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The Effetts of Policy Changes on the Production and Sales of Milk in 
New South Wales 

Introduction 

The dairy industry in New South Wales is highly regulated. Regional quotas on market milk: 
have existed since 1938 and an individual quota scheme was introduced in 1955. The quotas 

were introduced to induce producers to supply milk year-round to ensure consumers an adequate 
supply of fresh milk. The existence of non-transferable quotas creates inefficiencies since quota 

holders must produce market milk at a given level all year-round and thus location and seasonal 

cost advantages cannot be obtained. Lower cost farms may be excluded from supplying market 

milk where firms WIth quota entitlement are able to produce milk at a marginal cost which is 

below the price of market milk but higher than the price of manufacturing milk which other 

producers are able to supply. The non-tra.l'lsferability of quotas raises the costs of production. 

Increased competition from Victoria, where no quotas exist, and the introduction of a Closer 

Economic Relationship with New Zealand in July 1990 has led to a number of refonns within 

the New South Wales dairy industry. These include the introduction of negotiable quotas in July 

1990, the incorporation of a market force component within the automatic price fixing 

mechanism contained in the Dairy Industry (Pricing) Regulation, the merging of a number of 

fanner co-operatives and the portability of quotas with vendors. 

In this study the New South Wales Dairy industry is modelled using spatial equilibrium linear 

activity analysis in an attempt to examine potential policy effects on the production of market and 

manufacturing milk within different regions of New South Wales. The model is based on a 

subregional linear programming model developed by the Australian Bureau of Agricultural 

Economics (Williamson et al. 1988). In this study, ABAH.E's model is extended by adding milk 

demand functions and by creating a quadratic sociru ":,,!f.'!fare obj~tive function to be maximized. 

The model can be used to exanline the situation ,',hefe quotas are totany removed from the New 

South Wales industry. The policies examined include fixed quotas (which are still relevant given 

the restrictions on quota transferability under the new system), negotiable quotas, and total 

deregulation. 

In one version of the model, it is assumed demand for market milk is based solely in Sydney. 

Demand is assumed to be fixed and is thus independant of price. A second version of the model 

explores the case where demand also exists in other regions of the state, and the quantity of milk 

demanded is responsive to price. There are four demand centres; 

(1) North Coast, 

(2) Metropolitan (Sydney), 

(3) Riverina, 

(4) South Coast. 
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Each region is linked by a set of transportation activities. The model is also divided into four 

time periods enabling seasonality effects to be incorporated. 

The spatial equilibrium linear activity analysis provides useful infonnation for policy makers 

and dairy fanners alike. Production and sales levels of market and manufacturing milk in each 

region as well as the interregional transfers of market and manufacturing milk can be 

detennined. The price of market milk in each .region can be found. Details of aggregate 

transportation costs t production costs and resource usage levels. which may be of some use in 
other areas of study, are also produced., but are not examined in this study. 

Spatial Equilibrium Analysis 

A major development in spatial equilibrium modelling occurred with the publication of Spatial 
and Temporal Price and Allocation Models by Takayama and Judge (1971). This book 
provided an extensive foundation for the development and application of spatial equilibrium 

models through the use of quadratic programming (MacAulay, 1990). 

The spatial equilibrium problem arises where there are two or more regions with known supply 

and demand functions which produce and consume a homogenous product. The regions are 

separated but not isolated by known product transfer costs. Given these factors, the problem is 

to detennine for each region the equilibrium levels of production, supply, consumption, prices 

and equilibrium trade flows betweeen regions (Martin, 1981). 

Conditions of Exchange Equilibrium 

A good which is mobile will move from the market where its value is lower to the market where 

its value is higher until differences of values are not larger than transportation costs. In other 

words, the price differences between any pair of regions cannot exceed transportation costs if 

the markets are to be in eqUilibrium. They must either differ by transportation costs (trade 

occurs), or be less than transport costs (no trade occurs). In the basic case where there are two 

regions, region 1 and region 2, and there is one homogeneous good (q), the price of good in 

region 1 which delivers the good to region 2 will be lower than the price in region 2 by the 
exact amount of the transportation cost from region 1 to region 2 if the markets are in 

equilibrium. The two region, one commodity case is represented in Figure 1. 

Without interregional exchange the price in region 1 is ~I and in region 2 it is ~2' If 
transpottation costs are greater than ~2 - ~l interregional exchange will not pay. At a 

transportation cost of t12 < P2 -PI trade will be profitable. With exchange the price will rise in 

region 1 and fall in region 2. While the price difference is larger than transportation costs, 

traders will have a trading profit. This will vanish when price differences become equal to 

transportation costs. Then spatial equilibrium at prices PI and P2 and an interregional exchange 
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of z12 is reached. On the other hand. if thettanspon cost were to be so large as to exceed 
A A . • • 
P2 - Pit no trade would occur. and the markets would be effectively Jsolated. 

Figure I Bad, to Back Diagram of Interregional Trade 

Region 2 Region 1 

51 

Z12 Z12 
d1 

1\ 
Y2 X2 X2 Yt ~1 i l .. ql 

II .. II II 

92 'in Z11 
1\ 

Yl 

The autarkic position in Figure 1 is where prices equal ~l and ~2 and the demand, y, and 

supply, x, of the given commodity will be 91 = ~ 1 and 92 = ~2 for region 1 and region 2. 

Autarky prices will prevail while no trade occurs between the two regions. If trade is allowed 

spatial equilibrium occurs at prices P I and P2 as described above. Let Zjj denote the quantity 

produced in i and transported to j; dj ( . ) and Sj ( . ) denote demand and supply functions in the 

jth region. The equilibrium relationship for traders among the quantities and prices are 

described as: 

(1) 

and 

(2) 



-4-

Equation 1 indicates that the prices in the two regions cannot be too different Equation 2 
indicates that if trade occurs, prices must differ by exactly the transport costs; or, if the price 
difference is less than the transportation costs, there must be no trade. 

Producer and consumer equilibrium in the simple two region and one comnrodity trade problem 
yield the following: 

PI = d l (zl) 

dl (zl) = sl (z11 + z12) 

P2 = d2 (~2 + z12) (3) 

~ (~2 + z12) = s2(Zz) 

Overall equilibrium is defined by (1), (2) and (3). Because of the inequality in (1). and the non

linearity of (2) these equations are not easy to solve. Suppose however that trade does occur, 

that is ~12 > 0, then P2 - PI -tl2 = O. Then the fonn equations of (3) plus the additional equality 

give a system of five equations in five unknowns. 

The five unknowns (Pl. P2' Zit' z12t Zz2) are solved from the five equations simultaneously. 

For two-regions, the nature of the equilibrium point is clear and it can be identified graphically, 

be it a case of trade from region 1 to 2 (as in Figure 1) or from region 2 to 1, or no trade. ,For 

multi-region problems, one has to resort to other solution methods. The descriptive equilibrium 

problem can be cast mathematically as an optimizing problem (Samuelson 1952, p 285), where 

the value of net social pay-off is maximized using quadratic programming. Takayama and 

Labys (1985) describe that this process begins by maximizing the sum of the producer and 

consumer surpluses less transportation costs given by equation 4. Where this is maximized, n 

spatial equilibrium solution is achieved. 

Yj Xi 

cI> (y. x. z) = t J dj(£j) d£j - t J Sj(O) dOj - ~t tij Zij) (4) 

Subject to; 

y I ~ Z Ii - z2i - .........•.. SO} 
-Xl + Zit + z12+ .......... SO 

for all i (5) 

and 
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(6) 

where y is the demand for the commodity in each region,x is the supply of the commodity in 

each region, and z is the amount of the commodity transferred between producers and 
consumers. The function, (y, x, z) represents the sum of consumers' and producers' 

surpluses with trade, less the trade costs. When the supply and demand functions are linear, the 
objective function reduces to a quadratic function and equilibrium exists where the function 

described by equation 4 is maximized. Martin (1981) shows this diagrammatically by 

maximizing the shaded areas in Figure 1. This can be seen via an examination of the gains and 

losses producers and consumers face resulting from the movement from an autarky point to the 

equilibrium position after trade. An examination of the effects in region 1 reveals the increase in 

price from ~l to Ptresults in a net gain of N. 

Producers gain L + M + N 

Consumers lose L+M 

Net gain = N (1) 

Similarly, the effects in region 2 from a price decrease from ~2 to P2 results in a net gain of area 

K + J which is detennined in 8. 

Consumers gain 

Producer lose 

Net gain 

K+J+I 

I 

= K+J (8) 

The frrst and second order conditions for an optimum solution to this type of non-linear 

problem are known as the Kuhn-Tucker conditions. Provided the demand curve is not upwards 

sloping, and the supply curve is not downwards sloping, second order conditions are 

automatically satisfied. The first order conditions are direct extensions of the equations (1), (2) 

and (3). Further details on the Kuhn-Tucker conditions are given in Takayama and Labys 
(19&.), p 8). The model can be extended to many regions, many products, and many time 

periods. 

Regional supply functions for the New South Wales dairy industry 

The ABARE st1bregional programming model was used to estimate the regional supply 

functions. Programming was used instead of econometric methods because regional supply 

data are not readily available. Secondly, linear programming is flexible enough to allow the 

incorporation of the complex linkages 'Nithin a dairy fann.and thus provides a more effective 

method of estimating the supply function under alternative policies than econometric methods. 

The genernl method of estimating the supply function using programming methods is to vary 
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the commodity price, using parametric programming, to produce a stepped supply function (see 
Blyth 1982, p. 141). 

However, several problems must be considered when using the method. Stovall (1966, 

pp.477-480) lists these as specification error, sampling error and aggregation error. 

Specification error is essentially the difference between the real world situation and the modeL 

Errors often occur in the technical coefficients, the resource constraints and the input and 

product prices used. Specification of the fanner's objective function and expectations may also 

be incorrectly modelled. 

Sampling error is the difference between an estimate of a population parameter obtained from a 
sample and the population parameter itself (Neter,Wassennan and Whitmore 1982, p. 203). In 

linear programming studies, sampling error occurs in the initial stages when data is collected 
from a sample of fanns. 

Aggregation error is the difference between the supply response gained from the summation of 

linear programming solutions for each of the individual dairy fanns in the industry and that 

attained from the programming and weighted summation of supply responses for a smaller 

represental Lve number of fanns (Blyth 1982, p. 162). For the representative fann model 

approach, the aggregate supply estimate is arrived at by appropriately weighting the 

representative fann solution vector according to the number of farms in the region. If the 

aggregate supply estimated in this method is different to that where each individual fann was 
included then aggregation error is a problem. The method of selecting representative fanns is 

therefore very important. The ABARE subregional programming model divides the state into 

four main regions and three fann types in each region using data provided by the 1984-1985 

and 1985-1986 Dairy Industry Swvey data. 

The three different fann types are defined as follows. Type 1 farms are "quota" fanns 

producing a high proportion of market milk, and a low proportion of manufacturing milk and 

characterised by high feed and high total costs. Type 2 fanns tend to have a seasonal pattern of 

production producing less milk in winter months than the other farms, but have some 
comparative advantage in the production of winter milk. Type 3 farms are the extreme, having a 

much more seasonal pattern of production with less milk in winter and more in late spring, 

summer and early autumn. 

The ABARE subregional programming model can be summarised into five different parts 

(1) eleven subregional technology mauixes (one farm type in each region, less a type 1 fann in 

the Riverina (region 3); 

(2) a market milk revenue submatrix, which is constrained by equalities to supply a specific 

amount of market milk to Sydney; 
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(3) a transport submatrix, which includes the cost of transporting market milk: to Sydney, and 

manufacturing milk in other regions; 

(4) four manufacturing milk revenue submatrixes which are constrained by regional demand 

curve quantities that vary temporally in accordance with historical trends; 

(5) an accounting submatrix to provide cO."' ,renient access to aggregate cost and production data. 

(Williamson, et at 1988, p. 6) 

The marginal cost of milk production is largely detennined by feed supplies during different 

times of the year (Hill and Freshwater 1988, p. 35). For this reason the year has been divided 

into four periods which were designed to reflect as accurately as possible the seasonality of 

pasture growth in New SOul.k~ Wales. 

Demand for market milk in New South Wales 

Market milk has relatively few uses, a small number of substitutes and represents a small 

proportion of most families income (Bewley 1990, p. 97) and therefore is expected to have a 

relatively inelastic demand curve. Studies undertaken by Ratnam and Speilman (1972), Street 

(1974), Nelson (1977) and others shown in Table 1, show the relatively inelastic demand for 

market milk in New South Wales, Australia and overseas. 

A major problem in detennining the own-price elasticity of demand for the New South Wales 
market milk sector is that prices have been regulated according to a specific price fixing fonnula 

under the Dairy Industry (Pricing) Regulation with restrictions on output set by supply quotas. 

Davidson, MacAulay and Powell (1989, p. 10) indicate that this causes a problem in relation to 

using time series data for the estimation of a market milk demand equation. They argue that the 

problem arises in identifying statistically significant variables which show the correct sign. 

They also point to the additional problems of multicollinearity and autocorrelation. Since 

regulation affects the given prices and quantities of market milk in New South Wales. Bewley 

(1990) attempted to estimate the price elasticity of market milk demand based on cross-sectional 

data rather than time-series data. Basing his demand equation on own price, income, 

population and age structure he derived an own-price elasticity of demand for market milk of 

- 0.13. 
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Table 1 Elasticities of market milk determined in previous ptudies 

Own':Price elasticity 
Study Location Factors influencin2 demand of demand 

Ratnam & Household size, .habit • acceptability. and 
Soeilman (972) Hawaii ownvrice Inelastic 
screet (1977) Sydney Price •. age distribution. lagged milk prices -0.2 
Nelson (1977) New South Wales Price and age. distribution Inelastjc 

& Queensland Inelastic 
Tedesco (1979) New South Wales Pric~ population. and seasonalfaC1ors 1nelastic 
Collins (1981) Australia Price. income, age. seasooal factors Inelastic 
Bewley (1987) New South Wil,;;.S!Ir Price and income -0.1 

Victoria 
Davidson. New South Own price. income. and cross prices NSW -0.00 
MacAulay & Wales.Victoria & VIC -0.28 
Powell (1989) Queensland OLD -0.00 
Bewley (1990) New South Wales Price. income. population. and age structure -0.13 

Derivation of an Aggregate Demand Equation 

The market milk demand equation used in the spatial equilibrium problem is based on Bewley's 

elasticity figure of - 0.13. Assuming that the retail demand equation for market milk is linear, it 

may be derived if the quantity of market milk consumed by New South Wales consumers at any 

time and the retail price of market milk at that time are known. For the purposes of this study it 

is assumed that a typical quantity of market milk demanded by consumers in New South Wales 

is 393.054.800 littes (see Williamson, Topp and Lembit, 1989), and that this quantity is 

consumed at a retail price of 85c per litre. This is the going price consumers paid in October 

1989 (New South Wales Dairy Corporation 1990, p. 58). The demand function is 

P = 7.38846154 -6.6539949 x 10.8 Q (9) 

where Q is quantity in Iitref; ft-:r ;iucii""il, and P is price in dollars per litre. 

A fann level demand rather than retail demand equation is required since there are marketing 

margins between the price fanners receive and the price consumers pay for a good. If the 

marketing margins are assumed to be constant and total 43.82 cents per litre, the derived 

demand for market milk can be found be subtracting 43.82 cents per litre from the constant in 

Equation 9. 

P = 6.9502615 - 6.6539949 x 10-8Q (10) 

To be consistent with the scaling factors used in the ABARE model the demand function is re

expressed in units of 1071itres. 

P = 6.9502615 - 6.6539949 x 10-IQ (11) 

Equation 11 represents the total fann level demand equation for market milk per quarter in New 

South Wales. This is used in the quadratic programming (single demand) region model. 
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The Models 

incorporation of demand in ABARE's subregional programming model 
[ModeJ A] 

In this case the demand equation is perfectly inelastic since the price received for each litre of 

market milk sold to Sydney is 41.18 cents per litre while output is forced to remain constant 

under a fixed quota. The price of market milk is exogenously fixed. With demand fixed, 

consumer surplus is constant, and the equilibrium is defined by the solution toa cost 

minimizing linear progmmming modeL 

A linear programming profit maximization model which aims to find the competitive 

equilibrium pattern of production is reasonable only where retail prices (and fann prices) are 

fIxed. Since prices are not fixed in a deregulated market, and demand is linear and neither 

peJfectly elastic or perfectly inelastic, a quadratic progmmming merlel such as that described by 

Samuelson (1952) is required. 

Incorporation of demand in tbe quadratic programming (multiple demand) 
regions model [MODEL B1 

In this model, demand functions are added. Thus as the quantities of market milk sold varies, 

so does the price. In Model B, each of the four regions has a given demand for market milk in 

each quarter. In estimating the demand for market milk in each region, census statistics were 

used to disaggregate total demand into four regional demand equations. The population of each 

region was taken from Australian Bureau of Statistics (1990) data. The aggregate market milk 

demand curve is simply the horizontal summation of the individual market milk demand curves 

for each of the regions. Assuming all consumers have the same demand function, then each 

region's market milk demand curve can be found by dividing the slope coefficient of the 

aggregate market milk demand curve by the proportion of the popula.tion in that region. 

Thus the quarterly market milk demands for each region are given by: 

North Coast P = 6.9502615 - 6.926865 Q 

Metropolitan P = 6.9502615 -0.8585057 Q 

Riverina 

South Coast 

P = 6.9502615 -14.944201 Q 
P = 6.9502615 -7.888881 Q 

(12) 

(13) 

(14) 

(15) 

The slope coefficients, for example - 6.926865 for the North Coast quarterly aggregate demand 

function, are entered as the quadratic coefficient in the objective function of the quadratic 

programming model. The intercepts of the demand function 6.9502615 provides the linear part 

of the objective function. An additional 12 sell market milk activities were incorporated into the 

model to allow for the expanded number of demand regions. An additional 12 aggregate market 
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milk pools were also required. Thus Model B has 16 demand equations which are incorporated 

into the model through the 16 regional market mi'.:c sell activities. 

Since each region can sell its market milk in any of the 4 regions (which includes selling to its 

own region). an additional market milk transportation sub-matrix was built. In Model A only, 
the cost of transporting market milk to Sydney alone from each of the 4 regions was 

considerea An additional 12 transportation activities were required to enable market milk: to be 

transported between each of the 4 regions. To facilitate policy analysis, the accounting sub

matrix was also enlarged to enable total transport costs for each route to be summed. 

The transportation costs for transporting market and manufacturing milk were assumed to be 

the same since both require the same transport and handling procedures. Table 2 gives the 

interregional transportation costs. 

Table 2 Interregional Transportation Costs 

Regton Transportation Cost ($ per lItre) 
North Coast to Metropolitan 0.0425 
Metropolitan to Metropolitan 0.01 
Riverina to Metropolitan 0.0645 
South Coast to Metropolitan 0.026 
North Coast to North Coast 0.015 
Metropolitan to North Coast 0.0425 
Riverina to North Coast 0.085 
South Coast to North Coa C\t 0.051 

~orth Coast to Riverina 0.085 
Metropolitan to Rivenna 0.0645 
Riverina to Rivenna 0.011 
South Coast to Riverina 0.051 
North Coast to South Coast 0.055 
Metropolitan to South Coast 0.026 
Riverina to South Coast 0.051 
South Coast to South Coast 0.012 

Demand for Manufacturing MUk in New Soutb Wales 

The demand for manufacruring milk has the same structure in both models. Manufacturing milk 

can be transferred between regions, at the same cost as for market milk. The demand for 

manufacturing milk is assumed to be perfectly elastic based on the notion that manufacturing 

milk faces world prices and Australia is a relatively small producer of dairy products. 

The manufacturing milk prices enter all three models directly under each fann' s sell 
manufacturing milk activity. The manufacturing milk prices for each region are given in Table 

3. These values were used in ABARE's model and were not changed for Model B. 
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TabJ.e 3 Manufacturing Milk Prices 

Region 
Northoast 
Metrololitan 
Riverina 
South Coast 

Model Results 

The results derived included the marlretand manufacturing milk production levels for each 

region~ the quantity of market milk sold in each region. tbequantity of market miIksold in each 

period. the price of II1aIXet milk in each of the regions at the time in which it was sold, the 

market milk transfers between regions (Model B), and the manufacturing milk transfers 

between the regions. The model also generates details of the activity levels for each of the 

representative fanns and by virtue of the accounting matrix, aggregate regional and industty 

costs can also be examined in relation to given policy changes. None of this data is reported in 
this paper, but is available from the authors on request. The policies were examined under each 

of the 3 major models and are outlined in Table 4 

Table 4 Model identification bypoJicy implemented 

Quota Deregulation 
FIXed Negotiable Partial Total 

MODEL A (Single demand region linear program) LPFQ LPNQ 
MODEL B (Regionaldcmand quadratic program) QPFQRD QPNQRD QPPDRD QPTDRD 

Effects on Market Milk Production 

Tbespecific results of Model B on the production of market milk under the fixed quotas, 

negotiable quotas and deregulation policy alternatives are reported in Table 5. Partial 

deregubtion is not examined since it has little policy application. 

With the introduction of negotiable quotas, the result'> indicate that the major change isa shift in 

production from the North Coast to the Metropolitan region. There is a shnilar, but smaller 

shift, from the Riverina to the Metropolitan region. It is likely that the strong demand for market 

milk in the Metropolitan region and the relatively high transportation costs between regions 

contributes to these ch&"1ges. Under a negotiable regime, production .moves to areas which are 

the most efficient, that is~ where the marginal costs of production are the lowest This 
reallocation of production between regions improves efficiency. 
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Table 5 Changes in Market Milk Production 

Units Volume Change from Changeasa Change fromNegotiabJe State 
Fixed-Ouota uercentaS!e to Dere2u1ated (%) Production (%) 

North Coast 
Fixed quotas 10ML 9.94787 25.3 
Negotiable quotas lOML 3.77138 - 6.1765 - 62.09 9.6 
Deregulation 10ML 3.8718 - 6.0761 - 61.08 1.01 9.6 
Metropolitan 
Fixed quotas 10ML 15.43942 39.3 
Negotiable quotas lOML 23.41211 7.9727 51.64 59.6 
Deregulation 10ML 23.82983 8.3904 54.34 2.71 59.1 
Riverina 
Fixoo quotas 10ML 2.31046 5.9 
Negotiable quotas JOML 1.7f1J78 -0.5497 - 23.79 4.5 
Deregulation lOML 1.80733 - 0.5031 - 21.78 2.01 4.5 
South Coast 
Fixed quotas lOML 11.60772 29.5 ; 

Negotiable quota~ 10ML 10.3612 - 1.2465 - 10.;4 26.4 
Deregulation IOML 10.84193 -0.7658 -6.60 4.14 26.9 

Under total deregulation, there will be little funher relocation of production beyond that for 
negotiable quotas, since the most efficient regions are then producing. The major change that 
will occur will be an increase in thf level of market milk production until economic .rents 

associated with the quota are eroded away, that is. until the prices for market milk fall to a level 
where marginal costs equal marginal revenue. The model results indicate that market milk 
prcduction increases under deregulation and that little funher regional production redistributions 

occur. Levels of market milk production in each region under deregulation are up to 4 percent 

higher than the negotiable policy case. 

Effects on Manufacturing Milk Production 

Manufacturing milk production levels are not directly affected by market milk quotas, except to 

the extent that a fixed surplus amount should be produced to prevent under supply of quota 
requirement. However, the results (reported in Table 6) indicate that manufacturing milk 

production levels are affected indirectly in that where a region increases its market milk 

production the quantity of manufacturing milk produced in that region will decline, more or less 

maintaining total milk production. Again the major result is that more manufacturing milk will 

be produced on the North Coast and the Riverina, and less in the Metropolitan region. 
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Table 6 Changes in Manufacturing Milk Production 

Units Volume Change from Change as a ChangefromNegotiable State 
Fixed:"" Quota nereen~e to~u1ated (%) Production{%) 

Nortb Coast 
Fixed quolaS 10ML 10.46059 23.0 
Negoti.able quotas lOML 14.01385 3.5533 33.97 32.8 
Deregulation lOML 13.91342 3.4528 33.01 -0.96 33.7 
Metropolitan 
Fixed qootas 10ML 15.08263 33.1 
Negotiable quotas lOML 7.10994 -7.9727 -S2.a6 16.6 
Deregulation lOML 6.69222 -8.3904 - 55.63 -2.77 16.2 
Riverin8 
Fixed quotas lOML 7.15705 15.7 
NegotiabJe quotas lOML 7.80713 0.6501 9.08 18.3 
Deregulation 10ML 7.76058 0.6035 8.43 -0.65 18.8 
South Coast 
Fixed quotaS lOML 12.82361 28.2 
Negotiable quota.~ 10ML 13.78851 0.9649 7.52 32.3 
Deregulation lOML 12.9073 0.0837 0.65 -6.87 31.3 

If total deregulation were to occur~ a reduction in the production of manufacturing milk occurs 
in all regions. These reductions are only minor in the North Coast and Riverina and are most 

substantial for the South Coast. 

Effects on Total Milk Production 

The total level of milk production for each region is reported in Table 7. Generally total milk 

production in each region remains Similar under each policy with the main exception being the 

Nonh Coast .. 

Table 7 Changes in Total Milk Production 

Units Volume Ctmngcfrom Change as a Change fromNegotiable State 
Fixed~ Quota nercentru!e to Deregulated (%) ProductionL%l 

North Coast % 

Fixedquows lOML 20.40846 24.1 
Negotiable quotas 10ML 17.78523 -2.6232 - 12.85 21.7 

_ '01\''''' -Deregulation 10ML 17.78522 - 2.6232 - 12.85 O~OO 21.8 -. 
Metropolitan 
Fixed quotaS lOML 30.52205 36.0 
Negotiable quotas lOML 30.52205 0.0000 0.00 37.2 
Deregulation 10ML 30.52205 0.0000 0.00 0.00 37.4 
Riverins 
Fixed quotas 10ML 9.46751 11.2 
Negotiable quotas lOML 9.56791 0.1004 1.06 11.7 
Deregulation lOML 9.56791 0.1004 1.06 0.00 11.7 
Soutb Coast 
Fixed quotas I.OML 24.43133 28.8 
Negotiable quotas lOML 24.14971 - 0.2816 - 1.15 29.4 
Deregulation IOML 23.74923 - 0.6821 -2.79 -1.64 29.1 
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Cbanges in Market Milk Prices 

Prices are detennined by the quantities of market milk sold in each region, in each time period. 
Table 8 indicates the percentage changes in price of market milk for each policy scenario using 
fixed quota prices as the base. Price changes are reported for each period.In summary. the 

results show that the fIXed quota policy and negotiable quota pclicies hold the price of market 

milk at higher levels than the deregulated market due to supply restrictions. 

Table 8 Policy effects on the Prices of Market Milk 

Fixed Negotiable % change Total Price change from % change 
Quotas Quotas Fixed to Deregulatioo Fixed to Total Fixed to 

Neaotiable Dereaulation DereKulated 
Jan-March Metropolitan $0.418 50.413 -1.32 $0.233 50.185 44.21 
Apr-June Metropolitan $0.418 $0.415 -0.77 $0.244- $0.175 41.75 
July-Sepl Metropolitan 50.418 50.416 -0.53 $0.250 $0.168 40.17 
Oct-Dec Metropolitan 50.418 $0.413 -1.32 $0.233 50.185 44.21 
Jan-March North Coast 50.391 50.425 8.76 SO.245 50.145 37.16 
Apr-June North Coa~t 50391 $0.417 6.71 50.245 SO.l45 37.16 
July-Sept North Coast 50.391 $0.411 5.28 $0.245 $0.145 37.16 
Oct-Dec North Coast 50.391 $0.425 8.76 50.245 $0.145 37.16 
Jan-March Riverina 50.365 50.377 3.54 SO.198 $0.167 45.68 
Apr-June Riverina SO.365 50.369 1.32 SO. 198 50.167 45.68 
July-Sept Riverina $0.365 SO.364 -0.25 50.198 $0.167 45.68 
Oct-Dee Riverina 50.365 SO.377 3.54 $0.198 $0.167 45.68 
Jan-March South Coast 50.404 SO.409 1.19 $0.230 50.175 43.19 
Apr-June South Coast $0.404 $0.401 -0.79 SO.230 $0.175 43.19 
July-Sept South Coast 50.404 50.402 -0.54 $0.236 $0.168 41.58 
Oct-Dec South Coast $0.404 50.409 1.19 $0.230 SO.175 43.19 

Comparison of Objective Values 

Negotiable quotas and deregulation are likely to lead to an improvement in efficiency. Lembit 

and Bhati (1987) found that the restrictive production policies employed by the New South 
Wales dairy industry led to bigher farm costs. The study carried out by Williamson, Topp, 
Lembit and Beare (1988) found that the system of non-negotiable quotas created inefficiencies 

to the extent that each dairy fann would be 'givel:' a payment of $1000 from the industry as a 

direct result of the introduction of a negotiable quo\..l scheme. Studies by the Industry 
Assistance Commission (1983) and PurtHl and Skinner (1987) have also highlighted some of 

the inefficiencies inherent in the dairy marketing system. 

The objective function in each of the quadratic programming models developed in this study 

relate to a level of social welfare. Optimal solutions are found where this measure of social 
welfare is maximized. By examining the changes in the objective values obtained under each 

model an indication of the optimal policy in relation to social welfare may be detennined. The 

differing objective values under each policy are given in Table 9. 
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Table 9 Objective Values for Each Policy Modelled 

FIxed quotas [QPFQJID] $1.39504 x 102 
NegotIable quotas [QPNQRDj $1.39888 x 102 

Total deregulation lQPTDRDJ $1.39979 x 102 

Social welfare levels are greatest under the totally deregulated policy model which is consistent 

with economic theory. The increase in the objective value is greater for the movement from 

fixed to negotiable quotas than it is for the movement from negotiable quotas to total 

deregulation. The changes in the production of market milk between regions can be directly 

related to the improvement in the objective function since greater adjustments in regional 

production of market milk and m~ufacturing milk occurred in the fIrSt policy change. 

Relocation of market and manufacturing milk production under a freer environment is thus the 

main cause of the gains. This occurs because fanners with lower costs of production and 

advantages in relation to market locality are able to produce more market milk. The model 

results are therefore consistent with previous expectations that the removal of fixed quotas 

would improve efficiency. 

The actual direction of change in the production of market milk has however been contrary to 

the results obtained from previous work, for example ABARE's work in 1988. In this study 

market milk production increases dnunaticaUy in the Metropolitan region while large reductions 

have occurred in the North Coast with both the introduction of negotiable quotas and total 

deregulation. The Riverina was found not to be a major producer of market milk under either 

the negotiable quota scenario or total deregulation which seems realistic given its distance from 

the major market in Sydney. 

Areas of Further Research 

TheimplicatiOkLs of supply from other than New South Wales regions have not been considered 

in this ana1ys.i~. Under the negotiable quota system which is presently in place, prices of market 

milk in New South Wales are much higher and thus Victorian supplies to the Sydney market 

may be competitive. An additional region 'Victoria' is required in the model to consider this 

possiblity. In the case of deregulation,Victorian imports are unlikely to replace New South 

Wales production since it seems to pay the latter to produce even at the low manufacturing 

prices. 

Manufacturing milk prices detennine production at the margin. Hence the demand function for 

manufacturing milk is very imponant, under deregulation in particular. Some fonn of demand 

equation for manufacturing milk should be incorporated into the model. It may be useful also to 

incorporate the processing sector into the model if its effects on manufacturing milk prices were 
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important enough. Rational location of processing factories may be an extended policy analysis 
under such a model. 

The quadratic program could be adjusted so that the assumption of constant per unit costs of 

ttansfonnation are relaxed allowing the average cost CUlVes of transfonnation to be specified in 
a quadratic nature crea.ting a cubic programming model. MacAulay, Batterbam anu 't:i~hpt" 

(1989) describe the usefulness of cubic programming methods in spatial trading sy~~ ... lU;). The 

spatial trading system of the New South Wales dairy industry may give a practical application to 

such advances in mathematical programming. 

The data used in the model could be examined in more detail and updated further. Policy effects 
on the fann level could be analysed to give an indication of the kinds of resource useage levels 

and cost variations that would occur. The results for this work could be found directly in the 

solutions already obtained under this study. All that is required is that the policy analysis be on 

a less aggregated basis. examining the input rather than output solutions obtained. The 

advantage of the programming model used is that it has the ability to give the optimal input 

levels required for each representative fann. 

Some fonn of sensitivity analysis should also be undel·taken. Given the reliance on f: ,ed prices 

for manufacturing milk in each region and on the fixed ttansportation costs of milk between 

regions. the model needs to be examined for stability in its solution given a range of prices and 

costs. Some sensitivity analysis was undenaken on the cost of transporting milk from the 

Riverina to check the validity of the results given that the Riverina had a much smaller 

significance in this study than in other studies. From the limited number of sensitivity runs 

undertaken. it was found that practically no changes to the result occurred for the fIrSt one cent 

per litre drop in transportation costs from the Riverina to Sydney_ A more extensive study is 

needed to con finn the stability of this solution. 

Conclusions 

The general effect of negotiability and deregulation on the production of market, manufacturing 

and total milk production is significant and can be observed readily within Tables 5 to 9. 

Essentially the Nonh Coast will produce much less market milk while the Metropolitan region 

will increase its production significantly under both negotiable quotas and deregulation. The 

major effect deregulation has in addition to the policy of negotiable quotas is that large falls in 

prices will occur in all regions. The price decline will far outweigh the additional production of 

market milk and fann revenues will decline. 

Manufacturing milk production levels adjust such that total milk production levels essentially 

remain unchanged for each region. Since production is restricted to a level where marginal costs 

equal marginal revenue, and that marg'inal revenue is set by the price of manufacturing milk, 
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cbanges in total production will not occur under deregulation. This explains the large reductions 

in manufacturing milk production in the Metropolitan region as more market milk is produced 

under both negotiable quotas and deregulation. Large increases in the production of 

manufacturing milk will occur in the NOl1h Coast but total production of milk will decline in 
that region. 

Contrary to the study camed out by ABARE (Vlilliamsont Topp, Lembit and Bearet 1988), and 

to some other market participants beliefs (dairJ fanners comments), the Riverina seems to have 
a very small part to play in the production of flarket milk: for consumption in New South 

'''ales. This indicates also that distance to rna leet plays an important role and that as such 

Victoria may not be able to compete with producers in New South Wales. If this is the case for 

the negotiable quota scenario, where prices are relatively high, it will be more pronounced if 

total deregulation occurs, since prices will be much lower. 

The movement in New South Wales to a poUcyof negotiable quotas should increase efficiency 

in the industry. Deregulation will take producers to an even more competitive position but it will 

have detrimental effects on producers income levels. Fanners should therefore argue against 
total deregulation. Co~ ,sumers however should argue for deregulation, since they will ben.efit 

from lower prices. 

The model has given detailed information on the effccrs negotiable quotas and deregulation will 

have on production of market and manufacturing milk in each of the four regions described. It 

has given the market milk sales and prices in each region and therefore has fulfIlled its objective 

of providing a framework for analysing the effects of different policies on the New South 

Wales dairy industry. 
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