over the entire 
period of the fo:rward contract, and not at the time of delivery. 

5. If he has the knowledge to buy .vool at the most opportune point of time. 
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or to speculate further. The buyer may hedge his profit (made by buying and 

selling wool at different points in time) by selling futures when he buys wool 

on the spot market and buying futures when he sells wool. The buyer hopes that 

through this operation any rise or fall in prices on the spot market is matched 

by corresponding movements in the price of futures. To the extent tha t the 

spot price rises above the futures price ( 11 backwardation"), or the futures 

price rises above the spot price ( 11contango") arbitraging_ between the two 

markets may prove to be profitable. In this case the buyer is not trying to 

make a profit through a bsolute price movements on one market, but rather in 

rela tive price movements between markets. 

Speculation a t auction may also exist because of manufacturers 1 inven­

tory policies and ordering strategies. Some element of speculation exists if 

only because a time lag occurs between purchase at auction and a rrival a t 

factory, or purchase at auction and the placement of orders for t he manufa ctu­

rer's product. The manufacturer may attempt to reduce the uncerta inty of 

adverse price movements at auction through placing himself in a "nil ownership 

posi tion11 by entering the futures market, or by undertaking forward buying. 

3.4.4 Fo:rmulation of . a Demand Function for Wool 

For the purpose of empirical research into the operations of the wool 

auction under alternative floor and ceiling price policies it is neces sary to 

decide on the fonn of the demand function for wool, and the appropria t e value 

(or range of values) for the price elasticity of demand. The form of the demand 

function and the value of price elasticity of demand are of crucial importance 

in evaluating the merits of alternative Wool Commission floor and ceiling price 

policies; that is, they largely determine the effect of Wool Commission pur­

chases and sales on variables such as weekly average price, variance in price, 

Wool Commission profits, and grower profits. 

In econometric analyses which estimate the price elasticity of demand 

for wool, the usual assumption made regarding the form of the demand function 
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is that it is linear or has a constant elasticity along its length, In the 

absence of such assumptions very serious estimation problems would be encoun­

tered. 

Although there are no empirical grounds for assuming that price elasti­

city of demand for wool is constant for periods of high and low prices, or that 

demand is linear with respect to price there is equally little evidence to show 

how elasticity would vary through time. A study by the Bureau of Agricultural 

Economics (47) tested the hypothesis that demand is more elastic in periods of 

high prices than in periods of low prices. The difference in the estimates of 

price elasticity between high and low prices was not statistically significant. 

Dulay and Parish (15) have summarised three theoretical arguments con­

cerning the relationship between price elasticity and the level of price. 

Firstly, the demand for wool is derived from the demand for woollen products, 

and, according to Marshallian derived demand theory, the derived demand for a 

factor of production used in fixed proportions with other factors will be more 

elastic the greater the fraction of total cost that goes to the factor in 

question. It follows that in periods of high prices, demand tends to be more 

elastic. 

The second argument had been put forward by Grubel ( 20). During periods 

of high demand for a manufadturing finn 1 s products the price of the factor in­

put rises, but firms are usually reluctant to substitute other factors because 

factor substitution is typically accompanied by technical uncertainties and 

temporary reductions in output. Therefore, during a boom, demand is likely to 

be more inelastic. 

The third argument was attributed to Powell and Campbell (42), and 

suggests .that the elasticity for Australian wool would become more inelastic 

when the (hypothetical) Australian marketing authority sells wool at auction 

during periods of high price. This is because, for a given elasticity of demand 

in the world market, the demand facing a single country will be less elastic the 
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greater that country's share of the world market. 

Estimates of the price elasticity of demand obtained from the economet­

ric studies reviewed in the preceding chapter vary considerably. •The value of 

price elasticity ranged from -1 to -10; that is, with at 1% change in price 

the quantity demanded changed, in the opposite direction,by 1 to 10}h. 

In the present thesis, both linear and constant elasticity demand 

schedules have been employed, and a range of values for price elasticity from 

-0.25 to -8.0 have been tested. 

3.4.5 Effect of Wool Commission1s Policies on Demand 

When the Wool Commission is opera.ting in the auction market, enforcing 

floor and ceiling price policies, changes are likely to occur in the demand 

for wool by the trade in each sale. Three reasons for changes in the qUc..9.Iltity 

of wool demanded can be distinguished. Firstly, changes in the quantity deman­

ded will result from changes in price, and the extent of these changes in 

demand can be calculated from the wool trade~s demand function. These changes 

in the quantity demanded involve shifts along the wool trade 1s demand curve, 

and are independent of any reaction to the intervention in the wool auctions 

by the Wool Commission. In this case, overall demand is unchanged. 

Secondly, changes in demand will result if, in the long term, the wool 

trade's demand curve shifts .. A shift to the right, indicating an expansion in 

demand, may occur as a result of wool becoming a more acceptable raw material 

for manufacturers because of the price stabilisation achieved by the Wool 

Commission. The demand curve may shift to the left, indicating a contraction 

in demand, because of the wool trade 1s attitude to the "interference" by the 

Wool Commission. 

The third reason for expecting some changes in demand is the immediate 

response by the wool trade to changed conditions at auction. In particular, 

speculative purchases and sales of raw vvool may be made, which would not have 

been made in the absence of Wool Commission activity. Some of the factors 
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which might lead to these inter-temporal shifts in demand are now examined. 

As the price at auction moves towards the floor (and as long as the 

floor is below a generally accepted long term equilibrium price the trade 

believes the floor lr.i.11 be held) then demand is likely to expand since the trade 

can expect that price will fall no further. This is evident from the number of 

times the Wool Commission has bidded on lots at auction, and the smaller number 

of lots the Wool Commission has actually bought. Gruen (21) provides figures 

for the South African Wool Commission's operations. The floor price may ter­

minate a cumulative speculative price decline where the price of wool is below 

its real market value, but buyers do not enter the market as they expect 

further price declines. Speculators may also buy at the floor since they can 

be assured of making a profit when prices rise. Note, however, tha t if the 

"floor" is set above a price that the trade would accept as a l ong t erm equili­

brium price, then there may be no speculative support for the floor, because 

the trade expects the floor to collapse befo-re prices rise fror;i it. 

Increased demand at the floor is more likely to occur where only a small 

number of purchases are made by the Wool Commission than in the case where the 

Wool Commission is required to purchase a substantial proportion of the clip. 

In the latter case, the purpose of the floor, as seen by the buyer, is likely 

to change from being a stabilising influence, to holding wool prices above 

their true market value. If the Wool Commission is running out of funds, or if 

the season is drawing to a close then the credibility of the floor may be 

affected and in this case buyers may withdraw from the market and adopt a 11wait 

and see" attitude. This withdrawal of speculative support would cause the 

authority to buy a greater proportion of the clip, and would increase the like­

lihood of the floor being lowered. 

Similar arguments can be put forward as to why the demand for wool nay 

be reduced at the ceiling price. 

Another response by the wool trade to changed conditions at New Zealand 

.. 
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auctions may occur where the prices at New Zealand auctions beco:n.e out of line 

with prices overseas. If wool is cheaper at New Zealand auctions than overseas 

then demand at New Zealand auctions is likely to increase. Conversely if wool 

is cheaper overseas, then demand at New Zealand auctions is likely to decrease. 

The level of Wool Commission stocks may also affect demand at New Zealand auc­

tions. 

The changes in demand due to changed conditions existing a t auction is 

termed the "net speculative effect" of the Wool Commission activities. This 

net speculative demand refers to speculative purchases (and sales) net of the 

speculative purchases (and sales) which would have been made in the absence of 

Wool Commission activity. Over a period of years it would be expected tha t the 

sum of net speculative purchases and sales would tend t o zero (since sales 

cannot exceed purchases by more than a small margin, and accumulation of l arge 

stocks would almost certainly be unprofitable). It would also be expected tha t 

the long run effect of speculation would be profitable t o speculators ( other­

wise they would be unlikely to persist in their speculative role). 

Alternative Wool Marketing Policies Within the Auction Sub-Sys t em 

This section describes alternative wool marketing policies that can be 

superimposed on the wool auction, but retain the auction as the basic method 

for wool disposal. 

Initially a brief resume of the history of wool price stabilisation 

policies in New Zealand is given. The section proceeds by discussing wool price 

support and stabilisation policies. The first two policies to be considered 

are the deficiency payment scheme and the stabilised payout scheme. These two 

schemes adjust the receipts accruing to growers from the sale of wool, but do 

not alter the payments made by wool users. Both these policies basically 

operate outside the auction. Attention is then turned to· floor and ceiling 

price policies. Floor and ceiling price policies do involve "interference" in 

the auction, to the extent that they alter the amount of wool sold on a 
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3.5.1 The History of Wool Price Stabilisation in New Zealand 

Between the early 1950's and the beginning of the 1967/68 season a floor 

price scheme was in operation in New Zealand. In this scheme, the Wool 

Commission bought any wool which otherwise would have sold below the floor 

price. The floor price scherae did not include an explicit ceiling price , and 

Wool Commission stocks were subsequently sold when (according to subjective 

judgement) the wool market had recovered sufficiently. The floor price was 

rigid within a season, but could vary between seasons. Although the floor 

price is spoken of in terms of an average price, in fact a barerae of floor 

prices for all wool types existed. Both the average floor price and the struc­

ture of the bareme could be changed between seasons . 

The floor price scheme included greasy, scoured and slipe wool sold on 

grower's or owner's account at New Zealand auctions . New Zealand vrool which 

was sold at London auctions was also covered by the scherae. The London flo or 

price was the equivalent of the New Zealand floor price after allowing for 

shipping charges to London. 

The initial funds of the Wool Commission ($m 40 in 1952) consisted 

mainly of profits from the Joint Organisation, a post-war wool disposal orga­

nisation, and have been augmented since by interest payments from the invest­

ment of the funds, and from operations of the Wool Comraission, until they 

reached $70 million at the beginning of the 1966/67 season. 

Over much of the period for which the floor price scheme was in operation 

a suf'ficiently conservative floor price was set, and very little wool was bought 

in by the Wool Commission. An exception occurred in the 1957/58 season when 

45,000 bales were purchased by the Wool Commission. In the 1966/67 season, 

however, the floor price was raised by 1 pence (0.83c.) to 36 pence (30c.)/lb. 

(greasy) and in the same season a considerable drop in the demand for wool 

occurred. The Wool Commission was required to buy in 650,000 bales, 
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approximately one third of the season1 s clip. In the following season, although 

the floor price was reduced by 6 pence (5c.), purchases by the Wool Commission 

continued and a further 50,000 bales were bought~ This led to the abando:nrnent 

of the floor price scheme and the substitution of a deficiency payment scheme. 

The deficiency payment scheoe is described in section 3.5.2 below. 

In the 1968/69 season the Wool Commission resold wool from their stock­

pile of 700,000 bales, and by the end of 1968 about 100,000 bales were sold. 

3. 5. 2 Deficiency Payment Scheme 

In the previous section it was noted that a deficiency payout scheme 

was introduced by the New Zealand Wool Commission in 1967/68 season. The basic 

feature of this scheme is that the floor price facing growers is higher than 

tha t facing wool trade, the difference being made up by direct payment by the 

Wool Commission. 

If the ruling auction price is above the growers 1 floor price then wool 

prices are neither stabilised nor supported for either the wool trade or 

growers. If' the ruling auction price is between the growers 1 flo or price and 

the buyers' floor price then the price paid to growers is supported, at the 

level of the growers' floor price, by making supplementary payments. The 

ruling auction price cannot fall below the trade 1s floor price as the Wool 

Commission purchases sufficient wool to hold this floor price. In the 1968/69 

season the floor price facing the wool trade was 16.25c. per lb. (greasy), 

while the floor price on which supplementary payments t o growers were based was 

22.25c. per lb. greasy. 

A complete deficiency payment scheme would not impose a floor price for 

the wool trade. 

3~5.3 Stabilised PaYout Scheme 
. ; 

• 

The next wool price stabilisation scheme to be considered is the stabi­

lised payout scheme. This scheme aims to reduce the fluctuations in wool prices 



65. 

paid to growers through the use of a stabilisation fund, but makes no explicit 

attempt to reduce the variation in prices paid by wool users. Therefore, the 

stabilised payout scheme, together with the deficiency payment scheme (except 

when prices are very low), really operate:,outside the auction room. · 

In their final report, the New Zea.land Wool Marketing Study Group (49, 

pp . iii) recommended, inter alia, 11an appraisal and purchase system in which 

all wool would be bought by an authority and would be sold by the authority 

through existing channels. 11 The prices paid to growers for o. given wool type 

would be stabilised completely within each season and partially between 

seasons. Although the Group recognised that the effect of price fluctuations 

to wool users was detrimental, they reasoned that attoopts to stabilise prices 

t o growers and users would require substantially more resources than stabili­

sing prices to growers alone. 

The purpose of the stabilised payout sche.rne is t o enable growers t o 

carry out farm management programmes, in particular development plans, in a 

rational manner. 

Factors which would need to be taken into account in varying the payout 

price between seasons include the size of the stabilisation fund, the conflict 

between degree of wool price stability ( to growers) achieved and variations in 

the level of the stabilisation fund, and limitations on the maximum change in 

the average payout price between seasons. 

3.5.4 Floor and Ceiling Price Policies 

The essential features of floor and ceiling price policies is that they 

set a (floor) price at which the Wool Commission will buy wool (as long as it 

has funds), and a (ceiling) price at which the Commission will sell wool (as 

long as it has stocks of wool). In this section the objectives of floor and 

ceiling price policies are discussed, and a number of altermtive (noor and 

ceiling price) policies are identified. 
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3. 5. 4. 1 Objec.tive of Floor/Ceiling Price Policies 

The basic objective of floor and ceiling price schemes is to reduce the 

araplitude of wool price fluctuations,oCCtll.Ting at auction, by the •direct inter­

vention of the Wool Commission in the wool auction. The Wool Commission buys 

wool when the price is low, thus raising price, and sells wool when the price 

is high, thus lowering price. Wool price stabilisation (or reduction in the 

variance of auction prices) is therefore achieved by altering the amount of 

wool sold at auction on a particular day. 

The objective of a floor/ceiling price policy must also include the 

profitability of price stabilisation. Profits (or loss) from the operation of 

a floor and ceiling price policy accrue both to the Wool Commission and to 

growers. The profit (or loss) to the Wool Commission in adrainistering floor 

and ceiling price policies is the difference between the floor and the ceiling 

price multiplied by the quantity of wool bought in, minus the costs of operating 

the scheme (such as storage, handling, insurance). Interest receipts from the 

investment of Wool Commission f'unds not currently being used t o maintain the 

floor price (i.e. excluding capital tied up in stocks) can also be considered 

in an evaluation of Wool Commission profit. If interest receipts are included , 

then the order (or time pattern) of periods of high or low prices and hence the 

pattern of purchases and sales of wool will affect the level of Wool Cor::unission 

profits. 

Two possible definitions of Wool Commission profit (or loss) are of 

interest. The first definition is that a policy is profitable when the Wool 

Commission shows a positive return ( > r:;fo) on its capital. The second definition 

is that the policy is profitable if the Wool Commission earns more than the 

ruling rate of interest; that is, there is an opportunity cost involved in 

ty:lr:lg capital up in stocks of wool. 

The profits (or losses) accruing to growers from the operation of a 

Wool Commission policy have been tenned by economists as hidden gains and 
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losses, and are quite distinct from the profits accruing to the Wool Commission. 

When the Wool Commission buys wool at the floor, all wool being sold benefits. 

Conversely, when the Wool Commission sells wool at the ceiling the price of all 

wool is depressed. The profit to growers is the revenue gained at the floor by 

the price for all wool being raised, minus the revenue lost at the ceiling by 

the price for all wool being lowered. 

In assessing growers' profit interest receipts on revenue gained, and 

interest payments on revenue lost can be included or ignored. If it is inclu­

ded then the order, or time pattern of periods of high and low prices becomes 

important. The inclusion of interest and the compounding of hidden gains and 

losses yields an estinate of the effect of ,alternative floor/ceiling over the 

particular sequence of high and low prices which occurred in the period studied. 

Omission of interest charges corresponds to the assur:iption that the order of 

high and low demand periods is essentially random. 

A more analytical treatment of the conditions under which Wool CoIDLJ.ission 

profits, and hidden gains and l osses to growers are generated by price stabi­

lisation is now presented. Wool Comraission profits and growers' hidden gains 

and losses will first be considered together, and then separately. 

Price 
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Referring to Figure 3.1 the price elasticity of demand is defined as: 

i = 1, 2 

where 

e. is the price elasticity of dew.and in period i, 
l. 

dqi is the quantity bought in period 1 or sold in period 2 by 

the price stabilising authority (in this case the Wool 

Co:omission), 

dpi is the effect of dqi on price, , 

pi is the price at which the wool is bought and sold, and 

qi is the quantity of wool sold in each period. 

The total revenue in each period,~, and the difference in total reve­

nue between the two periods, r, can be defined as: 

r = 

The differential effect on total commercial revenue due to the Wool 

Commission1s purchase, and sale can be obtained by differentiating r with 

respect to q: 

where 

dr is the differential effect on total revenue due to a 

purchase of dq in period 1, and the sale of an equal quan­

tity in period 2 (ignoring costs of the Wool Commission). 

dr = 

= - p / 1 + _1 ) dq + p 2 ( 1 + _1 ) dq ( 1 ) 
~ e2 

In equation (1) the ten:ns p
1
(1 + .1...) and p2(1 + _1 ) are the marginal 

e1 e2 
revenue curves for period 1 and period 2. 
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The conditions under which the Wool Commission and growers together make 

a profit (dr > o) can now be determined from equation ( 2): 

dr > o, if p2(1 + 1/e 2) > p
1

(1 + 1/e 1) 

(i) dr > o, if e > -1 and P2 < P1 
(e2 + 1) 

2 (e + 1) 
1 

(ii) dr > o, "f e 
1. 2 = -1 and e1 > -1 

(iii) dr > 0, if e < -1 and P2 > P1 
(e2 + 1) 

2 (e1 + 1) 

Notice that if e 2 < -1 (elastic) there may be an increase in revenue, even though 

e 1 < e 2, i.e. where demand is more elastic at the time of purchase than at 

the time of sale. 

Rearranging (2): 

( 3) 

Including the negative signs of e
1 

and e
2

, equation (3) becomes: 

The condition for growers alone to wake a profit is that the rise in 

price times the quantity sold in period 1, (dp1 q1), is greater than the fall 

in price times the quantity sold in period 2 (dp2 g_2). 

The condition for the Wool Cormnission alone (i.e. without redistribu­

tion of grower profit) to make a profit is tbat the price in the sale period 

is higher than in the purchase period, p
2 

> p
1

, (ignoring the cost of Wool 

Commission activities). 

The above considerations focus attention on the two primary aims of any 

floor and ceiling price policy. The first is to reduce wool price fluctuations 

so as to limit fluctuations in growersl incomes, and to make wool a more accep­

table raw material for :manufacturers. The second aim is that the Wool Commission 

should at least remain self supporting and the growers should not make a loss, 

and if possible the Wool Commission and growers should together make a profit. 
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Considerable difference of opinion can exist as to the relative importance of 

the potentially con:flicting aims of price stabilisation, and maximisation of 

Wool Commission and grower profit. At one extrene the Wool Commission r:iight be 

instructed to only stabilise prices to the extent consistent with profit maxi­

misation, while at the other extreme they may be told to stabilise prices, even 

at the expense of making losses on the operation of the Wool Cor:unission. 

The "rational" objective would be an "efficient" combination of the 

reduction in the variance of auction prices, and the max:i.11:i.sation of the sum. of 

Wool Comraission profit and hidden gains/losses to growers. Here efficient 

means that it would be impossible to reduce variance in auction prices without 

also lowering the sum of Wool Comraission profit and hidden gains/losses to 

growers. This objective might also be subject to the possibility of tra.~s­

ferring gains from the Wool CoIDI'lission to the growers, or vice versa. 

3. 5. 4. 2 Al terna ti ve Floor and Ceiling Price Policies 

The operation of a floor and ceiling price policy requires toot the 

Wool Commission: 

( i) sets an average floor price below which the price of wool is not 

allowed to fall - subject to the availability of :funds to buy in 

wool. 

(ii) sets an average ceiling price above which the price of wool is not 

allowed to rise - subject to the availability of stocks of wool, and 

(iii) detennines a bareme of floor prices and ceiling prices for each wool 

type. 

Given that the Wool Commission holds the floor and the ceiling, if 

possible, the i.nportant question becomes whether the floor and the ceiling are 

to be rigid or flexible, within or between seasons . There are a variety of ways 

of setting the floor and ceiling prices and a nuraber of these policies are now 

discussed. 

The first _approach to setting the floor and ceiling prices, and that 



71. 

which has actually been employed by the Wool Comraission, involves stating an 

explicit floor price and assuming an implicit ceiling price. An implicit 

ceiling price exists where the Wool Commission has no stated policy objective 

on the resale of stocks of wool it bns accumulated other than "when the narket 

can take it". The advantage of such a scherae is that the Wool CoL1Illission can 

sell stocks in small amounts at a tiEte it considers appropriate, rather than 

incurring substantial storage costs by waiting until price has risen ton 

ceiling price. The disadvantage of the implicit ceiling is tha t the presence 

of Wool Commission stocks and the absence of a stated policy on their resale 

may undermine the confidence of the trade during a period of market recovery. 

Attention is now turned to a nur:1ber of explicit floor and ceiling price 

policies. The first policy involves holding floor and ceiling prices constnnt 

for the entire period under consideration. In practice, this policy is l:i...~ely 

to be unsatisfactory since there is a possibility of large stocks being accumu­

l a ted, and hence a conservative floo r price will probably be set . 

Flexible floor and ceiling policies may also be ooployed by the Wool 

Commission, enabling them t o follow trends in demand. The floor and ceiling 

prices may vary on a seasonal, quarterly, monthly or weekly basis . In order 

t o set the floor and ceiling prices it would be preferable t o make use of 

information on expected future prices, but in the absence of such infollilati on 

use can be made of past trends in prices. Information on past trends in prices 

in relation to the floor price is summarised by changes in the level of Wool 

Commission stocks, and possibly by unsupported overseas market prices. 

The relevant variables to include in the decision rule for varying the 

floor and ceiling prices between time periods include: the level of Wool 

Cornnission stocks (which are highly and inversely correlated with Wool Commis­

sion funds), the maximum possible movements in the floor or ceiling from one 

time period to the next, and a measure of how much the ·floor and ceiling should 

shift, either as a function of the level of Wool CoLlID.ission stocks, or on a 
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percentage basis, or both. 

Another possible Wool Connnission policy is the "sliding" floor and 

ceiling price policy. The aim of this type of scheme is to ameliomte the ten­

dency for prices to fluctuate excessively by the Wool Connnission purchasirig a 

progressively larger proportion of the wool clip as the price fell towards the 

floor price, and selling proportionately more wool as price rose to t he ceiling. 

For example, 2 per cent of the clip is purchased by the Wool Commission at 

4 cents above the floor, and an extra 2 per cent is bought for each one cent 

drop in the auction price towards the floor. 

3.6 Summary measures 

In the preceding sections, reference ha~ been made to a number of varia-

bles which are of interest in evaluating the success of alternative Wool 

Commission floor and ceiling price policies. This section defines some statis­

tics, termed summary measures, which can be used to help summarise the perfor­

mance of the auction under a given floor and ceiling price policy. The impact 

of Wool Commission buying on auction prices is multi-dimensional, so that no 

single measure can tell us whether one Wool Commission policy would have been 

preferable to another. In this study ten summary measures were calculated, but 

additional statistics which were obviously useful could easily be defined. 

The summary measures calculated in this thesis are designed to help 

answer the following questions: 6 

(i) Did the Wool Cornmission1 s policy raise wool prices at auction? 

(ii) Did the policy reduce the variance of auction prices? 

(iii) Did the Wool Commission have sufficient :funds to maintain its 

policy? 

(iv) Did the Wool Commission make a profit? 

( v) Did growers make a profit (hidden gain)? 

6. In this thesis the bench-mark against which the characteristics are measured 
is what actually happened during the historical period being considered. 



( vi) Did the Wool Commission profit and growers profit exceed Wool 

Commission losses and grower losses? 

(vii) Did the net speculators make a long term profit? 

(viii) Did the floor and ceiling price policy increase or reduce the 

variance in foreign exchange earnings from wool? 

The individual measures are now discussed in detail. 
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(i) Average Price: Average price can be considered a summary measure 

since it is of interest to know whether an alternative Wool Commission floor 

and ceiling price policy would have raised or lowered prices. If the Wool 

' Commission1 s policy had allowed the market to be cleared, and the average 

price was higher, then, other things being equal, triis presumably would have 

been a better policy. 

The qualifica tion "other things being equaln i s important since the 

effect of the Wool Commission policy may have a conflicting effect on the other 

Some summary measures may indicate that the policy would 

have been an improvement, while other summary measures may show that the policy 

would have been detrimen:tal. 

(ii) Variance in Price: Variance in priob provides a measure of price 

stability. If an alternative Wool Commission policy would have reduc ed price 

variability then, other things being equal, this is an improved policy. 

Some "trade off" between average price and price variability probably 

exists. Growers may be prepared to accept a lower average price if wool prices 

were stabilised. That is, some growers would presumably be willing to sacrifice 

at least some income on average in order to obtain a steadier income . 

It should be noted that a reduction in the variance of wool prices will 

not necessarily reduce the variability of grower's incomes. No estimate of 

the variability of grower1 s income was calculated. 

(iii) Minimum Wool Commission Funds: The minimum level of Wool Commission 

funds during the period for which a floor and ceiling price policy was in :force 
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is of interest since it indicates whether the floor price could have been main­

tained using the Wool Commission's own funds. With the backing of Government 

funds, policies which would have required more than the Wool Commission funds 

to hold the floor price could be made feasible. Policies which could have been 

supported by the Wool Commission's :funds, without recourse to borrowing were, 

however, thought to be more desirable. Further, other things being equal, most 

people would probably argue the higher the minimum level of Wool Commission 

funds, the better. 

(iv) Wool Commission Profit: The level of Wool Commission profits is 

important since it is considered politically desirable that the Wool Commission's 

policy show some return on capital. That is, other things being equal, policies 

which would have raised price by running down the Wool Commission1s capital 

are considered to be less desirable than policies which increased the Wool 

Commission's capital. Thus, a deficiency payment scheme might have been very 

effective in raising average price and lowering price variability, but if this 

was at the expense of exhausting the Wool Commission's capital it would be 

doubtful if many people would consider it to be a "good" policy. 

Two methods of defining a profit for the Wool Commission are possible. 

The first is that the Wool Commission1 s policy earns more than zero per cent 

on the initial level of its :funds. The second is that the Wool Commission's 

policy earns more than the ruling rate of interest on the initial level of 

funds. In this thesis the absolute annuity ~alue of profits7 and profitability 

at the ruling rate of interest are given. 

(v) Grower Profit: The existence of profits to growers, as distinct 

from trading profits accruing to the Wool Commission has been noted in the 

preceding section. This surma.ry ueasure is of interest per ~, but given 

the possibility of the Wool Commission distributing any profit it makes, it is 

more useful to consider grower profit and the Wool Commission's profit together. 

7. i.e. without deducting 11interestll as a cost. 
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In assessing growers 1 profit interest payments on receipts can be in­

c;;luded or ignored. If- the order, or ti.me pattern, o:f high and low prices is 

• •onsidered as being random it would be more consistent to ignore interest 

payments in determining grower profit since it would be a matter of pure chance 

whether profits tended to precede losses, or vice versa. Conversely, if we 

want to make statements about how alternative policies would have behaved in 

the particular historical period studied, then it would b8 logical to include 

interest earnings and costs~ 

( vi) Wool Commission and Grower Profit: If the Wool Commission o.nd 

growers together make a loss then lLl'lless price stabilisation was extreme, and 

the loss small, few people would consider the particular policy t o be desirable . 

(vii) Net Speculative Profits: It has been postulated in section 3. 4. 5 

t hat t he Wool Connnission1 s policy may bring about some net effect on the d~no.nd 

for wool, such as increased purchases at the floor price and reduc ed purcha ses 

at the ceiling. If net speculative activity does take place, it can be regQr­

ded as implausible or unlikely tha t the net speculators will continue to 

operate at a loss for long periods, and henc e it is of inter est to know whether 

net speculative activity generated a profit. 

(viii) Variance in Foreign Exchange Earnings: The final measure suggested 

refers to whether the activities of the Wool Commission tend to stabilise 

(i.e. reduce the variance of) or destabilise (i.e. increase the variance of) 

national foreign exchange earnings. Whilst this is not of prime interest to 

wool growers it is thought desirable from a nation..-u point of view, other 

things being equal, that the Wool Commission's policy should reduce the varia­

bility in the foreign exchange earnings from wool. The measure of the effects 

of Wool Commission purchases on the variance of foreign exchange earnings only 

includes the direct effect of average wool price and Wool Commission stocks 

held off the market•. It does not include multi plier effects due to higher and 

lower wool growers' income. The exact definition of simulated foreign exchange 
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earnings in a given week is the quantity of wool bought by the trade multiplied 

by the simulated price. 

In the preceding discussion, a number of summary measures have been 

isolated. The summary measures have not been ranked in order of importance. 

A weighting system, where the summary measures are weighted according to their 

importance, has not been devised and hence the success of an alternative Wool 

Commission policy cannot be reduced to a single number. In comparing different 

Wool Commission policies, therefore, cognizance must be taken of the values of 

all the summary measures. If, for instance, the values of all the summary 

measures were better for Wool Commission policy A than for Wool Commission 

policy B, then one may infer that policy A would have been an improvement over 

policy B. If, however, a comparison of the values of the summary measures for 

policy A and policy B gave conflicting results, (that is for some summary 

measures policy A would have been an improvement and for others it would have 

been detrimental relative to policy B), then it is not possible to say whether 

or not policy A is better than policy B. 

3. 7 A Review of Simulation Studies of the Wool Auction 

A limited number of simulation studies of the wool auction have been 

carried out in Australia. The relevance of such simulation studies to a dis­

cussion of the feasibility of floor and ceiling price schemes is that they 

generate information on the requirements, and degree of effectiveness of a 

variety of floor and ceiling price schemes for a variety of demand conditions, 

and this is information which would otherwise be difficult or impossible to 

obtain. 

3. 7. 1 Stud;,:: by Dulay and Parish: The aim of the study by Duloy and Parish 

( 15, pp. 17) was: 

"••• to investigate how sensitive the results of the floor 
price scheme are to the values of three para.meters - the 
reserve price, the elasticity of demand, and the selling 
margin (i.e. the difference between the reserve price and 



the price at which the authority sold its acquired stocks of 
wool). 11 

The model which was constructed consisted of a completely inelastic supply of 

Australian wool, a marketing authority which purchased sufficient to maintain 

the floor and sold sufficient to maintain a ceiling price at the floor price 

plus selling margin - subject to stocks being availabl e , a wool trade demand 

furction, and lastly an auction identity; with a constant elasticity trade 

demand function: 

where 

e ( 4) 

q_ is 
J. 

the quantity sold in the 1th month, 

is the shift parameter, a constant calculated for the .th t h a. i man , 
J. 

pi is the average price of wool sold in the i th month, 

e is the assumed price elasticity of demand - taken as being 

constant for the entire period under analysis. 8 

Duloy and Parish assumed that the demand function for Australian wool 

would not change as a result of the introduction of the floor price scheme, 

however, they gave three reasons why a change might occur. 

8. 

9. 

"First, if theauthority1s activities lead to a substantial 
reduction in the variability of wool prices, wool 1s competitive 
position vis a vis synthetics may be enhanced •••• Second, and 
for a similar reason, the speculative demand for wool may change. 
It is not possible to specify the affects of any such change, 
and we have not been able to take it into account. Third, the 
operations of the authority in one period are likely to affect, 
in various ways, the demand for wool in subsequent periods."9 

The Duloy-Parish model corresponds exactly to the model used in this 
thesis, except that in this thesis: 

(i) weekly rather than monthly data are used, 
(ii) "net speculative demand" is allowed to be generated by the 

(iii) 
(iv) 

activities of the Wool Commission, 
shifts .of the trade demand function are allowed :for, and 
some accounting details of the costs of Wool Commission 
activities are incorporated. · 

Dulay and Parish (15), page 19. 
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In the operation of the model, the authors followed the simulation pro­

cedure of testing the effect of various combinations of the three parameters 

(floor price, selling margin and the price elasticity of demand). · Monthly data 

was used for the period 1951/52 to 1963/64. To increase the realism of the 

model, the costs of the marketing authority incurred in operating the scheme 

were deducted. A selling margin of 6 pence/pound was taken to be sufficient to 

cover all costs. 

The results were given in terms of: 

a) The capital backing required by the marketing authority. 

This indicated the largest amount which would have been needed in any 

one month to finance the continued operation of the scheme. 10 , 11 

(i) As the price elasticity of demand became more elastic then, 

for a given floor price, the capital backing required rose proportionally. 

(ii) As the selling margin is increased to 6d the capital backing 

required rose at an increasing rate, but above 6d it rose in proportion to 

changes in the selling margin. 

b) The variability of growers 1 income. 12 

This was calculated by expressing the variance in the annual wool cheque 

with and without the operations of a floor price scheme as a ratio. 

(i) The results only varied slightly with different assumptions of 

the price elasticity of demand. 

(ii) Greatest reductions in variation are possible from higher 

floor prices and, generally, higher selling prices. 

Duloy and Parish pointed out that two comments followed from their 

results. Firstly, if £80 million were required to reduce the variance in 

10. More would have been required to retain the trade 1s confidence in the 
ability of the authority to maintain the floor. 

11. This summary measure corresponds to the "minimum" Wool Commission Funds 
reported in this thesis, except that in this thesis we assume that the 
Wool Commission started with a fund of $60 million. 

12. No corresponding summary measure is offered in this thesis. 
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income by 20% then the investment may not be warranted. Secondly for an indi­

vidual grower a substantial proportion of income variation was due to quantity 

and quality variations rather than changes in price, and hence on an individual 

basis the reduction in variance in income was likely to be a lot less than 20%. 

c) The variability of receipts f:rom commercial sales of wool. 13 

The effect of the marketing authority's purchases on the variance in 

foreign exchange earnings from wool depended on the elasticity of demand. If 

TABLE 3. 2 : THE HIGHE3T SUSTAINABLE RESERVE PRICE WITH CAPITAL 
BACKING OF £80 MILLION: 

Selling Margin of 6d. per pound 

/Elasticity of I Highest 
Percentage Change in the 

Variances of Receipts from 
I Demand Reserve Price Wool Cheque I Commercial Sales I 

pence per pound per cent per cent 
-0. 25 60 -43 -37 

-0.50 55 - 35 -22 

-0. 75 55 - 35 ~12 

-1. 00 53 - 27 0 

-1.-25 53 -27 +10 

-1.50 52 -1 8 +12 

-1. 75 52 -17 +18 

-2.00 52 -1 8 +24 

-2.25 51 - 7 +14 

-2.50 51 - 7 +17 

-2.75 51 - 7 +20 

-3.00 51 - 7 +24 
i 

Source: Dulcy and Parish (15), page 27. 

this is less than -1.0 (i.e. elastic) then variance in foreign exchange earnings 

is increased, since at the floor to raise price by 1% the authority has to buy 

more than 1% gi.v:i.ng a reduction in revenue paid by wool users. At the ceiling 

the reverse holds; to lower the price by 1%, the authority has to sell more 

than 1% and the revenue paid by vvool users increases. Where the price elasti­

city is greater than -1.0 (inelastic) the converse holds, and variance in 

13. This corresponds to the variance in foreign exchange earnings, reported 
in this thesis. 
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foreign exchange earnings is reduced. 

A summary of the main findings of the study by Dulay and Parish is given 

in Table 3. 2. 

3. 7. 2 Study by Powell and Campbell: The study by Powell and Campbell ( 42) was 

designed to study some of the questions raised by proposals for a wool price 

stabilisation scheme. Whereas the study by Dulcy and Parish (15) specified a 

constant elasticity of demand curve and assumed that the price elasticity of 

demand was constant through time (for periods of high and low prices), Powell 

and Campbell investigated the effect of elasticity changing between periods of 
./ 

high and low prices. More specifically, they tested the effect of different 

price elasticity assumptions at the time of purchase of wool by the marketing 

authority, and at the time of sale. 14 

In evaluating the profitability (or otherwise) of a buffer stock scheme 

Powell and Campbell distinguished between hidden gains and losses15 which were 

a function of the price elasticity of demand at the floor and the ceiling, and 

trading profits16 which were a function of the stocks of wool purchased and the 

difference between the floor and ceiling price less operating costs. They 

argued that the magnitude of hidden gains and losses bears no relation to the 

marketing authority's ' perfono.n.nce ns n speculator. Rather, the condition for 

hidden gains/losses to occur is the relationship between the price elasticity 

at the time of purchase of wool and at the time of sale. 

14. Thus Powell and Ca.mpbell 1 s model differs fundamentally from the model in the 
present thesis. The Dulay-Parish model can be seen as a special case of: 

(i) The model used in this thesis - where there is no shifts of demand 
function, and no net speculative demand, or 

(ii) The Powell-Campbell model - where the elasticity of demand is the 
same in ~uying and selling periods. 

15. This corresponds to the hidden gains and losses to growers recorded in this 
thesis, except that in this thesis interest receipts (or payments) on the 
hidden gains/losses are included. 

16. Trading profits are equivalent to Wool Commission profits reported in the 
present study, where profitability is defined as the operations of the 
Wool Cormnission earning more tha.~ the ruling rate of interest. 



81. 

The calculations that were carried out were: 

(i) A two year transaction cycle with 5%, and 10% of the clip being 

acquired by the authority and then resold •. 

(ii) A six year cycle for transactions - again 5% and 10% of the clip 

being acquired. 

The principle assumptions made were: 

(i) The existence of the marketing authority did not affect the 

demand for Australian wool . 

(ii) The marketing authority sold wool 7d above the bought price in 

order to cover costs (including handling, storing and insuring 

costs, and interest on working capital). 

(iii) The short term supply of wool by growers was completely inelas-

tic. 

(iv) Initially an assumption was that there would be zero trading 

profits - the minimal requirement for the success of the scheme. 

Again constant elasticity of demand curves were assumed, al though the 

price elasticity at the floor was different to that at the ceiling. 

The conclusion Powell and Campbell reached was that even small differences 

between the price elasticity at the floor and at the ceiling led to significant 

hidden gains and losses. They argued that since the marketing authority has 

little inf'onnation on changes in the price elasticity through time, then the 

result of the authority's· operations were a matter of chance. 

Parish (34) points out that Powell and Campbell argued that lack of 

lmowledge of the rnagni tude and sign of the hidden gains or losses was a reason 

for rejecting the floor price scheme. Parish suggested that the non-adoption 

of the scheme was subject to a similar set of hidden gains and losses. If the 

signs on Powell and Campbell1s tables (indicating the magnitude of gains and 

losses for various elasticity assumptions) were reversed then the tables would 

show equally well the hidden gains and losses accruing to the growers for not 
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operating a reserve price scheme, and hence could be used equally well as an 

argument for the adoption of a reserve price scheme. 

3.7.3 Study by D.lloy and Nevile: Dulay and Nevile (14) investigated the 

effect of a floor price scheme on macroeconomic variables. In particular, they 

examined the deflationary or inflationary effects of decreases or increases in 

grower income on the gross national income, and the effect of varying levels 

of imports (aue to changes in growers 1 income) on the balance of trade. 

The approach used was first to construct an econometric model of the 

Australian economy which demonstrated the effect of changes in wool exports 

and fann. incomes on the gross national income and the balance of trade . 17 

The simulated effects of the operation of a reserve price sch6ile were 

obtained from a study by Du.loy (13) which investigated the effect of changes 

in floor price, selling margin and price elasticity of deL'.land on variance in 

growers' income, and variance in foreign exchange earnings from wool. 

The simulated effects of the operation of the reserve price scheme were 

then entered into the econometric model and results were obtained for the 

period 1957/58 to 1963/64. The changes in the balance of trade were not 

marked, except for policies where the reserve price was very high, and here the 

capital backing required made this an unlikely policy. The stabilising effect 

on the national income, by increasing growers' income during periods of low 

prices (and vice versa), was also very limited. 

3.8 Summary 

This chapter has discussed a number of features of the auction sub-system 

which would be important in the construction of a simulation model of the 

operation of auction under alternative Wool Commission floor and ceiling price 

policies. These features are now summarised. 

17. This is a much more sophisticated model of the effect of a floor price on 
foreign exchange earnings than is provided in this thesis. 
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The growers 1 supply of wool can be assumed completely inelastic since 

the production of wool is largely a function of sheep numbers, and the volune 

of stocks held by growers from one season to the next appears to be a small 

and relatively constant proportion. 

The der:iand for wool, as expressed at auction, is the result of a nuraber 

of complex forces, but has been summarised by most research workers by postu­

lating linear or constant elasticity of der::iand functions. Such f'unctions are 

obviously unrealistic, but because of a lack of infonnation a more realistic 

function cannot be specified. 

When the Wool Commission implements a particular floor and ceiling price 

policy, changes in demand are likely to occur in response to the changed con­

ditions at auction.. Three possible r easons for changes in demand have been 

distinguished. The first is shifts along the demand curves which ar e a r esult 

of changes in price, and are independent of any reaction to the Wool CoL:ffilis­

sion1s policy. The second reason is that the entire demand curve could shift 

to the right or to the left due to Wool Commission activity. The third reason 

for changes in demand is an immediat e response by the trade to particula r con­

ditions at auction. It wns suggested that factors such as the proximity of 

the floor or the ceiling, the level of Wool Commission stocks , or the diffe­

rence in average price between New Zealand and overseas auctions would cnuse 

some ch..'l.Ilges in demand for speculative stocks. 

In summary, three effects of Wool Commission a ctivity h.~ve been 

distinguished: 

(i) shifts along the demand function, 

(ii) shifts of the demand function, and 

(iii) inter-temporal transfers of demand due to net speculative 

activity. 

A number of alternative floor and ceiling price policies which the Wool 

Commission could impose on nuction were discussed. In particular, the 
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objectives and the profitability of Wool Commission policies together with 

alternative men.ns of setting the floor and the ceiling prices have been con­

sidered. 

Summary- measures which _ would .. .summarise the perfo:n::aance of the auction 

under different Wool Commission policies were selected. These provide suffi­

cient infomation for the "success" of different Wool Commission policies to 

be compared. 

Finally, the findings of three previous simulation studies of tho wool 

auction sub-system were reviewed. 
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CHAPTER 4 

THE USE OF SIMULATION IN RESFARCH 

Introduction 

This chapter discusses s:i.rlul.ation as a research technique. The discus­

sion is intro duced by a brief review of the systems analysis approach to 

problem solution. 

4.2 The Philosophy nnd .. Scope of Systems Analysis 

The 11 syster:is approach" can be viewed as a general method of nno.lysis as 

it provides a conceptunl framework for t..'1.e study of phenoflenn. It nrose from 

the requirement of research workers t o analyse and assist in the I'.1£1.nagenent of 

compl ex systems , and involves the recognition that the interactions of the 

conponents or pnrts of a system nre importo.nt, o..nd hence the systcr.1 nust be 

viewed as a whole. This is contrary to the trend in traditional res earch 

towards increased specialisation. 

One definition of a system is given by McMillan and Gonzales ( 29, 

pp. 1): "A system i s a set of objects together with relationships between the 

objects end their attributes." 

The systems approach is conprised of a number of systens orientated 

specio.lisations. McMillan and Gonzales distinguish systems analysis and sys­

tems design~ Systems n.nalysis involves the observation and collation of 

relevant infom.ation on the system1 s bcho.viour, the fonnulation of hypotheses 

which provide possible explanations of the system1 s behaviour, and the applica­

tion of research techniques which enable the researcher to test the hypotheses 

and thereby obtain insights into the behaviour of the system. Systems design, 

on the other hand, involves the synthesis of the components or elements of a 

system into a connected whole. There are usually a number of ways of recom­

bining the elements of a syster:i., and it is the aim of the researcher to optimise 

the system1 s structure or design according to some criteria of effectiveness. 



The type of change suggested usually rests on the information provided by 

systems analysis. 
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Writers differ on their emphasis on systems anulysis nnd systems design. 

Some ,vriters, such as Young (51), see· systems analysis as breaking the system 

down into smaller and SID.c-tl.ler sub-systems until one is able to state exactly 

what happens at every part of a process and what effect that part will have 

on the overall system. Others, such as Dornnan (12), see systems analysis as 

related to, and incorporating infomation theory. It deduces from the struc­

ture of the infom.ation flow between parts of an organisa tion or systen, and 

the decision rules employed by the parts of the system, how the system will 

respond t o changes in its environment or conditions. Chorafas (9) goes further 

to say that systens nnalysis is n.n a ttcr:ipt to define the most feasible, suitable 

and acceptable means for ac complishing n given purpose. This statenent appears 

to involve not only systems analysis, but also systems design. 

Systoos analysis ns described by Chorafas has much in comm.on with 

operations resea rch or management science; they are both normative approaches, 

concerned with determining the optimum solution of a problem, or at least 

improving the organisation of an operation. These approaches involve a syn­

thesis of systems analysis and design. 

Systen.s analysis (without design, i.e. as defined by Young or Dorfban) 

is a positive study in that it attempts to explain how and why an organiso.tion 

makes decisions, and to study the implications of the organisation1s behavior. 

Systems analysis tends to give quantitative as opposed to qualita tive answers: 

typically it involves mathematical model building and ei;ipirical analysis. 

Defining the boundaries of the particular syst~n under consideration focusses 

attention on another iraportant aspect of systeo.s analysis, that of deciding 

what is relevant to a particular study. 

The above discussion in.plies a number of features of syster;1s analysis. 

Systems ano.lysis suggests a pattern for research: firstly define the problem, 
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secondly analyse thebehaviourof the systen, thirdly suggest solutions end 

finally fit the chosen solution into the real life syster:i. so as to give an 

improvement. Given the necessity of qu.c.'Ultitative analysis o.nd the complexity 

of most real life decision problems the use of computers is usually essentinl. 

Further because the systems approach ignores traditional disciplinarJ boundn­

ries, the use of an interdisciplinary terun is frequently r equired~ 

4.3 The Method of Systems .Analysis 

Systems analysis provides an approach to solving pro bl ems , and fre­

quently involves using techniques which build models in order to produce 

operationally usef'ul information on the behaviour of the systen. Systens analy­

sis begins with identifying the problen and collecting relevant information on 

the system.1 s behaviour. The next step is the fomulation of e.:1pirically t estable 

hypotheses which are possible expla...nn.tions of the system's behaviour, the con­

struction of nather.:iatical models, and the testing of the hypothes es . The 

mouels developed are an abstract or a simplified version of the appropriate 

sections of the real life syst6n. Models which are constructed mo.y be deduced 

from logical or observable prenises. The nodels nay also be heuristic in 

approach, where the relationships specified are based on the researcher1 s 

intuition. The heuristic approach is not inherently bad, but nay be incoaplcte 

or ambiguous in content and result. 

Von Court Hare (44) distinguishes between inside and outside tests of 

systems ark.'1.1.ysis uodels. With outside tests the model is viewed as a "black 

box" and the relationship between the output and input variables is found by 

measuring the model's response for a wide range of input conditions. The use of 

outside tests are relevant where the complete detail of the relationship between 

input and output variables is not needed, or cannot be determined, and response 

tests provide sufficient info:rmation. With inside tests, on the other hand, 

the structure of the model is examined for consistency and effectiveness. 
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4~4 Simulation 

In' its general usage "to simulate11 means to provide a model or replica 

of some process or object. The model then displays some of the characteristics 

of the original process or object. The use of simulation in research follows 

a somewhat sifililar but more refined pattern. In this discussion only nu,~crical 

sinulation models will be dealt with; that is, models which express a real 

life system in tenas of a series of mathematical equations. Further, only 

deterministic or non-stochastic models will be considered. 

The technique of simulation takes no set folll and has been used in a 

wide variety of contexts, however, in the ensuing discussion some of the nore 

important features of simulation will be outlined. These features will be 

presented under three headings; simulation as a descriptive technique, where 

siLlulation is appropriate, and the flexibility of simulation. 

4.4.1 Simulation: A Descriptive Technique 

Simulation involves the construction of a model , including those 

variables the researcher considers significant. Para.meters can be associated 

with variables whose influence on the syster.1 is to be tested. A paroneter is 

a nUlilber whose magnitude is assigned by the researcher, and indicates the 

relative importance of the variable associated with it in the model . Para­

meters are defined as numbers which are fixed for any one "run" of the sinula­

tion, but can be varied between runs. A run of the smulation involves 

assigning values to the paraneters in the model and recording the perfomance 

of the model for actual or synthetic data. Inf'erence in terras of the real life 

system being simulated can be made from one or a series of runs (or paroDeter 

combinations) and takes the general forra: 11If these were the conditions 

ruling ••• , and if the model is correct ••• , then this would have been the - --
out·coBe ••• 11 

From a methodological point of view sioulation is a descriptive, as 

opposed to an analytical, technique. Orcutt (32) notes that simulation is a 
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general approach to the study and use of nodels and is an alternative t o con­

ventional analytical Llatheraatical techniques. The l a tter techniques mve the 

object of determining deductively, and with generality, the way in which the 

oodel rela tes the output variables t o the initial conditions. The cons truction 

of a simulation nodel may include some deductive reasoning, however, the 

results of a simulation :run involving a particular parnneter conbi nati on nre 

unique , and t o exar;:iine the effects of another parameter conbination requires 

another run. The nodel r el a t es output va riabl es t o the initial conditions 

numerically; that is, by assigning a series of levels t o the parar~eters ond 

seeing wha t happens t o the output va riGbles. In this sens e Sll1ulati on i s des­

criptive ; t he model is run, not solved . 

Being a descriptive t echnique, f or an individual run simulation i s non­

optimi s ing as the r esult mer ely r eflects t he size of t he pnrameter s nnd the 

relationships which have been specified . With analytic techniques it i s 

possible t o incorporate and maximi se certa in objective functions . Where opti­

nisation is appropriate, this can be achieved by a series of runs of a 

sir:lulation to provide a f orn of sequential experinent ati on. In this context 

it may be more correct to say that a mo re prooising, as opposed t o an optil~uo, 

solution has been f ound. 

4.4. 2 Where Simulation is Appropriate 

Simulation Bay be used where analytical procedures are not available or 

are too costly. S:i.Clulation is mo re flexible than an analytical approach since 

it does not require restrictive assUC1ptions in order to allow the model to be 

constructed. Indeed, a powerful featu~e of simulation is that a nUL1ber of 

functional fonns can be employed , and modifications t o the model are rela tively 

easy. It is important to remember, however, that the conclusions froo a sillu­

lation study are still mplied by the assumptions of the model . 1 

1. The same comt1ent can, of course, be made about analytical models . 
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Simulation may also allow the research worker to by-pass some of the 

problems of econometric analysis. Econometric analyses are har:ipered by problems 

such as autocorrelation, multicollinearity, identification and missing data, 

which make statistical inference difficult. Simulation does not provide an 

alternative method of estimating the parameters in an economic relationship, 

but may permit us to draw conclusions for any reasonable values of a particular 

parameter. 2 

Many research techniques are not applicable to studying the influence 

of an alternative policy of an organisation to the one being currently used 

since information on the alternative policy is not available. Simulation is 

useful under these circumstances since it does not require infomation on how 

an alternative policy would work, rather it can generate quantitative infonr~­

tion on how that policy would work . In this respect, simulation may be saf er 

and quicker than experiraents in situ. 

4.4.3 Flexibility of Simulation 

In general, simulation allows for the construction of a model where 

neither data nor the complexity of the system being simulated places any res­

triction on the detail or generality of the relationships which can be specified 

and tested. 

An important feature of simulation is the flexibility allowed in the 

construction of the model . Much analytical economic theory, in particular that 

which is tested empirically, is based on linear or linear transform relation­

ships . In the construction of the simulation model - again provided the aim 

is to make 11if ••• then•••" statements . - it is possible to incorporate stoc­

hastic, non linear, integer and recursive relationships. 

2. Whereas an econometric approach would attempt to estimate the value of the 
price elasticity of demand, a simulation study may be able to show that 
particular conclusions can be drawn regardless of the value assigned to 
elasticity.. Simulation may in some cases allow us to "by-pass" problems 
of estimation of structural coefficients. 
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An example of the use of stochastic relationships is given by Orcutt 

et al. (33) where a model is constructed to show, amongst other things, the 

composition through time of a small population in the U.S.A. from probabilities 

of birth, marriage and death etc. 

The relationships postulated can be dynamic. For example, Holland (25) 

reviews his sir.lulation study of a developing ecqnomy where special reference is 

made to the balance of payments problem. The aim of this study was to establish 

an economically and technically feasible development investment plan. The sig­

nificance of the study is that simulation allows the dynanic interaction of a 

number of aspects of a developing economy which are usually studied in isola­

tion, such as balance of payments, consumers' behaviour and u,.vestDent decisions. 

The model is dynamic in the sense that the relationships between variables are 

traced through tine, and may change during tha t period. 

A special type of dynamic model is the r ecursive model in which the 

relationships between the variables do not change over time, and knowledge of 

the variables at one time period permits the calculation of the variables in 

the next time period. An example of this is given by Naylor et al. (31) where 

the behaviour of the textile industry is simulated on the basis of the behavic:,u.ral 

relationships given by a recursive econometric model. 

A further feature of simulation is that if historical data is unavailable 

then provided the statistical distribution of the data can be specified, syn­

thetic data can be generated and used. 

4.5 The Method of Simulation 

Once the problem to be studied has been isolated, an objective has (or 

significant summary measures have) been identified, and (numerical) simulation 

has been chosen as the research technique, the basic procedure involves the 

following: 

(a) the construction of the model, 

(b) the operation (or running) of the model, and 
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(c) drawing conclusions from the model. 

4.5.1 Construction of :the Model 

Construction of the model involves expressing the original system in 

terms of a series of mathematical equations such that the model exhibits the 

features of the original system that the researcher considers significant for 

his purpose. Even though the simulation model is only an approximation of the 

real life system, the construction of this simulation model forces the resear­

cher to consider all relevant aspects of the system being modelled, including 

aspects which otherwise might have been overlooked. It is evident tha t the 

simpler the model the less realistic it is likely to be but also the easier it 

is to construct and understand. There is, therefore, a conflict between the 

ease of manipulation and the realism of the model. 

A simulation study is carried out for the purpose of generating infor­

mation which is of interest to the researcher. A large amount of infonnati on 

is generated by each simulation run, but only a small proportion of this in­

fonnation is useful (for the purpose of the study) and is worth recording. 

More specifically, the construction of a simulation model involves, inter 

alia, the choice of summary measures which will sum...r:iarise the performance of 

the model. 

Attention is now turned to the method by which a simulation model is 

constructed . The elements of a simulation model have been classified by Orcutt 

(32) as variables, components and relations. In addition, summary measures are 

also considered to be an element of a model. 

The variables used in a simulation model have been classified by Candler 

and Cartwright (5) as; exogenous variables, endogenous variables, structural 

parameters, and policy parameters (or, using their terminology, decision 

variables). Exogenous variables are determined outside the model (or system 

being simulated) while endogenous variables are determined within the model. 

Policy parameters are within the control of the policy maker, while the 



structural parameters are not subje•ct t o control by the policy maker. 

A component can be defined as an entity which exerts s ome causitive 

effect on the sys tem being simulated. Ea.ch component is made up of some or 
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all of the t ypes of variables and pa rameters listed· a bove. Whieh va riables are 

included in the component is l a rgely a t t he di s cretion of t he r esearcher. A 

s eries of components sum up the f orces dicta ting t he behaviour of t he systen. 

Two broad types of rela tions exi s t in a s i mula tion mo del; na.Llel y , 

identities and opera ting characteristics . An identity i s an account ing or 

t autol ogical sta t ement and enables t he component s t o be r el a t ed t oget her. An 

operating characteris tic indica tes t he r el ationship between t he variabl es and 

par ame t er s making up the component. 

I ncluded in the cons truction of a simula tion model a r e su.m.,'TI.ar y measur es 

which describe t he outcome or perfonn.ance of t he model. Usuall y , a l arge 

nunbe r of endogenous variables a r e i ncorpor a t ed in t he model, however, only a 

l imited number of t hese are of inter est. Oft en t he performance of t he model 

i s summarised adequa t ely by r ecording the average, va riance, maximum or oini­

mum values of the important endogenous va riabl es. It may, or may no t be 

pos s ible t o r ank the suom.ary measures in or der of importance , and/ or t o wei ght 

them t o give an objective function. 

4.5. 2 Operation of the Model 

Following t he construction of the model (usually in t he fo rm of a com­

puter program), it is then "run" for different combinations of parameter values . 

A "run" involves obtaining results from the model for a particular set of pa r a­

meter values. The parameter values are constant within a given run, but can 

vary between runs. 3 

3. An alternative approach to selecting parameter values is through the use of 
stochastic variables, where there is a distribution for each stochastic 
variable. By selecting a start number from a pseudo random nUL1ber generator 
a set of values, one from each of the distribution, is specified, and this 
set is inserted in the simulation model. In this case a "run" is one draw­
ing or sample from a set of possible stochastic variables, and is therefore 
distinct from the meaning of "run" used in this thesis (where stochastic 
variables are not used) where run refers to the outcome(s) from one set of 
parameter values. 
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Because the model is constructed so as to incorporate all relevant 

features of the original system, then for each run the full effects of the 

variables, associated parameters and specified relationships are seen. That 

is, for a given set of parameters, the model is completely specified and the run 

evaluates, in quantitative terms, the consequences of that set of parameters on 

the entire system, in terms of the summary measures. 

In a non-stochastic simulation study the result of an individual simu­

lation run is unique, and is completely dependent on the parameter values chosen. 

A single run, therefore, gives little or no insights into how the summary 

measures would be influenced by a change in any one of the parameters. This 

can only be determined by a series of separate runs. Since the researcher does 

not know the actual magnitude of the structural parameters or the most appro­

priate value of the policy parameters, the operation of the model involves 

running the model for a number of different parameter assumptions. 

The method of choosing parameter values to use in the model varies con­

siderably, and is primarily a function of the purpose of the study. In Monte 

Carlo studies where stochastic relationships are involved in parameter selec­

tion, the parameter values are derived from the appropriate probability 

distribution. 

Candler and Cartwright (5) note that where a simulation model contains 

important structural parameters (which are not within the control of the policy 

maker) the researcher is not interested in finding the optimum levels of the 

parameters, but rather he is interested in estimating what values of sw.nary 

measures are associated with particular levels of the parameters. If the study 

is orientated in this manner, the combinations of parameter values will be 

chosen· because of the specific requirements of a particular method of estina­

ting the relationships between parameters and summary measures. 

In general, however, the choice of parameter values is completely within 

the hp.I1ds of the researcher, and he _can test such levels as he considers 
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appropriate. 

4. 5. 3 Drawing Conclusions from the Model 

The third phase of a simulation study is concerned with reaching con­

clusions about the real life systen being considered from the numerical results 

obtained. For an individual simulation run the form of inference is: 

If the model is realistic ••••• , and 

if these are the appropriate parameter values 4 ..... ' 
then this is how the system would have behaved••••• 

Given that the appropriate values of the parameters in the simulation 

model are not knovvn ~ priori, a number of runs are required to show performance 

of the model for a series of likely ¥alues for the parameters . The direction 

of inference for a series of simulation runs is s:iJnilar to that for an indivi-

dual run. 

Drawing inferences from a series of simulation runs (or from a single 

run) has two conceptual parts. It is necessary to distinguish between firstly, 

drawing conclusions about the numerical results obtained, within the context 

of the model, and secondly, relating the conclusions reached within the context 

of the model to the real world. 

4.5.3.1 Deriving Conclusions Within the Context of the Model 

In this thesis three aspects of drawing conclusions, within the context 

of the model , are of interest: 

(i) the need for an orderly approach to selecting a series of 

parameter combinations, 

(ii) the difficulty of evaluating the implicit function which ex­

presses the summary measures as a function of the parameters, 

and 

4. Since the policy parameters are within the control of the policy maker, 
they may take any one of a range of (reasonable) values. The structural 
parameters, however, must be assigned their actual value (which may be a 
±'unction of the values of the policy parameters). 



(iii) the difficulty in evaluating the "success" of alternative 

parameter sets, even though a number of summary measures are 

available. 
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The perfo:rmance function technique provides a means of estimating from 

a ·series of simulation runs the functional relationship, termed a performance 

function, between a limited number of parameters being varied and a given 

summary measure. The performance function, which approximates the implicit 

function between summary measures and parameters, can be estimated for any 

summary measure which is nf interest. Using the performance function technique 

the performance surface, for all reasonable values of the parameters, can be 

generated and subsequently explored, providing information which would be diffi­

cult or impossible to obtain directly from the simulation runs. To define the 

parameter combinations necessary to estimate the performance function, use is 

made of the central composite design. 5 As the nunber of parameters to be varied 

are increased, the number of simulation runs necessary to estimate the corres­

ponding performance functions increases at an approximately exponential rate, 

hence there is an upper limit (say six to eight parameters) that it is reason­

able to vary at the one time using this technique. 

To detennine the 11 success11 of a parameter combination it is necessary 

to look at all the sui::::u:nary measures . If, for a given parameter combination, 

all the summary measures are improved then that parameter combination would 

have been an improvement. If the direction results of the summary measures are 

mixed then, because the summary measures have not been weighted according to 

importance, it is not possible to say whether or not the para.meter combination 

is an improvement. In this case useful inf'onnation can, of course, be derived 

as to which parameters exert a significant influence on the performance of the 

model, and individual policy makers can decide whether, on balance, they prefer 

the set of summary measures to any other corabination which was obtained. 

5. More detailed comments are given on experimental designs in Chapter 7. 
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4. 5. 3. 2 Relating Conclusions from the Model to the Real World 

The basic premise of a simulation study is that it is meaningful to base 

inferences about the behavior of a real world system on the observed perfor­

mance of a simulation model. Obviously this requires that the model is a 

reasonably realistic approximation of the real world system. 

The evaluation of the realism of the model is temed verification. 

Conway (10), among others, considers that verification remains a problem because 

the inforoation required to verify the model is not available. Frequently, it 

is this lack of in:formation which leads researchers to use simulation. Conway 

argues, for example, that the researcher does not know how an alteniative 

policy affects the real world system under consideration, for if he did there 

would be little point in using simulation. He concludes that because the 

alternative policy has not been in operation, the realism of the model must be 

evaluated largely by ~ priori reasoning. 

A feature of numerical simulation is that the construction of a mathe­

matical model of a real world system involves some departure from reality. In 

relating the conclusions obtained within the context of the model to the real 

world the operational question, therefore, is not 11 does the model provide a 

perfect answer", but rather "does the model provide useful information". 

Results from a simulation study can be considered useful infornation if the 

results reduce the degree of uncertainty facing the decision maker. 

The ability to relate conclusions obtained from the model to the real 

world depends to a large extent on how "clear cut" are the conclusions which 

have been obtained from the model. Simulation allows "if ••• , then•••" 

statements to be nade. If the 11if11 assumptions do not affect the "then" 

statement, then the conclusions for the real world may be quite strong. If, 

on the other hand, the 11if11 assumptions do have a significant effect on the 

"then" statement, then at the very least the researcher is given considerable 

insights into the likely critical parameters. 
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4.6 Summary 

Systems analysis is not a specific research technique, but rather is an 

approach to problem analysis. It involves making observations of a systen1 s 

behaviour,fonnulating and testing hypotheses about the system's behaviour and 

the inference o! behaviuur in altered circumstances. Simulation is one research 

technique which can be used to test hypotheses about the behaviour of a systeu. 

Simulation allows the analysis of complex, dynamic relationships which, in 

many instances, cannot be investigated using analytical me thods, and, therefore, 

in these circUr:tstances provides information which otherwise could not be 

obtained. 

The method of simulation involves the construction, and operation of a 

model, and drawing conclusions from the results obtained from the model. In 

the construction of the model there is considerable flexibility in the rela­

tionship which can be specified, and in the overall complexity of the model. 

The operation of the model involves running the model for all reasonable 

values of the parameters included in the model. Conceptually, drawing conclu­

sions from the model consists of two parts; firstly, reaching conclusions, 

within the context of the model, about the results obtained from the operation 

of the model, and, secondly, relating these conclusions to the real world 

system which is being simulated. In this thesis, conclusions can be drawn, 

within the context of the model, directly from the results of the siruulation 

runs, but additional information can be obtained by estimating and investiga­

ting the functional relationship between para:oeters being varied and summary 

measures, and by using directional results to detemine ... w~~-.Jla:rnneter 

conbinations -would have been an improvement over the historical performance of 

the auction systro.. To relate these conclusions to the real world requires an 

evaluation of the realism of the model, and this can only be attempted by~ 

priori reasoning, and, in part, is the responsibility of each person wishing 

to use the results of the present study. 
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THE SIMULATION MODEL 

5 . 1 Introduction 
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The aim of this chapter is to describe the simulation model in detail . 

The model is comprised of three main parts . The first is the quantita­

tive balance which is designed to account for all wool sold at auction by 

calculating the amount taken by the wool trade and net speculators, and hence 

the residual amount bought or sold by the Wool Commission. This part also cal­

culates the simulated price at which the market would have been cleared. 

The model is then extended to include the financial implications of 

the quantitative balance. 

The third part involves the inclusion of summary measures which indicate 

the performance of the model for different parameter combinations . In Chapter 

3 a number of summary measures were discussed . In the third part of the model 

these summary measures are defined in terms of the variables used in the model. 

Initially, in this chapter, the data used in the calculations is 

described. Following this the quantitative balance is presented. Because of 

the complexity of this part of the model, the quantitative balance is first 

discussed in general terms, and then set out in detail . Financial implications 

and summary measures are subsequently defined. 

The reader who ~rishes a nore technical-description of the model is 

referred to the flow diagrams for the computer programmes, given in 

Appendix A. 

5. 2 Data Used 

The data used for the computer calculations were weekly measurements of 

average price and quantity sold at the New Zealand greasy wool auctions . 

Because the time basis for the aggregation of data was weekly, the figures may 

incl ude one or part of two or more sales. In some weeks no wool was sold . 
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The data, drawn from Wool Commission records, was for the 14 ~easons frora 

1952/53 to 1965/66 inclusive. 
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The quantity measurement was merely the total number of bales (assumed 

to be 325 lbs. in weight) sold, expressed in thousands of bales. 

The weekly average price was derived from the averages of adjusted, 

estimated, greasy prices for selected wool types. The prices were adjusted so 

that prices from sales at all auction centres were comparable on a clean c.i.f. 

(cost, insurance and freight) basis in the U.K •• 

The selected Wool Commission types were: 

86, 100, 107, 114, 128, E695, 739 1 

The price for each wool type was that price which it would have sold for (not 

should have sold for) rather than the actual sales price. Providing the 

estimates of prices don1 t get too much out of line with actual prices, this 

method is advantageous. It avoids bias in the average price during the season 

due to changes in the composition of wool types sold. In any case this data , 

is the best available price series, and constitutes official Wool Commission 

statistics. 

Given the aggregated nature of the data, it is evident that this study 

excludes from consideration the situation where the price of one particular 

wool type (other than one of the seven above) falls; that is, where a 11hole 11 

appears in the market . 

The present study refers to the prices of all individual wool types in 

terms of an average price. The justification of this approach can be argued 

on two grounds. Firstly, in a study reviewed in section 2. 3, Candler ( 3) 

showed that the weekly prices of the major wool types, used to derive the 

average price series, showed a considerable tendency to Dove together. 

Secondly, to run the model for a large number of wool types would avoid 

the aggregation problem but, apart from being tedious and time consuming , this 

1. For a description of these types see Candler (3), pp. 2. 
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approach would pose other difficul. ties. In particular, .it would be necessary 

to specify the demand for individual wool types and their cross elastic:!. ty. 

To the author's knowledge no demaJ1d estimates with this degree of · detail have 

been made for any commodity. 

The Quantitative Ba.lance 

The quantitative balance is designed to account for all wool sold at 

auction. In addition, the price at which the market is cleared is also 

calculated. This is the most important part of the model; it details how the 

demand for, and supply of wool at auction is broken down into various components. 

Further, it indicates what variables are included in each component, the rela­

tionship between the variables in each component, i.e. the operating charac­

teristic, and the identity relationship between the components. 

The components of supply and demand in this model a re: 

(a) the grower supply function, 

(b) the normal trade demand function, 

( c) the net speculative demand/supply function, 

( d) the Wool Commission demand/supply ±'unction. 

The identity is: 

(e) the auction identity. 

The above pennit the calculation of: 

(f) the simulated price. 

5.3.1 Grower Supply Function 

This takes the form of the identity: 

where 

and 

Q
1 

is the observed sales in ,ooo bales at auction in a 

given week, and 

( 1) 

Q
3 

is the quantity in 1000 bales supplied on to the market 



in a given week. 

The nature of this function indicates that the supply from growers in 

any week is assumed completely inelastic. From this it follows that in a 

given week the grower1 s supply of wool to auction will not alter as a result 

of the Wool Commission's activities, or altered auction prices. 

5.3.2 Nonnal Trade Demand Function 

Both the normal trade demand function and the net speculative demand/ 

supply function refer to the demand for wool by all sections of the wool 

trade. The division between the two is not on the basis of whether wool is 

bought for manufacturing, or for speculative purposes, 2 but rather the division 

is between that demand which is unaffected by the Wool Commission's activities, 

and the net demand (positive or negative) which is "created" by the Wool 

Commission1s activity. Both functions include demand for wool for speculative 

purposes. The "Nomal Trade Demand" includes only the speculative dE3ll7and which 

would haveo~ed in the absence of Wool Commission activity. 

The basis of the nonnal trade demand ±'unction is the equation: 

= 

where 

A1 
B3 p1 

Q
1 

is the observed quantity of wool supplied by growers, 

and demanded by the trade, in a given week where there 

is no inter.ference by the Wool Commission, 

B
3 

is tenned the shift parameter and is constant for each 

week, 

A1 is the price elasticity of demand - a parameter, 3 and 

( 2) 

2. In practice it is extremely difficult, if not impossible, to distinguish 
speculative from manufactu.rer1s purchases since speculation is carried out 
both by the "pure speculator" and by manu;facturers who increase stocks to 
maintain the desired level of production. Further, the motive for holding 
stock can vary through time. 

3. A parameter could be more formally defined as a number which may vary froo 
one run to another, but which is constant for any one run. It determines 
the relative importance of the variable associated with it in the model. 



P 
1 

is the 11 equilibrium114 or observed average price5 in a given 

week, when simulated price P2 differs from the observed P
1

, 

P 
1 

is taken as an index of "world price" for wool. 

Re-arranging equation ( 2) : 
-A 

B3 = Q1 p 1 
1 (3) 
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Q
1 

and P
1 

are known from the available data, a value for A
1 

is assumed 

and hence the value of B
3 

can be calculated as in (3). Given the assumed 

value A
1

, and calculated value B
3

, the normal trade demand function is com­

pletely specified, enabling the derivation of the constant elasticity demand 

curve for each week. For a change in the average price in a particular week, 

the quantity demanded by the normal trade demand can be evaluated by: 

( 4) 

or 

where 

Q
2 

is the q_uanti ty demanded by the normal trade demand in a 

given week, and 

P
2 

is the simulated price (defined later), and 

A2 is a "shift" effect on normal trade demand due to the 

Wool Commission1 s activities, ii is a para.meter. 

From (3) and (4) we can see that if A2 = 1.0, and if P2 = P
1 

then 

Q2 = Q1 • 

The nonnal trade demand measures that demand for wool by the wool trade 

which is not affected directly by the Wool Commission1 s activities. This 

4. "Equilibrium." price in the sense that in the absence of any activity by the 
Wool Commission, this is the price which would have ruled; it is the price 
which was actually observed. In a few cases the Wool Commission1s floor 
bids did actually influence this price, but this effect is ignored. 

5. Average price will be referred to in future as 11price. 11 
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demand is strictly a function of price, but allowance is made, through the 

parameter A2 for some expansion (or contraction) of demand due to the general 

stabilising effect of the Wool Coramission on wool price variability. If A2 

is less than 1 there is a reduction in the normal trade demand. If A2 is 

greater than 1 there is an expansion in demand. 

The accuracy of this approach in explaining the nature of the normal 

trade demand for wool is dependent to a very large extent on the appropriate­

ness of the value of the price elasticity of demand and the form of the demand 

:function. On this subject there is very little information. Therefore, two 

computer programmes were written, one with a constant elasticity demand sche~ 

dule, the other with a linear demand schedule and each was run for a range of 

elasticity values. 

It is also probable that the elasticity varies through tme, but again 

due to lack of information, the elasticity has been assumed constant for each 

run. If the actual variations in elasticity through time could be specified, 

then this could easily be included in the model. 

5.3.3 Net Speculative Demand/Supply Funotion 

This function measures the ~ demand by the wool trade as a result of 

the Wool Commission's activities. As such, in a particular week, it rnay be 

positive, indicating a demand for wool, or negative, indicating a supply of 

wool. 

The assumptions regarding the form of this f'unction provide one of the 

most difficult aspects of the model since it was necessary in the construction 

of the model to state how the trade would react to a particular Wool Coomission 

floor and ceiling price policy. The formulation of this function was considered 

desirable, firstly, because some reaction to a Wool Commission policy was 

considered probable, and secondly, because the design and operation of a 

simulation model provide a means of generating information as to the effect of 

different levels of net spec,µa.tive activity. 



If the elimination of the effect of the net speculntive demand/supply 

equation is desired, then this can be achieved by equating the parameters 

associated with this function to zero. 

The net speculative demand/supply function takes the form: 

( 5) 

where 

6 B
4 

is the desired net speculative demand or supply in a given 

week, 

Q6 is the level of Wool Comnission stocks of wool, 

Q7 is the level of Net Speculative stocks of wool, 

(P2-P1) is the spread between the simulated price P
2 

(in the N.Z. 

auction rooms) and the ( world) "equilibriur:111 price P 
1

, and 

A
6 

is a paraneter indicating the change in net speculative demand 

for wool when the simulated price is at the floor or ceiling 

price. 

The algebraic expression of this functional foro is such that B4 

decreases as Q
6

, Q
7 

and (P
2
-P

1
) increase. When the simulated price is at the 

floor, raost people would want to assune A6 has a positive effect on B
4 

and when 

a t the ceiling the effect of A
6 

is likely to be negative. In the model , A6 

has zero effect between the floor and ceiling. 

is: 

A further equation specifying the net speculative demand/supply function 

where 

Q 
4 

is the amount the net speculators actually buy or sell, 

B 
4 

is the amount that net speculators would like to buy or 

sell, and 

( 6) 

Q
7 

is the availability of speculative wool stocks which can 

6. The net speculative demand or supply is tenned, in future, net speculative 
demand. It is assuned that supply is a negative der::iand. 



be sold. 

This equation indicates that net speculators are only allowed to sell wool 

which has previously been bought in. 

5. 3. 4 Wool Connission Demand/Supply Function 

The Wool CoIJmission1 s demand/supply function can be stated as: 

where 

Q
5 

is the Wool Coimllission•s demand for, or supply of wool 

in a given week, 

p3 is the floor price, 

p4 is the ceiling price, and 

Q6 is the level of Wool Con:JD.ission stocks. 

(7) 

Once the assumptions of the level of the floor and ceiling prices have 

been made for a given week then the Wool Co:m.t1ission simply buys or sells the 

difference between what the trade wants cmd what the growers supply. For 

purchases at the floor it is assumed that the Wool Oommission hns infinite 

f:i..nancial backing, but at the ceiling the sales by the Wool Commission are 

subject to stocks of wool being available. Hence the Wool Col:lulission always 

maintains the floor, but can only enforce the ceiling so long as it bas 

sufficient stocks. 

Given that the Wool Commission holds the floor, and the ceiling if 

possible, the important aspect of the Wool Commission de:oand/supply function 

then becones the nature of the floor and ceiling price policy; whether the 

floor and ceiling prices are to be rigid or flexible and, if flexible, decision 

rules which govern how they are set. The model is sufficiently flexible to 

incorporate a number of alternative policies. 

5.3.5 The Auction Identity 

The action identity is given as: 
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(8) 

This equation relates the wool bought or sold by the nonnal trade demand 

(Q2), the net speculative demand (Q
4

) and the Wool Colillrl.ission (Q
5
) to the 

quantity supplied ( Q
3
). As such it ensures that all the wool supplied is 

accounted :for. 

5. 3. 6 Calculation o:f Sioulated Price 

The siraulated price, P 2, calculated each week, is found initially by 

solving for P2 in the noroal trade deL1and equation and the net speculative 

deoand/supply equation. This is the price which would have prevailed at auc­

tion given a positive Wool Comnission policy, but first without including the 

Wool Comrnission1s direct interference in that week. The second step is then 

to detemine the siraulated price given the restraints of the Wool CoDiilission1 s 

floor and ceiling price policy, and the effect on the net speculator1 s deo.and 

for wool of A
6 

- a parameter indicating the change in net speculative demand 

for wool when the si.Llulated price is at the floor or ceiling. 

5.4 Algebra of the Quantitative Balance 

In this section the discussion of the quantitative balance is extended 

by showing more precisely how the components of supply and demand are formula­

ted, and then how they are related. This includes the derivation of the 

simulated price. Further, the algebra of the nornal trade demand :f'unction will 

be analysed for both the linear deraand model and the constant elasticity of 

demand model• 

In Appendix A the flow diagrams for the quantitative balance of the 

two models are given. 

5. 4.1 Grower Supply Equation 

The grower supply equation takes the fonn: 

(9) 



where 

Q
1 

is the observed sales in a particular week, and 

Q
3 

is the supply o:f w:>ol on to the market in that week. 

Equation (9) indicates that the grower supply is coopletely inelastic. 

5.4.2 Net Speculative DeI:innd/Supply Equation 

The net speculative demand for wool, if th0 Wool Conmission is present 

but does not enter the :r:iarket, is given as: 

( 10) 

where 

B
4 

is the desired net speculative demand in a given week, 

A
3

, A
4

, A
5 

are pararaeters7 and have a linear effect on the 

variables they are associated with, 

Q6 is the opening8 level of Wool Commission stocks, 

p2 is the simulated New Zealand auction price, 

p 1 is the observed "world equilibriura11 price, and 

Q7 is the opening net speculative stocks. 

If the Wool CoI!lI:lission does enter the market to 0c'lke purchases or sales 

and the simulated price is at the :floor or at the ceiling, then equation (10) 

is altered by ( +Q1 A6 ) or ( ...Qf•Ji.6) reapecti vely,. · The parameter A
6 

represents ­

the change in net specw..ative activity when the s:i.Jilulated price of wool is at 

the floor or ceiling. 

Equation (10) by including A6 becomes: 

B4 = ±(Q1 A6) - Q1(A3 Q6 + A4(P2 - P1) + A5 Q7) 

When B
4 

is positive this indicates a desired deilc.'l.lld for wool, when 

negative it indicates a desired supply of wool. 

The term -Q
1

(A
3
Q

6
) indicates that the effect of rising Wool Co.Drlission 

stocks is to reduce the net speculative demand for wool. 

7 ~ See footnote 3 for definition of "paraneter." 

s. "Opening" - at the start of the week~ 
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The term -Q
1
A

4
(P2-P

1
) represents the effect of the spread between the 

siouJ..ated price and the observed price. If P 
2 

is greater than P 
1 

then this 

term is negative owing to the wool trade being able to purchase wool cheaper 

elsewhere in the world. If P 2 is less than P 
1 

this tem is positive shovring 

the tendency towards a positive net speculative demand for wool, since vrool is 

cheaper in the New Zealand auction room than overseas . 

The term -Q
1

(A
5
Q

7
) measures the reduction in the net speculative deoand 

for further stocks of wool due to the magnitude of present speculative stocks. 

If the siDula ted price is at the floor or ceiling price, the tem 

±Q
1
A6 is included in the calculation of B

4
• At the floor it is likely to be 

positive9 indicating an increased net specula tive activity since, providing the 

wool trade is confident in the Wool Coomission1 s holding the flo or price, ne t 

speculators can be assured prices will not fall further. For the manufacturer 

this could signal the end of a cur;iulative price decline. This phenonenUL1 occurs 

when the price is falling and, although the price is below what the mnufacturer 

is prepared to pay for a particular type of wool, he would not enter the market 

in view of the possibility of a further price decline. Hence the presence of 

the floor price would in this case initiate buying operations again. The 

speculator would respond similarly since he could be confident that price 

would not fall further and therefore could be sure of not making an :imnedia te 

loss. At the ceiling the term Q
1
A

6 
is likely to be negative indicating for 

similar reasons that there would be a reduction in net speculative demand. 

5. 4. 2.1 Interactions Between Net Speculative Deriiruid and Sinulated Price 

It is of some interest to examine the ways in which net speculative 

det1ru1d can affect the sir:lulated price of wool, P2, and vice versa. This 

e:xar;u_nation will provide a good review of. the structure of the model . These 

interactions between s:ir.lulated price and net speculative demand are now given. 

9. And will be positive provided A6 > o. 
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5. 4. 2. 2 Simulated Price Between Floo_r and Ceiling 

First we consider the situation where the simulated price P 
2 

lies 

between the floor and ceiling price. Three situations are investi'gated. These 

are; zero Wool Commission and net speculative stocks, zero net speculative 

and positive Wool Commission stocks, and positive net speculative and Wool 

Commission stocks. 

(a) Zero Wool Commission and Net Speculative stocks, and: 

(i) No effect on trade demand due to Wool Commission activities 
(i.e. A

2 
= 1). 

In this case P
2 

= P
1 

and Q
4 

= 0 and Q
2 

= Q
1 

= Q
3 

(i.e. simulated price 

and trade purchases correspond exactly to observed price and trade purchases). 

(ii) Positive effect on trade demand due to Wool Commission activities 
(i.e. A

2 
> 1). 

In this case the simulated price will tend to exceed observed price 

(i.e. P
2 

> P
1

) and net speculative demand might t end to be negative (since 

-Q
1
A

4
(P

2
-P

1
) < o), but with zero stocks effective net speculative demand would 

be zero (B
4 

< Q
4 

= o). 

(iii) Negative effect on trade demand due to Wool Commission activities 
(i.e. A2 < 1). 

In this case , the simulated price will tend to fall short of observed 

price (i.e. P2 < P
1
) and net speculative demand may be positive (will be 

positive if A
4 

> o, since -Ql/P2-P1) > o). 10 

If the existence of the Wool Commission's floor and ceiling tends to 

depress trade demand (A2 < 1), but simulated prices below observed prices 

(P 2 < P
1

) tends to increase speculative demand, there is a "conflict" between 

the_se two tendencies and simulated price should fall below observed price -

10. ~: With appropriate (or, perhaps more accurat ely, inappropriate) 
values of the coefficients A4 and A~, the CTodel could produce an unstable 
"see-saw" effect where in one perioa with zero speculative stock, Q7 = o, 
simulated price would be below observed price (P2 < P1), and hence net 
speculative demand would be positive. In the next period speculators 
would have large stocks Q7 > o, and if these depressed speculative dernand 
sufficiently, the speculators could sell their stocks, forcing simulated 
price down. This is an undesirable feature of the model, and may need to 
be modified. 
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but may not fall as far below as 

lative demand. 

wouid occur if there were zero net specu-

(b) Zero Net Speculative Stocks 

The relationships here correspond to (a) (i), (ii) and (iii) above, 

except that the existence of Wool Cor::unission stocks, Q6, will tend to depress 

net speculative demand, Q
4 

(if A
3 

> o). Since we don't expect net speculative 

purchases for A2 ~ 1 (and there can 1t be sales so long as net speculative 

stocks are zero), the only effect of Wool CoIDfilission stocks is likely to be to 

reduce the net speculative purchases which may be made if the existence of the 

Wool Commission tends to depress trade demand (i~e~ A2 < 1). 

(c) Positive Net Speculative Stocks 

The existence of net speculative stocks, Q
7

, will tend to reduce net 

speculative demand (if A
5 

> o). At the same ti.me these stocks mean that net 

speculative sales can be made . The larger the values of A2, A
3 

and A
5

, the 

larger will these sales tend to be. To the extent that net speculative sales 

lower simulated price below observed price (P 2 < P
1
), there will be an off­

setting tendency for net speculative demand to rise. 

In any case, the size of net speculative stocks sets an upper limit to 

the amount that speculators can sell in any one period, thus 

(11) 

where 

B
4 

is as defmed in (10). 

5.4.2.3 Simulated .Price Above Ceiling, No Wool Commission Stocks 

This implies that Wool Commission stocks, Q6, have been exhausted since, 

it is assumed that the Commission will always sell any available wool in an 

attempt to hold the ceiling. 

With zero Wool Commission stocks, the analysis of the interrelationship 

of net speculative demand and price follows the same lines as for simulated 
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price between the floor and ceiling. The level of net speculative demand is 

therefore: 

Net speculators cannot sell more wool than they have in stock. 

5. 4. 2. 4 Simulated Price at Flo.or 

It is assumed that the Wool Commission has infinite financial resources , 

so that the floor price can always be maintained. This implies that trade 

and the initial estimate of net speculative demand, B
4

, is: 

B 4 = -Q/-A6 + A3Q6 + A 4 (P 3 - p 1) + A5Q7) • 

If this initial estimate is negative (which is unlikely, since it 

involves the speculators selling at the floor) then: 

The desired net speculative supply, B
4

, is limited by the availability of 

stocks, Q
7

• 

If the initial estimate of net speculative demand, B
4

, is positive, 

then it is necessary to check the availability of wool to meet . this demand. 

If there is sufficient vvool to meet normal trade and the initial estimate of 

speculative demand, then speculative demand is equal to ·the initial estimat e , 

that is: 

If there is insufficient wool available (Q
3
), to supply the initial 

estimate and normal trade demand, then net speculative demand takes all 

available wool in excess of no:onal trade demand; 11 

11. Hence Q
4 

< -Q/-A
6 

+ A
3
Q6 + A

4
(P

3 
-P1) + A

5
Q

7
) 

But Q4 ~ -Q/A3Q6 + AiP3 - p 1) + A5Q7) 

since if the latter inequality is violated normal trade and speculative 
demand are together sufficient to hold simulated price above the floor, 
without any action by the Wool Commission. 
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Wool Commission purchases are the residual a.mount not taken by trade 

and speculative demand: 

It is interesting to note that this model allows for weeks in which the 

Wool Com ission holds the floor, without making an.y purchases. 

5.4.2.5 Simulated Price at Ceiling 

It is assumed that the Wool Commission can only sell wool it has 

previously bought, but that, subject to thi$ restriction, it will always try 

to maintain the ceiling. That is, the model calls on the Wool Commission t o 

sell any available wool to maintain the ceiling price this week , even if it 

is very likely that price will go sky-high next week. 

So long as wool price is a t the ceiling, normal trade demand, Q2, is: 

A1 
Q2 = A2 B3 p 4 

and the llll..' • ti· al est.; m.-,te of net ul t · d d B · ..u.uo. spec a ive eman, 
4

, is: 

If this initial estimate is negative then it is necessary t o check if 

suf'ficient stocks of wool are available to the speculators. The speculative 

sales become: 

If the initial estimate is positive (which is unlikely, since it involves 

the speculators buying at the ceiling), then we have to check on the availa­

bility of Wool Commission stocks to maintain the ceiling.. If' the Wool Commis­

sion has adequate stocks, (i.e. Q
3 

+ Q6 ~ Q
2 

+ B
4
), then: 

If the Wool Commission's stocks together with growers' supply are less 
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than normal trade demand and the initial estimate of speculative demand, but 

not less than 

then the speculative demand is: 

Wool Commission sales are simply 

Q - Q - Q 
2 4 3 

If Wool Commission stocks are less than the difference between wool 

offered for sale, Q
3

, and the initial estimate of speculative demand, B
4

, 

then the model will result in zero Wool Cornnission stocks at the end of the 

period. 

5. 4. 2.6 Simulated Price Above Ceiling, SoJ?-e Wool Commission Stocks 

In this case the Wool Commission has~ stocks, but not enough to 

enforce the ceiling price in the week being studied. All Wool Commission 

stocks will be released on to the market , but simulated price, P2, is still 

above the ceiling, P 
4

• 

Net speculative demand, Q
4

, is 

where 

The simulated price, P2, is selected such that: 

5.4,3 Net Speculative Inventory Equation 

The net speculative inventory equation assumes that the closing inventory 

of wool for the week is equal to the opening inventory plus purchases (or less 

sales). 



( 12) 

where 

Q4t is the net speculative purchases (if positive) or sales 

(if negative) in week t, and 

Q7t is the net speculators' stocks of wool at the beginning 

of week t. 

5.4.4 Wool Commission Demand/Supply Equation 

The Wool Commission deoand/supply function takes the fonn of tho 

following equations. For (simulated) prices at the floor: 

if p2 = p3 • (13) 

where 

Q5 is the Wool Commission's demand in a given week. 
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Equation 13 indicates that the Wool Commission purchases sufficient 

wool t o maintain the weekly floor price, p 3" Thus the amount the Wool Commis­

sion purchases, Q
5

, is calculated by subtracting normal trade demand, Q
2

, and 

the net speculative demand, Q
4

, at the floor price, from the grower1s supply, 

Q3. 

For prices away from the floor and ceiling: 

= 0 if p3 < P 2 < P 4 

( 14) 

where 

Q6 is the level of Wool Commission stocks. 

That is, the Wool Commission makes no purchases or sales if the simu­

lated price is between the weekly floor and ceiling prices, or if the simulated 

price is at or above the ceiling and the Wool Commission has no stocks. 

For prices at the ceiling, or above the ceiling, when the Wool Commis­

sion has some stocks of wool: 

if p 2 ~ p 4 ( 15) 
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The Wool Commission either sells sufficient stocks to hold the ceiling, 

or if the Wool Commission1s stocks are not sufficiently large then all of the 

Wool Cormnission1s stocks are placed on the market to hold the simulated price 

as low as possible, 

The level of Wool Commission funds is assumed not to be a limiting 

factor. If the level of :funds becomes negative this indicates that the Wool 

Commission is using borrowed f'unds - presumably from the Government. 

5. 4. 4. 1 Al tema ti ve Floor and Ceiling Price Policies 

Given that the Wool Commission buys and sells sufficient to maintain 

the floor and ceiling price policy (subject to sufficient stocks being avail­

able), the important aspect of the Wool Commission demand/supply :function 

becomes the manner in which the weekly and seasonal floor and ceiling prices 

are set. 

5. 4. 4, 2 Rigid Floor and Ceiling Price Policies 

The simplest Wool Commission policy studied was where the floor and 

ceiling prices were constant throughout the fourteen seasons for which data 

is available. 

Here 

where 

A
12 

is the initial floor price, and 

A
13 

is the initial ceiling price. 

A more complex determination of flexible floor and ceiling prices 

involves weekly and annual calculations of their values. The weekly values 

can be detennined either on a percentage basis, or from the level of Wool 

Commission stocks, The calculations of annual floor and ceiling prices 



incorporate both. 

5. 4. 4. 3 Flexible Weekly Floor and Ceiling Price Policies 

For the calculation of flexible weekly floor and ceiling prices based 

on the level of Wool Commission stocks, the new floor and ceiling prices are 

given by: 

where 

p3t+1 = max (P3t( 1 - A14), p5 - A16 Q6t) 

p4t+1 = min (P4t( 1 + A15), p6 - A17 Q6t) 

(16) 

( 17) 

A
15 

is the percentage rise in the ceiling price allowed froI!l 

one week to the next, 

A 16 is the linear effect of the Wool Conimissionls stocks on 

the floor, 

A
17 

is the li..~ear effect of the Wool Coiilfilission's stocks on 

the ceiling, 

th P
3

t is the weekly simulated floor price in the t week, 

P
5 

is the seasonal simulated floor price, 

th P 
4

t is the weekly simulated ceiling price in the t week, 

P6 is the seasonal simulated ceiling price, 

A
14 

is the percentage drop in floor price allowed from one 

week to the next, and 

Q6t is the Wool Commission stocks at the end of week t. 

In the calculation of the floor price for the following week P 
3
t+1 is 

first equated to P
3
t(1 - A

14
). This figure is then tested to see if it is 

greater or smaller than the reduction in the seasonal price due to the level 

of Wool Commission stocks i.e. (P
5 

- A16 Q6t). If less, then 

If greater, then P 
3

t+
1 

is left as initially detennined. 



The ceiling price is calculated similarly. If P
4
t(1 + A

15
) is less 

than P
6 

- (A17 Q
6
t), the drop in the seasonal ceiling due to the level of Wool 

Commission stocks, then P
4

t+ 1 = P
4

(1 + A15). If greater; then P
4
t+1 = P6 -

(A17 Q6t)• 

For the determination of the flexible weekly floor and ceiling prices 

on a percentage basis, the new floor, P
3
t+1, and ceiling, P

4
t+ 1, are given by: 

p3t+1 = min (P3t( 1 - A14), P5( 1 - A14)) 

p4t+1 = max (P4t( 1 + A15), P6( 1 + A15)) 

(18) 

( 19) 

Initially the weekly floor price is compared to the seasonal floor 

price. If P 
3 

is l ess than P 
5 

then: 

If gr eat er, then: 

The rises in the ceiling price a r e determined inn simila r manner. 

5. 4. 4 • .4 Flexible Seasonal Floor and Ceiling Price Policies 

In the evaluation of the seasonal floor and ceiling prices , the calcu­

lations incorporate both the percentage, and the level of Wool Cor;imissi on 

stocks effects. Initially, P
7 

is calculated from: 

where 

A
20 

is the linear effect of Wool Commission stocks on the 

annual floor price, and 

( 20) 

A
22 

is the annual increment of the floor price if there are no 

stocks. 

This equation therefore measures the maximum change in the floor price. 

If this exceeds the maxi.mum allowable increase in seasonal floor, then the new 

seasonal 11 target11 floor price, P
5 1, is given by: . s+ 



where 

p 
5s+1 

A
18 

is ma.x:i.mUIJ. percentage change in the floor between 

seasons, and 

P
5
s is the target floor price for the s th season. 
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If' it could result in a bigger drop that the maxi.mum pennissible change 

in the seasonal floor, then 

p5s-t1 = - P5s( 1 -A18) ~p7 

Thus 

( 21) 

If' either r elationship holds as an equality, the equality is used to 

define P5s+1• If (21) holds as a strict inequality, then PSs+1 is defined as 

equal to P 
7 

in ( 20) • 

The ceiling is determined, using the sane procedure , from: 

where 

A21 is the linear effect of Wool Commission stocks on t he 

annual ceiling, and 

A
23 

is the annual increment of ceiling price if zero stocks . 

This equation therefore measures the ma.ximur:i change in the seasonal 

ceiling price. If this exceeds the ma.x:i.raura allowable rise in the seasonal 

ceiling price, then the new seasonal "target" ceiling price is 

where 

p 
6s+1 

A
19 

is the maximum allowable percentage change in the ceiling 

between seasons, and 

P6s is the target ceiling price in the s th season. 

If the fall in the seasonal ceiling exceeds the Ll8.X:irn.um allowable fall 



120~ 

then 

Otherwise 

Thus 

(22) 

The model thus provides for both some response of seasonal floor to 

Wool Commission stocks, and some movement of the floor within a season. This 

completes the discussion on the rigid and flexible floor and ceiling price 

policies which have been incorporated in the model. 

5.4.5 Wool Commission Inventory Equation 

The Wool CoIJ.mission inventory equation ensures that the closing wool 

inventory (at the end of the week) is equal to the opening inventory plus 

purchases (or sales): 

where 
( 23) 

Q
5
t is the Wool Corillllission1s purchases (if positive) or 

sales (if negative) in week t, and Q6t is the Wool Commis­

sion's stock of wool at the beginning of week t. 

5.4.6 Nomal Trade Tiemand Eguation 

This function measures the demand for wool which is a. ±'unction of price 

only, and is independent of the Wool Commission's activity (apart fron the 

Wool Co:cnnission1 s effect on price). Since little information is available on 

what form this function should take two forms were chosen. These were a linear 

demand function and constant elasticity demand ±'unction. 

Models were developed to incorporate each of these ±'unctions. The 

models which incorporated the constant elasticity of demand ±'unction were 

termed WMSM*5 (Wool Marketing Simulation Model 5) and V..T.1SM*7. The models 
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which incorporated the linear demand function were termed WMSM*4 and WMSM*6 . 

The difference between the two models for each demand function is given below 

in the discussion of summary measures. 

5.4.6.1 Constant Elasticity of Demand Model 

In an earlier discussion (section 5.3.2) the normal trade droand 

equation was given in equation (4) asr 

(24) 

where 

A
1 

is the price elasticity of demand - a parameter, 

A
2 

is the shift in the non:nal trade demand due to the stabili­

sation of prices achieved by the Wool Commission, and is 

also a paraneter, 

B
3 

is shift pararieter specifying the demand curve in a given 
. A 

week(= Q1/P1 
1), and 

P2 is the simulated price in a given week. 

If the 11 stabilising11 effects of the Wool Cornmission1 s activities is taken 

to expand demand for wool from mills and final consumers, then A2 should be 

greater than 1. If the "interference" of the Wool Corrnnission1s stabilising 

activities is taken to depress the no:roal trade der.:iand for wool from mills and 

consumers, then A2 should be taken as less than 1. 

Equation ( 24) is used directly. in WMSM*5 and WMSM*7. 

5.4.6.2 Linear Demand Model 

The constant elasticity demand equation with no Wool Commission inter­

ference is: 

(25) 

where 

Q
1 

is the observed quantity sold in a given week, 



P
1 

is the observed price in a given week; and 

A2 = 1, by assumption. 
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The first step in deriving the linear demand schedule is to determine 

the slope at the point with the coordinates (P
1

, Q
1
). This is calculated by 

taking the first derivative of equation (25) with respect to P
1

, on the 

assumption that A
2 

= 1, i.e. clQ1 • 
cP

1 
This gives: 

( 26) 

where 

B
2 

indicates the slope of the no:rmal trade demand equation 

. th . th ek in e 1 we • 

On the assumption of a linear demand schedule, the slope at the point 

(P
2

, Q2 ) is the same as at the point (P
1

, Q
1
). 

There:fore: 

The fo:rm of the linear demand equation without the Wool Commission 

having any e:f:fect on the wool market is: 

(27) 

where B2 can be :found as discussed above. 

Rearranging,(27) B
1 

- the intercept on the Q axis - can be found: 

(28) 

Therefore the quantity that the trade takes at the simulated price, by 

including the effect of the Wool Commission1s activities, can be calculated as: 

(29) 

5.4.7 Calculation of Simulated Price 



5. 4. 7 .1 Constant Elasticity of Demand Model 

The auction identity is: 

where 

In the first instance assume Q
5 

= O. In this Mse: 

where 
A1 

Q2 == A2 (B3 p 2 ) 

Q4 == max (B4' - Q7) 

(i) If Q
4 

== B
4

, then: 

Q 4 == - Q1 (A3 Q6 + A 4 (P 2 - p 1) + A5 Q7) 

and from ( 30) 

A1 
Q3 = A2 (B3 p 2 ) - Q1 (A3 Q6 + A 4 (P 2 - p 1) + 

A5 Q7) (31) 

Equation (31) cannot be solved for P
2 

easily since it is in the form 

of a polynomial. This VvOuld take too long to solve using nonnal analytical 

methods hence an iterative procedure was employed. 

The iterative procedure used in this situation was 11Newton1s Method". 

Rewriting equation (31): 

The aim of' this method is to determine where the curve AB, in Figure 

5.1 which graphs f(P2) as a function of P 2, cuts the P 2 axis, or the value of 

P 2 for which f(P 2) = O; i.e. the appropriate root of f(P 2). The first 

approximation in the iterative procedure is P1, the observed price. The slope 

of the curve AB where P2 = P
1 

is determined, then extrapolated to the P2 axis, 
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and the value of P 2 at D becomes the second approximation. In mathematical 

terms this is given by: 

(33) 

where 

A 

' f(P 
2

) ~\ 
·t 

E 

FIGURE 5.1 ITERATIVE CALCULATION OF SIMULATED PRICE 

(The only restriction on the use of this method is that the curve AB 

must increase or decrease monotonically from the first approximation to the 

appropriate root of f(P
2
); i.e. P

2
*). This process of successive numerical 

approximation is continued until the point P 2* is reached. The simulation 

programme is written to iterate the value of P 2 until it comes within 0.001 

cent of the correct root of the simulated price, P 
2

, in the polynomial in 

equation (33). 

(ii) If Q4 = -Q7, then 

(34) 



• • • 
. A1 

Q3 = A2(B3 p2 ) - Q7 ' 

1 

• p 
• • 2 

= (Q3 + Q7) A1 , 
( A2 B3 ) 

and P 2 can be calculated directly. 

5. 4. 7. 2 Linear Der:iand Model 

For the linear demand model the auction identity takes the fo:rm: 

Again assume Q
5 

= o, and hence that 

where 

Q2 = A2(B1 + B2 p 2) 

Q4 = max (B4' - Q7) 

(i) If Q
4 

= B
4

, then 

Q4 = -Q/A3 Q6 + A/P2 - P1) + A5 Q7) 

Q3 = Q2 + Q4 

125 • 

(35) 

••• Q_3 = A2(B1 + B2 P2) - Q/A3 Q6 + A/P2 - P1) + A5 Q7) 

. . Q3 - A2 B1 + Q1 (A3 Q6 - A 4 p 1 + A5 Q7) p 2 = ____________ __._ ________________ _ 

A2 B2 - Q1 A4 

(ii) If Q
4 

= -o,
7

, then 

Q3 = Q2 - Q7 

Q3 = A2(B1 + B2 p 2) - ~ 

_ Q3 + Q7 - A2 B1 
p 2 - --------------

A2 B2 

(36) 

(37) 

In both the constant eiasticity model and the linear demand model 

where the initial value of P 2 is less than the floor price or greater than the 

ceiling price, then the Wool Commission will maintain the floor price and 
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attempt to maintain the ceiling price (subject to stocks of wool being avail­

able). For the calculations of the simulated price, P2, under these conditions, 

the reader is referred to section 5.4.2 and to the flow diagrams in Appendix A. 

5.5 Calculation of Financial Implications 

In this part of the model, weekly changes in the financial position of 

the Wool Commission, the net speculators, and growers are calculated. The 

cumulative effects of these changes are also recorded. 

(a) The change (in$ millions) in the Wool Commission's total cash 

balance in a given week is calculated as: 

Interest for the week on opening12 total cash balance 

plus value of sales, 

less value of purchases, 

less storage cost on opening inventory, and 

less insurance cost on opening inventory. 

The weekly interest rate is given by: 

= 

where 

A
11 

is the annual interest rate - a parameter, and 

B
5 

is the weekly interest rate. 

(38) 

The interest on the opening cash balance is calculated by (B
5 

R2) where 

R
2 

is the opening cash balance. There is no restriction on R2 being positive. 

If R2 is negative, then the te:rm (B
5 

R2) is negative indicating payment of 

interest rather than receipt of interest. 

The cash effect of Wool Commission purchases and sales of stocks, Q
5

, 

were calculated as (- .00325 P2 Q
5

). 

If the Wool Commission purchases wool then Q
5

13 is positive and the 

12. Opening = at the start of the week. 

13. All quantities in this model are in ,ooo of 325 lb. bales. 
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cash effect is negative. Multiplying by 0.00325 expresses the purchases and 

sales in$ millions. 14 

The cost of storage15 "Was a composite figure made up of the costs of 

• 
cartage, stacking, unsta'lking and actual storage. The first three costs vary 

throughout New Zealand but an est:i.lnated average figure was used, The cost of 

actual storage (i.e. the hiring of sheds) was the average for New Zealand for 

the recent stockpiling of wool by the Wool Commission. 

Average over N.Z. :for actual storage = 3.1c./bale/week 

cost of stacking = 13c./bale 

cost of cartage = 18c./bale 

cost of taking down stacks = 13c./bale 

cost of cartage 18c~/bale 

To impute a value for the cost of stacking and cartage on a per week 

basis it was necessary to set an arbitrary time for which the Wool Commission 

would, on average , hold stocks. A 2-year basis was decided on. 16 

Therefore the cost/week= 2(13+18)/104 = .596 cents/bale/week 

The overall storage cost was then = 3.696 cents/bale/week 

= 0.00003696 $M/, ooo bales/week 

The insurance costs17 facing the Wool Commission were a gross rate of 

20 cents/$100 less a rebate of 2.5 cents/$100 together with an earthquake nnd 

war damage insurance cost of 5 cents/$100. 

14. Values of Q
5

(325 lb.) bales= Q5 325 P2 cents/bale 
= Q5 3.25 P2 $/bale 

Value in $/,ooo bales = Q5 3250 P2 $/,ooo bales 
Value in $M/,ooo bales = Q5 P2 0.00325 $1/,ooo bales 

15. The costs listed here were obtained from the N.Z. Wool Commission. 

16. A further refinement of the model would include charging for receipt, 
stacking and unstacking when these actually occurred - and only charging 

. for storage and insurance for the week1 s wqol when held off the market. 
The present model approximates these costs. 

17. See footnote 15. 



The insurance cost for wool was therefore 22.5 cents/$100/year. 

The value of wool held by the Wool Commission is given by 

325,000.Q6.P2 cents/,ooo bales. 

The insurance cost on a weekly basis is 

or 

or 

~ 
52 32~5 Q6 P2 cents/,ooo bales/week 

14.0625 Q
6 

P
2 

cents/,ooo bales/week 

0.000000140625 Q6 P
2 

$.VI/,ooo bales/week. 
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(b) Similar calculations were made to evaluate the change in the net 

speculative cash balance using the same insurance and storage costs as for the 

Wool Commission. 

(c) The hidden gains and losses accruing to growers in a given week due 

to the Wool Commission's activities were measured by 

where 

R
5 

is the hidden gains and losses to growers in$ millions in 

a given week, and 

Q
3 

is the total wool sold by growers in that week. 

The cumulative effects of changes in the Wool Commission cash balance, 

the net speculative cash balance, and hidden gains and losses to growers are 

also recorded. For the hidden gains and losses to growers this was done by 

summing and by compounding. 

By summing 

(39) 

where 

R
5

t is the hidden gains (or losses) to growers in week t, and 

R6t is the total sum of hidden gains and losses to growers at 

the beginning of the t th week. 
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By compounding 

R7t+1 = R7t( 1 + B5) + R5t (40) 

where 

R?t is the compounded value of hidden gains and losses at the 

beginning of week t, and 

. B
5 

is the weekly :interest rate. 

The f:inal value of this variable obta:ined by sunnnation assumes that 

the sequence gains and losses could have occurred with equal probability :in 

any order. The final compounded value gi.ves the profit or loss to growers for 

the -exact order in which weekly gains and losses happened to occur. 

Inclusion of Summary Measures 

The purpose of summary measures is to indica te the performance of the 

model (or more specifically the computer programmes) for different parameter 

comb:inations, over the period for which data was available. This is in line 

with the overall aim of the study which is to provide s:iJ!lulation prograrrn:nes 

which will describe and summarise the perfonnance of the New Zealand wool 

market under a variety of parameter assumptions (in particular, Wool Cormnission 

floor and ceiling price policies). 

The results from the quantitative balance and financial calculations 

can only answer a limited number of questions which one could pose of the 

effect of a particular parameter combination. The mean and variance and/or 

maximum and minimum values of some of the variables generated within the model 

may also be of interest, and hence can be considered as potentially usef'ul 

summary measures. 

5.6.1 Available Summary Mea$ures 

The simulation programmes WMS~4 (linear demand) and WMSM*5 (constant 

elasticity of demand) include a large number of summary measures. The output 

from the operation of these programmes, where the results for all of the 
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summary measures are recorded, is unsatisfactory since an embarrassingly large 

amount of information is provided. For this reason a limited number of summary 

measures were chosen, and WMSM*4 was re-written to inc9.rporate only these 

summary measures in order to save computer time, giving a new programme 

WMSM*6. Similarly, WM.SM.*7 was derived from WMSM*5. 

The available summary measures provided in WMSM*4 and 5 were: 

(i) Weekly calculations, 

(ii) Maxim.um and minimum. values, both seasonally and overall together 

with the date for: Wool Commission1s cash balance and cash and 

asset balance; net speculative cash balance, and cash and asset 

balance; compounded, and total hidden gains and losses to growers, 

(iii) The maximum value both seasonally and overall together with the 

date for: simulated price; Wool Commission stocks of wool; net 

speculative stocks of wool, 

(iv) The seasonal and overall value for the variance of: simulated price; 

Wool Commission funds, funds and assets; total, and compounded 

hidden gains and losses to grower~; net speculative funds and assets, 

(v) The seasonal and overoll average of: weighted simulated price; Wool 

Commission funds, funds and assets; net speculative cash and asset 

balance; total, and compounded hidden gains and losses to growers, 

(vi) Final week calculations of: Wool Commission's stocks, funds; net 

speculative cash and asset balance; total, and compounded value of 

hidden gains and losses to growers, 

( vii) Overall variance of seasonal foreign exchange earnings ( taken as a 

ratio of the variance of seasonal foreign exchange earnings without a 

Wool Commission policy opera.ting), the average seasonal foreign 

exchange earnings (again in tenns of a ratio), the maximum addition 

to and reduction in foreign exchange earnings in any one year, and 

(viii) The seasonal and overall categories of the level of weekly Wool 
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Commission and net speculative stocks. 

The overall averages were found by summing a particular statistic for 

each week of the entire period and <11 viding by the number of weeks. in that 

period. The average price, howeve~, was weighted and calculated only for the 

weeks in which wool was sold. There:fore: 

where 

P 
2 

is the simulated price, 

Q
2 

is normal trade demand, 

Q
4 

is net speculative demand, and the summation is over the 

weeks in which wool was sold, 

x
3 

i s the overall nverage price, and 

N i s the number of weeks in which wool was sold. 

In general te:rms the variances were determined by: 

Var X = ¥ (Xj-( ¥ XJ./N))
2

/N-1 
j=1 j=1 

where 

( 41) 

(42) 

X is the weekly observations of the appropriate summary measure, 

N is the number of observations. 

The calculation of the variance of price was restricted to those weeks 

in which wool was sold. 

In evaluating the summary measures of foreign exchange earnings it was 

assumed that the Wool Commission stocks -would remain in New Zealand and· that 

the net speoulative and normal trade demand stocks would be exported. Since 

this variability is calculated as a ratio, it is su:fficient that a constant 

proportion of nonnal trade and net speculative demand be exported• The sales 

of net speculative stocks affects the simulated price, not by passing physically 

through the New Zealand auction system, but rather by these stocks reducing 
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demand at auction. The normaJ. trade demand acquires its wool either from the 

New Zealand auctions, or from the release overseas of net speculative stocks 

previously acquired through the auctions. 

5.6.2 Summary Measures Reported 

If all the available summary measures mentioned above were recorded 

then, even excluding the weekly calculations, over 560 seasonal and 40 overall 

summary measures would be listed for each run of the simulation model. Apart 

from being difficult to handle, many of the summary measures which could be 

recorded do not provide useful information for the purpose of this study. 

They may, however, be quite relevant for a study with a different objective. 

In section 3.6 a number of summary measures were isolated which are thought to 

adequately summarise the perfo:rmance o:f the wool market under alternative Wool 

Commission :floor and ceiling price policies. 

The summary measures which were isolated were: 

(i) Did the Wool Commission's policy raise wool prices at auction? 

(ii) Did the policy reduce the variance of wool prices? 

(iii) Did the Wool Commission have sufficient f'unds to maintain its 

policy? 

(iv) Did the Wool Commission make a profit? 

( v) Did growers make a profit? 

(vi) Did the Wool Commission's profit and grower's profit exceed Wool 

Commission losses and grower losses? 

(vii) Did the net speculators make a long term profit? 

(viii) Did the :floor and ceiling price policy increase or reduce the 

variance in :foreign exchange earnings from wool? 

Most o:f these measures are self-explanatory, but it should be noted 

that ending stocks provide a problem in the evaluation of Wool Commission 

profit. This summary measure is obtained by subtracting the initial level of 

Woo1 Conmission funds from the overall average level of these funds. Final 
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stocks are giv-en zero value since with an inelastic demand their value is less 

than that measured at market price, and it is not appropriate to use 11market 

price11 if' this price is being supported by holding \\,DOl off the market. 

Grower and Wool Corrnnission profit is calculated both by compounding 

and summation to allow for the too interpretations of Wool Commission profits 

(as in section 3.6). With the summary measures listed in this section it is 

possible to measure the success, or otherwise, of Wool Commission floor and 

ceiling price policies. 
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CHAPTER 6 

REALISM OF THE MODEL 

6.1 Introduction 

In Chapter 4 the fom. of inference from a single simulation run was 

stated to be: 

"Given the model ••• , if' these are the appropriate 
parameter values ••• , then the result from the simula­
tion run is what the r~t in the real world would have 
been ••• n 

It can be argued that the model developed in the preceding chapter is 

oversimplified, and is not a realistic description of the complex forces which 

dictate the formation of wool prices at auction. 

This chapter gives detailed consideration to the realism of the model . 

At the outset it should be understood that it is~ argued that the model 

will provide a per:fect answer, but rather the model is a sufficiently realistic 

approximation of the operation of the wool auctions in New Zealand under al­

ternative Wool Commission floor and ceiling price policies that it provides 

useful inferences as to the likely impact of alternative policies on the wool 

auctions. 

The approach followed in this chapter is to comment on the realism of 

each of the four ±'unctions in the quantitative balance. These four functions 

are: 

the Supply Jfu.nction, 

the No:r:mal Trade Demand Function, 

the Wool Commission Demand/Supply Function, and 

the Net Speculative Demand/Supply ]unction. 

The chapter not only provides a criticism of the assumptions made in 

the model, but also discusses other assumptions which could be postulated, and 

how they would be incorporated in the model. The validity of the net specu­

lative demand/supply function, in particular1 is examined closely; · and several 
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reformulations of this function are suggested. 

6.2 Supply Function 

The present specification of the grower1 s supply function is given by 

the identity: 

where 

Q
1 

is the observed sales, in ,ooo bales, at auction in a 

given week, and 

Q
3 

is the quantity, in 1000 bales, supplied onto the market 

in a given week. 

( 1) 

This function assumes that the supply of wool is completely inelastic; 

that is, in a given week the grower1 s supply of wool at auction will not alter 

as a result of the Wool Cormnission1s activities, or altered auction prices. 

In the short run the present specification o:f the supply function is 

adequate since it is unlikely that the supply of wool will alter within a 

season in response to changed conditions at auction. Given that the production 

of wool is largely a function of sheep numbers, and that there is little 

storage of wool by growers :from one season to the next, then the supply of 

wool is unlikely to be changed by changes in the conditions at auction. In the 

longer run, however, changes away :from the observed trend in the supply o:f 

wool may occur as a resu.l t of price support or price stabilisation. 

If the Wool Commission .supports the average price paid to the New 

Zealand growers above average New Zealand auction price, then in time the 

simulated supply of wool may increase at a faster rate than the trend. De­

creased price variability could also affect production (positively or nega­

tively). 

The case where stabilised and/or increased average price leads to an 

~crease in growers1 supply could be treated as folioYf@_: 1 

1. The situation where prices paid to growers are supported above New Zealand 
auction prices can be treated similarly. 
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(2) 

where 

A26 is a parameter indicating the change in wool supplied 

by growers in a given week. 

If A26 = 1, there is no change in the supply of wool. If A26 is greater 

than 1 there is an increase in the supply of wool, if less than 1 there is a 

fall in supply. 2 

.Alteniatively, the difference between actual and simulated supply could 

be expressed as; 

where 

P is the average price for season s-r, n.nd s-r 

A
27 

is a parameter indicating the effect of the average price 

in season s-r on the quantity supplied in season 3S. 

In the situation where stabilised prices lead to increased production, 

the average price of wool is likely to fall. This suggests that to growers 

there is some II trade off" between average price and variability of price. 

In the situation where stabilised prices lead to increased production 

and increased consumption the effect on average price depends on how strong 

the two reactions are. 

6.3 No:rmal Trade Demand Function 

The normal trade demand function refers to tha.t demand for wool (for 

both manufacturing and speculative purposes) which is o. simple function of 

price, and is unaffected by the Wool Commission1 s activities. Allowance is 

mo.de, however, :for long term expansions ·or contractions in the normal trade 

demand owing to the intervention of the Wool Commission in the wool auctions. 

The net speculative .<iemand/supply equation r~fers to the demand for wool w.hich 

2. In the long :run supply is likely to be more price elastic with · rising 
prices than with falling prices. 
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is the net effect of the Wool Cormnission changing the conditions existing in 

the auction market. 

Two normal trade demand equations have been specified in the model, 

one with a linear demand schedule the other with a constant elasticity of 

demand. The two equations are : 

a) Linear normal trade demand equation 

where 

Q2 is the quantity demanded by the normal trade demand in a 

given week, 

B1 is the intercept on the Q axis, 

B2 is the slope of the non aal trade demand schedule, 

p2 i s the simulated price , nnd 

A2 refers to the expansion or contraction in normal trade 

demand due to the Wool Commission's activities . 

b) Constant elasticity normal trade demand equation 

where 

B
3 

is the shift parameter for the·week. 

( 3) 

( 4) 

Difficulties inherent in specifying the normal trade demand function 

have been discussed in section 3.4.4. The conclusion renched in that section 

was that neither a linear nor a constant elasticity demnnd function was likely 

to be entirely accuro.te since the price elasticity of demand fs likely to 

change significantly through periods of high and low prices, and even within 

periods of high or low prices. Because of the lack of empirical information 

on this subject, however, a more realistic normal trade demand function cannot 

be specified. In order to construct an operational simulation model of t_he 

wool market, some assumption must be made as to the elasticity of demand. 
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"By including both nonnn.l trade demand equations, and running each for a 

range of values of price elasticity, a range of results can be obtained. 

Further, by including the parameter A2 it is possible to test the effect (in 

tenns of the essential summary measures) of the "interference" of the Wool 

Commission in the New Zealand wool market causing a long term contraction in 

demand (A 2 < 1.0), or, of making wool a more attractive raw materio.J., through 

the stabilisation of price achieved by the Wool Commission, causing a long 

term expansion in demand (A 2 > 1.0). 

It may be mentioned now, that within the context of the model used in 

this thesis there can be no doubt that A2, the expansion/contraction effect 

of the Wool Commission1s activities, is the key parruneter. 

6.4 Wool Commission Demand/Supply Function 

The present specification of the Wool Commission demand/supply ±'unction 

can be summarised as follows: 

(i) the Wool Commission holds the floor price, by borrowing from the 

Govennnent if necessary, 

(ii) the Wool Commission does not interfere in the wool market if the 

simulated price is between the floor and the ceiling, or is above the ceiling 

and the Wool Commission has no stocks, and 

(iii) the Wool Commi~sion sells sufficient wool to hold the ceiling, 

subject to stocks being available. If insufficient stocks are available then 

the Wool Commission places all its s~pcks on the market, and holds the price 

as low as possible. 

Given these decision rules, the important aspect of the Wool Commission 

demand/supply function becomes the manner in which the weekly and seasonal 

:floor and ceiling prices are set. A number of rigid or flexible floor and 

ceiling price policies have been incorporated in the model. With the appro­

priate choice of parameter values, the floor and ceiling prices can be constant 

for the entire period under consideration. The floor and ceiling prices can be 
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varied weekly on a percentage basis or according to the level o:f Wool Commis­

sion stocks. Between seasons, the floor (or the ceiling) can be varied 

according to: the increase in the :floor ( or in the ceiling) if there are zero 

Wool Commission stocks, the lowering of the :floor (or ceiling) due to the high 

level of Wool Commission stocks, and the maximum allowable increase or decrease 

in the :floor price ( or ceiling price) between consecutive seasons. 

In considering the realism. of the Wool Commission demand/supply func­

tion the only real question is whether there is su:fficient :flexibility in the 

policies which cnn be employed to alter the :floor and ceiling prices . It is 

possible that the floor and ceiling prices could be varied, not only on a 

weekly or seasonal basis, but also on a monthly or quarterly basis. 

A sliding floor and ceiling price policy could be included in the 

model . In the case of the floor, the Wool Commission would purchase a pro­

gressively higher proportion of the clip as simulated price fell towards the 

floor. For instance, the Wool Commission would purchase 'Qo of the wool being 

sold in a given week if the simulated price was 4 cents above the :floor, and 

an extra 'Z!/o for every one cent fall in the simulated price. There would be 

two effects on the demand for wool . Firstly, since the quantity of wool being 

sold is reduced the simulated price will rise due to the nollilal trade demand 

function being negatively sloped. Secondly, net speculative activity may 

increase, through the parameter A
6 

being positive. 

While the operation of the simulation model generates considerable 

infonnation on how a :flexible floor and ceiling price policy will affect prices 

at auction, it may be argued that the variance in price, as a summary measure , 

does not adequately describe how the simulated price series differs from the 

observed price series. The documentation of wool price fluctuations given in 

section 2. 3 indicates that the observed :fluctuations in price are made up of 

cycles of varying lengths of time. The total variability in wool prices may, 

for instance, be classified in tenns of short term, medium tem and long tenn 
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movements in prices. A question the policy maker may ask is.: "Which cycles 

does a flexible floor and ceiling price policy dampen or eliminate?" Should 

such a question be posed then the overall variance in price will ·not proVide 

the desired info:rmation, and it may be necessary to resort to a sophisticated 

technique such as spectral analysis (18). 

From the viewpoint of the present model, the representation of alter­

native floor/ceiling price policies is the least of the problems. Given any 

f'ully specified (actual) Wool Commission purchase/sale strategy, relatively 

minor modifications of the model would allow the policy to be modelled 

exactly, at least to the extent that it operated on average price. Support 

policies which concentrated on the relative worth of individual types could 

not, of course, be represented in the present model. 

6.5 Net Speculative Demand/Supply Function 

The purpose of the net speculative demand/supply function is t o reflect 

the net effect of the Wool Commission's activities on the specula tive demand 

for wool. The function includes those variables which indica t e how the demand 

by the wool trade will respond to changed conditions in the New Zealand auc­

tions due to the presence of the Wool Commission. Since the function is 

concerned exclusively with speculative demand it deals with short t ero. changes 

in demand, and in the long term leaves overall demand unchanged; what the 

specula tor buys, he must eventually sell. 

The present specifica tion of the net speculative demand/supply function 

is as follows: 

where 

B
4 

is the desired net speculiive demand in a given week, 

P 
2 

is the simulated New Zealnnd auction price, 

(6) 

J 
\ 
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P1 is the observed "world equilibrium" price, 

A
3

, A
4
, A

5 
are parameters, and have a linear effect on the variables they 

are associated with, 

A6 indicates the change in net speculative activity when the 

simulated price is at the :floor or ceiling, 

Q1 is the observed quantity sold in a given week, 

Q4 is the actual net speculative demand in a given week, 

Q6 is the opening level of Wool Commission stocks, and 

Q7 is the opening net speculative stocks. 

The desired net speculative demand tends to become negative if the Wool 

Commission holds stocks, if the simulated price at New Zealand auctions exceeds 

the (observed) world price, if net speculative stocks exist, or if the simula­

ted price is at the ceiling. The desired net speculative demand tends to 

become positive if the (observed) world price exceeds the simulated price at 

New Zealand auctions, or if the simulated price is at the floor. Actual net 

speculative purchases are unrestricted, but sales are subject to net specula­

tive stocks being available. 

The validity of the present specification of the net speculative func• 

tion is open to question. The present fonnulation of this function has been 

justified largely on the basis of a ·priori reasoning, and it is quite possible 

that further variables could be included, or that a more complex relationship 

between the present variables could be postulated. Although some difficulty 

existed in deciding on the form of this function, its inclusion was considered 

desirable, firstly, because some reaction to the Wool Commission1 s policy was 

considered likely, and, secondly, because the construction and operation of a 

simulation model of the wool auction provide a means of generating infonnation 

on the effect of different levels of net speculative activity. The effect of 

the net speculative function on the model can, of course, be eliminated by 

equating A
3

, A
4

, 11.
5 

and A6 to zero. 



The inclusion of a Net Specul.ative Demand Function was amply justified 

in the present study by the finding that within the context of the present 

model the results obtained are not sensitive to the selection of the parameter 

values in (5). As stated earlier the dominant parameter in the model is A2, 

and any case for altered Wool Connnission policies over the period studied 

would need to rest on its effect in expanding the manufacturer's demand for 

wool. 
,' 

In the ensuing discussion a number of alterations to the present spe­

cification of the net speculative ::function are suggested. One undesirable 

feature of this function has already been noted (in Chapter 5, footnote 10). 

If A2 < 1, with certain values of the parameters A
4 

and A
5

, the model could 

produce an unstable "see-saw" effect. In one week with zero net specula tive 

stocks (Q
7 

= 0) the simulated price would be below the observed price 

(P 2 < P1), and h~nce net speculative de:oand would be positive thus raising 

the siraulated price. In the next period net speculators would have large 

stocks, and, if these depressed net speculative demand sufficiently, the net 

speculators could sell their stocks, forcing the simulated price down. If 

this •isee-saw" effect did occur over a wide enough range of values of A
4 

and 

A
5

, then some raodification to the model would be necessary. The problen could 

be overcome by limiting the extent to which net speculators could raise price 

under these conditions. 

When the simulated price is in the vicinity of the floor or the ceiling 

the net speculative function :r::ia.y be i.n'.ldequately fomulated. At the floor, for 

instance, with the present specification net speculative dena.nd increases 

abruptly once the simulated price reaches the floor. Net speculative der::J.and 

may increase more gmdua.lly as the s:i.tlulated price falls towards the floo • 

This effect can be introduced by increa sing the effect of A6 in a stepwise 

fashion as the simulated price approaches the floor. More specifically, when 

the simulated price is 3 cents above the floor equation (5) could be rewritten 
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as: 

B4 = -Q1(-¼A6 + •••• if P 2 = p3 + 3 

Further: 

B4 = -Q1 (-½A6 + •••• i:f p 2 = p3 + 2 

and, 

B4 = -Q1 (-¾A6 + • • • • if p2 = p3 + 1. 

The above alteration would probably increase the realism of the nodel 

but, except in the cas.e where A6 takes unreasonably large values, the al tera­

tion is likely to have a negligible effect on the overall results. 

One could include the level of Wool Corrnnission funds to explain some 

net speculative activity, however, since Wool Commission funds are highly and 

inversely correlated with Wool Cor:u:ussion stocks, the inclusion of Wool 

CoIIUTiission funds would appear not to be an improvenent. 

By far the weakest aspect of the net speculative deraand function is 

that it makes no provision for a "reversal of confidence" which may occur at 

the floor and ceiling. So long as the trade believes that the floor or 

ceiling will hold, net speculative demand is likely to reinforce the activi­

ties of the Wool Cor:Jfilission; but at some ill-defined point, the trade may 

cease to believe the floor or ceiling will hold, in which case they may rush 

to abandon or build stocks in a thoroughly destabilising manner which could 

well over-power the Wool Co!JI!lission. This would not be in response to any 

organised conspiracy, but due to a general consensus in the trade as to 

likely future price movements. 

E>ccluding the Wool Commission funds does ignore the possible change in 

net speculative activity when Wool Commission funds begin to run out. In this 

situation speculators may not enter the market as they expect the floor price 

to be lowered. These considerations suggest that net speculative activity 

could be viewed as a function of the extent of the Wool Commission1 s market 

operations. At the floor price, for instance, net speculative activity would 
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depend on Wool Commission purchases. If the Wool Commission purchased only a 

small amount of wool net speculative demand would be positive, whereas if 

the Wool Cor:rmission purchased a large proportion of the clip net speculative 

demand would become negative. Similarly, where Wool Comr:J.ission sales at the 

ceiling were soall net speculative demand would be negative, whereas if the 

Wool CoL11I1ission sold large quantities of wool net speculative deL1and would be 

positive. This latter reaction would be particularly marked if Wool CoLll'.!l.ission 

stocks were running out. Between the floor and the ceiling Wool CoDmission 

activity is zero, and hence net speculative activity would also be zero. This 

alteration to the present specification of the net speculative ±'unction may 

increase the realism of the model, but again is 1.uuikely to ho.ve a significant 

effect on the overall results. 

With these connnents on the realism of the model, attention is now turned 

to an analysis of the results obtained fro:ra the model . 
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CHAPTER 7 

.ANALYSIS OF SIMULATION RUNS 

7.1 Introduction 

Chapter 7 is comprised of two distinct parts. The first part provides 

an aid in interpreting the numerical results obtained from simulation runs. 1 

The second part records the empirical results obtained, and summarises the 

conclusions that can be reached within the context of the model. 

The perfon:nance function technique provides a means of estimating, from 

the results of a series of simulation runs, the functional relationship between 

the parameters being varied, and any specified summary measure. Given the 

estimated functional relationship, or performance ±'unction, the performance 

surface can be explored, providing i.n:fonnation which otherwise would be diffi­

cult to obtain. 

Given our estimates of the summary measures we can consider directional. 

results for each summary measure. The directional results indicate whether, 

for a particular parameter combination, each summary measure was improved or 

made worse, relative to their actual value for the historical period 1952/53 

through 1965/66. The "success" or otheIWise of different parameter combina­

tions can then be assessed. 

The Perfonnance ]unction Technique 

In this section there is a discussion of: the aim of the performance 

function technique, the method of deriving performance :functions, and the 

interpretation of the performance surface. The discussion follows that presen­

ted elsewhere by Candler and Cartwright (5). 

1. The difficulties which arise in deriving conclusions from the present 
simulation study, together with the rationale for the method of inference 
used, have been discussed in section 4.5.3.1. 



146. 

7. 2 .. 1 Aim of' the Per:formance Function Technique 

The aim of the per:formance function technique is to estimate, using 

regression analysis, the functional. relationship between the para.meters being 

varied and a particular summary measure. In the wool marketing simulation 

models an implicit functional relationship exists between the para.meters being 

varied and the summary mes.sures. This relationship can be written for any 

indi vidua.l summary measure as; 

(1) 

where 

Pis the perfo:rmance (or outcome) of the summary measure, 

f refers to the implicit, or true, functional relationship, and 

(x1, x2, •••• , Xn) are the parameters being varied. 

When the implicit, or true functional relationship, f, is unknown and 

cannot be determined analytically, the aim of the perfonnance ±'unction tech­

nique is to approximate, within an appropriate region, the implicit or true 

functional relationship, f, by another f'unctionaJ. relationship, g, which is 

estimated such that: 

( 2) 

The choice of the ±'unction, g, is at the discretion of the researcher. If 

there is no a priori information to suggest a particular functional fonn, then 

a symmetric polynomial :function can be used. 

The purpose of estimating the functional relationship between the para­

meters being varied and the summary measure, given in equation (2), is that it 

provides a complete summary of the shape of the performance surface (within 

the region being explored). An analysis of the performance ±'unction, g, can 

therefore generate info:rmation which would otherwise be difficult or impossible 

to obtain. 
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7. 2. 2 Derivation of the Performance Functj_on 

The method of estimating a perfonnance function is now outlined in tenns 

of a series of steps. These steps are: 

(a) Decide on a limited number of the para.meters in the simulation 

model to vary, and hold the other parameters constant.· 

The numerical values of the parameters held constant are important. For 

example, setting A
3 

= A
4 

= A
5 

= A6 = 0 eliminates the net speculative demand/ 

supply function from the calculations. 

The reason for varying only a limited number of parameters is that the 

oomputational burden, in terms of the number of simulation runs required to 

estimate the perfonnance function, rises exponentially as the number of para­

meters being varied increases. 

(b) Determine the range of values that each of the parameters being 

varied will take. 

The range of values taken depends on the precision which is required 

or the biasses which are acceptable in the perfonnance surface. In general, 

however, the researcher is concerned ~~th the derivation of the performance 

surface for all reasonable values of the parameters being varied. 

(c) Decide on a function which will provide an approximation of 

the true performance :function. 

The present study used a second order symmetric polynomial. The 

fonn of the polynomial where three parameters were varied was, for example: 

p = 

where 

P = performance of summary measure, 

x
1

, x
2

, x
3 

are the parameters being varied, and 

b0, •• ~ .. •, ,b
23 

are the regression coefficients which are to be 
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estimated. 

In general, the higher the order of the polynomial fitted the better is 

the approximation to the true or implicit function, but also the greater the 

number of runs (or param~ter combinations) that are required. 

The choice of the general polynomial is pertinent to the situation where 

the researcher has little idea of the true functional relationship. A priori 

lmowledge, where available , may suggest that another type of function would 

provide a better approxima.tion of the true functional relationship. 

(d) Dete:nnine the experimental points; using experimental design 

theory, which would provide sufficient in:fom.ation to estimate 

the performance function. 

A number of experimental designs have been developed for the purpose of 

efficiently (in terms of the number of experimental points required) estiDating 

the perfonnance function. These experimental designs which have the purpose 

of dete:nnining (approximately) the shape of the perfom.ance surface can be 

contrasted with experimental designs which have been developed for the purpose 

of investigating how output responds to a limited number of discrete changes 

in the inputs, and determining the interactions between inputs. The latter 

experimental designs are required for experiments where an analysis of variance 

is to be carried out, and here replication is needed, not to increase the 

accuracy of the analysis of variance but to increase the statistical signifi-

canoe. 

Several of the experimental designs used to estimate performance 

surfaces are discussed in some detail by Heady and Dillon (24), and have been 

conveniently sumnarised by Dillon (11), and by Cartwright (s). The experir.J.en­

tal design used in the present study to define the experimental points (or 

parameter combinations) was the central composite design, and in the ensuing 

discussion only this design will be described, 

The central composite design involves taking five different levels for 
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each parameter - sufficient to estimate linear, quadratic and interaction 

ef:fects. Where two parameter are being varied this can be expressed in the 

coded form as: 

o,a 

-1,1 1,1 

-a,o o,o a,o 

-1,-1 1,-1 

o,-a 

(The five levels for each parameter are: -a, -1, o, 1, a) 

The cboice of "a" in the above design depends on the biasses which are 

acceptable, or the precision which is required. The choice of 11a 11 can be made 

so that the design is orthogonal; that is, there is zero covariance between 

the regression coefficients being estimated. For the cases where 2, 3, 4 and 

5 parameters are being varied, the partial requirement for orthogonality is 

that 11a 11 takes the coded value 1, 1.215, 1.414 and 1.547 respectively. To 

complete the requirements for orthogonality it is necessa:ry to fit a symmetric 

(second order) polynomal. 

An example of a central composite design, both in the coded form and 

in natural units, can be seen in Table 7.1 

In section 4.5.3.1 it was noted that there was some difficulty in 

deciding on what parameter combinations to insert into the simulation model . 

In the present study, for instance, there are over 20 parameters which can be 

varied. Even if the perfonnance functions are not estina.ted, the use of the , 

central composite design is helpful as it provides an orderly and methodical 

approach to choosing a series of parameter combinations. 

(e) . Run the sinulation model for these parameter.coobinations. 

An example of the results obtained, in terns of the ten sUDID.ary 

measures , is shown in Table 7 .1 



(f) Using least squares regression analysis, estimate the 

regression coefficients for the polynomial being fitted 

(e.g. b0, •••• , b23 in equation (3)). 
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It is possible to assess the accuracy of the estimated performance 

:function (in approximating the true functional relationship) from. the level of 

R2, the coefficient of multiple detennination, and :from a 11plot back." 

The interpretation o:f R2 is as follows. The least squares regression 

analysis fits the function specified to the data so as to mni.mise the sum o:f 

squares of the differences between the observed and esti.L'.lated perfon;iance o:f a 

given summary measure. The value of R2 is the ratio o:f t..11.e sun o:f squares 

explained by the regression over the total sura of squares. An R2 of +1 indi­

cates a perfect fit, while n2 = 0 indicates there is a cooplete lack of fit 

and no explanation of the relationship between parameters and sumnary measures 

has been achieved. An R2 of less than 1 is not caueed by statistical errors 

in the function being approximated, but is due to "lack of fit", or the true 

(but unknown) form of the perfonnance function being other than a second order 

polynomial. 

The 11 plot back" calculates the difference between the estimated and the 

actual performance (as obtained :from a simulation run) of the perfomance 

function. The estimated perfo:rmance of a summary measure for a given para­

meter combination can be calculated :fror:i. the performance :function, while the 

actual value is obtained f'.rom the sir:i.ulation model. The plot back provides 

useful infom.ation as it indicates whether there is an aberration or lack of 

fit in some section of the performance surface. 

If the degree of fit, in terns of R2 and the plot -back, is not suffi­

ciently good then, if desirable, it is possible to choose a higher order 

function, or fit the function over several smaller ranges of the parameters. 

7. 2. 3 Analysis of the Perfonnance Surface 

The estimated performance function can be analysed to show: 
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(a) Performance Points. 

It is possible to calculate the perforoance of a sumr;iary measure :for 

any parameter combination (with:in the experimental region) frora a· lmowledge of 

the :function fitted, and the regression coefficients which were estimated. 2 

This raethod is a less tedious means of generating information on the perfor­

mance of different parameter combinations than inserting the par ameter values 

into the simulation model. 

( b) S ensi ti vi ty Analysis. 

It is also possible to derive information on the slope of the perfor­

mance surface at any point within the experimental region. 

Mo re specifically one can calculate how much, and in what direction the 

performance of a suomary measure would change ,vi th a unit increase in a 

particular pararneter. 3 

2. 

This is useful information as it enables one t o see more :fully what 

If three parameters (x1, X, X) are to be varied, the range over which 
each is to vary chosen, an~ th~ function to be fitted is specified as : 

P = bo + b1 x1 + b2 x2 + b3 x3 + b11 x1 2 + b22 x2 2 + b33 x3 2 

and regression coefficients b
0 

•••• , b
23 

have been estima t ed , then 
to :stimrte t~e perfomance point, P, for the paraoeter combination 
(x1 , x2 , x

3 
) we have: 

where Pis the estimated value of P. 

( 4) 

3. Given the function specified in footnote 2, the sensitivity of a surunary 
measure to a change in a given parameter is evaluated by calculating the 
first partial derivatives of the function ,vith respect to the para.I!leters. 
The effect of a unit increase in x1 on Pis estimated by calculating the 
first derivative with respect to x1 i.e. aP. 

ax1 

:i1 = b1 + 2b11 x1 + b12 x/ + b13 x/ (5) 

* * The effect of a unit change in x
2 

and x
3 

on P can be found similarly. 



effect each of the paraneters being varied has on a given SU1TIBary measure. 

Without the (at least implicit) calculation the perfonnance function, this 

i.nfonnation could not be obtained. Examples of sensitivity analysis can be 

seen in Table 7.7. 

( c) Break Even Points. 

The aim of this method is to find points on the perfo:rmance surface , or 

parameter combinations, where there is zero perfo:rmance. Such points are 

determined, in the three parameter case, by holding two of the pararaeters con­

stant, and deriving the value of the third parameter which would give zero 

perfonnance :for the sUIDIJary measure of interest. 4 

( d) Detennination of maximum, minimULJ. and saddle points. 

The performance function can be analysed further by detemini:ng what 

combinations of values of the parameters being varied give nax:i.r:rur:i, min:inun 

and saddle points5 (stationary points) on the perfo:ro.a.nce surface (if they 

4. * * Given the :function specified in footnote 2, if x2 and X~ are held 
constant, and if P = O (zero perfonnance) then this equation can be re­
arranged and expressed as: 

2 * * o = (2b11)(x1) + (b1 + b12 x2 + b13 x3) x1 + (bo + 

(6) 

This equation takes the form of a quadratic and can be solved for x1 accordingly. The general fonn of_a quadratic is: 

O = a:x
2 + bx + c 

The roots x
1

, x
2 

of the quadratic are: 

= L ( -b ± {B2 .. 4ac ) 
2a 

If b2 
< 4ac, there are no real roots indicating that no value of x1 will 

satisfy (6) above. 

5. Saddle points occur where maximum. and minimum points coincide~ 
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exist). 6 

Where some of the parameters being varied are structural parameters 

(the actual values of which are not within the control of the researcher) the 

researcher is not faced with an optimisation problem. Determining the statio­

nary point may, however, provide interesting information. 

In all four methods of interpreting the performance surface, inf'erence 

from the performance function is only valid within the range of parameter 

values taken for the simulation runs. Extrapolation of the performance surface 

outside these values can lead to erroneous conclusions. 

By the use of the performance f'unction technique we can infer the value 

of any su:rnmary measure within the relevant range of parameter values. 

Indices of Success 

In trying to evaluate the results of the simulation runs we can ask a 

number of questions, such as: 

( a) Did the policy stabilise and/or raise price? 

(b) Did the Wool Commission have sufficient f'unds to maintain its 

policy? 

( c) Did the net speculators make a long te:rm profit? 

( d) Did growers make a profit? 

(e) Did the Wool Commission make a profit? 

6. Given the function specified in footnote 2, the procedure for dete:rmining a 
stationary point is to set the first order partial derivatives to zero. 
That is: 

..al:_ = b1 + 2b11 X1 + b12 x2 + b13 x3 = 0 (7) 
ax1 

aP = •••••••••••••••• = 0 (8) 
ax2 

o.P 0 (9) = •••••••••••••••• = 
ax3 

This gives three simu.l taneous equations in three unknowns and provided the 
equations are independent can therefore be solved for values of x1, x2, x3• 
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(f) Did Wool Commission profit and grower profit exceed Wool Commission 

losses and grower losses? 

( g) Was the variance in foreign exchange earnings from wool increased 

or decreased? 

Such queries were raised in section 3.6 in order to suggest important 

summary m~asures and were defined in terms of the variables in the model in 

section 5. 6. 2. 

The summary measures have not been ranked in order of importance, and 

it is necessary to exanine the performance of the summary measures individually. 

To simplify the comparison of the performance of different parameter 

combinations with what actually happened at auction in the period 1952/53 

through 1965/66 the directional results rather than the numerical results of 

the simulation runs have been recorded. For a given parameter combination, 

the directional results involve placing a tick beside summary measures which 

improved, and placing a cross beside summary measures which became worse. An 

example of this is shown in Table 7.15. Employing the central composite 

design to define pa.r-c:Uneter combinations provides an orderly approach to 

selecting a series of parameter combinations. 

Once the directional results of a series of simulation runs are recor­

ded it is possible to see which parameter combinations result in an answer 

"Yes" ( or tick) to the questions (a) to (g) e,bove. 

If every set of parameters gave a "yesrr to every question it could be 

concluded that almost any floor/ceiling price scheme would have been an im­

provement over the present a;uction procedure. The aim vvould then be to find 

the policy v.hich gave the biggest series of 11 yes 11 answers. 

If every set of parameters gave an answer 11 no 11 to at least one of the 

questions posed above, it could be concluded that the marketing system would 

best be left alone. 

If definite trends in the results could be established, corresponding 

inferences may be made. If very mixed results were obtained, it might not be 
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possible to isolate any important factors in the operation of the auction 

market. 

7.4 Numerical Results 

In this section the numerical results obtained from a series of simula­

tions are presented, In addition, a limited number of the results which were 

obtained from the analysis of the estimated perfonnance functions are recorded. 

7. 4.1 Analyses Perfomed and Infornation Recorded · 

To test the performance of the model for different parameter combina­

tions, four sets of analyses were performed, For each set of analyses a 

limited number-of parameters were varied and the rest were held constant~ The 

parameter combinations were defined by a central composite design, and were run 

for both the linea r and the constant elasticity of demand simulation models~ 

More specifically, the four sets of analyses to be reported nrc : 

(i) fixed floor and ceiling prices, no net speculative activity 

(parameters A1, A
2

, A
12 

and A
13 

varied), 

(ii) fixed floor and ceiling prices, net speculative activity (para­

meters A
1

, A
3

, A 
4

, .1\ and A
6 

varied), 

(iii) variable weekly floor and ceiling prices , no net speculative 

activity (parameters A
1

, A
14 

and A
15 

varied), and 
I 

(iv) variable weekly and seasonal floor price, no net speculative 

For the first set of analyses, four analyses were made: 

a) linear normal trade demand, elasticity of demand varied from 

-7.101 to -0.1408, 

b) linear no:rnial trade demand, elasticity of demand varied from 

-2.056 to -0.4864, 

c) constant elasticity nonnal trade demand, elasticity of demand 

varied from -7, 101 to -0 .• 1408, and 



d) constant elasticity normal trade demand, elasticity of demand 

varied from -2.056 to -O. 4864. 
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The narrower range of elasticities in runs, b) and d), enable more 

inf'o:r:mation to be provided on elasticities close to -1, whilst the wider range, 

a) and c), allow the testing of more extreme cases. 

For each of the last three sets of analyses two analyses were made: 

a) linear nonnal trade demand, and 

b) constant elasticity normal trade demand. 

In ea ch of the above analyses, the paro.meter conbinations were defined by 

a central composite design. 

For all four sets of analyses the following information is recorded: 

(i) The actual value of each of the eleven nominated summary measures 

at each of the parameter combinations constituting the central composite 

design. 

(ii) The equation of the derived performance :functions. The perfo:rmance 

function was estimated both for elasticity in its natural units (i.e. A1), and 

coded as a
1 

= log(-A
1 
). Both perfonnance :functions are given. 

In addition, for the first set of a.:nalyses further information is 

recorded: 

(iii) "' The derivation of actual from predicted values of two summary 

measures for the four perfonnance functions, at the parameter combinations of 

the experimental design, and 

(iv) A sensitivity analysis of the same tv.,io summary moasu:irs to changes 

in two of the variable parameters, for each of the four performance :functions . 

The chapter continues by examining the results from each set of analyses 

in turn. 

7.4.2 Fixed Floor and Ceiling Prices - No Net Spe.cuJ.ative Activity 

The analysis of the fixed floor and ceiling prices with no net speculn­

tive activity is discussed pelow. 



7.4.2.1 Parameters Varied 

The parameters varied were: 

A1' the price elasticity of demand, 

A12' the initial floor price, 

A13' the initial ceiling price, and 

A2, the shift in the nonnal trade de-uand schedule due to the 

Wool Commission1 s activities . 

As mentioned earlier, for this set of analyses, two ranges of elasti­

city were taken, requiring two central composite designs. The actual values 

taken by the parameters being varied are recorded in Tables 7.1 and 7.2. 

7. 4. 2. 2 Parameters Held Consta..n.t 

The parameters held constant were: 

A
3 

= A
4 

= A
5 

= A
6 

= o, thus there was zero net speculative demand 

or supply throughout each run, 

A
9 

= o, indicating fixed floor and ceiling prices in each run 

(and equal to A
12 

and A
13

), 

A10 = 60$m, the initial level of Wool Commission funds, 

A11 = 0.05, the aruru.al rate of interest expressed as a decimal, 

A
14

, •••• , A
23

, because A
9 

= 0 \he values of these parameters are 

not relevant, and 

A
25 

= 86.11645, the weekly average Wool Commission funds where there 

is no Wool Commission interference in the wool market . 

7.4.2.3 Estimation and Ailalysis of Performance Function 

Although, as mentioned earlier, two central composite designs were taken, 

the nms from the two designs were combined to calculate each performance 

:t'unction. The two functions which were fitted to the results of the simula-

tion runs were: 

(i) Using the actual values of the price elasticity of' demand (A1) 



p = 

(10) 

(ii) Using the loga rithm (to base 10) of the negative value of the . 

price elasticity of demand, i.e. a
1 

= Log(-A
1

) 

(11) 

where 

P is the performance of the summary measure being considered, and 

b0 , • ; •·•, b
34 

are the regression coefficients.; 7 

The regression coefficients b0 through b
34 

which were obtained by 

fitting the performance functions to the results of the simulation runs are 

recorded in Tables 7.5 and 7.6. Table 7.5 records the regression coefficients .. 
obtained by fitting the two functions (10) and (11) t o the r esults of the 

simulation runs given in Tables 7. 1 and 7. 2 ( where the linear nonnal trade 

demand simulation model vvas used). The regression coefficients listed in the 

first column of Table 7.5 correspond with those found in equations (10) and 

(11), and have been estimated for each of the eight summary measures. In 

Tables 7.5 and 7.6 the coefficients of multiple determination, R2, are also 

recorded. 

From the regression coefficients listed in Tables 7.5 and 7.6, the 

parameter combinations listed in Tables 7.1 and 7.2, and using equations (10) 

7. The regression calculations were perfonned by using an I.B.M~ Library 
Program. 



Coded O.aign 

Run 
No. 41 A12 413 A2 

1 1 

2 1 1 1 -1 

:, 1 1 -1 1 

4 1 1 -1 -1 

5 1 -1 1 1 

6 1 -1 1 -1 

7 1 -1 -1 1 

8 1 -1 -1 -1 

9 -1 1 1 1 

10 -1 1 1 -1 

11 -1 1 -1 1 

12 -1 1 -1 -1 

1:, -1 -1 1 -1 

14 -1 -1 1 -1 

15 -1 -1 -1 1 

16 -1 -1 _, -1 

17 0 0 0 0 

18 a 0 0 0 

19 -• 0 0 0 

20 0 a 0 0 

21 0 -• 0 0 

22 0 0 a 0 

2:, 0 0 -a 0 

24 0 0 0 a 

25 0 0 0 -• 

A• 

TABLE 71 1 NUMERICAL !U!SULTS OF SDIULATION RONS 
PIXJW PI.OOR AND CEILING PRic:si I JO m S~IVJ ACTIVITY 

LINIAll Dp.!AND - OOllroSI'lE DISIG A 

Actual-Paru4ter LeYela A•erage Vari- Kin,W,C. Rai.w .c. Final Anrage Net. AY. -~.c. AY.C0111p.AY.Sua AY.C011p i.e. Ratio ot Vari-
Price ance P'undl!I Stoeka Stoel<,; Spee. Funds 

(c:enta) in (,000 (,000 . Ir ,Ulaata 
41 A12 A13 A2 Price I !!!l balee) bales) (~) 

-4 :,0 "° 1.01 :,7,467 4.882 51,38a :,7:,,755 12.596 0 

-4 :,0 4o 0.99 37.28o 4.815 50,145 :,92.:,62 13.5:,7 0 

-4 :,0 :,4 0.01 :,7.370 5.288 50,968 :,19.:,20 0 0 

-4 :,0 :,4 0,99 :,7.184 5,242 49,70:, :,:,1.805 0 0 

-4 26 40 1 .01 :,7.:,67 5,496 60.056 i.6.264 0 0 

-4 26 40 0,99 37,181 5.461 6o.o56 47,706 0 0 

-4 26 :,4 1.01 :,7,355 5, 5:,8 60.056 46.264 0 0 

-4 26 :,4 0.99 :,7.167 5.506 60.056 47,252 0 0 

-0.2505 :,0 40 1 .01 38.652 5,:,75 60~049 12,777 0.1 :,4 0 
r 

-0.2505 :,0 4o 0.99 :,5.65:, 4,275 60.021 :,8.491 8.757 0 

-0,2505 :,0 :,4 1 .01 :,8,680 5.621 60.049 12.777 0 0 

-0.2505 :,0 :,4 0.99 35.611 4. 707 6o.021 :,6. 601 o.o40 0 

-0,2505 26 40 1 .01 :,8.71:, 5,756 60.056 1.995 0 0 

-0.2505 26 40 · 0,99 :,5.720 5. 17' 6o.056 5.028 0 0 

-0.2505 26 :,4 1 .01 :,8.714 5,771 60.056 1.995 0 0 

-0.2505 26 :,4 0.99 :,5.7:,0 5,255 60.056 4,450 0 0 

-1.0 28 :,7 1.0 37.2:,5 5,407 60.035 :,0.8:,2 0 0 

-7.101 28 37 1 .o 37,:,61 5,407 59,455 218.941 0 0 

-o. 1408 28 37 1.0 37.218 5.407 60,056 4.341 0 0 

-1.0 :,0.828 37 1.0 :,7.1:,8 4.788 59,658 111.:,6:, 0.269 0 

-1.0 25,172 37 1 .o 37,245 5.5:,6 60.056 8,254 0 0 

-1 .o 28 41.242 1.0 37,224 5,261 60,0:,5 :,5,:,92 0 0 

-1 .o 28 :,a. 758 1.0 :,7.232 5,459 6o.o:,5 :,0.8:,2 0 0 

-1.0 28 37 1,01414 :,7,757 5,512 60,050 25.8:,5 0 0 

-1 .o 28 37 0.98586 :,6. 961 5,250 60,016 37,216 0 0 

-1 .o 0 100 1 .o 37,247 5,590 60.056 0 0 0 

• In run 4 there ea• no Mool ~omieaion inted,rence in the auction ayatem, 

Th• initial level of the •ool Commiaeion fund wae S6oM. 

Profit Grower w.c.& Ir Groser anee o! Foreign 
Profit Grower Profit Exetwuig. 

I !!!l (SM) Profit (SM) 

11,442 4,754 16. 196 -9,920 1.123 
10.6:,8 -.8861 9.752 -16,:,64 1.12:, 

14.107 1.709 25.817 -0.:,00 1,045 

2:,.89:, -4.119 19,774 -6.:,42 1.04:, 

24.629 :,.079 27.709 1.592 1.016 

24,506 -2.71:, 21. 79:, -4.:,24 1.011 

26.471 2.&41 29. 112 2.996 1.004 

26.417 -:,.19:, 2:,.224 -2.892 0.999 
25.6:,7 46.78:, 72.420 46.:,04 1.02:, 

24.412 -42.619 -18.207 -44.:,2:, 0.922 

26.068 45,167 71,234 45.118 1 .o:,6 

25,209 -45,997 -20.788 -46,905 0.93:, 

26.139 45.8:,9 71,979 45.862 1.0:,9 

25,954 -46.568 -20.61:, -46.7:,0 0.95:, 
26.134 45.828 71.96:, 45,846 1.0:,9 
26.1:,:, -47,280 -21.146 -47.262 0.958 
25.984 -0,342 25,642 -0.475 1.000 

25,176 -0,342 24.8:,:, -1.28:, 1 .o:,6 

26.097 -0.342 25.755 -0.:,609 0.997 
21.617 1,785 2:,.402 -2,714 0.991 

26.195 -o. 162 26.032 -O.o81t 1.000 
24.876 0.6:,5 25.511 -0.606 o.')98 
26.102 -0,552 25,550 -0.566 1.000 

26.201 15,748 41.949 15.8:,:, 1.014 

25.3:,8 -16.559 8.779 -17,:,:,8 0.981, 

26.116 0 26. 116 0 1 .o 

_. 
\JI 
'-C· 



Coded Design 

Rlln 
!Co • .l1 .l12 .,, A2 

1 1 1 1 
2 1 , 1 -1 

' 
, 1 -1 , 

.. , 1 -1 -1 

5 1 -1 , , 
6 1 _, 1 -1 
7 , -1 -1 , 
8 1 -1 -1 -1 
9 -1 , 1 , 

10 -1 1 1 -1 
11 -1 1 -1 , 
12 -1 1 -1 -1 
1} _, -1 1 1 
1i. -1 -1 1 -1 
15 -1 -1 -1 , 
16 -1 _, -1 -1 
17 0 0 0 0 
18 • 0 0 0 
19 -• 0 0 0 

20 0 • 0 0 
21 0 -• 0 0 
22 0 0 a O 

2} 0 0 -• 0 
2i. 0 0 0 • 
25 0 0 o-

A 

'l'Al!flt 7.2 IIUIIDICAL RISOL.TS OF SDWLl'l'IOB l!UliS 
~ PWOB .um cmIJ,DG PBiiiii1 10 1ft SPBCOUtm .lC'l'ITI'fi 

I.IDfJl !!!!AID - CXll:POSJ;!I !?l!,!10 B 

Actual Panaeter i..;.r; berqe Yari- iin.•.C. W...1.C. Hnai AT.Ket ••••• c. .h,C-p. AT.Su 
Pr-ice ance l'lmda. Stodm Stocu Spec.Fllnda Profit Graser l,C.& 

in {,000 c.ooo I, ~t• Prot1t Clr1,aer 
A1 A12 .,, A2 (ceata2 Price ~!!2 --2 !!!!•2 U!!2 {!!2 U!U Profit 

-1.665 :,0 liO 1.01 3?-"7 4.9'9 59-5'1} 1"8.36& li.892 0 20.281i 8.685 28.968 
-1.665 30 40 0.99 36.996 ... 762 59-"~ 170~958 5-985 0 19.'6& -Ai.882 11t.lt86 
-1 .665 30 ,,. 1.01 37.ltliO 5,321 59.573 127,582 0 0 25.:,.\1 5.~ :,1.095 

-1.665 :,0 ,... 0.99 :,6.9!9 5,210 '9.li96 11i:,.658 0 0 25.116 -3.21i1 16.87li 
-1.665 26 lio 1.01 37.1i11 5.521 60.056 18.695 0 0 25.539 7.100 }2.6:,9 
-1.665 26 liO 0.99 37.02} 5.li:,6 60.()56 20.957 0 0 25."°5 -6.819 18.586 
-1.665 26 ,... 1.01 37.li?O 5.5(,0 60.056 18.695 0 0 26.271 6.691 }2.962 
-1.665 26 ,,. 0.99 ,-,.021 5,"8:, 60.0'6 20.2:,0 0 0 26.2:,9 -1.:,z, 18.917 
-o.6006 :,0 liO 1.01- 37.787 5-~ 59.9!1 li5• M6 t.'°9 0 21i.2:,o 20.619 "-9'9 
-o.6oo6 :,0 liO 0,99 36.511 li.587 59.9:,0 ?().liz, 2.5"7 0 2,.,~7 -17,011 6.}26 
-o.6006 30 ,... 1.01 37.811! 5.1i2:, 59.981 f().'21i 0 0 25.89? 18,125 ..... 022 

-o.6oo6 :,0 ,,. 0,99 '6.52} 5.111 59.9:,0 58.212 0 .() 25, .. ~ -.?O. li.29 5-045 
-o.6oo6 26 liO 1.01 }?.~ 5.588 60.056 6.129 0 0 26.oo:, 19.220 1+5.221i 
-o.6006 26 liO 0.99 :,6.6o8 ,.,52 60,056 9.02, 0 0 25.812 -19,281 6,5:,0 
-o.6oo6 26 ,... 1.01 31.856 5.6:,0 60.056 6.129 0 0 26.167 18,985 1i5.15:, 
-o.Ei006 26 ,,. 0.99 :,6.612 , ... 1~ 60.056 S.329 0 0 26.160 -19.855 6.}05 
-1.0 28 }7 1.0 :,7.2:,, 5.1i07 60.o:,, )0.8}2 0 0 25,98" -0.}\2 25,6'2 
-2.056 28 }? 1.0 :,7.257 5.li07 59,95' 6:,.:,91 0 0 25.8" ..(),:,.\2 25.502 
-o.lt861t 28 '1 1.0 :,1.22, ,.Aio? 60.056 11i:997 0 0 26.052 -o.}'2 25,710 
-1.0 :,0.828 }? 1.0 :,7.138 IJ.788 59,658 111,'6} o.269 0 21.611 1.?65 2}."°2 
-1.0 25.172 }7 1.0 }7-~5 5.5}6 60.o,6 s.z,:, 0 0 26.195 -0.16} 26.o:,z 

-1.0 28 IJ1 .2"2 1 .o }7.221+ 5~:,61 60.0,, }5,'92 0 0 ZIJ.!!76 0.6:,5 25.511 

-1.0 28 32.758 1.0 }?,2}2 5.1i59 60.0}5 :,o.8}2 0 0 26.102 -0.552 25.550 
-1.0 28 }7 1.011i1i. :,1.1'6 5.511 6o,050 25.835 0 0 26.20, 15. 7'8 .. , ,91+9 

-1.0 28 }? 0.98586 :,6.691 5.2,> 6o.016 }?.216 0 0 25.}:,8 -16.559 8.??9 

-1.0 0 100 ,.o }7,2'+7 5,590 60.056 0 0 0 26.116 0 26. 116 

AY,C-p. Luo ot 
I.C.& Qr09. Variance 
er .i:'rofit of foreign 

(!!2 Ex.,han.-

2.852 ,.oz:, 
.11.630 ,.01:, 

li.978 1.0,2 

-9.~ 1 ,001 

6.52:, 1.00, 

-7,5:,0 0.997 
6.845 ,.oo6 

.7.199 0.994 
18.82:, 1.001 

.19.790 0,960 

17.906 1 .01:, 

-21.072 0.979 
19. 107 1.011t 

-19.586 o.980 
19.037 1.016 

.19.!12 0.98:, 
-0.1i75 1,000 

-0.615 1.005 
-O.lte? o.998 
•2 • .,.,,. 0,992 

-o.~ ,.ooo 
-o.606 0.998 

-0.566 ,.ooo 
15.8}} 1.01i. 

·11,}'8 o.98,li 

0 1.0 

.... 
O'\ 
0 



TABLE I,3 IIUMERICAL RESULTS OP Sil!ULA.TION .IIJNS 
FIXED FLOOR AND CEILING PRICES 1 NO NET SPECULATIVE ACTIVITY 

OONSTANT ELASTICITY OF D1!MAND - OOMRJSITE Di>SIGN A 

Run Coded Deair Actual Parameter Levela Average Vari- Min,w.c. Max.w.c. Final Av.Net Av.w.c, Av.Comp, Av.Sum W,C, Av.Comp,W.C. Ratio or 
No, Ai A12 AiA.2 x, X12 X1~ A2 Price ance Fund Stock Stocka Spec. Profit Grower & Grower & Grower Variance 

(cents) Price (SM) (,000 (,000 rund.e (SM) Profit Profit Profit or Seasonal 
bales) balea) &Aaaeta (SM) - SSM1 ~1!!2 re, Esr.banit• 

1 1 1 1 -4 30 40 1,01 37,555 5,067 58,95 268.6o 10.824 0 15,974 6,552 22.526 -3,590 1,096 

2 1 1 1 _, 
-' 30 40 0,99 37,386 5,005 58,88 289,29 ,,.Boo 0 15.263 o,968 16.231 -9.886 1,099 

3 1 1 -1 1 -4 :,0 34 1,01 37,446 5,277 58,95 227,46 0 0 25,112 4,634 29,746 3,630 1 .028 
4 1 1 -1 -1 -4 30 34 0,99 37,267 5,227 58,83 241, 76 0 0 24.998 -1.o63 23,935 -2. 181 1~027 

5 1 ~1 1 1 -4 26 40 1 ,01 37,3'70 5,516 6o.05 34, 15 0 0 25.o61 3.2.51 28.312 2. 196 1.01} 

6 1 -1 1 -1 -4 26 40 0,99 37.186 5,480 6o,05 35.63 0 0 24,937 -2.532 22.405 -3,711 1,008 

7 1 -1 -1 1 -4 26 34 1,01 37,358 5,538 6o,05 34. 15 0 0 26.421 2.955 29.376 3.26o 1.002 

8 1 _, _, _, -4 26 34 0,99 ~ 37,174 5,505 6o.05 35,38 0 0 26.447 -2.865 23. 581 -2,535 0.998 

9 -1 1 1 1 -0,2505 30 40 1 .01 38,719 5,448 6o,05 11 .oo 0 0 25,721 48. 264 73.986 47,869 1.028 

10 -1 1 1 -1 -0,2505 :,0 40 0,99 35.690 4,290 6o,02 36.44 0 0 24.683-41.421 -16,738 -42.855 0.923 
11 -1 1 -1 1 -0.2505 30 34 1.01 38,737 5,625 6o.05 11.00 0 0 26.079 46,926 73,005 46.888 1.038 

12 -1 1 -1 -1 -0.2505 :,0 34 0.99 35,724 4,808 6o.02 28.81 0.026 0 25,391-44.023 -18.633 -44.749 0,944 

13 -1 -1 1 1 -0.2505 26 40 1,01 38,752 5,762 6o,05 , • 77 0 0 26.137 47,040 73.177 47,061 1,040 ,,. -1 -1 1 -1 -0.2505 26 40 0.99 35,766 5,189 6o.05 4,79 0 0 25,964-45,32C -19,356 -45.473 0.955 
15 -1 -1 -1 1 -0,1505 26 34 1.01 38,753 5,776 6o,05 1,77 0 0 26. 1}3 47,051 73,184 47,o67 1,041 

16 -1 _, _, _, -0.2505 26 34 0,99 35,773 5,262 6o.05 4,22 0 0 26.134-45,952 -19,817 -45,934 0.959 

17 0 0 0 0 -1.0 28 37 1.0 37,247 5,410 6o.03 26.83 0 0 26. 190 -o. 1 :,0 26,o60 -0.057 · 1.000 

18 • 0 0 0 .;7.101 28 37 1,0 37.352 5,414 59.59 134,79 .oo 0 26.683 0.681 27.364 1.248 1.020 

19 -• 0 0 0 -o. 1408 28 37 1.0 37.226 5,409 6o.05 4.00 0 0 26.116 -0,225 25.891 -0.225 0.997 
20 0 • 0 0 -1.0 30.828 37 1 .o 37,247 4.879 59,72 95.66 0 0 22,535 3. 168 25.702 -o.414 1.000 

21 
0 -· 

0 0 -1.0 25.172 37 1.0 37,247 5.536 6o,05 7 .51 0 0 26. 188 -o.o85 26,103 --0.013 1.000 

22 0 0 • 0 -1.0 28 41.242 1,0 37.247 5.321 6o.o:, 31,04 0 0 25,047 0.926 25.973 -0.14:5 1.000 

23 0 0 -~ 0 -1.0 28 32.758 1,0 37,247 5.453 60,03 26.83 0 0 26.122 -0.045 26.077 -0.039 1.000 

24 0 0 0 • -1,0 28 37 1.01414 37,774 5,515 60.05 21,77 0 0 2!;.195 16,333 42.528 16.411 ,.014 

25 0 0 0 -a -1.0 28 37 0.98586 36.720 5.275 6o.02 33.25 0 0 25.582-16.035 9,547 -16.569 0,986 

A• -1.0 0 100 1.0 37,247 5,590 6o.056 0 0 0 26.116 0 26. 116 0 1.0 

• In Run A there •as no Wool C~aaion interference in the 

auction system. The initial level of Wool C0111111iasion funds 
' waa 6oSM, \ 

\ --' 
(f' -



TABI.E 11! NUMERICAL RESULTS OF SD!ULA.TION HJHS 

FillD P'IOOll ilD CIILIJfG P[!if;' D'1' ~ii ACTIVITY 
oo!S'Wj W!Ictij o - o:>Kros H IGlt B 

Actual Parueter lAYele AYerage Vari- Min,w.c, Kax,w.c. Final AY,Met_Spec, AY,l,C. A-i,C011p, AY:Sua '/1,C, AY,Comp, Ratio or 
Run Coded Deeil!! Price ance !'und Stocke Stocke Funds and Prorit Grower & Gr01rer •.c.& Oro•- Variance 
No, A1 A12 A-13 A2 A1 A12 A.1., A2 (cents) or (,000 (,000 A.eaeta Profit Protit er l:'rorit or seasonal 

Price CSM2 balea) bales) (SM) (SM) (SM) (SM) (SM) F1!,E:ltcban!!,_ 

1 -1.665 30.0 40.0 1 ,01 37,259 5,061 59,65 121.85 4. 1+81 0 21,458 9.8o3 31.261 5,145 1 .026 

2 1 1 1 -1 -1.665 30.0 40.0 0.99 37,090 4.902 59.58 144.96 5,582 0 20.5(,o -3,641 16,919 -9,197 1.018 

3 1 1 -1 1 -1.665 30,0 34.0 1.01 37,497 5,314 59.65 104,3 0 0 25,599 7,5?6 '3.176 7,059 1.011 
,. 1 1 -1 -1 -1.665 :,o.o 34,0 0,99 37,054 5,196 59,58 120.83 0 0 25,412 -6.21+8 19. 164 -6,952 1.000 

5 1 -1 , 1 -1.665 26.o 40.0 1,01 37,478 5,532 6o.05 15,74 0 0 - 25,649 7,243 32,892 6.776 1.ooa 

6 1 -1 1 -1 -1.665 26.0 40.0 0.99 ,7.032 5,41+8 6o.05 18.02 0 0 25.510 -6.654 18.856 -7,26o 0,997 

7 1 -1 -1 1 -1.665 26.0 34,0 1.01 37,475 5.561 6o,05 15,74 0 0 26.256 6,914 . '3,1?0 7,054 1.oo6 
0 , _, -1 -1 -1.665 26.0 34,0 0,99 ,7.028 5,482 6o,a5 17,33 0 0 26.257 -7.059 19. 198 -6.918 0.994 

9 -1 , 1 , -o.6oo6 :,o.o 40.0 1.01 37.845 5.154 59,99 39,75 1 .318 0 24.595 21.476 46.071 19,955 1.006 

10 -1 1 1 -1 -o.6006 ,o.o 40.0 0,99 '6,595 4,690 59,95 64.41 2. 456 o · 23.618 -15,916 7,702 -18,414 0.967 

11 -1 1 _, 1 -o.6006 :,o.o 34,0 1.01 37.855 5,417 59.99 35,03 0 0 25,,'9 19,378 45,338 19,221 1,014 

12 -1 . 1 -1 -1 -o.6006 :,o.o 34.0 0.99 36,608 5. 103 59,94 52,92 0 0 25.739 -19,172 . 6,567 -19,549 0.979 

13 
_, -1 1 , -o.6006 26.o 40.0 0.99 37.866 ,.6o7 6o.05 5,4, 0 0 25.CJt& 19,fioZ 45,589 19,472 1,015 ,, _, -1 1 -1 -o.6oo6 26.0 ltO,O 0,99 '6,623 5.369 6o.05 8,'6 0 0 25.835 -18.937 6.$98 -19.219 0.981 

15 _, -1 _, 1 -o. 6oo6 26.o 34,0 1.01 37.867 5.6:,0 6o.05 5,45 0 0 26,162 19,334 45.497 19.,ao 1.017 

16 -1 _, -1 -1 -o.6oo6 26.0 34.0 0,99 '6,625 5,414 6o,05 7,67 0 0 · 26.161 -19,439 6,722 -19,395 0.983 

17 0 0 0 0 -1 .o 28.0 37.0 1.0 37,247 5-'+10 6o,03 26,83 0 0 26.190 -o. 1.30 26.o6o -0.057 1.000 
,: a 0 0 0 -2.056 28.0 37.0 1.0 37,271 5,410 59.96 51.54 0 0 26.277 0,049 26.326 0.210 1.004 

19 -• 0 0 0 -o.4864 28.0 37.0 1.0 37.235 5.409 6o,05 13.50 0 0 26. 132 -0.189 25,943 -o. 173 o.998 
20 0 • 0 0 -1 .o ,o.aas ,1.0 1.0 37.21+7 4,879 59,72 95.66 0 0 22.535 3.168 25,?0I -0.1+11+ 1.000 

21 0 -· 0 0 -1.0 25,172 37.0 1.0 37,247 5,536 6o,05 7,51 0 0 26. 188 -0.085 26.103 -0.013 1.000 

22 () 0 • 0 -1.0 28.0 41.21+2 1.0 37,247 5,312 6o,03 3_1 .04 0 0 25,047 0.926 25.971+ -0,143 1.000 

2:5 0 - 0 -• 0 -1.0 28.0 32,758 1 .-o 37,2'+7 5,l!5J 6o.03 26.83 0 0 26.122 -o.o1.5 26,077 -0.039 1.000 

24 0 0 0 • -1.0 28.0 37,0 1,01414 37,77'+ 5,5;5 6o.05 21.79 0 0 26. 195 16.333 1+5.528 16. 411 1,014 

2'5 0 0 - 0 • -1 .o 28.0 37.0 o.98586 36,721 5.275 5o.02 33,25 0 0 25,582 -16,035 9,547 -16. 569 0.986 

A -1.0 0 100 1.0 37,247 5,590 6o,056 0 0 0 26. 116 0 26. 116 0 1.0 
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T~ 216 ~:i~ ffi# ,wo, ? ~m •wmrr 

(1) Uaiac A) 

a.v. An .... Tviaaoe ltla.Wool A•.ll•t lpeo. ••• lool , •. eo.,. A•.S• of I.C. b,~.f.C. Ratio er Yariaace or 
c..rr. Pri .. la Prioe- ~-• l'1Ml St- ""'4a • ~Mio•- I CINlnr ud. Q199er 

_, ___ 
~ - !!!:!tH !3:!t1t .1're£1S 'EID:! 

..... ___ 
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'2 -o.22-\82 0,021?6 , •• 11985 2J,2775 -5",ffi?O -z?,21190 -'2,25"7 -o. 1'72'o 

', -o.)7'29 0,02:,ZZ o,67'92 5, 62180 -z?,61?00 -20.36110 -U,A,7'15 -0.0:,822 ,., 2".ozs,t,o 120,9:,<JA,0 18.,,0,0 9'9. 5,000 -751,81oooo .'92,9,000 118.&2ooo 0.291>19 

•11 -0,00126 -0.001)2 0.01655 0.19117 0.03195 0,211'7 0,22261 -0.00167 
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•1 .. 26.1620, 6.5"()?6 -0 ... 31011 0.6772, 800.6"018 803.89001 ec,,.,,a55 o.8W,7 

•21 0.00199 -0.0095,! 0,000-'1 -o. 1"°87 0, 1()91,0 -o,o,o65 -o.om, 0.000,,, 

.2" -o.~ 1."°'°' 1,237'9 -7.25910 '6.l,QOlo 26.82,,0 ,o.za110 0.09}50 .,.. o.1:,62A, -0.03290 -o.76:,85 -2.61,,0 2".66200 21.,0100 22.""8, 0.0,712 
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and (11), the predicted values of the summary measures can be calculated. By 

subtraction, the deviation between the actual and predicted value of a summary 

measure can be determined. This analysis is tenned the "plot back11 , and pro­

vides information on the extent to which the regression function fits the 

observed points, and indicates if there is a lack of fit in some section of 

the perf'o:rmance surface. The plot back has been perfonned for two summary 

measures , namely average price and average compounded Wool Commission and 

grower profit, and the ·results are reported in Tables 7.7 and 7.8. Interpre­

ting Table 7.7, for the linear demand case, in the first column the run 

numbers are listed, and refer to the runs in composite design A or compositt 

design B (listed in Tables 7.1 and 7.2). On the left of Table 7.7 the plot 

back is detennined using the performance function with price elasticity in its 

natural units, while on the right elasticity is coded as Log (-A1). In the 

:first row second column o:f Table 7. 7 the predicted value of the average price 

(for the para.meter combination given by Run 1 of Composite Design A in Table 

7.1) is 37.299, while the actual value given in Table 7.1 is 37.467. The 

deviation in the first row, third column is (37.467 - 37.299) which equals 

+0.168. The other plot backs documented in Tables 7.7 and 7.8 can be inter­

preted similarly. 

Tables 7.7 and 7.8 also contain the results of sensitivity analyses. 

The SBrulitivity analysis provides information on the slope of the performance 

surface at any point within the experimental region. More specifically it is 

possible to calculate how much, and in what direction the perf'onnance of the 

summary measure would change with a unit (positive) increase in a particular 

parameter. The results of the sensitivity analyses presented in Table 7.7 

can be interpreted as :follows. The first row and fourth column records the 

change in the average price for a unit increase in the price elasticity of 

demand, :for the point on the performance surface defined by :run 1A. That is, 

by reducing the price elasticity of demand from -4 to -3, the average price 



rose by 0.211 cents. 

7.4.2.4 Conclusions from Simulation Runs 

From an inspection of the results from simulation runs in Tables 7.1 

to 7.4 a number of conclusions, within the context of the model, are apparent. 

Except where it is specifically mentioned the results apply for both the 

linear and the constant elasticity of demand models. 

(i) If there was no expansion or contraction in the nonnal trade 

demand (i.e. A2 = 1.0), then for the range of values of the parameters, i.e. price 

elasticity, floor price, and ceiling price which were chosen it is not possible 

to find conditions which would have shifted the average price by even .5%. 

If, however, a 1% expansion (or ,contraction) in normal trade demand is assumed, 

then the average price was increased (decreased) by o.6 to 4%. The more 

elastic was the price elasticity, the smaller the change in the ~verage price. 

In run 20 in Table 7.1 it will be noted that the average price of wool 

has been lowered, but the average compounded value of grower profit has been 

raised. The reason for grower profits being positive is due to these profits 

being compounded. In this -case, the order of purchases anp. sales by the 

Wool Commission was important. 

(ii) All parameter combinations, except for a limited number of cases 

where there was an expansion in nonnal trade demand, achieved some reduction 

in the price variance. The maximum reduction in the variance in price for all 

parameter assumptions is in the vicinity of 201/o, and this is achieved where 

there is a high :floor and a high ceiling price. Variance in price is reduced 

more by a high. floor and high ceiling than by a high floor and low ceiling, 

because in the latter case the Wool Connnission stocks run out more quickly, 

and subsequently the Wool Commission is not able to prevent 11 runaway11 high 

prices. In general, however, regardless of the value of the price elasticity 

of demand, the reduction in price variability was less than 101/o. Varying price 

elasticity from -7.0 to -0.25 reduced price variability by less than 1%. 
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(iii) For all parameter assumptions made, over the historical period 

being considered, all policies were highly viable in terms of the minimum level 

of Wool Commission :funds. It can be seen, nevertheless, that in terms of the 

maximum level of Wool Commission stocks there was, for some parameter combina­

tions, considerable interference at auction by the Wool Commission.. The 

maximum amount of Wool Commission activity occurred with a high floor price 

and an elastic demand. 

(iv) Elccept for the combination of a high floor price and an elastic 

demand, average Wool Commission profits are insensitive to the parameter 

assumptions which were made. The Wool Commission would therefore earn 5% ( the 

ruling rate of interest) on the money invested. In the exception cited above, 

Wool Commission funds are tied up in stocks of wool for a period of time and 

the price at which the stocks were sold did not adequately cover storage costs. 

( v) Where A2 == 1.0, no matter what assumptions are made regarding the 

price elasticity of demand, the floor or the ceiling price, average compounded 

Wool Commission and grower profits were seldom positive and seldom more than 

±.$1 million. If, however, demand expanded (or contracted) by 1% then average 

compounded Wool Commission and grower profit hlcreased (or decreased) by up to 

$47 million. In general, the more elastic the demand for wool the smaller the 

increase or decrease in profits. 

( vi) If demand is elastic the variance in foreign exchange earnings 

from wool is increased. Conversely, if demand is inelastic variance is de­

creased. In the first case ( elastic demand) men the Wool Commission maintains 

the floor, the .percentage increase in price is less than the percentage fall 

in quantity demanded by the wool trade, and hence foreign exchange earnings 

are reduced. Similarly, with elastic demand, foreign exchange earnings are 

increased at the ceiling. Variance in foreign exchange earnings are, 

therefore, increased by the Wool Commission's purchases and sales. 

In this set of analyses, the expansions or contractions in the nonnal 
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trade demand dominated the effect of price elasticity on variance in foreign 

exchange earnings, but in later sets of analyses the effect of price elasti­

city becomes more evident. 

(vii) The linear nonnal trade demand simulation model generates more 

conservative results, in a number of respects, than the constant elasticity 

simulation model. The reason for this is as follows. In the linear demand 

model the price elasticity varies along the demand schedule. At higher prices, 

demand is more elastic, and at lower prices less elastic than for the constant 

elasticity model. When the observed auction price is below the floor price, 

more wool has to ~e bought with a linear demand function in order to maintain 

the floor price than in the case of th~ constant elasticity model . Similarly 

if the observed price is above the ceiling, less wool is required to be sold 

to hold the ceiling with a linear demand model than with a constant elasticity 

model. Because in the linear demand model the Wool Commission purchases more 

wool in order to maintain the floor and sells less wool to hold the ceiling, it 

can therefore hold the ceiling price for a longer period of time than in the 

constant elasticity model. 

More specifically, in te:r:ms of the summary measures, compared with the 

constant elasticity m~del, the linear model gave: (a) a lower average price, 

(b) a lower variance in price, (c) a lower minimum Wool Commission f'und, 

(d) higher maximum Wool Commission stocks, (e) a lower average Wool Commis­

sion profit, (f) a lower average compounded grower profit, (g) a lower average 

compounded Wool Commission and grower profit, and (h) a greater variation in 

the ratio of variances of seasonal foreign exchange earnings from wool . 

7.4.2.5 Conclusions from Analysis of Perfonnance ]unctions 

It is evident from the values of the coefficient of multiple deten:nina­

tion, R2, for each summary measure listed in Tables 7.5 and q.6, and from an 

inspection of the deviations given in the plot backs,that the performance 

functions do not fit the observed points particularly well. Indeed, for runs 
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9A through 16A the differences between actual and estimated values of the 

summary measures are particularly large. Should a 11better fit" be required, 

then this can be obtained by fitting a higher order polynomial or by fitting 

the present second order polynomial for a reduced range of values for all or 

some of the parameters being varied. 

Little weight can be put on the rru.rn.erical values obtained in the sen­

sitivity analyses. A comparison of the .effect of changes in elasticity on 

average price with the effect of an expansion in demand on compounded Wool 

Commission and grower profits does, however, indicate that the model is much 

more sensitive to shifts in the demand curve than changes in the slope of the 

demand curve, 

7. 4, .3 Fixed Floor and Ceiling Prices - Net Speculative Activity 

The results from the simulation run in which net speculative activity 

occurred with a fixed floor and ceiling are now discussed. 

7. 4. 3 .. 1 Parameters Varied 

The parameters varied were: 

A1, the price elasticity of demand, 
~ 

A
3

, the linear effect of the Wool Commission's stocks on net 

speculative demand/supply for wool, 

A
4

, the linear effect of the spread between the simulated, and the 

world price on the net speculative demand/supply for wool, 

A
5

, linear effect of net speculative stocks on net speculative 

demand/supply for wool, and 

A
6

, a shift parameter indicating a change in net speculative demand/ 

supply for wool, when the simulated price is either at the floor 

or the ceiling. 

The parameter combinations defined by the central composite design are 

reported in Table 7.9. 



7.4.3.2 Parameters Held Constant 

The parameters held constant were: 

A2 = 1~0, there was B£_ shift in the normaJ. trade demand curve, 

A
9 

= o, this indicates that the floor and ceiling price were fixed 

(equal to A
12 

and A
13

), 

A10 = $m60, the initial level of Wool Commission f'unds, 

A11 = 0.05, the annual rate of interest expressed as a decimal, 

A
12 

= 28 cents, the initial floor price, 

A13 = 37 cents, the initial ceiling price, 

A
14

, ••• ~, A
23

, because A
9 

= O. the value of these parameters is not 

relevant, and 

A25 = 86.11645, the weekly average Wool Commission f'unds where there 

is no Wool Commission interference in the market. 

7.4.3.3 Equations of Performance Functions 

The equations which would be fitted to the results of the simulation 

runs for this parameter set are as follows: 
) 

(i) Using the actual values of the price elasticity of demand 

+ b12 A1 A3 + b13 A1 A4 + b14 A1 A5 + b15 A1 A6 

+ b23 A3 A 4 + b24 A3 A5 + b25 A3 A6 + b34 A4 A5 

+ b35 A 4 A6 + b 45 A5 A_6 (12) 

(ii) Using the logarithm (to base 10) of the absolute value of the 

price elasticity of demand; i. e~ a.~-= IOG(-A1) 

p = b O + b 1 a. 1 + b 2 A3 + b3 A 4 + b 4 A5 + b5 A6 
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+ b23 A3 A4 + b24 A3 A5 + b25 ~ A6 + b34 A4 A5 

+ b35 A4 A6 + b45 A5 A6. 

7.4.3.4 Conclusions from the Simulation Runs 

175. 

(13) 

The numerical results obtained from the simulation runs ( where net 

speculative activity is present) ~re recorded in Table 7.9 for the linear 

demand model, and in Table 7.10 for the constant elasticity model. The over­

riding impression gained from an examination of the nuraerical results is that 

the different rarameter assumptions for the price elasticity of dema..~d and net 

speculative activity had very little effect on performance of the model~ Three 

comments can, however, be made : 

(i) In many cases the average net speculative funds and assets were 

' negative, indicating that net speculators would have made a long term loss. 

This is an implausible result, and therefore these parameter combinations are 

unlikely to occur in the wool market. 

(ii) Alternative specifications of the net speculative demand/supply 

function could be suggested, and their introduction may affect the outcome of 

the simulation :runs. 

(iii) The numerical value of average compounded Wool Commission and 

grower profits for most runs is slightly negative, indicating that the corres­

ponding parameter combinations are undesirable. 

7.4.4 Variable Weekly Floor and Ceiling Prices-No Net Speculative Activity 

The results from the simulation run with variable weekly floor and 

ceiling prices, but no net speculative activity, are now discussed. 

7.4.4.1 Parameters Varied 

The parameters varied were: 

.A
1

, · price elasticity of demand, 



A
14

, percentage drop in the weekly floor price allowed, and 

A
15

, percentage rise in the weekly ceiling price allowed. 

The parameter combinations taken are listed in Table 7 .11 •. 

? • 4. 4.2 Parameters Held Constant 

The parameters held constant were: 

176. 

A2 = 1.0, A2 indicates the shift in the normal trade demand schedule 

due to the Wool Commission1 s activities, 

A
3 

= A
4 

= A
5 

= A6 = o, this means zero net speculative demand/supply 

throughout each simulation run, 

A
9 

= 1, there is a flexible floor price, the weekly floor being 

varied. on a percentage basis, 

A10 = $m60, the initial level of Wool Commission funds, 

A11 = 0.05, the annual rate of :interest expressed as a decimal, 

A
12 

= 28 cents, the initial weekly floor price, 

A
13 

= 37 cents, the initial weekly ceiling price, 

A16 , •••• , A
23 

= o, so that the movement in the floor and ceiling 

prices was determined completely by A
14 

and A
15

, and 

~ 

86.11645, the weekly average Wool Commission f'unds where there 

is no Wool Commission interference in the wool market . 

7.4.4.3 Equations of Perfonnance Functions 

The two functions which were fitted to the results of the simulation 

runs (:in Tables 7.11 and 7.12) were: 

(i) Using the actual values of the price elasticity of demand: 
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(ii) Using the logarithm (to base 10) of the absolute value of the 

price elasticity of demand, i.e. a
1 

= I.OG(-A1): 

+ , ( a ) 2 , b r1. ) 2 b ( ~ ) 2 0 11 1 -r- 22\ •14 + 33 ,l15 

7. 4. 4. 4 Conclusions from Simulation Runs 

179. 

The numerical results are recorded :in Table 7.11 for the linear demand 

simulation model, and in Table 7.12 for the constant elasticity model. 

From an inspection of the numerical results of the simulation ru...'ls it 

can be seen that the different paramete..r assu~ptions have had very little effect 

on the perfonnance of the model. In particular, varying the floor '"'nd ceiling 

prices on a simply dete:rmined percentage basis have very little effect on the 

variance in price, or average compounded Wool Commission and grow0r profit. 

It can be inferred from the numerical results that (given the model) a simply 

detennined flexible floor/ceiling price policy would not have been a signifi­

cant improvement over the actual policy pu.raued in the historical period 1952/ 
~ 

53 through 1965/66. 

7. 4 .• 5 Variable Weekly and Seasonal Floor Price - No Net Speculative Activity 

The results from the simulation with variable weekly nnd seasonal floor 

price, but no net speculative activity, are now discussed. 

7. 4. 5. 1 Parameters Varied 

The parameters being varied were: 

A
1

, price elasticity of demand, 

A
16

, linear effect of the Wool Commission1s stocks on the weekly 

floor price, 

A
18

, maximum allowable percentage change in the floor price between 



180. -

seasons, 

A20 , linear effect of the Wool Commission stocks on the seasonal floor 

price, and 

A22 , seasonal increment in the floor price if zero Wool Commission 

stocks. 

7. 4. 5. 2 Parameters Held Constant 

The parameters held constant were: 

A2 = 1.0, no shift in the normal trade deIDP..nd schedule due to the 

Wool Commission1 s activities, 

A
3 

= A 
4 

= A
5 

= A
6

, no net speculative activity, 

A
9 

= -1, there is a flexible floor price, the weekly floor being 

dependent on Wool Commission stocks, 

A
10 

= $m60, the initial level of Wool Commission f'unds , 

A
11 

= 0.05, the amrual rate of interest expressed as a decimal, 

A12 = 29 cents, the initial weekly floor price, 

A13 = 38 cents, the initial ceiling !}rice, 

A14' A15' A17' A19' A21' A23 = o, these parameters 

the flexible floor and ceiling prices, and 

' 

• are associated with 

A
25 

= 86.11645, the weekly average Wool Commission funds, where there 

is no Wool Commission interference in the wool 1:Jarket. 

7.4.5.3 Equations of Perfonnance Functions 

The two functions which were fitted to the results of the simulation 

runs were: 

(i) Using the actual values of the price elasticity of demand: 



+ b14 A1 A20 + b15 A1 A22 + b23 A16 A18 

+ b24 A16 A20 + b25 A16 A22 + b34 A18 A20 

+ b35 A18 A22 + b 45 A20 A22 

(ii) Using the logarithm (to base 10) of the absolute value of the 

price elasticity of demand, i.e. a
1 

= LOG(-A1): 

+ b11(a1)
2 

+ b2iA16)
2 

+ b33(A18)
2 

+ b4/A20)
2 

+ b55(A22)
2 

+ b12 a1 A16 + b13 °1 A18 

+ b14 a1 A20 + b15 a1 A22 + b23 A16 A18 

+ b24 A16 A20 + b25 A16 A22 + b34 A18 A20 

+ b35 A18 A22 + b 45 A20 A22• 

7.4.5~4 Conclusions from Simulation Runs 

181, 

This set of analyses tests the outcome of a series of flexible floor 

price policies. The numerical results from the simulation runs are recorded 

in Table 7,13 for the linear demand model, and in Table 7.14 for the constant 

elasticity of demand model~ 

Given the model and the para.meter combinations taken, the effect of 

variations in price elasticity on average price dominated the effect of changes 

in the policy parameters. Changes in average price were, however, less than 

1%. Significant reductions in price variability were achieved by some policy 

parameter combinations, particu:l.arly where the seasonal increment in the floor 

price (assuming there are zero Yool Commission stocks), A
22

, was 0,01. In 

some cases variance in price was reduced by 15 to 2.Cf/o. For a number of 

parameter combinations, particularly where demand is elastic, the Vlool Com:::nis­

sion made substantial purchases of wool. This affected the average Wool 

Connnission profit, and therefore the level of average compounded Wool Commission 
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and grower profits. 

It will be noted that for runs 1 through 32 there is a tendency for 

either the average price of vvool to be raised or compounded grower profits to be 

positive~ .At first sight this seems to be the "wrong way around" because we 

wouJ.d expect the profits to growers to be higher, the higher the average 

price. Inspection of Tables 7.13 and 7.14 show that the changes in average 

price and compounded grower profits are quite small. This small II contradiction" 

arises due to the comparison o:f average wool price with compounded profits. 

7.5 Directional Results 

In section 7.4.1, four sets of analyses were outlined. This section 

analyses the results of the Simulation runs from each set of analyses using 

information on the direction of change of the summary measuree. 

7. 5.1 Fixed Floor and Ceiling Prices - No Net Speculative Activit:y 

The first series of simulation runs corresponded to a constant floor 

and ceiling price over the f'ull 14 years~ and no net speculative demand~ The 

level at which the floor and ceiling were set was varied over a range, but the 

floor and ceiling were not allowed to vary from season to season, or week to 

week. The results of these simulations are summarised in Table 7~15. 

The first column of Table 7.15 gives a run number, and it can be seen 
' 

that 43 separate parameter combinations were examined. The next four columns 

give the values of the parameters for the particular run. The remaining sets 

of columns give, first, results of assuming a linear demand function, and then 

on the right, the results of assuming a constant elasticity demand function. 

Reading across the first row (from column 5 on ), it can be seen that: 

(i) If a linear demand :t'unction is assumed, then the first set of 

parameters would have: 

(a) raised (strictly, "not lowered") average price, 

( b) decreased (strictly, "not increased") price variance, 



( c) 1 eft the Wool Co:mr:J.ission enough i'unds to operate without 

borrowing from Government, 

( d) left the net speculators with a profit (strictly, they would 

not have made a loss), 

(e) left the Wool Commission with a profit (though possibly less 

than 1% on available funds), 

(f) given the growers a hidden profit (strictly, not a hidden 

loss), 

(g) resulted in a lower return to Wool Commission and growers, 

than the actual Wool Commission policy for the period, and 

(h) increased the variability of export income from wool, and 

(ii) If a constant elasticity demand function is assumed, then (still 

reading across the first row of Table 1) the first set of para­

meters would have: 

(a) increased average price, 

(b) reduced price variability, 

(c) left the Wool Commission with adequate funds to operate 

to 7.4 

without borrow:L.--ig, 

(d) left net speculators with no loss, 

(e) returned the,Wool Commission a profit, 

(f) reduced the combined income of Wool Comm.ission and growers 

as compared to the policy actually followed, and 

( g) increased the variability of export income. 

The numerical results frora these simulations are given in Tables 7.1 

Examination of the directional information in Table 7 .15 shows that 

(within the confines of the 14 years examined and the model used) in order to 

get a "better" perfon:n.ance of the wool market, than was actually obtained, it 

is necessary to assume: 
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(i) that the floor and ceiling price should have been allowed to 

vary over the period, and/or 

(ii) that net speculative activity induced by the Wool Commissionts 

activities would have been beneficial, and/or 

(iii) that net trade demand would have been increased by the Wool 

Commission's activities, and/or 

(iv) a highly elastic demand, say, less than -6. 

If (within the context of the model) it is not possible to assume one 

of the above then the perfonnance of the marketing system under different 

Wool Connnission policies to the one actually employed would have been detrimen­

tal to growers. 

To emphasise the above conclusion a double star (on the left f or linear 

demand and right for constant elasticity demand) has been placed on rows where 

all changes except export income variability were iDproved1 and a single star 

has been placed on rows where all ch:'Ulges were beneficial except export inco~e 

and price variability. A brief examination of Table 7.15 shows that all but 

one of the starred rows assumes that nomal trade demand was increased by the 

Wool Commission1s policy. The exception is run 34 1 where with no effect on 

trade demand, and an elasticity of -7.101 all changes except the variability of 

export income are beneficial. 

7.5.2 Fixed Floor and Ceiling Pfices - Net Speculative Activity 

The second series of simulation runs (or set of para.meters being 

tested) allowed for net speculative acti-vi ty as a result of the Wool Comrais­

siont s floor and ceiling price policy. The results of these simulation runs 

are S1..lI,ll!l.ll.rised in Table 7.16. 

The parameters dete:r:,nining the net speculative behaviour were: 

A
3 

= The linear effect of the Wool Commission1 s stocks on the net 

speculative dem.nd/supply for wool. 
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A4 = The linear effect of the spread between the sinulated New Zealand 

auction price and the equilibrium world price on the net specula­

tive deraand/supply of wool. 

A5 = The linear effect of net speculative stocks on the net specula­

tive demand/supply for wool. 

A6 = A shift parameter indicating the change in the net speculative 

demand/supply :for wool, when the simulated price is either at the 

floor or the ceiling price. 

The various values taken by these parameters, and by the price elas­

ticity of demand are seen in Table 7.16. The interpretation of individual runs 

in this table is similar to that given for Table 7.15. 

What is not innnediately apparent from this table is that none of the 

parameter combinations (including the price elastic.ity of der.iand) significantly 

affected the numerical results 01' the s1.lIIJfilary mea sures . ( The numerical 

results are given in Tables 7.9 and 7.10). Regardless of the level of the 

numerical results, however, it is evident that a nur:iber of parameter combina­

tions are implausible since the net speculators make a loss. Further, there 

were only a lin.ited number of parameter combinations which gave positive com­

pounded Wool Commission and grower profit. 

Considering the stars used in Table 7.16; in the case of the linear 

demand f'unction no stars are used since !!2_ parameter combinations give a 

pro:fi t ~ to speculators, ~ to growers and Wool Commission, For the 

constant elasticity of demand function there are a limited number of parameter 

combinations :for which only the variance in seasonal export income was increased. 

These are distinguished by a single star. 

The inf'erence is that, in general, given the model, in particular the 

present specification of the net speculative deBand/su.pply equation,~ the 

parameter values taken, the net speculative activity induced by the Wool 

Commission's presence in the wool market would not have been beneficial. The 



-· I -in,~. 

I ,~----1-.....--0 

I 
n, __ 

,_.. 
~ --i; 

I HJ .... .. n-, ... 
s ~--
I -· ---·~ 

\'IJ""d---I t-~ 

,v ..... -
II ·-s --i ,_.. 

wn-i-. ... 

I ~----· ..,... 
'-"'-

lllrft~.au 

; ~,,1: ... , 
N'P~ 

• ... ,n 

I 
•~Ttl.-_ --1~,,. ~· .. ___,_ 

ltPU--U 

··-

~~,, ~,~,~~~,~~~--~~······~~-·~··~··~···'·· 
'> 

,,,,,,~,~~,,,, ... ,,,,,,~,,,,,~~,,~'''''''~''' 
'''~''''''''''''''''''''','''~''''~'''''''' ~,,,,,,,,,~,,~,, ........ -........ ,,.,,,,,,,, 

. . . . . . . . . ~ . ~ . . . . . . . "'), . . . . . . "'). ..... . . . . . . . . . . . . . . . 

................... ~ ...... ,~ .............. -

"") "'), ..... ""), '> ...,. ' · ' •••• "') ........... ~ • ' •••••••••• ""> • """' ........... ' • 

'' ' '''''~'~'''~'· . . . • . . • • • . • • • . • . ' . . . . . . . . . .. .. 
~ 4 :q 4 :q:i 4 r 

& 4 4 4 & 4 4 0 

~ ~ 

0 4 0 0 0 4 0 <i 0 4 0 4 0 0 4 0 0 0 0 0 0 0 0 0 0 

0 4 
0 0 3 3 r 0 I! II 0 -; 3 3 0 0 ~ ! 3 II r 

' 
11 0 0 ! 8 r 

0 ~,~lpl~"f!~~~ C '8 "6 
o o 4 d o o d 0 0 o d d 0 d d d 0 0 0 d O O O O C 0 C C 

• .. .. .. s tn, "": .. .. .. 'i 'i ~ s .... .. "1fiS1Hp .. .. & ! ~ 'i ~ ~~ ~ ~~~~~ 
r ~ r 

0 0 0 0 .; .; 0 • 0 0 .. " o d d .; 0 0 0 0 0 0 0 0 oOOo 0 
0 0 0 

0 0 0 0 0 0 C- 0 0 c' < 

0 & 0 0 0 o o & 0 0 0 0 0 0 0 0 00000000 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

18') 

t 
t 
i 



author accepts, however, that alternative specuJ.ative ±'unctions could be 

postulated. 
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Therefore, in order to get a significantly better perfonna.nce of the 

wool market it is necessary to assume either: 

(i) that the floor and ceiling price were allowed to be flexible 

and/or 

(ii) that the normal trade demand was increased by the Wool Cor:JBission's 

activities, and/or 

(iii) that the constant elasticity denand function applies ,and elasti­

city of demand is less thnn -4 (i.e. demand for wool is very 

responsive to wool price changes). 

7.5.3 Variable Weekly Floor and Ceiling Prices - No Net Speculative Activity 

ln this series of simulation runs (or para.meter cor::tbinations) the floor 

and ceiling prices were allowed to vary from week to week on a s:i.D.ply deter­

mined p~rcentage basise 

These results, in directional terms, are given in Table 7.17. (The 

numerical results are given in Tables 7.11 and 7.12). Again the interpreta­

tion of the individual runs in each table is similar to that given for Table 

7.15. 

An exa.mna.tion of the results in Table 7.17 shows that none o:f the 

para.meter combinations (both for linear and constant elasticity demand ) gave 

positive answers to all the summary measures. The systen of stars indicates 

those paraneter combinations which came closest to this. One star indicates 

those runs where <;mly the export income variance is increased. Two stars 

indicates where only average price is decreased. 

The inference then is that given the model, and the pn:mmeter assunp­

tions, a simply determined flexible floor and ceiling price policy based on a 

percentage weekly change would not have been an improveraent on the present 
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15 -1 -+0,5 -0,1075 X ✓ ✓ I ✓ X X ✓ ✓ ✓ ✓ ✓ ✓ X X · ✓ 
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marketing systen. 

Therefore, in order to justify a change in the LJarketing systen it is 

necessary to assume: 

(i) that the floor and ceiling prices are flexible, but detemined in 

a more conplex manner, and/or 

(ii) that the nonnal trade demand is increased by the Wool Co:c:nnission's 

activities, and/or 

(iii) that demand is highly elastic and follows a constant elasticity 

demand curve. 

7.5.4 Variable Weekly and Seasonal Floor Prices - No Net Speculative Activity 

In this series of simulations the floor price is varied in a relatively 

complex manner. It is varied weekly according to the level of Wool CoL'ID.ission 

stocks (the relevant pararaeter here is A16). It is varied between seasons 

according to: 

(i) the increase in the floor if there are zero Wool Cor:nnission 

stocks (A
22

), 

(ii) the lowering of the floor due to the Wool Cor:::u:aission stocks 

(A20 ), and 

(iii) the maximum allowable increase or decrease in the floor price 

between consecutive seasons (A
18

). 

The directional results are given in Table 7.18, and again the interpre-, 

tation of an individurtl run is similar to that given for Table 7.15. 

No parameter combination, either for linear der::iand or constant elasti­

city of denand, gave positive results for all summary measures. Only where 

the price elasticity of deruand was inelastic (greater than -1) was the 

compounded Wool Commission and grower profit improved. A single star is placed 

by each of these runs - where only average price is decreased. 

Fron an examination of the numerical results in Tables 7.13 and. 7.14 

it is apparent that the conpounded Wool Comr:lission and grower gains (or 
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losses) for the various parameter combinations were only slight. 

Therefore, in order to obtE1.in_ a significant mprovement in the Wool 

Market, in the context of this . model, it is necessary to assume an increase in 

nomal trade dematl.d due to _the Wool Comruission1s activities, or that price is 

highly elastic and follows a constant elasticity demand curve. 

Sur;ma:r:y 

The two sir:lulation models (linear demand and constant elasticity of 

demand) allow the effect of different Wool Comnission floor a...n.d ceiling price 

policies to be evaluated in tenas of the sum.inary neasures . In particular, 

the outcome of Wool Commission policies, where: 

(i) floor and ceiling prices were rigid for the entire period, 

(ii) floor and ceiling prices were flexible on a weekly basis, and 

(iii) the floor price was flexible on a seasonal basis, 

were tested for wool trade demand conditions where: 

(i) demand \vas independent of the Wool Cor:inission 1s activities and 

only a function of price, 

(ii) shifts in the nomal trade deoa.nd curve occurred, and 

(iii) some net speculative activity was assumed. 

The results of the sir:rulation runs have been tabulated, and discussed. 

Additional infomation has been provided by using two oethods of 

inference. A broad view of the perfomance of any proposed scher:::te was ob­

tained, through an inspection of the outcome of all sur:rr:iary neasurcs . Pcrforraa..n.ce 

functions were calculated to peniit inferences to be made about the perfornance 

of the raodel over quite wide ranges of the parameters being varied. The 

analysis of perfomance functions therefore allows nuch more general conclu­

sions to be drawn than could hnve been derived directly rrora the sir:rulation 

results. This technique has only been used ton liI:lited extent because, 

apart frora shifts in the normal trade demand curve (A2 -I= 1.0), the perfon..la!lce 

of the model was not particularly sensitive to the pararaeter combinations mich 
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were tested, 

A fairly careful examination of the si.I:J.ulation runs allowed the fairly 

strong conclusioh: 

In order to obtain a significant improvement in the wool 
market, in the context of the present nodel, it is necessary 
to assume an increase in normal trade demand due t o the Wool 
Commission's activities, or that price is highly elastic and 
follows a consta.Dt elasticity of deLJ.and curve. 
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CHAJ?TER 8 

CONCLUSIONS 

8.1 Introduction 

This chapter summarises the conclusions which can be drawn from the 

present study. Three topics are covered. Initially there is a brief resume 

of the conclusions, given the r:1odel, which have been drawn fror:i an analysis 

of empirical results. This is followed by a discussion of the usefulness of 

the conclusions obtained from the model, in relation to the realism of the 

model. Finally, conclusions which are relevant for policy makers within the 

New Zealand Wool Board and Wool Commission are distinguished. 

8~2 Conclusions Within the Context of the Moqel 

The empirical results from the "Simple Wool Marketing Simulation :Model" 

lead to one over-riding conclusion. Within the context of the model, the 

evaluation of the success (or otherwise) of any modification to current w:>ol 

marketing practices depends on the assumption with respect to only one para.­

meter - the effect of this modification on shifts in the nonnal trade demand 

curve. 

That the model would only be sensitive to shifts in the nonnal trade 

demand curve was not a foregone conclusion, since it would not have been 

surprising to find that a more aggressive, or possibly more flexible floor/ 

ceiling price policy by the- Wool Carmnission would have shifted wool from periods 

of low demand to periods of high demand. This would have increased average 

price, price stability, and grower and Wool Commission profits without any net 

increase in the demand for wool. If, however, the Wool Commission I s function 

is considered to be price ,etabilisation without a:n.y direct demand expansion 

responsibilities, then the results show that it v.ould have been difficult to 

find a markedly better floor price policy than that vvhich was actually followed 

over the 14 seasons being studied. At the same time the study suggests that 
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quite a wide range of al tern.a ti ve floor price policies could have been followed 

without g:I. ving markedly inferior results. 

Implications of the Realism of the Model 

One poss:i,ble line of criticism of the conclusions reached in the present 

study is that the underlying simulation model is not realistic. Some may 

argue that the model is just too simple and abstract to describe the very 

sensitive and ,omplex considerations which dictate actual price formation in 

the wool market, and hence little confidence can be placed in the results 

which have been obtained from the model. Anyone who has studied the wool 

market cannot but be sympa thetic to this type of argument. A number of con­

siderations regarding the usefulness of the results obtained from the model 

can, however, be offered by way of rebuttal: 

(i) The Wool Board and Wool Commission are continually called upon to 

make decisions on the basis of imperfect information. The operational question, 

therefore, is not "Does this study provide a perfect answer'?", but rather 

"Toes this study serve to reduce the degree of uncertainty in the decision 

making environment of the Wool Board and Wool Commission?". 

(ii) As the present model incorporates much of the theoretical and 

empirical knowledge available on the likely effects of the Wool Commission1 s 

stabilisation policies on the wool auctions, it can be argued that the model , 

is an approximation of the operation of the wool market under such conditions; 

it may possibly be a poor approximation, but it is certainly.§:£ approximation. 

The operation of the model should, therefore, be able to at least distinguish 

the critical parameters in the model. 

( iii) Simulation as a research technique ~ provide a useful approach 

for generating information on the outcome of alternative Wool Commission 

policies. Should the model be considered too unrealistic to place much signi­

f'icance on the results, then the constzuction o'f the model will, • at the very 

least, highlight what infonnation on the system' ·being· simulated is lacking -
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where there is scope for further research into the operation of the auction 

system. This is in itself usef'ul ~onnation. 

One aspect of the model where inf'ormation i!! lacking is in the speci­

f'ication of the noimal trade demand function. All econometric studies, for 

instance, agree with the present model in postulating either a linear demand 

function or constant elasticity - both of which are most unlikely to be 

correct. It is not known whether elasticity increases or decreases during 

periods of high prices. 

The critic who can provide some empirical evidence on deficiencies in 
., 

any aspect of the present model is wel~omed as a constructive critic. Other 

criticisms may be valid, but they don't allow a more realistic model to be 

constructed. 

8.4 Conclusions for the Policy Maker 

One extremely pertinent observation can be made regarding the usef'ul-

' 

ness of the conclusions obtained from the model. This observation is that the 

model is no longer relevant; the model has been overtaken by eventsl The 

experience at the New Zealand wool auctions during the seasons 1966/67 and 

1967/68 could only have been simulated by assuming a very substantial drop in 

the level of nonnal trade demand. The major conclusion obtained from the model 

was that for the historical period being considered a 1% rise or fall in norm.al 

trade demand dominated any other assumptions which were made with respect to 

the demand for wool and/or the Wool Commission1 s floor and ceiling price 

policy. In the last two seasons it ~~uld have been neces~ary to postulate a 

30 to 4Cf;b drop in normal trade demand, and this clearly lies outside the ra.rige 

of experience of the data used in the model. Regardless of whether the drop 

in demand originated from factors outside auction or was directly due to the 

Wool Commission's floor price policy, the 1966/67 and 1967/68 experience high­

lights the fact that shifts in demand can dominate any Wool Commission policy. 

Given this important caveat the over-riding conclusion for policy 
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makers remains; tbat the mode~ ~s e~tremely sensitive to shifts in the normal 

trade demand curve, and, consequently, all arguments about interference with 

the wool marketing mechanism ought to be justified in tenns of concrete 

evidence about their likely effect on the demand for wool. 

The present study drives home the distinction between alternative plans 

for marketing wool, and improved marketing plans. In the present study a 

number of alternative marketing plans were examined, none of which proved to 

be a noticeable improvement over the actual Wool Commission floor policy. 

For anyone to believe that they have an improved method of marketing 

wool, it now needs to be shown that either: 

(i) Marketing costs would be reduced, or 

(ii) Commercial manufacturing demand for wool would be increased 

where an improved method is defined as yielding a higher average price to 

growers and/or a lower variance in price. 
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APPENDIX A 

. · FWW. DIAGRAMS FOR THE. COMPUTER SlMULATION 
P:OOGBAMMES, WMSM*4, 5, 6 and 7 

In this appendix the flow diagrams for WMSM* 4 arid 6 are given in full. 

The only difference between these models incorporating a linear nonnal trade 

demand function, and WMSM*5 and 7, which incorporate a constant elasticity 

nonnal trade demand f'unction, is in the quantitative balance. Hence for 

WMSM*5 and 7 only the quantitative balance is given~ 

The relevance of' the flow diagrams is that they detail exactly what 

calculations the computer perfonns. 

Following the flow diagrams there are notes explaining some of t he 

assumptions and calculations which were made. 
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NOTES OF THE FIDW DIAGRAMS 

The following notes refer to the marked pomts on the preceedmg flow 

diagrams. 

WMSM*4 

(i) The arrow C directs the computer to the seasonal calculations ( after 

52 weekly calculations). The arrow M indicates that the seasonal calculations 

have been completed and that the calculations of the first week of another 

season are to begin. The arrow I refers the computer from the end of one week 1 s 

calculations to the start of the next . 

(ii) A negative value here leads to a negative simulated price P2, hence 

ignore this observation, but type out that a negative price was calculated • .J/ 

(iii) The restramt of the net speculative demand/supply function is that 

sales cannot be greater than stocks. Therefore if B4 + Q7 < 0 then the 

simulated price is recalculated where all the net speculative stocks, Q7, are 

placed on the market. 

(iv) Is the simulated price less than the floor price. 

( v) If so, P2 = P3, and the net speculative demand/supply function is recal­

culated mcluding +Q1.A6, the increase in net speculative demand at the floor. 

Q2, the quantity taken by the nonnal trade demand function is then calculated, 

and the quantity taken by the net speculators is detennined. Finally, it is 

assumed that the Wool Commission always purchases the residual, Q5 . 

(vi) If the simulated pri'ce is between the floor and the ceiling price, i.e. 

P3 < P2 < P4, then the Wool Cornmission1 s purchases are zero and the nonnal 

trade demand, Q2, and the net speculative demand, Q4, clear the market . 

(vii) If the simulated price is above the ceiling then the level of Wool 

Commission stocks is tested. If zero, then the market is cleared as in (vi). 

J/ This error did not occur in nny of the runs mndo. That is, price vm.s ncvel:' 
taken to be negative. 

I 
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(viii) Here the level of desired net speculative activity, B4, is tested 

against the availability of net speculative stocks :for the situation where 

the simulated price is at the ceiling, and the net speculative demand function 

includes -Q1 * A6. If negative, i.e. the net speculators wish to sell more 

stocks than they possess, then B4 = Q7 and P2 is recalculated with all the 

Wool Commission1 s stacks, Q6 1 placed on the market. If positive, the value of 

P2 is detennined accordingly, again with all the Wool Commission1s stocks placed 

on the market. 

(ix) Is the simulated price, when all Wool Commission stocks have been placed 

on the market, higher or lower than the ceiling price, 

(x) If lower, then P2 = P4 and the net speculative demand, B4, is evaluated. 

(xi) If B4 + Q7 is less tban zero, i,e. net speculators wish to sell more 

stocks than they own, then they sell all their stocks, and the level of nonnal 

trade demand Q2 is calculated. If B4 > Q7 > 0 then Q2 is again calculated. 

(rii) If the demand by net speculat<?rs and the nonnal trade demand is greater 

than the observed sales in that week, then Q4 = Q3 - Q2. If less, as would be 

expected, then the Wool Commission places supplies on the market. 

(xiii) If the desired demand by net speculators and the nonnal trade demand 

together exceed growers' supply then Q4 = B4 and the Wool Commission supplies 

the residual. If less, i.e. Q2 + B4 < Q3 then net speculators take the 

difference between growers 1 supply and normal trade demand, and the Wool 

Jommission need not place any wool on the. market to hold the ceiling price. 

(xiv) Where the simulated price is still above the ceiling when all Wool 

Jommission stocks have been placed on the market, then P2 is recalculated, 

excluding -Q1.A6 from the net speculative demand/supply equation. 

(xv) In the case where the recalculated P2 is below the ceiling, then it is 

~ssumed that the Wool Commission holds the ceiling, but has los~ the confidence 

::,f the net speculators who now react as though the ceiling did not exist. If 

the simulated price is still above the ceiling, then the Wool Commission sells 
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all its stocks and reduces the simulated price as much as possible. 

(xvi) AS refers to whether or not financial implications are to be calculated. 

If AS~ o, financial implications are not calculated. 

(xvii) Are this week 1s values of the Wool Co:rar:J.ission1 s funds, the l evel of 

compounded grower profit, or net speculative funds and assets a maximum or a 

minimum, for this season or overall. 

(xviii) In the quantitative balance, if Q? (net speculative stocks) becomes 

slightly negative then tb.c quantitative balance gives incorrect r esult s , This 

di scr epancy i n Q 7 is due to rounding errors in the q Uc.'Ul ti t a ti ve bal ance. If 

Q7 does become negative, it i s equa.ted t o zero. This mca..~s wool dis~ppearing 

and hence the amount of wool treated as such is summed.1/ 

(xix) A? refers t o whether or not quantita tive summary measur es a r e t o be 

calculated. If A?~ 0 t he quantitative summa ry measures are not cal culat ed. 

' (xx) The Wool Commi ssion' s s t ocks and net speculative stocks in this week 

are placed in categories accor ding to their size (these categories were 

introduced as parameters). It is t he r efor e possibl e 1 for i nstance , t o evaluate 

in how many weeks Wool Commi ssi on s tocks were between 150 and 200 thousand 

bales for a given parameter set. These calculations are raade seasonally and 

overall. 

(xxi) Is the difference, be tween this season's foreign exchange earnings from 

wool and the situation where there is no Wool Commission interference in the 

auction a maxi.mu.~ increase (z(3)) or decreas e (z(4). 

(xxii) Seasonal averages and variances of quantitative and financial variables 

are determined if A? and AB respectively are positive. 

(xxiii) A number of seasonal summary measures are equated to zero and will 

be calculated again next season. 

(xxiv) The flexible weekly and seasonal floor and ceiling price policies are 

dealt with in full in the main body of the thesis. 

y In some cases, up to 2,000 bales disappeared over the 14 sea sons for which 
calculations we re made. 
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APPENDIX B 

INDEX .OF SYMBOLS USED Ill' THE MODEL 

( i) Parameters 

A 1 = The price elasticity of demand. 

A2 = Shift in the normal trade demand curve due to the activities of 

the Wool Commission in the wool market. 

A3 .. Linear effect of the Wool Commission? s sto.cks, Q6, on the net 

speculative demand/supply for wool. 

A4 = Linear effect of the spread between the simulated price, P2, 

and the world equilibrium price, P1, on the net speculative 

demand/supply for wool. 

A5 = Linear effect of the net speculative stocks, Q7 , on the net 

speculative demand/supply for wool. 

A6 = A shirt parameter indicating a change in net speculative demand/ 

supply for wool when the simulated price, P2, is either at the 

floor or the ceiling price. 

A 7 = Determines whether annual summary measures of prices and quan-

tities are provided • . 

A 7 = 1 summary; A 7 = O no swnrnary. 

A8 = Determines whether or not the financial implications are calcu­

lated. 

A8 = 1 they-are calculated; A8 = 0 they are ignored. 

A9 = Detennines whether the floor and ceiling price are flexible or 

are fixed. 

A9 = .0 indicates the floor and ceiling are fixed. 

A9 = +1 indicates a flexible seasonal floor and ceiling price 

policy, and a flexible percentage weekly floor and ceiling price 

policy. 



A10 = 
A 11 = 
A12 = 
A13 = 

A14 = 
A 15 = 

A16 = 

A17 = 

B2 

A9 = -1 indicates flexible seasonal floor and ceiling prices, 

and flexible weekly floor and ceiling prices dependent on Wool 

Commission stocks. 

Initial value of Wool Commission Funds (in $m). 

Annual rate of interest expressed as a decimal. 

Initial floor price (in cents). 

Initial ceiling price (in cents). 

Percentage drop in the weekly floor price allowed. 

Percentage rise in the weekly ceiling price allowed. 

Linear effect of the Wool Commission 1 s stocks on the weekly 

floor price. 

Linear effect of the Wool Commission's stocks on the weekly 

ceiling price. 

A 18 = Maxi.mum allowable percentage change in the floor price bet ween 

seasons. 

A19 = Maxi.mum allowable percentage change in the ceiling price between 

seasons. 

A20 = Linear effect of the Wool Commission's stocks on the seasonal 

floor price. 

A21 = Linear effect of the Wool Commissionfs stocks on the seasonal 

ceiling price. · 

A22 = 

A23 = 

A25 = 

Seasonal increment· :in the floor price if zero Wool Commission 

stocks. 

Seasonal increment in the ceiling price if zero Wool Comi~ission 

stocks. 

The final level of average Wool Commission funds - where there 

is no Wool Commission interference in the market (i.e., A9 = o, 

A12 = O, A13 = 100). 
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(ii) Variables calculated or used within the programmes 

B1 = The intercept of the linear normal trade de,"!lalld function on the 

Q axis in the ith week. 

B2 = The tenn indicating the slope of the linear normal trade dena.nd 

function in the ith week. 

B3 = The shift parameter determining the position of the constant 

elasticity demand curve in the ith week. 

B4 = The net speculative demand for, and supply of wool in the ith 

week. (The quantity of wool sold is subject to stocks being 

available). 

B5 = The rate of interest on a weekly basis - as a decimal. 

0(1), ... ' c( 4) = class intervals for Wool CoIDI:lission stocks. 

D( 1), ... ' D( 4) = class intervals for net speculative stocks. 

E(1), .... ' E( 21) = \fork: cells. 

AL1, AL2, AL3, ) Variables used in WMSM * 5 and 7 in the iterative 
) 

xxx, SNEW, FX, DX ) calculation of the simulated price - defined in 

the programmes. 

(iii) Summary Measures 

G1 = Average sum of Wool Corrnnission and grower profit (in $VI ). 

G2 = Average com;poun~ed value of Wool Comrnission and grower profit 

(in $M). 

G3 = Average Wool Commission profit (in~). 

(iv) Variables calculated or used within the prograL1m.es 

M1 = Print out identification number. 

N2 = The run number~ 

P1 = Observed average sale price, converted to cents/lb., in the 
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i th week. 

P2 = The simulated price, in cents/lb., in the i th week. 

P3 = The simulated floor price for wool in cents in the ith week. 

P4 = The simulated ceiling price for wool, in cents in the i th week. 

P5 = The seasonal floor price (in cents). 

P6 = The seasonal ceiling price (in cents). 

P7, PS, P9, P10 = Variables used in calculating changes in the seasonal 

floor and ceiling prices, 

Q1 = The observed sales in the ith week in thousands of (325 lb) 

bales. 

Q2 = The simulated no:rmal trade demand for wool in the ith week, in 

,ooo of (325 lb) bales. 

Q3 = Supply of wool onto the narket in the ith week in ,ooo of 

(325 lb) bales . 

Q4 = Net speculative demand for wool in t..~e ith week in ,ooo of 

( 325 lb) bales. 

Q5 = Net purchases (or sales) by the Wool CoIDIJ.ission in the ith week 

in ,ooo of (325 lb) bales. 

Q6 = Wool Commission stocks at the end of week i in ,ooo of (325 lb) 

bales. 

Q7 = Net speculative stocks at end of week i in ,ooo of (325 lb) 

bales, 

SMQ? = In WMSM * 4 and ~6, it sums the negative net speculative stocks 

which are subsequently equated to zero, 

R1 = Net cash income for the Wool Commission in ith week in $M, (If 

R1 > 0 then Wool Corn:;iission gains cash)~ 

R2 = Total cash balance of Wool Cornnission at end of ith week in ~rn. 

R3 = Net cash income of net speculators in the ith week in $M, 

R4 = Total cash balance of net speculators at the end of week 1 in 
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$1.Y.[. 

R5 = Hidden gains or losses to growers, (or grower profit), in the 

i th week in $M. 

R6 = Total sura of hidden gains and losses to growers (or grower 

profit) at the end of week i. 

R7 = Total compounded value of hidden gains and losses to growers 

(or grower profit) at the end of week i. 

R8 = Value of Wool Commission's stocks at the siraulated price, P2, 

at the end of the ith week in $!M. 

R9 = Value of Wool Commission1 s total cash and assets balance, 

(stocks valued at the si.I:J.ulated price), at the end of the ith 

week in $M. 

R10 = Value of net speculators 1 stocks at the simulated price, P2, at 

the end of the ith week. 

R11 = Total cash and assets of the net speculators (stocks valued at 

the simulated price) at the end of the _ith week ill $11 . 

U( 1) = Seasonal t otal sum of si.I:J.ulated prices. 

U( 2) = Overall total sum of simulated prices. 

V(1) = Seasonal number of price observations. 

V(2) = Total number of price observations. 

W(1) = Weeks the Wool Commission stocks ill category 

w(2) = 

w(3) = 

w(4) = 

w(5) = 

II 

II 

II 

II 

11 

11 

11 

II 

II 

II 

II 

II 

11 II ll II 

ll ll II- II 

II 11 II II 

II II II II 

W( 6) = Weeks the net speculative stocks in category 

W( 7) = II II II II II II 11 

W(8) = II ti II II II 11 II 

Seasonal 

o - c( 1) 

c( 1) - c( 2) 

c(2) - c(3) 

0(3) - 0(4) 

c( 4) - ~ 

O D( 1) 

D( 1) - D( 2) 

D(2) - D(3) 
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Seasonal 

W(9) = Weeks the net speculative stocks in category D(3) - D(4) 

w(10) = II II II II II II II D(4) - co 

w( 11) , •• , ~ w( 20) = same as for W ( 1 ) , ... , w(10) but overall not 

seasonal. 

XN3 = Card identification number. 

( v) Summary measures 

Seasonal average simulated price (in cents). X1 

X2 = Seasonal total. quantity sold to the trade and net speculators 

( ,ooo bales). 

X3 = Overall average simulated price (cents). 

X4 = Overall quantity sold to trade and net speculators (,ooo bales)~ 

X(1) = Seasonal sum of squares of prices. 

X(2) = Total sun of squnres of prices. 

X5 = Seasonal average Wool Coi:i'.J.raission funds(,~). 

X6 = Seasonal average Wool Cor:nnission funds and assets ($M). 

X7 = Seasonal average net speculative funds and assets (~t). 

XS = Seasonal average sun. of hidden gains and losses to growers (or 

growers 1 profit), ($M). 

X9 = Seasonal average compounded value of hidden gains and losses to 

growers (orgrowers 1 profit), ($M). 

X10 = Total average Wool Commission funds ($1). 

X11 = Total average Wool Commission funds and assets ($'I). 

X12 = Total average net speculative funds and assets(~). 

X13 = Total average sum of hidden gains and losses to growers (or 

grower profit), ( $M). 

X14 = Total average compounded value of hidden gains and losses to 

growers ( or grower profit), ( $M). 

X15 = Seasonal number of observations on funds. 
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X(3) 

x( 4) 

X(5) 

X(6) 

= 

= 

= 

= 

= 

Total number of observations on funds. 

Seasonal sum of squares of Wool Commission funds. 

Total sum of squares of Wool Cornnission funds. 
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Seasonal sum of squares of Wool Comr:iission funds and assets . 

Total sum of squares of Wool Coomission funds and assets. 

X(7) = Seasonal sun of squares of net speculative funds and assets . 

x(s) 

x( 9) 

= 

= 

Total sUB of squares of net speculative funds and assets . 

Seasonal sun of squares of sum of hidden gains and losses t o 

growers ( or grower profit)~ 

X( 10) = Total suo. of squares of sum of :ti..idden gains and losses to growers 

( or grower profit). 

X(11) = Seasonal SUD of squares of compounded hidden gains and l osses t o 

growers (or grower profit). 

X(12) = Total sun of squ.n.res of compounded hidden gains and losses to 

growers ( or grower profit). 

Y(1) = Maxiour.1 s:ir.lulated price, overall , AMY(1) = date occurred. 

Y( 2) = Mmci.Bun simulated price, seasonal , AMY(2) = date occurred. 

Y(3) = Maxim.urn overall Wool Comnission stocks, AMY(3) = date occurred. 

Y( 4) = Max:i.Iaum seasonal Wool Commission stocks, .All'iY( 4) = date occurred. 
' 

Y(5) . = iJiaxiraum overall net speculative stocks, .AUY(5) = date occurred. 

Y(6) = Max:ir.lun seasonal net speculative stocks, MIIY(6) = date occurred. 

Y(7) = Ma:tillum . total Wool Commission funds, 1111IY(7) = date occurred. 

Y(8) = Ma.xi.nuD seasonal Wool Conm.ission f'unds, AJ',IT(8) = date occurred. 

Y(9) = Ma:xiLlUCJ. total Wool Como.ission funds and assets , .AMY(9) = date 

occurred. 

Y(10) = Maximw.i seasonal Wool CoIJI:J.ission funds and assets, AivrY(10) = 

date occurred. 

Y(11) = riaxinum total net specul.c.tive funds and assets, .AMY(11) = date 

occurred. 
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Y(12) = Maxim.um seasonal net speculative funds and assets, AMY(12) = 

date occurred. 

Y(13) = Minimum total Wool CoIDLlission funds, AMY(13) = date occurred. 

Y( 14) = Min:i.raura seasonal Wool Comraission funds, AMY( 14) = date occurred. 

Y(15) = Minimum total Wool Co:rnmission funds and assets, AMY(15) = date 

occurred. 

Y(16) = Min:i.num. seasonal Wool Coomission funds and assets, AJV.lY(16) = 

date occurred. 

Y(17) = Mininura total net speculative funds and assets, .AMY(17) = date 

occurred. 

Y(18) = Min:i.Dura seasonal net speculative funds and assets, MTY(18) = 

date occurred. 

Z1 = Total nunber of seasons. 

z( 1) = Overall sun of seasonal :foreign exchange earnings :from wool ( $M) • 

Z(2) = Overall sum o:f squares of seasonal. foreign exchange earnings. 

Z(3) = Maxi.DUD increase in seasonal foreign exchange earnings ($M). 

Z ( 4) = Mo.xirau:r:1 decrease in seasonal foreign exchange earnings ( $M). 

Z.(5) = Overnll variance in seasonal foreign exchange earnings. 

Z( 6) = Ratio of overall variance in seasonal foreign exchange earnings. 

Z(7) = Overall average fore'ign exchange earnings ( t,r,-1 ). 

Z(8) = Ratio of overall average foreign exchange earnings. 
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.APPENDIX C 

PARTIAL LISTING OF DATA USED 

IVIost of the data used in this study is listed in "Price l\1ovenents of 

New Zealand Wools and Related Futures, Tops and Yarn Prices 1952-1965", 

Bnckground Paper 6 prepared by Professor Candler for the New Zealand Wool 

Marketing Study Group. The listing of data in this appendix gives the weekly 

measureoents of nverage price (pence) and quantity sold (,ooo bales) for the 

succeeding season 1965/66. 

Data for the seasons 1966/67 and 1967/68 was not used. 
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TABLE C1 : PARrIAL LISTING OF DATA 

Average Qu::i.ntity Average Quantity 
Year Week Price Sold Year Week Price Sold 

(pence) (,ooo bales) _ (pence) ( , 000 bales) 

1965 21 38.7 16.8 1965 51 42.5 49.8 
65 22 37.5 30.3 65 52 42.0 24.0 
65 23 37.0 42.3 66 1 0 0 
65 24 37~0 42. 3 66 2 42.3 25.3 
65 25 39~0 34.0 66 3 42.3 51.5 
65 26 0 0 66 4 41.8 49.0 
65 27 0 0 66 5 42.0 19.8 

END OF SEASON 66 6 40.3 47.7 
65 28 0 0 66 7 40~6 24.5 
65 29 0 0 66 8 39.7 25.1 
65 30 0 0 66 9 43.3 44. 9 
65 31 36.6 16.2 66 10 41.7 50.3 
65 32 38.5 31;,7 66 11 41.3 38.2 
65 33 35.6 9.0 66 12 41.2 25.6 
65 34 40.9 30.9 66 13 42.7 50.5 
65 35 39.1 14. 3 66 14 41. ,l 43.5 
65 36 0 0 66 15 40.8 23.1 
65 37 0 0 66 16 0 0 
65 38 0 0 66 17 40.9 47.3 
65 39 0 0 66 18 40.8 56.0 
65 40 45. 2 48.0 66 19 39. 4 26.5 
65 41 0 0 66 20 38.6 30.1 
65 42 44.3 39.4 66 21 37.5 32.0 
65 43 44.9 44.1 66 22 37.4 52.1 
65 44 42.8 43.1 66 23 38.0 30.6 
65 45 45.4 44.7 66 24 0 0 
65 46 46.7 52. 7 66 25 0 0 
65 47 42.7 23.5 66 26 38.5 t1r4. 4 
65 . 48 42.3 48.4 66 27 0 0 
65 49 42.6 47.0 
65 50 44. 2 54. 9 , 




