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An application of economic theory in the long-term planning of the
scale of operation in the primary production of wine grapes

by

H.J. GEYER and J. VAN NIEKERK
K.W.V., Paarl

1. INTRODUCTION

During the past 40 years the wine industry
in the traditional wine producing areas has ac-
quired a reputation for stability of production.
In addition to relative production stability, an analy-
sis of the producer prices of agricultural products
in South Africa reveals that those of wine grapes
and slaughter stock have shown the biggest in-
creases since 1948.1) One would therefore expect
the wine industry to be characterised by general
economic stability.

In spite of these favourable indications, several
production cost studies2) have shown that the wine
farmer receives a poor return on capital invest-
ment and is worse off than farmers in other
enterprises in the Western Cape. In 1970 a fur-
ther thorough investigation of the primary produc-
tion cost structure of the wine industry was un-
dertaken in collaboration with Prof. W.E. Kassier
of the Department of Agricultural Economics at
the University of Stellenbosch. Production costs
were calculated for the individual producer and
for the industry, the results showing that on average
the wine farmer earned 4,36 per cent on capital
investment in 1969/70, as against an estimated
3,85 per cent in 1968/69. On the other hand,
table grape farmers received a mean return of
8,50 per cent on their capitalin1969/70, as against
10,98 per cent in 1968/69. The 1968/69 study also
shows that pear farmers earned an average re-
turn of 12,97 per cent, apple farmers 13,05

per cent, canning peach farmers 4,76 per cent and

apricot farmers 6,51 per cent on their capital.

From these studies it therefore appears that,
in spite of favourable factors such as stability in
production and a relatively rapid increase in pro-
ducer prices, the wine industry still yields un-
satisfactory economic results both as an industry
and to the individual producer.

In order to identify structural problems in the
primary industry, the influence of several inde-
pendent variables on net farm income was investi-
gated by means of multiple regression. It was
found that yield per hectare of bearing vines and
total number of hectares under vines have a sig-

1) J.A. Groenewald. The state of South African
agriculture - a diagnosis. Agrekon, Vol. 10,
No.1, 1971, pp.12-26

2) Production cost studies undertaken by the De-
partment of Agricultural Economics of the
University of Stellenbosch under the direction
of Prof. W.E. Kassier, 1967/68 and 1968/69

nificant (p =0,05) positive influence on net farm
income.

Since production control exists in the industry
and the above-mentioned problems had, among
others, been identified an investigation of the
cost structure of the industry was carried out with
special reference to returns to scale.

»

2. SELECTION OF DATA

The universe of the production cost study and
the subsequent analyses was defined as all quota
holders who produced more than 50 tons of grapes
in 1968. This universe represents 94 per cent of
the total wine crop in 1968, All quota holders pro-

. ducing less than 50 tons were eliminated, sinc€
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they were not producing wine grapes principally
for economic considerations. -

Every thirteenth quota holder was drawn fromn
this universe with the aid of a computer. The
sample size amounts to 7,7 per cent of the uni-
verse, although an effective sample size of 5 peT
cent was aimed at. Altogether 163 observations
were effectively included in the sample, consti-
tuting 5,1 per cent of the universe.

3. ECONOMIC PRINCIPLES UNDERLYING THE
STUDY

In planning an established enterprise, a dis-
tinction is made between fixed and variable costs
in the cost structure in the short run, the enter-
prise being tied to a specific cost structure for 2
specific scale of production.

In the long run, however, structural adjust-
ments are possible, and the enterprise can con-
struct any scale of production; all factors and
costs are therefore variable.

The long-run average cost curve is derived
theoretically from . the short-run average cost
curves at the different scales of production attained
as the enterprise expands.

In the long run it is theoretically possible
to construct a new scale of operation with every
additional unit produced and the long-run averag€
cost curve is described mathematically as the

3) Unpublished data of the K.W.V.

yy—




. enVGIOpe curve of the short-run average cost costs equal marginal revenue. Production restric-
- Curves®), The long-run average cost curve there- tions can furthermore cause a producer to maintain
re describes the lowest possible cost per unit a scale of production in the declining phase of the
I the enterprise has sufficient time to construct long-run average cost curve - in other words, a
€ most favourable scale of production.°) scale smaller than that represented by the minimum
point.
th The minimum point on this curve yields in
Wiihlong run the scale of production associated
Drev;};e lowest co_st per unit. If free compet%t{on This phase corresponds to the phase of in-
ill 01 s and entry‘ is completely open, compe.tltlon creasing average output!) and thus includes irra-
Point ause eacy 'flrm to produce at the minimum tional production ). In order to place the wine
o of an efficient long-run average cost curve. industry on a sound footing, it is essential that
nUmbproduct‘ will be supplied by the "correct the size of the enterprise be at least sufficient
il er of firms, since some will be forced out, to allow production to occur in a rational phase.
ile newcomers will enter the industry.6)
rm
The cost structure of the industry is construct-
. MODEL
& from the combined cost structures of indivi- 4 ODE
ry Oual enterprises, each in a different phase and
ng Perating at a different scale of production, and
he © Operating cost curve can be described as the On the basis of the known total costs of in-
ith ®avelope curve derived from the short-run average dividual enterprises, as determined in the 1969/70
Cost curves of enterprises with different production production cost study, the average costs per metric
Tuctures and scales of production in a parti- ton for all observations in the sample were cal-
ular year, culated and the average cost curve for the primary
industry was fitted by means of regression analy-
sis. This average cost curve is not an envelope
nd Si . . curve, but a regression line, describing the ave-
ta r nce the wine industry doesnot operate under rage costs of the different observations in the sam-
Pe € competition - which implies, inter alia, ple
'e? hl‘fe(;t knowledge and the absence of restrictions - :
_O_ toe firms will not, however, automatically tend
Oe aWards ‘the minimum point on the long-run ave-
‘i 8¢ cost curve. Although this fitted curve does not therefore
1y correspond to the theoretical long-run cost curve,
it is hoped that the results thus obtained can
Production restrictions such as quota arrange- nevertheless be used to evaluate the present con-
111 vignts can, in the first instance, prevent the indi- dition of the industry with respect to scale. A
he ual broducer from attaining his optimum (pro- quadratic function of the form Y = a + bX + cx?
i- maleizing) level of production where marginal was fitted, and the following results were obtained:
g;‘ REGRESSION ANALYSIS
i-
Dependent variable : Y = Cost per metric ton in rand
Independent variable : X = Total production in metric tons
Fitted function : Y = a+ bX + cX2
E R
—Ssults
5- . . Partial corre-
s Re, S a i Y
ts Variable gression tandard F.ldlfcmly t value lation coeffi- Error sum
r- ; coefficient error limit cient of squares
nt -
a Creept (q) 61,212 240 0 4,086 700 8,108 000 14,98 - 122 336,0
X2 ®) -0,069 973 0 0,027 100 0,053 800 2,58%* -0,22 47 395,6
- IS ()] 0,000 066 7 0,000 033 0,000 066 2,02%* 0,17 46 503,3
- Degrees of freedom 131 Multiple correlation (R) :0,940 0
d Error sum of squares : 45 099,1 Coefficient of determination (R2) : 0,8836
Residual error 18,554 4 :
3‘: *Significantly different from zero at the p = 0,05 level of significance
S
d
4 ns
) Richarq H. Leftwich. The price system and
e Tesource allocation, Revised Edition, Holt
'y Rinehart & Winston, New York, 1960, p.155 7) F. van den Bogaerde. Beginsels van die prys-
€ : teorie, J.L. van Schaik Ltd., Pretoria, 1970,
) . .66
© ) id,, 154 P
6
) Pay] A, Samuelson. Economics: An introducto- 8) Earl O. Heady. Economics of agricultural pro-
;"y analysis, Sixth Edition, Mc Graw-Hill, New duction and resource use, Prentice-Hall,
Ork 1964, p. 470 Englewood Cliffs, N.J., 1960, pp.91-92
» D g
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FIG. 1: Average cost, marginal cost and marginal income curves for the wine industry
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From the foregoing regression analysis, the
average cost per metric ton for the primary in-.
dustry is described by the following equation
(coefficient of determination R2 = 0,883 6, error
sum of squares = 45 099,1 and residual error
= 18,554 4):

Y = 61,212 2 - 0,069 973X + 0,000 066 7X>
Where Y = cost per metric ton, and
X = production in metric tons

From the foregoing equation the total cost
function for the primary industry was calculated
mathematically as:

Yy = 61,212 2X - 0,069 973X2 + 0,000 066 7X3
Where Y1 = total cost for the industry in rand, and
X = total production in metric tons

The marginal cost equation of the primary in-
dustry is obtained mathematically by calculating
the first derivitave of thetotal costequation. Mar-
ginal cost is thus described by:

vl = 61,2122 - 0,139 946X + 0,000 200X2
Where Y1 = marginal cost per metric ton, and
X production in metric tons

Figure 1 shows the long-run cost structure of
the primary production of wine grapes as de-
scribed by the average and marginal cost curves.

5. THE ECONOMIC IMPLICATIONS OF THE
LONG-RUN COST STRUCTURE FOR THE PRI-
MARY INDUSTRY

(a) Scale of production

The long-run average cost curve indicates a
minimum average cost of R42,86 per metric ton
at a production level of 525 metric tons.

The long-run average cost curve may shift in
course of time and is not static, actually de-

"
300
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scribing a broad relation rather than an absolut?
line; as already stated, the fitted functions ar®
not envelope curves. This analysis of the c9°
structure nevertheless furnishes a clear indicatio” i
of the production level at which rational producti® |
commences. This level of production is indicat®
by point B in Figure 1. At a production of 1es’

than 525 metric tons, production in the industr

is still on average, in an irrational phase sin¢

decreasing average costs can be obtained by th
construction of larger scales of production. :

Minimum marginal costs of R36,73 per metflf ?
ton (Figure 1, point A) are obtained at a produ®
tion level of 350 metric tons. It can convers®
be stated that maximum marginal returns ars .
obtained at a production of 350 metric tons. Th{f
is therefore the level of production at which ma¥!
mum interest can be earned on the productioﬂo
an additional unit. At a level of production lowe’
than 350 metric tons, production still takes pla¢
at decreasing marginal costs.

Since a fixed price is paid for wine grape®
the realisation per metric ton can be accepted 3,
constant, viz R51,14 as calculated during a Pr
duction cost survey.9) Maximum profit is obtain®
where marginal costs equal marginal reve’"
(point C, TFigure 1). (With a constant realisatioﬂ,’
marginal revenue is constant and equal to the ré
alisation.) Maximum profit is therefore obtait®
at a production level of 620 metric tons (Iig!
1). At this level, average costs amount to R43:”
per metric ton (point D, Figure 1). The produc®
therefore obtains a net income of R7,94 per M°
tric ton.

9) Cost of production of wine grapes (1969/70_),'
in collaboration with the Department of Ag’
ricultural Economics, University . of St
lenbosch
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These data must, however, also be interpreted
Carefully, It will be shown below that many pro-
Ucers produce considerably fewer wine grapes.

all of them can and do expand their production
Considerably, this may bring about a decline in
Tices and therefore in the optimum level of pro-
Uction, Maximum profit will then be obtained at a~
OWer level of production and will amount to less
han R7,94 per metric ton.

It can, however, be asserted that a high level
efficiency cannot be attained if average pro-
Ction per farm is smaller than that represented
Y the minimum point on the long-run average
%0st curve. This point isindicatedby Bin Figure 1.

() Present production pattern

In the 1969/70 production cost survey it was
. nd that an average production of 256 metric
thns per unit was obtained in the industry. It is
Crefore evident that the scale of production is
Present below optimum and also irrational,
Ince production takes place at decreasing marginal
d average costs.

fOu

abi From Figure 1 it is also clear that consider-
€ cost advantages can be obtained by increasing
I‘a?' Scale of production to at least the point where
onal production commences. With an average
iioduction of 256 metric tons, the production costs
Vae R47,67 per metric ton, so that a cost ad-
it ?tage of R4,81 per metric ton can be obtained
he same total output is produced in the industry
an average production level of 525 metric tons
Per unit,

As already mentioned, the calculated costfunc-
NS (and therefore curves) dealt with in thisarti-
€ do not meet the theoretical requirements of a
e‘;g‘l‘un envelope curve; they consist of a fitted
na;»Pession function and curve, This fitted curve
it i“rally lies above the envelope curve. If, however,
IS accepted that the minimum point on the en-
Ope curve would be at a production level close
that of the minimum point on the fitted curve,
rsul‘ther assertion can be made regarding farm-
gra Producing less that 525 metric tons of wine
t ec?es per annum. It appears, namely, from the
theiry of production that such farmers will produce
T output at the lowest cost if they construct
c:fale of production somewhat larger than the
o € ‘hecessary for such production and then pro-
ure i% the declining phase of the short-run cost
vel0). this in itself represents under-utilisation
Capacity and also inefficiency.

tio
¢l
lo

Ve
to

C

1
0 See Leftwich, op. cit., p.160
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The existing inefficiency in the primary indus-
try cannot summarily be ascribed only to poor
management. Exogenous factors confront the pro-
ducer with serious structural limitations - e.g.
marketing structure, quotas and finance facilities,
ete.

In an industry such as this, which is sub-
ject to production control, it is imperative to
note that the production limitations can be the main
factor forcing producers to produce below opti-
mum and irrationally at a high cost structure.
Producers can even be prevented fromutilising the
advantages of both decreasing marginal costs and
average costs.

Therefore, when the need for greater effi-
ciency on the part of the individual producer is
stressed, it should, at the same time, be esta-
blished whether the structural composition of the
industry, within which the producer operates, is
adapted and conducive to greater efficiency.

In planning future production control, it would
therefore be wise to consider the size of produc-
tion quotas and the number of producers in the in-
dustry. If production control is linked to the goal
of maximum revenue for the producer, the demand
for the final product will also have to be given
proper consideration.

6. CONCLUSIONS

(a) The average production unit in the wine in-
dustry is at present producing below optimum
in an irrational phase with a high cost struct-
ure.

The scale of operation is a determining factor
in the profitability of the production of wine
grapes.

Exogenous factors,such as the marketing struct-
ure, price ratios, quotas and the number of
producers in the industry, probably prevent the
primary producer from constructing an op-
timum or rational scale of production -aspects
which require further investigation.

The cost advantages which can be gained by
constructing a rational scale of production in
the industry are so considerable that it is im-
probable that comparable benefits can be ob-
tained by greater efficiency on the farm with-
in the existing farming framework.

()

(c)

(d)

The common assertion that many of the pro-
blems in the industry are due to the ineffi-
ciency of a great percentage of our farmers
must therefore be judged in the light of the
structural inefficiency of the industry - some-
thing which is beyond the control of the indivi-
dual producer.

(e)



