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1. 

I. INTRODUCTION 

This paper is the first of a series concerned with that aspect 

of spatial economics known as facility location. Here, the term 

facility is assumed to have a wide meaning. It includes raw material 

processing activities such as livestock slaughter works, services 

such as schools, electricity substations or ambulance centres and 

storage such as warehouses or bulk depots. Further, the problem 

may be within either the public or the private sector. The broad 

classes of processing, service and storage are distinguished because 

each has characteristic attributes and requires somewhat different 

procedures. 

The problem discussed in this paper concerns processing. 

The paper has three major sections. Firstly the relationship of 

facility location problems to general economic theory is indicated 

and some empirical plant location studies noted. Secondly, a 

workable methodology for solving plant location problems is 

defined and solved, using the methodology discussed. 
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II. 

1. 

FACILITY LOCATION AND ECONOMIC THEORY 

Space in Economics 

As Kuenne (33) points out
1 

there has been relative neglect 

of space in economic theory when compared to the attention devoted 

to temporal problems. This is attributed to a number of causes. 

First, many problems in economics, for example those relating to 

capital, interest and money, can only be approached within a 

temporal framework. Second, a number of spatial factors such as 

transport can be transformed into cost terms and thus lose their 

spatial characteristics. Third, what are initially conceived of 

as spatial problems, for example factory location, may more 

properly be considered time problems. For example, the desire 

to locate near customers may be based on the need to service them 

quickly. Fourth, spatial analysis often deals with discrete 

phenomena and is thus not subject to the niceties of marginal 

analysis which can be readily applied to continuous functions 

assumed elsewhere in economics. 

What attempts there have been made to introduce space 

as one determinant of economic activity are usually traced back to 

von Thunen (59) writing in 1826. However it is only in the last 

20 years or so that mathematical economists have formulated 

operational spatial models capable of providing answers to real 

world problems. 

Traditional location theory is considered to have originated 

with von Thunen who was concerned with locating different types of 

agricultural production activities around a central point. The 

next substantial contribution was that of Weber (64) although 

meantime other Germans, including Launhardt (35) had published 

in this field. 

1 
Also Richardson (53) amplifies. 
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Weber's main contribution was in the location of manu­

facturing industry. He considered transport costs, regional 
2 

wage rates and raw material costs important. Hoover (21) 

extended Weber's work by introducing the theory of the firm 

and also pioneered empirical content with his shoe and leather 

industry studies. He is said to have been influenced by Palander(48) 

who was also concerned with introducing further economic backbone 

into location analysis. 

These early contributors were attempting to explain the 

influence of space on social and economic activity - an aspect 

which they considered neo-classical economics had ignored. 

Moreover they worked within a partial equilibrium framework. 

The first effort to work within a general equilibrium 

framework and thus utilise major neo-classical insights (specifically 

the Walrasian system) was by Losch (4?. His system had five 

simple equations, emphasised product demand as a major variable, 

but tended to ignore or assume away the effect of cost on location. 

Isard (25) and Leferber (37) further develop and generalise 

spatial general equilibrium models. 

linear programming framework. 

Leferber worked within a 

Nevertheless all these efforts were conceptual rather than 

operational in nature. 

Meantime another group of economists were exploring 

the problem of introducing space into economic analysis, through 

the use of linear production models. 

2 

3 

Translations of van Thunen and Weber were not available until 
1966 (16) and 1928 (65) respectively, thus delaying their 
influence in location economics. 

Again not available in English until 1954 when translated (41 ). 
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The theory, application and problems of such models 
4 

is conveniently summarised in a set of papers edited by 

Koopmans (32) in 1951. 

Here, Koopmans & Reiter dealt specifically with the 

transportation (spatial) model while acknowledging earlier work 

which included the pioneering study of Hitchcocko Later, 

Samuelson (54), building on Enke (9), generalised the Koopman-

Hitchcock problem into a spatial price equilibrium model. This 

was a significant development in spatial economics, explained by 

Fox (14) as follows: 

4 

"The "transportation model" has won a 
prominent place in the linear programming literature 
and has been applied successfully to the shipping 
problems of some industrial concerns. In this model 
specified quantities of a commodity are to be shipped 
from each of a number of sources and other specified 
quantities are to be received at each of a number of 
destinations, total receipts being equal to total ship­
mentso The receipts at each market are determined 
in advance and do not depend upon price. The 
objective is to satisfy the set of destination require­
ments at t.he least possible total transportation cost. 

"The "spatial equilibrium model" differs from 
these in that prices at each shipping point and 
destination are continuous functions of the quantities 
shipped or received plus the quantities produced and 
retained locally. The spatial equilibrium model, 
with its price-dependent demand and supply functions, 
may be quite useful in analysing problems of public 
policy, most of which arise at the industry level.. 
These include tariff and other policies affecting inter­
national trade, excise taxes, freight rate regulation, 
farm price support policies, and perhaps others. 
The competitive organisation and continuously varying 
prices in many agricultural commodity markets make 
these particularly adaptable to analysis by means of 
the spatial equilibrium model. The existence of a 
considerable body of empirical demand analyses for 
farm products is also a favourable factor. " 

Also called input-output, linear programming or activity analysis. 
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In fact Fox's model of the U.S. feed-livestock economy 

was the first empirical application of Samuelson's approach. 

However other studies which followed, for example Henry & Bishop (18) 

and Snodgrass & French (55) mostly assumed fixed supply and 

demand prices, thus simplifying to the original Koopmans-

Hitchcock trans port modeL 

A further important development was that of Takayama & 

Judge (58). Rather than representing regional supplies as linear 

price dependent functions they introduced an activity analysis 

formulation for supply. 

2. Classification of spatial models 

The purpose of this section is to show the relationship of 

facility location models to spatial models in general. Briefly, 

most emphasis has been placed on production and resource allocation 

models so that none of the existing classifications are entirely 

satisfactory. A simple alternative is suggested. 

The mo st elegant classification and interpretation of 

spatial models is that of Kuenne ( 3 3). In dealing with space 

within a general equilibrium framework he divides models into: 

Interregional trade models. 

Locational models. 

Interregional trade models assume that the structure of 

the economy is given in the sense that the spatial co-ordinates of 

resources, entrepreneurial activity, consumers and transport­

ation channels are fixed. The problem is to determine equilibrium 

patterns of prices and flows of goods over space. 

Locational models differ only in assuming the location of 

production may vary and seek to determine its pattern. The 

conditions of consumption and other assumptions are the same. 

Thus interregional trade models are mostly concerned 

with the extent of product flows between points while location models 
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mostly focus on the origins of the flows. In the former case space 

can be conceived as a friction to the flows of goods and in the latter 

as a matrix for the placement of economic activities. 

Kuenne further distinguishes between non-operational and 

operational models. The former are constructs in the neo- classic al 

tradition and thus without empirical validation. 

Non-operational interregional examples include Walrasian 

derivations from which may be derived the classical transportation 

model of Hitchcock (20)/Koopmans (31) and the Ohlin (45) model. 

Operational models include the Leontief (3 8) and Isard­

Kuenne (24) input ... output models, the interregional models of 

Isard (23), Chenery-Moses (5), Isard-Stevens (26), and 

Leferber (37) and the international model of Graham (15 ). 

Location models discussed by Kuenne include those of 

Weber (65), Losch (41), Launhardt (35), Fetter (13), Palander (48) 

and Hoover (24). 

For the facility location economist Kuenne is best viewed 

as providing a general theoretical introduction to mainly spatial 

general equilibrium models as well as a listing and contrasting of 

the major contributions in this area. 

In marked contrast is the approach of Bawden (1 ). Here, 

the orientation is pragmatic and although not required by the 

classification, largely exar.npled by partial equilibrium studies 

from agriculture. 

Bawden groups spatial models into: 

Standard equilibrium models. 

Activity analysis models. 
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Both types are built up from the standard transportation 

model of linear programming, both are point trading
5 

in nature 

(production and consumption in each region is assumed to take place 

at a single point) and both normally assume perfect competition. 

The difference bet ween the two groups lies in their treatment 

of production. Standard equilibrium formulations rely on given 

regional supply (and demand) functions. These are usually based 

on historical data suitably adjusted. Activity analysis models 
6 

generate their own supplies via linear production models. 

Facility location models fall within the activity analysis 

group. This may initially appear puzzling, say in the processing 

plant location problem, because usually raw product supply is 

predetermined. However the processing plants in effect generate 

their own final product supplies. 

Weinschenck et al. (67) use the same classification as 

Bawden but also provide a comprehensive review of relevant theory 

plus empirical examples. However they add a third group which 

they call dynamic approaches. This allows the introduction of 

recursive programming models (e.g. Day (8) ). 

5 
Assume spatial location problems as either relating to: 

6 

Location on a plane. 
Location on a network. 

In the first case space is regarded as continuous and allows for 
very small changes in location. This is how von Thunen visualised 
location problems. Arn.ong others, Isard & Dunn have also used the 
continuous approach. However although Beckmann (2) has shown 
in theory that there is a solution when the generalised transportatict: 
problem is cast in a continuous framework, no satisfactory solutio:-'.·1 
procedure exists. Accordingly the discrete or network appr(1ach 
is used - hence point trading models. 

Recall Koopmans (ed.) Activity analysis of Production and 
Allocation, Wiley 1951. 
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Weinschenck et al. include some discussion on the location 

of processing industry but as with Bawden see such problems as 

falling within the activity analysis approach. 

However they do make a useful distinction between models 

which optimise from the point of view of a central planning board or 

authority and those which are based on decentralised decision making 

by individual competitive firms. 

Revelle et al. (52 ), dealing specifically with facility 

location problems, draw a similar distinction and identify private 

sector models and public sector models. In the former the 

objective is to minimise the total cost of transport in a facility 

operation. In public sector models however the objective is to 

maximise or minimise some surrogate or substitute measure for 

utility (e.g. minimise average time or distance by users of the 

facility). 

Probably the most meaningful classifications from the point 

of view of guiding those interested in carrying out facility location 

studies are those of Bawden and Weinschenck et al. 

However, neither provides sufficient detail. This is 

partly because facility models after all only deal with a restricted 

range of spatial economic situations and thus do not normally 

merit extensive discussion. 

A key to classification is the characteristic of facility 

models which distinguish them from all others. This is the 

"processing" aspect and its associated nonlinear cost function. 

Accordingly consider the following grouping which places 

facility location models clearly and simply: 

Standard equilibrium models. 

Standard activity analysis models. 

Decreasing cost activity analysis models. 

l _______________ _ 
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3. Empirical plant location studies 

The studies of Stollsteimer (57) and Logan & King (39) 
7 

are usually regarded as a reference base for agricultural processing. 

The problem Logan & King investigated was to determine the 

optimum location and size of cattle slaughter plants in California 

which would minimise the costs of shipping live animals to 

slaughtering points, processing them and shipping the dressed 

beef to consumers. This was the first study to incorporate trans-

shipment and a honlinear average processing cost function into 

the transport model. The method of allowing for transhipment 

was based on earlier work of Orden (47). Because of the assumption 

of a nonlinear cost curve, the model falls into the decreasing cost 

activity analysis class. 

Prior to Logan & King most plant size, number and 

location studies first determined the least- cost size of plant and 

then estimated the number of plants required to satisfy total demand. 

For example, Olsen (46) considered the problem of optimum 

location of plants to process milk. Plant size was first determinec. 

by estimating the volume of milk to be assembled and processed 

at lowest average cost. Volume per plant then determined the 

location of plants within the overall production area. 

Cobia & Babb (7), in investigating the processing and 

distribution of packaged fluid milk in Indiana, derived a number 

of scale curves for processing and distribution and drew inferences 

about an optimum plant location network. 

7 
Not discussed here but closely associated are warehouse location 
studies. Major contributions include Pherson & Firch (49), 
Keuhn & Hamburger (29) and Feldman, Lehrer & Ray (10). 
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However Stollsteimer carried the methodology a step 

further by simultaneously estimating the size, number and location 

of pear packing facilities in part of California that would minimise 

the sum of assembling and packing costs. 
8 

A number of later studies added further flexibility. 

Thus Polopolus (SO) extended the model to include the multiple 

product case with a study of vegetable canning plants in Louisiana. 

Chern & Polopolus ( 6) attempted to relax the assumption of a 

linear total processing cost function and worked through an example 

using the Florida orange industry. War rack & Fletcher ( 62, 63) 

indicated how the computational burden could be reduced and hence 

enable larger problems (in this case the Iowa feed manufacturing 

industry), to be solved. Ladd & Halvorson (34) worked out simple 

procedures to enable parametric solutions to be derived and used 

the Mid-West turkey processing industry as an example. Kloth 

and Blakley (30) derived a model for the U.S. dairy processing 

industry which allowed for scale economies in processing and 

market sharing by processing firrns. 

8 
The solution techniques of Stollsteimer and Logan & King 
differ considerably. The former estimates costs for all 
possible location and plant combinations and the 1ninimum cost 
combination is selected. The Logan & King procedure involves 
the iterative solution of a heuristically adjusted transhipment 
model in order to isolate an acceptable solution. The Logan & 
King method will be described in detail in section III of this paper. 

Both approaches have weaknesses. Because all possible 
plant combinations need to be evaluated when using the Stollsteimer 
method, the computational burden is prohibitive for all except 
small problems. Additional shortcornings are the requirement 
of a linear total processing cost function, and that only processing 
and either assembly or distribution costs are considered. 
The Logan & King method is open to cTiticism because the 
heuristic procedure by which potential locations are eliminated 
from the model yields a solution which is not guaranteed to be a 
global optimum. Rather, it is a local optirrmrn. The Stollsteimer 
method does produce a global optimum. 
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Similarly the Logan & King model has benefited from 

a number of modifications. Hurt & Tramel (22) set out method­

ology for considering intermediate and f~1~a.l product processing as 

well as multiple products and more than one plant at a single 

location. They also indicated how greater economy could be 

introduced into solution procedures. Leath & Martin (3 6) also 

hypothesized multiple plant and product relationships as well as 

the possibility of storage which in effect introduced the time 

dimension. Bobst & Wannen (3) derived a restricted model which 

was relevant for imperfectly competitive situations such as market 

sharing and applied it to fluid milk processing in the State of 

Washington. Stammer (56) extended the Logan & King model 

formulation and suggested improvements to the Logan & King 

heuristic search procedures. 

Empirical studies following the standard Logan & King 

approach, but reported in more detail, include those of Cassidy et al. (4) 

on the location of beef slaughter plants in Queensland, Ferguson & 

McCarthy (11) on Australian wool selling centres, O'Dwyer (44) 

on dairy manufacturing plants in Ireland and Weichelt ( 66) on egg 

packing plants in Germany. 

One critical aspect of all these studies is their usefulness 

for real world decision making, both at the micro and macro level. 

Thus, some work has been done on th~ seri.siti-..rity of solutions. 

Papers here inc~ude those by Kanbnr & Neudecker (27,28), 

Toft et al. (60) and McCarthy et al. (42). 

More importantly, policy n1e1-kers, when. considering 

plant locati0n decisions, often need tc., be supplied with alternative 

plans rather than a single solu.tj_on der-1.ved on the basis of a 

least-cost objective. This is so b<~ca.113e crHeria,in addition to 

those of cost, commonly need to be taken into account when making 

such decisions. To this end Higham has devel,,)pecl twc approaches 
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capable of generating multiple low cost solutions. 9 The first, 

initially suggested by Cassidy
1 

O, utilises Monte Carlo methods 

to obtain a number of acceptable solutions often with widely 

varying spatial characteristics. The second approach is an 

extension to the Logan & King solution technique, involving 

interference with the heuristic search so as to produce various 

solutions which are all local optima. This second method, known 

as "forcing", is described in detail in the next paper in this 

series. Both the Monte Carlo and forcing approaches are briefly 

outlined and applied in Ferguson et al. (12). 

While there is considerable scope for improvements on 

current basic solution techniques, it is suggested that develop­

ment of facility location methodology appropriate for dynamic 

and stochastic situations would be major contributions. 

9 Higham, C. A. Notes on multiple solutions to plant location 
problems, Unpublished Paper, AERU, Lincoln College, De-c: •. 1971. 

1 
O Cassidy, P.A. Personal communication. 

"" 
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III. METHODOLOGY 

1. General 

The Logan & King technique involves the repeated 

solution of a successively adjusted transhipment model. To give 

an appreciation of the approach the methodology is developed below 

in three stages. To begin with the general transportation model 

is outlined and illustrated by a simple example. Transhipment is 

then incorporated using the transportation example and a further 

example, including intermediate points, is presented. Finally 

the inclusion of processing costs is discussed and the intermediate 

point example expanded accordingly. 

2. The Transportation Problem 

Consider the situation of an homogeneous comm.odity 

which is supplied at M different origins and demanded at N different 

destinations. Let the origins be designated as SI, S2, S3, •••. , SM, 

supplying quantities s
1

, s
2

, s
3

, •••• , sm respectively, and the 

destinations as Dl, D2, D3, •••• , DN, demanding quantities 

d.
1

, d
2

, d
3

, •••. , dn respectively. 

Supply and demand are assumed fixed for each origin 

and destination. The cost of transporting one unit of the product 

from the i th origin to the /h destination, c .. , is known for all 
lJ 

i and j (thus c
11 

is the cost of transporting one unit of the product 

from Sl to DI and so on). 

If x .. represents the amount to be transported from the 

i th origin to 
1

;he j th destination, then the problem is to determine 

all x .. so that the total cost of transport is minimised. 
11 

lJ 

11 
For a feasible solution to exf st the total amount available at 
all origins should be not less than the total amount required at 
all destinations. If this is not the case then an artificial origin 

supplying the deficit can be introduced into the model. Supply 
from an artificial origin to any destination represents unsatisfied 
demand at that destination. 
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While the standard linear programming algorithm can be used to 

solve this problem, there is a more efficient solution procedure, 

known as the transportation algorithm, which can be used, provided 

the total amount demanded by all destinations exactly equals the 

total amount available at all origins. This requirement, if not 

initially met, can be satisfied by introducing an artificial destination 

into the model which demands all excess supply. Now by introducing 

an artificial origin or artificial"destination if necessar/
2

, the 

transportation problem can be stated as: 

Objective function 
m n 

Minimize Z = .;, E c .. x .. 
i=l j=l lJ lJ 

that is, minimise total transport costs 

subject to: 

Supply constraints 

n 
E X = s. 

j=l 
ij 1 

for i = l, 2, • • • m 

Thus each origin supplies exactly the amount available. 

Demand constraints 

m 
E 

i=l 
X 

ij 
= d 

j 
for j = 2, 3, • • • n 

Thus each destination receives exactly the amount demanded. 

Non-negativity constraints 

x.. ~ 0 
lJ 

for all i and j • 

That is, negative quantities cannot be transported. 

Feasibility condition 

m 
E 

i=l 
s. 

1 
= 

n 
E 

j=l 
d, 

J 

That is, the total supply should equal total demand. 

12 
Transport costs associated with artificial origins and 
destinations are usually zero. 

lo 
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A table specifying the unit costs of transport from each 

origin to each destination., the amount supplied by each origin 

and the amount demanded by each destination., can be constructed 

and is called the cost/requirements table (see Table l ). 

S1 

S2 

S3 

Origins . 

SM 

Demand 

TABLE l 

General Cost/Requirements Table 

Dl 

ell 

CZ! 

c31 

C 
ml 

dl 

Destinations 

DZ 

cl2 

c22 

c32 

cm.2 

d2 

D3 •••••• D·N 

c;:13 • • • • • • cln 

c23 • • • • • • cZn I 

c33 ·••••• c3n I 

C m3 ••• • •. 

d3 

C 
mn 

d 
n 

Supply 

SI 

S2 

S3 

s 
m 

This table shows the input required by the transportation 
algorithm in order to obtain a solution. 
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3. A Transportation Example and its Solution 

Consider a simple 2 origin, 3 destination problem. 

The cost/requirements data are outlined in Table 2. 

Sl 
Origins 

S2 

Demand 

TABLE 2 

Cost/Requirements Table, 
2 origin, 3 destination problem 

Dl 

$2.0 

$1. 5 

20 units 

Destinations 

D2 

$1. 0 

$1 .5'-

15 units 

D3 

$1. 0 

$2. 0 

45 units 

This problem in equation form is: 

Supply 

30 units 

50 units 

80 units (Total) 

Minimise Total Cost = 2.Ox
11 

+ 1. Ox
12 

+ 1. Ox
13 

+ 1. 5x
21 

+ l. Sx
22 

+ 2. Ox13 

Subject to: 

xll + xl 2 + xl 3 = 3 0 

x2 l + x2 2 + x2 3 = 5 O 

xll + x21 ;::: 20 

xl z' + x22 = 15 

xl3 + x23 = 45 

x.. ~ 0 for i = 1, 2 
lJ j = 1, 2, 3 

) 

) 
) 

) 
) 

Supply 
constraints 

Demand 
constraints 

Non-negativity 
constraints 
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In the above problem total supply (30 + 50 = 80) equals 

total demand (2 0 + l 5 + 45 = 80), and so the transportation algorithm 

can be utilised. When this is done the mi.:~imum cost solution 

shown in Table 3 is obtained. 

TABLE 3 

Solution, 2 origin, 3 destination problem 

Destinations 

I 
DI D2 D3 

I 
Supply 

s1 0 0 30 30 

Origins 

8z I 
20 15 15 I 50 

Demand 20 15 45 

The solution can be represented diagrammatically as: 

@ , 30 units ) E] 
~ 

@~15units 1 §1 
----

~ 
The total cost 0£ this solution is minimum and is given by: 

($LO x 30) + ($1. 5 x 20) + ($1. 5 x 15) + ($2 x 15) = $112.5 

The tra.ri.sportation algorithm is not described here. 

The interested reader will find the procedure discussed in most 

introductory operations research books, for example Hillier & 

Lieberman (19). 

While the above exa:rnple is trivial, real world problems 

involving a great nun1ber of origins and destinations are not. 

For instance the problem discussed in section IV of this paper 

involves solving a transportation problem whose cost/requirements 

table has 3 8 rows and 1 8 columns. 
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4. The Transhipment Problem 

Consider now the situation where it is possible to transport 

the product not only direct from an origin to a destination, but also 

via another origin or destination. It is conceivable that such a 

route might be cheaper. The possibility of such transhipment can 

be achieved by allowing each origin to act as a destination without 

any real demand and each destination to act as an origin without any 

real supply. Therefore, rather than a problem with m origins 

and n destinations, the problem now has m + n origins and m + n 

destinations. As before c .. is the unit cost of transport from the 

· th · · t th · th d t · 
1
t~ Ob . 1 f 11 . . . 1 or1g1n o e J es 1na 10n. vious y c.. or a 1 = J 1s zero. 

lJ 

The amount to be transhipped through any point is not known 

but its feasible upper limit is, namely the total amount supplied. 
m 

Thus if A = E 
i=l 

s. and if A is added to the supply available at each 
1 

of the m + n origins and to the demand at each of them+ n destinations, 

the model is then capable of allowing transhipment through one or 

more points between an initial origin and final destination. Referring 

to the added quantities of A, as stockpiles, Orden (47) states, 

"the solution to the transhipment problem lies in the fact that 

withdrawals from and compensating additions to the stockpiles are 

equivalent to transhipment. The stockpiles do not matter provided 

they are large enough to permit all desirable shipments which can 

reduce cost. In the computation, excessively large stockpiles are 

arbitrarily introduced. The excesses of stockpiles over amounts 

actually shipped drop out of the final solution (they appear as 

shipments from a point to itself at zero cost). 11 

The transhipment cost matrix consists of four submatrices 

as shown in Table 4. The north-west submatrix contains the 

per unit transport costs from actual origins to each other. The 

north- east submatrix contains the per unit transport costs from 

actual origins to actual destinations. The south-west submatrix 

is made up of the per unit transport costs from actual destinations 
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to actual origins while the south- east submatrix consists of per 

unit transport costs from actual destinations to each other. 

Q-iginsl 

I 
SI 

S2 
. 
. 
SM 

Dl 

D2 
. 
. 
DN 
-

TABLE 4 

General Cost/Reguirements Table of a 
Transhipment Problem 

Destinations 

Sl S2 •.••.• SM Dl D2 . • • • • . DM 

Origin to origin Origin to destination 

Transport costs Trans port costs 

Destination to origin Destination to destination 

Transport costs Transport costs 

Demandl A A ...... A d l + A d2 + A . ... d n + A 

Supply 

s
1 

+ A 

s
2 

+ A 

S + A 
m 

A 

A 

A 

A cost/requirements table of this construction enables 

the following types of transport routes in addition to direct source 

to destination shipment: 

(a) Origin - Origin - Destination 

@ 
t~ 
© 
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(b) Origin - Destination - Destination 

0 ____-)~ 
@ 

(c) Origin - Destination - Origin - Destination 

@ 

® >§ 
(d) Some combination of the above, for instance 

7 ~ 
® @ 

®~@ 
Transhipment models are solved by the standard 

transportation algorithm. The following example demonstrates 

how the model construction given in Table 4 facilitates transhipment. 

\ 

s. An example of a transhipment problem and its solution 

Consider the previous example but now allow for the 

possibility of transhipment. The expanded cost/requirements table 

is given in Table 5. The cost matrix is partitioned into the various 

submatrices described above. Note that cost elements on the main 

diagonal are all zeros, and that the north- east submatrix corresponds 

to 'W:ie cost matrix of the previous transportation example. 

\ 
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S2 

21. 

TABLE 5 

Co st requirements table 
2 origin, 3 destination transhipment problem 

Sl 

$0.0 

$0. 2 

Destinations 

S2 I DI 

I 
$0. 2 I $2. 0 

I 
$0. 0 I $1. 5 

D2 

$1. 0 

$1. 5 

D3 I Supply 

$1. o I 30 + 80 

$2. o I 50 + 80 

----~--------r---------------~------
Origins Dl I $1. 5 $1 O. 0 I $0.0 $5.0 $3. o I 80 

I 
DZ $6.0 $1 O. O t $0.2 $0.0 $2.0 I 80 

D3 I $6. O 
I 

$16. O t $5.0 $4.0 $0. o I 80 
t 

Demand( 80 80 I 20 + 80 15 + 80 45 + 80 
I 

Applying the transportation algorithm to this problem, 

the solution given in Table 6 is obtained, 

SI 

S2 

Sl 

30 

50 

TABLE 6 

Solution of 2 origin, 3 distribution 
transhipment problem 

S2 I 

0 

80 

I 
I 

I 
I 
I 

Destinations 

Dl 

0 

0 

D2 

35 

0 

D3 

45 

0 

Supply 

110 

130 

----~-------~----------------------
Dl 

I 
0 0 

I 
80 0 0 I 80 Origins I 

D2 0 0 I 20 60 l 0 I 80 
I 

D3 I 0 0 I 
l 

0 0 80 I 80 

Demandl 80 80 
I 
I l 00 95 125 

I 

Figures in the main diagonal of the solution matrix 

(i.e. 30, 80, 80, 60, 80) are ignored as they represent artificial 

shipments from a point to itself. The solution indicates that the 

50 units available at 52 are transported to Sl, resulting in a total 
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of 80 units being available at 51. Of this 80, 45 units are shipped 

to D3, and the remaining 35 are transported to D2. Finally 

20 units are shipped from D2 to Dl. The total cost of this 

solution is given by: 

($0.2 X 50) + ($1. 0 X 45) + ($1. 0 X 35) + ($0.2 X 20) = $94. 

The following diagrams contrast the nature of the trans port 

pattern with and without transhipment. 

(a) 

w 30 u~i:: . G 
V \S~~.C) 
~ 

®~e 

Cost = $ 3 1 II / / :2. • :)-

(b) With transhipment 

·- -···~ ~ ® 
50 units @ 

20 units J 
® 

Cost :;: $94. 00 

G 
6. Transhipment through intermediate points - an example 

The previous example discussed how to allow for trans­

shipment through origins and destinations. But often feasible 

transhipment points are intermediate points between origins and 

destinations" For instance a commodity which is manufactured 

in a number of spatially separate factories, may have to be stored 

in a number of warehouses, before being transported to various 

final demand destinations. The warehouses in this case are 

intermediate transhipment points between origins and destination 

as shown in the following diagram. 
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Origins 
Intermediate 

Destinations 
Points 

(0 l ~ 
Warehouse re 

Factory to 
to final 

0 ( 
warehouse 

·~ 
destination 1@ commodity I commodity 

flow 
flow 

@J L~ ~ L§ 
The following numerical example is given to demonstrate 

how such a situation is modelled so that total trans port costs can 

be minimised. 

Supplies of 20, 30 and 30 units are available at origins 

Sl, S2 and S3 respectively. Demands of 20, 15 and 45 units are 

required at DI, D2 and D3 respectively. Transportation directly 

from origins to destinations is not possible; rather, the commodity 

must be transported via one or more of four intermediate trans­

shipment points Pl, P2, P3 and P4. These intermediate points 

have no supply or demand of their own. 

The relevant transport costs are given in Tables 

7(a) and 7(b). 

Sl 

S2 

S3 

Pl 

P2 

P3 

P4 

TABLE 7(a) 

Unit Transport Costs -
Origins to Intermediate Points 

Pl 

$9 

$5 

$1 

P2 

$7 

$3 

$9 

P3 

$5 

$1 

$7 

TABLE 7(b) 

Unit Transeort Costs -

P4 

$3 

$9 

$5 

Intermediate Points to Destinations 
Dl D2 D3 

I $1 $4 $7 

I $3 $1 $3 

I $5 $2 $4 

I $7 $4 $5 



Origins 

24. 

The cost/requirement table for the problem is 

presented in Table 8. 

Sl 

S2 

S3 
-----

Pl 

P2 

P3 

P4 

TABLE 8 

Cost/requirements table with intermediate 
transhipment points 

Destinations 

Pl P2 P3 P4 I Dl D2 
I 

$9 $7 $5 $3 I 00 00 

I 
$5 $3 $1 $9 I 00 00 

$1 $9 $7 ' $5 
I 
I 00 00 

D3 

00 

00 

00 

---------------~------------
0 00 00 00 I $1 $4 $7 

I 
00 0 00 00 I $3 $1 $3 

I 
00 

00 0 00 I $5 $2 $4 

00 00 00 0 
I 

$7 $4 $5 I 
I 

D temand 80 80 80 80 I 20 15 45 
I 

Supply 

20 

30 

30 
------

80 

80 

80 

80 

The four submatrices of the partitioned cost matrix are 

interpreted as follows: 

(a) The north-west submatrix includes the per unit transport 

cost from each origin to each intermediate point. Allocations 

in the corresponding submatrix of the solution are the least 

cost shipments from origins to intermediate points. 

(b) The north- east submatrix is made up of prohibitively 

high cost elements, hence preventing direct origin to destination 

shipment. 

(c) The south-west submatrix contains zero cost elements 

along the main diagonal and prohibitively high costs elsewhere. 

Allocations'm. the corresponding submatrix of the solution 

represent artificial shipments from each intermediate point to 

itself, and as Orden states, "drop out of the solution". 
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(d) The south-east submatrix includes the per unit transport 

cost from each intermediate point to each destination. Allocations 

in the corresponding submatrix of the solution represent shipments 

from intermediate points to final destinations. 

Note that while intermediate points have no supply or 

demand of their own, Table 9 shows that each has been given an 

artificial supply and demand of 80 units.. This artificial quantity, 

which can be viewed as a stockpile, sets the upper limit O'n the 

amount that can be transhipped through each intermediate point. 

Applying the transportation algorithm to the model pres-ented 

in Table 8, the solution given in Table 9 is obtained. 

Sl 

S2. 

S3 
----

Pl 

P2. 

P3 

P4 

TABLE 9 

Solution, 3 origin, 3 destination, 4 intermediate 
points problems 

Destinations 

I 
Pl PZ P3 P4 I Dl D2 D3 

I 
I 

0 0 0 20 I 0 0 0 
I 

0 0 30 0 I 0 0 0 
I 

30 0 0 0 I 0 0 0 
---------------4-----------· 

50 0 0 0 I 2.0 10 0 
I 

0 80 0 0 I 0 0 0 
I 

0 0 50 0 I 0 5 25 
I 

0 0 0 60 I 0 0 20 
I 

I 

Supply 

20 

30 

30 
------

80 

80 

80 

80 

D )emand 80 80 80 80 I 20 15 45 
I 
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The solution is interpreted as follows: 

(a) From the north-west submatrix:-

20 units are transported from Sl to F4 

30 

30 

II 

II 

II 

II 

II II 

II II 

S2 to P3 

S3 to Pl 

(b) There are no allocations in the north- east submatrix 

as expected. 

(c) The numbers in the main diagonal of the south-west submatrix 

are artificial shipments (which can be viewed as unused 

stockpiles) and are not regarded as part of the "real" 

solution. 

(d) From the south-east submatrix:-

2 0 units are transported from Pl to Dl 

10 

5 

25 

20 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Pl to D2 

P3 to D2 

P3 to D3 

P4 to D3 

The total cost of the solution is given by:-

($3 X 20) + ($1 X 30) + ($1 X 30) + ($1 X 20) + ($4 X 10) + 

($2 X 5) + ($4 X 25) + ($5 X 20) = $390 

The solution is presented in the following diagram. 

@~ 
@ ~units 

I\ ~ . 
@ ~. ~e ~.,,- Dl 

(\ ~8 

~ 

~~@ 25 

~ A 2.0 units .:::, @ 
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This diagram clearly shows two features of the solution. 

Firstly note that intermediate point P2 is not utilised. Secondly, 

a requirement of feasibility is that the quantity shipped to any 

intermediate point, should exactly equal the quantity shipped from 

it. This requirement is satisfied by the solution. 

If, for some reason, one or more of the intermediate 

points are incapable of coping with a throughput exceeding some 

specific quantity, then this can be incorporated in the model by 

adjustment of the amount specified as the supply and demand of 

the appropriate intermediate point. For instance, in the above 

example, if Pl is incapable of handling a throughput of greater 

than 15 units, then 1 5 units rather than 80 is specified as the 

supply and demand for Pl. This adjustment would ensure that 

the capacity limit of 15 would not be exceeded. This method 

of "capacitating" intermediate points is particularly useful in 

facility location problems. 

7. Inclusion of processing cos ts 

The facility location problem usually requires the 

determination of the number, size and location of some type of 

facility; for example a wool store (in which wool can be thought 

of as undergoing various processes). Processing plants are in 

almost all instances characterised by economies of scale, and 

sometimes by diseconomies of scale. Economies of scale exist 

when expansion of the scale of productive capacity of a firm 

causes total production costs to increase less than proportionately 

with output. As a result long run
13 

average costs of production fall. 

13 
Economic theory recognises two "time" periods - the long run 
and the short run. 
The long run is defined as a time period long enough for a 
firm to be able to vary the quantities of all its factors of 
production. (This implies that the period is long enough to 
permit the firm to choose the most efficient combination of 
inputs to produce any given output. ) 
The short run is a time period within which a firm is not able to 
vary all its factors of production (usually plant and machinery). 
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as throughput increases. For example an automobile plant 

designed to produce 20,000 cars per year will., under normal 

circumstances, have a lower per unit production cost than a 

10., 000 car capacity plant producing the same car., provided both 

plants are operating at their normal capacities. Conversely, 

diseconomies of scale result in increasing average costs. 

Economies of scale occur for one or more of the following 

reasons: 

(a) Larger scale production allows the use of the most 

efficient technology and techniques. 

(b) Specialisation of management and labour. 

(c) Lower per unit administrative costs. (That is, 

overhead costs tend to rise more slowly than output. ) 

(d) Ability to make use of by- products. 

(e) Ability to utilise more efficient marketing methods. 

Diseconomies arise from organisational and administrative 

problems resulting from too large an enterprise. For very large 

enterprises, marketing problems may arise. For further 

discussion of scale relations see for example McConnell (43) 

and Pratten (51 )o 

Associated with the short run and long run concepts of 

economic theory are short run and long run cost curves. The 

short run cost curve relates average costs of production and the 

extent to which plant is utilised. Following Viner (61) the long 

run curve is the envelope of the short run curves. It shows the 

lowest possible cost per unit of producing various outputs when the 

firm has time to build any desired scale of plant. 

As Pratten points out the long run average cost curve 

does not show what happens to costs as the scale of production 

is increased over time. It does show what the effect of scale 
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would be on average costs of production of a series of plants at 

a particular point in time, each operating at minimum cost. 

Thus Pratten concludes it is misleading to talk of a long 

run average cost curve although this is the accepted term in 

economics and economics texts. He suggests "scale curve" is 

more appropriate and that term is used here. Figure 1 illustrates 

the relationship between short run average cost curves and the 

scale curve. 

Average 
cost per 
unit of 
output 

,1' 

0 

FIGURE 1 

Short run average cost curves 
and the scale curve 

Output 

Scale 
curve 

As far as the shape of the scale curve is concerned, 

economic theory argues in favour of a U- shape, the downward 

sloping part of the curve being the result of economies of scale 

in different sizes of plant, each operating at minimum cost, while 

the upward sloping segment is the result of diseconomies of scale. 
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The optimal plant size is that indicated by the minimum. of this 

U- shaped curve, as indicated by Figure 2. 

FIGURE 2 

Relation of scale curve and optimum plant size 

h 

Average 
cost Scale 

curve 

------~--,.---------~------> 
/\ Plant 

Optimum Plant Size 
Size 

However, empirical studies, for example as discussed in 

Pratten (51 ), have revealed that for many processing plant 

situations the scale curve is L- shaped; with economies of scale 

causing the initial decline in average processing costs which then 

level out with no evidence of diseconomies of scale as indicated 

in Figure 3. 



Average 

Cost 

I.\ 
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FIGURE 3 

Shape of scale curve as indicated 
by empirical studies 

Scale curve 

;> 

The essence of the processing plant location problem is 

minimising total processing plus transport costs. The existence of 

economies of scale in the processing activity tends to support the 

use of one or a few large processing plants, while minimising 

transport costs alone usually tends to favour the siting of a larger 

number of smaller processing facilities. The problem is to find 

the solution where the combined cost is minimised. 

8. Plant location with processing costs included 

The third and final stage of developing the Logan & King 

methodology requires the inclusion of nonlinear processing costs 

into the transhipment model. For this purpose the previous example 

will be expanded by assuming that the commodity involved has to be 

processed in some way. 

Recall that the example involves a commodity which was 

supplied at three origins Sl, S2 and S3 in quantities 20, 30 and 30 

respectively, and was demanded at three destinations, 
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Dl, D2 and D3 in quantities 20, 15 and 45 respectively. 

Shipment from an origin to a destination had to be via one of four 

intermediate points, Pl, P2, P3 and P4. The appropriate per 

unit transport costs are given in Tables 7(a) and 7(b). The problem 

is now extended by adding the requirement that the commodity has 

to be processed and that potential processing plant locations are 

at Pl, P2, P3 and P4. 

Per unit processing costs are normally subject to 

economies of scale. In the present example assume that the 

scale curves for all potential plant locations are the same 
14 

and 

given by the equation: 

Average Cost = $(5 + 200) 
Q 

; where Q = plant capacity. 

For instance, the per unit proces si.rg cost of a 50 unit plant 

operating at normal capacity is: $(5 + 200) = $9. 
50 

The problem is to determine the size and location of 

processing plants so that total costs (transport costs + processing 

costs) are minimised. Knowing the solution to the transhipment 

problem one might be tempted to choose processing plants at 

Pl, P3 and P4 of sizes 30, 30 and 20 respectively, with a 

corresponding transport allocation. The cost of such a solution 

is $1390 ($1000 processing costs plus $390 transport costs). 

However such an approach takes no account of the per unit processing 

costs which decline as plant throughput increases, thus producing 

a trend tqwards larger plant sizes. 

The Logan & King solution procedure takes into consider­

ation the combined effect of transport costs and processing costs 

by the following heuristic (non-analytical) search method: 

14 
The method is capable of handling curves of different 
functional forms. 
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(a) Beginning with a transhipment cost/requirements table 

(such as that shown in Table 8), the minimum per unit processing 

cost for each potential plant is added to each cost element in the 

corresponding column in the north-west submatrix. 

(b) The resulting problem is optimised using the transportation 

algorithm. 

(c) The added per unit processing costs are adjusted in 

accordance with the throughput given in the solution while any 

potential plant with zero throughput is dropped from the model. 

{d) Steps (b) and (c) are repeated until no further adjustments 

are required (i.e. , when a stable solution is achieved). 

Applying this procedure to the example the stable solution 

obtained involves a 30 unit capacity plant at Pl and a 50 unit capacity 

plant at P3. The total cost of this solution is $1210, made up of 

$800 processing costs and $410 transport cost~ The transport 

pattern is detailed in Tables 1 O(a) and 1 O(b). 

TABLE l O(a) 

Transport pattern from origins to plants 

From Amount To Plant 
Origin Available Pl P2 P3 

Sl 20 - - 20 

S2 30 - - 30 

S3 30 30 

Amount Processed 30 - 50 

From 
Plant 

Pl 

P2 

TABLE 1 O(b) 

Transport pattern from plants to destinations 

Amount To destination 
Processed Dl D2 D3 

30 

50 

20 10 

5 45 

Amount Required 20 15 45 

P4 
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The Logan & King solution procedure yields a local 

optimum 
15

• In the next paper in this series the modified 

solution procedure suggested by Stammer is outlined and a method 

for obtaining alternative low cost solutions which may be of interest 

to decision makers is presented. 

15 
A local optimum is one where a small change in the solution 
would involve a higher total cost. A solution is a global 
optimum if no solution with a lower total cost exists . 

... 
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IV.. THE, WOOL SE.L.LING CENTRE PROBLEM 

1. Nature of the pr0,hlem. 

As a textile fibre with a. small share of the wo:rid fab.ri c 

m.a.:rket, wool faces stro.ag co1npetitio-n frarn synthetic £ib:re$. 

Tb.ie- major advantage of w.ool is tn<e· nature and. p:ro,perties ox the 

fiilbm·e r.Jlait it has dis.advantages- including a. wid.ely fluctuating: price, 

i.tiiedia.at:rc S:U.p:ply and hip cQ:st ha;n:dling aruit selling. c:h:ar·g.-es from. 

pr·odu,cer to u.a:er. This Iatte·r axi·ea is- the cl!>ncezn of this paper. 

How-e-ver only wool sold at auction will be considered. In New 

Ze.aland tbi s accounts for about l • J million out of a total of Z million 

bales. Wool to be s:old at auction is tr·a.nsported by road or r-ail to 

wa.o;l 'J?lrok.er·s-' stor·es at eight s·elling centres (Auckland, Napier, 

Wa.nganuii, Wellingto·n.,. Christcltur-ch~ Tim.aru, Dunedin,, Invercargill). 

T~r·e, it. may b.e cJas0s-~ reclass-ed o-r binned (com.,bined with.- other 

wool) and then displayed far buyers and appraisers prior to auction. 

Afte:r auction it m.ay be scoured and dumped (a num.ber of bales 

pr'es-sed together to reduce size), and is stored to await local or 

overseas shipment.. As far as cos-t economies prior to export are 

concerned, the location of wool stores relative to wool production 

( supply) and demand will affect casts of transport. Further, there 

are e-conomies bf handling wool at stores as throughput increases. 

The problem investigated here is to determine the optimum. number, 

size and location of wool stores so that total transport and wool 

s-tore- co,sts are minimised. 

2. Method of approach 

(a.) Solution method and model·construction: 

The solution method chosen for the current problem is 

the Logan & King procedure detailed above. 

The cast/requirements table involves thirty origins 

(i.e. supply regions), eight potential selling centre locations (in this 
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study only locations which are current selling centres are considered), 

and ten demand destinations (nine local destinations and one 

destination to represent all overseas demand
16

). The supply and 

demand estimates are set out in Table 11. Capacity limits on 

each potential selling centre were imposed in obtaining an initial 

solution and were subsequently lifted. These capacity limits are 

also included in Table 11. The cost/requirements table structure 

is given in Figure 4. 

FIGURE 4 

Cost/requirements table : wool selling centre problem 

Potential Plant Locations Final Destinations Supply 
1 2 • • • • .. • • • • • • • • • • • • 8 1 2 ••••••••••••••••• 1 0 

s1 

Origin to selling centre !nae ti ve ( all S2 

transport costs + cost elements set at . 
processing costs a prohibitively high 

. 

. 
level) . 

8
30 

Kl 

Main diagonal co st elements Selling centre to K2 

zero - elsewhere set destination transport • . 
at a prohibitively high level costs . 

KB 

Al A2 •. ,, • • • . . . . • • . . AB Dl D2 ...•.•... • .•. ' •. Dl 0 

S. represents the quantity supplied by the i th region; D. 

represent; the quantity demand by the /h destination; and Kt is J 

the upper capacity limit on the tth potential selling centre. 

16 
A considerable simplification but as this is mainly an expository 
study, it is considered acceptable. Work currently under way, 
disaggregates export demand according to overseas demand 
patterns. 
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This: model differs: from the p?".'e"vioua models-. .formulated 

fa,r- t:fte· solution of similar prubierns, for exa:rnpie-, C a~Hridy· ( 4) and 

Ferguson (11) in that tranship:m:ent prior to processing is- not 

ailo·w.ed for. This doe-s; mot- res:triCt the mode-,I since· the cost 

e:-Iem::ents in s.ubm.atrix I of the. current model ai,re .. calculated on 

the,-.· ba&i s- of tb:e·· lowe-at po;s:s:ihle- unit trarurport:. ca•st £ram the i th 
tli" 

souree- to, the j · ·.· se11iliigr centre... Thus: a S:-ub.r.natrlx. allowing· 

t1ta;1;urhipm.e-nt prio:r to a:E'rival at the a:elii:ng; p.oint would be 

re..d1J,ndant amt it:s- non~mdu:s.inn· teacis- tu greater computational 

e.fficiency. 

(b) E:stimatio.n of re"gional supply and demand: 

The mo,de.1 requires tha.t supplies and demands be specified 

by region.. As no suitable published data were available estimates 

were made, of sup.plies: (initially· an a county basis) and a survey 

under-taken. to, e-s~tnnate local demand •. 

ff) R.e-gj:onal supply:-

The D'epartment of Statistics collects and publishes 

farm production data o·n a county basis, including· sheep numbers 

which: are broken dow.n into bre-eds- e'very fifth year, but these 

do not include wool production. The New .Zealand Wool 

Commission record information on s-ales and export of wool 

according to, wool s-eUing centr·e districts.. w·ool could be 

as:sum:ed to come from around each selling centre but this 

is a risky assumption and in any case does not provide small 

e noug:h. regions ... 

The procedure used here was to apply the breed 

breakd:own for the latest period a·vaiia-b!e- (lg6-6,./7) to the latest 

data on county s-heep num:bers (196-8/9) and multiply sheep in 

ea.ch b:ir:eed· by an average wo.oI weight to give total county 

wool production. 

The Departm.ent of Statistics breaks breeds into 

four main class:es (Down type, Merino, f bred (including Corriedale), 
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Romney (including long wools and crossbred). Average 

fleece weights for each breed were based on estimates made 

by the Economic Service of the Meat & Wool Boards. These 

estimates give a wool yield range depending on climate, locality 

and class of country and have been adjusted to give an average 

for the breed. Figures used were as follows; 

Lamb 

Down 

Merino 

i bred 

Romney 

II 

II 

3 lbs (irrespective of breed or locality) 

4 lbs 

7. 5 lbs 

9. 5 lbs 

l 0~ 1 lbs North Island only 

1 0. 0 lbs Harder South Island areas 

1 O. 5 lbs Easier Otago & Southland areas. 

These estimates were aggregated on an island basis and when 

compared with shorn wool sold were found to be highly 

accurate. County and total production does of course vary 

from year to year so if a non typical year was used it could 

provide a location pattern which was not satisfactory over a 

period. However the year chosen (1968/9) was considered 

to be representative. 

(ii) Regional demand: 

There are two sources of demand for New 

Zealand wool, domestic and export. The latter is assumed 

to be the difference between total supply and domestic demand. 

Thus stockpiling of wool by brokers or the Wool Cammi s sion 

is not allowed for. This is regarded as a reasonable assumption 

because in the former case quantities are small and no trend 

is discernible and in the latter the wool passes through the 

auction system in any case. 

While data and total internal demand for wool 

by mills are available from the Department of Statistics and 

the Wool Commission, these cannot be disaggregated to 

determine regional demand. 
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Accordingly a mail survey of all domestic woollen, 

spinning and carpet mills was undertaken. The response 

obtained was satisfactory with only one major user of wool 

not replying. These data, together with the Department 

of Statistics aggregated data, enabled demand estim.ate:s to 

be made for each region. 

About 30 per cent of wool exported is now se-oured 

before shipment. This mostly occurs post-auction. However 

because of the exploratory nature of this study -s,couring was 

not considered.. It is conceded that if scouring had been 

included transport costs post-auction to local mills or to 

shipside could change .. 

A further simplification as far a.s domestic 

demand is concerned is that wool is considered a homogeneous 

product. This means that regional demand is met from within 

the region or adjacent regions.. In practice North Island 

demand for fine wools has to be met by purchases at South 

Island sales. However as total domestic demand is only 

about 6- 7 per cent of wool sold at auction this simplification 

was considered warranted. 

(c) Selection of basing points: 

The point trading model used here assumes that supply 

and demand accrue at individual points in space. The ideal 

approach would be to allow every farm (supply) and mill (demand) 

to enter the model. However this would render the matrix so 

large as to be unworkable. In fact for workability counties were 

aggregated into representative regions. 

Within each region a point needs to be chosen (a basing 

point) where all supplies and demands are assumed to occur. 

Each basing point usually represents a potential selling centre. 



40. 

AggTegation of counties into regions requires establishment 

of criteria to define a region. Harris (1 7) has suggested theoretical 

criteria as follows~ 

(i) Homogeneity, implying the underlying conformity 

of some element in the region. 

(ii) Nodality, in which emphasis is placed on a 

significant location in the :t0 egion. 

(iii) Regions defi.11.ed by poHcyo Additional subjective 

guidelines include 

a. All regions should be much the same size so 

that within region average unit trans port costs 

will be approxirn.ately equd. 

b. The volume of wool production within a region 

should be sufficient to wa!'rant the classification 

of the basing point as a potential wool selling centre. 

The Wool Buyers I Association and the Wool 

Comm:lssion have indicated that a minimum of 

20,000 bales would be required before buyers 

would service a saleo However local producers 

would requi:re rr10re than one sale per season so an 

annual :regional. production of l 00., 000 bales is 

considered a rninirnum. Nevertheless in sorne cases 

regio!ls have been defined on the basis of geographical 

isolation despite very srnall su.ppUes, for example 

the West Coast of the South Island. 

c. Basing points are u.sua:!ly taken to be the most 

prominent town in the centra] part of the region. The 

existence of a railway siding or a port may cause the basing 

point to be located there rather than at the centre of the region, 

as it is more realistic to do so. 
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Figure 5 depiris: tfre: 30 re:gian& used fo-r thi S: study together 

vrith a. list 0£ regional ~g points .. 

Table l.l inclu.de:s- data. on wool supply.: and demand for 

each r-egiott. 

(~d) Transport co,sta:: 

Unrestricted carriage: cf goods m Ne:V6ii- Ze-ala..m!l iis. .rrot 

pe:,~t.tea i»J· tk-e 'Jrranspor1r Ac-t. 0£ 19;~.. Lic·en,ai.ng of. carrying service 

l!la.s as: i.ts objecti~~ be-tte:r- co-ord'.in..t.fon. o(f ~©ad. and ra:i:l t::rrans.port, 

a;.nd tile )?cl:"eveimtti.~ al exc:e.ss,ive- c<0<1npetition. ~ cm.pli.cat.io,n within 

t&e: tr:JraDisport i.l'ldu.str.y.. 1n ge-ne:r:-a],. g:oods: cannat: be:· c.rried either 

by cc:l:~tn~·d.al carriers or- farmers: carting· their own goods. by 

~ between p}Eace.,s w·Etere- a route i Er available that incl ude·s 40 miles 

a,r m.0re- of· ra.1.'1twa.y .. 

Ac:G:10.rdingly th.e: princ.ipal method of t:ra:l'l£lpo.rt. of wool 

as sum.ed in this stwiy is railjt, An but one o£ Ute- ba.sing. points 

cm:os0en in this. st:wiy· have. a. r-a.iiway s-iding,.. s:o that i.a all but this­

case" WO'Cl.1 c;;:.an. be transpcrte:d. from. one- poi.mt ta ana·the.r by rail. 

(The exception is Nelsm'I! wh.ere,. even though na railway exists, 

an,y goods consfpeti to, or from. Nels-on by rail are· charged the 

r-a.il\li'ay r.~.& pl-us a. handling charge at Blenheim:, .. )c 

Although railways. connect all bas-i:ng points,. many of 

tbe:se· 1routes are not direct and roa~ tra.na:port. is legally competitive. 

(Where the: route- tnat includes the railway is- longer· by more than 

one-third than the shortest road route· available, the rail protection 

legisla.tion. do,es nat a.p.ply .. ), A &1:1.:rvey of tzans.po::r:t Cilperators in 

the a.ppropria.te: are-a.s wa.e conducted. amt the re:sulting road transport 

co·s.t estfm.ates w.ere compared with corresponding rail charg.es. 

The lesser of th.e two was: used in tb:Ee" cost matrix. 
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TABLE 11 

Supplies, demands and basing points for 
location model 

Centre 

Whangarei 
Auckland )~ 
Paeroa 
Hamilton 
Tauranga 
Whakatane 
Taumaranui 
Gisborne 
Wairoa 
Napier >:< 

Stratford 
Wang an ui ):< 

Palmerston North 
Dannevirke 
Masterton 
Wellington * 
Nelson 
Blenheim 
Culverden 
Greymouth 
Christchurch )~ 
Ashburton 
Timaru >:< 

Oamaru 
Dunedin ):< 

Cromwell 
Balclutha 
Gore 
Nightcaps 
Invercargill ):< 

Export 

Total 

Supply 
(l 00 bale units l 

386 
425 

87 
944 
31 7 
109 
874 
628 
233 
578 
426 
913 
473 

1, 081 
642 
120 
186 
340 
392 

50 
658 
586 
703 
230 
402 
162 
834 
697 
694 
698 

14,868 

Selling Centre 
Capacity 

(100 bale units) 

2, 892 

3, 701 

1, 630 

1,974 

2,918 

1,336 

2, 918 

2,629 

Demand 
(1 00 bale units) 

117 

162 

527 

21 

158 
36 
71 

119 

84 

13,573 

14,868 

Note: 
1. Selling centre capacities were estimated on the basis of a 

50 per cent increase in throughput over the average of the 
previous three years. 

2. Centres marked ):< are the present wool selling centres. 
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(e) The scale curve: 

Ideally the scale curves used in plant location models should 

be based on empirical data. When such information is not available 

a synthetic approach is a possible alternative. This consists of 

deriving the required scale curve or curves on the basis of budgeted 

costs for hypothetical plants of various sizes. 

In this study, wool selling centres of up to around 500, 000 

bales annual throughput had to be allowed for. Since such sizes 

are far in excess of throughputs of existing New Zealand wool selling 

centres, the required scale curve had to be synthesized. 

In constructing such curves two simplifying assumptions 

were made. 

(i) It was assumed that selling centre costs are 

independent of the location of the selling centre. Thus, 

selling centres of the same size in, say, Auckland and 

Dunedin, have the same unit throughput costs. This may 

be a significant simplification of the real system, but is 

regarded as acceptable in this preliminary investigation. 

This assumption could be dropped if analysis of such 

costs indicates that there are significant differences. 

(ii) The current model is based on the assumption that 

wool handling and selling methods will not change 

markedly. This may be an unrealistic assumption in 

view of current proposed changes within the wool industry. 

In constructing budgets, wool selling centre costs were 

divided into four separate classifications, building costs, equipment 

costs, labour costs and other costs (materials, administration and 

so on). These costs were estimated for selling centres of sizes 

ranging from 50,000 bales annual throughput to 500,000 bales 

annual throughput. Major economies of scale were found to occur 

in the area of labour costs, whil no economies of scale were 

found for building costs. 

\ 
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The following table gives the budgeted per bale cost for 

s-elling centres of various sizes. 

TABLE 1Z 

Selling costs ~r bale for various sbe centres 

Annual Throughptit 
5-0 100 200 3-00 400 

(thous. of bales) 
500 

Av~r:age Cost/Bale 7.99 6.76 5.95 5.63 5.54 5.53 
Throughput ($} 

As Figure 6 indicates, mo st economies .of scale are 

exhausted by the ZOO, 000 ba.le size. There are only small savings 

above the 400, 000 bale size. 

FIGURE 6 

Average cost curve 

0 100,000 Z00,000 300,000 400,000 500,000 600,000 
Throughput (bales) 
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When the budgeted per bale costs were graphed 

against selling centre size, as in Figure 6, the resulting 

pattern suggested that a curve of the form: 

s 
y = a. + X 

would be the most appropriate. Least squares regression 

yielded estimates of parameters as follows: 

a. :: 5.22 

a == 140. 62 

(with throughput expressed in terms of 1,000 bale units). 

sizes. 

Then 

Then 

For example, consider selling centres of various 

Size: 100, 000 bales annual throughput 

l 40. 62 
Av. cost/bale = $(5. 22 + 

100 
) = $6. 626 

Size: 200,000 bales annual throughput 

140.62 
Av. cost/bale = $(5. 22 + 

200 
) = $5. 923 

If the budgeted costs were either over- or 

under- estimated, so long as such costs are not subject to 

economies of scale, then the optimum spatial pattern yielded 

by the model is valid even though the estimated total cost of 

the solution may be in error. 

(f) Results & Discussions:. 

Selling centre size and location obtained from the 

above data are presented in Table 13. 
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TABLE 13 

Selling centre size and throughput
1 

Actual Least Cost 
Selling Centre Throughput Throughput 

1968/8 

Auckland 2,506 2,892 

Napier 2,426 3, 701 

Wanganui 1,282 913 

Wellington 1,569 730 

Christchurch 2,087 1,809 

Timaru 1,020 1,336 

Dunedin 2,041 1,398 

Invercargill 1,937 2,-089 

Total 14, 868 14,868 

Cost 12. 99 m 

l Unit = I 00 bale so 

The results indicate that the selling centres at Auckland, 

Napier and Timaru enter this solution at the upper limit imposed. 

This suggests that under the current wool selling system, to 

minimise trans port and handling costs, as much wool as possible 

should be sold through Auckland, Napier and Timaru. Also, 

any further investment in additional facilities should occur at 

these centres rather than at one or more of the remaining locations. 

To test the validity of this observation, capacity limits on the 

potential selling centres included in the model were lifted (that 

is, no upper ,limit was imposed on the quantity of wool that 

could be sold through any particular centre). This modified 

problem yielded the result outlined in Table 14. 
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TABLE 14 

Solution without capacity restraints 

Centre 

Auckland 

Napier 

Wanganui 

Wellington 

Christchurch 

Timaru 

Dunedin 

Inver car gill 

Cost 

Throughput 
(100 bale uni ts) 

2,159 

6,077 

Nil 

Nil 

1, 626 

1, 519 

1,398 

2,089 

$12. 64 m 

These results indicate that, under current wool selling 

and handling techniques, as much North Island wool as possible 

should be sold through Auckland and Napier, even to the extent 

of closing down stores at Wanganui and Wellington. In the 

South Island as much wool as possible should be shipped through 

Timaru. Also, any additional investment in wool selling and 

handling facilities should take place at Napier in the North Island, 

and Timaru in the South Island. 

The result that Napier enters at a level in excess of 

600, 000 bales may not be a practical solution. A selling centre 

of this size, particularly at Napier, operating under current 

selling procedures, may lead to diseconomies of scale. Such 

a possibility requires further investigation. Certainly with 

current building and handling facilities at Napier, an annual 

throughput of 600,000 bales would not be possible. 

The cost of $12. 99 m of the first solution (capacitated 

case) is based on the assumption that local demand at Wanganui 

must be satisfied from a South Island selling centre. If this 
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assumption is dropped, thus allowing local demand at Wanganui 

to be satisfied from the local selling centre, the cost falls to 

$12. 56 m but th~ size, num.ber and location of selling centres 

does not change. 

The cost of $1Z. 64 m of the second solution (uncapacitated 

caset is based on the same assmnption. However, when it is 

dropped, the cost falls to $1Z. 34 m and Wanganui enters the 

solution at a level of 54# 800 bales which in fact satisfies local 

demand of Wanganui {'SZ, 700) and Wellington {2~ l 00) only. 

This is an unrealistic sibul.tion and until further information as 

to the origin of locally consumed wool is obtained, the assumption 

of South Island supply should remain. 

An indication of co.st savings possible is given by 

comparing actual cost's and model estimated costs. New Zealand 

Wool Board data indicate that costs per bale from farm gate to 

local mill or shipside average $12. Thus total cost is $1 7. 8 m 

com.pared with model costs of $12. 99 m or $12. 64 m. Hence, 

in theory, large savings are possible although there would also 

be heavy capital expenditure involved in changing fr.om present 

stores to least cost stores. 

Finally, be clear that the above results are based on a 

somewhat simplified model of the wool selling system, including 

some fairly restrictive assumptions. Policy decisions should 

not be made on such results. Rather these solutions provide 

examples of the type of information that can be obtained from 

plant size and location optimising studies. 



500 

V. REFERENCES 

(1) BAWDEN, D. L. (1964). An Evaluation of Alternative 
Spatial Models. J. Farm Econ. 46: 1372-1379. 

( 2) BECKMAN, M. (1 952 ). A Continuous model of 
Transportation. Econometrica, 20 : 643-660. 

(3) BOBST, B. W. and WAANANEN, M. V., (1968). 
Cost and Price Effects of Concentration 1'.estrictions in the 
Plant Location Problem. Am. J. Agric. Econ. 50 : 
676 - 686. 

( 4) CASSIDY, P.A., McCARTHY, W. 0., and TOFT, H. I. (1970). 
An Application of Spatial Analysis to Beef Slaughter Plant 
Location and Size, Queenslando 
Aust. Jour. Ag. Econ. 

( 5) CHENERY, H. (1955 ). Interregional & International 
Input-Output Analysis in Barna, T .. The Structural 
Interdependence of the Economy, Wiley, New York. 

( 6) CHERN, W. & POLOPOLUS, L. (1970). Discontinuous 
Plant Co st Function and a Modification of the Stollsteimer 
Location Model. Am. J. Ag. Econ. 52 : 581- 586. 

( 7) COBIA, D. W. & BABB, Eo M. (1964 ). An Application of 
Equilibrium Size of Plant Analysis to Fluid Milk Processing 
and Distributiono Jour. Farm Econ. 46: 109-116. 

( 8) DAY, R.H. (1963 ). Recursive Programming & 
Production Response, North Holland;· Amsterdam~ 

(9) ENKE, S. (1951). Equilibrium Among Spatially 
Separated Markets : Solution by Electric Analogue. 
Econometrica .!.2 : 40-4 7. 

(10) FELDMAN, E., LEHRER, F. A. and RAY, T. L., (1966 ). 
Warehouse Location Under Continuous Economies of Scale. 
Mgt. Sci. g 670-684. 

(11) FERGUSON, D-..- C.... & Mc CAR THY, W. 0. (1970). A Spatial 
Analysis Approach to Size & Location of Australian Wool 
Selling Centres. Rev. Mktg & Ag Econ. _l§: 153-156. 

0.2) FERGUSON, D~ C., McCARTHY, W. 0., & RODGERS, J. L. 
(1972 ). 'Determing Alternative Locations for Plant Processing 
Facilities : A Method of Guidance for Policymakers. 
Rev. Mktg & Ag Econ. 40 : 155-169. 

• 



51. 

(13) FETTER, F. (1924). The Economic Law of Market Areas. 
Quart. Jouro Econ. ]]_ : 520- 529. 

( 14) FOX, K. A. (1953 }. A Spatial Equilibrium Model of the 
Livestock Feed Economy in the United States. 
Econometrica ll : 54 7 - 566. 

(l.S.) GRAHAM, F. (1948)0 The Theory of International Values. 
Princeton Univ. Pres !f, Princeton. 

(16) HALL, P. ed. (1966). Von Thunen's Isolated State. 
Pergamon, Oxford (translation). 

(J 7) HARRIS, C. P. (1964). Principles of Regional Economic 
Development. Aust. Ag Econ Socy, Qld. Branch Monograph, 
March 1964. 

(18) HENRY, W.R. & BISHOP, C. E. (1957). North Carolina 
Broilers in Interregional Competition. North Carolina Ag. 
Expt Stn. A. E. Information Series No. 56. 

(19) HILLIER, F.S. & LIEBERMAN, G.J. (1969). Introduction 
to Operations Research. Holden-Day. 

(2.0~ HITCHCOCK, F. L. (1941). The Distribution of a Product 
from Several Sources to Numerous Localities. 
Jour Mathematics & Physics 20 : 224-230. 

(_21) HOOVER, E. M. (1937). Location Theory and the Shoe and 
Leather Industries. Harvard Univ. Press, Cambridge. 

(22:'.) HURT, V. G. , and TRAMEL, T. T. (1965). Alternative 
Formulations of the Transhipment Problem. 
J. Farm Econ. 47: 763-773. 

(2..3j · ISARD, W. (1951 ). Interregional and Regional Input-
Output Analysis. Rev. Econ & Stats n : 318- 328. 

(24) ISARD, W. & KUENNE, R. (1953 ). The Im.pact of Steel 
upon the Greater New Yo·rk - Philadelphia Industrial Region. 
Rev. Econ. & Stats. ]2 : 2 89- 301. 

(25) ISARD, W. (1956). Location & Space Economy. 
Wiley, New York. 

(~6) ISARD, W. (1958). Interregional Linear Programming : 
An Elementary Presentation and a General Model. 
Jour Regional Sc. l : 1- 59. 

(~ 7) KAN BUR, M. G. & NEUDECKER, H. (1966). Methodology 
of Spatial Equilibrium Models of the Rice Economy of South 
India. Artha Vijnana, .§. : 6 7 - 81. 



52. 

( 28) KANBUR, M. G. & NEUDECKER, H. (1968). Sensitivity 
Analysis and Spatial Equilibrium Models. Indian Jour 
Econ. , Econometric Annual/ .!2 : 454- 461. 

( 29_) KEUHN, A. A. and HAMBERGER, M. J. (1963). A Heuristic 
Program for Locating Warehouses. Mgt. Sci . .LQ : 643-666. 

( 30) KLOTH, D. W. , & BLAKLEY, L. V. (1971 ). Optimum Dairy 
Plant Location with Economies of Size and Market Share 
Restrictions. Am.er· Jour Ag. Econ • ..?.J : 461-466. 

(_ 31) KOOPMANS, T. C., (1947). Optimum UtilisaUon of the 
Transportation System. Proc. Int. Stat. Confs, Washington, D. C. 
(reprinted as Supplement to Econometrica l1 : 1947). 

(_32) KOOPMANS, T. ed. (1951 ). Activity Analysis of Production 
& Allocation. Wiley, New York. 

( 33) KUENNE, R. E. (1963 ). The Theory of General Economic 
Equilibrium. Princeton Univ. Press, Princeton, New Jersey. 

(_ 34) LADD, G. W. & HALVORSON, M. P. (1970). Parametric 
Solutions to the Stollsteimer Model. Amer Jour Ag Econ. 
g: 578-580. 

(.35_) LAUNHARDT, W. (1885). Mathematische Begrund ung 
der Volkswirtslehre, Leipzig. 

( 36) LEATH, M. N. and MARTIN, J. H. (1966). The Transhipment 
Problem with Inequality Restraints. J. Farm Econ. 48 : 
894-908. 

( 37) LEFERBER, L. (1958). Allocation in Space : Production, 
Transport & Industrial Location. North Holland, Amsterdam. 

( 3 8) LEON TIEF, W. (1 95 3). Studies in the Structure of the 
American Economy. Oxford· University, New York. 

( 39) LOGAN, S. H. and KING, G. A. (1964). Size and Location 
Factors affecting California I s Beef Slaughtering Plants. 
Hilgardia, 1.£ : 13 9-1 88, 

( 40) LOSCH, A. (1944). Die raumbiche Ordnung der 
Wirtschaft. Jena. 

(_41 ), LOSCH, A. (1954). The economics of location. 
Yale Univ. Press,· New Haven. (translation.) 

C142 ). McCARTHY, W. 0., FERGUSON, D. C. and CASSIDY, P.A. (1971 ). 
Sensitivity of Plant Location Solutions to changes in Raw 
Product Supplies. Rev. Mktg & Ag Econ.12: 36-42. 



53. 

(4~) McCONNELL, C .. R. (1972). Economics, Principles, 
Problems & Policies. McGraw-Hill. 

C44) O'DWYER, T. (1968). Determination of the Optimum Number, 
Location & Size of Dairy Manufacturing Plants. 
Irish Jour Ag Econ &: Rural Sociol. l : 267-281. 

(_45), OHLIN, B. (1933 ). Interregional and International 
Trade. Harvard Univ. Press, Harvard, Cambridge. 

" (46) OLSEN, F. L. (l 9'59). Location Theory as applied to Milk 
Processing Plants. J our Farm Econ. 41 : 1546-1 556. 

( _47)_ ORDEN, A. (1956:}. The Trans,hipment Problem. 
Management Science 1 : 276-285. 

(48) PALANDER, T. (1935 ). Bietrage zur Standartstheorie. 
Ahnquist, Uppsala. 

("49) PHERSON, V. W. and FIRCH, R.S. ,(1960). A Procedure 
for Determining Optimum Warehouse Location. 
!ndiar.e.Agric. Exp. Stn. Res. Bull. 706, Lafayette. 

( 50} POLOPOLUS, L. (1965 ). Optimum Plant Nmnbers and 
Locations for Multiple Product Processing. Jour Farm 
Econ. 47 : 287-295. 

( :s1) PRATTEN, C. F. (1971 ). Economies of Scale in Manufacturing 
Industry. Cambridge Univ. Press, Cambridge. 

( _52) REVELLE, E. C., MARKS, D., and LIEBMAN, J.C. (1970). 
An Analysis of Private &: Public Sector Location Models. 
Management Science 1.§ : 692- 707. 

( 53) RICHARDSON,H. W.(1969). Regional Economics. 
Praeger, New York. 

( 54~ SAMUELSON, P.A. (1952). Spatial Price Equilibrium & 
Linear Programming. Arner Econ Rev. 42: 283-303. 

( 55) SNODGRASS, M. M. and FRENCH, C. E. (1958). Linear 
Programming Approach to the Study of Interregional 
Competition in Dairying. Bulletin No. 63 7, Indiana 
Agric. Expt. Stn. 

( ~6) STAMMER, R. W. (1971 ). A Mathematical Prograniining 
Model for Determining the Optimum Spatial Organisation 
of a Multi-Plant Industry. Unpublished thesis, 
University of Connecticut. 



( 57) 

54. 

STOLLSTEIMER, J. F., (1963 ). 
Plant Numbers and Locations. 
45 : 631-645. 

A Working Model for 
Arner Jour Ag Econ. 

( 58) TAKAYAMA, T., and JUDGE, G. G. (1964). An Inter­
regional Activity Analysis Model for the Agricultural 
Sector. Jour Farm Econ. 46: 349-365. 

( 59)" THUNEN, J. H. von. (1826 ). Der Isolierte Staat in 
Beziehung auf Landwirtschaft und Nationalokonomie. 
Hamburg. (See also Hall P .. ) 

( 60) TOFT, H. I., CASSIDY, P.A. and McCARTHY, W. 0. (1970). 
Sensitivity Testing and the Plant Location Problem • 
.Amer Jour Ag Econ. 52 : 403-41 O. 

( 61) VINER, J., (1932). Cost Curves and Supply Curves. 
Reprinted in Stigler G. J. & Boulding K. E. (eds.) (1952 ). 
Readings in Price Theory. Irwin, Illinois. 

( 62) WARRACK, A. A., and FLETCHER, L.B. (1970 ). Location 
and Efficiency of the Iowa Feed-Manufacturing Industry. 
Iowa State University. Ag Expt Stn Research Bulletin 571. 

( 63) WARRACK, A. A., and FLETCHER, L.B., (1970). Plant­
Location Model Suboptimisation for Large Problems. 
Am.er Jour Ag Econ. 52 : 587-590. 

( 64} WEBER, A., (1909). Uber Den Standort der Industrien. 
Tubing en. 

( 65) WEBER, A., (1928). Theory of the Location of Industries. 
University of Chicago Press, Chicago, ( Translation. ) 

( 66) WEICHELT, A., (in press). Die Bestimmung optimaler 
Branchenstrukturen bei Be- und Verarb~itungsbetrieben landwirt­
schaftlicher Produkte, dargestellt am Beispiel von Eierpack-
stellen, Institut fur landw.. Marktforschung, Braunschweig-Volkenrodeo 

( 67) ,,yV"EINSCHENCK, G., HENRICHSMEYER, W., and 
AID INGER, F. (1963 ). The Theory of Spatial Equilibrium 
and Optimal Location in Agriculture; a Survey. 
Rev. Mktg & Ag Econ. I]_ : 3-70. 



·- . 

RECENT PUBLICATIONS 

RESEARCH REPORTS 

24. The Profitability of Hill Country Development-Part 2: 
Case History Result!, J. S. Holden, 1965. 

26. Indexes of Cost of Investment Goods 1949-50 to 1963-4, 
0. C. Scott, 1966. 

27. An Economic Analysis of Large-scale Land Development 
for Agriculture and Forestry, J. T. Ward and E. D. Parkes, 
1966. 

28. A Review of the Argentine Beef Cattle Situation, R. J. 
Townsley and R. W. M. Johnson, 1966. 

29. Aspects of Productivity and Economic Growth in New 
Zealand 1926-64, B. P. Philpott, 1966. 

30. Estimates of Farm Income and Productivity in New Zea­
land 1921-65, B. P. Philpott, B. J. Ross, C. J. McKenzie, 
C. A. Yandle and D. D. Hussey, 1967. 

31. The Regional Pattern of the Demand for Meat in the 
United Kingdom, Mary J. Matheson and B. P. Philpott, 
1967 . . 

32. Long-Run Swings in Wool Prices, B. P. Philpott, in pre­
paration. 

3S. Programming Farm Development, G. A.G. Frengley, R.H. 
B. Tonkin and R. W. M. Johnson, 1966. 

36. Productivity, Planning and the Price Mechanism in the 
Zealand Manufacturing Industry, B. P. Philpott, 1966. 

37. Some Projections of Retail Consumption in New Zealand, 
R. H. Court, 1966. 

38. The Natllre and Extent of the Farm Labour Shortage in 
Cheviot County, Canterbury, J. L. Morris and R. G. Cant, 
1967. 

39. Index to New Zealand Agricultural Publications, 1964, G . 
A. G. Frengley, 1967. 

40. High Country Development on Molesworth, R. W. M. 
Johnson, 1967. 

41. Input-Output Models for Projecting and Planning the 
Economy, B. P. Philpott and B. J. Ross, 1968. 

42. Statistics of Production, Trade Flows and Consumption of 
Wool and Wool-type Textiles, B. P. Philpott, H. T. D. 
Acland, A. J. Tairo, 1967. 

43. Survey of Christchurch Consumer Attitudes to Meat. C. 
A. Yandle, 1%7. 

44. Fertiliser and Production on a sample of Intensive Sheep 
Farms in Southland 1953-64, R. C. Jensen and A. C. Lewis, 
1967. 

46. Budgeting Further Develvpment on Intensive Sheep-Farml 
in Southland, R. C. Jensen and A. C. Lewis, 1967 

41. The Impact of Falling Prices on Taranaki Hill-Country 
Development, R. W. M. Johnson, 1967. 

48. Proceedings of an N. ~. Seminar on Project Evaluation in 
Agriculture and Related Fields, R. C. Jensen (Ed.), 1968. 

49. Inter-Industry Structure of the New Zealand Economy, 
1961-5, B. J. Ross and B. P. Philpott, 1968. 

SO. Fresh Vegetable Retailing in New Zealand, G. W. Kitson, 
1968. 

51. Livestock Targets in North Canterbury Hill Country: The 
Impact of Changing Prices, J. L. Morris. H. J. Plunkett 
and R. W. M. Johnson, 1968. 

52. Sectoral Capital Formation in New Zealand, 1958-65, 
T. W. Francis, 1968. 

S3. Processing Peas: A Survey of Growers' Returns, 1967-8, 
B. N. Hamilton and R. W. M. Johnson, 1968. 

~4. Fertiliser Use in Southland, R. W. M. Johnson, 1969. 
SS. The Structure of Wool and Wool Textile Production, 

Trade and Consumption, 1948-68, B. P. Philpott, G. A. 
Fletcher and W. G. Scott, 1969. 

56. Tower Silo Farming in New Zealand-Part I: A Review, 
D . McClatchy, 1969. · 

S1. Supply and Demand Projections of the United Kinf!dnm 
Meat Market in 1975, D. R. Edwards and B. P. Philpott, 
1969. 

58. Tower Silo Farming in New Zealand-Part II: Economic 
Possibilities, D. McClatchy, 1969. 

59. Productivity and Income of New Zealand Agriculture, 
1921-67, D. D. Hussey and B. P . Philpott. 

60. Current Trends in New Zealand Beef Production and 
Disposal, D. McClatchy. 

61. Land Development by the State: An Economic Analysis of 
the Hindon Block, Otago, E. D .. Parkes. 

62. An Economic Analysis of Soil Conservation and Land 
Retirement on South Island High Country, R. W. M. 
Johnson, 1970. . 

63. A Regional Analysis of Future Sheep Production in New 
Zealand, R. W. M. Johnson, 1970. 

64. An Economic Assessment of the Middle Class and Upper 
Middle Class Market in Malaya as a Potential Outlet for 
New Zealand Meat and Dairy Products, K. Y. Ho, 1970. 

65. Capital Formation in New Zealand Agriculture, 1947-67, 
R. W. M. Johnson, 1970. 

66. Distribution Costs and Efficiency for Fresh Fruit and 
Vegetables, G. W. Kitson, 1971. 

61. The Optimization of a Sixteen Sector Model of the New 
Zealand Economy, T. R. O'Malley (in preparation) . 

DISCUSSION PAPERS 

3. Economic Evaluation of Water Resources Development, 
R. C. Jensen, A.N.Z.A.A.S., Christchurch, 1968. 

4. An Illustrative Example of Evaluation Procedures, A. C. 
Norton and R. C. Jensen, N.Z. Assn. of Soil Conservators, 
May 1968. 

S. The Shape of the New Zealand Economy in 1980, B. P. 
Philpott and B. J. Ross, N.Z. Assn. of Economists, August 
1968. 

6. Economic Problems of New Zealand Agriculture, R. W. 
M. Johnson, A.N.Z.A.A.S., Christchurch, 1968. 

7. Recent Trends in the Argentine Beef Cattle Situation, 
R. W. M. Johnson, November 1968. 

8. Price Formation in the Raw Wool Market, C. J. McKenzie, 
B. P. Philpott and M. J. Woods, N.Z. Assn. of Economists, 
February 1969. 

9. Agricultural Production Functions, A. C. Lewis, N.Z. 
Assn. of Economists, February 1969. 

10. Regional Economic Development in the Context of the 
Changing New Zealand Economy, B. P. Philpott, Nelson 
Development Seminar, April 1969. 

11. Quarterly Estimates of New Zealand Meat Price, Con­
sumption and Allied Data, 1946-65, C. A. Yandle. 

12. Indicative Economic Planning with a Sixteen Sector Pro­
jection Model of the New Zealand Economy, B. J. Ross 
and B. P. Philpott, A.N.Z.A.A.S., Adelaide, 1969. 

13. Recent Developments in the Meat Industry with parti­
cular reference to Otago and Southland, R. G. Pilling, 
Otago Branch, N.Z. Econ. Soc., October 1969. 

14. The Future Profitability of Beef Production in New 
Zealand, R. W . M. Johnson, N .Z. Inst. Agr. Sc., August 
1970. 

15. Demand Prospects for Beef, B. P. Philpott, N .Z. Inst. 
Agr. Sc., August 1970. 

16. The Structure of Wool and Wool Textile Production, 
Trade and Consumption, 1958-69, B. P. Philpott and W. 
G. Scott, June 1970. 

17. Trends in the Terms of Exchange and Productivity in 
the New Zealand Dairy Industry, R. W. M. Johnson , 
June 1970. 

18. Marketing Margins for New Zealand Lamb and for all 
Lamb and Mutton in the United Kingdom, A. C. Lewis 
and S. M. C. Murray, July 1970. 

19. A Pilot Optimisation Mocfel for tlze 1972-3 N .D.C. Plan, 
B. P. Philpott and T. R. O'Malley, August 1970. 

20. Recent Trends in Capital Formation in New Zealand 
Agriculture, 1964-9, R. W. M. Johnson and S. M. Hadfield. 
1971. 

Additional copies of Research Reports, apart from complimentary copies. are available at 50 cents each; 
except No. 48 which is $NZ3.00. Remittance should ac.::ompany order. Discussion Papers are unbound and 
are avai'table free on request. 



... , 

27. MAY 1982 

~GRICUL TURAL ECONOMICS 

~ RESEARCH UNIT 

LINCOLN COLLEGE 

UNIVERSITY COLLEGE OF AGRICULTURE 




