
 
 

 
 
 
 
 
 

 
Lincoln University Digital Thesis 

 
 

Copyright Statement 

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 

This thesis may be consulted by you, provided you comply with the provisions of the Act 
and the following conditions of use: 

 you will use the copy only for the purposes of research or private study  
 you will recognise the author's right to be identified as the author of the thesis and 

due acknowledgement will be made to the author where appropriate  
 you will obtain the author's permission before publishing any material from the 

thesis.  

 



AN ECONOMETRIC STUDY OF 
THE NEW-ZEALAND PIG-MEAT MARKET 

A THESIS 

SUBMI'fTED IN PARTIAL FULFILMENT 

OF THE REQUIREMEN'I'S FOR THE DEGREE 

OF 

MASTER O]!' COMMERCE (AGRICULTURAL) 

IN THE 

UNIVERS ITY OF CANTERBURY 

LINCOLN UNIVERSITY 
LIBRARY 

1 4 J; r 7' Wli10 v •• £,,1,,, 

RECEIVED ON 
CANTERBURY, NEW ZEALAND 

! r 

By 

M. J. Horn 

Lincoln College 
1981 



Abstract of a Thesis Submitted in Partial Fulfilment 
of the Requirements for the Degree of M.Com. (Ag.) 

AN ECONOMETRIC STUDY OF THE NEW ZEALAND 
PIG-MEAT MARKET 

by 

M. J. Horn 

This thesis describes an econometric investigation of the 
New Zealand, pig-meat market over the period 1969 to 1979. 
The objective of the study is to provide policy-makers 
within the pig industry with a model of their industry that 
can be used to improve their ability to anticipate and 
respond to problems facing the industry. In particular, 
the study is concerned with providingpo~icy-makers with a 
tool which can be used to improve their ability to reduce 
instability in the pig-meat market. 

The transition from dairy by-product to grain ration feeding 
#v 

of pigs appears to haye aggr?~ated price. and production 
. ~ -: 

instability in the industry and this problem is now R major 
concern of policy-makers. 

This study describes the impact of the transition from dairy 
by-products to grain ration feeding of pigs as well as the 
causes and consequences of the associated increase in 
production and price instability. A 20 equation model of 
the market is specified that describes production, consumption, 
price formation, imports, exports and stock changes at 
various levels of disaggregation. Thjs model is estimated 
using quarterly data for the period 1968 (fourth quarter) to 
1979 (second quarter) and the two stage principal components 
estimating procedure. The estimated model is evaluated using 
simulation analysis. 



In most respects the performance sf the model described in 
this study is satisfac"tory. It is able to reproduce cyclic 
behaviour when all of the exogenous variables are held at a 
fixed level. These ~yeles are convergent with a mean length 
of approximately 3.5 years. Although the model does have 
some problems associated with it, it is useful to policy-
makers in its present form. Model forecasts should be 
accurate enough to improve policy-makers' abjlity to 
predict many of the important market variables. The model 
should also prove useful in evaluating the implications of 
alternative future scenarios as well as the impact of 
alternative policy decisions on the market. 

The staff of the Pork Marketing Board have already begun to 
use the model as an aid to policy making in the industry. 
Over the last nine months the model has primarily been used 
to provide quarterly forecasts and to evaluate the impact 
of alternative scenarios (e.g. increases in feed-grain 
prices) in the slightly.longer term. Interest is also being 
shown in using the model to evaluate alternative policies 
under consideration by policy-makers. Research currently 
underway should help"io overcome some of the.problems 
associated with the model and, therefore, extend its 
usefulness as a policy tool. 
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1 

CHAPTER ONE 

INTRODUCTION 

1.1 Introduction 

In any economy characterised by imperfections and distortions 
it is unreasonable to expect the unrestricted workings of any 
one market to maximise the welfare of its actual and potential 
participants. It is possible, under certain conditions, to 
devise economic policies that will improve aggregate welfare. 
Some of these policies will enhance the operation of the 
market by removing imperfections, while others will act to 
offset the impact of other distortions in the economy. 
However the welfare impact of economic policy is usually 
subject to considerable uncertainty. There is a risk that 
policy-makers, who act in a political environment, will make 
economic decisions that result in a welfare loss. This risk 
is high when the market has many of the characteristics of 
perfect competition and when policy-makers do not have 
access to reliable quantitative estimates of the likely 
impact of alternative. decisions. 

Policy-makers, especially at the industry level, often have 
only an incomplete database and intuitive "models" of the 
behaviour of market participants to work with. Under these 
circumstances it is ~ossible that intervention in the market 
will not produce the desired effect. For example, there is 
good evidence to suggest that the operation of the Basic 
Minimum Price scheme has failed io provide price support to 
pig farmers. 1 Therefore, even when policy-makers are not 
influenced by special interest groups, it may be very 
difficult for them to identify policies which will improve 
economic welfare. When the influence exerted by different 

I 

1. This issue is discussed in detail in Chapter Seven. 
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market participants is uneven there is an increased risk 
that a given policy decision wil~ not increase welfare. 

The author has noted elsewhere the danger that policy-
makers in the New Z~aland pig industry will oyer-react to 
trproblems" perceived by producers and introduce strongly 
interventionist economic policies which will compromise 
the allocative efficiency of the market for highly 
uncertain gains. 2 That paper stated: 

lilt is my belief that the allocative efficiency 
of the market can be improved, and the need 
for market intervention by producers minimised, 
with the aid of an accurate and credible computer 
based mathematical modelsof the market".3 

This thesis has developed out of that belief. 

1.2 Objectives of The Thesis 

The New Zealand pig-meat market has many of the characteristics 
of a perfectly competitive market. However, the efficiency 
of this market is se~iously constraified by the lack. of 
"perfect information". Inadequate information concerning 
probable future prices is a significant market imperfection 
which, in combination with other factors, causes market 
instability and resource misallocation. 

Like many agricultural sectors in New Zealand, producer boards 
(in this case the Pork Marketing Board (PMB) and Pork Industry 
Council (PIC»have considerable power to make economic policy 
at the industry level. These boards can, and usually do, have 
an important influence on the efficiency of the markets in 
which they operate. As we shall see, there is considerable 
potential to improve the efficiency of the pig-meat market 

2 • M. J. Horn I computers as an Aid to Pig Ivlarketing in New Zealand , 
a paper presented at the 49th Congress of ANZAAS, Auckland,· New 
Zealand, January 1979. 

1_ Thirl. n_~ 
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despite i tspredominately compet i ti'Ve chara..cter. However 1 

there is also considerable potential to contrive inter-
ventionist economic policies that result in an aggregate 
welfare loss. Given that both the Council and the Board are 
very sensitive to producer interests 1 and that both 
organisations act on the basis of intuitive "models" of 
market behaviour without an accurate or comprehensive database 1 

it is unlikely that either body is in a position to make 
decisions which can be expected (given an acceptable variance) to 
produce aggregate welfare gains on a consistent basis. 
Simply put, these bodies do not have the "tools" appropriate 
to their policy-making function. In this case the appropriate 
"tool" is information; estimates of future movements in 
important market variables and estimates of the likely impact 
of alternative policy actions arE? the "tools" appropriate 
to de~ision-making at the industry level. Providing the 
right sort of information should act to improve the efficiency 
of the market as well as the quality of the producer boards' 
policy responses. 

The objective of this study is to provide policy-makers in . . . 

the pig industry with a quantitative description ot their 
industry that is usable, credible and sufficiently accurate 
to improve their ability to anticipate and respond to problems 
facing the industry. This objective will be achieved by 
building an econometric model of the pig-meat market that 
can be used to forecast important market variables and 
estimate the impact of alternative policy decisions on these 
variables. 

~.2.1 Potential Benefits of the Model 

At present, decision-makers are forced to rely on intuitive 
models of the industry to define the relationship between 
variables of interest, and a mixture of incomplete statistics 
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and subjective judgements to provide values for these. 
variables. The construction of an econometric model of the 
pig-meat market has the potential to i~p~~ve policy-making 
within the industry in the following manner: 

(a) By providing policy-makers with complete, timely 
and accurate data on the important economic 
variables. In order to construct a model of 
this type these var~ables have to be identified 
and time series for all of these variables 
collected. Difficulty in obtaining these data 
has,prevented its use in the past. Of their 42 
time series used in this study, 16 were 
available from published sources, 19 were 
obtained from primary sources held by various 
government; and quasi-gov&.rnment agencies, 
and the remaining seven were obtained directly 
from primary sources in the private sector. 
However, for any database to be useful it 
must be credible, accurate and timely as well 
as being available. Appendix A discusses the 
accuracy of the data available to the industry, 
and the data i~cluded in the model .. The 
description of the data given in Appendix A 
enhances its value. Users need to know exactly 
what each series represents, where the weaknesses 
in the database are, and what assumptions were 
made to overcome data deficiencies. The clear 
identification of weaknesses in the database 
and focussing of attention on the nature 
and importance of these weaknesses has already 
prompted producers' representatives to take 
some action to improve the database. 

(b) Understanding of the important interactions 
within the market should be enhanced. Initially 
understanding should be improved as a result of 
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the detailed and q:uantified des~rip"tion of the 
market given by the model. The model 
incorporates a large number of variables in a 
complex syste~ of interactions. This type of 
description of the market encourages 
appreciation of the complexity and nature of 
these interactions. Model users are encouraged 
to consider the effects of a wide range of 
influences on the market and to trace these 
effects within a consistent framework even 
though these effects may involve long, and 
reasonably complex, chains of causality. 

Application of the model to policy problems 
will also enhance policy-makers' understanding 
of interactions in the market. The model 

provides an extra voice in the decision 
making process. An important characteristic 
of this "extra voice" is that its assumptions 
and logic are explicit. If policy-makers 
disagree with ~he model's r~su1ts then they 
are encouraged to make their own assumptions 
and logic explicit also. This forces po1icy-
makers to consider their own implicit "models" 
in greater detail and is likely to lead to 
some reformulation of these implicit "models", 
Understanding should also be increased when 
policy-makers use the model to Simulate the 
effects of various policies on the market. 
This type of "what if" approach involves the 
policy-maker in a fairly intimate interaction 
with the model. This type of interaction 
is likely to make the policy-maker more aware 
of the total effect of a given exogenous change 
on all of the endogenous variables. 
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~ 

(c) The model's ability to provide a consistent 
set of forecasts for all of the important 
endogenous variables for each quarter should 
improve policy~makers' ability to anticipate 
problems and therefore improve the timing of 
policy responses. There can be a trade-off 
between the accuracy with which a problem is 
diagnosed and the timeliness of the policy 
response. To delay a response until the 
problem can be more accurately defined may mean 
that the problem is compounded. To delay may 
also mean that the policy response is less 
effective or even wrong (especially when 
counter-cyclical policy meastires are being 
considered). On the other hand, a quick 
response may not allow for an adequate 
analysis of the problem and may therefore 
be incorrect, Accurate forecasts help to 
remove this conflict between accuracy of 
diagnosis and timeliness of response. 

(d) The model can be used to estimate the impact 
of alternative policy decisions. The model will 
produce a consistent set of estimates for the 
endogenous variables given values for the 
exogenous and policy variables (where a policy 
variable is defined as an exogenous variable 
that can be directly ma~ipulated by the decision-
maker). Policy-makers can set alternative 
values for policy variab~e~ (which represent 
alternative policies) and use the resulting 
model estimates of the endogenous variables 
to evaluate these alternative policies. This 
is known as the "policy simulation" approach 
to policy analysis and has distinct advantages 
over alternative approaches which require some 
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knowledge of the policy-mak.ers' welfare 
preferences or his particular targets. 4 Policy 
makers have already used the model in this way 
to assess the likely impact of alternative 
levels of BMP (i.e. basic minimum farm prices 
set by the Board) on other important market 
variables. 

(e) Finally, the mod~l can be used to provide 
information that can be used to improve the 
workings of the market. The pig-meat market 
conforms closely to assumptions of the 
perfectly competitive model with the notable 
exception of the assumption concerning 
"perfect information". It is arguable 
that the provision of information should be 
the major economic policy function of the 
Board. Information has many of the 
characteristics of a public good and there 
is reason to believe that collective action 
is required to produce the optimum amount of 
market informaiion in an ind~stry that is 
characterised by a large number of small 
producers. If the model can supply 
reasonable fo!'ecasts for the important market 
variables at reasonable cost, it can be used 
as a policy instrument as well as a~olicy 
tool. 5 

To summarise, the development of an econometric model of the 
pig-meat market has the potential to improve policy formulatiull 

4. For a discussion of alternative approaches.--to the use of 
econometric models to evaluate the' effects of alternative 
economic policies see T. H. Naylor, "Policy Simulation 
Experiments with Macroeconomic Models : The State of the 
Art", American Journal of Economics, Vol.42, No.2, May 
1970, pp 263-271. 

5. The model can be described as a policy instrument when it 
is used to influence the behayiour of market part.icipants 
dire~~tly wh~reas it is a policy tool when it is used to 
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within the industry by improving the data available to 
policy-makers, ~nhancing the understanding of the important 
interactions within the market, and improving the ability 
to forecast values of the important market variables and to 
evaluate the impact 6f alternative policy actions on these 
variables. 

1.2.2 Criteria for JudgIng the Acceptability of the 
ModeTto Policy-Makers 

The primary objective of this study is to improve policy 
making in the pig industry. The development of an econometric 
model of the marMet ha.s the potential to achieve this 
objective. Therefore the realisation of the five 
potential benefits of model building listed above represents 
an intermediate objective of this study. 

The primary objective noted above will not be met unless 
the model is actually used as an input into the decision-
making process. Therefore, the model has to be acceptable 
to policy-makers. ,For the model t9 be acceptable it must 
meet three criteria: 

(a) The model mllst be credible to policy-makers. 
The model's credibility is likely to be 
enhanced if the specification of the model 
coincides with policy~makers' conceptualisation 
of the market, if the model is reasonably 
reliable and accurate, and if the policy-maker 
is familiarised with 'the limitations of the 
model. 

(b) The model must be useful (i.e. provide the 
information required by the policy-maker). 
For the model to meet this criterion the 
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variables that the policy-maker can influence 
directly (i.e. policy varil:!bles or instruments) 
and the variables that he wishes to influence 
but can only do so indirectly (i.e. objectives), 
must be include~ in the model. 

(c) The model must be usable. The model will be 
usable if the data required to operate the 
model is available on a timely and uninterrupted 
basis, and the results are available on a 
regular basis prior to the decisions that require 
them. 

Meeting these criteria must also be accepted as an objective 
of this study given their importance in determining whether 
or not the model is actually used. 

1.3 Outline of the Study 

This study is intended to provide policy-makers in 

the New Zealand pig~meat industry' with a decision making 
tool. However the development of this type of tool can not 
occur in a vacuum. The demand for this type of tool results 
from the desire of policy-makers to "solve 'i specific 
"problems" perc~ived by market participants .. Before the 
model can be usefully and correctly specified it is necessary 
to identify the objectives of building the model, to have a 
clear statement of the type of problems the model will be 
used to overcome, and to have an accurate description of 
the market to be modelled. 

Section 1.2 identified the objectives of this study. Emphasis 
was placed on the applied nature of this research and therefore 
the need to provide policy-makers with the type of information 
that they require for forecasting and policy analysis. Chapter 
Two describes recent developments in the New Zealand pig~m~~t 
market, which has undergope important structural changes over 
the last 15 years. This chapter provides ~ackground to 
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the detailed descriptions of the structure of various 
...... , components of the market developed in later chapters) as 

well as background to t4e.problems currently facing the 
industry. Chapter Thr~e discusses the major problem 
perceived by pig proQucers and, to a lesser extent, other 
market participants; market instability. This fundamental 
problem adversely affects the efficiency of the pig-meat 
market. Chapter Thr.ee identifies the .G-a1,lses . ..1 consequences 
and cures of instability in the pig-meat market. 

Chapters Four to Nine describe the econometric model 
developed in this thesis in detail. Chapter Four describes 
the entire model in general terms (giving an "overview" 
of the workings of the market in its entirety) and the choice 
of estimation technique. The model is simultaneous with 22 
equations (18 of which are behavioural), and has been 
estimated using two-stage principal components. Chapters 
Five to Nine inclusive describe each of the 5 "blocks" of 
behavioural equations in the model; consumption, farm to 
retail price margin; farm price, production and international 
trade. These chapters describe each of the behavioural 
equations in the model in detail following the methodology 
of econometric research; each equation is specified and 
estimated, and the parameter estimates are evaluated. Brief 
literature reviews are included in .each chapter and, where 
appropriate, the policy implications of the results are 
discussed. 

A detailed treatment of the specification of each equation 
in the model was considered necessary because it enables a 
critical examination of the theoretical foundations of each 
equation. Th enhances the understanding of the behavioural 
relationships in the model and provides the necessary foundation 
for improving and, ultimately, re-estimating the model. 

Chapter Ten evaluates the validity of the complete model 
using simulation analysis. The stability' of the model is 
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evaluated along with the static and dynamic properties of 
the model both within. and beyond~the sample period. Chapter 
Eleven is the concluding chapter. It discusses the extent 
to which this study has met the objectives set out in this 
chapter, the developments needed to improve the model, and 
the applications of the model in its present form. 

! , 
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CHAPTER TWO 

RECENT DEVELOPMENTS WITHIN THE 
NEW ZEALAND PIG - MEAT MARKET 

2.1 Introduction 

Pig production in New Zealand has undergone·a radical 
transformation in the last 15 years as a response to changes 
in dairy processing technology which have resulted in a 
substantial decline in the quantity of d~iry by-product 
available for pig feeding. The declining availability of 
these relatively cheap by-products has forced pig 
producers into a heavy reliance on grain feeding. Because 
of the competitive nature of the industry, these fundamental 
changes in its external environment have resulted in 
considerable structural adjustment within the industry 
itself. This chapter describes these changes and, in very 
broad terms, the c~aracteristics of the industry that have 
emerged in response. 

, , 

2.2 Changes in Dairy Processing Technology and Their 
Impact on the Dairy-Pig Production Regime 

Prior to the mid 1960's pig production in New Zealand was 
predominantly a relatively low cost activity closely 
associated with butter and cheese production. Butter was 
manufactured from cream separated from whole-milk on the 
farm. The residual (skim-milk), which had a zero opportunity 
cost for most dairy producers, was available for animal 
feeding. This skim-milk (and, to a lesser e*tent, the 
whey produced in dairy factories as a by-product of cheese 
manufacture) was the predominant source of nutrients for pig 
feed: Therefore pig production was closely associated with 
dairy production, either as a non-specialist activity 
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practised on dairy farms (in association with on-farm 
separation o'f milk), or as a specialist acti vi ty utilising 
the by-products of dairy factor A small proportion of 
total production was in the hands of producers utilising 
other types of pig feed (e.g. city food wastes). 

During this period, pig production was dominated by dairy 
farmers who operated a large number of small, non-specialist 
pig production units. These units were characterised by a 
relatively low level of productivity and a distinctly 
seasonal production pattern coincident with the seasonal 
pattern of dair~ production. There are indications that 
dairy producers saw pig production as an inferior activity; 
using the revenue from pig production to supplement low 
incomes from cream sales, and reducing pig numbers as soon 
as an acceptable income was available from dairying. Yandle 
makes the observation that during this period "pig numbers 
have tended to fluctuate inversely with the price of 
butterfat". 1 

Improvements in dairy processing technology which enabled 
dairy factories to recover more saleable ,dairy products 
from 'a given quantity of whole-milk gradually eroded this 
historic link between pig production and dairy production. 
The gradual increase in tanker collection of whole-milk 
(which accompanied the increased production of milk powders) 
resulted in a corresponding decline in the on-farm 
separation of whole-milk. Table 2-1 shows the proportion 
of suppliers to dairy factories supplying whole-milk over 
the period 1959/60 to 1977/78 

1. C. A. Yandle, An Econometric Study of the New Zealand Hea~ 
Market, M.Ag.Sc. Thesis, Lincoln College, University of 
Canterbury, 1968, p.1S. 
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Table 2-1 

Percentage of Suppliers Supplying Whole-Milk to 
Dairy Factories by Island, Selected Years 1959/60-1977/78 

Year North South Total 

1959/60 38 14 33 
1965/66 75 20 67 
1969/70 83 33 77 
1970/71 85 39 80 
1971/72 87 42 82 
1972/73 91 50 87 
1973/74 93 60 90 
1974/75 95 67 93 
1975/76 97 72 94 
1976/77 97 82 96 
1977/78 98 87 97 

Source: New Zealand Dairy Board, Farm Production Reports 
(selected ~ears). 

The decline of on-farm separation of whole-milk was well 
advanced by the 1969/70 dairy season when 77 percent of dairy 
factory suppliers supplied whole-milk. As progressively more 
dairy factories utilised skim-milk to produce milk powders, 
this hitherto primary source of pig feed was virtually 
eliminated. With the development of new products which 
utilised whey, the availability of this source of pig feed 
also started to decline. 

It is difficult to be precise about the chronology of the 
decline in the availability of dairy by-products as a source 
of pig feed. Although a detailed description of the supply 
of dairy by-products during this studies sample period is 
given in Appendix A, no comparable figures are available for 
the period before 1968. Data collected from pig producers 
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I. 

concerning their source of pig feed was not collected by the 
Department of Statistics prior tOr1977. The figures presented 
in Appendix A indicate" that the supplies of dairy by-products 
declined dramatically through the sample period (1968 to 1979). 
However, the figures ~n' Table 2-1 also indicate that much of 
the decline in on-farm separation of whole-milk had occurred 
prior to the start of our sample period (i.e. prior to the 
1969 season). An examination of the seasonality pattern in 
pig production also indicates that the dairy influence had 
been significantly reduced by 1969. Therefore, although the 
historical relationship between dairy and pig production had 
been almost completely eroded by the end of the 1960s, the 
availability of dairy by-products is likely to have influenced 
pig production well into the 1970s. This conclusion is supported 
by the figures in Table 2-2 which indicate that, as late as 
June 1978, 15.8 percent of all holdings (with approximately 
16.7 percent of the total pig herd) still used dairy by-
products as a primary source of pig feed. 

2.3 The Impact oT the Decline in Availability of Dairy 
By.-Products on the New Zealand Pig-Meat Market 

The decline of dairy by-products as the primary source of 
pig feed has had significant consequences for the entire pig-
meat market. Dairy by-products were an exceptionally cheap 
source of pig nutrient and their declining availability has 
forced pig producers to use relatively expensive grain-based 
rations as the predominant source of pig feed. Table 2-2 
shows the relative importance of various types of pig feeds 
as at 30 June 1978. In contrast to the relatively low 
proportion of holdings feeding dairy by-products, 41.6 
percent of all holdings (with approximately 60.6 percent of 
the total pig herd) used some type of grain based ration 
as the primary source of pig feed. These figures probably 
under-estimate the importance of grain as a source of nutrients 
fed to pigs because of the use of grain as a supplement feed in 
other categories. 
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Table 2-2 

Pig Feed Used by Number of Holdings and Herd Size 
as at 30 June 1978 (As Proportion of Total) 

Proportion of Holdings Feeding 

of pigs % of More Than 60% of Stated Feed 
Number 

in Herd lJ:Iotal Compound 
size Group Herd Barley Maize Ration BY-Product Garbage Other Total 

1 - 19 4.2 15.7 2.4 l3.5 14.9 25.7 27.5 100.0 

20 - 99 10.6 33.2 4.S 23.7 19.1 4.7 14.4 100.0 

100 - 499 30.0 32.9 4.3 29.4 15.3 7.3 10.7 100.0 

500 - 599 lS.5 2S.2 4.S 2S.2 17.7 S.9 12.1 100.0 

1,000 - plus 36.7 24.4 12.2 21.9 17.1 17.1 11.0 100.0 
---

Total 100.0 21.0 3.2 17.4 15.S 19.5 22.9 100.0 
---

* WEIGHTED TOTAL 2S.2 7.2 25.2 16.7 11.6 12.2 100.0 

Source: Department of Statistics, Agricultural Statistics 1977/78 (unpublished) 

* 'fotal proportion of each "holdings by feed type and herd size" group \oleighted 
by the proportion of the total herd in each herd size group. This gives an 
approximate measure of the. importance of each feed' in determining total 
production. 

The transition from dairy by-product to grain-based rations has 
had a major impact on the pig-meat market. The remainder of this 
chapter discusses this impact under four major headings, the 
structural impact on the production of pig-meat (specialisation, 
concentration and·location), the impact on output (stability, 
trend an~ level), the impact on the relative size of the markets 
quantity aggregates, and the impact on the ~ndustry's organisational 
structure. 
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2.3.1 Structural Impact on Production - Specialisation, 
" Co"n"c"e"ntratTonand L6cati"on ~ 

The declining availability of dairy by-products has reduced 
the dairy-pig production regime from a dominant to a 
relatively minor rol~ in pig-meat production. Traditional 
producers, with traditional production techniques, have been 
replaced by grain feeders with production techniques suited 
to a high cost input structure. This major change has had 
three main features; production has become increasingly 
specialised, concentrated, and has shifted away from dairying 
areas and towards grain producing areas. This type of 
structural adaptation has allowed the level of output to be 
maintained (despite a drastic increase in costs), at least 
in part because of the increase in technical efficiency that 
the new production structure has encouraged. 

Table 2-3 gives an indication of the degree of specialisation 
reached in the New Zealand pig industry and the change in the 
degree of specialisation between 1972 and 1978. These 
statistics are unavailable for the years prior to 1972 but 
it would be expected that, from the mid 1960s to 1972, the 
number of pigs on dairy farms would have declined while the 
number of pigs on pig farms would have increased. 
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Table· 2-3 

Total Number of Pigs by Farm Type 
at 30" ·Ju"ne· 1972 and ·30" ·Ju·ne· 1978 

Farm Type % Total Pigs 
1972 1978 

Pig Farming (1) 35.17 54.90 
Dairy Farming (1) (3) 16.43 8.48 
Uairy Farming with Other (2) (3) 6.88 3.14 
Pig Farming with Other (2) 10.03 9.26 
Mixed Livestock 17.95 9.51 
General Mixed Farming 2.88 2.81 
Other 12.66 11.90 

100.·00 100.00 

Source: Department of Statistics, Agricultural Statistics, 
1971/72 (p.41) and 1977/78 (unpublished). 

(1) 75% or more of gross income is derived from stated 
activity. 

(2) ·51-74% of gross:.income is derived from stated activity. 

(3) Income from pigs does not exceed 25% of gross income 

Most of the increase in the degree of specialisation in the 
pig industry indicated by Table 2-3 occurred in the early part 
of the period. By 1978 farmers who relied on pig production 
as their primary source of income owned 64.16 percent of the 
total pig herd whereas only 11.62 percent of the total herd 
was held on dairy farms. 

It is highly likely that the decline in the supply of dairy 
by-products and the adoption of more specialist grain feeding 
production techniques has been accompanied by an increase in 
the average herd size. Table 2-4 indicates that a considerable 
concentration of production in the hands of the largest 
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producers has occurred since 1972. Again, this trend towards 
larger farms was prob~bly well untlerway by 1972 but statistics 
prior to this period are unavailable. 

Herd Size 

1 
20 

100 
500 

1,000 and 

Total 

Table 2-4 

Total Pigs by Herd Size at 
'30 Sune 1.972 . and 30" JUhe1978 

Percent 
(total pigs) 1972 1978 

19 4.3 4.2 
99 17.5 10.6 

499 40.4 30.0 
999 '15.0 18.5 
Over 22.8 36.7 

100.0 100.0 

Average number of p.igs per holding 67.9 77.1 

Source: Department Of Statistics, .Agricultural Statistics, 
1971/72 (p.7'8) 1977/78 (unpublished) 

Although there has been a considerable concentration of pig 
numbers in larger herds, the number of farmers with small 
herds is still large enough to have a considerable impact 
on the market. 

The last major structural change in pig production that has 
occurred as a result of the decline in the supply of dairy 
by-products has been a geographical shift in production 
from the dairying areas towards the grain producing areas. 
Table, 2-5 compares the geographical distribution of the total 
pig herd, the milking dairy herd and the important feed-grains 
for the years 1964 and 1978 as well as th~ distribution of 
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. TabTe2-5 

Geographical Distribution of the Pig and Dairy Herds, 
the Area of Maize and Barley Threshed, as 

at 1964 and 1978 and the Total Population at 1971 . 
STATISTICAL AREA PERCENT OF NATIONAL TOTAL 

1964 1971 1978 

C 1 . 2 . 3 ows Gra~n P~gs 1 t ' 4 1 ,2, 3 Popu a ~o~ Cows Gra~n P~gs 

Northland 

Central Auckland 

13.0 

9.1 

south Auckland, BOP 42.5 

East Coast 

Hawkes Bay 

Taranaki 

Wellington 

0.7 

2.1 

15.0 

9.4 

NORTH ISLAND TOTAL 91.8 

Marlborough 

Nelson 

Westland 

Canterbury 

Otago 

Southland 

0 •. 6 

1.6 

0.8 

2.7 

1.1 

1.4 

SOUTH ISLAND TOTAL 8.2 

NEW ZEALAND TOTAL 100.0 

0.3 

0.2 

1.3 

7.8 

3.8 

0.4 

12.2 

25.8 

3.2 

1.8 

63.2 

5.2 

0.7 

74.1 

100.0 

15.9 

11.5 

31.9 

1.1 

1.9 

12.3 

10.7 

85.3 

1.6 

3.7 

1.5 

5.5 

1.3 

1.1 

14.7 

100.0 

3.3 

24.4 

14.7 

1.6 

4.6 

3.5 

19.3 

71.4 

1.1 

2.4 

0.8 

13.9 . 

6.4 

3.7 

28.3 

100.0 

11.4 

7.8 

46.4 

0.2 

1.7 
16.2 

8.7 

92.6 

6.7 

1.8 

1.0 

1.9 

0.9 

0.9 

7.3 

100.0 

1.0 

0.8 

17.7 

4.1 

5.1 

0.8 

14.2 

43.7 

2.4 

0.9 

0.03 

42.5 

5.4. 

4.9 

56.1 

100.0 

3.4 

11.8 

27.3 

0.7 

2.6 

9.0 

12.5 

67.5 

4.4 

3.6 

0.2 

16.7 

4.1 

3.3 

32.5 

100.0 

Source: Department of Statistics, Census of Population and Dwellings 1971, 
Incr.ease' and Location of Population (p .• 16 ) , Agricultural Statistics 
1963/64 lP.27), Agricu~~~~al Statistics 1977/78 (unpublished). 

1 

2 

3 

For the 1964 Season this figure refers to the number of dairy stock 
in. milk, and for the 1978 Season this figure refers to dairy cows in 
calf and in milk. 

Total area of maize and barley for threshing 

Total pigs 
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population recorded in the 1971 Census. The 1964 year would-
be representative of the geographacal distribution of the pig 
herd when dairy by-product feeding was predominant. The herd 
waS concentrated in the dairying areas; Northland, Central 
Auckland, South Auck~and, Bay of Plenty, Taranaki and 
Wellington had 89 percent of the dairy herd and 82.3 percent 
of the pig herd. Canterbury, which produced 63.2 percent of 
the feed~grain had only 5.5 percent of the total pig herd. 

By 1978 the geographical distribution of production had 
changed considerably compared with 1964. The p herd has 
moved from the dairying areas to those areas that have a 
large pro.portion· of either the grain area or the total 
population. Areas of large population have two advantages, 
they are a potential source of pig feed (i.e. food wastes) 
and they are the main market for pig-meat. Dairying areas 
with low populations and low feed-grain production (e.g. 
Northland) have experienced a dramatic decline in pig numbers. 
However dairying areas with either large populations (e.g. 
Central Auckland) or- both large populations and large areas 
o~ feed-gra~ns (e.g. Wellington) have tendeq to retain 
their pig population. . . Areas without a strong dairying 
history but with some areas of feed-grain (e.g. Otago) 
have increased their pig numbers. The most important 
increase in the relative size of pig population has occurred 
in Canterbury which has only a very small dairy herd, a 
large population and a very large production of feed-grains. 
This movement of the pig population appears to reflect a 
rational relocation of the industry that enables producers 
to either reduce costs (by moving closer to the source of 
feed) or to add value (by being closer .to the market) or 
some combination of both. 

Table 2-6 compares some selected characteristics of pig 
produqtion in the North and South Islands. It demonstrates 
that South Island pig farms are smaller (with 65 percent of 
total pigs in the 20-999 size group compar-ed with only 56 
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percent of total pigs in the same group in the North Island), 
and considerably more reliant on ~grain feeding than their 
North Island equivalents. This would suggest that South 
Island production is considerably more sensitive to changes 
in feed grain prices.ahd that North Island production is more 
sensitive to fluctuations in the supply of dairy by-products. 
There is also likely to be a different seasonal pattern of 
production in each island. 

Table· 2-6 

Comparison of Selected Characteristics 
of North and South Island Pig Production 

(Statistics are for June Year 1978 unle·ss·otherwise stated) 

North South 
Island Island Total 

% National Herd in 1964 85.3 14.7 100 
CI 
/0 Natlonal Herd in 1978 67.5 32.5 100 

% Total holdings in New Zealand 64.0 36.0 100 

% Total holdings in each island 
feeding: 
(a) more than 60%'.of either 

barley, maize or compound 
feed 34.0 55.0 

(b) more than 60% dairy by-
products. 21.0 6.0 

Average number of pigs/holding 82.0 69.0 

Source: Department of Statistics, Agricultural Statistics 
1977/78. 

An examination of the data indicates that there is very 
little association between the quarterly movements in total 
production in each island. When North and South Island 
production were regressed against each o~her using quarterly 
data from 1968 to 1972 the resulting R2 was only 0.32. 
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2.3.2 Impact on Output - Stability, Trend and Level 

Figure 2-1 illustrates the annual movements in pig-meat 
production and consumption over the last 31 years. The 
figures used in th graph are a combination of figures 
from the Department of Statistics (up to and including 1970), 
and the figures used in this study (see Appendix A). Appendix 
A explains why the Department of Statistics figures for 
production and consumption are unreliable after 1970. 

Prior to the mid 1960s, production was remarkably stable 
however from the mid 1960s onwards marked fluctuations 
appear in production. Table 2-7 compares three different 
measures of production instability for the earlier (1949-1962) 
and later (1966~1979) periods. The years 1963-1965 inclusive 
have been excluded from the analysis in order to use "typical" 
start and end values for trend fitting (1964 being an 
exceptional year and 1962 and 1966 being average years for 
the entire 1949-1979 period for the production series). 

Table 2-7 

Comparative Measures of Instability in the Production 
of P 1949-1962 and 1966-1979 

Measure of Trend 

5 Year Moving1 Average 
Linear Time2 

Standard Deviation/Mean 

Measure'of Devlation from Trend 

1949-62 

3.2 
2.0 
2.9 

1966-79 

5.0 
5.6 
6.8 

1 For the periods 1951-1962 and 1966-1977: Calculated as:-

( (~ I x. - i:. \ IX. ) /n) * 100 . 1 ]. 1 1 1= 

where: 
i = 1, 2 • * l • III •• n' , year 

X· = actual observation in period i ]. 
A 

Xi = centred 5 year moving ·average in -period i 

n = 12 
2 Calculated as for 1 above except that: 

Xi "" estimated linear trend value in period i 
n == 14. 
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Although different measures yield 'slightly different answers, 
it would appear that production rnstability in the 1966-1979 
period was approximately double that for the 1949-1962 period. 

The link between the. decline in dairy by-products and the 
stability of production is likely to be causal rather than 
coincidental. Skim-milk available on the farm had a very 
static I'cost" and therefore the v8:riabili ty in profitability 
was associated with variations in productivity or output 
prices only. However; with a change to grain-based rations, 
profit stability was also susceptible to variations in the 
price of feed grains and other ration ingredients (notably 
animal proteins). These major input costs have been highly 
unstable over the 1970's. The instability problem is treated 
in detail in Chapter Three. 

A striking feature of the production series illustrated in 
Figure 2-1 is its lack of trend movement. When a trend line 
is fitted to the production series for 1949-1979, no distinct 
trend is evident (~he t statistic associated with the trend 
parameter is -0.06 which is highly insignificant). The 
average level of production for the i970s. is-identical to that 

of the 1950s and only two percent below that for the 1960s. 
Given the evidence presented in Section 2-3-1, the lack of a 
downward trend in production indicates that the decline in 
the numbers of traditional producers has been completely 
offset by increases in productivity and an increase in the 
number of producers (with larger herds) feeding grain based 
rations. This fact is not widely appreciated within the pig 
industry. The Department of Statistics production figures 
show a consistent negative bias after 1970 (see Appendix A) 
and they have erroneously reinforced the belief that pig-meat 
production is declining in response to rising costs. 

The f.act that average production levels have remained 
remarkably static over the transition to grain based 
production provides prj.rna facae evidence that the higher 
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cost structure associated with this type of production has 
been fully offset by increases in~productivity and output 
prices. Although only fairly crude measures of productivity 
are available they do show a dramatic improvement in the 
late 1960's and early 1970's. Probably the best measure of 
productivity in pig production is output per sow. Most of 

"the fixed costs of production (e.g. housing) and a large 
proportion of the variable costs (e.g. labour, feed) occur 
in fixed proportion to sow numbers. Cost per pig marketed 
is therefore very sensitive to changes in output per sow. 
Costings calculated by staff of the PIC indicate that, 
within a fairly normal productivity range, sow costs per 
kilogram of pork produced can vary between 68 cents (low 
productivity) to 39 cents (high productivity).2 The low 
productivity farmer is spending nearly half of his gross 
returns on these costs. Between 1957 and 1966 the average 
number of pigs marketed per sow per year was approximately 
9.6, however for the 10 year period following 1966 this number 

3 has increased to 11.6. Cross-sectional data indicates that 
efficient meal feeding units can achieve output in excess of 

4 20 pigs marketed per sow year. 

2.3.3 Impact on the Relative Size of the Important 
Market Quant"ity Aggregates 

The decline in the availability of dairy by-products has 
been associated with an important shift in the relative 
importance of the market quantity aggregates; consamption, 
production, imports and exports. Figure 2-1 illustrates the 
increasing importance of domestic consumption in the final 
demand for pig-meat over the period 1949-1979. Domestic 
demand has shown a strong upward trend throughout the period 
in the face of a virtually static domestic supply. During 

2. Pork Industry council, New Zealand production and Management Manual, 
p.7 - production. 

3. Reported in the Annual Report of the Pork Industry Council and based 
on Ministry of Agriculture and Fisheries slaughter figures and the 
Department of Statistics sow numbers. 
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the 1950s domestic demand averaged only 70 percent of the 
total demand for pig-meat produced in New Zealand (the 
balance going to exports). Throughout the 1950s and early 
19608 exports were a regular and important feature of the 
market whereas l.mports of pig-meat were insignificant (see 
Table 2-8). This situation changed in the mid 1970s when 
domestic demand started to exceed domestic supply. During 
the 1970s domestic demand averaged in excess of 100 percent 
of domestic production and the industry chahged from being 
a net exporter to a net importer of pig-meat. 

Year 

1950 
1955 
1960 
1965 
1970 
1975 
1976 
1977 
1978 
1979 

Table 2-8 

Net Exports of Pig-Meat by Value, Selected 
Years 1950-1978, ($000 at Current Prices) 

Exports 
($ fob) 

2,450 
3,622 
l,610 
2,350 

842 
770 
842 

1,189 
1,588 
1,399 

Imports 
($ cif) 

5 

1,714 
3,465 
1,171 

265 
2,593 

Net Exports 
($000) 

2,450 
3,622 
1,610 
2,350 

837 
944 

-2,623 
18 

1,322 
-1,194 

Source: Department of Statistics, External Trade Exports, 
External Trade, Imports for selected years to 
1965 and External Trade of New Zealand (exports 
and imports), quarterly figures published in 
supplements to the MAS 1970-1979. 

Under $500,000 
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These changes may have contributed to increasing production 
and price instability in the pig~meat market. Figure 2-1 
indicates that real domestic retail prices have shown a strong 
upward trend over the last 30 years. During the 1950s retail 
prices were relativeli low and exports relatively large. It 
is quite probable therefore that domestic and export prices 
for pig-meat were similar and, therefore, that the export 
price acted as an effective floor price in the domestic market. 
This would tend to dampen the price and quantity fluctuations 
associated with any domestically produced exogenous shock. 
However, as domestic consumption increased export volumes 
declined to a very low level and it is likely that export 
prices were too low (relative to domestic prices) to act as 
an effective floor on domestic price movements. During this 
period the domestic market would be particularly susceptible 
to domestically produced exogenous shocks. 

If domestic prices continue to increase, imports will become 
even more competitive and import prices will begin to act as 
a ceiling on domes~ic price movements. Downturns in 
domestic supply will be partially offset by an increase in 
imports rather than ~eing fully reflected in an increase in 
domestic prices. 

Lack of data for the period prior to 1968 prevents a close 
examination of the argument noted above. Analysis of the 
data presented in Figure 2-1 does indicate that both price 
and production instability increased in the latter period. 
The average absolute percentage error for the real retail 
price based on a linear trend for the 1966-79 period is nearly 
50 percent higher than that recorded for the 1949-62 period. 
The results presented in Chapter Nine also indicate that, at 
least during the 1970s, both exports and imports were sensitive 
to domestic as well as foreign prices. However, an analysis 
of the consumption series illustrated in Figure 2 indicates 

that consumption instability was nearly twice as high in the 
earlier compared with the latter period.- This would suggest 
that a number of other factors influenced consumption stability 
in the earlier period. For example, it is possible that 
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exOgenous shocks to demand were larger in the earlier period. 
Given the importance of exports, these shocks could have had 
a major influence on consumption without changing either 
domestic production or prices substantially. Other factors 
are also likely to have"been important in explaining the 
increased production and price instability demonstrated by 
the market. These are exami~ed in detail in Chapter Three. 

2.3.4. Impact on the Tndustrie.s Organisational StrUcture 

The separation of dairy and pig production resulted in the 
disjunction of the organisational structure of the two 
industries. Prior to 1974 the affairs of the pig industry 
were handled by sub-committees of the New Zealand Dairy 
Board. As pig production became established' as a 
predominantly independent product ion act i vi ty, pig producers 
desired greater autonomy from the Dairy Board. The first 
major step towards this autonomy was the establishment of 
the Pork Marketing Board and associated Pork Industry Price 
Stabilisation Committee by the Pork Marketing Board 
Regulations 1973. Ful.1 autonomy was achieved with the 
establishment of the Pork Industry Council zy tte Po=k 
Industry C-ouncil Act of 1974. In practice the Board and 
Council work very closely together and share members as well 
as executive and secretarial staff. Both the Board and the 
Council are dominated by producer interests. 

The principal functions of the Council are to: 

--

"organise the orderly deve'lopment of the pork 
producing industry .... assist in the 
organisation and development of the orderly 
marketing of pigs ... (and to) increase 
efficiency (within the industry)".5 

5. Pork Industry Act 1974, p.7. 
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Most of the Council's activity has been directed at improving the 
efficiency of pig product ion. The~ Council operates an extensive, 
non-commercial advisory service to producers, an on-farm 
performance testing service and a boar performance testing 
station (both of which help producers to identify the economic 
characteristics of potential breeding stock), the National Pig 
Breeding Centre (which produces breeding stock of high genetic 
merit for sale),funds independent research projects, and is 
responsible for the publication of an industry magazine. 
However, the Council's main policy concern has been to try and 
stabilise the pig-meat market. This concern is a direct 
response to increasing producer discontent with fluctuating 
prices and incomes. 

The main function of the Board is: 

lito assist in the orderly marketing of pigs 
and to promote greater efficiency in the 
market ing of pork meat 11 .6 

The Pork Marketing Board Regulations direct the Board to 
achieve this objective by fixing 

"basic minimum prices for various classes 
of pigsfl 7 . 

and empowers it to levy producers: 

"to promote the sale and consumption ... of 
pork meat (and to finance) the acquisition 
by purchase or otherwise of pigs or pork 
meat (and) the disposal by sale or otherwise 
of pigs or pork meat. " 8 

These regulatlons give the Board considerable power to 
intervene in the market to levy producers, set prices, and 

6. pork ~larketing Board Regulations 1973, p. 4. 

7 . Pork Marketing Board Regula tions t Amendment No.2 (1976) ,p.2. 

8. Pork Market.ing BOard RegnJ FlLLons 1973, .-p .. :> • 
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to acquire and dispose of pigs. 9uidance in determining 
the degree of this intervention is given in the regulations 
which define the functions of the Price Stabilisation 
Commi ttee as: 

lito recommend to the Board such basic prices 
for specific classes of pork meat as may be 
considered necessary to ensure the develop-
ment and continuation of a able pig 
production industry operating efficieritly at 
a level necessary to provide sUfficient pork 
meat to meet the requirements of the domestic 
market " 9 

To date, the Council and the Board have been primarily 
concerned to stabilise the market by the operation of a 
floor price scheme (the "Basic Minimum Price" (BMP)), in 
combination with selective promotional and disposal policies. 
This strategy is described in detail in Chapter Three. 

2.4 Summary 

Advances in dairy processing technology and a corresponding 
decline in the availability of dairy by-products as a source 
of pig feed has ~ad ~ dramatic impact on the structure of 
the pig industry ihroughout the 1960's and into the 1970's. 
The most significant structural change has been the decline 
of the dairy-pig production regime. The change from dairy ,[ 
by-product to grain-based ration feeding has resulted in 
the decline of pig production on dairy farms and an increase 
in the predominance of specialist pig farms which tend to 
be larger, more efficient, and concentrated in areas close 
to either supplies of feed-grain and/or densely populated 
areas. These fundamental structural changes have been 
achieved without any significant change in the level 
of total domestic production. Increases in productive 
efficiency and a strong upward trend in real pig-meat prices 
-----~~---

9. Ibid, p.5 
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throughout most of the period hasp sustained output levels 
despite the switch to grain-based pig rations which have 
increased the cost of pig production. 

However) despite a strong upward trend in real retail prices 
of pig-meat, the domestic consumption of pig-meat has 
continued to expand through the 1949 to 1979 period. The 
continuous expansion of domestic demand in the face.of no 
trend increase in supply has resulted in a stron~ positive 
trend movement in retail prices, a reduction in exports, 
and the initiation of an import trade. During the 1949 to 
1979 period the industry changed from a net exporter to a net 
importer of pig-meat and the sum of exports and imports fell 
as a proportion of the total domestic market. 

The final major impact of the de61ining dairy-pig production 
regime has been the disjunction of the organisational 
structure of the two industries. The establishment of the 
Pork Marketing Board in 1973 and the Pork Industry Council in 
1974 gave the industry complete autonomy from the Dairy Board. 
The major concern of the new organisational structure has 
been to try and "organise the orderly development of the pork 
producing industry" in the wake of the fundamental structural 
changes described in this chapter. In particular, the new 
organisation's main p61icy interest has been to try to devise 
an effective stabilisation strategy. Chapter Three discusses 
the problem of instability in detail. 
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CHAPTER THREE 

THE PROBLEM MARKET INSTABILITY' 

3 1 Int'roduction . 
The evidence presented in Chapter Two demonstrated the 
marked increase in production instability associated with 
the move towards the grain feeding of pigs. That chapter 
also noted the concern of the industry organisation about 
instability in the market. 
that market instability is 
New Zealand pig industry. 

There is unanimous agreement 
the major problem facing the 
Producers, and to a lesser 

extent processors and traders, are primarily concerned 
about fluctuations in profitability which is manifest in 
a concern over fluctuations in prices and production. 

This chapter discusses the problem of mark8t instability 
in detail : its causes and consequences, the present 
industry response to instability, and the economic 
justification for the type of 'response recommended in this 
thesis. This taxonomy is similar to that recommended by 
MacBean: 

"before 'attempting to prescribe a cure, one 
shoUld, in general, be sure: (a) that the 
patient really is sick, (b) that the causes 
are understood, (c) that the prescribed cure 
is ~ot going to be worse than the disease."l 

Although market instability is the major problem facing 
the industry, there are other broader economic problems 
that will influence resource allocation between the pig 
industry and other industries in the economy. The New 

, Zealand economy is characterised by a number of distortions 

----_. 
,'.L. A. I. MacBean, Export Instability and Economic Development, 

University of Glasgow Social and Economic Studies, No.9, 
Geor.ge Allen Ul:win Ltd, London, 1966, p.341. 



34 

that are likely·to reduce the size of a relatively "unprotected" 
industry like the pig industry. These distortions range from 
generalised measures that affe6t the balance between sectors 
in the economy (e.g. tariffs and quantita.tive restrictions) 
to measures that affect the balance of industries within the 
agricultural sector (e.g. government payments to farmers for 
the number of sheep and cattle on hand) to specific measures 
that affect the direct costs faced by pig producers (e.g. the 
ability of the Wheat Board to alter wheat prices which in 
turn effects the cost· of feed-grain). Tariff protection and. 
other government support for the pig industry is relatively 
minor (e.g. imports of pig-meat from Australia were placed 
on Schedule A in the original NAFTA Agreement). Although 
economy-wide distortions are likely to reduce the size of 
the pig industry it would require an extensive research 
effort to adequately quantify these effects. Even if the 
information were available, it. would require central government 
action to remove or off-set these distortions. Given the 
incredibly ~low progress that government has made in 
removing (or adequately off-setting) quantitative 
restrictions despite the considerable welfare advantage in 
doing so, it is highly improbable that Government would take 
the sort of action required to remov~ or off-set distortions 
facing the pig industry. On the other hand, market 
instability is pe~ceived as the major problem by the industry 
and it is a problem that does not require central government 
action to solve; the industry's own organisation has all 
the power it needs to solve the problem itself. For these 
reasons, the economic problems affecting the industry 
resulting from distortions in other sectors or industries 
are ignored in this analysis. 

3.2 Mea'surihg Instability 

There are two important issues that need to be addressed when 
measuring insta.bility; which variable(s) should be measured and. 

how much of the variation exhibited by the variable(s) can be 
described as instability? 
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There are a number of alternative variables that could be 
used to measure market.instabilitf (e.g. prices, quantities 
or incomes). Alternative measures are likely to give a 

, . . 

different picture of instability in the industry. The 
negative correlation belween prices and quantities in the 
same period will tend to moderate the impact of fluctuations 
in either variable on gross income for that period. The 
4iscussion in Chapter Two also noted that. while production 
and price instability in the pig-meat market have increased, 
consumption was more stable in the 1966-79 period than the 

1949-66 period. 

Data limitations preclude a careful examination of the causes 
Qf consumption instability in the 1949-62 period. This study 
is primarily concerned with instability in the relative 
profitability of production bec~use it is this instability 
1hat has the dominant effect on resource allocation. It is 
4lso of major interest to policy-makers in the~~~try (which 
~s understandable given the small proportion of con~'mer 
expenditure spent oq pig-meat). However, data inadequa ~es 
prevent an adequate analysis of the relative profi tabili tY'f: . 
production prior to 1~68. Therefore fluctuations in product~" 
lta~7e been used as a substitute f~r f~uctua~i~ns' ~ii prof~tability~,. 
~h1S does not mean that consumpt1on 1nstab1l1ty 1S cons1dered ~ 

u.nimportant. Given the close association between domestic 
Supply and demand, instability in anyone variable is likely 
-to be intimately (if not causally) related to instability in 
qpy of the others. Efforts to stabilise production and prices 
Should remove a major cause of consumption instability. 

~nstability must be defined in relation to some trend value. 
Iherefore, the first step in measuring instability must be 
·to correctly identify the trend in any particular series. 
Siven that the measure of instability should reflect the 
seriousness of the perceived IIproblemll, and accepting that 
\t is unanticipated changes that cause economic problems 
Ll.e. fully anticipated changes are correctly refl~cted in 
rroduction plans), then the trend should reflect expected 
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(or anticipa~ed) values while "ir;stability" should reflect 
unexpected changes (or deviations about the expected values). 
Therefore, the trend measure should be derived from some 
underlying behavioural. hypothesis about how producers form 
expectations. However most empirical research has relied 
on relatively unsophisticated trend measures that imply very 
simplistic underlying behavioural hypotheses. 2 

Table 2-7 summarises the use of three indices to measure 
instability in production for the 1949-1962 and 1966-1979 
periods. All three measures are based on simplistic behavioural 
assumptions. The centred five year moving average assumes that 
producers expect production in year t to be the simple 
average of production in periods t-2, t-1, t, t+1 and t+2. 
The "standard deviation/mean" and 111inear" trends also Rssume 
that producers can form expectations about production in any 
period with the aid of unobservable (i.e. future) production 
levels. The former assumes that producers expect a fairly 
static relative profItability future. whereas the latter 
measure assumes that producers correctly anticipate and 
expect the given trend relative profitability future. The time 
periods used in all ~hree measures (i.e. the five year moving 

average and the 14 year trend calculations) imply alternative 
time horizons used by producers in forming expectations. 
Obviously all three measures ,are ve~y cru~e and it is erroneous 
to apply the same measures to different variables. However, 
some of the concern about the validity of these measures is 
reduced because the results presented in Table 2-7 give a 
fairly consistent picture of the relative importance of 
production instabili ty for the two periods. All three measures 
indicate that production insta~ility has nearly doubled. Given 
the difficulties outlined above it would be incorrect to try 
to conclude more fro~ these results. 

2. See for example, J. O. Coppock, Interndtiona1 Trade Instability, 
1977 and A. 1. MacBean, Export Instabi.-li ty and Economic 
Development, 1966. For 'an excell~nt~xamp-le of an:- explicitly 
behm0.oural mC'Clsure of instability see O. Knudsen and A. Parnes, 
'l'rage Instab~).it:i and Econot~ie Development, 1975. Knudsen and 
Parnns derive n measure of income instabilit"{ from M. Friedman' s 
pe:rmanent income hypothesis (i. e. a measure of permanent (trend) 
and transitory (deviations) income). 
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Chapter One noted that, although the pig-meat market has many 
of the characteristics of the perfectly competitive model, 
its efficiency is seriously impaired by the lack of perfect 
information about future prices and that this (in combination 
with other factors) caused inherent market instability. This 
section discusses this proposition in detail. The influence 
of the transition to grain feeding on stability in the market 

is also considered. 

3.3.1 Economic Friction, Imperfect Information and Instability 

There are seven preconditions for perfect competition; a large 
number of buyers and sellers, individual buyers and sellers 
must face perfectly elastic supply and demand curves, a 
homogeneous product, freedom of entry and exit, an absence 
of all economic friction and perfect information. The New 
Zealand pig-meat market meets a number of these preconditions. 

Pigs are farmed on over 6,000 holdings in New Zealand. 
Although 700 of these holdings produce over 60 percent of 
total pig production it would be fair to say that there are 
a large number of producers all of whom face perfectly 
elastic demand curves. There are six major purchasers of 
bacon weight pigs in New Zealand and 20 minor purchasers. 
The major buyers operate over a wide geographical area. 
Pork weight pigs are purchased primarily by butchers and 
supermarkets, or wholesale meat organisations servicing 
butchers. To be able to argue that individual processors 
or wholesalers were able to ex~rcise any degree of monopoly 
or oligopoly power one has to maintain either that these 
firms act in collusion or that some geographical monopolies 
exist. Both of these conditions may exist to some degree, 
however it would appear that the market power of individual 
firms is fairly limited. The ability of producers to 
sUbstitute between pork and bacon production at the margin 
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ensures that prices for these products do not move too far 
apart. The difficulty of effective collusion amongst a 
fairly large number of buyers is effectively increased 
because one of the largest purchasers of bacon weight 
pigs is a producers po-operative. Finally, the wide 
geographical distribution of the major companies and the 
ability of producers to transport live pigs to sale w·ould 
place an effective limit on any particular geographical 
monopoly. 

Apart from the distinction between pork and bacon pigs and 
between the :three grades of .pig , live p.igs are a homogel1eous 
product. Some bacon companies do actively promote their 
own brand of bacon, ham and small goods. Although pigs or 
pig-meat are not perfectly homogeneous it is extremely 
doubtful that the type of heterogeneity that does exist 
restricts competitive behaviour. 

Freedom of entry and exit is a characteristic of pig .production. 
Except for the very large capital-intensive farming systems, 
pig farming is very easy to either enter or exit providing 
a relatively small area of land is available. 3 In fact a 
large nwnber of producers enter and leave pig production 
over the length of any particular "cycle". Entry into 
processing and ~holesaling is more U.mi ted than entry, into 
production. However, there are a number of fairly small 
processors and a number of butchers (usually in country 
towns or on the fringes of cities) who cure their own bacon 
and ham. They are able to purchase pigs directly from 
farmers and have the animals slaughtered at local abattoirs. 

The conclusion that competition is strong at both the 
wholesale and retail levels of the pig-meat trade is given 
considerable support by the findings of the Committee of 
Inquiry into the Distribution of Meat, Fish, fruit and 

3. For a discussion of low cost pig production techniques se~C.N. 
Taylor, M .• 1. Horn, and R. McK~nzie, pig Farming for Peasants, 
Lakeside, April 1978. 
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Vegetables. 4 Al though the Contini ttee did not extend their 
enquiries to include pig-meat, .tliey did conclude that both 
wholesale and retail competition·in the meat trade as a 
whole was strong. With respect to the wholesale meat trade 
the Committee concluded that: 

"Competition is strong in the wholesale trade, 
with various types of wholesaler, independent 
as well as based on export works, competing 
for livestock and for a share of the retail 
trade. In addition, retailers buy extensively 
on the hoof, either individually or through 
various forms of buying agents such as butchers 
co-operatives. Some supermarkets also bUy on 
the hoof ... the extent to which one whole-
saler may' be a major trader in any locality 
is offset by the ability of retailers in most 
districts to buy livestock and have it 
slaughtered on their behalf at an abattoir.,,5 

With respect to the retail meat trade the Committee concluded 
that: 

"Retail competition is very strong .. , the 
advent of the supermarket in recent years~ 
the op~rations of prepackaging and freezer 
pack firms together with the ability of any 
grocer or dairy to carry a few lines of 
frozen cuts ... provide the consumer with 
ample opportunity to get supplies and to shop 
around for the best price."6 

These comments on both the wholesale and retail trade are 
as valid for the pig-meat trade as they are for the meat 
trade as a whole. 

The first five preconditions for a perfectly competitive market 

discussed above are closely a.pproximated by conditions in 
the pig-meat market. However, the final two preconditions 
an absence of economic friction and the availability of 
perfect information, are not approximated by conditions in 

4. 

5. 

~ort of a Co~ittee of Insuiry into the Distribution of Meat, 
Fish. Fruit and Vegetables, March 1973, Government printer, 
Wellington, 1973. 

~~, p.48 
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this market. Economic friction exists because the biological 
lag in production prevents automatic adjustment of output 
levels to changes in prices. Imperfect information is also 
a problem because producers cannot accurately predict output 
prices,at the time wben pigs are slaughtered,on the basis of 
information available when sows are mated. It is the absence of' 
these two critical preconditions that results in inherent 
market instability and precludes the attainment of pareto 
optimality. 

The simplest representation of the impact of the combined 
effects of economic friction and imperfect information is 
the recursive "cobweb theorem" representation of pig-meat 
market dynamics. 7 This representation of a pig-meat market 
has been used by many a.uthors as an explanation of an 
observed "hog cycle" (i.e. cyc~ic movements in the prices 
and quantities of pig-meat) in both England and the United 
States. 8 

In its simplest fo:rm, the cobweb model is only applicable 
when three conditions apply: 

(a) that at least one full period elapses before 
changes in production plans affect actual 
production; 

(b) the producer bases plans for future production on 
the assumption that present prices will continue,9 and 

If' 
,7. M. Ezeki~l, "The Cobweb Theorem", Qua:rterly Jornal of Economics, 

Ii, 
'vol. 52, February 1938, p.255-280. 

8. See, fOl: example, R. H. Coase and R. F. Fowler, "Bacon Production 
and the Pig-Cycle in Great Britain", Economica, 2: 142-67 May 
1935; C.W. Dean and E. O. Heady, "Changes in Supply Response and 
Elastici ty for Hogs", J. Farm Economics, Vol. 40, November 1958, 
pp 845-60; A. A. Harlow, "The Hog Cycle and the Cobweb Theorem", 
J. Farm Economics, Vol.42, November 1960, pp 842-853. 

However the Cobweb model is not restricted to the "naive expectation" 
representation of producers' price expectations. For example, see 
F. V. Waugh I "Cob\veb Models", JOlJ)~nal of Farm Economics, Vol. 46, 
November 1964, p.732-750. 
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(c) there is pure (rather than perfect) competition, 
and prices are ~et by the supply available. 
Perfect competition is distinguished from pure 
competition by the additional assumptions of 
perfect information, freedom of entry, and the 
absence of economic friction. 

The cobweb model demonstrates that, when these conditions are 
fulfilled and the market suffers an exogenous shock, production 
consumption and prices will tend to fluctuate around the static' 
market equilibrium in either a continuous, divergent or 
convergent manner depending on the shape and relative slopes 
of the supply and demand curves. 

The simple cobweb model can be extended to provide a more 
adequate representation of any particular cormnodity market. 
One of the most useful extensions is to include stocks in 
the model. In this case the simple cobweb structure: 

where: 

Ct = f(Pt) 

Qt = g(Pt-1) 

Ct = Ct 

= consumption in' period t 
! 

= product~on in period t 
= price in period t 

is extended to include stocks in an explicit price equation: 

where: 

Ct = f(Pt) 

Qt = g(Pt-1) 

Pt == h(bSt) 

bSt = Qt - Ct 

bSt = change in stocks in period t 
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This type of extension to the simple cobweb model has been 
used by Meadows to explain a numeer of price cycles. 10 

Meadows' basic model structure is illustrated in Figure 3-1. 
Essentially the structure consists of two "coupled negative" 
feedback loops" of supply and demand which act to adjust 
inventory to a desired level. Price changes are made by 
the hold~rs of inventory when actual inventory levels (or 
"coverage") deviates from the desired inventory level. 

Production 
Capacity 

+ 

t 

Figure 3-1 

Feedback Loop Structure of Meadows 
Basic 'Commodity Production Model 

~ Inventory ~. 
+ 

+~ 
Supply Inventory Demand 

loop Coverage loop 
(-) -.~ (-) 

Price 

I 
Consumption -1 

Note: The plus or minus sign at the head of each arrow 
indicates the direction of the relationship 
between the two variables linked by that arrow 
(e.g. as price increases, consumption decreases -
a negative relationship). 

This basic structure was adapted by Meadows to represent 
the United States pig industry and the resulting model was 
then analysed using computer simulation. In this case the 
production capacity-inventory relationship is lagged. When 
the model is subject to an exogenous shock, it produces a 
production cycle which very nearly replicates the 4-year 
United States hog cycle. 

10. D. L. Meadows, Dynamics of Commodity Production Cycles 
Wright-Allen Press, Cambridge, 1970. 
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It is not surprising that Meadows basic model structure 
should simulate a production andPprice cycle very similar to 
that produced by the simple cobweb model. Like the simple 
cobweb model, cyclic instability in the Meadow model is 
produced by a combirration of the production lag (economic 
friction) and farmers' failure to correctly anticipate future 
price levels (imperfect knowledge). For example, an exogenous 
Shock that reduces consumption will result in an increase in 
actual inventories above the desired level and a reduction 
in prices. The reduction in prices will stimulate consumption 
which will tend to reduce actual inventory closer to its 
desired level. However, the fall in current prices lowers 
producers' forecasts of future price levels and therefore 
their desired capacity. After a production lag, reduced 
capacity results in reduced production, reducing inventory 
and increasing prices. If either producers correctly 
anticipate future prices (and therefore did not reduce their 
capacity in the face of the initial price reduction) or there 
was no production lag, the production and price cycle 
stimulated by Meadows would fail to materialise. 

Although the New Zea+and pig-meat market could not be 
adequately represented by either the cobweb model or the 
Meadows model, the~e simple representations highlight one 
essential point; that the existence of a production lag 
in combination with price expectations based on current 
prices will produce production and price cycles in an 
otherwise perfectly competitive market. The extensions of 
these basic model structures required. to adequately model 
the real world will modify and complicate the underlying 
market dynamics illustrated in the simple models above. 
These extensions are described in detail in the next chapter. 
However, thes~ modifications to the underlying market 
dy~namics should not obscure the importance of economic 
friction and imperfect knowledge in generating market 
instability. 
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3.3.2 Ths InflU~nce of Grain Feeding on Instability 

The arguments present"ed above indicate that the pig-meat 
market has the necessary preconditions for market 
instability similar .to that represented by the cobweb model. 
This instability has been described as "inherent ll and is 

" 

essentially endogenous. These preconditions would have 
been present throughout the post-war period yet the figures 
in Table 2~3 indicate that production instability for the 
period 1966-1979 was nearly double that experienced over 
the 1949-1962 period. The move towards greater concentration 
and specialisation, caused by the declining availability of 
dairy by-products, has not been accompanied 'by greater 

production stability. 

The usual explanation for production instability in the pig 
industry is that a large number of low cost produc~rs with 
small herds can and do respond quickly to the fluctuating 
profitability of pig production. The fact that these 
producers control only a small proportion of the national 
herd is presumed to be offset by the effect on production 
stability of a large number bf these producers entering and 
leaving the industry. Assuming that all 'herds of unde~ 100 
pigs are in the "small, low cost II category,ll then it is 
possible for these herds to be responsible for a considerable 
proportion of total production instability. The average 
deviation of total production from trend is approximately 
5 percent and herds of less than 100 pigs comprise approximately 
15 percent of the national herd. Tables 3-1 and 3-2 present what 
little evidence is available on the source of production 
instability by farm size. These tables indicate that, 
although the fluctuations in each herd size group are roughly 
similar, not all groups fluctuate in the same direction at 
the same time. The outstanding feature of Table 3-1 is the 
continued expansion of the 1000+ group throughout the period . 

. --.. ----... ~----

11. A full time one man unit is assumed to carry approximately 350 
pigs on average. 'l'his is ba sed on a farmer producing bacon 
weight pigs and buying ill compounded feed (see Pork Industry 
Council t pig ~roduction _~~~ ManagcE:'ent NanualJ p.ll (Production». 
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Table 3-1 

Variation in Number of Pigs by Herd Size 
1'973-1978 (per'centage change) 

June Year Herd Size' 

1-19 20-99 100-499 500-999 l,000-t:_ 
-~ 

1978 -13.1 -16.7 -9.1 -6.2 15.5 
1977 6.0 7.1 0.8 28.3 19.6 
1976 2.1 1.3 5.4 11.3 8.0 
1975 -0.4 -13.7 -10.4 -17.0 3.2 
1974 11. 7 - 8.7 - 7.2 - 0.4 2.5 
1973 -7.7 -15.7 - 4.1 10.2 13.1 

Average 
Absolute 
Change 6.8 10.5 6.1 12.2. 10.3 

Table 3-2 

Proportion of Change in National Herd Attributable to 
Size Group 1973-1978 (change in herd size group as a 
____ -"'perc~ht of change in national herd) 

June Year Herd Size Group 

1'-19 20-99 100-499 500-999 1,000+ Total 

1978 31. 3 104.5 148.9 60.5 -245.3 100 
1977 2.5 7.7 2.5 39.5 47.8 100 
1976 4.2 7.8 7.9 70.7 9.6 100 

1975 0.2 22.5 44.3 34.0 1.0 100 
1974 -15.9 43.7 91.9 2.2 - 21.9 100 
1973 140.3 1,150.3 685.2 -638.2 -1,238.1 100 

Average 27.1 222.7 163.4 - 71.9 -241. 5 100 

Bource: Department of Statistics, Agricultural Statistics, 
1971/1972-1977/78. 
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This has resulted in the largest producers in the industry 
having a stabilising influence on production (i.e. greater 
specialisation and concentration has had a stabilising 
influence). However, the figures in Table 3-2 also disprove 
the popular belief tpat it is the very small producers that 
cause most of the production instability in the ~ndustry. 
Although variation in the 1-19 herd size group has tended 
to increase the variation in the national herd, the 
contribution of this small group to total variation is small. 
In fact it is the 2-499 herd size groups (the larger part-
time and smaller full-time farmers) that provide most of the 
destabilising influence (the "average" figures for both the 
20-99 and 100-499 groups at the bottom of Table 3-2 are both 
large and positive). However, too much should not be deduced 
from data which covers such a limited period. 

The move to grain feeding of pigs has had two completely 
different types of effects on the instability of production. 
On one hand, expansion of the 1,000+ herds has tended to 
stabilise production. Increased specialisation has also 
resulted in higher and more consistent productivity 
performance which exerts a stabilising influence on farm 
profitability. However, these stabilising influences have 
been more than off-set by the destabilising effects of the 
move to grain feeding (especially on the middle sized pig 
farm). As noted in Chapter Two, the move to the grain 
ration feeding of pigs has resulted in the pig-meat market 
being subjected to larger exogenous shocks (especially from 
the instability of feed costs) at the same time as the 
market is likely to have become increasingly sensitive to 
these domestically produced shocks. 

The cost of dairy by-product was both very low and very 
stable, especially for those producers with skim-milk 
available on-farm. However, the cost of grain rations has 
been subject to marked fluctuations throughout the 1970's and, 
because the cost of these rations is approximately equal to 
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70 percent of the total cost of producing a grain fed 
pig,12 the profitability of prodUction is very sensitive to 
fluctuations in feed costs. 

Instability in feed.costs is the result of fluctuations in 
the cost of protein supplements (which make up about 15 
percent of a mixed meal diet by weight)13 as well as changes 
in the cost of cereals. The cost of the major protein 
supplements (meat meals) is very unstable. For example, 
over a 6 month period (February 1976 to October 1976) a 
100 percent increase in meat and bone and blood meal was 

I 

recorded. 14 Large fluctuations in the costs of protein 
supplements are a result of changes in New Zealand exports 
of feed protein and the residual nature of the protein 
market facing many producers. In 1975/76 (the latest year 
for which official estimates a~e available), meat export 
works, abattoirs, and rural slaughter houses, sold 82,855 
tonnes of meat meal, bone flour and meat and bone meal 
24,179 tonnes (or 30 percent) was exported and 38,563 tonnes 
(or 48 percent) was purchased by firms primarily engaged in 
the manufacture of·animal foodstuffs. 15 This leaves a little 
over 20 percent of the meat meals sold consumed by farmers 
who mix their own rations, and others. This relatively 
small residual share of the market combined with an unstable 
export demand for protein supplements means that the pig 
farmer mixing his own rations faces .extremely unstable 

12. Pork Industry Council, Pig Production and Management Manual 

13. I. J. Shearer, "The Feed Grain Crisis", Pork Industry Gazette, 
June 1974, p.42 

14. D. Dobson, "BMP Scheme Report", Pork Industry Gazette, April 
1979, p.5:),.. 

15. Department of Statistics, Census of Manufacturing 1975/76, 
Manufacturing Series C No.4 - Food Industries Other, April 
1979 "for Industry No.3l220 "Prepared Animal Feeds", and 
Manufacturing Series C No.2 - Food Industries - Meat, 
Slaughtering, Preparing and Processing, April 1979 (For 
Industry 31111 - Meat Export Works; including Export 
Licensed Abattoirs and Industry 31112 Other Abattoirs and 
Rural Slaughter Houses). The Export figures are taken from 
the Department of Statistics, E~port~. 
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meat meal prices. The export demand for meat meals 
fluctuates quite markedly. In.the June 1977 year, export 
volumes were 15 percent higher than the previous year and 
the price facing pig producers increased from $210/tonne 
in August 3-976, to $"280/tonne by June 1977 (i.e. 33 percent). 

A similar situation exists in the feed-grain market. King 
has estimated that, in the 1970 year, only 35 percent of 
the barley and 12 percent of the maize fed to livestock 
was consumed by pigs. (Poultry production consumed about 
50 percent and 70 percent respectively).16 Although the 
grain consumption of the national pig herd has increased 
considerably since 1970 so has both feed-grain and poultry 

production. The most recent census of manufacturing indicate 
that by 1.975/76 only 13 percent of all comp.ound feeds produced 
were fed to pigs (versus 73 percent fed to poultry).17 
AI~hough pigs are likely to consume more than 13 percent of 
the grain consumed by all livestock (because of the relatively 
low proportion of pigs fed prepared compound feeds - See 
Table 2-2) they are unlikely to consume more than a quarter 
of this grain. Contractual arrangements between feed-grain 
producers and other 'feed-grain users aggravates the residual 
nature of the feed-grain market facing many pig producers. 
As many pig prod~cers with large herds also forward contract 
their grain supplies this residual market instability can 
be particularly serious for owners of medium sized pig herds 
who mix their own rations. Feed-grain prices have varied 
considerably. For example, the 1974 seasons prices for 
feed-grains were approximately 50 percent higher than 1973 
seasons prices. These price increases were associated with 
only a 12 percent reduction in.barley and maize production. 

Although instability in feed-grain and feed-protein prices 
are likely to have been the single most important cause of -
16. J. M. King, §.rai~!_Consumption in New Zealand, p.39 and p.45. These 

figures only incltlde feed-g~ain passing through, the commercial 
sector (and even then only 87 percent of the f~rms responded to 
the 1977 HAF survey used by Kinq) . 

17. Department of Statistics, !i<::!.l.ufacturing_~.E..ies C, NC,?4 - Other: 
F'ood Industries. 
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the increased production instability associated with the 
... 

transition to grain f~eding, other factors could also have 
been important. Chapter Two discussed the possibility that 
the increase in prices for pig-meat could have removed the 
stabilising influenc~ of export prices on the domestic market. 
This could have made the m~rket more vulnerable to 
domestically produced exogenous shocks at a time when the 
instability in feed-grain costs was particularly important. 
The trend towards the predominance of specialist pig producers 
could have also increased the sensitivity of output to changes 
in the profitability of production (which would exaggerate 
the "inherent" instability in the market). When pig 
production was closely associated with dairy production 

on the same farm it would have been far easier for farmers 
to maintain pig production levels in the f~ce of a decline 
in the profitability of the pig enterprise. In the dairy 
pig production regime it would have been more difficult 
to identify changes in profitability of the pig enterprise 
(as a separate production activity) and even if these 
changes were identified, the dairy-pig farmer had the 

option of financing his pig enterprise·(through what he may 
have perceived as a temporary slump in profitability) from 
within the farm. On the other hand, the specialist pig 
producer is acutely aware of the profitability of the pig 
enterprise and, in most cases, must rely on external 
borrowing to finance his operation through temporary slumps 
in profitability. 

All of these factors are likely to weigh most heavily on 
the middle-sized pig farm. Large farmers are more likely 
to try and protect themselves against fluctuations in 
profitability by some contractual arrangements for the 
purchase of feed-grain and the sale of stock. In some 
cases very large herds are owned by meat processors and 
wholesalers who are able to maintain pig production through 
prolonged downturns because of the complementarity between 
their pig enterprise and their processing and wholesaling 
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operations. It may also be considerably easier for the 
large herd owner to finance hi~ way through cyclical down-
turns in profitability. At the other extreme, the owner 
of a small pig herd is also able to finance his pig operation 
through temporary d~wnturns in profitability (because pig 
production is not his primary source of income), and may not 
be forced to rely on either the grain ration or normal 

. pig-meat markets to buy all his inputs or sell all his 
output. It is also quite likely that the small, non-
specialist producer is less aware of the profitability 
status of his pig enterprise at any particular time. In 
contrast, the owner of a middle-sized pig herd is likely to 
be fully exposed to fluctuations in both input and output 
markets and less able to protect himself from these 
fluctuations. 

3.3.3 Caus~~ of Instability - Conclusion 

Although the New Zealand pig-meat market exhibits many of 
the characteristic~ of a perfectly competitive market, the 

presence of economic friction and imperfect knowledge is 
sufficient to cause 'the underlying market dynamics to be 
unstable. This "inherent ll instability has. been coupled 
with exogenous ~hocks which have been exaggerated by the 

increasing predominance of grain based ration feeding of 
pigs. Production instability for the 1966-79 period was 
really double that over the 1949-62 period. The move to 
the grain feeding of pigs has resulted in the market being 
subjected to larger exogenous shocks (primarily a result of 
the increased instability of feed costs). The natural 
instability in the market for animal feeds is exaggerated 
because of the residual nature of the market facing pig 
producers. 

Al though instability in feed costs are U.kely to have been the 
':?~ 

single most important cause of the increase in production 
instability in the 1970s, other factors associated with the 
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transition to grain feeding could also have been important. 
In particular the increase in p~g~meat prices (which may have 
resulted in the loss of the stabilising influence of export 
prices) and the increased specialisation in production (which 
may have made the supply curve more elastic) could have been 
important 

S' '4 The Consequences of Instability 

To make a case for some form of action to stabilise the pig-
meat market it is first necessary to demonstrate that 
instability results in welfare loss. 

Waugh18 has demonstrated that consumers may benefit from 
price instability generated by fluctuating shifts in supply 
while Oi 19 has shown that producers may be"nefi t from price 
instability resulting from fluctuating shifts in the demand 
curve. However, both Waugh and Oi considered consumers and 
producers separately without integrating both sides of the 
picture. More recently, Massel120, used a model with both 
producers and consumers to argue that ,no matter whetber 
instability is causeq by shifts in supply or demand, the 
actual payment of compensation would mean that both 
producers and consumers ,would prefer price stability, 

The Massell analysis, with a shifting supply curve l is shown 
in Figure 3-2. 

An important assumption in both Waugh's and Oils work is that 
consumers (producers) are faced with either of two competitively 
determined prices (Pi or P2) and that each price occurs with 

18. F. V. Waugh, ','Does the Consumer Benefit from Price Instability?" I 
~arterly Journal of ~cono~ics, LVIII, August 1944, p.602-14 

, "Consumer Aspects of Price Instability", Econometrica. 
Volume 34, April 1966, pp 504-8, 

19. Walter Oi, "The Desirability of Price Instability Under Perfect 
Competition II , Econ~!mqj:.rica, Volume 29, January 1961, pp 58-64. 

20. F. Masse1l, "Price Stabilisation and Welfare", Quarterly Journal 
9f ECOl:'~:l,~~, Volume LXXXIII 1 May 1969, pp 284-298. 
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Figure 3~2 

Effects of Price Stabilisation with 
....... ·a· Sh"i"fti·ng SupplY Curve 

Price 

~----~------------------------------. ~Quantity 

a 0.5 probability. Massell assumed that the stabilised price 
(Up = i. (P1 + P2 » could be achieved through a costless 

. storage activity. If the price is increased from P1 to Up 
producers gain (c + d + e) and consumers lose (c + d) resulting 
in a net gain equal to area e. Similarly reducing the price 
from P2 to Up results in a net gain of b. Therefore, 
stabilising the price at Up leads to a net loss to consumers 
({ c + d) - (a + b) )wh:i.ch is the Waugh result, but a net gain 
to consumers and producers combined (b + e), which is the 
Massell result. Thus producers are able to compensate 
consumers so as to leave both groups better off from price 
stability. If price fluctuations are caused by shifts in 

.demand, producers will lose from price stabilisation (the 
Oi result) but consumers will be able to compensate 
producers so as to leave both groups better off from price 
stability. 
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The analysis of Waugh, 01 and Massell ,has been usefully 
extended by TurnoVsky21 who considered the case where 
supply decisions must be made before the actual price is 
known so that these decisions must be based on some kind 
of price expectatioqs-(the underlying assumption of all 
cobweb type analyses). He concluded that: 

"Massell's results that stabilisation provides 
a net gain to producers and consumers taken 
together continues to hold in both cases (i.e. 
with both "adaptive" and "rational" price 
expectations hypotheses), In fact one can 
derive the intuitively expected result that 
the gains from price stability are higher when 
supply is based on expected prices '(again in 
both cases) than when it depends upon actual 
prices (perfect information)",22 

1'he Waugh, Oi, Massell, and Turnovsky analyses are all likely 
to underestimate the costs of instability in the pig-meat 
market. Firstly, as both Massell and Turnovsky note, the 
analyses focus on expected profit and therefore assume that 

firms are risk neutral; "It is intuit i vely clear that i.f 
instead they (firms) are risk averse) the desirability of 
price stability will'be increased.,,23 Secondly, if the 
analysis was extended to a general equilibrium framework 
it is quite poss~ble that greater stability in the pig-meat 
market would help to stabilise the demand for feed-grain 
rations and therefore reduce the severity of this important 
source of exogenous shock. Thirdly, instability in the pig-
meat market is likely to have an adverse affect on 
productivity which would 'aggravate the losses caused by 
instability. In the cobweb type of analysis producers 
increase capacity beyond equilibrium levels in response to 
higher than equilibrium prices. If some of this investment 

21. S. J. Turnovsky, "Price Expectations and the Welfare Gains 
from Price Stabilisation", American Journal of Agricultural 

Vol. 56, 1974, pp 706-716. 

22. 

23. Ibid, p.7l5 
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cannot be transferred into other productive activities then 
the productivity of these assets~will fall. For example, 
in the case of stock~ instability will tend to lower the 
average working life of the herd below its economic life 
under stable conditi.ons, and, in the case o~ specialist 
pig housing, instability will tend to lower the utilisation 
of the asset below the utilisation levels achieved under 
stable conditions. Therefore, in aggregate, instability 
may lead to an over-allocation of resources to production. 
There is also a risk that, given imperfect capital markets, 
instability will result in a transfer of resources away from 
small, but efficient, producers who are unable to finance 
themselves through a temporary downturn in profitability, 
towards large, but less efficient, producers who are able 
to raise this finance (either from within the farm or 
externally) . 

3.5 Basic Minimum Price Scheme 

Chapter Two briefly discussed the estl;Lblishment,of the Pork 
Marketing Board and associated Price Stabilisation Committee 
in late 1973. Until'1975 the price f:)etting function of the 
Board was related to the operation of a basic fob price 
for pig-meats. ~owever, on the basis of a recommendation 
of the Committee of Investigation into Pig Trading and 
Marketing,24 the Basic Minimum Price Stabilisation Scheme 
was established in 1975 and a Committee formed to recommend 
a BMP for all pigs. 

"Under this scheme the Board would purchase 
pigs surplus to New Zealand requirements and 
pay a price which would enable efficient 
farmers to remain in an economically viable 
situation, It was also envisaged that the 
majority of pigs so purchased would be removed 
from the local market to export. Associated 

24. Report of the committee of In:vestigation .intoPi(::L,~rading 
and t>1a:t:'~eting~ March 1975. 
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with this scheme was the requirement that the 
Board operate a New Zealand market promotion 
scheme. 1125 " 

Monies used to finance the purchase of surplus pigs came 
from a specific lev~ levied on each pig slaughtered. 
~ssentially the Board sets a floor price (based on a measure 
of an efficient farmers level of profitability) and stands 
ready to support this floor by purchasing pigs in the market. 
To date, the scheme has operated for one period of 18 months, 
from April 1977 to October 1978 and, in slightly modified 
form, for a brief period in 1980. 

Since its initial period of operation there have been serious 
doubts about the value of the BMP scheme. There is some 
evidence (described in detail in Chapter Seven) that, when 
the 18 month period over which the scheme operated is taken 
as a whole, the scheme had no significant influence on most 
farm prices for pigs and acted to depress some farm prices 

26 below what they would otherwise have been. However, this 
lack of success has been primarily a consequence of the way in 
which the scheme was operated. There no doubt that the design 

-the scheme could be ·tmproved; the way funds are raised 
could be used to stabilise prices (even a simple change from 
a specific to ad valorem levy would help in this regard) 
;ather than having (theoretically) a neutral effect. 27 There 
is also no doubt that a better strategy could be devised to 
meet the industry's stabilisation objectives. 

25. Pork Marketing Board, "BMP Scheme Report ll
, Pork Industry 

Gazette, April 1979, p.49. 

26. Basically the scheme acted as a Basic Maximum Price 
as well as a Basic Minimum Price. 

27. In practice the levy has had a destabilising effect on prices 
because it was reduced (from 30c to 10c per pig) before the 
1977 /78 price fall and increased (from 20c to $1. 00 per pig) 
after the stabilisation fund had been exhausted and farm 
prices were at their lowest leveL 
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3.6 Use of the Model to Improve Stabilisation Policy 

The development of an 'econometric model of the pig-meat market 
and its adoption as a forecasting and policy evaluation topl 
should be (and has now been accepted as) an essential feature . 
in the Board's stabilisation strategy. The benefits from 
applying this type of model should eventually occur at two 
specific levels; improving the efficiency of the market and 
improving the efficiency of Board intervention in the market. 

3.6.1 Use of the Model to Improve the 
Efficiency of the Market 

We have already noted how both economic friction and imperfect 
knowledge combine to produce instability in the pig-meat market. 
Because of the nature of the economic friction in th market 
(i.e. a biologically determined production lag) there is 
nothing that can be done to moderate its effects on market 
stability. However, it is possible to moderate market 
instability by improving the information available to 
producers. As long as the model forecasts provide a better 
guide to producers about future price levels than some 
combination of past a~d present prices, then these forecasts 
will help to stabilise the market. If it were possible to 
predict future p+ice levels with complete accuracy, and if 
producers used these predictions as a basis for their 
production plans, then the inherent instability in the market 
would be completely removed and any remaining instability in 
the pig-meat market would be a result of exogenous shocks 
(i.e. of instability in other markets in the economy or of 
instability in foreign prices). 

There is a problem inherent in this use of model forecasts 
as a policy instrument. If the model forecasts of future 
price~ are used by producers then an important change in 
the structure of the market being modelJed will have occurred. 
Because of this change the modells forecast (based on a more 
naive hypothesis a.bout fr..rmers I price expectations behaviour) 
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will become less accurate. However, this problem may not 
be particularly important in pr~ctice. It is highly unlikely 
that all farmers will place complete confidence in the model's 
price forecasts. If the influence on the model is gradual 
enough then the structural change it induces may be able to 
be incorporated into future model re-estimations. 

3.6.2 Use of the Model to Improve the Efficiency 
of Board Intervention in the Market 

The model can be used to help the Board make more accurate 
and better timed policy responses to actual or impending changes 
in the market and to evaluate the impact of alternative policy 
responses. Further improvements to the model would enable it 
to assist the Board in evaluating alternative stabilisation 
strategies as well as specific policy measures. 

In the Board's own evaluation of the operation of the BMP 
scheme over the 1977/78 period it noted: 

"As satisfactory information' 'about future 
production levels was not available it was 
difficult for 'the Board to make decisions 
regarding the operation of the scheme. This 
made negotiations with the Treasury difficult 
and (because the Board was by this stage short 
of funds)'produced a hand to mouth situation 
which limited the Board's flexibility. Meat 
had to be sold as quickly as possible on the 
local market to allow money to be made available to 
purchase pigs and keep the bank account within 
the limits laid down. !'28 

The Board was conIDli tted in principle to maintaining a basic 
minimum price to producers that "would enable efficient 
farmers to remain in an economically viable situatioll".29 
Because the Board did not have a reasonable estimate of the 
breadth or depth of their likely involvement in the market 
they ~ere unable to maintain this objective or to continue 
to keep meat off the local market. 
----,~---.-~---

28. p.50 

29. Ibid, 0.49 
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"During the last nine to twelve months of the 
scheme's operation the adjustment of the Basic 
Minimum Price Scheme was 'finely balanced 
between depressing production and maintaining 
an economic price to the efficient producers. 
Another important'factor was the need to balance 
the bank account of the scheme ..... Because of 
its relatively small fund the Board decided 
that the only way to maintain its liquidity 
was to sellon the local market so that it 
could continue to purchase pigs." 30 

Lack of information about future production levels meant that 
the Board could not inform Treasury (or adequately prepare 
itself by building up a satisfactory fund for stabilisation) 
about the probable breadth or depth or their involvement in 
the market. This resulted in a lack of funds to successfully 
operate the scheme and severely limited the Board's ability 
to stabilise the market. As funds became scarce the Board 
was forced to lower the BMP (by 8 percent in the major market) 
and increase the levy (from 30 cents per head to $1 per head). 
Lack of funds also limited the Board's ability to take stock 
off the local market at a time of over-supply (by either 
storage or export) in order to support the local price. 
However, the cost of maintaining an inadequate stabilisation 
fund must be weighed i~ainst the costs of ~aintaining an 
excessive fund. Decisions about the level and management of 
the stabilisation ~und would be greatly assisted by information 
that could be supplied by the model (e.g. forecasts of supply, 
demand and price movements and evaluations of the consequences 
for the stabilisation account of setting BMPs at alternative 
levels) . 

3.6.3 Use of the Model to Improve 
Stabilisation Policy - Sununary 

The development and application of the type of model described 
in this thesis has an important part to play in the future of 
stabilisation policy in the New Zealand pig-meat market. It 

--------------------
30. Ibi~, p.52 
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has the ·potential, by improving the information available to 
producers, to modify ~he inherent instability caused by the 
la9k of perfect information. Thi~ approach to stabilisation 
involves no "intervention" in the market and therefore 
minimises the possi~irity that stabilisation policies will 
introduce new distortions into the market. It is also 
relatively cheap. Whether or not an acceptable level of 
stability will be achieved by the policy in practice depends 
on a number of factors including the accuracy of the 
forecasts supplied, the magnitude of the exogenous shocks 
imposed on the market and the influence of changes in the 
structure of the industry on market stability (e.g. the 
increasing importance of larger farms - which tend to have 
a stabilising effect on supply - and the influence of the 
expanding import trade on price stability). 

Whatever the future impact of an improvement in the quality 
of information available to producers, there is likely to 
be a continued dem~nd for interventionist stabilisation 
policies at least over the next f~w y~a~s. Whether or not 

I 

these policies will,~ncrease net economic welfare will 
depend on how they are operated as Well as how they are 
designed. Both pig producers and the industry organisation 
are aware that both the design and operation of their 
present stabilisation strategy could be improved. There 

·has been some speculation that the "cures" for instability 
used to date may have in fact been worse than the original 
"disease". 

What has become clear is that the industry needs more and 
better quality information if it is to improve both the 
design and operation of its stabilisation strategy. The 
development of the econometric model described in this thesis 
is the first major step taken in an attempt to provide the 
information required. 
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3.7 Conclusion 

Market instability is widely accepted as the major problem 
facing the New Zealand pig industry. It is a problem over 
which the industry qrganisation can eXercise some control. 
This chapter discussed the causes, consequences and current 
"cures·· for this instability. as well as the part that an 
econometric model of the market can play in improving 
·stabilisation policy. 

Instability is caused by factors "inherent" in the market 
structure as well as by exogenous shocks. The move towards 
grain feeding of pigs has aggravated production instability 
throughout the 1970s. The discussion of the consequences 
of this instability concluded that instability results in 
a welfare loss as well as having an adverse effect on 
productivity in the industry. 

The present industry response to production instability was 
also discussed. It was concluded that both the design and 
operation of the BMP scheme could, ,beirriproved. Finally, the 
part that an econometric model of the market could play in 
improving stabilisai~on policy was discussed. This type 
of model has the potential to improve the efficiency of the 
market. The deyelopment of the model outlined in Chapter 
Four and developed in detail in Chapters Five to Nine is 
the response adopted in this thesis to the problem pf 
instability in the New Zealand pig industry. The rest of 
this study is concerned with developing and evaluating an 
econometric model of the market as a policy tool which can 
be used by the industry organisation to improve its 
stabilisation policy. 
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CHAPTER FOUR 

AN OVERVIEW OF THE COMPLETE MODEL; 
STRUCTURE AND ESTIMATION 

4.1 Introduction 

This chapter discusses a number of important, issues associated 
with the specification and estimation of the complete model 
developed in this study. The first section discusses the basic 
model structure in detail. Alternative models of the pig-meat 
market are discussed along with the appropriate level of market 
and regional aggregation and the major relationships between 
the endogenous variables in the model. Of particular interest 
is the process of·· price formation in the model. The second 
section discusses whether or not these relationships between 
the endogenous variables are simUltaneous or recursive. 
Having identified the lines of causality in the model, the 
final section in the Chapter discusses the choice of an 
appropriate estimatirin technique,estimationperiod and data 
periodicity. A number of criteria ~re applied to the estimation 
techniques available 'to select the technique most appropriate 
to estimate the model described. This choice is affected by 

the lines of causality in the model, the identification 
condition of the model and the availability of data as well 
as the characteristics of the individual estimation techniques. 

4.2 Basic Model Structure 

This section discusses the major issues which determine the 
basic model structure. It is intended as a brief description 
of the model as a whole and is a useful introduction to the 
detailed discussion of individual equations presented in 
Chapters Five to Nine. Initially, the model structure used 
by Yandle is discussed and the reasons for rejecting that 
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structure for this study are advanced. Secondly, the need to 
distinguish the fresh pork and cured product "markets" is 
discussed. Thirdly, the basic model structure is developed 
from the simple cobweb model through the more complex Meadows' 
model to a structure ~hat adequately represents the 
complexities in the New Zealand Pig-meat market. Finally, 
the basic equation structure of the model is presented. 

4.2.1 Yandle's Model Structure 

Yandle implicitly accepted a simple cobweb model of the New 
Zealand pig--meat market in his 1968 study by assuming that 
the quantity of both pork and "bacon and ham" consumed in any 
one quarter was predetermined (i.e. that supply was predetermined 
and that supply and demand were identical).l In Yandle's . 
model, with consumption predetermined, the retail price is a 
function of the quantity demanded rather than vice versa. 
Yandle was unhappy about this assumption for the IIbacon and 
ham ll market but was required to retain it because of data 
limitations: 

"The assumption·.which was used was that demand 
equalled supply. This can be ~onsidered an 
unsatisfactory, though necessary, approximation 
to a market situation where processors of 
baconer pigs marginally adjust seasonal supply 
through stock changes to maximise annual profit.,,2 

However, in the pork market, Yandle maintained that demand 
was predetermined because the variables whose current values 
were thought to affect current supply were unlikely to have 
changed supply by more than "marginal amounts" and, because 
quantities of pork exports were· small and stocks non-existent, 
pork demand equalled pork supply. 

1. C. A .. Yandle, ~p cit,see pages 119-121 for a discussion of 
pork demand and pages 124-127 for a discussion of demand 
for "bacon and ham". 

2. Ibi~, p.126. 



Although the consumption and production of fresh pork are 
very similar (albeit exports have exceeded 10 percent of 
consumption in some quarters), it would be incorrect to 
maintain that pork production was predetermined. The pork 
market is both smaller and considerably more volatile than 
the "bacon and ham" marl{et. It is supplied by a large 
number of predominantly baconer producers (to whom pork 
production is either a residual or speculative activity) 
as well as a small number of "specialist" porker producers. 
Both groups are prepared to alter the level of their porker 
production to changes in ,the relative profitability of porker 
and baconer production. There is also good reason to believe 
that this relative profitability has become considerably more 
volatile since Yandle completed his study because it is now 
sensitive to changes in feed-grain ration prices as well as 
the relative farm prices of baconer and porker weight pigs. 

Jnuctuations in the supply of porker weight pigs are also 
likely to have been significantly increased by the marked 
increase in the iD;stability of total production. For example, 
baconer producers going out of pr04uction are likely to 
slaughter a high pr~portion of pigs originally destined 
for bacon production at the light pork weight irrespecitve 
of "normal" fluctuations in the profi tabili ty of porker 
with respect to. baconer production. Given the changes noted 
above, Yandle's specification is no longer applicable to 
the pig-meat market. 

4.2.2 Distingui$hing the Fresh and Cured Product Markets 

Fresh and cured pig-meat are two distinct products produced 
and marketed by a number of distinct, yet closely related, 
production and marketing systems. Yandle noted that these 
two products are not competitors at the retail level. 3 

However, baconer and porker pigs are close substitutes in 
production. The only distinction between live pigs d~stined 

3. Ibid, p.122 



64 

to be consumed either fresh or cured is their liveweights 
at slaughter; "pork;er" pigs (d~stined for the fresh meat 
market) have a carcass weight less than 41kg while "baconer" 
pigs (destined for. consumption as bacon and ham) have a 

-carcass wej.ght in excess of 41kg. It is very easy for 
producers to switch from producing one class of pig to 
the other in response to changes in the relative profitability 
of porker and baconer production. .In addition, "specialist" 
producers of bacon weight pigs will produce a number of pork 
weight pigs as slower growing animals are slaughtered in an 
effort to increase the utilisation of the available pen 
space (i.e. porker production is partially a 'residual' 
of baconer production.)4 

The baconer and porker weight carcasses are gradually 
distinguished into non-competitive products by the marketing 
system. Although economic factors usually preclude curing 
lightweight pigs, some baconer weight carcasses are consumed 
as fresh meat. However, once baconer weight carcasses are 
cured the two types of carcass are no longer sUbstitutable. 
The two types of meat are also handled by different marketing 
chains. Porkers are generally cut as fresh meat joints and 
sold through butchers' shops and supermarkets while baconer 

pigs are used mostly by major processors for curing into 
bacon and ham. Bacon is sold through a wider variety of 

. retail outlets (including dairies). It is also important 
to note that virtually all imports and all stocks of pig-
meat are destined for the cured meat trade. 

In summary, although fresh and cured products are distinct 
in the retail meat trade baconer and porker carcasses are 

4. As pigs do not mix ~ell (i.e. mlxlng pigs from different pens 
results in fighting, carcass damage and slower growth) slow 
growing pigs will be slaughtered when most of their pen mates 
have reached baconer weight. This allows the farmer to put a 
new group of pigs into the pen. A number of pigs may also be 
slaughtered at light weights to relieve the pressure of numbers 
on pen space (i.e. to keep pen utilisation high the farmer may 
place a large number of young pigs in a pen and slaughter a feN 
(at light weights) to relieve pressure on pen space). 
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close substitutes in production. These products are gradually 
distinguished into non-compet~ti~e products by the marketing 
system. Therefore, although these two product "markets ll 

must be clearly distinguished in the model, the interaction 
between them implies some overall equilibrium in the pig-
meat market as a whole, 

Dev'e'lopment of the Model Structure Used in this Study 

Chapter Three discussed the simple cobweb model used by m~~y 
authors as a representation of pig-meat ~arkets overseas. 

That chapter also discussed the extension of the simple 
cobweb model to inqlude stoclts and Meadows' application of 
this extended model to explain production and price fluctuatio~E 
in the United States pig-meat market. In the Meadows model 
prices are determined by stock holders (who alter prices to 
maintain stock coverage at some desired level) rather than 
determined by the equality between production and consumption. 

, 
The model structure used to represent the New Zealand pig-meat 
market is a further' development of the simple cob\\'eb structure. 
Firstly, the fresh and cured product "markets" must be 
clearly distinguished in the model. The importance of stocks 
in determining farm prices in the cured product market 
requires that a Meadows type model be used to represent 
this market. However, the absence of fresh pig-meat stocks 
indicates that price determination in the fresh pi.g-mea.t 
market would be better represented by a simple equilibrium 
model. In this case, prices are found by solving the model 
for equilibri.um yalues of supply and demand. 

Secondly, the hypothesized simultaneity between supply and 
farm price implies an important extension of the simple cobweb 
structure. Jt'or example J the hypothesis that farmers will 
respond to price increases by re.taining more bacon weight pigs 
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for inclusion into the breeding herd is not compatible 
with the simple cobweb model in rwhich supply is a function 
of past prices only.' 

Thirdly, the New Ze~lAnd pig-meat market is considerably more 
complex than either the s.imple cobweb or Meadows' model 
representations. These models have to be extended to include 
foreign trade in pig-meat as well as the difference between 
farm and retail prices. The model develop~d in this study 
includes pig-meat imports and exports and separately models 
price formation at both the farm and retail levels. 

Finally, the model also has to be disaggregated geographically 
if it is to adequately represent the New Zealand pig-meat 
market. Chaper Two discussed the regional impact that the 
move to grain based ration feeding had had on pig production. 
It also compared some selected characteristics of North and 
South Island pig production and concluded that there were 
important differences between pig production systems in each 
island. These differences are important enough to require 
that production should be disaggregated by island in the 
model. 

These extensions of the simple models discussed in Chapter 
Three were considered necessary to adequately model the 
relationships in the New Zealand pig-meat market. They 
were also considered important by policy-makers who are 
interested in separately identifying the impact of policy, 
and other, changes at the level of disaggregation implied 
by the extensions listed above. However these extensions 
require that sufficiently disaggregated data is available. 
Unfortunately, data is not available in a regionally 
disaggregated form that would allow us to retain a simple 

equilibrium model of the fresh pork "market". In order to 
regibnally disaggregate the simple equilibrium model each 
equation would need to be specified and estimated separately 
for both North and South Islands. 
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Because of the important differences between pig production 
r 

in the two islands and the importance that policy-makers 
attach to distinguishing supply response in each island, 
it was decided to retain the regional disaggregation in the 
model and modify th~ simple. equilibrium model representation 
of the fresh pork "market". Therefore the farm price for 
porkers in each island was determined explicitly in the 

'structural form of the model (as a function of the supply 
of porkers and the farm price of baconers) 'and this part 
of the model was closed by an identity which determined 
fresh pork exports as a residual (which is equal to 
production minus consumption). 

This alternative specification of the fresh pork component 
of the model has one disadvantage; fresh pork exports will 
tend to be very unstable. For example, it is possible given 
the relative size of these exports for the model to solve 
for negative values of fresh pork exports. This problem is 
reduced by constraining the size of these exports. The 
lower bound for these exports has been set at zero and the 
upper bound set at the largest single quarterly change in 
exports experienced'Dver the estimation period. These 
restrictions ensure that the solution value of fresh pork 
exports found by the model will lie within limits which 
are considered realistic on a priori grounds. 

A simplified schematic representation of the New Zealand pig-
meat model is presented in Figure 4-1. This diagram shows 
the major links between the endogenous variables. However 
the arrows used in the diagram do not imply one way causal 
links in the model. These endogenous variables are, as we 
will discuss in the next section, determined simultaneously. 
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Figure 4-1 

A Simplified Schematic Representation of the New 
Zealand Pig-Meat Model 
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This is a highly schematic representation of the 
relationship between the endogenous variables in the 
model. Only the most important directional relation-
ships are indicated and no lags are shown. Neither 
is the regional disaggregation of these variables 
identified. The four identities in the model (i.e. 
X2, PR1,·PR2 and ~S) are shown; values for all the 
other variables are found using behavioural equations. 
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The domestic production and farm price equations are 
regionally disaggregated in the actual model although all 
of the other variables appear as national aggreagates. This 
diagram clearly shows the close association between porker 
and baconer production compared with fresh and cured product 
consumption. Interaction between the two markets is also 
important in determining farm prices (although the relative 

\;', importance of the baconer market dominates this relationship). 
'Also illustrated is the hypothesized importance of stocks in 
determining farm prices for baconer pigs. 

4.2.4 Basic Equation Structure 

The basic equation structure of the model illustrated in 
Figure 4-1 is described in Figure 4-2. Fi~ure 4-2 
describes the model in greater detail than Figure 4-1. 
The geographical disaggregation is described as well as the 
way in which the regionally disaggregated production and 
farm price components of the model are combined with the 
aggregated margin " retail price and consumption components. 
This description also allows for a complete description 
of the four identi t i'es in the model. However, the 
relationships illustrated in Figure 4-2 are indicative only 
and the actual e?timating forms of the behavioural equations 
in the model are described in detail in Ch~pters Five to 
Nine. The model has 20 equations, 16 behavioural equations 
and four identities. Two additional equations are used to 
simplify the model when it is used for simUlation or 
prediction. These two additional equations are used to 

2 
aggregate the regional farm prices (i.e. PF1 = 1: Vol PFij). 

j=l 
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Figure 4-2 

Basic Equation Structure of the 
New Zeal~nd Pig-Meat Model 

Equation 
Number 

( 1- 2) 
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= 1 (bacon), i=2 (pork), i=3 (chopper5 ) 

= ~ {North Island), j=2 (South Island) 

= Consumption of good i 

= Farm - Retail price margin on good i 

= Farm Price of good i in region j 

= Domestic Production of good i in region j 

= Export of good i 

= Import of good i (where i only equals one) 

= Retail Price of good i 

= Change in stocks of cured product 

= the weighted farm price of good i for 
both islands, 

2 
(where: W = Qij/ E Q ) 

j=l 

= total throughput of all meat at the 
retail level 

2 
(i. e. includes: E Ci ) 

i=l 
= lag between price and output changes 

of bacon weight pigs 

= lag between price changes for porker weight 
pigs and changes in the production of bacon 
weight pigs 

= lag between price and output changes of pork 
\veight pigs 

5. Choppers are a manufacturing grade of slaughter pig (which are 
used almost entirely for sausages, pies and other convenience 
foods) and include all sows and boars. 
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4.3 'C'ausali'ty 

The" relationship be<tween endogenous variables within a model 
can be either recursive,' implying causal dependence over time, 
or simultaneous, in~icating interdependence within a single 
period. Determining causality among the endogenous variables 
is essential to the correct specification of the model and 
effects the choice of estimation technique. The simple 
,cobweb model described in Chapter Three is a good example 
of a recursive model; the endogenous variables in the 
model are determined sequentially. 

Two factors are important in determining causality in the 
m~del; the basic structure of the model and the length of 
the data interval related to the time lag existing between 
variables. Tomek and Robinson6 note four conditions under 
which a simultaneous specification may be preferred to a 
recursive specification. First, where the number of animals 
available for slaughter is predetermined, the number actually 
slaughtered may still be simultaneously determined with 
current price. Second, when the lag in the production process 
<is ,short relative to the data interval. Third, if current 
production does not equal current consumption (e.g. because 
of stock changes, imports, or exports) current price and 
total supply may be simultaneously determined even when 
production is predetermined. Finally, the need for 
simultaneity arises when the allocation of total production 
among alternative uses is not predetermined (even though total 
production may be predetermined). 

'The model illustrated in Figure 4-2 exhibits three of these four 
conditions. Simultaneity exists in the model despite the 
fact that the time lag in pig production is greater than 
the time unit of observation (implying that the level of 
productive capacity is predetermined). The total quantity 

6. W. G. Tomek and K. L. Robinson, "Agricultural Price Analysis and 
Outlook", in L. R. Martin (ed) A surve¥~?f A~rr.i.EE.!~~conomics 
Literature, Volume 1 : Traditional Fields of Agricultural 
~onomics 1940 I s t~ 1970' s, University of. ~1innesota Press, 
1971, p.333. 
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of pig-meat supplied from farms i~ simultaneously determined 
with current price because of the influence that "changes in 
breeding herd numbers have on slaughter rates. For example, 
if the farm price incr~ases farmers will respond by increasing 
breeding herd numbers henc~ saving a larger number of slaughter 
weight pigs as potential breeding stock. The consumption of 
pig-meat is also simultaneously determined with current price 
because pig-meat consumption is a component of traders total 
meat throughput which is assumed to be inversely related to 
traders margins. Secondly, current production need not equal 
current consumption because of changes in inventory levels 
and the influence of imports and exports. Both exports of 
pork weight pigs and changes in the level of stocks are 
determined simultaneously with the other endogenous variables 
in the model. Finally, the realised level ~f total production 
is allocated between the pork and bacon markets depending, in 
part) on the relative profitability of pork weight versus 
bacon weight pig production in the current period. 

Causality in the model can he verified by examining the 
matrix of endogenous coefficients. If thLs matrix is not 
triangular (i.e. if it has entries above and below the ,major 
diagonal) the triangularity test for recursiveness fails 
and the model is simultaneous. 7 Table 4-1 shows the matrix 
of endogenous cbefficients and, because this matrix is not 
triangular, confirms that the model is simultaneous. 

The representation of the New Zealand pig-meat market as a 
clo'sed system implicitly assumes that the market is either 
sufficiently small or sufficiently isolated to ignore its 
effect on other markets within ~he economy. In most cases 
this is an acceptable assumption however there may well be 
some causal link from pig production to the feedgrain sector 
(as well as vice versa). Chapter Three noted that pig 

7. A. Koutsoyiannis, Theory of !~conometrics; Second Edition, 
MacMillan Press, 1977, pp 341-342 
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Table 4-1 

Matrix of Endogenous Coefficients for the 22 Equation Version8 
of the New Zealand Pig-Meat Model 

,,---
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-2 Xl -1 
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4 PFn -1 X X 
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9 Q21 X X X -1 

10 Q22 X -1 

11 PFZZ X X -1 X 
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13 .PFZ 1 1 1 1 ,..1 

14 PF1 1 1 1 1 -1 .. 
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18 Cl X -1 
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Where: X = Coefficient not equal to unity 

------------------------
'k 8, This version has been used for simulation and includes 2 equations used 

to aggregate the regional farm prices for each commodity (i.e. porker or 
baconer) into a national price for the cominodi ty using volume weights. 
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production consumed a significant quantity of the total 
animal feed produced (although ·the poultry industry was by 
far the most importan~ single consumer of animal feed). It 
would be reasonable to expect that the level of demand for 
animal feed from wi~h±n the pig industry would have some 
influence on the cost of that feed (i.e. that fe~d costs 
were endogenous rather than exogenous). This relationship 
has been ignored in the model in an effort to limit the 
scope of this study within the resources available. 
However, it is unlikely that ignoring this relationship 
has seriously impaired the accuracy, applicability or 
credibility of the model. 

The basic model structure discussed in this section is a 
development of the simple cobweb model discussed in Chapter 
Two. 'l'he simple recursive cobweb model structure has been 
developed to a point where it reflects most of the important 
features of the New Zealand pig-meat market. These developments 
are necessary if the model estimated from this basic structure 
is to be useful as a policy tool. ·Chapters Five to Nine 
discuss the specification, estimation and evaluation of 
each of the 16 behavioural equations in the model. 

4.4 Choice of Estimation Technique 

There are a number of criteria for selecting between the 
estimation techniques available. 9 . The following criterj.a 
have been used in this study; the presence of "simultaneous 
equation bias" , the idetitification condition of the model, 
the properties of the parameter estimates, the sensitivity 
of the technique to errors (both in specification and 
measurement), the availability of data, and the 
computational complexity of the technique. 

9. For a discussion of vad.ous criteria 5(-)0 A. Kontsoyrunnis, op cit, 
p.498-S1; w. c. Labys, ~ynCLmi£~~II\odj..::ty_Nodel~1 1973, pp 134-147. 
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The application of ordinary least squares (OLS) to a single 
equation assumes that- there is one-way causation between 
the dependent variable and explanatory variables. If, as 
is the, case for many of the equations in the pig-meat model, 
there is simultaneity between the dependent variable and 
some of the explanatory variables (i,e. some of \he 
explanatory va~iables are endogenous) then the disturbance 
term and the explanatory variable(s) will be correlated 
and ordinary 'least squares will yield biased and inconsistent' 
estimates,10 Because of this simultaneous equation bias OLB 
must be rejected and other methods of estimation which give 
better estimates of the parameters should be used. 

For the identification of the entire model, there has to be 
at least as many independent equations as endogenous variables 
and each equation in the model must be identified,ll The 
identification condition of each equation in the model can 
be established usi!lg the rank and order conditions for 
identification. The order condition requires that, for an 
equation to be identified the total number of variables 
excluded from it but included in other equations must be at 
least as great as the number of ~qtiations in the system less 
one. 12 The rank condition requires thnt:' 

"In 'a system of G equations any 
particular equation is ide'ntified 
if and only if it is possible to 
construct at least one non-zero 
determinant of order (G-l) from 
the coefficients of the variables 
excluded froni that particular 
equation but contained in the 
other equations of the model."13 

Once the rank condition is satisfied the order condition can 
be used to assess the identification condition of the model. 

10. For proof see Koutsayiannis, op cit, pp 333-334. 

11. I£!£I p.346 

12. ~!£, p.352 

13. !Ei3, p.353 
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Because the New Zealand pig-meat model is complete and has 
91 variables without any single equation having more than 
27 variables it is overidentified. With respect to the choice of 
estimation technique, this means that the indirect least 
squares method is inappropriate because it does not give 
unique estimates of the structural parameters. 14 

~here are still a considerable number of estimation techniques 
applicable to overidentified simultaneous equation models. 
They can be classified as being either single equation 
techniques, which are applied to one equation of the system 
at a time (e.g. Two Stage Least Squares (2SLS» or complete 
systems techniques, which involve the solution of all the 
equations simultaneously and the estimation of the unknown 
parameters of all the equations at the sam~ time (i.e. Full 
Information Maximum Likelihood (FIML) and Three Stage Least 
Squares (3SLS». The complete systems techniques involve 

greater computational complexity and require a larger sample 
~ize than the single equation techniques. 15 Although all of 
these remaining techniques are consistent, the-two systems 
techniques use more information than the single equation 
methods (i.e. the st~ucture of all the equations of the 
system and the contemporaneous dependence of the variables 
of the various equations) and are therefore more effic~ent 
than the single equation techniques. However, unless there 
is contemporaneous correlation between the equation disturbance 
t~rms, 3SLS reduces to 2SLS. Although the systems techniques 
have some advantages; 

"these methods (i.e. 3SLS, FIML) are generally 
more sensitive than the others to specification 
errors, because an error of specification any-
where in the system affects all the parameter 
estimates. Given therefore our uncertainty 
about the correctness of the specification of 
our model, as well as the errors in variables 

14. For a discussion of this point see 1". Kcmtsoyiannis, Theory of 
E~~ricsl p.372. 

15. W. c. Labys I gp....s.i t I p.l3"? 
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and the extremely complicated computations of 
these methods and in particular of FIML, it 
seems that these methods are less attractive 
for economic research'.'!l16 

< 

Monte Carlo studies 'have also been used to determine the 
small sample properties of alternative techniques both with 

'th t 'f' t' 17 A 'th t and Wl ou . speCl lca lon error. gaJ.n I e sys ems 
techniques have advantages but are very sensitive to 
specificat ion error. Both Johnston and Kou'tsoyiannis 
favour 2SLS as a practical estimation technique: 

"Among the consistent estimation methods it 
seems tha~ 2SLS may be considered as the best, 
since it is also the cheapest and simplest to 
apply. 1118 

Because of the issues raised above I the 2SLS technique was 
used to estimate the New Zealand pig-meat model. Apart from 
its applicab~lity to overidentified simultaneous equation 
systems and its relative simplicity and robustness, 2SLS 
could be combined with the method of principa~ components 
to enable the model t'o be estimated with the sample size 
available. 

The 2SLS procedure was followed by applying OLS in two 
distinct stages. The first stage is used to purge the 
endogenous explanatory variables of their relationship with 
the error terms ,by the OLB regression of the endogenous 
variables on all of the predetermined variables in the model 
(i.e. the predetermined variables are used as instruments). 
These estimated endogenous variables replace the actual 
endogenous variables as the explanatory variables in the 

16. A. Koutsoyiannis, 0E cit, p.503 

17. For a \lseful survey see J. Johnston, Econometric Heth<?d~, 
McGraw-Hall, 1963, pp 275-295. 

18. A. Koutsoyiannis, p.509. 
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model and (because these new variables are purged of their 
relationship with the error term) each equation can be 
estimated using OLS. 

Unfortunately, the first stage fails where the total number 
of predetermined variables is greater than the number of 
observations. The New Zealand pig-meat model has 69 pre-
determined variables and only 43 observations so either the 
number of observations had to be increased or the number of 
"instruments" reduced. The model was estimated using 
quarterly dat·a with the first observation the fourth quarter 
1968 and the last the (then latest available) second quarter 
1979. Quarterly data was used because it allowed the 
maximum number of observations without extending the 
estimation period into the era when the dairy-pig production 
.regime was predominant. This trade-off between the number 
of observations ~nd structural homogeneity would have been 
reduced if more frequent (e.g. monthly) data was available. 
Although monthly data is available for a number of important 
series it would have been extremely difficult to obtain 

monthly data on all the necessary variables without 
compromising accuracy to an unacceptable degree. Fortu.nately 
there were two options available for reducing the number of 
instruments; the first is to be more selective in the choice 
of instruments (e.g. Structurally Ordered Instrumental 
Variables (SOIV)), the second is to use principal components 
(i. e. use a small number of "components" which account for a 
large proportion of the total variance in the predetermined 
variable set to replRce the large number of predetermined 
variables). Laby's notes a number of problems associRted 
with SOIV: 

"the method requires that the underlying 
endogenous variables have some degree of 
causal dependence, ... the use of extensive 
a priori information is not an easy matter 
and the accompanying computa.tional time is 
subst~mtjal ... ([~lld) t:ne rcljance on 
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~aximising the regression R2 (as a selective 
d~vice) in the end may not reduce consistency 
by as much as is desirable:"19 

Because of these problems the principal component method 
was adopted in conjunction with 2SLS. 

Unfortunately, although some criteria are available for 
selecting the number of principal components to be extracted 
from the set of predetermined variables, nO' definite 
conclusions have been reached as to the number of principal 
components to include. Kaisers criterion suggests that: 

"only principal components having a 
characteristic root greater than one are 
considered essential and should be retained 
in the analysis ... (however) ... when (the 
number of predetermined variables exceeds 
50), this decision rule tends to allow too 
many (principal components) to remain in 
the analysis.,,20 

Koutsoyiannis also. discusses Cattell's 'Scree Test' criterion 
which uses a curve plotting the characteristic root against 
the order of extraction of the components to decide how many 
components to retain in the analysis: 

"The decision rule is to retain the P's 
(components) up to the point where the 
resulting curve has some curvature and 
reject the P's for which the curve becomes 
a straight 1ine."21 

Laby's has a simpler criterion: 

"The author's experience suggests that a 
sUfficient number of components should be 
taken such that the (total) variance 
accounted for (by the components) is 90 
percent. "22 

19. W. C. Labys, op cit, p.145 

20. A. Koutsoyiannis, op cit, p.433 

21. J~~~, p.433 
22. W. C. Laby's, op cit, p.143 
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In this study, nine principal components were extracted fro~ 

the 69 predetermined variables; The relationship between 
the characteristic root and the order of extraction of the 
components is illustrated in Figure 4-3. This figure 
indicates that the relatio~ship between the characteristic 
root and factor number becomes linear after the fifth 
component has been extracted. However, the characteristic 
root of the fifth component is 3.59 (i.e. considerably 
greater than one) and only 74 percent of the variance is 
explained by the first five components. All of the nine components 
have characteristic roots in excess of unity (the ninth 
component's characteristic root is 1.5) and (in total) 
account for over 87 percent of the variance in the original 
variable set. This suggests that all nine components should 
be retained. Kaisers' criterion would suggest that more 
components should be taken but; as already noted, because 
of the number of variables in the predetermined set, this 
criterion tends to allow too many components to remain in 
the analysis. Finally, the 87 percent of total variance 

·accounted for by these nine components is sUfficiently close 
enough to Laby's suggested 90 percent' to be accepted. Given the 
Uncertainty surrounding the choice of an appropriate number 
of components, it is comforting that some criteria suggest 
that less than nine components shotild be selected while others 
indicate that more than nine should have been used. 

These nine principal components replaced the 69 predetermined 
variables in the first stage of the 2SLS process (i.e. all 
of'the endogenous variables were "purged" by the OLS 
regression of these variables on the principal components. 23 ) 

23. Where the endogenous explanatory variable in the model is calculated 
as a combination of endogenous and predetermined variables (e.g. the 
change in farm price is an endogenous explanatory variable which is 
the difference between the endogenous variable 'farm price' and the 
predeternlined variable 'lagged farm price') it is not clear whether 
the endogenous explanatory variable should be purged or merely its 
endogenous component. For example, in the case of a first difference 
variable, should 1:he first difference explanatory variable be purged 
or should the current endogenous variable be purged, then a: new 
first difference variable calculated from the purged variable and its 
actual lagged value? In most, casas the latter procedure was adopted 
in this study. 
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Figure 4-3 
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Cattell's .'Scree Test' Criteria -
A Comparison of Char~cteristic Roots and Factor Number 
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These purged variables were then used instead of the origtnal 
endogenoUs variables as explanatpry variables in the second 
stage of the 2SLS process. It cannot be expected that the 
estimates derived from this Two Stage Principal Components 
(2SPC) technique wi~l .be as. efficient as ordinary 2SLS. 
However, with large samples (where the number of components 
selected increases) the 2SPC estimates are consistent with 
the same asymptotic efficiency as 2SLS. 24 

4-5 Summary 

The basic model structu~e used in this study is a development 
of the simple cobweb model discussed in Chapter Two. That 
model was been extended to include stocks (so that changes in 
stock levels affect price determination), imports and exports. 
It has also been disaggregated to reflect the two different 
product "markets" at the retail level, the different 
characteristics of production in the two islands and for 
each of the three main slaughter grades, and price formation 
at both the farm and retail level. The resulting model is 
simultaneous with 20 equations, 16 of .which are behavioural 
and described in detail in the next five chapters. These 
developments of the simple cobweb model were considered 
necessary to adequately reflect the structure of the New 
Zealand pig-meat market in a manner that is useful to 
Policy-makers in the industry. 

The choice of estimation technique appropriate for estimating 
the specified model was also discussed. Of the simultaneous 
equation techniques applicable to overidentified models 2SPC 
Was chosen because of the relative simplicity'and robustness 
of the 2SLS technique and the problems inherent in attempting 
to estimate a model including 69 predetermined variables with 
only 43 observations. Nine principal components which 
explained 87 percent of the variance tn the predetermined 
variable set were chosen to replace the predetermined variables 
as instruments in the first stage of the 2SLS process. 
-----.-------------
24. P. J. Dhrymes' Econometrics, Harper and Row, 1970 pp 268-272. 
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CHAPTER FIVE 

, THE RETAIL' DEMAND EQUATIONS: 

SPECIFICATION" ESTIMATION AND EVALUATION 

This chapter discusses the specification, estimation and 
evaluation of the ietail demand equations for both fresh 
and cured pig-meat. The first section briefly discusses 
recent changes in annual consumer expenditure on meat and 
other foods in New Zealand as well as changes in the 
composition of the meat market. The second section reviews 
a number of surveys of consumers' demand for meat with 
special emphasis on the importance of surv~y findings for 
the specification of the retail demand equations. The 
third section reviews the econometric estimates of pig-meat 
demand equations for New Zealand made by bOoth Yandle1 and 
Court. 2 The fourth section describes the specification 
and estimation of the demand equations used in_the New 
Zealand Pig-Meat Mod~l. Finally, the parameter estimates 
yielded by the estimation procedure are evaluated against 
economic 'a priori' criteria, statistical criteria and 
econometric criteria. The stability of these estimates is 
also considered. 

5.2 Recent Changes in Consumer D~mand for Food in 
New Zealand 

Table 5-1 illustrates the changes in average real weekly 
expenditure on food for the period 1974 - 1979. Although 
earlier figures are unavailable, the figures in this Table 

1. C. A. Yandle, An Economet:cic Study of the New Zealand Mea.t 
Market, 1968. 

2. R. H. Court, "utility Maximisation and the Demand for New 
Zealand Meats", EconolUet.rica r Volume 35, No. 3-4, July-
October' 1967, pp 424-446. 
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TabTe 5"-1 

Average Real Weekly Expenditure on Food 
(~~"fTated by" CPT, ex"pres"sed" "in" March Yea"r1979 dOllars) 

Commodity March Years 

1974 1975 1976 
',"-' 

1977 1975"k 1979* 
~~~------------------------------------------------------------

Fruit and 
Vegetables 

Meat 
poultry and Fish 

Dairy Products 

other Foods 

Total Food 

All Expenditure 
Groups 

Fruit and 
Vegetables 

Meat 

Poultry and Fish 

Dairy Products 

Other Foods 

Total Food 

Food % Total 
Expenditure* 

5.37 

8.41 

1.40 

4.25 

13.39 

32.82 

186.87 

16".37 

25.62 
4.2"8 

12.94 

40.80 

100.00 

17.60 

5.15 

6.80 

1.50 

3.85 

13.14 

30.46 

171. 39 

5.82 

6.97 

1.46 

4.05 

14.44 

32.75 

183.63 

5.37 

7.09 

1.44 

4.43 

14.89 

33.22 

183.77 

5.19 

6.38 

1.46 

4.31 

14.90 

32.26 

127.56 

Percentages of Expenditure on Food 

16.90 

22.30 

4.90 

12.60 

43.10 

100.00 

17.80 

17.80 

21.20 

4.40 

12.40 

44.10 

100.00 

17.80 

16.20 

21. 30 

4.30 

13.30 

44.80 

100.00 

18.10 

25.90 

16.10 

19.80 

4.50 

13.40 

46.20 

100.00 

25.30 

5.02 

6.31 

1. 52 

4.18 

14.79 

31. 82" 

123.34 

15.80 

19.80 

4.80 

13.10 

46.50 

100.00 

25.80 

* Unfortunately, because some of the non-food items were incomplete, 
total expenditure for 1978 and 1979 cannot be compared to previous 
years. However, the Department of statistics has made figures 
available which allow a comparison of food % total expenditure 
with previous years. 

Sourc~: Department of statistics, Household Survey Report, 1973/74, 
1976/71, 1977/78. 
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illustrate some important trends. Total expenditure on food 
(deflated by the Consumers Price I ndex for all groups) has 
demonstrated considerablestabil'ity over the period when 
expressed as either expenditure per week or as a proport~on 
of total expenditure. In contrast to this· stability, 
expenditure on all meat as a proportion of total expenditure 
on food has shown a steady'decline throughout the period. 

Average 'real expenditure on all meat for the years 1977-1979 
was approximately 9 percent lower than the average for 
1974-1976 while the average proportion of food expenditure 
spent on all meat fell from 27.5 percent for the 1974~1976 
period to 24.8 percent for the 1977-1979 period. It would 
appear that householders have reallocated a relatively 
fixed food budget away from meats and in favour of "other 
foods" (e.g. cereals). This raises important questions 
concerning the degree of substitutability between meat and 
other types of food. This substitutability has been ignored in 
previous studies of the retail demand for meat in New Zealand. 3 

It is possible that conswners did not consider other types 
of food as sUbstitutabl& for meat in the 1950s and 1960s 
and that high meat prices (or the popular~sation of 
vegetarian and macrobiotic diets) have stimulated a change 
in attitudes in the 1970s. However, this study also 
assumes that no:p~meat foods are not important substitutes 
for pig-meat. This study also assumes that consumers do 
not perceive of different types of meat as a homogeneous 
product (e.g. consumers are not discouraged from eating 
pig-meat because of their perceptions of aggregate "meat" 
prices). This assumption may be incorrect. The existence 
of homogeneity of this type would seriously effect the 
results presented in this chapter because it implies a 
degree of ~omplementarity between different types of meat. 

The other important trend revealed in Table 5-1 is the 
relatively constant expenditure (both in absolute and 
proportional terms) expended on white meats. The decline 

3. See c. A. Yandle, op ciJ:" and R. H. Court, op cit. , 
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in expenditure on meat has fallen exclusively on red meat. 
The demand for different types of meat throughout the 1970s 
is shown in Table 5-2. A striking feature of this table is 
the very strong increase in per c~pita consumption of poultry 

Table "5-2 

Estimated Per Capita Consumption 
of Meat in New Z"ea'la"nd 1970'-1979 

____ -----'-Per Capita Consumption (kg) Per Capita (kg) 
_. Beef . Mutton 
WAr & & 

Veal Lamb 

19'10 47 
IU1 46 

In2 46 

1973 49 
1&74 48 

1515 53 

1~76 56 

1977 59 

"79 60 

1!f19 53 

4.1 
41 
44 

43 

39 
38 

33 

30 

31 
31 

Pig-Meat Other 
(inc. 

Stats. Adj.* Offal) 

14 
14 
15 

12 

11 

12 
11 
12 

13 

12 

14 
15 

15 

13 

13 

13 
14 " 

14 

14 
14, 

5 

6 

6 

6 

5 

5 

6 

5 

5 

5 

Total 

Red 

101 

108 

III 

110 

105 

109 

109 

108 

110 

]'03 

pig-Meat 
% Red 

13.1 
13.9 

13.5 

11.8 

12.3 

11.9 
12.8 

12.9 
12.7 
13.5 

Poultry 

6 

6 

6 

7 

11 
12 
11 

13 

Fish 

6 

7 

5 

4 

6 

4 

4 

3 

Total 

Meat 

119 
121 

122 

121 

122 

125 

124 

124 

Pig-meat consumption figures used in this thesis (see Appendix A for a 
discussion of the difference between these figures and those of the 
Department of stati.stics). 

BlUrce: Derived from To'tal consumption using Population figures for 31 Harch 
(Monthly Abstract of Statistics, May 1980) eXGept poultry and fish 
figure~ which are publishe~ in-the Official New Zealand Year Book, 
selected years. 

meat throughout the decade compared to a relatively static 
demand for red meats. Both Yandle and Court ignore any 
relationship between the demand for red and white meats. 

11.8 
12.4 

li.3 

10.7 

10.6 

10.4 

11.3 
11.3 
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This may have been a reasonable assumption for the 1950s and 
1960s when poultry consumptio~ was extremely small (e.g. per 
capita consumption of poultry meat was only 1.8kg in 1955 
and 1960 and had only climbed to 2.3kg by 1965). However, 
this would be an unre'asonable assumption in the light of 

. the data presented in Tables 5-1 and 5-2. Per c,api ta 
consumption of poultry meat more than doubled between 1970 
and 1977 and is now as important as total pig-meat consumption 
and considerably more important than the c0nsumption of fresh 
pig-meat (in 1977 only slightly more than 4kg per head of 
fresh pork was consumed compared to 13kg per head of poultry 
meat). In making this type of comparison it is the size of 
the f'resh pork' market that is important because poul tr~7 meat 
is not a sUbstitute for cured pig-meat products. As both 
tables demonstrate, poultry meat has increased its share of 
both the domestic meat market and (in combination with fish) 
total household expenditure on meat. 

Table 5-2 shows that per capita consumption Of pig'::!!!t3a:t has 
remained virtually' static throughout the 1970s in absolute 
terms and as a proportion of the meat market. This conclusion 
must be contrasted with that of others who have used the 
Department of Statistics figures and concluded that per 
capita pig-meat consumption has been falling. 4 The analysis 
of various dat~ 'sources presented in Appendix A demonstrated 
why the Department of Statistics figures are subject to error 
and why they would underestimate actual consumption. This 
table demonstrates that (consistent with a priori expectations) 
t~is bias has become more important with time. This virtually 
static level of per capita demand for pig-meats indicates 
that any positive effect that increasing per capita income 
has had on the demand for pig-meat has been completely off-set 
by an increase in the price of pig-meat relative to compet.itive 
products and/or the influence of "non-price" factors (e.g. 
changes in consumer attitudes). The influence of non-price 

4. See, for example, R. a. Brodie, "Meat: A Consumer Survey of Christch-.l:-:: ;:;",:: 
Households" I AgrJ,cul~~!:'Ll. Economics H.es~arch Unit, Resear,9h ~epcr! 
No.8~, Lincoln college; 1977, p.37. 
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factors have been ignored in this study because of the 
difficulty involved in measur~ng this influence. However, 
this does not deny the influence of these factors on the 
pattern of demand for meat in New Zealand. The dramaticJ 
increase in poultry.cnnsumption must, in part, be due to 
the marketing effort directed towards this product. The 
adoption of the m~rketing plan proposed for the pig industry5 
is also likely to increase the demand for pig-meat 

"independently of relative price and income movements. 

5.3 Surveys of Meat Consumer's' Behaviour 

This section reviews two recent surveys of meat consumers and, 
where appropriate, compares the results with Yandle's 1965 
survey. 6 Both the Yandle and Brodie stud~es were conducted 
in Christchurch. Yandle's mail survey questioned 361 persons 
on the Christchurch electoral rolls in September 1§£5. 7 

Brodie conducted an interview survey among 292 randomly 
selected Christchurch households during late April and early 

8 . May ~77. The Pork Marketing Board also conducted an 
interview survey but sampled 600 "persons who buy meat for 
a household in the dities of Auckland, Wellington and 
Christchurch. 11

9 This survey was conducted in December 
1979. Despite ~hese differences the findings of these three 
surveys 1 had a"number of important similarities. 

Both the Brodie and Pork Marketing Board surveys noted that 
pork was served infrequently. Of Brodie's sample 1 only 28 
percent served pork regularly (at least every two weeks), 34 
percent less regularly (had served pork in the last six months) 

5. I. A. Lamb, P6rk Marketing Board ~pork Industries Marketing Plan, 
JunE:! 1980. 

6. 

7. 

8. 

9. 

See C. A. Yandle, 

C. A. Yandle, op ci..!:., pp 

R. J. Br6die, op cit, pp 

I. A. Lamb, oJ? 'pit p. 28. 
Lamh l oJ? cit, p.28-31. 

R. J. Brodie, op cit, and I. A. Lamb, op cit. 

25-27 

1-4 

For a review of the survey results see 
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and 37 percent rarely or did not serve pork. The Pork 
Marketing Board survey showed that 45 percent of respondents 
did not serve pork often and about 33 percent hardly ever 
served pork. 

All three surveys indicated that people consider pork an 
"expensive" food. Seventy-two percent of Yandle's respondents 
considered that pork was too expensive for everyday eating and, i1 
answer to a separate question , respondents considered pork 
the most highly priced meat (which was incorrect at the time). 
Yandle noted that: 

"It is possible therefore that consumers wrongly 
think that pork is both highly priced and 
expensive ... (although) consumers think pork 
is more highly priced than poultry ... the price 
of poultry was 16 pence per pound more than 
pork at the time of the .survey."10 

Brodie's results also indicate that people consider pork too 
expensive because large proportions of respondents who 
preferred pork did. not serve it regularly. Brodie also 
discovered that there had been a significant swing away from 
sheepmeats and pork.towards beef d~ring the year~prior to 
his survey but that: 

"the swing' away from pork has occurred despite 
it becoming "cheaper" during the year prior to 
the survey (its price had remained constant 
whereas sheepmeat and beef had increased 20-50 11 
percent and 12-15 percent in price respectively)". 

The Pork Marketing Board survey also found that consumers, 
especially light users of pork, considered pork "too dear" 
and that a large number of consumers also considered that 
pork was appropriate for "special occasions" rather than 
"everyday meals". 

10. C. A. Yandle, op cit, p.35 and p.36. 

11. R. J. Brodie, op cit, p.38. 
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The evidence that a large number,.of consumers are "infrequent" 
pork eaters and that 'pork is considered more appropriate for 
"special occasions" than "everyday use" suggests that there 
is very little habi ~ persiste.nce in pork consumpt ion. IOther 
factors being equal) consumers are likely to adjust their 
consumption relatively quickly in response to price and 
income changes. This evidence therefore suggests a static 
.rather than dynamic formulation for the pork demand function./ 
However, evidence presented by both Yandle and Brodie suggests 
that some insensitivity to actual relative price levels 
accompanies the infrequent use of pork. The perception that 
pork is expensive appears to persist even when the actual 
price of pork is less than meats considered "cheaperll 
(Yandle) or in the face of a relative price movement which 
improves porks competitive position (Brodie's observation 
of a "perversell reaction to relative price changes) . ./This 
could be construed as a lagg~d response to price which would 
suggest that a dynamic formulation for the pork demand 
function is, in f~ct, appropriate. 

/ 
It is difficult to choose between a <;lynamic and static 
formulation for the pork demand equation on the evidence 
presented here. Yandle's respondents may not have compareq 
the price of po~;Ltry and pork on a per pound basis (even 
though the question asked them to use this criteria). They 
may have considered that pork was more expensive per serving 
and, therefore, may have had a correct perception of "price". 
It is also possible that the "perverse" response noted by 
Brodie was in fact a response to some third factor (e.g. a 
reduction in real incomes having a more dramatic effect on 
pork than other meats). The .suggestion that there may be 
a lagged response to price changes because of some residual 
perception of pork's "expensiveness" implies that infrequent 
users do not regularly compare the price of pork with other 
meats. This could be a reflection of the frequency with which 
infrequent users are exposed to relative price information . 
However) evidence from the Pork Marketing Board suvey indicates 
that: 



92 

"40 percent Of consumers form purchasing 
intentions at home, 29 perceut do this but 
change their minds in st~re; 31 percent 
form intentions in store. Research suggests 
that higher proportion of pork buyers form 
intentions in s:tore."12 

This would suggest that a large number of pork buyers regularly 
reappraise their decision to purchase pork. 

All three studies indicate that the qUantity of meat consumed 
is sensitive to income. In Yandle's survey, 36 percent of 
respondents indicated that they would increase their 
expenditure on pork following an increase in income (this 
response was second only to that for poultry), 62 percent 
would not alter their consumption levels and 2 percent 
indicated that they would buy less. Brodie's survey, 
indicated that, of those people who had changed their level 
of meat consumption changes in price and income were the 
first and second most frequent reasons given for the change. 
The Pork Market~ng Board survey results indicated that 
" ... consumption is not closely associated with occupation 
per se but with income". The Household Survey Report 13 

also indicated that" average weekly expenditure on meat 
increased as the total weekly income of the household 
increased (alt~ough meat expenditure tended to fall as a 
proportion of total expenditure as income increased). 
Although these results indicate that the consumption of 
pork is likely to be sensitive to income they do not 
indicate the form this relationship takes. The indication 
that consumers consider pork more appropriate for "special 
occasions" than "everyday use" suggests that pork consumption 
may be a function of the change rather than the level of 
inc.ome. 

Both Yandle and Brodie also included questions about bacon 
and ham consumption in their surveys. Brodie found that: 

12. I. A. IJamb, op ..9.i~, p.30 

13. Department of Statistics, Household Survey Report Year Ended 
Nar~h 1977, p.15. 



93 

"29 percent of households served ham regularly 
compared withal percent for bacon; with 69 
percent serving ham and 84~percent serving 
bacon every a months .... Consumption was 
characterised by a larger proportion of 
households in the tradesman and labourer 
group and older ,age groups consuming the 
meats regular::ty.,,14 

Twenty-one percent and 34 percent of Yandle's respondents 
indicated that they would buy more bacon and ham respectively 
in response to an increase in income. Thi~ result indicates 
that, for Yandle's sample, the income elasticity of demand 
for pork could be higher than for bacon and ham. However, 

~it is difficult to deduce a great deal from these results . 
. ,.,. ,r • 

Seasonal factors have a relatively strong influence on bacon 
and ham consumption with bacon consumption increasing in the 
winter months and ham consumption in- the summer months. 15 

Therefore it would be difficult to argue that habit 
persiste.nce is a significant factor in combined bacon and 
ham consumption even though a large number of Brodie's 
respondents consumed bacon regularly. 

Th~~e three cross-sectional surveys have been used to help 
specify demand funct;ions for pig-meat by indicating which 
variables should be included in these functions, the relative 
importance of these variables, and the mathematical form of 
the relationship~ involved. These surveys indicate demand 
for pig-meat (especially for pork) is sensitive to pig-meat 
prices and income and that the effect of price changes is 
likely to be more important in determining demand than the 
effect of income changes. There is also some evidence to 
suggest that demand may be a function of the change rather 
than the level of income. These surveys also provide valuable 
evidence on the likely importance of lagged responses in 
consumer demand for pig-meat (and therefore whether a static 
or dynamic formulation of the demand function is appropriate). 
AlthQugh the evidence tends to indicate that habit persistence 

14. 

15. 

R. J. Brodie, or cit, p.13 . 
This conclusi.on of yandle's (Yandle, op cit, p.125-6) has been 
supported by conversation Itli th a number -of -processors. Ham 
consumption would appear to be more influenced by seasonal 
factors than baGon consumption. 
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is not an important feature of pig-meat demand, it cannot be 
used to exclude a dynamic formulation from further consideration. 

~.4 Revie. of Previbus Studies 

Labys notes that: 

"Probably no other aspect of the specification 
and estimation .of commodity behavioural 
relationships has received as much attention 
as that of demand",16 

This section d~es not attempt to review the major developments 
in the specifi.ca.tion and estimation of demand relationships. 
Excellent reviews of these developments are available 

elsewhere. 17 'fhis section confines itself to a discussion 
of two studies directly relevant to the specification of a 
retail demand for pig-meat relationship for New Zealand; 
the econometric analyses of the retail demand for meat in 
New Zealand by both Court and Yandle, 

Court's study of the-New Zealand meat market is atypical 
because his estimates of the demand sub-system were subjected 
to symmetry restrictions which were later tested. 18 His 
demand function~ were derived from the utility theory of 
consumer demand (i.e. a consumer is assumed to maximise his 
utility subject to a budget constraint). These functions 
related consumption of beef, mutton and pig-meat to the price 
of· each meat, the price of the other two meats, the prices of 
all other items in the consruners budget (i.e. the retail price 
index), and to income per head: 

16. 

17. 

18. 

w. c. Labys r Dynamic Col1\.'l\odi ty t>1ode Is, 1973, p. 7 
-----------~-

See, for example, W.G. Tomek and K. L. Robinson, "Agricl.lH:ural price 
Analysis and Outlook", in A sur~ey of Agricultural Economics 
l,iterature, Volume One, edited by L. R. Martin, Hinnesota Press, 
1977, p.336:'351 and w:- C. l..abys, ~g._.e..!_, p.7--34. 

Symmt:ltry restrictions demand that the cross price elast.icities for 
two goods must be equal when weighted by the increase of their 
respective relative expendit.ure weights and summed \'1ith the income 
elasticity of t.he good. 
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where subscripts 1, 2 and 3 represent beef, mutton 
and pig-meat respectively, xi represents total 
consumption, Pi the retail price of the ith 
meat, N is population, M is total personal 
expenditure on consumer goods and services, and 
Ui is a random error ll

• 19. 

This set of equations' was then imated both with and without 
symmetry conditions applied using a sample of annual data frolil 
1950 to 1960 inclusive. Elasticities estimated by regression 
for the pig-meat equation both with and without syn~etry 
conditions applied are given in Table 5-3. 

Table 5-3 

Elasticities of Court's Annual Pig-Meat Demand Equation 
Wi thalld Without Symmetry Restrictio_n Applied 

Own Cross Price 
p,rice Beef Mutton R 2 DW* 

Without Restrictions -1.251 0.547 0.792 0.968 0.83 2.76 
(standard errors) (0.29) (0.25) (0.42 ) (0.41) 

With Restrictions -0.552 0.363 -0.OS6 1.251 0.66 1.85 
(standard errors) (0.1S) (0.16) (O.lS) (0. Sl) 

* Durbin-\-latson statistic 

Court also used these estimated relationships to predict 
consumption levels for 1961-1963 and found that the equations 

estimated under the symmetry restrictions gave better 
predictions than the unrestricted regression equations. Court 
concluded that the application of the symmetry restrictions 
was, in his case, both valid and useful. 

19. R. H. Court, 
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Yandle estimated a number of alternative specifications for 
meat demand relationships in New Zealand using quarterly 
data for the period 1950 (fourth quarter) to 1965 (fourth 
quarter). Like Court~ Yandle expressed per capita consumption 
for mutton and beef as a fUnction of the price of beef, mutton 
and pork, the consumer price index and income per head with 
seasonal dummies used to account for seasonal influences. 
However, as already noted, Yandle considered the demand for 
pig-meat predetermined and therefore the retail price of 
pig-meat was expressed as a function of the quantity demanded 
rather than visa versa. Unlike Court, Yandle considered that 
the retail fresh meat market was distinct from the retail 
cured meat market: 

"Ham and bacon have not been included in the New 
Zealand meat model, their, parameters were 
estimated in a separate model because ham and 
bacon are not major competitors of the main 
meats. The results of the consumer survey 
clearly show this lack of competition .... "20 

Yandle also preferred a dynamic formulation of'the demand 
equation rather than the static formulation used by Court 
(although both formulations were tested by Yandle). These 

two approaches could be reconciled because of the different 

periodicity of the data used in each study; consumers may 
fully adjust their level of consumption to price or income 
changes within a year without necessarily adjusting fully 
within anyone quarter. ,Yandle's best estimates of the short 
,and long run demand for pig-meat are given in Table 5-4. 

Unfortunately neither of Yandle's equations for pig-meat 
are very satisfactory: 

20 

"The reduced-form pork demand equation was the 
least satisfactory of the OLS equations in this 
model. The coefficient of determination, although 
significantly different from zero, does not allow 

c. A. Yandle, op ~i~( p.122 
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great confidence in the use of the equation to 
explain future equilibrium demand levels .... In 
addition, the von Neuman ratio indicates serious 
positive autocorrelation" 21 

Yandle, like Court'~ restricted model, found an insignificant 
(and negative) cross elasticity between pork and mutton which 

implies that some degree of complementarity may. exist between 
these two products or, more probably, they are not directly 
competitive. The pork elasticities all appear to be rather 
large which would indicate that pork consumption is extremely ~ 
sensitive to price and income changes. The striking feature 
about the long run elasticities is their size relative to the 
short run elasticities. Yandle notes that: 

"The pork demand adjustment coefficient was however 
greater than unity, taking the value of 1.609 .,. 
Essentially the interpretation must be that 
consumers have 'over-reacted' to the change in 
market forces, during the first time period moving 
the quantity demanded past the equilibrium point.,,22 

Table 5-4 

Short and Long Run Elasticities of Yandle's 
Quarterly. "Pork" and "Bacon and Ham" 

EqU~tions(OLS ~stimates) :.....!------

Own cross Price 
Price ·Beef Mutton Income R2 --- K* 

Po:r;k - short Run - 9.09 1.27. - 0.78 1.93 0.45 0.67 
- Long Run - 5.65 

'Bacon and Ham' 

* 
# 

21. 
22. 

- Short Run -28.57# 
- Long Run -25.00# 

K = von Neuman ratio 
Not Significant 

Ibid, p.220 

Ibi~, p.232 

0.79 - 0.48 1.19 

N/A N/A 16.88 0.51 0.30 
N/A N/A 14.77 
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Yandle fails to offer a behavioural hypothesis that would 
result in this "over~reaction"-and it is extremely difficult, 
especially on the cross-sectional data available, to 
determine why this over-reaction would h~ve occurred. 

Yandle's results for the "bacon and ham" equations were 
completely unsatisfactory: 

"These models -were; a dynamic, and a static, retail 
de~and model~ In neither case was the model at all 
satisfactory, suggesting that if data were available 
respecification of the -"ham and bacon" models would 
be desirable".23 

Income is the only variable which had a coefficient significantly 
different from zero, a "barely acceptable" level of variance 
had been explained, and there is a strong indication that 
positive autocorrelation is present. 

These two time se~ies studies provide additional evidence to 
use when specifying the demand functions for pig-meat in the 
model. Both studies provide additional evidence which enables 
abetter identification of the variables which should be 
included in t~edem~nd function and-the relative importance 
of these variables in determining demand. Both studies 
show a strong negative association between the demand for pig-
meat and-its price although Court's restricted equation 
indicates that the absol1.it-e value of the income elasticity 
is larger than that for the price elasticity. Both studies 
also indicate that mutton is not a competitive product. 
Although Court uses a static formulation while Yandle adopts 
a dynamic formulation t _ the- two approaches are not necessarily 
inconsistent. ijowever, Yandle-' s results do not confirm the 
partial adjustment hypothesis. 

23. ~I -p.2S8 
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5.5 Specification and Estimation of the Retail 
Demand Equatibns Used in th~ New Zealand Pig-Meat Model 

The general specification of the demand relationship derived 
from consumer utili~y,theory and explained by Court above 
has been used in this study. Although some assumptions had to 
be made concerning the allocation of various slaughter classes 
to the fresh and cured "markets" the clear distinction between 

. ~hese two markets demanded that some attempt be made to specify 
a separate demand relationship for both fresh and cured 
products. The important assumptions are that all pork and 
chopper weight pigs are consumed "fresh" and that all bacon 
weight pigs are "cured" (although the use of a dummy·vatiable 
to account for the changes in weight range classification in 
1973 does allow some relaxation of this assumption.) This 
assumption is bound to have resulted in some measurement error 
but is the best distinction that could be made on the data 
available. 

Beef and poultry meat are assumed to be fresh pork's major 
market competitors. As already noted, poultry consumption 
has increased dramatically since the· Court and Yandle studies 
and is now likely t~'be a major competitor on the meat market. 
Mutton has been excluded from consideration as a competitive 
meat. Both the Court and Yandle studies found that the cross 
price elastici tOy between pork and mutton was insignificant. 
There is no evidence to indicate that mutton can now be 
regarded as a competitive product. Bacon and ham are not 
assumed to have any major competitive or complementary products 
associated with them (an assumption also adopted by Yandle 
in the specification of his "bacon and ham" model). 

The c6nsumption of both pork and cured pig-meat is assumed 
to be sensitive to per capita income although it is difficult 
to determine the form of this relationship on a priori grounds. 
Both the level and percent change in the level of income were 
used as explanatory variables and only the percent change 
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variable was significant. This implies that consumers will 
alter their consumption in res-ponse to a change in income 
rather than implying that a given level of income can be 
associated with a given level of per capita consumption. 
This is consistent with some of the evidence from the 
consumer surveys. 

Apart from the respec~ive products OWn prices, dummy 
'variables to explain seasonality and to account for the change 
in classification of porker and baconer pigs in the third 
quarter of 1973 are the only other explanatory variables 
used. The use of a dummy variable to allow for a shift 
in the intercepts as a consequence of this reclassification 
of slaughter pigs acts to relax the rather rigid assumption 
that all bacon weight pigs enter the cured meat market (which 
is far less likely to remain valid in the face of a change in 
weight classification which arbitrarily graded more pinto 
the baconer weight range). There is some evidence that the 
limited number of baconer pigs that do enter the fresh pork 

. 24 
market has increased since this classification change. 
Therefore, we would expect the coefficient for this dummy 
variable (which is s.et to unity for the period prior to the 
change) to be positive in the fresh meat equation and 
negative in the cured meat equation. Finally, it appears 
that the change: from dairy by-product to grain based ration 
feeding of pigs has had an important influence on the 
seasonal nature of demand. Although this is difficult to 
explain on a priori grounds, this influence has been accounted 
fQr by introducing a fourth seasonal dummy variable (that 
allows a change in third quarter intercept post 1973) into 
the demand equations. 

Although the a priori evidence in either direction is weak, 
there is certainly no good reason to suppose that the retail 
demand functions should be dynamic rather than static in 

/. 

natl1re.~/Although Yandle prefers the dynamic formulation, 
his results show a "perverse" dynamic result for pig-meat 
(i.e. that consumers "over-react" rather than partially 

24. I. A. Lamb, 
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adjust to the equilibrium level of consumption). Given 
these results it was decided to adopt a static formulation .. 
but to test for the presence of dynamic behaviour by 
respecifying and re-estimating the equations. 

Given the discussion above, the per capita consumption of 
fresh pig-meat was assumed to be a function of the real 
retail price of pork, the real retail price of beef and 
poultry, the percentage change in the level of real per 
capita income, three seasonal dummies and two structural 
dummies (to represent the change in grade classification 
and the influence of grain feeding on seasonality). All 
prices and income were deflated using the Consumers Price 
Index which represents the influence of all other items 
in the consumers budget. Per capita consumption of cured 
pig-meat was assumed to be a function of the real retail 
price of "bacon and ham", the-percentage change in real per 
capita income, and the five dummies used in the fresh meat 
equation. 

These two equations were estimated using quarterly 
observations for the period 1970 (first quarter) to 1979 
(second quarter) using 2SPC . Although ·the values for the 
param~ters were acceptable the Durbln-Watson statistic was 
in the inconclusive range for both equations which indicated 
that autocorrelation may have been present. The'equations 
were therefore re-estimated using tJ:!e Cochrane-Orcutt 
Iterative Technique25 in the second stage regression to 
remove the suspected autocorrelation (i.e. 2SPC (CORC». 
These results are presented in Table 5-5 and compared to a 
-2SPC estimation of the dynamic specification for both 
equations. All the price variables shown are retail prices 
and all variables prefixed with a 'D' are dumny variables 
(where Di = dummy variable for quarter i, i == 2,3,4). 

25. The Cochrane-Orcutt Iterative Method esti.mates (by an iterative 
process) the autocorrelation coefficient p (rho) \vhere auto-
correlation is assumed to be of the first order: 

Dt, '" PUt-l + Vc 



Table' 5-5 

A Comparison of the Parameter Estimates and Static and 
Dynamic Formulations of the Fresh and Cured 

Pig'-Meat Retail Demand Equations 

r -- EQUATION AND ESTIMATION TYPE . 
Per Capita Fresh Pork 

E}{pLANATORY Consumption 
VARIABLE static Dynamic 

'" 2SPC 2SPC (CORC) 2SPC 
---:-
Constant 1~462.0 1,377.5 1,045.1 

ORPK -7.38 -6.12 -4.89 
( 1.26) ( 1.48) ( 2.49) 

DRBEEF 1'.87 1.196 0.831 
( 0.87) ( 1.06) ( 1. 24) 

DRPPY 4.32 3.86 3.09 
( 0.96) ( 1.20) ( 1. 42) 

ORBC - - - . 

- - -
CHYPC 138.17 258.2 174.4 

( 445.1 ) ( 372.7 ) ( 443.6 ) 

D20Q 315.32 378.79 295.3 
( 85.6 ) ( 98.85) ( 86.9 ) 

D2 105.01 86.6 103.2 
( 81.2 ) ( 67.4 ) ( 80.7 ) 

03 27.06 '-1.04 10.4 
( 76.55) ( 64.9 ) ( 77.4 ) 

0321 -239.4 -214.14 -265.5 
( 81.6 ) . ( 68.2 ) ( 84.3 ) 

04 82.16 67.8 90.8 
( 81.17) ( 67.11) ( 8LO ) 

Lagged - - 0.266 
. Consumption - - ( 0.23) 

---,. 
Rho (p) 0.367 

( 0.15) 
R2 0.937 0.941 0.940 

DW 1. 44 1.82 
-~'--'----~---.-----•... l 1.62 

where: DRPK === Real Retail Price Pork 
DRBEEF := Real Retail Pd.C8 Beef 

-~k,._ DRPTY === Real Retail Price poultry 
DRBC Real Retail Price l3acon 

Clnd Ham 

Pigures in hracket.~; are standard errors 

\ 

Per Capita Cured pig-Meat 
consumption 

Static Dynamic 
~ I 2SPC 2SPC (CORC) 2SPC 

3,684.5 3,569.6 3,482.2 

- - -
- - -
- - -
- - -
- - -
- - -
-2.41 -2.20 -2.26 

( 0.58) ( 0.71) l 0.72) 

1,084.2 1,037.9 1,120.3 
( 553.8 ) ( 486.5 ) ( 596.5 ) 

-527.5 I -554.3 -515.5 
( 57.6 ) ( 68.7 ) I 90.79) \ 

59.49 49.3 70.8 
( 101. 62) ( 88.7 ) ( 107.2 )! 

298.7 
-. 

294.4 300.11 I 

( 96.95) ( 86.4 ) ( 98.4 ) I 

-405.4 -430.1 -400.7 
( 101. 8 ) ( 90.7 ) ( 104.0 ) 

221.4 209.9 225.4 
( 100.9 ) ( 87.9 ) ( 102.9 ) 

- - 0. 046 1 

- - ( 0.12) I 
I 

0.229 I 
( 0.16) 

0.888 0.888 0.888 

1. 53 1.91 1. 58 

CHYPC - Real Change in Income 
Per Capita 

D20Q == Grading change dummy 
0321 Changing Seasonality 

dummy 
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Of the three "fresh pork" demand equations estimated the 
static 2SPC (CORC) equation was~adopted to explain per capita 
fresh pork consumption in the New Zealand pig-meat model. 

The dynamic specification of this equation had to be 
'----~".-

rejected because-the-v3,Jueof the lagged dependent variable 
coefficient was not significantly different from zero even 
at the 20 percent level of confidence. Thus in this 
"partial adjustment" model (in which this coefficient is 
equal to one minus the adjustment coefficient) the adjustment 
coefficient is not significantly different from one and 
consumers adjust fully to their equilibrium position within 
one quarter. 

Of the three 'cured pig-meat' demand equations estimated the 
2SPC (CORC) equation was also 'chosen although this choice 
was less straightforward than that discussed for fresh 
pork above. The dynamic formulation can be rejected 
immediately because of the extremely insignificant value for 
the lagged depende'nt variable coefficient. The choice between 
the 2SPC and the 2SPC (CORC) equations considerably more 
difficult. The first point to note is that the two sets of 
parameter estimates are not significantly different from 
each other. Secondly, although the Durbin-Watson statistic 
for the 2SPC equation is low it is very close to the lower 
boundary of acceptability in the Durbin-Watson test at the 
1 percent level of significance (i.e. 1.53 is only slightly 
less than du = 1.59). Thirdly, although the Durbin-Watson 
statistic definitely improves with the application of the 

.... 
'Cochrane-Orcutt technique, the standard error of p is high 
and p only significant at the 20 percent level. Although 
there very little to choose between the 2SPC and 2SPC (CORC) 
equations, the ~~~~~L~~uation ~s chosen to avoid the 
risk of accepting an equation with autocorrelation. 

Both of the accepted equations have been transformed by 
the Cochrane-Orcutt technique in an effort to avoid au~o-
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correlation. This means that these equations are no longer 
of the form: 26 

(where Ut = pUt - 1 + Vt ) 

but has actually been transformed into the form: 

~ Yt* = Ao + A1X1*t + ... AkXkt,+ Vt I 

(where Vt is a random variable) 

where: 

Yt* = Yt pYt-ll 

,., 
" Xj*t= Xjt - pXj(t-1) I (j=l ) 

Vt = Ut P~t-1 

Ao = (1 p) boo 

There may be some"problems inherent in applying this technique 
to these equations aild other equations in the model. Auto-
correlation may be due to a number of factors (e.g. omitted 
explanatory vari~bles. a mis-specification of the functional 
form of the equ"ation. measurement error) in addition to 
true autocorrelation. Although considerable care has been 
taken to correctly specify the relationships in the model it 
is possible that the Cochrane-Orcutt technique has been applied 
when some other approach" (e.g. including a larger number of 
explanatory variables or changing the functional form of the 
equation) would have been better. Secondly. the Cochrane-Orcutt 
transformation changes the hypothesised (in this case, linear) 
relationship between the dependent and independent variables 

and, therefore can change the interpretation of the estimated 
coefficients. As p approaches one the transformed relationship 
approaches a first difference form. 

26. For a rationalisation of this transformation procedure see 
A. Koutsayiannis, op cit, p.218. 
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5.6 Evaluation of the Parameter_Estimates 

There are three broad groups of criteria that are used to 
evaluate parameter estimates; economic a priori criteria, 
statistical criteria and econometric criteria. 

Economic criteria are determined by economic theory and are 
concerned with the sign and size of the parameters and the 
derived elasticities. All of the parameter"s in both 
equations have the expected sign; per capita consumption 
is negatively related to 'own price' and positively related 
to the price of competitive products and income; The only 
un~xpected result is that the income coefficient in the fresh 
pork equation is not significantly different from zero. The 
'D20Q' variable, which is used to dummy out the effect of 
the change in slaughter weight classification, is, as 
expected, negative for cured pig-meat and positive for fresh 
pork. This indicates that after the grading change, which 
arbitrarily placed more pigs in the 'baconer' weight range, 
there was an incre"ase in the consumption of cured pig-meat 
that could not be explained by relative price and income 
movements. This implies that the assumpt~orithat all baconer 
weight pigs enter the cured meat market has resulted in an 
overstatement of per capita consumption of cured meat by an 
average of O.5kg" per person per quarter (or 22 percent of 
total consumption) after the grading change. This appears 
to be quite high and is not entirely consistent with the 
result from the fresh pork equation which implies that the 
fresh meat consumption has been understated by only O.39kg 
per person per quarter after the grading change (although 
the two paramete~s sum to zero within their standard error 
ranges). If, as a result of the grading change, one kilogram 
of baconer carcass was diverted from the cured to the fresh 
market (and this assumes that wastage rates for alternative 
Uses" are the same) then the restriction that these two 
parameters (for D20Q in each equation) should sum to zero 
should be applied when these equations are re-estimated. 
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The interpretation of the season~l dummies is complicated 
by the inclusion of D321 which was used to account for a 
changing seasonality pattern of consumption. For the 
fresh pork equation, the first quarter intercept is 1.33kg 
per person, the second quar~er intercept is 5.8 percent higher 
(i.e. 1.377 + 0.086), the third quarter intercept is not 
significantly different for the first quarter intercept 
for the latter (grain-fed) period but is significantly 
lower (i.e. -15.9 percent) for the earlier (dairy by-product 
fed) period, the fourth quarter intercept is not significantly 
different from that of the first quarter. These results 
indicate that seasonality has not been an important feature 
of fresh pork consumption since 1973, however there has 
been a change in the seasonal pattern of consumption with 
the pre-1973 third quarter drop in consumption not occurring 
post-1973. With respect to cu~ed meats, seasonality in 
consumption and the change in this seasonality has been 
more marked. The first quarter intercept for cured pig-meats 
is 3.57kg per person, the second quarter intercept is not 
significantly different from the first, the third quarter 
intercept is 8.1 percent higher for the latter period but 
12 percent lower for'the earlier period, and the f6urth 
quarter intercept is 6 percent higher than the first 
quarter intercept. 

The 'own price', cross price and income elasticities .implied 
by bot~ equations are given in Table5-G. These 
elasticities are' credible. The 'own price' elasticities 
are_similar to Court's and lower than Yandle's, and indicate 
that fresh pork consumption is far more sensitive to changes 
in the retail price of pork than cured pig-meat consumption 

is to changes in the retail price of bacon and ham. This 
is consistent with the wider range of substitutes to fresh 
Pork and the large proportion of people who have a preference 
for pork but do not serve it regularly, This result 
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Table 5-.6 

Price and Income Elasticities Implied by 
the Fresh Porl<:: and Cured Pig - Meat Consumption Equations* 

Own Cross Price 
Price Beef Poultry Income 

Fresh -1.54 0.26 0.98 0.22 

Cured -0.52 4.56 

* These elasticities are calculated at the mean values 
of the respective variables. 

should prove very useful to poli6y makers in the industry 
who are contemplating increasing emphasis on the "one pig 
concept" anq the diversion of more locally produced pig-meat 
onto the fresh pork market. This result indicates that 
moving pig-meat from the cured to the fresh market will 
actually increase ~onsumer expenditure on both cured and 
fresh pig-meat. At average price~ and quantities, diverting 
1 percent of (potent.~ally) cured product into the fresh 
market will increase the supply of fresh product by 1.9 
percent and result in a 1 percent increase in total consumer 
expenditure on cured and fresh prod~cts comblned. 

The cross price elasticities indicate that fresh pork 
consumption is more sensitive to changes in the retail 
poultry price than it is to changes in the retail beef 
price (i.e. that consumers consider poultry more substitutable 
for pork than beef).27 The cross elasticity with beef price 
is lower than both Court1s restricted cross beef price 
elasticity for aggregate pig-meat consumption (0.36) and 

Yandle1s cross beef price elasticity for pork consumption 
(1.2). However, given the impact that poultry meat has had 
on the meat market since both these studies were completed 
thes~ results are not necessarily inconsistent .. ----_ .. _--
27. However this conclusion appears t,o be sensitive to the estimation 

period chosen (see 'l'able 5-7). 
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The income elasticity for fresh pork is very low (the income 
'" parameter was not significantly different from zero) which 

is a little surprising. Court's work suggests a unitary 
income elasticity for aggregate pig-meat consumption whereas 
Yandle's income elasticity for pork is close to two. The 
consumer survey results also suggest that the consumption 
of fresh pork should be sensitive to incomes. On the 
other hand the income elasticity for cured pig-meat is large . 

.'. ',' 

There is little a priori reason to either accept or reject 
this size of elasticity. Yandle's "unsatisfactory" 'bacon 
and ham' equation indicated that a considerably larger income 
elasticity for cured products was appropriate. 

The most widely used statistical criteria for evaluating 
estimated relationships are the coefficient of determination 
(R2) and the standard errors of the estimates. The, 
coefficients of determination for both equations are shown 
in Table 5-5 and indicate that 94 percent and 89 percent of 
the total variation in the per capita consumption of fresh 
pork and cured pig"-meat respectively is explained by the 
changes in the explanatory variables. The standard errors 
are also shown on Table 5-5. These statls'tics indicate 
that, of the parameters in the cured pig-meat equation only 
the dumny variable for the second quarter is'not significantly 
different from zero at the 5 percent 'significance level. 
However, of the parameters in the fresh pork equation, tne 
retail beef price, the income variable, and all of the 
seasonal dummy parameters (except D321) fail this test 
(although the beef price'parameter is significant at the 

'20 percent level). The high standard error attached to the 
retail beef price parameter suggests that multicollinearity 
may be present. An inspection of the correlation coefficient 
matrix for the fresh pork equation shows that the correlation 
coefficient between the beef and poultry price is 0.678 
which indicates that multicollinearity may be affecting the 
standard error of the beef price parameter. In this case, 
given reasonably strong a priori reasons why beef and pork 
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should be competitive, the high standard error associated 
with the beef price parameter should not result in this 
variable being rejected from the set of explanatory variables. 28 

Finally, the stability of· the parameter estimates for both 
equations was tested by re-estimating the equations using a 
smaller number of observations. It is arbitrary how many 
observations should be used"so five observations were adopted 
from the end of the s!~,mple period and the equations estimated 
using 32 rather than the original 37 observations. The 

Table 5-7 

Testing the Structural Stability of the 
Pig-Meat Demand Equations 

Fresh Pork Cured 

n " " 37 32 37 

Constant 1,377.50 1,943.30 3,569.6 

Pork Price - 6.12 - 9.55 -
Beef Price 1.196 4.35 -
Poultry Price 3.86 2.84 -
Bacon Price - - - 2.2 
% Change Income 258.2 - 261.2 1,037.9 

D20Q 367.79 173.4 - 515.5 
D2 86.6 210.9 49.3 

Pig-Meat 

32 

3,831.0 

-
-
-

- 2.5 
1,680.1 

- 560.6 
- 39.3 

D3 - 1.04 139.4 294.4 240.4 
D321 - 214.14 - 285.39 - 430.1 "- 422.5 
D4 68.8 193.8 209.9 153.4 

e 2 270,974.0 179,325.0 460,409.0 404,564.0 

F* 2.35 0.64 

-------------------------------------
* 

28. 

The critical value for F at 5% level is 2.80. 

"There is still considerable debate about what level of col linearity 
between explanatory variables constitutes a "problem" (See" A. 
Koutsoyiannis, op c"~~:/ p. 237). The relationship bet.ween beef 
and poul.t:ry prices may also a ffect the stability of the poultry 

_ n~,; r'I~. n:.:c)-;)n~cd-Q.""" {C~n£:\ tp;--.. l--.,,"' n ~_~7' 
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changes in coefficients were then tested for significance 
... . 

using an F statistic. 29 The results for both equations 
are given in Table 5-7. Because the computed F statistic 
is less than the crit~cal value (at the 5 percent level of 
significance) we accept thlfLt the st:r'J:lgtJlral_co~~ficients 1n 
both equations are stable (i.e. do/not change signr:r:icantly 
as the ~p-J:-e--s-ize decreases from 37 to 32). However I an 
examination of Table 5-7 indicates that the equation for 
cured pig-meat is far more stable than that for fresh pork. 
Of partiCUlar interest is the dramatic increase in the beef 
price parameter and the reduction in the poultry price 
parameter. This gives further support to the conclusion 
that multicollinearity between these two prices may have 
affected the parameter estimates and standard errors. The 
individual cross price elasti.cities reported in Table 5-6 
are likely to be unstable and shOUld therefore be treated 
with suspicion. 

29. For an explanation of this procedure see A. Koutsoyiannis, 
Theory of Econometrics, p.168. 



111 

CHAPTER SIX 

THE FARM-RETAIL PRICE MARGIN EQUATIONS: 
SPEC!.!!.:=:tc!.llUl'~, ~""T.l!·iltl7~C'~~ ~~~ Ey-~~-g:f.':rION 

This chapter disc~sses the specification, estimation and 
evaluation of the fa~m-to-retail price margin equations (margin 
equations) for both fresh and cured pig-meat. These equations 
model the behaviour of processors, wholesalers and retailers 
and are used in the model to link the four regional farm price 
equations to the two aggregate retail price equations. The 
first section stresses some of the important features of the 
wholesale and retail meat trade, concentrating on firms pricing 
behaviour and the incidence of price regulation. The second 
section reviews two econometric studies of meat mark~ting 
margins in Australia1 and New Zealand2 . The third describes 
the specification and estimation of the margj.n eq~ations used 
in the New Zealand Pig-meat Model~ Finally the parameter 
estimates yielded by the estimation procedure are evaluated. 

6.2 Features of,the Wholesale and Retail Pig-Meat Trade 

Some of the important features of the wholesale and retail 
Pig-meat trade have already been discussed. Chapter Three 
discussed the competitive features of this trade. 3 Chapter 
Four noted the different marketing procedures applied to fresh 
and cured products. The Pork Industry Council's Manual notes 
that: 

1. G. R. Griffith, "Sydney Meat Marketing Margins - An Econometric 
Analysis", R~view of Marketing and Agricultural Economics, Volume 
142, No.4, December, 1974, pp 223-239 • 

... 
'--. ( .. , 

1968. 

3. For a discussion of the competi tive nal-·_,-",~ ~.' t.he meat trade see 
tJ:e Repo~_~Commi~_~.:9._.~f Inc.Q:.lir'~ .. tnto the Distribution of Meat, 
Fish, Fruit. and Veget":.at2~!::~1 1973 _ , .. j? 13-31 and p. 48.· 
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"Pigs for sale as fresh meat through butchers 
shops and supermarkets are mainly slaughtered 
at municipal abattoirs, and are either purchased 
direct by butchers, or through meat wholesale -
organisations, operatjng within a close range of 
the retail outlets ...... Most process pigs 
(baconers) are purchased by one of the larger 
national companies, most of whom operate nation-
wide and use freezer facilities. As a result 
baconer carcasses may be moved long distances 
for ultimate use and sale."4 

Not only are baconer pigs subject to considerably more processing 
than porker pigs, they are handled by different organisations, 
stored, and tend to be transported further than porker pigs. 
We would expect the margin on baconer pigs to be larger than 
that applied.to porker pigs and subject to different cost 
influences. 

~vo additional features of the pig-meat trade need to be 
discussed; the pricing policies of traders and the incidence 
of price control during the estimation period. The pricing 
policies of traders are an extremely important determinant of 
the level of margin lietween farm and retail prices. Whether 
traders apply a fixed or proportionate mark-up on costs, 
reflect changes in costs promptly in retail prices, attempt 
to "average" margins across different types of meat and/or 
vary mark-ups with the volume of meat sold are all important 
pricing policy questions that need to be considered. 5 Both 
theory and empirical observation indicates that changes in 
retail prices will tend to be slower and less dramatic than 
changes in farm prices. A certain amount of inertia in the 

4. Pork Industry Council, Pig Production and Management Nanual, Pork 
Industry Council, June 1977, Present Industry Schedule p.3. 

5. The influence that changes in margins have on farm and retail 
prices is also important and is discussed in Chapt.er Seven. 
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,"marketing system is likely to account for some delay in 
transmitting price changes through this system. However, 
both Yandle and Griffith suggest that traders also practice 

'price "levelling" and "averaging" in an effort to stabilise 
their prices. S Grifflth notes that this behaviour offers 
some advantages to traders if it is confined to the short 
run. 

"This (i.e. a reasonably fixed and predetermined 
meat budget) would influence retailers to level 
prices to retain retail custom, since consumers 
would sea.rch for butchers with more stable prices if 
the prices at their traditional butchery fluctuated 
wildly. I1elathrely stable prices also save 
retailers and wholesalers costs by reducing 
uncertainty of throughput and thereby increasing 
administrative and operational efficiency. 
Apparently there are also high costs involved 
in changing prices and in letting customers know 
of these changes, SQ retailers especially are 
reluctant to alter their prices if they 'consider 
changes in wholesale prices to be only of short 
run duration.,,7 

In his study of the Sydney meat market, Griffith also tested 
the proposition that trader~ margins were independent of their 
turnover. This implies that fixed costs do not increase 

. . . 
{decrease) with decreasing (increasing) turnover (assuming 
~hat the variable costs associated with producing marketing 
s~rvices are sep~rat y identified in ma.rgins equations). 

Government imposed price controls have also been an important 
feature of the pig-meat trade throughout the estimation period. 
The Report of a Committee of Inquiry into the Distribution of 
Meap,·Fish, Fruit and Vegetables discusses. the history of price 

8 control on meats from 1939 to 1973. After 11 years of price 

6. Price levelling refers to the practice of traders holding their 
,ii, I,d, '0 ---selling prices stable in the face of rising or falling farm prices. 
" '~'~ ;, "" Price averaging refers to the practice of taking a 10\11 margin on 

qt, ,,' 'J :",one type of meat anel recouping any loss by setting a higher margin 
.', ' on other types of meat. Yandle notes this behaviour in New Zealand 

(C. A. Yandle, cit: p.12). 

7. G. Griffith, 

8. On pages 31-40. 
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control during and immediately post war, the Government 
decided to decontrol meat in May~1950. Following decontrol 
meat prices increased substantially and the rapid increase 
in retail prices of meat (even when compared to wholesale 
price movements) between 1949-59 prompted Government to 
recontrol meat prices in early 1960. After two years of stable 
prices control was lifted in 1961. Since 1961 the Government 
has intervened on a number of occasions in an attempt to 
control the retail prices and wholesale and' retail margins 

f · t 9 o plg-mea. 

1. Price Freeze Regulations 1968 - from 21 June 1968 
to 17 August 1968, the prices were frozen (this 
does not affect our estimation period). 

2. Price Freeze Regulatiol1s 1970 - from 17 November 
1970 to 17 January 1977, the prices of bacon and 
ham as at 12 November 1970 were frozen. Fresh or 
frozen meats were exempt. 

3. Price Justification Scheme (Price Order No.2154) -
from 15 February 1971 to 27 March- 1-972,' the. prices 
of bacon and ham were controlled (the prices of 
fresh pork were exempt). In addition, all whole-
salers' and retailers' margins (on fresh and cured 
pig-meat) were restricted to their level on 21 
November 1970. 

4. Price Freeze Regulations 1972 - from 14 February 
1972 to 31 March 1972, the prices of bacon and 
ham as at 14 February 1972 were frozen (fresh 
pork was exempt). 

5. Stabilisation of Prices Regulations 1972, 1973 
and 1974 - the prices of bacon and ham were 
controlled between 1 April 1972 and 6 April 1979 

9. This information, on the incidence of price control since 1961, 
WaF; obtained from the Departm8n1~ of Trade -and Industry. 
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(fresh pork was exempt), Wholesalers' and 
retailers' margins were restricted to their 
established levels at certain dates (31 March 
1972) 14 November 1973 and 14 July 1974 
respectively) " 

6. Price Freeze 1976 - from 18 August 1976 to 14 
May 1977 the prices of bacon and ham were 
frozen (fresh pork was exempt). 

7. Price Surveillance Regulations 1979 - the prices 
of pig-meats have been subject to surveillance 
since 6 April 1979. 

There is little a priori evidence available on the effectiveness 
of these various measures. As already not~d, competition in 
the trade should automatically act to moderate increases in 
prices and margins. The effective control of margins is 
also very diificul.t to achieve because of the problems 
inherent in policing the regulations. However, the influence 
of price control cannot be ignored in any analysis of pig-meat 
margins over the period. 

6.3 Review of PreVious Studies 

Yandle's study of the New Zealand meat market includes an 
analysis of retail margins applied to meat products in New 
Zealand using quarterly data from 1953 to 1965. His 
specification of these margin relationships is basically 
the same as that used by Fuller and Ladd10 in their 1960 
study,of the United States meat mirket. Yandle's estimating 

11 equation for pork was: 

10. W. A. Fuller and G. W. Ladd, "A Dynamic Quarterly Model of t.he 
Beef and Pork Economy", ~<:'~.~!lal of Farm Economics, Volume 43, 
1961, pp 797-812. 

11. c. ]1, .• Yandle, ~lZ_~:!::..-t:., p.122 
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where: 

Mp - Wholesale-to~Retail Margin on 
pork 

I - Index of Butchers' Wage Costs 
wPp = Wholesale price of pork 
~wPb,~wPm,~wpp = Change in the wholesale price 

of beef, mutton and pork 
respectively. 

Zl = Shift variable for the period 
of price control in 1959/60 

Mpt-1 = Lagged dependent variable 

His 'bacon and ham' margin equation had a similar specification 
except that the change in the wholesale price of mutton and 
beef were excluded (i.e. no price averaging was assumed to 
have influenced 'bacon and ham' margins). 

This estimating equation is derived by substituting an 
equation defining the equilibrium wholesale-to-retail margin 
into an equation which defines the actual ch~nge in margins. 
Yandle's equilibrium wholesale-to-retail margin is a function 
of wages (representing marketing costs) and the wholesale 
price of the product (repre~enting a proportional mark-up) 
and a constant term (representing a fixed component of the 
margin). The actual change in margin is then assumed to be 
a proportion of the desired change in margin (reflecting 
partial adjustment) and the change in the wholesale price 
of the product (representing price levelling) and the change 
in the wholesale price of other meat products (representing 
price averaging). When the function repres~nting the 
eqUilibrium marg"in is sUbstituted into the actual change in 
margin function the estimating form presented above can be 
derived. 
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Yandle's OLS estimate of the pork margin yielded the following 
result: 

MPt = -3.721 + 0.081It - 0.105WPPt + 0.061Z1 + 0.108 l'lWPbt 
. (0.042) (0.081) (0.267) (0.100) 

+ 0.019l'lWPmt -- 0.633l'lWPPt + 0.68IMPt_1 
(0.086) (0.079) (0.099) 

R = 0.898, K = 1.816, figures in brackets are standard 
errors 

K = Van Neuman Ratio 

These results indicated that, for pork, only price levelling 
tended to be important as only the change in pork's own 
wholesale price was shown as bein~ significantly different 
from zero. Neither price averaging or price control had 
had a significant influence on pork margins over the period 
(i.e. the parMleters representing the influence of the 
change in wholesale prices of other meats and the price 
control dummy variable are all not signific;tntly different 
from zero). The parameter representing the influence of 
the wholesale pork price has the wrong sign (although it 
is probably not significantly different from zero). This 
indicates that if retailers use proportionate mark-ups at 
all, these mark-ups are negative. 

The parameter associated with the lagged dependent variable 
is very large indicating that: 

"immediate adjustments are' small to any changes 
in market forces ... suggesting that the meat 
retailer prefers to adjust slowly to the new 
market situation, perhaps so his customers will 
not not ice. "12 

12. Ibid, p.246. 
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The size of this parameter is sUFprising and requires 

considerable justification. It implies a very slow adjustment 
to changes in lImarket forces ll even after the effects of 
averaging and levelling have been separately identified. 
This implies either that some other price smoothing policy 
has been adopted by retailers (which is likely to be 
reflected in the /l.wPpt coefficient anyway), or that extreme 
inertia exists in the marketing system, or that this parameter 
estimate is biased. Given the relative importance of any 
behavioural or institutional characteristic required to 
produce this degree of market inertia it would be surprising 
if Yandle has overlooked it in his otherwise very detailed 
study of the New Zealand meat market. On the other hand, 
unless there are sharp movements in the pork margin series, 
the lagged dependent variable is likely to "explain" a 
considerable amount of the variation in the dependent 
variable. It is also probable that the use of OLS would 
produce biased estimates (because of simultaneous equation 
bias). Although i~ is difficult to form a judgement on 
the evidence presented, it appears quite possible that 
Yandle has over-estimated the size of the lagged dependent 
variables' coefficient. This conclusion is reinforced by the 
lack of a sufficient a priori explanation for the size of 
this coefficient; 

Yandle's OLS estimate of the 'bacon and ham' margin equation 

yielded: 13 

MHt = -7.04 + 0.12It 
(0.05) 

R2 = 0.88, k = 2.19 

w + O. 03WpHt + 0.098/1. PHt + O. 781Mt-: 
(0.05) (0.05) 

These resul~s are not discussed in detail by Yandle. The 
current wholesale price is, again, non-significant implying 

13. Ibid, p.260 
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nO proportional mark-up behaviour. The positive and 
significant value at~ached to .th~e change in retail price 
parameter is particularly worrying and implies de-stabilising 
pricing policies rather than price levelling. Like the pork 
results, these result~ suggest a very slow adjustment to 
equilibrium. 

Neither of Yandle's results support a proportionate mark-up 
hypothesis (both equations have insignificant parameters 
associated with the current wholesale price of the particular 
product). His equations give a mixed result in terms of the 
relationship between retailers pricing policies and retail 
price stability'. The pork equation indicates that retailers 
apply some stabilising pricing policies to porl~ (and indicates 
that price averaging is likely to be more important than 
margin levelling although the two policies are not clearly 
distinguishable). However, the bacon and ham equation 
indicates that retailers pricing policies may actually be 
de-stabilising. Yandle's results also support the hypothesis 
that adjustment lags are extremely long without offering 
good a priori evidence supporting this hypothesis. Finally, 
Yandle's estimation technique is likely ~Q. have biased the 
results. His own re':"estimation of the pork margin equation 
using 2SLS yielded considerably larger parameters, and 
resulted in some parameters changing sign (however Yandle 
rejected the 2SLS results as unsatisfactory). 

Although the Griffith study examines the Sydney meat market it 
does provide a useful framework for analysing marketing 
margins. Griffith estimates both wholesale and retail 
marketing margins for beef, lamb, mutton and pork using 42 
monthly observations over the period January 1971 to June 
1974. His specification for wholesale and retail pork 
margins were: 

MWp = ao 
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where: .. 
MWP,MHp ~ wholesale and retail margin on pork 

respectively 
PAp,LPAp ~ current and lagged auction carcass price 

for pprk 
CW,CR ~ wholesale ~nd retail marketing cost index 

(wages and slaughtering fees) 
~ wholesale margin on lamb and retail 

margin on mutton 
~ total monthly throughput of all meat 

at wholesale 

With respect to wholesalers behaviour Griffith found that: 

11 ••• wholesale margins are negatively related to 
current auction prices and positively related to 
past auction prices. This result suggests short 
run p~i~e levelling with longer term adjustment 
of wholesale margins to trends in auction prices 
... Significant instances of price averaging 
exist in the beef, lamb and pork wholesale 
equations (MWL is negatively related to MWp) ... 
Wh6lesale costs have a small positive influence 
on wholesale margins of both beef and pork ... 
The expected.negative relationships between 
throughput and wholesale margins occurred in the 
beef, lamb and pork equations .. 1114 

The results for retail pork margins were less compelling. 
Although the retail margin is negatively related to the current 
wholesale price it is not positively associated with the lagged 
wholesale price and the size of coefficient b3 is not consistent 
with price averaging. It would appear from these results that, 
although the retail margin is positively related to retail 
marketing costs, Griffith was unable to distinguish consistent 
price averaging or levelling behaviour or a consistent 
turnover effect for pork at the retail level. 

Both of Griffith1s equations include a constant term as well 
as variables that measure marketing costs which indicates that 
a mixture of fixed and proportionate mark-ups is hypothesised. 
However, unlike Yandle, Griffith does not believe that 
proportionate mark-ups are related to current carcass oosts 
--------
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(i.e. the current auction and wholesale cost parameters are 
expected to havene'gatiVe coefficients (representing price 
levelling behaviour)). Proportionate mark-ups are related 
to the purchase price of meat (the coefficient on the lagged 
cost is positive) but "modified by levelling behaviour 
'within anyone month. Griffith also uses the margins 
applying to other meats (rather than the change in the 
wholesale price of these meats) to represent price averaging. 
'This specification is superior to Yandle's because traders 

act to average margihs over all meats and therefore it is 
the influence of other meat margins rather than the influence 
of changes in the wholesale price of other meats that is 
important. Finally, despite the fact that he is attempting 
to explain monthly rather than quarterly movements in 
margins, Griffith does not use a partial adjustment formulation. 
This (implicitly) assumes that, apart from·the influence of 
price ,averaging, firms fully adjust to their equilibrium 
values within one month. This is in sharp contrast to 
Yandle's assertion that, in New Zealand, it would take 
nearly two years for a 95 percent adjustment to equilibrium 
. k . 15 1n por marg1ns. 

6.4 Specification and Estimation of the Margin Equations 
Used in the New Zealand Pig-Meat Model 

The general specification of the margin equation used in this 
study has similarities to those employed by both Yandle and 
Griffith. Margins are assumed to be influenced by a mixture 
of constant and proportionate mark-ups with the final impact 
of these mark-ups being modified by traders own stabilising __ 
pricing behaviour and government price regulation. 

Lack of data precludes the separate identjfication of wholesale 
and retail pig-meat margins and the influence of other meat 
margins on the margins applied to pig-meat. Inability to 
separately identify the impact of margin averaging may not 

15. C. A. Yandle, op._cit, p.247 
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be particularly important. The work of both Yandle and 
~ 

Griffith suggests that margin averaging does not have a very 
significant effect on the formation of margins on pig-meat. 
Given the data available, it was decided to reflect all of 
the stabilising priaing behaviour of traders in one variable; 
the 'change in the farm price' of either porkers or baconers. 
This variable was assumed to be negatively related to margins 

(i.e. traders are hypothesised to absorb some of the change .. 
in farm prices into their margins). 

The margins equations were then specified as; 

where: 

! 
DMP = f (DFPP,CHFPP,TOTPUT,DJBUT,TIME,COT,COT2,D2,D3,D4) 

" DMB = f (DFPB,CHFPB,TOTPUT,DJBUT,TIME,FZN,COT1,COT2,D2,D3,D4 

DMP, DMB 

DFPP,DFPB 

CHFPP,CHFPB 
TOTPUT 

DJBUT 

TIME 

FZN 

eOT1 

= 
= 

= 
= 

= 
= 
= 

Real farm-to-retail margin on fresh and 
cured products respectively (c/kg) 
Real volume weighted sum of North and 
South Island farm prices of porkers and 
baconers respectively (c/kg). 
The change in DFPP and DFPB respectively 
~otal consumption of .beef, sheepmeat and 
pig-meat (a proxy for total me~t through-
put of the domestic marketing system). 
Real Journeyman's butchers wages (award 
wage) 
Dummy variable for time (fourth quarter 
1968 = 1) 
Dummy variable for the three different 
periods when a price freeze on bacon 
and ham was in force (i.e. takes the 
value of unity in the fourth quarter 
1970, the first qua.rter 1972, and the 
third quarter 1976 to the second quarter 
1977 inclusive). 

= Dummy variable for first period of· control 
on both fr~sh and cured product margins 
(i. e. takes the value of unity from the 
first quarter 1971 to the first quarter 
1972 inclusive). 
Dummy variable for second period of 
margins control (i.e. from the second 
quarter 1972 to the first quarter 1979 
inclusive) . 
Seasonal dummies for the second, third 
and fourth quarters respectively. . 
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Margins are assumed to have both~a fixed and proportional 
component. Proportional mark-ups are assumed to be set 
proportional to farm prices (the parameter for the variables 
in both equations shoqld be positive). The farm price 
coefficient will reflect a ~astage factor as well as a 
factor reflecting proportional mark-up on cost. The farm 
price reflects the price paid to the farmer for each 
kilogram of slaughtered pig-meat he supplies. However, the 
retail price reflects the price paid by the consumer for 
each kilogram of pig-meat purchased from the retailer. 
Given that about only 80 percent of the carcass is 
recoverable as saleable cuts,16 there will be a direct 
(proportional) relationship between the margin and the 
f . 17 arm pr~ce. 

This ~ark-up behaviour is expected to be modified by traders 
attempts to stabilise their output price and by a turnover 

18 effect. As already noted, the combined fects of all 
attempts by traders to stabilise their output prices is 
reflected in the influence of the 'change in farm price' 
variable which is assumed to have a negative -parameter. 
With regard to turnover, there is some doubt about whether 
the turnover of the specific product or of all products 
handled by traqer$ _in the marketing ss_s_tenL should be used 
as an explanatory variable.19 However, if traders are able 

16. 

17. 

D. J. Fyfe, "How to Price Meat Cuts", Meat l'4arketing, Winter 1974 
pp 8-10, 26-30 (p.29). 1 
At 80% recovery the true cost to the butcher = 0.8 farm price. 
The butcher will add his margin to cost so that, with a 20% mark-up: 

Margin 0.2* cost where cost = 1.25* 
0.2*(1.25* farm price) 

= 0.25* farm price - (0.2 = mark-up; 0.05 = wastage) 

18. It should be noted that these policies act to make retail 

19. 

more stable than farm prices. If we had assumed that demand was 
pre-determined and farm prices derived from retail prices (rather 
than visa versa) then these policies would actually be de-stabilising 
(i. e. would de-stabilise fan~ prices) • 

G. R. GriffH.h, cit p.229 --"'-. __ .-
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to spread their fixed costs over all types of product then 
it seems reasonable to use the tu-rnover of all meats as an 
explanatory variable. This variable will be less applicable 
to cured products (where specific curing plant is needed) 
than fresh pork. Both" cured pig-meat and total meat turnover 
were used in alternative specifications of the cured 
products equation and total turnover was found to be a more 
significant determinant of the level of margin on cured 
products. 

Dummy variables are used to reflect intercept changes in 
response to retail price control (FZN) and control on 
margins (COTl arid COT2). The assumption is that the effect 
of these controls can be adequately represented by inter6ept 
changes (i.e. redUctions in the average level of margin per 
kilogram over the controlled period). This could be a 
simplification of actual behaviour; controls may influence 
the relationship between the dependent and independent 
variables (i.e. change the value of parameters other than 
the intercept in t~e equations). However, price control 
has been in force, in one form or another, for prolonged 
periods since the wa~ and may simply· act to lower margins 
without having a significa.nt effect on traders! pricing 
responses. Separating the periods of retail price control 
from periods of margin control allows us to identify the 
separate influences of these two different types of control 
on margins. Separating the period of margin control into 
two periods also allows us to identify the separate impact 

of the Price Justification Scheme and the Stab isation 
of Prices RegUlations. 

A dummy variable which allows constant adjustment of the 
intercept through time was also introduced into the equations. 
This variable could reflect two types of changes; systematic 
j.ncreases in the quantity or quality of marketing services 
performed and/or a systematic increase in real costs not 
otherwise identified in the equation. '1'he Commtttee of Inquiry 
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into the distribution of meat, fish, fruit and vegetables 
noted significant imp~ovements in both the quality and 
quantity of marketing services offered by ~etailers of 
fresh meat in the ten ~ears prior to 1973. 20 Their report 
noted improvements in hygiene and in shopping conditions as 
well as improvements in the presentation of fresh meat. 

Finally, seasonal dummies are included to reflect seasonal 
changes in costs not associated with costs identified elsewhere 
(i.e. either explicitly in the butchers wage variable or 
implicitly in the deflation of all variables). Storage costs 
are likely to be the most important of these other seasonal 
costs and for that reason the seasonal coefficients in the 
cured products equation are likely to be far more significant 
than those in the fresh pork equation. 

It has been assumed that, apart from specific policies to 
stabilise their prices, traders are both willing and able 
to fully adjust their margins to changing conditions within 
any single quarter. To maintain that a longer adjustment 
lag is required implies considerable ~nertia.in the domestic 
marketing system. It is difficult to reconcile the degree 
of inertia implied by long adjustment lags with the competitive 
nature of the tiade. At this stage there are no good grounds 
for believing that inertia in the pricing decisions of meat 
traders is sufficiant to justify the inclusion of a partial 
adjustment mechanism into the margin equations. 

The two margin equations were estimated using quarterly 

observations for the period 1970 (second quarter) to 1979 
(second quarter) and 2SPC. Unfortunately these initial 
estimates suffered from serious positive autocorrelation. 
The Durbin-Watson statistics were 0.80 and 0.87 for cured 
and fresh pork margins respectively which indicated positive 

20. See pages 49 and 50 of the Heport., 
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autocorrelation at the 5 percent level of significance. 
Therefore the equations were re-estimated using the Cochrane-
Orcutt Iterative technique to remove this autocorrelation. 
The parameters assocated with both the butchers wage (DJBUT) 
and TIME variables wer~ highly insignificant in the cured 
product equation so these'two variables were rejected and 
this equation was re-estimated with the new (restricted) 
set of explanatory variables. This procedure yielded the 
following results: 

DMP = 89.32 
(43.5) 

+ 0.382 DFPP 
(0.128) 

- 0.173 CHFPP - 0.175 TOTPUT 
(0.16) (0.178) 

+ 0.347 DJBUT + 0.625 TIME - 3.44 COT1 - 3.95 COT2 
(0.275) (0.337) (5.97) (4.81) 

+ 0.92 D2 - 1.75 D3 - 1.36 D4 
(2.32) (2.21) (1.97) 

R2 = 0.828,DW = 1.73, p = 0.68 
(0.12) 

DMB = 355.62 
( 39.50) 

+ 0.766 DFPB 
(0.231) 

standard errors in 
brackets 

~ 0.341 CHFPB - 0.287 TOTPUT 
(0.218) (0.261) 

- 5.33FZN - 15.56 COT1 
(4.2) ( 8.1) 

- 21.71 COT2 
( 7.95) 

- 4.5 D2 
(2.9) 

- 7.28 D3 
(3.22) 

.- 6.51 D4 
(2.38) 

R2 - 0.936, DW = 1."88, ~ = 0.91 
(0.07) 

standard errors in 
brackets 

The value for p is both high and significant in both 
equations. In the cured products equation ~ is close to 
unity which indicates that this transformed equation is 
approaching a first difference form. 
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6.5 Evaluation of the Parameter Estimates 

All of the parameters· in both equations have the expected 
sign; the margin is positively related to farm price, 
butchers wages, and time, and negatively related to the 
change in farm price, throughput and price control dummy 
variables. Both equations also indicate a mixture between 
fixed and proportionate mark-ups in price setting behaViour, 
and give some support to the hypothesis tha~ traders will 
act to stabilise retail prices (presumably by averaging 
movements in farm prices (and/or levelling margins) between 

21 quarters) . 

The coefficients of determination for both equations are 
reported along with the equations (above) and indicate that 
83 percent and 94 percent of ~he total variation in the 
margin per kilogram for fresh pork and cured pig-meat 
respectively is explained by the changes in the explanatory 
variables. 

The significance of proportionate mark-ups in determining 
margins on fresh pork is illustrated by the farm price . . 

parameter in this equation. As already noted this parameter 
includes the influences of the carcass recovery rate as well 
as propqrtional mark-up pricing. With an 80 percent 
recovery rate the coefficient would be reduced to (0.382/1.25 =) 

0.3 if it were to reflect proportional mark-up only. Thus at 
average prices the combined wholesale and retail mark-up has 
a proportionate component equivalent to 30 percent of 
recoverable carcass cost (or 38 percent of farm prices). 

21- Although (i~ margin levelling is a significant determinant of 
pork margins) levelling will not necessarily act to reduce the 
impact of a change in farm prices on margins it \oJill have a 
tendency to do so uDless all farm meat prices are strongly 
correlated. Therefore we cannot exclude the possibility that 
the 'change in farm price' variable is capturing some margin 
levelling behaviour. 



128 

The combined influence of traders averaging and levelling 
~ 

policies on pork margins is relatively weak (the 'change in 
farm price' variable has c/ parameter that is only significant 
at the 30 percent level). The relative size of the 'farm 

< 

price' and 'change ~n farm price' parameters indicates that 
the margin will always move in the same direction as farm 
prices (ceteris paribus). However, the combined influence 
of averaging and levelling acts to reduce a change in 
margins associated with a given change in farm price by 
(0.173/0.382 ~) 45 pe~cent. The combined influence of a 
constant mark-up and the averaging and levelling pricing 
policies acts to reduce the impact of a given change in 
farm prices on retail prices (a 1 percent charge in farm 
prices results in a 0.49 percent increase in retail prices 
at average price levels).22 An examination of the retail 
and farm price series for fresh pork indicates that although 
the standard deviation of retail prices is larger than farm 
prices (i.e. 27.4 and 19.4 respectively), the proportionate 
variation in farm prices (i.e. the standard deviation 
divided by the mean) is considerably great~r than that in 
retail prices (i.e. 9.2 percent and 15.7 percent respectively). 

-. 
The influence of throughput on margins is also very weak 
(the standard error exceeds the parameter estimate) although 
negative. Butchers' wages are, as expected, positively 

22. For example, at average prices the farm price is 123c/kg, the margin 
is 176c/kg and the retail price 299c/kg. A 10 percent increase in 
farm prices will have the following effect: 

Change in farm price = 123c * 10% "" 12. 3c 
Change in margin 
Change in margin = 0.382*[(l23*1.1)-12Y 

4.69 
0.173*[(123*1.1)-12Y 
2.13 = 2.56c 

Change in Retail 
Price 

= Change in FaTm Price + Change in Margin 
12.3c 2.56c 

14.86c or 4.9% 

A 10 percent increase in farm price results in on]~ a 4.9 percent 
increase in retail price. Hithout the impact of averaging and 
levelling policies retail prices would increase by 5.7 percent. 
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correlated with pork margins although the standard error 
~ 

of this parameter estimate is also large. The simple 
correlation coefficient between butchers wages and the farm 
price of pork is 0.64 ~hich indicates that multicollinearity 
may be affecting th~ standard error of this variable·. The 
TIME variable parameter is.significantly different from zero 
at the 10 percent level which indicates that some reasonably 
consistent increase in either the quality or quantity of 
marketing services or in an unidentified real marketing cost 
has occurred. The seasonal dummies are all insignificant 
and could reasonably be excluded from this equation when the 
model is re-estimated. It is also interesting to note that 
the parameters for the two price control dummy variables are 
also insignificant which indicates that Government regulation 
of fresh pork margins has not reduced these margins below 
what they otherwise would have been. Given the practical 
difficulties inherent in trying to control margins o~fresh 
meat this result is not surprising. 

The value for rho estimated for the cured products margin 
equation is extremely high and, as noted, means that this 
equation closely approaches a first differ~hce form. This 
complicates the interpretation of some of the parameters. 

The farm price parameter in the cured products equation is 
positive, significant and considerably larger than the 
comparable parameter in the fresh pork equation. This 
parameter estimate indicates that (using an 80 percent 
carcass recovery rate) the proportional mark-up on cured 
products is equivalent to 61 percent of recoverable carcass 
costs. 

The combined influence of averaging and levelling is, again, 
relatively weak. The 'change in farm price' parameter is 
only significant at the 20 percent level and its absolute 
value is smaller than the farm prj.ce parameter which indicates 
that the bacon margin will always move in the same dire~tion 
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as farm prices (ceteris paribus).... However, the combined 
influence of averaging and levelling is to reduce the change 
in margin associated with a given change in farm price by 
(0.341/0.766 = ) 44.? percent (i.e. is virtually exactly 
the same proportion as in i;;he fresh pork equation). Again 
the combined influence of a constant mark-up and averaging 
and levelling pricing policies acts to reduce the impact of 
a given charge in farm prices on retail prices (in this case 
a 1 percent charge in. farm prices results in only a 0.36 
percent change in retail prices at average price levels). A 
comparison of the variation in the retail and farm price 
series for cured pig-meat indicates that, although the 
standard deviation of retail prices is higher than that 
for farm prices (i.e. 41.8 and 21.1 respectively), the 
proportionate variation in farm prices is virtually double 
that in retail prices (i.e. 7.8 percent and 15.2 percent , 
respectively) . 

The influence of throughput on the margin is very weak 
although negative (the parameter is significantly different 
from zero only at the 30 pei~cent level). The margin will 
be reduced by only 6:06 percent for every '1 percent increase 
in total meat throughput. However, unlike fresh pork margins, 
price control a:ppears to have been effective in lowering 
margins on cured pig-meat. 

The price freeze parameter is only significant at the 20 
percent level, however, for five of the six quarters for 
which a freeze on retail prices of bacon and ham was in 
force, margins were also controlled. Therefore this 
parameter indicates that there is some evidence to support 
the hypothesis that the freezing of retail prices of bac~n 
and ham has an effect on margins additional to control on 
margins of these products. However the interpretation of 

this parameter complicated by the Cochrane-Orcutt 
transformat iOll; the varia.bles include a -0.91 observation 



in the quarter following the lifting of controls (i.e. 
_5.3*F.ZN has been transformed into -5'-3* (FZNt-O. 91*FZNt-l)) . 
Therefore the parameter is capturing the _n_e~ __ l_'\_'e_ influence 
of price control on margins plus any immediate ive 
influence that the J:ifting of price 'cont:rol may have had 
on margins. 

The interpretation of the margin control parameters (COTl and 
COT2) is likewise confused. In the untransformed state the 
interpretation would be that the regulation of margins has 
reduced the level of margin on cured pig-meat by an average 
of 15.5c/kg (3.9 percent), during the enforcement of the 
Price Just ication Scheme and 21.7c/kg (5.4 percent) during 
the enforcement of the Stabilisation of Prices Regulations 
with periods of price freeze depressing margins by another 
5c/kg. Because of the Cochrane-Orcutt transformation (and 
because of the plausibility of traders attempting to increase 
margins immediately after controls are relaxed), these 
parameter imates are affected by the response of traders 
in the period immediately following the removal of price 
control. However, it would be extremely difficult to 
maintain that price Qontrols have had no restraining 
influence on cured pig-meat margins. 

Finally, the seasonal dummy variable parameters are all 
significantly different from zero (although the second 
quarter dummy is only significant at the 20 percent level), 
Significant season fluctuations in cured pig-meat margins 
reflect seasonal fluctuations in costs (predominantly 
storage costs). After allowing for the Cochrane-Orcutt 
transformation, the relevant seasonal intercepts are: first 
quarter (constant +5.8), second quarter (constant -4.5), 
third quarter (constant +3.2), fourth quarter (constant). 23 

From the information above it is possible, and useful, to 
derive the farm price elasticity of demand for fresh and 

.~---.-------

23. For 
alD4-i)a2 D3 

I tJle fourth quarter value can be ca).culated as 
-6.5 - O.91~-7.2 = -6.5 i 6.5 = O. 
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cured pig-meat (i.e. the responsiveness of demand to changes 
in farm prices). Given that onli farm prices are under the 
direct influence of the Pork Marketing Board, the farm price 
elasticity of demand is of considerable interest to industry 
policy-makers. Using 'average prices and quantities and the 
retail price elasticities of demand in Table 5-6 the farm 
price elasticity of demand for fresh pork is -0.75 and the 
farm price elasticity of demand for cured pig-meat is -0.187. 24 

These are both short run elasticities (i.e. moderated by the 
effects of averaging and levelling pricing policies). The 
long run elasticities (i.e. the response of consumption to 
a sustained increase in farm prices) will be more elastic 
than these short run elasticities. 

Finally, the stability of the pRrameter estimates for both 
equations was tested by re-estimating the equations using a 
smaller number of observations. The procedure used in 
testing the stability of the parameter estimates in the 
demand equations was used again; five observations were dropped 
from the end of the sample period and the equations re-estimated 
using 31 rather than,the original 36 ob$ervations. The charges 

24. These results were derived' as follows: 

(a) Fresh Pork - we have already noted that a 1% increase 
in farm prices will result in a 0.49% increase in 
retail prices. Using the retail price elasticity of 
demand of -1.54, this 0.49% increase in retail prices 
will result in a 0.75% decrease in per capita consumption. 
The farm price elasticity of demand for pork is therefore 
-0.75/1.00 = -0.75. . 

(b) Cured Pig-Meat - a 1% increase in farm prices will result 
in a 0.36% increase in retail prices. Using the retail 
price elasticity of demand of -0.52, this 0.36% increase 
in retail prices will result in a 0.187% decrease in per 
capita consumption. The farm price elastici·ty of demand 
for cured pig-meat is therefore -0.187/1.00 -0.187. 

These results ignore the aggrevating effect that the decline in 
consumption (and t.herefore throughput) \10uld have on margins 
(and therefore retail prices). As the parameters in both 
equations for throughput are small (as are the corresponding 
elasticities) I and etS pig-meat is only a small proportion of 
total consumption I ·this simultanaeity will only have a minor 
impact on t_he f:ann price elusticity of demand. 
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in coefficients were then tested for significance using an 
F statistic and the results presented in Table 6-1. Because 
the computed F statistic is less then the critical value 
( at the 5 present level significance) we accept that the 
structural coefficients in both equations are stable ( i.e. 
do not change as the sample size decreases from 36 to 31 ). 

-

TabTe 6-1 

Testing the Structural Stability of 
the Pig-Mea·t Marg'in Equa<t ions 

Fresh Pork Cured Pig-meat 
n 

3.6. 31 36 31 
-

Constant 89.3 76.34 355.6 372.5 

Porker Price 0.382 0.366 - -
Change in Porker 

Price -0.173 -0.198 - -
Baconar Price - - 0.766 0.818 
Change in Baconer .. 
. Price - - -0.341 --0.356 

Throughput -0.175 -0.144 -0.287 -0.296 
Butchers Wages 0.347 0.417 - -
Time 0.625 0.480 - -
Price Freeze 

Dummy - - -5.33 -7.49 
Price Control 1 -3.44 0.64 -15.56 -22.38 
Price Control 2 -3.95 3.56 -21.71 -34.09 

D2 0.92 0.78 -4.5 -4.8 
D3 -1. 76 -1.76 -7.28 -8.5 
D4 -1.36 -1.18 -6.51 -7.6 

e 2 71.r;t.05 680.21 1,824.27 1,669.27 
~ 

F* 0.199 0.383 . 
P 0.68 0.68 0.91 0.92 -

* The critical value for F at 5% level is 2.71. 

I 
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An examination of Table 6-1 indisates t~at none of the original 
individual significant parameters have changed a great dea.l. 
The butchers wage parameter also appears to be reasonably 
sta.ble which does not ,support the conclusion that multi~ollinear:i 
has affected the standard error of this estimate. The price 
control parameters in the fresh pork equation have changed 
signs but still remain insignificantly different from zero. 
The price control parameters in the cured pig-mea.t equation 
have increased in absolute value. This supports the earlier 
conclusion that the influence of price control on pig-meat 
margins has only been significant in the case of cured products. 

6.6 Conclusion 

This chapter has discussed the specification, estimation 
and evaluation of the margins equations used in the New 
Zealand Pig-Meat Model. A number of important conclusions 
can be drawn from an analysis of pig-meat margins about the 
pricing behaviour of processors, wholesalers and retailers 
and the effectiveness of price control: 

., 

(.a) The combined mark-up behaviour of all traders 
is best represented by a mixture of fixed per 
kilogram mark-ups and mark-ups that are 
proportional to costs (predominantly the farm 
price of carcass meat); 

(b) Some evidence exists to indicate that this 
behaviour is modified by traders own attempts 
to stabilise their output price between 
successive quarters and by the influence of 
throughput on margins. However, this evidence 
is not very strong and indicates that margins 
will continue to move in ·the same direction as 
farm prices despite traders use of 'stabilising' 
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pricing policy. However ,the combined effects 
of constant mark-ups and stabilising pricing 
pol s do act to moderate the effect of 
changes in farm ~rices on retail prices. The 
farm price elasticity of demand for both classes 
of pig-meat is considerably more inelastic than 
the retail price elasticity of demand in the 
short run; 

'c) The evidence on the effect of price control is 
reasonably strong and indicates that, although 
government regulation of prices and margins has 
reduced margins on cured pig-meat it has had no 
significant effect on fresh pork margins. This 
latter concl~sion is also supported by Yandle1s 
earlier work on fresh pork margins. 

, . 
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CHAPTER SEVEN 

THE FARM PRICE EQUATIONS: SPECIFICATION, 
ESTIMATION AND EVALUATION 

7.1 Introduction 

This chapter discusses the specification, estimation and 
evaluation of the four equations used to describe movements 
in the farm price of porker and baconer pigs in both the 
North and South Jsland. Farm prices act to balance supply 
and demand in the model. In the cured product "marlcetll 
processors and wholesalers adjust farm prices in an effort 
to maintain stocks at a desired level (i.e. to reduce, 
or eliminate, either excess supply or demand). The lack of 
fresh pork stock means that the supply and demand of fresh 
pork are brought into balance by changes in farm prices. 

The chapter is divided into three main sections. The first 
section describes a generalised specification of the farm 
price relationship based on the hypothesised pricing 
behaviour of processors and wholesalers. This specification 
is consistent with the generalised specification of the 
entire model discussed in Chapter Four. The second section 
discusses the specification and estimation of each of the 
four equations used in the New Zealand pig-meat model. When 
considering the disaggregated "market" the generalised 
specification discussed in the first section has to be 
modified to reflect special characteristics of the individual 
"markets" (especially the close relationship betweeen the 
four farm prices). Finally, the parameter estimates for 
each equation' are evaluated and the stability of these 
estimates discussed. 
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7.2 General ed Specification of the Farm Price 
Relationship 

7.2.1 Price Formation in the Cured Pig-:-meat "Market" 

Labys describes a general commodity model which can be used 
to reflect competitive behaviour in which consumption and 
.production are a function of current and lagged prices and 
prices are a function of the change in stocks which are 
determined by subtracting consumption from production. 1 

He notes that different forms of price relationships can 
be postulated for different assumptions about the price 
elasticity of response of production and consumption and 
the length of data interval used relative to the lags in 
the market. 2 Price determination can be ~xplained by 
stock changes if the data interval is short relative to 
the lags and stocks vary considerably. The generalised 
model structure developed in Chapter Four for the cured 

J 
products market is an example of this type of price 
determination wher~ the underlying price structure reflects 
a flow adjustment (rather than a stock adjustment·) process. 3 
In this type of process, excess demand or supply leads to 
an increase or decrease in prices which tends to reduce 
the original ex<?~ss demand or supply. The amount of excess 
demand or supply is reflected in the changp. in stocks. 
Therefore, the pric~ equation reflects the behaviour of 
processors and wholesalers who adjust farm prices in an 
effort to change stocks to some desired level (i.e. to 
eliminate excess supply or demand). 

Although the price formation hypothesis in this "general 
model" is useful in describing the farm price formation 

1. W. C. I>abys' , Dynamic Commodity Models; .£Eecification, 
Estimation and Simulation, p.93 

2. ~, p.93 

3. The flow adjustment process suggests that prices are a 
function of the change ill stocks whereas the stock adjustment 
process expresses prices as a function of stock levels. 



138 

process for cured pig-meat it is a considerable over-
simplification of pro~essors and~wholesalers pricing 
behaviour. Firstly, the actual change in stocks will not be 
a good measure of excess supply or demand because these changes 
will include an intended as well as unintended component. If 
processors anq wholesalers desire to hold more stock (e.g. in 
response to some exogenous factor) the corresponding increase 
in stock levels is a result of an increase in demand (i.e. 
processors demand for stocks), it does not reflect excess 
supply. It is only the unintentional increase (decrease) in 
stock levels that reflects excess supply (demand) and results 
in a decrease (increase) in farm prices. Intended changes in 

stock levels may have the opposite influence on prices because 
they represent an increase or decrease in demand respectively. 
Therefore the appropriate variable to include as an explanatory 
variable in the price equation (i.e. the variable that reflects 
excess supply or demand) is the unintended change in stocks 
rather than the actual change in stocks. This variable is 
approximated by M8adows in his general model of commodity 
production cycles by the ratio of actual to desired Illnventory 
coverage" (i.e. the number of months present inventory (stock) 
levels can support e4pectedconsumption c Tates.)4 It is only 
when the actual coverage deviates from lIthe average value of 

provided by inventory over the course of one hog 
(=desfied coverage) that a price response will be 

coverage 
cycle l15 

initiated. 

The second major change required to the general model described 
by Labys is to include variables that reflect the expectations 
behaviour of processors and wholesalers. Fuller and Ladd note 
that: 

"In their study of meat inventories, Tolley and 
Harrell concluded that packers were fairly 

4. D. L. Meadows, Dyanmics of Commodity Production Cycles, 
Wright-Allen pr;S-s-;Inc~-Massachu""Setts , 197(i:p-~43-. -

s. Ibid, p.43. 
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successful in predicting changes in supply but 
unsuccessful in forecasting shifts in demand.,,6 

Thus, we could expect processors and wholesalers to anticipate 
the trend in the supply of pig carcasses and adjust prices to 
avoid a costly unintended stock build-up. If these buyers 
could correctly anticipate movements in both the supply of 
live pigs and the demand for processed pig-meat (and therefore 
adjust prices to avoid unintended stock changes), p~ice would 
merely be a function of these anticipated supplies and 
demands. However it unlikely that buyers will correctly 
anticipate movements in supply and even less likely that they 
will correctly anticipate changes in demand. These errors 
will show up in unintended stock changes which will result 
in further price modification. If Tolley and Harrell's 
conclusions are applicable to New Zealand then variables that 
reflect buyers anticipation oj supply movements will be very 
important in determining farm prices. Unintended stock 
changes would then be dominated by unanticipated demand 
factors. 

Finally, the general model needs to be modified to take into 
account any effects that exogenous shocks to margins may have 

on the farm price. In Chapter Six the margin equations. were 
formulated using a modified "cost-plus" specification of 
traders' pricing behaviour. This implicitly assumes that 
any effect that changes in margins will have on farm prices 
will be indirect (e.g. by changing retail prices, consumption 
and stocks). This is probably a realistic assumption. 
However, it is possible to include margins as an explanatory 
variable in the farm price equations to test whether or not 
the level of margin has a dire~t effect on farm prices. 

6. W. A. Fuller and G. W. Ladd, "Quarterly Model of the Beef and 
pork Economy", Journal Farm Economics Volume 43, 1961, 
p.806 quoting a paper by G. S. Tolley ann C. Harrell, 
Inventories in tho Meat Packing Industry I Agr. Ec. Inf. Ser. 
58, N-:--C. state C\;11~·:-De~;;~nJ;~~-19-5i~l--;~45. 
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7.2.2 Price Formation in the Fresh Pork "Market ll 

As noted in Chapter iour, the lack of fresh pork stocks 
precludes the adoption of a similar generalised model to 
explain price forma~ion in the fresh pork market. Unfortunately, 
lack of adequately disaggregated data also precludes the 
adoption of a simple equilibrium model where an explicit 
price equation is not required. However, in the restricted 
.fresh pork market model described in Chapter Four prices 
play the dominant role in finding the supply-demand balance. 

The farm price for porkers has been assumed to be a function 
of buyers· anticipated trend level of porker production 
modified by the influence of baconer prices and porker 
margins. Given the close substitutability between baconer 
and porker production a strong link between the farm price 
for bacon and pork weight pigs would be expected. This 
formulation places virtually all of the emphasis on supply 
factors in determining farm price levels. As noted in 
Chapter Four this problem can be limited by the introduction 
of constraints on the level (or growth) of fresh pork exports. 
However, it is possible that the "margin. and seasonal dummy 
variables will act a~ a proxy for the (excluded) demand side 
effects. This should be borne in mind when interpreting the 
results. 

A detailed description of the specification of the farm 
price equations is given in the next section. 

~3 Specification and Estimation of the Farm Price 
Equatiohs Used in the New .Zealand Pig~Meat Model 

This section discusses the specification of separate farm 
price equations for baconer and porker pigs for both North 
and South Islands given the generalised specification 
discussed above. Because of the close substitutability 
between the production of pork and bacon weight pigs 
movements in these disaggregated prices are likely to be 
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inter-related. For example, if !he North Island farm price 
for bacon weight pigs increases, they will tend to force up 
the price of pork weight pigs in the North Island and both 
pork and bacon weight ,pigs in the South Island. Because of 
the anticipatory be6aviour of buyers, this inter-relationship 
between the various farm prices may not be adequately 
represented by volume movements. For example the buyers of 
pork weight pigs in the North Island will, to a certain extent, 
increase their prices to avoid a diversion of potential pork 
weight pigs onto the bacon market rather than adjusting in 
response to such a diversion. Therefore, a number of these 
prices will be direct related rather than related 
indirectly (through volume changes) and will have to appear 
as both dependent and explanatory variables in this set of 

.. equations. 

There is relatively widespread acceptance that the farm price 
for baconers the critical price in determining other farm 
prices for pi 

"The prices for all classes of pigs rev0:Lve 
around the bacon schedule, since this is the 
maximum profitable slaughter weight. "7 

Therefore the farm price for baconer pigs in each island was 
used as an explanatory variable in that island's porker 
price equation. There also needs to be a direct link between 
North and South Island prices for baconers. Given the 
importance of North Island baconer production in total 
baconer production (i.e. in excess of 63 percent even in 
the 1979 season) it was decided to use the North Island 
baconer price as the linking variable. Therefore, the South 
Island baconer price appears as an explanatory variable in 
the South Island porker price equation, and the North Island 
baconer price appears as an explanatory variable in both 
the North Island porker price and South Island baconer price 

7. Pork Industry Council, !.'_iq!.'_£~~luct:io~_ and Mana.5Le1!!~E..~nlla~, 
Present Industry structUYe SBctirnl, p.3. 
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equations. It should be noted that th~s __ ?tructure does not 
preclude the effect of anyone price change on any other 
indirectly (i.e. via Volume changes). However, it does --assumed that, in forming their expectations about the impact 

of close substitutes, on price, pork wholesalers use the 

farm price of baconer pigs and South Island bacon processors 
use the North Island baconer price. Buyers in the largest 
single "market" (i. e. the North Island baconer "market") 
are assumed to ignore the influence of price changes in the 
smaller markets. These buyers are assumed to be influenced 
by the supply of pigs to thetr "market" and unintended 
change in national stock levels. 

Stocks data was not available on a regional disaggregated 
basis which implies we have assumed that either movements in 
North and South Island stocks are highly correlated or that 
changes in South Island stocks effect North Island buyers. 
Because of this lack of disaggregation in the stocks variable, 
it was excluded from the South Island baconer l1market " . I Given 
that the North Island baconer price has a direct effect on 
the South Island baconer price it was decided that omitting 
the aggregate stocks variable would cause less problems 
than including it. Therefore it is only the North Island 
farm price for baconers equation that closely conforms with 
the "general specificationl1 outlined in section 7.2.1 above. 

All of the farm price equations also needed to include a 
variable to account for the influence of the Pork Marketing 
Board's Basic Minimum Price scheme during the 18 month period 
in 1977/78 during which the basic minimum price was paid. A 
dummy variable (set equal to unity during the period of price 
support) was used to account for the average effect of the 
scheme on farm prices during the period in which farm prices 
were supported by Board intervention. 

7 .3. 1 'Il~le.Erm ?r>c:e for B.a:-oner Pigs in the North Island 

The original specification of this equation was identical 
to the modified generalised specification discussed above. 
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DFPBN = f(PBN*,6S-6S*,BMP,DMB,D2,D3,D4) 

wher'e: 
DFPBN 

PBN* 

AS 
6S* 
BMP 

DMB 

Di 

= Real. farm 'price of bacon weight pigs 
in the North Island (c/kg) 

= Buyers anticipated level of , production 
(tonnes) 

= Actual change in stocks 
= Intended change in stocks = Dummy.representing period of price 

support 
= Real farm to retail margin on cured 

products 
= Seasonal dummy for quarter i (i=2,3,4) 

Before an estimating form can be derived, PBN* and 68* have 
to be defined in terms of observable variables. 

The PBN* variable has to reflect buyers' anticipations of 
the level of production. Haas and Ezekiel note that United 
States hog buyers are likely to respond differently to what 
they perceive of as "temporary" and "trendll movements in 
supply. 

II during short periods when receipts (of live 
hogs) temporarily fell below the general average 
the competition to get a share of the business 
forced prices _~omewhat above the general trend, 
though not nearly so much as did an equal 
shortage in supply extending over a considerable 
period. liB 

Given that-buyers are considerably better able to anticipate 
trend movements than actual movements, that the response to 
anticipated trend movements is likely to be more important 
than to temporary movements, and that all unanticipated 
movements are captured by change in unintended stocks, the 
PBN* Variable was specified to reflect buyers', anticipation 
of the'tr'end ,level of production. PBN* was therefore set 
equal toa four quarter moving average of production (i.e. 
PBNt* :::: (PBNt-3 + PBNt-2 + PBNt-l + PBNt)/4). 

8. Hass, C. G. and Ezekiel r M. "Factors Affecting Hog prices", 
United states Department of Agricul,ture Bu.lletin 1440 I 
Noverober1926-;-pp Io-h. -------
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This definition of PBN* complicates the estimation of the 
~ 

DFPBN equation. Firstly, the dummy variable D20Q must be 

added to the equation to accommodate the influence of the 
grading classification change in 1973. Secondly, this change 

in grading classific'ation will confuse the interpretation of 

PBNt* for the three quarters immediately following. the grading 
classification change (i.e. these observations will be a 

mixture of the pre and. post grading change periods). Therefore 
the estimation period should omit these th~ee observations 

The bS* variable is a behavioural variable reflecting the 
intenqed change. in stocks. Labys describes a number of 
models that have been used to explain stock holdings 
behaviour and notes the importance of transactions, 
precautionary and speculative motives for holding stock. In 
a relationship explaining th~ level of desired stocks 
he notes that: 

"Precautionary demand is given in the form of 
(the constant term) implying that such demand 
to approximately constant over time .... ; 
transactions demand is characterised by the 
consumption variable; andspecul~tive demand 
is represented'by the combined price expectations 
variable". 9 

The transaction~ demand is assumed to vary in direct proportion 
to output (in this case consumption), firms are assumed to 
hold these stocks to ensure continuity of production. In 
pig-meat processing losses incurred by having temporarily 
underutilised capacity are potentially important and, therefore .. 
continuity of production is likely to be a significant motive 
for holding stock. Speculative demand implies that some firms 
will desire larger stocks when price rises are expected and 

viee versa. Apart from these three sources of demand for stocks 
it was assumed that stock levels were sensitive to the cost 
of hblding stocks (which is approximated by the opportunity 
cost of having funds tied up in pig-meat stocks over the 

9. W. c. Labys, op cit, p.75 
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quarter,(i.e. the three month secured deposit interest rate». 
Therefore :' 

where: 

CHCON 

CDINT 
CHFPBN* 

= change in consumption of cured 
pig-meat 

= change in the real interest rate 
=,expected change in the real farm 

price of baconers in the North 
Island (which was assumed to be 
equal to L1CFBN; the actual 
lagged change in farm price of 
baconers in the North Island). 

~ Finally, in order that 6S - ~S* represents unintended changes 
in stocks the intended seasonal variation in 6S needs to be 
removed. Given the nature of the cured pig-meat trade, normal 
seasonal stock changes are likely to be a very important 
component of actual stock movements. However this seasonal 
fluctuation in stock levels represents 'changes in 'actual 
demand (i.e. intended stoek changes) ~ather than changes in 
excess supply or demand and will therefore not tri~ger an 
inverse price r~sponse. These regul~r seasonal stock 
movements were removed by deseasonalising the 'change in 
stocks' series before including it in the regression. 10 

Substituting 6S* back into our original equation and adding 
D20Q we have: 

10. This variable was deseasonalised by using the method of ratio 
of the series to a moving average (see the s~mQ procedure in 
the Time Series Processor Users' Manual (Version 2.5 : Harvard), 
August 1978, pp B.ll.l - B.U--:-2)--:---A-method which allowed the 
seasonal pattern to change through time would have been 
superior and should be considered in model rf~-estimation. 
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= cl-C2PBN*-C3~S+C4L1CFBN+C5CHCON-C6CDINT+c7BMP 
-cgDMB+cgD20Q+Cl0D2+Cl1D3+ci2D4 

PBN* = (PBNt-3 + PBNt-2 + PBNt-l + PBN)/4 

= deseasonalised change in stocks 

The signs indicated are those expected on a priori 
grounds. 

This equation was estimated using quarterly observations 
for the period 1970 (second quarter) to 1979 (second quarter) 
with the observations for the fourth quarter 1973 to the 
second quarter 1974 inclusive excluded. The real cured 
product margin parameter was not significantly different 
from zero so the null hypothesis (that margins do not have 
a direct influence on farm prices) was accepted and the DMB 
variable removed from the estimating equation. There-specifie 
equation was re-estimated using 2SPC. Unfortunately the 
errors in this equation were autocorrelated (the Durbin-Watson 
= 0.9) therefore it was re-estimated using the Cochrane-Orcutt 
iterative technique to transform the equation and remove the 
autocorrelation. This procedure yielded the following results 

DFPBN = 257.168 - 0.0284PBN* - 0.000058~S + 0.387LICFBN 
(0.0132) (0.00041) (0.243) 

= -0. 0181CDINT + O. 0052CHCON - 4. 6Btv1P + 42. I1D20Q 
(0.015) (0.0046) (5.8) (44.02) 

= -1. 289D2 
(3.901) 

5~02D3 - 6.215D4 
(4.83) (6.01) 

R2 - 9. 938 , DW (adjusted for the gap in observations) = 1.54, 
p = 0.945 (0.05), standard errors in brackets. 
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The-Farm Price for Baconer and Porker Pigs in the 
South Islandaild for Porker Pigs in the North Island 

As already noted, because of the inter-relationship between 
farm prices, the spec~fication of the other farm price 
equations in the model are highly modified forms of the 
generalised specification discussed above. The direct effect 
of th~ North Island baconer price on the South Island 
baeoner price and of the baconer prices on the porker prices 
are modified by the supply of live pigs in the category 
under consideration, BMP price support; and the effect of 
exogenous changes in margins. 

where: 

DFPPS = f"(PPS*,DFPBS,DMP,BMP,D20Q,D2,D3,D4) 

DFPPN = fIll (PPN* , DFPBN , DMP , BMP , D20Q, D2 , D3 , D4 ) 

DFPBS,DFPPS,DFPPN = Real farm price of baconers 

PBS*PPS*,PPN* 

DMB,DMP 

BMP 

Di 

and porkers in the South Island 
and porkers in the North Island 
respectively' (c/kg)-

= Buyers anticipated trend level 
of production of baconers in the 
South Island, and porkers in the 
North Island respectively (tonnes). 
Calculated as a four quarter 
moving average. 

= Real farm-to-retail margins for 
baconers and porkers respectively 
(c/kg) . 

= Dummy variable representing 
period of price support. 

= Seasonal dummy for quarter i 
(i = 2,3,4) 

These equations were estima,ted using quarterly observations 
for the period 1970 (second quarter) tb 1979 (second quarter) 

with the observations for the fourth quar~er 1973 to the 
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second quarter 1974 inclusive excluded. Again, the real cured 
product margin parameter was not significantly different from 

... 
zero and this variable removed 'from the DFPBS equation. The 
2SPC estimates indicated that positive autocorrelation was a 
problem in both the So~th Island baconer equation (DFPBS) and 
the North Island porker equation (DFPPN) so these two equations 
were re-estimated using 2SPC(CORC). This procedure yielded 
the following results: 

DFPBS == 70.99 - 0.022PBS* + 0.899DFPBN - 2.33BMP 
(0.013) (0.123) (4.78) 

- 40.59D20Q - 5.22D2 - 1.411D3 + 3.38D4 
(15.48) (2.55) (2.89) (2.44) 

R2 == 0.935, DW (adjusted for the gap in observa·t ions )==1.82, 

P == 0.32 
(0.16) 

DFPPN == 125.32 - 0.0194PPN* + 0.578DFPBN - O.2489DMP 
(0.0144) (0.0144) (0.177) (0.290) 

+ 2.55BMP + 11.23D20Q - 5.39D2 - 3.12D3 + 0.58D4 
(3.53) (18.78). (1.69) (1.81) (1.76) 

R2 == 0.949, DW (adjusted for the gap in observations)=1.92, 
p== 0.73 

(0 .. 12 ) 

DFPPS = 116.23 - 0.042PPS* + 0.899DFPBS - 0.432DMP 
(0.021) (0.107) (0.284) 

- 23.97BMP + 4.97D20Q + 2.52D2 + 5.89D3 + 5.02D4 
(4.92) (15.1) (3.99) (3.92) (3.99) 

R2 :=; 0.93, DW (adjusted for the gap in observations) = 1.82 

Figures shown in brackets are standard errors. 

7.4 Evaluation of the Param(~ter Estimates 

All of the pa:rarneters in all four equations have the expected s1 
exc_ept . .f0r the parameter assClC in. ted ''lith the BMP dunU11Y vari able 
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(which is discussed below) and the D20Q dummy variable in the 
DFPBN equation. These equations. indicate that the anticipated 
level of live pig supplies and the price inter-relationship 
between these four "markets" dominates buyers I prlce setting 
behaviour. This imp,lies that unintended stock changes over 
anyone quarter do not result in a signif±cant modification of 
the initial pricing decision. It would appear that either 
unintended stock changes are not large or that unintended 

\ . 
stock change~ are important OVer shdrter periods but that 
buyers are able to modify their prices significantly Within 
anyone quarter to bring the actual stock change very close 
to the desired stock change when changes in stocks are 

, measured over the whole quarter. 

The coefficients of determination are reported along with 
the equations (above) and indicate that between 94 percent 
and 95 percent of the variation in each farm price is 
explained by the changes in the explanatory variables. 
The elasticities implied by the estimation results are 
shown in Table 7-1. 

As noted, the result~ indicate that unintended changes in 
stocks do not result in a significant impact on farm prices. 
None of the parameters for 68 or representing 68* (i.e. 
LICFBN, CDINT, Or CHCON) are significant at the 10 percent 
level, (however all the latter variables do have standard 
errors smaller than the parameter estimate). It is possible 
that the standard errors for the LICFBN and CDINT variables 
are effected by multicollinearity although the correlation 
Goefficients between them and the variable most correlated 
with them (i.e. PBN*) are only -0.65 and 0.57 respectively. 
However, these parameter estimates (if we were to accept 
them as insignificant) are not consistent with the extremely 
low (and completely insignificant) parameter attached to 68. 
These results imply that buyers are far more sensitive to 
a change in unintended stocks caused by changes in desired 
stocks than an identical s change in unintended stocks 
caused by changes in actual stocks. 
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: Ta.ble 7 --1 

r- .. INDEPENDENT VARIABLE 
DEPENDENT -
VARIABLE PBN* PBS* pps* PPN* DFPBN DFPBS DMP LIDFPBNl DINT2 CON3 

DFPBN -0.86 - - - - - - 0.38 0.14 0.26 

DFPBS - -0.36 - - 0.94 - - - -
DFPPS - - -0.27 - - 0.93 -0.61 - -
DFPPN - - - .... 0.39 0.67 - -0.36 - -

1. Calculated as the percentage change in DFPBN in response to a 1 percent 
change in the lagged value of DFPBN (not significant). 

2. Percentage change in DFPBN in response to an increase in interest rates 
by 1 percent (not significant) •. 

3. Percentage change in DFPEN in response to a 1 percent increase in total 
consumption of cured pig-meat (not s:tgnificant). 

Therefore the null hypothesis that unintended changes in the 
level of stocks over ~ complete quarter. do not affect farm 
prices has to be accepted. 

This result needs to be treated with suspicion. The proposition 
that buyers are able to manipulate prices within anyone 
quarter sufficiently to maintain actual stock levels at their 
desired level between quarters requires further investigation. 
It is possible that unintended stock changes are very small. 
Chapter Five noted that the retail demand for cured products 
is only subjected to one important source of exogenous shock 
(i.e. income changes). Given that incomes are unlikely to 
fluctuate dramatically, exogenous shocks to the retail demand 
for cured products are likely to be small. On the supply side, 
it is possible that buye~s can accurately anticipate changes in 
the supply of live pigs (or that they ·heavily discount 
"temporary" changes in supply when making pricing decisions). 

-
-
-
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If unintended stock changes are small ~~~~rs are more li~~ly 
to be able to manipulate prices ~ithin the quarter to bring 
quarterly stock changes in lina with desiied stock changes. 
Further investigation is required to try and identify the 
size of unintended stock changes and buyers responsiveness 
to these changes within any, one quarter. However, the 
result could also be due to data problems (i.e. a very poor 
estimation of buyers actual change in stocks). Appendix A 
discussed the estimation of this variable in detail and noted 
that it was one of the least satisfactory variables used in 
this study. An investigation currently underway to improve 
the stocks data available to the Board should give an 
indication of the accuracy" of the series used in this study 
as well as improving the historical data needed for 
re-estimating the model. 

'rhe parameters associated with the 'ant icipated trend 
production' variables, are significant at the 5 percent, 
10 percent and 20 percent levels in the DFPBN, DFPBS, DFPPS, 
DFPPN equations respectively. However, all of the standard 
errors associated With these variables are likely to be 
affected by mul ticollineari ty because "of the .close association 
between these variab:Les and the D2 0Q dummy variable. An 
estimation of the various correlation matrices supports 
this a priori" suspicion; only in the case of the DFPBN 
equation is the correlation coefficient between these two 
variables less than 0.9. 11 This limits the usefulness of 
the individual parameters (although, because the relationship 
between these two variables will remain constant in time, it 
should not affect the usefulness of the equations for 
"forecasting). The elasticities reported for the asterisk 
variables in Table 7-1 must be treated with suspicion. 

When the model is re-estimated this problem could be overcome 
by removing the D20Q variable from the model altogether and 
adjusting the pig production series to offset the impact of 
the 1973 grading classification change (i.e. make an 

n. This coefficient in each equation is as follows; DFPBN (-0.6), 
DFPB~ (-:"0.95), DFPPS (0.98),. DFPPN (0.93). 



l52 

adjustment to the first 20 observations in each of the 
produc.tion series to put them on the same gra.ding 
classification basis 'as the later observations). This 
adjustment co~ld be made on the b~sis of r~sults presented 
in this study. How~ver, further investigation into the 
likely impact of this grading ch~nge would provide a sounder 
basis on which to impose parameter restrictions on the 
various D20Q variables in the model. For example) an 
investiation into the weight distribution of pigs slaughtered 
within grades and the wastage rates (or proportion of saleable 
cuts) of various carcass weight grades should provide the sort 
of evidence required to impose parameter restrictions on 
the model. These restrictions would ensure that the loss in 
anyone weight grade as a result of the classification change 
would be exactly compensated for (after adjustment for 
wastage rates) by an increase in the other weight grade. 
SimillJ.-rly such an investigation would provide the evidence 
necessary to ensure consistency throughout the marketing 
system (i.e. ensure that the estimated increase in one weight 
grade at slaughter. was compatible with th8 estimated increase 
in the consumption of pig-meat derived from that grade). 
Obviously, a considerably amount of 'extra work is required 0. - -. . 
before all of these (vertical and horizontal) restrictions 
can be applied with confidence. Until this type of 
investigation is carried out there would be no guarantee 
that the model would be improved if the D20Qvariabie was 

. replaced by adjusting the consumption and production series 
on the basis of the limited information-available. 

The elasticities between the various farm prices are all 
very high and are all significant at the 1 percent level. 
This reflects the yery close association between prices in 
the various "markets" ,. Their relative sizes are also 
credible. Traders are willing to transport bacon weight 
pigs when the supply and demand conditions in each region 
act to create a divergence between North and South Island 
baconer prices. We would also expect far more intimacy 
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between baconer and porker prices in the South Island than 
in the North Island .. The porker "market"'in the North Island 
is considerably larger than it is in the South Island (i.e. 
about 45 pe~cent of the total market in the North Island 
compa~ed with only 20 percent of the total market in the 
South Island). This larger market for pork weight pigs is 
associated with far more specialisation in the production 
and marketing of pork weight pigs in the North Island Which 
provides some inSUlation from fluctuations in the baconer 
"ma.rket". The problems associated with transporting either 
live pigs or fresh pork between islands also provides some 
regional isolation in porker markets. These factors tend 
to support the direct price elasticities reported in 
Table 7-1 (e.g. it is not unreasonable to hypothesiseon 
a priori grounds that the North Island baconer price, through 
its effect on baconer prices in the South Island, would have 
a greater effect on South Island porker prices than North 
Island porker prices). 

The impact of the farm-to-retail price margin on the farm 
price for pork is weak and neither of the parameters associated 
with the margin variable is significant at the 10 percent 
level (although the South Island parameter is significant 

at the 20 percent level). These results suggest ·that 

al though it is difficult to maintain that--changes in pork 
margins have no direct influence on porker prices, this 
influence is relatively minor. 

Probably the most surprising, and interesting, results are 
the parameter estimates associated with the BMP variable 
(i.e. the dummy varia.ble taking on the value of unity over 
the period during which.the Board "supported" the price 

, , 
received by farmers). If the scheme did, in fact, support 
the farm price at higher levels than buyers would have been 
willing to offer then these parameters should have been 
positive (i.e. the farm price during ~he period of price 
support should have been higher than the.level 6f production, 
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stocks, etc. would have warrantep). However, apart from 
the parameter associ~ted with the BMP v~riable in the South 
Island pork price equation (which is significant and 

.: pegative), none of these parameters are significantly - . 
.. different from zero. This implies that the BMP scheme 

had no influence on the average level of farm prices over 
the period (and in fact actually depressed the farm price 
for porkers in the South Island).12 Howe~er, it implies 
nothing about the effect the scheme would have had in any 
particular quarter. It is quite likely that the operation 
of the scheme acted to support farm prices during the first 
few quarters of operation but that continuation of the 
scheme over a prolonged period actually slowed the recovery 
in farm prices. The BMP could well have acted as a basic 
minimum price during the early phases of operation and a 
basic maximum price over the latter phases. 

Why should the BMP scheme act to depress farm prices? The 
Board's own assessment of the scheme's operation notes that: 

"it became obvious that the main traders would 
use the Board as their wholesale supplier 
when and where required and those companies 
who had traditionally been wholesalers to the 
trade opted out for the time that the Board 
WaEf i nv01 ved ." 13 

As noted in Chapter Three, this report also observed that: 

"Meat had ,to be sold as quickly as possible' on 
the local market to allow money to be available 
to. purchase pigs and keep the back account 
within the limits laid down".14 

12. Unfortunately, the very high value for p in the North Island 
equation for baconer pigs does complicate this analysis. In 
this case the dummy variable does include a -0.94 "observation" 
in the quarter following the BMP period. The non-significant 
coefficient therefore also implies that the farm price did not 
rise abnormally after the BMP buy-in halted. 

13. Pork Marketing Board, "BMP Scheme Report", Pork Industry· 
Gazette, p.52. 
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and that during the last nine to twelve months of the scheme's 
operation farm prices, were set .b~low the level needed to keep 
efficient producers profitable in an effort to "depress 
production". Given these conditions it is quite possible 
for the operation of- the BMP scheme to have depressed farm 
prices. It appears that tne Board merely performed a whole-
sale function being unable to direct pig-meat off the local 
market (either into stocks or export) because of a lack of 
funds. Whether or not farmers received a higher payout then 
depends on whether or not the Board was willing and able 
to pay more for. pigs than traders who would normally perform 
the wholesale function. If the Board's payout was below 
what traders would be willing to offer for the same quantity 
of live pigs, traders did not have to enter the market (and 
hence bid up the price) to obtain supplies. Although the 
Board was both willing and ab.le to set higner prices for 
pigs than the trade when the stabilisation account was large, 
its ability to maintain these prices declined with the 
stabilisation account balance. Near the end of the period, 
when the Board was.trying to "depress production", it is 
quite possible that the BMP was actually set .at a level 
below that which tra4ers would have been pr~pared t6 offer 
for the same quanlity of live pigs. 

There is also good reason to accept that the operation of 
the BMP scheme had a particularly severe effect on the price 
of porker pigs in the South Island. The Board purposely 
set a very low BMP for porker weight pigs and offered a 
discounted BMP to South Island producers. Although only a 
limited numbel:' of pork weight pigs were sold to the Board, 

the publication of a very low BMP for these pigs in the South 
Island would have made it very easy for South Island whole-
salers to lowe~ the price they had to pay for these pigs 
for the limited period of Board involvement. 

The other dummy variables in the equations are of varying 
importance. The effect of the change in grading classification . . 
is only significant in the South Island baeoner equation. 
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Although this variable is insignificant in the other 
equations it has the ~rong sign In only the North Island 
baconer equation. An examinatDQn of the data indicates 
that the grading change had a more important impact on 
individual grades ift the South Island. However, these 
results are not altogether consistent with the results of 
the other equations in the model which indicate that the 
grading change did result in some arbitrary change in the 
n.umbers of pigs in each category. We would have expected 
that th.e relationship between farm price and production to 
have "shifted!! as a result of the grading change. These 
results confirm the value of an investigation into the 
influence of the grading change that would allow a 
reasonable adjustment of the production series and, therefore, 
the removal of the D20Q variable from the model. 

Seasonal influences do not appear to affect price setting 
behaviour of buyers in the baconer market although they do 
appear sj.gnificant in the porker equations. Given the 
problems associated with the specification of the fresh 
pork component of the model, these seasonal influences 
could well be acting as substitute demand factors. After 
adjusting for the influence of rho, these dummies indicate 
that prices tend to be. higher in the fourth quarter (both 
islands), whils't the results for the other quarters are 
mixed (i.e. different results in each island). An increase 
in the demand for fresh pork occurs in the fourth and 
second quarters . 

. Finally, the stability of the parameter estimates in all four pric 
equations was tested following the procedure outlined in earlie 
chapters. Five observations were dropped from the end of the 
sample period and the observations re-estimated using 27 
observations and the stability of the parameter estimates 
tested using an F statistic. The results are shown in Table 
7-2. Because the computed F statistic is less than the 
critical value of the 1 percent level we accept that the 
structural coefficients in all four equations are stab (i. e. 
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Table 7-2 

Testing the Structural Stability of the 
Farm Price Equations 

I BACONER PORKER 

n North South North South 

32 27 32 27 32 27 34 29 

Constant 257.17 355.4 70.99 69.35 125.32 40.67 116.23 143.6 

I 
PBN* -0.028 -0.050 
6S -0.00006 -0.0011 f 

LICFBN 0.387 0.947 I 'COINT -0.018 0.008 
CHCOI'I 0.005 0.007 1 
PBS* -0.022 -0.019 

, 

1",,8N 0.899 0.875 0.578 0.715 I 
PPN* -0.019 -0.0048 I 

.PPS* "';0.042 -0. 047 ~ 

IDFPBS 0.899 0.993: 
1RoI" ! r -0.249 -0.007 0.432 0.657 

:BMP -4.6 1.6 -2.33 -4.17 2.55 -2.6 -23.97 -16.92 
1 

'i02OQ 42.11 -23.2 -40.59 039.77 11.23 -10.17 4.97 8.56 
iD2 -1.29 -0.8 05.22 -3.69 -5.39 -5.2 2.52 2.78 

:iD3 -5.02 :"7.01 -1.41 -0.44 -3.12 -2.4 5.87 7.54 
:'O~ -6.21 -5.80 3.38 3.39 0.58 1.5 5.02 6.99 
i ; 
I , , 
Ip N/A N/A 

, 
i 

0.94 -0.04 0.33 -0.01 0.73 0.38 
, 

e2 
1

867
•
4 781.45 752.43 436.18 390.48 313.06 1,487.03 I 1,218.36 

r* 0.35 2.75 0.88 0.88 

:0,01 (5 ,n-k) 4.04 3.94 3.94 3.86 -------
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do not change as the sample size decreases). However, it 
.5._ . __ • ____ _ 

should be noted that the South Island baconer price equation 
is least satisfactory in this regard. 

The results presented in Table 7-2 are extremely interesting 
with respect to the incidence of autocorrelation in the 
equations; the value for p is insignificant in the two 
baconer equations and has been virtually halved in the North 
Island porker equation. When these new equations are used 
to predict the last five values, they consistently overstate 
the farm prices (i.e. the autocorrelation in the original 
2SPC equations was considerably aggrevated by the last five 
observations). 

7.5 Conclusion 

This chapter has discussed the specification, estimation and 
evaluation of the farm price equations used in the New Zealand 
Pig-meat Model. A.number of important conclusions can be 
drawn from this analysis concerning price determination for 
live pigs and the imp,act of the Board's operation of the BMP 
scheme during 1977/78; 

(a) It would appear that buyers are able to 
successfully anticipate changes in supply and 
demand conditions and adjust prices without 
suffering large changes in unintended stock 
levels and/or manipulate prices within any 
one quarter to moderate the size of unintended 
changes in stocks between quarters. Therefore 
it is buyers' perceptions of current IItrend" 
levels of production, rather than changes in 
unintended stock levels, that dominate move-
ments in farm prices between quarters. 
However, further investigation is required 
into stock levels and traders stock management 
to confirm tHis conclusion; 
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(b) There also appears to be.arstrong link between 
movements in the different classes of farm 
price. Given the opportunity for sUbstitution 
in production ·tnis degree of association 
between these prices is'credible; 

(c) This evidence indicates that the Board's 
active intervention in the market during the 
1977/78 period did not have a significant effect 
on farm prices for baconers and porkers in the 
North Island or baconers in the South Island 
and actually appears to have depressed the price 
of pork weight pigs in the South Island below 
the level they would otherwise have been over 
the period taken as a whole. Although these 
r~sults are surprising they are not incredible 
given the way the BMP scheme operated in 
practice. 
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CHAPTER EIGHT 

THE FARM PRODUCTION EQUATIONS: SPECIFICATION, 
ESTIMAT10N AND EVALUATION 

8.1 Introduction 

This chapter discusses the specification, estimation and 
evaluation of the six farm production equations used in the 
New Zealand pig-meat model. The first section discusses the 
specification of production equations and briefly reviews 
two overseas studies of pig production. 1 Although these 
studies provide a useful background to the specification 
of pig supply functions in New Zealand, data limitations 
restrict the application of the types of specification 
used overseas. 

The second section discusses a generalised specification of 
pig supply respons~ equations in New Zealand. This section 
discusses the major determinants of supply, the lags inherent 
in the pig production cycle, and a chronology of the major 
production decisions taken by producers. Most of the 
important cha~acteristics of the pig production industry 
that effect supply have already been discussed. 

The third section discusses the specification and estimation 
of each of the six farm production equations used in the New 
Zealand pig-meat model and briefly evaluates the parameter 
estimates for each equation in isolation. Finally, the 
stability of the parameter estimates is evaluated and the 
consistency of these parameter" estimates (when compared 
across equations) is discussed. 

1. L. D. McClements, "A Model of Pig Supply", Journal of Agricultural 
Economics, Volume 20, No.2, May 1969, pV 241-250; R. A. Richardson 
and J. G. O'Connor, "Changes in the Structure of Supply Response in 
the Australian pig Industry", Review of Marketing and Agricultural 
Economics, Volume 46, No.3, December 1978, pp 220-237. 
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8.2 Brief Review of Previous Studies 

Labys discusses five major classes of determin~nts of pr~ducers 
supp1y response, (~.g. economic, ecological, technological, 
institutional and uncertainty determinants) and the deviation 
of static and dynamic relationships from microeconomic theory.2 
Economic factors normally included in supply relationships 
are the market prices of the commodity and the prices of the 
inputs used in the production process. The supply relationship 
is derived from the proposition that producers try to maximise 
profits subject to'the productio'n 'function constraint .'3 In 
terms of the underlying cost relationships, the supply curve 
of a market or industry represents the summation,of the 
relevant portion of the marginal cost curve for i6dividual 
producers. Therefore, in the static formulation, supply is 
usually cbnsidered to be a function of the price of the 
commodity of interest, the prices of inputs to the production 
process, prices of other commodities closely related in 
production and non-economic determinants such as technologica.l 
or institutional factors. 

Ecological determinants usually relate to yield levels and 
can include the effects of disease and climat.e. Although 

( 

seasonal influences are moderated by intensive pig rearing 
systems, Clements did find these factors important. in 
detenhining the number of sows not in pig in Northern Irela.nd. 4 

Technological determinants usually relate to innovations 
directly affecting the production process. However, as noted 
in Chapter Two, it is probable that improvements in dairy 
processing technology have had the greatest single impact on 
the pig industry in the late 1960s and early 1970s. Richardson 

2. W. C. Labys, Dynamic commodity Models; Sepcification, 
Estimation and Evaluation, p.36-47. 

3. A further explanation of the deriviation of supply functions appears 
in J. Henderson and R. Quandt, Microeconomic Theory, New York, 
HcGraw--Hill Book Co., 1971; L. R. Klein, An Introduction to 
~..E:1etrics Englewood Cliffs: Prentice-Hall, 1962; and E.W. 
Kehrbery, "Determination of Supply Functions from Cost and 
Production Functions", Agricultural suppl..x Fu~ctions, E. O. Heady, 
et a1 (Eds), Arnes: Iowa State University Press, 1961, pp 139-151. 

4. L. D. McClemcnts, ~ cit:" p.244 
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and O'Connor include an institut~onal variable (a dummy 
variable representing"the impoiition of wheat quotas) in 
their national sow inventory equation for Australia. 5 

Although institutional, factors are unlikely to have exerted . 
a major influence on p~g supply in New Zealand, the 1973 
grading classification change is likely to have bad a major 
influence on recorded pig production. 

Finally, determinants influencing supply that reflect 
uncertainty are often expressed in the form of expectations 
(especially producers expectations about future price levels). 
Labys notes that: 

"Nerlove suggests a number of certainty equivalents 
that might transform expectational variables into 
ones which are measurable. 6 Among these are the 
extrapolative equivalent, which assumes that 
future values of a variable will relate to its past 
value; the adaptive equivalent, which suggests 
that previously perceived errors must also be 
taken into account; and the rational equivalent, 
which implies that predictions will be made 
consistent with the economic model or assumption 
followed". 7 . 

The influence of uncertainty is particularly important in 
modelling pig" supply because producers have to adjust the 

level of matings in the breeding herd on the basis of so~e 
expectation of the price they will receive when the resulting 
progeny are slaughtered (i.e. decisions have to be baseq on 
expected price levels more than 12 months ahead). 

Apart from identifying the major determinants of producers 
supply response, it is necessary to consider whether or not 
the supply relationship is static or dynamic. McClements 

5. Richardson and O'Connor, op cit, p.227 

6. M. Nev.lore, "Time Series Analysis of the Supply of Agricultural 
Product.", in Agricultural Supply F,unctiorrs, E. O. Meady, et al 

7. (eds) p.45-49~--·---·-~·---·---·--·--

W. C. I.abys, op cit, p.37 
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assumes that farmers are constrained in adjusting the size 
~ 

of the pig breeding herd in anyone quarter: 

"The breeding herd is limited in its response 
to ,economic stimuli for two reasons. First, 
the number of sows no~ in pig in the previous 
quarter and therefore available to farmers for 
breeding will influence the size of the 
breeding herd in the current quarter. Second, 
for various other reasons farmers are unlikely 
to adjust completely to economic forces in one 
period. Uncertainty as to the permanence of 
price changes and prior resource commitments 
are obvious reasons for this inertia."8 

This partial adjustment hypothesis can be incorporated into 
the supply function and combined with a suitable expectations 
hypothesis to derive an estimating form. Desired supply is 
assumed to be a function of expected future prices: 

(8.1) 

where: 

qt* = desired supply 
Pt* = expected price 
Zt = predetermined variables 

because farmers cannot fully adjust actual s.upply to desired 
levels in one quarter. 

(8.2) 

where: 

= actual supply 
= coefficient of adjustment (0<0<1) 

combining these two equations: 

8. L. D. McClements, op cit, p.245 
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Obviously different. price equations hypotheses will result . 
in different estimating equations. 

Both the McClements and Richardson and OIConnor studies of 
pig supply divide tlie supply response into two distinct 
relationships . 

. the size of the 
final production 

The first relationship attempts to explain 
breeding herd while the second links the 
of slaughter pigs to a given breeding herd 

This is 
process and is 
pig supply.9 

a very useful division of the production 
adopted in a number of American studies of 
Unfortunately lack of quarterly data on the 

size of the sow herd precludes the adoption of this approach 
in the current study.10 

In his study of pig supply in Northern Ireland, McClements 
estimated a tour equation mod~lusing quarterly data for the 
period 1961 to 1967. McClements equations explained the 
numbers of sows and gilts in pig, the supply of fat 
(slaughter) pigs, the price for store pigs and the number 
of sows not in pig. Basically the model expresses the size 
of the breeding he.rd as a function of the profitability of 
production (i.e. feed costs and pig prices) and expected 

'lA-~~A 
prices using the hypdthesisAthe breeding herd is only partially 
adjusted to its equilibrium level in anyone period. In an 
unusual move McClements has included the price of fat sows' 

(as a p~oxy for the expectations of the breeding sector in 
future pig prices)as well as actual prices of store pigs as 
an explanatory variable. Therefore the equation explaining 
the size of the Northern Irel~nd breeding herd is the same 
as (8.3) above where Pt-1* = the price of fat sows and the 
Zt-k variables are the price of store pigs, the cost of 

9. See, for example, E. R. Arzac and M. Wilkinson, "A Quarterly 
Econometric Model of United States Livestock and Feed Grain 
Markets and Some of its Policy Implications", American Journal 
of Agricultural Economics, Volume 61, No.2 ,May 1979, pp 297-304. 

10. Although annual estima"l:es of the size 'of the sow herd are available 
it is impossible to estimate the number of sows on farms each 
quarter (even given the sow kill) because Ina quarterly figures 
on gilt retention are avai.lable. Gilts are maiden sows. 
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feed, the number of sows not in ,p.ig and seasonal dummy 
variables. It is difficult to 'appreciate why the 'number 
of sows in pig' variable is included. When the equation 
for this variable is s~bstituted into the breeding herd 
equation it only adds two mor~ (lagged dependent) variables 
to the original estimating form. 

The number of sows and gilts in pig,are then (separately) 
used to determine the production of fat pigs. McClements 
a,lso includes a variable to account for the influence of 
increasing breeding herd size on fat (slaughter) pig 
production (i.e. he takes explicit account of the fact 
that increasing the size of the breeding herd results in 
an immediate reduction in the number of fat p for sale). 

The lags in the McClements mod~l are illustrated in Figure 1 
lof his 'paper. 11 He divides the complete cycle from the 

commencement of decision making to slaughter into four periods: 
-decision making to mid pregnancy (three-five months), mid 
yr~gnency to birth' (two months), birth to store (three-five 
months) and store stage to slaughter (three months). Therefore, 
,in McClements modeli t takes about 12 -months from the time the 
decision to increase production is made, until the "fat" pigs 
are eventually slaughtered. The lags in his model reflect the 

I 

lags in this cycle~ 

These four equations were estimated using OLS. McClements 
found that the net effect of a 1 percent rise in feed prices 
and fat pig prices was a '1.5 percent reduction and a 0.4 
percent increase in the size of the breeding herd respectively. 12 

Richardson and O'Connor estimated two equation~ explaining 
pig supply in Australia (i.e. an equation fqr sow numbers 
and an equation linking sow numbers to final production) 
using annual data for the period 1953/54 to 1975/76. This 

11. Ibid p.243 

12. Ibid, p.248 
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-
simple model was recursive. Like McClements, Richardson 
and O'Connor used a production cycle (including both 
biological and economic lags) to determine the lag structure 
of their model. They assumed slightly longer periods to 
finish bacon weight pigs in the Australian situation: 

itA producers decision.to retain and join sows 
in month one would lead to marketing of porkers 
10! to 12i cionths later, or of baconer~ 13i to 
16i months later. Further lags would be 
associated with decisions to increase 
production; for example gilts cannot be mated 
until about 9 months of age, and it takes time 
to purchase additional sows and associated 
inputs to expand production. There may (also) be 
delays in forming price expectations .... "13 

They used a "general model of supply response"14 : 

where: 

-
St-l = f(Pt, Zlt-l) 

~t-l 
Pt 
Zl t-:l 

= number of sows joined in period t-l 
= expected pig price in period, and 
- an exogenous shifter in.period t-l 

and linked the size of the breeding herd to pig slaughter 
using a second equation: 

where: 
Yt = an exogenous shifter in period t 
PSt =slaughte-r of pigs in period t 

They adopted Nevlore's geometrically declining lag (of 
past prices) to determine Pt: 

13. R. A. Richardson and J. G. O'Connor l op cit, p.224 

14. !pid pP 224-228 
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-Pt -E B(l-B)r.pt_r_i 
r=O 

which yielded the fol~owing estimating form: 

where: 

PSt ::::: fl1(ESt_l) 

PPt-2 ::::: weighted average of pig prices 
for the October to September 
period prior to March 31 of 
year t-l 

PFt-2 = weighted average of grain prices 
for the December to November 
period prior to M~rch 31 of year 
t-l 

ESt-1 = sow numbers in Australia at 31 
- March in year t-l as estimated 

in the first equation 
Di = Dummy va:riables, i=l, 2 

Unlike McClements model, Richardson and O'Copnordo not use 
a partial adjustment 'hypothesis to derive their estimating 
equation (the lagged dependent variables parameter is the 
"coefficient of expectation!' rather than the "coefficient 
of adjustment'l) anrt neither do they hypoth~sise that current 
production levels will decline if the sow herd increased. 
Given the different data periodicities, the first difference 

reconcilable. However Richardson and O'Connor's 
slaughterings equation must be considered an oversimplification 
of reality. 

Richardson and O'Connor reported short run elasticities of 
supply with respect to pig prices of between· 0.72 and 1.06 (for 
different sample periods) and elasticities of supply with 
respect to feed costs of between ~0.53 and -1.12. 15 

15. Ibid p.230 
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8.3 Generalised Specification o~ Pig Supply 
Response in New Zealand 

This section discusses the major determinants of New Zealand 
pig producers suppl~ response and develops a production cycle 
which can be used to herp identify the important lags in 
this response. The major production decisions taken by the 
farmer during this production cycle are also identified. 

8.3.1 The Determinants bf Production 

Chapters Two: and Three discussed the structural 
characteristics of the pig industry in detail and illustrated 
the impact that the declining availability of dairy bY-product$ 
has had on the character of the industry. It was apparent 
from that discussion that these structural changes would have 
to be clearly identified in the production equations even 
though the estimation period had been selected to minimise 
the impact of these structural changes. It was also apparent 
from the discussion in these chapters that, although some 
city waste and dairy by-product feeding persists, the pig 
industry has become ~ predominantly gr~in based economy. 
Given that feed costs represent about 70 percent of the 
total costs of producing a slaughter pig, these costs are 
likely to be amajqr determinant of pig supply. However, it 
is unlikely that these costs are the only determinants on 
the cost side. The quantity of dairy by-product available 
is also likely to influence feed "costs". 

The opportunity cost of labour could also be important; 
especially with respect to lar~er part time and smaller 
full time producers whose production decisions are the most 
significant influence on the stability of production (See 
Table 3-2). The Agricultural Statistics indicate that, of 
the total number of working owners in the IIPig Farmingll and 
"Pig Farming with Other" farm types, '35 percent and 33 percent 
respectively worked less than 30 hours per week on their farms 

, I 
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(compared with 26 percent for all farm types).16 A large 
number of these working owners are likely to be part-time 
pig producers. The production decisions of these producers 
are likely to be sensitive to the real wage rate (i.e. pig 
production has to compete with all other forms of economic 
activity for the time of these producers). 

It is unlikely that the profitability of other types of 
farming activity will have a major impact on pig production. 
Yandle observed an inverse relationship between pig numbers 
and the price of butterfat during the period when pig 
production was closely associated with dairy production. 17 

However, Chapter Two noted that this dairy-pig production 
regime was eroded throughout the 1960s and by 1970, 77,percent 
of dairy factory suppliers supplied whole-milk. The 1978 
Agricultural Statistics indicate that only 8 percent of 
the national,.pig herd was held on dairy farms, and over 
64 percent of the total pig herd was operated by farmers who 
relied on pig p:toduction as their primary source of income. 

Pig production is therefore likely to be primarily determined 
" by the price of slaughter pigs, the cost of feed, the supply 

of dairy by-products, the level of real wages, seasonal 
factors, and producers expectations about future price 
movements. 

8.3.2 Lags in the Production Cycle 

Because of the diversity of pig "production systems it is 
, very difficult to 'quantify an "average" production cycle. 

The production cycle will vary according to the type of feed 
used, the capital intensity of production (which implies a 
varying degree of control over the pigs environment), the 

16. Department of Statistics, Agricultural Statistics 1975-76, 
. Table" 40, p.62. 

17. C. A. Yandle, An Econometric st.udy of the New Zealand Meat 
1968, p.15. 
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management ability of the farmer, and the type of pig (i.e. 
porker or baconer) that the farmer is attempting to produce. 
Therefore both management and biological factors can have a 
major impact on the length of time taken from the weaning of 
one litter to the slaughter of the next. For example, it is 
technically possible (allowing for a 16 week gestation period" 
a six week lactation period and a one week period between 
weaning and remating) to obtain 2.26 litters per sow per year. 
However, management factors can alter the lactation period 
(from between three weeks a.nd eight weeks in a commercial 
situation) and the period from weaning to remating (e.g. if 
sows do not conceive,at first mating three weeks are lost). 
In a survey covering only nine meal feeding farms, the PIC 
found that the farrowing index (litters/sows/year) averaged 
1.87 with 2.1 for the top 30 percent and 1.57 for the bottom 
30 percent. 18 This is consistent with a four week weaning 
to remating interval and an eight week suckling period on 
the "average" farm in the survey. 

The period from birth to slaug~ter is also,highly variable. 
Using growth rates of 0.75kg average daily liveweight gain 
(excellent) to 0.37kg average daily liveweight gain (very 
poor) the Council has calculated that the period from weaning 
to slaughter at bacon weight can vary between 14.2 and 29 
weeks. 19 Using similar calculations, the period from 
weaning to slaughter at pork weight would vary between 7.8 
and 15.8 weeks. Combining the "average" weaning-to-weaning 
lag (the breeding lag) with the va'riable weaning-to-slaughter 
(groW,ing) lags would produce the following production cycle: 

18. Pork Industry Council, 'Pig Production and Mana~~ent Man~al, 
1977, Production Section, p.7. 

19. Ibi£, Production section, p.a. 
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Porker Weight 

I 
\II ...v 

Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

t I t j 
Birth of Weaning Bacol1er Weight 

i t 
Previous Effective 
Litter Service Pl:'.ogeny of 
Weaned progeny\ 

.This lag structure is very similar to that reported by RichardsOl 
and O'Connor for Australia and longer than that used by McClemeni 
for Northern Ireland. 

Apart from these lags associated with the production cycle, 
additional lags are associated with decisions to change the 
level of production. Firstly there are further biological 
and management lags. Although individual farmers can buy 
capital stock, the aggregate level of capital stock cannot 
be increase9.in this manner. Changes in the national sow herd 
will be a result of increasing the number of gilts in the herd 
aIld/or decreasing the number'of sows being culled from the 
herd. Biologically, the ability t.o quic~lY increase the 
aggregate level of matings is more constrained than the 
ability to achieve a corresponding decrease. Provided works 
space is available, the number of matings can be reduced by 
simply killing capital stock and potential capital stock. 
However,· if farmers wish to increase the number of matings in 
the herd their ability is constrained by the number of potential 
cull stock that can be retained (e.g. on husbandry grounds), 
the number of female bacon weight, pigs of breeding worth on 
hand, and the two to .three month lag required. before bac~m weight 
pigs reach a matable sj.ze. However, the desire to maintain 
a steady throughput of pigs on the farm (to keep utilisation 
of the available pen space up) also limits the farmers 
willingness to make sharp adjustments to the number of 
matings. Therefore, in practice, it is unlikely that the 
lag structure associated with increases and decreases in the 
size of the breeding herd is asymmetrical. It is also 
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important to note that, although management practice will", 
smooth adjustments j,n the size of the, breeding berd oet;ween 
weeks and months, adjustment can ,still be relatively speedy 
over a quarterly period. Assuming an average 1.87 farrowing 
index, 46 percent of the breeding herd will farrow in any 

, . 
one quarter which means that farmers can change the level 
of matings and not effect the contj.nui ty of production as 
long as the change was spread over two quarters. 

Secondly, there may well be delays ~n farmers reactions to 
price changes (i.e. a lag betwe~n changes in prices and 
farmers decisions to change the size of the breeding herd). 
This could be due to farmers uncertainty about the permanence 
of price changes (as McClements suggests) and reflects 
farmers ,p!i~e expectations behavi9u~. McClements makes the' 
fairly arbitrary assumption that farmers make decisions 
concerning the level of matings i~ the herd about one month 
after a giyen price change. 20 The actual lag between price 
changes and farmers' responses will depend on the way farmers 
form price expectations. For example, farmers may have 
extrapolative expectations about prices based on an intuitive 
cyclic model of the market. ,This would imply that farmers 
would react quickly to price changes perceived as the start 
of cyclic ~pturns or downturns. 

'raking the econqmic I biological and management lags together 
it would be reasonable to expect that changes in the slaughter 
of bacon weight pigs would, occur in response to price changes 
that had occurred some five to seven quarters previously. It 
would also be reasonable to assume that most pork weight 
pigs are sold in the quarter before bacon .weig~t pig~ reac~ 

mar,ketable weight. 

20. L. D. McClements, op cit, p.242 
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8.3.3 The Generalised Specification of the Supply 
- - Resbons~ - A Model of ' Production Decisions 

Pig Producers have two main production decisions separated 
chronologically; the level of productive capacity (or 
matings) and the weight ~t which pigs should be marketed. 

-As the level of production is determined by these decisions, 
the production relationship must reflect the factors important 
in determining the level and timing of these decisions. 

A decision to change the number ofmatings in anyone quarter 
will have two major effects: it will have an'inverse impact 

on production in the same quarter and a larger direct impact 

on production_ fi veto, seven' quarters after ,the 'decision is 
made. The immediate inverse impact occurs as a result of 
an increase in the number of slaughter weight pigs retained 
for breeding purposes and the lagged positive impact is a 
result of the increased productive capacity. This decision 
is based on farmers perceptions of the relative profitability of 
production at point of sale (i.e. five to seven quarters ahead). 
It is therefore affected by factors that determine the 
relative profitability of pig production.(pig prices, feed 
costs, dairy by-product supplies and the level of real wages) 
farmers expectations about the level of these factors 
when slaughter weight pigs are sold, a~d farmers' ability to 
change the herd size within anyone quarter. 

, -
Without considerable prior investigation it is impossible to 
determine how pig farmers in New Zealand form'relative 
price expectations. Therefore a number of expectations 
"models" were used in specifying the production equations 
estimated in this study. It is al~o difficult, a priori, 
.to determine whether or not farmers will adjust partially 

~ :or fully to price changes given any particular lag structure. 
,'"Finally, it is also difficult a priori to determine the 

exact length of lag between price changes and output 
"responses. These d:lfficul ties require that a number of 

",' SlJecifications be pre-tested (1. e. on a smaller sample size) 
before the final specification is chosen. Initially 

I 
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polynominal distributed lags (Almon lags) were used with 
the maximum number o:f periods .( f. e. seven "quarters) and 
minimum number of restrictions. However, the Almon variables 

;Y)... 
so calculated suffered from serious multicollearity problems 
so this procedure was discontinued and pointAestimates of lag 
values specified; 

The general specification of the production equations includes 
-both partial adjustment and extrapolative price expectations 
behaviour. Using the' same notation as above we can derive 
a generalised estimating form with both partial adjustment 
and extrapolative price expectations: 

Wheh price expectations are extrapolative: 

Pt* = Pt-k + S(Pt-k 
" 

where k = length of economic, biological and 
management lags. 

Substituting B.5 into 8.3: 

(B .1) 

(B.2) 

(B.3) 

(B. 5) 

(8.6) 

Equation 8.5 states that expected price is a function of the 
previous actual price plus or minus a fraction of the previous 
price change. If producers have an intu.itive cyclic model 
of " the market we would expect 13 to be positive (implying that 
producers expect prices to continue going up or down). This 

, r . 
implies that producers are unable to accurately predict 
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The second major production decision made by producers 
~oncerns the weight at which live pigs should be marketed. 
This decision will be made by different types of producers 
at different stages in the production cycle and in resp6nse 
to different factors. When the da~ry-pig production regime 
was predominant the market weight of pigs was a function of 
the availability of skim-milk. When plenty of skim-milk 
was available virtually all pigs were taken on to the 
maximum slaughter weight. On the other hand, grain feeders 
are sensitive to the relative farm price of pork and bacon 
weight pigs as well as the feed costs involved in increasing 
slaughter weights. We would expect a high baconer/porker 
price ratio combined with low feed costs to produce the 

. greatest diversion of slaughter pigs into the baconer weight 
category. 

What is less obvious is the stage in the production process 
at which producers will mal(e this decision. "Specialist II 
porker producers are likely to consider the relative price 
of each grade when the production capacity decision is nlade 
and modify it in the light of eventual relative profitabilities. 
This would minimise the problems caused by production 
discontinuities while allowing for these costs to be traded 
off against the gain whi'ch may be realised in the final period. 
Specialist pig "fatteners" (who buy weaner pigs and keep them 
through to slaughter weight) are likely to make their decisions 
at weaning age and modify them in the l~ght of real ed 
prices. However, the greatest number of producers are likely 
to adjust production plans in the light of realised prices 
(i.e. make the decision on marketing weight when pigs reach 

. porker weight),. 

a.4 Specification, Estimation and Evaluation of e~6h of 
the Farm Production Equations Used in the New Zealand 

. Pig-Meat Model 

Because of the distinctive nature of each of the six production 
types identified in this study the specification, estimation 
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and evaluation of each of these equations is treated 
separately in this section. A~ brief evaluation 
of the equations, as a ) appears in section 8.5 
along with an examination of the stability of each equation. 
The evaluation in tbis section is primarily concerned with 
the internal consistency of each equation, however in 
section 8.5 we are primarily concerned to evaluate 
parameter consistency between equations. 

8.4.1 Production of Bacon Weight Pigs in the North Island 

The specification of this equation is very similar to the 
generalised specification discussed in section 8.3 above. 
Supply lags of between five and seven quarters were tested 
and the five quarter lag gave best results. Therefore,· 
production is assumed to be a 'function of: 

(a) Factors determining the relative profitability 
of pig production in the North Island lagged five 
quarters. These factors are the farm price of 
baconer pigs, the cost of feed,. the lItrend" 
supply of skim·...:milk and the real wage rate. 
Apart from the real wage rate, all variables 
describe ~9rth Island conditions only .. The 
trend su~ply of skim-milk is a simpl~ four quarter 
moving average and was explicitly included to 
reflect the structural changes that have 
occurred in the industry. The change in the 
farm price of baconer pigs was also included 
to reflect extrapolative expectations. These 
variables determine baconer producersl level 
of matings (i.e. the change in production 
capacity). Therefore we would expect ,the 
lagged 'farm price' and 'average skim-~ilk 
supply' variables to have positive parruneters 
and the lagged '~eal wage' and 'feed cost' 
parameters to be negative. 
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(b) Factors determining the relative profitability 
of different marketing wei~hts for live pigs. 
Unfortunately, because of multicollinearity 
problems, the baconer/porker farm price variable 
could not be included. Therefore these factors 
are represented by the 'farm price for porker 
pigs' and the 'feed cost' variables lagged one 
quarter. We would expect the estimated 
parameters for these variables to be ·negative. 

(c) The factors determining the relative 
profitab~lity of pig. production in the current 
period. Lagged five quarters these factors 
det·ermine the number of bacon weight pigs 
retained for breeding purposes. Therefore we 
would expect the signs. of the parameters 
associated with these variables to be opposite 
to those noted in (a) above. However, the 
current cost of feed was rejected as an 
explanatory variable because it was insignificant 
and had an incorrect sign. This result could 
have been due ·.to multicollinearity hetween this 
variable and lagged feed cost. Further 
experimentation with the form of these variables 
may overcome this problem (e.g. the variables 
could be combined using a priori weights 
calculated on the basis of the variable's 
importance in net receipts (e.g. "gross margins" 
could be used)). 

(d) Skim-milk production lagged one quarter was used 
as a proxy for the seasonal impact of dairy by.-
product fed pigs coming onto the mark~t. We 
would expect this parameter to be P9sitive. 

(e) Seasonal dummies were included-was a dummy 
variable to take account of the influence of 

, , 
the 1973 grading classification change. 
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In the original specification the lagged depenqe~t variable 
was also included in the equation (as a result of the . 
adoption of the part~al adjustment hypothe~is) however 
this variable was very insignificant so the partial 
adjustment hypothesis was rejected for North Island bacon 
producers, 

This specification was estimated using quarterly observations 
for the period 1970 (first quarter) to 1979 (second quarter) 
using 2SPC. Data for the supply of skim-milk prior to 1968 
was used to allow the laverage skim-milk supply' variable to 
be lagged five quarters without having to sacrifice degrees 
of freedom. This estimation yielded the following result: 

where: 

PBN ~ 6,879.74 + 25.04 L5FPBN + 6.80 L5CFBN 
( 7.82) (4.93) 

-4.44 L5FEDN - 2:58 L5WGE + 0.759 L5ASN 
(3.99) (2.19) (0.4189) 

-33.31 L1FPPN - 9.50L1FEDN + 0.397 L1SKN 
(15.68) (8.03) (0.07) 

-4.646 DFPBN + 3.34 DWAGE - 1.288 ASKMN - 1,253.45 D20Q 
(11.39) (2.98) (0.410) (525.01) 

+ 507.7 D2 + 192;2 D3 + 451.5 D4 
(224.9) (274.0) (236.4) 

R2 ~ 0.83, DW- = 1.9 (figures in brackets are standard errors) 

PBN = 
L5FPBN = 
L5CFBN ~ 

L5FEDN = 

L5WGE ~ 

L5ASN ~ 

L1FPPN = 

LIFEDN ~ 

Production of bacon weight pigs in the North 
Island (tonnes) -
Real farm price of baoncers in the North Island 
lagged five quarters 
Change in real ~arm price of North Island 
bancers lagged five quarters. 
Real Feed costs in the North Island lagged five 
quarters _ 
Real average weekly wage rate lagged five quarters 
Average skim-milk production in North Island 
lagged five quarters. , 
Real farm price of porkers in the North Island 
lagged one quarter 
Real feed costs in the North Island lagged one 
quarter 
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DFPBN. = Real farm price of baconers in the North 
Island 

DWAGE 
Ai::H\'MN 
D20Q 

Di 

= Real average weekly wage rate 
= Average skim-m~lk proauc~ion in North Island 
= Dummy variable for change in grading 

classification 
= Seasonal dummies (i = 2,3,4) 

All the parameters in the equation have the expected sign and 
the explanatory variables explain 83 percent of the variation 
in the dependent variable. The Durbin-Watson statistic 
indicates that no autocorrelation is present. Although all 
the variables except the current farm price of baconers and 
D3 have smaller standard errors than parameter estimates, 
L5FEDN, L5WGE, DWAGE, L1FEDN and L5CFBN all have parruneters 
not significantly different from zero at the 10 percent 
level. However, multicollinearity is like~y to have had an 
influence on the standard errors of some of these variables. 

The correlation coefficient between the current real baconer 
price and the lagged real porker price is 0.78 and although 

. the figures in Table 8.2 indicate that these tW9 parameters 
are reasonably stable, the lagged porker pii~e has increased 
while the baconer price has decreased. The parameter 
attached to L1FPPN also appears to be tao·large.on a priori 
grounds; it implies too much substitutability between porker 
and baconer production. The insignificance of the current 
baconer price is also implausible. We would expect a low 
parameter value attached to this variable but we would 
expect it to be significantly different from zero. Given 
the probability that multicollinearity has affected both 
L1FPPN and DFPBN parameterestimat~s, i~ would be foolish 
to reject the current baconer price as being insignificant. 

The relative size of the cu.rrent and (five quarter) lagged 
baconer price elasticities are acceptable (See Table 8-3). 
A 1 percent increase in the baconer price will result in a 
0.15 percent decrease in the supply of baconer weight meat 
in thA ~H.mA (marter which is eauivalent to about 83 
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83 extra gilts produce 8 pigs per litter an extra 50 tonnes 
of pig-meat should be produced in quarter t+5. At average 
weights. this would represent a 1.19 percent increase in 
production which is virtually identical to the (five quarter) 
lagged baconer price elasticity. The price elasticity of 
supply of 1.1 is very sim~~ar to similar elasticities reported 

, for Australia by Richardson and O'Connor. 

The relative sizes of the five,quarter lagged and current real 
wage and skim-milk variables are not as acceptable as the 
comparable baconer price parameters. The current value 
parameters for these two series are both larger than the lagged 
value parameters (the opposite to what would be expected on 
a priori grounds). It is possible that multicollinearity 
has affected all of these parameter estimates. A matrix 
of the largest correlation coefficients associated with 
these variables is reproduoed in Table 8-1 'below. However, 
the figures presented in Table 8-3 indicate that all of 
these parameters are reasonably stable. 

Tab1e' 8-1 

Correlation Matrix of the Highest Correlation Coefficients 
Between Explanatory Variables in the North Island . 

Raconer Production Equation 
L5WGE L5ASN DWAGE ASKIMN LIFEDN 

L5ASN -0.80 1.0 -0.50 0.98 -0.41 
L1SKM -0.62 0.74 -0.54 0.76 -0~26 
ASKIMN -0.85 0.98 -0.56 1.0 -0.34 
D20Q -0.75 0.89 -0.48 0.87 -0.60 

-
......... -_ . ... 

Finally, the relative size of the »ne .qriarter and five quarter 
lagged feed cost parameters is surprising. These results 
suggest that baconer production is more sensitive to feed 
costs when pigs are at porker weight than it is to feed 
costs when mating decisions are made. Although no 
documented a priori evide~ce isavailab,J.e on the impact of 
the relative attractiveness of porkeT production to 
"speeia:\ist" bscof'o ~~oduC6:!.:r.s i1:;.is difficult to believe 
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8.4.2 Production of Bacon :Weight Pigs in the South Island 
..... 

The specification of this equation is also very similar to 
the generalised specification discussed above. Again supply 
lags of between fiwe and seven quarters were tested and the seVE 
quarter lag gave best results. The original specification 
included 'average skim-milk production' and 'real wage' 
variables on a similar basis as the North Island equation 
above. However, neither of these variables, were significant 
and were ther,efore rejected. Therefore I South Island bacon 
production is specified to be a function of: 

(a) Factors determining the relative profitability 
of pig production in the South Island lagged seven 
quarters. These factors are the farm p~ice 
of pigs, the cost of feed and the change in 
the farm price of pigs. As these variables 
determine South Island bacon producers level 
of matings we would expect the parameters 
associated w~th the farm price and the change 
in farm price of pigs variables to be positive 
and the feed cost parameter' to be negative. 

(b) Factors ,determining the relative profitability 
of different marketing weights for l~ve pigs. 
These are represented by the real farm price 
of baconers/porkers ratio and the real feed 
cost lagged one quarter. We would expect the 
parameters associated with these. variables to 
be positive and negative respectively. 

(c) Factors determining the relative profitability 
of p production in the current period. These 
factors were represe~ted by the real price of 
baconer pigs/real cost of feed ratio which we 
would expect to be positively r~lated to 
production in the current period. 



182 

(d) Factors representing the influence of dairy 
by-product feeding on production. These 
were represen~ea oy tne current and lagged 
values of the 'quantity of skim milk' variable. 
We would ~xpect both paramet~rs to be positive 
and the current value·to have a l?arameter 
larger than the lagged'value (i.e. because 
current supplies of skim-milk will tend to 
increase the aVerage w'eight of baconer pigs 
produced) . 

(e) The lagged dependent variable. 

(f) The ,four dummy variables used iIi the North Island 
baconer equation. 

This specification was estimated using quarterly observations 
for the period 1970 (fourth quarter) to 1979 (second quarter). 
Because the equation includes a lagged dependent variable (and 
therefore the Durbin-Watson test is not applicable) the 

"" equation was estimated using 2SPC (CORe) and p tested for 
significance. 
percent level 
the following 

. . 

As this statistic was sighi1icant at the 10 
the 2SPC (CORC) equation was used and yielded 
result: 

PBS = 472.12 + 6.77 L7FPBS - 1.79 L7FEDS + 1.396 L7CFBS 
(1.5) (1.22) (3.27) 

+ 1,290.5 L1PBRS - 5.899 L1FEDS - 0.0059 LISKS 
( 362.9) (1.45) (0.105) 

+ 21.04 DBFRS + 0.488 SKIMS - 1,278.76 D20Q 
(224.a) (0.116) (185.32) 

+ 501.59 D2 + 223.76 D3" -- 274.82 D4 + 0.345 L1PBS 
(91.39) (118.00) (126.17) (0.112) 

" R2 = 0.975, p = -0.261, figures in brackets are standard 
errors 



wbere: 
PBS = 
L7FPBS = 
L7FEDS = 
L7CFBS = 
L1PBRS = 
L1FEDS = 
L1SKS = 
DBFRS = 
SKIMS = 
D20Q = 
Di = 
L1PBS = 
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Production of bacQn weight pigs in the South 
Island. (tonnes)· 
Real farm price of baconers in the South 
Island lagged seven quarters 
Real cost of feed in the South Island lagged 
seven quarters 
Change in the real farm price baconers in 
South Island l~gged seve~ quarters 
Ratio of farm price of baconers/porkers in 
South Island lagged one quarter 
Real cost of feed in the South Island lagged 
one quarter 
Supply. of skim-milk in the South Island lagged 
one quarter 
Ratio of farm price of baconers/feed costs in 
South Island 
Supply of skim-milk for change in grading 
'classification 
Dummy variable for change in grading 
classification 
Seasonal dummies (i = 2,3,4) 
Lagged dependent variable 

All the parameters in the equation have the correct sign except 
L1SKS which is not significantly different from zero. The 
explanatory variables explain more than 97 percent of the 
variation in the dependent variable. All of the parameter 
estimates are significantly different from zero at the 10 
percen't level except' L7CFBS, L1SKS and DB FRS .. An examination 
of the correlation matrix indicates that multicollinearity is 
only likely to ~ffect L1SKS (it has a coirelation coefficient 
of 0.62 with D20Q)~ 

These results suggest that the current profitability of baconer 
production does not effect current production in the South 
Island and that South Island producers have naive rather than 
extrapolative price expectations. This is consistent with the 
seven quarter lag between price changes and production responses 
which impLies that either South Island producers are considerably 
less efficient at producing pigs (and therefore have longer 
management lags in production) or South Island producers 
require longer periods to react to price changes. If the 
latter is true then changes in the productivity of production 
are unlikely to have a significant effect on production in 
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the same quarter (because a large number of producers will 
not have decided to change their production). 

The relative sizes of the elasticities shown in Table 8-5 
indicate a considerable sensitivity of baconer production 
to the relative profitability of porker pr'oduction. The 
production of bacon weight pigs appears to be more sensitive 
to the relative profitability of porker production than it 

, is to the profitability of baconer production at time of 
mating. The elasticities associated with changes in L7FPBS 
and L7FEDS appear a little low in comparison with comparable 
elasticities derived from the North Island equation and the 
elasticities reported by Richardson and OIConnor for Australia 
(although> the price elasticity is similar to that reported 
by McClements for Northern Ireland). Given the structural 
characteristics of production in the South Island we would 
expect South Island bacon production to be considerably 
more sensitive to feed cost fluctuations than North Island 
production. 

Finally, the parameter associated with the ,lagged, dependent 
variable is significant at the 5 percent level and implies 
a coefficient of adjustment of 0.655 (i.e. that in anyone 
quarter, producers only make 65 percent of the adjustment 
in the level of production that they desire to make). 

8.4.3 Production of' Pork Weight Pigs in the' North Island 

The specification of the porker supply equations for each 
island has to be consistent with the baconer supply equation, 
for the same island and has to reflect the dual influence of 
"specialist" porker producers as well as the residual and 
speculative nature of pork production emanating from 
"specialist" baconer producers. "Specialist" porker 
producers are assumed to vary the size of their breeding 
herd in response to changes in the farm price for pork and 
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bacon lagged four quarters. This implies the same lag structure 
for both porker and baconer production in the North Island. 

'I'he inclusion of North Island baconer production as an 
explanatory variable reflects the residual nature of porker 
production. We would expect the parameter associated with 
this variable to be positive (i.e. when baconer production 
is high there will be a larger number of potentially bacon 
weight pigs slaughtered at pork weights as baconer producers 
attempt to keep pen utilisation high). 

The speculative motives of both types of producers are 
captured by the inclusion of current price and cost variables. 
The production of pork weight pigs will increase as the 
farm price of porkers increases and the ratio of the farm 
price of baconersjcost of feed decreases. 

Both current and lagged values of the 'supply of skim-milk' 
variable were included to account for the effect of dairy 
by'-product supply on porker production. We would expect 
the lagged value to have a higher parameter than the current 
value (which could,on a priori grounds, be either positive 
or negative). As the current supply of skim-milk increases 
farmers will decide to take pigs to heavier weights. This 
will increase the supply of porker pigs (expressed in tonnes) 
only if the increase in the average weight of porker pigs is 
not offset by a decrease in the total number of porker pigs 
(as increased liveweight pushes pigs into the baconer category). 

The four dummies included in the baconer equations are also 
included in this equation along with the lagged dependent 
variable. 

This specification was estimated using quarterly data for 
the 'period 1970 (first quarter) to 1979 (second quarter). 
Because this equation includes a lagged dependent variable 
it was ini.tially estimated using 2SPC (CORC). , The estimate 



186 

for p was tested and found significant at the 1 percent level 
so the 2SPC (CORe) equation was retained. This estimation 
yielded the 10110wlng results: 

PPN = -1,420.32 + 1.231 L4FPPN 
(3.1.2) 

4.078 L4FPBN 
(3.057) 

+.0.35 PBN - 689.2 DBFRN + 5.815 DFPPN 
(0.08) (477.8) (4.12) 

+ 0.049 L1SKN + 0.03 SKIMN + 254.77 D20Q 
(0.022) (0.02) (158.40) 

+ 726.78 D2 + 623.45 D3 + 593.42 D4 + 0.7647 L1PPN 

, 
where: 

(140.60) . (115.07) (134.42) (0.1238) 

" R2 = 0.95, p = -0.536 (0.138), standard errors are 

PPN 

in brackets 

= Production of pork weight pigs in the North 
Island (tonnes) 

L4FPPN 

L4FPBN 

PBN 
DBFRN 

== Real farm price porkers in North Island lagged 
four quarters 

DFPPN 
L1SKN 

SKIMN 
D20Q 

Di 
L1PPN 

= Real farm price baconers in the North Island 
lagged four quarters .' 

= Production of baconers in the' North Island 
= Real farm price baconersjReal feed costs in 

North Island 
= Real farm price in the North Island 
= Skim-milk supply on North Island lagged one 

quarter 
= Skim-milk supply in North Island 
= Dun~y variable for change in grading 

classification 
- Seasonal dummies (i = 2,3,4) 
= Lagged dependent variable. 

'AII the estimated parameters have the expected sign and the 
explanatory variables explain 95 percent of the variation in 
the dependent variable. Although all the variables except 

~~ . 
" 

.' 

the lagged porker price have standard errors smaller than the 
parameter estimate, DBFRN, DFPPN, L4FFBN and SKIMN are all' 
insignificant at the 10 percent level. However, multicollinearity 
is likely to have had an influence on some of these standard 
errors. The lagged pork and bacon prices are highly correlated 
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(R = 0.83) although the parameter estimates. for these 
variables are reasonably stable (see Table 8-2). The current 
Iarm prlce OI porK l~ curreLa~eu Wl~n 1~8 lagg~ti value 
(R = 0.59) although its parameter also appears to be 
reasonably stable. The baconer price/feed cost ratio is 
correlated with current levels of baconer production 
(R = -0.51) although this parameter also appears to be stable. 
The lagged dependent variable has a large parameter estimate 
associated with it . which implies that porker production 
adjusts slowly towards the "desired" level. This is 
difficult to accept. The relatively small size of the 
porker market should allow for at least as speedy an 
adjustment of porker production to desired levels as 
baconer production. 

The relative size of the elasticities reported in Table 8-3 
indicates that porker production is dominated by the 
"residual" production of porkers by "specialist" baconer 
producers (a1 percent increase in baconer production 
results in a 0.6 percent increase in porker production in 
the same period). The influence of the relative profitability 
of baconer product ion appears tore weak· (espeaially when 
compared to the degree of substitutability implied by the 
elasticities derived from the baconer equation). This 
point is taken up i.n the next section when parameters are 
checked for consistency across equations . 

. 8.4.4· . Production· b·f Po"rk Wei·gbt· Pigs in the South Island· 
------------------------~----

Because of the relatively small size of the porker market 
in·the South Island and the greater homog~neity of production 
techniques (i.e. the greater predominance of grain feeding) 
a slightly different approach was used in speci~ying the 
South Island porker supply equation. Porker production in 
the South Island is dominated by baconer production because 
there is only a limited number of "specialist" porker producers. 



188 

Therefore supply is primarily a function of the number of sows .. 
mated for baconer production (,"residual" supply will be directly 
related.to the level of sows mated in some. previous period) and . ~, ':' 

the proportion of "potential baconers" diverted into the porker 
market. The influence of specialist porker producers is 
represented although this isn't particularly significant. 

The South Island baconer production equation implies that 
the number of sows mated is a function of the real price 
of baconer pigs and real feed costs lagged seven quarters (the 
first difference parameter was not significantly different 
from zero). This is represented in the South Island porker 
equation by the ratio of real baconer farm prices/real feed 
costs lagged seven quarters. 

The influence of "specialist" pork producers (who may add 
to the number of sows mated within the seven quarter lag) is 
reflected by the inclusion of the real farm price of porkers 
and of feed costs both lagged three quarters. It is difficult 
to speculate how iong this lag should be on a priori grounds. 
Because of the relatively small size of the porker market 
in the South Island~ "specialist" porker producers are able 
to purchase breeding stock to increase herd numbers in 
aggregate. The~e are also a number of producers who buy 

weaner pigs and pro~uce porker pigs'(i.e. their enterprise 
has no breeding herd). The lag applicable to these types 
of producers as a group .could vary between six quarters and two 
quarters~ The three quarter lag yielded the best result. Given 
the ratiohale for including these variables we would expect 
the lagged porker price to have a positive coefficient and the 
lagged feed price a negative coefficient. 

The final decision on which weight to market· pigs occurs in 
the quarter live pigs reach porker weight. Three variables 
~ill affect this dec~sion; the price of baconer pigs, the 
~ost of feed and the availability of skim-milk. We would 
exp~ct the parameters associated with 1<hEt 'price of baconers 
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and the cost of feed to be negative and positive respectively 
(e.g. increased baconer prices and reduced feed costs 
lncrease ~ne benel1~S ana reduce the costs of taking pigs 
onto bacon weight). Again it is difficult, a priori, to 
determine the sign of the :parametei' associated with the 
current supply of skim-milk variable. However, it is 
more likely that this parameter will be negative in the 
South Island (where baconer producers are likely to use more 
skim-milk to take more pigs through to bacon weights) 
compared with the North Island (where porker producers are 
likely to use the same situation to increase the average 
weight of porker pigs). The lagged value of skim-milk 
supply is also used as an explanatory variable and should 
be positively related to porker supply (i.e. declining 
supplies of skim-milk available for growing (rather than 
finishing pigs) should act to depress porker p.roduction). 

The four dummies included in the baconer equations are also 
included in this equation along with the lagged dependent 
variable. 

This specification was estimated using quarterly data for 
the period 1970 (third quarter) to 1979 (second quarter). 
Because this equation includes a lagged dependent variable 
it was initially estimated using 2SPC (CORC). The estimate 
for p was tested and found insignificant at the 20 percent 
level (its t ratio was only 0.3). Therefore a 2SPC 
estimate was used and·yielded the following result: 

PPS = 500.98 + 213.91 L7BFRS + 0.3817 L3FPPS - 1.64 L3FEDS 
( 98. 0 ) ( 0 . 57 ) ( 0 . 49 ) ._ 

+ 0.063 L1SKS - 0.065 SKIMS + 0.205 DFEEDS - 0.627 DFPES 
. (0.04) (0.038) (0.503) (0.620)' 

+ 640.5 D20Q + 44.18 b2 - 8.846 D3 + 204.25 D4 + 0.134 L1PPS 
( 84.1) (37.90) (49.2) (46.82) (0.102) 

R2 = 0.984, DW = 1.79, figures in brackets are 
standard errors. 



where: 
PPS 

L7BFRS 

L3FPPS 

L3FEDS 

L2SKS 

SKIMS 
DPEEDS 
DFPBS 

L1PPS 
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= Production of pork weight pigs in the South 
T~l~nn (+nnnp~) 

= Real farm price baconers/real feed cost 
ratio lagged seven quarters 

= Real farm price porker pigs in the South 
Island lagged three quarters 

= Real cost of feed in the South Island lagged 
three quarters 

= Supply of skim-milk in the South Island 
lagged one quarter 

= Supply of skim-milk in the South Island 
= Real cost of feed in the South Island 
= Real price of baconer pigs in the South 

Island 
= Lagged dependent variable 

All the parameters in the equation have the expected sign and 
together the explanatory variables explain 98 percent of the 
variation in the dependent variable. Thr~e variables 
(L3FPPS, D2 and DFEEDS) have parameters smaller than the 
parameter standard error and the L1SKS, DFPBS, D2 AND L1PPS 
Parameters are not significantly different from zero at the 
10 percent level. Multicollinearity may have had some effect" 
on the error values associated with these values, however 
(apart from L1PPS) none of the coefficients .. in the correlation 
matrix exceed 0.63 and the figures reported in Table 8-4 
indicate that none of these parameters are unstable. The 
correlation between L1PPS and D20Q is very high (R = 0.93) 
and this is likely to have influenced the standard error 
associated with both variables parameters (although both 
parameters appear stable). 

An examination of the elastici~ies in Table 8-5 indicates 
that porker production in the South Island is relatively 
insensitive to changes in the explanatory variables. The 
total number of sows mated (itself a function of L7BFRS) 
and the relative profitability of baconer production in the . . '-

current period are important influences on porker production. 
However, the third quarter lagged response of production to 
the relative profitability of porker production is 
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unacceptably asymmetric (being far more sensitive to feed 
costs than farm prices for porker pigs). The low value for 
the lagged dependent variable indicates that pork production 
adjusts rapidly to desired. levels (the coefficient of 
adjustment is 0.866) although collinearity with D20Q has 
probably affected this estimate. 

2;4.5- . Production of Choppers in the North and South Island 

As chopper pigs are primarily cull breeding stock, the supply 
of chopper pigs will be directly related to changes in herd 
size. However) farmers caq alter the size of their breeding 
herd by either changing the number of breeding stock killed 
or the number of gilts entering the breeding herd. 
Unfortunately no time series are available" which describe 
quarterly movements in either the level of the breeding herd 
or the number of gilts retained by producers. This section 
describes the derivation of the chopper supply functions 
from a definition of the sow kill to a form that is able to 
be estimated with the data available.-

The change in the level of the breeding herd in anyone 
quarter will be equal to the number of gilts entering the 
herd minus the number of slows slaughtered: 

where: 
= GRt - SKt (8.4;1) 

6Rt = change in breeding herd over the quarter 
GRt = gilt retention during the quarter 
SKt = sow kill during the quarter 

Lack of data describing the quarterly change in the breeding, 
level or the numbers of gilts entering the breeding herd has 
forced the "one stage ll f<;)rmulation of the baconer and porker 
pI.'oduction equations a.bove ra.ther than the "two stage" 
approach used in overseas studies. The production 
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equations are a direct function of economic factors which 
determine the size of the sow herd rather than a function 
of the size of the sow herd which is then a direct function 
of economic factors. This lack of data also complicates 
the specification OJ a chopper meat production equation. 
Chopper meat supply equations were derived using the 
identity (8.4.1) and substituting functional relationships 

explaining 6Ht and GRt: 

where: 

SKt = GRt-6Ht 

DFPB = 
DFEED = 
LkB/F = 

k = 

Real farm price of baconers 
Real cost of feed 
Ratio of the real farm price baconers/real 
cost of feed lagged k quarters 
kquarter lag (where k=5 in the North and 
7 in the South Island). 

This equation states that the number of gilts retained will 
be a function of the change in the sow herd and factors that 
determine how much of this change will'be spIlt between 
changing the number of gilts retained and changing the 
'number of sows killed. More gil tswill be retained if.the 
number of bacon 'weight pigs available to be selected from 
is large (i.e. positively related to LKB/F), and if the 
farm price of bacon weight pigs and feed prices are low. 
Low baconer prices reduce the opportunity cost of retaining 
pigs for breeding purposes and low feed prices reduce the 
cost of taking bacon weight pigs up to breeding weight. 

Where: 

6Ht = bo+bl DFPBt-(5-k)- b2DFEEDt_(5-k)-b3TIME (8.4.3) 

6DFPB 
6DFEED 
TIME 
k 

= change in the real farm price of baconers 
= change in the real feed costs 
= time (where the fourth quarter 1968 = 1) 
- the lag between the factors that determine 

production capaci~y in the baeoner equations 
and 5 (i.e. the shortest lag acceptable on 
biological/management grounds). Therefore 
in the North Island 5-k = 5-5 = 0 and in 
thp. P.ol1th T!Sl ann r1--k = :1-'7 := -?. 
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This equation states that the herd size will increase if the 
profitability of production increases but that, for a given 
level of profitability the corresponding change in herd size 
will decline with time due to increases in productivity. 
Chapter Two (section 2.3.2) noted the increase in the number 
of pigs marketed per sow per year between 1957-66 and 1966-75. 
The time variable acts as a proxy for the technological 
factors underlying this increase in productivity and implies 
that this increase occurs at a constant pace. 

When ( 8 ~_4. 2) and_.( ~ .. 4_ •. 3 Lare substituted back into (8.4.1) 
we have an expression for the number of sows killed in any 
one quarter. 

, 
I 

SKt = GRt - AUt (for simplicity K is set equal to 5) 
, :' 

= aQ-alDFPBt-a2DFEEDt+a3AHt+a4LfiB/F-AHt· 

\ 
Given that O<a3<1 then (a3-1) will be negative so; 

Substitute (8.4.3): 

SKt = aO-alDFPBt-a2DFEEDt+a4L5B/F-a5(bo+blADFP13t .. "", ... 
";'b2ADFEEDt - b3TIME) 

-= aO-a5bo-alDFPBt-a2I?FEEDt+a4L5.:B/F-a5blADFPBt 
+a5b2fiDFEEDt+a5b3TIME 

=a,o-a,1DFPBt-a,2DFEEDt+a,3L5B/F-a,4fiDFPBt 
+a,5ADFEEDt+a,6TIME 

Note: when K = 7 equation (8.4.4) is changed to: 

SKt a,O·-a,lDFPBt_2 - a,2DFEEDt_2 

+ u3L7B/ F - u4ADFPBt_2 

+ a,5fiDFEEDt_2 + B6T1ME 

(8.4.4) 
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Equation (8.4.4) is the expression for the number of sows .. 
killed and assumes complete adjustment t6 desired levels in 
anyone quarter. In order to complete the specification for 
the weight of chopper meat slaughtered in anyone quarter 
the current and la~ged values for skim-milk supply were 
added to (8.4.4) on the assumption that farmers will use 
some of their cheap skim-milk supplies to increase the 
slaughter weight of cull stock. Finally a lagged dependent 
variable was added to reflect partial adjustment in anyone 
quarter. 

This specification was estimated for the North Island using 
quarterly data for the period 1979 (first "quarter) to 1979 
(second quarter). Because this equation includes a lagged 

dependent variable it was initially estimated using 2SPC 
(CORC). The estimate for p was tested and found significant 
at the 1 percent level. Therefore the 2SPC (CORC) estimate 
was used and yielded the following result: 

where: 

PCN = 287.44" + 262.0 L5BFRN - 0.964 DFPBN - 1.656 DFEEDN 
(190.5) (1.11)(1.21) 

+ 4.85 iIME - 270.0 CHBFRN + 0.0305 L1SKN 
(3.46) (205.2) (0.01) 

+ 0'.022 SKIMN + 89.0 D2 - 7.14" D3 - 17.05 D4+ 0.175 L.1JC; 
(0.009) (29.9) (41.8) (31.0) (0.178) 

R2 - 0.81, p = 0.57, figures in brackets are standard 
(0.13) errors 

PCN 

L5BFRN 

DFPBN 
DFEEDN 
TIME 
CHBFRN 

LISKN 

SKIMN 
Di 
L1PCN 

= Production of chopper weight pigs in the North 
Island (tonnes) 

= Real price baconer pigs/real feed costs lagged 
five quarters 

= Real price of baconer pigs in the North Island 
= Real cost of feed in the North Island 
= Time (with fourth quarter 1968 = 1) 
= Change in tbe farm price baconer/feed cost 

ratio (North Island) 
= Skim ~ilk production in the North Island 

lagged one quarter . ( 
= Skim milk production in the North Island 
= Se"asonal dummy for quarter i (i =: 1,3,4) 
= Lagged dependent" variable 
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The generalised specification was also estimated for the South 
Island. However the South Island data had one quarter with a low 
kill figure follo~ed by another With an exceptionally high k~ll 
figure (the secon~, and third quarters of 1977 respectively). 
This was very diffiGult to explain with the specification 
outlined and may well have been due to extraordinary factors. 
(e.g. if farmers were unable to get choppers killed in the 
second quarter 1977). Therefore it was decided to omit these two 
observations from the analysis. Therefore the specification 
was estimated from 1970 '(third quarter) to 1979 (second quarter) 
with the second and third quarters of 1977 omitted. As the 

\ 

parameters associated with the "two, skim-milkvariables and the 
lagged dependent variable were highly insignificant, these 
variables were omitted from the analysis. The equation was 
then estimated using 2SPC to yield the following result: 

, , 
PCS = 182.17 + 119.91 L7BFRS - 0.371 L2FPBS - 94.45 L2CBFS 

( 22.76) (0.121) (30.96) . 

- 0.544 L2FEDS + 0.32 TIME + 23.3 D2 - 1.2 D3 - 23. 5 D4 
(0.164) (0.24) (6.9) (6.9) ( 6.6) 

R2::::0.82,DW = 1.76, standard errors in brackets. 

All the parameters in both equations have the expected sign 
and together 'the explanatory 'variables explain 81 percent 
and 82 percent of the variation in North and South Island 
equations respectively. In the south Isla~d equation all 
variables except TIME and D2 are~significant at the 1 percent 
level. In the North Island equations all variables except 
DFPBN, L1PCN, D3 and D4 have parameter est'imates larger than 
the associated standard errors but only the two skim-milk, 
supply variables and the second quarte~ d~y are 
Significantly different fr6m zero at the 10 percent level. 

An examination of the correlation matrix reveals a very 
low level of correlation between most explanatory variables 
in the North Island equation. However, time is correlated 
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with skim-milk supply (R = 0.72 for both current and lagged 
value~) and the lagged baconer price/feed ratio is correlated 
with current real feed costs (R = 0.57). Given the strong 
a priori evidence that sow productivity has increased with 
the move to grain feeding, the TIME variable cannot be 
rejected. because of the standard error associated with its 
parameter. It is probable that the two skim-milk variables 
are a~~ng as a proxy for this productivity increase. 

-'-"~ 

Finally, given the very low t-ratio for the lagged dependent 
v~riable the hypothesis that North Island sow kill only 
partially adjusts to its desired level in anyone quarter 
must be rejected. 

The elasticities derived for the South Island equation are 
~ 

presented in Table 8-5 and indicate that factors that affect 
herd size and gilt retention are of similal? importance::_in 
determining sow kill. It would also appear from these 
results that the choice between retaining gilts or old sows 
is more strongly influenced by the costs of bringing bacon 
weight pigs up to breeding weight than the immediate loss 
of revenue from retaining these gilts. The elasticities :-
for the North Island equation presented in. Table 8-3 supports 
this conclusion. In both cases the value of· the feed cost 
elasticity is approximately twice the size of the baconer 
price elasticity. 

8,5 Evaluation of the Stability of the Parameter 
Estimates' 'and their Regional Consistency 

This section applies the usual test of the stability of 
. parameter estimates to changes in sample size as well as .. ~ 
discussing the internal consistency of -each of the two sets 
of three equations that describe total supply in each .island. 
The discussion in section,8.4 above evaluated the parameter 
estimates for each equation indivi.dually. However, the 
hypothesised relationship between porker and baconer 
production.allows us to test these parameters for consistency 
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_~with respe_ct :to parameters in the other equatJons. Of special 
interest in this regard is the relationship between baconer 
and porker production in each island: 

8.5.1 Parameter Stability of Consistency 
- in the North Island E'quations 

The stabil;ity of th~_par::uneter estimates in the North Island 
equations was tested using the procedure established in 
previous chapters. Five observations were dropped off the 
end of the sample period, the equations were re-estimated 
and the changes in the coefficients were tested for 
significance using an F statistic. The results are. presented 
in Table 8-2. Because the calculated F values are less than 
the critical value (at the 5 percent level ,of significance) 
for all three equations we accept that the structural coefficients 
in all of these eq~ations are stable. 

! The important e.lasticities derived from the North Island 
I 

'~ supply equations are, shown in Table 8-3., A sustained 1 percent 
i increase in the baconer price will result in a 0.712 (i.e. 

0.867 - 0.155) percent increase in baconer production (or 
29.7 tonnes at average quantities). However, this increase 

-II will also affect porker production. 

A sustained 1 percent increase in baconer prices will reduce 
porker production by 1.98 percent (i.e. 1.05 + 0.93) due to 
the diversionary price effect bVt increase porker production 
by 1.85 percent (i.e. 0.712 * 2.26) due to the "residual" 

'ieffect. This results in a net reduction of 0.13 percent in 
;porker production (or 3.1 tonnes at average q~antities). 
IThis 3.1 tonnes reduction in porker production converts into J _ 

'4.89 tonnes of baconer'production (i.e. 3.1 * (average weight 
:~~~Ibaconer carcass! average weight porker carcass) ~ 4.89). 
!:::'lTherefore, a. sustained 1 percent increase in baconerprices 
,will result in a 0.712 percent increase in baconer production 

(of which 16 percent is diverted from porker production) and 
_a 0.13 percent reduction in porker nrOnll(..;-;,.... ... 
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Table 8-2 

Testing the Structural Stability of the 
, North Island Pig - Mea.t Supply Equations 

BACONER PORKER 

38 33 37 32 

6,079.7 7,316.64 -1,420.3 -1,586.5 
6.80 7.42 

25.04 25.14 

-4.44 -3.35 
-2.58 -3.55 
0.759 0.710 

-33.31 -37.17 -
-9.50 -9.25 

3.34 3.817 
-1.29 -1.307 

1.232 1.54 

-4.0S -4.98 
-689.2 -679.8 

5.S15 6.62 

, 
-4.646 -1.948 

0.397 0.426 0.049 0.045 

0.031 0.039 

-1,253.4 -1,241.6 254.77 227.35 

507.7 456.9 726.78 804.09 

112.2 26S.5 623.45 655.59 

451.6 554.3 593.42 598.3 
0.765 0~785 

0.35 0.37 

-0.536 -0.514 

-
CHOPPER 

37 32 

287.4 304.9 

262.0 259.6 
'71.656 " -1.G7 

-270.0 -276.7 
4.848 5.13 

-0.964 -1.14 
0.03 0.03 
0.02 0.02 

89.0 95.7 

-7.14 9.5 

-17.0 -4:.79 

0.175 0.1G3 

0.578 0.60 

2,905,650.0 2,310,330.0 594,338.0 465,573.0 83,34?0 78,696.0 

0.S76 1.05 0.23 .-----
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Table 8-3 
I I - ~ 

Imp9rtant Elasticixies Derived from the 
North Island Supply Equations 

Dependent Variable 

Independent Baconer Porker Chopper Variable 

Short Run Long. Run Short Run Long Run 

L5FPBN 0.8671 

L5FEDN -0.197 
L5WGE -0.614 
L5ASN 0.573 
L1FPPN -0.976 
L1FEDN -0.422 
DWAGE 0.812 
ASKIMN -0.708 
L4PPPN 0.06 0.27 
L4FPBN -0.247 -1.05 , 

DBFRN -0.219 -0.932 
DFPPN 0.296 1.261 
L5BFRN f 0.576 0.698 
FEEDN -0.86 -1.04 
DFPBN -0.155 -0.38 -0.46 
L;tSKN 0.219 0.05 0.20 0.19 6.23 
SKIMN 0.02 0.108 0.12 0.15 . 
PBN 0.613 " 2.61 
. . . . .. 

1. This excludes the influence of the' I cl1ange in farm price I 
variable. If the farm price was to increase 1% and the 
influence of the 'change in farm price' variable is includ~d 
then the elasticity increases to 1.1. 

2. Tne formula for the calculation of the long run estimates' is: 
ELR = ESR/('l-b) where ELR is the long run elasticity, ESR is 
the short run elasticity, and b is the regression coefficient 
on the lagged dependent variable. 
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Table 8-4 

Testing the Structural Stability of the 
S'oUth Island Pig - Meat SUpply Eq1.1ations 

BACONER PORKER 

34 30 j 36 31 

472.1 562.9 500.98 550.35 

6.77 5.13 

-1. 79 -1.88 

1.39 -1.08 

1,290.5 1,103.1 

-5.80 -5.36 

21.04 99.0 

-0.006 0.056 0.063 0.050 

0.488 0.487 -0.065 -0:074 

213.9 77.4 

0.382 0.618 
-1. 644 -1.52 
0.206 0.52 

-0.627 -0.811 

-1,278.7 -1,268.22 640.5 622.1 

501.6 473.75 44.17 38.7 

223.7 251. 36 -8.84 -45.7 .. 
-274.8 -227.75 204.75 190.8 

0.345 0.414 
I 0.134 0.131 

-0.26 -0.21 . 
1360,770.0 254,664.0 72,030.0 57,632.0 

1. J.1 0.899 . - -~-

---~ 

CHOPPER 

34 29 
--

182.17 190.96 

119.9 62.84 

-0.371 -0.343 

-94.45 -84.21 

-0.544 -0.35 

0.320 0.36 

23.3Q 19.34 

-1.20 -5.06 

-23.55 -22.77 

. ~ . 
, 

( 
..f 

~ 
•• < 

4,931.0 2,577.0 

3.65 . -
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'l"'able 8-5 

Important Elasticities Derived from the 
_ ... ____ ~g:g~.~_T~l~a~~SuJ?.P1_y_Equa t ions 

. . . , .. Dependent Variable 

Independent . Baconer. Porker Chopper 
Variable -

.. Short Run. Long Run . Short Run Long RUll 

L7FPBS 0.438 0.669 
L7FEDS -0.143 -0.219 
L1PBRS 0.619 0.945 
L1FEDS -0.464 -0.708 
DBFRS 0.007 0.01 
L1SKS -0.002 -0.003 0.0524 0.06 
SKIMS 0.142 0.217 -0.0523' 0.06 
L7BFRS 0.219 0.254 0.69 
L3FPPS 0.06 0.07 
LSFEDS -0.S6 -0.41 
DFEEDS 0.04 0.046 

i 

DFPBS -0.107 -0.124 
L2FPBS -0.35 
L2FEDS -0.69 
L2BFRS1 -0.54 

1. Real farm price of baconer ~igs/real feed costs in the 
South Island. Calculated using the average value of the 
ratio and the -ratios first difference parameter· in the 
chopper supply equation . 

. ,. 
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Unfortunately a 1 percent sustained increase in the farm price 
for porkers does not imply such a similarly credible respcirise: 

A 1 percen~ sus~alnea lncrease In ~ne porKer prlue wlll 
result in·~ 0:976 p~~cent decrease {~ baconer production 
which implies a 1.08 percent increase in pork production 
as a result of live pigs being diverted from baconer to 
porker slaughter weights. This is about 70 percent of the 
total increase in porker production implied by a 1 percent 
sustained increase in porker price. However, the initial 
reduction in the supply of baconer pigs reduces porker 
production by a further 2.5 percent (i.e. 0.97 * 2.61) 
because the "residual" supply declines. Therefore, the net 
result of a sustained 1 percent increase in porker price is 
a reduction in both baconer and porker production of 0.97 
percent (i.e. -2.5 + 1.53 for the effect on porker production). 
This confi~ms our earlier suspicion that the parameter 
attached to the lagged farm price for porkers in the baconer 
supply equation is too large and is likely to have been 
affected by the collinearity betweeri this variable and the 
current farm price for baconers. 

8.5.2 Parameter Stability and Consistency. in the 
South Island Equations . 

The stability of the parameter estimates in the South Island 
equations was tested using the same procedure applied to the North 

• 
Island equations. The results are presented in Table 8~4 
The calculated F values for all equations are less than the 
critical value for F at the 1 p~.rcent level of significance. 
However, the calculated F value for the chopper equation 

. exceeds the critical F value at the 5 percent level (the . 
calculated F value is 3.65 and the critical value is 3.48 
at the 5 percent level of significance). Although all of 
these parameter estimates can be accepted as being reasonably 
stable, the parameters in the chopper ~quation are least 
satisfactory in this regard. 

The important elasticities derived from the South Island 
supply equations are shown in Table 8-5. A sustained 1 
percent increase in the farm price for Laconers will result 

./ 
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in a 1.61 percent increase in baconer production (i.e. 0.67 + 
0.945) and a 0.13 percent increase in porker production 
,(i.e. the "residual" effect is greater than the diversionary 
effect). However, the diversionary effect implied by the 
L1PBRS elasticity and the DFPBS elasticity are not entirely 
compatable. A 1 percent increase in the farm price of 
baconers will result in a 0.945 percent increase in bacon 
production which, if it all came from diverted porker 
production, would imply a decrease in pork production of 
1.6 percent (at average values) rather than the 0.124 
percent implied by the DFPBS parameter in the porker equation. 

The lack of a significant current porker price in the porker 
supply equation is an important weakness in the attempt to 
adequately define the relationship between porker and baconer 
production in the South Island. A sustained 1 percent 
incredse in the farm price for porkers implies a 0.945 
percent decrease in bacone~ production but only a 0.07 
percent increase in porker production. 

, 
8 . 6 Concl liS ion 

This chapter has discussed the specification, estimation and 
evaluation of the six production equations in the New Zealand 
pig-meat model. The equations are specified to represent the 
majo~ production decisions taken by farmers. These 
specifications are consistent (with respect to both the 
determinants of these decisions and the lags involved in the 
production process) for each island. 

The estimated equations are sensitive to ·pig-meat prices., 
feed costs, the supply of dairy by-product and real wages. 
They illustrate the different structureSof prod~ction in 
each island. Production in'the North Island is more sensitive 
to the supply of dairy by-products and l~ss sensitive to feed 
costs. Baconer production is more sensitive to changes in 
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the profitability of porker production in the North lsl'and 
which reflects the greater importance of porker production 
as a proportion of total production in this island. 

In general, the elasticities derived from these equations 
are of a credible size (and bear a credible relationship 
to one another) within each equation. For example, the 
lagged farm price (which determines the number of matings), 
has a higher elasticit~ in the baconer equations than the 
current farm price (which determines the number of baconer 
weight pigs retained for breeding purposes). However, the 
baconer and porker equations are not an entirely consistent 
description of supply in each island when taken together. 
This is an important problem which constrains the use of 
th~ model. For example, the model could not be used to 
analyse the effect of setting a differential in the farm 
pricci for each-weight range. Further work is required to 
improve this aspect of the production equations. 

'\ 

. .. t· 
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CHAPTER NINE 

THE IMPORT AND EXPORT EQUATIONS: 
SPECIFICATION, ESTIMATION AND EVALUATION 

Introduction 

This chapter discusses the specification, estimation and 
evaluation of the equations used to describe the imports 
and exports of cured pig-meat in the New Zealand Pig-Meat 
Model. The first section discusses the important 
characterist of the cured pig-meat import and export 
trade. The relative size of this trade, the source and 
destination of trade, the presence of trade rictions 
and the determinants of this trade are" all discussed. In 
the second and third sections, the specification and 
estimation of these two equations are discussed separately 
and the parameter estimates are evaluated. The fourth 
section briefly discusses the stability of these parameter 
estimates using the technique applied in previous chapters. 

9 .2 Features of the CnrAd Pig~Meat Import and Export Trade 

The discussion i~ Chapter Two noted that: 

"Throughout the 1950s and early 1960s exports 
were a regular and important feature of the 
market whereas imports of pig-meat were 
insignificant. This situation changed in 
the mid 1970s when domestic demafid started 
to exceed domestic supply. During the 1970s 
domestic demand averaged in excess of 100 
percent of domestic production and the 
industry changed from being a net exporter 
to a net importer of pig-meat." l 

Throughout the 1970s the import and export of cured pig-meat 
has been both a very small and ~ery volatile component of the 
domestic market. During this period ~he average quarterly 

1. See Chapter 2.3.3, p. 27 
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export of cured products was only 0.2 percent of average 
quarterly total production (i.e. only 20 tonnes) and had a 
standard deviation virtually as large as this mean value. 
Since the fourth quart er of 1972 (when imports were established 
as a regular feature of the marlcet), the average quarterly 
imports of cured products has been only 3.6 percent of total 
production (i.e. 367 tonnes) with the standard deviation of 
quarterly imports nearly equal to its mean value over this 
period. 

Pig-meat imports were exempt from licensing on 1 July 1964 
and appeared on the original schedule A of NAFTA which came 
into effect on 1 January 1966. Prior to 1978, the tariff 
on pig-meat imports was a normal rate of 27.5 per.cent, 
Canada 20 percent, with Australian imports free. The 
revised tariff introduced on 1 July 1978 reduced the normal 
rates to 20 percent and the Canadian rate to 10 percent and 
in May 1979 the Canadian rate on pork was further reduced 
to 5 percent. Canada, Australia and Ireland are the major 
sources of pig-meat imports, supplying 56 percent, 30 percent 
and 12 percent of total 1974/75 - 1975/79 .imports respectively. 
Changes in import duties are unlikely to have been very 
important in practice because processors had duty remitted in 
1974/75 when Canadian imports were sUbstantial. 

There are a large number of heterogeneous destinations for 
exports of cureq products. In 1978/79, 15 countries imported 
cured New Zealand pig-meat; Barbados and "France were the 
most important destinations accQunting for just over half of 
the total exports for that year.2 In 1977/78 and 1976/77 

. New Caledonia was the largest single buye,r (taking about 
65 percent of exports in 1977/78 and about 33 percent in , 
1976/77). In 1975/76 Fiji and "Trinidad and Tobago" we~e 
the largest single buyers. yet they only accounted for jrist 
over 25 percent of total exports. Given the very smal~ 

2. Department of Statistics ~ External 'rrade Exports; Commodi ty by" 
~!:EX_L£<:untry_ by commodItY 1975/76-- 1978/79. 
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quantity of exports involved and the diversity of the 
export destinations, New Zealand exporters are likely to 
face perfectly elastic demand curves. 

The import and export of cured pig-meat is controlled by 
domestic processors. These processors are assumed to change 
the· level of imports or exports in response t·o domest ic 
vi~avis foreigb price levels. This response will be modified 
in . four ways. Firstly, there will be lags associat~d with 

ordering, shipping, etc. which means that the arrival of 
imports and departure of exports will lag behind the price 
changes that prompted these imports or exports. Secondly, 
in part because of these delays, imports and exports are 
unlikely to adjust to desired levels in any parti,cular 

. quart~r. For example, any large import order placed in 
quarter t may actually arrive over quarters t+l and t+2. 
Thirdly, processors expectations concerning future domestic 
price levels are likely to be important because of the lags 
involved in receiving imports and arranging for the sale of 
exports. Finally, although supply and demand factors for 
imports and exports respectively are relatively unimportant 
(i.e. given the extremely small quantitiesirivolved it would 
be reasonable to assume that domestic processors face 
perfectly elastic foreign prices), seasonal factors may 
influence the demand for cured pig-meat in small (island) 
export markets. 

9.3 Specification, Estimation .. and Evaluation 
of the Import Relationship 

Given the factors discussed above, importers are assumed to 
'face a perfectly elastic foreign supply curve and therefore 
desired imports are a function of the expected price margin 
between domestic and foreign prices. 

where: 
Mt* = desired demand for imports 
DPt*::-.; expected domestic (farm) price 
FPt* = expected foreign (cif) price 

(9.1) 

.,< 
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Note: The farm price is the relevant domestic 
price because, from the importers' point 
of view, imports are a substitute source 
of supply. ' 

If importers form extrapolative price expectations and if 
. -

there is a 1 quarter lag between price changes and the 
a.rrival of imports then: 

DPt*= bO + blDFPBt-l+ b2(DFPBt_1 - DFPBt_2) (9.2) 

FPt* = CO + C1FPt-1 + C2( FPf-l - FPt-1) (9.3) 

Finally assuming that the desired level -of imports do not all 
arrive in the quarter following price changes: 

'Mt - Mt-l = 0 (Mt * - Mt-l) (9~4) 

. Substi tut ing (9.1): 

Mt = oMt* + (1-o)Mt-1 

Substituting (9.2) and (9.3): 

+oa2(CO + C1FPt-l + C2AFPt-1) + ( o)Mt-l 

. .... 
. , 

::::: a,0 + Ci.1DFPBt_l + a,2ADFPBt--l + a,3FPt_:!,. + a,4 AFPt_l 
.,< 
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This specification was estimated using quarterly obseryations 
from 1973 (third quarter) to 1979 (second quarter). The 
period from 1968-1972 was excluded from the analysis because 
imports were insignificant over this period (i.e. only three 
values were positive). This period is excluded in an effort 
to adequately model the period in which imports were a regular 
feature of the market (i.e. on grounds of structural 
homogeneity). Given that there was no import trade prior to 
1973, it· is reasonable to assume that there were "institutional" 
barriers to this trade as well as economic factors influencing 
the desirabilj.ty of "trade . Without regular trade links, 
domestic processors did not have the prerequisite expertise 
for importing (i.e. there was a lack of "perfect" information). 
The cost of obtaining the necessary information (expertise) 
was considered to be prohibitive given processors' perceptions 
of the domestic market. However, increasi~g domestic prices 
have prompted processors to acquire the necessary expertise 
and therefore import levels are now sensitive to relative 

J 
prices. 

Given the presence of the lagged dependent variable this 
equation was initially estimated using 2SBC (CORC). The 
lag~ed·first difference cif price variable was very 
insignificant so the extrapolative hypothesis was rejected 
for foreign price expectations behaviour. The estimate of 
p was significant at the 1 percent level so the 2SPC (CORC) 
estimate was used and yielded the following result: 

Where: 

MPTS = -12.58 + 2.92L1FPB + 15.19L1CFPB - 66.9L1DMPT 
(2.62) .~ ( 3.65) (55.4) 

0.59L1MPTS· 
(0.2) 

17~98D2 - 57.1D3 - 289.11D4 
(208) (96.5) (215.0) 

R2 = 0.786, p = -0.61, figures in brackets are standard 
(0 . .15) errors 

.. \ 

MP'rs = Quantity of imports (tonnes) 

··f 



L1FPB 

L1CFPB 

L1DMPT 

L1MPTS 
Di 
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= The real farm price for baconer pigs 
lagged one quarter 

= The change in the real farm price for 
baconer piEs lagged one quarter 

= The real cif price of imported pig-meat 
lagged one quarter 

= Lagged dependent variable 
= Dummy for quarter i (i=2,3,4) 

No"te: The farm price is the sum of regional prices 
weighted by the proportion of total production 
produced in each region. 

All of the parameters have the expected sign and, altogether, 
the explanatory variables explain over 78 percent of the 
variation in the dependent variable. Although all of the 
parameters except D2 and D3 have standard errors smaller than 
the parameter value, only L1CFPB and L1MPTS are significantly 
different from zero at the 10 percent level. The standard 
error associated with the L1FPB variable could well be 
affected by multicollinearity. The correlation coefficient 
between L1FPB and L1MPTS is 0.83 and the parameter associated 
with L1FPB has nearly doubled as the sample size is reduced 
from 25 to 20 (see Table 9.3 however, the F test indicates 

- . 
that the parameter estimates in this equation are stable). 

The important import elasticities are reported in Table 9.1 
.and indicate that imports are very sensitive to the level of 
farm prices and less sensi t i ve to the cif import pric.e. This 
could be an indication that processors use imports to keep 
the utilisation of processing plant high and, therefore, 
throughput reasonably stable. .If this is the case the level 
of farm prices may be acting as a proxy for the level of 
production. We have assumed that high f~rm prices stimulate 
processors desire to find cheaper subs~itutes, however high , . 
farm prices are associated ~ith low levels of farm production~ -
and, therefore, the relationship between farm prices and 
imports may partially reflect importers' desire to maintain ... 
thiougbput in the face of falling domestic production. 
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Given that a strong negative relationship between farm .. 
production and farm prices (in' the same qu'arter) is likely 
to persist j t~is is not a serious problem when the model is 
used for forecasting. 

Table 9.1 

Imp6~t Elasticities 

Short Run Long Run 

L1FPB'1 1.13 2.77 
L1DMPT -0.38 -0.93 

1. If the short ru~ elasticity is 
adjusted for the impact of L1CFPB 
it increases to 7.26 (i.e. a 1 
percent increase in the farm price 
will result in a 7.26 percent 
increase in the level of imports 
in the following quarter at 
average prices and quantities). 

'. 
9.4 Specification, Estimation and Evaluation 

of the Export Relationship 

-
Given the factors discussed in section 9.1 above, exporters 
are assumed to face a perfectly elastic foreign demand curve, 
and, therefore, desired exports are also a function of 
expected relative prices. Tr ial estimations indicated that 
non-niive expectations hypotheses had to be rejected so 
expected prices were assumed to be a function of actual 
lagged ,prices: 

= (9.5) 

DP t * = bO + b1L1DRBC (9.6) 

(9.7) 



where: 

Xt 

DP * t 
FPt * 
L1DRBC 

L1DXB 

= 

= 
= 
;:; 

= 
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desired supply of cured product exports 
(tonnes) . 
expected domestic price of cured products 
expected foreign price of cured produ~ts 
real retail price of bacon and ham lagged 
one quarter 
real fob price of cured product exports 
lagged one quarter 

Note: The retail price is the relevant domestic price 
because exports are a competitive form of demand 
(i.e. processors will decide how much product 
will be sold on local or export markets 
depending on relative prices). 

Assuming that exporters cannot export all the cured pig-meat 
they wish to in anyone quarter: 

'. 

(9.8) 

Subetituting (9.5): 

Xt: =oXt* + (1-15 )Xt-1 

Substituting (9.6);and (9.7): 

= aO·+ a1L1DRBC + a2L1DXB + a3Xt-1 

This specification was estimated using'quarterly data fT<?m 1971 
.,' 

(~econd quarter) to 1979 (second quarter). Because the' 
seasonal pattern of supply over this period was significantly 
a~fected by dairy by-product fed meat, two additional seasonal 
dummies were added to allow seasonal intercepts to alter as 
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a consequence of this structural change. Given the presence 
of the lagged dependent variable this equation was initially 
estimated using 2SPC (CORe). The estimate of p was significant 
at the 5 percent level so the 2SPC (CORC) estimate was used 
and yielded the following result: 

XPTB = -1.01 - 0.032L1DRBG + 5.86L1DXB 
(0.035) (3.62) 

+ 0.33L1XPBT 
(0.08) 

+ 4.35D2 + 2.12D3 + 12.93D4 
(5.0) (4.82) (5.94) 

+ 51.03D317 
(5.91) 

+ 29.77D422 
(- 6.52) 

R2 = 0.89, ~ = -0.38, standard errors in brackets 
(0.15) 

All of the parameters have the expected sign and, altogether, 
the explanatory variables explain over 89 percent of the 
variation in the independent variable. The standard error 
associated ·with ~he lagged retail price parameter could be 
affected by multicollinearity; it is positively correlated 
with the fob export price (R = 0.63) however its parameter 
appears relatively stable (see Table 9.3). 

The important export elasticities are reported in Table 9.2 
and indicate that exports are only slightly more sensitive 

L1DRBC 
L1DXB 

Table 9.2 

Export Elasticities 

Short Run 

-0.78 
0.92 

. 
Long Run 

-1.16 
1. 38 
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to changes in the export price than the domestic retail price 
(although this result could be influenced by multicollinearity 
between these two variables). 

The seasonal dummy variables indicate that there has been a 
significant change in the seasonal pattern of exports in the 
latter half of our estimation period. During this latter 
period fourth quarter exports have been higher than exports 
in the other quarters (which are not significantly different 
from one another). As already noted, this could reflect 
seasonal demand factors (e.g. an increase in demand for bacon 
and ham over the Christmas period). 

9.5 Evaluation of the Stability of the Parameters 
in the Export and Import Equations 

The stability of the parameter estimates for both equations 
was tested using the technique applied in other chapters. 
Five observations were dropped from the end of the sample 
period, the equations were re-estimated using this shorter 
sample period and the changes in coefficients were then tested 
for significance using an F test. The results are presented 
in Table 9.3. Because the computed F statistic is less 
than the critical value at the 5 percent level of significance 
in both .instances, we accept that the structural cQefficients 
in both equations are stable. 

9.6 Conclusion ," 

This chapter has discussed the spe~ification, estimation and 
evaluation of the import and bacon export equ~tions used to 
the New Zealand pig-meat model. Imports and bacon exports 
are both very small and highly volatile. The estimated 
equations described in t~is chapter give ~ satisfactory 
explanation of the movements in both of these variables. 
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Table 9.3 

Testing the Structural Stability of the 
___ Im~ort~1!d ExportEq:t!~~tion_sc. ... __ ._ 

" 

Imports Exports 

25 ' 20 37 32 

Constant -12.58 -201.21 -1.01 0.6 
.LIFPB 2.92 5.16 
LICFPB 15.79 12.58 
LIDMPT -66.98 -106.2 
LIMPTS 0.591 0.45 
LIDRBC 
LIDXB 

,I 

LIXPTB 
D2 -17.9 -50.4 
D3 -67.1 -10.6 
D4 -289.1 -344.9 
D317 
D422 

" 0.61 -0.61 P -

e 607.,230.0 , 381 J 449.0 

F .. , 1.42 I 

-0.032 -0.047 
. 5.86 8.04 

0.33 . 0.319 
4.35 3.95 
2.12 -0.28 

12.93 9.37 
51.03 51.9 
29.27 32.5 

-0.387 -0.39 

1,645.9 1,543.7 

0.304 

. ~ 
I 
\ 

'\ 
,\ 
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CHAPTER TEN • 

SIMULATION ANALYSIS: 
EVALUATION OF THE COMPLETE MODEL 

10 ..... 1 Introduction 

This chapter discusses the use of simulation analysis to 
evaluate the simultaneous equation model outlined in Chapter 
Four. The 16 component behavioural relationships have been 
estimated and individually evaluated in Chapters Six to Ten. 
The model is completed and closed by combining these 16 
estimated behavioural equations with four identities (for the two 
retail . prices, the change in stocks and pork exports), non-
negativity restrictions on imports and exports and the 
growth restriction on pork exports. When the model is in 
this complete form it can be solved for a consistent set of 
endogenous variables given values for the exogenous 
variables. This co.nsistent set of model generated endogenous 
variables can then be used to evaluate the performance of 
the complete model. 

-, 

The chapter is, divided into five main sections. The first 
briefly discusses' the nature of simulation analysis emphasising 
the use of simulation analysis in evaluating the static and 
dynamic features of the model both- within and beyond the 
sample period. This section also briefly discusses the 
potential applications of the simulated model to forecasting 
and policy evaluation. Sections two to £ive ~re conserned with 
evaluating different aspects of the modelis behaviour using 
simulation analysis. Section two discusses the stability of 
the model and the model's ability to reproduce the hypothesised 
inherent cycle in the pig-meat market. The third, fourth 
and fifth sections discuss the static properties of the model 
within the sample period, the model's ,potential for evolutionary 
forecasts and the model's ~bility to successfully forecast 
beyond the sample period respectively,' 
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10.2 . The Nature of Simulation Analysis 

Simulation methods can be used to solve eithe~ the reduced 
or structural form of the model to find the current endogenous 
variables (Yt) in terms of the lagged endogenous variables 
(Yt-1 ), the exogenous variables (Xt) and the error terms (Ut ). 
Labys riotesthat: 

IIThree different methods of generating values of 
Yt are associated with model solution: partial, 
total and final. According to the partial method, 
data for the· exogenous and policy variables Xt, 
the lagged endogenous variables Yt-1, and the 
endogenous variables appearing on the right hand 
of the equations are fed into the computer, and 
one obtains a set of partial predictions for each 
of the endogenous variables, Yt. The total 
method requires greater dependence on the model's 
ability to generate the Yt, and only pata for 
the exogenous variables Xt and the lagged 
endogenous variables Yt-1 are required. With the 
final method, values of the lagged endogenous 
variables Yt-l as well as the current values of 
Yt are generated by the model, and only values 
for the exogenous variables Xt are needed .. This 
latter method ... implies evolutionary behaviour 
in which a model generates its own values for the 
endogenous variables Yt over·a large number of 
future periods."l 

The static characteristics of the model are best evaluated 
using the "total" method of model solution. Using the model 
to supply total solutions beyond the sample period is a 
reasonable test of the model's ability to provide 'internally 
consistent forecasts one period in advance. However, the 
"final" method of model solutio!} is required to evaluate 
the dynamic characteristics of the model. It is only when 
the model is capable of reasonably accurate evolutionary 
behaviour beyond the sample period that it can be used , 
confidently for medium to long term forecasts. • < 

" ~ 

1. tv. c. Labys, ~~~:!:c Com~?dity Models: Specification, Estimation 
and Simulation, 1973, p.201.. 

.,' 
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The structural form of the model was used for the simulation 
analysis discussed in this chapt~r. Because principal 
components had been used in th~ first stage of the two stage 
estimating procedure an estimated reduced form of the model 
was unavailable. However the presence of nonlinearities 
in variables and of lagged endogenous variables in the model 
often prevents the direct simulation from the reduced form 
of the model and may make this solution less efficient. 2 

.Labys notes that: 

"Simulation based on the solution of the structural 
form of the model is presently the best approach 
to overcoming the difficulties caused by non-
linearities or lagged variables. Only now the 
method of solution requires the use of some 
iterative procedure ..... particularly 
recommended is that of Gauss-Seidel. 113 

A Gauss-Seidel iterative procedure was applied in the program 
used to simulate with the model. 4 The disturbances Ut may 
either be suppressed or generated to yield either 
deterministic or stochastic simulation. Only deterministic 
simulations using the model have been completed to date. 

It is possible to validate the model based'on either its 
analytical solution or the use of simulation analysis. 5 

Simulation analy~is was preferred in this case because of its 
efficiency in generating time paths for the endogenous 
variables. The validity of the model will depend on its 
ability to predict the behaviour of the pig-meat market. 
As already noted this prediction can be applied to observations 

2. Ibid, p.205-7 

3. Ibid, p.207 

4. The programme, Stochsim, was developed by R. McDougall, USDA. 
See R. McDougall, program for Stochastic and Deterministic 
Simulation: Stochsim, Econometrics Section, Current Economic 
Analysis, April 1975. . 

5. For a brief discussion of the questiop of analytical versus 
simulation solutions see T. H. Naylor, "Policy Simulation 
Experiments with Macroeconometric Models: The State of the 
Art", American Journal of Agricultural 'Ec6nomics, Volume 52, 
No.2, May 1970, pp 263-271. 
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within or beyond the sample period utilising the static 
(total solution) or dynamic (final solution) properties of 
the model. However, there are major difficulties involved 
in validating models as no analytical basis exists for 
selecting the validation criteria which might ,be the most 
appropriate to use in particular circumstances,6 

Johnson and Rausser list a large number of evaluation 
criteria for investigating the explanatory and predictive 
power of systems models. 7 These include tests of the 

• degree of conformity of simulated and actual time paths 
and comparisons of model forecasts and "naive" forecasts. 
The tests which have been traditionally applied to measure 

·the forecast error between actual and simulated observations 
are single point criteria, such as the mean absolute 
percentage error, the mean squared error, and the Theil 
inequality coefficient. The Theil inequality coefficient 
can also provide information as to sources of error. 8 

These methods are probably the most practical for evaluating 
performance with historical sample or a small post-sample 
data set. 9 

6. w. c. Labys, op cit, p.215. See also P. J. Dhrymes, et aI, 
"Criteria for-Evaluation of Econometric Models", Annuals 

7. 

of Economic and Social Measur~ment, l'July 1972, pp 291-324. 

S. R. Johnson and C. Ruasser, "Systems Analysis and Simulation: 
A Survey of Applications in Agricultural and Resource Economics ll

, 

inA Survey of Agricultural Economics Literature, Volume 2, 
L. R. Martin (ed), University of Minnesota Press, 1977, pp 
188-189. , , .. , 

8. Wheils inequality coefficient can be decomposed into three 
inequality coefficients that explain the d,ifference between 
the means of actual and simulated values (bias compqnent): 
the difference between the variance of ~ctual and simulated 
values (variance component); and the covariance between 
the two sets of values (covariance component). 

9. W. C. Labys, op~, p./2l7 

·,f 
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The mean absolute percentage error (MAPE) and Theil's 
inequality coefficient (Theil U) have been used in this 

, study to evaluate the historical simulations as well as the 
post-sample simulations (which are limited to small post-
sample data set). Although Theil's inequality coefficient 
is not decomposed to show the sources of error, a rough 
comparison ot turning points is made. 

'" 

Model simulat'ions can be used instead of the analytical 
multiplier analysis to show the immediate, intermediate and 
long run impact. of changes' in exogenous variables on the 
endogenous variables in the model. Multiplier analysis makes 
use of the reduced form of t~e model which was not meaningfully 
estimated in this study (i.e. no economic meaning can be 
ascribed to 'the Ilreduced Iorm" parameters associated with the 
principal components). Multiplier analys is also of 
limited practical value when there are non-linearities or 
dynamic equations in the model. IO 

Given these problems and limitations associated with multiplier 
analysis, model simulations could be used to determine the 
dynamic impact, of a change in anyone of the exogenous variables 
on any (or ~ll) .of the endogenous variable~ for any particular 
time period". The exogenous variables could be set at alternative 
levels and the impact of these changes on the endogenous 
variables calculated by simulating the model over the period 
in question. The simulated alternative time paths for the 
endogenous ,variables could then be compared to derive the net 
impact of the changes in exogenous variables. The value of 
deriving multipliers from the model is very limited in practice. 
The time involved in generating these multipliers for any more 
than an extremely limited subset of exogenous variables is also 

10. W. C. Labys, op cit, p.188 

! 
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substantial. Therefore, individual multipliers have not been 
calculated in this study. However, some htghly conditional 
partial forecasts have been made illustrating the impa.ct of 
one exogenous variable (feed costs) on a limited (partial) 
set of endogenous va.ri-ables. This applicat ion is discussed 
in Chapter Eleven. 

Model simulations can also be used to determine the underlying 
stability conditions of the model (rather t~an relying on 
analytical evaluations of model stabilityll). The stability 
of the New Zealand Pig-meat Model is discussed in the next 
section of this chapter. The model has been simulated over 
a number of quarters with the values of all of the exogenous 
variables being constant over the entire period of the 
simulation. This type of simulation can be used to determine 
the stability characteristics of the model (e.g. does the 
model exhibit cyclic behaviour and do the endogenous variables 

, , 
gravitate towards some equilibrium level?) 

Although this chapter is primarily concerned with the application 
of simulation techniques t6 enable the validation of the model, 
the models forecasting ability and applicability as a policy 
evaluation tool are also important. Simulatiori techniques 
have obvious ~pplication in both areas. As long as exogenous 
variables are av.ailable, the simulation model will generate 
a forecast for a consistent set of endogenous variables. If 
forecasts beyond one period (quarter) are required, the 
simulation model will use its own forecasts as lagged 
endogenous variables. The accuracy of. the resulting forecasts 
will be as good as the ability of the model to forecast 
endogenous values for a given set of exogenous values and 
the ability of model users to accurately forecast these 
exogenous yalues. Therefore these foiecasts are conditional 
on the values of the exogenous variables. The use of the 
simulation model for policy evaluation is an application of 

11. For a brief discussion of the analytical approach to evaluating 
a model's stability see W. C. Labys, .'?P-..<?!i t, pp 169-1'81. 

( 
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highly conditional forecasting. Instead of setting all the 
exogenous variables at their most 'likely levels, policy 
instruments are set at alternative levels (to represent 
alternative policies) and the calculated endogenous variables 
represent alternative- policy outcomes. Naylor has discussed 
this "policy simulation" approach and compared it with the 
Theil "welfare criterion" approach and the Tinbergen "target 
value" approach as a means of performing policy analysis. 12 

The "policy simulation" approach does not require policy 
makers to make. their welfare preferences or targets explicit. 
The policy maker chooses between alternative policies on the 
basis of alternative model ~imulated outcomes. The 
applicability of the model to policy evaluation in the pig 
industry is discussed in Chapter Eleven. 

10.,3 Model Stability 

If the model is to be considered an adequate representation 
of the pig-meat market; the underlying characteristics of 
the model must be compatibl~ with those of the market. In 
Chapter Three, two theoretical. models of the pig-meat market 
were discussed which demonstrated that: 

"the exist~nce of a production lag in cQmbination 
with price expectations based on current prices 
will ·produce production and price cycles in an 
otherwise perfectly competitive market .... 
modifications to the underlying market dynamic.s 
should not obscure the importance of economic 
friction and imperfect knowledge in generating 
market instability".13 . 

That chapter postulated that instability in the pig-meat market 
was cause .. d by exogenous shocks in combination with an "inherently" 
unstable market structure (a result of econom~c friction and 
imperfect knowledge). However, no hypothesis was formed 
concerning the exact nature of this inherent instability. The 

12. T. H. Naylor, op cit, pp 263-265 

13. Chapter Three, section 3 (3 . 1, p. 43 . 
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simple cobweb model will produce exploding, imploding or 
constant oscillation cycles for alternative assumptions 
about the slopes of the supply and demand curves. Although 
the model developed in this thesis is considerably more 
complex than the simple cobweb representation, it is possible 
for the inherent instability in the New Zealand pig-meat 
market to take almost any of these forms. The actual 
"inherent" portion of the recorded instability in the market 
is never separately identified because the actual market 
is continually subjected to exogenous shocks. However, it 
is possible to separately identify this inherent instability 
using simulation analysis by defining all the exogenous 
variables as constants and solving the model using the "final 
method" described by Labys. If the model is an accurate 

.representation of the hypothesised market structure then we 
would expect the time paths of the endogenous variables 
generated in this way to show some cyclical variation which 
mayor may not diminish (e.g. as the variable approaches some 
equilibrium position). The ability of the model to adequately 
represent this "inherent" behaviour is an important mea.sure 
of its validity. 

In order to identify the inherent instability generated by 
the model, all of the exogenous variables were set equal 
to their 1971 (first quarter) value and the (unrestricted14 ) 
model simulated over 40 quarters using model generated 
endogenous variables as lagged values (i.e. using the "final 
method" of simulation). The endogenous variables exhibited 
some cyclic behaviour before moying towards a stable 
(equilibrium) growth path. A reasonably typical path 
generated by the model is illustrated in Figu,:r-e 10-1 where .-
the simulated "inherent" cycle in North Island baconer 
production is shown. This graph indicates that the in~erent' 
instabili ty in the market .. is definitely convergent towards 
some equilibrium value (in this case a small negative 
"equilibrium" growth rate). The mean cycle length appears 

-"---
14. The non-negatively and. gr9wth rate restric·tions on exports 

and imports were lifted. 
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to be 14 quarters (peak to peak) which is consistent with 
our a priori range for the production cycle and is only 
slightly shorter than the 16 quarter cycle often accepted 
as th8 "inherent" hog cycle in the United states .,15 

Although the stability characteristics of the model are 
compatible with the widely accepted view of the dynamics 
of the actual market, the model simulation described 

1 
1-

10-1 

Inherent Cycle in North Island Baconer Production 

-h'--~'-r--r-I -r('-r-, ...,.·'--,--,--Til-r-r-,T-r-T-.·'--r'·--r-...-r'"1 -'1---"1-' ..... 1·""iTrrT-j-
5 10 15 20 25 30 35 

Quarters 
Exogenous values fixed at qua.rtcr one levels 

15. Sec, for example, A. A. ~arlow, "The Hog Cycle and the Cobweb Theorem", 
,Journal of VolulUe 42, November 1960, pp 842-853. 
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above did indicate that the behaviour of the model was rlot 
completely acceptable. In particular the "equilibrium" growth 
paths generated for the North Island variables were not 
consistent with a priori expectations. Table 10-1 shows the 
direction of these growth paths for each endogenous variable: 

Table 10-1 

Direction of Inherent "Equilibrium" Growth Paths 
for Each Endogenous Variable* 

PCS + DFPBS + DFPPS + PCCB 
XPTB PBS + PCN + DMP + 
MP'l'S + DFPPN + DRPK + DMB + 
DFPBN + PPN PCCP CHST + 
PBN PPS + DRBC + XPTP + 

. *. 'rhese variable names are defined in Table 10-3. 

The directions of virtually all of those growth paths are 
compatible. For example, increasing retail prices are 
associated with falling retail consumption and increasi~g farm 
prices in the South Island are associated with increasing farm 
production in this region. However, increasing farm prices 
in the North Island are associated with falling production. 
Although these equilibrium growth rates are extremely small 
(e.g. less than 0.2 percent for PBN) this inverse trend 
relationship in the North Island is a cause for concern . 
. However, given the evaluation of the North Island bacbne,r 
production equation, it is not an entirely unexpected lopg 
run phenomenon (because of the very large negative coefficient 
associated with the lagged farm price of porkers). Steadily 
rising baconer prices will tend, to force up po~ker prices. 
Alt&ough a priori we would expect the effect of the 
lagged baconer price to have the greatest effect on baconer 
~roduction, the excessive coefficient attached to the lagged 
porker price actually results in an inverse net long run 
relationship. 
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Therefore, although the model's stability characteristics 
are consiste~t with the stability characteristics of the 
market, the North Island baconer production equation requires 

10.4 The Static Properties of the Model The Ability to 
Forecast One Period in Advance Within the S::tmple Period 

This section discusses the results of a "total" deterministic 
simulation with the structural form of the model over a portion 
of the sample period (i.e. from 1971 (second quarter) to 1979 
(second quarter)). The summary results are presented in 
Table 10-2. Figures 10-2 to 10-9 illustrate the simulation 
results for eight of the most important variables in the 
model. Because of the change in grading cl~ssification in 
1973, the 'average production' variables in the price 
equations will be a mixture of pre and post classification 
change from the fourth quarter of 1973 to the third quarter 
of 1974 inclusive. Therefore these observations have had to 
be ignored in calculating the summary statistics presented 
in Table 10-2. There are only two observations (in the PCS 
equation) and six observations (in the MP'l'S equation) that 
were excluded during the estimation of other equations in 
the model. Because the influence of these variables over 
the periods in question was extremely small, and in an effort 
to maintain a large sample size, these two variables were set 
equal to their actual values during these periods. 

A comparison of the R2's generated from the simulation is 
interesting. We would expect some slight changes in the . . 

values of this statist~c because of the slightly different 
Itestimating" period and the influence of setting actual. 
and predicted values equal for a restricted period in the 
PCS and MPTS equations. 

.'\ 

'. 
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Table 10_-2. 

Results of Total Simulation of New Zealand Pig-Meat 
Model- from- t,~_~_!~~~c'Ondqlta;r~er) -t'o1'9'79 (second qUarter ) 

.. " . '," " .R .square2 % Turning Standard 
f- Points Errod 

Endogenous 2SPC Simulation currently Mean of 
Variablel Estimate Estimate Theil U Predicted3 MAPE Variable 

PCS 
XPTB 

MPTS 

DFPBN 

PBN 

DFPBS 

PBS 

DFPPN 

PPN 

PPS 

DFPPS 

PCN 

DRPK 
Pccp 

DRBC 

PCCB 

DMP 

DMB 

CHST 

XPTP 

1. 

2, 

0.82 0.95 0.26 86 5.39 0.187 

0.89 0.87 0.44 77 34.75 0.89 

0.79 " 0.79 0.74 80 144.55 0.95 

0.94 0.87 1. 51 80 4.70 0.14 

0.83 0.81 0.58 87 5.11 0.14 

0.95 0,89 1.52 83 4.49 0.17 

0.97 0.98 0.43 93 3.68 0.29 

0.95 0.89 1.29 77 3.43 0.13 

0.95 0.89 0.74 87 7.25 0.24 

0.98 0.98 0.50 84 5.66 0.45 

0.93 0.88 1.37 83 6.22 0.20 

0.81 0.79 0.78 83 12.74 0.27 

Identity 0.94 0.84 83 1.66 0.08 

0.94 0.94 0.61 87 6.49 0.28 

Identity 0.92 1.00 " 83 1.63 0.07 

0.89 0.88 0.51 93 4.12 0.13 

0.83 0.83 0.66 76 1.76 0.05 

0.93 0.94 0.88 76 1.39 0.06 

Identfty 0.82 0.44 97 48.39 1.58 

Identity 0.07 .1.86 50 111.45 1.11 
" I 

These variable names are defined in Table 10~3. . -~ 
These are not strictly comparable because of the different periods 
used in estimation and simulation. 

3. The number of times a directional change was correctly predicted 
div~ded by the total number of observations multiplied by·lOO. 

Given this source of divergence, the R squa.red's presented in 
Table 10-2 are very similar. This implies that the purged 

. . 
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Table 10-3 

Listing of Endogenous Variables in the 
Model 

Tdetitt"ft"ca t ion 

PCS 

XPTB 
MPTS 
DFPBN 

PBN 

DFPBS 

PBS 

DFPPN 

PPN 

PPS 

DFPPS 

PCN 

DRPK 

PCCP 
DRBC 
PCCB 
DMP 

DMB 

CHST 
XPTP 

Definition* 

Quantity of chopper meat produced in 
South Island 

Quantity of cured pig-meat exported 
Quantity of pig-meat imported 
Deflated farm price of bacon weight 

pigs in North Island 
Quantity of bacon weight meat 

produced in North Island 
Deflated farm price of bacon weight 

pigs in South Island 
Quantity of bacon weight m~at produced 

in South Island 
Deflated farm price of pork weight 

pigs in North Island 
Quantity of pork weight meat produced 

in North Island 
Quantity of pork weight meat produced 

in South Island 
Deflated farm price of pork weight 

pigs in South Island . 
Quantity of chopper meat produced 

in North Island 

Deflated retail price pork 

·Per C~pita consumption of pork 
Deflated retail price ~f cured pig-meat 
Per Capita cons~mption of bacon 
Deflated farm to retail price margin 

for pork 
Deflated farm to retail price margin 

for cured pig-meat 
Change in stocks of pig-meat 
Quantity·of pork exported 

. 
, .~ 

* All qua:nti ties are' exp'ressed in tonnes and all prices 
in cents per kilogram .. A detailed description of both 
endogenous and exogenous ~ariables appears in Appendix A. 
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Comparison of Actual and Simulated Values for 
North Island Baconer Production for the Period 1971 

(second quarter) to 1979 (second quarter) 
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Comparison of Actual and Simulated Values for 
North Island Porker Production for the Period 1971 

(second quarter) to 1979 (second guarter) 
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Figure 10-5 

Comparison of Actual and Simulated Values for 
South Island Pori{er Production for the ·period 1971 

(second quarter) to 1979 (second quarter) 
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Fi.gure 10-6 

Comparison of Actual and Simulated Values for 
Real Farm Price of Porkers for the Period 1971 

(second quartel') to 1979 (second quarter) 
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Figure 10-7 

Comparison of Actual and Simulated Values for 
Real Farm Price of Baconers for the Period 1971 

(second quarter) to 1979 (second quarter) 
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I!gure 10-8 

Comparison of Actual and Simulated Values for 
Per Capita Consumption of Fresh Pork for the Period 

1971 (second quarter) to 1979 (second qua.l'te.,,-r~) __ 
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Figure 10-9 

Comparison of Actual and SimulatedVa:iues for 
Per Capita Consumption of Bacon and Ham for the Period 

1971 ,(second quarter) to 1979 (second quarter) 
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endogenous variables used in the secbnd stage of 2SPC have .' a similar influence on the (other) endogenous variables as 
the simulation model generated endogenous variables used as 
explanatory variables in the simulation model. Another 
interesting feature is' the simulated R2 ,s reported for the 
identity equations in the model. The two retail price 
identities (i.e. DRPK and DRBC) and the 'change in stocks' 
identity (i.e. CHST) have a very satisfactory explanatory 
ability. Given that the errors in the cured products 
production and consumption equations will net out in the 
'change in stocks' identity, and that the errors in all of 
the farm price and margin equations will nett out in the two 
retail price identities, these are especially pleasing 
results. On the other hand, the R2 calculated for the 
export pork identity (XPTP), is extremely low. This is 
not altogether surprising. T.he average value of fresh pork 
exports is only 3.6 percent of average fresh pork production 
so that extremely small errors in either production or 
consumption will result in extremely large errors in the 
estimate 6f fresh pork exports. This is demonstrated by the 
very hi~h MAPE associated with XPTP while the MAPEs associated 
with the fresh pork production and consumption equations are low. 

The inequality cqefficient (Theil U) for each equation is 
also reported in Taple 10-2. The values that this coefficient 
assumes lie between 0 and 00 the smaller the coefficient, 
the better is the forecasting performance of the equation .. 
If the change in the predicted value is equal to the change 
in the actual value then this coefficient equals zero. If 
the coefficient is equal to one then the equation forecasts 
are no better than 'naive' zero-change prediction (i.e: 
Yt = Yt-1). If the coefficient exceeds unity then the 
predictive power of the equation is worse than a zero change 
prediction. 

An examination of Table 10-1 indicates that only five of the 
20 equations have Theil U coefficients,gr,eater than unity, 
with one coefficient equal to unity. Apart from the XPTP 
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equation (which is unlikely to forecast well because of the 
reasons discussed above), this.problem is confined to the 
farm price equations. Given the importance of the DFPBN 
equation in determining farm prices it is probable that this 
equation is the soupce of most of the forecast errors in the 
model. This throws further suspicion on the DFPBN equation 
and especially on the importance of stocks in determining the 
farm price for baconer pigs and the accuracy of the 'change 
in stocks' variable. Although the farm price equations 
predictions are inferior to naive zero-change predictions, 
the MAPE's associated with these predictions are small (i.e. 
average under 5 percent) and the proportion of turning 
points correctly predicted is large (i.e. exceeds 80 percent). 
In addition, the problems associated with the relatively 
poor predictive power of these equations has not rendered 
the other equations in the model inferior to naive forecasts. 16 

Of the equations in the model, only four have very large MAPEs 
(i.e. XPTB, MPB, eRST and XPTP). All of these equations 
represent small, a~d highly volatile, quantities of pig-meat 
(on "average" the standard error of these variables exceeds 
the corresponding mean val~e). Therefore, although the model 
forecasts of these variables are accurate when measured by a 
number of other criteria, it is not surprising that the 

.. MAPEs associated'with these forecasts are~arge. When these four 
equations are exc~uded, the average MAPE for the other 16 
equations falls to 4.7 percent. 

Apart from the XPTP equation, all of .the equations in the 
model forecast the direction of change in the endogenous 
variables reasonably well. Table 10-2 indicates that, on 
average, these equations correctly predicted 84 percent of 
the directional changes in the endogenous variables. 

16. Although when the predicted values for farm prices are set equal 
to their actual values (so that this ,source of error is removed), 
the "average" Theil U for the other 16 equations falls from 0.7 
to 0.6. 

( 
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The figures presented in Table 10-2 indicate that, although 
~ 

the forecasting ability of some' equations is not particularly 
good, the model as a whole is able to provide reasonably 
accurate forecasts for most of the endogenous variables. In 
particular, although'the model forecasts for farm prices and 
fresh pork exports are not as good as naive forecasts of the 
same variables (and model forecasts of retail cured product 
prices are no better), the model's ability to forecast the 
other endogenous variables one period in advance within the 
sample period·is superior to naive "model" forecasts. 

10.5 Medium to Long Term Forecasts: An Evaluation 
of the Model's Evolutionary Behaviour 

This section discusses the results of a "final" deterministic 
simulation with the structural 'form of the model over a 
restricted within-sample period (i.e. from 1974 (fourth 
quarter) to 1979 (second quarter)). These results are 
compared with the model's ability to gener1:lJte "static" 
forecasts (i.e. forecasts one period in advance). Unfortunatel~ 

because of the influence of the grading change on the "average 
production" variables', the perfod prior to 1974 could not be 
included in the simulation. 

The ability of the model to generate acceptable "dynamic" 
forecasts is an important test of ~he usefulness of the 
model in generating medium to long term forecasts (i.e. 
forecasts for periods longer than one period in advance). If 
the model can successfully generate accurate forecasts of the 
endogenous· variables using previous forecasts as lagged 
variables, then the model is useful as a medium to long range 
forecasting tool. 

The results of both the total (static) and final (dynamic) 
simulations for the period are presented in Table 10-4. The . 
first point to note is that both static and dynamic results 

( 
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" Tahle" 10-4 

Comparison of Total and Final Simulations of 
the New Zealand Pig-Meat Model from 1974 

ffour'th guart"er} " tcf _1979" (se"cohdqu"arter) 

Total (Static) Final (Dynamic) 
Endogenous Simulation Simulation 

, Variable 
Theil U MAPE Theil U MAPE 

PCS 0.24 5.2 0.28 7.2 
XP'rB 0.74 40.6 0.76 45.4 
MPTS 0.79 218.2 0.90 265.9 
DFPBN 2.12 3.9 2.10 11.4 
PBN 1.07 5.5 1.02 9.7 

, 
DFPBS 1.36 4.4 1.16 12.4 

, i 

PBS 0.47 3.4 0.43 5.1 
DFPPN 1.34 3,2 1.05 7.1 
PPN 0.85 8.6 0.74 13.1 
PPS 0.50 6.9 0.50 8.4 
DFPPS 1.21 5.8 1.00 11.2 
PCN 1.17 12.5 0.80 19.2 
DRPK 0.78 1.2 1.08 4.7 
BCCP 0.69 6.5 0.63 6.2 
DRBC 1.13 1.1 1.. 37 4.4 
PCCB 0.53 3.3 0.48 4.2 
DMP 0.71 1.5 0.81 3.8 
DMJ;3 0.90 1.1 0.94 2.8 
CRST 0.52 46. 9~ 0.50 131.5 

." , 
XPTP 1.51 1~0.2 1.81 183.1 

Average 0.93 25.0 0.91 38.0 

AVerage l 4.6 8.1 
-- -

1. Excludes the worst four equations; XPTB, MP'fS, CHST, XPTP. 
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for this restricted period are generally inferior to the 
static results for th~ longer period presented above (although 
the MAPE for the total simulation is identical to that for 
the total simulation presented above). This is not an 
unexpected result. The parameter estimates have been 
calculated over a period more than twice as long as the 
1974-79 period used for these simulations and, therefore, 
the'se parameters are not ideally suited to a more restricted 
period. Therefore, the comparison between total and final 
simulations can only be made when an identical simulation 
period is considered. 

The second point to' note about the results presented in Table 
10-4 is that using the Theil'U criteria, the dynamic forecasts 
for the period are as good as the static forecasts for the 
same period. The poor forecasting ability of the farm price 
equations is still apparent but, for this restricted period, 
has had a more dramatic effect on the forecasting ability 
of the retail price equations and the North Island baconer 
supply equation. The Theil U coefficients for the dynamic 
forecasts indicate that, over this restricted period, 12 
equations performed better than naive forecasts, four equations 
performed as well as naive forecasts and four equations 
performed worse. than naive forecasts. 

Despite the fact that the average Theil U coefficient for 
static and dynamic forecasts are identical, the MAPEs of"""ehe· 
dynamic forecasts are considerably larger than the MAPEs of 
the static forecasts. Therefore, although dynamic simulations 
are likely to improve the medium to long term forecasting 
ability of policy makers, these longer term forecasts will 
not be as precise as the short term static forecasts. 
Although any lack of accuracy is unfortunate, the relative 
increase in the MAPE associated with dynamic forecasts is 
unlikely to prejudice the use of these forecasts in practice. 
Medium to long term forecasts are primarily indicative (i.e. 
policy makers are interested in general trend movements over 
the. long te_'m) and are usually highly conditional in practice. 



238 

The actual. forecast error is sensitive to the forecast 
values for the exogenous variables used as well as the 
forecasting ability of the model. Therefore policy makers 
tend to set values for exogenous variables that reflect what 
they perceive as alternative future scenarios rather than 
attempting to forecast the most probable values for exogenous 
variables. These alternative sets of time paths for the 
exogenous variables yiel~.highly conditional forecasts for 
the endogenous variables (i.e. more of a "what would 
happen if II type of analysis than a "what is most likely to 
happen" analysis). Given the limited ability of policy 
makers to forecast future values for the exogenous variables 
this is an intelligent use of the longer term forecasting 
ability of the model. 

10.6 The Ability of the Model to Forecast 
. Hetond the Sample (Estimation) Period 

This section evaluates the model's ability to forecast beyond' 
the initial period used to estimate the model. Unfortunately 
only three post-sample period observations are available (i.e. 
1979 (third quarter) to 1980 (first·quarte+,» .. This is 
insufficient to test the dynamic forecasting ability of the 
model beyond the sample period and renders an accurate 
evaluation of the post. sample static forecasting ability of 
the model difficult. 

The results of this simulation are reported in Table 10-5. 
A comparison of the MAPE and 'proportion of total turning 
points accurately predicted' within and beyond the sample 
period indicates that the "averagell performance of the model 
in the post-sample period is worse than its performance 
within the sample period. However, it is very difficult 
to form conclusive opinions on the forecasting ability of 
the model using such a short post-sample period. This 
deterioration in the post-sample forecasting ability of the 
model may be due to either abnormal conditions in the 
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forecast period or to structural changes in the market between 
sample and post sample periods. It is only the presence of 
structural changes that alter the underlying behavioural 
relationships that affect the model's validity for forecasting 
outside the estimation period. 

The sensitivity of the parameter estimates in each equation 
to changes in the sample period has been evaluated in Chapters 
Six to Ten. All of the parameters in the model were found to 
be stable at the 1 percent level. However, some equations 
were close to (or exceeded) the critical F value at the 
5 percent level so it is possible that some important 
structural changes may have started to occur since the 
second quarter of 1978. However, these changes are not 
obvious and it would be wrong to dismiss the influence of 
lIabnormal conditions" on such a limited forecast period. 

A very crude measure of the significance of "abnormal conditions' 
within the estimation period is the largest MAPE for any 
previous three,consecutive quarters. A comparison of the post-
sample forecasts with these "worst" within sample forecasts 
indicates that, on "average", the deterioration in post-
sample forecasts is not outside the range of MAPE's for a 
within sample period of comparative length. 

However, what these average figures hide is the tremendous 
variation in the post-sample performance of individual 
equations. While the post~sample performance of some 

equations is superior to their within sample performance 
(based on either MAPE or "turning point" criteria), some 
equations perform particularly poorly in the post sample 
period. The two baconer ~nd porker production equations, the 
Nortb Island farm price for porkers equation and the porker 
margin equations all perform badly when both MAPE and crude 
turning point criteria are used. However, given the very 
small post-sample size, the results are indicative rather 
than conclusive. The evaluation of the production equations 
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in Chapter Nine highlighted a number of inconsistencies 
between the parameters in thes~ BquationsM Given these 
inconsistencies we might expect the performance of these 
equations to be variable (e.g. these equatl.ons could not 
be expected to perform well when explanatory variables -
especially the ratio of baconer to porker prices - vary 
too greatly from their mean values). The pork margin equation 
also performs comparatively badly in the post-sample (although 
the MAPE is still small compared to that for other equations) .. 
This is surprising given the stability of this equation when 
subject to a reduction in sample size (see Table 6-1 and 
accompanying discussion). "Abnormal conditions" could well 
have affected the performance of this equation. Finally. it 
is interesting to note the relative'stability of the two 
consumption and retail price equations; all perform well 
in the post-sample period despite the problems associated 
wi t,h other variables in the model", 

Unfortunately, because of the very small post-sample size, 
no :firm conclusions can be drawn from this analysis, 
However, the results indicate that. although the performance 
of the model as a whole deteriorates from the MAPE for the . 
entire sample period, the po~t-sample results are not outside 
the range of ~APEs for a similar length within-sample period. 
These results also indicate that the 'perfo~mance of the 
retail portion of the model is relatively insensitive to 
forecast errors in farm production. 

10.7 Co~clusions 

This chapter has been primarily concerned with the 
application of simulation analysis to validate the complete 
model. Although this is not the only technique available 
to evaluate the validity of a commodity model, it is the 
most ~seful in this instance. 

The stability characteristics of the model as well as the 
model's ability to forecast both statically and dynamically 
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within the sample period and statically outside the sample 
period have been evaluated. 1.11 1TIost respects the model has 
performed satisfactorily. It is able to reproduce an 
"inherent" pig cycle. This cycle is convergent with a mean 
length of about 3.5.yBars. Apart from difficulties ln 
forecasting farm prices, model forecasts are likely to be 
accurate enough to be useful to policy makers. However the 
accuracy of these forecasts is likely to decline as the 

. forecast period is increased and as this period is extended 
further beyond the original imation period. As work is 
currently underway which should enable the re-estimation of 
the model this problem is not of major importance. 

The model's potential to provide long term (evolutionary) 
forecasts is also acceptable, although these forecasts are 
likely to have larger errors associated with them. The 

·model is therefo~e more useful providing highly conditional 
forecasts (i.e. evaluating the impact alternative scenarios) 
than long term predictions of market variables (i.e. "most 
likelylf forecasts). This is coincident with the interests 
of policy makers whose ability to provide accurate forecasts 
of exogenous variables also limits the usefulness of the 
model in providing long term predictions. 

The least satisfactory aspects of the mod~l!s forecasting 
behaviour are the model generated farm prjce forecasts. These 
forecasts are not good enough for use as an instrument 
of stabilisation policy (i.e. to improve producers' 
production decisions). Considerably more work needs to 
be done to improve the long term forecasting of farm prices. 
Although this inability to lmprove on a naive forecast of 
farm prices limits the use of ,the model as a policy 
instrument, it does not render the model useless as a 
policy tool. Model forecasts of other endogenous variables 
are accep.table despite the difficult in forecasting farm 
prices. The use of the model to evaluate alternatlve 
policies is also likely to require that farm prices be set 
exogenously (i.e. farm prices are the Po~k Marketing 
Board's main pollcy instrument)', 
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, ..... V' 
a.d.-~lf./ 

Chapter Eleven discusses the problems" wi th the present 
model, the developments needed to improve its forecasting 
ability, and the usefulness of the model in its present 
form in detail. The forecasting ability of the model with 
exogenously determined farm prices is also discussed. 

-
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CHAPTER ELEVEN 

CONCLUSION APPLICATIONS AND DEVELOPMENTS 

11.1 Introduction 

Chapter One discussed the objectives of this study: 

"'rhe objective of this study is to provide 
policy makers in the pig industry with a 
quantitative description of their industry 
that is usable, credible and sufficiently 
accurate to improve their ability to 
anticipate and respond to problems facing 
the industry."l 

This chapter discusses the extent to which this objective 
has been achieved and the developments needed to improve 
the model's ability to represent changes in the New Zealand 
pig-meat market. The evaluation of each individual 
equation in the model as well as the evaluation of the model 
itself has revealed some weaknesses in the model. These 
weaknesses limit the usefulness of the model as a policy 
tool and, at this stage, prevent the-use of model forecasts 
as a policy instrument. 

The first sect ion of this chapter discusses the problems'c, 
associated with the model in its present form. The second 
section briefly discusses the work currently underway to 
overcome these problems. This work should result in the 
re-estimation of the model in the next 12-18 months. 
Although these problems limit the usefulness of the model 
in its present form) the model described in this thesis 
does have a number of important applications. The final 
section discusses the usefulness of the model in its present 
form and briefly describes the way in which the model has 
been used over the last nine months. The application of 
the model over this period is evidence that this study has, 
at least partiallYJ achieved the objective outlined above. 

1. Chapter One I p. 3 
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11.2 Probl.ems Associated with the Model in its Present Form 

The model described in this study has two main problems 
associated with it; the predictive ability of the farm price 
equations is poor ana the parameter estimates of the supply 
equations are not entirely internally consistent. This 
section discusses the possible causes of these problems. 

11. 2,1 The· Poor Predictive Ability of the Farm Price Equations 

Although all of the farm price equations explain over 93 
percent of· the ~a~iation in farm prices, the predictive 
ability of .these equations in the model is inferior to a 
naive no-change "model lt

• '1'11.is poor predictive ability impairs 
the performarice of the other equations in the model. Discussion 
of the specification and evaluation of the farm price e~uations 
noted three problems that could prejudice the performance of 
these equations. 

(a) The influence of stock changes on the price for 
baconers was not found to be significant. 
Although it is possjble that st06k changes do 
not inf~uence farm prices, Chapter Seven noted 
that: 

ItThe result could also be due to 
data problems (i.e. a very poor 
estimation of buyers' actual 
change in stocks). Appendix A 
discusses the estimation of_this· 
variable in detail and noted that 
it was one of the least satisf~ctory 
variables in this study ll.2 

If the 'change in stocks' serie~ used to estimate 
the North Island baconer .equation is a poor 
representation of the actual change in stocks, 
then the estimates in this equation will be 
seriously biased and the farm pr~c~ equations 

2. Chapter 7 , p.151 
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will not adequately predict the effect· of changes 
in supply and demand on farm price? 

(b) The close association between the D20Q dun~y 
variable and the 'anticipated trend production' 
variables may also impair the accuracy and 
stability of these two parameter estimates. This 
problem (i. e .·collinearity with the D20Q dummy 
variable) may also affect other parameter 
estimates in the model. 

(c) Chapter Four discussed a generalised specification 
of the fresh pork market which simultaneously 
solved for the farm price of porkers. Unfortunately, 
because of data inadequacies, that specification 
had to be modified and individual porker price 
equations specified and estimated. Although the 
restrictions placed on fresh pork exports limited 
the problems caused by the re-specification this 
re-specification will probably distort the 
response of farm prices to a given exoge~ous shock. 
Further investigation is justified to find a 
reasonable way of regionally disaggregating all 
of the series used in the fresh pork equations. 

11.2.2 Inconsistency of the Parameter Estimates in the 
Supply Equations 

The parameter estimates in the supply equations for each ·island 
are not entirely internally consistent. In particular the 
parameter associated lagged porker price in the North Island 
baconer supply equation appears to be too large and results .. 
in a perverse long run relationship between a sustained 
increase in baconer (and therefore, porkerJ prices and 
baconer production. The substitutability between porker 
and baconer production in each island is also asymmetric. 
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This lack of consistency is a serious problem which constrains 
the policy application of the model and may act to bias model 
forecasts when the baconer/porker price ratio moves too far 
from its mean value. Given this problem l the model cannot 
be used to indicate to policv makers the effect of setting 
markedly differential farm prices for each weight range. 
The model response to a significant differential between 
these two prices may be an increase or decrease in the number 
of pigs in anyone categ6ry without a corresponding decrease 
(increase) in the other category. This also implies that 
pigs are added or subtracted to the slaughter rate without 
a corresponding increase or decrease in herd size. 

This problem could be a result of inadequate data; Appendix 
A noted that the porker farm price series for both islands 
were"along with the 'change in stocks' series, the least 
satisfactory in the database. 

11.3 Developments Needed to Overcome Current Problems 

It is obvious from the nature of the problems discussed above 
that the model needs to be re-estimated if these problems are 
to be overcome. HOwever, a re-estimation of the model m~y not 
prove helpful in overcoming these problems until COnSiderably 
more investigatory work is undertaken. This investig~tio~ 
should be undertaken at four levels: 

(a) To improve the 'change in ~tocks' and )farm 
price for porkers' series in the database; 

(b) To provide enough a priori evidence to impose 
parameter restrictions on the D20Q variable 
in the model with the objective of adjusting 
production and consumption series used in the 
model and removing the D20Q variable from the 
model altogether; 3 

3., This is discussed in greater detail in ChaJ?ter Seven 
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(c) To find a reasonable basis-for regionally 
disaggregating all of the series used in the 
fresh pork equations so that this component of 
the model can 'be re-specified to move closely 
approximate the generalised simple equilibrium 
model described in Chapter Four; 

(d) To provide enough a priori evidence to impose 
parameter restrictions on the production 
equations in each island to ensure symmetry of 
price response. This should not prove too 
difficult and should, in combination with 
improved data for porker prices, enable a 
considerable improvement in the estimated 
production equations. 

Most of the investigatory work currently underway is directed 
at improving the database, however some preliminary work at 
the other levels has been completed. Access to improved 
computer programmes should also aid the re-estimation of 
the restricted form ,of the model. Given current progress 
the model should be able to be usefully re-estimated in 12-18 
months. 

11-4 Applications of the Model in its Present Form 

Although the model described in this study has a number of 
problems associated with "it, it is still use£ul in its 
present form. This section discusse~ the potential 
applications of the model in its present form and the way 
in which the model has actually been applied to date. 

11.4.1 Forecasting 

The forecasting ability of the mod~l was evaluated in 
Chapter Ten. That chapter concludeB {hat, except for 
a limited number of variables (e~pecj"ally farm prices), " 
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the model's forecasting ability was superior to naive 
forecasts both within and beyond the sample period. Although 
the forecasting ability of the model is likely to deteriorate 
as it is used for longer term forecasting beyond the sample 
period, the model is still useful if its role is confined 
to evaluating the lmpact OI alternatlve scenarlU8 ra~her 
than using the model ,to make long term predictions. 4 In 
this latter case the errors in ,the forecast exogenous 
variables and the errors produced by the model will 
drastically reduce ~he confidence that could be placed on 
any long term prediction. This problem, combined with the 
lack of model accuracy in forecasting farm prices, means that 
the model should not be used to provide longer term (i.e. five 
to seven quarters in advance) price forecasts. Chapter Three 
indicated that accurate long term price forecasts would be 
an effective stabilisation instrument (i.e. that it would 
overcome the problems caused by imperfect information). 
However, given the problems currently associated with the 
model, it cannot be used for this purpose in its present 
form. 

To date the model has been primarily used fo~ short term 
.(i.e .. one period in advance) forecasting and to'evaluate 

possible scenarios in the slightly longer term (e.g, three 
quarters in advance). For example, in mid 1980 Pork'Marketlng 
Board staff us~d the model to evaluate the impact on the 
consumption of pig-meat of a scenario where the real cost 
of feedgrains increased 10 percent ~nd the Board maintained 
the farm price (BMP) at a level.eqftal to eight times the per 
kilogram cost of feed grain. Feedgrain costs were assumed 
to increase linearity to 110 percent of their real 1980 (third 
quarter) level by the second quarter of 1981. The model 
results indicated that, under these assumptions (and 
IIrealistic" assumptions for the other exogenous variabl,es), 

4. Where predictions 'define the most likely outcome (Le. exogenous 
variables are set at their "most likely" level) ,and scenarios 
define highly conditional outcomes (i.e. axoganous variables at a 
level that reflects alt,ernati;ve future scenc.'trios). , 
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total consumption of pig-meat would fall by nearly 10 perc~nt 
by the second quarter of 1981 and, because farm prices have 
increased with respect to foreign prices, imports would increase. 
Given that the Board would be attempting to maintain an 
artificially high farm price (which would maintain domestic 
production) this reduction in consumption would result in 
considerable excess supply. In the absence of any other 
policy action on the part of the Board (e.g. a major 
promotional campaign to increase consumption) considerable 
quantities of pig-meat would therefore have to be purchased 
by the Board to maintain the 8:1 farm price: feedgrain 
cost ratio. 

This sort of application of the model gives the Board an 
indication of its likely involvement in the market consistent 
with a given set of external circumstances (e.g. the feedgrain 
cost rise) and objectives (the Inaintenance of an 8:1 farm 
price: feedgrain price ratio). It also enables the Board 
to test the sensitivity of any forecast outcome to changes 
in other important exogenous variables (e.g. the cif cost 
of imports). 

11.4.2 Policy Evaluation 

The use of the simulation model to evaluate alternative 
policies is an example of highly conditional forecasting , 
very similar to the scenario analysis described above. 
"Policyvariables" (which descr~be policy instruments) are 
set at alternative levels and the model generates alternative 
time paths for the endogenous variables. The major "policy 
variables" of interest to the Pork Marketing Board is the 
farm price of baconer and porker pigs in both islands. 
Although the model has not yet been used to evaluate the 
impact of alternative levels of BMP on the market, this 
sub-section discusses the use of the model for that purpose. 
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.. 
In order to evaluate the ability of the model to forecast 
the other endogenous varl.ables when farm prices are 
determined exogenously, a final simulation was used to 
dynamically forecast the endogenous variables over the 
period 1971 (second quarter) to 1979 (second quarter) with 
farm prices set at actual levels. The results are reported 
in Table 11.1. Not surprisingly, these results represent 

Table 1i-1 

Results of Final (Dynamic) Model Simulation. from 1971 
(second quarter) to 1979 (second quarter) with 

Farm Prices Determined Exogenously 

Endogenous 
Variable Theil U MAPE 

PCS 0.27 5.7 
XPTB 0.41 42.7 
MPTS 0.81 134.8 
PBN 0.50 4.9 
PBS 0.40 3.6 
PPN 0.59 5.7 
PPS 0.39 5.6 

w' 

PCN 0.48 10.2 
DRPK 0.54 1.5 
PCCP 0 . .55 5.0 
DRBC 0.63 2.5 
PCCB 0.42 3.9 
DMP 0.83 2.6 
DMB 0.82 3.4 
CHSrl' 0.43 78.8 
XPTP 1.6'1 121.1 -
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an improvement on previous model simultations where farm 
prices were determined endogen.ously. They indicate that t 

if farm prices could be exactly forecast, the other variables 
in the model (with the exception of XPTP) could be forecast 
with reasonable accuracy for as long as forecasts of farm 
prices (and other exogenous variables) were available. 

The Board could use the model with exogenous farm prices to 
evaluate policies in two ways. Firstly it 'may be interested 
in how the behaviour 'of the pig-meat market would have 
changed if alternative levels of farm prices had been 
set by the Board during the sample period (i.e. a historical 
policy simulation). In this case the farm prices are set 
(exogenously) at alternative levels and alternative 
simulated time paths for the endogenous variables compared. 
For this type of simulation the restrictions on the export 
of fresh pork have to be lifted (i.e. with exogenously 
determined prices, the 'change in stocks' and 'fresh pork 
exports' volumes have to be able to adjust freely to bring 
supply and demand ~nto balance). In fact the Board 
likely to be particularly interested in the difference 
between the alternative stimulated ,time paths of these two 
equilibriating variables because they would act as proxies 
for the Board.'s own involvement in the market. For example, 
if the Board was to set BMPs at highe~ th~n the market 
determined farm price, then production and imports would 
increase and consumption and exports would decrease forcjng 
both stocks and fresh pork exports to increase in the model.5 

This increase in stocks and fresh po~k expo~ts would then 
be a measure of the quantity of cured and fresh pig-meat 
that the Board would have had to withdraw from the domestic 
market to maintain the farm prices at higher than market 
determined levels without incurring an im~ediate trading 
loss. This quantity would then have to be either removed 
from, the local market (e.g. exported) which would probably 

5. Assuming at this stage that the Board is not prepared to 
sell any of its own stocks at a loss. . 
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involve the Board in a trading loss, or sold on the domestic . 
market at a later date. The model could ~e used to determine 
the reduction in farm price (below market determined levels) 
needed at a later dat~ to completely remove the Board's stocks. 
Using the model in this way would indicate to the Board the 
impact that alternative strategies (which would include 
combinations of alternative BMPs and alternative "disposal!! 
policies) would have had on: 

(a) Production and consumption stability over the 
period; and 

(b) The breadth and depth of the Board's market 
involvement over the period (which could be 
calculated in terms of the Board's own income 
and expenditure). 

However, historical policy simulation need not be restricted 
to identifying improvements in the operation of the present 
BMP scheme. It would be possible to use the model to 
evaluate a number of alternative stabilisation strategies 
in an effort to help the Board identify better strategies 
as well as improving its operation of current stabilisation 
policy. 

Secondly, the Board may be interested in forecast policy 
simulation. In this case simulation analysis is applied 
to the model in ,the post sample period to generate alternative 
future time paths for the endogenous'variables for alternative 
assumptions about the future time paths of the policy 
variables., The analysis woul~ be very similar to that 
applied in historical policy simulation. The accuracy of 
this type of simulation is sensitive to the forecasts of 
the exogenous variables used a$ well as the sample aceuraey 
ot the model itself. However, the results of this type of 
analysis are likely to be very valuaole to the Board in 
assessing the impact of alternative aC,tipns it may take on 



both the market and its own income expenditure. 6 This will 
assist the Board in setting its o~n policy as well as 
enlisting the support of Government agencies in supporting 
a given policy stance. Treasury is more likely to support 
the Board's involvement in the market if a reasoned assessment 
of both the likely effects and exent of this involvement can 
be demonstrated by the Board. 

Although the model is applicable to the analysis of a wide 
range of policy questions, there are some questions which 
(given the problems associated with the model in its 
present form) the model should not be used to address. In 
particular, given the lack of symmetry in the production 
equations, the model cannot accurately simulate the effect 
of differential (farm) pricing policies. 

Use of the model to evaluate alternative policies requires 
considerably more involvement of the policy maker than the 
use of the model to generate forecasts. Although the policy 
maker is required to specify the level(s) of the exogenous 
variables in both cases, this is considerably more difficult 
in the case of policy evaluation. In this case, alternative 
policies must be explicitly defined as 'alternati~e time paths 
of the exogenous (6r exogenised) variables. In the pig 
industry this means that Pork Marketing Board staff must be 
able to define alternative levels for the BMP (and the 
associated stabilisation levy) as well as alternativ~ 
"disposal" strategies (e.g. export. stock holding or even 
retail promotion). This involves quite a detailed 
consideration of the options available before the model is 
used. Although this is seen as one of the benefits of 
model use. i.t does imply considerable interact'ion between 
model users and policy makers. To date the Pork Marketing 

6. The future policy simulation is not as sensitive to err0rs in 
the exogenous variables as long term predictions of market 
variables. Policy simulation is primarily concerned with the 

----- between the time paths of the exogenous variables 
the influence of alternative, policies rather 

than absolu1:e level of the endogenous variables at any 
particular future pOint in ,time. 
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Board has not used the model for policy evaluation. However, 
this reflects the relative inexperience of everyone involved 
in the use of the model rather than any faults in the model 
itself. The increasing use being made of the mode~ shou].d 
result in the eventual application of the model to policy 
evaluation. 

11. 5 Conclusion 

The continued use of the model described in this study as a 
policy tool by Pork Marketing Board staff is an indication 
that this study has achieved the objective set out in 
Chapter One. Policy makers within the industry have found 
the model credible, useful and usable enough to continue 
using it as a policy tool and are interested enough in the 
potential of the model to continue funding its development. 
The use of the model to date for short term forecasting 
and medium term scenario evaluation has helped policy 
makers "anticipate and respond to problems facing the 
industry" over the last nine months. The continued application 
of the model should result in policy makefs applying the model 
to evaluate alternative policies. Interest is already being 
shown in this application of the model~ However, the model 
described in this study does have a number of problems 
associated with it which prevents its use as a policy 
instrument and limits its use as a policy tool;, Furthe'r'''· 
investigations currently underway should help to overcome 
these problems and extend the usefulness of the model. It 
-is only when these problems are overcome. that the full 
potential of the model can be realised. 
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APPENDIX A . 

THE TIME SERIES DATA 

. A.1Iht~odu6tion 

This chapter describes each series used to estimate the model 
described in Chapter Four. The source of each series (or of 
the components of each series), are identified, the aggregation 
of series components is discussed, and the modifications 
thought necessary to maintain consistency within a series are 
made explicit. A description of each series used in the model 
is necessary for three reasons: 

(a) It is important that m6del users know precisely 
what each series represents. This is especially 
true when the series used in the model is an 
aggregation of other series; 

(b) It is important that the data used in the study 
is credible t~ potential model use~s. A riareful 
description of the data enables the model user 
to develop an informed opinion about the accuracy 
and consistency of the data used. Where there 
are problems with the adequacy of the data, users 
should be aware of these problems in the inter-
pretation of model output and should be aware of 
data inadequacy as a source of error in the 
estimation of the model; 

(c) A clear description of the data is essential if 
the model is to be regularly updated. An 
important objective of this study is to estimate 
a model of the pig-meat market that is useful to 
policy makers in the New Zealand pig industry. 
The model's usefulness is enhanc.ed. if the task 
of updating the model is made simpler at this 

stage. 
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The need to provide a clear description of th~ data used in .. 
th~ estimation of the. model is "enhanced in"this particular 
study because of the number of unpublished series that have 
been used and because of discrepancies between some of the 
data used in this study and data published by the Department of 
Statistics. 

A.2 " Gon"surnption; Production and Stocks 

This section reviews the consumption, production and stocks 
figures used by the Department of Statistics, considers why 
these series are unacceptable and explains the deviation of 
new" series for these variables. 

A.2.1 The Departlnentof Statistics'" Figures 

Although the Department of Statistics publishes estimates of 
the quantity of pig-meat produced and consumed in New Zealand 
on a quarterly basis1 these figures have a number of serious 
problems associated with them. 

(a) Both series lapsed in September 1970 for three years 
so only a~nual estimates are available for the 
September" years 1971, 1972 and 1973; 

(b) These series only describe aggregate production 
and consumption. No disaggregation by slaughter 
weikht class or gerigraphical region is available; 

(c) The production series is not comprehensive and 
, 

therefore, in recent years, both production and 
consumption have been underestimated. Unlike 
other animals, more than half the pigs killed 

1. Department of Statistics, Monthly Abstract of statistics. See 
for example, MAS, November 1978, p.24 (Table 31). 
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in New Zealand are slaughtered at abattoirs. 
Unfortunately, ,the Department of Statistics 
collects slaughter figures from only,26 
abattoirs where~s the Ministry of Agriculture 
and Fisheries'(who also collect pig slaughter 
figures from abattoirs)collect pig slaughter 
figures from 32 abattoirs. The Department 
admits that no check has been made on the 
coverage of their survey for some years (the 
implication is that newly constructed 
abattoirs have not been included in the 
survey). The restricted coverage of the 
Department's production figures has resulted 
in an important underestimation of the pig 
kill. According to Ministry of Agriculture 
and Fisheries statistics, the proportion of 
the total kill going through abattoirs has 
increased from about 27 percent in 1968/69 to 
about 60 percent in 1972/73, with consistently 
more than 55' percent of the total pig kill 
handled by abattoirs since 1972/73. Table 5-1 
compares the annual producti'on of pig-meat' 
series published by the Department of Statistics 
with a ~imilar series based on Ministry of 
Agricultu~e and Fisheries figures. 

(d) The Department's production series includes an 
estimate of pigs killed on farms that is likely 
to distort fluctuations in the total quarterly 
kill. The weight of pigs killed on farms for 
human consumption is calculated from a five 
year~y survey of farm holdings. This annual 
survey figure remains constant between surveys 
and is divided by four to give quart~rly estimates. 
It is doubtful whether this figure should be 
included in product ion for a st'udy of this 
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Table' A-:t 

Comparison of Annual Slaughter Statistics from 
the Department of Statistics and the Ministry of 

Agriculture: and Fisherie's ' (1971'-1978) 

, Total Production (000 Tonnes) 

September 
Year MAF* Error Error 

1971 42.3 43.4 1.1 - 2.5 
1972 40.6 42.2 1.6 - 3.8 
1973 35.3 36.0 0.7 - 1.9 
1974 34.4 38.2 3.8 - 9.9 
1975 34.2 36.8 2.6 - 7.1 
1976 32.8 38.3 5.5 -14.4 
1977 39.0 43.9 4.9 -11.2 
1978 38.2 42.8 4.6 -10.7 

* Prior to,1975, this weight was calculated by applying 
the average weight to the total number of animals 
killed. 

Sources: Departmeni'of Statistics, 'Monthly Abstract of 
Statistics, October 1979 (Table 10.4) 

Ministry of Agriculture and Fisheries, Slaughter from 
Abatt6irs and Export Works, (unpublished). 

nature. Firstly, the estimate is unlikely to 
be reliab as an indication of the quarterly 
quantity of pig-meat killed on farms. Secondly, 
there is no variation in the figure between 
surveys (i.e. over five year periods) with discrete 
changes every five years. This pattern of variation 
is likely to give misleading results. Thirdly, 
changes in the quantity of pig-meat killed on 
farms is unlikely to have a significant impact 
on the pig-meat market. The 1977 Ministry of. 
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Agriculture and Fisheries survey indicates that 
the number of pigs killed 'On farms for human 
consumption amounted to only slightly more than 
1 percent of the total number of pigs killed. 
Given these cGnsiderations it was decided that, 
for the purposes of this study, it would be 
better to ignore this source of production and 
consumption than to use the five yearly survey 
figures as the basis for quarterly estimates 
of this variable; 

(e) The consumption series has four major problems 
associated with it: 

(i) The production figure from which 
consumption is de~ived under-
estimates actual production; 

(ii) Consumption is calculated by 
subtrapting pig-meat killed at 
export works and lIdestined for 
export II . and any increase in pig- . . ~ , " 

meat stocks away from the 
production figure. Imports are 
completely ignored. Although 
imports of pig-meat were 
insignificant up until the early 
1970s, since that time imports 
have been a ~egular feature of 
the New Zealand pig-meat market. 
In some qua~ters, imports 
exceeded 10 percent of local 
production. Ignoring imports 
will tend to result in a further 
underestimation of the level of 
pig-meat consumption by the 
department's consumption series. 



(iii) 

268 

Instead of subtracting actual 
exports from consumption, the' 
department subtracts pig-meat 
killed at export works and 
"destined'for export ll , as 
shown on the NZMPB tabulation. 
A note on this tabulation 
indicates that, although 
"dest ined for export", a 
quantity of this meat may 
actually be sold on the 
domestic marke:t; 

(iv) As noted below, the Department's 
estimate of pig-meat stocks is 
incomplete. 

The first three problems associated with the 
consumption series will all result in the 
department underestimating the actual level 
of pig-meat consumption; 

" 

(f) The department's estimate of pig-meat stocks 
only includes stocks held at export works. 
There are-two problems associated with this 
series. Firstly, the department's eatimates 
are incomplete. It is difficult to estimate 
how important the stocks held outside export 
works are. Abattoirs are equipped with cold 
storage facilities which can only accommodate 
stocks for a maximum of 48 hours. However, 
bacon and ham manufactur'ers may hold relatively 
large quantities of cured pig-meat in stock. 
An indication of the size of stocks held by 
these manufacturers is given in the Census 
of Manufacturing for Industry all14 - Ham, 
Bacon and Smallgoods Manufacturers. For the 
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three years from 1974/75 to 1876/77 "stocks at 
start (and end) of year" fpr all products 
for these manufacturers was approximately 
$5 million. If the proportion of cured pork 
stocks to total,stocks was the same as the 
proportion of cured pork sales to total sales 
(and this is pure speculation) then these 
manufacturers would have been holding 
approximately 1,000 tonnes of cured pig-meat 
as stocks. Changes in the level of these 
stocks could have an important impact on 
changes in the total level of stocks which 
typically vary between +/- 700-1,200 tonnes 
on a quarterly basis. Secondly, because a 
number of companies supply stock figures to 
the department in confidence, the stock series 
used by the department-was not made available 

- for use in this study. Therefore, an estimate 
of the department's series had to be made. 

A.2.2 Derivation of the 'Series Used in This Study 

Given all the problems associated with the Department of 
Statistics' production and consumption series they were 
considered unacc~ptable for use in a study of this type. 
Fortunately, the Ministry of Agriculture and Fisheries 
made their slaughter statistics available which enabled 
the construction of a production and consumption series 
that was both sufficiently accurate and sufficiently dis-
·aggregated for use in this study. This sub-section 
describes these new series as well as the procedure used 
to estimate the changes in the level of pig-meat stocks. 

(a) ion 
The Ministry of Agriculture and Fisheries 
slaughter statistics were used-to describe 
the production of porker, baconer and chopper 
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meat for both islands. These statistics have 
the following advantages: ~ 

(i) They have a better coverage than the 
Department of Statistics series. The 
Ministry of Agriculture and Fisheries 
statistics include all pigs killed at 
export works (for both local and export 
disposal), abattoirs and rural slaughter-
houses. Compared to the Department of 
Statistics figures the Ministry of 
Agriculture and Fisheries statistics 
include the kill from an additional six 
abattoirs. For reasons outlined above, 
pigs killed on farms for human 
consumption have been ignored;. 

(ii) They are consistently available from 
the fourth quarter of 1968 on a 
quarterly bas 

(iii) They are availabl~ in sufficient 
detail to enable the total kill·, to 
be disaggregated both geographically 
and,by weight range class; 

(iv) They are available on a more timely 
basis than the Department of 
Statistics figures. 

However, the Ministry of Agriculture and 
Fisheries figures did require some adjustments: 

(i) The quarterly kill for each weight 
category for each island had to be 
estimated for the 1974 meat year 
from the quarterly island totals 
available. This was ,accomplished 
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by assuming that the proport ion 
of the kill going into each 
category for each island was the 
same in each quarter of 1974 as 
it was in-the respective quarter 
of 1975. (The change in the 
grading system occurred with the 
change to metrics in October 1973); 

(ii) Prior to the 1975 meat year, accurate 
figures are only available on a head 
slaughtered basis (i.e. the weight 
figures are incomplete). Calculations 
of the weight of pig-meat killed prior 
to 1975 was accomplished by 
multiplying each weight category by 
the average weight of pig killed in 
that category in 1975 (i.e. porkers 
37.8kg, baconers 56.6kg, and choppers 
98.6kg). Unfortunately the weight 
limits for each category were changed 
with th~ change to metrics in October 
1973. This had two important effects, 
more pigs moved into the baconer (over 
41kg) category and the average_ weight 
in both porker and baconer categories 
declined. The only way to account 
for this important change in grade 
classification is to introduce a 
dummy variable that will have a value 
of one for all observations from the 
fourth quarter of "1968 to the third 
quarter of 1973 inclusive and a value 
of zero thereafter. This variable 
will remove the error associated with 
using average killing weights that 
understate the actual average killing 
weights prior to 1974, and the error 
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associated with the change in the 
number o~ pigs class'ified as either 
pork or bacon; 

The figures for rural slaughterhouse 
kill were only available on a head 
basis by island. These figures were 
combined with the other kill figures 
by assuming that rural slaughterhouses 
killed porker, baconer and chopper 
pigs in exactly the same proportion 
with exactly the same mean weight as 
the combined export works and 
abattoir kill. These assumptions 
are not likely to introduce significant 
error into the calculations because 
rural slaughterhouses account for less 
than 1 percent of the total kill; 

(b) The Change in stocks 
Despite the fact t~at they are incomplete and 
unavailable, tpe Department of Statistics. estimate 
of the level of pig-meat stocks are the only 
estimates made and although it is impossible to 
estimate stock levels it is possible.to estimate 
the change in stock levels implied by other 
figures published by the department. Given the 
methodology used in the department for calculating 
the level of consumption it is possible to 
estimate 'the change in stock levels used by the 
department by subtracting the quantity of pig-
meat ident ied by the department as consumed 
and exported away from their estimate of the 
level of production. This methodology has two 
problems associated with it. Firstly, it makes 
the rather bold assumption that· the exports 
figure reported in the trade statistics is the 
same as (or at least fluctuates in'the same way as) 
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pig-meats "destined for export" recorded on the 
New Zealand Meat Producers Board tabulation. 
To the extent that any meat classified as 
"destined for export'l is actually sold on the 
domestic market, the adopted methodology will 
overstate the "change in stock" variable 
estimated by the department. Secondly, because 
the department did not publish quarterly 
production or consumption figures for the 
Septemher years 1971-1973, interpolation of 
these quarterly values from the published 
annual figures need to be made. Quarterly 
interpolations for production and consumption 
for these years were made using average 
quarterly weights calculated from the 
published series. 

This variable is, unfortunately, the least 
sat factory variable in the model. After nine 
moriths use of the model policy makers in the 
pig industry are concerned to improve the 
information on, stocks available to them. 
Efforts are also being made (by approaching 
companies directly) to improve the historical 
series on'stocks so that better information is 
available when it becomes necessary to re-
estimate the model. Information on stock levels 
from a number of large companies is compared 
with the values determined by the methodology 
noted above whenever the full model is used; 

(c) Consumption 
As noted in Chapter Four, pig-meat consumption 
is disaggregated in the model as either fresh 
or cured. Because virtually all imports and 
stocks are destined for the cured meat market, 
a quarterly series for the consumption of 
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fresh pork could be calculated by taking fresh 
meat exports away from t,he sum of porker and 
chopper production in both islands. A series 
for the consumption of cured pig-meat was 
calculated by. subtracting the quantity of 
cured pig-meat exported and the change in 
stock estimate from the sum of pig-meat imports 
and baconer production in both islands. 

A,3 Quantities and Prices of Imports and Ex.ports 

The Department of Statisti~s was able to supply figures for 
quantities and prices of both exports and imports of pig-meat 
on a quarterly basis. Export quantities and fob prices were 
available for both "pork" and "bacon and ham" categories 

, from the quarterly trade statisti~s (External Trade of New 
Zealand) published as supplements to the department's 
Monthly Abstract of Statistics, Geographical disaggregation 
was not required. 

Unfortunately the import 'statistics in these supplements are 
too aggregate to be 'able to identify pig-m,eat impcrts data. 
Figures for the quantity of pig-meat imported and the cif 
price of these ~mports were made available on a quarterly 
basis from the department's files. Most i6ported pig-meat 
is included in the "fresh, chilled or frozen" category with 
a minimal amount of imported bacon and ham but because 
virtually all pig-meat imports are processed within New 
Zealand no distinction between these categories has been 
made in this study. New Zealand "re-imports" have been 
included in the import totals;. these imports constitute 
only a small proportion of total pig-meat imports. 
Geog~aphical disaggregation was not required. 
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A.4 Population and the Consumer Price Index 

Quarterly figures for the total population of New Zealand 
were taken directly from the Monthly Abstract of Statistics. 
The quarterly consu~ers price index (all groups) is taken 
directly from Price Statistics 1979 (previously the Prices, 
Wages and Labour Statistics) (p.1S); "Consumers Price Index -
Long Term Linked Series for all Groups, 25 Centres Combined 
(Base: December quarter 1~77 = 1,000)." 

A.5 Income 

Unfortunately the Department of Statistics does not report 
a quarterly disposable income series and interpolating from the 
department's annual series (on the same basis as yandle2 ) 
failed to yield sufficient income variation to give 
significant results. Probably the best indicator of the 
changes in quarterly income published by the department is 
the "Index Numbers of Nomimal Weekly Wage Rates!! published 
in the Prices, Wages and Labour Statistics. However, this is 
an index of the pre-tax income of wage and salary earners and 
is, as such, an inadequate description. of personal disposable 
income. For the purposes.of this study the total personal 
disposable income series compiled by.the Reserve Bank of New 
Zealand for use' in their model was used. This is a quarterly 
series which includes wage and salary payments (net of tax 
and taxation refunds), social security payments made by the 
Government, farm income (including the net result of farm 
income stabilisation), rent and interest receipts, company 
dividend payments, and income of the self employed minus the 
net effect of tax payments and refunds on "other persons". 
Although this series provides the best estimate of quarterly 
disposable income, it should be pointed out that some of the 
variation in this series has been removed because of the need 
to ihterpolate from annual figures for farm income, rent and 
interest receipts, the income of the 'self employed and 
company dividends. 

2. C. A. Yandle, An Econometric Study of the New Zealand Meat Market 
pp 167-169. ' 
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1 Prices 

Various issues of the Department of Statistics Prices, Wages 
and Labour Statistics supplied all of the retail price 
information. The retail prices for specific cuts of beef 
and mutton, and the retail prices of bacon and ham have been 
copied directly from this source. The price for poultry 
(roaster chicken) is copied directly from this source with 

'prices shown in pounds (i.e. for prices published prior to 
1975) converted to a price per bird by assuming an average 
weight per bird of 2.64Ib. 

The price indices for beef, mutton and pork are a weighted 
combination of the retail prices of specific cuts which 
form an index representative of the saleable portion of each 
animal. 3 The weights used are identical to those used by 
Yandle4 except that Rolled Sirloin has been replaced by 
Porterhouse Steak in the beef index since the fourth quarter 
of 1972. The exact components and weights used in each 
index are: 

Mutton Index 

Leg 
Forequarter 
Midloin Chops 

0.2506 
0.4456 
0.3038 

Total 1,0000 

Beef Index 

Rolled Sirloin* 
Prime Ribs 
Rump Steak 
Blade Steak 
Mince 

Pork Index 

Leg 
Chops (loin) 

Total 

Corned Silverside 
Sausages 

0.0899 
0.1194 
0.0701 
0.4049 
0.0503 
0.2039 
0.0615 

Total 1.0000 

0.5448 
0.4552 

1.0000 

* Replaced by Porterhouse Steak from the fourth quarter 1972 

3. For a good 'discussion of this technique see C. A. Yandle, op cit, 
pp 147-155 

4. Ibid, Appendix C 
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Because porterhouse steak was approximately 27 percent more 
expensive than rolle~ sirloin the beef index actually used 
discounts the price of porterhouse steak by 27 percent before 
including it in the index. 

For cured meats the approach suggested by Yandle was adopted: 

"these two meats (bacon and ham) are treated as 
a single commodity, (the) retail pric.e of each 
was therefore weighted to give a 'bacon and 
ham' retail pri"ce series. The meats were given 
equal weights (i.e. i simple average was taken) 
as they appear in approximately equal 
proportions in the baconer carcase. Because of 
the very high correl~tion between the retail 
prices of bacon and ham, the combination of the 
two into a single variable was statistically 
desirable, and did not result in a significant 
loss of information." 5 

The high correlation between retail bacon and ham prices 
noted by Yandle is still apparent. 

As Yandle notes, the use of these cutting weights assumes 
that entire carcasses will be sold on the market. 

A.7 Schedule ° (Farm) Prices 

A correct schedule price for pig-meat 
determine for the following reasons: 

very difficult to 

(a) Different livestock buyers offer different 
schedules for pig-meat at the same time. 
Fortunately, these schedules are highly 
correlated so it is possible to pick one 
schedule as being representative of the others; 

(b) ° Schedule payments are subject to a number of 
deductions (Pig Council levies,. inspection 

5. C. A. Yandle, cit p.152 
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fees, and insurances) and additional payments 
(headages and other inceptive payments) that 
vary through time. One large co-operative 
pig buyer who supplied information for this 
study offered.advance and deferred payments, 
special incentives for bulk suppliers as well 
as a return on the shares suppliers owned in 
the company. In deciding on what price is 
perceived by producers (i.e the price on which 
producers base 'production decisions) it is 
difficult to know exactly how to treat these 
"extra" payments and deductions. Considerable 
uncertainty is attached to some of them (e.g. 
headages which may be offered by one or two 
firms only for quite a short period). On the 
other hand producers may feel certain about 
receiving some payments but uncertain about 
the amount (e.g. deferred payments)~ Ideally~ 

all of these "extra'! payments and deductions 
should be ta~en into account but weighted by 
the degree of certainty that farmers attach 
to the level of each one. For the purposes of 
this study some assl} .. mptions about· these 
weightings have been made based on discussions 
with people in the industry. Incent~ve payments 
are so uncertain that they have been discounted 
and deferred payments are likely to persist with 
some uncertainty about their levels. It was 
assumed that farmers expected current levels 
of deduction to continue into the future and 
that the deferred payments ruling in the 
previous year would be applicable to this year's 
kill. 

(c). Different payments apply to the different 
quality grades of pig (e.g. pr~me, choice and 
standard). A perfectly rational producer 
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would weight the price for each grade by the 
number of pigs he expected~to sell ~n each 
grade in order to arrive at a price for his 
"product". However, for the purposes of this 
study, the pric~ for the top grade (i.e. prime) 
in each weight range was used instead of a 

~ weighted price for all grades. Lack of adequate 
information on the kill in each grade meant that 
the combined grade price was unlikely to yield 
better results than merely using the price for 
a single grade. As the schedule for different 

grades appears to be, highly correlated, the use 
of a single grade schedule price is acceptable. 

(d) Alterations to the weight limits applied to 
the different grades, ?hanges in the'quality 
standards within weight ranges, and changes 
in the method used to calculate the weight of 
the slaughtered animal alters the farmers' 
return per pig without altering the schedule 
price per kilogram., Ideally, because the 
producer views, his product ~s a live pig, 
these alterations should be reflected in a 
modified schedule price. However, the 
modification to the schedule price implied 
by changes in weight limits and qualIty 
standards is extremely difficult to determine. 
The distribution of the kill within each 
weight range and within each quality grade is 
unknown. This means that a calculation of the 
average gain or loss per kilogram implied by a 
change in weight limits 'and quality standards 
is reduced to a very rough estimation. 
Considering the error that could occur in 
making this type of modification to the 
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schedule price, no attempt to modify the 
schedule on these grounds-was attempted. 
However, it is" important to note that changes 
in weight limits and quality standards will 
introduce som~ error in the estimation of 
price response. On the other hand, the 

~ schedule price can be modified to account for 
changes in the method used to calculate the 
weight of the slaughtered animal. This type 
of change occurred twice during the period 
under consideration; when firms accepted 
"hot weight" as a basis of payment but made 
a deduction of about 10 percent for heads and 
feet and when the 10 percent deduction was 
discontinued. To account for these changes, 
the schedule was reduced by 10 percent for 
the period over which the deduction for head 
and feet was in force. 

The discussion above illustrates the difficulties involved 
in calculating an appropriate sChedule price from the 
schedule payments available from a" number., of firms. These 
schedule payments w~re collected from three large firms in the 
North Island and two large firms in the South Island and 
compared, where, possible, with the Monthly Reports from 

" " 

Field Officers collected by the Pork Industry Council 
(these reports were only available from the fourth quarter 
of 1971). Although there was an attempt to get a good 
geographical coverage within each Island, the schedule 
prices are weighted heavily by Waikato prices in the North 
Island and Canterbury prices in the South Island. This was 
not considered to be a significant source of error because 
pig production from the Auckland region and the Canterbury 
region are highly correlated with pig production from the 
North and South Islands respectively (the respective 
correlation coefficients are 0.96 and 0.90). Because all 
of the firms who supplied information were mainly concerned 
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with processing, their pork weigh; schedules may not be 
fully representative of the pri6es offered to most pork 
weight pigs. Unfortunately firms specialising in the 
purchase of pork weight rather than bacon weight pigs were . 
unable to supply information to this study. An investigation 
is proceeding to determine the extent of this possible source 

I. of err'or and to construct a more representative series for 
pork weight pigs to be used in model re-estimation. 

In making the adjustments to schedule prices referred to in 
this section, the aim has been to approximate the farmers 
perceived return on live pigs so that the prices used should 
more accurately reflect the prices on which producers base 
production decisions and processors and wholesalers base 
costing decisions. 

A.8 Margins 

The margins between the farm price of porker and baconer 
,pigs and the retail price, of pork and 'bacon and ham' 
respectively were calculated by subtracting a volume weighted 
national farm price for each class of pig from the retail 
price for each class. The regional farm prices were 
aggregated by multiplying them by the proportion of the 
total kill supplied by each region in each quarter and 
summing. That is: 

where: 

2 
L W.PFij 

j=l 
i=1,2 j=1,2 

i = 1 (for bacon), i = 2 (for pork) 
j = 1 (for North Island), j = 2 (for South Island) 
W = weight of pig-meat produced in class i from 

region j divided by total weight of pig-meat 
produced in class i. 

Gi = margin for class i 
PRi= retail price for class i 

PFij= farm price for class i in region j 

Note that Wij is endogenous. 
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A.9 Feed Costs 

It is difficult to obtain an accurate index of feed costs 
faced by pig farmers, because of the variety of feeds used. 
Chapter Two discussed,the transition in the pig industry 
from dairy by-product to grain feeding and data presented 
in ihat chapter indicated the proportion of pig holdings on 
which grain, compounded rations, dairy by-products, garbage 

'and' "other" was fed to pigs. For the purposes of this study 
it was assumed that the quantity of garbage available for 
pig feeding and the real cost of th feed remained constant. 
It was also assumed that the real cost of dairy by-products 
available for pig feeding steadily declined (see the next 
section of this chapter). Given these two assumptions, feed 
costs can be adequately represented by the cost of grain 
based rations. 

Despite the fact that most Sou.th Island producers who used 
grain based rations purchased barley and compounded a 
complete ration on, the farm, the price of a proprietary 
compounded weaner-grower ration was used as a representative 
feed cost for both islands. This was considered reasonable 
because the cost of preparing a complete ration on the farm 
should be highly correlated with the cost of a proprietary 

6 compound feed. " If the cost of feed harley only was used 
as an explanatory variable, the impact of variations in the 
cost of feed protein would be excluded. The use of a 
proprietary compound feed cost as a SUbstitute for both purchased 
and farm mixed rations reflects an adequately weighted 
combination of all the costs incurred in the transportation, 
storage and preparation of animal feeds. 

6. The variable cost of preparing a complete ration on the farm is 
virtually equivalent to the cost of the feed ingredients. The 
cost of the grain used in the feed (usually barley or maize o~ 
a mixture of these two) plus the cost Df a protein supplement 
dominate the variable cost of the ration. For the North Island 
the compounded feed price was highly' correlated (R2 :::.: ,80) \d th 
the price of barley and meatmeal for the period from the fourth 
quarter 1971 to the first quarter 1979', 'The price of barleymeal 
accounted for most of the variation in the compounded feed price. 
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The price of compounded feed for both Islands was supplied 
by a single very large feed compbunder and reflected the cost 
of this firm's weaner-grower ration in the Waikato (in the 
case of the North Island) and Canterbury (in the case of the 
South Island). These'prices were compared with the price of 
compounded ,feeds reported in the' M6nthly Reports from Field 
Officd'rs collected by the PIC and with written descriptions 
of the movement in grain and protein prices recorded in the 

'Pork Industry Gazette and the' Annual Reports of the Pork 
Industry Council. 

A.l0 Dairy BY~Products Available for Pig Feeding 

Although the real cost of dairy by-products has been assumed 
to remain constant J the quantity available. for pig feeding 
has varied considerably and is likely to have had some 
influence on the supply of pig-meat for the first half of 
the period reviewed by this study. UnfortunatelYJ although 
it is possible to obtain a reasonable estimate of the quantity 
of dairy by-product available it is impossible to know 
exactly how much of this 'by-product ,is fed to pigs J other 
classes of livestoc~, or wasted. Theref6r~~ in calculating 
the quantity of dairy by-products available for pig feeding J 
it was assumed ~hat pigs received a con~tant proportion of 
the total by-product available. 

Dairy by-product is usually made available as a result of 
the cheesemaking process (i.e. whey) or as a result of the 
separation of wholemilk (either on the farm or at the factory) 
into cream and skim-milk for the manufacture of butter and 
other dairy products. The whey that is produced from cheese 
manufacture may be fed directly to livestock J the fat may be 
recovered to produce whey butter or the lactose may be 
extracted. The by-product available in each island from 
cheese manufacture was calculated using annual figures from 
the New Zealand Dairy Board's Schedule of Product Outputs 
of Dairy Companies and the Farm Production Reports for. 
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cheese, whey butter and lactose production. As figures for 
the 1978/79 season are unavai~able, it was assumed that this 
season's production of cheese, whey butter and lactose was 
the same as the production for the 1977/78 season. Figures 
published by the New Zealand Dairy Board indicate that 
O.36kg of whey powder and O.03kg of whey butter can be 
prod~ced for every kilogram of cheese manufactured. 7 It 
was assumed that whey powder had approximately half the 
feeding value of skim-miik powder,8 and that whey with the 
lactose removed had a nil feed value. 9 The dairy by-product 
(in units of skim-milk powder equivalents) available from 
cheesemaking in anyone year was calculated as the whey 
powder that could have resulted from the cheese production 
in anyone season minus the lactose and whey powder actually 
produced, plus the whey butter that could have resulted from 
the same cheese production minus the whey butter actually 
produced all divided by two. 10 The figures derived from this 
calculation may overstate the actual by-product available 
because, unless whey powder production was clearly identified 
as such in the Schedule (rather than merely called "other 
powders"), it was ignored. The yearly production totals 
were broken down into qUarterly production figures using 
the proportion of milkfat processed in dairy factories in 
each quarter tor each island and each year as an indication 
of the distribution of by-product availabi~ity throughout 
the year. 

7. New Zealand Dairy Board, Dairy Industry Information at a Glance 
1977, p.21. 

8. National Academy of Science, Nutrient Requirements of Swine , 
Nutrient Requirements of Domestic Animals Number 2, 7th Edition, 
Washington DC, USA, Revised 1973. Pages 36 and 37 of this 
publication have the composition of both whey powder and skim-milk 
powder. Although whey powder only has 41 percent of the protein 
contained in skim-milk powder it has 82 percent of the energy 
content (both on a dry matter basis). It was therefore assumed 
that whey povlder had about 50 percent of the feed value of skim-
milk powder. 

9. Murray Hollard pers. com. 

10. The exact equation used was: 

(Cheese production * 0.36167 - Lactose '- Whey Powder + Cheese 
production * 0.03 - \Olhey butter) /2 == bi-product available in 
SHiPE. 
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The calculations needed to identify the quantity of dairy 
by-product available from the se.paration qf whole-milk were 
significantly more ~6mplicated. For the South Island the 
calculations were reasonably straight forward because South 
Island dairy factor~es produced a relatively narrow range 
of products. Figures published by both the New Zealand 

. 11 12 
Dalr~ Board and Dolby, Creamer and Elley indicated 
that the production of l~g of butter will result in the 
production of either 1.5275kg of skim-milk powder and 
O.0932kg of butter-milk powder, or O.5343kg of Casein, 
O.0932kg of butter-milk powder, and 1.1423kg of Casein 
Whey Powder. The dairy by-product (in units of skim-milk 
powder equivalents) available- in the South Island from 
separated whole-milk was calculated as the skim-milk powder 
that could have resulted from the butter production in any 
one season minus the skim-milk powder and casein (converted 
to skim-milk powder equivalents) actually produced, plus 
the butter-milk powder that coud have resulted from the 
butter production in anyone season minus the butter-milk 
powder actually produced, plus the casein whey powder (in 
unit's of skim-milk powder equivalents) that could have been 
produced from the casein actually produced. 13 No casein 
whey powder was actcially produced in the South Island over 
the period coyered by the study. Butter, butter-milk powder, 
skim-milk powde~- and casein production for the South Island 
was found in the Schedule of Product Outputs of Dairy 
Companies and the annual production totals divided into 
quarterly production figures using the same method used in 
calculating quarterly whey production. The by-product from 

separated milk figure for the 1978/79 season was assumed to 

11. New Zealand Dairy Board, "Dairy Industry Information at a Glance", 
1977, p.2l 

12. Dolby, R. M., Creamer L. K., and Elley, R., "Effect of Payment on 
Fat plus Protein on Payout to Individual Suppliers of a New 
Zealand Dairy Company", New Zealand Journal of Dairy Technology, 
Volume 4, No.2, JUne 1969. New zealand Dairy Research Institute, 
palmerston North, p.46-54. 

13. The exact equation used was : ;butter * 1.5275 - (skim-mil~ powder 
+ 2.859 * casein) 7 + /butter *-0.0932 ~ ~utter-mi1k powder/ + 
casein = bi-prod'ti"ct available from whole-milk separation In skim-
milk powd8r equivalents .. Casein whev powder is assumed to have 
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be 2"percent below the same figure for 1977/78 (this is based 
on the assumption that product.ion of this .by-product in total 
fell in exactly the same proportion as production of this by 
product on-farm - i.e. the same as on-fa~m separation of 
whole-milk). It should be noted that the figure calculated 
above for the South Island includes the skim-milk resulting 
from~on-farm separation of whole-milk. 

'A similar approach to the one used above for the south Island 
was used to calculate the by-product from whole-milk separation 
in the North Island. However, this approach was complicated by 
the fact that North Island. dairy· factories produced a very 
wide range of products (e.g. in the 1977/78 season North 
Island factories produced 26 products (not including dif rent 
types of cheeses) other than those noted for South Island 
companies, this included three categories called "other products", 
"other powders", and "mixes" in the earlier years a 
considerable amount of prodUction was classified as "other 
powders".) Throughout the period covered by the study these 
products claimed ~ significant proportion of total production. 
Fro~ the information published by the New Zealand Dairy Board14 

and by Dolby, Creame,r and Elley15 an estimate of by-product 
available from separated whole-milk was made from the 
production figures for butter, skim-milk powder, casein, 
butter-milk po~der, casein derivatives (in~luding casein whey 
powder), whole-milk powder, frozen cream, ~nhydrous milkfat, 
and skim-milk cheese and concentrate. These products were 
the most important of the additional products produced by 
North Island factories and were ab~e to be incorporated into 
the by-product calculations. Two problems were associated 
with this calculation; firstly, there is a larger margin 
for error because of the number of products involved and 
the number excluded, and secondly, the calculations did not 
produce a very credible result. 

14. New Zealand Dairy Board, op cit 

15. Dolby I creamer and Elley, 0:e....E i~ 
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It is widely accepted that dairy by-products declined as a 
source of pig feed throughout ,the period under review. Data 
presented in Chapter Two indicates that only 15 percent of 
all producers feed more than 60 percent dairy by-products 
and that these prodUcers are reasonably evenly distributed 
across the different herd sizes. One of the problems with 
the~eries discussed above is that although it indicates a 
continual decline in by-product availability for most of 
the period, it also indicates that by-product availability 
rose sharply in the 1976/77 season and that this increase 
was sustained into the 1977/78 season. These figures 
indicate that the level of dairy by-product availability 
in 1976/77 was 'similar to that in 1972/73. Not only are 
these results in sharp contast to the accepted view, but 
they are also'in sharp contrast to figures supplied by the 
Dairy Board showing the amount of cream supplied to dairy 
factories in the North Island (i.e. the amount of on-farm 
separation of whole-milk). Finally, the results suggested 
by the calculations described above indicate that the total 
quantity of butte~fat fed to livestock in New Zealand is 
significantly in excess of the figures reported in the 
Dairy Board's Farm Production Reports for. the early 1970s. 
In light of the problems associated with this calculation 
it was decidep. to use the amount of by-product resulting. 
from the on-farm' separation of whole-milk ~s representative 
of the by.-product available from both on and off-farm 
separation of whole-milk in the North Island. In order to 
express this by-product in skim-milk powder equivalents, 
the quantity of· cream supplied to dairy factories in the 
North Island was multiplied by 0.743. 16 The resulting 
figures gave a credible picture of the decline in dairy 
by-product availability from separated whole-milk. Annual 
figures were converted into quarterly figures using the 
same method applied to whey production. 

16. The Dolby, Creamer and Elley Study indicated that lkg of cream 
produces 7.709kg of skim-milk which (w~t4 a 98 percent re~overy 
and 3.5 percent moisture) is equivalent to O.743kg of skim-milk 
powder. 



In an effort to r~main consistent in the study and to simplify 
the'task of data cOllection associated with operating the 
model the figures for by·:.:.:product- productiqn from the on-farm 
separation of whole-milk for the South Island were also 
calculated and compared with the more comprehensive series 
for total by-produc~ productio~ from whole-milk separation. 
Fortunately, the more limited series gave a very good 
indiGftion of the variability in the total series for the 
South Island. Therefore) the simpler calculation of dairy 
by-product production from the on-farm sep~ration of whole-
milk was used as a substitute for total by-product production 
from whole milk for both North and South Islands. 

A.ll Nominal Weekly Wage Rate 

The Department of Statistics "Index of Nominal Weekly Wage 
R;::ttes - Adult Male Employees : Part Three Rates Within the 
Jurisdiction of All Determining Authorities" published in 
the Prices and Labour Stat ics was used to ref ct 
the opportunity cost of labour in the farm production 
fUnctions. 

A .12 Marketing Cost:s - Butchers Wage Rat.es 

Given the importance of butchers' wage costs in total marketing 
costs) these wag'e costs have been used in .anumber of studies 
as a substitute for marketing costs. 17 Yandle used an annual 
index of minimum average weekly wage rates for a weighted 
combination of three types butchers employee and interpolated 
to give quarterly observations. 18 He noted that: 

17. See, for example, C. A. Yandle, op cit, Chapter 5; G. R. Griffith, 
"Sydney Meat Marketing Margins --~onometric Analysis", Review 
of Marketing and Agricultural Economics, Volume 42, No.4, December 
1974 pp226.:227; E. R. Arzac and t>1. Wilkinson, "A Quarterly 
Econometric Model of United states Livestock and Feed Grain 
Markets and Some of Its Policy Implications", American Journal of 
Agricultural Economics, Volume I No. , May 1979, p.300. 

18. C. A. Yandle, p.170 
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"each of the three indices (for each employee 
type) varied little from the other two. Thus 
.... the effect (of the weightings) ·on the 
f1nal index was slight."19 

For the purposes of·this study information on the award wage 
rates of three classes of employee in the New Zealand Butchers' 
Awa"fd (i. e. first bacon cur·er, journeyman butcher, and 
Grade 1 worker) was collected along with the piecemeal rate 
for pigs published in the Meat Processors, Packers and 
Preservers, Freezing Works Award to represent marketing 
costs at the retail and wholesale level respectively. The 
rates published in these aymrds were then adjusted for 
General Wage Orders. As the collection of these series was 
tedious and would have added considerably to the cost of 
operating the model, they were compared with the objective 
of identifying one rate which .was indicative of the movements 
in all the rates available. Fortunately the journeyman 
butchers award wage rate (applied to butchers who had 
completed the apprenticeship) acted as a good substitute for 
movements in the other rates. Therefore, the j~urneyman 
butchers rate was selected for use. in the model. These 
wage rates are minim~m rates with charges recorded as at 
the date a new award was announced (rather than the date 
they became effective which would have implied that employers 
would correctly' anticipate backdati"ng of award changes). To 
the extent that payments in excess of award rates are made, 
the award rate will not correctly reflect butchers' wage 
costs. However, these rates should indicate the general 
movement .in butchers wage costs. 

A .13 Interest Rates 

The "Three Month Secured Deposits with Finance Companies" 
published in the Reserve Banks Bull~tin20 was used as an 

19. Ibid, p.170 
I 

20. Reserve Bank of New Zealand, Bulleti~, August 1979, p.318 
and December 1976 p.379. 
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indication of the opportunity cost of funds tied up in 
processors and wholesalers quarterly stocks of pig-meat. 
When a spread o~ rates is published by the Reserve Bank 
for any particular quarter the higher rate has been used. 

A .-li; . Conclus-ion 

In this chapter the source of each series, ·the methodology 
used to convert each 'series into an appropriate form, and 
the weaknesses of the data available to estimate the. model 
have been discussed. This discussion is part icul~rly. 

. . ,. \ 

important because of the number of important series that 
were not available in a usable formSubl"ished statistics 
and therefore had to be collected from primary sources. 
Without the assistance of a considerable number of people 
in the industry and in Government departments the estimation 
of the model outlined in Chapter Four would have been 
impossible. 

Although most of the data collected for this study are of 
high quality there ~re two important weakne~sesinthe data; 
both the "change in stocks" series and the porker schedule 
series for both islands need improvement. Model users have 
been made aware, of these problems and work is currently 
in progress to improve both series. 

Because most of the unpublished series were made available 
on a confidential basis, the actual data used in this study 
is not presented here. 

_ .J 
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