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Griffish, Jamandre and Piggott: Sydney Vegetable Price Spreads

A Note on Price Levelling and Price Averaging in
Sydney Retail Vegetable Price Spreads

G.R.Griffith, W.E Jamandre and R.R.Piggott’

For tomatoes, potatoes, carrots and onions in the Sydney
market, the degree of variability of the retail price is
substantially lower than the degree of variability of the
wholesale price. The objective hereis to investigate whether
fresh vegetable retailers in the Sydney market practice price
levelling and price averaging. 25LS and 3SLS procedures
were used o estimate a system of price spread equations for
the four vegetables using quarterly data from 1980 to 1990.
In the preferred 3SLS estimates price levelling was con-
firmed for potatoes and carrots. Price levelling was not
evident in the tomatoes and onions equations, with price
transmission influenced more by markup pricing policies for
these vegetables. No evidence of price-averaging behaviour
was found for any of the vegetables examined.

1. Introduction

Vegetables are an important yet variable compo-
nent of the Australian diet. Per capita consumption
of all vegetables is currently around 140 kg/year
butin the past has varied from 125 kg in 1982/83 to
almost 143 kg only two years later (ABS 1990a,
BAE 1985). Movements in per capitaconsumption
can be attributed to the variability of domestic
commercial vegetable production, which repre-
sents some 90 per cent of total vegetables available
for human consumption, and to the growth in
imports of processed vegetable products.

There are two sectors of the Australian vegetable
industry, fresh and processed. There have been
significant structural changes in the processed sec-
tor of the industry, including a declining number of
vegetable enterprises (ABS 1990c), increasing use
of vertical integration and contracting arrange-
ments for inputs (IAC 1986), and increasing con-
centration in vegetable processing firms (IAC 1986).
These developments have all served to stabilise
throughput of vegetable processing firms, prices
paid to growers and charged to retailers (and prob-
ably also prices charged to consumers).

In the fresh sector of the industry, few such integra-
tion and/or contracting arrangements exist and
wholesale prices vary substantially. Together with
fluctuating availabilities, this would be expected to
induce substantial short-run shifts in the mix of
fresh vegetables consumed.

However there is primafacie evidence that retailers
attempt to mask at least some of this variability in
prices by adopting price levelling practices. Price
levelling is defined as the practice of holding output
prices relatively stable in the face of fluctuating
input prices. Price levelling is acommon feature in
fresh meat retailing (Griffith 1974, Griffith et al.
1991, Naughtin and Quilkey 1979), a market sector
with many of the same characteristics as the fresh
vegetable retail market. Retailers may aim to set
relatively stable retail prices because they believe
consumers prefer more stable prices, and/or be-
cause there are considerable costsinvolved inchang-
ing prices and informing their consumers of these
changes. That retailers are able to exert some con-
trol over price may be due to retailers offering other
services suchasadvice, delivery, extracutting, etc.,
which influence the purchase decision. Once com-
parison shoppers in particular are attracted to a
store, retailers will attempt to retain their custom by
keeping prices relatively stable. Consumers are
also conscious of their own costs in searching fora
better price. Additionally, where products are stor-
able, retailers may be able to keep prices stable by
meeting demand fluctuations out of stocks.

* The authors are respectively Senior Research Scientist, NSW
Agriculture, Armidale; Lecturer, Central Luzon State Univer-
sity, Philippines; and Senior Lecturer, University of New Eng-
land, Amidale. When this study was undenaken, Wilfred
Jamandre was a postgraduate student at the University of New
England. The authors express their thanks to John Quilkey and
an anonymous referee for helpful advice.

Review coordinated by Bob Farquharson.
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The evidence of price levelling is seen in Table 1.
For four of the major fresh vegetables (potatoes,
tomatoes, carrots, and onions, which together ac-
count for some two-thirds of total vegetable con-
sumption) (ABARE 1990, Table 163) the degree of
variability of the retail price as measured by the
coefficient of variation is lower than the degree of
variability of the wholesale price. Additionally,
the price spread or marketing margin between the
wholesale and retail prices is more variable than
either the wholesale or retail price in all cases. This
suggests that variations in the price spread are used
to dampen the impact of fluctuations in wholesale
prices onretail prices. Another interesting observa-
tion from Table 1 is the size of the spread for the
different vegetables, especially in comparison to
their respective wholesale prices.

Whether retailers practise price levelling or not has
important implications for fresh vegetable produc-
ers. Following Parish (1967), price levelling (de-
rived demand curve Df in Figure 1) does indeed

result in more stable retail prices (Pr to PR as
supply shifts from s to S) and more stable through-
put (q to Q) than would otherwise be the case
(derived demand curve D’f for a constant margin,
P’rtoP’R, q’ to Q’). The corollary however is that
price levelling results in less stable wholesale
prices (Pf to PF, compared with P’fto P’F) and, by
implication, farmgate prices, since wholesale and
farm prices typically differonly by a fixed transport
cost and a small percentage agents’ commission.
Hence, establishing whether price levelling is typi-
cal pricing behaviour by fresh vegetable retailers
can have some important policy implications at the
farm level because farm price variability is exacer-
bated.

Prices received at the farm/wholesale level are
extremely variable from month to month and year
to year (NSW Agriculture & Fisheries 1990). This
variability is often big news in the rural press. For
example on 9 August 1990, it was reported that,
because of floods in vegetable growing areas, prices

Table 1: Means, Standard Deviations and Coefficients of Variation of Vegetable Prices and
Spreads, (c/kg), Sydney Market, 1980-1990°

Item Mean St.Deviation COV+ (%)
Potato:

Retail price 69.3 232 335
Wholesale price 43.6 16.8 38.5
Price spread 25.7 16.9 65.8
Tomato:

Retail price 199.9 56.2 28.1
Wholesale price 44.1 14.0 31.7
Price spread 155.9 50.0 321
Carrot:

Retail price 102.9 40.8 39.6
Wholesale price 348 158 454
Price spread 68.1 35.1 51.6
Onion:

Retail price 93.1 38.9 41.8
Wholesale price 40.0 20.3 50.8
Price spread 53.0 28.8 554
* COV = (St. Deviation/Mean) x 100

* See Appendix 1 for definitions.
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at Flemington markets virtually doubled for some
lines as supplies dwindled, while at the same time
weather damage slashed the value of other lines by
over $25 million (Anon 1990). A year later in June
1991, cauliflowers were averaging only $3.20 /
carton while in the previous March they were
fetching from $10-$16/carton. Broccoli had slipped
from $12-$16 /carton in March to between $2.50-
$7 /carton (Middlebrook and Jones 1991). Finally,
on 18 July 1991 it was stated that “Fresh potato
prices in NSW are now about $100/tonne, down up
10 90pc on the “wet-year” prices of 1989 and 1990.”
(McNamara 1991). As shown in Table 1, retail
prices do not vary to the same extent as wholesale
prices.

Another pricing practice which fresh vegetable
retailers may use is price averaging. Price averag-
ing is defined as the practice of holding the price
spread of one product low while increasing the

price spreads of other, related products. This may
be relevant because most, if not all, vegetable
retailers, supermarkets or speciality fruiterers are
multiproduct firms selling a wide range of fresh
vegetables. Hence they may be concerned more
with the average margin over all input prices than
with the margin on each individual product.

The objective of this short paper is to investigate
whether fresh vegetable retailers in the Sydney
market practice price levelling and price averaging
in their short term commercial decision-making.
Some evidence of retail price rigidity is available in
United States vegetable markets (Ward 1982), but
no examination of this issue has been undertaken
using Australian data.

Data and Methods

A typical short-run wholesale - retail price spread

Price
PR \
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Figure 1: Price Spread Model with Price Levelling
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or marketing margin model is as follows (Griffith
etal. 1991)":

(1)PS,=f(PW, LPW,,PS ,PS,,PS,, Q, MC, LPS)

where i,j,k,l are subscripts denoting various prod-
ucts (here potatoes, tomatoes, carrots, onions re-
spectively);

PS, is the price spread of the ith product defined as
the retail price of i minus the wholesale price of i on
equivalent weight terms;

PW._ is the wholesale price of the ith produc;

LPW, is the wholesale price of the ith product
lagged one or more periods;

Q, is the throughput of the ith product at the retail
level;

MC, is the cost of marketing the ith product at the
retail level; and

LPS, is the price spread of the ith product lagged
onge period.

Depending on the periodicity of the data used,
weekly, monthly or quarterly dummy variables can
also be included to capture regular scasonal pat-
terns in the price spreads.

The price-levelling hypothesis implies that the co-
efficient on the variable PW, is negative and statis-
tically significant (as wholesale price rises [falls]
the wholesale-retail price spread contracts [ex-
pands]). The price spread moves in the opposite direc-
tion to the wholesale price. Typically the coefficient
on the variable LPW  is positive and significant (as
the trend of wholesale price rises {falls], the price
spread expands [contracts] to balance out the nega-
tive impact in the immediate period). Thusover the
longer term, retail prices follow the same trend as
wholesale prices. The price averaging hypothesis
implies that the coefficients on the variables PSJ. ,
PS,, and PS, are negative and significant (as price
spreads for the jth, kth or Ith product expand [con-
tract] the price spread for the ith product contracts
[expands], so that on average over all these prod-
ucts, normal profits are made).
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The coefficients on the MC, and LPS, variables
would be expected to be positive and significant.
Higher costs should result in a larger price spread.
The inclusion of the LPS, variable is normally
justified on the basis of a partial adjustment as-
sumption. When short-period data are used, not all
of the adjustments in PS, to a change in any of the
explanatory variables can be undertaken immedi-
ately, so there is some influence of the past values
of PS. in the decision to set the current value of PS,

The sign on the Q, variable coefficient is not clear
apriori. Since the relationship between Q, and PS,
represents the supply curve for marketing services
in price dependent form, it is normally expected
that the coefficient on Q, would be positive, reflect-
ing a typical upward sloping supply curve. How-
ever, in the short run, the average variable cost
curve of the retailing firm may be steeply U-shaped
and Q may well be, in some periods at least, well
below the cost minimising level. Hence reductions
(increases) in Q may be associated on average with
increases (decreases) in PS,. The sign on the Q,
coefficientis therefore an empirical issue. It should
be noted, however, that a positive coefficient on Q,
also implies price levelling (Figure 1).

Two important data limitations meant that the pro-
posed model (1) had to be modified. First, a
measure of the cost of providing vegetable retailing
services specifically could not be obtained. As a
proxy the wage rate for the retailing sector (ABS
1990b) was used (MC). Second, there are no retail
quantity data available on the sale of fresh vegeta-
bles in Sydney on a quarterly basis, and the only
quantity data available for the Sydney wholesale

' A referee has asked whether price spread or retail price should
be the dependent variable. These are simply two altemate ways
of examining price transmission between the wholesale and
retail levels of this market and both provide essentially the same
information. We favour the former, however, as we are inter-
ested primarily in explaining behaviour in the marketing serv-
ices sector of the market and the price spread reflects the costs
of providing those services. The 2518 model estimated in price
dependent form is given in Appendix 2 for comparison. Note
that all of the estimated coefficients are the same as in Table 2
except for the coefficients on the current wholesale prices,
which are all exactly 1.0 largerthan those in Table 2. This is due
1o the fact that the dependent variable in Table 2 is (retail price-
wholesale price}, while in the Appendix Table the dependent
variableis just (retail price) - the wholesale price with its implied
cocfficient of 1.0 has been moved 1o the nght hand side of the
equation. The R? changes because there is a different absolute
level of variability 1o be explained, but all other summary
statistics are unchanged.
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vegetable markets (Flemington) was a series of 33
discontinuous monthly quantities for 1983-1990
from unpublished manifests (Sydney Markets Au-
thority, pers. comm). Hence the quantity variable
had to be omitted from the analysis. Developing
such quantity data series is an obvious avenue for
further work.

The modified model estimated (with quarterly
dummy variables) was therefore:

(2)PS,=f(PW, LPW, PS,PS,, PS,MC,LPS,, DI,
D2,D3)

To estimate this proposed model and test the price-
levelling and price-averaging hypotheses, quar-
terly data for the period 1980(1) to 1990(1) were
used (as defined in Appendix 1). No adjustment to
an equivalent retail weight was considered neces-
sary because the form of the four vegetables does
not change between the wholesale and retail levels
of the market, unlike meat (Griffith et al. 1991).

So there are four equations in the model, one for
eachvegetable. Since the equation foreach vegeta-
ble contains the dependent variables of the other
three equations, a simultaneous equation estimator
such as two stage least squares (2SLS) or three
stage least squares (3SLS) is required to achieve
consistentand efficient coefficient estimates, rather
than ordinary least squares (OLS). Further, it
would be expected that because of the multiproduct
nature of fresh vegetable retailing firms, decisions
on price spreads are made jointly. Thus there is the
probability of contemporaneous correlations across
the error terms of the four equations, and they may
be regarded as a system of equations. Hence 3SLS
would be preferred to 2SLS methods as 3SLS takes
these cross-equation error structures into account.

3. Results

Checking the correlation coefficients for the vari-
ables in model (2) it was found that there is rela-
tively high correlation (0.82) between the tomato
spread and the carrot spread. This suggests
multicollinearity and may have implications for
estimation of price-averaging behaviour in those
equations where both these variables appear. All
other correlation coefficients are less than 0.6.

Results from 2SLS and 3SLS estimates are re-
ported in Tables 2 and 3, respectively. Under each
of the estimated regression coefficients are the
standard errors in (.) and the estimated short-run
elasticities at the means in [.]. Elasticity values are
given where the estimated coefficients exceed their
standard errors. The Durbin-Watson and Durbin H
statistics are included where appropriate. The first
equation (i) in each set is the fully specified model
(2), while the second (ii) is the final preferred
specification. In Table 3 a third set of results (iii) are
given forequations excluding the other price spread
variables (see below).

Some general features of the results are apparent.
First, across all the vegetables and both estimation
methods, no consistent evidence was found of
significant seasonal variation in price spreads not
already explained by the other explanatory vari-
ables. Inthe 2SLS full carrot equations the seasonal
dummies did show some significance, but the coef-
ficients were substantially smaller in the 3SLS
cquation. In the preferred equations no seasonal
dummies were included.

Second, the lagged dependent variables were ex-
cluded from all but the onion equation because of
possible multicollinearity with the cost variable.
We preferred to include the cost variable, as it
should be a major determinant of the price of
marketing services.

Third, given our knowledge about the correlations
between the carrot and tomato spreads, only one of
these, if any, was included in any one preferred
equation.

Fourth, the estimates are reasonably consistent
across the two estimators. The exception is the
carrot equation, where the estimates of the pre-
ferred equations change markedly between 2SLS
and 3SLS.

The variance-covariance matrix of 2SLS residuals
suggests that 3SLS would provide more efficient
estimates and this is confirmed by comparison of
the relative standard errors in Tables 2 and 3, with
those of the 3SLS estimates being smaller in all
cases.
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Looking at the preferred equation estimates in
Table 3, the coefficients on the current wholesale
price in the potato and carrot equations are negative
and statistically significant. This confirms the prac-
tice of price levelling in the marketing chain for
these two vegetables - as the wholesale price rises
(falls), the price spread contracts (expands), so that
the retail price remains relatively stable compared
to changes in the wholesale price. The estimated
elasticity value is about -1.4 for potatoes so that
there is an over-reaction to the change in the whole-
sale price and the retail price actually moves in the
opposite direction to the wholesale price. For car-
rots the elasticity is very low so there isonly aminor
effect on the stability of the retail carrot price.
These price levelling results can be compared with
those of Ward (1982) who found short-run retail
price rigidities in United States vegetable market-
ing. For these two vegetables as well, the cocffi-
cients on the lagged wholesale price are positive,
and for potatoes, statistically significant with an
elasticity of about one. This suggest some longer-
run but only partial compensation for the negative
response in the immediate period.

For tomatoes and onions, the coefficients on the
wholesale price variable are positive, although not
significant for onions, so there is no evidence of
price levelling behaviour and price transmission is
more by way of adirect markup on wholesale price.
In both cases the response is very inelastic.

The coefficients on other price spreads included in
the preferred potato, tomato and carrot equations
are all positive, The elasticities range from 0.56 to
1.50. This confirms that there is no price averaging
for these vegetables. Rather there are complemen-
tary relationships between the price spreads, as
suggested by the positive and, in some cases, large
correlation coefficients between them. A possible
explanation may be that all the vegetables are likely
to be similarly affected by exogenous shocks, such
as climatic extremes, so that all their prices will
move together to a certain extent. Alternatively,
carrots and potatoes may be regarded as close
complements in hot-cooked meals while carrots
and tomatoes may be regarded as close comple-
ments in salads. The elasticities suggest that the
carrot spread has a strong effect on both the potato
and tomato spreads; the tomato spread has a domi-
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nant influence on the carrot spread; and the potato
spread has only aminor impacton the carrot spread.,
In the preferred onion equation there was no influ-
ence of other spreads, but the lagged dependent
variable did show some significance.

Some may argue that because the price-averaging
null hypothesis was not rejected, none of the other
price spread variables should be retained. While
this is not what the authors believe, the 3SLS full
model has been re-estimated as a Zellner system
with the other price spread variables excluded.
These results are reported as the third set of results
for each vegetable in Table 3. The only equation
which changes materially is the carrots equation
where the price levelling effect becomes more
pronounced and cost becomes significant.

The cost of supplying retail market services for
vegetables did enter the potato and onion preferred
equations with a positive coefficient as expected,
and these coefficients were statistically significant.
The elasticity values were 0.74 for potatoes and
close to one for onions. Onions are not closely
related to the other vegetables through their price
spreads, so the spread foronions is determined very
much by a cost-plus pricing policy. These cost
variables were insignificant in the preferred tomato
and carrot equations. This result reinforces those
from meat price spread studies where the cost
variable tends not to influence greatly short-run
price spread behaviour (Griffith ez al. 1991).

Finally, it should be noted that the overall explana-
tory power of these equations is quite low. In the
OLS versions of these equations, some 70 per cent
of the variation in the tomato and carrot price
spreads can be explained, but for potatoes this
drops to 50 per cent and for onions it drops further
to only about 25 per cent. The missing throughput
variable may explain the wide disparity in the
degrees of explanatory power.

4. Summary and Conclusions

This study has been motivated by two factors. First,
fresh vegetable producers in New South Wales
have seen the prices received for their produce
fluctuate substantially from season to season and
from month to month. Second, a cursory examina-
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tion of the prices of tomatoes, potatoes, carrots and
onions at different market levels suggests that the
degree of variability in the retail price of these
vegetables is considerably less than that in the
wholesale price. Both factors suggest the presence
of price-levelling behaviour in fresh vegetable price
transmission, as this leads to relatively stable retail
prices but relatively unstable wholesale and
farmgate prices.

2SLS and 3SLS procedures were used to estimate
a system of price spread equations for these four
vegetables sold in the Sydney market, using quar-
terly data from 1980 to 1990. In the preferred 3SLS
estimates price levelling was confirmed for pota-
toes and carrots. Price levelling was not evident in
the tomatoes and onions equations, with price trans-
mission being influenced more by markup pricing
policies for these vegetables. Hence, itis concluded
that for potatoes and carrots, the variability of
prices evident at the wholesale level and, by exten-
sion, at the farm level, is due at least partly to the
pricing practices adopted by fresh vegetable retail-
ers. For these products then, fresh vegetable retail-
ers in the Sydney market behave commercially ina
similar fashion to Sydney fresh meat retailers
(Griffith et al. 1991).

No evidence of price-averaging behaviour was
found for any of the vegetables examined. Again,
this is consistent with the behaviour of fresh meat
retailers in Sydney.

Some areas for further work include examination
of the role of quantity fluctuations in short run
vegetable pricing patterns, and investigation of the
possible impacts of alternative models of price
spread behaviour.
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Appendix 1: Data Definitions and Sources

PR average quarterly retail prices of potatoes,
tomatoes, carrots and onions, Sydney, $/kg (ABS
1990d).

PW.: average quarterly wholesale prices of pota-
toes, tomatoes, carrots and onions, Flemington
Wholesale Markets, Sydney, $/kg (NSW Agricul-
ture & Fisheries 1990). Quarterly averages calcu-
lated from published monthly averages.

PS: average quarterly price spreads of potatoes,
tomatoes, carrots and onions, Sydney, $/kg (calcu-
lated as PR-PW ).

MC: quarterly award rate of pay index, full time
adult employee, retail trade, base 1985=100 (ABS
1990b, and previous forms of this index). Quarterly
averages calculated from published monthly aver-
ages of weekly rates of pay.

D1: dummy variable for 1st quarter, =1 in quarter
1, =0 elsewhere.

D2: dummy variable for 2nd quarter, =1 in quarter
2, =0 elsewhere.

D3: dummy variable for 3rd quarter, =1 in quarter
3, =0 elsewhere.

LPW.: PW lagged one quarter.

LPS;: PS, lagged one quarter.
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