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ABSTRACT 

The aim was to analyse the short term price fluctuation 

of fresh vegetables at the Palmerston North auction market. 

A brief review of the theoretical and methodological aspects 

in relation to this topic is outlined. 

ii 

An econometric recursive model was developed in the 

"inductive phase" to represent the past behaviour of the 

industry. The simulation model was developed in the "deductive 

phase" for testing the sensitivity of the model and policy 

assessment. 

The results indicated that: 

1) The wholesale demand for cabbages and cauliflowers is 

relatively inelastic (-0.5034 and -0.8142 respectively) while 

that of lettuces (-1.434) was elastic. Carrots showed non­

significant positive relationship between quantity purchased 

and price (+1.935). 

2) The simulation model was relatively insensitive to changes 

in its parameters. It was proved that the supply of fresh 

vegetables was mainly governed by the seasonal factor. 

3) The policy of supply rationalisation could reduce price 

variance and supply variance by 18% and 45% respectively, while 

the gross income and unweighted mean price could be increased 

by 8.7% and 0.3% respectively. 
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CHAPTER 1 

INTRODUCTION 

The fresh vegetable industry in New Zealand faces many problems, 

of which price instability is one. The analysis of this problem 

cannot be completed without full knowledge of the industry's product­

ion features and marketing structure. 

This chapter discusses the organisation of vegetable production 

and marketing in New Zealand. The objectives of this study and its 

scope are outlined. Finally, the thesis guide provides a general 

outline of the contents of this thesis. 

1.1 The New Zealand Fresh Vegetable Industry 

1.1.1 Geographic distribution 

There are three major vegetable production areas: 

(a) Auckland, (b) Welli.ngton, and (c) South Island [J7, p.Yfl. 

Vegetable growing areas in the North Island are mostly concentrated 

at Auckland, Northland, Franklin, Manawatu and Horowhenua, while 

those of the South Island are scattered around Nelson, Oamaru and 

Christchurch. 

The Pukekohe district provides the Auckland area with a consider­

able amount of its vegetable requirement, as well as being the main 

·onion-growing area of the North Island. The Manawatu/Horowhenua 

districts send most of the vegetables they grow to Wellington City, 

while Ohakune supplies both Auckland and Wellington with cabbages, 

carrots and broccoli L?§l.. 

In the South Island, market gardening is mainly carried out 

near Christchurch, Oamaru, Dunedin and Nelson cities. Nelson also 

produces considerable quantities of fresh and processed vegetables, 

most of which are marketed in W_ellington. 
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1.1.2 Trends in grower numbers, acreages and production 

A field survey by Philpott and others [j.g_7 in 1964 indicat_ed 

that there were approximately 2,600 growers engaged in the vegetable 

industry [j..6, p.fl. 
The New Zealand Department of Statistics 1966 Census showed 

that approximately 2,200 growers were engaged in the industry !J§l, 
while the New Zealand Official Year Book, 1972, stated that approx­

i~ately 2,700 growers cultivated 18,211 hectares in 1964 L?§J. 
The discrepancies in the statistics in the different reports cannot 

indicate the trend of the growers in the industry. These differ­

ences may be partly due to the inclusion of process vegetable growers 

or potato growers . 

Th~ Department of Agriculture es timated that in 1970 approximately 

17,623 acres of vegetables (excluding potatoes) were grown for the 

fresh market, and 30,280 acres for processed production. Based on 

these acreages 179,540 tons of vegetables were produced for the 

fresh market and 85,500 tons for processing. These levels were both 

lower than the figures for 1969, · but still considerably higher than 

those for 19681• 

Most of the fresh vegetable production is consumed within New 

Zealand, only 20,542 tons, or 11%, being exported2 • 

1.1.3 Types of ~roduction 

The vegetable production in New Zealand may be divided into 

three types: 

1) Outdoor pro duction, 

2) Hothouse (glasshouse) production, 

3) Production for processing (mostly outdoor). 

The first two groups provide for domestic fresh vegetable con­

sumption, while the process production is canned or frozen. 

1. See Appendix A.1 

2. See Appendix A.2 
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Glasshouse production is scattered over both Islands. 

Most glasshouse production is a monoculture, though some growers 

do cultivate a second crop. 

crops grown in the glasshouse . 

Tomatoes and cucumbers are the two 

Vegetables for processing are beans, peas, outdoor tomatoes 

and sweet corn. All the produce is sent to canners on a contract 

basis. 

Outdoor growers are less specialised, growing from six to 

ten of the twentyfive vegetables, mainly cabbages, carrots, 

cauliflowers, lettuces, tomatoes and onions. 

The 1964 Survey showed that outdoor production accounts for 

57~ of total growers as compared with 26% for glasshouse production 

and 17~ ensaged in both types of growing (26, p.17). 

1. ~ 4. The consumption of vegetables 

The vegetable industry is a comparatively small part of New 

Zealand's primary industry, but it is the third largest producer 

for the domestic food market . 

In household expenditure only 3~ of the total income is 

allocated to vegetables L26, p.i}. The trend is for consumption 

of fresh vegetables to decline, while that of processed vegetables 

is increasing, the main reason probably being the "convenience" 

of using the processed ve ge tables . It is found that New Zealanders 

consume more of the cheaper vegetables, such as root crops, 

cabbages, pumpkins, and so on, than the "luxury vegetables" (tomatoes, 

lettuces, and sweet corn) . 

1.1.5. The grower's income 

Some of the vegetable growers complain that their income is 

unsatisfactory as compared with that of other primary producers. 

The recent Report on Economic Trends in the Industry /ftil showed 

that incomes in market gardening were low, but there was no evidence 

of seriously declining trends . Instead the Report found that the 

production of vegetables ha s markedly increased by about 5% per 

annum ,L'S1, p . 1i7. 
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1.2 The Marketing System for Fres~ Vegetables 

1.2.1 The marketing channel 

Several channels are available for distributing the fresh 

vegetables from producers to consumers: 

1) Direot ,;alo thro\.lgh or to whole1.aler, 

2) Direct sale to retailers, 

3) Direct sale to consumers (road stall or "over the gate" 

method), 

4) Direct sale to institutional users (hotels and restaurants), 

5) Direct sale through a grower market. 

All these relationships are shown in Figure 1.1. No recent 

data is available to indicate the actual volume of vegetables 

going through these channels. However, most fresh vegetables are 

handled by the wholesalers. The 1964 Survey /J.6, p.8iJ showed that 

two-thirds of the growers moved their produce through wholesalers, 

the remaining one-third using other channels. 

By and large, the wholesale market is the most important 

channel for cabbages, -cauliflowers and lettuces, but Bourke L10, p.§7 
in a detailed su~vey of Auckland city found that only a limited 
range of vegetables was bought direct to any extent, these being 

bulk lines of carrots, cabbages, onions and tomatoes. The detailed 

values in his Survey for various fresh vegetables through different 

channels are shown in ~able 1.1. 

It is obvious that fresh vegetables distributed through the 

auction (including the Commission buyer) amount to 69.8%, while 

direct selling amounts to only 22.9% and other channels, such as 

"road stalls" and direct sales to institutional users, share the 

balance. 
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TABLE 1.1 

Asparagus 

Beans - Broad 

Green 

Beetroot 

Brussels Sprouts 

Cabbage 

Oarrots 

Cauliflower 

Celery 

Cucumber 

Lettuce 

Parsnip 

Peas 

Sweet Corn 

Tomatoes 

Kumara 

Onions 

Potatoes 

Pumpkin 

Spinach 

Swedes 

Silver Beet 

TOTAL 

Percentage 

SOURCE OF FRESH VEGETABLES 

Auction 

R 

4 

6 

6 

6 

6 

5 
6 

5 
3 

6 

6 

, 6 

4 

6 

4 

3 

5 
6 
6 

6 

125 

26.2 

s 
2 

3 

3 

1 

1 

2 

2 

2 

3 

1 

Private 
Treaty 

R s 

0 

0 

Grower 
Direct 

R 

1 

16 

16 

1 

1 

2 

2 

2 

1 

4 

1 

1 

109 

22.9 

s 
1 

1 

2 

2 

5 
1 

6 

10 

1 

3 
8 

10 

6 

5 

R = Regularly S = Sometimes 

6 

Commission 
Buyer 

R 

9 

9 

9 

10 

9 

9 
10 

10 

9 
10 

9 

10 

10 

10 

9 
10 

10 

9 
10 

10 

208 

s 

1 

, 

1 

4 

5 
1 

1 

1 

1 

Other 

R 

1 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

1 

1 

2 

1 

2 

2 

35 

7.3 

s 

1 

1 

Source: Bourlce, I.J., "A Survey: The ·Direct Buying of Fresh Vegetables 
in New Zealand", Massey Occasional Paper No.2, Agricultural 
Economics and Farm Management Department, 1971, p.9. 



1.2.2 Auction system and price formation 

The auction system involves the consignment of fresh 

vegetables to the auction floor and the presence of buyers 

bidding on the produce which they hope to purchase. 

Produce is transported to the wholesale firms usually 

on the evening bef0~0 tho nG~t ~uotio~ &G&&ion oomm&nO&e, 

transport being carried out either by growers themselves or 

by transport firocs. On arrival at the auction floor, the 

7 

produce is stacked on various parts of the floor, in order of 

sequence of arrival. Most of the produce is grouped by the 

wholesalers i~ lines3 , the grower 's name being indicated on 

every line of produce. Before the auction commences at 7 to 8 a.m., 

the buyers gather on the auction floor to inspect the produce 

for quality and quantity. When the auctioning commence s , the 

interested buyers bid aGainst ea ch other for a particular line 

as it is offered for sale by t he auctioneer. 

The method of auction is the "ascending type" (English 

auction) L14, chap • .27. The sale involves buyers bidding success­

ively higher amounts until the top price i s reached. The buyer 

is allowed to state the quantity that he will take (for exami le, 

he may specify to t ake 5 out of 20 cases in the whole line). 

Since there is no formal grading system, the successful bidder 

selects the best from the line. The remainder is then offered 

to the second highest bidder, and the rest of the bidders at the 

same price. Should the line not sell at that price, it is 

offered to the bidders at successively lower prices, until the 

whole line is disposed of . 

Possible limitations of this system are: 

If the _number of bidders is not numerous, some unethical 

practices can exist, such as "ring buying" {j.6, p.9§7 - where 

one buyer bids for a group of, say, four or five buyers, and 

they split the line between them. In fact, this practice will 

3. A line represents one grower's produce. 
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depress the price of that particular line of vegetables quite markedly 

as competitiveness in the price-making process is reduced L~3, p.19.:!7. 

The buyers are aware of each other's buying power. If a big 

buyer is present (such as a supermarket) the small buyers have to 

bid actively to acquire the produce, because - should the big buyer 

obtain that par£ioYlar line - thQrQ may be none availagle for the 

small buyers. In t his case, the price of produce is increased 

singificantly. 

On the other hand, where a top bidder is a small buyer, who is 

obviously not able to take the whole line, the remaining bidders may 

hold back in anticipation of acquiring the reoainder of the line at 

a lower price. It is obvious that this practice will depress the 

price of the produce. 

However, the quantities of supply definitely contribute s ome 

activity in bidding as varying supplies are scarce or plentiful. 

After the line of produce ba s been sold, a document indicating 

the particulars of each line, including price, is handed to the 

office for processing. The produce can be taken out subject to 

a check by the storeman. The bills are sent to the buyers weekly. 

The aution firm deducts 10¼ commission from the total value of 

the produce consigned by the growers . 

1.2.3 Types of buye r 

Several types of buyer are present at a vegetable auction: 

1) Small retailers buying on their own account, 

2) Commission bu~ers 

3) Buyers employed by big retail firms (supermarkets) 

4) Order company (in the wholesale firm) . 

Most of the buyers in attendance at the auction are small retailers 

buying for their own shops. The commission buyers buy on hehalf 

of large users (institutions, hotels, restaurants and distant buyers). 



Order companies act as wholesalers -and are owned by the 

auction firm. It has been argued tha t auctioneers may use 

these to manipulate bidding L93, 76i7. 

Auctioneers deliver produce to buyers for a 10 percent 

surcharge. 

1.2.4 Retailers 

9 

A decade ago most of the produc e was sold by fruit and ve getable 

stores. Nowadays, the structure of the retail selling of ve getables 

has significantly changed. Several retail outlets are available 

such as: 

1) Greengrocers (fruit and vegetable stores) 

2) Grocers 

3) Dairies 

4) Variety stores 

5) Produce markets 

6) Other stores · 

Statistics show that the 5,577 stores handling fruit and ve ge t ab l es 

in 1963 -had declined to 4,928 stores by 1968, and the turnover and 

sales of the fuirt and vegetable stores had declined from 62~ to 57~ 
during this period L?iJ. This reflects the change in the structure 

of the retail trade in that the number of traditional small fruiter ers 

and green grocers is declining, while the large stores are gaining a 

greater share of the market. 

1.3 The Vegetable Industry in Manawatu 

The number of vegetable growers in the Manawatu district was 

quite stable throughout the years under study, e.g. from 1969 to 1972 
being about 300-3304• Nearly one-third of the growers have their 

properties within 15 miles of Palmerston North5 , such as Longburn, 

Aokautere, Te Matai Road and Napier Road areas. 

The total acreage of planting and production for fresh vegetables 

is shown in Table 1.2. 

4. N.Z.Horticultural Statistics, Manawatu district, unpublished. 

5. Names and addresses acquired from the wholesale markets in 
Palmerston North~ 
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TABLE 1.2 ACREAGES AND PRODUCTION OF FRESH VEGETABLES 
FOR MARKET 

ACRES TONS 

1969 1970 1971 1969 1970 1971 

Asparagus 1 1 1 1 1 1 

Beans - green 15 20 15 45 65 45 

Beetroot 15 20 15 75 80 Bo 
Brussels sprouts 40 60 50 140 240 200 

Cabbages 210 210 160 1680 1600 1280 

Carrots Boo 1000 Boo 9600 12000 8000 

Cauliflower 400 450 375 3150 3200 2250 

Celery 30 30 30 300 300 300 

Lettuce 150 200 150 900 1100 750 

Onions 180 190 110 1800 1900 1100 

Parsnips 400 400 250 3200 3200 1500 

Peas 15 15 5 22 22 10 

Tomatoes (outdoor) 60 55 35 600 400 280 

TOTAL 2316 2641 1996 21513 24103 15796 

Source: Annual Statistics, N.Z.D.A., Manawatu District. 
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It can be seen that the total acreage of planting throughout 

the years 1969-1972 declined from 2,316 acres to 1,996 acres and 

production from 21,513 tons to 15, 796 tons
6• Since the numbers 

of growers has remained stable, the only explanation of this 

is that individual growers have reduced their acreage of planting. 

Moat of thG pro~uoe ia .Gnt to the wholeQalG firm. in 

Palmerston North. But, from personal discussions with different 

growers, some indicated that they do send produce out of the 

Palmerston North area to Auckland, Wellington and Wanganui districts. 

The volume of vegetables sent out of the local area is not available. 

1.3.2 The Wholesale Market in Palmerston North 

There are two wholesale firms in Palmerston North. The 

procedures of auctioneering have been discussed in section 1.2.2 

of this thesis. 

The structure of the two firms is quite similar. They both 

provide marketing services and some loans to growers (under certain 

mutual agreement). That is, the growers under such contract mus t 

send agreed amounts of produce to the firm at each auction sale. 

Part of the proceeds is deducted from the credit of the grower to 

repay the loan as w ll as the int@rest. 

The only differing feature between the two wholesalers is that 

one firm provides a market information service to the growers. 

A department was set up to inform the growers of the recent auction 

prices of different vegetables around the Central North Island 

(Auckland, Hamilton, Wanganui and Wellington). Sometimes they 

advise the growers to send produce to a particular centre where, 

owing to scarcity of supply, high prices are likely to be gained. 

1.4 The Main Problem of the Vegetable Industry 

The most severe problem of the vegetable industry is "price 

instability". The term "price instability" in a price series data 

may, for analytical purposes, be divided into four categories of 

6. Refer to Table 1.2 
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variations, namely secular trends, the cyclical, the seasonal and 

the irregular. 

A trend refers to long term pers i stent direct of changes in 

prices which may be due, for example, to income and population 

growth, technolog ical changes, and taste. Price variations due 

to such trends are not considered "price instability". Rather, 

price instability is regarded as that part of variations whi c h 

superimp ose upon the trends caused by cyclical, seasonal and 

irregular variations. The cyclical variation is a more or less 

normal year to year variation. The seasonal variation is a 

more or less normal within year c a ange, and the irregular variation 

is random variation due to changes in demand, supply and weather. 

In the context of this study we are interested in the short term 

price fluctuation - that is the irregular component in price 

instability. 

The prices of ve getables exhibit a much greater short term 

price fluctuation than do the prices of some other agricultural 

primary products, when they encounter a period of glut and low 

prices, followed by a period o.f shortages and high prices f..26, p .6fl. 
In turn, this leads to social waste and prevents the efficient 

planning of production by growers . 

Again, to examine the annual price fluctuations in the fresh 

vegetable industry, the recent Report states: 

"Further evidence of cyclical instability in New Zealand 

is given by an updating of annual prices for a number of 

vegetables •••••••••• Cabbages retail prices varied widely, 

annual variations of 20~ to 60/4 being common, the spring 

and winter crops showing greatest variation. Carrots and 

cauliflowers showed price variations also, but not to the 

same degree as cabbages. 11 f..81, p.yij. 

Since auction price is closely correlated with retail price, 

the extent of fluctuation in auction price was more severe than 
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in retail price. The Report L81, p.2y showed that cabbage prices 

at auction varied up to 280%. Therefore, the extent of variation 

in the grower's price would be much more severe than in either 

auction or retail price. 

There is very little research on the short term price 

iluotuQt~on 'in the fresh ve ijetahle indust~y. This research void 

may have stemmed from the difficulty in obtaining and handling weekly 

time series data. However, this present study aims to give some 

indic a tion of the short term price analysis in the fresh vegetable 

market. 

The cause of price fluctuation will be discussed in more 

detail in Chapter 2. 

The following section discusses the principles involved in 

supply manipulation to avoid price fluctuations and improv e the 

grower's income. 

1.5 The Principle s of Supply Manipula tion 

There are two ways in which manipulation of supply can s ~ooth 

out short term price fluctuations, namely marketing cooperatives 

(self help by the producers the• selves) and marketing a greements 

and orders (government action strengthening the marketing organis­

ation) L29, pp.22-2£. 

1.5.1 The Marketing Coopera tive 

When a group of growers market their produce together through 

their own organisation as one unit, this is the basis of cooperative 

marketing. Such cooperatives have been in existence throughout 

the nineteenth century and at present are important in the fresh 

produce market. They may carry out some important marketing 

functions such as classifying, assembling, packing, cold storage, 

shipping and selling. In addition "it will be possible for the 

associatior. to perform an effective role in disseminating accurate 

price information .or information regarding the actual behaviour of 
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the market which ai ll enable the producers to adjust their 

production schedule to avoid either a glut or a short:i.ge in the 

market". L,94, p.11.§/. 

However, 11 ..... by and large, marketing c ooperat ion in 

the fresh fruits and vegetable industry centre their activities 

upon tho ha.nliline; cuia 111arketins of the proa.1..ce of their members." 

l§6, p .11y. 
But there are several limitations for cooperative marketing 

as a method of efficient marketing: 

1) Cooperative marketing cannot eliminate the 

middleman's functions; 

2) Cooperatives cannot reduce marketing costs 

to any great extent. Any small reduction 

results from economies of group action. 

3) A cooperative marketing agency cannot guarantee 

its members a profit on sales because price is 

governed by demand and supply, and the cooperative 

has no control over demand and does not fully 

control supply. 

4) Cooperatives cannot guarantee higher prices, or 

even fixe_d prices for its members, but it may be 

able to influence price to a ·certain degree by 

withdrawing supplies from the market. L36, p.12/ 

Therefore, probably the most difficult field for horticultural 

cooperatives is that of oooperation in supply and production. 

Since cooperatives need to market produce of uniformly high quality, 

they are achieving this to an increasing extent by exercising 

varying degrees of control over their members' production L_b2, p.1~7. 

In this case, the above limitations will be relaxed to a certain 

extent. 

Since technical advances in recent years have brought cold 

stores into wider use, the cold storage facilities in the market­

ing cooperatives of the fresh vegetable industry may be employed 
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to regulate supply in the short term - for example, to keep 

Friday's output for · Monday's market. The aim is to extend the 

season and even-out the grower's day-to-day supply. It is 

particularly desirable when a crop matures more quickly than can 

be absorbed by the market . f..b2, p .1§.7 . 

If further excesses of supply cannot be absorbed by local 

markets, the cooperatives can transfer the produce to other 

centres to avoid oversupply locally. 

Wi th powers of production control, cold storage facilitieB, 

and the manoevring of excess supplies, the objective of supply 

manipulation can be achived by market cooperation. 

1.5.2 Narketing Agreements and Orders 

These are the two methods by which the agricultural industry 

in the United States has attempted to increase producers' nett 

return. Various types of provisions include control of volume 

marketed; quality, size, grade, pack or container r egulations; 

advertising and sales promotions; research and investi ga tion; 

and prohibition of unfair trade practices. The aim is to improve 

the marketing of supplies produced. 

A marketing agreement is a voluntary arrangement between the 

Secretary of Agriculture and the handler of the agricultural 

commodities, such as farmers' cooperatives, who sign the agreement. 

On the other hand, marketing orders are regulations which can be 

issued by the Secretary of Agriculture on the approval of two­

thirds of the handlers, and which name the terms of the "agreement" 

compulsory upon all handlers of the products. 

"Marketing orders and agreements differ from the major 

crop control programmes in that the y do not include 

provisions for government payments to growers and they 

do not control directly the. amount any farmer may produce. 
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This enables an industry to manipulate supply and demand 

in such a way as to bring about a balance at a level 

whi c h yields a higher net return than would otherwise 

result." L33, p.liJ. 

There are two problems in emp loying marketing orcers. 

Firstly, the increase in price does not mean that producers' 

total returns are necessarily increased. If consumers respond 

to increases in price by buying relatively less of the produce, 

that is elastic in demand, the total return will be no grea ter -

in fact, it will be less. [48, p. 25.§7. 

Secondly, "marketing orders rto not provide for control 

of p~oduction . Eence continueo restriction 

to the volume marketed, if it does result in 

highe r returns to pr cducers, can leud over 

time to an expansion in production. This, in 

the long run, is apt to defeat the attempt to 

raise producers' total returns. Thus, if the 

excess supply problem that the industry faces, 

is te~porary or seasonal, a marketing order can 

help. But marketing orders by themselves are 

not likely to solve c hronic surplus problems." 

[87, p.14i7. 

Since the chronic over production is not a maj or problem in 

the fresh vegetable industry in New Zealand, marketing agreements 

or orders may be possible to even-out the daily or seasonal 

price fluctuations to a certain degree. But, the usual procedure 

fcir initiating marketirig agreements and orders comme nces with a 

request from some group or organisation (producers' cooperatives 

or handlers) for a program and for its consideration at a public 

hearing. 

Therefore, the first task is to organise the producers' 

market. Then the marketing cooperative can be a basic means of 
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manipul ating the suppl y . 

1. 6 Objectives of t his Thesis 

The thesis has the following objectives : 

1. To estimate short ter~ suppl y and demand r elationships 

for frosh VQeQtables at auc t ion, with e~phasis on the 

short term price elasticity of demand . 

2. To dete r mine the effects on prices of using various 

short t e r m mar keting policies by g rower s and reta ilers. 

3. To deter mine the effect on prices of r ati onalising 

suppl y . 

This embodi es an econometric analysis of t he ~arket structure 

and the development of a simulation model to i nvestigate the 

i mpact o f various p roblems of supply o n p rices and growers' incomes . 

1 .7 The Scope of The Stc.dy 

Four fresh ve ge tables ( caulifl owers, cabbages , l ettuces and 

carrots) are chosen i n this study because they are grown b y most 

outdoor growers and are subject to seas6nal influences . The a rea 

with whi c h this study is concerned, is the Palmerston Korth wholesale: 

market . 

There are two aspec ts of the study: 

1. An estimation of the supp ly and demand models by 

using econometric analysis to obtain the structural 

parameters and the esti mat ed short term price 

elasticities of demand at the local wholesale l evel 

for the selected fresh vegetables. 

2. A computer simulation model is µaed to duplicate the 

supply and demand patterns of the selected vegetables 

at the particular market. Ex perimenting on t h is 

model by changing the marketing policies of the growers 

and buyers to s ee the effects on prices and incomes is 

one of the aspects of t h is study . 
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1.8 Thesis Guide 

This the sis comprises six chapters. Chapter 2 reviews 

theoretical causes of price fluctuations (the Cobweb Theorem) 

and some empirical studies in price elasticities of fresh 

vegetables. Chapter 3 outlines some previous approaches to 

evaluation of economic policy alternatives. ihe techniques of 

model building for this study are determined. Chapter 4 develops 

the· econometric model for the selected fresh vegetables and the 

results of the short term price elasticities of demand are 

examined. Chapter 5 outlines the coristruction of a com~uter 

simulation model based on the existing econometric model, and 

experimentations on various short term marketing policies and 

the rationalisation of supply are conducted. ~he results are 

presented and discussed. 

Finally, Chapter 6 presents the conclusions of the study. 

1.9 Summary 

The fresh ve getable indust~y in New Zealand produces a large 

range of vegetables. Production is carried out by some 2,700 

growers in both Islands, the predomir.ant areas being Auckland, 

Franklin, kanawatu and Horowhenua . Most of the production is 

for local consumption, very little bging exported . More of 

the c heaper vegetables (cabbages, root crops) than of the luxury 

ones (tomatoes and lettuces) are consumed. 

Owinb to the instability of incomes and prices, many growers 

complain of their income being lower as compared with other 

primary industries. 

Vegetables distributed from the growers to consumers go 

through several channels, but the main one is the wholesale 

market where the produce is sold by the auction method. The 

auction is conducted in the presence of buyers bidding against 
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each other. The price forffia tion of the system rr.ay lack competitive­

ness if collusion in buying practices does occur. Prices can be 

depressed or increased , thus inducing • ore fluctuations in income 

for the gro~e r s . 

Price instability of fresh vegetables is the main problec of 

tho industry - especia:ly short tore prico fluctuation , which 

could be smoothed out by ~eans of supply manipulation . Two ways 

to even- out the short term supply are marketing cooperation and 

marketins agreements and orders, which have been discussed . The 

primary task is to orGanise the producer market (marketing 

cooperative) to achieve the objective. 

The study was conducted to find a possibility of reducing 

the price instability for fresh vege table growers . The method 

of doing so was in two steps: first, the supply and decand function 

needed to be esti~ated by econoDetric analysis. The estinated oodel 

can then be converted to a computer sirr.ulation rr.odel by which we 

can experiment o~ the various short term warketing policies on the 

effec ts of prices . 



CHAPTER 2 

Causes and Theory of nri ce fluctuation wit~ 
e~nhasis on vegetables 

2 . 1 Introduction 
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The theoretical basic of pr i co f luc tuation in horticultur~l 

and agric~lt~ral co~~odities has been described and analysed by 

~any acricultural economists in ter~s of the Cobweb Tteorem . 

This theorem is discussed and its i ~plications fo~ price i nstability 

in the vegetable i ndustry i s discussed in se c tion 2 . 

Section 3 reviews some of the empirical studies of the price 

elasticity of demand for ve getables . 

The final part of tr.is chapte r is devoted to an explanation 

of factors such as marketing margins , and market co~petition which 

could accentuate fresh vegetable price variation . 

2 . 2 The cob~eb ~teno~e~on in tte vegetable industry . 

2 . 2 .1 Esui~ical studies of Cob~eb Tieo~em 

'l'he Cobweb Theore~ was expounded by :::ze~ic.l i._27s_7 in l >38 . 
Three c onditi ons must be fulfilled before the theore~ can be ap2lied . 

i) Production is entirely deterwined by pro~ucers' response 

to price under conditions of pure competition, and they have a 

price expec tation model uhich implies that they expected prices in 

period (t ) to be the same as i n period (t-1). 

ii) At least one full period i s r equired before the produ ction 

c a n be changed . 

iii) The price i s set by available supply . 

For fresh vegetables produc ers are able to reduce their supply 

in the "long term111 by adju s ting p l ant ing ; in the "inte r mediate 
2 term" , by ploughing _up portions of their acreages if the prices 

1. Refers to p ro duction adjustment year by year . 

2 . Refers to a period of several months . 
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are too low to cover the harvesti:!lg cost; and in the "short 

term 113 , by adjusting the weekly market supply l'!hich is the 

case considered in this study . 

In the case of commodities whic h are so ld under some 

form of government price intervention, the third condition 

of the cobwe·b ti:eorern is violated. However, \':augh ,i1Q2/ !.las 

Bhown that, in o p ito 6£ tho . prioo intorfo~onoo, cobwob Qf£oot0 

may persist in a modified form. 

The major critici s~ of the cobweb theorem is that Ezekial 

implicitly assumes a i·eversible lon3-run supply cu.ve. Instead 

t h is oode l has generally b een applied in most of the short run 

analysis . Ji.kerman !..!±.I, by usi~g a f amily or grou p of short rein 

supply curves (including the "short term" supply and "intermediate 

term" su:.9ply r.1e:ntioned a::iove) ~ argued the. t the th e ore;r, does not 

give enough exp lanation of fluctuation involving explosive 

disequilibrium. Ne rlove L72./ de:'.lonstrated, with the adaptive 

expe cta tion concep t, and using the ~arshallian distinction 

between the long run and the short r un, that the explanatory 

power of the Cobwe b T~eorem may be able to cover Akercan's obj ectio. s . 

It has be0n argued that t he periodicity of cycles observed_ 

in tog produotion i • bettur ~rplo.ineci by a harmonic motion 

model than the cobweb theorem L5iJ, ,i5'j}. 
This brief r e view of the empirical studies of the cobweb 

theorem reflects the controversy conc erning the theoretical and 

empirical basis of the theorem. 

2.2.2 The Cobweb theorem and price fluctuations 

Recent econometric studies have found strong cobweb pheno~ena 

for onions and watermelon LB2/,L9Q/, in the United States of 

America and acreage response to lagged prices for potatoes in 

South Australia l6fi. 

3. Refer to weekly ~arket supply 
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It is generally believed that annual crops, such as vesetables 

have a two-year production cycl e !._6 ,· p. i:9, !._b3, p . 18.Y, !._E1, p. 2]}. 

To consider the cobweb effect on vegetable out &ut and prices, 

the mechanism of the cobweb theorem will be outlined in this 

section. Many economic texts have a full coverage of the topic, 

i 86 , p.121/ and i6, p.32/. 

The operation of the cobweb cycle is as follows : 

Some initial disturbance in the system increases the price 

above equilibrium. Growers exp ect that this price will cont~nue 

into the future and plan to produce more . The production of 

vegetables in the next period will increase to an extent that 

consumers expect to pay a lower price, which oill cause producers 

to plan fo~ recuced pro duction . ~fter an appro~riate ti • e lag, 

the smaller supply into the oarket will fetch a higher price and 

result in increased ~reduction in the next period, and so on. 

There are two possible c a s es 

(1) Converging cycle. The fluctuation of the output and 

pri ce s beccmes smaller and s~aller, ultimately restoring eQuilibriu~ . 

(2) Explodins cycle. ~he fluctuation of output and prices 

become larger and larger and tends towards disequilibrium. 

Obviously, the differenc e between these two cases is 

differences in the slopes of the demand and supply curves. Incas~ 

1, the slope of the demand curve is greater than the slope of the sup p l ~ 

curve. Case 2 represents a situation in whi ch the slope of the deman~ 

curve is less than that of the ·supply. 

2.2.3 Exogenous influences on the cobweb effect . 

Supply and demand curves are not static through time. Factors 

such as weather, disease, seasonality in demand, and change in 

purchasing power, cause supply and demand curves to move. The 

ratio of the slopes of the curves may also change. 

The most likely case would be a trend towards both supply and 
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de• and curves shifting to the risht over time, the sup~ly curve 

stifting faster than der-and. 

In rea lity, the su~ply and demand schedules represent a 

dyna~ic process. Or.. the supply side, the planned ?reduction, 

i ncooperatinc with the yield e:fect, would accentuate the 

fluctuation of output and prices. I n fact, the fluct~ation of 

prices appears to be mainly caused by cyclical variation in planned 

acreages and by ~oderate extent of yield variation L6, · p . 8§7, 

{26, p.6§7. 

In the context of this study, price fluctuations are not only 

caused by the planned production and yield variation which deter­

mine the weekly available su~ply , but are also caused by the 

short term market su,ply decision o~ growers . 

2.3 Price elastici t:'..cs of Derr,z:r..d for ve , ·cto.bles 

2.3.1. Definitions o~ price flexibility and price elastic~ty 
Cf de:.1a::1c .• 

Price elasticity of demand is de:~r..ed as 

d: p 
n = dp 

:{ 

Q 
( ;:- i) 

where n = price elasticity cl 6.er:'.ar:d, 

p = pri ce 

~ = quanti ty 

Demand is said to be elastic when the absolute value if n is 

greater than one and inelastic when n is less than one. 

The tern. "Price flexibility" is quite often used in tl:..is stt..dy. 

It is· the inverse of price elasticity of demand, defined as: 

dP 
f = dQ X 

_g 
p 

where f = price flexibility . 

(2-2) 
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2.3.2 Empirical i nvestigation of price elnst~city of derr.and 
for vep:etables 

Kost research on price elasticity of demand for ve5etables 

has been confined to the long- ter~. Little work has b een conducted 

using a code l based on daily or weekly data . 

The following three studies of the demand and price structure 

of vezetables were based on the lor.3er terrr. ~odel . 

J 11 t,b,; HIJ:,ly:J.i.1; of dcmur~d ..i.nd r,rice: c tructur€: for ve:ze:tatlet.; 

in IJnite<l States betv,cen 1920- 1 950 , Sctuffett /_&'2./ estimz.ted the 

price elasticity of demand for lettuces, onions, potatoes , cnbbac~s, 

peas and tocia toes by usir-,[; single equatio:: analysis /..32, pp.9- 1.:::_/. 

T!:e rr,odel was : 

x, = o( + /3 x2 + yx3 ( 2 - 3) 

1•:here X 1 = the z.vera..;e price per crate (ton) 

x2 = proc.uctior. per capita 

x3 = per capita disposable income 

= constant 

o(.
1 

f3 and Y are structural coefficients . 

All the v~riables were ex~rcssed as first difference of lo~~rit~~s. 

The resulto are stcwn in Table 2.1 . 

Schuffett ca rried out a si~ilar analysis using monthly data 

and the price flexibility :or lettuces was - 0.139 /_E5, p. 2§} i nste~d 

of - 0 . 387 as shown in ':'able 2.1. Tr1is i mrlied that tr.e price 

elasticity of demand for lettuce was l arger using monthly data . 

Kulshreshtha /..5Q7, in the analysis of demand for fruit and 

vegetables in Canada, formulated an aggregate demand model of the 

form : 

where ~Dt = price of fruit or vegetable in a given time 

period 

It = income of consumers 

Q t = quantity consumed 

(2- 4) 

CPit = the consi.;mer price index of all non- food items 

PMt = retail price of meat - a competing product . 



TABLE 2 . 1 

Lettuces 

Onions 

Potatoes 

Cab:>ag~.s 

Peas 

Tomatoes 

TH:Z FRICE 1:L1\0TICI'.::IE.S OF :::,E,~---~i';!) OF 
SEL:ZCT~D VEG~~AB:LS IN U. S . k ., FGR 
1S,2C-1950 A'l' FA.Ri·'. 1:C::V3L (;,!•'.!;U . .:.L DA·l',\) 

Price 
Flexibility 

- o.3e7 
- 2.855 
- ~' . 028 

- 2.398 

- 0. 353 
- 0 . 215 

Pr-ice 
Elasticity 

-2 . 58 

-0. 35 
- 0.25 
- 0. 42 

- 2. 83 
- 4. 65 

Source : Shuf:et t, ::, . :•: . : 11 •:i:::e der.:&r.d anci r,r ::.cc 
struct :..:re for selcctec vc,setab::.es", 
~. 5 .D. ~ . Tech. 3ull . No .1105 . 

25 
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The equation product was transformed into a logarithmic 

form. The results are shown in Table 2.2. 

TABLE 2.2 PRICE FLEXI BILITY COEFFICIENTS FOR FRUIT 
AND VEGETABLES AT RETAIL LEVEL I N CANADA 

Fresh fruit 

Processed fruit 

Fresh vegetables 

Processed vegetables 

Coefficient of price 
flexibility 

-2. 006 

-1. 810 

-4. 163 

-3.110 

Source: S.N . Kulshreshtha "The Demand for 1-lajor 
Fruit and Vegetables in Canada", Can.J. 
Ag . Ee . 18, p.54. 

To estimate the eight major fresh fruits and a vege t able he 

formulated another model: 

p1 
f 1<(~' J 

t) (2-5) = Pt, It, t 

where p1 
t = the price of fruit 1 at t time period 

PJ 
t = the price of fruit J at t .time period 

It = consumer income at time t 

t .: trend variable 

The functional form was in linear logarithmic form. The 

estimated results, showing that the demand for fresh and processed 

peaches, c~trus fruit, fresh erapes and processed strawberries was 

highly price s~nsitive, generally were not very convincing. 
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Suit and Kaizumi L9Q7, used a dynamic cobweb model, consist­

ing of three equations (supply, demand and harvesting) to study 

the United States market. All the variables in the equations were 

expressed as first differences in logarithms. The demand of onions 

at farm level was relatively inelastic at -0.44. 

The literature briQfly revieweQ the above trial& to estimate 

the price elasticit~-~f demand for various vegetables, but is not 

very conclusive. An explanation is suggested by Allen L6. p.5§7: 

"Estimates of price elasticity of demand are statistically 

less satisfactory •••••• and calculation for individual 

commodi t ies often a ppear to be conflicting ." 

Actually, the numerical value of price elasticity for a particular 

commodity is not fixed. There i s a range of price elasticities, 

depending on the time period , sort of data available, model estimation 

and estimation procedure. 

1) Time period 

An estimate of price elasticity of demand based on daily, weekly 

or monthly data i s more likely to be greater in value than one 

based on annual data and yet the price elasticity calculated from 

data for a period greater than one year will be greater than annual 

data. These differences can be explained by the adjustment of the 

consumer's behaviour, change in taste, in population, and in the 

real income of consumers for different time periods. 

2) Model estimation 

Model estimation involves establishing relationships between 

the variables within the system. If the uncontrolled variables 

outside the system are highly correlated with the variables under 

study the estimated result will be biassed. The relationship between 

the independent and dependent variables also has an influence on the 

estimate. For example, Hoos L3:i}, in a study of lettuce demand 

found a conflicting result f or the same set of data by inter­

changing the relationship of dependent and independent variables 

between prices and quantities. 
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In estimati ng the relationship of the model, various 

functional forms can be used. Only the logarithmic function 

will yield a constant elasticity throughout the whole estima ted 

relationship. Other functional forms need to state a particular 

price and quantity point for the estimate. 

3) Estimation procedure 

The statistical procedures, used for the estimation also 

gav~ various results for the same set of data. Koopman f!i<jJ, 
showed tha t under certain condtions least squares estimates 

are biased. Wold, using a recursive model /!+7, pp.75-7']] found 

that the estimated price elasticity was less in the recursive 

system than in an interdependent system L19iJ. 

Finally, the estimates of the elasticities differ at different 

levels of the marketing process. The numerical values are increased 

in the following order; farm gate level, wholesale level and 

retail level. 1his is due to the influence of the marketing margin . 

Suppose the marketing costs are fixed ~bsolute and the demand curve 

assumes to be a stra ight line after the marketing costs are 

incurred. The the demand curve at retail will be -

where 

P = A-BQ 

Q = quantities, 

P = prices 

A = constant 

B = coefficient of the structural parameter. 

The demand curve at the farm gate is -
( P ~ A-BQ - C 

where 

C is 

The price 

n1 = 

the fixed absolute marketing cost. 

elasticity of demand at retail is -
1 p 
- X -B Q 

From equation (2-7) we can get -
A - BQ 

n1 = BQ 

(2-7) 

(2-8) 

(2-9) 
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The price elasticity of demand at farm gate is -
1 p 

n2 = B X 
Q 

From equation (2-8) we have 

A Bg - C 
n2 = B~ 

Obviously n2 is smaller than n 1 • 

Suppose we assume that marketing costs are a constant proportion 

of a final retail price. R is the ratio of the farm gate price 

over the retail price. 

The price elasticity of demand at f~rm gate in this situation 

is: 

1 p 
(2-10) n3 = RB X Q 

RA RBQ = RSQ 

A BQ = BQ 

Xherefore the fixed absolute marketing margin is the root ca use 

of the difference in estimating the price elasticity at different 

marketing levels. 

To sum up the above discussion, wherever the price elasticity 

of demand is estimated, the time periods, the functional form, the 

estimation procedure and the place in the marketing chain at which 

the estimate is made must be clearly stated. 

2.3.3 The role of price elasticity of demand 

If demand is elastic, the cobweb effect of the system will be 

less severe; in other words, the variation of prices and output 

from period to period will be less than those with an inelastic 

demand schedule. 

Furthermore, when a vegetable has an elastic demand, lower prices 

t 



will bring larger gross income and, conversely, with an 

inelastic demand for vegetables, lower prices will bring 

lower gross income. 
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Most fresh vegetables are perishable. Their price flexibility 

is quite hie;h and correspondingly the pr- ice elastici t ·y may be 

quite low or inelastic at the rarm level. In order to ra1Be the 

grower price elasticity of demand for the vegetables, flexible 

marketing margins must be employed. 

2.4 Marketing Margins 

. 2.4.1 Marketing margins in the vegetable industry 

Allen !5J, indicat'ed that marketing margins for most vegetables 

in the United Kingdom are inflexible •4 The vegetables which tend 

to have the most inflexible margins are carrots, cauliflowers, 

lettuces, onions and tomatoes. 

· Agarwala@ indicated that the marketing cost of the cabbage 

in Malaysia is fixed in nature. The percentage of the marketing 

cost is 40~ as compared with the farmer share of 60% of the consumer's 

dollar. 

In the United States, in the statistics collected by the 

U.S.Department of Agriculture (Marketing and Transport situation 

at 1966-1969 period), the marketing costs show a grower/retail 

spread as shown in Table 2.3. 

-4. Allen L5, p.§7 used regression line y = A+ BX 
_,. 

where y = retail price 

X = wholesale price 

B' = the structural coefficients 

A = constant 

to represent the trend of the margin 

if A= O.O is a percentage margin 

B = 1.0 is a fixed margin 



TABLE 2.3 MARKETING CHARGE AND FARMER SHARE OF 
COi'<SU!'iER'S DOLLAR SPENT ON VEGETABLES 

Vegetable 

Cabbages 

Carrots 

Celery 

Cucumbers 

Lettuces 

Onions 

.Potatoes 

Tomatoes 

% 
Marketing Charge 

of Consumer's $ 

69 
64 

67 
63 
64 
66 

71 
63 

Farmer share 
~ of Consumer's 

31 
36 

33 
37 
36 
34 
29 

37 

Source U.S.D.A. Statistics: Marketing and Transport 
Situation, February 1967-1970 issues. 

31 
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In New Zealand, a recent study by Philpott and Bourke LEiJ, 
showed that during the 1965-69 seasons the retail mark-ups 

expressed as percentages for fresh vegetables were very high, 

r anging from 3 8,~ to 377J~ for hothouse t omatoes and lettuces 

respectively LE1, p .39, Table£. 

Kirton L~fl., found tbQt, in Auokland ond Chriat0hur0h, the 

margins (at reta il price) range from 25/4 to 33~ for fresh 

vegetables. 

However , the above surveys on marketing margins are based on 

long term data such as monthly or yearly data . In the shorter 

term, reta ilers may use a "price averaging system" unde r which 

margins are r educed when auction prices are high and increased 

when auction prices are low. This would result in auction prices 

being less elastic than reta il and, in part, less el astic than 

under a fixed margin situation. 

2. 4,2 Tho @ff@e!_of mark@ting morgina on prioo fluotuati ona 

When the market supply of vegetable changes , the price 

changes to producers is deterrr.ined by the elasticity of ret a il 

demand and the size and flexi bility of the marketing margin • 

. The price elasticity of demand is relatively less at the f a r m 

gate level than at the r e tail level (refer to section 2 . 3 . 1 . ) 

~hen the margin is large and inflexible , the elasticity coefficients 

will be considerably lower for growers than those facing the 

retailers. 

The consequence is that year to year fluctuations in the 

wholesale prices and production will be magnified. 

2.4.3 Marketing competition and the marketing margin 
formation 

By using market structur~ analysis and theory of competition 

Bourke L9,pp.47-4§/ deduced theoretically that the New Zealand 

vegetable market could be classified as an oligopsony on the 

buying side facing monopolistic competition on the selling side. 
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This type of ma rketing structure implies a situation in which 

there is a limited possibility of non- price competition in selling 

vegetables with some pressure to keep retail prices relatively 

stable in the short term. On the buying s ide, the day- to- day 

fluctuations in auction prices and other limita tions of the auc tion 

system discussed in Chapter 1, result in the variability of the 

price paid by a retailer being considerably greater than the va ria­

bility of the price received. That i s , the market structure is 

one which is conducive to a "price averaging" type of ma r gin p olicy. 

The limited empirical evidence available sugGests that this is, 

in fact, the most common margin policy used by retailers lKitson , 4§7 . 

As discussed in s ection 2 . 4 . 1, this typ e of p olicy will r esult 

in wholesale demand being consioerably less elas tic t han that at 

retail and its' effect will be to magnify the impact of va riati o n 

in short- term vege tabl e sup~lies on price fluctuations. 

2.5 Summary and Concl u sion 

The cobweb phe nomenon in the vegetable industry has long been 

regarded as the main influence on the instability of prouuction 

a nd prices in a purely competitive market. The basic c a use of 

long-term vegeta ble price ins tability is due to planned acreage 

changes . In the short run, it i s mianly caused by the marketing 

( short-run) decisions of the -growers. 

The theoretical background of c yclical price fluctua tion is 

dependent on the slopes of the demand and supply curves and 

empirical investigations on the demand for fresh vegetables have 

been reviewed. 

The price elasticity of demand plays an importa nt role in 

price fluctuations. _If demand is elastic, the cobweb effects of 

price fluctuations and output variation. will be less severe. 

The marketing margin also contributes to grower price 

fluctuations and to production variations. The structure of 



fresh vegetable retailing is one with oligopsony on the 

buying side, facing a monopolistic competition on the 

selling side. Therefore, in the short run, a retailer 

dare not charge too high a margin if he is to clear his 

stock. In other words, the margin policy would be expected 

to be of the "price averaging" type. The impact of this 

type or margin policy is to accentuate the 1mpact or eupply 

variation on auction prices. 

To gain insight into policies which could be used to 

modify price and income fluctuations, a discussion of 

possible methodological approaches is outlined infue next 

chapter. 
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CHAPTER 3 

Approaches to Model Construction 

,.1 !ntroduot1on 

The first section of this chapter outlines the concept of 

model building in general terms. The second section reviews 

different approaches which could be used in this study. The 

third section covers some of the advantages and disadvantages 

of some particular techniques. 

The concept of Model Bui lding 

Construction of a model involves expressing the original 

economic system into a series of numerical equations so that 

the characteristics of the economic structure can be represented 

significantly. 

A mathematical model of the economic structure consists of 

three well-defined elements. They are: variables, components 

and relationships {_So, p. 85.§7. 
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The components can be defined as those entities of a system 

that are to be independently identified, and whose collective 

performance determines the output of the system. The variables 

are used to relate one component to another. In other words, 

each component may consist of one or more types of variables. The 

types of variables involved in the component are dependent on 

the judgment of the researcher. 

Conventionally, the variables that appear in an economic 

model may be classified as exogenous, endogenous and status 

variables (lagged endogenous variables). 



The e xogenous variable$ are the inputs and i ndependent variables 

of the mode l and are assumed to have been predetermined and given 

indep end~ntly of t he system modelled. The status variables or 

l agged endogenous variabl es describe the state of a system or com­

ponents either a t the beginnins of a time period or at the end of a 

time period , or during a time peri od . Endo0 enous va riables are 

gen e r ated from t he inter a ction or performance of comp onents of the 

system. ~he t her a particul ar va ri able should be classified as an 

exoge nous variable, a l agged endog enous variable, or an endogenous 

variable depends on the pur pose of the s t udy . 

The functional r elationship specifying the i nteractic n of 

variables and c omponents can be classified into two broad groups, 

ident ities and operating characteristics. An i dentify is an account­

i ng or tautolog ical statement about the c omponents of the ~odel. hn 

operating characteristic is a hypothesis, u sually a ma t he~atical 

equati on , r e lating the endogenous va riable to the l agged endogenous 

va riables and the exogenou s variables, in the system. 

3.3 The classification of the models 

Anderson L7, p .1127, suggests that matr.emati ca l models for 

agricultur a l e co nomic r esearc h have been of diverse types and levels 

of mathemat ical sophistication, but pr actit i one r s do not appear to 

have made any summary r eview of their endeavours. He outlined the 

limitations of his classificat i ons of diff erent t ypes of mode l s . He 

c oncluded that the model class ifica tions tencied t o be problem-orient­

ated rather than technique-orienta ted. L7, p .12.J7. 

However, Orcutt LEQ/, points out t ha t building a model of r eal 

phenomena probably needs a combination of all the techniques avail­

able. " While building a model it is, of course, imp ortant to give 

some thought to its actual solution and use. However, any particular 

model might be expressed in any one of the various languages and 

might be solved and used by means of more than one approach. This 

being the case, it does not seem very useful for most purposes 
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to classi fy models either according to the intended techniques 

of solution alone, or even ' simply according to the language in 

which they happen to be expressed." f..80, p . 89.2,/. 

The building o f models to analyse economic problems has a 

long history in economic research, from the simple static 

supply and demand mo del to the most sophisticated simulation 

model. The main cpncern for selecting the ty ~e of model should 

be based on the type of solution required. 

With this reason in mind, t h is revie w is not concerned with 

d ifferent ca te gories of models, but according to the approaches 

used and the objectives of the model builder. 

In Chapter 1 the objectives of this study were: 

1) to esti mate s h ort term su pply and demand relationships 

for fresh ve getables a t auction; 

2) to determine the effects on pric es of various short­

term marketing policies; 

3) to determine the effects on prices of rationalising 

supply. 

Basically, the p roce ss of model building and using mo dels 

for the above three objectives would involve two phases . 

First, for the first objective, an inductive phase , in whi c h 

we seek to represent the economic structure in the form of a 

system of equations, and to describe the past be haviour of the 

system. This could be achieved by using the traditional e~onometric 

approach. Secondly, for the second and third objectives, a 

deductive phase, in which we seek to determine the impact of various 

policy alternatives - in particular the manipulation of exogenous 

variables on some measure of p~rformance of the system. The 

alternative approaches for this phase are the operations research 

approach, the "mul tiplier 11
• and the simulation approach. 

Models constructed under both phases are reviewed in the 

following sections. 
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Inductive nhase models 

Under this phase, the aim is to estimate the ·structuril 

relationship of the parameters under study. The econometric 

studies of vegetables by Schuffett, Kulshreshtha and Suit and 

Kaizumi cited in section' 2;3.2 of this thesis, are exa~ples of 

the use of statistical methods to estimate structural parameters 

in the vegetable market. Their work used annual da ta and a 

single-equation model. Very few short-term models for vegetables 

have been developed. 

Simultaneous systems also had been employed by many 

researchers f..40, 51, 11/. '.i'he recursive sys tern is a special case 

of the simultaneously deier mined system and is of a very general 

scope in supply and demand analysis, especially of the cobwe b 

model f..47, p. 75; 102, p. 1.:±7. \'/ old lfo~,7, Dhrymes f..22/ and 

Foote f..3rj/ maintained t hat the pa r ameter estimati on may be carried 

out for each equation separately and that the method of ordinary 

least squares method is adequate to acquire unbiassed estimates. 

On the other hand, a simultaneous model may be necessary to ensure 

unbiassed estimates f..8a, p.153; 102, p.51; 23, p.302/. 

Ultimately, t he choice of different models, e ithe r a single 

equation or a simul t aneous system, or a recursive system, depends 

on the market structure under study. 

3.5 Deductive phase models 

In the deductive phase, the researcher seeks to investi ga te 

the sensitivity of the performance parameters of the model to 

variation in u :e structural parameters or effects of the manip­

ulation of the values of exogenous variables. · Basical ly, three 

approaches could be used - the operations research approach, the 

"multiplier" approach, and the simulation approach. 

A basic feature of the operations research approach is that 

it seeks to obtain an optimal solution in terms of some objective 
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function. This approach will not be discussed further for 

two reasons: first, very few operations research techniques have 

been employed in po l icy evaluation. .Secondly, the 

assumptions of optimising techniques li~it t heir a pplica tion for 

this particular study. 

The following secti6ns review the models built using the 

"multiplier" a pproach and the simulation a:tiproach. 

3 .5 .1 The " multi plier" a pproa ch 

Reutlinger i8~/ used short-run and long-run multipliers in a 

model for esti mating future supply, demand and prices. He claimed 

that his model could be used to assess the effects of cha n ges in -

private or government policies, industry structure, or consumer 

behaviour. Reutlinger de monstra ted the multiplier c oncept by 

using a simple three-equation beef model. After estimating the 

values of the reduced form structural parameters, he tested the 

model's performance by estimating the endogenous variable for each 

period, using calculated values for the lagged endog enous variable 

and the historical values for the exo genous variables. The model 

may be considered acceptable if the time path of the endog enous 

variable generated by it is highly correlated with the actual time 

series. 

Reutlinger also indicated that in order to examine the sta bility 

of the system, the latent root of the matrix must be deduced. The 

dominant latent root of the matrix derived from the reduced form 

determines the behaviour of the system. A positive dominant root 

implies monotonic ~onvergence. If the dominant root is negative, 

the system oscillates each perio~. A complex dominant root implies 

that cycles will occur in the system. These are the effects of 

short-run mul~ipliers on the endogenous variable. 

The long-run multipliers were derived to show the impact of a 

once-and-for-all change in the exogenous variable. A long-run 

multiplier matrix can be used for appraising the effects of controll­

ing certain policy variables at different constant levels. If it 
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was desired to investi ga te the effect pf ya rying the r ates at 

which certain exogenous variables change over a p eriod of time, 

another lone-run multiplier matrix can be derived. 

Vandenborre L9iJ, used the s~me method to study the demand 

for soya beans in the United States. Reduced form estimates 

were used: first, to evaluate the impact of government support 

proerams by suspension of the P.L.480 program; secondly, to 

study the impact of changes in exogenous variables such as local 

supply and imported soya beans, and finally, to obse rve the 

effect of increa sed demand, owing to increases in po pulation and 

change in tast e s while supply held constant. 

Hence, the multiplier technique may be used to study tte 

problems similar to t h ose of t his study. But one disadvantage of 

the technique is that the system is non-stochastic bec a use it 

abstracts from random effects. In a deterministic system, only 

the expected values of the endogenous va riables are c onsidered . 

Thie deficiency may be serious since the time pa th gene r ation may 

be significantly affected by the disturbance terms , especially 

when the disturbance error terms are strongly a utocorrela t ed. 

Therefore, an alternative technique, simul ation, whioh inclu~e the 

stochastic value of the disturbance error terms, is used in this 

study. 

The simu l ation ap proa ch 

The term "to simulate", in general usage·, means the process 

of conducting experiments on a model of a system, in lieu of 

either: 

1) direct experimentation with the system, 

2) direct analytical solution of some problems 

associated with the system Lb3, P•17, 

Naylor Lb7, p.iJ, · defines co1.uputer simulation more clearly as 

6. 



"A numerical technique for conducting experiments on a 

digit compu ter which involves a mathematical and logical 

model that describes the behaviour of an economic system 

over an extended period of tiine. 11 
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However, NcKee /_5fJ, pointed out that simulation was not a new 

approach in concept, but the development and ueo of more realistic 

models . 

There are two distinct schools of simulation. Some analysts, 

for example, 1-icMillian and Gonzalez /_5:i} Hayenga, 1'\anetsch and 

Halteri31/ , and Suttor and Crom /_917, build their simulation models 

by various means. The initial values of the structural parameters 

are provided partly by statistical regression analysis, and 

alternatively by simply using subjective"guesstimate" values. The 

other school, such as Nayl or and others /_65, 69, 70, 74, 61, 1~7, 

favour more emphasis on the use of statistical methods in model 

validation, experimental designs, and analysis of the results. 

Most of the econometric models reviewed above are linear. 

Naylor i6£ showed that both lieanr and non-linear forms of models 

could be adapted for simulation purposes. He pointed out that 

after the etructural parameters of the econometric 6lgtern ha d been 

estimated and probability distribution of the error terms had been 

specified, the simulation model would generate ex ante or ex post 

time paths for the endogenous variable. Com puter simulation usually 

has
0

been recognised as the tool which has considerable advantages 

over traditional analytical techniques. However, Howrey and 

Kelejian f_4i/, r a ised the question whether the role of c omputer 

simulation as a tool of analysis of econometric models, should be 

reconsidered. They argued that "Once a linear econometric model 

has been estimated and tested in terms of the known distribution 

theory concerning parameter estimates, simulation experiments that 

are undertaken to investigate the model as an interrelated system 

yield no additional information about the validity of the model.'' 

/_42, .p .2oiJ. Furthermore; they pointed out that "although some 
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of the dynamic properties of linear models can be inferred from 

simulation results, an anlytical techni que (such as dynamic 

multiplier analysis or spectral analysis) b nsed on the model 

itself, is available for this purp ose ." f..42, p .20§/. Ho l':ever, 

Naylor f..b2_7, r efers to an unpublishe d paper by Howrey and Ke lejian 

entitled. " Dynamie 1Jroperti~_!5 o:r etoehaat1c Linear Eeo11~metrici 

hodel s" in which t hey have pointed out that "if the long t :erm 

properties of a n econometric model are to be investigated , it 

may not be reasonab le to disregard the i mpact of the disturbance 

terms on the time paths of the endogenous variables. Nei ther 

the chara cteristic root nor the dynamic multipli er provides 

informa tion about the magnitude on correlation p roperti es of 

deviation fro m the expect ed values of the time path." f..b5, p.26j] 

The other advantage of having the stocha stic error t.::rms is 

that one can replicate the simulation experiment and make stat­

istical inferences and test hypotheses about the behaviour of 

the system being simulated. 

But, any e conomic projection or al ternative poJ icy evaluation 

involves uncertainty concern ing the future. Crom f..22/, claimed 

that any model based on the historical data would provide more 

information than more infor ma l methods, although mode ls were 

fallible, due to the r andom error terms associated with function 
. -. .., 

derivation. Once an error wa s initiated, the simulation model 

might thus be forced to operate with accumulated errors. Under 

this condition, Crom pointed out that only two alternative actions 

could be taken - either of accepting the projection as ge nerated by 

the model, or of modifying the model by "operation rules" f..20, p.1.Q/, 

to yield projections in line with reasonable expectations. 

His argument seems to be quite reasonable since no-one could 

strictly assume that the past behaviour of the system could continue 

and remain the same in the future. 
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In support of simulation as a specific research technique, 

Suttor and Crom [9:J./ and Cohen and Cyert /_11/ emphasised that 

computer si~ulation might be the most efficient approach when 

the model portrayed a dynamic proce ss, such as recursive systems 

and numerical answers in the form of time series are desirable. 

The other major advantag e is t hat simulation makes it 

possible to gain insi ghts into the effects of the rate of changes 

of a particular parame ter. • 

3. 6 The selected methonology for the study 

In view o f the discussions above, the methodological techniques 

chosen ·for this study are separated into the following two phases ; 

3.6.1 Inductive phase 

The first objective of this study, is approached by using a 

recursive cobweb-type model, which is used for two reasons: 

First, estimates of the structural coefficients that are 

statistically cons istent can be obtaine d by fitting each equati on 

directly by ordi nary least square s , p rovi ced that calculated values 

of the endogenous variable in the supply equation are substituted 

for the actual values in the demand equation . [5o, p . 6!i}. 

Secondly, it can be handled by c omputer simulation more 

efficiently (refer to section 3. 5.2) . Many simulation studies 

such as those referred to in the following section, are based on 

recursive model~ (foi examples refer to articles by Naylor, ~allacie 

and Sasser L?jJ and Crom !_29/. 

Leuthold [§fl, developed a recursive model of cobweb type to 

identify and evaluate the major factors affecting daily fluctuations 

in hog prices and quantities 'supplied. Leuthold found that the 

elasticity of supp ly for hogs is very high, ranging from 8 - 10. 

He concluded that hog producers appeared to be extremely respon~ive 

to short term . changes in price. Small price responses and large 



44 

quantity responses could have iQportant policy implications for 

meat packers in controlling stocks and inventories. and could .be 

established to re duce price and quantity fluctuations. 

3 . 6 .2 The deductive phase 

The com puter e1fflUl•tion toehniqud, ab ocmp~rotl with the 

"multiplier" approach, wa s felt to be the most satisfactory 

approach for achieving the second and third objectives of this 

thesis. The reasons are: 

First, the time paths of the end ogenous variable are well ­

duplicated by including the disturb a nce error terms. Secondly, 

the "multiplier" analysis.does not provide any information about 

the expected values of the time paths. Thirdly , with the disturb ­

ance error term included, one ca n replicate the simul a ti on exp8riments 

and make statistical inferences. Fourthly, simulation allows us 

to gai~ insight s ir.to the effects of the rate of chanse of a 

particular parameter . Finally, the most importa~t reason lies 

in the flexibility of simulation. 

To gain some idea of the use of simulation techniques, 

previous simulation studies which have similar objectives to 

those of this thesis, are outlined in the next section. 

3.7 Reviews of si mulation studies 

Cohen's study f..1§7, entitled "A Computer l-iodels of the Shoe, 

Leather and Hide Sequence'', formulated and experimented with two 

mathematical models (a one•period-change -model and a "process 

model") describing the aggregate behaviour of the shoe retailers, 

shoe manufacturers and cattle-hide leather tanners between 1930 
and 1940. 
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Barnum~/, conducted a simulation experi ment to e xami ne the 

e ffect of t wo p olicies - the i mpact of i mport surpluses and the 

management of government stock - on India's food grains market 

over the period 1 957 to 1 964 . The r esult indicated that- i mport ­

ing 28,000 tons of P.L. 4eo food grains over tha t period depressed 

production ab i l ity sligt tly and increased the market availabi lity 

ma r kedly . With r egar d to the second poli cy, the r esult a 1no1cattd 

that Go vernment with good management of inventories, would mai ntain 

the desired l evel of f oodgrains cons umption and reduce total 

i mpor ts over the s i mulated period . 

To e valuate the impact of the United States gove r nment 

introduci ng several progra~s to stabilise the textile industrie s , 

Naylor, ·,/al l a c e and Sasser [7]}, formulated a nine equations , 

r ecursive , econometri c model to simulate the behaviour of nine 

endogenous variables which described the industry between 1953 and 

1 962 . 

Further ' Agarwala m' developed a sii:;t:la tion ClOC.el to assess 

the effic i ency of market support operations in the case of the egg 

market in the United Kingdom cur i ng 1958- 68 pe riod. lie inciic a ted 

that , in the absence of market support by the British ~gg harketing 

Boa~d , the lortg•~bft ~ve~a;i ~~turn t0 the e;g producer would hava 
been mar ginally different fro~ r etail , but the i nstability of the 

market woul d have been substantially greater . Agar wala also 

s howed that, owing to the r..a ture of the subsidy arrani:;ements, there 

were severe limits to t he Egg Board 's capa city to increase producer 

p rice, even in a short run, in s p i te of an inelastic dema nd for 

eggs . He concluded tha t the Egg Marketing Boa rd shoul d aim at 
() 

keeping close to ·the long run producer p rice r a ther than aim for 

short run p rofit ma ximisation . 

The above four studies by Cohen , Barnum, Agar wala and Naylor 

e t al, deal with ex p ost policy devaluation . The next two studies 
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review ex ante poli cy assessment. 

Agarwala and Ball il/, used a si~ulation model for the egg 

market in the United Kingdom. Their objective was to examine 

the effect of the different rates of diversion of eggs to . 
manufaoturing price fl~GtuatiGn& and the lon~ run equilibrium . 

This was done by a fairly simple six monthly model. '.l:hey also 

used a monthly mod el to assess the implication of different prici ng 

policies in different months of the year. 

Finally , Crom /_l 9, 2Q/, and Crom and 1-iald !_2.i7, ha ve ca:.:ried 

out a simulation study on a dynamic recur s ive model of the United 

States beef and pork sectors. 1h~ simulation mode l was used in 

two ways . First, the model could be altered , or policy co nstraints 

could be imp osed and the new structure could be simulat ed over 

time. Alternatively , the model might be used to project prices 

and output in a future period. Thus, si mu l a tion ex~erirr.ents could 

be pe rformed for both ex post and ex ante policy evaluation. 

The above reviews indicate the type of problems which can be 

a pproached using co mputer simulati on . An imp ortant question, 

whi ch has not been discussed in detail, is the realism of the model 

and the aplicability of the results to the real world situation. 

This validation aspect of computer simulation is a l a rgely 

unresolved methodolog ical p roblem. It is discussed in more 

detail in Chap ter 5 of this thesis. 

3.8 Summary 

The concept of model building has been discussed. Basi cally , 

model building and the use of models inv6lves two phases . First, 

an inductive phase and secondly, the deductive phase . These two 

phases have been defined in relation to the objectives of this 

study. Some relevant literature has been outlined. 
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For this study a r e cursive model wa s c hosen in the i nductive 

pha se whi le simulation was selected in the deductive phase . 

The re~sons for choosinc these techniques have been outlined, and 

p revious simulation studies have been revie ~ed . 

The for mu l at ion of t he econometric model is di s cussed in 

the next chap ter. 
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CHAPTER 4 

AN ECONOMETRIC MODEL OF THE FRESH VEGETABLE ~1ARKET 

4.1 Intro du ot i on 

This chapter includes a statistical derivation of a weekly 

supply and demand model for the selected ve getables (cauliflower, 

cabbage, lettuce and carrots). 

model in the next chapter. 

This will be used as a simulation 

The first section of this chapter discusses the theoretical 

basis of the supply and demand model used. 

The second section describes the data collection techniques 

and the estimation procedure. 

Finally, the results are presented and di s cussed. 

4.2 The e co nomic mode l 

4.2.1 The sunply st r uc ture f o r vege t abl es 

Tho annua l supply of ve e~ubles f ol lows t he classica l cobweb 

theorem in that the marketed volume is predetermined by biological, 

climatic and economic forces prior to the marketing day. It is 

postulated that a similar model operates in the short term. That 

is, the supply of vegetables in any week is determined by the 

previous week's price, but not by current price. 

Since the supply is determined prior to the next auction 

session, it is assumed that the growers operate on an expectation 

model in which the expected price is generated by the price at the 

previous auction sale. Thus, price lagged one period is included 

as an independent variable or explanatory variable in the supply 

equation. A cobweb model would imply a positive sign although 

hypotheses could be put forward. 

Several studies L12, 9i/ have shown that vegetable production 



is seasonal. This phenomenon is represented by zero-one dummy 

variables which shift the supply function according to seasons 

/_57, 9£. 
The ideal variable to represent the influence of weather 
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on supply i::; the "Stalling \'! ea ther Index" /_8§_/. However, this 

index is not available in New Zealand on a weekly basis. It is 

difficult to obtain a single factor to account for weekly wea ther 

variation. For the sake of simplicity, te~perature expressed in 

Heat Units 1 is used to account for the weather influence. Two 

supply models were tested. The first ha s a lagged (t-1) period 

of weather index, while the second has a lagged (t-2) period of 

weather index. It was found that the weather lagged t wo weeks 

was the most satisfactory. 

A trend variable is included as an indepe ndent variable or 

explanatory variable to allow for increases in production as a 

result of improved technology or increased use of horticultural 

inputs. 

4.a .2 The demand structure for vegetabl es 

Demand is considered here as the price- quantity relationship 

for the wholesale market in Palmeraton North, It is asGumod that 
the weekly average pri c es for the selected fresh ve ge tables are 

determined by the marketed volume, the current weather index 

and a time trend variable. The direction of causation is taken 

as being from quantities to prices, the marketed volume being 

treated as a predetermined variable in the demand equation. This 

hypothesis is fully supported by the evidence that the current 

marketed volume of vegetables is dependent on various exogenous 

influences prior to harvesting day. 

1. Heat Unit is expressed as 

(Maximum day temperature+ minimum day temperature) o 
2 - 32 F. 
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Since vegeta bles a re highly perishable, t he total quantity 

presented for aucti on mus t be sold ea c h day . Opportunities for 

storing or moving the p roduce to ar.o ther auction arc limited. 

This i mplies that the quantit i es of ve cetables supplied should 

equate with the q~antity ~emandtd. 

There are several other explanatory variables which c ould 

affe ct the pri c es of the selected ve getables. These include -

c hanges in populat io n, change ~ . in consumers ' disposabl e income , 

and cha nges in consume r behaviour. They are r epresented by the 

use o f time - trend variables. 

The weather index is cons ider ad as a te mpe r ature effect in 

Heat Units . It was assu• ed that the we a t her would affe ct c onsun,c r 

buying behaviour. 

Another va riable whi ch may influence the price of any selected 

ve getab les is the price for various ot her vegetables . For exa~ple, 

the pri c e of tomatoes may have some influe~ce on cabbage i92,F? •56-
5§/~/. Cross elasti citi e~ are not considered i n t he model bec~use 

there is no satisfactory theoretical basis for ctoosi ng any partic~l~r 

ve~eta.cle and there are con~iderable problemg in obtai nir.c udequ~t~ 

data to include a ·full range of ve ge t~ble~ sold at ~uction. 

4.2 .3 The proposed ~odel 

The proposed economic model ca n be shown in functional form as 

follo ws ~ 

2 . lso Enting and others L26, p.y. "Consumption of tomatoes 
lettuces and perhaps caul iflowe r may have expanded at the 
expense of root crops (inclu di ng carrots, cabbage , and pumpkin)'' . 



where 

sut = f(Pt-1' wt-2' Tt, st) 

pt = f(Tt, Wt' Qt) 

SUt = Supply of vegetables to Palmerston North 

auction market in period t (week) 

pt-1 = Wholesale price of vegetables in week (t-1) 
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V' 't-2 = Index of weather (in Heat Uni ts) in week (t-2) 

\I/ 't = Index of weather (in Heat Uni ts) in week t 

Qt = The quantity demand at ·period t 

Tt = The time trend variable (in years) at period t 

T' t 
::; The time trend variable (in weeks) at period t 

st ::; The zero-one seasonal dummy variables. 

4.3 The statisti cal model 

The supply and demand functions for the fresh vegetables 

discussed above, define a recursive model of the cobweb type i._30, 

p.64; 102, pp.74-77; 47, pp .75-?f;. In this model, the quantity 

supplied is determined through the s~pply function and the price 

received is determined by the quantities sold through the demand 

function. The error terms of the supply and demand functions are 

assumed to be uncorrelated. i._30, p.6!}). 

Therefore, with the normal assumption of a stochastic error 

term, ordinary least square regressions will yield consistent and 

unbiassed estimates of the parameters of each function L30, pp.75-

77; 34, pp.269- 271, pp . 279- 280; 23, pp.303-31j/ . 
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A linea r function is used, based on the assumption tha t 

the growers resp ond to an absolute value chanGe rather than the 

real value . A cobweb type r e cursive l ine a r model facilitates 

the use of a si rr:ula t ion r:i odel L91, p. 134,£7 . 

The entire statistical structure of de~and and supply 

functions can ba ~pecified as follow s : 

Supply function: 

sut ; A4 + B1Pt-1 + B2CT t-2 + B3Tt + A,s,t + 

Demand function: 

Market cle aring function: 

~t 

\','here 

S .u,. t, T ' "' T T' 
r t ·- 1 ' '' t - 2' t' t ' Wt and Qt have t h e s ame defi n -

ition as in the previous s e ction. 

( 4-1) 

( 4- 2) 

( l, - 3) 

E
2

, E
2

, B
3

, A1 , A2 , A
3

, c
2

, c
3 

a nd C• 

coefficients of the parameters 

are the structural 

A4 and c1 are the c onstant in the functions 

and 
are the disturbance terms in the supply and 

demand functions r espe ctively. 

4.4 The estimation procedures 

4.4.1 Data collection 

The weekly data series examined were the aggregate weekly 

quantities of .the fresh vegetables (cauliflowers, carrots, l ettuces 

and cabbages) ·consigned to the auction . firms and the weighte d average 
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auction price over the pe riod April 1 969 to harch 1 972 . 

Since t~e daily data was incompl e te, the data fro~ the main 

auction sales on each Monday and Thursday was used. ~he sup ly 

was expressed on a per cont a ine r Cease) basis and prices were 

expressed in "dollars per conta iner 11 (case). 

The price and supply d~ta were t aken fro m the official 

recor ds of the two fresh p ro duce auction firms in Palm erston 

Nortn. 

The original supply data ~as expr essed as per case or bage . 

No details were supplied for the size of the cases, but is 

known that ther e were two types of conta ine r s used for lettuces, 
3/ cauliflowers and cabbcges - a;ple c ases and banan~ cases-. 

Further, the weight of produce per case solci w;_;_s not available. 

Banana c ases c an hold lC - 12 heads of lettuce and 8 - 10 he~ds 

of cabbage s or cauliflo~e rs, while an app l e case can hold a 

smaller ~uanti ty, de Dendin~ on the size and ~ual i ty of the produce. 

Carrots were pa c ked in plasti c bags usua~ly weighing 45lbs. per 

bag. No clear indication of different grades coulci be obtained 

from the r e cords because there is no o ffi cial i r ading system 

for vegetables sold ' at auction . 

1he price series data wa s r e corded as a r engc of prices 

which the growers received. A weighted average of the lower 

prices and higher ~rice for each lot ~as ~sed in the analysis. 

The final data series consisted of the total weighed average 

prices of the two firms in a price series and the total volume 

of produce consigned to the two auction firms during the period 

under study . The -two data sequences are given in Appendix B. 

3 . Apple cases are the tjpes of containers used to pack apples 
in New Zealand . 

Banana cases are the types · of conta iners in which bananas 
are imported . 



The correspo~ding g r aphs are shown in Ficures 4.1 to 4.4 . 

4 . 4 . 2 The ch~r~ctaristics of the d~te series 

~ ~ar~ed start term fluctuation can be scc1: ic vec2t~ble 

prices and supplies with most of the p~aks _ in su~p!y corr,~;oniin~ 

t o the lowest p rices and vice versa . 

The inter- annual move~ent of these !our veLeta~les a re not 

quite as obvious . In c cLeral , prccounce~ low peaks were sho~n in 

lett u ce ~~~plies durin& winter months (M3y - July), with ticher 

peaks in ~ove~ber and ~ccernber . Cn t~e other ~&nd, c~bbaGe and 

cauliflower Ehowed a different patter~ ~i th low pc~ks in J ~nuary 

and February and high peaks in Eay and June . 

In the C&Ge of carrots, no pro~o~nced hiG~ or low peaks were 

observed ttrcushout the se~son because c~rrots~ beins root crops, 

c &n be stored and resulatcd to supply the ~arke t . 

4. 4.3 The esti~a tion n roce~ure 

The ,roccdur e for esti~~tins tte coefficie~ts of tte ?ara~:eters 

in the supply f~nction ~ere&~ follows: 

1 . Each year was divided into four quarters as show~ in 

table ~ . 1 . 

TABLE 4 . 1 ~~a~ter 

1 

2 

3 
4 

Month of the year 

April - June 

July- Septe~ber 

October-December 

January- March 

Eac h quarter of the year consists of 13 weeks . 
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2. The pric e data was not defl ated, based on the 

assumption that the growers and buyers respond 

to t he absolute change in price, rather than 

- -Y t he no minal c hange L97, p.16.Q/ • 

3. The coeffici ents of the par ameters in the supply 

model we re obtained by regressing quantity on 

the lagge d (t-1) period pri c es, the lag5ed (t-2) 

period weather index, the time-trend variable, 

and three zero-one seasonal du~my vari ables . 

4. The expe c ted values o f SUt we re used as inputs of 

the indepe~dent var i able Q~ in the demand rr.odel. 
" 

Tne n the coefficients of the parameters i n the 

de~and func tion were calculated u 3ing an ordinary 

least square procedure L45, pp . 177-1 92; 35, pp.156-

16.§7. 

Results and dis cussion 

The estimated suuply function 
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The results estimated for the supply function are shown i n 

table 4.2. 

The variables whose parameters we re estimated are defined 

in sections 4.2.3 and 4.3. 

In table 4.2, an asterisk indicates significance at the 5% 

level. The sta ndard errors are enclosed in a bracket below the 

respective parameter estimates. 

It can be seen that most of the standard errors are significant 

at the 5% level with the exception of t wo cases. 

4 . Van der :Mulen [16, p.169l in studying the demand of bananas 
found that "sellers tend to think in terms of absolute change 
rather than the price adjusted to the price level in the 

· economy as a whole." 



TABLE 4. 2 THE ES TUih. '.rED CGLFYICE.,l':'I'.:., OF 'l'ht Pi.l-:: ,L.G'l';'..l<.::.i l N •.rm:; .SU l 'FLY J:; ,;"U/.'l'ICNS 
U3 I NG ~iEtlY D~Th 

.... -
A T pt- 1 \' t -2 '-' 5 2t 33t 

;: 2 Vegetable s · 4 t ,.;, 1 t 1( d 
-

Cabb ages 868 . 7':, 103 . L, * - 77.6 * - 12 .1 '' 276 . j* 172. 8* 17.S . 8* 0. Lf5 7 1.077 
( 108 .3) ( 22 . 7) ( 27.9 ) (3 . 5 ) (Go.6 ) ( 73 .5) (56 . Lf) 

Let t uces 974 . 2 ,f< 69. 3,;, -11 5 . 8'' L, • :i6 - 11;,9. 7* -259 . 8* 39L, .• 1* o. 68 4 1. 289 (1 0G. 4) ( 24.1 ) ( 23. Lf) (3.7) (63.4 ) (77. 6) ( 60. 1) 

Carrots 619. 7* 5.4 3.5 -6. 9' 11 . 9 27. 3 201. 5* 0.275 1. Li ';)8 ( 70.4) (19 .Li) ( 25 .7) ( 2. Lf ) ( 4) . 9 ) ( :, 1. 7) (39 . 1) 

Ca uli- 1203 .3* 39.5 - 199 , 2* -1 5.0•· 270 . 2'' 198.6• 1 z Lf . 5 
f lowers (11 9 . 6 ) ( 27 .2 ) ( 39 .7) (I f . 02 ) (G~. 1) ( 81f.1) ( 61,. 6 ) 0.1+77 1.530 

°' 0 



The first situation is that four standard errors of the 

variables are not significant in the carrot supply function. 
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It appears that the supply model does not satisfactorily represent 

a carrot supply function's behaviour. Fro~ section 4.4. of this 

thesis and so• e personal observations in the auction oarkets in 

Palmerston North, the g r ading of carro.ts is divided into many 

categories, such as animal carrots, loose-packed carrots, first 

grade and second grade. '.L' he various grades receive different 

prices, but there was no indication of this in the data records 

available. This lack of quality differentiation is not reflected 

in the price series. 

The second case is the non-significant weather index variable 

for lettuces. Vegetables such as le:tuces, respond to climat ic 

changes rapidly and hence the weather index at period (t-1) showed 

a significant result for the standard error at the 5% si6 nificance 

level. However, this nas not included because of the difficulty 

of adapting it to the simulation model . 

The coefficients of multiple determination R2 (sho wn in table 

4.2, column 9) range from 0.28 to 0.68 for carrots and lettuc es 

res pe~tively. This implies that approxioately 28/4 of the variation 

in supply for carrots and 68/4 for lettuces could be explained by 

the changes in the exogenous variables. Ho~ever, the numerical 

value of R2 could be increased by defining more relevant exogenous 

variables, or through the use of a longer time unit L22/• 

Because of the large sample size, the Durbin- Wa tson (d) statistic 

L2:iJ (shown in column 8 of the table) can only approximate as a 

test for the pre~ence of auto - correlation in the residual. Using 

100 observations as a gu:ifuline, any .d statistic below 1.50 would 

indicate that positive auto-correlation is present. This outcome 

occurred in three situations and one test was inconclusive 
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i.e., the d statistic fell between du and dl values. The values 

are shown in Appendix C. 

Three reasons for expecting auto-correlation in the residual 

are given by Cochran and Orcutt (...1fl. 

1) Given an auto-c orrelated series, the c hoice of an 

incorrect functional for~ will result in auto­

correlated errors. 

2) Errors arising fro • the ocission of economic and 

non- economic variables will tend to be auto ­

correlated . 

3) Errors o f ceasurement present in the data are 

often auto-correlated. 

lio· ,ever 1 the positive auto-correlation in the re sidue does not 

yield biassed esti ates except that they may be less efficient /30, 

p.64; 102, p.52; 45, p.1727 . 

The coefficients of the dumcy vaLiables for the four quarters 

indicated t~o types of trend in supply. Cabbages and cauliflowers 

showed a decreasing trend, ~hile the carrota a~d lettuces exhibited 

~n ihOPijlfi~; ilipply trenct f~g~ cugrtc~ 1 t0 qu~rter ¼, 

T e r.mlti -collinearity in the system is not very high, (...43, 

p .12.:!7. The highest correlation was bet\'/een S2t and 1\_
2

• The 

details are shown in Appendix D. 

One point of interest is that the price coefficients for 

cauliflowers, cabbages and lettuces indicated an unexpected negative 

sign which contradicts a co~we b hypothesis. Their standard errors 

are all significant at 5% level. This implies that the growers 

reacted to past experience and sent less produce to the market when 

the lagged pri c e was high. Conversely, they supplied more when the 

lagged price was low. This type of response is explained in Heady 1 s 

"Extension Model" (...38, pp.483- 48Y. The negative sign for 



thc;~, u co<.:fi'ic.:ient.s is also s ct 1lpo rtcd by .:.11en's " .spe cula tion 

effectl1 /_b, p . 4.§./. 

G~ t~c other h~~d, the carrot s have a posit i ve cc~- s i~nific a ~t 

4.5.2 The esti~ated de~and function 

The r'-' sult~ of the csti~a tc~ are given in t able 4.3. 

~he co e !_ici en t of ~ult i r l e detcr=inati 0n , 3
2 

(sto~n in c ol~xn 

5 of the t ab le) is r J t~er lo~, r ancinG fro m 0 .187 for ca rrots to 

0. 361 for cauliflo·,•:ers. '=':ii s i q ilie s t~.a t exoL;e1:ous va :r.-i ab l es 

only e xplain 18~ to 36~ of the va ri at ion in the averase wholesa l e 

prices. Other ex~la~atory var i~bles , such as the ~~ality o f t~e 

vegetab l es and the , rice of othe r coxpe tins vese t ables, ~&y incrc ~~~ 

t~e po ~e r of R2
1 bat the data for t~cse variable~ D~ 3 not ava i lab:e • 

. l..ga i n , the Duroir. - · . .-at soi: statistic t e:s t cal1 be usec. as an 

ap~ roxi ~a~e test cf a utoco=relation. ~11 e~uati ons ~ere fOSit i ve:y 

auto -cor=elated . f~e va lues are show~ in ~ppendix J. 

Ho 1:1 cvcr, ti me c.o. t.:,, urc .:u, t ocorr ~l.::. tcd T ;l ,-'/",-/ 
J..J • r._,~ ~ 

but by using a r e curs ~ve system the esti2ates s~ould not be bi ~sse~ 

1-2-,, , p 17c · -::.o -- o,,. ,, -; L_,,, • /,...,, , 1•2 • 

The coefficients of t~e ~t v~ri ab le have the expe ct ed sign 

in all cases wit~ the exce p tion of carrots. The rc cre ss i on co e fficie nt 

of the variable ~t for carr~ts possesses a significa nt positive 

sign. Although the positive sign appears contradictory to the 

theoretically expected relati onship, a possible ex9l a nati on is 

that quality and price are positively related and more produce will 

be ~old when the quality is higher. This is r elated t o the problem 

of accura te description in the absence of a formal grading system 

Most of the estimated coefficients are significant at the 5~ 

level except those associated with the weather index variable ( as 

shown in ·table 4.3). The price quantity variables are all signif­

icant at 5~ interval. 



TABLE 4.3 THE ESTHlJ..TED C0EFFICIE 'T IN T!IB DEXAND FU 'CTI0N 

Ve ge table c 1 T' \\ Qt :i .2 
t 

C. 

Cabbages 3.9773 -0.0054 -0.0126 -o. 002y· 
0.353 0.25236 

)o. 4758) (0.0048) (0.0089) (o. 0003) 

Lettuces 2.5332,c. 0.0215• -0.6022 - 0.00'14* 0.192 o.4733 
(0.1696) (0.0062) (0.0101) (0.0024) 

Carrots 0.3437 0.0176* 0.0031 o.4015• 0.187 0.5723 
(0.3712) (0.0043) (0.0092) (0.0005) 

Cauliflowers 4.312411< -0.0104* -0.0294 -0.0022,., 0.3616 1. 4379 
(0.3392) (0.0039) (0.0073) ( 0.0003) 



The mul t ico l lineari t y in the dema nd f unction i s not very 

hi gh. The va r i ables wit h the hi ghest corr e l at ion are .._,:..:a :.ti ty/ 

t r end with 0 . 14 for ca rrot s t o 0 . 75 for caul i f l owers . ~~e 

de t ai l ed value s are s hown in Appendix D. Ove r a l l t he su;ply 

a nd demand fu nc tions do s how t he expe cted r ela t i onsh i ps tet~een 

t h e va riable s and r epr e sent the marke t s itua tion to an ucce~ta~le 

le ve l . 

4 .5.3 The es ti ma te d s hort t e r m pri ce elast ici t i es o 
demand a nd price fl exib i l i ti ~ -

The s hort t er m pr ic e e l as t ic i ty o f de • and calcula ~ed a t 

the ~ean for t he fou r selected ve cet a bl e s is pr esented ih t ~ble 

l+ • 4 • 

The price e l a sti ci ties of de mand r a nbe f r om - 0 . 5 ~or c~bjoces 

to - 1. 434 for lettuces . t he pri ce e l a sti c i t y of carrots po. ~es=~­

a pos i t ive si gn , as exp lained in s ecti on 4 . 5 . 2 . 

I t ca n be s e en fro m t a ble 4 . 4 t hat the demand for c ~~ba~~~ 

and cauli f lowe r 6 i s i ne l &s tic while t he Je~and fo r lc~tLc es i s 

e l as tic . 

The elas tic d~mand for lettuc es i s i n agr cc~ent ~~t~ ~tuf f ~t t 

Cole co ncl uded that , in ~ost ye ~~s , 

lettuc es we re a l uxu r y or s em i - luxu ry i te~ fo r rrany co:su~crs . 

j_'he 1964 survey /_26 , P•!:.7 indicat ed t ha t le ttuc e s a:::-e mor.::: or l cs ~ 

a luxury i tern for Ne w Zea.l a nders . Anothe r s tudy r;i:ide by l-:oos i..3')_1, 
r e l a ted c ommerc ial l e t tuc e pric es to p ro ducti on , non - a 0ri c ~ltur~l 

i nc ome a pd time for 191 8- 1946 a nd found an el as tic deman~ fo r 

l e t t uces a t fa r m l evel. '.i:1he oppo s ite wa s fo und by r: i s t on /_46, p . 2§_/, 

fro m surveys at Auckland and Chri st church. 

Howeve r, the p r e s ent mode l i s based on t he short terx data. 

The ,stimated coefficients would be expe c te d to be more elast i c 

than those fr om t he long te r m model . In vi e w of t t e diffi cul ties 



TABLE 4.4 

Ve g etables 

Cabbages 

ESTIMATED SHORT TERM PRICE ELASTICITY OF DEHAND 

AND PRICE FLEXIBILITY AT THE POINT OF HEAN 

66 

Price elasticity Price flexib ili ty 

-1.986 

Cauliflowers -0.8142 - 1.2281 

Lettuces -1.434 -0.697 

Carrots +1.935 +0 .51 9 
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in measurin£ price elasticity of dema nd (refe r to Ge cti on 2 . ~ . 2), 

the nu meric a l value of -1.4 in the short term price ela s ticit y 

of demand for lettuces is acceptable . 

4.6 Summary ar.d Conclusions 

In thi c er.apter oi. n oconomotric mod~l co no i(:;tinc o f cu •. ; ,ly 

a n d demand fu d ~tior,.s wa s estimated . Tht: obj e ctives of u .sini::; ecor:.­

ome tric analysis were t wo -fold. First, it pr~vided the r equired 

quantiati ve relationsh ips as an input to the si mulatioL motel 

d i s cuss ~on in Chapter 4 • Secondly, it p rovi ddd a rnettod to 

ga ther informat i on on the s hort term price elas ticit y of de~~n~ 

for the various se lected ve getables. 

The study was orient e~ towa rds the e s tirnu ting of the supp ly 

a n d cemand model in specifying the i mport a ~t variables associated 

1'ii th the variation in su ,,ply which, in turn, le d to price 

fluctuations . It was assumed that the unkno wn price and q~a:ity 

relationships cou ld be approximated by the empirica l f uncticr.s 

fitte c to the available data. 

The negative coefficients, associated with laGeed (t - 1) 

pe riod prices, indicated that most gro we rs d o l earn fro m expcr i0 ~ce 

of price behaviour. 

The re sults of the four selected vegetables did s t own the 

averag e relationship that existed among the selected vari Qbles 

during the period under study. Although the derived functio ns do 

not correspond to the theoretical de~and schedule, t hey do p rovi ~e 

a satisfactory basis for developing a simulation model of the 

ve ge table market. 

The construction of and experimentation with this simul ation 

model are covered in the next chapter. 
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CF.APTER 5 

THE SHiULATION MODEL OF THE FRESH VEGETABLE MARKET 

5.1 -Introduction 

An econometric model was developed and tested in chapt e r 4. 
It was shown that the mo~el satisfactorily repre sented the supply 

and demand situation and wa s suitable for simulati on. ~o assess 

the impact of the various short term marketing policies and the 

rationalisation of supply on prices, the econometric model is 

converted into a simulation model. 

The first section of this chapter describes the complete 

simulation model. 

In the second section, the validation of the model is discussed 

and the validation results are presented. 

The third section covers the experimental desi gn. The 

experiments were carried out in two parts. The fir s t part was an 

evaluation of the impact of different short term marketing polici es 

while the second part assessed the effect of rationalisation of 

supply on prices. 

The results of the simulation runs are presented and discussed 

in the fourth section. 

In the final ~ection the conclusions and summary of this 

chapter are presented. 

5.2 . The computer simulatio·n model 

The equations from the econometric model were 

Supply equation: 

sut = A4 + B1Pt-1+ B2Wt-2 + B3T1 + AS1t + A2S2t + A3S3t (5- 1) 

Demand equation: 

Pt = c1 + c2Tf . + c3wt + c4sut (5-2) 

where the definition of the variables is as in section 4.2. 3 . 



The coefficients of A4 , B
1

, B
2

, B
3

, _A
1

, A
2

, A
3

, C
1

, c
2

, 

c
3 

and c4 for the above e quations are given in chapter 4. 

Therefore we can transform the above econometric model 

into the following system: 

sut = A4 .+ B1Pt-1 + B2Wt-2 + B3Tt + A1Sit 

+ A2S2t + A3S3t + Ut 

pt = c1 + C2Tt + C3Wt + C4Qt + Vt 

~ 
st = Qt 

where 

Ut, Vt are the disturbance terms, 
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(5-3) 

( 5- 4) 

( 5-5) 

which is the complete system for the computer simula tio n proc r a fu, 

the construction of which is discussed in more detail in t he 

following sections. 

5.2.1 The independent va riable s 

The independent variables or exogenous and lagg ed end o6 enou.s 

variables are the inputs to the s y stem. There are 8 inde pe ndent 

variables in the e~uations describing the supply and de mand r elatioJ­

ships at the wholesale market. These inde p endent va riable s c onsisted 

of three zero-one dummy seasonal variables, two time trend variab l es, 

two lagged endogenous variables and one weather index variab le. 

The zero-one dummy variables were represented by s 1t, s2 t 

and s
3

t describing the seasons where s
1

t was equal to one and zero 

elsewhere in the first quarter of the season. The value of s
2

t 

was equal to one and zero elsewhere in the second quarter of the 

season, and so on. 



Two time trend variables were Tt in year and Tt in week, 

where Tt was counted from April 1969 to March 1970 as the 

first year and up to the third year at March 1972, and where 

Tt was counted for 156 weeks during th~ period being 

simulated. 

All the independent variables were supplied from outside 

the simulation program as the historical data, except the 

initial lagged price which was arbitrarily fixed by the 

experimenter. 

The model is a recursive system, by definition L19, p."jj 

as the quantity demanded at period tis given by equation 
~ 

(5-5). Equation (5-3) consists of a lagged (t-1) period 

endogenous variables (Pt_ 1 ) throughout 156 weekly iterations 

over four quarters. The output of one period (week) becomes 

the lagged endogenous value for the next period. 

5.2.2 The random disturbance term 
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The disturbance terms specified in equations (5-3) and 

(5-4) were Ut and Vt for supply and demand functions respective­

ly. These random disturbance terms were generated within 

the computer program by the subroutine RANDU. The pseudo-random 
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numbers which were generated were converted to random variabl es 

by linear interpolation using the rectangular approximation 

method L-25, pp.181-y.
1 

1. Emshoff and Sissonl:,25,p.181 Figure 7-2/, showed tha t 

the psudo-random numbers -can ne converted into random variates 

in the following ways: The figure (5-1) referred to Figure 

(7-9) which was specified by Emshoff and Sis s on. 
F(x) 

1. 0 

r 

0 

I 
I 

I 
I 
I 
I 

X 

Figure 5.1 Cumulative density function approximation 

1.0 F(x) ,---------~ 
F(x

2
) = f(x

1
) + f(x

2
J:------__.,-

r - - -, - -

0 ,___-,,L----,x~1-7f"2-4-3----
X 

Figure 5.2 Modified cumulative density function 

· approximation 



This method was used because it was found that the disturb ­

ance terms of the functions for the selected fresh ve getables 
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were not normally d istributed as had been postulated in the 

assumption of the econometric analysis. Their p robability functions 

and cumulative probabilities d istribution are shown in Appendix E. 

The advantage of using the rectangular approximation ~ethod 

is twofold . Firstly , it ia more efficient since it requires lee$ 

random numbers. Secondly, this method is available when no 

explicit function form repre sents the probability density functio n . 

After the linea r interpolation was generated , the random 

disturbance terms we re added on to each function s o that the 

time pa th of the endo genous variabl es could be traced. 

Footnote 1 (cont.) 

If F(x1 ) ~r ~F(x
2

) 

The random var ia te x wou ld be approximated by the follo wing 

interpolation 
r - F(x1 ) 

x = x1 + (x2-x1) x F(x)- F(x
1

) 

where ~ 1 , x2 and x
3 

are the sample in ~ervals. 

f (x
1

) , f(x
2

) at'e the prabability density funct ion of 

distribution 

F(x1 ),F(x
2

) are the cumulative density function o f 

distribution 

r is the pseudo-random number. 

(5- 6) 

Probably there may be a mistake in the original figure (5-1). 

In order to get the interpolation equation (5-6) the figure (5-2) · 

should be used. 



5.2.3 The computer progra m 

Tt e compu te r simulation program, consisting of a ma in 

:; :- ci :-::: w aL c. t -1!0 s ub-routinc c , w,H.;; wri ttcn in ?GI"<'i'R:.Ii a r,d 

run on an IBM 1130 machine. The logic of the progr am is 

s h own in the flow charts in Figure 5.3 and the ori ginal pro6 r am 

is shown in Appendix F. 

5.3 Validation 
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The problem of verifying or validating a computer si mul a tion 

model remains one of the most elusive .of all the met h odolo0ic~l 

problems in simulation. To verify or volida te means to prove 

the model to be true. But it is very difficult to provi de a se t 

of criteria for the proof. Naylor and Finger L70, p.92/, a gr e e 

with Karl R. Propper tha t v alidation is a series of e mpirica l 

test s on the de gr 8e of confirmation of the ability of th e mode l s 

describing the real world system. In addition, Van Horn L98 , p . 2~ 

also confirmed that simulation is a numerical learning pr oc ess 

in which validat i on is the act of tra n s lating the "lea r ni ng " 

from the simulation to "learning" about the actual prou:ss . This 

means that s imulation is a process of ga ining more confi dence in 

the model for predicting the future, but this does not mea n that 

once the model is validated for the past it c a n necessarily pr odu c e 

accurate forecasts in the future. 

Naylor [b?, pp.311-3127' sug gests that four met hodolo gical 

.positions on verification in economic models are available. These 

were, synthetic aprioris~, ultraempiricism, positive eco nomic and 

mul~istage verification. Naylor and Finger L70, p.9'27 argue tha t 

multistage verification was more suitable for the valida tion of 

computer simulation experiments on economic systems. This app roa c h 

involves a three stage procedure incorporating the first three 

methodological concepts mentioned above. 



FIGURE 5.3 

( 1) ) 

( 1) ~ 1 :z 

THE FLO/: CHART 

~-
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(5) 

(4) CALL SUB ROUTINE RANDU 2 

J 
DO A LI NEArt I NTERPOLATION 
FOR Ri..NDOH VARIABLE Vt 

J 
13.CALCULA'l'EI:J PRlOE OU'l'i'U'I'S I 

J 
[ ADJUST FOR PRICE FACTOR 

I 
{, 

C. CALCULATE SUM OF TOTAL 
SUPPLY TOTAL INCOME MEAN 
PRICE VARIAfliCE OF SUPPLY 
VARIANCE OF PRICES AND 
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... 

l 
D. PRINT THE RESULTS OF c] 

l 
( 6),-..~---+ COMPARE n ~ 5 J 

r 
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· The first stage is to test a set of postulates or a 

hypothesis against all the available economic theories and 

the general knowledge of the system being simulated. 

The second stage is to subject the postulates or the 

hypothesis of the model to a series of statistical tests, 
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but, in the case of simulation of some economic systems, most 

of the assumptions are difficult to subject to empirical test­

ing. For example, the assumption of profit maximisation or 

cost minimisation cannot be tested. For this reason, these 

assumptions can be retained as "tentative postulates" for there is 

n9 reason to assume that they are invalid because they cannot be 

tested. 

After passing the verification of these two stages, the 

proposed model is subjected to the third stage of verification 

which consists of testing the model's ability to predict the 

behaviour of the system und er study. 

Various tests for prediction have been discussed by Naylor 

[b5a, 6§7, Naylor and Finger f..797, Naylor and Wannacott f..7Y 
and Van Horn /_9'§/. The statistical t echniques used ranged from 

the simple comparison of means, variances and graphical com­

parison of distribution of time behaviour to the most sophistic­

ated spectral analysis. 

For the _present study, the third ~tage o! the validation 
on the simulation model was to compare the average simulated 

value of the mean price, price variance, total supply and total 

income generated with the true historical values. The comparison 

of the two values was done by statistical t test and F test 

respectively for mean and variance. These simulated values 

after validation were used as a basis for comparison of different 

experimental values in the next section. 

The results of the validation runs are presented in Tables 

5.1 and 5.2. 



TABLE 5.1 RESULTS OF VALIDATI ON RUN 

Vegetable Total S upply• Supply variance•• Price variance Mean price Total Income 
(cas es) (dollars ) $ 

Cauliflowers ·--:.. 

Cabbages 

Lettuces 

Carrots 

Simulated 141144.2 128932 . 6 0.69917+ 1.5859 193115.3 
Actual 137541 .. 8 128008 .6 0.3351 1.6223 

. Simulated 150119 .4 107655.7 0.77863+ 1.2638 
Actual 149753 .. - 97150.2 -· _ Q._2176 1.2236 

Simulated 139424 . 2 189234 .5 0.7825 1.7734 
Actual 135005 ~~- -- _ -- _ 183768.1 _ _ o._7_02<.:J 1.8112 

Simulated 93375 .9 35269 .6 0.5927 1.7779 
Actual 33,551.3 o.4703 1. 76T2 

• 10 runs 

•• 5 runs 

+ Historical anci simulated va lue significantly diffe rent at the 5 percent 
significance l e vel. 

154796.3 

225009.8 
226281.2 

174002.9 

Income 
Variance \ '; . : _ . . 

34703.9 

.400556.8 

798583.6 

465477.9 

--..J 
--..J 



TABLE 5.2 TEST OF SIGNIFICANCE 

Vegetable F value on supply F value on price 
variance variance 

Cauliflowers 1.007 2.086* 

Cabbages 1.108 1.504• 

Lettuces 1.02 1.219 

Carrots 1.051 1.242 

*Results significant from the historical value at 1% 
significance levels 

t value on 
mean prices 

1.129 

1.488 

0.031 

0.804 

"'3 
CP 
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Tables 5.1 and 5.2 sho_v, that the simulated values of the 

~ean prices were not significantly different from the actual 

vnlues at 95 percent of confidence level for all ve getables, 

while the simulated value of the supply and price variances v1ere 

not sieificantly different from the actual series at the 1 percent 

significance level, with the exception of the price variances of 

cauliflowers and cabbages . 

The results of the validation test showed that little 

difference from the historical values occurred except in t wo 

cases. The simulation model has been validated to an acceptable 

degree. There fore experimentation with the model is carried 

out in the next sections. 

5.4 Computer Simulation Experimental design 

The fact that the computer simulation experimental design has 

received less attention than physical experimental design has 

been spelled out by Naylor, Burdick and Sasser /_b8, p.131y. They 

pointed out the relationship between the existing experimental desicn 

techniques, techniques of data analysis and the design of computer 

aimulgtion @xp@rim@nte by u0ing th@ Samu@lson-Riekg mode l Li3, 
p.131.z7 as an example . There are four main problems of simulati on 

experimental design that have been outlined and discussed by 

Burdick and Naylor /_1i7, and Naylor, Burdick and Sasser /_bf/. They 

were : 

1. The problem of stochastic convergence 

2 . The problem of factor selection 

3. The problems of multi-response surface 

4. The problem of motive. 

Hunter and Naylor f..44, p.42i7 pointed out that two types of 

experimental objectives could be identified. The first objective 

was to find the combination of factor levels at which the response 

variable was maximised (or minimised) in order to optimise 



some process, and the second was to make a general investigation 

of the relationship of the response to the f~ctors in order to 

determine the underlying mechanism governing the proces s under 

study . Thes e objectives must be clearly specified before the 

researcher selects the type of experimental designs . 

The different techniques for both objectives have been dis­

cussed by Hunter and Naylor L1!:iJ including the full f a ctoria l 

design, the fracti onal f actorial design, the rotatable design, 
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the response surfa ce design and others. For optimi sation, t echni qucz 

such as the one - f actor- at- a-time method and the steepes t de s cent 

or ascent method could be used. 

The objectives for this study have been s pecified in chapter 

1. To a chieve these objec t ives , the full factori al design or the 

fractional factorial design could be used. The selection of 

experimental design is di s cussed in the next s ection. 

5.5 Alternative short term marketing policies 

The Simula tion experiments involve t wo sorts of exper iment~tions , 

namely, sensitivity analysis which i s presented in t h i s sec t ion ~ 

and poliey evalua tion in ae otion 5.6 Th~ en~itivity nnalyBiu 
aims to explore the sensitivity of the model es t abl ished by va r yin0 

the coefficients of the independent variables of the model. ~ach 

alternation of the coe fficients ca n be interpreted in terms of t he 

change in marketing policies . 

The alternative marketing policies are concerned with cont r ol 

of the supply of fresh vegetables in the wholesale market. These 

were two factors which could be manipulated as referred to e quation 

5-3, namely the parameter of lagged (t-1) period price variable and 

lagged (t-2) period weather index variable. On the demand side, 

only one factor was consider~d. The factor was the parameter of t he 



quantity variable (the term c4Q in equation 5-4). 

The marketing policies associated with these factors can be 

stated as follows: 

1. Supply policies the manipulation of supply wa s achie ve d 

through the adjustment of the lagged price (t-1) variable a nd the 

lagged (t-2) weather variable. The experimentation involve~ 

manipulation of the coefficients B
1 

and B
2 

in e quation 5-3. 1 
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Experimental levels of 100 percent decrease and 100 percent 

increase in the value ofB
1 

were chosen. The implication of 100 

percent increase in B
1 

was that the supp ly policies of the growers 

were not dependent on any lag ged price influence2 • Conversely, 

the increase of 100 percent in the factor value implied an 

increased price sensitivity by growers. 

The factors B
2 

was manipulated at two levels that were 10 

percent increased or decreased. He re the assumption wa s t ha t t he_ 

improvement of technology, such as utilisation of the glas shou s e, 

etc., could technically change the weather index value. The su~ply 

policies were imposed to in••estigate the various impa ct s o n pric e 

variances, mean prices and total gross income of the gro wers. 

2. Demand Policy: the manipulation of the demand policy is 

through the retailers changing their margin policy so that the 

price elasticity of demand at the wholesale level would be more 

elastic or the price flexibility lower · and vice versa. 

1 . The definitions of B
1

, B
2 

and c4 have been specified in 
Chapter 4, section 4.3. 

2. 100 percent decreased in B
1

, i.e . B
1 

= -x-(-x) = 0 

3. More detailed discussion of the influences of marketing margin5 
on price elasticity can be obtained in Chapter 2. 



From equation 5-4 the price flexibility can be deduced as 

follows: 

f = ~ __s_ 
dQ 

p 

= C4 & 
where 

f = price flexibility 

Q = the mean quantity 

p = the ffiean price 

0 = a constant . 
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(5-7) 

If the price flexibility was to be increased or decreased the 

factor c4 was subjected to manipulation under the experimentation. 

The value of c4 was varied at two levels i.e. increa sed or 
! 

decreased by 20 percent. 

5 .5. 1 The exper~mental desiEn for short term ma r ke ting pol icies 

The full factorial design involving 3 variables and 3 lovel s, 

a total of 33 = 27 cells was required for each fresh vegetable. For 

four vegetables 108 cells were requir ed . If five computer runs were 

assigne d for each cell (combination) a total of 540 computer runs was 

needed. In view of this problem, a selected fra ctional factorial 

experimdn~al design technique was employed as follows: 

Policy 1 involved two experiments in which the values of 

B
1 

were decreased and increased by 100 percent (Experiments Nos.1 and 

2 respectively in Table 5.5) while the rest of the factors remained 

constant. 

Policy 2 consisted of two experiments in which the values 

of B2 were decre a sed and increased by 10 percent, other factors 

remaining constant (Experiments 3 and 4). 

Policy 3 embodied two experiments in which the values of 

c4 were decreased and increased by a 20 percent level (ixperiments 5 
and 6). 



Policy 4 was the exploration of the two extreme factor 

levels, that is - 100 percent, - 10 percent and - 20 percent for 

factors B
1

, B
2 

and c4 respectively in experiment No.7, while t he 

lnst experiment explored the positive levels of the combination 

of the above three factors. 

5.5.2 Correction Faetorb 

Experimentation involving changes in the values of the co e ffic­

ients ass ociate~ with the independent variables in equations (5-3) 

and (5-4) will obviously affect the value of the dependent variable. 

For example, in the supply equation (5-3), d e creas i ng the absolut e 

value of B
1

, (the coefficient of Pt_
1

) will have the i mpact of 

increasing the value of SUt in any period. The aggregate supply of 

ve ge tables over the three-year period will also be increas ed. For 

experimental purposes, it is desirable to maintain the aggr ebate 

supply at a constant level as, in the case of the coefficient B
1

, 

we are concerned only with the impact of changes in the growe rs' 

short term response to price. A similar argument applies for 

e~erimentation with other coeff icients. 

In general, if we have. a functional relationship of the for m: 

and we experimentally vary the coefficient B . from its ori ginal 
l. 

value to a new value B~ , the appropriate correction factor is 

X.(B. + B. 1 ) where X. is a mean value. This correction factor 
l. l. l. l. 

will be added for each simulation period. 

The correctiori "factors are W, D, E, H, F and G, where 

w = (B1 - B11) 

D = the mean value of P t-1 

E = the value of (B
2 

- · Bl) 

H = the mean value of Wt(the index of weather) 
1 F = the value of (c4 - c4 ) 

G = the mean value of Qt 



The series of the above new coefficient inputs(~, D, E, H, 

F and G) for various fresh vegetables are listed in Appendix G. 
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The results of the experimentation on the four short term 

marketing policies are presented and discussed in the next section. 

5 . 5.3 Si~ulation 

The experimenta l simulation of the four short-term marketing 

policies were divided into eight experiments. Each of them was 

simulated for 5 replications except the variances of prices, and 

mean prices which were c a lculated for 10 rep lica tions over the 

historical period. The results are presented in Table 5 . 5 while 

the sum~ary of the results is listed in Table 5.6. 

5.5.4 Discussion of Results 

a) Policy 1. 

This policy involves experimentation with the ~ 1 coeffic i ent 

relating supply with price in the previous period. In Experiment 

1, the value of B1 is set at zero while experiment 2 involves doublin& 

the absolute value of B
1

• 

It would be expected that decreasing the dependence of supply 

on the lagged price would decrease the supply and price varianc~s. 

In general , the results support this hypothesis, with the exception 

of carrots in which case the variance of supply is increased both 

with an increase or decrease in the value of B1 • 

The growers• gross income (AI) is increased by setting B1 equal 

to zero in the case of cauliflower and cabbages. This is as expected, 

as the more inelastic the demand, the greater the expected impact 

of reducing the variance of vega table supplies on aggregate income. 

(The elasticities are -0.5034 and -.81 42 for cabbages and cauliflower 

resp~ctively. See Table 4.4). On the other hand, the gross income 

for lettuce, which has both a positive supply response to price 

lagged one period and an elastic deman4, is decreased by setting B1 



equal to zero. 

The unweighted mean price is increas e d by setting the va lue 

of B1 equal to zero in all cases e xcept c a rrots. 

In genera l, it c a n b e s a id that a more e vett pattern of 
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SUJply would be of bene fit to p ro duce r s i n terms of r educ i ng pr ice 

va ria nce a n d increasing sross income. Ho weve r, it s hould be p oi nted 

out that, with the exce p tion of the unwei ght e d mean pric e for 

cauliflower, the difference s betwe en the exp erimental trea t me n t s and 

the control were not sta tistically si g nificant ( ~= .05). Th i s 

situa tion could be a lte red with a larg er s ample, but ba sica lly 

it reil~cts t h o fact tha t l agge d p rices play a relative l y small r ol e 

in determining supplies to auction . 

b) Policy 2. 

This policy involves e xp eri me ntat i on with the B
2 

coe ffic ient 

which relates supply to clima tic conditions. Bxp eri menta l va r iatior. 

in the value of B
2 

could reflect possible tec hnologica l c ha nges in 

ve geta ble proauction. 

The results of changing B
2 

by plus a nd minus 10 p erc en t a r e 

sing ific a ntly different fro m the va lida tion run . In ge nera l, d i r ection 

of the impact on supply and p rice va ri a nce is as expected . That i s , 

the smaller the absolute va lue of B
2

, the s maller the va ri a nc e of 

price and income. However, only the c a se of cabbage, which ha s t he 

most inelastic demand of the four vegetables studied, wa s t h e g ro wers 

gross income increased by decreasing the absolute value of B
2

• 

c) Policy 3 

Policy 3 involves experimentation with the c4 coefficient wh ich 

relat e s price to quantity supplied in the demand equation. Experiment 

5 decreases the absolute value of the c4 coefficient by 20 percent 

implying a lower price flexibility and a more elastic demand. Exper­

iment 6 involves increasing the absolute value of c4 by the same 

proportion. 
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Other thints being equal, we would expect a more elastic 

demand to result in a reduction in price va riance for a given 

pattern of supplies. This hypothesis is born out by the results 

for all four ve ~etables. Ho we ver, as quantity supplied is 

dependent on pr ice lag6 ed by one period, the supply pattern does, 

in fact, change. In the c a se of cauliflower and cabbage , the 

supply variance decreases with a resultant increase in growers' 

gross income. In the c ase of lettuce and carrots, there is an 

increase in the variance of supply and a decrease in gross income. 

However, while the results are, in general, as would be expected 

on the basis of economic theory, there are some exce p tions. For 

example, both an increase and a decrease in the elasticity of demand 

for cabbages result in a decrease in p rice variance and an increase 

in growers' gross income. This is a reflection of the f a ct that 

the components of the simulation model inter-act in a complicated 

and sometimes unpredicta ble way . It should also be recog ni sed that 

unexpected results ma y be due simply to sampling error as none of the 

differences are statistically significant at the 5 percent level. 

d) Policy 4. 
This policy involves reducine the impact of both lacsed price 

and weather on vegetable sup; lies while increasing the elasticity 

of demand for vegetables. The changes in the supply equation would 

be expected to reduce price and income variance and to increase 

8ross income. Increasing the elasticity of demand would tend to 

decrease price variance and deciease the impact of the re duction in 

the variance of supply on gross income. The results in Tables 5.5 
and 5.6 su:i;port these hypotheses. 



TABLE 5.5 snrnLATION RES ULTS 

1 . CAULI FLO'.'/ER 

Results summary 2 VAR s2 DC3 VAB. P2 DC AMP2 DC vn,P2 DC AI 2 
DC VAR 1 2 DC 

POLICY** Expt.No.** . ..,. 

1 128008.6 - 0.6 1109 - 1.6584* + 1.4653 + 201991.3 + 366614.7 
1 

2 214859.8 0.9623 1.6044 1.2041 167525.7 403094.5 + + + - - + 

3 128255.1 - 0.6802 - 1.6142 + 1.3434 - 188180.1 - 396465.7 + 
2 

4 138895.2 + o. 74·15 + 1.71 96 + 1.4974 + 194-194.5 + 381 208.6 + 

5 118845.8 - 0.58 60 - 1. 6801 + 1.4675 + 206054. 3 + 396 185 .3 + 
3 

6 170503.6 + 0.97.56 + 1.7633 + 1.341f1 - 181779. 6 - 296290.7 

7 93414.6 - o.48 60 - 1.5901 + 1.491 8 + 206522 .3 + 360003 .9 + 

4 8 217790.7• + 1.03, 17* 1. 61+79 1.3159 178836.4 249877.4 + + - -

•• Policy and Expe riments No s . r e f er b a ck to se cti on 5.5.1 

2 VARS 
VAR P 
AMP 
AI 
VAR I 
Also 
ViMP 

= the v a riance of supply 
= the va ria nce of pric es 
= the unweighte d mea n pric e 
= Grower s ' g ro s s inco me 
= th e va rian c e of g r o s s income 

s ee c om ~u t e r pro gr a mme i n App e Pdix F & B 
= t he we ighted me a n price 

D.C. = th e dir e cti on of chang e o~ th e experime nta l 
r esult c ompa re d wi t h the base ru n 

• Dif fe r s fr om t h e va li da ted va lues 

+ and - i n dic a te the direction o f c ha ng e of t he 
r e s ult , mor e t hnn a n d le s s t h a n t he 
va lida t e d va lue . 

CD 
--...j 



TABLE 5.5 (continued) 2. CABBAGES 

Results summar;y 2 VAR s2 DC VAR P2 DC Al·iP2 

POLICY** EXPT.NO.* * 

1. 90015.5 - 0.71 02 - 1. 2724 

· 1 
2 132518.6 + 0.8855 + 1.2406 

3 102666 .1 - 0.7539 - 1. 2641 

2 
4 102039.9 - 0. 8069 + 1. 2739 

5 100848.7 - 0. 6361 - 1.1 878 

3 
6 107880.2 + 0.7742 - 1.4267 

7 87443.9 - 0.5947 - 1. 2100 
4 

8 141463 .5 + 0. 8717 + 1.471 6 

2, • • ,+ and - have be e n define d in Page 87 

DC \'J1-iP2 DC 

+ 1.0138 -

- 0. 9684 -

+ 1.0487 + 

+ 1.0564 + 

- 1.0491 + 

+ 1.2022 + 

- 1.0889 + 

+ 1. 1739 + 

AI2 DC 

157071. 6 + 

146578.8 -
158106 .2 + 

158194 .4 + 

157944 . 6 + 

176324. 9 + 

162843 . 5 + 

16~927 .4 + 

VAR 1
2 

420641.7 

430862. 5 

430512.5 

423211.7 

442486 .3 

270805.2 

457713 .1 

243920. 9 

DC 

+ 

+ 

+ 

+ 

+ 

+ 

co 
co 



TABLE 5.5 (continued) 3. LET'I'UCES 

Results summary 
2 VAR s2 

DC VAR P2 DC AMP2 
DC 

POLICY** EXPT. NO.** 

1 179997.8 - 0.7578 - 1.7959 + 
1 

2 249318.8 + 0.9098 + 1. 8036 + 

3 198340.3 + 0.8256 + 1.7430 -
2 

4 205001.1 + 0. 809L~ + 1. 81:13 + 

5 196869.2 + 0.7159 - 1.71 28 -
3 

6 209786.1 + 0. 8854 + 1. 8259 + 

7 165132.6 - o. 6649 - 1.7877 + 
4 

8 251449.4 + 1.0203 + 1.7536 -

2, ••,+and - have been de fined in t he previ ous page . 

miP2 
DC AI 2 

1.5913 + 220431.2 

1.4309 - 204804.6 

1.5619 + 216874.2 

1. 6010 + 217702 .. 5 

1.5309 + 21783d.3 

1. 5195 + 206926.4 

1. 6833 + 231903.6 

1. 3889 - 200291.7 

DC 

-
-

-
-

-
-

+ 

-

VAR I 2 

766782. 4 

753710.3 

754372.7 

798010.9 

749696 .0 

623451.4 

832518.8 

677217.4 

DC 

+ 

CX> 

'° 



TABLE 5.5 (conti nued ) 4. CA:HROTS 

Results summary 
2 · 

VAR s 2 DC VAR P 
2 DC AMP2 

POLICY** EXPT.NO. ** 

1 37774.7 + 0.5:857 - 1.7588 
"'-'- 1 

2 37572.9 + o. 5..:875 - 1. 8057 

3 33822.9 - 0. 5566 - 1.7701 
2 

4 33721.7 - 0. 5,551 - 1. 784-3 

5 36704.1 + 0. 5,508 - 1.7747 
5 

6 34904 .4 - o. 6·148 + 1,7662 

7 35388.8 + 0,511+45 - 1.792 1 
4 

8 36600.0 + 0. 6245 + 1.7759 

2, ••,+and - have been indica t ed in Page 87 . 

DC 'i1MP2 DC 

- 1. 8607 -
+ 1. 8870 + 

- 1. 8581 -
+ 1. 8686 + 

- 1. 84 18 -
- 1. 8867 + 

+ 1. 8589 -
- 1. 8916 + 

AI 2 DC 

1738Lf2.1 -

1741 01.,3 + 

172489 .. 7 -

173286. 7 -

171627.4 -
177647.6 + 

172738.8 -
176816.7 + 

VAR I 2 DC 

488570 .5 + 

481928 .1 + 

474872 .4 + · 

470503 .5 + 

446518.7 -
508427.6 . + 

453989.1 -

555328.6 + 

'° 0 
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TABLE 5. 6 THE SUI-iMARY OF THE RESULTS 

Policy AI VAR s VAR p A.V.P \:i!iP 

.:.:;xperiment 1 2 1 2 
No 

1 2 1 2 1 2 

Ca.uliflo v1 er + + + + + + 

1 Cabbage s + + + + 

Lettuces + + + + + 

Carrots + + + + + + 

Zxperiment 3 No . 
4 3 4 3 4 3 4 3 4 

Cauliflower - + + + + + + 

2 Cabbage s + + + + + + + 

Let tuces + + + + + + + 

Carrots 
I 

+ + 

Experir.ient 
No . 5 6 5 6 5 6 5 6 5 6 

Cauliflower + + + + + + 

3 Cabbages + + + + + + 

Lettuces + + + + + + 

Carrots + + + + 

Experi ment 
7 !'IQ . 

8 7 8 7 8 7 8 7 8 

Cauliflower + + + + 

4 Cabbages + + + + + + + + 

Lettuces + + + + + + 

Carr ots + + + + + + 
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5 . 5. 5 Conclusi ons from Sensitivity Analysis Exneriments 

The results in Table 5. 5 and 5.6 suggest that the five per­

formEnce parameters of the simulation ~odel a re not very sensitive 

to changes in the coefficients of the i~de~endent variables of 

the model . ~ven in experiments 5 and 6, which involved a 

co~bination of extreme changes for three par ameters, the1 results 

of the experi~ental runs did not differ significantly fro~ tne 

control. 

From a poli cy point of view, the most valuable t ype of 

experiment involves evaluating the i mpac t of a supply pattern f or 

which the variation in vegetable supplies to the Palmer ston Korth 

auctions is set at a minimum level consistent with seaso&al a nd 

other constraints . This experin1entation is discussed in the 

next section. 

5 . 6 The Eati :,r.alisAtion cf Supply 

5.6.1 7he ~xnerirr.cntal LJcsign 

The effect of r a tionali sation of supply thr0ush ma r ket cooper a ­

tives has been discussed in chapter 1 . Alttough the concep t of 

market coopera~ives has been discussed in many texts, in th~ 

context of the New Zealand fresh vege t a ble market no evidence of 

its existence could be found. In or<ler to investigate its i mpact 

on prices and growers gross inc ome, the simulation progra m was 

conduoted on the past historical data by manipulating the supply 
data as follows: 

For the sake of simplicity one of the fresh vegetables -

cabbages - was examined under several assumptions . 

· 1 . The rationaLisation of supply only restricted to main 

suppliers , who are, in the present context, defined as the growers 

who supply the local wholesale market contir.unously for more than 

6 weeks within a quarter . A list of the main suppliers and their 



perce n tage of total suprl~es for e 2 c h quarter has been compiled · 

in Table 5. 7. 

2 . The sup?liec whi c~ cocmenced in the l as t 3 er 4 weeks cf 

the one quarter for the main sup: liers , we=e not taken i nto con­

s i der ation . 
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3. The market c~operatives , if t hey we r e abl e to be established, 

Tioul d enable smoo t hing out of the sup~lies by su:ply contr ol , cold 

storage for s~ort periods ; transfe r of suppli es to other centrec, 

and by spreading the harvesting season for as long as possible 

within t he peri od being simulated . In this sense, the s u ~ply dats 

seri es was reorga nised by ave r a6in5 the mai n supplier's consign~ent 

withi n-each quarter accordin5 to the assumpti on specified above. 

Then the co~puter s i mulation prosramce w~s modified to suppress 

the generation of the random disturbance ter~ U . The mod i fied 
t 

programme enti tlcd V.i,G O 2 is shown in J..ppenciix H. 

5 . 6 . 2 Results ar.d Discussion 

The objective of this experiment was to determine t he r ~ti c cal ­

i sation of the supply en p rices, supply and i~come s for c abb~Ges. 

Sir.ce the objectives are to mi nimise vari ati on in price, ve5etable 

supplies and/or income , the d irecti on of change fo r supply and prica 

variance to inc r~ase g r oss income, should be ne~a tive compared wi th 

the validated va lue s . When the va ri a nce s of pric e and supply are 

decreased , the inco~e a nd unwe i ghed mean price should be increased 

(compared with the validated values). The results are presented in 

Table 5.8. 

It is obvious that all the variances of supply and price a re 

negative compare d with the v ~lidated values indicating tha t the 

fluctua tions of the above factors could be smoothed out, if the 

rationali.s a tion of the supply could be a c hieved through the market 

coopera tion. The pri c e va riation could be r educed by approximately 

18 percent and the supply varia nce by as much as 45 percent . On 

the other hand, the gross income and unwe i ~hted mean price are 

positively increa sed by 8.7 percent and 0.3 percent respectively. 
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TABLE 5 .7 THE PAT'I'Ert.N OF SUl-'PLY FOR THE r:AI N SUPPLIERS 

1969/70 1970/ 71 1971/72 
Percenta e of the total sup~l in each auarter 

2 3 4 1 2 3 4 1 2 3 4 

No. 1 4. 3 5. 8 2. 5 12 . 1 2 .4 9. 9 5 .5 6. 9 2. 3 5. 2 5 . 2 5.6 
2 3 . 7 5. 2 5. 3 3 . 8 7.8 6. 1 6 . 9 L, . 7 7. 8 8. 1 5.7 
3 4 . 3 2. 1 2.0 2.4 2. 7 5.5 
4 8 . 7 4. 9 3-5 5 . 3 /' ~ o . v 2. 4 1.7 2.9 4. o 1. 6 3-9 2. 7 
5 6 . 8 9. 6 4.7 2. 5 
6 7 .3 3. 6 18. 2 10 .6 7. 7 9.5 11 .8 8. 9 2. 1 5 . 9 3 . :j 
7 3 . 8 3. 4 3 .2 2.5 7. 7 19 . 5 6 . 9 3 . 0 16 . 0 
8 1. 4 4. 9 1.7 
9 2 . 9 2. 8 3.6 2 .9 3.3 1 . 8 o. 8 3. 1 L, . 7 

10 7.9 4.7 6 .2 - 10.3 8 . 1 5 .0 7. 6 2. 9 2. 8 
. 11 6. 6 6.4 3 . 7 5.3 1. 7 - 11.4 3 .2 4. 4 5 . 4 
12 ,2 . 1 7.2 4. 2 - 18. 2 · 5 . 7 
13 5 . 8 6 .6 2 .5 1. 7 2 .9 6. 5 10 . 4 7. 5 3. c 
14 3 . 2 4. o 3. 8 10 . 5 3 . 9 6. 2 3 . 2 4 . 1 6 . 9 11 . 1 2. 7 
15 4. 8 3.3 
16 4. 6 5.3 9. 9 3 .3 2 .0 3.3 3 . 6 5 . 4 
17 4. 6 
18 6. 4 - 15. 1 9. 5 2. 9 5. 2 11 . 7 
19 3. 7 
20 7.9 5 . 2 4 .1 3. 4 3 . 7 5 .4 3 .6 
21 3. 9 4. 1 3. 4 5 .0 6 . "l 
22 1. 3 0. 9 4,7 5. 1 L C, . ., 
23 ,. 

"' 1 . 9 .. 2.6 .. 3.4 "' r-
I • C, 

24 6 . 6 5.6 6 . 9 
25 1. 4 
26 2. 0 5 . 1 1. 5 
27 3.3 1.0 0.7 
28 4.3 3. 5 1. 8 2. 2 2.9 
29 5 . 1 2.3 
30 2.6 2 . 1 1. 7 
31 - 6. 5 5 .7 2. 6 2. 5 
32 3 . 2 9.5 5.7 6. 6 4. 7 8. 3 
33 1. 9 
34 5 . 4 
35 o.6 2. 5 

.3_6 2.3 2. 6 
37, 0.9 1. 7 
38 5 . 8 3 . 5 
39 1. 9 3 . 7 
40 8 . 6 

Total lo 
su:eplJ. 83 . 6 92.6 70 . 9 84.5 90. 7 88 .7 87.6 93.9 81.8 87 . 6 79. 4 86 . 4 

No.main 
suppli ers 15 17 18 13 20 15 21 17 15 16 18 18 



TABLE 5.8 

Expe rimental 

r esult 

Simulated 

va lida ted 

va lue 

Where 

THE RESULT OF RATIONALISATION OF SUPPLY FOR CABBAGE 

VARS D, C, V1\H P D.C. A.E. P, D.C. \'/ . h . P. 

59421.5 - 0.6165 - 1. 2489 + -- -

107655 .7 0.7488 1, 2!t51 ---

Var S = the supply v~ri an~e 

Var P = the price v~rianc e 

AMP = t he unwei ghte d mea n price ( pe r week) 

WMP = the weighted mean price ( per c ~~c r c r we ek) 

AI = the sum of g ross income 

Va r I = the income vu ria nco 

D. C. = dire cti on of chan~e s 

( dolla rs) 

D. C. A.I 

-- - 168205 . 3 

--- 154796 . 3 

D. C. 

+ 

VAR I. 

384108.7 

400556 . 8 

'° \J1 

D. C 



The conclusion which can be drawn from this experiment is tha t 

the r at iona lisation of supply is a satisfactory way to iron o&t 

price fluctuations and i m~rove the gross return to tte fresh ve 6 et­

able growe rs if the market cooperative can be established . 

5 . 7 Su~mary and Conclusion 

This chapter outlined the construction of a computer sinulation 

mode l from the existing econometric model . The valid~tion of tte 

simulation model wari discussed and the results were p r esented . 

Three al terna ti ve snort term 1r.c:.rketi::1g; polic i es (i . e . , two su_;:,::)ly 

policies and a demand policy) and a ratio nalisation of ttc supply 

policy were tested and outlined in tte third section. The results 

wer e presented in section 4 . . 

In 6eneral, the results showed that the rnodel was insensitive 

to c hanges in the parameters of its co~ponent equations . ~hile tte 

di r ection of c hanGeS in tte performance para~eters of the system w~re 

usually as expected, the results were not statictically sicnificant 

when compared with the val idation run. 

The rolicy of r aticna lisa tion of the supply throu~h ~arket 

cooperatives was shown to be a satisfactory way to iron out price 

fluctuations and improve the: gross return to fresh vet;etable growers . 

However, this was based on the assumption ~hat such cooperatives 

were able to be established . 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

In Chapter 1 the principal objectives of this thesis were 

stated to be: the estimation of the short-term supply and dema nd 

relationships for fresh vegetables at auction; the determination 

of the effects on prices ~nd growers' gross incomes of various 

short-term supply policies. 

The study commenced with a description of the fresh vegetable 

industry and its problems (chapter 1). The classical cobweb 

theorem and causes of the price fluctuat~ons relevant to this study 

were outlined in chapter 2. These provided a basic framework 

for selecting suitable techniques in model building which was dis­

cussed in chapter 3. The selected techni ques involved a r ecurs ive 

econometric model for inductive phase of model building while 

simulation was applied in the deductive phase. 

Chapter 4 developed an econometric model used to explain the 

past behaviour of the short term demand and supply relationships . 

It showed that the wholesale demand for cabbages and cauliflowers 

is relatively inelastic while that of lettuces was elastic. Carrots 

showed non-sign_'ificant positive relationship between quantity 

purchased and price. 

In the last chapter, the impact of variation in the parameters 

of the component equations of the model was studied. The model 

was relatively insensitive to changes in its parameters. It was 

proved that the supply of fresh vegetables wa s mainly governed by 

the seasonal factors. The . above arguments lead to the following 

general conclusions: 



1) Prices and income fluctuations in the fresh 

vegetable industry are supply-induced; 

2) An attempt to reduce the fluctuation in fresh 

vegetable prices and growers' iocomo should 

probably be done by manipulating the quantities . 

of fresh vegetables released to the auction 

market. 
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The last of the above two conclusions was further confir• ed 

by experimenting with a technically feasible rationalisation of 

supply policy. The result indicated that, if the marketed 

volume could be regulated by the marketing cooperatives, the 

price variance and supply variance would be reduced by 18~ and 

45% respectively, and the gross income and unwei ghted mean 

price increased by 8.7% and 0.3/4 respectively. 

A further study of the feasibility of organising a market 

cooperative in this field is required. 
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FRESH VEGETABLE PRODUCTION AND ACREAGE STATISTICS 

TABLE 1 VEGETABLES - PRODUCTICN FOR FRi:SH MARKET 

(tons) 

1962 1966 1967 1968 1969 1970 

Asparagus 162 153 308 294 256 285 

Beans - green 746 786 881 1,032 1,026 1,129 

Beetroot 1,942 2,209 2,191 2,193 2,371 2,009 

Brussels Sprouts 1,175 1,182 1,239 1,099 1 , 128 1,231 

Cabbage 24,144 24,963 24,168 23,954 32, 173 30,406 

Carrots 21,400 21,589 22,332 22,447 28,610 30,270 

Cauliflower 15,765 25,610 25,943 26,449 26,724 25,875 

Celery 2,581 2,799 3,078 3,478 4,810 3,705 

Cucumbers 1 1,935 2,023 1,025 1,180 1,037 1,0!;.8 

Kumaras 4,902 5,083 5,624 6,322 7,259 8 ,095 

Lettuce 11,943 13,046 14,098 13 , 866 15 , 931 13,905 

Onions 20,668 20,356 24,664 25,643 35,678 30,695 

Parsnips 3,735 3,638 4,609 4,832 7,516 6,605 

Peas 731 601 609 552 760 572 

Sweet corn 1,036 858 267 407 639 592 

Tomatoes 2 20,015 18,224 19,487 21,424 20,017 23,117 

This table does not include production for processing. 

1965 and 1966 outdoor plus glasshouse production. 
glasshouse production only. 

2. Outdoor plus glasshouse production. 

LISiV ~y 
MASS£Y L: .. .''.::.SITY 

Other years 



TABLE 2 VEGETABLES - NET AREAS GROWN FOR FRESH MARKET 

(OUTDOOR CROPS) 

(acres) 

1965 1966 1967 1968 12§.2 

Asparagus 154 133 269 147 164 

Beans - ,green 226 232 264 302 296 

Beetroot 206 209 234 238 262 

Brussels Sprouts 286 285 297 299 308 

Cabbage 2,662 2,614 2,865 2, 894 3,664 

Carrots 1,575 1,687 1,780 1,785 2,420 

Cauliflower 2,751 2,914 2,987 3,036 3,187 
Celery 137 166 182 202 295 
Kumaras 932 987 965 993 1,192 
Lettuce 1,405 1,492 1,611 1,667 1,824 
Onions 1,817 1,722 2,154 2,275 2,867 

Parsnips ~$3 ' - . '+05 461 1+71 788 
Peas 295 244 270 289 354 
Sweet corn 241 230 71 97 177 
Tomatoes 495 526 645 672 612 

This table does not include areas gorwn for processing nor 
areas of glasshouses. 

Source: N.Z . D.A. Horticulture Statistics (1971) 

100 

1970 

191 

330 

223 

324 

3,236 

2,366 

3,199 

232 

1,100 

1,869 

2,527 

758 

332 
182 

754 



TABLE 1 

Vegetable 

Potatoes 

Tomatoes 

Onions 

Other 

TOTALS 

Source 

TABLE 2 

Type of 
Store 

Fruit & 
Vegetable 

shop 

Grocery 

Variety 
store 

Dairy 

General 
store 

Other 

TOTALS 

APPENDIX A.2 

THE NEW ZEALAND 
FRESH· VEGETABLES TRADE STATISTICS 

EXPORT OF FRESH VEGETABLES 
~ tons~ 

1966 1967 1968 1969 

14,978 6,205 5,079 6,568 

49 36 76 130 

2,850 4,812 9,848 4,230 

539 307 496 934 

N.Z.External Trade statistics 

l970 

9,794 
180 

9,615 

953 

FRUIT AND VEGETABLES HANDLED BY VARIOUS TYPES 
OF RETAIL STORES AND SERVICE ESTABLISHMENTS 

Number of stores handling Sales and turnover of commodity 

1963 
commodit;r 

1968 1963 196 p 
No. Percent No. Percent Amount Percent Amount Percent 

($000) ($000) 

1135 20.4 1064 21.6 27,820 61.3 30, 451 56 . 5 

3161 56.7 2?24 55.4 8,568 18.9 4 ,69? 27.3 

47 0.9 74 1.5 1,102 2.4 3,044 5 . 6 
481 8.6 404 8.2 1,450 3.2 1,612 3. 0 

390 7.0 327 6.6 1.908 4.2 1, 270 2. 3 
363 6.4 331 6.7 4,532 10.0 2,842 5 . 3 

5577 100.0 4924 100.0 45,380 100.0 53,916 100. 0 

Source s N.Z.Department of Statistics, 111963-1968 Census of Dist r i bu tion", 
Government Printer, Wellington. 



APPENDIX B 

THE DATA 

CABBAGES CA ULI .F'LOWERS LETTUCES CARROTS 
Year Week wt pt sut pt sut pt sut pt sut 

1969 1 20.45 .75 870 .87 1286 .59 1031 .96 317 
2 14.22 .69 728 .72 1016 .51 889 1.08 582 
3 ·14.52 .95 741 .69 1222 .25 815 1.28 f>90 
4 ( o.oo .64 907 .53 1203 .65 405 .87 695 

. 5 12.98 .88 -1078 .85 1562 .66 581 .80 651 
6 12.15 1.08 988 1.20 1239 1.09 402 .98 471 
7 14.42 .74 1238 .82 1454 1.31 484 1.10 537 
8 12.12 .41 1297 1.02 10Lf8 1.38 474 .87 606 
9 3.00 .55 13~5 .63 1919 1.34 506 1.08 487 

10 4.20 .47 1119 1. LfO 969 1.98 273 1.12 564 
11 2.79 .38 956 1.35 988 3.27 185 1.08 748 
12 1.66 .83 1006 1.71 1269 3.06 285 1. 11 589 
13 .57 1.14 1097 1.85 1050 3.75 a39 1.10 612 
14 5.01 .84 1243 1.53 1551 3.97 223 1.09 534 
15 o.oo .81 1144 1.23 1437 3 •1t3 271 .92 658 

· 16 . . '.15 1.04 958 1.33 1197 2.96 325 1.13 442 
17 4.~o .99 1227 1.64 1200 2.78 321 1.18 573 
18 1.38 .84 1159 1.60 1008 2.06 341 1. 01 667 
19 7.68 .71 1213 1.22 1002 2.57 333 .94 610 
20 9.78 .54 1129 .97 1474 2.37 385 1.16 600 
21 3.95 .58 1104 .77 1320 2.26 476 1.06 594 
22 8.98 .64 1149 1.23 938 1.70 568 1.07 601 
23 14.61 .61 1086 1. 04 1217 1. 37 987 1.07 789 
24 11.30 .85 801 .74 1258 1. 93 1191t 1.00 647 
25 10.81 .48 1343 .87 1048 1.50 1028 1.50 540 
26 11.71 .75 900 1. 65 724 1.61 1098 1 .63 811 

~ 

0 
N 
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CABBAGES CA ULI F'L0l'iEHS LE'l1 TUCES CARR0'l'S 

Year Week wt pt sut pt sut pt sut pt sut 

1969( cont) 

27 9.26 1.13 1632 1.28 1678 .95 1644 1.24 1047 
28 6.90 1.22 944 1.83 804 . 73 848 1.31 556 
29 12 .14 1. 21 11 46 1. 67 891 .71 1585 1.38 951 
30 11.84 1. 44 1239 1.23 1423 . 85 1389 1. 55 896 
31 11.91 1 .20 1246 . 88 1047 1.19 1039 1.34 722 
32 15.74 .73 11 22 . 87 952 1. 02 1599 1. 39 790 
33 27 .16 .48 1123 . 79 11 20 1. 08 1570 1. 07 994 
34 17.00 .54 1109 . 96 1037 1. 06 1311 1.14 1159 
35 20.96 .55 927 1.13 859 1.07 1203 1. 23 1086 
36 20.54 .77 574 . 92 815 1.03 1031 1. 01 521 
37 24.19 . 92 672 1. 20 574 1.12 1323 • 94 71 9 
38 24.15 . 87 530 1.60 894 . 90 1538 1.51 463 
39 11.18 1. 94 358 1. 21 621 1.37 923 1.18 434 
40 26.83 2.17 124 2. 06 245 1. 80 1104 1.35 233 41 21.53 2.10 394 1. 82 359 1.62 1394 1.31 789 
42 23.45 1. 98 708 1. 81 326 1.59 1013 .93 582 
43 29.43 1.73 41 4 1. 71 457 2.03 1228 1. 27 371 
44 19.29 2. 50 496 2.34 378 1.43 1049 . 68 726 
45 20.59 3. 89 362 2.11 472 1. 92 998 1.25 360 
46 20.44 3.80 406 1. 88 567 2.42 948 . 96 218 
47 24 .42 3.71 451 1. 65 661 2. 92 897 1 . 11 121 
48 23 . 64 3.62 495 1. 91 515 2. 26 1168 1.56 365 
49 28.81 2. 83 571 1. 87 609 2 , l f 3 863 1·?2 467 
50 22 . 88 4.03 364 2. 08 562 3.06 528 2. 06 384 
51 20.96 3 .1 5 336 1.67 827 2,71 564 1. 95 516 -' 52 21.12 2. 89 635 1, 75 853 2.36 599 2.21 447 C 

\.,! 



CABBAGES CAULIFLOWERS LE1'TUCES CARROTS 
Year Week w pt sut pt sut pt sut pt sut t 

1970 1 19.38 2.21 707 2.47 772 2.36 635 2. 11+ 421 
2 16.35 1.54 942 3.02 559 2 . 01 671 1.62 622 
3 13.46 1.80 970 2.80 635 1. 66 700 1. 25 643 
4 16.21 1.09 1040 2.62 686 1. 31 707 1.17 547 
5 11.87 1.35 906 2 .13 831 1.13 535 1.49 413 
6 7.65 1. 21 854 1.29 1100 1.47 405 1.83 480 
7 12.35 . 94 922 . 79 1211 2.05 4'+0 2.28 504 
8 6.65 .77 1220 1.40 793 1.72 367 1.23 688 
9 4.21 . 90 1131 2.34 562 1.31 456 2.14 404 

10 6.14 .76 1103 2.04 617 1.31 290 1.75 510 
11 5.54 . 66 1168 1. 84 575 1. 40 358 1. 69 5It8 
12 5 .14 . 67 1201 1.65 533 1.50 330 1.59 645 
13 14. 46 .52 1416 1.34 934 1.59 302 1. 49 752 14 8.89 .58 965 1.22 1107 1.39 376 1. Lt6 674 
15 4.84 .57 11 21 1.27 979 1.05 436 1.51 653 
16 6.20 .66 1078 1.33 1057 1.13 384 1.32 335 
17 7.64 .63 972 1.12 987 1.39 432 2. 19 399 
18 5.38 . 52 9eo 1.31 616 1. 21 328 1. 85 632 
19 6.40 .60 937 1. 22 1076 . 82 868 1. 94 523 20 6.79 . 82 991 1. 11 11 85 1. Lt5 608 1.75 612 
21 5.31 . 90 970 1.16 11 93 1. 60 633 1.61 689 
22 11.46 .64 1024 1. 08 1315 1. 68 664 1.83 566 
23 11.67 . 81 925 1.10 1109 2. 67 658 1. 94 554 
24 10.65 1. 21 831 1. 47 885 2.96 813 2 .1 6 704 
25 9.39 1.37 885 1.69 751 2.11 1042 2 . 14 579 26 8.99 1.54 939 2 .1 6 859 2 . 06 819 2.63 586 

-' 
0 
+ 



------------ - -.. ----------------- ·-
CABBAGES CAULIFLO,,EB!:> LETTUCLS CARRO'l'S 

Year Week V\ pt sut pt s ut pt SU t pt s u t 

1970 (cont) 

27 14.62 1.70 993 3 .1 9 282 2. 39 1033 3.53 738 
28 10.41 2. 60 991 2 .1 6 448 2.98 755 2. 66 853 
29 12.09 1.64 1219 2. 27 448 4.70 785 2.00 638 
30 16.15 1.22 1309 1.71 939 4. 20 11 66 3 . 62 587 
31 18.26 1.44 1396 1. 79 683 3. 4L1 992 2.91 738 
32 13.38 1.48 969 2. 28 719 2. 53 1079 2. 66 620 
33 20 . 3.6 1. 94 909 2.01 538 1.56 1555 2 •1f 5 546 
34 19. G7 2 .1 7 782 2.68 666 2. 09 1451 2. i4 679 
35 ~4.1 9 1.45 769 2 .01, 556 2. L15 11 77 2. 6 642 
36 19. 88 2.40 589 1.85 628 2. L1 2 1070 2. 61 698 
37 18 . Lf4 1.41 734 1.97 628 1.01 1560 2. 61 508 
38 18.43 1.22 516 1.61 673 . Bo 1659 2. 69 639 
39 21.28 1.18 588 1.51 571 .74 1547 2. 36 Lf70 
40 22.73 1.18 6L10 1. 28 522 . 88 10G4 2. 04 39Lf 
41 18 •19 1.16 567 1. 23 Lf95 . 87 11 21 2. 38 298 
42 22. 89 .68 520 1. 95 701 1.25 1244 1.56 972 
43 25. 63 .62 691 1. 71 373 2. 38 1213 . 69 629 
44 25.15 1.13 474 1. 58 387 2. L14 1008 1. 25 399 
45 19. 99 1.10 645 2. 01 427 1. 63 1200 1.66 4116 
46 26. 29 1. 11 816 1. 94 164 1. 79 1072 1. 90 L1 08 
47 27.48 1.08 988 1. 86 348 1. 82 917 2 .13 500 
48 18.44 .73 852 1. 79 531 1. 85 995 2. 42 375 
49 17 .1 9 . 73 852 2. 07 463 1. 89 8110 2.59 633 
50 20.66 1.1 9 821 2. 01 586 3. 46 597 1.61 662 
51 22. 26 1. 51 904 1.95 709 3 . 21 685 1. 45 618 
52 23 . 86 1. 31+ 862 1. 86 655 2 .96 7772 1. 29 . 394 

_. 
0 
\J1 



------------·- -------- · ·-------CABBAGES CAULI FL01·1ERS LE'l"l'UCES CAl:<lWTS 
Ye ar Week wt pt c.,u 

pt su. pt sut pt sut u t 't 

1971 1 11.57 1.15 904 2.07 598 2 .17 912 2.07 4oz 
2 15 .91 1 .17 9L~z 2 .15 552 3.23 578 1.73 465 
3 17 .14 1.55 803 1.12 1017 3.37 724 1. 86 Lf53 
4 18.71 1. 60 1059 .77 1600 2.G1 375 1.76 66lt 
5 16 .25 1.1 7 1338 .63 1597 1.29 712 1. 45 550 
6 8.81 1.20 1250 1.19 11L;Lf 1.32 532 1.36 1+57 
7 15 .02 .47 1 Lf 63 1. 53 1266 1.17 528 1.50 551+ 
8 6.05 .76 1858 1.86 994 1.91 5/.i.3 1. 16 643 
9 12.30 .98 1390 1.70 11 22 2.92 385 1. 08 586 

10 15. 24 .93 1632 .97 1Lf68 3.99 327 1.07 917 
11 9.40 .88 1444 .99 1488 2.73 341 1.26 h20 
12 8.91 .70 1581 1.50 1391~ 3 .17 335 1.61 l+85 
13 6.81 .80 1417 1.1 8 1599 2.78 352 1. 1f3 705 
1 lt 2.63 .81 1593 1. 53 1071 2.96 392 1. LfO 626 
15 o.oo .75 ' 1 817 2.50 771 2.29 31+4 1.57 651 
16 5.15 .90 1495 2.79 571 2.39 Lf49 1.55 570 
17 4.80 1. 57 995 2.26 756 2.07 483 1.71 651+ 
18 4 .29 1.57 883 2 .18 655 1. 85 5LfO 1.74 688 
19 4.85 1,57 771 1.29 1359 1.33 683 1. 53 700 
20 .43 1. 24 1252 . 86 17LfO 1.1 8 734 1.39 536 
21 3.98 .93 151tO 1. 51 11 38 1.16 761 1. Lr6 61+5 
22 4.31 1.17 1017 1. 53 1500 1.58 696 1. 38 79+ 
23 4.76 .90 1415 1. 94 11 29 '1. 25 1a8 L:. 1. 6 '1 679 
24 5.00 1.22 1075 1. 81 131 0 1 .1.+4 985 1.65 743 
25 4.52 1.40 1048 1.Go 1368 1 C 

1}3 1201:• 1. 61 759 
26 3.39 1.49 1214 1 o·, 11 1f3 1 • 5Lf 1168 1. 93 689 ...> 

• ./ :> 0 
(J\ 



,_,.,, __ ·--- --·-••·-· ~~ ..... ...J__. _ _, __ • __ --·· .... -· 

CA BBAGES CA ULl 1· LO .'1EILS LE'l"l.'UC ES CAl:<lW'lS 
Year Week w t pt sut Pt sut Pt sut Pt sut 

- -..... ....-.... . ,. _. __ ., ·-------~-~- ------ ·----~- --- ~- , .... - -
1971 ( cont ) 

27 7.55 2.10 929 2.26 1296 1 • L12 1070 2.lf8 778 
28 6.98 2.79 973 2.29 1012 1. 8'.) 1427 2. Lf2 802 
29 12.89 2.23 1083 1.95 1302 1.78 1560 2.33 886 
30 7.79 1.98 11 30 1.78 953 1. 61 11 01+ 2.35 1087 
31 11.97 1. 61+ 1091 1. 81 931+ 1. 09 1186 1.85 885 
32 15.59 1.33 1061 2.58 612 1.75 1859 1.78 697 
33 15 . 14 .90 1322 2.70 670 1.70 1457 2.20 G65 
34 13 .38 .99 1231• 2. 19 859 1. 30 1807 3.03 524 
35 20.48 1.02 1211 2.86 G86 . 79 1if88 2.62 1087 
36 13.74 .95 12111 2.77 861 1.08 15~9 2 •115 910 
37 20 .31 .96 11 29 1.92 991 1 .36 1609 3 .18 771 
38 21 .06 .70 827 1.87 7118 1 • G1, 2010 3. '12 61:9 
39 23.26 1.01 793 .88 759 1.18 1911 2.70 730 
40 22.72 .68 5'+'i .93 383 1.38 1088 3.32 233 
41 19.31 .69 762 3 .111, 263 1. 88 972 1.93 599 
42 18.43 .59 925 2 .1 G 521 .83 1074 2.55 770 
43 19. 97 0 79 673 2 . 1:o 3Lf~ 1 • QI~ 1293 2.28 510 
44 16.64 .72 745 2.08 616 1. 12 912 2.89 3112 

45 13.53 .88 8.?6 1 •1f 8 665 1.46 818 1-+. 09 380 
46 10 .75 1.18 73) 1.26 896 1. 13 1067 3.76 262 
47 24.21 1.12 670 .92 963 1 . 09 1214 3.08 391 
48 20.15 1.13 556 .7G 958 1 • Qi, 1020 2.07 I+~ 8 
49 21.46 . 88 818 1.28 701 .95 1093 3.09 183 
50 23.26 .82 12'.;>2 1 • 1 :) 689 1, '1 () 6 '/ I+ 2.50 606 
51 16. 81 1.06 10'1/i 1 .lf7 111 IT 1.35 79? 1.88 GC>2 
52 20. 81+ 0.95 1133 1. ?5 97(, 1.G9 1301 1.68 559 

_, 
0 
-._J 



APPE:ZDIX C 1C8 

'l'HS AUTOCORRELA'.i'IGN OF TE DIS'!'U?.3ANCS :::::;ROR D~-:s 

Vegetable 

Ci.:..ul. i fl.o\'/01: 1 • .5;02 1.4"579 

1.0770 0.5236 

Lettuce 1.2892 

Co.rrots 1.4975 0.5723 



.ti.P?E:rnIX D 
109 

TES'::3 O? :,:uL'.::I-C0LLI~lEA:RITY 

I. SU?PL! FU~CTI0NS 

C.-.GLIFL0:.:::;::<s 

T p '.1.,_ 2 s1 s2 t - t-1 l, -

p t - 1 0.2994 

n; 

"t- 2 - 0.0227 o.,I;.12 

s1 0.0000 -'0 . 1656 - 0 . 1084 

.~ 
"'2 0.0000 - 0 . 1&63 - 0.5729 • - 0.3333 

s3 0.0000 0 . 22?8 0.0892 -0.3162 - 0 . 3,62 

m ,...-.... r..., 
• r . D ~__, 2 c.~_33_.'._G::,s 

'i' -;::, ' ' C: C! 
- ··- - ·;-1 "' t -2 ... , ~2 

" 

p J 1 c-
- 0.0900 

i\_2 - 0.0221 0.337L, 

s1 0.0000 - 0.1692 - 0.1082 

s2 0.0000 - 0.2577 - 0.5725• - 0 . 3333 

s3 0.0000 0.1187 0.0895 - 0 . 3162 - 0 . 3162 
,I 

TABLE 3 LETTUCES 

Tt 
p 
• t-1 wt-2 s1 s2 

pt-1 0.0128 

\H 
't-2 -0. 0227 - 0.0642 

s1 0.0000 0.0086 - 0 .1084 

s2 0. 0000 0.1289 -0.5729" - 0.3333 

s3 0 .0000 -0.0897 0 . 0892 - 0 . 3162 - 0.3162 

• represents the variables with the highest correla tion. 



(continued ) 1 "'.0 

TABLE L~ 

,,, 
pt- 1 

, .. 
s1 C: -.- ., • ? '-'2 (., t - ,_ 

:pt- 1 0 - 5~26 

'" - 0.0227 0.2230 "t -2 

s, 0.0000 -0.3062 - 0. '?03~-

s2 o.ooco - 0. 2308 - 0 .5729* - 0.3333 

s_ o . cooo 0. 3310 0.0892 - 0.3162 - V.3'1.::.2 
::> 

'-}J.31:S 5 

-------------------------------------"-

,,, 
" t 

Cauli flc r,e :::-s 

T' t 

0.6360 

\',' t 

Cnbbc:.ccs 

0.6267 

\
,. 
' ,l,. 

(., 
'.ft 

0.5882 

C::.:.·:.· _ ·v-, 

0 r I ~-· . o -,~;, 

- 0.6926 - 0. 7373· - 0. 6795 0.6940 o. Lr673 - 0. ,237 

* r epresents t he va riables with the hi ghes t correlation . 

It was shown in the above t est, the ~ulticollineari ty 

demand and supply functions was .not very high . 

in th~ 



.'.P?:Zl:JIX E 
1-:: 

m .~ 'T""\- "r'"' ,, r;:_:,·'l""'I S'G??LY ~u1:c:::ro::s _:.,..;.J .. .D..1-J I -.1.--J 

::ori::o.its..l Sc.~:91 i :).,; Cc.'.lli flor:0::-s C::..ob:::.:;03 C-~::: ot.:; ~ .... -~ ·.;'_C .... -

Poi.:.'lt Inte:.~v.:.l 

x1 - 600 o.cooo 0 . 0000 o.ocoo 0.0080 

V 

' --2 - 500 0.0321 o . cooo 0 . 0000 o.01s2 

x3 - L:-00 0.0577 0.0385 0.0000 0.G~2C 

V - 300 0 . 1090 0.0770 0.0123 0 0 cs_;-, .l>.4 

X - 200 0 . 1$23 o. ,657 o.c333 o.:s2~ 
::; 

y -- ,-C 
- '100 0.3397 0.3590 0.2:.,36 c.~2~-; 

" 0 0.5256 0 . 512£ 0 --·')-, r-. .-- -r,,. 
-·-7 • ::J.:>- . Vo:);/v 

z,., 
0 

'iC0 0.6923 0.6731 0.7565 0~6~5S 

Y.a 200 o. 81!.;.-: 
':) 

0. 3tl..t1 0.9232. C .. C~-V 

y 300 0.87-,:., 0.9036 o.ss,7 V.G/~7 ··10 

x11 L~oo 0.9231 0.9675 0.97-.-5 CeS23V 

x,2 500 0.97L~4 0.9307 'i . 00CJ c.9~7: 

Y.A_ 600 0 . 9872 0.987, 1. 0000 o . s9~5 
I .) 

x14 700 0.9872 0 . 9935 1. 0000 0 . 99:;,5 

x15 · 800 0.9872 0.9935 1.0000 'i.0G00 

x16 900 1.0000 1.0000 1.0000 1. 0000 



TA3LI: 2 

Eo:c.-izom;al S.:l:--.pli ~S C&;.ili flo·;;c::-.3 Ci:..Cba~as Cc::..!':.~ots _,~-.; ·c-_.:;c.:. 
~ • +-
..r'Ol.:'.!..., I::J.terval 

y 
·1 - 1.6 0.0000 0.0000 0.0000 o.ccco 

y2 - 1.2 0. 0000 0.0000 0.0128 o.o-,2c 

V - o.8 0.0321 000321 0.0705 o.o3;;~ 
- 3 

Y, - 0 . 4 O .1859 0.2693 0 ;,CC:.'... •-'-'-. 0.3:,-::,7 
'T 

" 0 0.5,92 o .532~ c.53.::0 c\15sc~ -5 
V -6 

0 L,. . . 0.8333 o . 807? 0. 7435 o.73v7 

y? o.8 o. 9L.-23 0 . 9--:03 o. C,973 C :-:-1 ·· , 
• V • ..., • 

,, 
-'- 8 -: • 2 0.9808 o.s552 o . ss7:, o.s~;:.: 

y ,. 
0.9936 o.<;&72 0. 9.306 ,- -.. ,,,. ,,. 

9 
., -~ J . ';,:..: .-: 

,r 2.0 1.0000 :.coco o. ~s>, o.~-10 
- 10 

V 2 • L; 1.0000 'i.CCOO 1.CJCO , .c:,:v 
- 11 
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:•:Jc:~ J~.!· :,\..:.:,:..,).,.1!'.~TH(:.SG).,S'J(l:Jv)-,?(:)v), 
:-.;s c:< :-1

~ ( ~;c_: 
i) i ;.-; o:-i 
i ;, " / 

112 C:\ LL JU\/✓ DU ( i ,<.., i Y., Y t_ L.) 
IX::: l Y 
C,\LL. U!1T~,\'!.() 1 ! ~,) 
i..~U TU ( lUl., '1..l:'.)., I:..: 

lUl CCUTI i ✓ Ui: 

JV,-\l< :;:: ;-;:ui-·1i.jL!~ oi: !\Ui,)~1 

i{!~/dJ( L, i) ,J\/;\/·: 
:i r=.o 1~.·.: .. '.\r c 1 :i.) 

[) () l; ! T;...; l , 1 :.i L 

i\ S AiJ ( 2 ·' '.) ) i. Y ;: i~ ! ~ , I i 1 :: t: :-~ , S; i ET I'.-; 
) ;: 0 ;~;..-i ;.\ T ( l l / l XI ! 2 I l ;( I F.) 9 2) 

! Y C/d~ ( / T) "''i~Y L.:.:.i~ 
J::•/EC!-:( 1 T) :::J \"ii:Er~ 

ti" :, ! ;: ·r ! ; \ I T ) :..: :) \-!ET;.· 

:::L,-\:; (~~I !;LJ) F XJ. Ii:.-;:'. IF,,:·, IF:\.':./ i::<) / F,\ t;, F ;\/Ir: :-:s 
:~!:1-\U( '.:, :,lJ > r::< :i, 1:.,., LG.· 1 .< 1 :J., 1: ;.~ 1::, 1-x1:·J, 1: ;-:11;, F .-.:1 J, i· :-::L l~ 

l;U :-U;\;.1,\T(:-;1:/.t,), 

1,: i:., \:) ( :/ , i, 1 ) x 1 , :-: :~ ., ,, > , ,.: 11 , \ J , x l.i , x 1 , ;\ ~; , ;,: 0 , x 1 8 , .\ 1 :~ , :c~ :~ , ,< :~ ~ , 
iil ::l)/\,'-i,\"1"( 1:,F1;. li) 

r: ~ ;\ '.) ( :~ , 1; / ) 1~ Y 1 , 1,: Y :~ , j." Y J" 
1 

r· Yi; ,. 1:- '( '.i 
:\C:1\J( :-: ,. i~j )FYu, FY/, i:- Y0, rY0, 1~v10, 1:v11 

L, ~ r:o ;\;-.:,;~·r ( ~;.:;. 4) 
:-. ::i i: 0 R:'·< ,~ T ( G ;.: 7 • i~) 

;.:: :: ;'.\[) ( L ,. ;~ :;. ) Y l ., '! 2 , Y 3 , Y ':. , Y J ., ':' G, Y 7 , Y 2. , Y S , Y l C, Y l l 
4~ ·ro1~:.1 .. :,--:(::.=.t=L,.l) 

~~A0(1,J)8l,81,S3JA1,A2 
.~: t:.~\D c 2, o ) .~), ;\L,., c2, c~:~; , c:...·., c-: 

S ,:: c;, r:: :\ '. ;\ ·:- ( G F ::_ :!. • S ) 
F: E /\D ( l ,. ~:- j ) L) I I,',.' 

;,~ !:;'.'._J ( ~, i+:J) t:., h 
:H: ;:·, U ( 2 ,. J:. S ) F, C 

~;) r U i~;.;/d. ( ::: ~ 11. :.i) 
lGG JO 00 I ~1, l:;G 

~)U(!);.;(;_Q 

G~ HIJ-0 u.u 
i\S l = 0 
r,IS 2 :.;;u 
l1iS :S =O 
X=O.J 
Y=U.O 
.i'.=U.O 
AL=U.U 
;:-\J','i=J. J 

;::,s =O. G 
u .:.,Q • u 
V O

~ • O 
:<:: /, 0 ( ~ / 7 ) ? ( !'. ) 

:..: I 

,:, V : T = j ·:- -.- =-
l := ~ ~}:: :: :: ;-~ ~ : -! ) - J. ::; ) 0 , S ., ~ J 

":. \'.):=: 

.X 15 XI 6 

( =·: ) 



f,S2=U 
NS3=Ll 
GO TO 15 

l O I F ( J \i E EK ( I T) - 2 6 ) 11 , 11 , 12 
11 NS.l=O 

NS2=1 
i,S 3 =O 
GO TO 15 

12 I F ( J \·/ EEK ( I Tl - 3 9 ) 1 3 , 13 , 14 
13 1'Sl=U 

NS2 =U 
NS3=1 
GO TO 15 

14 NSl=O 
NS2=0 
NS 3 =O 

15 XYEAR=IYEAR(IT) 
S l = NS 1 
S2=l~S2 
S3=NS3 
CALL RANDU(IX,IY,XX) 
IX= I Y 
I F(XX-FX2)50,5u,300 

50 XXl=((XX-FXl)/(FX2-FXl))•lOO+Xl 
GO TO 314 

300 IF(XX-FX3)51,51,301 
51 XXl=((XX-FX2)/(FX3-FX2))*1UO+X2 

GO TO 314 
301 IF(XX-FX4)S2,:>2,30L 

52 XXl=((XX-FX3)/(FX4-FX3J)•lOO+X3 
GO TO 314 

30·2 I F(XX-FX5)53,53,3U3 
°53 XXl=((XX-FX4)/(FX5-FX4) )•1UO+X4 

GO TO 314 
303 IF(XX-FX6)54,54,304 

54 XXl=t(XX-FX5)/(FX6-FXS))•lOU+X5 
GO TO 314 

304 IF(XX-FX7)55,55,305 
55 XXl=((XX-FXG)/(FX7-FXG))•lOO+XG 

GO TO 314 
305 IF(XX-FX~)56,56,3vG 
56 XXl=((XX-FX7)/(FXB-FX7))•100+X7 

GO TO 314 
306 IF(XX-FX9)57,57,307 
57 XXl=( (XX-FX8)/(FX9-FX8) l•lOO+XS 

GO TO 314 
307 IF(XX-FX10)58,58,308 
58 XXl=( (XX-FX9) /(FX10-FX9) )*100+X9 

GO TO 314 . 
308 I F(XX-FX11)59, S9, 309 

59 XXl=((XX-FXlu)/(F/411-FXlU)l•lOO+XlO 
GO TO 314 

309 I F(XX-FX12)GO,G0,310 
GO XXl=( ( XX-F Xlll /( F X12-FX11) )·0 lOO+Xll 

GO TO 31h 
3 1 0 I F (XX - F X 13 ) G 1 , b 1, 311 

Gi XXl=((XX-FX12)/(FX13-FX12) )•1UO+Xl2 
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C./) Tl) :;, 1 !~ 

~; J "l ! F ( :< >: -- F . < :~. i+ ) .l.i } / !.) . : I ~~ .!. :.: -
tJ / ;{ \_ 1 -= ( ( .\ >~ ·- !-: ; : :L .:; ) / ( i: . < .l. 1; ··· i ~ ,/_ i :) ) ) •,:: }. l~; l.; + ;.: 1 :-; 

1./J Tt) ·j J !1 

- :; J :'. I I: ( .'.<. ,,: · · 1: ,; l , ) i, ;. 
1 

[, ·:, , 1, ; 1 

(j .'.i ;.: ,\ l "-' ( ( .\ .< ·- i: .\ l '1 ) / ( I· :\ .L ', ··· l- ,\ J L, ) ) ;. l u ,; ·!· \ 1 /: 
( l;U TU ~; 1 !1 

.. G ii XX l :::: ( ( / /, --1: ;, l ':.> ) / ( ;:: ;; J. L1 --1·: ,.; l :.i ) ) ,;. l ll U + X l !j 
GO TO :> l t~. _ 

:.;; U 2 ( i · t ) :.:: 8 l ·).- P ( l T - i ) -:· G :i ··x \·/ t~ T !\l ( I T - L ) + ~. ) * .\ Y [ ;\; ~ + J\ l ·.\" S 1-:- ;~:. 2 -.:: ~ ~ -r- ;\) ·}: ~; j + ;\ !.: -:- / ;< 

.. \ I 1: ( ;-.; ,-I ;2 C i T) - 0 . ,J ) J J ;ii ., ;i J ~~ f ;~, ), (o 

.(Li ~JL(!T)=G.u 
CU TU )10 

H, :; u c I n ,.:::;; u ;~ c 1 n .,. o -., i ! + 1:>-- H 
C;\l.!. i<.J\i·!iJU( I/, I Y_,,,:/) 
I ,\==I Y 
I i: ( X ;( - F Y ;! ) 7 U , / tJ , L, U U 

/ 0 .\ X :C: = ( ( XX - 1: Y J.) / ( Y Y :~ - FY l ) ) -.,. CJ • ii·,- Y 1 
I . 

GU TO L, US 
1!. u u I i= c x x - r Y:) ) / 1 , 7 l , : 1 u 1 

/ J. ;, ;u =0 ( ( X :< - FY 2 ) / ( 1: Y 5 - f: 'U ) ) ,,. u . I; -1- Y 2 
Cu TO 11 0 :j 

.l IF(XX-FY~)72,72,4U2 
7 2 ;c: 2 = ( ( .O: - F Y 3 ) / ( F Y L!- - F Y 3 ) · ) ·,, 0 . '~- + Y 3 

G:J TJ H)9 
~02 !F(X~-FY3)73,J3~403 

7 3 XX 2 = ( ( ;.; X- FY ii.) / (FY:> - FY~-) ) * L; • 0,+ Y 4 
CO TC LiV) 

403 !F(XX-FYG)74,74,404 
74 XX2=({XX-FY5)/(FYG-FYS))*G.4+Y5 

G(I TO L: C; ~ 

404 iF(XX-FY7)75,75,405 
/ S X X 2 "' ( ( >: X - F Y G ) / ( 1= Y 7 -'- 1= Y G ) ) ·,\- 0 • !; -~ Y G 

i~U TU . !,.u 0 
Li O :.i ! 1: ( '/.. X - 1: Y o ) 7 Li 1 7 G , i+ U ti 

l G X X 2 =-= ( ( X X - F Y / ) / ( F Y 0 - F Y 7 ) ) ·:, Ci • L; + Y 7 
GO TO Li O ~ 

4UG iF(XX-FY9)77,77,407 
77 XX2=((XX-FY~)/(FYS-FYS))*0.4+Y3 

GU 70 !!. 0 9 
407 lF(XX-FYlJ)78,78,79 

78 XX2:.:( ( XX-FY9)/ (FYlG-FY~) )· . .-U. 4+Y0 
GO TO L:. J9 

, 79 XX2=( (XX-FYlO)/ (FYll-FYlO) )·kQ. ~+YlU 
co ·io !, o 0 

i;09 X\l[~:;:,",J\-/cl:k( IT) 
V ::: \f •:• .:< X 2 
P 2 ( i T ) :.:.: C 1 ·.,- ,( \ Jt l::i-:. -:- C ;(.':\ ! I: T li ( : T ) ..- C:.i -~- ::i :J ( I T ) .;. C !} + ;,: ;-; '.2 

l := ( ?2 ( : T) -0. U) 1 S, l ~, l :J 
18 ?2(!T)=O.U 

::::CJ TO 19 
19 P( i-C) =P2 ( i T)+F~!;G 

A>= X -:- ? ( ! -!- ) 

Y "" Y .,. P ( i T ) ·.:, ·1.- 2 
A>:= /U-·1 +SU ( l -l-) 
J\L=.D.L+SU( I T)·1:~.-2 

i 
( ! ·, ·: '; 
' -- ..• , .• I 

l 
! -- ' ~ ' \ ..:.. ,_: ) 



Al =Al <·P( IT) •SU( IT) 
1\S =AS+ ( P ( I T) ·•SU ( I T) ) * * 2 
IF(IT-156)80,90,~0 
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90 00 91 I T=3, 155 i 

91 Z=Z+P(ITl*P(IT+l) ('!) 
Z=Z+P( 156)·0 P(3) 
T=IT 
T=l56 
R =(Z-Y/T-2.0)/(Y-(X••2/(T-2.0))) 
AMP=X/(T-2.0) 
VARP=(Y-X••2/(T-2. 0) )/(T-2. 0) 
VA il S ~ (AL. - AW,, .. 2 / ( T- 2 • 0) ) I ( T - 2 , O ) 
VAR I =•(AS-A I * * 2 / ( T- 2 • 0 ) ) / ( T- 2 • 0 ) 
v/R I TE ( 3 , 2 4 ) P ( 2 ) 

24 FORMAT ( 1 1INITIAL PRICE WAS'Fl0.4//) 
\~RITE(3,25) 

25 FORMAT( 1 0 1 ,10X 1 i~EAN PRICE'GX'PRICE VARIANCE'SX'TOTAL SUP?L'!'c 
1 'SUPPLY VARIANCE'lOX'SUM INCOME'5X'INC0t,,E VARIANCE'/) 
\/RITE (3,27) AMP,VARP,AM,VARS,Al,VARI 

27 FORMAT('0',6F2U.4) 
VIK I TE (3 , 2 3 ) . 

28 FORMAT('0',3X'PRICE CORRELATION 1 15X 1 SUM V'/) 
\-/RITE (3,27) R,V 
JVAR=JVAR-1 
IF(JVAR-1)99,100,100 

99 CALL EXIT 
END J.. 



t..Pl'Li-:DIX G . 

THE COHlU.:C~'lOI: T'!.C'.l'vlv'; n m Ni/,. CCl: , .,_·_n :c:rhN '1'r; 
- --- -- _,._~·-·- ~. - • . .. , ,. - - .. • • .... ·-·- - .,..,., .. J, •• 

TABLE 1 Cauli flor1ers 

NE V/ .COEFFI CIEN'i'.'./ . - . . . . COjd,•:,C9:l0J~ FAC~;~ h-S3 - '- •· - --------- . - - -----·----·- - ·- . .. - .. - . ---- .... ·-. -- - -- -- - ··- -- ------ ·-·-
Expe riment B

1 
B

2 
Cl¼ \'1 D E II r G 

No. 

Nil
1 

Nil 

-14.37880 

-------- ·- ·-· ·-·- - __ .,.._.., .... _____ - -·---- ·- .. ----- . .,. ------ ~ -----~ ----.--•------
1 

2 

3 

4 

5 
6 

7 

8 

0.00000 

-398.50060 

Nil 

Nil 

Nil 

Nil 

0.00000 

-398.50060 

-17. 571+ 10 

Nil 

Nil 

-1 1+.37880 

-17.57410 

Nil 

Nil 

Nil 

Ki l 

o.001'lC 

-0.002(8 

· 199-~)030 1. 625030 

1 99,?)030 1 .62~030 

0.00000 0.00000 

0. 00000 0 .00000 

0. 00000 0.00000 

0 .08000 

- o. oor;C --~,9s;,, ?'.:J0j0 

0,00000 

1, GZ'.;030 

1 .C25030 - o.oo?(f 19s.2~030 

0 .00000 

0 .00000 

0 .00000 

0 . 00000 

1. 597G5 13. 57~93 
1 .59765 13. 57993 
0.00000 0.000~0 

0.00000 

--1. Yr?G'.) 

.. , .597G5 

o.oooc•o 
13, 5?99) 

, 3.57993 

1 . Nil me a ns the coe fficic,n t )~c.r.-a:i n[s eo;H:Lc-r1 t e:; :i. ii .scc -L:i.0;1 I;.·.· . • 

2. B
1

, B
2 

and c
4 

are the f actors r:hicl t )1-•vc b een f3Jr-c:jf:iccl i1, 1,, ct ion l+.3. 

3, Correction f a ctors nre spcc:ifie:d :in GC'cLi .. oi1 :;.'.; . ?. 

0 . 00000 

0. 00000 

0 .00000 

0. 00000 

0. 00000 0.00000 

0. 00000 0 000000 

0 . 0001:5 893. ~, 3551 

0. 0001,5 

0. 0 001,5 

0 .0001;5 

893. 135:j1 

893. 13)51 
893. 13551 

..., _, 
C'O 



TABLE 2 Cabbages 

__________ N_E_V_i _C_O_EFFICi'J&E'.'t~---------···-·----· - . ·•- ····- COP!'.}.C'.i1 .I (li; _ _),i\C~t·()}~~;- -
Experiment B1 B

2 
G1:. \'J D 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

0 .00000 

-155 .29160 

Nil 

Nil 

Nil 

Nil 

0.00000 

-155.29160 

-·--... ., -----.~--- ... ·--' ·-·- ··-· ·· -·- ....... -.:: .. ,---· .... 

Nil Nil ·-77,G1f:;CO 'i e ?2;i5C) 

Nil lhl 77, GL,500 1, 22Xi9 

-10 .91120 Nil 0.00000 0,00000 

-13.33599 N:i.1 0.00C>00 0. 0 0()()0 

N:i.l -0.00200 0,0000') (Jc (;0')00 

Nil -~-0.00300 0 .00000 0.0C!J00 

-10.911 20 -0.00200 . 77.G1f5> ,:.io 1 ,;!?.359 

-13.33599 --0. 00)00 'I?. G',:::,1:c) 1.22)~9 

l~ H 

0.00000 0.00000 

0 ,00000 0.00000 

--1, 21236 13.63011 

'i ,. 2 •i 2;,G 13.63011 

0.0()0()0 0.000".)0 

0.00000 0.00000 

- 1,21 2::,;G 13 0 630-i 1 

1, ?12::,,6 13.63011 

F G 

0.00000 0.00000 

0.00000 0~00000 

0 ,00000 0.00000 

0.00000 0 .00000 

--0, 000;)0 972.29967 

0.00050 9'i2. 29967 

--0 0 000:;0 972.29967 

0.00050 972.29976 

---;- -- - ~ - -- · ............... ----·- ....... --- •. - ~ ... ··•--· --· - -·---... ..... .. ------·-----..... •-·-.... ---.._-........ __ •. ,. ------ '!:J:.--·: 

.. 
,: 



TABLE 3 Lettuces 

. ·•~-·---·-------------- ·--------· 
NEW 00EFFICIEN'l'S C0HRF'£'l'I0N !PAC'.l'0RS 

Experiment B1 B2 C4 --- -~w--···- -·-D----·-·- E -H----7-~-
No. 

1 • 

2 

. 3 
4 

5 
6 

7 
8 

0.00000 

-231.70552 

Nil 

Nil 

Nil 
Nil 

0.00000 

-231.70552 

Nil 

Nil 

4.11083 

5.02435 

Nil 
Nil 

4.11083 

5.02435 

--
Nil -115.85276 1.81116 0.00000 0.00000 0.00000 

Nil 115.85276 0.81116 0.00000 0000000 0.00000 

·Nil 0.00000 0.00000 o. 1+5676 13.57993 0.00000 

N:i.l 0.00000 0.00000 -o.45676 13c57993' 0000000 

-0.0011/1 0.00000 0.00000 0.00000 0.00000 -0.00029 

-0.00172 0.00000 0~00000 0.00000 0.00000 0.00029 

-0.00114 -115.85276 1.l\1116 Oo L1~676 13.57993 -e,00029 

-0.00172 115c8)276 1.81116 -0. 1f5676 13.57993 0.00029 

'"'-"'"'" .... , .... ,.. .. ________ ,...., ...... _ . .,. ______ .... ~ ... --

-----=---G 

0.00000 · 

0.00000 

0.00000 

0.00000 

876.66891 
876.66891 

876.66891 
876.66891 

..... ~~· 

~ 

I\,) 
0 



'l'ABLE 4 Carro ts 

-'· -- ---· ' --·---- ··----·--· ,r, ·--..... -·--·-·•- ,._, --·•· -----· . ~ ... - -- ..,.,,. ____ ~ ... --.,- -~- - •. __ .. . .. _ . , ............. . . ...... _______ .... _. ••.• 

. NEW C_9EFFICH;IiT.S . ·---· _____ ,,_ ·--- __ .i . COl::1:·:C'.~J(t,_J·J,C.'1':)J.:S ... _, ____ ~- ......... . 
Exper1.ment B

1 
B

2 
C 4 \'! D ,., ·- )<; Jl 1" ··---·a-------·-

No. 

1 

2 

3 

4 

5 
6 

7 

8 

0.00000 Nil 

6 . 98838 Nil 

Nil - 6.23329 

Nil -7.61847 

Nil IHl 

Nil Ni l 

0 . 00000 -6623329 

6 .98838 - 7 .6181}7 

- -~ ___ ..,, 

I l:i.l 3. 1f9\1 ') 

Nil -3. 1191,19 

Nil 0.00000 

N:i.l o.oc,ooo 
O.OO'i21 0, 0000~ 

0 .00181 0, 0000() 

0 .001?1 3, 1:91:1t; 

0 .001 c~, .. 3 c 1: 91: 1 9 

--·•·--· .. - ~ 

--- ____ ,....._ ,_, __,. •· ~• •- ,,.. ,. ---·~-re•-- .- - ----·•---- . ..,.,,... .... .,_ - - •"-- ,... __ ,.._,-.__.....,._r . .-

1 0 ?6'7?(, 0.00000 O.OOOJJ 0 .000:.>o 0. 00000 

''t c 7611;:G o. o,:::ic:oo 0.00000 0,.00000 0 ,00000 

0.00008 · o.6W'J9 13 °57993 0.000:::io 0 .00000 

0, OOX> CJ 0 0 (,<);:'.)9 13.~7993 0. ODOC,C> 0,00000 

0.() '1000 0.00,f)C) (J,00000 0 C ('')030 600 ,, G80Lt9 

0. 000()0 0, 00(J00 C ·•00000 0 .00000 -~o.oco~ 

1 o ?C??6 --0, G92:;,9 13,.'.>799) 0.00030 Goo c GCE.\ 1,9 

1 C '/6??(1 O. (.9? ;;9 13.;;?S93 ,-0.0030 Goo, G8U:9 

....... - ~- - - -- - -- ....... - -·- -·--- - -----· --·---• ... ·-- --

--' 
f . ' 
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APP:c.:!-:DIX H 

This computer proeram was sicilar to the orisinal procr~~ 

except on t~ree counts: 

First, -~he subroutine state~ents (R3ndu 1) in section I! 

were SUD"'.Jressed. -· 
Secondly, in secticn I the sup~lies SU(IT) ~ere tre&ted 

as predeter~i~ed inputs vhich wo=e fed in ~it~ the ~odifi~d 

s~oothed historical Qata. r,1;,, ~,,.. -?~·~-, T', r·•c '"' s-i o•A T ~!..:.,'T'r.) .•. ..,.,.. •••t::•~•V•v, u...,_ •• - ....,_ -••• -J.. ~ ....... .;.) 

c.uced. 

'.:i:hirdly, in scctic~ TT1. .,_ ___ ' 

to: 

SU(I':') = 

-'- ~ *S ·'-. ··2 2 . ; __ , *S..,. + 
:> :> 

XA; = IA, (IT) 
~ .;..,r 

.:ind ·che ir~put 

were all zeros. 
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