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ABSTRACT

The immediate and short run behaviour of prices and volumes
of eighteen vegetables at auction are examined. The
objectives were to describe the behaviour of weekly prices
and volumes and to investigste various relatioconships.

The data analysed are wveekly volume and turnover for eighteen
vegetables at a Palmerston Horth auction for a three year
period. Various climatological variables relating to the
same peviod vere also analysed.

Much of the descriptive analysis relies on the techniques of
Explorastory Data Anslvsis; boxplots, letterplots, and a
resistant swoother are used extensively. These wmethods
facilitate the analysis of the behaviour of prices and
volumes over time.

The auction marketing system is discussed at length, with
particular emphasis on the effect of length of run on supply
response.

Varicus relationships are examined predominantly using
stepvwise reqression. These include: current price and
guantity; current guantity and lagged price; gquantity and
month of +the vear; price and month of the year; price and
variocus weather variables; guantity and various weather
variables; current price and lagged price.

Some transformations are used to try to get a more linear
relationship betwveen price and gquantity. This relied on
fitting several resistant lines, another EDA technigue.

The interdependence or interrelationship of prices wvas
examined using Principal Components Analyeis, and five

principal components vere extracted and described.

Some useful insights into the behaviour of the market are

gained. Immediate run price variastion, that is from veek to
veek, is quite large and this is reflected in lowv R-squared
values for the price-volume relationships. The relationship

between current wmarketed volume and lagged prices vas also
investigated., The results indicate that in the immediate run,
using weekly prices, this relstionship is weak.

Arguably the most useful analysis was the moanthly price
boxplots wvhich give a clear graphic display of the behaviour
of prices. These and the other plots give indications as to
when prices were highest and lovest. They may be useful to
grovers in planning production and harvesting.

It was discovered that vweekly prices were more varisble than
veekly vaolumes for 10 vegetables, less variable for six
vegetables, and equally variable for two vegetables. Ofiten
the highest veekly price did not coincide with the Jlovest
weekly s=supply, and the lovest price did not correspond to the
highest supply. This suggests +that bidders under or over
estimate the gquantity on the floor and each other’s
requirements.
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CHAPTER 1 INTRODUCTION

i.

Agricultural Price Analysis

There are two reasons for conducting research into the
behaviour of prices. One aim iz to explain and eztimate the
impact of certain variables on demand. For example, Tomek
and Robinson (1981) state interest in estimating "specific
economic coefficients (parameters) such as price and income
elasticities of dewand®. Waugh (1964b) has pointed out that
pricing studies contribute to the developwent of theories of
demand.

Secondly, price analysis might provide "forecasts of prices

or the variables affecting prices.’ (Tomek and Robinson,
1981). Waugh (1964b) comments that forecasts of future
prices are needed by farmers to help them decide wvhen +to
sell. Price forecasts could also help grovers decide what to

plant, when to plant, and when to harvest.

This study examines immediate and short-run price and
gquantity behavicur which might be useful for forecasting,
although no formal forecast is made.

During +the 1940s and 1950s much research was conducted on
supply relationships in agriculture and there is a huge and
diverse literature on the nature of agricultural supply. A
useful reviewv of this literature is provided by Tomek and
Robinson (1877).

Heien (1977) notes that since the 1930=s policy makers in the
United States have been concerned with supply response,

especially in relation te the problem of farm incowme. Tomek
and Robinson (1977) point out that most research of this type
has used time series data and single eguation wmodels

estimated by least squares regression.

Much research on agricultural commodity prices deals with
grains and livestock. More recently, some research dealing
with fruit and vegetables has been undertaken. For example,
Janssen (1878) studied short-range prices in German fruit
markets, and Venzi (1974) applied time-series analysis to
flovers and vegetables in Italy.

There are only a few studies dealing directly with the

prediction of prices of vegetables at auction. For example,
Lee (1973) analysed price formation at a Newv Zealand auction,
and Goossens and Boddez (1986) examined price behaviour of

vegetables at Belgian auctions.



2.

New Zealand Vegetable Price Studies

Research concerning price formation of vegetables in HNew
Zealand has been conducted by Enting et al (19635), Kitson
(1968), Philpott and Bourke (1971), Ridler (1966) and Lee
(1973). Lee (1973) suggests that the reason that littile
regearch has been cenducted on short term price fluctuation
is the "difficulty of obtaining and handling time series
data. " Another reason wvas the shortage of published
statistical information on the vegetable industry. In fact,
this data availability problem appears to be worsening, with
collection of vegetable production and acreage figures by the
Ministry of Agriculture and Fisheries being discontinued
after 1982.

Studies of the price behaviour of fresh vegetables in New
Zealand have found that prices at all distribution levels
fluctuate considerably.

At the retail level, for example, 350 percent to 100 percent
variations in the annual price per pound of cabbages were
common in the period 1949 to 1964. Cauliflower retail prices
behaved s=similarly, and the retail price of onions had an
average annual fluctuation of 35 percent between 1930 and
1363 (Enting et al, 1963).

Hovever, vegetable price fluctuations at auction were found
to be even greater than at the retail level (Philpott and
Bourke 1971).

Wholesale prices of onions in the years 1830 to 1963 had an
average annual fluctuation of 354 percent, compared to the 35
percent retail price fluctuation previously mentioned. On the
other hand, onion production levels, area and yield per acre
had a lower average variation of 19 percent, 14 percent and 7
percent respectively. Intuitively, one can conclude that at
that +time, (and probably still), demand for onions was price
inelastic.

The smaller price variations at the retail level have been
attributed to +the rigidity of fixed margins and wmarketing
costs. Historically, retail prices have been flexible.
According to Enting et al (1965), retail prices "sustantially
reflect changes in the overall supply position between main
Crop sSeasonsS..... They may be more "sticky" as regards short
term changes, such as week to week irregularity in auction
supplies, but the variation in seasonal average prices
undoubtedly indicates that the price mechanism does perform
in some degree its function of clearing supplies of
perishable produce." Kitson (1968) found that average retail
margins ranged from 25 percent to 33 percent.

However, different factors explain changes in farm prices.
Enting et al (1965) assert that retail margins vere excessive
and that +their fixed nature contributed +to farm price
instability.



“AccordingTtoRidler (139667, the vaolume wvhich-is-supplied;,—the
cost of marketing, and the flexibility of retail prices
largely determine auction prices.

Enting et al (1965) found that the large variation in prices
vas not predominantly due to the effects of weather or other
uncontrollable elements, but to changes in planned
production. Examination of graphs of acreage, production, and
prices for onions from the 1964 study by Enting et al (1965)
reveal that acreage planted increases after a price increase
and decreases after a price decrease. According to Enting et
al acreage responds in general to the previocus years prices
and tends to move in the same direction. The writers of the
report presume that the same might apply to other vegetables
whose price behaves in a similar way to that of onions.
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Howvever, Philpott and Bourke (1971) found that price changes

vere not followved by acreage changes in the same direction in
the followving year but that, for example, "a major price rise
in 1968...(vas)..folloved by a reduction of onion acreage of
some 100 acres in the following year." They found that vwhen
the retail price for onions wvas higher than +the previocus
vear, output was lower than the previous vear, and that when
prices were lover than the previous year, output was higher.
They contend that low prices are primarily caused by
variation in output, not by changes in demand.

The Effects of Price Instability

Thege farm price fluctuations are of particular concern for
grovers. In the 1964 study of the economic position of the
fresh vegetable industry in New Zealand, the investigation
panel had this to say about the market:

"The fresh vegetable wmarket is subject to severe and
unpredictable changes in prices, a situation which leads to
social waste, prevents the efficient planning of production
by the individual growver, and is the root cause of wany of
the difficulties for which the marketing system is blamed. "
(Enting et al, 19&635).

Prices affect industry growth, the incowes and wvealth of
grovers and auctioneers, the speed of growth, production
decisions, and numerous other factors.

Daly (1958) notes that agricultural products have lowv price
elagticity of demand and +that when farm production differs
much from guantity demanded growvers experience considerable
instability in prices and incomes.

Cochrane (1958) lists the problems of price variaebility as
variable farwm incomes, lov incomes over extended periods, and
uncertainty in planning production. He notes two types of
price variability; price level fluctuations, which tend to be
high during war years and boom times and low after wars and
during recessions; and commodity price fluctuations. The
first leads to an income problem in agriculture, the second
leads to an uncertainty problewm.

If prices are unstable, grovers’ gross incomes fluctuate.
This has implicaetions for financing decisions. An uneven
cashflov will at +times necessitete borrowing to finance
production plans. At other times cash will be abundant and
under utilised.

Seventy percent of the growvers surveyed in the 1964 study
financed operations out of current earnings, and this
suggests that production plans change considerably.



Enting et al (1565) assert that the plans which are made as a
result of price instability may tend to perpetuate
instability. If prices are high and gross earnings are high
it seems plausible that finance will be used to produce more
of the high priced crop for the following season. Resources
may be wasted because the marginal revenue may be greater
from an alternative use of these funds, especially since the
price igs likely +to fall when the resulting increase in
production arrives at the market. Alternatively, when prices
are low, planting may be cut back and investment reduced in
vhat may be a growth product.

Rae (1876) asserts that instability obscures price trends and
that this wmight subvert the efficiency of price as the
director of economic resources. He also notes that price
instability can result in over diversificaticn.

Explanations of Price Instability

In the 1964 study of the fresh vegetable industry, Enting et
al found that a third of growers reported withholding
production from the wmarket because of low prices. This
points +to overproduction as a possible cause of price
instability.

Hovever, in +the same study the researchers concluded that
there was no evidence to suggest that extreme overproduction

wvas a major problem in the industry. "..the panel is of the
opinion +that instability of output and prices poses a much
more serious problem for the industry than does

overproduction” (Enting et al 1965, page 71).

At that time no downward +trend in retail or auction prices
wvas found among the vegetables studied. If this had been the
case, it may have been that long-run supply was expanding at
a greater rate than long-run demand.

Yet in a follow-up study Philpott and Bourke (19571) found
that in general, from 1957/58 to 1968/69 vegetable production
had increased while prices at wholesale had remained at about
the same level. Using data mainly from Auckland markets,
they found that auction prices of cabbage fluctuated more
than for cauliflower, carrots, cnions, or tomatces.
Sometimes cabbage prices at auction fluctuated by as much as
280 percent.



The +table belowv indicates that in the five years +to 1981

recent figures were not available.

yvear ended March 31
1877 1978 1979 1980 1981+

gross production output value 62 87 111 142 168
(£ million nominal)
index of production volume 884 1064 1091 1184 1204
output 1972 = 1000
index of production value 62 89 112 142 168

* provisional

source New Zealand Official Yearbook 1983 pp 402-3.

Carson (1986) asserts that increased production has been
necessary to maintain incomes. He claims that the dindustry
iz wmore concerned with improving efficiency and productivity
{(of existing lines) than with exploiting nev opportunities.
He cites +tomato growvers as examples of this "production -
led" attitude.

Fluctuating supply levels are alsco identified as a probable
reason for the wvide variations in wholesale prices. Unstable
supply supposedly leads to dinefficient capital use and
sometimes the need for emergency finance.

It is also, according to Enting et al (1965), responsible for
unnecessary movement of firms in and out of horticulture, and
loss of labour, wmanure, fuel, and use of land.

Carson (1986) comments that consumers’ tastes have ‘fwidened
from the restricted British conception of fresh food.?"
Vegetables are being supplied to wmarket which were not
available commercially until recently. These include
courgettes, capsicums, sprouting brocolli, and spinach.

He also asserts that tastes are no longer tied to a
particular season, and many vegetables are now available
throughout the year. This is probably true of tomatoces,
lettuce, capsicum, spring onions, cabbage, cauliflower and
others. The use of nev varieties of vegetables means that it
iz now possible to extend seasons and to increase yields.
Lettuces were once a summer vegetable only. Now they are
available all year.

To maintain viability in light of these consumer trends, and
more aggressive retailing, grovers have improved productivity
and have invested in new production methods. But according
to Cargon real returnsg from fresh vegetables are declining.



3.

Growers’ Response to Price Instability

Not only are farm price fluctuations seen as undesirable by
grovers, but also grovers appear ill-eguipped to take
preventative measures 1in an attempt to reduce the risk
involved.

Enting et al (1963) reported that for onions growers did not
know that the peak or trough price had been reached and that
it took some time for them to react. Interestingly,
production of onions was still rising after a history of
falling prices betveen, among other periods, 1956 and 1958,

It seems that most growers only perceive variation within a
short +time period, perhaps a week or a month. Perhaps they
are not clear about the behaviour of prices over a longer
period to time. This suggests that grovers do not really know
much about the seasonality of prices. They certainly are
avare of the seasonality of production.

Yet, vholesale prices can be very useful to grovers. In the
short +term they enable grovers to decide how much to harvest
and, sometimes, which competing market to sell in. If +the
grovwer has a choice betveen regional markets, or if he has
the option to sell direct rather than on the auctiocon floor
there may be occasions wvhen it is more profitable to do so.

In the longer term, prices help the grower decide his product
mix and the level of investment. It would be foolish to
invest heavily in pest destruction, for example, if the price
of the affected crop vas relatively low.

Cochrane (1938) notes that the full impact of retail price
changes is felt at the producer level rather than at later
stages 1in the distribution chain because of the fixed nature
of marketing costs and margins. Yet growers have taken few
steps to reduce the powver of retailers over price formation.

The HNew Zealand Vegetable and Produce Federation (Inc) has
acted on behalf of grovers in an attempt to improve their

influence on prices. Its activities have included lobbying
retailers +to discourage direct buying, stimulating primary
demand at the consumer level through advertising, and

research into vegetable marketing. This, howvever, is the only
attempt to asct collectively, and most grovers’ incomes are
determined by their independent decisions.

Cochrane (19355) discusses the role of price uncertainty in
production decisions. Grovers are always uncertain of the
prices which will be received for their crops at a future
time. He notes that in seeking to minimise risk, growvers will
restrict the production of crops for which prices are very
uncertain. Further, he asserts that new production methods
and technclogy which require considerable resources will be
adopted wmore guickly when prices are certain than when they
are uncertain.




Rogers (1970) comments that supply is likely to be more

uncertain in industries which are not very concentrated,
which have generally undifferentiated products, and to which
entry is not very restricted. This 1is largely due to
fragmented decisions about output.

Not only are production decisions fragmented but alsoc
harvesting decisions are Ifragmented. Hany grovers might put
forwvard or delay harvesting due to price conditions, which
may contribute to price instability.

Finally, a grover wmwight seek to increase revenues by
supplying wmarkets other than the local auctions. Additional
transportation costs must be considered, but the higher price
obtainable due to shortages may still make a distant market
more attractive. Where many growers follow this option price
instability will be caused.

Enting et al (1965) assert that in total, consumers and
grovers will not Dbenefit from this so called "market
chasing”, since it may worsen price instability. They claim

that for the majority of growers, it would be uneconomical to
transport perishable production +to distant markets. This
practice isg common in the 1980s, although not necessarily

economical. Enting et al believe that any redistribution
betwveen regional wmarkets should only be undertaken by
auctioneers and large grovers, for whom it wight be
profitable. Indeed auctioneers do act din this way to

alleviate regional surpluses and shortages.
Summary

It 4is clear that vegetable prices are uncertain and subject
to considerable instability. This affects production plans,
incomes, cash flow, rates of return, and the adoption of newvw
technology by grovers.

Grovers are faced with making production, harvesting and
supply location decisions under great uncertainty, and appear
to make little use of wholesale price and other data to
reduce this uncertainty.




CHAPTER 2 OBJECTIVES

A better knowvledge of immediate-run price and volume
behaviour at a fresh vegetable market wmight be helpful to
grovers wvhen making decisions about harvesting, production

and which market to supply.
The objectives of this study are:

1. to describe the weekly and monthly price behaviour of
various vegetables at a Palmerston North auction market

2. to investigate some of the factors which are believed
to influence the price of vegetables at auction in
Palmerston North. These were the gquantity marketed, weather,
price interrelationships, and past prices.

The study focussed on weekly price and quantity observations

for eighteen vegetables over three yvears. Missing data meant
that certain types of analysis used in the latter stages of
the study were not performed on three vegetables: brussels

sprouts, spinach, and leeks.




CHAPTER 3 RESEARCH METHOD

The
the

method employed could be described as a teasing-out of
data +to gain an understanding of the underlying

behaviour. It focusses on prices at Arlidge Brothers
Limited, one of the two produce auction markets in Palmerston
Morth.

1.

al

Consideration of the marketing system for fresh vegetables

First, a review of the literature concerning the marketing
system wvas conducted and the effects this has on prices vere
considered.

Many vimits wvere made to the market to observe auctions in
process, and the functioning of the market was discussed with
Mr Peter Arlidge, managing director of Arlidge Brothers
Limited.

Exploratory data analysis

Next, for each vegetable sowme non-technical considerations of
growving conditions are discussed. This gave indications as to
how prices wmight be expected to behave. This was followed by
a description of the behaviour of price and volume using the
methods of Exploratory Data Analysis (Tukey 1977 and Velleman
and Hoaglin 1981).

These techniques do not appear to have bheen used previocusly
in +the literature relating to analysis of agricultural
product prices.

Stem~and-leaf displays wvere used to identify cutliers and to
search for discrepancies in the data. A number of errors
vere corrected. Some of the outliers which appeared to be
data errors wvere in fact true values and often occurred in
the two wveeks prior +to Christmas. The price and volume
stem-and-leaf displays are not reproduced in this report.

Boxplots and Letter plots vere used to display the series. A
resistant smoother was used to smooth the series; this is
discussed later in this chapter. Patterns vere searched for
and described.

High guality plots wvere produced both for the original and
the s@moothed volume and price series using the interasctive
SPSS graphics pachage, SPSSGRAF. The results of this part of
the study are given in chapters 6 and 7.

Regression

Ordinary least squares regression was used to estimate the
relationships of interest. The=se are described below.

Current price was regressed agsinst current volume under the
aggumption that current price was largely deterwmined by

current volume marketed. Thiz relationship wvas also
estimated using logarithms and other transformations of the
price and gquantity variables. See chapter 8.

10
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Current volume was regressed against various lagged prices
under the assumption that lagged prices cause volume marketed
to change, either as a production response if the lag is
long, or as a harvesting response if the lag is short. See
chapter 8.

Current price and volume were also regressed against various
veather variables including an aridity index. Both current
and lagged values of the independent variables vwere used.
This is reported in chapter 10.

Current price vas regressed against prices with varying lags
to determine how useful past prices might be at predicting
current price. The autocorrelation function for the price of
each vegetable was also produced; this vas expected to reveal
seasonal price patterns. Only the first four weeks and
quarterly lags have been included. This is reported in
chapter 11.

Current price and guantity vere regressed against month of
the vyear to see 1f this could aid prediction of prices and
volumes.

No attempt was made to arbitrarily define weeks as belonging
to a particular season as there was no satisfactory manner of

doing this. Quite detailed knowledge of climate patterns and
growth requirements vould be required to do this
satisfactorily. The data wvere aggregated on a monthly basis

and price and volume were regressed against months, each
month being treated as= & dummy variable.

Lee (1973, McIntosh and Hawvkins (1971}, and White and
Hicholson (1984) for example, incorporated seasonal dummy
variables in =supply models.

Suitse (19573, Towmek (1963), HcliIntosh and Hawkins (1971), and
Hie et al (1975) discuss the incorporation of dummy variables

in regression models. Only 11 dummy variables were included
but SPSSx REGRESSION automatically drops one of the dummies
if their number is equal to the number of categories. This

is reported in chapter 12.

The stepwise procedure was used to identify the subset of
independent variables wvhich were best at predicting the
dependent variable, vhen the relationship was unclear or
there were many possible independent veriables.

All regressions were conducted assuming linear relationships.
An attempt was made to dimprove the linearity of the
relationship between price and guantity for some of the
vegetables. Thig was done by fitting a resistant line to the
data and then transforming +the variables in the wmanner
suggested by the resistant line and resulting half-slope
ratio. This is discussed in wore detail in chapter 8.

The models estimated were evaluasted by referring to adjusted
r-gsguared, the F gtatistic, and the significance of the F
statistic.

11




The wmeasure of the proportion of variation in the dependent

variable explained by the variation in the predictor
variables is +the coefficient of multiple deterwmination,
R-squared. In general, adjusted R-sguared was used to measure
the goodness of fit of the given model.

R-sqguared is calculated as:

total sum of squares of regression
Re D e e e e vt o e e o o o - - o -
total sum of squares in dependent variable

Adjusted R-squared essentislly wmakes the same calculation but
explicitly takes into account the number of predictors in the
model, and the sample size.

It is calculated as:
Adjusted R-squared = R-sguared - [p{l-R-squared)/{(n-p-1)1]

vhere n is the sample size, and p is the number of predictors
in the model.

Using adjusted R-squared recognises the fact that R-sguared
iz calculated from a sample and that the model will not fit
the population as well as it fits the sample it is derived
from.

A test of the statistical significance of the entire model is
given by the significance of the F-gstatistic, which tests for
a linear relationship between the dependent variable and =11
of the independent variables. It tests how well the model
fits the data if +the assumptions are met. The significance
associated with the F-gtatistic gives the probability of
getting the calculated value of F by chance. The F statistic
takeg idinto account the number of predictors used to estimate
the relationship. Since F is calculated as mean square
regression divided by wmean square error, the greater the
proportion of variance explained by regression, especially
wvhen this has required relatively fev predictors, the greater
the value of F.

SP58x prints the t statistic and its asscociated two tailed
significance level for each independent variable. This tests
the hypothesis that there is no linear relationship between

the particular independent variable and the dependent
variable. The observed significance level gives the
probability of obtaining & given t value by chance. Where

this significance level is less than .05 it means that the
relationship is significant at the 95 percent level.

Any significance probability greater than 0.08 means that the
probability that a given partiael regression coefficient, or
regression coefficient, is equal to zero is rejected at the
935 percent level of confidence.

iz




The stepwise procedure automatically excludes variables which

have partial coefiiicients which do not meet the o percent
significance test. Variables are entered if their probability
of F 4dis less than .05 and then all entered variables are
re~examined and are removed if their probability of F, which
iz the probability of retaining the hypothesis of no linear
relationship, exceeds 0. 10.

This is useful as, for instance, Haitovsky (1969,
demonstrated that adjusted r-squared is maximised by removing
predictor variables with t-values less than 1.

For +the relstionship betwveen price and quantity, and the
logarithms of price and gquantity, regression coefficients,
constants, and +the standard error of the coefficients are
presented.

The swmaller the sgstandard error associated with a given
regression or partial regression coefficient, the more
confidence we can have in those coefficients.

Intercorrelations amongst the independent variables, or
multicolinearity, is dealt with in S5SPSSx REGRESSIOHN by
calculating the minimum tolerance for each independent

variable with +the other independent variables as each is
entered and excluding +those which have small tolerance
values. In effect, independent variables are regressed
against each other, and those with high values for r-squared
are excluded. (Horusis 1983).

Another problem to be considered is the existence of pattern
in the residuals. This would suggest that a given model had
been misspecified and wmay cause problems in interpreting the
regression models.

Cochrane and Orcutt (19493, Box and Jenkins (1970), and
Nelson (19735, suggest differencing to remove serial
correlation.

Durbin and Watson (1951) formulated bounds for a test of the
hypothesis that there 1is no time dependence betwveen
residuals, that is, d=0. Lee (1973) notes that when the
sample size is greater than 100 the Durbin-Watson test is
only an approximate test of auvtocorrelated residuals.
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The tables of the D statistic given in Durbin and Watson
(1951) dindicate that for =a sample size of 100 at the 5
percent level of significance dL and dU are:

number of predictors dL du
1 1.65, 1.69
2 1.63, 1.72
3 1.61, 1.74
4 1.59, 1.76
5 1.57, 1.78

Gungt and Mason (1980) give the decision rule as; reject the
null hypothesis if D<dlL, do not reject the null hypothesis if
D>dU, and drav no conclusion if dL<D<dU.

They outline two difficulties in applying the Durbin-Watson
test. The first involves the problem of the observed value
falling between the upper and lover bounds, and the second
involves gquestions as to wvhether a model is correctly
gpecified.

Nerlove and Addison (1838) note +that if there is no serial
correlation in the residuals the D statistic is approximately
2. Pogitive serial correlation tends to be indicated by
values of D less than 2, and negative serial correlation by
values greater than 2.

Lewis (1973) demonstrated +that the Durbin-Watson statistic
vas of little value and points out that autocorrelation way
not he of serious concern. OGriliches (1967) points ocut it if
it is used it should be used with caution.

It was expected that residuals would be serially correlated
hovever this was not examined because the primary purposes of
this research was exploratory and descriptive, rather than
being & model building exercise. The Durbin-Watson statistic
vas given for many of the models but no comments have been
made about it.

The main assumptions in using regression are:

i. that there is a causal relationship between the dependent
variable and the predictor variables in the wmodel. This 1is
examined by considering the logic in specifiying a particular
model.

2. that the relationship between the dependent variable and
each predictor variable is linear, or has been transformed to
linearity. A low R-squared may indicate non-linearity, but
this should first be examined by plotting esach predictor
against the dependent variable. This was done for the price
vaolume relationships only.

3. that for a given value of a given predictor variable the
values of +the dependent variable are normally distributed
with constant variance. This is a problem when the sample
gize 1= small. For this reason lagging vas restricted to 3Z
veeks.
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4. predictors are assumed to be independent. SPE5Sx
REGRESSION automatically tests for this.

Principal components analysis

Principal components analysis was used to explore the
interrelationship hbetvween current prices of the vegetables.
This dis reported in chapter S.

Which price variable?

Askari and Cummings (1977 point ocut that the analyst must
know what it iz a farmer wight do in order to specify +the
price variable. They suggest four possible price variables:
the price received by farmers, a ratio of price received to
zome consumer price index, a ratio of price received to the
costs of inputs, and a ratio of price to price of competing
crops.

The price series wvere not deflated. Tomek and Robinson (1981)
point out that if forecasts are required for production
planning, they should be of the originsl values rather +than
being seasonally adjusted.

In +this case, gsince emphasis 4is on the immediate run
decisions of harvesting eand distribution, nominal prices wvere
used. Indications are given as to wvhat nominal prices have
been in certain weeks and wmonths in the vears under review.

Econometric model

No attempt was made to model the market system formally as=
this vas not the oaobjective and an entirely different
methodology would have been emnployed. Information from both
markets would need to have ©been collected, as well as more
detailed information on planting and harvesting dates.
Imports from other regions would need to have been accurately
known, as well as wany other variables.

Classical time series analysis

The high variability in price behaviocur from week to wesk,
and for the same wveek in different years, suggested that time

series methods wvould have been of little use. If the series
had been congiderably longer, or variables were more
aggregated, time series methods wight have been employved. As

it was, they were used in a fragmented manner.
The Data

The data vere taken from computer printouts which were wmade
available by the auctioneers, Arlidge Brothers Ltd. They
spanned a period of 161 wveeks and vere summaries of weekly
trading. The earliest available observations wvere for the
week ending S March 1982. The data =et ends on the week
ending 29 March 1985.
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Values for turnover, cumulative turnover to date, volume, and
cumulative volume +to date as at the end of each week wvere
wvere recorded for each of the eighteen vegetables in the
study. Observations represented the full veek’s trading.

The price per case vas calculated under the followving
assumptions:

1. a case vas a constant unit of measurement
2. turnover per case was the best estimate of weekly price

The analysis assumes that turnover per case 1is a good
estimate of the average price per case for the wveek in
gquestion. Mean price was calculated as dollar turnover in a
wveek divided by the number of cases sold in that wveek.
Variation within and between daily prices was not taken into
account. Median price or wodal price may have bsen better
because prices can vary enormously during a day and within a
wveek and large outliers can affect the wmean considerably.
Neither modal nor median price for a week wvere available.

It should be recognised +that the price calculated in this
manner may have never actually have been received by grovers.

Observations made at the auction market revealed that on
occcasion poor guality produce fetched as little as 10 percent
of the price aof the best guality produce. No data on quality
vere available. No distinction was therefore made betveen
different levels of guality and no distinction was made
betwveen different varieties of the same vegetable.

The price variable thus represents an average price, for all
produce of a particular line, regardless of guality and size
variation, in a given week.

The auctioneesrs steted that for the three years in the study
case =size had remained constant.

Originally +the data wvere recorded as weekly blocks. Each
block contained +the turnover and guantity values for each
vegetable for a particular week.

This data set was rearranged and nineteen nev data sets wvere
produced. Eighteen of these were separate data sets, one for
each vegetable, arranged chronologically. Each of these wvas
then read by HMINITAB and =& separate worksheet for each
vegetable was created.
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The other data set was a file in which every eighteenth case
contained a successive week’'s observations for a given
vegetable. Each case contained values for cases sold,
cunmulative cases sold year to date, turnover, and cumulative
turnover vear to date for a particular vegetable for a given
veek, This data set was read by an SPS58x command file and an
SPSSx mystem file wvas created.

MINITAB was primarily used for its EDA capabilities. 5P55%
vas used for estimating the relationships of interest and for
exploring price interrelationships.

A complete listing of +the single data set containing the
values for all vegetables is not included due to
confidentiality requirements of the auctioneers.

Weather data were supplied by Dr John Brock of the Grasslands
Division, Department of Scientific and Industrial Research,
Palmerston HNorth. These data were average daily maximum and
minimum air temperature, average daily rainfall, and average
daily direct sunshine hours, for a given week. They were
collected on the southern side of the Manawatu river near the
DSIR complex.

The mean weekly air temperature wvas calculated by averaging
the minimum and masximum daily air temperature for a given
wveelk. The weekly total rainfall was calculated by multiplying
the week’s daily average rainfall by seven. Direct sunshine
hours was used in its original forw.

A listing of the week numbers and the actual week end dates
they correspond to is given in appendixn 8.

Smoothing

The aim of smoothing was to remove the effects of random
variation 1in each series +thus revealing its underlying
components.

There are many smoothing methods. Perhaps the simplest and
most widely known are moving average smoothers, Mendenhall

and Reinmuth (1982) Anderson, Swveeney, and Williawms (1984).

A moving average smoother results in a2 smoothed series with

M-1 lessz observations than +the originzl series. M is the
zpan of the smoother and refers to the number of observations
vhich are averaged. The loss of M-1 observations occurs

equally at the beginning and end of the series.

Tukey (1977), Velleman (1980) and Velleman and Hoaglin (1981)
advocate using running medians as smoothers. The running
median is particularly useful as it is resistant to ocutliers.
Means are dominated by outliers, especially when the number
of observations participating in the mean is small, say three
or four, and the outlier is quite large relative +to its
surrounding values.
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Median values are calculated on the basisz of the depth of the
median in an ordered batch or segment of a series, rather
than on the basis of time order, which is the case for moving
average smoothers. The depth of the median is given by d(H)
= (n+1)/2, =0 the median of a segment is the (n+1)/2th
obhservation wvhen the segment is placed in order of magnitude
rather than sequence of time.

Velleman and Hoaglin comment that running mwedians of 3 or 5
are "fairly  heavy-handed?, that is they smooth the random
variation considerably. They observe that, compared with
running medians of 3, running wmedians of 3 or more are in
general smoother but are less like the original series.

A running median of 4 was shown to be "slightly gentler® than
running wmedians of 3 or 5, but reguires the additional step

of recentering.

It was decided to use the EDA smoother because of the nature
of the weekly observations. Qutliers dominate any pattern in
the series and inspection of the original price series
revealed that there were many outliers.

The EDA smoothers available in Minitab version 5.1 are +the
default, 4253H, tvice; and 3RSSH, twice. Velleman and Hoaglin
refer to these as compound smoothers.

Problems occur in producing swoothed values for the beginning
and ending values of the series, and these are dealt with by
special methods, which are discussed in Velleman and Hoaglin.

4253H, tvice was used to smooth the price time series for each
vegetable, Velleman and Hoaglin (op cit p 171) assert that
this particular smoother has been found to be guite good.
The resgulting smoothed series made the pattern of price
behaviocur of all vegetables under study considerably easier
to detect.

The smoother 4253H, twice involves s=ix operations. The
criginal series ig first swmoothed using a 4 week running
median. Next, this series is recentered using =a running

median of span 2.

This series is then reswoothed using & running median of 5
veeks, the result of which is then resmoothed using a running
median of 3 veeks.

The resulting series 1isg then smoothed using a smoother
developed by Hann as cited 4in Vellewman and Hoaglin (p
167-70). The Hanning smoother is a weighted woving aversge
denocted by H. In version 5.1 of Hiniteb it takes the form;

z(t) = .28y (t-1) + .Sy(t) + .28y(t+1)
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Tukey, and Velleman and Hoaglin refer to data being wade up
of the smooth and the rough i.e., data = smooth + rough. They
comment that running median smoothers generally smooth too
much and that the rough should be smoothed and added back to
the smoothed series.

The final procedure din the 4233H, twice smoother 1= the
smoothing of the rough which is then added back to the 4253H
smoothed series. This operation is referred to as twicing.

Median smoothers with larger spans can resist more outliers
than those with swmall spans. However, it is unlikely that
there will be more than two outliers adjacent to each other.

The smoother 3RSEH, twice was alsco uged for comparative
purposes. It was no better than the default and has not been
included in this report.

Smoothing a time series which has missing values isg simple if
they occur at the beginning and end of the series. Four of
the vegetables under study had missing observations. To be
smoothed, the series with missing values had to be closed-up.

Values were inserted in the original series so that they
could be smoothed.

At  this point it was decided to exclude brussels sprouts,
leeks, and spinach from certain analyses. It was decided that
the periods of discontinuity in the price time series of
these vegetables wvere too long or +too frequent to be
closed~up and would present problems in subsequent analysis.
It would have been possible to insert values but this= may
have led to misinterpretations of the results.

For garlic the wean of the observations preceeding and

succeding each wmissing observation wvas calculated and
inserted back into the original series.
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Table 2 gives a summary of the missing values for the
vegetables mentioned above.
Table 2 Missing cobservations
Vegetable Valid Missing Case Weesk Number
of
N Hos Nos veeks
Brussel Sprouts 112 49 31 - 46 39 - 54 16
82 - 99 90 - 107 18
135 - 148 143 - 156 14
180 158 1
Garlic 159 2 44 52 1
&7 73 1
Leeks 126 35 39 - 47 47 - 53 g
90 - 100 98 - 108 11
140 - 154 148 - 162 15
Spinach 149 12 9 - 11 - 3 3
44 - 47 52 - 55 4
51 59 1
a3 101 1
97 105 1
99 107 1
149 157 1
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CHAPTER 4  SUMMARY

A summary of the wain findings i=s given below.

1.

Weekly prices fluctusted considerably and for many of the
vegetables there was no relation between prices in one vyear
and the next.

Many of +the time series plots indicated that there was a
delay in the response of price to a volume change. This wvas
seen to occur after volume had peaked.

The most useful information for grovers would be the boxplots

of prices and volumes by month. Thesge indicated the general
behaviour of prices in a given month and shoved what prices
have been over a three year period. These were quite useful

at picking out seasonal behaviour.

The smoothed price s=series wmore clearly indicated price
trends, and general price behaviour than the original series.
Most prices had a very small positive trend.

When each smoothed series was split into its component vears,
and these were superimposed, consistent price patterns were
obvious for broccoli, capsicums, celery, silverbeet, kumaras,
and tomatoes. The weekly average prices of other vegetables
differed considerably for +the same vweek across different
vears.

Month of the vear was guite good at predicting price for
capsicums, celery, and tomatoes. Volumes were predicted well
for brussels sprouts, spring onions, and tomatoes.

The principal components anaslysis extracted five principal
components. Varimax was the best method of rotation and
produced +the following principal components: component 1,
wvhich grouped the prices of cabbages, cauliflover, lettuce,
and broccoli; component 2, vhich grouped the prices of
kumaras and pumpkins; cowmponent 3, which grouped the prices
of onions, celery, and mushrooms; component 4, which grouped
the prices of tomatoes and capsicums; and component 5, which
grouped the prices of garlic and parsnips.

It was concluded that on the whole common variance in prices
had been detected and =szome descriptions of these components
vere put forwvard.

Silverbeet prices correlated equally with three of the
components and could not be simplified by rotation.

The weather variables proved gquite good at accounting for
variation 4in marketed guantity for cabbages, capsicuns,
celery, lettuces, parsnips, spring onions, and tomatoes.

Prices wvere predicted well for capsicums, celery, kumaras,
and tomatoes.

The aridity index was not as good at accounting for variation
in volume or price as the original weather variables.
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10.

11.

1z2.

13.

14.

15.

The relationship between current wveek’s price and current
veek’s gquantity marketed was weak for all vegetables. The
largest adjusted r-squared wvas 44 percent for capsicums.

The transformations used did little to improve this.

Lagged prices vere used to account for variation in current
marketed guantity (supply). Prices vere lagged by one wvweek
and 52 weeks. Logarithms of current volume and price lagged
one wveek vere also used.

In each case the relationship for all vegetables wvas veak.

Price lagged by one wveek was found to be a poor predictor of
current price for all but the stored vegetables. These vere
celery, kumaras, onions, and pumpkins, and all had values of
adjusted r-sguared which vere 70% or better.

When price lagged by twvo weeks wvas introduced there was no
improvement 1in adjusted r-sqguared for some vegetables and
only a marginal improvement for others.

Price lagged by 352 veeks was virtually useless at predicting
current price.

The times of lowest price often do not coincide with the time
of greatest supply. Similarly +the times of highest price
often do not coincide with the times of least supply.

Price flexibility coefficients vere estimated and indicated
that in the immediate run, the percentage price response toc a
volume change is smaller than the percentage volume change.
The coefficients were all negative dindicating that an
increase in volume resulits in a decrease in price.

The relisbility of these coefficients is questionable since
mosgt were estimated for equations with extremely low values
of adjusted r-squared.

The behaviour of each vegetable is briefly described below.
The weeks of highest and lowest prices are indicated on the
various plots which have bheen produced. Chapter 7 gives a
clearer indication of these.

Broccoli

Prices increased in each vear and vere more variable

than veolumes. Highest prices vwere in October and it was not
clear wvhen prices had bheen lowest. High prices generally

corresponded with lowv supply, and lowv prices with  high
supply.

Brussels sprouts

Prices were less variable than volumes. Highest prices vere
received in September and lowest prices in June.
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JoCabbage
Prices were more variable than volumes. Highest prices wvere
received in  July and lowvest prices in December and
January. Sometimes high prices occurred before or after
lovest volumes.

4. Capsicums
Prices=s vere less variable than volumes and very clear
seasonal behaviour was exhibited. Generally prices wvere
lovest at times of highest supply which was in HMarch.
Prices were highest in winter, in July and August.

3. Cauliflover
Neither volumes and prices exhibited 2 clear seasonal
pattern. It appears that there are three supply seasons in
each year. Times of lowv prices and times of high prices
varied considerably from year to year.

&, Celery
There wvas guite large variastion in price within a season.
One =season each year was clearly exhibited. Prices
vere higher in summer by a considerable awmount.

7. Garlic
There vas considerable variation in the first of the three
years 1in the price series. Volume did not behave din this
manner. Prices were generally highest in the summer.

8. Kumaras
Prices peaked at the end of December and the beginning of
January each year, and were lovest in February and HMarch.
Prices vere more variable than volumes.

9. Leeks
Leeks vere not available all vyear. Prices were highest at
the beginning and end of the =eason. Volume vas
considerably more variable than price.

10. Lettuces
Price vas more varisble than volume. Highest prices were
received in the middle of vinter and the middle of summer.

11. HMushrooms
Prices were least variable of all the vegetables. Volumes
and prices wvere equally variable. Howvever, for =1
vegetable which is grown indoors, a surprising variation
from week to veek wvas exhibited. No seasonal pattern could

he detected.
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1.2

13.

14,

18.

i6.

17.

is8.

Onions

Prices and wvolumes seem to have indicated cvolical
behaviour. In two of the three years prices vere lowest in
March. There was no consistent time of lowest prices in the
series.

Parsnips

Prices for parsnips also seemed to indicate cyclical
behaviour. The time of highest prices wvas generally in
October with lovest prices being received in July. High

prices were often just bhefore or just after lovest supply.
Pumpkins

Price was more variable than volume and was generslly lovest
in summer and highest in winter.

Silverbeet

Price wvas more variable than volume. Two price seasons in
each year were found, and prices peaked in mid winter and
early summer.

Spinach

Prices were highest in July and August and lowest in HMarch.
Both price and volume were guite variable.

Spring onions

About three price peaks were discovered in each year.
These peaks were about three wmonths apart and occurred
in March and April, July, and November.

Tomatoes

There was one season in each year with some minor peabks wvhich
did not occur at the game times from year +to vear. The
major peaks were typically in July and August. Prices vere
consistently lowest in March.
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CHAPTER 5 THE MARKETING SYSTEM FOR FRESH VEGETABLES

A marketing system involves relationships between many
variables. It has been suggested that before analysing any
of the individual components of a marketing system for a
commodity one should propose a model which describes how the
system as a whole is believed to function.

The first step in any statistical analysis should be to
set up some sort of theoretical model describing how the
markets for a commadity work. The wmodel generally
starts with a listing of the factors that are believed
to affect the supply, demand, and price of the
commodity, Waugh (1964h).

In this chapter a description of the behaviour of the
marketing system is presented. The chapter is divided into 19
sections as follows:

Section

1. Nature of the commodity traded

2. The nature of growvers in HNev Zealand

3. Supply response

4. Short run supply response

5. Immediate run supply response

6. Which price?

7. Recursive systems

8. The nature of demand

8. Pricing systems

10. Marketing channels

11. The nature of auctions

12. Price formation at a Nev Zealand auction
13. Market information

i4. The nature of buyers

15. The future of auctions

16, Criticisms of auctions

17. Concluding comments

18. Likely causal relationships in this system
19. Summary

1. The nature of the commodity traded

The characteristics of products largely determine the nature
of their wmarkets. This is especially true of horticultural

products.

A& 1970 OQECD report (QECD 1870) describes horticultural
products as being land and labour intensive; uncertain and of
seasonal nature, that is subject to the efifects of climate,
pests, and diseases; and perishable, so that many vegetables
cannot be stored for very long. These charactersistics

affect trading considerably.

The authors argue that climatic influences are the major

determinant of yield for outdoor crops. This leads
uncertainty regarding yields and prevailing prices and
grovers have a difficult time forecasting for a season.

shortages and surpluses. It is also claimed that
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perishable nature of horticultural products leads to
difficulty in adapting supply +to demand becasuse it is
difficult to control output and gquality.

Host vegetables are highly perishable. They typically have
short shelf lives and in general cannot be stocked for very
long. Some exceptions are potatoes, onions, kumaras,
pumpkins, parsnips, and garlic. Stock holding costs will
affect the extent to which large stocks can be held and in
general it will not be wvorth holding stocks to the time that
nev season’s fresh produce bhecomes available.

Once ready +to be harvested most vegetables cannot be left
very long 4in the soil or they will spoil. A table of the
storage characteristics of each vegetable 1is given in
appendix 1.

When most vegetables are ready to be harvested they wmust
either be taken to market or ploughed in.

The OECD report notes that most vegetable production is
characterised by three crops. An early crop, wvhich is=
typically low vyield, a main crop the duration of which
varies, and can to a small extent be controlled, and a& late
crop which like the early crop is typified by lowv yield.

In the past crops have been distinguished as summer or winter
crops, according to the season of the year in which they
grew. With hybrid seed availahle +this distinction is
becoming less important.

Growvers may be able to hurry a crop to take advantage of high
prices. If preveailing prices are low, ({(market supply is large
relative to demand) a grover may be encouraged to retard the
growvth of a crop in the expectation of getting better prices
later in the season.

Vig (1975) notes that grovers may be motivated to extend the
harve=sting period by sgeason-dependent prices, and he presents
zeveral methods by which this might be achieved.

A considerable amount of wvork has been conducted on grovwth
regulators, z=ee for example Acta Horticultrae no. 134 April
1983.

Hybrid seed adapted to late planting, technological advances
in fertiliser and chewical s=prays, and methods of weather
protection have enabled many vegetables to be grown 1in =
broader range of wveasther conditions, Vig (op cit p 34).

The nature of growers in New Zealand

Carson (1985) asserts that fawmily businesses predominate in
the production of vegetables for the fresh market. For most
vegetables there are numerous producers vho generally act as
individuals.

Crovder (1979) asserts that a major characteristic of grovers
has been theilr independence.
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gize group (hectares)

< 5 5-19 20-59 60-199 200+ Total
holdings
Market gardening 1632 2499 794 225 35 5185
%4 of total 31 48 15 4 .7 100
cum % 31 79 94 98 100 100
Total farwming 8031 12447 14444 21603 17400 73825
size as % of
total farming
in size group 20 20 5 1 .2 7

source HMAF Agricultural statistics 1984

Table 3 indicates that most market gardens are small in =size.

Table 4 Area of holdings by size of holding as at 30 June
1982

size group (hectares) Total area

<5 5-19 20-539 60-19%9 200+

Market gardening 4450 23867 24955 21823 11091 86186
% of total S 28 29 23 13 100
cum % 5 32 61 86 99 100

sirze as %4 of
totel farming
in =ize group i8 19 4 .9 .06 .4

source  MAF Agricultural statistics 1584

Data were originally from +the Department of Statistics,
Auckland, and classifications apply to holdings where more
than 50 percent of gross farm income is derived from the
stated activity.

Tables 3 and 4 refer to the wvhole of New Zealand as at 30
June 1982. More up to date figures wvere not availahble. Both
tables indicate that most vegetable producers are small. For
instance 94 percent of the 5185 holdings were less than 60
hectares in size, but this represented only 61 percent of the
area devoted to market gardening. In terms of farming as a
wvhole, large wmarket gardens represent a very small proportion
of large farming enterprises. There is no reason to expect
the current =situation to be very different to what it was in
1982,
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Ridler (1966) noted that in 1966 growvers numbered "somewhat
less than 3000, with holdings owner operated and on average
small. ®

holdings employvees
full-time part-time
Working owners
leaseholders 4778 4942 2705

paid permanent

fulltime emplovees 1294 3095

paid permanent part

time employvees TE7 1881
paid casual employees 1495 9412

source: MAF HZ Agricultural stetistics 1984

0f 35185 holdings, 92 percent or 4778 vwvere operated by owvners
or leaseholders, rather than managers.

Most vegetable production is consumed domesticelly. According
to the 1983 Officisl Yearbook, the largest exports of fresh
vegetables by volume are onions and potatoes.

Grovers do not necessarily supply only one region. The
avctioneers, Arlidge Brothers Limited, estimated that 50
percent of volume traded at their particular market was grown
in the Manawatu region.

In general grovers have little contact with retail buyers and
with the ultimate consumers of their produce, and must rely
on their receipts and the auctioneers to aid decision wmaking.

Supply response

There is a large literature on farmers’ supply response to
various factors such as weather, technology, and price.

Mozt studies of supply response have been restricted to
categories of agricultural commodities, such as livestock,
grains or vegetables rather than to individual crops.

Heien (1977) comments that most analyses of the crop sector
in agriculture have concentrated on supply-acreage
considerations.

Ortmann (13982) notes +that the short run supply of many
agricultural commodities is fixed by the size of the harvest
and points out that "supplies to the market are determined in
advance of current prices®.
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Enting et al (19638) report that irregular supply in England
had been exagerated by simultanecus increases in acreage and
yvields per acre.

According to Lipsey (1980)  unplanned changes in supply are
not responsible for the regulsr manner 1in which price
fluctuetes 1in many agricultural markets. These are largely

the result of actions tsken by agricultural producers.

Working (19358) hovever points out that a large amount of
price fluctuations cannot be explained by fluctuations in
supply and demand.

Supply =alsc responds to technological changes. Griliches
(1937, for instance, researched +the speed at which hybrid
seed wvas adopted by Iowa corn farmers. He found that it took

four vyvears for the sdoption rate to go from 10 percent to 90
percent. The indicetion iz that seed and other technologicsl
improvements are not adopted instantly by 2ll farmers, but
eventually will affect supply. Either greater supply will
result, or the same yield will result frow less inputs. This
may liberate other inputs +to increase the supply of other
produce.

Kemmers (1976) points out that trends in production are
caused by technical development and improved crop management.

Daly (1958) notes that yields and total ocutput of crops have
been greatly increased by technological developments.

Fox (1933 p 59) writes "Production is assumed +to depend
chiefly wupon wveather and upon economic influences priocr to
harvest. ¥

The effect of wveather on production and yields has been
researched by Oury (1965), Stallings (1960), Shaw (1964), and
Doll (1967).

Abnormal weather conditions wmay account for a general
increase or decrease in supply for a given period and will
therefore have some effect on prices. Where veather

conditions deviate considerably from the norwm, the effect on
prices, through & change in volumes, wmight be large.

For example, wveather conditions may cause more +to be
available at =2 given time than was planned. A grovwer wvho
planned to market a large quantity at a time of general low
supply may instead be marketing at a time of generally high
supply 1if weather conditions hurried his crop.

Weather wmay be important from the demand point of view also.
For dnstance consumers may eat less salad vegetables in
summer vhen it rains and replace them with Twinter®
vegetables.

An additional consideration in supply and price anaslysis, as
pointed out by Waugh (1964s), is that the planned production
of one vegetable may be influenced by the pricesz of other
vegetables, If the current price of a production substitute
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(A) is relatively high growvers may be encouraged to produce

more of (A) at the expense of a lower priced substitute crop,

(B, Later more volume of (A) will be available and
consequently +the price of (A), =al1ll1l things being equal, will
fall. Substitute crop (B) will nov probably be receiving

higher prices due to lower volumes and production will then
move back to producing (B).

In +theory the ocutput of one vegetable may be influenced by
the prices of any other competing production or investment

possibility. This effect hovever, ig very difficult to
identify.
Cochrane (1955) distinguishes tvo types of supply

relationship. One he refers to as a supply relation or supply
function and is concerned with a static or ceteris paribus

response of output to price changes. The time period is
fixed, technology is constant, and all other factors which
influence output, except price, are held constant. This

might be expressed as @ = f(P).

The second relation is referred to as the supply response
relation. This also endeavours to explain how ocutput
responds to price changes but the ceteris paribus condition
is not applied. This might be expressed as @ = f£(P, a, b, c,
etc).

Cochrane 1lists three factors which affect the slope of the
supply relation for a commodity. These are the time available
for output adjustment, which should be considered in relation
to the +time required for output +to adjust; production
alternatives; and howv close these alternatives are with
regard to the return to factors of production.

If +the time frawme isg very short, the output of products
produced by bioclogical processes cannot respond greatly to
price changes. Such a time frame means that +technological
influence will be constant. This recognises that it takes
time for a sufficient number of grovers +to adopt new
technology and for this to make an impact on output.

The greater the time available for adjustment, then the more
adjustment can take place. We would expect production to be
perfectly inelastic with respect to price in the immediate
and short run, becoming less inelastic as the length of run
is increased.

Cochrane points out that when the adjustment time available
is long and a product has close alternatives a small change
in its price will result in a large change in the quantity
which is supplied. This would be referred to as an elastic
supply relation.

He noted that in 1955 fev empiricel studies of supply
relations had been constructed because of the problems of
holding various factors constant, and of knowing which
factors to hold constant.
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4.

Short run supply response

Most of the literature deals with supply response in the
short run, which is usually defined as changes from year to
year.

Bean (1929) found that the price in the preceding season vas
the main factor influencing acreage changes for potatoces,
swveet potatoes, and cabbages. The price tvo years preceding
was alsc important, especially if it was a lowv price. He
used a weighted average price for the crop year as the price
variable.

Fox (19538) reported that +the supply or production cf wmany
annual crops is mainly determined by prices prevailing at an
earlier time rather than at the time of harvest or marketing.
He noted that the same state would exist for crops which are
produced throughout the year, but that the prior period price
would be in a period shorter than a year.

Lipsey (1980) notes that there is evidence pointing out that
price fluctuations are a result of planned output changes and
that these output changes follow a cyclical pattern.

According to Enting et al (1965, in general, acreage
responds to the previous year’s prices and tends to move in
the same direction. Thus, if prices rise, acreage can be
expected to rise in the following year.

Rogers (1970) asserts that short run price fluctuations are
largely due to over reactions because of incomplete
knowledge. This can be caused by both growers and buyers.

Tweeten and Buance (1969) found that output of agricultural
production was more responsive to a once-for-all price
increase than to a once-for-all price decrease.

Johnson (1950) describes the output of agriculture under
certain conditions as regards the direction of prices. He
points ocut that agricultural supply response is restricted by
the ability of factors to respond to price changes.

He notes that the price elasticity of the supply of land is
very low in the short run and that the price elasticity of
supply of capital assets is very small wvhen prices fall, but
is higher when they rise.

Johnson concluded that farmers could not move more land into
agricultural production and had few alternative uses for land
already committed to agriculture in the short run. So  the
responsiveness of the factor of production was limited. He
also argues that agricultural assets are more productive in
agricultural employment than in other employment, even vhen
the prices of agricultural commodities are falling.

Cochrane (1935) comments that elements which are fixed in the
short run tend to be the size of the labour force, the land

~available, the amount and type of machinery and other

eguipment, and the production related buildings. He
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describes short run changes as being those that occur from
one planning period to the next.

Tompkin (1958) found that livestock farmers responded +to
price changes after the new price level had existed for more

than a vyear. Admittedly production lags in livestock are
much longer than for crops, but this reasoning might apply in
cases where crops require specialised wmachinery and
handling.

Enting et al (p 61) make the following comments about the
supply of vegetables in New Zealand:

Fluctuations of prices are caused by either seasonal
veather or by over or under supply wvhich is not the
result of the wveather. The first we have no control
over. In the second group over supply generally follovs
a season of good prices, which cause heavy plantings the
folloving season. The result is a glut, or over supply,
vhich wmway continue for two of three seasons, until
finally s=some grovers stop growing these crops. The fall
off 4in the gquantity of crop planted results 1in the
folloving season being a good one. This is the ususal
pattern for all field cropping.

Ekeland and Lundahl (1984) found that green house production
of +tomatoes and cucumbers in Sveden responded inelastically
to price changes. The short run elasticities were 0.25 for
tomatoes and 0.53 for cucumbers. They noted that the response
of supply to price changes was "sluggish".

Furthermore, the =authors discovered +that output was not
closely related to current price changes but there was a
close correlation between current guantities and guantities
lagged by one vyear.

Kohls and Paarlberg (1950) researched the hypothesis that
farmers change the acreage planted to crops, or intend to
change acreage, in response to year to year changes in the
relative crop prices.

In many instances, they found the varistion in intended
acreage or harvested acreage explained by changes in price to
be small, and noted that for some of the crops studied, none
of the variance in acreage wvas explained by price.

They also analysed the relationship between current price and
last year’s price and found it to be weak.

For cabbages, 20 percent of the variation in the current
year’'s price could be explained by the variation in the
preceding vear’s price. The figure was seven percent for
onions  and three percent for tomatoes. They discovered that
the wmost dimportant factor explaining acreage change for
cabbages and onions was the preceding season’s price.

For cabbages 54 percent of the variation in harvested acreage
wvas explained by the price in the preceding year. Thirteen

percent was explained by the price two years preceding. For
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gniocns 7UpErcent oY "the variation in harvested acreage wvwas
explained by the preceding year’s price and none by the price
twvo years preceding. For tomatoes only 1 percent of +the
variation in harvested acreage wvas explained by the preceding
yvear’'s price.

The authors reported that the results of their study tended
to refute the suggestion that vhen prices are falling farmers
will inecrease production to wmaintain their incomes. They
concluded that year to year changes in the price of a
commodity were not very useful at predicting future supply
changes.

The supply function "indicates +the quantities of a product

that will be offered for sale at alternative prices
assuming the prices of all dinputs and other outputs are
combined in the least-cost manner?, Tomek and Robinson
(13981). The theoretical market supply curve has postive
slope. It predicts that grovers will produce more wvhen

prices rise and less when prices fall.

Any increase in the gquantity supplied may be in response to a
price increase (static change) which 1is a short run
phenomenon or the result of a shift in the supply curve (a
gtructural change) which is a long run phenomenon.

Structural changes occur as a result of changes in technology
and changes in the relative prices of production inputs.

The elasticity of supply is a measure of the
responsiveness of guantity supplied to a2 price change.

It is important to determine +the length of run before
digcussing supply elasticities. Manderscheid (1964)
ouvtlines problems in using and interpreting elasticities.

It has been noted +that changes in the volume of produce
marketed are the major cause of price fluctuation.
Agricultural commodities are frequently referred to as being
own-price, or s=simply price, inelastic. This means that a
small percentage change in price leads to a smaller
percentage change in guantity supplied. For instance, a one
percent increase in price would result in less than a one
percent increase in gquantity supplied. Because of the
fixed nature of vegetable production in the immediate
run this is what would be expected. In +the longer run,
supply response should be more elastic.

Considering a static supply model, Cochrane (1333) suggested
that for certain vegetable crops such as cabbages, anions,
and tomatoes, the short run price elasticity of supply

would range from 1.0 to  2.0. Further, he asserted that
these would increase as the length of run increased.

For an individual growver, Cochrane observed Tmost

econonists are 1in agreement that the short run supply
relation for the +typical farm firm iz severely inelastic.”
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Cochrane noted that the elasticity of supply varies
depending on the crop. For wheat it is highly inelastic
and for some vegetables it is elastic.

Houck (1967) points out that price elasticity of supply is
treated less fully in the literature than price elasticity of
demand.

Schnittker (1958) comments that calculating elasticities
from real price-quantity data may be meaningless because of
viclated assumptions, but concedes that in the short run, the
assumptions do hold and calculating and analysing
elasticities is wvorthwhile.

Manderscheid (1964) cutlines some of the problems in
using and dinterpreting elasticities and notesz +that the
procedural decisions taken to measure elasticities affect
the measure of elasticity obtained. He defines
elasticity as fthe percentage change in guantity
associated with =a 1 per cent change in a causal variable
assumming other variables are unchanged.?” Handerscheid

points out that all other +things cannot be held equal and
that =all +that can be hoped is that the more important
variables are held constant and that changes in any other
variables have little influence on the results.

Tweeten and GQuance (1969) assert that over a long period of
time, farmers have a lot of scope for substituting one
commodity for another in production. They found that the
response of output to price for crops did not change from
1821 to 1966.

Three approaches were used to calculate the elasticity of

farm output with regpect to farm prices. The supply
elasticity for crops was found to be 0.17 for the short run
(2 vyears) and 1.56 for the long run (many years). A low

response of acreage to price was found for both the short run
and long run.

Edwards (1989) asserts that the supply response to swmall

price changes iz inelastic due to the fixity of farm asstes.
He reasons that price changes which are large make it
vorthvhile +to change the farm’s asset structure and that the
the response should become more elastic.

Askari and Cummings (1977) also make comments about the
comparison of supply elagticities from different studies.
They point out +that price and output are defined and
measured differently, the time period aver which
observations are collected varies, and the guality of the
data also varies.
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The authors hovever, proceed to present a summary of
studies of elasticities for various crops in various
countries.

1 The short run supply elasticity of brussels sprouts
has been found to be .20 in the UK.

2 The short run supply elasticity for cabbage has been
found to be from .3 to .36,

3 The short run supply elasticity for capsicums in

the USA is reported as .07.

4 The short run supply elasticity for cauliflover is
reported as .14 in the USA and .05 in the UK.

5 The short run supply elasticity for celery is
reported as .14 for the USA and .10 for the UK.

& The short run supply elasticity for lettuce has been
found to be .03 in the USA.

7 The short run supply elasticity for onions has been
found to range from .05 to .59 in absolute value. It
has been reported as .34 in the USA and .59 in the UK.

8 The short run supply elasticity for tomatoes is
reported as .16 in the USA and .17 in the UK.

g Vegetables as a vwhole are reported as having an
elagticity of sgupply of about .30 in the UK.
We would expect the supply response for speculative crops to
bhe much quicker than for staple crops. For instance, Carson
(1985) notes that 400 grovers grev garlic one year in the

Waikato and that in the followving vear when prices were less
than harvesting costs, "there vere none of these grovers
left. ”

Askari and Cummings (1977) reviev the litersture regarding
the estimation of supply response using the Nerlove model
wvhich focusses on price exupectations and partial area and
production adjustments, They note that much of this has been
concerned with acreage response to price fluctuation and
argue that farmers actually want to adjust output not
acreage. They note that in most cases it is asserted that
past prices affect planting decisions, and therefore supply.
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Immedinte run supply response

Most of the literature notes that the supply of agricultural
produce is in general price inelastic in the immediate and
short run.

Howvever, little published research on immediate-run supply
response, that is from week to week or day to day, was found.
This is probably because supply cannot respond very wmuch in
the immediate run, and therefore this analysis would not be
seen as of much use for policy purposes.

The authors of the OECD report (op cit p 14) describe the
behaviour of price during a season. They assert that in
general the shape of the season price curve for horticultural
products is sav-toothed.

Early season production is typically sold at a relatively
high price, main or full season production is typically
characterised by price fluctuations and perhaps a large price
drop as the market begins to experience surpluses. Later, as
the product becomes increasingly unavailable, prices way
rise.

The biclogical nature of vegetable production wmeans that
supply cannot immediately respond to a price change.

In the immediate run, and in the short run, we would expect
the overall effect of technological change on supply and
price to be small.

Heien (1977) notes that since supply is virtually
predetermined in the short run the only variation which can
occur in the system is in stocks and prices. Due to their
perishable nature, many vegetables have virtuaslly no

stockholding potential, and the only variation which can take
place is in price.

In considering the immediate run Dahl and Hammond (1977) also
point out that nothing can be done to change the supply. The
only decision to be made 1is to harvest or not to harvest.
This can of course be tempered by consideration of how much
to harvest assuming that some retardation or storage is
posesible. They comment that it will either be profitable or
loss wmwminimising +to market the entire crop as long as the
price of the crop exceeds harvesting costs.

In +the immediate run, wvhich they describe as the marketing
day or wveek, nothing can be done to increase the size of the
crop and the supply curve is perfectly inelastic.

Graphically this would be depicted as a vertical line, where
the vy axis represents price and the x axis quantity supplied
in the immediate run, or quantity marketed. The position of
thisg line on the % axis wvould be the daily or weekly guantity
marketed.
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As long as recent prices are higher than harvesting costs, or

perhaps as long as expected prices are higher than'harvesting
costs, grovers will take all mature produce to market. The
price moves to clear the market.

Where grovwvers have information concerning prices at other
markets the additional decision as to which market to sell in
enters the system.

The nature of consignment of produce to the auction floor
means that there can be no gquantity response to price on a
given day. From week to week there is room for a gquantity
response to take place. Growvers may be able to hurry a crop
or retard it. Imports from other regions wvhere prices are
lover, or exports to other regions vhere prices are higher
are possible.

Within &a week there is alsoc room for a quantity response to
take place. Grovers are probably not able to advance =a
crop’s maturity very wmuch within &a week but +they can
certainly restrict supply. This will probably only occur if
prices are lower than marketing costs.

Ortmann (1982) argues that price flewibility coefficients
are more relevant for crops than elasticities. He reported
the folloving price flexibilities of supply at the farm
level:

Tomatoes -0.65
Onions -2. 36
Cabbages -0. 45
Pumpkins -3.75

Sweet potatoes -1.33

Thus, for example, a 1 percent increase 1in the guantity
supplied of tomatoes resulted in a .65 percent fall in
tomato prices at the farm level.

This makes sense 1if we are concerned with immediate run
rather than short run response.

The price flexibility ceoefficient for a commodity is
given as the percentage change in price associated with

a one percent change in qguantity supplied, ceteris
paribus. {Tomek and Robinson 1981). They note that the
reciprocal of the price flexibility cocefficient can be used
as an estimate of elasticity but that it is not always a good
estimate. This 1is because different variables are held
constant when each is calculated.

An absolute value o©of the coefficient greater than 1 is
generally considered to indicate inelastic demand. A wvalue
less than 1 indicates elastic demand.

Colman and HMiah (1973) note that the price flexibility
coefficient has a different causal meaning to an elasticity.
Dahl and Hammond (1977) point out that it is used to study
the price changes which result when the guantity marketed
changes.
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Houck (1966) points out that in the short run the supply of
agricultural commodities is fixed and price is all that can
adjust.

Tomek and Robinson (1981) comment that demand is also
relatively fixed in the short run, and that analysts might be
interested in the price response to a small quantity change.

More emphasis has howvever, been given to elasticities than to
flexibilities. This is probably because research has
concentrated on short and long run response rather than
immediate run response.

For each of four vegetables, Lee (1973) estimated the
folloving supply and demand models:

SuUt = £(Pt-1, Wt-2, T, St)
Pt = £(Tt’, Wt, @t

vhere SUt = supply of vegetable to Palmerston Horth

auction merket in period t (week)

Pt-1 = wholesale price of vegetable in week t-1
Wt-2 = idindex of weather in heat units in wveek t-2
Wt = Index of veather in heat units in week t
Gt = the qguantity demanded at t
Tt = the time trend variable in years at t
Tt = time trend variable in weeks at period t
St = the seasonal dummy variables

The current supply each vegetable wvas given as depending on
its average price in the most recent week, some wmeasure of
prevailing weather tvo weeks ago, the season, and a time

trend. The supply equation did not allow for longer
adjustment lags than only one week. The current price wvas
given as depending on current gquantity demanded, current

veather conditions, and a trend variable.
The linear equations which vere estimated vere
sut A4 + BIPt-1 + B2ZWt-2 + BR3Tt + AZ282t + A383t + Ut

and Pt = Cl + C2Tt’ + C3WL + C4Qt + Vi
Ut and Vit are the error terms.

YValues of SUt were obtained by regression and then wvere
inserted in the demand function since SUt = Gt at
eguilibrium.

Lee reported the following price flexibilities:

cabbages -1.986
cauliflover -1.228
lettuce ~-0.697
carrots 0.519
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Packaging and post harvest handling can also influence price.
For instance Hartman (1939) cited in Thompson and Kelly
(1957) discovered that the price of cauliflowers at auction
on Long Island depended on how closely leaves were trimmed at
harvest. He also found +that 1in general, crates which
contained a swmaller number of heads, received higher prices
than those wvhich contained a greater number.

Which price?
Host discussions of the price to which farmers respond are in
the context of +the short and long run rather than the

immediate run.

Grovers may respond to the average of prices for the past

period, or some wveighted average of past prices. (Nerlove
1958).

Herlove (1956) comments that farwmers respond to expected
prices. He readily admits that expected prices can never be

observed and proposes a method for estimating expected prices
which geometrically wveights past prices.

Tompkin (19858) asserts that a large number of farmers wmake
decisions on average rather than marginal values. The price
to which they respond would therefore be an average price
over a period of time.

Kohls and Paarlberg (19350) noted that for crops in the USaA
last vyear’s price was not good at predicting current year’s
price.

It wmay be that growers do respond to expected prices. These
are not measurable and the analyst is left with the problem
of defining expected price. Perhaps grovers respond to
prices of one, two, or more periods ago. Perhaps grovers
somehow average, or wveight and average prices in their minds
and they respond to these prices. The time lapse, or lag,
between the production decision and yield makes it difficult
to be sure just what price growvers respond to.

It is doubtful that growers could actually tell a researcher
wvhich prices they respond +to unless it is some important
event like a maximum price or a minimum price. It may be that
their production decisions depend more on a certain cash
return from given crops over time, than on prices per se.

This return may be compared with the return for the same crop
from +the last season and production decisions made on that
basis. If this was the case, then the relationship betveen
prices and ocutput would not be as strong as expected. Rather
the relationship would be betveen total revenue and total
output for a given period.

Kemnmers (1976) asserts that expected income determines
productien levels and notes that because expected income is
influenced by unobservable factors that decisions are mainly
based on income or prices from the most recent period.
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In the immediate run, the amount that is harvested will
depend on the relastionship betwveen harvesting and marketing
costs and the current price level, as suggested by Enting =t
al (1965), Tomek and Robinson (1981), and Dahl and Hammond
(1977).

Enting et al assert +that growers are more concerned with
current and next season’s market prices than with price
trends. The reasons given are that a smwall long term price
trend is of less importance to grovers decisions and income
than a huge short term price change. This is supposedly due
to the fact that many short terw price changes may be as wmuch
as 100 percent or wmore. The immediate uncertainty facing the
grover concerns next vear’'s price and income, and what he
believes +they will be will have a large impact on production
and finance decisions.

Lee (1973) assumed that the supply of a given vegetable in a
given week to the Palmerston North suction markets wvwas
determined by +the price received for the vegetable in the
previous wveesk. He assumed that grovers responded +to an
expected price wvhich vas somehov generated by the most recent
auction price.

While his results were not very good, price lagged by one
veek was significant at the 95 percent level for all
vegetables except carrots. His model was able to account for
46 percent of the variastion in wveekly supply of cabbages, 28
percent of the variation in wveekly supply of carrots, 48
percent of the variation in weekly supply of cauvliflovers,
and 68 percent of the variation in wveekly supply of lettuces.

Therefore +there 1z some evidence to suggest that marketed

guantity depends on the wmost recent price or prices. This
needs to be investigated further.
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7.

Recursive systems

The pattern of behaviour outlined above, in which current
output depends on past prices and other influences rather
than ocurrent influences, is described as a recursive system
in +the economic literature and is often referred to as the
cobweb theorem.

Lipsey (1980 p 143) comments that the theory provides a
freagonably satisfactory explanation .... (of) .... the
tendency toward oscillations in many agricultursl markets
with periods of shortages and high prices alternating with
periods of surpluses and low prices for reasong that cannot
be blamed on such uncontrollable factors as the veather.,”

The cyclical behaviour of ocutput and price, can be explained
as an unintentionael high output wvhich depresses prices
causing a low output in the following time period wvhich
receives higher prices. These encourage increased ocutput in
the subsequent season which leads to lower prices at the
follovwing harvest.

In =seasons of high price producer incomes will tend to rise.

In seasons of lowv prices, incomes will no doubt fall. This
has significant implicationz for production investment and
financing decigions, and according to Enting et al

perpetuates price instability.

Moore (1917) cited in Waugh (1964a) was among the first to
digcuss the notion of recursive systems. Moore described how
the current price of cotton depended on the current output
and that this in turn wvwas influenced by the price in the
previous year.

According to Waugh, a wide range of farm products have
exhibited esimilar patterns of price and guantity behaviour.
He comments that the +term "cobweb” was coined by Kaldor
{1934) in 1934.

There are three basic +types of cobweb model, converging,
diverging, and continucus or oscillasting (Waugh 1964a,
Lipsey 1980, Tomek and Robinson 1981).

Suits and Koizumi (19356) assert that the onion market in the
USA dig very wmuch like a textbook version of the cobweb model.

They developed three equations in logarithms of first
differences to describe this system. The model comprised a
supply equation, a demand equation, and an unharvested crop
equation. The supply eguation related the quantity which was
available for harvest to the preceding year’s prices and
costs, the demand equation related onion consumption per
capita +to farm prices and disposable income per capits, and
the unharvested crop equation related current unharvested
quantity to current price and current harvesting costs.

First differences were used to avoid the problewm of
autocorrelated residuals.
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Except for the war years their price predictions were quite

close to actual prices. The authors report that the price
and income elasticity of demand were about -.4 and .6
respectively.

The past behaviour of the production of vegetables for the
fresh wmarket suggests a recursive system not unlike the
cobweb. As shown in tables &6, 7, 8, and 9, hectares planted
and yield fluctuate from yvear to year. We also know that
gquantities taken to wmarket on every day are determined by
forces which operated at an earlier time.

Information available to grovers is quite sparse and so most
of their decisions must be made on the basis of past and
expected prices.

Takhle & Area and yvield for selected vegetables under study in
the Manawatu/Wanganui region

Year ended 31 October

1979 1980 1981 1982

Area Yield Area Yield Area Yield Area Yield

(ha) (t) (ha) (t) (ha) (t) (ha) (&)

Brussels sprouts 34 272 40 320 40 321 40 320
cabbage 80 160 75 160 76 384 76 160
cauliflowver 111 2011 123 2248 120 2322 124 2259
celery 19 486 22 551 19 496 21 550
lettuce 94 1452 105 1813 106 1885 105 1813
onions 30 741 46 875 46 1146 46 875
parsnips 98 6554 S8 10490 97 4365 98 104390
pumpkin/sqguash 25 512 34 780 35 700 34 780
tomatoes{outdoor) = 168 11 294 11 440 11 294

Source Agriculture statistics 1978-79, 1979-80, 1980-81,
1581-1982.

Hote that most vegetables exhibit fluctuation in output. It
also appears from these figures that yield fluctuates more
than acreage.

Unfortunately auction prices for the corresponding periods
vere not available.

Herlove (1958), asserts that acreage (and therefore output)
i influenced by prices from recent years including the most
recent year. This output response is thus distributed over
time and these are referred to as distributed lags. Nerlove
notes (p 9) that this concept was developed by Irving Fisher.

Nerlove (1956) discusses expected prices and Working (1958)
describes 2 model of anticipatory prices suggested by Taussig
(19215, Both look at the influence of price eupectations in
price formation. Expected prices are projections of price
trends which growvers believe continue to operate.

Nerlove and Bachman (1966) note that because production
inputs wust be committed well before ocutput is realised,
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decisions must be based on expected receipts rather than on
current or historical receipts.

Nerlove (1956) however cited five studies which assert that
farmers respond very little to price when planning acreage.
These studies dealt with cotton, ceorn, and wheat and it would
be expected that the factors involved in their production
would be highly inelastic in the medium run. He notes,
however, that price lagged one year has been identified as
the price to which farmers react. Nerlove comments that the
forces which generated the most recent prices are expected to
be in operation in the near future.

The concept of lagged production response is central to the
concept of recursive systems. Lipsey (1880 p140) comments
that "all decisions take some time to implement, and some
decisions take a very long time. "

A supply lag is the time lapse between a decision to produce
and the realisation of production. In other words it is the
time lag between a decision to produce a certain quantity for
supply and the actual supply of the commodity to the auction

floor. Clearly supply lags will depend on the nature of the
product and the length of the production process. For annual
vegetables, the minimum supply lag will be a year. For

perennials, the minimum supply lag will be somewhat shorter
than a year.

Lipsey (1980) asserts that the wmajor factor which determines
the length of the supply lag is the time interval between
successive crops.

The particular climatological conditions in a given region,
crop wmanagement practices, and state of technology will also
have a bearing on the length of the supply lag.

Lags are essentially of two kinds. Discrete lags are lagged
responses that occur in one adjustment. Distributed Llags
occur vwhen adjustments are distributed through time, Lipsey
(1980).

Griliches (1967) presents a survey of literature about
distributed lags and suggests distributed lag models be used
wvith caution.

The length of +the supply lag will also depend on the

behaviour of growers in response to changes in price. The
greater +the number of growers responding per time period, or
the quicker the response, the shorter the lag. Recursive

systems will be more complicated and response more difficult
to predict, where lags are distributed.

The simplest lag is the one in which the current year'’s price
has no bearing on the current year’s supply. This is what
wvould be expected for annuals. This can also be applied to
perennials as well because the current season’s supply has
nothing to do with the current seasons price.
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Most of the literature above agrees that to same extent
grovers decide how much to plant for the next season on the
basis of some price indicators in the current season.

This could be represented as follows:
dt+k = f£(Pt) or analagously @t = f£(Pt-k)

where k is the supply lag and Q, P, and t rezfer to quantity
planted, price, and time respectively.

Lipsey (1980 p 140) summarises this as follovs, "OQutput
coming onto +the market at any time is +the result of
production decisions taken in the past, while the decisions
taken about production in the present will not have their
effect on the quantity supplied until some time in the
future. "

In the 20 years since the Enting study was reported, output
and hectares planted have continued to fluctuate. See table
6 above and tables 7, 8, and 9 belaow.

Table 7 Net areas of vegetables grown for fresh market
Limited to vegetables under study
(hectares) ‘

1873 1974 1973 1976 1977 1978 1979 1980 1981

ocoutdoor crops

Brussels sprouts 142 158 144 166 159 158 108 118 117

Cabbage 1133 1254 1115 1146 1119 1209 1257 1289 1313
Capsicum - - - - 29 34 34 37
Cauliflowver 1174 1305 1139 1118 11085 1318 1248 1301 1227
Celery 109 398 92 87 91 125 124 121 109
Garlic - - - - 98 139 184 151
Kumara 486 623 446 S20 53534 1001 982 696 666
Lettuce 728 8354 745 862 746 842 798 827 920
Leeks - - - - 64 54 69 73
Onions 1133 1267 1415 1445 1688 1820 2047 2222 2063
Parsnips 227 243 224 228 235 273 270 244 226
Pumpkin - - - - - 880 856 954 1522
Silverbeet - - - - - 102 100 103 101
Sprouting Broccoli - - - - - 94 115 g6 113
Tomatoes 271 323 351 285 243 314 360 366 340

indoor crops

Mushrooms 36 34 36 46 83 47 134 -
Tomatoes (indoor) 1011 1335 1448 1165 1112 1216 1218 -

source: MAF Horticultural statistics 1984, 13982

These figures seem to indicate cyclical acreage behaviour for
many of the vegetables. Tomatoes seem to have a 4 year
acreage cycle and kumaras a six year cycle.



Other vegetables present no clear cyclical behaviour.

For

instance, Ridler (1966) noted a two year price cycle for
spring cabbages. In table 7 above, cabbage acreage appears
to have no clear cyclical pattern.
Table 8 Production for fresh market
Limited to vegetables under study
{(tonnes)

1973 1974 1973 1976 1977 1978 1979 1980 1981
outdoor crops
Brus=s spts 1829 1094 1820 1960 1832 1880 1250 1382 1693
Cabbage 28448 26148 25464 27111 27434 30388 30885 31072 32186
Capsicum - - - 308 346 315 312
Cauli 23368 18243 24043 23111 22397 25504 22918 23201 23230
Celery 4674 3561 3377 3307 3372 4018 3829 4589 4319
Garlic - - - - 699 1014 1330 962
Kumara 8331 9235 7466 35731 6009 15133 8391 18768 10301
Lettuce 15748 16429 15766 17162 16326 18136 16796 17837 15100
Leeks 1419 1111 1329 1274
Onions 36982 37778 43854 49170 56666 59313 66743 76817 66416
Parsnips 4369 4609 4362 3378 6354 6478 5965 13883 6975
Pumpkin/squash 17676 18282 19733 29237
Silverbeet 1114 1108 1298 1242
Sprouting Broccoli 737 991 712 1083
Tomatoces 22779 23488 28808 17443 27080 24836 23889 27834 27789
indoor crops
Mushrooms 1209 1204 1290 1146
Capsicums 33 171 100 66

source: MAF Horticultural statistics 1984, 1982

Table 8 indicates that many of the vegetables have had quite
example

large production changes from year to year, for

garlic, brussels sprouts and kumaras.
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The tomato figure includes both indoor and outdoor
production. Indoor production has exceeded outdoor production
in all years for which statistics have been collected. This
information is shown below in table 9.

Table 9 Glasshouse production of tomatoes
compared with outdoor production of
tomatoes

year area (000 wm.squared) production (tonnes)

indoor outdoor indoor outdoor
1976 1335 285 9060 8383
1977 1448 243 21085 6025
1978 1165 314 14864 9992
1979 1112 360 15618 8271
1980 1216 366 18306 9528
ig81 1z18 340 18266 9523

Nationally =about tvwvo-thirds of tomato production is=  from
glasshouses. Capsicums are still primarily grown outdoors.

In +the study by Enting et al (1965) the authors comment that
the duration of a production cycle depends on the time it
takes for producers to react to prices and the time required
for production plans to be completed.

Some grovers may act Toutside" of this cycle. They way
anticipate the "industry® production response to price and
chocose to behave in a manner counter to the "industry®. The
existence of cycles is evidence that growers tend to respond
to economic stimuli in the same manner. That is by either
increasing or reducing output without considering what the
net affect of their individual actions will be.

Discussions with some grovers revealed that when price vas
high for one year less would be planted for the followving
vear because it was expected that the general behaviour wvould
be +to increase production. These grovers acted outside of
the production cycle.

The individual grover’s income instability associated with
price instebility will depend on the relative importance of

particular crops to his income. It takes time for a
production response to take place. Risk and uncertainty as
regards prices of crops vhich represent an important
proportion of +total income may dampen the response.

Therefore +the production response might occcur after one, or
two or wmore, good or bad seasons. It is asserted, without

evidence, that this is hov the majority of grovwers behave.

Askari and Cummings (1977) note that not much work has been
conducted on farmers’ reaction to risk.

Farmers of other commodities, such as sheep, beef, dairy
cattle, and so on might be blamed for some price instability,

in +that when vegetable prices are particularly good they may
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decide to swvitch some resources to producing vegetables which
are receiving high prices. This would tend to exacerbate any
glut in the following season and would force prices down.
Howvever, Enting et al (op cit) claim that this was not wuch
of a problem in New Zealand.

Most field crops do not require a lengthy establishment
period as, for example is required for asparagus, before
producing fruit and it is possible to switch production
betwveen crops from one season to the next.

The domestic industry has developed +to supply a given
population gize and this size i1is fairly static. ALl
gquantities are usually sold and it would seem that whatever
the guantity the market will be cleared. If prices are so
low that they are exceeded by harvesting ocosts, evidence
suggests that a proporticn of the crop will remain
unharvested. (Enting et al).

If past prices play a large part in future production and
therefore supply, they should be invaluable for predicting
future prices. If current prices are determined primarily by
current volume traded, as suggested by the cobwveb theory,
then wve would be interested in predicting future supply from
current price and then future price from predicted supply.

Waugh (1964a p 736) produced the following equations to
represent a linear recursive system:

price Pt = -alt

lagged output @t+1 = bPt = -balt
He points out thet 1f (&b <« 1 the sy=stem converges; if
(ab)® > 1 the system diverges; and if (ab)? = 1, the =zsystem

oscillates continuously.

The simplest cobweb is where the current year’s price does
not affect the current year’'s supply. The adjustment to
price in this model happens =&ll at once in the following
year.

In summary, Tomek and Robinson (1977) comment that the theory
of simultanecus determination of prices and quantities is=
relevant when there is sgufficient time for the apparent
interdependence to occur. UOn the other hand, sequential
determination of prices and guantities "may be empirically
relevant when time lags between changes in variables are long
or when the time unit over which variables are observed is
short".

Some lagged relationships are investigeated in a subseguent
chapter.
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8. The nature of demand.

Demand at the farm level or regional market level can be
treated as derived demand and is based on consumer demand
less marketing costs. (Fox 1953).

Kemmers (1976) points out that fluctuation in demwmand about
the demand +trend is caused by "seasonal aspects, wveather

conditions, and changes in the price of substitutes”.

Huch of the literature notes that demand for agricultursal
products is price inelastic.

Tompkin (1958) for instance agsgerted +that agricultural
commodities are charaterised by an inelastic demand.

Waugh (1964b) found that in the USA food becomes increasingly
price inelastic as incowmes rise.

Eckastein and Syrguin (1971) report that agricultural products

have low elasticity of demand. This they say leads many
vriters +to believe that farmers' incomes will guffer due to
supply fluctuations. Hovever, they point out that this

depends on the shape of the demand curve for the range over
which volume fluctuates. They report that if the demand curve
is linear, fluctuations in supply will lead to declining
average income.

Kitson (1968) reports price elasticities of demand for 5
vegetables in HNew Zealand, vhich indicate that +they are
different at different retail ocutlets and in different parts
of the country.

supermarkets fruiterers grocers
celery -1.21 -0.87 -0.36
cabbage -0.74 -0. 44 -0.33
tomatoes -2.07 -1.62 -2.13
lettuce -0. 38 -0. 55 -0.93
onlions -0. 56 -0, 57 -0. 44

All Auckland Central North island

celery -1.11 -0. 33
cabbage -0. 68 -0, 34
tomatoes -1.93 -1.04
lettuce -0.38 -0. 63
onions -0. 56 -0. 21

Most of the vegetables studied by Kitson had price inelastic

demand.

Ortmann (1982) conducted a study to determine the response
coefficients for various vegetables and fruits in South
Africa. He reported that, based on annual datsa, onions,

tomatoes, cabbages, pumpkins, and sveet potatoes all had
price inelastic dewmand.
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Lee (1973) reported that over a three year period at +the
auction markets in Palmerston North demand for cabbages and
cauliflowver wvas price inelastic and demad for lettuces was
price elastic.

Herlove and Addison (19358) conducted a study of the demand
for vegetables in the UK from 1921 to 1938 and found that
they had price inelastic short run demand. In the same study
the =authors conducted a dynamic supply analysis for 20 fresh
market vegetables in the USA. The period wvas 1919 to 1935.
All vegetables had price inelastic supply in the short run.
In the long run, some had inelastic supply and others elastic
supply. The short run was defined as one year.

Balestrieri (1983) used daily data to estimate wvholesale
demand elasticities for tomatoes in Italy for 1976 to 1979.
Weeks wvwere substituted for days to reduce variability and
separate equations wvere used to estimate elasticities for
spring and summer. The logarithms of wveekly quantities wvere
regressed on the logarithms of weekly prices. Balestrieri
assumed that the national daily supply of fresh horticultural
produce was fixed and does not respond to price. It was
implicit also that this applied to a week.

Balestrieri obtained +the folloving estimates of seasonal
vholessle demand elasticity for tomatoes:

Spring Summer

elasticity Sig R. =q elasticity Sig R. =g
1976 -0.60 .05 . 8304 -0. 63 .05 . 6680
1977 -0. 63 .05 . 8417 -0. 86 .05 . 6762
1978 ~-0. 60 .05 . 8001 -0.76 .05 . 8103
1979 -0. 38 . 001 .8716 -0.73 .05 . 8076

In both seasons and for all years the wholesale demand for
fresh tomatoes in Italy wvas found to be price inelastic.

The elasticity depends on the time pericd, consumer incomes,
tastes and =0 on. Libero and Nasol (1974) note that in wmany
develaoping countries where per capita income is relatively
low, price and income elasticity of demand i=s euxpected to be
relatively elastic.

Shuffett (1954) noted that as incomes rise consumers seem to
purchase vegetables of higher guality.

Pricing systems
Rogers (1970) notes that pricing systems have been

researched less +than other +topics 1in the wmarketing of
agricultural products.
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Heien (1977) summarises agricutlural price determination
models as follovws:

Lagged prices, costs, government programmes,
veather, and the carryover determine supply; output
and price expectations determine stock levels; the

difference between sgtocks and supply i1is didentically
equal to demand; demand 1isg determwmined by prices and

incomes.
According to Bowlen (18953), success in studying farmers’
response to price for some commodities, has been
achieved by using simple regression models with acreage

planted a= the dependent variable and some lagged adjusted
price as the independent variable.

The demand for vegetables at auction is primarily derived
from the consumer demand for fresh vegetables. Restaurants,
insgtitutions, and households, account for =some of the
demand at asuction but it iz asserted that prices are

affectively set by vegetable resellers.

Eckstein and Fromm (1968) point out that in the Ffclassic,
competitive market, price responds to the difference hbetween
demand and supply®. Therefore, the beliefs held by buyers
regarding the level of consumer demand to the level of
wholessle supply will cause the price to move.

The pricing system which operates is largely dependent

on the competitive structure of the industry. I£f it dis
fragmented with wmany producers acting independently, if
buying power 1z not concentrated, the system will

closely resemble the pure competition model.
Distribution channels for fresh vegetables
There are several marketing channels for fresh vegetables.

1 direct +to household consumers through roadside, or farm
gate =sales

2 direct sales to supermarkets and other retailers

3 direct to institutional users

4 indirect to users through vholesale firms via the auction
floor

S direct to users through cooperative marketing
organissations of grovers

Traditionally the auction has been the major outlet for

fresh farm produce. Ridler (op cit) for instance, noted
that the bulk of produce was sold through asuctions.
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The nature of suctions

Dahl and Hammond (1977) comment that auctions appear to be
used most where it iz necessary to inspect commodities +to
agcertain the level of gquality. They note that variations of
the traditional centralised auction have occurred using
modern communications technology.

Ridler (1966) notes that wmost fresh produce is sold by
auction and writes:

"The auction, as the single intermediary betveen nearly all
grovers and retailerg iz thus the key element in the
marketing system. "

The managing director of Arlidge Brothers Limited, Mr Peter
Arlidge, asserts that most of the fresh produce at retail in
Palmerston North is distributed via the auction system.

Official statistics concerning the volume of trade conducted
by auctions are scarce. A comparison of figures from +the
1977-78 census of distribution and that of 1983-84 indicates
that 4in the intervening five years some growvth in the number

of operations, floor space, and people employed, has taken

place.

Table 10 Selected statistics about wholesale traders
1977-78 1983-84 “change

Number of enterprises = =) +1

Ancilliary asctivity
units 3 10 +100

Persons engaged

end Feb 2249 2616 +16
Salaries etc

s(000) 10996 26803 +144
Total sales & other

income $(000) 202635 434220 +114
Total floor

space (m.sqgd) 184000 249520 +36
Ridler (op cit) points ouvut that the efficiency of price

formation at auvction depends on "aggressive bidding® and
Tadequate knovledge®.

The centrelising of produce means that reasonably accurate

egtimates of supply can be made. Grovers typically do not
participate in the auction and are therefore not 1in a
position to gsuge aggregate demand. They =are therefore not

in a very strong position to affect prices by individual or
caollective action.
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According to Tomek and Robinson (1981) if certain conditions
are met the prices established at auction will approximate
equilibrium prices. The conditicons are that there is a large
volume of transactions; that there are many buyers and
sellers so that ‘'"manipulation of prices is difficult or
impossible"; that "unbiased and complete’ market information
iz available +to =all participants concerning supply and
factors affecting dewmand; and that prices are above
government support levels.

The last of these conditions is not relevant in New Zealand,
especially under the current government. The cother
conditions are discussed later in this chapter.

Price formation at a HNew Zealand auction

The functioning of auctions in general, and the functioning
of the auction market in this study, are described below.

Growvers bring their produce to a regional market and like
vegetables are placed together on the auction floor in order
of arrival. Quantities are usually small and mostly
undifferentiated.

The term "lot" refers to a particular guantity of a vegetable
consigned by a particular grover. A grower wmay have several
lots of +the same vegetable distinguished on the basis of
quality.

The busiest days are HMonday and Thursday, although Wednesday

volumes are increasing. The probable reasons for these days
being the busiest are that they are convenient for buyers,
growers and the auctioneers. Buyers are taking time from

being in their stores and cannot afford to spend time every
day at an auction and grovers must awvait the maturity of new
suppliez for market and probably cannot afford to spend more
time delivering to the market. Tradition probably plays a
part in this as wvell.

The auction usually starts at about 8.00am and finishes at
about 10. 0Cam. Mozt buyers have a list of their requirements
and usually inspect the quality, and determine the gquantity,
of +the produce prior to the commencement of the auction.
This i= considered important because guality can vary
greatly.

Arlidge Brothers wmay have up to four or five auctioneers
calling at any one time so that several different vegetables
will be auctioned concurrently. Each auctioneer iz
responsible for auctioning the same vegetable lines at each
sale.

Prices are determined on the basis of competitive bids for
each lot. Cassady (1967 p 56) refers to this as the English,
or ascending bid auction. He estimated that in 1967 73
percent of all auctions vere of this type.
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Arlidge Brothers operate at a 20 cent interval such that each
successive ascending call is increased by 20 cents.

Cassady lists several other types of auction. The two wmost
prevalent after the ascending auction are the Dutch auction,
at which prices descend from a high level, and the Japanese
auction, at which all bidders make z simultanecus bid, and
the highest bid is accepted without the opportunity for bids
to be revised.

The auctioneer makes it clear wvhich lot of produce i= being
auctioned. He starts the bidding by stating the vegetable
and a starting price. Often some comments about the quality
of +the produce are made, and the name of the growver is often
mentioned.

Growver reputation seems to be a very important element in the
price which is bid, and produce is leabelled with the name oif
the grover.

Bidding continues until the highest bidder is established.
The highest bidder has a contract to buy one case of the lot
at +the the highest price bid. He may buy the wvhole lot, or
some lesser amount.

The next highest bidder has the right to take all or only one
case of any remainder at the highest price.

The third highest bidder has the right to buy all or one case
of any of the lot not taken by the second highest bidder. He
also must peay the highest price bid for the lot. This
process continues until all of the lot is taken. Non-bidders
may not participate.

If =some of the lot is left over it is auctioned again at a

lover price. This process continues until all produce is
sold. There is no reserve price so any unsold produce is
either remaved by +the grover, or is stored in the
auctioneer’s cool store for sale the following day. This

seldom occurs.

Cassady notes that competition is at its maximum intensity at
this kind of auction and that it is possible for the
auctioneer to have a large influence on the ocutcome.

If +there is no hid at a called price the suctioneer lovers
his call until bidding begins. This, however, does not
always occur. Sometimes the auctioneer may have orders for
produce at a certain price, and this often sets +the base
price.

When +the quality of produce is fairly constant from lot to
lot the price an individual growver receives can depend on the
order of a lot in all lots and on the reputation of the
grover. Often the price for +the last lot in a line of
vegetables will be very much lover than the price for the
first lot.
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By discussing the availability of produce with growers the

auctioneers know what quantity 1is able to be supplied.
Recent volumes sold and prices fetched along with an
indication from grovers as regards expected volumes will
indicate the probable range of prices at the next auction.

Auctioneers know the quantity supplied of a particular
vegetable in previous day’s trading and vhat is supplied on a
given day.

They know what the current season’s supply is likely to be
having observed general weasther conditions and through their
contact with growers. Their guesses will be confirmed or
othervise as produce comes to market.

They will also know what the prices have been recently and
will have some idea of the trend in prices.

Auctioneers could start calling bids on the basis of expected
retail price less markup since they are in a position to
observe retail prices, especially in the larger and wmore
aggressive vegetable retailers such as Foodtown and
Woolworths. Hovever, according to Hr Arlidge no notice is
taken of prevailing retail prices as these vary considerably
from store +to store and depend to a large extent on the
guality of the produce and whether it is being used as a loss
leader.

The market information system operated by Arlidge brothers
ensures that the auctioneers know approximately what quantity
of all vegetables they can expect to be trading on a given
day before that day arrives. This is discussed below.

The specific legal rules applying to sale by auction are
described in appendix 6.

According to Cassady (1967) +the auctioneer has the task of
calling the bids, keeping buyers interested in an auction,
and encouraging more bidding. The auctioneer is an agent for
the growvers and it is his job to maximise the prices bid.

The auctioneers manage the account collection from buyers and
disbursements +to grovers. Arlidges alsoc make deliveries and
provide finance to some grovers.

The lot number, price bid, and bidder are recorded on a form
wvhich is processed by the auctioneer. Goods are uplifted by
the buyer and checked by a storeman as they are removed.
Buyers are invoiced weekly.

The auctioneers deduct a ten percent commission from the
receipts of the goods wmarketed by each growver.
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Market information

One of the major criticisms in the 1965 report on the New
Zealand vegetable industry (Enting et al 1965 p 83) was a
lack of information for decision making. The survey of
growers discovered that about a third of growers did not know
in which month they had received their highest price and half
did not know in which month they had received their lowest
prices.

It was found that:

Out of 35 crops, more than half of the growvers of 14
crops did not know the wmonth of top prices, and more
than half of the growers of 17 crops did not know the
month of baottom prices.

In many cases the months growers claimed to have received the
lowest or highest prices were not infact the months of lowest
or highest prices.

The authors concluded that many growers did not keep records
of prices received for their crops.

The panel recommended that a system for reporting prices be
set up. The Commercial Grower, the official publication of
the HNew Zealand Vegetable Growers Federation was proposed as
one of +the media for this purpose. A review of sgeveral
editions of this published in the subsequent 20 vyears
revealed no reported prices.

The official journal of the New Zealand Fruit and Produce
Merchants and Auctioneers’ Federation, the New Zealand Fruit
and Produce Journal, which is published every two months,
does not report wholesale prices either. It does have a
section in which current growing conditions in various
regions are described. At times this might suggest to some
growers that a surplus or shortage in other regions is likely
and they may make different production and marketing plans as
a result of this. This is probably unlikely, however, due to
the lack of timeliness of this information.

Radioco New Zealand makes reports about vegetable supply and
prices each Thursday wmorning but not in enocugh detail to help
growers to make decisions. These reports are primarily
directed at household buyers. ‘

The local Manawatu newspaper, The Evening Standard, has

published a small section about the market in the past. It
contained comments by the auctioneers but was primarily aimed
at consumers rather than at growvers. An extract of one of

these reports is in appendix 7.

Arlidge Brothers operate what Mr Peter Arlidge calls a
"market information system." This system is a key element in
the behaviour of the market. In the afternocon of each major
trading day, many local growers are contacted by telephone
and told what prices their produce was sold for that morning.
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For example a growver may be told that he sold 15 cases of
cabbages at $2.00 and 5 at $4.00.

Growvers are then asked to e=stimaete the volume they expect to
be supplying for the followving trading day. Hot all grovers
benefit from this systew since all are not a party to it.

Auctioneers in different regions communicate regarding the
supply situation and arrange for goods to be moved from
market to market on a regional basis to alleviate shortages.

The nature of buyers

Consumer demand and incomes play the finsl part in
determining prices, and these are reflected at auction by the
retail bidders.

It was observed that wmost of the bidders at the market
represented food retailers. Other buyers were either buying
for restzurant or household use. Ridler (op cit) noted that
the majority of buyers at auction vere retailers.

According to Alvisi (1984), vegetable retailers approximate
the equilibrium retail price by simply marking up a planned
turnover margin on the purchase price.

He notes that buying at the retail level has to be cautiocus
because of the nature of vegetables. The wvariation in
quality and quantity of vegetables and their perishability
leads to large and sudden fluctuations in vholesale prices.

He asserts that wholesale prices depend on wvhat is believed
will happen to retail prices.

Alvisi points out that wholesalers want to get rid of all
produce to make room for deliveries for the following trading
day.

Buyers have a notion regarding how much of a particular line
they can sell and at vhat price at certain times of the vear.
By assessing the quantity available on the floor in relation

to their needs they are in & position to make bids. The
buyers are awvare of current demand for various vegetables,
and with their markups and promotion policies in wmind, are
able +to set an upper bid level. Some buyers can exert more

influence on prices by virtue of their zize.

Ridler (1966) notes that wmost buyvers are small retailers and
purchase to satisfy short term regquirements. He alsc asserts
that aggregate retail demand is probably inelastic due to the
need for retailers to carry a full range of produce to be
competitive.

All produce 1= displayed on the floor and this gives the
buyers the advantage of knowing the supply in relation to
vhat +they believe the demand to be before the auction
commences. When the market is short prices will rise and
vhen supplies are abundant prices will fall.
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Buyers know what recent retail prices have been. Host modern
supermarkets have cool stores vhere decay of vegetables can
be slowed, but the retail price must be set so as to clear
the quantity available for sasle within a couple of days.

It may be that buyers, in some unsophisticated fashion,
estimate the requirements of their competitors and relate
this estimate and their own requirements to the quantity
available on the floor. The bidding will reflect the
perceived scarcity or abundance of produce in relation to the
requirements of individual buyers and their beliefs about the
requirements of other buyers.

It i=s asserted that some of the variation in prices will be
due to the errors wmade by buyers in estimating this relation.
This dis probably one reason vhy daily prices for some
vegetables often exhibit quite large wvariance.

The grower has nothing to do with this process other than to
supply a quantity of produce to the floor. From the grovers
point of view, the system wvorks best when there are wmany
buyers and somewhat of a shortage.

Some buyers may be able to influence prices more than others.
Lee (1973) reported that the structure of retailing fresh
vegetables in New Zealand has "significantly changed”, and
asgerted that larger stores are gaining a greater proportion
of s=sales. These stores can presumably influence prices
considerably by bidding high when the market is short, or by
refraining when produce is plentiful.

The future of zuctions

While an increasing proportion of produce is being sold
direct to large supermarket chains such as Woolwvorths and
Foodtown, wmost produce is still scld by auction.

Crovwvder (1979) asserts that the auction system has helped to
perpetuate grover independence and that grovers are
increasingly wmoving awvay from the auction system.

In the 1964 survey of the industry (Enting et al 1965 p 9S0)
it was found that the majority of produce was sold through
the auction system. The following table is taken from table
6-1 in Enting et al and conteins information derived from the
1964 survey.

1004 of crop less than 100% less than 50%
Onions 37 43 21
Tomatoes 73 27 13
Lettuce 76 24 15
Cauliflowver 78 22 15
Cabbage a0 20 i1
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For +the crops listed considerably wmore than 30 percent of
growvers sold all produce through auctions.

Hovever, it was reported in Enting et al that the number of
growvers sgelling direct +to supermarkets was increasing. At
the time this wvas esgtimated to be about 64 of grovers.

A study by Kitson (1868) reported that direct purchases vere
more prevalent din Auckland than in Christchurch, but that
purchases at auction accounted for the majority of purchased
volume in both cities.

Bourke (1971) found +that only +the bulk lines such as
cabbages, carrots, tomatoes, and onions were bought direct in
any great guantity. He estimated that in Auckland less than
ten percent of sales were direct, in Christchurch about six
percent were direct, and in Wellington about five percent of
sales vere direct.

Direct selling has been influenced by auction markets.
Carson (1985) writes that direct sellers use prices based on
the outcome of auctions. He asserts that auctions remain in
existence becsuse buyers and sellers can pull ocut of direct
arrangements when the auction price is sufficiently higher or
lower than the contract price.

Bourke (op cit) found that prices and quantities when buying
direct were established on the basis of auction prices. He
contended that the decline in auction volumes wvould depend on
the degree to which auvctions wvere able to wmeet the
reguirements of +the larger retailers. Arlidge Brothers
provide office space, market information, and arrange direct
sales from +time to time to meet the needs of the larger
retailers. Mr Arlidge commented +that in his opinion there
vas less direct buying in Palmerston North than in the past.
Ho evidence is available in this study by which this
asgertion can be tested.

Criticisms of auctions as price setting wechanisns

Enting et al (1963) describe =sowme of the criticisms of
auctions. These tend to centre on the number of buyers
present, the existence of rings, and on the wild fluctuation
of prices.

If many participants are present it is believed that no one
buyer or seller can unduly influence the price.

When the number of perticipants at zsuction is small, bidders
will get to know each other and the level of bidding pover
each can exert. This may ceuse prices to be lowver than vhen
bidders are unknown to each other. A bidder with swmall
resources wmight be unlikely to engage in protracted bidding
against a bidder known to have large resources. This would
tend to depress prices.
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Ridler (1966) asserts that frequently only a small number of
buyers attend a given auction. He contends that this is=
because the ratioc of retailers to auctions is swmall, so that
buying power is concentrated, and the existence of competing
auction wmarkets with several auctions occuring at once
further fragments the number of buvers.

Cassidy (1967) asserts that the size and composition of +the
group of bidders will affect prices. He points out that when
there are not many buyers and they knowv each other, a certain
amount of price restraint can be expected.

Lee (1973) asserted that large bidders may hold back from
bidding and in so doing let the smaller bidders establish =a
lower price +than would otherwise be the case. Due to the
smaller requirements of the smaller bidders produce will be
left unsold. This would then be auctioned again at a lowver
price. LLee asserts that this practice will depress prices.

The second criticiswm concerns buying rings. A ring i1is  an
organisation amongst buyers whereby they agree not to compete
with each other and thereby gain some control over auction

prices. Cassady asserts that a lower bid than othervise is
entered and that later the goods are split between the
members of +the ring. This practice may depress prices
considerably.

A similar effect iz claimed to be caused the procedure of

breaking up lots. Buyers do collude in the sense that the
second highest bidder will often ask the highest bidder (or
vice versa) what guantity he requires. If the reguirements

of both can be satisfied the bidding stops.

Enting et al (op cit) make the following comments about this
practice:

It is certain that, from the grower’s point of view, the
practice of allowing 1lots to be allocated between
several buyers by the final bidder with the assistance
aof the auctioneer, is an unsound practice, which is
probably a symptom of ring buying, and can only tend to
depress auction prices.

Ridler (op cit) points ocut +that the bresking up of lots is
fan dinvitation not to bid”. Bidders will get to know that a
given bidder will only be able +to take part of a lot, and
vill refrain from bidding.

The +third major criticism concerns ungtable prices. These
are a charascteristic of auctions because of uncertainty
regarding volumes. In direct selling arrangements both
parties can specify quantities and prices and therefore avoid
a lot of uncertainty and instability. Tomek and Robinson
(1981) assert that the auction system is subject to large
price fluctuations because of rumours and "mass psychology®.

Other criticisms relate +to the cost of the system and
disadvantages of the ascending type of auction.
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Tomek and Robinson (19817 ¢owment that a digadvantage of the
auction system over other systems is that all vegetables must
be assembled at a central location. They assert that this
makes auction selling more time consuming and more costly
than direct selling.

Cassady points out that ascending bid auvctions may result in
prices vwvhich are lower than for descending auctions. The
lover bidders wmight not force the highest bidder to bid as
high as he was prepared to.

One condition for the system +to work well is that a large
volume of produce passes through the auction, (Tomek and
Robinson 1981). This is to maintain cowmpetitive bidding.

Another condition, that both buyers and sellers have access
to good dinformation about s=supply and dewmand, is not being
satisfied. Growers 1in general know much less about demand
than buyers know about supply.

Concluding comments about the marketing system

Tomek and Robinson (1981 p 895) claim that the market
structure for the price behaviour of agricultural
products is often pure or perfect competition in nature.

Ridler (op cit) refers to the market form as imperfect
competition.

If +the assumptions underlying the efficient operation of an
auction vere upheld then the market for fresh vegetables at
auction could be described as perfectly competitive. There
vould be many producers of standard undifferentiated products
and many buyers. A1l participants would act independently,
and each would have perfect knowledge about gquantities
available and guantities demanded. No individual would be
able to influence prices.

Grovers are price takers on any day and generally do not make
themzelves awvare of current and potential demand by observing
the hidding. Local grovwers have their own prices and
guantities sold reported but are not avare of the overall
level of demand.

Working (1958) points cut that a lot of time and expertise
wvould be reguired to deal with any detailed market
information and that therefore grovers can never have perfect
information.

The ability that individual firms have to influence prices

iz not very great but it does exist. For vegetables
differentistion occurs in the forwm of guality, branding,
and secondary packaging. There is often quite marked

quality differences between the produce of some growvers.
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It has already been noted that current voluwe &an nge pe
influenced greatly by current price. Hovever, because of the
market information system which operates, wmarketed volume is
likely +to be related to expected price, and this expected
price is probably based on the prices received in the most
recent day or week as reported by the auctioneers. The
relationship betwveen marketed guantity and lagged price is
investigated in a later chapter.

Grovers are not of the same size, buyers are not of +the
same size, and prices can be influenced. Furthermore the
number of bidders is often swall, vhich is believed +to
depress prices.

The individual grover will ‘typically sell all of his
production of a specific line at one price on the davy.
In effect, the individual growver faces a perfectly elastic
demand curve in the immediate run. The demand curve faced by
all growers will also be highly inelastic in the iwmmediate
run.

The likely causal relationships in this system

The foregoing discussion suvggests several relationships.
Supply idis fixzed in the immediate run and the amount that is
available to be wmarketed depends on influences in the past
and some current inluences.

It iz asserted that +the gquantity marketed in a given
veek ig ddentical to the qguantity harvested and that this
depends on:

1 the season

2 weather conditions -currently, during harvest, and during

growth

3 the price per casge of the same vegetable received in recent
wveeks and anticipated prices

4 the guantity grown

5 stocks (for stored vegetables)

6 the guantity at maturity

7 the cost of harvesting and wmarketing

The planned gquantity growvn depends on

1 returns for the same vegetable in the most recent season
Z grovwing costs and other costs (eg cost of capitasl)

3 guantities grown by others

4 weather conditions at time of planting and expected
veather conditions

3 prices of substitutes

Immediate run vholesale demand, like immediate run supply
is also relatively fixed. {(Tomek and Robinson 1981).

This 1s because retasilers can only stock and sell =o wmuch
in a veek, and freshness and guality considersations will
be important. The immediate run guantity consumed is set by
the population size.
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The demand function is the relationship between the guantity
demanded of each product and the variables affecting the
demand for each product. The genersl forwm is given by
for example Douglas (12983), Lipsey (1980), Leftwich (1979,
and Tomek and Robinson (1981).

The demand function for fresh vegetables will be something
like:

@y = £(Px, P=, Pc, Kx, Ax, Oz, Y, T, E, N, S}

wvhere:

@x quantity demanded in units of vegetable =

Px price of vegetable x

Ps average price of substitutes for x

Pc average price of complementary vegetables

Kx quality of =

03 number of distribution outlets for u

Y index of consumers disposable income levels

T dndesx of consumers tastes and preference patterns
E expectations of future prices, availability, and nature
of =

N total market population

S season

Ax amount of money spent advertising %

One might speculate that the weekly average vholesale price
of a vegetable depends on

1 the quantity supplied in the week

2 the average prices of substitute vegetables for the week

3 the prices of complementary vegetables

4 the average quality of the produce compared with other
veeks

S the number of buyers present at the auction

6 expectations about guantities availaeble the folloving week
7 prevailing wveather

8 consumer disposable incomes

9 populastion size

We see that part of what dinfluences current prices
iz attributable to past decisions wade by grovers and

part is attributable to the current beliefs of buyers.

Some of these relationships will be investigated in
subesequent chapters of this report.
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Summary

The marketing system and supply response have been described
in detail. Some characteristics of growers and buyers have
been noted and some behavioural hypotheses advanced.

Several deviations from the theory of pure competition were
noted. Same grovers are larger than others and way
therefore receive better market information and may
influence auction prices by market chasing.

Sometimes there are few buyers bidding for a particular
line. It is recognised that not all produce is sold by
auction. Buyers know each other and are avare of the buying
powver each can exert. These factors may lead to prices
being depresed.

Information iz not perfect and buyers knowv more about current
demand than suppliers.

Because of the fragmented nature of the "industry" and their
lack of information, growvers are unable to coordinate
production and wmarketing. They seem to lack information
wvhich will aid them to make short run and immediate run
decisions.

NHot a1l growvers are party to the dinformstion system and
thoge that are do not act in concert.

All of these undermine the competitve nature of auctions, and
it is clear that price can be influenced.

In terms of supply response, it is clear from previous
studies, that biological production constraints, the effect
of weather, the fixity of farm resources, and uncertainty
regarding prices and demand, dictate that the supply and
prices of crops will be uncertain.

The effects of price uncertainty on production planning,
on the adoption of technology, and on farm incomes
have been briefly outlined.

Supply was shown to be more responsive in the short and long
run than in the immediate run.

Supply from wveek to week can be altered by growers supplying
other markets and by crop management practices. To be able
to do this, growvers need information regarding prices and
volumes during the year.

It has been shown that to zome extent the events of the

current season vill influence grovers Ifuture production

decisiong. These were described as charscteristics of =
recursive system.
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for marketing depends on prices which prevailed at an
earlier time. Marketed guantity 1in the dimmediate is
considered to depend in part on prices at some earlier time,
in part on the relationship of current prices to harvesting
costs, in part on non-economic influences such as the weather
during growth.

Finally, the fixed nature of supply in the immediate run
meansg that the supply curve is perfectly inelastic and that
price and revenue for the immediate run, are
determined by the demand curve.

Auctioneers vere described as eager to clear the floor for
the arrival of produce for the next trading day. This
behaviour may also depress prices.

The main conclusions are:

The supply of agricultural products in general and vegetables
in particular is price inelastic in the short run.

In the immediate run the quantity marketed is fixed and price
moves to clear the market.

Production is planned in response to past prices.

Yield i=s a result of cultivar and weather conditions during
grovth.

The gquantity harvested i1is in response to recent prices,
anticipated prices, current wveather conditions, and
harvesting and wmarketing costs.

Grovers are many relative +to buyers, and most have small
holdings. Entry to the industry is relatively easy. Grovers
act independently. It is asserted +that the wmajority of
grovers react in the same wvay vithout considering
the overall effect of many growvers behaving in the same vay.
The only way in which wmost grovers influence price is by
improving and maintaining guality.

Price levels are set by consumer disposable incomes and bear
no relation to production costs in the short run.

Vegetables generally perish gquickly so that in the immediate
run growvers must harvest or abandon. If they harvest +they
have a fewv options as to wvhich market to sell in.

It has been suggested that grovers keep poor records and that

most are not clear as to the times of highest and lowest
prices.
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CHAPTER © BIOLOGICAL, PRICE, AND VOLUME CHARACTERISTICS OF

1.

EIGHTEEN SELECTED VEGETABLES

Introduction

The produce chosen for this analysis vere described as
vegetables in respect +to the way in which they are used
rather than with reference to gspecific biclogical
characteristics. Technically, tomatoes are considered a
fruit; hovever they are primarily eaten as a vegetable.
Root vegetables, leaf vegetables, and salad vegetables
wvere represented in the study.

Vegetables are not supplied only from the market’s immediate
vicinity.

Crowvder (1979) notes that over 50 percent of vegetables
produced for the fresh market are produced in the Pukekohe
district near Auckland. He points out that crop
specialisation is gquite prevalent in the Auckland region

due to the population densgity and weather conditions in
that area. In other parts of the country, where the climate

is not as good, crop specialisation is not gquite as
prevalent.

According to the 1983 0Officisl HNewv Zealand Yearbook 85
percent of onion production is in the North Island, mostly in
the Pukekohe district.

Crowder reports that the wain crops for the fresh market
by wvolume and acreage are potatoes, onions, cabbages,
cauvliflover, carrots, and lettuces.

From +the dewmand point of view, expenditure on fresh
vegetables has remained a reasonably constant
proportion of total weekly household expenditure on
vegetables. In each of the years 1980 to 1985 inclusive,
the proportion of vegetable expenditure on fresh vegetables
has been about 75 percent. Furthermore these vegetables
represent about 30 percent of veekly household

expenditure on all fresh vegetables.

This information vas extracted from Household
expenditure surveys for the period and is shown in table 12.

Table 12 smhovs hov expenditure allocated to the vegetables
under study has changed over the three years under study.

A three vyear period is not sufficient to be confident
about enduring changes in diet but it isg interesting to note
that some of the never vegetasbles at auction, broccoli and

spinach for example, have increased their share of the
consumer’s vegetable dollar vhile the share of cabbage,
for instance, has declined. This may be partly due to
relative price differences betwveen various vegetables at

retail and partly to changes in preferences.
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Table 12 Expenditure on vegetables under study as =
percentage of wveekly expenditure on all fresh

vegetables
Year

82-83 83-84 84-85
broccoli 1.37 1.40 1.88
brussels sprouts 1.25 1.39 1.22
cabbage 4. 46 4, 39 3.72
cauvuliflover 4. 30 4.33 4. 16
celery 1.93 1.95 2.05
garlic 0. 32 0. 24 0. 33
kumara 2.97 3.31 2.79
leeks 0. 48 0. 55 0. 46
lettuce 4. 57 4. 56 5. 40
mushrooms 3. 28 3. 69 4,35
onions 4. 28 3.63 6. 65
parsnips 1.02 0.99 0.87
capsicunmns 0.81 0.739 0.92
pumpkin 3.14 3. 88 2.80
gilverbeet 0.72 0. 68 0.74
spinach 0.29 0. 32 0.35
spring onions 0. 66 0. 56 0. 68
tomatoes 16. 43 15.93 16. 3%
TOTAL 52.25 52. 56 35.76

Source: Household expenditure surveys 1982-83, 83-84, 84-85.
Description of the behaviour of vegetables at asuction

The behaviour of each vegetable wvas analysed using EDA
techniques and a summary for each follows.

The original series, the smoothed series, and the boxplots
give =& different indication of the behaviocur of prices and
volumes.

In chapter 7 letter plots (Lplot) are used +to explore
changes in weekly prices from vear to year.

Boxplots have been used extensively. They display the
digpersion of values about the median value in a batch of
numbers. 4 batch for instance, might be all of the weekly
prices for capsicums in January. The significance of the
median dis that it is unaffected by the magnitude of outliers
and indicates the value below (and above) which 30 percent of
the values vere observed. If +the median is quite low it
means that half of the time low values vere observed.

The first four observations in each series vere dropped and
the weekly observations vere amalgamated into months. The
median 1= indicated by the + symbol. An indication of how
the median monthly prices and volumes change from month to
month during a2 calendar yvear is given.
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This gives gquite a good indication of seasonality. Each vear
wvas included in this display.

The width of +the boxplots indicate the range of prices
received and volumes marketed in each month. The number of
observations per month is guite small, about 12, so the
distributions are not very precise.

Bouplots of median weekly price, volume, and turnover vere

produced for each separate year. The year period wvas taken
as 1 April to 31 March wvhich is the auvctioneer’s financial
year.

These indicated how the median values and range of values of
these variables changed from vyear to year. Descriptive
statistics wutilising the more familiar wmean wvere also
produced and are given at the end of this chapter in tables
13, 14, and 15.

It was noted that there is no standard convention in deciding
what constitutes a season. Turning points are described as
points which have both points either side higher or lower.
In a series of weekly observations adopting & rule of +thumb
wvhich gives a season as the observations between two peaks or
two troughs would lead to misleading conclusions because
there are so many peaks and troughs.

Smoothing of the series however, may help detect the Ttrue'
turning pointe.

Each smoothed series was considered for classical time series
decomposition. However, the pattern of short term price
behaviour was such that without exception searching for a
seasonal pattern based on weekly observations alone proved
difficult. The number of weeks comprising what were thought
to be seasons varied considerably throughout the series for
most of the vegetables. This meant that it was difficult to
choose a moving average to model seasoconal behaviour. I£f the
veekly observations were aggregated into months or guarters
this problem would be reduced.

An  dindication of the +trend in prices was established by
applying first order exponential swmoothing wodel +to each

price series=. (Mendenhall and Reinmuth 1982). It vas
calculated for the vegetables with complete series as
follows:

Txe = (Py % 0.001) + (Txe.: # 0.998); and Tx: = Px,
This smoother was very heavy handed and has the advantage
that recent observations are weighted more highly din the

current smoothed values than past observations.

Five wvalues of the swoothing constant were used, each

succesgsgive value being closer to zero. For most of the
vegetebles a value of 0.001 had to be employed to smooth out
the varistion substantislly. The equation produced when the

trend values wvere plotted agasinst week are given below.
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Vegetable constant coefficient rsq se(T) sig
broccoli 5.67 . 001 . 89 . 020 . 000
cabbage 6.16 -. 001 . 88 . 020 . 000
capsicums 2. 80 . 008 .98 . 058 . 000
cauliflover 4,69 . 002 .96 . 020 . 000
celery 6. 96 . 002 . 86 042 . D00
garlic low r-squared, cycle indicated

kumaras 11.90 . 007 .92 102 . 000
lettuce 1.62 . 004 . 99 . 020 . 000
mushrooms 12.68 -. 001 .77 . 022 . 000
onions lowv r-squared, cycle indicated

parsnips 10.41 . 008 .97 . 035 . 000
pumpkins 3. 135 . 004 . 88 .071 . 000
silverbeet 5.97 -. 0001 . 95 . 002 . 000
spring onions 1.09 . 002 .99 . 005 . 000
tomatoes 3.25 .01 .99 . 050 . 000

An indication of the trend in prices is given above. The
only vegetables with negative trends wvere cabbages,

mushrooms, and silverbeet.
The coefficient of variation was calculated as follovs:

COV = (standard deviation / mean) * 100%
This gives an indication as to which variable, price or
gquantity, had the greatest variance since they are measured
in different units.
This coefficient can be compared for different vegetables to

determine which have greater or lesser variation in prices
and gquantities,
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The rest of this chapter is divided into 20 sections; one
section for each vegetable, a summary of descriptive
statigtics, and & chapter summary as follows:

section

1. Broccoli

2. Brussels sprouts
3. Cabbage

4. Capsicum

5, Cauliflowver

6. Celery
7. Garlic
8. Kumara
9. Leeks

10. Lettuce

1i1. Mushrooms

12, Onions

13. Parsnips

14. Pumpkins

15, Silverbeet
16. Spinach

17. Spring onions
18. Tomatoes

1. Descriptive statistics
20. Summary
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1 BROCCOLI

Broccoli i1is grown in the Manawatu, Auckland, and Hawkes Bay
regions and is available in winter and summer. It is often
started under glass then later transplanted to fields. This
vegetable i1is sensitive to frost and requires protection frow
frost at spring planting.

According to Ballinger (1980) the best time to grov broccoli is

in the cooler months. Seed is sown from Hovember to the end of
summer so that broccoli can be harvested in autumn and wvinter.
Some cultivars can be started under glass in winter and

transplanted later to give an esarly summer crop.

Carson (1985) agserts that broccoli is one of the newly
emerging vegetables as far as consumer demand goes.

Broccoli 4is not as sensitive to hot weather as cauliflowver.
Haowvever 1if the weather is hot during harvest time two problems
can occur. Hesad development is quickened which wakes harvesting
at the proper time difficult and heads can become leasfy which
reduces the value of the crop. (Thompson and Kelly 19537).

Tannock (1914) vwrites that plants should be set out at the
beginning of the new year.

According to the Yates seed catalogue broccoli is sensitive to
variations in the weather and maturity takes longer in autumn
and vinter than in spring and summer. There are different
varieties which mature at different times so that supply to fresh
market i= possible all year.

Az far as consumption is concerned broccoli is primarily a winter
vegetable.

1 The expected behaviour of prices

We would expect prices to rise in the hotter wmonths because
broccoli grows better in cool conditions. Volume would be
expected to be lowver in January, February, and March and highest
from May to September.

2 The behaviour of broccoli at auction

roccolil was supplied for the full period under study.

The wean wveekly price for broccoli rose in each successive vear.
See table 13.
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The following boxplots illustrate the increase in median price
for each of the three years under study.

Year
e I + I--mmmmm e *
e I + T e * % *
3 @ e I + I-mmmrm
———————— e et St S il Sttt gt el # & g =
3.0 6.0 S.0 12.0 18.0

Prices vere more variable in year 2 than in years 1 and 3. This
can also be seen in the plot of the smoothed price series which
follows.

For the entire series, veekly price was slightly left skewved

about a median of $6.61 and ranged from a lowv of €1.10 to a high
of $17.20.

———————————— I + A e - *
———————— +—--—--—-——-—«-—-i——----—-—-—-—-—-—-+-—~—--———-——--—--—-+—-——-—-—~~——+~——~-———-—pr1ce
3.0 6.0 9.0 12.0 15.0

Tatal yearly volume increased by almost 5% in year 2, and by
about 1% in year 3. See table 14.

Weskly volume has risen in each successive year, and the range of
weekly volume while being extreme for year 1, vas guite similar
for vears 2 and 3.

Year
i e 1 * I----mmmmmm e
2 mmmmee—— I + I-mmmm == #
3 mme e I + Irmmm e
o e e e e o o o - A R cases
0 100 200 300 400 500

71



For the full series, veekly volume was symmetrically distributed
about a median of 221 cases with a& minimum volume of 19 cases and
a maximum of S37 cases.

Yearly turnover increased considerably more in percentage terms
than volume in the three vears. The increases were about 294 in
vear 2, and about 11% in year 3. See table 15.

In each yvear wedian vweekly turnover has risen.

Year
i e I + I-m—mmmr e #
1 e I + T e o e
3 e I + T oo o o e e
o e B i e o B R
O 600 1200 1800 2400 3000 turnover

72



00631 00641 006%L 00BEL 00621 006U 0060L 0066 0068 006L 0069 006S 006y O0BE 0062 006L 006

S8'€'6¢ 01 28’11 Wolj yuel deem

> g/ |
V| iN v i
i | i \ !
H |
_M_ | \ 5 4..9
\
_ _ .ON
.5 <3 L0 (o
® ® ® ©
Q N a 0
2 3 2 %

110990.g jo @seo Jed eoud

73



VL

smoothed price of broccoli
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The original price series shovws tTimes oI ldgrge varigtica in
prices from week to week.

The plot of swmoothed prices has 24 turning points. There are ten
in year 1, seven in year 2, and seven in year 3.

The year 1 and year 3 parts of the geries have similar variation,
but year 2 exhibited one very high spike in early October
followed by one very lov spike in HMavy.

The particular smoother chosen was not able to clearly detect a
seasonal pattern. It appears that over all, prices peaked in wmid
October.

The time of lovest price differed frowm year to year.

Volumes vere highest in June and July, and lovest in January and
February. The smoothed series indicate that in general +the
volume peaks correspond to the price troughs and the volume

troughs correspond to the price peaks.

Over the three years prices wvere slightly more variable than
volume.

Coefficient of variation

price .44
volume .42
turnover .49

The following boxplots display prices and volumes for the full
three years in the study.
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From +the above boxplots it can be seen that in general price
roge in September and October and was fairly constant from
Hovember to HNay.
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Hedign-volumeincreaged-fromw-ite-lovest-in-February-and-fHarehte
be highest in June.

Month
1 -1 + Ie-——--

10 —~I ¢+ Iemmmmmm——-

i1 o +  Iem——— *

12 mmemee- I * I----==-
e e e o e o e o o e o e e e o cases
O 100 200 300 400 3500
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2--BRUSSELE--EPRBUTE
According to Ballinger (1980) brussels sprouts growv best in
cool conditions. Plants are transplanted to the field in wmid

December and harvesting can take place from autumn.
The edible part is the buds or heads.

According to Thompson and Kelly (1957) brussels sprouts require
gimilar +treatment to cauliflower and thrive in cocl and moist
conditions.

The Yates seed catalogue notes that brussels sprouts are suited
best to colder regions.

1 The behaviour of brussels sprouts at auction

Brussels sprouts were not supplied continucusly. There wvere
three periods in the 3 years when no brussels sprouts wvere
supplied. These times were the beginning of October 1982 to 14

February 1983, 23 September 1983 to 20 January 1984, and 28
September 1984 to 29 December 1984.

That is, the end of supply was at the end of September, and the
first supplies were from the end of December to the wmiddle of
February.

Mean vweekly price rose by about 11% in year 2 and then by 0.5% in
yvear 3. See table 13.

The range of prices has fallen in succeeding years while the
median has risen. The range of prices received in year 3 wvas
about the same as for year 2.

Year
1 - e I + -
2 memem e e I + I---——— - *
3 e m e I + I e o e
—————— +—-—-——-——--—+-—--—-—-—--—+—--——-—--—--———--—+——~—~———-—+~——---—-———-+pr\ice
7.0 10. 8 14.0 17.5 21.0 24.5

For +the entire three years price was quite symetric about a
median of $13.76 except for one ocutlier occuring for week 89,
ending 16 September 1983, which was for the last of the season’s
production.
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There is no other evidence to suggest that prices rige at the end

of, or in anticipation of, the end of the =season.

—————— e e i e e s o8 & 3 e Rt =
7.0 10. 8 14.0 17.5 21.0 24.5

Volume f£fell by about 164 in year 2 rising again in year 3 by
about 8%. The year 3 volume was less than the year 1 volume. See
table 14.

In each succeeding year median veekly volume has fallen.

Year
1 e I + T o e e
2 mememmm——— I + I o e e o e
3 memmemme—— I + T e o o o e
R e o o e o e e o e R i cases
8] &0 120 180 240 300

For +the entire series volume ranged from 3 cases to 314 cases
and was symmetrically distributed about a median of 131 cases.

————————— I + T oo o o e
o o e o e e e B o cases
O 60 120 180 240 300

Annual turnover fell in the second year by about 13% and
increased in the third year by about 8%. It did not reach the
same level as the first year. See table 15.
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Both the range of veekly turnover-and -nwedian-turnover per-— gyeak
have fallen.

Year
1 e I + I-mrm e e
2 e I + I
3 mmmemmeeee I + Immrmmmr e e
o e e e o e B e A o
8 800 1600 2400 3200 4000 turnover
At the beginning of the season few cases are gsupplied. Peak
zupply occurred in about weeks 19, 79 and 129, This was mostly

tovards +the middle of winter. Supply lasted for about 30 veeks,
ending sometime after the end of August but before the beginning
of October. The beginning of the season was late January and
early February.

The price series indicates that prices have not varied as much
from week to week as for some of the other vegetables.

Volume was more variable than price for the period.

coefficient of varistion

price .24
volume L 63
turnover . 59

Note: smoothed plots were not produced for brussels sprouts.
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The —following boxplotg—illustrete-that-in-genera
lowest in June and highest in September which is the end of
season. Ho volume wvas supplied in October, November,
December. Prices are also quite high in January, vhich is
beginning of the season. Median weekly price for January
about the same as wmedian veesekly price for September.

Month
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SUBPLY to the market beganin JFanuvary and-rose-steeply—topeak-to—

July. It then fell with nothing available in October, November,
and December.

Month

10

11
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Cabbbages are grown ‘throughout the year in the Manawvatu,
Auckland, and Hawvkes Bay regions.

According to Ballinger (1980) +the wmany cultivars wmake it
possible to have a supply all year. The length of time taken to

reach maturity depends on the cultivar and the tiwme of year.

days to maturity

spring 100-160
summer 70
autumn 80
winter 80 -110

The planting times depend on the cultivar and the weather
conditions in a particular region.

According to the Yates seed catalogue cabbages are not sensitive
to cold until they pass the seed bed stage of development. Once
past this stage if subjected to extended cocl periods
vields may be effected. There are sufficient varieties =o that
cabbages can be planted and harvested in all seasons.

1 The expected behaviour of prices

There are many different varieties of cabbage and it is available
all vyear. The vegetable does prefer cooler conditions so we
would expect volumes to be higher in the winter months than in
the summer months. Consequently wve would expect prices to be
higher in summer than in winter. Cabbage i= used as a salad
vegetable and so the reduction in its summer demand might not be
as high as=s for, for example, cauliflaver. Therefore we mwmight
find cabbage prices varying a 1little more than cauliflowver
prices.

Even though cabbage is available all year we would expect volumes
to be highest at the end of winter.

2 The behaviour of cabbages at auction

Cabbages were supplied continuously for the full periocd under
study.

The wmean weekly price for cabbages rose and then fell in
successive years. See table 13. For the years ended March 1983,
March 1984, and HMarch 1985 it was 4, 49, 85, 62, and 5. 10

respectively.

Weekly price exhibited more variation in the year to 31 HMarch
1984 than in the March 1983 and March 1983 years. The price for
cabbage has in general remained at much the same level after
three years.
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Most..prices are concentrated. about £4.00 with guite a long tail;

at times prices in excess of $9.00 vere received.

The wmedian price in year 3 wvas about the same as for year 1.
Howvever, in year 3 there were four occasions wvhen relatively high
prices were received. The price hinge-spread has decreased in
vear 3 also indicating that in general lover prices vere received
in yvear 3.

Year
i - I = I~
2 - I + I---mmmmmem -
3 o T + I e *  # # G
-------- e e e e e it e dhbe et o 3 e N 1 =4
3.0 6.0 9.0 12.0 15.0
For the entire series, weekly price was left skewed about a

median of $4.42 a2 case with a wminimum price of $1.52 and a
maximum price of $17.16.

~~~~~ I + I 3
———————— R e e e AR g e Nt )
3.0 6.0 S.0 12.0 15.0

The total number of cases sold has fallen each vyear.

Year
i e —————— I + Trmm e e
2 e e I + Irm e e e e e e #
3 @ e - I + I-mem e e
—————— B e T T el ot § = = p =]
300 600 900 1200 1500 1800
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T 1984 -volume—had-faklen-by-about—12%-and-in-1985. by -about 13%
See table 14.

The increase in turnover of 6.6% in the vear to March 1984 caused
that year’'s average (mean and median) price to rise abaove the
previous vyear's price by 25%. In the followving vear hovever,
turnover, volume, and price fell by 24.6%, 13. 1%, and 9.1%
respectively. Not only was there less sold, but it was sold at a

lover price.

For +the entire series weekly volume ranged from a low of 274
cases to a high of 1701 cases, and was symmetrically distributed
about a median of 819 cases.

—————— B e e e e R o = ] T
300 600 900 1200 1500 1800

Annual turnover increased by about 7% in year 2 and then fell by
almost 25% in year 3. See appendix table 135.

Weekly turnover for each year is displayed below. In year 3, not
only was median turnover lowver, but the variation in turnover had
decreased dramatically.

I - I + I--—--————-
2 e I + I---mmmmm e
3 mem--- I + I-mmmm——- #
~~~~~~~~ B e S e A e S
2000 4000 6000 8000 10000 turnover

For the complete series weekly turnover was right skewed about a
median of $3644. 00 and ranged from $912.00 to $11034.00.

******** e e e p e e - e = UTRIOVET
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dpart from July which features twice as a period of high prices,
the periodicity between corresponding high prices, and between
corresponding low prices is not constant. January features as a
month in which the series has both peaks and troughs.

Weekly cocabbage prices were guite variable and did not exhibit
very wmuch seasonality. For the first two years they low in HMarch
and April, but by March in the third year they wvere peaking.

Prices were consistently high in July.

Volumes exhibited a reasonably constant pattern being lowest in
December and January and highest in October.

About a third of the time highest weekly prices and lovest weekly
volumes did not coincide, price often peaking after lovest

supply.
Price was considerably more variable than volume.

coefficient of variation

price .32
volume .31
turnover .31
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It-ig-diffioult -to-discern.-a-clesr patitern in the bouplots below
Hedian price is highest in wmid winter and low in auvutumn and +the
beginning of summer. There is one turning point in July with
perhaps another one in November.

Month
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Volume rose smoothly to peak in October and then declined and was

lovest 4in January. Turning points appear to be
October.
Month
r e I + I----
2 mmee—- I + I----
3 e + -
4 * -T + I-~-
S * - + I----
& ~==I + I-—-===-
7 -1 + I----m——
8  mmememeee— I + I-==-=- *
s mmememe—— I + I----
10 -=-=TI I-~--
i1 L = 0
iz e I + Irmm e s
~~~~~~ e e e R
300 600 00 1200 1500
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4. CAPSICUNMS

Capsicums are grown throughout +the year, but are primarily a
summer crop. They are grown outdoors in the summer months and
indoors in the winter months. A large difference usually occurs
between summer and winter guantities supplied and this is
reflected in the price. Capsicums are grown in all three HNorth
island regions.

Capsicums are very sensitive to frost and are treated like
tomatoes (Ballinger 1980, Thomp=son and Kelly 1857).

Ballinger notes that seedlings are planted in October and
Hovember, wvhen the likelihood of a frost is small. It takes
about 90 days for the vegetables to wmature. During the colder
months the wmarket i1is supplied with glasshouse capsicunms.

The Yates seed catalogue says that maximum yield is achieved if

the growing period is long and warm. Howvever yields will be
adversely affected by extreme temperatures and isufficient
wvater.

1 The expected behaviour of prices

We would expect volumes to be highest in summer and lower and
probably constant during winter. Prices in winter should be
higher +than in summer, perhaps considerably so. Production in
winter dis limited by available greenhouse space which can
alternatively be used for tomatoes.

2 The behaviocur of capsicums at auction
Capsicums vere supplied for the full period under study.

The wmean veekly price for capsicums declined by 8% in year 2 and
by 20%4 in year 3. See table 13.

As can be seen from the following boxplots, the price per case of
capsicumg dis highly variable ranging from below £5.00 to above
$25.00 in the same year.

Year
i e I + I e e e e
2 - I + I e e
3 —-—-=T *+ T o e e
———————— e el e e Sh e sl il badiedenniarhatiationt o ¥ ae R -
5.0 10.0 15.0 20.0 25.0
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The median has fallen from about $£11.00 & case to about $9.00 a
case.

For +the entire series, veekly price was right skewed about =a
median of $10.00 a case, and ranged from $2.33 to $27.77.

—————— I + e e s
———————— F o e e — = = C@
5.0 10.0 15.0 20.0 25.0

For +the three financial years under study the total number of
cases sold has increased, by 11.3%4 from 1983 to 1984, and a huge
44% from 1984 to 1985. See table 14.

Capsicums seem to be becowming less of an exotic vegetable as
reflected in the increase in volumes.

Median wveekly volume sold has increased for each of the +three
years.

Year
1 o T + I e e * W%
2 T + I e e * *
3 e I * I-mmmmmmmmmmmmm e
o o e e A e o e e o e e cases
0 70 140 210 280 350

For the entire series weekly volume wvas right skewved about a
median of 89 cases. Volume ranged from a lov of about 10 cases
to a high of about 360 cases.

More capsicums are being brought to market and the price is
falling.
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Thig —review.ig. completed by considering veekly  turnover. This
has risen but not at the same rate as the guantity brought to
market and sold. In year 2 turnover increased by about 13% and
in year 3 turnover increased by about 4%. See table 15.

Median weekly turnover rose in 1984 and fell back to about the
same level as 1983 in 1985,

1 - I + I-—-===- * O
2 e I + T oo o o o o e e o * *
3 eeeme- I + I
~~~~~~ B e R e
300 1000 1300 2000 2500 3000
turnover

For +the entire series weekly turnover wvas right skewved about a

median of $8685.00. Weekly turnover ranged from $249.00 to
£2941. 00.
——————— I + R e e R I * *® #*
------ e o o o e e e e e e = — LU RIOVET
300 1060 1300 2000 2500 3000

Both prices and volumes were highly variable with volume being
more variable than price.

coefficient of variation

price .57
volume . 69
turnover . 30
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~Phepre-——are-abouvt. geven . .peaks in the smoothed price series. The
first 52 week period is characterised by three very distinct
peaks.

There are tvo distinct peaks, and one wminor peak in the second 32
veek period.

Finally, there is one distinct peak in the last 32 week period.

It can be seen from the smoothed series that the period between
peaks or troughs is about 10 weeks, slthough this varies.

If the smwmaller variations are ignored, in general it can be seen
that prices rise to a peak in the winter months, especially July,
and fall to their lowvest in March and April. There is one clear
season for capsicums.

Thi= pattern is seen more clearly with the smoothed volume plot.
Volumes are relatively lov from early to mid June until the
middle of October. From the middle of October volumes rise,
peaking from about the beginning of February to the widdle of
March.

Times of high prices vere associated with times of low volume and
times of lov prices were associated with tiwes of high volume.

The seasonality of prices and volumes i=s shown in the boxplots
below.

Prices are clearly highest in the middle of winter and lowvest in
the warwmer months, particularly at the end of summer.
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mogt. .plants.  are producing maximom. .. mature yvield. . The  lowest .

supply is in July and August.
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Highest prices vere generally in periocds of lovest supply.
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S CAULIFLOWER

Cauliflover is one of the more sgignificant vegetables in terms
of turnover. See table 15. It is grown in both winter and summer
in the Auckland, HManawatu, and Hawvkes Bay regions.

The Yates seed catalogue lists many varieties of cauliflower
vhich enable the market to be supplied all year.

Cauliflower grows better in cooler conditions but there are
summer and winter cultivars. According to Ballinger (1880)
there 1is a large range of sowing and planting dates for
cauliflovers. He comments that winter cultivars are generally
sown in Novenmber, transfered to the field in January of Februarvy,
and wmature in about 120 to 180 days. Summer cultivars mature in
about 100 davys.

There 1is only a small number of summer yielding varieties and
cavliflowver is probably a vegetable consumed wmostly din the
cooler times of the year. It would be expected that production

vould be lower in the warmer months than in the cooler months.

This means that prices are probably higher in summer than in
wvinter.

Tannock (1914) notes that the curd is damaged by vet conditions
and by frosts, so volumes might be expected to fall in the vetter
and colder months. Consequently, prices may be higher at these
times.

Thompson and Kelly (1957) note that cauliflower is grown in
much the same way as cabbage; that it grows best in conditions
which are cool and moist; and that the heads do not develop well
wvhen the weather is hot. For these reasons it is mostly grown in
autumn and winter.

1 The expected behaviour of prices

We would eupect cauilflower prices to remain fairly stable

because it 1s grown throughout the year. However, wve would
expect lowver yields in +the hotter months, because cauliflover
prefers a coocler climate, and the very cold months. So prices
can be expected to bhe a little higher in summer than in
winter. Furthermore, cauliflover is primarily consumed in the

cooler months so we could expect demand +to fall which wight
reduce the price effect of swmaller volume.
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2 The behaviour of cauliflower at auction

Cauliflowver was supplied to the market every week for the full
period under study.

Cauliflover prices increased in successive years remaining almost
at the same level of variability in each year. In year 2 prices
increased by about 24% and in year 3 by about 11%. See table 13.

In each year wmedian price rose while having about the same
variance for each year.

Year
1 mmmmmmemm e I + I-mmmmmmmmm e
D e I + I * #
2 e m e I + I e e m e
—————— +—--—~-——-----—-—-—+—--——-—~~—+-—--—-——-—-—-——-+---—-—-——-——-+——---———-——--}-price
2.5 5.0 7.5 10.0 12.5 15.0

For +the entire series weekly price ranged from €1.62 to $14.82
about a median of $7.39.

———————————————— I + R e et #*
—————— e e e e ok & 3 s R =)
2.5 3.0 7.5 10.0 12.5 15.0

Annual volume fell by 23%4 in year 2 and then fell by about 9% in
year 3. See table 14.

Median weekly volume has fallen in each of the three years.

Year
e ———— I + T o o e e
2 mmmmmom e I * I-m—m -
S I + I-—-m e
———————— e e e e e Y1 -] -
350 700 1050 1400 1750
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For the entire series volume was quite symmetrically distributed
about a median of 830 cases. Values ranged from 133 cases to 1926
cases.

——————————————— I -+ B E N Y
-------- et e bt ffsh ettt bbbttt S el sl g 2 § - 3
350 700 1050 1400 1750

Annual turnover fell by about 1% in year 2 and then increased by
about 2% in year 3. See table 15.

Hedian weekly turnover was about the same for each of the three
vears.

Year
1 e I * I-mmmm # G
T e e e e T + Trmm e e e e e e e * #*
3 e I + I
e e e e e e e o o o o
2000 4000 6000 8000 10000 12000

turnover

For +the entire series weekly turnover was right skewed about a
median of $5336.00. Values ranged from $2268.00 to £12648, 00,

e e e o e e o e e e +—~———turnover
2000 4000 6000 8000 10000 12000
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The original price series shows fregquent price changes from wveek

to week.
There are about 25 turning points in the smoothed price series.

April, June, October, and Januvary are the most common peaks in
the three year series.

The smoothed price series indicates an upwvard trend in price
while +the smoothed volume series indicates a downward trend in
volume.

The smoothed plot of cases sold has about three peaks in each
year. These do not occur at the same time and they are not of
consistent amplitude. April/HMay, August, and December vere
timesg of high volume and June/July and March wvere times of low
volume. These observations indicate that it wmay be very
difficult to predict future volumes and prices.

Lovest prices correspond to times of highest prices and highest
prices to lowest volumes. However this has not always occurred
in the =same week and suggests that bidders lack information about

zupply.

Weekly price was slightly less variable then weekly volume for
the three yvears under review.

coefficient of variation

price .34
volume . 37
turnover .32

The boxplots below also indicate that it is difficult to detect
seasonality in prices and volumes.
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The following boxplots dindicate a fairly constant price

throughout the year. If anything, prices are perhaps highest in
the latter part of summer. In terms of an overall pattern there
may be a turning point in HMay, and another in October.
Month

r e I + I-mmmm e e

10 e #I-m e
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in +the

last six months of the year.
August,

Turning points seem to be in May and

and it appears that there are two volume seasons.
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Celery 1is available all vyear and is grown in the Auckland,
Manawatu, and Hawvkes Bay regions.

The Yates seed catalogue describes three varieties which mature
from about 85 to 115 days after transplanting to the field.

Ballinger (1980) notes that celery is planted ocut from October to
March and takes 120 days to mature.

Tannock (1814) notes that s=sticks must be "crisp vet tender®;
plants require plenty of water and sunlight; and by autumn growth
iz virtually completed.

Thompson and Kelly (19537) point out that the best conditions
for celery are a cool temperature and and light even rainfall.

1 The expected behaviour of prices

Celery vield is greatest in the vinter months and we would expect
prices in winter to be lowver than prices in summer.

2 The behaviour of celery at auction

Celery wvas supplied continuocusly throughout the full three year
period, and d4is quite an important vegetable in terwms of volume.
See table 15.

The wmean wveekly price for celery rose in each successive period.
See table 13. Celery was characterised by many outside values

for price.

The median price fell in year 2 and then recovered in year 3.

Year
B T + T e e e e *% ¥ ¥ * % (] 0
2 - T + R e e * * ®
3 e I + I #* % # * #
e o e o e e o R e e price
0.0 5.0 10.0 15.0 20.0 25.0

117



~Popetheeptire series price. vas. . right skeved sbhout s median of
87.79, with the lowvest price being $1.99 and the highest being
$26. 29.

——————— I + I e R RE ¥R KR BRRFE
e i o o o e e o - e o - price
0.0 3.0 10.0 135.0 20.0 25.0

Annual volume fell by a little more than 38% in year 2 and then
increased by nearly 20% in year 3. Total volume in year 3 wvas
lower than in year 1. See table 14.

Median weekly volume fell in year 2 and then increased in year 3.

Year
i e I - I-mmrm e e -
2 e I + I~
3 e I + I e e * * #*
e e e e R o cases
0 130 300 4350 600 750

For +the entire series weekly volume vas right skewved about a
median of 265 cases, wvith a wminimum volume of 58 cases and a
maximum volume of 767 cases.

Annual turnover fell by 38% in year 2 and then increased by 61%
in year 3. See table 185.
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Median weekly turnover fell in year 2 and then increased in year

3. Outside and far outside values indicate that occasionally
turnover wvas very high.

Year
1 e —— I + T o e #* #*
2 —-——T o+ I *
3 - I N #* #(0
o e e e e - - o
o 1200 2400 3600 4800 6000 turnover

For the entire series weekly turnover was right skewved about a
median of $1904.00, with the lowest weekly turnover being $701.00
and the highest being $6388. 00.

————— T + R e  al R * ¥ ¥ * %
A o o e e do e H e e e e Rttt o turnover
0 1200 2400 3600 4800 6000

The bouplots above indicate that at times, celery prices exhibit
extreme values.

Price was more variable than volume over the period.

coefficient of variation

price . 62
volume .31
turnover .54
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Prices are highly variable within a season.

The smoothed price series suggests two seasons in each year for
celery.

The first peak is relatively minor and begins in about late July
and ends at the end of September.

This 41s followed by qguite a tall spike which begins at the
beginning of November and ends in about the beginning of
February.

The plot of cases sold clearly indicates that more is available
in the winter months than in the summer months. Mid HNovember
to late January, late March, and wmid February were +the
periods of least supply in each successive year.

The price and volume boxplots given below indicate that there is

one season for celery. Summer months appear to be the times of
greatest prices, and this appears to be due to guite lowv supply.
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Prices are reasonably constant for mosgst of the vear. From

February to October there is not much variation in prices, with
only a small peak in August. Prices peak in November and are high
in December and January.

Month
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Volumes are lowest in November, December, and January. From
February they rise steadily and are highest from June to October
vhere volumes are reasonably constant.

Month
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7 _GARLIC

Garlic requires similar conditions to onions. It is planted in
late HMay and is lifted in the middle of the following summer at
the end of January or early February. Garlic takes about ten
months to reach maturity and can be stored.

According +to Ballinger (1980), garlic should be kept vell
wvatered and matures in about 220 days.

1 The exmpected behaviour of prices

We would expect prices to fall in mid summer as volumes begin to
rise. Prices would be expected to rise gradually after harvest,
peaking just before the next =season’s harvest, when the amount in
storage is lov and is perhaps of low guality.

2 The behaviour of garlic at auction

There vere two weeks when no garlic was supplied to the wmarket.
Values vere inserted =so that a smoothed series could be produced.
These values are at weeks 32 and 75.

The average price of garlic fell considerably in successive
years; 50% in year 2 and 16%4 in year 3. See table 13.

Prices fell in succeeding years as did the variation in price.
For instance, in year 1 £8.00 is the  upper hinge price
(approximately the upper qgquartile) vhereas in year 3, $8.00 is =
far outside value. That is, it i= an extreme outlier.

Year
i e I R e Q
2 ==I + I-=-=- #®
3 =T I-——wa=x O
o e o o o o - o o - o price
0.0 4.0 8.0 12.0 16.0 20.0
The median price changed considerably from year 1 to year 2, and
fell a little in year 3. The hinge-spread for years 2 and 3 is
guite narrov. This indicates that within a year prices do ont
vary much. This i=s what might be expected with an annual crop.
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For the full series the price of garlic wvas right skevwved about a

median of $3.37. The minimum price vas $0.74 and the wmaximum
price was $20.94.

Total volume declined by about 7% for vear 2, and then increased
by about 9% for year 3. See table 14.

Median weekly volume fell in year 2 and remained at that level in
yvear 3. The variation in weekly volume was higher in year 3 than
in years 1 and 2.

Year
il I + I ]
2 e I + Iommm e L
3 e + T o e e e *
o - - — F o o - e g - - caeses
8] 40 80 120 160 200

For +the entire serie=s the median weekly volume was right skewved
about a median of 52, The smallest volume was 6 cases the
largest, 224.

----- I + I e *  #* * 8]
o - o e o - e o o e e - cases
8] 40 80 120 i60 200

The percentage decline in turnover in year 2 was matched by an
almost iddentical percentage decline in average price for year Z.
See tables 13 and 15. For the entire series weekly turnover wvas
right skewed about a median of £198. 00, with the lovest turnover
being $6.00, and the highest being 8795, 00.

A e A e e P Ao o turnover
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Median weekly turnover fell in succesive years. In year 3 it was

about half the value in year 1.

Year
1 eeme——————— I + T oo o o o o e o e e
2 ————T + I - E .
3 ---I + T o o e
o o e o e o o o e e B
O 150 300 450 600 750 turnover

The median price remained the same after closing-up the series by
ingserting values for the two missing wveeks. The wmean before
closing-up vas $4.272. After closing-up it wvas £4.239. The
standard deviation was $2.649 before closing-up, and $2.635 after
closing-up. The closing-up has only slightly changed the summary
statisticse and has not affected the wmedian at all.
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The price of garlic showved considerable instability in the first

year and then settled down to & Wore predictable pattern in the

followving years.

In the three year period volume has been slightly more variable
than price. Turnover has shown more variation than either price
or volume.

coefficient of varistion

price B2
cases .64
turnover .71

The smoothed price plot clearly shows the reduction in variation
from year 1 to year 3. Year 1 had three distinct peaks and one
minor peak. The distinct peaks wvere from the end of May to the
middle of June, wmid July to mid August, and the end of October to
the middle of December. The one minor peak occured from wmid
January to early February.

Throughout year 1 a downwvard movement in the price series is
evident.

Year 2 had two minor peaks and one distinct peak. The minor peaks
occured from the end of June to the wmiddle of July, and from the
middle of September to the middle of Gctober. The major pesak
accured from about wmid Decewber to wmid February.

The downward movement in prices evidenced in year 1 seems to have
levelled off in year 2 and it appears that prices have
stabilised. This pattern may be indicative of a price cycle.

Year 3 had what appears to be one season, with a relatively
constant price at about $2.50 per case, and a period where price
rose to about $5.00 per case. This peak occurred at the end of
Decenber and continued to the wmiddle of January. The prices in
year 3 appear to have a slight positive trend.

There were betwveen 4 and 3 supply peaks in each year. These were
mid +to late April, mid to late July, mid to late September,
December, and February.

Arn  annual crop such as garlic would be expected to have one
season. The week to wveek variation tends to obscure this.

The bozplots below indicate that median prices are reasonably
constant throughout +the year. Some months exhibit grester
variation +than others but this variation would probably be
largely due to the small number of observations contained in esach
month.

Any seasonal pattern is not clear but prices are highest in
December and January which is just prior to the harvest.
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Volumes are in general lovest in August, Septewmber, and UOctober.
They begin rising in HNovember and are highest in February.
Volumes are reasonably constant from March to July and then fall
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e B¥AY. A0 August. . There is. . a short lived peak in December and this

is probably due to Christmas.
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a8  KIIMARAS

Kumaras are grovn in wvarmer areas such as HNorthland , Auckland,
and +the Hawvkes Bay regions. The vegetable 1is highly frost
senstive. A small amount is grown at Otaki in the Manawatu.

Ballinger (1980 notes that the best growing conditions for
kumaras are in the north of the North Island. Plants are ready
about five months after the setting out of the "slips” which
is in about April. The time of =setting out depends on the
wveather and the danger of frosts.

In April plants are lifted and cured.

Thompson and Kelly (1937), writing about sveet potatoes, note
that a four month frost free period, wvith warm days and nights
for wmost of this time, is necessary to get a good crop.

They discuss the various requirements for swveet potatoes to keep
wvell in storage and comment that changes take place in storage
such as weight loss. Hovever, this weight loss does fluctuate
very much during storage. During storage the starch content
decreases and the sugar content increasses.

1 The expected behaviour of prices

Hr Peter Arlidge commented that the market is almost completely
supplied by one grower in northland. We would expect volumes to
be highest in the months following harvest and during harvest.
Volumes would +then probably decline to a constant level in the
winter months as produce is supplied out of storage.

Prices vould be expected to be lowest in April during and after
harvest wvhen volumes are highest. They would then rise to peak

just prior to the following season’s harvest.

Some affect on price wmight occur as the length of storage
increases; this will affect the quality of the produce.

2 The behaviocur of kumaras at auction

Kumaras were supplied continucusly for the full period under
study.

The average price fell in each successive year. In year 2 mean

price fell by about 114 and in year 3 mean price fell by about
25%. See table 13.
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Median weekly price increased slightly in year 2 and then fell by

about TEI0.007 in year 3. Fever extreme pricey vere reveived —in

vear 3 than in years 1 and 2.

Year
i e I + e s =% 00 O a
2 e I + I--==- * %
3 e I + I---—e—— *
o o e o e e - o price
O 10 20 30 40 30

For +the entire series weekly prices vwere right skewed about a
median of $17.92, and ranged from $2.10 to $54.98.

Annual volume increased by a little more than 29% in year 2 and
by about 7% in year 3. See table 14.

The median veekly volume has increased in successive years, and
the range has increased also.

Year
1 ¥ memme e I + e
2 e e I + e # *
3 F e o T + Trm e e e e *
———————— e e e e e e i £ - $o-1 = 3
80 160 240 320 400
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For.  the entire series veekly volume was quite svmmetricaelly

distributed about a median of 212 cases, and ranged from 32 cases
to 463 cases.

Annual turnover increased by about 22% in year 2 and then fell by
about 18% in the following year. See table 185.

Median weekly turnover has increased and then decreased to below
the level in year 1. The variation in wveekly turnover has also
increased.

Year
e I I *
2 e I + I-~===- *
3  mmmmmeme—memmm e I = I e #
L o e o o o Ao o A -
O 1500 2000 4500 &000 7500 turnover

For +the entire series wveekly turnover was gquite symmetrically
digtributed about a wmedian of $3798. 00, and ranged from $446. 00
to 878635, 00.

Fommm Fomm - o e e o e Sty turnover
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The price geries has one zeason in each vear.

There are three major spikes in the smoothed price series and
these occur from the beginning of December to the end of
February. Prices peaked at the end of Decewmber and the beginning
of January and were lowvest in February and Harch.

Volume fluctuated, but was reasonably constant during the winter
months. It then started risging at the end of summer, and peaked
in autumn.

The wmain volume peaks vere mid July in year 1, mid May to wmid
July in year 2, and May to the end of July in Year 3. There also
appears to be an upvard trend in volumes.

There was about a 52 week period betveen times of wminimum volume.
The=ze were at the beginning of January in year 1, the middle of
January in year 2, and the beginning of February in year 3.

Price was more variable than volume for the three years under
study.

coefficient of variation

price .43
volume . 34
turnover .35
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The boxplots below illustrate that prices were highest in December

and January and lowvest in HMay.
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Volumes exhibited a clear sgeasconal pattern. They were highest in

May and declined steadily to be lowest in April <tThe folléwing
year. The turning points for the volume series appear to be in
April and Hay, and the boxplots illustrate the time when the new
season’s main crop becomes available.
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9 LEEKS

Leeks are grown in winter in the Manawatu and Hawkes Bay regions.
According to Ballinger (1980) leeks are ready to be harvested
in the winter months and are hardy plants. They are =sown from
about September to December and wmature in about 120 days. After
about 6 to 8 weeks they are transplanted to the field.

Thompson and Kelly (1857) note that leeks are given similar
treatment as onions.

1 The expected behaviour of prices

Prices vould be expected to be lowvest in the middle of winter
and highest in the summer months.

2 The behaviour of leeks at asuction

Like brussels sprouts, leeks did not have a continuous supply
during the three years under study. There was no supply in
December, and very little in Jsnuary and November.

The mean wveekly price of leeks fell by about 11% in year 2 and
then rose by about 28% in year 3. See table 13.

In each of +the three years, outlying values for price are
observed. Excluding these outliers reveals that the varistion in
prices hag remained about the same. Median weekly price has
changed each yesar.

Year
r o  meeee— I  Irmmmm L
2 e I + T e = * # * % (W]
3 e e e e e I + Jommm # # %
o e o e e o e o o e o o ot o e o price
0.0 3.5 7.0 10.5 14.0 17.58

For the entire series price was reasonably symmetrical about a
median of $9.43, with a lovest price of £0. 85, and a highest
price of $18. 54.

% e e - I + I e e e * # %
o o o e o o o e o e o price
0.0 3.5 7.0 10.5 14.0 17.8
Yearly volume has fallen in successive years. It fell by 10% in
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year 2 and by nearly 19% in year 3. See table 14.

However, median weekly volume fell in year 2 and then increased
in year 3. The variation in weekly volume has remained about the
same.

Year
1 == I + I----
A I + I # #
3 - I I e
e o e o g e e e e g casoes
0 150 300 450 600 750

For the entire s=eries weekly volume was right skewed about =a
median of 167 cases. The lowest volume wvas 2 cases and the
highest wvas 723.

Turnover fell by almost 33% in year 2 and then rose by about 17%
in the following year. See table 15.

Median wveekly turnover fell in yvear 2 and then increased in year
3.

Year
I -—----- I + I-mmmrm e
2 - I + I-mmm e #® #
3 - I + T e o e e
o A o e e B e e e o o e
0 1000 2000 3000 4000 5000 turnover

For the entire series, weekly turnover was right skewed about a

148



median of $1358, the lovest veekly turnover being $14.00, and the
highest $4565. 00.

Fom o e e o e o e o turnover

The leeks time series could not be smoothed without inserting
many values to close-up the series.

The period of no supply shifted a little during the three vyears

under review. In year 1 no leeks were supplied from late
November +to mid January. In year 2 the period of no supply wvas
slightly longer from early November to the end of January. In

vear 3 the period of no supply was slightly longer still, being
from mid October to early February.

From the volume plot it can be seen that leeks had one season a
vear. Volumes began rising near the end of January, peaked in
June and July, and then fell away to nothing at the beginning of
November.

Prices were sometimes (twvo times out of three) highest two or
three weeks prior +to the end of the supply s=season. Prices
generally were high at the beginning of the season, fell avay as
supply increased and then rose steadily to be highest at the end
of the season. Prices were lovest in August and September.

Volume was considerably more variable than price.

coefficient of variation

price .31
volume .70
turnover .67
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Cases sold leeks
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The bouxplots wvhich followv summarise the behaviour of prices and

pattern was for prices to be high at the beginning of the season
and at +the end of the season. No product was supplied in
December and very little in January. Priceg appear to have been
lowvest in May and highest in February and October. Hovever, in
October some very lowv prices were recieved.

Month -

1 +

2 mm——— I + I--m=--

3 mmemmeee——— I I *

4 e I + I=-

5 -=-=-1 + I=--

sE mem—- I + I---

7 --1I + I--me-—

8 --I + I----

9 e ——— I+ T e e

10 s I + i----=--

11 -I + I a

iz
- o o o o o e o - e o o e o - R et price
0.0 3.3 7.0 10.5 14.0 17.5
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Leek volumes peaked in June and vere lowest in January and

November, which are the beginning and end &f the season:

Month

2 ~I+I--
4 e £ S

S --I =+ I--- o

& -1 o+ I---

2 b I + I---- o

8 —-— I---

= --I =« I-mmm——-

10 --I+ 1I- *

1i-+ O

1z
e e o e e e e cases
O 150 300 450 600 750
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10 LETTUCE

Lettuce is supplied to the auction floor all vear. It is grown
in a1l regions.

According to the Yates seed catalogue, the many varieties of
lettuce wmean +that supply for the fresh market 1is guaranteed
throughout the year. Ballinger (1980) notes that frames and
cloches allow for lettuces to be available all year. Maturity
is from 60 to 90 days depending on the time of the year. Summer
cultivars can be sown from August to February, and winter
cultivars from March to August.

Thompson and Kelly (19537) note that lettuce prefers a
relatively cool growving season vhere summers are cool and
wvinters are mild.

1 The expected behaviour of prices

Lettuces are grovn all year and grov better when conditions are
wvarm and not too wet. In general we would eupect prices toc be
lovest in the summer and highest in the winter. We would expect

volumes +to be highest over the summer, especially late summer
early autumn, and lowest in the winter.

2 The behaviour of lettuces at auction

Lettuces vere supplied continuocusly for the full 3 years under
=tudy.

The average veekly price increased by about 41% in year 2 and by
7% in year 3. See table 13.

In each year the weekly median price has increased and the range

of prices has declined. The price of lettuce is highly variable.
Year
1 e I + T e e e *
2 memmmemme—— I + I-=mrmmmm e
3 memmemeeee- I + I-—-m=--
o o A o o e - price
0.0 2.5 5.0 7.3 10.0 12.5
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For +the full three year period the price of lettuce has been

reasonably symmetrical about a median of §5.66, with a minimum
price of %.65, and a maximum price of $17.00.

Annual volume increased in year 2 by about 5% and increased in
yvear 3 by about 12%. See table 14.

Median weekly volume has increased in successive years and the
variation in volume has decreased.

Year
1 e I +* T oo o o o e
2 e ————— I + T e
3 @ e I + T e
- e o e e . e o - o B o - RS O ES
350 700 1050 1400 1750 2100

For +the entire series weekly volume was normally distributed
about a median of 1163 cases per wveek, with a minimum volume of
326 cases a week, and a wmaximum volume of 790 cases per wveek.

o o o e e o o o o e o o e e e —_—Cases
350 700 1050 1400 1750 2100

Annual turnover increased by about 34% in year 2 and by about 29%
in vear 3. See table 15,
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~Median weelkly turnover has risen in each year and hoth the weeklv

minimum and weekly wmaximum turnover have risen as well.

Year
1 e I *+ I *
2 e I + T e e e e e e *  #® * ##
3 mmmemmee— I + I-mrm e e e
o e B R o e o L
O 3000 6000 S000 12000 13000 turnover
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After swmoocthing the price series, three seasons each vear =eem

apparent. On closer examination the two peaks in each year, which
are about four wveeks apart, probably constitute the sawme season.

There seem to have been twvo quite distinct seasons for lettuces.
The duration and tewmporal position of +these seasons is not
consistent. Prices were in general highest in the wvinter months
June to the end of September and the sumwmer holiday season, the
end of Decewmber to the end of January. This is what wve would
expect. In wvinter less product is available than at other times,
in summer perhaps greater demand for lettuces for salads pushes
the price up. Prices were generally lowest in February.

The swmoothed volume plot does not bear the second assertion out.
Nominal prices do appear slightly higher for the Christmas period
in year 2 (weeks 103 and 104) where a given volume sold in the
Christmas period fetched a slightly higher price than for the
same volume in weeks 116 and 117.

Lowvest prices sometimes lagged highest volumes.

Price was wmore variable than volume over the three vears.

coefficient of variation

price . 50
volume . 36
turnover .52

The boxplots which follow indicate that lettuces have only one
season and that the "hiccup" in prices in January is within the
range of prices in the surrounding months.
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LThe.  boxplots dndicate that lettuce prices were highest  din  the . .

middle of winter and, in general, vere lowest in the beginning
and end of summer. The rise in price in January was a result of
the decline in volume in January. This decline in volume was
probably due to the climate.

Month

10 -1 # Immmmmmmmmmm e
11 == I-----
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Gverall; voluwes wvere-highest-in-Ooctobery-Hovember;—December, —and
February. There was a fall in January but volumes were still in
the range of the surrounding months. Volume was lowest in June
and July. Turning points appear to have beeen in February and
July.
Month

*r = I + I-—mmm—

£« R I * I-mmmmmmmm o
£ et I o+ I----=--

e e e P e —-—CREOS

330 700 1050 1400 1750 2100
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14 MUSHROOME

HMushrooms are grown indoors in light and temperature controlled

conditions. They are not subjected +to seasonal weather
variations.
Tannock (1914) notes +that the wmain prerequisites for a

successful crop are darkness and an even temperature. The length
of time beds bear depends on the depth of the bed. Yield depends
on humidity, temperature, and the goodness of the manure.

Cook (1979) comments that managerial ability plays a large rale
in determining yield. He found significant relationships between
vield per unit area of bed cropped and (1) guantity of compost
per unit area of bed cropped, and (2) spawning rate per
unit area cropped. He noted that in Ireland, the number of
crops per year varied from one to five crops.

Clearly mushrooms are subject to uncertainties regarding
yields, which is probably due to different crop wmanagement

practices and levels of management ability.

According to Lorenz and Maynard (1980) mushrooms have a short
storage life, of about three to four days.

1 The expected behaviour of prices

Mushrooms are not directly influenced by veather conditions.
Input costs probably increase i1in winter when the costs of
maintaining the artificizal climate are higher. We would expect

prices and volumes to be relatively constant throughout the year.

Any systematic fluctuations in price may be due to demand
fluctuations. For dinstance, demand din summer for use as a
salad vegetable may be higher than in winter. With a

relatively constant supply this would cause price to rise.

Their =short storage life implies that swall gquantities are
probably brought often and it would not be expected that volume
demanded would fluctuate much.

2 The behaviour of mushrooms at auction

Mushrooms wvere supplied for the full period under study.

The weekly average price fell in year 2 by about 13% and then
increased by about 74 in year 3. See table 13.
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~HMedian price. fell in vear 2 and then rose slightly in year 3.

The variation 1in weekly price was higher in year 3 than in the
other tvo years.

Year
ettt I +  I-------
2 ¥ e e e I + I
s memmm—e—- I + Irmm e e
e o o o o o o o o e e +———~price
3.0 6.0 9.0 12.0 15.0 18.0

For the entire series price was reasonably symmetric a2bout a
median of $12.04, wvith a lowv of $4.94, and a high of $18.351.

L e T + I e #*
B e e e o A o e o e - e +-—-—--price
3.0 6.0 9.0 12.0 15.0 18.0

Annual volume increased by about 25% in year 2 and by about 2% in
year 3. See table 14.

Median weekly voluwme has risen, and there was wmore variation in
veekly volume in year 3 than in years 1 and 2. The considerable
increase in voluwme in year 2 resulted in about a 13% price drop
for that year.

Year

1 - I I R *

2 memmmem——— I + I--———= #*

3 0 e I + T o e e e e e e
- o o o e - o o A o - o —— R ERES
210 280 350 420 490 560
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For ..the. .entirce series weekly volume vas right skeved ahbhout =&

median of 337 cases. Minimum weekly volume was 210 cases and the
maximum weekly volume for this period was 3568 cases.

- ot e o o e o e e o e ———— R Ees
210 280 350 420 490 360

Annual turnover increased by about 7% in year 2 and increased by
about 11% in year 3. See table 135.

Median weekly turnover increased steadily in each vear.

Year
r e I + I--m==-
2 e e I + I-—mmm -
a3 * 0 e e —— T + Irrr e e
—————— e e - o e o e o o o e o o e o o o
2000 3000 4000 3000 6000 7000
turnover

For +the entire series weekly turnover was gquite symmetrically
digtributed about a median of $4113.00, and ranged from $1886. 00
to £6773.00.

—————— e - - - - -~ — U RIOVED
2000 3000 4000 3000 6000 7000
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For .a.  porotected, crop mushrooms exhibit guite suprising price

variation but no clear pattern is detectable. From the smoothed
price plots there seem to be four seasons in each year and these
are not constant in duration or tewporal position.

There 1is some consistency in that prices are highest in March,
April/HMay, July, September and November. These are times of
relatively low volumes.

High prices often did not correspond to times of low supply.

It is also very difficult to determine a constant pattern in the
volume series. In general quantities have increased in successive
vears. August and September seem to be times of relatively high
supply, ag do February and March, and to a lesser degree June.
The volume series indicates a postive trend and appears to be
cyclical.

Mushroom prices have behaved rather erratically though both
prices and volumes have not varied about the wean price and mean
volume greatly.

coefficient of variation

price . 20
volume . 20
turnover .21
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The boxplots belov indicate that mushroom prices were reasonably

constant in autumn and winter. They fell in +the spring and
increased at the end of summer. It may be that there is a demand
season and that prices have been lowest in summer and highest in
winter.

Month
r memeee———— I + I-----
- I + I-=m———-
s mmmemmeeee——— I + I-------=-=-=-
4 %* B e ——— I - ———
5 b § I
sE  mmmee- I + I--mm—-
7 I + I----
s e I + I--=--
s mme—- I + I-==-
ic . mmee- I + I----
i e I+ I~
iz mmeemem e I + I--mmmm=—-
e o o o o e o +—--—-—price
3.0 6.0 9.0 12.0 15.0 18.0
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Volume was lowest from December to May, and highest from June to
November. Turning points appear to have been in May and October.
The volume series suggests that there is one season in a year.

Month

LK« T I # Immmmmmmmee-
11 mmmmmmmeeeo I o+ I----=--

B - o o e - ey e
210 280 350 420 490 560

173




12 ONIONS

The Yates seed catalogue describes the many different varieties
as having either early or medium maturity and as having different
storage lengths. Maturity is reached in 170 to 200 days depending
on the variety.

Different varieties can be planted at different times of the year
to extend the season.

Thowmpson and Kelly (1937) comment that onions are hardy, and that
growvth is affected by photoperiod.

Ballinger (1980) notes that onion growth depends on day length
and writes that onion development wmust be completed by the
longest day.

Various researchers cited by Thompson and Kelly have found +that
bulb forwation depends on high temperature and long day length.

Onions are cured for storage by allowing them to dry. Thompson
and Kelly assert that successful storage requires
"thorough ventilation, uniform cowmparatively low temperature, dry
atmosphere, and protection against actual freezing." They also
point out that if left in the ground +too long, onions will
develop roots, which reduces their market value.

The time to sowv onions varies from the middle of June to August,
depending on the region. Soving can be done earlier in the north
and later in the s=south. "Early cultivars ... are sown even
earlier from the end of January and planted out in March or April
go that mature bulbs are ready by December®, Ballinger (op cit).

Carson (1985) notes that onions require a large investment in
sovwing and harvesting machinery and storage facilities.

1 The expected behaviour of prices

Onions can be stored for long periods sco we vould expect
relatively constant volumes for a large part of the year.
Likewise prices could be euxpected to be relatively constant for =a
large part of the year. At the time of harvest of wain crops, in
about February and March, ve would expect large volumes to be
available, especially since storage is limited. At this time
prices should be lovest.

Prices would be eupected to rise slowly but steadily as markets
vere supplied out of storage.

Prices would perhaps peak at the end of the storage period.
This would occcur because not only are onions becoming wmore scarce
but presumably stocks will be reduced by onions which have not
stored vell,
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In general, ve would expect volumes to be higher in summer than

in winter and prices to be higher in winter tThHan in summer.
2 The behaviour of onions at auction

Onions were supplied continucusly throughout the period under
review.

Mean onion prices rose by about 20% in year 2 and by about 30% in
vear 3. See table 13.

Median price has risen considerably with the variastion in prices
increasing also. In year 2 over half of the prices received vere
very lowv.

Year
1 -——=I + I------
2 ——-=-1 + T e e
3 e I + I e e e * ¥ %
o e o e o - o A o o e o B +-—price
3.0 6.0 9.0 12.0 15.0 18.0

For the entire series, onion prices were right skeved sbout a
median of $6.74, with a minimum price of $2. 44, and & wmaximunm
price of s18.04.

~~~~~~~ I + e 2
B o o e e e o e i e o +--price
3.0 6.0 S.0 12.6 15.0 18.0

Volume fell by less than 1% in year two and then rose by nearly
34% in year 3. See table 14,
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Median weekly volume rose in each successive year, and the range

of values has become larger. More "narmal™ variation in weekly —-

cages can be seen in year 3 than for years 1 and 2.

Year
1 eeem—— T + I e e e e e #* * # (]
2 emmme—— I + T o e o e o e #
3 e I + I e
———————— R e e e e i e i met=- -1 =
200 400 600 800 1000

For +the entire series volume vas right skewed about & median of
360 cases. The minimum volume was 92 cases and the maximum 1106.

~~~~~~~ I + A #*# #* # #
-------- e e e e e £ =81 = $
200 400 &00 &00 1000
Yearly turnover increased by about 29% in year 2. This was

followved by a 92% increase in turnover in year 3. See table 15.

For vyears 1 and 2 median weekly turnover remained about the sawme
and wvas folloved by a large increase in year 3.

Year
r e I+ I----- #
2 --1I + I--=-=-==- ®  ® 0
3 memmmmem——— I + T o e o *® a
oo R A R o o e G e
0 2000 4000 &000 8000 10000 turnover
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For the entire series turnover wvas right skewved about a median of

$2335. Hinimum and maximum turnover vere $444 and 11086
respectively.

————— T + T oo o * ¥ *
do - Fo P Fm e turnover
0 2000 4000 6000 8000 10000
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The variance in price was less for the first half of the geries

than the second half.

The emoocthed price series is quite flat in year 1 with =& mild
peak in mid May folloved by & mild trough in early June. Prices
began rising quite steeply in mid October 1983 reaching a peak at
the beginning of January 1984, Prices fell shortly after rising
to another lowver peak in late March. The next major peak wvas
reached in mid HNovember 1984. Prices peaked again at the
beginning of January 1985, and then fell steeply.

The onions price series exhibits periods of constant prices,
probably due to the fact that onions are a stored commodity.

The swmoothed series wmay be indicating cyclical behaviour in onion
prices and volumes with about a two year cycle. Unfortunately
the sgeries is too short to be certain of this.

At times the same volume fetched very different prices.

For the three years volume was slightly more variable than price.

Coefficient of variation

Price .48
volume .33
turnover .65

The followving boxplots indicate one price season for onions,
which i= what would be expected given that it is= an annual.

182




During the year onion prices vere in general lowest in February,

March, April, May, and June. Prigeg 1Thcregged i Julyand vere”
highest in November, December, and January.

Month
1 --1 + I-—wm-

10 o S IT-mmmmmmmm
11 —e-e- I + I

o o e o e e o o o e +--price
3.0 6.0 9.0 12.0 15.0 18.0
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Volume peaked in February and March and then fell steadily to be

lowest in Hovember. Volume began rising again in Decewber.

Month

9 ---I + I----
10 ---1 T
11 -=--I o+ I---- *
12 ----- I+ I------ *
-------- o i o o e o e o o e o e o (S 23 SR EY R
200 400 600 800 1000
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13 PARSHIPS

The greatest supply occurs in colder climatesz and more
parsnips are grown in the Manawatu than any other region.
Parsnips are primarily a winter vegetable.

Ballinger (1980) notes that parsnips can be dug during winter
and are harvested in spring and can be stored. They are sown
when +the soil becomes warm in July, August and Septewmber, and
mature in about 120 days.

1 The eupected behaviour of prices

Parsnips are harvested in winter and spring and can be stored.
We wvould expect prices to be lovw in winter, rising in the spring
and =summer, and peaking d1in autumn prior to the followving
winter’s harvest. Volumes should be highest in winter and part
of gpring, and lower but constant at other times.

2 The behaviour of parsnips at auction

Parsnips were supplied continuously throughout the three vyear
period.

Mean price increased by about 20%4 in year 2 and then fell by
about 124 in vyear 3. See table 13.

Prices have not changed much after three years. They were
equally variable in all three years, and the wedian is about the
same in year 3 as it was in year 1.

Year
1 * —-—T + T o e e * % # a
2 mmmemmeeee——— I+ I-mmmmm - *
e I * I-mmm e e *# a
o e - o e o - e o o o price
0.0 6.0 12.0 18.0 24.0 30.0
For the entire series median weekly price vas $14.11. The lowvest

price was $1.30, and the highest was $32.78&
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Volume decreased in each year. Year 2 volume was about 13% lower

than year 1 volumé and year 3 volune vas about Ii-lIover than year

2 volume. See table 14,

Hedian weekly volume declined in vyvear 2 and stayed at the yvear 2
level in year 3. The range of volume has declined.

Year
i e I + I-mmrmr e e
2 e I + I e e
3 @ mmmmmmmmee- I + I-mmmmm—
—————— B e e ale R R S aeF =- § =1 - =
30 100 150 200 230 300

For the entire series weekly volume was right skewved about a
median of 131 cases. The lowest weekly volume was 36 cases, and
the highest 287 cases.

—————— B e e e e S et Xt T -1 = 1=}
30 100 180 200 250 300

Turnover was 12% higher in year 2 than in year 1 and about 13%
lowver in year 3 than in vear 2. See table 15.

Hedian weekly turnover rose in year 2 and then fell back to about
the same level as year 1 in year 3.

Year
1 * e e I + Rt #
2 mmmemm———— I + I e e e e
3 mmrmmemeee— - I + I----rmmm——
o e e e o e o e e o ————
8] 800 1600 2400 3200 4000 turnover
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For +the entire series weekly turnover was guite symmetrically

distributed about a median of $1766. The lowest weekly turnover
vas $129, and the highest was $4021.

—————————————— I + e
e A o o e e o e e to turnover
O 800 1600 2400 3200 4000

Volume wvas wmore variable than price for the three years under
study.

coefficient of variation

price .34
volume .41
turnover .41
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It appears there is one season in the smoothed price series.

%ith{-_h@@xg@ptisn Gfth@p%%k&tth@@ﬁd oFf year 1 ¥ pv‘i CEED, WIEBYNED s

highest in October and March. Lovest prices vere usually in July.

The smcothed volume geries reveals one season only. Volume was
greatest in about July and fell awvay to be lovest in February and
March.

Lowest prices often occurred just before or after highest supply.

The boxplots of prices by month indicate one season for parsnips.
The times of generally lowv prices corresponded to the times of
maximum supply and the month of minimum price did correspond to
the month of maximum supply.

October was the month of highest prices, and it did not
correspond to the wmonth of wminimum volumes. There was one
ingtance of very lov supply in October and this wmay have
digrupted +the reaction of buyers to volumes. Perhaps this
suggested that less volume was available and would be available
than was actually the case and this caused prices to be bid up.

In general though, prices began rising some time after volumes
had been declining.
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HMedian price was reasonably constant from wmonth to wmonth from

—December—to- ‘}'u}_}z' thaaghitdid_fgl}_}‘_I}Juneandwag}_@ggegt e

July. In August median price began rising and peaked in October.
The general level of prices seems lowvest in  June, July, and
August.

Month
1 -===T + I--===-
2 mmeee e I + I------
. e I + I~ * *
4 #* -—-T + I #
5 -I + I-—-——-
& -I + I---ee—--
7 -1 «+ I---==-
& -=-=-I * I---
.  memeee— I+ I--=--- #®
i e ———— I + I--=====-
it I + I-—---
iz e I S e it *
o e o e o o e R price
0.0 6.0 12.0 18.0 24.0 30.0
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Volume...¥as.  .reagonably. constant from December  to. March, _hegano .

riging in April, peaked in July, and began declining in August.

Month

e

s e
NI

C e S

s e o+ 1-

722 it b I + I-——===--
2] ---I + I--mmmm e e
9 #* % I+ Temmmomm
10 # meemmee—— I + I------- *
11 —===I «+ I
1z ———=1 + I--
—————— R i R R e R e o - § -1 1 =1
30 100 150 200 230 300
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14 PUMPKINS

According to the Yates seed catalogue pumpkins reguire warm and
sheltered groving conditions. They are sensgitive to frosts,
needing a minimum socil tewperature of 15 degrees C and air
temperatures during the day over 20 degrees C. Good soil
drainage is important and plants can easily be damaged by wind.
If the wvater supply fluctuates yields will suffer. Maturity
from seed takes about 110 to 125 days for crops for the early
market and about 140 to 160 days for crops for the vinter
market. All varieties have good storage properties.

Seed 1is sown when the danger of frost is passed in late October
and early November, Ballinger (1980).

According to Thompson and Kelly (1957) pumpkins subjected
to hard frosts will not keep, =0 harvesting should be
completed before any hard frosts.

In use, pumpkins are primarily a wvinter vegetable.
1 The expected behaviour of prices

Pumpkins are harvested in February and March which is when wve
vould expect prices to be lowvest. For the rest of the year wve
vould expect prices to steadily rise as markets vere supplied out
of storage.

2 The behaviour of pumpking at auction

Pumpkins were supplied continuvously throughout the period under
study.

The wmean veekly price of pumpkins fell by close to 1% in year 2
and then fell by about 61% in year 3. See table 13.

In each year mean price fell. Median price however, first
increased and +then fell. By year 3 median weekly price was
considerably lower and the variation in price had declined
greatly.

Year
1 - T + T e o e e e #* % * #*
2 e I + ITem e m e
3 e IT—-——= *
———————— R e e R e Rkl o b ol N w1
5.0 10.0 15.0 20.0 25.0
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For the entire series vweekly price was right skeved about a
median of €5.07, wvith the lowvest price being £1.12, and the
highest price being $£28. 50.

e + T oo o o e e e e * * # * 8]
———————— e e e ittt b el e & B Nt -
5.0 10.0 15.0 20.0 25.0

Volume fell by about 2% in year 2 and then increased in year 3 by
about 36%. See table 14.

Median volume increased from year 2 to year 3 and there vere tvo
occasions of far outside values.

Year
1 -—T N # ¥ #* 0
2 #=——=I+ I---
3 —===I o+ I------=- * 0 0
o o e e e o o e e o e e B e cases
0 300 6500 S00 1200 1500

For +the entire series weekly volume was right skeved about =a
median of 297 cases. The smallest weekly volume vas 92 cases, and
the highest wvas 1676 cases.

————— I + I s % # a ]
o e o Fm Fom o e o cases
0 300 600 300 1200 1800

Total turnover increased by about 7% in year 2 and then fell by
nearly 32% in year 3. See table 15.
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Median weekly +turnover has declined in the +three years under

study.

Year
1 - + T o o o e e #*
2 i § + T e e e
3 -=-1 + I #
G e B B o o e e Rk o o e
8] 1500 3000 4500 6000 7300 turnover

For +the entire series weekly turnover was right skevwved about a
median of $1506. 00, with a minimum of $3835. 00, and a maximum of

$8215. 00.

=--1 + T e e o
Hom o Fom e Fom Fomm - o o turnover
O 1500 3000 4500 6000 7500

Price exhibited consgidersbly more variance than volume over the
three years.

coefficient of variation

price .74
volume .54
turnover . 69
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smoothed volume of pumpkins
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The amplitude and duration of peaks varied over the three years.

Howvever, the plot suggests that pumpkins have one season a year.

Prices were highest from the end of July and the middle of August
to early to mid February. At other times prices appear to have
been relatively constant.

In vyears 1 and 3 prices peaked in summer and in vyear 2 they
peaked in late spring. Prices vere lowest in winter.

Volume appears to have one season a year with guantities

increasing from about the middle of July and falling away to a
relatively constant low from January to the middle of July.
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The price bouplots illustrate that median price was lowest in Hay

and highest in November and Decewmber. Prices and volumes vere
lovy 4in the first half of the year and were high in the second
half of the vear. Prices were high in December and January, and

May and June vhich was wvhen volumes were lovest.

Month
1 -—--1 + I- 0 0
2 =1 + I---- =

3 --I +I---

7 -1 + I----

& --I + I--mmmmmm -

9 ----I + Immmmm———

10----1I + I--=---

11 -I + I--

12 ---1 + I--rmrm s e
———————— Rttt e ittt bt S b esl e it & & s N1 )

5.0 10.0 15.0 20.0 25.0
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Volume varied in a smooth fashion. It was lowvest in May and June,
and December and January and quite similar for the rest of +the

year.

Month
S

. ATE
i
Co

8 ---I+ I-- *

9 -==I + I-==--=

10 -+ I * 0 o

11 --I +I--

i2 -I + I---=-=-
R R R e R ek R o o e o o ———— o cases
0 300 600 300 1200 1500
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15 SILVERBEET

The Yates seed guide states that wmaturity takes from 65 to 70
days depending on the variety, and that it is sensitive to low
temperatures wvhich can cause bolting.

Ballinger (1980) and Tannock (1814) note that seed can be sown
from the beginning of spring into March and that this will
provide a supply through winter. To ensure vinter supply,
plants must become established before any frosts.

1 The exupected behaviour of prices

Silverbeet is not planted when frosts can be euxpected so twvo and
a half months after the time of frosts we can expect volumes to
be low. This will be in about January and February, vhen we would
expect prices to be highest. Volumes should begin rising after
February peaking prior to frosts. Prices would be expected to
decline from the end of February starting to rise after frosts
vhen volumes have fallen.

2 The behaviour of silverbeet at auction
Silverheet was supplied in all weeks under study.

Mean weekly price rosge by about 12% to March 31 1984 and then
fell by nearly 13%4 to March 31 1985. See table 13.

This i=s also illustrated by reviewing the bouxplots for each March
year. In year 2 median price roge and prices became wmore
variable. In yvear 3 median price fell to below the year 1 median
vith the range of prices falling also.

Year
1 -—--- I * I--rmmrm e e e e
2 ----I * T-mmm e m e *
3 ——————— T + I e e * #*
—————— e e i e ik bl o « & ol N =)
2.5 5.0 7.5 10.0 12.5 15.0
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For +the entire series price was right skewed about a median of

$4.04. The lovest price was $1.04 snd the highest was $14:93,

~~~~~~ I + R e * * #
—————— +——-~——-——+-~—~-—~~—+~-——~-—»~+~~————--—+—————~—~~+price
2.5 5.0 7.5 16.0 12.5 15.0

Total volume fell by about 3% in year 2 and then increased by
about 2% in year 3. See table 14.

Median weekly volume remained about the same in each of the three
vears. The greater variation in price in year 2 can be traced to
the tvo outliers in year 2 volume.

Year
i e I + I---------
2 # e e e e e I + I —— %
c T e I + I-———m—m—m-- *
e Rt o o o e - o - o cases
O &0 120 180 240 300

For the entire series volume was quite symmetrically distributed
about a wmedian of 174 cases. Minimum volume was 34 cases and
maximum volume was 314 cases.

Turnover increased by about 8% in the yvear to March 31 1984, and
then fell by about 10% in the year to HMarch 31 1985. See
table 15.
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The boxplots for turnover are virtually identical for year 1 and

yvear 3. Year 2 was the year with lover volume and this is
evidenced in the higher median weekly turnover and greater range
in year 2.

Year
i e I + I-emrmrm e e
2 me-=- I + I-mmmr e e
3 e 1 + I---mmm
~~~~~~~~ B e S R S e
400 800 1200 1600 2000 turnover

For the entire series, veekly turnover was right skewed about a
median of $706. 00, with a lov value of $218.00, and a high value
of £2195. 00.

-------- o e e e e —m e — e —m e — b - - -~ = —fyrNIOVEer

For +the +three years price was considerably wore variable +than
volume.

coefficient of variation

price . 58
volume .23
turnover .51
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From the swoothed price series it seems that there are two

seasons for =silverbeet. In successive years prices peaked first
in wmid July, late July, and early August and then in mid to late
December, and mid November. These peaks correspond to periods

of lowv supply.

Peak supply was mid October to the end of November in year 1, wmid
September to mid October in year 2, and the end of September to
the middle of October in year 3.

The high prices in July and August occurred when volumes wvere
beginning to increase which is surprising. Some factor other
than volume must have been causing prices to peak at this time.
This pattern occurred in each of the three years.
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The boxplots below indicate that there are two seasons in a vear.
"Prices were highest in the middle of vinter and in the widdlie of

summer. The lovest prices were 1in Harch, April, Mavy, and
October.
Month

1 -1 * I---—mmmmm

2 -1 + I--

3 ---I + I-——mm—=-

4 --TI + I--—-~--

° T Tttt -

s AT

b e

S

o

4 e e

12 - o Lo ool

...... o o g _4price

2.8 5.0 7.5 10.0 12.5 15.0
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Silverbeet volumes were lowest in January and rose steadily from

February to peak in October. The turning points were January and

October. The volume series suggests only one season for

silverbeet.

Month

r e I + I--

2 -I + I-—-

e I +« I--mmm

4 mme—— I + I e

5 ---1T + I--

& =T I----

725 i I + I---

g  meee——— I+ I---=---

a9 ----I + I---

ic . mmmmememm e I + I----—-=---

i e I + I--——---

12 memmmm e I * I~
o e e A o o e R B cases
8 &0 120 180 240 300
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16 SPINACH

Depending on the cultivar, spinach may be sown in early spring or
in February, and plants take 50 days to reach maturity (Ballinger

1980).
1 The behaviocur of spinach at auction

Spinach was not supplied continucusly but the number of weeks in
vhich it was supplied increased from year to year perhaps
indicating greater consumer acceptance.

The wmean veekly price increased by 31% in year 2 and by 0.5% in
year 3. See table 13.

The change in median veekly price and range of prices for e=ach
year is given below. Median price increased in year 2 and then
fell in year 3. The variation in price increased in year 2 and
prices remained as variable in year 3 as in year 2.

Year
1 e I - T e o e e
2 e ——— I + I e
3 mmmmee- I + Irmm e e e *
o o e - o e v - e o A o price
0.0 4,0 8.0 12.0 16.0 20.0

For the entire series prices were right skeved about a wedian of
$6.60; the lovest price was $1.22, and the highest was $21.63.

Volume fell by nearly 9% in year 2 and then increased by 25% in
yvear 3. See table 14.
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The range of wveekly volume remained about the same throughout the

three vyears but in year 3 there wvas a greater prevalence of
higher weekly volumes than in the other two years. This i=
illustrated by the hinges containing greater values.

Year
1 e I + I #*  #*
2 mmmemmemme- I + I e e
3 ---mmmmm—- I + I-mmmrmm e e
o o R A o e B e - cases
8] 30 60 a0 120 150

For the entire series weekly volume was slightly right skeved
about a median of 62 cases. The lowvest weekly volume vas 4 cases
and the highest was 156 cases.

Annual turnover increased by 37% in vear 2 and then by about 5%
in year 3. See table 15.

Median weekly turnover has increased in successive years.

Year
1 e I + T o e o o e e
2 ememeeme—— I + T e o o e
3 e —— I + T e e
o e o o e o o e B e o o
8] 250 500 750 1000 1250 turnover
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For the entire series, wveekly turnover was right skewed about a
median of $348.00; the lovest weekly turnover was $36.00 and the
highest was $1140.00.

b e o o o o R s o t o turnover

Price and volume were both gquite variable.

coefficient of variation

price . 36
volume .56
turnover .61

It =seemns, from the time =series plot of price which follows, that
there is one season in each year. It i= not clear wvhether there
i a consistent =seasonal pattern. Prices were, in general,
highest in July and lowvest in March and April.

Spinach was a relatively recent addition +to +the market and

perhaps its volatility was due to buyers discovering its price
level, and growvers learning to produce it.
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The boxplots belowv indicate that spinach prices wvere seasonal.

The overall pattern was for prices to be lowest in April May, and
June, and relatively high from August to February.

Month
i --1I + I---mmmmm e e
2 --1I + I--==--
3 ——-T + R ek *
4 -==I + I=-=-
5 -===I + I-==- *
6 -1+ Ivmmmm
7 ----I * I--=-
8 mmeemee- I + I--—mmmmm -
3 @ ----- I + I---mmmmmmm
10 ----- I =+ I----mmmmmm e
11 e I + I e e e #
iz s I+ I *
o o e o o o e e o A price
0.0 4.0 8.0 12.0 16.0 20.0
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The volume pattern depicts volumes as being high throughout +the

vinter and lowest in the summer months of December, January, and
February.

2 ---I + I--

10 mmmmmmeee- I + T-m——mmmmmmmmmmmm e
11 #mmmm oo I+ I--=-- 0
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17 SPRING ONIONS

The Yates seed catalogue describes two varieties of spring
onions. Both mature early and caennot be stored.

Spring onions are planted out in sutumn, wvhich should result in
bulbs which would be wature in December, Ballinger (1980).

1 The expected behaviour of prices

This vegetable cannot be stored to maintaein levels of supply. We
would expect volumes to be highest in early summer and falling
awvay towards the end of summer. Consequently prices will be
expected to be lovest in early summer and rising at the end of

summer. The pericd of lowest supply will probably be wmid winter
vhen photoperiod is shortest. We would expect this to be the time
of highest price. As photoperiod started increasing so should

supply. Prices should also begin falling.
2 The behaviour of spring onions at auction

Spring onions were supplied for the full period of time under
study.

The mean yvearly price rose by about 14% in year 2 and then by about
2% in vear 3. See table 13.

Median weekly price increased in successive years. The range of
prices 1in successive years remained about the same with twvo
coutliers observed in vear 3.

Year
. e I + I---mmmmm
2 mmmemmmmeemm e I + I---mmmm e e
3 e - ——— I + I e e % *
e o R e o o e e R +-—-——price
1.0 2.0 3.0 4.0 5.0 6.0
For the entire series price was quite symmetrical about a wedian
of $2.87. The lowest price received was $1.06, and the highest
was $6.29.
———————————— I + I e e * #*
e o o e e e Fo R +--—--price
1.0 2.0 3.0 4.0 5.0 6.0
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Volume declined by about 6% in year 2 and then increased by about

14% in vyear 3. See table 14.

Median weekly volume fell in year two and then icreased in year 3
to slightly below the year 1 level. The variability in weekly
volume wvas greater in year 3 than in years 1 and 2.

Year
1 e I + Irm e e e
2 e I + T e e e e
3 mmmemee- I + - e e e
~~~~~~~~ R e e e e Y -1 T
200 300 400 500 600

For the entire series, volume was right skewved about a median of
334 cases. The smallest weekly volume wvas 154 cases, and the
greatest, 568 cases.

—————————— I + T o e o e
~~~~~~~~ e e e e b bl o= §=-1- )
200 300 400 3500 600
Yearly turnover idncreased in successive years. In year 2 it

increased by about 11% and in year 3 it increased by about 10%.
See table 135.

Hedian wveekly turnover increased in successive years, becoming
slightly more variable.

Year
1 --=-- I + I-mmom
Do I + I m ® #
3 - I + T o e e
~~~~~~~~ B e i R e e i S
700 10580 1400 1730 2100 turnover
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For the entire series, veekly turnover was right skewved about a

median  of §923.00, vith a lov value of $426.00 and a high value
of $2335.00.

________ o o o o e o o o o e e e e e e e POV ET

Price was slightly more variable than volume.

coefficient of variation

price .37
volume .33
turnover .40
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Reviewing the smoothed price series revealg about four peaks in
each year. They do not occur at the same time and they are not
of constant amplitude. These peaks occur most frequently in the
months of March, April, July, and November.

The smoothed volume series reveals one supply peak. In the first
two years quantities brought to market were quite constant from
the beginning of April +o about the end of July. At the

beginning of August volume increased. It peaked in the beginning
to middle of December and then fell away to the off-season low at
about the end of March.

In year 3, the low volume part of the season was shorter than for
vears 1 and 2. Volume started to rise at the beginning of July,

about & month earlier +than in the preceding two years.

The following bouplots indicate that the time of lowest price vas
generally the time of highest supply.
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general prices were lowvest in summer and highest in winter.

Month

10 mmm—eee- I + I-—==—=—m *
11 mmmmmm e I o+ I-mmmmmmmm -

e o R o e o o ——nrd ce
1.0 2.0 3.0 4.0 5.0 6.0
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The

volume

boxplots indicate that volumes were lowest in

May,

June

January.

Month

1

b

10

11

and July, and were highest in HNovember,
The month of highest volumes was December.

# -1 + I----
_____ T T mm———
o o T +
# 0 e e e e I +
————————— B e e 3
300 400 500
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18 TOMATOES

Tomatoes are grown all year round. The crop is grown in glass
houses in winter and outdoors in summer. It was noted earlier in
this report that about two thirds of annual tomato volumes are
grown under glass.

The Yates seed catalogue describe= many varieties whose maturity
ranges frowm extra-early to wmedium.

According to Ballinger (1980) seedlings are planted out when the
danger of frost has passed. This is at the end of October
or early HNovember. Earlier plantings are wmade in warwmer
regions and with the aid of protection.

During growth tomatoes require constant attention. They must be
veeded, watered and sprayed and mature in about 100 days.

Thompson and Kelly (1957) comment that wmarket quality is
adversely affected by both high and low temperatures. Chemical
treatments can be used to improve the setting of fruit when
wveather conditions are adverse.

Supply can be manipulated by picking at the mature-green stage
and artificielly ripening.

1 The expected behaviour of prices

Volumes and yield peak at the end of summer. Depending on the
particular weather experienced, this could be in about late
February or early March. Prices would be expected to be lovest

at this time. Because this vegetable is grown under glass in
vinter we vwould expect prices and volumes to be relatively
constant during this time, but with prices probably being
highest in the middle of winter. Priceg will be relatively
high and should start falling as vaolumes begin rising with
early outdoor varieties at the beginning of summer. We can
expect summer demand to be higher than winter demand and this
might offset some of the effect greater supply at summer.

Tomatoes are irrigested in summer. We would expect lack of
rainfall +to have little effect on quantities. Excessive
rainfall might cause vields to be lover and of lower gquality.

We would expect weather to have no influence on yields in winter
because the crop is grown under glass. Lowv temperatures will
accur at the +time of low supply but any change in winter
temperatures are not likely to cause changes in production. They
may howvever cause changes in demand. Fresh tomatoes are
primarily a salad vegetable and in the very cold winter wmonths
demand for tomatoes will probably be lovest.
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2 The behaviour of tomatoes at auction

Tomatoes wvere supplied in all weeks under study and had the
largest turnover of all of the vegetables studied.

The wmean yearly price has risen in each year. In 1984 4it was
about 11% higher than in 1283. In 1985 it was about 1% higher
than in 1984. See table 13.

The boxplots below indicate that median weekly price has in fact
fallen. In years 2 and 3 prices have bunched at the lower end of
the =scale. This means that for at least 50%4 of the time, prices
vere lower than the median. The range of prices received wvas
about the same in each year.

Year
1 e I + I #*#® # # *®
2 e I + T--mmmmmm e mmm e
3 ity § + T-mmmm o
o e e e v o B o e e e B el e price
0.0 6.0 12.0 18.0 24.0 30.0

For the entire series price was right skewed about a median of
$11.10 with a lov price of $1.23, and a high price of $33.16.

Volume fell by about 4% in year 2 and then increased by about 9%
in year 3. See table 14.
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In each vear, median weekly volume has remained about the same.

Variation 4in weekly volume was almost identical for years 1 and
3. Less variation wvas experienced in year 2 than in the other

two years.

Year
1 -] + T e e # * #
R I I---m=-=-- ® %
3 ---1I + I-—--mm *
~~~~~~ R e e bl S it il (bbbt of o8- § =1 == =
1000 2000 3000 4000 3000 6000

For the entire series weekly volume was right skewved about a
median of 13549 cases. The minimum weekly volume for the three
years in the study was 700 cases and the maximum was 5896 cases.

—————— B e M e R R i e S P = € ] = 1 =
1000 2000 3000 4000 3000 6000

Turnover increased by about 7% in year 2 and then fell by about
3% in year 3. See table 135.

The distribution of weekly turnover has moved to the right in
successive years and the variation has remained about the same.
Median turnover has increased in successive years.

Year
1 - I + I e e
2 2 memmeee———— I + I e
3 mmeee-—- I + I---mmmmmmm e e
o e e e o o R o o
O 12000 24000 36000 48000 60000 turnover
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For the entire series turnover wvas right skewed about a wmedian of

$20333. 00. Lowvest weekly turnover was $1271.00 and highest was
£57089. 00.

Ho Hom e e o Fmm o A e turnover
0 12000 24000 36000 48000 60000

Both price and volume were gquite variable with prices being a
little more variable the volume.

coefficient of variation

price . 37
volume . 33
turnover . 54
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Reviewing the swmoothed prlce series reveals three peaks in vear

v peakeinyear 2y and - rpeak - inyear G The-najor peaks
occurred in October in year 1 and wid August to wid October in
vears 2 and 3.

Reviewving the smoothed volume series indicates that the secondary
peaks in the smoothed price series were not due to changes in
volume.

The smoothed volume series reveals 29 or 30 weeks when volumes
are fairly constant followed by a period where voluwmes peak and
then fall back to the relatively constant off-season position.

The low voluwme period is from early March +to +the end of
September.

Volumes consistently peaked in wid December. The time of lovwvest
supply was not as consistent as the time of highest supply.

Lowvest volumes were from mid June to mid September in vear 1; mid

July to wid September in year 2; and early August to early
October in year 3.
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Tomato

be lowest in summer and early autumn,

vear is indicated.

due to an increase in volume on the floor.

Month

1

10

i1

prices peak in September and October and then decline to
in March.
The long left wvhisker in October is probably

One season. each .
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Tomato volumes wvere lovest during wvinter, especially in  July,
August, and September.-Volumes vwere-highest in-summer -and peasked
in December. The time of highest supply corresponds to the time
of lowest price. The time of highest price was a little later
than the time of lowest supply.

Month
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18 Descriptive statistics

A  comparis

on of price for esach vegetable for the

ending March 31 is given below.

three

years

Average price of each vegetable in the years ending

31 March 1983, & 1985 (nominal $)

Table 13

VEGETABLE

Broccoli
1983
1984
19835

Brussel spr
1983

1284

1985

Cabbage
1983
1584
1985

Capsicum
1983
1984
12985

Cauliflover
1983
1984
1985

Celery
1983
1584
1985

Garlic
1983
1984
1985

Kumara
1883
1984
1985

MEAN
PRICE

6.041
7.256
7.913

outs
12.685
14. 045
14. 116

4,487
5.617
5.104

12. 844
11.762
9. 368

6.026
7.490
8.392

9. 060
9.1353
9.979

6. 588
3.277
2.754

22.489
19.945
15. 066

1984,
% STD DEV
CHANGE
2.332
+20.1 3.758
+ 9.1 2.856
2. 884
+10.7 3.628
+ 0.5 3.338
2.013
+25.2  2.916
- 9.1 2.952
6.579
- 8.4 6.415
-20.4 5.778
2.304
+24.3  2.306
+11.2  2.288
5.571
+ 1.0 7.047
+ 9.0 4,932
2.937
-50.3  1.255
-16.0  1.277
10.336
-11.3  6.007
-24.5 5.579
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MINIMUM

PRICE

2.58
1.10
1.85

35.31
7.52
7.82

1.52
1.52
Z.11

3. 40
3. 51
2.33

1.62
3.00
4.08

2.50
1.99
3.72

2.03
1.80
.74

9. 00
6.32
2.10

MAXIMUM

PRICE

11.96
17.23
14.47

20. 22
23.90
20. 44

8.97
11.75
17.16

26. 39
27.77
24.71

11.40
14.82
13. 47

25. 84
26. 29
24.78

20. 94
7.67
8.406

54.97
36. 13
30. 47

VALID

N

53
52
52

37
34
37

33
52
52

53
52
52

53
52
52

33
52
52

52
31
32

53
52
32




VEGETABLE MEAN % STD DEV MINIMUM MAXIMUM VALID

“PRICE CHANGE PRICE PRICE N

Leeks

1983 9. 519 2. 506 .85 15. 86 44

1984 8. 447 -11.3 3. 400 4,23 18. 54 41

1985 10.790 +27.7 2.707 6.08 18. 13 37
Lettuce

1883 4,399 2.783 .65 12.62 53

1984 6. 189 +40.7 2.839 1.33 11. 44 32

1985 6.619 + 7.0 2.226 1.97 10.74 52
Mushrooms

1983 12. 779 1.919 8. 69 16. 13 53

1984 11.183 -12.5 2.822 4,94 15.19 52

1985 11.982 + 7.1 2.454 7.43 i8. 51 52
Onions

1983 5. 526 1.518 3. 16 8. 66 53

1884 6.759 +22.3 3.8583 2. 44 15.13 52

1988 10. 203 +51.0 3. 227 4. 38 18. 04 52
Parsnips

1983 13. 320 5.776 1.30 32.78 53

1984 16. 263 +20.3 4,174 &. 98 27.39 32

1985 14.275 -12.2 4,888 6. 20 30. 58 52
Pumpkins

1983 8.532 6.517 1.70 28. 50 33

1984 8,472 - 0.7 3.375 2.43 16. 27 52

1983 3. 289 -61.2 1.541 1.12 8.34 52
Silverbeet

1983 4. 3504 2. 508 1.04 10.92 33

1984 5.058 +12.3 3.247 1.17 14.93 52

19835 4,423 -12.6 2.345 1.08 12.02 52
Spinach

1983 6. 305 2.935 1.22 13.75 48

1984 8. 258 +31.0 4, 699 1.82 18. 14 49

1985 8. 292 + 0.4 4,629 1.82 21.63 51
Spring onions

1983 2.725 .778 1.43 4,72 53

1984 3.103 +13.9 . 959 1.06 5. 56 52

1985 3.174 + 2.3 . 991 1.19 6. 29 52
Tomatoes

1983 12. 884 6.347 1.23 32.23 53

1984 14, 346 +11.3 7.715 2. 56 32. 80 52

1985 14.435 + 0.8 9. 068 3.59 33. 16 52
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A comparison of total cases sold and total turnover for each

,;V@g@tagle —for . -the three. years- @ndlgg 33 Msroh 1983, 1984, and
1985 is given respectively in tables 14 and 15 below.

1983 1584 1983
% CHANGE % CHANGE

Broccoli 11571 + 4.9 12136 + 0.9 12247
Brussel Sprouts 3583 -16.3 4675 + 8.3 5064
Cabbage 450623 -12.3 43023 -13.1 37393
Capsicum 4848 +11.5 35475 +43. 9 7878
Cauli 57341 -23 44151 - 9.2 40088
Celery 17266 -38. 4 12473 +19.8 14943
Garlic 3010 - 7.1 2796 + 9.4 3059
Kumara 9344 +29.2 12011 + 6.6 12800
Leeks 81398 -10 7381 -18.8 5952
Lettuce 60788 + 5.1 57664 +12,2 64674
Mushrooms 15641 +24.7 18510 + 2.3 193561
Onions 18871 - 0.2 18830 +33. 8 25188
Parsnips 7899 -13.4 6837 - 1.3 6746
Pumpkins 15097 - 2.4 14731 +36. 2 20063
Silverbeet 9426 - 3.1 9136 + 2.4 93585
Spinach 3032 - 8.8 2764 +25. 4 34653
Spring Onions 17928 - 6.3 16795 +13.7 19102
Tomatoes 101738 - 3.7 97991 + 8.7 106483
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1983 1984 1985
% CHANGE % CHANGE

Broccoli 64187 +28.7 82596 +10.8 91485
Brussel Sprouts 70810 -13.2 61449 + 7.7 66156
Cabbage 218072 + 6.6 232450 -24.6 175330
Capsicum 45568 +13.3 51639 + 4,4 53893
Cauli 315293 - 0.7 313245 + 2.3 320333
Celery 133223 -38.0 82653 +61.1 133183
Garlic 17635 -49,9 8932 + 2.4 8953
Kumara 190205 +21.5 231048 -17.7 180152
Leeks 77566 -32.7 52214 +16.8 60991
Lettuce 242287 +34.2 325128 +28.9 419073
Mushrooms 199750 + 6.8 213299 +10.8 235687
Onions 93342 +28.8 120201 +91.9 230683
Parsnips 97225 +12.0 108894 -15.2 92340
Pumpkins 117708 + 6.5 125341 -51.8 60401
Silverbeet 40090 + 8.3 43400 - 9,7 39205
Spinach 15735 +36.9 21837 + 4.6 22519
Spring Onions 47172 +11.3 52514 + 9.6 57339
Tomatoes 1230734 + 6.6 1312761 - 2.6 1278108

The percentages in tables 13, 14, and 15 were calculated as
follovws:

% change = [(¥n + 1)/Xnl - 1
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20.

Summary

In conclusion, we see that variation in price doe= not follow
variation in quantity as closely as might be expected.

Furthermore, highest prices do not necessarily occur at the
time of lowvest supply. Lovest prices also do not alwvays
occur at the time of highest supply. Infact, for =sowme
vegetables high prices follow lowvest supply. That is, prices
are often lowest in the month following the month of highest

supply.

This may have something to do with buyers not being sure
ahout the available supply. Their bidding may reflect a lack
of dinformation about future supply and when supply starts to
fall +they perhaps over-react. On the other hand, grovers
may, in response to a high price, bring wmore produce to
market and buyers perhaps miscalculate the guantity on the
floor.

It is clear from the boxplots and summary statistics that for
most vegetables weekly prices and volumes vary considerably
within and between years. Weekly prices in general varied
more than wveekly volumes.

For some vegetables average yvear’s price and volume changed
in opposite directions while for others changes were in the
same direction.

For some vegetables when both wedian price and volume

increased, the increase 1in one of the variables wvas
considerably less in percentage terwms than the other.
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The following table presents the coefficient of variation for

weekly —prigce —and-velume —for-each-vegetable-ever—the £fulld
three year period.

A coefficient close to zero means that the standard error is
small relative to the mean. Thus the variable has small
variance.

Table 17 Coefficient of variation
price volume
bhroccoli . 44 . 42
brussels sprouts .63 . 24
cabhbage .52 .31
capsicum . 87 . 69
cauliflover .34 . 37
celery .65 .9l
garlic .62 . 64
kumaras .43 . 34
leeks . 31 . 70
lettuce . 850 . 36
mushrooms . 20 . 20
onions .48 . 33
parsnips .34 .41
pumpkins .74 .54
gilverbeet . 58 .23
spinach . 36 . 36
spring onions . 37 . 33
tomatoes . 57 . 93

Mushroom prices had the lovest variance and pumpkin prices
the greatest wvariance. Mushroom volumes had the lowest
variance and leek volumes the highest variance.
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CHAPTER 7 ANNUAL PRICE PATTERNS FOR 1982-1985

1. Introduction

In this section the smoothed time series plots for each year
vere examined in relation to each other.

The first S observations were dropped sc that each year in
the full series was of equal length and therefore comparable.
The smoothed price series for each vegetable was then
separated into three series, one for each year. These were
plotted on the same graph using the LPLOT command in minitab.

Year 1 values are represented by A, year 2 values by B, and
year 3 values by C. Where values from different years are
common for the same week, a number is plotted.

The first weeks on the x axis are:
A 9 April 1982 B 8 April 1983 C 6 April 1984

and the last weeks are:
A 31 HMarch 1583 B 30 March 1984 C 29 March 198S

For s=some vegetables prices 1in different years are very
similar at the same point in time. For instance, the price
patterns for broccoli, capsicums, celery, zilverbeet,
kumaras, and tomatoes are quite similar from year to year.

2. Vegetablez with consistent price patterns

Broccoli

- ccc
- CAC ccc
- BBCCC B C A ABCC c cccce
- A B B C C A cC Cc
8.0+ A A C22BB CB C(CBC c c
- AA CB AA BBBCC A AB c BBEB AAA
- Cccece 2CC2A AA BBBBB22BB C B AA A
- AB A A AC A AA B
- B A AA AA A A AC AA B
4.0+ BA A A AAA CCCAA B

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Broccoli prices consistently peaked in July and October, but
large differences from year to year are evident.
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Capsicums

24,0+ BB
- B
- B AAA
- AZ22BBB A A
- cz2C
18. 0+ B AC AB BBBA
- AAAA 2 A B B
- A C
- 2B B 2 A
- A C 2 A CCCcCC A A
12.0+ BCCC 322 cCc3 A
- C C
- A A 22A4A A
- AA AAA 2 C2B BEBBE
- BBBBB C2228 B
6.0+ BBB c C A B
- Cc C cC A BB AA
-  QCcCC C CC222AA2BB
- ccecece
o e o e o e o o o o

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct Hov Dec Jan Feb Mar

Capsicum prices have displayed vitually the same pattern in
each successive year. They were highest in July and August,

and October/Hovember. Prices were consistently lowest in
March.
Celery
- BB
- B B
- c2C B
21.0+ B B
- C AR2A
- 2 AAA A
- 24
- c BA
14.0+ B A c
- c C B C
- c 2
- CC224 C A C BB BBC
-  AAAAC CCCCCCCAA CA CB C BBB CBB
7.0+ CCCCAZ22C AA BB22 CCC C2CCC224A
- AAAAAA BB AC B A AAA A
- BBB BEBBBBBBB 2 AA A
- BEBBBB 222
o - R R o e o e -

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct HNov Dec Jan Feb Har

Celery prices have been highest in December and usually
lowest in October.
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Silverbeet

. _— ) et S BB
10. 0+ A CC BB
- AA C B
- A C B
- A B
- A BBB B C B
7.5+ B
- A A B B
- B 2 2AA
- A B A A B
- A B C cCo
5.0+ BBB C B A C A B cC
- ABB c 2 BC CCAABCCC
- A B C A B AAA CC2AAA
- AAA AA C3CC C CC2C A B A
- 22 cccece 2C2BB A
2.5+ CCB A B AAA
-  2222BB AA B BBB
- AAAA BB
e o - e o o o o o e e e -

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct Hov Dec Jan Feb Mar

Prices have tended to be highest from July to September, and
December and January. The time of lowest prices seems to have
been April.

Kumara
- AA
- A
45+ A A
- A
- A
30+ B2 A
- ABC 2
- BEEBBBBBBBB2AAA ABC 2 A
- BBBBBBBB AAAAA A B22332C BB
-  2AAA BAAAAAAAAAA A22CCC C B A AA
15+ 2222BBBBA CcC C B 222CC
- C CAAAA ccccccccoceccece cCcz B
- cCccccce BBBB
O+
o B R e o v -

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Prices have been highest in January, and lowvest in HMarch,
April, and Hay.
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Tomatoes

B200% €
- C cCcccc
- C
- A2
- BBBBEBB2
24,0+ BC B 2
- BC A c
- BC AAAA B
- B A B2C
- C B
16. 0+ BC A 2
- AAAZC A B BEB
- A 2 A A A B BB
- AAA 2222 AAA 2AB B c
- ACCC223C C22AAAAARAAAA
8.0+ 22B B cce BBBBAAARA
- € BBB ccce BB2BB
- cccceo
- o e o e o e e e e e -

1234123412341 234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct HNov Dec Jan Feb HMar

Prices have generally been highest in Septewmber and October

and lowest at the end of February.

We would expect time series methods to forecast prices for

thege vegetables reasonably well.
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Vegetables with similar price patterns

Other vegetables exhibited similar patterns from year to
vear, but these patterns vere displaced. These vegetables
vere cauliflowver, pumpkins, parsnips, and spring onions, and
their patterns are plotted below.

Cauliflover

- cC
- cC
- cecccece

- AAA ccc c
- B A c CCCC BBB
- A B B 2BEBB 2 B
- A A AB A CCC 2 B B C B C AAA
7.5+ CCCC2CC BBBBC CCC BB cC C AB BA
- 2C c 2B A C2 A BEB
- B c c B A A B A B
- BBB 2 A  CCC B A 2 B A

12341234123412345312341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct HNov Dec Jan Feb HMar

Pumpkin

- BBBB BBB2AA
- B BBEB AA BBBEBBEBB
- B A BBBA
- BB AAAAAA BAA

7.0+ BEB A CCCC B A
- B BEBREB A cC CC2B22A AA
- AZBBBBB A cccecece CC B2B
- CCZ222222222222AKAACCCCCC cC cCcCez
- cce ccce

1234123412341234512341234123451234123451234123412345
Apr HMay Jun Jul Aug Sep Oct Nov Dec Jan Feb Har
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Parsnip

- : : } . o A
25. 0+ c C A
- C A
- BBB
- cCB C A A
- B B
20.0+ B B
- BBEBERB Z2AAA A
- B B AA B A
- B BC A B
- CCC BBB B B A BB A B
15. 0+ cc BB BEB A B B B
- cCcC B BB C C BBZ2 B2B B
- C BBC2CCCCCC ccccececec2 B
- c CB AAAAA ccC AA A CCC222CC
- AA AAA AA
10. 0+ AA A C AZAAA A
- AA A cC AAAA
- A
e e e o e e e o e e e g o -

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct HNov Dec Jan Feb Mar

Spring onions

3. 0+
- BBBB
- B
- B B
4.0+ cC BBB Cccccce
- A € C B B c
- A A C B B
- cC BB cce AA c
- c 2 B B 24 c2 A C AA
3.0+ C cce BA A BBB 2 ARARZA B C 222B A
- 2 BCCC AB 2 BBBBC C cC A BB
- B A A CBBB A CCC CA cce
- BB 2A AACC A AA c AB
- BB A AA CA C B
2.0+ c2 BAB
- AAA AB
- AA
e e e e et o o o o o e o

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct HNov Dec Jan Feb Mar

254




4.

Vegetables with no consistent price pattern

The remaining vegetables exhibited smoothed price series
wvhose behaviocur did not have a constant pattern. Forecasts of
the prices of these vegetables using time series wmethaods
vould probably have large forecast errors. The vegetables
are garliec, onions, lettuce, mushrooms, and cabbage. Their
price series are plotted below.

Cabbage

2.0+

9. 0+ B C
- BB B BBB B
- AAAB BBEB B
- AAA AA BABBB c
- A AA B B B
6.0+ AAAAA B A B
- CCCA
- 2CC c2ccecee B C
- 22 C CCB AA B
- cceeee22 A CA23 C C2C AAA
3.0+ c BB AAAAAAC 22ACCCC2A C C 244
- 2ZBBBBB AAAA c BB2222

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb HMar

Each year exhibits at least one period of time when the
behavicur of price differs markedly from the previous year,
but parts of the year are gimilar. It seems that year 1 and
year 3 prices are similar for part of the year, that year 1
and vyear 2 prices are similar for part of the year, and that
year 2 and year 3 prices are similar for part of the year.
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Garlic

- A
- A A
- A A AA
7.5+ A AAA AAAA
- A A A A A A A
- AAAA C
- AAA A A
- AAA A A BB
5.0+ A 22CA2A
- ZAAAC B c
- BBB CB C 28AAAAAA
- BB BBREB CB C C
- BBBBBB BB BB C22B c22CC
2.5+ (CCCCcccce BBB BB BBCCCB BBBBB
- ccccce CC222CCCCCCBBB
- ceceec
e e B s g o B e -

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct HNov Dec Jan Feb HMar

The pattern in years 2 and 3 are quite similar but year one
is congiderably different. This may indicate the presence of
a production cycle.

Lettuce

9.0+ c B 2 cCcC
- € B 2 B BCC C B
- AC c BB c CC c C B B cC
- c AC B cCC CCBB BB c
- CA B c c BB BC B cC
6.0+ Cc Ak B C B
- B A C A AA BA B C€CC AAA B
- A C A A BBBB CA A C B
- ccC B B c c B
- BA c BAB AAA CCCC3 B

1234123412341234512341234123451234123451234123412345
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Prices are in general the opposite in year 3 of what they
vere in year 1. It is difficult to discern =a predictable
pattern, but years 1 and 2 are most closely associated, and
there were two major peaks in each year.
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Hughrooms
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For a crop whose growth is subject to considerable control,
prices indicate little consistent behaviocur from year to
year. Sometimes when price was high in one year they are low
in the next year and then high in the followving year. This
hovwvever, is not always the case.

Onions
16.0+ cC
- c C
- C C 2B
- C CcC2 CB
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- G C B BB
- cC cceo C B C B B
- ccC C ccceecco B B
- cccce C BB
8.0+ A B C B
- AA AA AAAAAA C
- AAA AA AA B C
- A AA AAAAA B cCcC
- AA B2AAAAAAAAAAAAAA cC
4,0+ BEEBEBEBBBEEBBRERBB A C
- BBBBBB BBB AAAAAAAA
- BEB
o - - - o o e e -

1234123412341234512341234123451234123451234123412345
Apr May Jun Jul Aug Sep Oct Hov Dec Jan Feb Mar

Onion prices differ from year to year and do not appear to
have a predictable pattern with in a vear. There may be a
cyclical pattern underlying the series as prices seem to be
steadily rising.
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5.

Summary

Some vegetables had regular price patterns in that they wvere
virtually ididentical from year to year. These were broccoli,
capsicuns, celery, silverbeet, kumaras, and tomatoes.
Capsicums and a considerable volume of tomatoes are grown
under glass, and kumaras are mostly supplied from the north.
This may cause their prices to be more stable.

Others had patterns which were similar but were displaced

from year to year. This wmway have heen the result of
different weather conditions in each year, or perhaps the
existence of a weather cycle. These were cauliflover,

pumpking, parsnips, and spring onions.

The remaining vegetables did not have discernable price

patterns. Their price behaviour differed markedly from year
to year. These were cabbages, garlic, lettuces, mushrooms and
onions. Some of these vegetables seewmed to have cyclical

price patterns. Garlic could be included with the first group
of vegetable=s and it is only the effect of one very different
yvear vhich complicated its behaviocur.
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CHAPTER &8 PRICE AND VOLUME RELATIONSHIPS

1.

Introduction

In static supply analyesis, price and supply are
simultanecusly determined.

In recursive systems, current price is largely determined by
current supply and current supply is largely determined by
some past price.

In this chapter attention 1is focussed on the relationship
between current marketed quantity, current price, and lagged
prices.

We expect that when the quantity marketed rises the price
will fall, and that when the quantity marketed falls prices
will rise, all other things being equal.

Given that supply in any wveek is relatively fixed, wve are
interested in establishing how price responds to changes in
gquantity from week to week. Knowing this would enable us to
make estimates of prices likely to be received for certain
quantities.

Hypothesis : price in week t is a linear function of the
gquantity marketed in week t. ie pt = f(gt)

This hypothesis wvas tested by regressing current price on
current gquantity for each vegetable. The results are
presented below.

Table 18 Current price as a function of current volume
price of: rsg arsqg F sig D constant coefficient
broccoli L1312 22.98 0.000 0.63 9.747 -. 012
cabbage .08 .07 13.85 0.0003 0.45 7.349 -. 003
capsicum .45 .44 128.34 0.000 0.87 17.343 -. 033
cauli .42 .42 116.80 0.000 1.17 11.698 -. 005
celery .26 .26 56.83 0.000 0.44 15.286 -, 021
garlic .02 .02 3.46 0.065 0.73 4.866 -.011
kumara .24 .24 50.46 0.000 (.47 30.874 -. 055
lettuce L1615 29.28 0.000 0.88 9.107 -. 003
mushroom .22 .22 45.82 0.000 1.03 17.640 -. 016
onions .05 .04 7.82 0.006 0.16 8.925 ~-. 004
parsnips L17 .17 33.18 0.000 0.76 19.798 -. 038
pumpkins .06 .06 10.83 0.001 0.26 9.000 -. 007
silverbeet .19 .19 37.65 0.000 0.70 S.757 -. 029
springons .07 .06 11.06 0.001 1.15 3.704 ~-. 002
tomatoes .13 .13 24.78 0.000 0.56 19.043 -. 003

For the vegetables in this study the evidence does not
support +the presumption +that there 1is a strong causal
relationship between price and current quantity marketed. The
statistical relationships indicate +that for most of the
vegetables current price depends on current guantity to a
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small  extent when the variables are  meassured in  their
original values.

All relationships were significant with the exception of
garlic.

The negative sign of the regression coefficients is what is
expected, as guantity increases price decreases.

Price flexibiltity coefficients

Price flexibility coefficients are obtained directly by
regressing the logarithm of price against the logarithm of
quantity, (Colman and Mish 18973 p 355y, and give the
percentage change in price for a 1% change in quantity.

The logarithm of current price was regressed against the
logarithm of current volume. The numbers in the coefficient
column in table 18 are the resulting flexibility
coefficients. The numbers in the column labelled =seB are
their standard errors.

Table 19 Logarithm of price as a function of logarithm
of quantity

logarithm

price of: rsg arsg F D constant coeff seB sig
broccoli .11 .10 18.66 0.68 1.49 -.297 .069 0.000
cabbage .06 .06 10.87 0.47 1.808 -.401 .122 0.012
capsicum .36 .56 204.87 0.82 2.293 -.677 .047 0.000
cauli .44 .43 122.97 1.01 2.744 -.683 .059 0.000
celery .37 .36 91.45 0.54 2.300 -.66% .070 0.000
garlic .00 .00

kumara .20 .19 39.33 0.78 2.350 -.480 .077 0.000
lettuce .14 .13 24.87 0.72 2.3%94 -.337 .112 0.000
mushroom .21 .20 41.81 1.01 2.316 -.491 .076 0.000
anions .03 .05 9.09 0.01 1.384 -,.220 .073 0.003
parsnips L1130 .12 23.30 1.03 1.760 -.297 .062 0.000
pumpkins .11 .10 19.41 0.18 2.060 -.3542 .123 0.000

silverbeet .18 .17 34.46 0.71 2.701 -.940 .160 0.000
springons .07 .07 12.73 1.10 1.134 -.272 .076 0.0005
tomatoes .13 .12 23.40 0.88 2.506 -.444 .0%2 0.000

All equations were significant at the 95% level; all but
cabbages were significant at the 99% level.

In all cases, the flexibility coefficient is negative, and is
less +than 1.00. A e=mall percentage change in the quantity
marketed has resulted in a smaller percentage change in

price for all of the vegetables. The standard errors
asssociated with the coefficients are all relatively small,
which suggests they have high precision.

Hovever, the adjusted r-squared values are generally low
vhich means that only a small proportion of the variance of
each price has been explained.
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It is clear that simply knowing thé‘quantity wvhich will be
marketed is insufficient to make a good prediction of price.
In general taking logarithms has not improved the fit of the
model.

Re-expression of o©ne or both of the price and quantity
variables may result in a more linear scatterplot and thus a
better linear relationship. A resistant line was estimated
for the current price volume relationships for all of the
vegetables.

It 1is possible to infer useful transformations from the
half-slope ratio produced as a result of fitting a resistant
line, and the resistant line itself is a way of describing
the linear dependence of prices on guantities.

A resistant line is resistant to the effects of outliers.
The x-axis is divided into thirds and the median of the x’s
and the y’s in each third is established. These medians are
coordinates for what is called the summary point for each
third.

A 1line is fitted which has the same slope as a line passing
through the left and right summary points and which has about
half of the cbhservations above it and half below it. This
line is called a resistant line.

The slope of the line which connects the middle summary point
with the right hand summary point, br, is given as the right
half slope. The slope of the line which connects the middle
summary point and the left hand summary point, bl, is given
as the left half slope. The ratio of the right half slope to
the left half slope is defined as the half slope ratio.

ie HSR =br/bl

The sign and magnitude of the half slope ratic is very useful
in selecting transformations.

If the half slope ratio is greater than 1 br is greater than
bl. Linearity may be improved by increasing the values of x
and, depending on whether the values of y increase or
decrease with values o0f x, decreasing or increasing the
values of y, respectively.

If +the half slope ratio is less than 1, br is less than bl.
Linearity may be improved by decreasing the values of x and
again, depending on whether values of y increase or decrease
with values of x, increasing or decreasing the values of vy.
This 1is referred to as going up or down in the ladder of
povers (Tukey, 1977; Velleman and Hoaglin, 1981). A reprint
of their ladder of powers is given in appendix 2.

If +the half slope ratio 1is negative, each half slope has a

different sign and no benefit will be gained by
re-expression.
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Each of the price volume scatterplots for the vegetables is
shown below. The resistant line wvhich describes the = vy
relationship and the half-slope ratio are also given.

Note that the resistant line for the price of broccoli is

price = 7.6735 - 0.00855cases
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Spring onions
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The slope in the left half of the scatterplot is negative and
in +the right half is positive for broccoli, cabbage, garlic,
pumpkins, and gpring onions. Linearity cannot be improved by
re-expression.

Capsicums
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t"’an 141 muosr
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Kumaras
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Mushrooms
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Parsnips
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Tomatoes
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Capgicums

The half-slope ratio and scatterplot suggested going down in
the ladder of powers in price or quantity or both. The best
re-expression of those used was logarithms of both price and
quantity.

Table 20 Transformations: capsicums

expression HSR adj. rsqg
P Vv g 0. 298 44. 4
p-® v g *® 0. 600 53.9
logp v logg 1.211 56.0
p v g-® 0. 430 350.5
P v og-2s 0,517 52.6
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Cauliflowver

The half-slope ratio was very close to 1 which suggested that
re-expression would not dimprove the linearity of the
relationship betveen price and quantity. Logarithms wvere
taken and these improved adjusted r-sgquared by 1%.

Table 21 Transformations: cauliflowver

expression HSR adj. rsq

p v a 1.028 42.0

logp v logg 1.872 43. 3
Lettuce

The half-slope ratio and scatterplot suggested going down in
the ladder of powers in price or quantity or both. The best
re-expression of those used was g-** . This is the cube root
of g.

Table 22 Transformations: lettuce

expression HSR adj. rsq

o v g 0. 896 15.0

logp v logg 1.688 13.0

p v g *® 1.0981 i6.6

p v g3 1.136 i6.9
Celery

The half-slope ratioc and scatterplot suggested going down in
the ladder of povers in price or gquantity or both. The best
re~expression of those used was g-!'2% . This is the eighth
root of g.

Table 23 Transforwations: celery
expression HSR adj. req
P v g 0.039 25.9
p-% v g-°® 0. 064 32.9
logp v logg 0.103 36.1
p v g S 0. 051 35. 6
p v g-2s% 0. 058 40.6
p v g-t2s 0. 062 43.1
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Kumaras

The half-slope ratioc and scatterplot suggested going up in
the ladder of powers in price or gquantity or both. None of
the re-expressions used were any better than the original
variables.

expression HSR adj. rsq

P v g 2. 2658 23.6

p v g® 1.675 19.3

P v gq 1.996 21.0

p* v @ 0. 968 6.6
Mushrooms

The half-slope ratio and scatterplot suggested going up in
the ladder of powvers in price or guantity or both. The best
re-expression used was g .

Table 25 Transformations: mushrooms

expression HSR adj. rsqg

p v g 5.213 21.9

p v g? 4,241 24.0

pE v gq 4. 806 19.6

pe v g*® 3.909 21.2

p v g3 0. 000 25.3
Onions

The half-slope ratio and scatterplot suggested going down in
the ladder of powvers in price or gquantity or both. None of
the re-expressions used made much difference to the
half-slope ratio or to adjusted r-squared.

expression HSR adj. ragq
p v g 0.01 4,1
p-S v g %8 0.013 4,5
p v g *® 0.012 4.0
p® v g 0.01 4.3
p v g &s 0.014 3.8
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The half-slope ratio and scatterplot suggested going up in
the ladder of povers in price or quantity or both. None of
the re-expressions improved adjusted r-squared, hovwvever, p2 v
g® resulted in a more linear relationship.

expression HSR adj. req

p v g 1. 865 i16.7

p v g® 1.22 14.8

p? v g 1.648 16. 3

p® v g® 1.078 13.7

logp v logg 3. 275 12.2
Silverbeet

The half-zlope ratio and scatterplot suggested going down in
the ladder of povers in price or quantity or both. The best
re-expression used was g-% .

Table 28 Transformations: silverbeet

expression HSR adj.rsq

P v g 1.03 18.6

p-¥ v g * 1. 348 18.2

p v g*® 1.183 20. 2

p ¥ v g 1.206 18. 2

logp v logg 1.768 17.3
Tomatoes

The half-slope ratio and scatterplot suggested going down in
the ladder of powvers in price or quantity or both. The best
re-expression used was g-1'2°S

Table 29 Transformations: tomatoes
expression HSE adij. rsq
p v g 0. 047 12.9
p-% v g% 0.070 13.8
p v g8 0. 060 15.2
p-s v g 0.054 11.7
logp v logg 0. 103 12.3
p v g 33 0. 068 16. 2
p v q-t2s 0.072 i6.7
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Re-expression resulted in large absolute improvements in

adjusted r-sgquared for capsicums and celery only. For the
other vegetables, a straightening in the relationship betwveen
price and volume did not lead to wmuch of an improvewent in
adjusted r-squared.

The scatterplots of weekly prices and volumes are mostly
broadly scattered. When separate plots for each year wvere
produced, the scattering of points was still broad. These
scatterplots have not been included. There is large inherent
variability in weekly prices and volumes.

Quantity as a function of price lagged by one vweek.

It has been shown that the relationship between current
prices and current marketed volumes for vegetables in this
study is not very strong.

There are wmany examples in the literature of recursive
systems in which current quantity is expressed as a function
of lagged price, and this has already been discussed in the
introductory sections. Usually the price variable which is
being lagged is the annual average price or the average price
received over the last season. This wmeans that the period of
the lag is sufficient for production to respond to lagged
price.

When we are dealing with weekly data we need to recognise the
fact that production cannot respond to price from week to
wveek. However, harvested gquantity and imports can respond to
wveekly price changes and it is therefore sensible to explore
the relationship between wmarketed gquantities and lagged
price.

273




1.

The . first hypothesis tested was that the quantity at auction
in a given week is a linear function of the price in the
previous week.

This was tested by regressing current guantity against price
lagged by one veek. The results are presented below.

Table 30 Q@Quantity as a function of price
lagged one wveek gt = £(pt-1)

guantity of: req arsg F sig D
broccoli .00 -.01

cabbage .00 .00

capsicum 29 .28 63.32 0.000 1.07
cauli .08 .08 14.46 0.0002 1.28
celery .24 .24 58.45 0.000 0.77
garlic .00 -.01

kumara .08 .07 13.20 0.0004 1.24
lettuce .05 .04 8.47 0.0041 0.75
mushrooms .03 .02 4.43 0.037 1.13
onions .00 .00 6.45 0.012 0.72
parsnips .04 .03 4,20 0.042 1.31
pumpkings .03 .02

gilverbeet .00 .00

springons .00 -.01

tomatoes .06 .03 9.21 0.0028 0.44

Coefficients and constants were not printed because of the
lack of significance of most of the relationships.

Capgicums and celery have a small amount of variation in
veekly volume explained by price lagged by one vweek, the
other vegetables showv virtually no relationship. On the
vhole price lagged one week was not very useful at euplaining
variation in current volume marketed.




2. The second hypothesis tested was that the logarithm of
guantity in a given week was a function of the 1ogarithm of
price in the previous wveek.

This was tested by regressing the logarithm of current
quantity against the logarithm of price lagged by one week.
The results are presented in table 31.

Table 31 Log volume regressed on log price

lagged one week loggt=f(logp t-1)

log quantity rsqg arsg F sig Durbin

broccoli . 00

cabbage .00

capsicum .32 .32 74.78 .000 1.18

cauldi .08 .07 13.71 .000 1.46

celery .31 .31 71.24 .000 .84

garlic .01 .00

kumara .04 .04 6.94 .009 1.17

lettuce .04 .04 7.33 .008 .67

mushroom .02 .02 4.05 .046 1.07

onions .01 .00

parsnips .02 .01 2.88 .086 .78

pumpkins .03 .03 5.37 .021 1.40

silverbeet . 00

springons . 00

tomatoes .04 .03 5.95 .016 . 40
The relaticonship was improved slightly for capsicums and
celery vwvwhen logarithms vere used. Howvever the levels of
significance, and the small values of adjusted r-sguared
indicate that +the relationship betwveen current marketed
volume and price lagged one week is extremely wveak.

3. The third hypothesis was that the current volume 1is a

function of the price one year ago, that is 32 veeks ago.
This analysis was concerned with detecting the effect of a
longer lag on the volume marketed. It wvas believed that in
32 weeks a production response to a price change would be
able to take place.
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This hypothesis was tested by regressing current gquantity on

a)

b)

volume lagged by 52 veeks. The results are presented below.

Table 32 Volume as a function of price
lagged 52 wveeks gt = f£(pt-32)

guantity of: rsgq arsq F sig Durbin
broccoli no variables entered
cabbage no variables entered
capsicum .35 .34 57.72 .000 .99
cauli no variables entered

celery .26 .25 37.73 .000 .76
garlic no variables entered

kumara no variables entered
lettuce .10 .08 11.76 .001 .73
mughroom .04 .03 4.60 .034 1.42
onions .11 .10 13.56 .000 1.34
parsnips .09 .09 11.18 .001 .70
pumpkins no variables entered
silverbeet .06 .05 7.39 .008 1.30
springons .06 .05 7.13 .00° .45
tomatoes .07 .06 8.30 .005 .45

Except for capsicums and celery, the relationship betveen
current volume and price lagged by 32 wveeks is very poor.

The final hypothesis was that wmarketed quantity was a
function of lagged prices within the previcus 52 veeks, but

ve do not knov which ones.

Current quantity was regressed against prices lagged by up to

32 weeks. The procedure stepvise, wvas used to eliminate
independent variables with coefficients wvhich were not
significant.

Only 36% of +the variation in the marketed quantity of
broccoli could be explained by lagged prices of broccoli.
The lagged prices which were retained by +the stepvise
procedure wvere price 8, 14, 22, 34, and 50 weeks ago.

R sguared = .388 Adjusted R sqguared = .338
F = 13.04 sig .0000 Durbin-Watson 1.34

Only 41% of the variation in the marketed gquantity of cabbage
could be explained by lagged prices of cabbage.

The lagged prices retained by the stepvise procedure vere
price 6, 10, 15, 26, and 44 wveeks ago.

R sqguared = .440 Adjusted r sgquared = .413
F = 16.17 Sig = .0000 Durbin-watson 1.27

H
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c)

Nearly 60% of +the variation in the marketed quantity of

d)

e)

£)

g)

k)

i)

capsicume could be explained by lagged prices oifcapsicums.

The lagged prices retained were for weeks 2, 13, 19, 32, 45,
and 52.

R squared = .620 Adjusted r squared = .3597
F = 27.71 Sig = .0000 Durbin-watson = 1.22

Only 13% of the variation in the marketed quantity

of cauliflowver could bhe explained by lagged prices. The
lagged prices retained by the procedure stepwise were for 16,
45, and 50 weeks ago.

. 130
1.48

R sqguared = .1534 Adjusted r sgquared
F = 6.40 Sig = .00053 Durbin-vatson

i

Just over 60% of the variation in the marketed voluwe of
celery could be explained by the variation in lagged prices.
The lagged prices retained were for 3, 4, 13, 18, 29, 41, 45,
and 51 weeks ago.

R squared = .633 Adjusted r squared = .603
F = 21.55 Sig .0000 Durbin-watson 1.22

Only 27% of the variation in the marketed guantity of garlic
could be explained by variation in lagged prices. The prices
retained were for 2, 6, and 29 wveeks ago.

R squared = .295 Adjusted r squared = .274
F = 14.65 Sig = .0000 Durbin-wvatson = 1.30

Only 19% of the variation in the marketed volume of kumaras
could be accounted for by the variation in selected lagged
prices. The lagged prices retained by stepwise were for 9,
16, 18, and 52 weeks ago.

R squared = .224 Adjusted r sguared = .194
F = 7.49 Sig = .0000

Just over 46% of the variation in the volume of lettuce
marketed could be accounted for by variation in lagged price.
The lagged prices retained vere for 2, 16, 23, 26, 32, and 51
wveeks ago.

R sgquared = .495 Adjusted r =sguared = .465
F = 16.64 Sig = .0000 Durbin-wvatson = 1.24

Only 29% of the variation in the marketed volume of wmushrooms
could be explained by the variation in lagged prices. Prices

vere retained for 5, 22, 35, 40, and 32 weeks ago.

R squared = .327 Adjusted r sgquared = .294
F = 10.01 Sig = ., 0000 Durbin-wvatson = 1.58
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Iz

1)

m)

n)

o)

The wvariation in lagged prices of onions accounted for only
32%  of  +the variation in marketed duantity.  Prices  were
retained for 1, 9, 17, and 52 weeks.

R sguared = .350 Adjusted r sguared = .324
F = 13.95 Sig = .0000 Durbin_watson = 1.96

About 30% of the variation in the marketed quantity of
parsnips could be accounted for by the variation in lagged

prices. Prices were retained for 3, 29, 30, 47, and 352 veeks
ago.

R squared = .334 Adjusted r sguared = , 302

F = 10.33 Sig = .0000 Durbin-watson = .79

Only about 19% of the varistion in the marketed quantity of
pumpkins could be accounted for by the variation in lagged

price. Prices retained wvere for 2, 21, and 49 veeks ago.
R sqguared = .211 Adjusted r squared = .189
F = 8.38 Sig = .0000 Durbin-wvatson = 1.43

A little wmore than 374 of the variation in the wmarketed
guantity of silverbeet could be explained by the variation in
lagged prices. The prices retained were for 11, 21, 40, and
52 weeks ago.

R sguared = .398 Adjusted r squared = .374
F = 17.16 Sig = .0000 Durbin-watson = 1.98

Only 17% of the variation in the marketed volume of spring
onions could be explained by the lagged prices. Prices
retained were for 14, 17, 35, and 31 wveeks ago.

L 173
.38

R squared = .204 Adjusted r squared
F = 6.65 BSig = .0001 Durbin-wvatson

NHearly 80% of the wvariation in marketed volume of tomatoes
could be explained by the variation in lagged prices. Prices
retained by the stepwise procedure wvere for 2, 11, 15, 16,
17, and 42 vweeks ago.

R sguared = ,.809 Adjusted r squared = .798
F = 72.19 Sig = .0000 Durbin-watson = 1.30
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3. Conclusions

For all vegetables, current volume was not very useful at
predicting current price.

The amount of variation in current price explained might be
improved by including other causal variables such as the
wveather and by further exwperimentation with transformations
of the price and volume data. The various transformations
wvhich were used were not very successful at improving
adjusted r-squared.

Sometimes transformations produced a better half-slope ratio
but a deteriocoration in adjusted r-sguared. This i=s due to
the effect that transforwed outliers would have on the total
sum of sguares.

Current volume was not predicted at all well by price lagged
one week for any of the vegetables, and logarithms produced

little improvement.

Price lagged by 52 weeks resulted in no variables being
entered in the model for six out of the 15 vegetables. This
veek’s price a year ago was of almost no use in predicting
current volume marketed.

Stepvise regression of own price lagged to 52 weeks did
produce some moderately strong relationships. Towmatoes were
the only vegetable with a large amount of variation in volume
explained by wvariation in lagged prices. 60% of the
variation in volumes o©of capsicums and celery could be
explained and the remaining vegetables were not explained
wvell at all.

This suggests that for some vegetables an index of prices
over the most recent season, or 52 weeks, wmay prove useful at
predicting current volume. This approach could be extended
to predict future volumes.

Price flexibility coefficients were calculated and indicate
that for all vegetables in this =tudy, a 1% change in wvolume

resulted in a less than 1% change in price. This diwmplies
that 1in the immediste run price vas not very responsive to
volume changes. The fact that the values for adjusted

r-sqguared wvere so low casts seriocus doubt on the usefulness
of these coefficients.

of the equations estimated, silverbeet had the most
responsive price and onions the least responsive price.
Capsicums, celery, and cauliflover had the second, third, and
fourth most responsive prices respectively.
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CHAPTER @ PRICE INTERRELATIONSHIPS

1.

Introduction

It was hypothesised that the prices of certain vegetables
vere interrelated.

Lee (1973 p 30) did not attewmpt to include the prices of
zubstitute and cowmplementary vegetables in his model of
demand for vegetables at auction. He stated

"there is no satisfactory theoretical basis for choosing any
particular vegetable and there are considerable problems in
obtaining adegquate data to include a full range of vegetables
sold at =uction.®

Hethod

Twa methods vere used to explore the assumed interdependence
of prices of the vegetables, regression and principal
components analysis.

Principal components analysis was favoured over other methods
of analyeis for interdependence because, according to Green
and Tull (1981), it produces results which are unigue and
wvhich can be reproduced.

Regregsion of the price of each vegetable against the price
of other vegetables

The current price of each vegetable was regressed against the
current and one week lagged prices of all other vegetables in
the data set. The method used was STEPWISE.

The logic behind this analysis was as follows: 1if the price
of a vegetable was high last week then we wmight expect more
of it to be brought to the market this week. The auctioneers
import vegetables from other regions if possible in times of
shortage.

We would then expect its price to fall. If this effects
other vegetables by making less of them available then wve
vould euxpect their prices to rise.

Furthermore, if the price of a vegetable which belongs to a
class of vegetables is for example high, then perhaps the
prices of the other vegetables belonging to this class will
also be high.

If demand is fixed in the immediate run as wve believe it will
be, a fall in the price of a vegetable with subsitutes may
cause the price of substitutes to fall also, in order to
clear the market.

It has already been noted that the quantities brought to
market from week to week cannot change wmuch. Therefore wve
wvould not expect much of the variation in price of a given
vegetable to be explained by one veek lagged prices of other
vegetables.
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a)

b)

c)

Where the curcrent.price of nnn_”,‘\,{g;gg_'t;abl‘,e;waﬂﬂﬁa?h*f‘:::mf fraxr =

large amount of +the variation in the price of another
vegetahle it may be that this is due to some underlying cause
such as similar growing behaviour, the effect of the weather,
or some substitute or complimentary relationship.

The sign of +the regression coefficient will not prove
causality but will indicate the direction of the effect of
the price of =some vegetables on the price of a vegetable.

The most important explanatory variable wmay be detected by
examining +the partial regression coefficients, the Beta
coefficients, or the significance of the t-values. Where
appropriate these variables have been listed.

Broccoli

50% of the variation in price could be accounted for by
variation i1in the independent variables. These were the
current prices of cauliflover, tomatoes, and mushrooms, and
the lagged prices of cabbage, and parsnips.

F = 33.17 sig = 0.000 D = 1.17

Cauliflowver was the most important of the explanatory
variables. Since it is of the same fawmily, and grows under
very similar conditions, it is not surprising to find +that
variation in its price contributes information to explain the
variation in the price of broccoli. The relationship between
broccoli and tomatoes and mushrooms is not clear.

Cabbage

35% of +the varietion in price could be explained by the
independent variables, The variables retained by stepvise
vere the current prices of silverbeet, broccoli, and lettuce,
and +the lagged prices of spring onions, silverbeet, and
parsnips.

F =153.47 sig = 0.000 Durbin-Watson = (.93

Most of +the vegetables mentioned might be considered as
substitutes for cabbage, and all but the lagged price of
parsnips had positive coefficients.

Capsicumns

394 of the variation in price could be explained by the
independent variables. These vwere the current prices of
tomatoes and silverbeet, and the lagged prices of garlic,
celery, and cauliflover.

F = 21.64 =ig = 0.000 Durbin-Watson = 0.98

The price of tomatoes was the most important predictor
variable. Thisz is not s=surprising since tomatoes and
capsicums are very similar in the manner in which they are
grown.
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d) Cauliflowver
48% of the variation in price could be explained by the
independent variasbles. These were the current prices of
broccoli, lettuce, garlic, and pumpking, and the lagged
prices of tomatoes, onions, and kumaras.
F = 21.76 gig = 0.000 Durbkbin-Watson = 1.39
Both broccoli and lettuce might be considered consumption
substitutes for cauliflover, and it i=s not surprising that
they were selected for the model. The relationship of +the
other variables is not so clear.

&) Celery
68% of the variation in price could be accounted for by
variation 4in the independent variables. These were the
current prices of silverbeet, onions, pumpkins, spring
onions, and broccoli, and the lagged prices of pumpkins,
tomatoes, and parsnips.
F = 43.03 s=ig = 0.000 Durbin-Watson = 1.05
Onions and celery are both grown for their vegetative storage
organs rather than for leaf, Mengel (1979). Indeed many of
the vegetables which were retained are grown for their
storage organs. This suggests that they have some price
behavicur in common as well.

£) Garlic
22% of the variation in price could be accounted for by
variation in the independent variables. These were current
prices of cauliflower and cabbage, and lagged prices of
tomatoes, spring onions, and capsicums.
The price of cauliflover, and the lagged prices of tomatoes
and spring onions had negative coefficients.
F = 10.03 =ig = 0.000 Durbin-Watson = 1.09
This relationship is not very strong and may be entirely
spurious. Examination of +the correlation wmatrix revealed
that the price of garlic was not highly correlated with the
price of any other vegetables.

g} Kumaras

61% of +the variation in price could be accounted for by
variation in the independent variables. These vere current
prices of cabbage and pumpkins, and the lagged prices of
cauliflover, celery, pumpkins, and spring onions.

The lagged price of spring onions had a negative coefficient.

F = 41.96 =sig = 0.000 Durbin-Watson = 0,94

The most important predictor variable was the lagged price of
pumpking. Both of these vegetables are harvested at about
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the same time and are stored. MNedian monthly prices rise in

h)

i)

M

k)

the same smooth fashion and so similar price behaviour is not
unexpected.

Lettuce

22% of +the variastion din price could be accounted for by
variation in the independent variables. These were the
current price of cabbage, and the lagged prices of garlic,
pumpkins, and silverbeet. The lagged price of garlic and the
lagged price of pumpkins had negative coefficients.

F = 12.58 =ig = 0.000 Durbin-Watson = 0.84

Cabbage was the most important explanatory variable but the
coefficient of wmultiple determination is not very large.
S0me relationship between the prices of cabbages and lettuces

might be expected given +that they tend to be consumption
sgubstitutes.

Mushrooms

25% of +the variation in price could be accounted for by

variation 4in the independent variables. These were the
current prices of broccoli and onions, and the lagged prices
of cauliflowver, kumara, and parsnips. All but the current

price of broccoli had negative coefficients.
F = 11.74 sig = 0.000 Durbin-Watson = 1,22

Mushroom prices were not highly correlated with any other
prices. The most important explanatory variable was onion
prices which possibly has sowmething to do with both
vegetables having less variable prices and volumes than some
af the other vegetables.

Onions

66% of the variastion 1in price could be accounted for by
variation in the independent variables. These were the
current prices of celery and pumpkins, and the lagged prices
of celery, pumpkins, mushrooms, and tomatoes. 0f these the
current and lagged prices of pumpkins and the lagged price of
mushrooms had negative coefficients.

F = 53.05 s=sig = 0.000 Durbin-Watson = 0,83

The most important explanatory variable was the lagged price
of celervy. The price by month boxplot depict the price
pattern of these two vegetables as having been quite similar.

Parsnips

27% of the variation in price could be accounted for by
variation in the independent variables. These were the
current prices of onions, cabbage, celery, and tomatoes, and
the lagged prices of tomatoes, capsicums, broccoli, and
mushrooms.
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The lagged prices of capsicums, and mushrooms and the current
prices of onions and cabbage had negative coefficients.

F = 8.20 gig = 0.000 Durbin-Watson = 1.20

The most important predictor was the lagged price of
capsicums. Inspection of the price by month boxplots revesals
that the two vegetables did not have similar price patterns
over the year. There 4is probably wmore spuriosity than

causation at play.
Pumpkins

65% of the variation in price could be accounted for by

variation 4in the dindependent variables. These wvere the
current prices of kumaras, celery, and mushrooms, and lagged
prices of cauliflover, onions, and broccoli. The lagged

prices of cauliflover and onions and the current price of
mushrooms had negative coefficients.

F = 50.04 sig = 0.000 Durbin-Watson = 0.91

The wmogt important explanatory variable was the price of
kumaras. The same reasons advanced in respect of kumaras
apply in this case.

Silverbeet

50%4 of the variation 1in price could be accounted for by

variation in the independent variables. These wvere the
current prices of cabbage, capsicum, celery, and garlic, and
the lagged prices of cauliflover and lettuce. All

coefficients vere positive.

F = 27.81 sig = 0.000 Durbin-Watson = 1,42

The price of celery was the most important explanatory
variable. Perhaps +this was because the coefficient of

variation was gquite similar for +the price of these tvo
vegetables.

Spring onions

Only 14% of the variation in price could be accounted for by

variation in the independent variables. These were the
current price of cabbage and the lagged prices of garlic and
kumaras, The lagged prices had negative coefficients.

F = 9.77 =ig = 0.000 Durbin-Watson = 1.43

The price of cabbage was the wmost important predictor
variable. The coefficient of wvariation for esach of these
variables was quite different as was the pattern of prices
within a year.
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o) Tomgtoes
49% of +the varistion in price could be accounted for by
variation in the independent variables. These were the
current prices of broccoli, onions, and parsnips, and the
lagged prices of capsicums and silverbeet. All wvariasbles
except the lagged price of silverbeet had positive
coefficients.
F = 31.35 sig = 0.000 Durbin-Watson = 1.12
The lagged price of capsicums was the most important
explanatory variable. As has already been noted, tomatoes
and capsicums have certain common characteristics, and it
appears to a certain extent this is also reflected in their
prices.

2. It is qguestionable as to wvhether the above ansalysis is of any

uge. All of the relationships vere significant but, without
a guiding theory regarding causality, it is not possible to
evaluate the logic of some of the apparent dependencies.

Some of the vegetables are quite close consumption
substitutes and it would not be surprising to find +thedir
prices related in some way.

Other vegetables require siwmilar growving conditions and have
a similar supply behaviour. The prices of these vegetables
might also be expected to behave similarly.

Regression analysis, in wvhich one variable is dependent and
other variables are independent, is not an entirely
satisfactory procedure to euplore interrelationships. For a
start, the dependent-independent structure linmits the
relationship to being a one way relationship. Secondly, the
SP5SSx regression procedure has certain criteria which protect
against intercorrelation of the independent variables. These
can be changed, but the default was retained to try to find
thoge variables which had the strongest relationship with the
dependent variable. The analyst, rather +than +the data,
specifies the nature of the interrelationship.

Principal components analysis was used to search for
interrelationships and this is discussed in the next section.
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A PrinEipalsonponents snglivels

1. Literature
Klein (1974) describes a use of principal components in
two-stage least squares estimation of the Klein-Goldberger
model of the US economy.
Maddala (1977) discusses the use of principal components in
resolving problems of multicolinearity.
Hovever, no report could be found of the use of principal
components analysis in the analysis of vegetable prices or
indeed agricultural products as a wvhole.
Doll and Chin (1970) report an application of principsl
components analysis in investigating fluctuations in shrimp
prices.

2. Description of PCA

Principal components analysis is one of several technigues
knowvn generically as factor analysis and is described in
detail by Green and Tull (1978), Aaker and Day (1983), Azker
(1971), Hie et al (1975), and Hair et al (1879).

Harman (1976) notes +that principal components had its
beginnings in the early 1900’'s.

Green and Tull (1978 p 429) write:

the objective (of principal components analysis) is  to
portray a set of associated varisbles in terms of a set
of orthogonal (mutually uncorrelated) linear
combinations of those variables. The linear
combinations are chosen so that each set of cowmponent
=cores accounts for a decreasing proportion of the total
variance in the original variables, subject to being
orthogonal with previously extracted components.

Principal components analysis "systematically explores which
variables exhibit high intraset correlations and low interset
correlations, how many such sets there are (each set defining
a dimension), and whether the dimensions can be considered as
uncorrelated themselves® (Green and Tull 1978).

Harman (1976) points out that the first principal component
is the linear weighted sum of the original variables which
accounts for the maximum amount of variance in the total
variables space. The next principal component is
vncorrelated with the first, and is the particular linear
combination of the original variables which accounts for the
maximum amount of the residual variance, and so on until the
maximum possible variance is analyszed.

No one variable is deemed to be the dependent variable, and
the analysis concentrates on the global variance shared by
the varisbles. The first principal cowmponent generated has
the maximum explained variance, Aaker and Day (1983).
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Norusis (1983) points out that the correlation coefficient
must be a logical summary statistic to justify the use of
this technigue.

Factor loadings are the correlations betwveen components and
variables. Interpretation of +the principsal components
solution is based on these loadings, wvhich according to Hair
et al (1978 p 2173, "are the key to understanding a
particular factor®.

Thus, analysis is primarily concerned with the correlation of
variables with components and in particular, wvith the
component that a given variable is most highly correlated
with.

The ultimate aim of the procedure is to have each original
variable highly correlated with one component only, and for
the number of components to be less than the number of
variables.

Each variahle has a correlation, or loading, on each
camponent, and each component can be described as a linear
combination of the original variables. The (factor) loadings
describe how much a given variable contributes to defining =a
given component or dimension.

Objective
The objective of this analysis was to find constructs of
vegetable prices which might describe the prices of subsets

aof vegetables. Any nev constructs or dimensions wmight
provide information regarding common price behaviour.

Method

The program FACTOR in SPS5SSx was used to generate the

components. The procedure in SPSSw involves four steps. The
first 1= to decide the variables to be included 4in the
analvsis, the second is to decide howv factors or components

are to be extracted, the +third ig to decide which rotation
technique to sapply, and the fourth i1is to reguest the
calculetion and saving of factor scores.

The program used for this analysis is in appendix 3.

Current prices of all of the vegetables vere considered in
the analyvsis.

A11 variables involved are considered as independent
variables and the basis of the analysis is the correlation
matrix betwveen variables. The correlation matrix from this

application is in sppendix 4.
SPSSx provides nine extraction technigues. The one used vas

PC, vhich extracts subsequent comwmponents orthogonally +to
previous components.
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SP55x  provides three orthogonal roetation schemes, varinag,
quartimasx, and egquamax. Hair et al (1979) and Aaker and Day
(1983) note that varimax is the one most frequently used.

Rotation involves moving the reference axes about the origin
to +try to improve the interpretation of the solution. The
aim is to transform complicated matrices into simpler ones.

Hair et al comment that interpretation is enhanced by
simplifying the rows and columns of the factor matrix, which
is a listing of the correlation of each original variable
with the components. The objective is to make as many
values in the wmatrix as possible close to zero, thus giving a
simpler structure to the factor matrix.

A plot o©of +the loadings on two of the cowmponents will
indicate whether a simple structure has been achieved by =a

rotation scheme. A simple structure will be indicated if
loadings cluster at the ends and at the intersection of the
axes. Plots of component 1 against component 2 vere made

after each rotation, and these are included below.

There can be as many components as original variables. SPSSx®
FACTOR extracts components which have esigen-values greater
than or egual to 1.00.

Hair et al (1979) list four methods for deciding the optimal
number of components. They assert that the eigen-value = 1
criterion extracts too few components when there are less
than 20 variables.

A scree plot can be used to establish the optimal number of
components. This dis a plot of eigen-values against the
number of components. When the scree plot begins to level
off, that is approaches =zero slope, the number of components
ig given on the horizontal axis. Scree plots are described
further in Norusis (1985).
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The scree plot obtained in this analysis is given belov and
suggests that up to 8 components might have been extracted.
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PC EXTRACTED 5 FACTORS.

Another method is to extract the number of components which
account for a predetermined cumulative variance in the
original variables.

Eigen-values were calculated for each component and the
followving components were selected:

COMPONENT EIGENVALUE PCT OF VAR cuM PCT

1 2.38222 17.2 17.2
2 2.43311 1.2 33. 4
3 2.00482 13. 4 46. 8
4 1.55810 10. 4 a87.2
3 1.24560 8.3 63.5

The selected components accounted for 65.53% of the wvariance

in the original variables. It was decided to have the
smallest number of components which seewmed sensible +to
simplify the interpretation of the components. The analysis

proceeded with five components having been extracted.
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The following components vere not selected:

COMPONENT EIGENVALUE PCT OF VAR cuM PCT

& . 96144 6.4 71.9
7 . 78499 3.2 77.1
8 . 74338 3.0 82.1
9 . 709735 4.7 86. 8
10 . 49639 3.3 90. 1
11 . 44686 3.0 93. 1
1z . 32974 2.2 95.3
13 . 31238 2.1 97. 4
14 . 24322 1.6 99.0
15 . 15100 1.0 100.0

These accounted for 34.5% of the variance in the originsasl
variables.

In the discussion which follows, variables which had
correlations with a given component of greater than or equal
to 0.50, in absolute value, wvere considered highly correlated
with the given component.
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3.

Unrotated solution

The unrotated solution had the prices of broccoli and
cauliflower highly correlated with component 1. The prices
of pumpkins and kumaras had high negative correlations with
component 1.

The prices of silverbeet, celery, kumaras, and pumpkins were
highly correlated with component 2.

The price of capsicums had a high positive correlation with
component 3 while the price of onions had a high negative
correlation with this component.

The price or parsnips was highly negatively correlsted and
the price of garlic was highly positively correlated with
component 4.

Finally, the price of caepsicums also had a high negative
correlation with component 5.

Table 33 Unrotated factor matrix

COMPONEHNT
1 2 3 4 5
broccoli . 69970 . 29345 . 32402 -.12012 . 20809
cauli . 63014 . 23532 -.13481 -.06702 L AB723
pumpkin -. 57560 . 30025 .41113  -.12193 . 24981
lettuce 46217 . 26137 -.24234 . 26430 . 02000
spring o . 42669 .21280 -~-.02201 -.08760 -.13391
silverbeet -.09991 . 74876 -.24069 . 25386 -.07115
celery -. 36870 . 655875 -.44629 ~-,12136 . 06730
kumara ~-. 52176 . 54189 . 29142 . 01966 . 33495
onions . 10483 . 28038 -.73636 -.238533 -.29984
tomatoes . 34299 . 39064 . 46801 -.304%90 -.43123
parsnips .01762 . 12378 . 23399 -.64926 . 21261
garlic -. 38567 . 06463 . 13701 . 59715 -.17719
cabbage . 39528 . 46681 -.03730 . 48709 . 12658
mushrooms . 26928 -, 21061 . 37869 . 44324 . 26509
capsicums . 135857 . 360356 . 36056 . 07643 -.583542
Clearly there is a certain amount of overlap betwveen

components on given variables and the factor matrix is not
eaglily interpetable.
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Varimax solution

Varimax rotation is a procedure which aims to get loadings
vhich are close to zero on all but one component for each
variable.

Nie et al (19735) comment that varimax is concerned with
simplifying the columns of the factor wmatrisx. Thi= means
that the procedure attempts to have only one variable loading
highly on easch component.

#,...this procedure tends to produce some high loadings and
some near-zero loadings on each factor®, Green and Tull (1981
p 432).

Horusis (1983) agserts that varimax should make components
easier to interpret.

Varimax rotation resulted in all variables but the price of
silverbeet being highly correlated with only one component.

The prices of cabbage, cauliflowver, lettuce, and brocceoli
were highly correlated with component 1.

The prices of pumpkins and kumaras wvere highly correlated
vith component Z.

The prices of onions, celery, and mushrooms were highly
correlated with component 3.

The prices of capsicums and tomatoes were highly correlated
with component 4.

Finally, the price of garlic had a high negative correlation
with component 3, while the price of parsnips had a high

positive correlation with component S.

Silverbeet was fairly evenly correlated betveen components 1,
2, and 3.
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The factor matrix is given below.

Table 34 Rotatated factor matrix: varimax

COMPONENTS
1 2 3 4 35
cabbage . 74631 . 10486 -.03247 . 08467 -.23289
cauli .69952 -~-.06974 -.06774 -.12870 . 45133
lettuce .60283 ~-.16983 . 10661 . 02783 -.08071
broccoli .37858 -~.00921 -.27340 . 34648 . 45691
spring o . 34073 -.16790 . 09403 . 27589 . 14084
pumpkin -. 18321 . 88260 -.00443 . 113635 . 04068
kumara -. 02409 .87241 .01286 -.00273 -.03901
onions L 17262 -. 26056 . 82279 -.04307 . 04571
celery . 14363 . 49283 .70814 -.13160 -.043583
mushrooms . 25446 -.04306 -.66293 -.04108 -.13874
gilverbeet .44119 . 41477 . 47198 . 12625 -.30610
capsicums . 02747 . 10320 -.08720 .86871 -.19365
tomatoes . 08778 . 03762 . 02449 . 83252 . 25205
garlic -. 07729 . 23783 -.14377 . 04516 -.698305
parsnips -. 16236 . 24490 . 01080 . 14350 . 66358
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Cabbage, cauliflover, broccoli, and lettuce are shown as
having a moderate positive d¢orrélation with component 1.

The cluster at the intersection indicates that the prices of
these vegetables, for example for tomatoes and capsicums, did
not correlate highly with either component 1 or component 2.

Guartimax solution

Quartimax rotation involves simplifing the rows of the factor
matrix. This means that the procedure attempts to have rovs
in the factor matrix which contain only one correlation which
is near 1.

Nie et al (1975) note that the first component "tends to be a
general {(component) that is, many variables tend to load high
on it, while subsequent (components) tend to be subclusters
of variables".

Norusis (1985) asserts that quartimax makes variables easier
to interpret and that +this leads to one component loading
highly on all wvariables. They point out that this is a
wveakness of this method of rotation.

Cauliflowver, lettuce, and Broccoli correlated most highly
vith component 1.

Kumara and pumpkin correlated most highly with component 2.

Onions, celery, and mushrooms correlated most highly with
component 3. Mushrooms has a negative corellation.

Capsicumse and tomatoes correlated most highly with cowmponent
4.

Garlic and parsnips correlated most highly with component 5.
Garlic has a negative correlation.

Spring onions correlated most highly with component 1 but

this correlation is less than 0. 350. Silverbeet was again
fairly evenly correlated with components 1, 2, and 3.
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The rotated factor matrix is given below.

-. 23470
. 42709
. 10086
. 44194
. 13142

. 05458
. 03144

. 03729
. 04823
.14711
~. 31563

. 18469
. 28759

. 68780

Table 35 Rotated factor matrix: GQuartimax
COMPONENT
1 2 3 4
cabbage . 73906 L11907 ~.03730 . 06386
cauli L 70968 ~.06185 ~.07077 ~.15843
lettuce . 60390 -.,15818 . 10445 . 01020
broccoli . 60187 -.00422 -.27660 . 32299
spring o L. 35677 ~.16204 . 09318 . 26380
pumpkin -. 19498 87912 ~.00985 . 11800
kumara -, 03995 . 87220 . 00682 -.00242
onions . 18131 ~-.25200 . 82374 ~.04810
celery . 13343 . 50045 . 70388 -, 13549
mushrooms . 24566 -, 04261 -, 66402 ~-.04784
silverbeet . 43061 . 42801 . 46631 .11578
capsicums . 04646 . 10569 -.08893 . 86938
tomatoes L 13127 . 03883 . 02307 . 82618
garlic -, 10235 . 24035 -.14539 . 05496
parsnips -, 14084 . 23756 .01010 . 14081

67171

A scatterplot of loadings produced after quartimax rotation,

is given below.
varimax

and 2 after
identical.

The plots
and quartimax rotations
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8. Equamax solution

Equamax rotation 4is a compromise between variamx and
gquartimax. It attempts to simplify both rows and columns of
the factor matrix, Hie et al (1973).

Norusis (1985) notes that equamax simplifies both variables
and components.

Equamax resulted in pumpkins and kumaras being highly
correlated with component 1.

Cabbage, cauliflovwver, lettuce, and broccoli are most highly
correlated with component 2.

Onions, celery, and mwushrooms were highly correlated with
component 3. Mushrooms had a negative correlation with this
component.

Capsicums and tomatoes were correlated highly with component
4,

Garlic and parsnips were highly correlated with component 3.
Garlic had a negative correlation.

Spring onions were most closely associated with component 2,
and silverbeet was fairly evenly correlated with components 2
and 3.

The rotated factor matrix is given below.

Table 36 Rotated factor matrix: Eguamax

COMPOHNENT
1 2 3 4 3
pumpkins . 88689 ~-.17153 . 00272 . 10694 . 02081
kumara .87204 ~.00258 L.02110 -.00357 -.04952
cabbage . 08592 . 75490 ~.02633 .11309 -.19998
cauli -, 07912 . 68092 -~-.06382 -.09400 . 48604
lettuce -, 18300 . 599358 . 10910 . 085183 ~.05094
broccoli -. 01394 . 54321 ~-.26957 L 37592 L 47870
spring o -. 17454 . 31785 . 08478 . 29136 15461
onions -, 27142 . 16027 . 82140 ~-,.03395 . 05720
celery . 48231 . 15703 L.71372 ~-.12608 -.04254
mushrooms -. 04409 . 26576 -~-.66155 ~.03171 -, 12566
gilverbeet . 39685 . 45545 . 47900 . 14094 -,29130
capsicums L.10111 . 00368 -~-.08571 . 86686 -, 20529
tomatoes . 03826 . 05209 . 02870 . 83883 . 24436
garlic . 23285 -.04001 -.14183 03389 -.69901
parsnips L 28619 -, 19372 . 01190 . 14466 . 65051
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A scatterplot of loadings on components 1 and 2 after eguamax
rotation is given below.

Egquamax correlated the prices of cabbages, cauliflowver,
lettuce, and broccoli highly on cowponent 2. Under varimax
and guartimax rotation these variables were highly correlated
on component 1.

The plot also indicates that there is a greater difference
between the loadings of these variables on the same component
than under the other two rotation schemes.
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KEY

i Price of broccoli 2 Price of cabbage

3 Price of capsicums 4 Price of cauliflowver

5 Price of celery 6 Price of garlic

7 Price of kumaras 8 Price of lettuce

9 Price of mushrooms 10 Price of onions

11 Price of parsnips 12 Price of pumpkins

13 Price of silverbeet 14 Price of spring onions

153 Price of tomatoes

Discussion and conclusions

The component (factor) score coefficients produced by this

analygis are listed in appendix 5.

Varimax rotation seems to have produced the best correlation
of variables with components, vhere best is defined as a
variable correlating highly with one component only. The
following discussion relates to the factor matrix produced by
varimax rotation.

First it should be noted that all variables are price
variables. They are all measured in dollars per case, but
the case variable is not constant. Applications of principal
components are usually described as involving many different

variables which essentially are gqualitative in nature. See
for example Hair et al (1979) and Aaker (1971). This
qualitative nature iz often an aid in interpreting
components.

It is recognised that the interpretation of components is
largely a subjective activity, Aaker (1971) and Harman
(1976). However, in the followving paragraphs descriptions of
the components are advanced.

Prices of cabbage, cauliflover, lettuce, and broccoli are
grouped together on component 1. Perhaps +this component
reflects the price of everyday greens. It may be describing
substitute ‘T"greens®, or leaf vegetables. Any one of these
vegetables would be eaten with an evening wmeal but probably
not more than one. Silverbeet loads moderately on this
component implying that its price behaves similarly.

The prices of kumaras and pumpkins were grouped together on
component 2. Perhaps this component is describing the price
behaviocur of wvarm-weather grown "root" crops, or warm-wveather
grown storage vegetables. Certainly there are long periods
wvhen the prices of these vegetables are not subject to wild
fluctuation and +they are both harvested at about the same
time and then stored. Parsnips, another stored root crop was
not highly correlated with this component which suggests that
the +time when vegetables are harvested may have something to
do with their component loadings.

Prices of onions, celery, and mushrooms vere highly
correlated with component 3. The range of prices received for
mushrooms and onions was about the same over the three year
period, but for celery it was considerably larger. No
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satisfactory description could be advanced.

Prices of tomatces and capsicums were grouped together on
component 4. These vegetables are very similar in the wmanner
in which +they are grown and in the conditions under which
they thrive. Their grouping on a common component suggests
that their prices behave similarly also.

During about +two thirds of the year they are grown under

glass. For tomatces, only about one third of total national
production is grown outdoors. The proportion is greater for
capsicuns, See tables 8 and 9. They are both smalad crops,

but have a wmyriad of other uses which make a description
somevhat difficult.

Perhaps the component on which they are loaded highly wmight
be described as the price of vegetables grown under glass in
vinter but ocutdoors in summer.

Garlic and parsnips are both stored vegetables and were
grouped on component 3. No satisfactory description could be
advanced for this component.

The +technique has grouped common price behaviour and the
resulting components seem to describe the price behaviour of
classes of vegetables.

Prices of green leafy and curd vegetables; root and stored
vegetables; and crops grown under glass, wvere found to move
clogely.

Degcriptions of the five components according to wvarimax
rotation might be summarised as follows:

component (1) leafy and green vegetable prices;

component (2) stored warm-growth root vegetable prices;

component (4) prices of wvinter-glasshouse summer-outdoor
vegetables;

component (3) no description advanced;

component (3) no description advanced.

Summary

The principal components solutions were more easy to
interpret than the regression ocutput and gave some insights
into common or interdependent price behaviocur.

Five principal cowmponents wvere found which described about
two~thirds of +the global variation in price of the 15
vegetables retained for this analysis.

Some descriptions of these components were advanced based
primarily on the varimax rotation. Quartimax rotation
produced a very similar factor matrix.

The remaining components vere difficult to interpret and

require more information about the specific vegetables in
question.
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The regression anaslysis found prices of individual vegetables

which—explained-vartetion-in-the-price-—of-a-gitven—vegetable

rather +than finding variance in common. The main problem was
establishing the "true" direction and nasture of causation.
Some of +the common variation discovered by the principal
components analysis was discovered by the regression
analysis, but in a less cohesive manner.
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CHAPTER 10 WEATHER RELATIONSHIPS

1.

Introduction

The effect of various climatological influences on prices and
volumes was explored.

Data on air temperature, rainfall, and sunshine hours wvere
supplied by Dr John Brock of the Grasslands division of the
DSIR Palmerston North for the period under study.

It should be noted that these data are collected at the DSIR
buildings and are not necessarily the same as conditions
experienced by grovers.

Hovever, it is assumed that the weather patterns occuring at
the DSIR were representative of conditions experienced by all
grovers in the region.

It 4is also important to note that according to Mr Peter
Arlidge saspproximately 30% of volume traded is from outside
the Manawatu region. There are no measures of this included
in +the price data set and so care needs to be taken in
interpreting the effect of weather on volume and price.

An SPSSw sgystem file was produced and then matched onto the
existing system file which contained the price and volume
data for all of the vegetables.

Literature

Tomek and Robinson (1981) comment that the acreage planted of
certain crops depends to a great extent on the prevailing
veather conditions during planting. Very dry, very windy,
or very vwet weather may wmake it impossible to plant in the
planned gquantity. Growers wmay have to plant a hardier lover
yvielding crop or may have to plant a different crop all
together. What ever the case it is likely that the relative
quantities of different crops planted will depart from plans.

Kohlzs and Paarlberg (1950) note that veather conditions
during planting may alter original planting intentions.

Therefore planned production will deviate from actual
production.
Johnson (1855) included rainfall as an independent wvariable

in a model +to estimate aggregate yearly supply of Ifarm
products in New Zealand.

Jones (1961) found that in the U.K. spring rainfall had a
marked negative effect on the vegetable acreage sown.

Lovell (1963) suggests that +the influences of climate be

filtered out of series by explicitly including variables for
precipitation and temperature in wmodels.
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According +to Shaw (1964) the relationship betwveen crop yield

and weather has usually been estimated using multiple
regression, vhere yield is +the dependent variable, and the
predictors idinclude "a trend variable and metecrological
variables. "

Shaw notes that some researchers believe that precipitation
affects yield and temperature affects plant development,
vhile other researchers have found that both precipitation
and temperature affect yield.

He suggests soil meisture and a drought index be used as
explanatory variables.

Doll (1967) points out that the relationship between the
grovth of a plant and climatological variables is complex.

He notes that direct measures of climate have not been used
by many researchers. Doll estimated yield response for corn
asgs a function of rain, trend, and their interaction.

Shaw (op cit) notes that too much and too little rain will be
harmful as far as yields go and this will affect wvholesale
price. Too much heat and too little heat will similarly
affect yields and therefore prices.

He s=suggests +that the functional form of the relationship
betveen vield and weather might be qgquadratic. He reasons that
the marginal increase in output for a weather factor would
increase, become zero, and then becowme negative as the
veather factor increased. We would expect prices to behave
in +the opposite manner; first decreasing with higher yields,
then bottoming out at optimal weather conditions where yield
iz greatest, and then rising as yields fell due to worsening
veather conditions.

This i1gnores the possibility of growers ploughing in excess
ocoutput or the possgibility of the auctioneers importing
vegetables from other regions vhich may have experienced
better weather conditions.

While nev hybride have been developed which are more weather
registant, weather still features as an important determinant
of farm output, and farm ocutput directly influences prices at
auction.

Stallings (1960) wrote '"weather is often the most important
variable influencing yield and production of a crop.”
Stallings studied the effect of certain weather variables by
holding other influences on crops constant. He developed
veather indices for the years 1900 to 1957 for different
crops in the US.

Weichmann (1983) reported that weather conditions prior to
harvest influenced the storage ability of chinese cabbage and
carrots and hence affected the marketable guantity.

Oury (1965) reviewvs various measures of wveather and after
analyzis concludesz that it iz better to include an index of
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veather variables in models for predicting ascreage response
than individual weather variables.

He comments that there are distinct times for wvhich different
wveather variables might be useful. One variable allowing for
veather influences at each of planting time, growth, and
harvest time is needed for both winter and summer crops, as
well as a separate variable allowving for the effect of
vinter, for winter crops.

Qury also suggests that +the weather data relating to each
stage 1in a crop’s grovwth could be weighted by the historical
veather variance. This would require some gquite detailed
information concerning planting dates.

An aridity index has been used to reflect the effect of
wveather during planting, growth, and harvest with =owme
success.

The effect of winter has been included in & production
function by Oury, also. It effectively involved including the
largest absocolute deviation of a month’s average temperature
from the month’s normal temperature.

The method for accounting for weather proposed by UOury is to
combine pecipitation and temperature dats into what is called
an aridity index. There are wmany measurable variables wvhich
might form the construct, "weather®.

Lang (1920, cited in Oury) uses a rain factor:
I =P / T where P is precipitation and T is
temperature.

The iwmportant point is to be clear regarding the effect of
various components of the weather on yields. The dimportant
consideration presumably would be abnormal vweather. It would
be appropriate to be able to include deficient or excessive
rainfall, abnormal heat or cold, excessive wind, and so forth
as predictors of yield.

The inclusion of weather is limited to the manner in which
the components of weather are measured.
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A genergal weather index; caleulated vith refe
(1820) and de Martonne (1926) cited in Oury (19635) is as
follovs:

E(Pi)xl12
n

T = e
E(Ti)

——————— + 10
n

1

wvhere Pi monthly rainfall for month i in mm

Ti = average temperature for month i in degrees C

i = 1,...,n

n = the number of months in the period referred to.
10 iz included =o that negative numbers are avoided.
E iz the summation symbol

If a higher temperature is accompanied by lovwver rainfall, the
aridity dindex will fall. Oury comments that an index value
of less than 20 indicetes & drought. The index can be
interpreted as describing wmoisture. A lovw index denotes low
moisture and a high index high moisture. The effect of
rainfall is wmitigated by the effect of temperature.

Oury recommends a test be made of the aridity dinde=. He
advocates using models with and without the indexx. In a test
conducted by Oury to predict vyield per acre of corn in the
U. 5. A, the parameter estimate 1in the eguation with the
aridity index vas significant at the 1% level. (t tezst of Bi

= Q). In +the other equation, parameter estimates wvere
significant only at the 10% level for rainfall, and the 30%
level for temperature. The R squared for each equation wvas
about the same. (.2932 and .3135)

Doll (1967) noted that many of the indices which have been
uged to account for the effect of wveather have not been any
better than the original meteorological variables used to
compute them.

Lee (1973) commented that "It is difficult to ocbtain a =ingle
factor to account for veekly weather variation.' He used
heat unite to account for the influence of weather on supply.
Lorenz and Maynard (1980) calculate heat units as follovws:

Heat Unit = mean day temperature - base temperature. Base
temperature depends on the vegetable we are concerned with.
Lee calculated heat units as Hean daily tempesrature - 32

degrees F.

Lee found that weather lagged two weeks wvas better than
veather lagged one week at accounting for variation in supply
to the auction floor.

Abnormal weather may need careful consideration as it may

cause crops to spoil, or come onto the wmarket at an earlier
time than was planned, or to be of higher or lowver quality.
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Objective

The objective of this part of the study was to explore the
relationship between various "weather' variables and guantity
marketed and price. These weather variables wvere air
temperature, rainfall, and direct sunshine hours.

Concern was mostly with the effect that weather had on the
quantity of produce brought to market in a given wvweek.

Method

Stepvise regression wvas used to see hov much of the variation
in current gquantity and price could be accounted for by
variation in each climatological variable. Each
climatologival veriable was lagged by up to 32 weeks to
account for the influence of weather during growth.

Guantity regressed against mean air temperature and veekly
rainfall.

The logical direction of causation is that weather has =some
influence on output, and that the guantity of output
influences price. Thus weather influences price in that it
affects the guantity and guality of produce marketed.

Another possibility is that wveather effects demand and this
might be reflected in the prices vhich are bid.

For each vegetable, current guantity marketed was regressed
against mean air temperature and weekly rainfall lagged by up
to 52 weeks. The results are listed beslow. In all cases the
measure of variance accounted for by regression is adjusted
r-sguared.

broccoli

Mean air temperature lagged 49 weeks was the only variable
retained and accounted for only 31%4 of the variation in
broccoli volume marketed.

F o= 47.99 gsig = 0.000 Durbin-¥Yatson = 1.54

cabbage

37% of the varistion in the marketed volume of cabbage vas
accounted for by the variation in the independent variables.
The independent variables retained by the stepwise procedure
vere mean air temperature lagged by 17, 19, 32, and 41 wveeks,

and weekly rainfall lagged by 7, 34, and 44 weeks.

F o= 20,66 s=ig = 0.000 Durbin-Watson = 1.70
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capsicum

64% of the variation in capsicum volumes was accounted for by
the variation in the independent variables. These variables
vere mean air temperature lagged by 1, 3, 8, and 39 veeks.

F o= 46,95 =ig = 0.000 Durbin-Watson = 1.38
cauliflover

Only 174 of the wvariation in cauliflowver volumes could be
accounted for by the independent variebles wvhich were wmean
air temperature lagged by 7 and 28 weeks.

F o= 11.40 sig = 0.000 Durbin-Watson = 1.03
celery

32% of the variation in celery volumes could be accounted for
by +the variation in the independent variables. The=se
variables were mean air temperature lagged by 27, 29, 42,49,
and 50 weeks and weekly rain lagged by 15, 28, and 30 veeks.

F = 15.07 sig = 0.000 Durbin-Watson = 1,07

garlic

Only 24% of +the variation in garlic volumes could be
accounted for by the variation in the independent variables.

The variables retained were wmean air temperature lagged by 2
and 12 weeks.

F = 17.43 s=sig = 0.000 Durbin-Watson = 1.50

kumarsa

Only 14%4 of the varistion in kumara volume could be explained
by the independent variables. This is not surprising since

virtually all of the kumara volume comes from northland wvhere
the veather conditions are quite different.

F = 18.08 sig = 0.000 Durbin-Watson = 1.54

lettuce

73% of the variation in lettuce volumes could be accounted
for by the varistion din the independent variables. The
variables retained by the stepvise procedure vere mean air
temperature lagged by 1, 32, 47, and 52 wveeks, and wvwveekly
rain lagged by 17 and 47 weeks.

F = 48,71 =ig = 0.000 Durbin-Wat=son = 2.00

mushroomns

Mughrooms were not included in this analysis because they are
growvn indoors and presumably are unaffected by veather
conditions.
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10

onions

11,

12,

13.

14,

15.

Only 22% of the varistion in onion volumes could be accounted
for by variestion in the independent variables. The variable
retained was mean air temperature lagged by 9 weeks.

F o= 30,88 s=sig = 0.000 Durbin-Watson = 1.61
parsnips

60% of the variation 4in parsnip volumes could be accounted
for by wvariation in the independent variables. These vere
mean air temperature lagged 51 and 32 wveeks.

F = 79,01 sig = 0.000 Durbin-Watson = 1.6&3
pumpkins

Only 374 of +the variation in pumpkin volumes could be
explained by wvariation in the independent veariables. The
variables retained vere mean air temperature 31, 46, 49, and
31 weeks ago; and rainfall 15 and 33 wveeks ago.

F = 11.19 s=sig = 0.000 Durbin-Watson = 1.71

gilverbeet

41% of the variation in silverbeet volume marketed wvas
accounted for by variation in the independent variables.
These vere mean air temperature 6, 9, 28, 31, 37, 41, and 49
veeks ago.

F o= 11.32 s=sig = 0.000 Durbin-Watson = 1.85

spring onions

74% of the variation in the volume of =spring onions marketed
could be accounted for by variastion in the independent
variables. These vere mean alr tempersture 5, 7, 40, and 47
wveeks ago; and rainfall 2, 17, and 38 veeks ago.

F = 44,3383 =ig = 0.000 Durbin-Watson = 1.17

tomatoes

79% of the variastion in tomato volume could be accounted for
by wvariation 4in the independent variables. The wvariables
retained wvere mean air tewmperature 1, 3, 30, 38, 40, 47, 30,
and 31 weeks ago; and rainfall 19, 26, 28, and 41 wveeks ago.
F = 33.63 sig = 0.000 Durbin-Wetson = 1.531

Quantity regressed against week’s mean daily sunshine hours,
air temperature and week’s rainfsll.

Sunshine hours wvas added as a predictor to zee if it would

improve the awmount of variance in marketed guantity accounted
for. Both current and lagged weather variables wvere used.
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Ho reference was made to thé use of sunshine data in the
literature cited above. The results are presented below.

guantity of: rEg arsg F sig D

broccolidi .53 .50 18.06 0.000 1.27

cabbage .69 .66 20.94 0.000 1.80

capsicum .75 .73 32.14 0.000 1.69

cauliflover .20 .18 12.73 0.000 1.02

celery .80 .78 15.57 0.000 1.66

garlic .49 .45 13.29 0.000 1.79

kumara .23 .21 9.58 0.000 1.54

lettuce .84 .82 39.77 0.000 2.04

onions .44 .41 15.74 0.000 1.75

parsnips .67 .66 40.54 0.000 1.60

pumpkins .31 .47 11.08 0.000 1.43

silverbeet .40 .37 13.20 0.000 1.71

springons .78 .76 41.40 0.000 1.16

tomatoes .85 .83 36.12 0.000 1.36

All of the relationships vere significant. A high proportion
of the variance in marketed volume was accounted for for
cabbages, capsicums, celery, lettuce, parsnips, spring

onion=, and tomatoes.

Price regressed against wveek’'s mean daily sunshine hours and
mean air temperature and veek’'s rainfall.

It 4is expected that in general, from the demand point of
view, that weather has little effect on prices. If it 4is
hypothesised that weather conditions can stimulate or depress
demand then we would expect some sort of relationship betveen
veather and price. Lee (1973 p 350) dincluded a current
veather variable in his demand equation for fresh vegetables.
He assumed that diets would be affected by the weather.
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Current price was regressed against current and lagged
sunshine hours, veekly rainfall, and mean weekly temperature.
The results are presented below.

Table 38 Price as a function of weather

price of: rsg  arsg F sig D
broccoli .27 L 26 18.83 0.000 1.09
cabbage .06 .08 &.75 0.01 0. 358
capsicum .68 .67 72.95 0.000 1.10
cauvliflover .41 .36 8.36 0.000 1.79
celery .78 .75 24.46 0.000 0.89
garlic .60 L5856 15.63 0.000 1.88
kumara .68 .64 17.65 0.000 1.33
lettuce .35 .33 18.42 0.000 0O.66
mushrooms P A 12.36 0.000 1.43
onions .32 .31 24.23 0.000 0.40
parsnips .57 .53 12.51 0.000 1.48
pumplins .59 L85 13.71 0.000 0.81
silverbeet .46 .43 16.72 0.000 1.34
springons no variables entered

tomatoes .87 .85 49.62 0.000 1.87

All estimated sqguations vwvere sgignificant.

Capsicums, celery, kumaras, and tomatoes all had guite strong
associations with the cliwmatological variables.

Interegstingly, variables at t=1 wvere not frequently included
in the wmodels estimated by the stepwise procedure. This
would dmply that urrent weather conditions do not have a
gtrong influence on prices bid.

Aridity dindex

An aridity index similar to the one discussed by Oury (op
cit) was calculated.

The index A, wvas calculated by dividing weekly rainfall by
mean weekly temperature, Ho constant was added to avoid
negative numbers. Thi=s was unnecessary as mean air
temperature never fell belowv zero degrees C in the period
under study.
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Current price and volume for each vegetable were regressed
against this index which wvas lagged by up to 52 wveeks.

The results are presented below.

The relationship between volume and the aridity indesx.

quantity of: rag  arsdg F sig D

broccoli .36 .30 6.66 0.000 1.44
cabbage .39 .38 10.38 0.000 1.13
capsicum .41 .38 7.3 0.000 1.13
cauliflover .09 .08 5.26 0.0067 0.91
celery .19 .15 5.91 0.0002 0.74
garlic .40 .35 7.11 0.000 1.51
lettuce .30 .25 6.90 0.000 0.92
onions .29 .17 6.14 0.000 1.35
parsnips .48 .43 11.00 0.000 1.26
pumpkins L2000 .17 6. 40 0. 0001 1.39
silverbeest .40 .35 9.17 0.000 1.79
springons .55 .49 8. 69 0.000 0.98
tomatoes .57 .81 10.16 0.000 0.92

All equations vere gignificant at the 99% level.

This particular form of aridity index was not as good at
predicting marketed volume as the original weather variables.

The relationship between price and the aridity index.

Table 40 Price as a function of aridity index

price of: rsg  arsg F =i D
broccoli L1700 .14 5.27 0.0007 1.07
cabbage L6 L 13 6.41 0.0005 0.63
capsicum .99 .54 13.38 0.000 0.86
caulifliover .04 .03 4.40 0.0384 0.96
celery .23 .21 65.68 0.000 0.31
garlic .26 .22 &.88 0.000 1.31
kumarese no variables entered

lettuce L1700 .14 6.77 0.0003 1.12
mushrooms .21 .17 5.24 0.0003 1.12
onions .04 .03 4.351 0.0381 0,22
parsnips .32 .28 9,22 0.000 1.22
pumpkins no variables entered
gilverbeest .31 .26 6.2 0.000 0.98
springons .12 .10 4.73 0.004 1.41
tomatoes L7e VT2 17.70 0.000 1.06

All estimated equations vere significant at the 95% level.
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10.

For most of the vegetables the aridity index is of little

value in accounting for variation in current price.
Capsicums and tomatoes are exceptions, but the original
veather variables were better than the aridity index. Spring

onions was the only vegetable for which the aridity index was
better than the originsl variables.

Special treatment of tomatoes and capsicums.

For part of the year both of these vegetables are grown under
glass. The volume brought to the floor is therefore not
affected by weather during +this time. The volume boxplots
vere used to estimate the weeks during which these vegetables
vere grown under glass as it was not known when in each year
main outdoor crops were harvested.

These months vwere then selected and the regressions of
gquantity on lagged weather variables carried out. The months
excluded were May through October for tomatoes, and April
through November for capsicums.

For capgicums this resulted in an adjusted r-sguared of 75%
which is only a little better than when the entire series vas
consideresd.

Hot even a =light improvement was achieved for tomatoes. The
adjusted r-sqguared was 75%. Clearly wore information was
reguired to make a better exclusion of months.

Regression of onion volumes on hours of sun per day.

Onions are noted for there dependence on daylight hours for
grovth. Onion volume and price were regressed against all
sunshine hours lagged up to 352 weeks. The results vere as
follows:

Only 20% of the variation in price could be explained by the
lagged sunshine hours retained in the model.

R  squared = .23 Adjusted r sgquared = .20 F = 7.363 Sig =
. 000 Durbin-watson = .29

Only 34% of the variation in volume could be explained by the
lagged sunshine hours retained in the wmodel.

R  =guared = .37 Ajusted r sguared = .34 F = 11.84 Sig =
. 000 Durbin-Watson = 1.70

While the length of day affects onion growth, it seems to
have little dinfluence on the variation in the volume of
onions brought to market. Since onions are an annual and are
stored this is not surprising. If fresh onions vere isclated
from stored onions a better explanation of variance might be
obtained.
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11.

Summary

The eaddition of sunshine hours improved the ability of
veather wvariables +to explain the variation in marketed
quantity for all vegetables with the exception of silverbeet.

The division of the year for capsicums and tomatoes did not
result 1in an increase in explained variance of guantity
marketed.

Hovwever, it should be noted that only about one third of
tomato production is directly subject to weather variation.

Prices were predicted well by the wveather variables for
capsicums, celery, kumaras, and tomatoes. About half of the
variance in prices wvas accounted for for garlic, mushrooms,
parsnips=s, and pumpkins.

The aridity index calculated was not as good as the original
veather variables except for a fevw exceptions wvhich wvere
noted.

Onion volumes wvas one of the least explained variables.
There are two reasons why this is not surprising.

The first is that wost onions are grown in the Pukekohe
district and so are subject to different climatological
influences than wvere represzented in the data set. The second
reason is that marketed volume was regressed rather than

vield. The wmarket is supplied out of storage for wmost of the
year, and so the effect of climate is really on total orop
vield rather than weekly volume marketed. This vould

introduce complications 1if an econometric model wvas to be
develaoped.




CHAPTER 11 LAGGED PRICE RELATIONSHIPS

1.

Introduction

Price wvas regressed against own price lagged. Lagging was
restricted to 352 weeks., If a geries was purely random wve
vould expect the correlation betveen successive observations
to be low Nelson (13873). It was expected that recent prices
would be highly correlated with current prices reflecting the
recent price and volume behaviour at the wmarket.

All lags up to and including 52 veeks
Knowing what prices have been should give a strong indication
of what prices will be. For each vegetable prices were lagged

from 1 week to and including 52 veeks.

Current price wvas then regressed agsinst sll of these lagged
prices using the method ENTER in 5PSSx REGRESSIOHN.

The variation accounted for by this regression is presented
below.

price of: rsg arsq
broccoli .58 .19
cabbage .78 . 87
capsicum . 86 .73
caulid .51 .05
celery .87 .74
garlic .87 .18
kumara .69 L4
lettuce .64 .31
mushroom . 48 -. 01
onions .91 .82
parsnips .68 .38
pumpkins .93 . 86
gsilverbeet .70 .42
springons .47 -. 03
tomatoes .85 72

For most vegetables, lagged prices are good predictors of
current price. Presumably they will remain so until sowme
external cause shocks the system. Lagged prices will not
enable the prediction of turning points in the series.

Obviously improvements in adjusted R sguared can be gained by
reducing the number of explesnatory variables.
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2.

Price lagged by one and two weeks

A strong relationship iz expected to exist between current

price and the wost recent price. Current price wvas regressed
against price lagged by one week, and prices lagged one and
tvo wvweeks. The results of both of these regressions are

presented below.
Table 42 Price regressed on price lagged 1;
and 1 and 2 veeks

price of: 1 week 1 and 2 vweeks
arsg arsg
broccoli .33 .33
cabbage . 54 . 58
capsicum .64 .64
cauli .21 .21
celery .73 .73
garlic . 36 . 39
kumara .70 .70
lettuce . 44 . 47
mushroom .27 . 26
onlions . 83 . 83
parsnips . 37 . 36
pumpkins .78 .78
silverbeet .37 . 40
spring onions .16 .17
tomatoes .58 . 59

Assuming thast nothing shocks the marketing systewm such as
abnormal weather, last week’s price wvould be a reasonable
predictor of next weeks price for kumaras, onions, and
pumpkins. Generally howvever, the wmost recent weekly price is
not very good at predicting price in the current week. This
reflects the fact that prices change considerably from week
to veek.

Adjusted r-sguared iwmproved for only five vegetables when
price was lagged by two veeks as well as one week. In
general, there was no improvement in adjusted r-sguared wvhen
price lagged by two weeks wvas included with price lagged by
one veek.
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3. Price lagged by 52 wveeks
The strength of relationship betwveen current price and the
price at the same time 52 weeks ago was also examined. The
letter plots in chapter 7 indicated that some vegetables had
very similar prices 5 weeks apart whilst others had very
digsgimilar prices. Current price was regressed against own
price lagged by 32 weeks.
Table 43 Price regressed on
price a year ago
price of: rEg
brococold .08
cabbage .07
capsicum .51
cauli .01
celery . 50
garlic . 003
kumara .21
lettuce . 000
mushroom . 000
onions . 000
parsnips . 003
pumpkins 12
silverbeet .11
springons .02
tomatoes .44
Capsicums and celery indicated moderately strong
relationships between current price =and price lagged by 52
veeks.
4., Avtocorrelation function

Autocorrelation functions were computed for the fifteen
vegetables retained in the study.

An  auvtocorrelation is the degree of correlstion between
observations lagged by k periocds (Helson 1973).

The objective was to determine whether the current price of
most vegetables was highly correlated with the most recent
price and whether this correlation declined as time passes.
This would dindicate which particular lags wvere the wmost
ugeful in predicting current price. Autocorrelations wight
also show up seasconality in prices.

]
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The auvtocorrelation of prices for each vegetable at selected

lags is given below.

auvtocorrelation at lag:

i 2 3 4 12 24 36 4g 52
broccoli L8570 .38 .22 .21 .04 -.17 ~-.10 L0819
cabbage .72 .65 .46 .39 ~-.01 ~-.10 -.18 -.18 -.19
capsicum 79 . B8 .60 .52 .09 -.42 -.12 .38 .47
cauli A6 .21 .19 L1 .14 .09 -.03 L00 .03
celery LB 72 .59 .48 - 15 ~-.27 -.17 .47 .52
garlic LEB00 051 .60 351 .42 .19 07 -.03 -.07
kumara .83 .70 .57 .45% .12 -.11 -.10 .15 .21
lettuce .63 .54 .39 .27 -.19 .09 ~-.26 .11 -.02
mushroom .32 .29 .28 .25 .04 ~-.05% .00 .08 .02
onions .91 .84 .80 .76 .44 .22 .12 .00 -.05
parsnips .60 .40 .39 .33 -.01 .03 -.07 .05 .06
pumpkins .88 .81 .77 .72 .23 ~-.21 ~-.068 .15 .14
gilverbeet .61 .52 .46 .37 -.22 .04 -.31 .18 .25
springons .39 .28 .23 .10 -.02 -.02 .12 -.07 -.10
tomatoes .76 .85 .66 .60 -.08 -.48 ~-.13 .40 .43

None of the vegetables had current price highly correlated
with price 52 weeks ago.

Celery autocorrelations dampened cut after about 8 wveeks and
those for garlic, onions, pumpkins, and capsicums tock a long

time to become =swmall. This implies that there i
consgiderable gtability din the price series for theze
vegetables.

Summary

The current price of wmost vegetables was highly correlated
with their wmost recent prices. However, spring onions,
cauliflowver, and mushrooms have lov autocorrelations for the
most recent lags. This means that each observation was not
very  highly correlated with its preceding observation. This
means that prices for these vegetahbles fluctuate
considerably.

However, price one wveek ago and two weeks ago gave a poor
prediction of current price for slmoest sll of the vegetables.

Only the stored vegetables had high values for r-sguared.

Hone of the vegetables had a high correlation between current
price and price 32 weeks ago.
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_CHAPTER 12 HWMONTH RELATIONSHIPS

The

objective in this part of the study was to guantify the

dependence of the price and volume of a given vegetable on

the

month of the year. The proportion of variation in price

attributable to calendar months wvas established.

i.

Method

Each vweek was coded as belonging to a certain month. This was
done on the basis of the date of the last trading day of the
wveek. Where a large proportion of the trade in a given week
belonged to the earlier wmonth the week end date still
specified +the wmonth to which it was assigned. Months were
coded from 1 for January to 12 for December.

Price

Price was regressed agesinst month of the year. The results
are presented below.

Table 45 Price as a function of month

price of: reg  arsg F sig
brocceoli L27 .22 5.05  0.000
brussels L1000 .03 1.46 0,181 #
cabbage L1307 2.03  0.029
capsicum .69 .66 29.80 0.000
cauli LO08 .01 1.18 0.306 #
celery .68 .66 29.40 0.000
garlic L0383 -.04 0.41 0.930 #
kumara L4450 .41 11.08  0.000
lesks L2 .04 1.356  0.129  #
lettuce .15 .08 2.34 0.011
mushroom .21 L1535 3.38 0.0002
onions L1700 .11 2,80 0.002
parsnips .22 J1le Z.81 0.0001
pumpkins .39 .35 8.72 0.000
silverbeet L 32 .27 6.32 0.000
spinach .26 .20 4.46 0.000
springons LO08 .01 1.20 0.293 #
tomatoes L85 .63 25.33  0.000

For most vegetables month was very poor at accounting for
variation in price. The exceptions vere celery, tomatoes and
casplicums, and to & lesser degree, kumaras and pumpkins.
Suprisingly knovledge of the month would not help us account
for much of the varistion in the price of onions.

Five of the models were not significant at the S5%level. Each
of these is warked with a #.
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3. Volume
The same procedure was carried out with volume being
regressed against months. The results are presented below.
Table 46 (uantity as a function of month
guantity aof: req arsqg F sig
broccoli .47 .43 12.18 0.000
brussels .83 .82 &3.83 0.000
cabbage .33 .50 15.40 0,000
capsicum .34 .50 15.61  0.000
cauli .24 .18 4.18 0.000
celery .51 .47 14.05 0.000
garlic L6 09 2,81 0.00s&
kumara L25 .19 4.44 0.000
leeks .61 .58 18.32 0.000
lettuce .64 .61 23.66 0.000
mushroom .08 .01 1.21 0,288
onions .31 .26 6.20 0.000
parsnips B3 .60 23,27  0.000
pumpkins .23 .17 3.96 0.000
silverbeet L2600 .20 4.64 0,000
spinach .53 .50 14.27 0.000
springons L4 V72 39,18  0.000
tomatoes L7700 .75 45,538 0.000
For some of the vegetables a large amount of the variance in
marketed quantity can be explained by using month dummy
variables. All models were significant exncept that for
mushrooms.
4, Summary

Month of the vear was poor at accounting for variation in
wveelkly price but quite good at accounting for varistion in
veekly volume.
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APPENDIX 1

The storage characteristics of the vegetables in this study are
given below.

vegetable recommended approximate
conditions storage life
degrees C relative
humidity
%
broccoli O S0-95 10-14 davs
brussels sprouts G 90-95 3-5 veeks
cabbage - early 0 90-95 3-6 wveeks
- late a 90-95 d-4 months
cauliflover 8] 90~-95 2-4 weeks
capsicum - green 7-10 90-95 2-3 veeks
- ripe 4, 5-7 90-95 i week
celery G g90-95 d-4 months
garlic 0 E5-70 &-7 months
sweet potato (kumara) 13-16 85-90 4-6 months
lecks G a0-95 1-3 months
lettuce O a5 2-3 veeks
mushrooms O 30 3-4 days
onions - dry O &5-70 1-8 months
- green/spring O 90-9% 0 mmmee—
parsnips O 90-95 2-6 months
pumpkins 10-16 70-75 2-3 months
spinach 0 90-95 10-14 days
tomatoes - wmature-green i6-21 85-90 1-3 weeks
- firm-ripe 7-10 85-90 4-7 days

source: Lorenz and Haynard (1980)
{zilverbeet not listed but probably as for spinach)
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APPENDIX 2

Exhibit 2-4 Re-expressions in the Ladder of Powers (' — 1)

p Re-expression Name Notes

Higher powers can be used.

3 y? Cube
2 ¥ Square The highest commonly used
power.
—_— 1 »! “Raw™ No re-expression at all.
A vy Square root A commonly used power. espe-
cially for counts.
(0) log(») Logarithm®  log(y) holds the place of the zero
power in the ladder of powers.
A very common re-expression.
A -1/ Reciprocal The minus sign preserves order.
root
-1 -1/y Reciprocal
-2 —1/y? Reciprocal
square

Lower powers can be used.

*We ordinarily use logarithms to the base 10.

source: Velleman and Hoaglin (1981 p 49).
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APPENDIX

2

file handle sysin/name = sya7

file handle sysout/name = sysx

get file = sysin

factor variables = pl p3 to p8& pl0 to plS pl7 pls/
format = sort/
print = default correlation fscores/
extraction = pc/
rotation = varimax/plot = rotation (1, 2)/
rotation = egquamax/plot = rotation (1,2)/
rotation = quartimax/plot = rotation (1,2)/

zZave red

(all fsuls)/
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PPENDIX 4

CORRELATION

P 1 3
i
.30 1
.24 .09
.56 .30
-. 13 .04
~-. 19 .09
-.07 .07

o .18 .34

i .22 .07
2 -.04 .04
3 .19 -.16
4 -.07 -.03
3 .02 .36
7 .25 24
g8 .42 .10

MATRIX:
4 5
i

-.10 1

-.09 -.01
L13 -0 27
.11 ~-.06
L0686 V27
L0700 .10

-.13 .14

-.01 .04
.17 -0 21
.17 .07
L1420
.54 .09

.05
. 36
.03
-. 25
A4S
.05
. 39
.96
.08
-. 08

1
.19
-. 14
.08
-. 17
-.19
L1z
.18
-. 10
-. 14

1
-. 11
-. 10
-. 15

.07

.70

. 26
-. 19

. 06
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10

. 08
.15
~-. 07
-. 22
.24
.06
.08

11

i
~. 35
-. 11
~. 10
-. 12

. 00
-.01

iz

1
-. 10
-. 27

.25

.04

. 06

13

1
.18
-.03
.06
. 20

i

.22
- 12
.11

15

1
. 06
.07

17

.14




FACTOR SCORE COEFFICIENT MATRIX:

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOGR 5
Pi . 24329 . 08028 -. 18077 . 09247 . 23445
P3 . 35220 . 07396 -. 06547 -. 03006 -. 18652
P4 -. 04934 -, 03235 . 00443 . 54084 -. 17376
P35 . 32822 . 05425 ~. 07762 -. 19830 . 252135
P& . 06525 . 19820 . 31594 -. 08982 .01274
P77 ~-. 00785 LO07131 -. 09317 . 06001 ~. 42387
P& 02584 . 41430 -. 06656 -. 073544 . 03998
P10 . 26835 -.06229 . 03716 -. 024595 -. 09713
P11 . 13613 . 04100 -. 36725 -. 08985 -. 10759
P12 . 03187 -.17289 . 44633 . 03301 . 01002
P13 ~-. 09284 13812 . 00881 . 03500 . 43956
Pl4 -. 05986 . 40592 -. 058835 . 00832 . 09249
F15 . 19588 . 15661 . 18685 04672 -. 19297
P17 12048 ~-.08338 . 06491 . 14337 . 04205
rpig -, 03133 -.03591 . 06538 . 48863 . 10447

COVARTIANCE MATRIY FOR ESTIMATED REGRESSION FACTOR SCOREGS:

FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4 FACTOR 5

FACTOR 1 1.00000

FACTOR 2 . 00000 1.00000

FACTOR & . 00000 . 00000 1.00000

FACTOR 4 . 00000 . 00000 . 00000 1.00000

FACTOR 3 . 00000 . 00000 . 00000 . 000060 1.006000

- 5 PC EXACT FACTOR SCORES WILL BE SAVED WITH ROOTHAME: FSULS
~FOLLOWING FACTOR SCORES WILL BE ADDED TO THE ACTIVE FILE:

MNAME LABEL
FSULSI REGR FACTOR SCORE 1 FOR ANALYSIS i
FSULSZ REGR FACTOR SCORE 2 FOR AHNALYSIS i
FSULES3 REGR FACTOR SCORE 3 FOR ANALYSIS 1
FSULS4 REGR FACTOR SCORE 4 FUOR ANALYSIS 1
FSULSS REGR FACTOR SCORE 5 FOR AHALYSIS 1
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APPEHNDIX 6

The lav regarding sale by auction ls contained in section 59 of

the Ssle of Goods Act 1308. This is outlined in Farrar et al
(1986). Sale by auction iz & branch of contract law. The main
difference is that the goods are deewmed to have been solid at
the fall of the hammer. Further, there is no  wvarranty

regarding guality. Section 59 sets out special rules as follows:

1 ¥Where goods are put up for sesle by auction in lots, esach lot is=s
prima facie deemed to be the subject of a separste contract of
sale.

2 A sale by auction idis complete when the auctioneer announces
its completion by +the fall of +the hammer, or in the
customary manner: until such announcement is wade any bidder may
retract his bid.

3 Where a sale by auction is not notified to be subject to a
right +to bid on behslf of the seller, the seller shall not bid
himself or emploty any person to bid at such sale, nor shall
the auvctioneer knovingly take any bid from the seller or any
such person. Any sale contravening this rule may be treated as
fraudulent by the buver.

4 A sale by auction may be notified to be subject to a reserved
or upset price , and a right to bid may also be reserved
expressly by or on behaslf of the zeller.

S VWhere a right to bid iz expressly reserved, but not othervise,

the zeller, or any one person on his behalf, may bid at the
auction.
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APPENDIX 7

Extract from the Manawatu Evening Standard

Thursday 2 June 1984.

[

GGOD quantities of the’

usual seasonal lines were
available on today's fruit
and vegetable market,
according to Palmerston
North auctioneers
Arlidge Brothers.

There was some firm-
ing in the cabbage mar-
ket, and these should be
selling in the shops for
80¢ to §$1.28 each.
Caullflower and. lettuce
met, with a steady de-
mand; with cauliflowers
retailing for 80c to 31.290
and lettueb 70c to §5¢.

Celery and bruccoli
supphi€s increoased this
week, and there was a
slight easing of prices for
these as a resuil. Celery

should be selling in the
shops for 80c to $1.29 a
bunch and broccoli $2.20
to $2.50 a kilo.

Leeks, silverbeet and
spinach continued to sell
to steady demand and
firm rates. And there
were geod supplies of
kumera available this
week, ranging in price
from $1.20 to $1.30 a kilo.

There was some firm-
ing In the mushroom
market, and these should

. be selling at $6.50 to §8 a

kilo.

Carrots, parsnips and
swedes were 1n tair de-
mand teday - retail
prices for carrols and
swedes should range be-

tween 70c¢ and 90c a kilo,
but there was some eas-
ing in parsnip prices.

Good quantities of
South Isiand brussels
sprouts were available at
$3.50 a kilo retail, while
the Ohakune variety con-
timied to seil, with retail
prices ranging from $2.60
to §2.30

Hothouse toinatoes re-
mained in good supply
with retail prices at $2.50
to $3.60 a kilo.

On the fruit side, good
supplies of mandarins, in-
cluding the Satsuma aud

Clementine varieties, -
were available. Very-

ood supplies of New
Zealand grapefruit also
came on to the market.
Quantities of kiwifruit
and tamarillos were
down slightly and values
firmed. New Zealand
lemons also sold to firm
rates ~ they should be
selling in the shops for

$1.50 to $2.50 a kilo.

Exotic lines available
this week inciuded a lew
imported capsicums, egg-
plant, courgettes and
rock melons, all of which
sold at very firm rates,
and retail prices should
be high.

There were also small
offerings of babaco,
strawberries and hot-
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hbuse. grapes. Australian |
o'f:ange?st?;fld‘ reach the
shops. withia two or three
days, while Philippine
b;nanas are in good supp-
l . ) T A ik
. Apples -availsble this
feeéﬁ Pmé;xndgd “the g}oﬁd :
eating braeburn, spiei !
é'uur,gand red and 01% de-
licious. Winter cole pears
were also in good supply.




AFPPEHNDIX &

WEEK DATE

1 33 771783 105 6/1/84 1357 4/1/85
2 5S4 14/1/783 106 1371784 158 1171788
3 88 21/1/83 107 2071783 159 18/1/85
4 56 2871783 108 2771784 160 25/1/85
S 57 4/2/83 109 372784 161 172785
& 58 1172783 110 10/72/784 iez B8/2/85
7 39 las2/83 111 1772784 163 1572785
8 &0 25/2/783 11z 2472784 164 22/2/785
=) 5/73/82 61 4/3/83 113 2/3/84 165 173785
10 12/3/782 62 11/3783 ii4 9/3/84 166 8/3/85
11 i9/3/82 63 18/3/83 115 16/3/84 167 15/3/785
1z 26/3/82 64 25/3783 ii6 2373784 i68 22/3/85
i3 2/4/82 65 1/4/783 117 30/3/84 169 29/3/85
i4 9/4/82 66 8/4/83 118 6/4/84

i5 i6rs4/82 &7 1574783 iis 1G5/4/84

is 2374782 68 22/4783 120 20/4/84

17 3074782 69 29/4/83 121 27/4/84

18 7/5/782 70 6/5/83 iz2z 4/5/84

i9 1475782 71 1375783 123 11/75/784

20 21/5/782 72 2075783 124 18/5/784

21 2875782 73 27/5/783 125 25/5/84

22 4/6/82 74 3/6/83 126 1/6/84

23 1i/6/82 75 1076783 127 8/6/84

24 is/e/82 76 17/6/83 128 15/6/84

25 25/6/782 77 24/6/83 129 22/6/84

26 2/7/82 78 177783 130 29/6/84

27 Q/7/82 79 &/7/783 131 &/7/84

28 16/7/782 80 1577783 132 13/77/84

29 2377782 81 22/7783 133 20/7/84

30 30/s7/782 82 29/7/83 134 27/7/84

31 &/8/782 83 5/8/783 135 3/78/84

32 1378782 84 12/8/83 136 10/8/84

a3 20/8/782 88 i9/8/83 137 1778/84

34 27/8/82 86 26/8/783 138 24,8784

35 3/9/782 87 2/9/83 139 31/8/84

36 10/9/782 88 9/9/83 140 7/9/84

37 17/9/782 89 1&6/9/783 141 14/9/784

38 24/9/82 90 23/9/783 142 21/9/864

39 ir10/82 91 30/9/83 143 28/9/84

40 8/10/82 92 7/10/83 144 5/10/784

41 15710782 93 14/10/83 148 12/710/84

42 22710782 sS4 21710783 i46 19/10/84

43 29710782 95 28/710/83 147 26/710/84

44 5711782 96 4/11/83 148 2/11/84

45 1z/711/82 g7 11711783 149 9/11/84

46 19/11/82 98 18/11783 150 16/711/84

47 26/11/82 99 25/711/83 151 23/711/84

48 3712782 100 2/12/783 152 30711/84

49 10/1z2/82 101 S/12783 153 7/12/84

50 17/12/82 102 16712783 154 15/712/84

Sl 24712782 103 23712783 135 22/12/84

32 31712782 104 30/12/783 156 29/712/84
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