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PREFACE
Meat marketing and processing, particularly of sheep meat, has been a topic of interest to staff
in the Department of Economics and Marketing and the Agribusiness and Economics Research
Unit at Lincoln University over a long period. Professor Bryan Philpott and Mary Woods (nee
Matheson) produced one of the first econometric analyses of the United Kingdom meat
market in 1965 (AERU Research Report No.23). This study was updated by Ron Sheppard in
1980 (AERU Research Report No.109).
During 1981, Nicki Blyth undertook a major study on the international sheep meat market
resulting in a series of Discussion Papers and AERU Research Report No.138 as work
towards her Ph.D.
During the 1980s a number of publications have been produced reviewing various aspects of
the international meat market and the New Zealand meat processing industry.
In 1991, the AERU was successful with an application for funding to the Agricultural and
Marketing Research and Development Trust (AGMARDT) to support a research programme
on "Changing International Sheepmeat Markets". This programme of research has been
carried out during 1991, 1992 and 1993, firstly with Lesley Storey compiling an appropriate
data base and undertaking a preliminary study leading to publication of AERU Research
Report No.217 (1992). Glen Thomson became involved with the work during 1992 and
undertook the development of the model, partly as his Masterate Thesis project. This
Research Report provides the results of his work.
During the course of the research programme, publications on trade protection systems in the
USA (Research Report No.211, 1991) and a global view ofthe sheepmeat market (Discussion
Paper No. 137, 1994) were also produced. Papers on the research were presented at
agricultural economists' conferences in New Zealand. A further publication is in preparation
on the more qualitative aspects of the international sheepmeat market.
The AERU will continue to maintain an interest in meat production, processing and marketing
and expects to be producing further publications on these areas. The New Zealand meat
industry continues to be of critical importance to the New Zealand economy and on-going
analysis and research will contribute to efficiency gains within the industry and achievement of
higher market returns.
The AERU and Lincoln University wishes to express its appreciation to AGMARDT for its
funding of this research programme.

Ron Sheppard
ASSISTANT DIRECTOR
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SUMMARY
Export markets for New Zealand lamb have changed rapidly over the past decade. Traditional
markets have been in decline, while new markets, in Continental Europe, the Middle East and
Asia have grown rapidly. The nature of the lamb being exported has also changed. Exports of
frozen carcasses are diminishing in importance, while demand for high value cuts continues to
grow.
This study examines the outlook in major export markets for New Zealand lamb, in terms of
the prices and level of demand, and the global market for New Zealand lamb in terms of
aggregate supply and demand, the change in stocks, and the world price. This required the
identification of market segments within the international lamb market and the estimation of
demand and price response parameters for each market segment, using a suitable theoretical
model.
Econometric estimates were obtained using a joint product model, which allowed production
to be estimated as a single commodity, while demand and price equations for each market
segment were estimated for up to six related cuts of lamb: chilled and frozen carcasses, chilled
and frozen bone-in cuts, and chilled and frozen boneless cuts. Estimates were used in a
spreadsheet model to generate forecasts for each of the identified markets.
Forecasts are presented for five markets: the European Community; Iran; the Middle East;
Papua New Guinea; and Saudi Arabia. Conclusions are then drawn about the methods used to
identify markets, and the nature of the model.
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CHAPTER 1
INTRODUCTION

The past decade has seen considerable development in the international markets for lamb, both
in the nature of the products demanded, and in the markets to which lamb is exported.
Demand for sophisticated cuts has grown significantly, while the ,frozen carcass market has
declined steadily. At the same time the number of countries operating in the market has been
increasing. While the traditional market, the UK, has been declining in importance, the EC as a
whole is still critical to New Zealand exporters. During the past decade access to the EC has
become more restricted, creating pressure to diversify export markets.
Within New Zealand change has been forced upon the sheepmeat industry by deregulation, by
economic necessity, and through changes in the nature and type of products sought by major
export markets. The removal of incentive schemes and export controls has broadened the
range of marketing strategies available to sheep meat producers, and allowed the transmission
of market signals directly from consumers to producers.

An increasing number and diversity of participants, and a broadening product range increases
the complexity of the market, and makes market relationships more difficult to ascertain. This
may be the reason little has been done recently in the way of quantitative analyses of the lamb
market in total, of specialty markets, or of the relationships between price, production and
supply. The last comprehensive study undertaken was that of Blyth in 1982-83.
Blyth (1983, pg 1), in turn, indicated that very little quantitative market analysis had
previously been undertaken on the sheepmeat market. Her work examined the international
sheepmeat market in great detail, but dealt with all sheepmeat as a single commodity. Recent
changes in demand for sheepmeat, particularly in cuts of lamb exported, mean that such an
approach is now less justified. Since the early eighties Storey (1992) has conducted one of the
only multi-market studies of the international sheep meat market, and her study was descriptive
in nature.
Changes in the lamb market, both on the production and consumption sides, have increased
the information requirements of the market. Clearly there is a need for empirical research, to
aid understanding of the relationships that exist between price, demand, and supply, in this
changing environment.
This report presents a joint product model of the market for New Zealand Lamb. The model
gives an understanding of the nature of the international market and the relationships between
the different types of lamb products exported. It employs a distinct set of international market
segments, and quantifies determinants of price and demand for each market.
The model is intended to give a greater appreciation of the dynamics of the international
market, and to provide information about future developments, to aid forecasting, and to
analyse the impact of various policy changes.
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1.1

Background

i

Any empirical study of demand for NZ lamb in foreign markets must now overcome a number
of analytical problems which arise because of the characteristic features of the market. These
features reflect the changes outlined above, namely the increased diversity of the product, the
growth in demand for more sophisticated cuts, and the development of new markets.
The first analytical problem results from the way in which the product mix has altered.
Demand for lamb products has changed dramatically in the last decade, possibly because
consumers are more health and convenience oriented. There has been considerable growth in
the export of further processed sheepmeat. Between 1982 and 1991 the quantity of lamb
exported as frozen carcasses has fallen from 77% to 40% of lamb exports by volume
(Hutching (1991». The strongest growth has been in the export of frozen bone-in and
boneless cuts. These products accounted for only 20% of shipped lamb in 1984 but now
account for more than 50% (Storey (1992), pp 4-6).
Product development of this kind has been driven by key markets with distinctive product
demands. Demand for bone-in and boneless cuts has grown very strongly in Europe,
particularly in France and Germany. The bulk of chilled meat is sold in developed countries,
especially in high value niche markets such as Switzerland.
Figure 1.1 shows NZ lamb exports to France l . The most significant feature of this figure is
the dramatic increase in exports of bone-in cuts, and the relatively high level of boneless cuts.
Figure 1.2 shows the product mix exported to Switzerland over the same period. While
frozen bone-in cuts account for a large share of exports, chilled and frozen boneless cuts are
increasingly significant.

Data used in all figures were obtained from Statistics NZ (see Chapter 3.1).
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While the major trend in product mix has been from carcasses to bone-in cuts there has also
been a move from frozen to fresh or chilled product. Chilled product represented only 3% of
total lamb exports in the 1991 year (Storey, pg 6). However, prices for chilled cuts have
increased dramatically in the past five years (Figure 1.3), so that the share of total value
exported has risen to almost 7% of export value (Table 1.1). Chilled lamb exports are highly
seasonal, fluctuating from around 3% of export value in the September quarter to 9% in the
March quarter.

3

Table 1.1
Chilled Lamb Exports as a % of Total
Export Value
Percent
Years
1989
3.9
4.3
1990
1991
5.9
6.5
1992

The second analytical problem arises from the change in trade patterns for lamb. The number
and diversity of participants in the market has increased dramatically, primarily through the
development of new export markets by New Zealand and Australian producers.
The continental Ee nations have increased in importance dramatically in the last four to five
years. In the 1991 and 1992 seasons exports to the continent exceeded exports to the United
Kingdom in three quarters (Figure 1.4).

While market demand is still dominated by Europe, demand in other regions is growing, but as
illustrated by Figures 1.1 and 1.2, there is considerable variation in the product mixes
demanded across countries, even those close to each other geographically.

4

This is illustrated by an example using two specialty or niche markets, Papua New Guinea, and
Australia (Figure 1.5). Papua New Guinea purchases low value frozen cuts for mass
consumption, while Australia purchases small quantities of higher value cuts, primarily to meet
shortfalls in local supply. This makes estimation of the market relationships more difficult
because detailed information on specific countries demand could be lost if geographical
aggregation is used to reduce the number of markets.

5

The third analytical problem relates to the nature of the products, and the relationships
between them. The products are highly substitutable on the supply side. Converting a carcass
into bone-in or boneless cuts simply requires further processing, not a substantial change in
production technology. Substitution on the demand side, however, is less clear. The products
could be considered part of the greater protein market, but they may not be substitutable in
use due to the preferences of local consumers. In fact it is likely that the closest substitutes
would be similar cuts from other animals.
To illustrate this, chilled cuts of boneless lamb or beef would appear to be more easily
substitutable in use than would a boneless lamb cut and a frozen lamb carcass. Eales and
Unnevehr (1988, pg 530) demonstrate that such relationships may exist within the market for
meat, i. e. that consumers choose between similar quality cuts from different animals, rather
than between different cuts from the same animal.
The nature of the substitution problem requires that supply side substitution be preserved,
i.e. the set of lamb products should be treated as joint products, rather than separate products,
or a single commodity.
In summary, market analysis for planning and decision making is complicated by three market
features: 1) an increasingly sophisticated product mix, 2) an increasing number of markets and
increasingly diverse markets, 3) substitution between product types. For decision makers to
use market outlook information to reduce the uncertainty inherent in the evolving market for
NZ lamb such outlook information must provide details of product mix and price relativity.
Obtaining a market forecast in the presence of the three problems mentioned above may
require theoretical development in the areas of aggregation and heterogeneous product
modelling. The diverse demand behaviour of importing countries may be lost in the modelling
process if the traditional method of regional aggregation is used to aggregate countries into
markets. New methods of aggregation need to be developed which will ensure that markets
reflect accurately the demand behaviour of countries within them.
Multi-commodity models have tended to deal with products which are independent, or which
are very close substitutes in the eyes of consumers. These models need to be refined further to
allow the modelling of variations in product quality and product attributes.

1.2

Objectives

Changes in the international lamb market, such as the evolving product mix and the increasing
numbers of diverse markets, increase the complexity and uncertainty of trading in the
international market. Information about the outlook for the international lamb market and
specific niche markets, and particularly about the relationships between product demand and
prices, can however be obtained using an appropriate empirical trade model.
The general objective of this study is to examine the outlook for the world lamb market, and
for specific market segments, to aid understanding of the relationships between product types,
prices, production, and market segments.
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The specific objectives of the study are thus to:
•
•
•

describe the international market for New Zealand lamb in terms of market segments
exhibiting distinct patterns of demand;
determine the price linkages and demand response parameters for each market segment
by using a suitable theoretical model; and
develop a framework which can be used to assess the outlook for New Zealand lamb in
the medium term, both in aggregate, and within market segments.

This report will describe the development of an empirical model for exports of New Zealand
lamb, and present a medium term forecast for several key markets. The discussion in Chapter
2 describes a joint product model for forecasting conditions in markets for New Zealand lamb.
Chapter 3 contains a description of the method used to further define and estimate the
empirical model, and the subsequent refinement of that model by statistical inference. It also
contains a discussion of the data and data sources used, and the approach used in estimating
and validating the model.
Chapter 4 contains estimation and forecasting results for aggregate demand, world prices, and
other global variables. Results are also presented for a number of key markets. The
discussion in Chapter 5 provides a summary of the results and highlights the implications of
the model for the sheepmeat industry. It also draws some conclusions about the modelling the
results obtained.
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CHAPTER 2
MODEL SPECIFICATION

The objective of this study is to determine the outlook for New Zealand Lamb in specific
markets. This chapter describes the derivation of the empirical model used to obtain that
outlook.
Labys (1973) describes a model for a joint product which allows the analysis of a number of
commodities on the demand side and a single source commodity on the supply side (pg 127).
Furthermore the model specification can be adjusted to account for dynamic effects. Trade
restrictions can also be introduced where necessary, through the use of constraints on model
parameters or forecast values.
The most common application of a joint product model is to soybean meal and soybean oil.
Five joint product models were identified from trade literature abstracts between 1988 and
1992. Of these four were applications involving soybean products and the other involved hard
and soft wood.

The generic model is
I
)
CtI -fl(
Ct-I
,pt,pt-hYtI
,Zt,Ut

qt = g(qt - I,Pt,Pt - I,Zt,Ut)
pt = h(pt - I,St - St - I,Zt,Ut)
St = St - I +qt -cJ-c;

where for time t

c1 and c2
q
p

s
y
z
u

represent consumption of the alternative products
represents the quantity produced
represents the world price
represents the level of stocks
represents national income
is a set of exogenous variables
is a random disturbance term.
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An important requirement of this formulation of the model is that the joint products must be in

comparable units. For lamb this introduces the requirement that export volumes for the more
sophisticated cuts be converted into carcass equivalents.
Note that the consumption (or demand) equations do not include the prices of the alternative
product. This assumes no substitutability between the joint products. An advantage of this is
that it overcomes explicitly the problem of multicollinearity inherent in multi-commodity
models. A positive correlation between movements in the price of two products does not
automatically imply that the two products are substitutes on the demand side. This may result
from inflation, or some other inter-temporal effect, or the products may be substitutes in
production. Such an assumption may be justified for lamb if consumers substitute across meat
types, rather than within meat types, as suggested by Eales and Unnevehr (1988).
While this generic structure will require significant alteration it does provide a structure
around which to build a forecasting model, namely disaggregate demand equations, aggregate
production and stocks equations, and price formation equations.
The product demand equations can be expanded to reflect the multi-regionfmulti-market
nature of the study. Because macroeconomic effects within each country are expected to have
an impact on demand for all the products in a market the demand equations will need to be
estimated in country rather than product blocks.
Product demand was expected to be a function of historic levels of demand, and current and
historic price levels. Income effects have not been included explicitly, because of the need to
keep data requirements to a minimum. This simplification may be justified on two counts.
Firstly, the period dealt with is relatively short, only five years, and so income effects would be
small. Secondly, lamb makes up only a small proportion of most importers trade, so the need
to include a foreign exchange constraint explicitly was reduced. (It was felt that the inclusion
of a time trend would partially account for excluded relevant exogenous variables such as
income, particularly those which are time correlated, and would pick up other effects, such as
changing tastes).
A final modification to the demand equations was that demand for a product was expressed as
a function of its own price, rather than the world price. This was to allow forecasting of
product prices across markets, and to account for differences in the quality and sophistication
of cuts being supplied to each market.
Demand for product i in market j is thus;

Note that four lags have been included on each of the independent variables. These lags are
included to account for dynamic changes in the market. Because the data is highly seasonal it
is likely that current values of consumption are related to prices and consumption in the past,
and particularly with consumption in the same season of the previous year. As a result a four
quarter lag is a minimum.
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Using individual product prices in each market means that a set of price formation equations,
rather than a single world price equation, needs to be developed. For a given product in a
specified market the price of a product will be related to its own historic price, and to current
and historic values of the world price.
The world price (Wp) is used as a mechanism for preserving price linkages between products
and markets in that it represents the price of an average product. This allows the world price
parameters to capture actual and perceived differences in product quality across markets and
products, and to reflect the opportunity cost of supplier choices between product types or
export destinations.
As with the demand equations a time trend was introduced to account for changing price

relationships and product quality. The price of product i in market j is thus;

Management of flock size places a constraint on the level of slaughter in each quarter, so that
production in one quarter will be related to production in earlier quarters, and particularly to
production in the same quarter of the previous year. Production increases as the world price
rises, but the nature of the production cycle means that this response occurs over several
quarters. Aggregate supply in time t will thus be;

qt = h{qt - I, ,qt - 4, Wpt, Wpt - 4,t ,Ut)
Stock levels are expected to increase as the level of production rises, while an increase in the
world price should trigger stock reductions as producers sell inventories. Other things being
equal, the costs of carrying stocks imply that stocks will grow at a slower rate when stock
levels are high, and so historic stock levels will also need to be included in the stocks equation.
Expressing stocks in changes, to reflect the net impact of stocks on supply, gives;

The stocks equation was inverted, to give an explicit expression for the world price, as a
function of stock changes, supply, and the historic world price. This inverted equation closes
the model, and allows the forecasting of the world price. Stock changes are instead obtained
directly as the difference between aggregate supply and aggregate demand in a particular
quarter.
n

m

Lls't=qt-:L:Lcf
i=1 j=l

These four sets of equations form the basis of a joint product model for forecasting export
lamb volumes and prices.
In summary, the discussion in this chapter has examined models which have been used in the
past to model demand for multiple commodities in multiple markets. These models were
found to be inappropriate for modelling under the conditions found in the lamb market. The
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theoretical model developed in this chapter specifies four sets of equations and an identity, in a
joint product model.

qt = h{qt - I, ,qt - 4, WPt, WPt - 4,t ,Ut)
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CHAPTER 3
ESTIMATING THE EMPIRICAL MODEL

This chapter contains a description of the process used to transform the general model in
Chapter 2 into the final empirical model. The process is shown graphically in Figure 3. 1.
Each step in the process will be explained briefly and then examined in more detail in the
relevant sub-section.

Data acquisition refers to the gathering of the data to which the model will be applied. This
included volumes and values of exports from New Zealand for the relevant products, domestic
data on production and stocks, and the identification of weights for converting the export data
into carcass equivalents.
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Market definition refers to the placing of consumers (in this case countries) or products into
groups based on similarity, or substitutability. This is necessary for two reasons. Firstly, to
simplify estimation of the model, reducing the number of equations to a manageable level.
Secondly, to reduce the number of discontinuous time series in the model. The market
definition phase determines which countries will be grouped together in estimation and which
products should be examined within each market. Care must be taken in order to avoid
regional and commodity aggregation bias (Abbott, (1988) pg 59,60).
Once market boundaries have been defined the data needs to be aggregated up into country
groups. In addition some products have to be combined to obtain a useable data series. The
aggregated data for each variable must then be tested for stationarity to determine if the
variable should appear in levels, first differences, or some higher level of differencing.
Estimation of the model refers to the method used to fit the model to observed data, and
diagnostic checking refers to the statistical tests and guidelines used in accepting or rejecting
various alternative specifications. Model validation refers to the method used to evaluate the
model. Parametric criteria were used to determine the simulation error of the model and the
bias, variance and covariance proportions of the model's error.
The estimated parameters were used to construct a spreadsheet model of the international
market for NZ lamb. The use of this model for forecasting is described in the final section of
this chapter.

3.1

Data Acquisition

Given the number of countries to which New Zealand exports lamb, obtaining and managing
the data represented a major exercise. This section lays out data requirements and data
sources used in the study. In addition some of the problems associated with the data will be
discussed.
Data requirements were driven by the theoretical model in Chapter 2. Within a specific
market, data on quantity demanded and price for each lamb product are necessary to estimate
the demand equations. Price transmission equations require prices for each product, and the
world price.
Quarterly trade data from Statistics New Zealand was obtained for the period March 1988 to
September 1992. The data gave $NZ free on board (fob) values, and volumes (kg) by product
item and destination l . This data was classified by the Harmonised System (HS) for trade
classification, and allows the separation of export lamb cuts into chilled and frozen product.
Prior to 1988 the Standard International Trade Classification (SITC) system was used to
classify exported goods and services. At their most disaggregated level, the item level, the HS
and SITC classifications are similar but do not match exactly. Under the SITC, chilled and
frozen cuts were combined into one item, while under the HS classification the two are treated

Product items are defined in Appendix 1. Countries importing lamb are listed in
Appendix 2.

14

as separate items. This discontinuity rules out the use of data prior to 1988 where, as in this
instance, detailed information on cut type is required.
Border data, such as fob values, are not ideal for the purpose of this study. Export volumes
include stocks kept offshore, which can inflate exports to countries where stocks are being
held, and deflate actual exports to countries which purchase these stocks in later quarters.
Related to this is the problem of re-exports. When exports to one country are re-exported to a
second with little or no additional processing free on board export volumes will understate the
real level of exports to the second country. Finally, fob values don't include transport costs
and local tariffs, so unit prices based on these values will understate prices in the destination
market. These inaccuracies had to be traded off against the convenience, and relatively low
cost of the data used.
In order to allow analysis across markets and products the base units had to be made
comparable. Producing one kilo of boneless cuts requires more than one kilo of lamb carcass.
Without conversion, volumes and prices would not reflect the true opportunity cost of
producing differentiated lamb products. For this reason volumes were required in kilogram
carcass equivalents (Kg.ce). Prices per Kg.ce were then obtained by dividing the fob value of
exports by the Kg.ce volume, and an estimate of the world price obtained by taking a weighted
average of all prices with expenditure as the weighting factor.
Conversion weights to carcass equivalents in Table 3.1 were calculated from MAP Situation
and Outlook For New Zealand Agriculture 1990 (pg 17, Table 3.1).

Table 3.1: Conversion Weights
Conversion Weight
Type of Cut
1.00
Carcass
Bone-in Cuts
1.08
Boneless Cuts
2.00

Obtaining an export availability figure from the supply side requires export quality production,
stock change, and NZ domestic consumption of export quality lamb, in addition to the world
price for lamb.
Export quality lamb slaughter was obtained from Statistics New Zealand (Infos Series
LSSQ.SAZWES7 Live Stock Slaughtering, Lambs - Weight Graded For Export). Weight was
carcass weight in kilograms, so did not require conversion.
The difference between export quality slaughter and total exports of lamb is a composite of the
change in stock and domestic consumption of export quality lamb. No stocks series was
available, so stock change and domestic consumption could not be separated. Because of this
these two elements were treated jointly within the model.
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3.2

Aggregation

Aggregation of countries into markets presents some procedural problems in estimation.
Where data which respond to a stimulus in different ways are added together, parameter
estimates based on the aggregate data will be biased to the extent that the original series
differed. However aggregation is necessary in a modelling context for two reasons. Firstly,
aggregation helps to reduce the number of variables and cases being dealt with to a
manageable level. Secondly, aggregation can be used to create a useable series from data with
intermittent observations.
Three types of aggregation are generally considered, temporal, commodity, and regional
aggregation.
Temporal aggregation refers to the way that data are divided into discrete time periods.
Export data was available at three levels of temporal aggregation, by month, quarter, or year.
Using monthly observations tended to fragment the data series, reducing the amount of
useable data while using annual data did not provide enough observations to allow estimation.
Commodity aggregation concerns the level at which products were examined, from specific
product items to broad economic categories. Use of specific product categories would result
in a large number of products to be modelled, each with a very fragmented data series, due to
intermittent purchasing behaviour Higher levels of aggregation introduce problems of bias as
progressively more detail is lost. For example Harmonised System data is available for twenty
categories of lamb exports, most of which are grades of whole or half carcasses. If these meat
categories were aggregated up to total lamb then prices and quantities would be dominated by
that of frozen carcasses, but be biased upwards by the value of more sophisticated cuts.
The final form of aggregation, regional aggregation, refers to the process of combining
countries into markets.
3.2.1

Defining Market Boundaries

With 100 countries purchasing lamb during the period of interest, the classification of
countries into markets was a major concern. The standard approach is to aggregate countries
into geographical regions, with the assumption that countries which are from the same region
will have similar tastes and preferences.
Recall the situation of Australia and Papua New Guinea, which are close neighbours. Both
countries import very different ranges of cuts, Australia purchasing sophisticated cuts at high
prices, and Papua New Guinea importing primal cuts at lower prices. Aggregation would
result in a market which purchased a broader range of products at moderate prices, reflecting
the purchasing behaviour of neither country. It would be inappropriate to propose a regional
group which included both of these countries.
An alternative to geographical aggregation is to use similarity measures to group countries
according to market behaviour. A behavioural segmentation, using cluster analysis to group
countries into market segments based on similarity of purchase behaviour is one such
alternative, and was chosen because it has the potential to reduce aggregation bias as the
countries within a market would not be expected to differ to the same extent as those in a
similarly sized regional group. The approach is similar to that used to segment consumers
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within a market, in that the cases are grouped on the basis of similarity of purchasing
behaviour, the principle difference being that the cases are countries rather than individuals.
Prior to employing cluster analysis, several countries were set aside. The EC nations were set
aside to facilitate policy analysis in the forecasting stage. The United Sates, Canada, Japan,
Australia, and Iran were also kept separate because they are major trading partners, and are
sufficiently important to be treated independently. Geographical aggregation was used for
very small or erratic purchasers, because the impact of aggregation bias on global outcomes
would be small. This left 47 countries or small country groups to be allocated to market
segments by clustering.
Use of a clustering approach requires answering a number of research problems. These are;
1. How should inter-country similarity be measured?
2. What procedure should be used to place similar countries into groups?
3. How many groups or markets should be formed?
Having obtained a clustering solution it then becomes necessary to provide profiles and
interpretations for each segment (Hair et al, (1990) pg 197).
The first of these research questions has two parts; Which variables should be used as the basis
for segmentation? and how should the variables be used to calculate similarity measures?
The objective in using cluster analysis was to create markets where consumers within each
market were more similar in tastes and characteristics than would have been expected under a
geographical segmentation. The variables selected as a basis for the segmentation should
reflect these tastes and consumer characteristics. The variables should also capture changes in
tastes or preferences over time. Average prices and market shares were used as they were
expected to reflect the preference structure of consumers within each market, while export
growth rates were expected to capture changes in these preferences over time. Export
volumes, and geographic region were also included as they were expected to reflect consumer
characteristics within each country.
Where growth rates were infinite or very large a tenfold growth rate was substituted. This was
done to stop the very large growth rates from dominating other growth when the data was
later standardised (data were standardised to eliminate spurious effects due to unequal
variances of the variables represented (Hair et al. (1990), pg 199».
Choice of a clustering procedure is based upon the types of properties desired for the resultant
clusters. For this study clusters were required to be discrete, with all countries members of
only one cluster. It was also desirable that the clusters be of roughly similar size, as some
clustering methods placed all but the largest volume purchasers into one cluster, which could
only be interpreted as a "Casual" or "Intermittent" purchasers group. This might be an
accurate description of many of these markets, but didn't provide much insight into other
market characteristics. More importantly aggregating most countries into one group would be
likely to increase, rather than decrease, aggregation bias.
Ward's method of clustering uses an agglomerative approach, merging the clusters which are
most similar at each step in the analysis (Anderberg (1973), pg 42,43). The squared Euclidean
distance between members of a cluster is used as a measure of dis-similarity. At each stage of
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the analysis the two clusters that merge are those which result in the smallest increase in within
cluster distance. This approach tends to produce clusters that have a similar number of cases
which was seen to be most appropriate in this case. More importantly it focuses on the
similarity of market members, a necessary prerequisite for limiting aggregation bias.
Figure 3.2 (on the following page) shows a dendrogram for those countries grouped using
Ward's method. This shows the order and relative distance at which countries were combined
into clusters. Distance increases from left to right across the page. The dendrogram is useful
for two reasons. First, it can assist in the identification of natural groupings in the data.
Secondly, it can help in determining the number of clusters to use in later analysis.
Clearly some countries should be considered as markets on their own, as they combine with
other clusters only at very large distances. These include Switzerland, Papua New Guinea,
and Saudi Arabia. These markets are distinct in terms of both their product mixes and
volumes demanded, so this result could have been expected. Other countries belong to
clusters which form quickly, and remain separate at large distances, such as the French Pacific
(Cluster 5), Fiji etc (Cluster 9) or to a lesser extent the Middle East (Cluster 4). These groups
are quite distinct in terms of their location and product mix, and so their identification as
separate groups could have been expected.
The final research problem related to the number of groups to be found in cluster analysis.
There is no statistical method for determining the number of groups used in cluster analysis.
However there are a number of tests which can be used to ensure that the clusters used are
significantly different from each other, and these, in conjunction with practical considerations,
can act as a guide in determining the number of clusters to use.
In accordance with the objective of retaining as much detail as possible the maximum number
of clusters which could reasonably be built into the model was used. This limited the number
of groups to fourteen, giving a total of twenty markets. Analysis of variance was then used to
determine if the cluster means were significantly different from the means for the entire
population (Table 3.2). The differences were found to be significant at the 5% level.

Table 3.2: ANOVA Results for Ward's Method (14 Clusters)

SS

Source of Variation
Between Groups
Within Groups

56.01381
506.1032

df
13
350

Total

562.117

363

MS
4.308754
1.446009

F
2.979756

P-value
0.00037

Fcrit
1.748187

In addition to the F test used above the t test was used to obtain descriptions of each of the
clusters. The mean of each variable for each cluster was calculated and compared to the
population mean for that variable (which was zero due to standardisation). If the cluster mean
was significantly different from zero then the variable was used as a descriptor for that cluster.
A brief description of each cluster is contained in the following paragraphs.
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Figure 3.2: Dendrogram. Depicting Clustering Solutivn
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The final set of twenty markets is shown in Figure 3.3. The number of markets was
subsequently reduced to nineteen with the merger of the Asia and Taiwan markets (see
below).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
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Table 3.3 Market Segments
European Community
Japan
USA
Canada
Iran
Australia
Papua New Guinea
Europe n.e.s.
Switzerland
Saudi Arabia
Asia n.e.s.
Taiwan
American n.e.s.
Pacific 1
Cook Islands Nuie Qatar Mexico
Pacific 2
Fiji Tonga Samoa
French Pacific
French Polynesia New Caledonia Norfolk
Island
Island States
Pacific n.e.s. Bahrain Reunion Bahamas
Martinique
Intermittent Purchasers
Gibraltar Malta Cyprus French Guiana
Guadeloupe Solomon Islands Vanuatu
Niger Barbados Jamaica
Low Carcass
Austria Sweden Wallis & Futuna Indonesia
Singapore Thailand Bermuda
Middle East
Jordan Kuwait Oman UAE Middle East
n.e.s Africa n.e.s. Korea

"Papua New Guinea" is one of New Zealand's largest lamb markets by volume.
quality is low, and prices are lower than for other Pacific markets.

Product

Members of the "Europe n.e.s." group purchase significantly more frozen boneless cuts than
average. This group includes a number of former eastern bloc countries. "Switzerland"
imports more boneless meat than average, and more fresh/chilled meat than average. This is a
high income market which demands quality product, and this is reflected in the price.
"Saudi Arabia" is one of the two large volume clusters (along with Papua New Guinea). The
largest volumes are for fresh and frozen carcasses. The" Asia n. e. s." market has more
expensive carcass meat products than average, consequently the market share for boneless and
bone-in cuts is higher than in other countries.
"Taiwan" appears to have been placed in its own cluster because it has a high growth rate for
fresh product. This is illusory, as Taiwan purchased no fresh product in the first half of the
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period of interest (1988-1989). In later analysis the Taiwan cluster was combined with the
Asia n.e.s. market. This was because the total volume for Taiwan was inconsequential.
Figure 3.2 indicates that it might have been more appropriate to aggregate Taiwan with
Europe n.e.s., the intermittent purchasers, or the French Pacific. The impact on these groups
would have been minimal, while aggregating Taiwan into the Asia group made sense
intuitively and proved to be more convenient for data management.
The nations making up the "American n.e.s." market are intermittent purchasers with small
volumes. As a group they purchase more fresh bone-in cuts than the population average.
The "Pacific 1" market is a low volume low value cluster. Average volumes exported of bonein and boneless cuts were significantly below the population average, as were prices,
particularly for frozen boneless cuts and fresh chilled bone-in cuts. Growth rates for chilled
product were also well below average.
Prices for frozen carcasses are significantly higher in the "Pacific 2" market, producing greater
demand for frozen bone-in cuts which are cheaper than the market average. Demand for
higher value cuts stemmed from the Christmas tourist trade.
The "French Pacific" group is the most up-market of the Pacific markets. Prices are higher
than average, and demand for more sophisticated products (boneless and chilled lamb) is
relatively strong. However, as with all the Pacific markets it is a relatively low volume market.
The "Island States" is another low volume market. Demand for fresh bone-in cuts is lower
than average, but growing more rapidly than in other markets. "Intermittent Purchasers" is a
low growth, low volume market. The group members are all sporadic purchasers, and seem to
be driven by price, as prices are well below average. None of the market members purchased
chilled boneless cuts in 1990 or 1991.
In the "Low Carcass" market volumes are particularly low for frozen carcass meat, while fresh
carcasses were not purchased at all in 1990-1991. As a result market share for frozen bone-in
cuts is higher than average. However group members were all sporadic purchasers.
The Middle East market includes almost all of the countries of the Middle East and Africa.
These countries purchase little or no fresh meat. The group members import significantly more
frozen carcass meat than average (the exception being UAE, where frozen carcass imports are
average).
It is clear from the above profiles that countries have been grouped on non-purchasing as well
as purchasing behaviour. As a result some products had to be aggregated further, or dropped
from a specific market, because the number of observations for that product were low, or
zero.

Using cluster analysis to reduce aggregation bias in the manner described in this section
appears to be unique. A review of the trade modelling literature failed to find one instance
where cluster analysis was used in defining market boundaries. This was surprising as the
benefits of using the approach are clear. The approach has the potential to reduce aggregation
bias, by basing allocation to a market on more than location or arbitrary assessment. Results
for a market can be applied to the constituent countries with greater confidence, because the
market and individual country behaviours are more closely related. In addition the approach
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can provide insights into the structure of the market, when the volume of data can make
analysis by inspection arduous.
However cluster analysis is not always appropriate, particularly where the existence of trading
blocks forces countries into predetermined groups. In addition there are a wide variety of
clustering techniques which can be applied to obtain groupings. These produce similar, but
not identical results. Finally, the number of clusters or markets to use is not always easily
determined. As a result using cluster analysis to create market groups is not a trivial exercise.
The methods used must be justified, and the groupings obtained must be significantly different,
statistically and in terms of interpretation.
3.2.2

Commodity Aggregation

Most of the markets identified in Section 3.2.1 were not regular purchasers of all six products,
rather they purchased some core products each quarter, and others intermittently. Where
possible these intermittent purchases were aggregated in with a higher volume product.
Products were aggregated as pairs of close substitutes. Chilled and frozen boneless were
paired because the technology used in processing is essentially the same. Frozen carcasses and
frozen bone-in cuts were paired, as were chilled carcasses and chilled bone-in cuts, because
the carcass can be easily rendered into bone-in cuts.
In it's final form the model for estimation has nineteen markets, each selling a maximum of six
products. Appendix 3 contains a list of the products/product aggregates included in each
market.

3.3

Stationarity

A stationary time series is necessary to avoid spurious regression resulting from changes in the
mean and variance of the series due to process of time, rather than underlying economic
relationships.
For a series to be stationary its mean and variance must be time invariant. Testing for this
condition is usually done using a unit root test, such as the Dicky-Fuller or Phillips-Perron
tests. Where a unit root is detected the series is differenced and tested for an additional unit
root.
The aggregated data volume and price data in carcass equivalents were examined for
stationarity using a Dicky-Fuller unit root test. Volume data tended to be stationary in levels
while price data tended to be stationary in first differences. Those variables which were non
stationary in levels were converted into first differences. The most notable of these non
stationary variables was the world price. The full set of estimated equations can be found in
Thomson (1994).
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3.4

Estimating the Model

The model specified in Chapter 2 is obviously simultaneous at the aggregate level However
the demand side of the model (i.e. the price transmission and demand equations) are specified
in discrete blocks, one block for each market, and these sub-systems of equations are
recursive. As a result the markets have been estimated separately, without the use of a
simultaneous equations method (Johnston (1984), pg 469).
It was expected that macroeconomic shocks in a market would affect all of the products and
prices within a market, and hence the error terms of price transmission and demand equations
would be correlated. Under these conditions Zellner's Seemingly Unrelated Regression (SUR)
produces more efficient estimates than Ordinary Least Squares (OLS) (Johnston (1984), pp
337,338, Harvey (1990), pg 66).

The supply and world price equations were estimated using OLS.

3.5

Diagnostic Testing

The specification of individual equations was refined by liTesting Downwards ", systematically
removing variables with insignificant parameters from the equations, until a parsimonious
version of the model was obtained (Harvey (1990), pp 186, 187). To do this the criteria for
removing a variable from the specification needed to be established. The criteria chosen was
to maximise the adjusted /, in order to get the best fit possible given the number of variables
in each equation. This was done by removing from each equation the variables with a t score
less than one (Johnston (1984), pg 505). A t score of one implies a level of significance of
around 30%, much less significant than the 5% or 1% usually applied.
Estimation proceeded in an iterative fashion, with each block on the demand side being respecified and re-estimated until none of the remaining coefficients were insignificant. The
coefficients and data were then built into a spreadsheet model, to allow simulation and
forecasting.
Results for aggregate level variables, supply, aggregate demand, stocks change, and the world
price are given in Chapter 4, along with results for the EC several other major markets. The
full set of demand side equations is given in Thomson (1994).

3.6

Validation

A number of statistical techniques exist for assessing the goodness of fit of single equation
models. These techniques use parameter estimates to assess the goodness of fit, the properties
of residuals, and the underlying assumptions of the model (such as the /, t, F and DurbinWatson statistics). Difficulty arises when examining multi-equation models. While the
individual equations can be examined separately using the tests outlined above other methods
must be used to assess the goodness of fit for the model as a whole.
The approach in this study was to compare observed data with the results of a model
simulation for the same period. The performance criteria used were the Root Mean Square
(RMS) simulation error, and Theil's Inequality Coefficient (U). Theil's U is easier to interpret
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than the RMS because it is bounded between 0 and 1 and because it can be decomposed
2 into
three inequality proportions. These proportions represent bias (U\ variance (U ) and
covariance (U3) (pindyke & Rubinfeld (1981), pg 365).
The RMS is defined as
RMS =

where ySt
yat
T

1 T
2
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1=1
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the actual value ofYt
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=
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The RMS is a measure of the deviation of the simulated variable from its actual path (pindyck
& Rubinfeld (1981), pg 362). It punishes large deviations in the simulated data via the squared
term.
Theil's U statistic is related to the RMS, but is scaled so as to always fall between 0 and 1.
The inequality statistic is defined as
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The inequality statistic ranges between zero, an exact match between the actual and simulated
data, and one, the worst possible predictive performance. The sum of the inequality
proportions is unity. The smaller the bias proportion the closer the simulated and actual data
series are on average. The variance proportion reflects the extent to which the simulated data
mirrors fluctuations in the actual data. The residual error is the covariance proportion 'Yhich
represents unsystematic error, and so this should be as close to one as possible, while U and
U should be as close to zero as possible (pindyke and Rubinfeld (1981), pg 365).
Results for the principle aggregates and the world price are reported in Chapter 4, along with
results for selected markets.
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3.7

Forecasting

As mentioned in Section 3.5, the estimated equations were built into a spreadsheet model.
The model equations are such that the endogenous variables, with the exception of the world
price, can be expressed as a function of the world price, and a set of predetermined variables.
The method used in forecasting is described in the following flow chart (Figure 3.3).

Figure 3.3: The Forecasting Process

False
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In order to forecast values of the other endogenous variables, a trial value of the world price
was required. The world price was obtained by using an initial value of the world price equal
to the actual value of the world price from the previous period. This initial value was then
used to obtain price, demand, production and stock change forecasts. The production and
stock change forecasts were used to produce a subsequent value of the world price which was
compared with the trial value.
The model was constructed using the Microsoft Excel spreadsheet. This contains a facility
known as "Solver" which can be used to obtain solutions to systems of simultaneuos
equations. "Solver" uses a non-linear optimisation procedure known as GRG2.
"Solver" was used to minimise the difference between the trial value and the forecast world
price, by making small changes to the trial value and reiterating the model until the two prices
were equal. The final world price tended to be unaffected by the initial starting value if it was
within a reasonable range (between $2 and $5). The forecasts for the period were then used
as independent variables in forecasting for the next period.

3.8

Summary

This chapter described the methods used to translate the theoretical model into an estimated
empirical model. Regional aggregation based on purchase behaviour rather than geography
provided a set of nineteen markets upon which to base the estimation of the demand and price
transmission equations. After obtaining stationarity in the data the model was estimated in
market blocks using seemingly unrelated regression estimation. Each block of market
equations were then refined iteratively, to arrive at a more parsimonious rendition of the
model. For forecasting and simulation purposes the estimated model was built into a
Microsoft Excel spreadsheet, and equilibrated using the "Solver" facility. The final model
contained 142 demand side equations, and a production, a stock change, and a world price
equation.
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CHAPTER 4
ESTIMATION AND FORECAST RESULTS

In this chapter estimation and forecast results are presented for the major markets, and for the
global variables (aggregate demand for each product type, production, stock change and the
world price). These results are presented to provide an example of the results obtained in the
estimation stage of the modelling process, to give an indication of the validity of the results,
and to highlight the strengths and weakness of the empirical results. They also provide an
indication of market trends over the medium term.
Results reported in this section have a generic format. Each product's results are presented in
the following order. First the,J>rice transmission and demand equations are presented. Along
with this are reported the r" statistic and the results of an ex-ante simulation using the
estimated results. Diagnostic statistics included for the simulation are the Theil's U statistic,
and the proportions of the Theil's U statistic due to bias (U 1), variance (U2), and covariance
(U3)1 .
Symbols used in the estimation results are as follows. C denotes volume in carcass equivalent
kilograms (Kg.ce). P denotes fob price in $NZ per Kg.ce. Wp is the world price oflamb, and
T is a time trend, with March 1988 equal to one. These definitions may be modified by a prefix
or a suffix. The prefix D denotes a variable which has been differenced once to obtain
stationarity.
The first subscript is for cut type. Odd numbered product types are chilled while even
numbered product types are frozen product. Products 1 and 2 are boneless cuts, 3 and 4 are
carcasses and half carcasses, and 5 and 6 are bone-in cuts (A list of the meat types modelled
for each market is included in Appendix 3). A t-n subscript indicates an n quarter lag on the
specified variable.
A brief interpretation of the results and a graph of forecast volumes and prices follows the
estimation and simulation results. For the European Community an additional figure showing
the actual and simulated data series is included to provide insight into the likely properties of
the forecasts.

4.1

Major Markets

Results have been included for those markets which purchased more than 4% of New Zealand
lamb exports by volume in the 1992 calendar year. Table 4.1 ranks the 14 markets by export
volume and shows the relevant % of exports. This indicates that the major markets are the
EC, Iran, the Middle East and Papua New Guinea. Results for Saudi Arabia were also
included as this market purchases a high percentage of llLmb exports by value.

1 In theory U 1 + U 2 + U 3 =1. This may not be the case in the reported statistics, as the values have been
rounded to 2 decimal places.
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Table 4.1: Market Shares 1992
Market

Volume

(KF?CE)
European Community
165518848
Iran
52893245
Middle East
20873882
Papua New Guinea
18865541
Japan
15812999
Pacific 2
15423649
Saudi Arabia
15071256
7541559
Canada
USA
7255760
Intermittent Purchasers
6645460
4013334
Island States
Pacific 1
3008753
Switzerland
2546772
Low Carcass
2385386
Asia Nes
2126620
French Pacific
1432209
American Nes
683487
471980
lEurope Nes
Australia
71315
342642053.8
Total

4.1.1

Value
Price
($NZfob) ($NZIK1!CE)
670507122
4.05
123595446
2.34
47746897
2.29
23843491
1.26
39970932
2.53
20182694
1.31
42304461
2.81
27824574
3.69
33081627
4.56
18153870
2.73
10936532
2.73
7445171
2.47
19419585
7.63
10503544
4.40
8548727
4.02
5153050
3.60
2.09
1425401
1884128
3.99
328706
4.61
1112855958
3.25

%0/
Volume
48
15
6
5
4
4
4
2
2
2
1
0
0
0
0
0
0
0
0
100

%0/
Value
60
11

4
2
3
1
4
2
2
2
0
0
1
0
1
0
0
0
0
100

The European Community

The European Community imported 55 percent of New Zealand lamb exports by volume
between 1988 and 1992. Prices in this market are higher than average. This may be the result
of the lamb quota, which restricts New Zealand's lamb exports to 205,000 tonnes ce, or
because of the high proportion of chilled and bone-in cuts which are exported into Europe.
Table 4.2 shows the market share and price of each product.

Table 4.2: NZ Lamb Exports to the EC 1992

Volume
Product
Boneless Cuts Fr/Ch
Boneless Cuts Frozen
Carcasses Fr/Ch
Carcasses Frozen
Cuts With Bone-in Fr/Ch
Cuts With Bone-in Frozen
Total

(KgCE)
1402180
25621676
458146
52529658
5342673
80164515
165518848

Value
Price
%0/ %0/
($NZ.fob) ($NZIKf(CE) Volume Value
1
9543433
1
6.81
15
11
73342737
2.86
0
0
1934847
4.22
23
157001930
2.99
32
7
44554834
8.34
3
384129341
4.79
48
57
670507122
100
100
4.05

/
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Table 4.2 shows that frozen carcasses are no longer the dominant product in the European
Community. Bone-in cuts account for 64% of exports by value, with chilled cuts (bone-in
and boneless) being more than 8% of exports by value.
Chilled Boneless

Chilled boneless is a tiny part of the EC's lamb imports, representing on average only 0.5% of
lamb imports in carcass equivalent kilograms, and 0.8% of lamb imports by value over the
1988 to 1992 period. Prices have been volatile, but averaging $NZ 5.17 per Kg. ceo

MIt

= 2.9567 - 3.5447 *~WPt-1
(4.58)

(-3.35)

- 3.1744*~WPt-4 -0.l7682*T
(-3.41)
(-3.90)

C1F -786870 -1.0537*Clt-2 + 1.7584*Clt_3 + 0.70010*Ct-4 +34647*MIt_l + 36486*MIt_2
(-6.29) (-7.01)
(4.77)
(4.87)
(2.76)
(3.11)
+ 63934*M1t-3+ 82928*MIt-4+ 57053*T
(4.l4)
(4.42)
(9.46)

Estimation results were not good for the price or the demand equation. The price equation
does not fit the data well, while the price coefficients in the demand equation are all of the
incorrect sign. This may be due to strong growth in the German and Belgian markets, which
demand very high quality, high cost cuts. The average unit price for Germany over the 19881992 period was $15 per Kg.ce. As these markets have grown the average price in the EC has
been driven up, creating the positive price relationship detected in the demand equation
(Recall that the EC countries were not included in the cluster analysis to allow analysis of
policies relating specifically to the European Community).
Positive price parameters in the demand equation are common for the more sophisticated
products, such as chilled boneless in the EC. A possible reason for this is the marketing effort
that accompanies these more sophisticated products. For example, as the world price falls
more effort is put into producing and marketing sophisticated products, and these are often
sold into niche markets. This marketing effort may cause both demand and local prices to
Increase.
The model is forecasting prices for chilled boneless in Europe to fall in the medium term
(Figure 4.1a). This is partly because the model is forecasting an increase in the world price
over the forecast period (the sign on the world price coefficient is negative), and the large and
negative coefficient on the time trend. It appears that in order to capture the jump in prices in
1989 the estimation procedure has fitted a model which causes a sharp drop off in forecast
prices. Demand is forecast to increase dramatically over the three year period driven by a
large coefficient on the time trend.
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The magnitudes of both forecasts are unreasonable. Prices are becoming negative as the time
trend begins to dominate the forecasts. The demand forecast is not much better. The
problems in the price equations are feeding into the demand equation, and being magnified by
positive price coefficients. The demand forecast is also very volatile because a peak in demand
in early 1992 has fed into the forecasts creating a seasonal pulse.

However the simulation results for prices are promising. The chart in Figure 5. 1b shows,
along with the U and U 1 statistics, that the demand estimates are strongly biased. This bias
leads to the overstatement of demand forecasts as discussed above.
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In summary the results for the EC's chilled boneless market are poor. The simulation results
for prices were good, but the demand simulations and both forecasts were clearly not
reasonable. However this market is relatively unimportant so these results are not likely to
affect the overall outlook for lamb in the EC.
Frozen Boneless

Frozen boneless cuts are also a relatively small proportion of New Zealand lamb exports to
Europe, being 14% of exports by volume (Kg.ce) but only 11% of exports by value. This
indicates that prices in $NZ per Kg.ce are relatively low ($2.56 compared with an average
price across all products of$3.28).
M>2t = - 0.78447 - 1.4790*M>2t-l -0. 12123*M>2t_2 -0.59409*M>2t_3-0.52036*M>2t_4
(-5.05) (-5.79)
(-3.74)
(-2.29)
(-2.61)

+ 0.52071 *~Wpt + 1.2033*~WPt_l + 1.4507*~WPt_2 + 1.3922*~WPt_3
(2.50)

(5.19)

(5.46)

(4.82)

+ 0.75060*~WPt_4 + 0.047862*T
(2.70)

~=0.74

(5.04)

U=0.14

C2t = 9203500 - 0.77268*C2t_2 + 1983700*M>2t_2 + 228220*T
(7.01)
(-3.66)
(1.81)
(3.96)

~=0.61

U=0.05

Estimation results are acceptable, though the coefficient of the lagged price change in the
demand equation is of the wrong sign, and the r2 on the demand equation is low. The price
coefficient may be offset somewhat by the negative sign on the lagged demand coefficient. It
appears that this is the result of strong growth in demand from continental Europe. Over the
1988 to 1992 period the UK imported 70% of the frozen boneless exported by New Zealand
to the EC. Over that time period demand from the UK declined rapidly while prices rose
steadily. Exports to Germany, the next largest importer with a 13% market share, increased
fourfold while prices rose steadily. Within the simple demand specification used to model EC
imports the influence of market growth on the continent would translate directly into positive
price coefficients.
The forecast for prices is for a steady increase in prices, reaching $4.50 per Kg.ce in early
1995 (Figure 4.2). This is a large increase in price in a short period, indicating that price
increases may be being overstated. Demand is also forecast to increase slowly, breaking the
10 million Kg.ce mark in June of 1995.
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The simulation results are good for both the price and demand equations. The demand
simulation is more unstable than actual demand (i.e. the proportion of error due to variance
(U2) is high) but it does track the actual series very wel1. The price simulation is also very
good for the first two years, but differs from the actual data substantially over the last five
periods, indicating that the price forecast above may overstate the long run price trend.

In summary the results for frozen boneless cuts appear to be good. Estimated price
coefficients reflect the growth in demand from the continent, and though the price forecast
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was shown to be biased upwards slightly the simulation results show that both equations track
the actual series reasonably well.
Chilled Carcasses
This is the least important of New Zealand's products in the EC lamb market, with only a 0.4%
market share by volume over the 1988 to 1992 period. During this time both prices and
export volumes were very volatile, reflecting the fact that chilled carcasses are not purchased
regularly by any of the EC nations. The UK dominates demand, but this is because of one
very large purchase in 1988.
&>3t = 0.17874 - 0.3911 *&>3t-l - 0.20127*&>3t-2 - 0.20261 *&>3t-4 +
(.64)
(-2.05)
(-1.17)
(-1.3)
(1.3)

~=0.46

1.7359*~WPt_l

U=0.18

C3t = -254860 - 0.6076*C3t_2 + 0.31387*C3t-4 + 27854*&>3t + 13391 *&>3t-l
(-9.30) (-9.28)
(8.17)
(5.17)
(3.39)
. + 61023*&>3t-4 + 25542*T
(12.29)
(12.18)

~=0.94

U=O.l1

The r2 value for the price equation is low, indicating that the equation does not fit the data
well. This may be because the equation is expressed in first differences, increasing the amount
of variation in the data. The demand equation has the almost characteristic problem of
positive price coefficients. Again this appears to be because of the switch in demand from low
price exports to the UK to high priced exports to the rest of the EC. Table 4.3 shows the
increases in prices and demand for between 1988 and 1992.
Table 4.3: Price and Demand Changes in the EC 1988 vs 1992

Country
UK
Rest of the EC
Total

Price ($NZIK~ .ce)
%change
1988
1992
+41
2.57
3.61
+95
2.43
4.74
+66
2.55
4.25

Demand (tonnes ce)
1988
%change
1992
2037
-90
211
+3
261
271
2298
-79
482

Demand in the UK appears to have slumped dramatically, while prices have increased.
However this movement is created by a single very large purchase in the March quarter of
1988 (see Figure 4.3a). The rest of the EC has experienced a small increase in demand and
significant price increases, resulting in the observed positive price coefficients. Demand
increases resulting from changes in preferences over time should be picked up by the time
trend (which is positive and significant). The demand increases driving the positive price
coefficients must be the result of some unmodelled effect, such as promotional efforts.
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The price forecast is for slight price increases over the medium term, though the forecast is far
more stable than the historic series. Export volumes are forecast to increase. The forecasts
are obviously magnifYing the seasonality in the historic series, and this is accentuated by the
peak in exports in the March 1992 quarter.

The simulation results are excellent for both prices and demand. The inequality coefficients
are small and what inequality there is, is attributed principally to covariance. Both equations
pick turning points very well, and while the price forecast appears to be slightly biased the bias
is not substantial (U1=O.10).
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In summary the estimation results have some problems, in terms of the price coefficients in the
demand equations, but the other results are very good. The forecasts give a good indication
of the trends over the 1993-1995 period and the simulation results are excellent.
Frozen Carcasses

Exports of frozen lamb carcasses to Europe, and particularly the UK, have been the mainstay
of the New Zealand sheepmeat industry for over a century. Demand has been declining
rapidly in recent times. In 1988 frozen carcasses held the largest share of the EC lamb market
by volume comprising 55 percent of exports. This had dropped to 32 percent in 1992. Over
the 1988- 1992 period annual export earnings for frozen carcasses in the EC averaged $NZ
196 million (32% of exports by value) compared with $NZ 308 million (50% of exports by
value) for frozen bone-in cuts. This illustrates the substantial difference in prices for these two
products ($NZ 2.39 per Kg.ce for frozen carcasses compared with $NZ 4.28 per Kg.ce for
frozen bone-in cuts).
M>4t = 0.074899 - 0.28251 *M>4t-3

(4.45)

~=0.90

(-3.88)

+ 0.85606*~WPt - 0.41599*~WPt_4
(10.88)

(-5.35)
U2=0.00

U=0.05

C4t = 59186000 - 0.58891 *C4t-l - 0.61726*C4t_2 - 7375300*M>4t + 9056600*M> 4t-l
(44.262) (-14.395)
(-19.737)
(-7.1641)
(9.5433)

+ 5912000*M>4t_2 - 6712100*M>4t_4 - 1234100*T
(7.2998)

~=0.98

(-5.7928)

(-27.307)

U=0.05

The estimation results are excellent. The price of a frozen carcass is closely related to the
world price (the coefficient on DWP is close to one), the sign of current price in the demand
equation is negative, and even though one of the price coefficients is positive the long run
response to a price shock (the sum of the price coefficients) is negative. In addition both
equations fit the data reasonably well (i.e. the r2 values are high).
_______
r-Export volumes for frozen carcasses have been declining for several years. This is forecast to
continue, as will the degeneration of the seasonal pattern for demand (Figure 4.4a). Prices are
forecast to continue rising at a steady rate.
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The simulation results indicate that the model explains the data well (Figure 4.4b). The
simulated values track the actual values closely, and pick most of the turning points.. However
the price forecast appears to be biased upward slightly. This is also indicated by the high value
of the proportion of error due to bias (U 1) for the price equation. It should be noted that the
overall error was very small (U=O.05) so the effects of this bias are minimal.

In summary the results for frozen carcasses are excellent. The model is explaining the data
well, the simulation results are excellent and the forecasts are reasonable.
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Chilled Bone-in Cuts

Chilled bone-in cuts are the most important of the chilled lamb products, but represent only
2% of exports to the EC by volume (5% by value). Chilled bone-in cuts have the highest
average unit price of any of the product categories considered ($NZ 7.24 per Kg.ce) .

.D.P5t = 1.3793 -1.3352* .D.P5t-1-1.3988* .D.P5t-2 -1.0700* .D.P5t_3-0.43090*.D.P5t-4+2.6547* ~WPt
(3.93) (-9.48)
(-8.64)
(-7.05)
( 4.29)
(6.03)
+

3.8159*~WPt_l

+

(5.97)

~C5t

= -2328900 (-6.03)

4.6939*~WPt_2

(7.91)

1.2367*~C5t_l

(-9.15)

+

5.9363*~WPt_3

(9.98)

+

2.6368*~WPt-4

(3.73)

-0.10396*T
(-4.48)

- 1.9236*~C5t_2 - 1.3881 *~C5t-3 - 0.75274*~C5t-4
(-10.82)
(-8.36)
(-3.54)

-150250*.D.P5t + 91168*.D.P5t-2 + 79732*.D.P5t_3 - 188420*.D.P5t-4 + 219640*T
(-5.62)
(2.28)
(1.75)
(-5.83)
(7.08)

Both specifications fit the data well (i.e. the r2 statistics are high). The current period price
coefficient in the demand equation is of the correct sign, and the long term impact of a price
increase is a reduction in demand. Prices are higher than for lower quality products (indicated
by the relatively large constant term and world price coefficient) and the long term trends are
for faIling prices and increased demand (the time trend coefficient is negative in the price
equation and positive in the demand equation).
Prices are forecast to increase slowly over the 1993-1995 period, while demand is expected to
increase dramatically (Figure 4.5a). The magnitude of the demand increase is far to large to be
plausible, and seems to stem from continued magnification of the seasonal trend which
emerged in the early 1990's. the increased instability of the price forecast also appears to be
driven by seasonality. Note that the price and demand fluctuations are counter cyclic, so
export value forecasts would be more stable than price or demand forecasts.
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For the simulations the inequality statistics (U) are reasonably low, however a large proportion
of the error is due to bias for both prices and demand. Prices tend to be overstated by the
model, while demand is slightly understated (Figure 4.5b). However the simulations do
appear to be picking turning points with some accuracy.

The estimation and simulation results for chilled bone-in cuts are very promising, with the
model fitting the data well, and the simulation results being reasonably accurate. There are
some concerns about the magnitude of the demand forecast, however chilled bone-in cuts
represent only a small proportion oflamb exports to the EC.
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Frozen Bone-in Cuts

Frozen bone-in cuts are the most important of the New Zealand lamb products exported to the
EC. They comprise 38% of exports by volume and 50% of exports by value, indicating that
prices are relatively high, at $4.28 per Kg.ce.
&>6t = -0.086647 - 0.15364*&>6t_2 - 0.68018*&>6t_3 - 0.299645*&>6t_4 - 1.7021 *~WPt
(-2.63) (-1.13)
(-5.28)
(-2.36)
(14.08)
- 0.36770*~WPt_l - 0.60393*~WPt_2 - 1.0660*~WPt_3 - 0.59193*~WPt_4
(3.26)
(2.83)
(4.885)
(2.76)

~=0.92

U=0.10

C6t = 1267400 + 3156700* &>6t-2 - 5317900* &>6t-3 - 6254400* &>6t-4 + 545880*T
(6.42)
(2.13)
(-3.41)
(-4.42)
(3.78)

~=0.80

U=0.05

The estimated equations fit the data well, as shown by relatively high r2 values. For most
variables the sign of the estimated coefficient is theoretically correct. Two of the lagged price
coefficients in the demand equation have the correct sign, and the long run response to a price
increase is a fall in demand.
Prices are forecast to increase quickly to $6.00 per Kg.ce, and then to fluctuate between $6.00
and $6.50 per Kg.ce following a clear seasonal pattern (Figure 4.6a). Demand increases over
the forecast period to an average of around 25 million Kg.ce. These increases imply that
frozen bone-in cuts will grow in value to around 55% of New Zealand lamb exports to the EC
(47% of exports by volume).
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The inequality statistic is low for both simulated variables. Error in the demand simulation is
due almost entirely to covariance, while the larger error in the price simulation is due to bias.
This bias can be seen quite clearly in Figure 4.6b. This indicates that the price forecast may be
overstating the future price. The demand forecast tracks the actual series very closely, and
picks most
.
.

To summarise, the results for frozen bone-in cuts are good. The estimated equations fit the
data well, the forecasts seem reasonable given historic trends, and simulation error is low.
Summary

For the products of major importance, namely frozen carcasses and bone-in cuts, the results
are very good, in terms of the validity of the estimates, and the simulation results. Results for
the chilled products and frozen boneless cuts were not quite as good, with the strong growth
of demand in the continental Ee producing incorrect signs on parameter estimates. However
with the exception of chilled boneless the simulation results were good, and the forecasts were
generally acceptable.
The results for the Ee need to be considered jointly, as well as on a product by product basis.
Total demand in the Ee is forecast to increase slightly over the 1993-1995 period (Figure
4.7a). This increase is being driven primarily by increasing demand for frozen bone-in cuts.
Prices are forecast to increase quite dramatically. This is being driven by three factors. First,
genuine increases in the prices received for lamb within the market. Second, increases in
average product prices resulting from the shift to higher quality, higher value cuts. Third, the
impacts of increases in the world price feeding into the price transmission equations. This
implies that the actual prices will be somewhat lower than the forecasts.
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Comparing the aggregated simulations with the aggregated actuals (Figure 4. 7b) highlights
two points. Firstly that the simulated and actual demand series track very closely. Secondly,
prices are, on aggregate, biased upwards. Bias is entering all the EC price equations through
the simulated world price (Section 4.5), which deviates substantially from the actual world
price during late 1991 and 1992. However, as shown in Table 4.4, the level of error in both
the demand and price equations is quite low.
One of the key problems in the estimates for the EC has been that the demand equations for
some products have positive price parameters. The products affected by this tend to be
products for which demand has been growing strongly in countries in continental Europe but
declining in the UK, i.e. the problems appear to be the result of inappropriate aggregation.
This implies that the inclusion of the EC nations in the cluster analysis phase of estimation
might result in a better set of estimation results. However these countries had to be estimated
as one group to ensure that a quota could be imposed on all nations in the EC.
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Table 4.4: Simulation Statistics - All Product Categories

Prices
Demand

RMS
0.74
3.9+E6

Theil's V
0.09
0.04

VI
(Bias)
0.61
0.00

V2 (Variance)
0.18
0.04

V3
(Covariance)
0.21
0.95

In summary, the aggregate results for Europe are very good, although price forecasts may be
overstated in the medium term. The results also indicate that the market responses,
particularly for the more sophisticated products, are very complex, both in terms of the driving
forces behind these responses, and the dynamics of the responses. F or example price
responses have been driven by changing tastes, changing prices, and changes in product mixes
across markets which has affected the apparent response to price changes. In addition
competitive actions and marketing effects, to which more sophisticated products would be
more sensitive, may directly affect the observed responses. The medium term forecast is for
steadily increasing prices, and gradual increases in demand.
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Iran

4.1.2

Iran is New Zealand's second largest market. Imports are almost entirely frozen carcasses.
Prices are marginally lower than those received in other carcass markets.

Table 4.5: NZ Lamb Exports to Iran 1992

Volume

Product

Value
Price
%0/
($NZ.fobl i(SNZlKIlCE) Volume
Carcasses Frozen
52881214 123568687
2.34
100
Cuts With Bone-in Frozen
12031
26759
2.22
0
52893245
123595446
100
2.34
Total
(KgCE)

%0/
Value
100
0
100

Demand from Iran has been very sporadic for both frozen carcasses and bone-in cuts.
Because cuts with bone-in represented a tiny proportion of exports to Iran the two products
were aggregated together and estimated as frozen carcass lamb. However the series was still
not continuous enough to allow estimation. For modelling purposes exports to Iran were
estimated using average exports and average prices.

Figure 4.8: Frozen Carcasses - Iran
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4.1.3

Middle East

Countries in the Middle East market are Jordan, the United Arab Emirates, Oman, Kuwait,
South Korea, and the Middle East nes and Africa nes groups. Table 4.6 gives an indication of
how the composition of demand from the Middle East market changed during the estimation
period.

Table 4.6: New Zealand Lamb Exports to the Middle East by Destination

Country
iAngola
Cameroon
Congo
!Egypt

Volume
([onnes ce)

Volume
([onnes ce)

1988

1992

61
7
13
9743

Ghana
Jordan
South Korea
Kuwait

7637
3629
320

Lebanon
Mauritius
Nigeria
Oman
South Africa
Tunisia
tunited Arab Emirates
Yemen
[zaire
Total

612
32
3622
1277
350
5064
15
131
32512

Price
($Nl/KgCE)

Price
($NVKgCE)

% Change

1988

1992

% Change

43
43
10231
2157
575
12
107

-100

2.39
1.96
0.89
1.63

3.75
2.10
2.06
1.48
2.77
1.39
1.12

130

1693
27
887
5070
31

-53
-98
153
0
105

2.81
2.48
2.34
2.87
1.79
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34
20
47
-30

20874

-36

2.29

28

34
-41

79
-83

1.94
1.46
1.88
1.38
2.92
1.96
1.85
1.96
1.96
2.57
2.13
1.79

6
2
48
-19

Most of the countries in this market purchase lamb at irregular intervals, e.g. Egypt, which
was appeared to be a major importer in 1988, imported only a small quantity of lamb between
1989 and 1992, but re-entered the market in March of 1993. Jordan has been a regular
purchaser of frozen bone-in cuts and carcasses. Exports to Jordan grew by 34 percent
between 1988 and 1992 with large quantities purchased to supply the Jordanian Army. Other
regular purchasers are the United Arab Emirates, Kuwait, Mauritius, and Oman.
Frozen carcasses dominate exports, but frozen bone-in cuts are also a significant proportion of
total export value (Table 4.7). For estimation, chilled and frozen boneless were combined into
the category "Boneless". Chilled carcasses and cuts were also combined as the volumes
purchased were very low for both products.
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Table 4.7: NZ Lamb Exports to the Middle East 1992

Volume

Product

(KgCE)

Boneless Cuts Fr/Ch
Boneless Cuts Frozen
Carcasses Fr/Ch
Carcasses Frozen
Cuts With Bone-in Fr/Ch
Cuts With Bone-in Frozen
ITo tal

342
351000
16784
14653423
945
5851387
20873881

Value
Price
%0/
%0/
($NZ.fob) I($NZlKgCE) Volume Value
1244
0
0
3.64
689947
1.97
2
2
65069
3.88
0
0
37829629
2.58
69
80
7466
7.90
0
0
9153542
1.56
29
19
47746897
100
100
2.28

Boneless
Demand for boneless cuts has grown significantly since the early 1980's. In 1984 New
Zealand exported 28 tonnes ce of boneless cuts to countries in the Middle East Group. In
1992 this had grown to 351 tonnes ce, driven primarily by large orders from Jordan, which can
be identified in Figure 4.9, as peaks in the level of demand. Demand appears to be following a
three to four year growth cycle, with strong growth in 1985, 1988, and 1991-1992. However
boneless cuts are only a small part of the market (0.8% of exports by volume 0.6% by value
over the 1988 to 1992 period).

P2t=

2.0180 - 0.33605*P2t_1 - 1.0298*P2t_2 - 0.35296*P2t_4 + 2.0174*~WPt_2
(4.31)
(-2.26)
(-6.93)
(-3.24)
(4.96)

+ 1.6304*~WPt_4 + 0.18813*T
(2.42)
U=0.22
C2t

(5.29)
UI=0.08

U3=0.72

=38200-0.64043*C2t_2 - 42160*P2t - 31737*P2t_1 - 25310*P2t_3 - 51322*P2t_4
(0.77) (-3.54)
(-2.62)
(-1.90)
(-1.81)
(-3.75)
+ 21735*T
(5.81)
U=0.30

U3=0.99

The price coefficients in the demand equation are all of the theoretically correct sign and the
simulation results are good, with a low level of bias and a high covariance proportion. The
price transmission equation shows that prices are increasing over time (positive coefficient on
the time trend) and that prices are more volatile than the world price (the coefficient ofDWPt_
2 is high). The inequality statistic for prices is high, but the proportion of error due to bias and
variance is at an acceptable level.
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Prices are forecast to rise slightly over the medium term, to around $2.50 in 1994-5. Demand
is also forecast to increase substantially, though actual demand is likely to be more volatile
than the forecast as the growth appears to be the result of the time trend beginning to
dominate the demand equation.

Figure 4.9: Boneless Cuts - ME
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Chilled Carcasses and Cuts

Exports of chilled carcasses and cuts declined over the estimation period from an average of
55 tonnes ce in 1988 to 6 tonnes ce in 1992. Principle customers are the United Arab
Emirates and Oman. The decline in demand may be attributed to prices which rose steadily
over that time period (Figure 4.10).
P3t = 4.2116- 0.62536*P3t_1+ 0.68254*ilWPt+0.59698*ilWPt_1 - 0.45084*ilWPt_4
(10.48) (-3.97)
(4.67)
(5.73)
(-2.49)
+ 0.13097*T
(7.89)
U=0.04
C3t=

104342-30071 *P3t+8345.3*P3t_4
(2.54) (-2.40)
(2.21)
U=0.33
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The current price coefficient in the demand equation is of the correct sign. This is partially
offset by the coefficient on lagged prices, but the long run price effect is still negative. The r2
for the demand equation indicates that the model is not explaining a large proportion of the
variation in prices, implying that the set of explanatory variables may need to be expanded.
The simulation statistics for prices are good, but the Theil's U statistic for the demand
equation is unacceptably high. Bias for both series is low, but the simulations are more
unstable than the actual series.
Prices are forecast to increase steadily over the forecast period, to around $5 per Kg. ce in
March 1995 (Figure 5.10). The demand forecast does not appear reasonable. The jump in
December 1992 may be due to error in the constant term, brought about by the peaks in
demand in mid 1988 and early 1991. This being the case the forecast is for demand to stabilise
at a low level.

Figure 4.10: Chilled Carcasses & Bone In Cuts - ME
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Frozen Carcasses
Frozen carcasses are the most important of the New Zealand lamb products exported to the
Middle East. Demand is volatile, and has been declining from a high point in 1988. The
volume demand has now returned to its 1983-84 level, but average prices have risen from
around $2 in 1983-4 to $2.80 in 1992.
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Jordan, the United Arab Emirates, and Oman all purchase relatively large quantities of lamb
each quarter (1732, 1138, and 710 tonnes ce respectively from a total of 4587 tonnes ce a
quarter). The decline in demand has resulted from the withdrawal of Egypt from the market,
and fewer large purchases from other countries in the market.

LlP4t= 0.46007-0.62049*LlP 4t_1-0.55622* LlP 4t_3-0.94393*LlP 4t-4 0.25349*~WPt-1
(10.88) (-9.23)
(-7.45)
(-10.06)
(5.03)
-0.58516*~WPt_3+0.19931 *~WPt_4-0.024525*T

(-10.53)

(3.77)

(-9.12)

U=0.03
C4t=

23703277 - 0.75679*C4t_1 - 0.9948*C4t_2 -6645770*LlP4t - 6471829*LlP4t_3
(12.04)
(-6.19)
(-8.26)
(-3.06)
(-3.62)
-7177994*LlP4t_4 -695934*T
(-4.21)
(-8.85)
U=0.09

U3=1.00

The price coefficients in the demand equation are all of the correct sign. The negative
coefficients on the time trend in both equations shows that the long term forecast for frozen
carcasses is for declining prices and demand. The simulation results are very good, with a low
level of simulation error and low bias proportions for both prices and demand.
The price forecast is for a steady reduction in prices, from $2.50 in September 1992 to under
$2 in 1995. This reduction in prices will not be enough to offset declining demand for frozen
carcasses, which will fall to around 2000 tonnes ce per quarter in 1995. Forecasts for some
quarters have been driven negative by the time trend which is large relative to the overall level
of demand. A more likely scenario is that declining prices would see a recovery in demand for
frozen boneless, as occurred in early 1988, where lower prices lifted demand to record levels.
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Figure 4.11: Frozen Carcass - ME
Forecastfrom September 1992
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Frozen Bone-in Cuts

Frozen bone-in cuts made up 18 percent (by volume) of New Zealand lamb exports to the
Middle East between 1988 and 1992. Eighty percent of these exports are purchased by
Jordan. Prices are well below average for frozen bone-in cuts indicating that these are low
grade cuts.
P6t=

3.8593-0.24158*P6t_l-0.24884*Pt_4-0.56903*,1WPt_l-0.18091 *,1WPt-3
(8.78) (-2.35)
(-2.91)
(-6.00)
(-1.87)
- 0.075517*T
(-8.25)
U=0.07

C6t=

U3=0.86

8973949-0.41102*C6t_2 - 1318664*P6t -640226*P6t_2 - 536570*P6t_3
(15.73)
(-4.43)
(-4.99)
(-2.88)
(-3.61)
-1097734*P6t_4
(-6.98)
U3=0.96

U=O.l1

The demand equation has face validity. The r2 statistic is high, and the sign of the price
coefficients is theoretically correct. However the time trend in the price equation is relatively
large, indicating that prices may decline rapidly in longer term forecasts. The inequality
statistic is small for both equations, with most error being attributed to covariance. This
indicates that the model simulates the actual data well.

49

Prices are forecast to decrease steadily over the medium term, to around $1 a kilogram (Figure
4.12). The forecast price decrease results in a substantial increase in demand, which is
forecast to almost double. The price trend coefficient has probably been biased downward by
the peak in the March quarter of 1989. This implies that the reduction in prices will be less
than that forecast, and that demand will be correspondingly lower. With prices falling it is
probable that demand will not be met, as product goes to markets with higher prices. This is
also likely to curtail the rather dramatic increase in exports of frozen bone-in cuts.

Figure 4.12: Frozen Bone In - ME
Forecastfrom September 1992
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Summary

The outlook for the Middle East is not good. The forecast for frozen carcasses is not good,
with both prices and demand forecast to decline steadily in the medium term. This will be
partially offset by growing demand for frozen bone-in cuts and, to a lesser extent, boneless
cuts. With prices for frozen bone-in cuts also forecast to fall the value of exports to this
market is expected to decline rapidly.
Total exports of New Zealand lamb to the Middle East is forecast to decline slowly over the
medium term. Average prices are also forecast to decline as prices for frozen carcasses and
bone-in cuts fall.
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Figure 4.13: All NZ lamb - ME
Forecastfrom Sep1ember 1992
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4.1.4

Papua New Guinea

Papua New Guinea has been one of the fastest growing of New Zealand's export lamb
markets. In 1984 New Zealand exported 7793 tonnes ce oflamb to Papua New Guinea. In
1992 this had grown to 18865 tonnes. While Papua New Guinea is New Zealand's third
largest market by volume the quality of cuts exported to that market is low and this is reflected
in the average prices.

Table 4.8: New Zealand Lamb Exports to Papua New Guinea

Market
Boneless Cuts Frozen
Carcasses Frozen
Cuts With Bone-in Fr/Ch
Cuts With Bone-in Frozen
Total

Volume
Value
Price
%0/
($NZfob) I(SNZ/KgCE) Volume
(KgCE)
5
916920
0.91
1011232
0
657
1566
2.38
0
0.92
44848
41111
1.28
94
17808804 22883894
100
1.26
18865541 23843491

%0/
Value
4
0
0
96
100

Purchases of fresh or chilled cuts are intermittent. Relatively large quantities were purchased
in 1988 and 1989, but the frequency of purchase and volume exported has dropped off
significantly. The entry in Table 4.7 represents purchases made in the March quarter of 1992.
No further purchases were made until June 1993. In order to include fresh bone-in cuts in the
estimation process exports of fresh bone-in cuts were aggregated with frozen bone-in cuts
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Frozen Boneless

Exports of frozen boneless lamb accounted for only 5% of exports to Papua New Guinea by
volume or 3% by value over the 1988 to 1992 period. The average price is low at $0.77 per
Kg.ce, indicating that the cuts are oflow quality.

P2t=

1.054 - 0.18735*P2t_1 - 0.12188*P2t_4 -0.32617*AWPt + 0.32273*AWPt_1
(10.01) (-7.84)
(-1.33)
(-4.03)
(4.44)
+ 0.18923*AWPt_2 + 0.37721 *AWPt-4 - 0.006784*T
(2.61)
(4.93)
(-1.56)
U3=0.88

U=0.08
C2t=

-234981-0.39007*C2t_2+0.3959*C2t_4+96163 *P2t_1-165840*P2t_2+212228*P2t_3
(-1.18) (-1.99)
(2.09)
(3.73)
(-1.40)
(1.55)
+ 25231 *T
(4.12)
U=0.43

U3=0.83

Two of the price parameters in the demand equation have theoretically incorrect signs. When
considered in conjunction with the large positive time trend it is likely that longer term
forecasts will exhibit explosive growth. The perverse coefficients are the result of the strong
growth experienced in this market over the estimation period. However in 1988 and 1989
exports of frozen boneless were well below their 1984-1985 level.
Simulation results for the price equation were good, but the demand equation obviously has
some problems - the simulated values were unbiased, i.e. on average they were close to but did
not track the actual series well.
The price and demand forecasts appear reasonable (Figure 4.14). Prices are forecast to
decline slightly while demand will increase steadily. The magnitude of the demand increase is
possibly overstated but the overall trend will be for increasing exports of frozen boneless cuts.
Note the outlier in March 1989 prices. This was 'trimmed', as it was having an adverse effect
on the price forecasts
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Figure 4.14: Frozen Boneless - PNG
Forecast1i'om September 1992
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Frozen Carcasses

Frozen carcasses were less than 1 percent of exports to Papua New Guinea between 1988 and
1992. There is a substantial differential between the world price for frozen carcasses and the
price paid by Papua New Guinea. This differential averaged 35% between 1988 and 1992, but
decreased substantially after 1989 resulting in a sudden drop in demand for frozen carcasses.

P4t=

2.0238 - 0.72272*P4t_l -1.0560*P4t_2 -0.67892*P4t_3 -0.71975*P4t_4
(5.44) (-5.32)
(-4.99)
(-6.24)
(-3.16)
+2.2684*ilWPt + 1.5543*ilWPt_l +0.97848*ilWPt_2 + 0.96015*ilWPt_4
(5.56)
(2.99)
(1.50)
(1.67)
+0.29923*T
(5.62)
U=0.30

C4t=

159858-0.22785*C4t_l -14505*P4t -9842.6*P4t_l -7257.3*T
(4.37) (-1.03)
(-2.35)
(-1.32)
(-4.05)
U=0.37

Price coefficients in the demand equation are of the theoretically correct sign. The equation
also indicates waning demand through the negative coefficient on the previous quarter's
consumption and the negative time trend. Because of the low level of demand either of these
two effects is likely to drive demand negative even in the short term, i. e. purchasing is likely to
become more sporadic.
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At 0.30 and 0.37 the inequality statistics indicate that the equations do not simulate the data
well. However the bias and variance proportions are all low, indicating that the simulated data
tracked the actual data on average, but missed some major turning points.
The price forecast is very unstable, oscillating between $4 per Kg.ce and a more realistic value
of around $1 per KgCE. The demand forecast is for low levels of demand at irregular
intervals. In this context, quarters with negative demand should be interpreted as quarters
where the level of exports is equal to zero.

Figure 4.15: Frozen Carcass - PNG
Forecastfrom September 1992
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Frozen Bone-in Cuts
Frozen bone-in cuts represented 92% of New Zealand's lamb exports to Papua New Guinea by
volume between 1988 and 1992. Prices are lower than average, again implying that the
quality of the cuts is low. Prices were stable at around $1 per Kg.ce for prior to the December
1991 quarter, but increased substantially in that quarter, and did not return to their previous
level in early 1992.
&>6t= -0.40216-1.1509*&>6t_l - 0.99205*&>6t_2 -1.2546*&>6t_3 +0.83419*&>6t-4
(-4.18) (-6.18)
(-4.92)
(-6.00)
(2.25)
+0.28144*~WPt

(2.31)

-0.27211*WPt_3 +0.40114*T
(-2.06)
(5.06)

r 2=0.75U=0.54 Ul=O.Ol

C6t=

4407248-0.95783*C6t_l-1.1789*C6t_2-1.1571 *C6t_3+4297081 *&>6t-l +4856064*&>6t_2
(7.54)
(-4.98)
(-8.73)
(-4.71)
(5.09)
(4.45)
+ 3742971 *&>6t-3 + 6126894*&>6t-4 + 767918*T
(4.48)
(2.95)
(7.92)

r 2=0.93U=0.32 U 1=0.00
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The demand equation has some problems. The price coefficients are all of the incorrect sign.
This can only be attributed to the rapid growth of demand for bone-in cuts. In 1984 exports
of bone-in cuts (both fresh and frozen) were 6491 tonnes ceo By 1992 this had grown to
17853 tonnes ce, an increase of 175 percent. This growth has occurred because of the rapid
penetration of the Papua New Guinea market by these products.
Simulation of the historic period did not produce good results. The Theil's U statistic is very
high for the price equation, and also unacceptably high for the demand equation. The price
simulation became explosive after only a few quarters, because the price parameters in the
transmission equation are close to or greater than one in magnitude. The simulated values
were also very volatile, which is probably driven by the negative sign on P6t-l . The demand
equation tracks turning points in the series relatively well, but after several quarters begins to
overshoot seasonal changes in actual demand. This implies that demand is likely to be less
volatile than forecast.
Demand is forecast to increase by between 200 and 300 tonnes by mid 1995. Prices are
forecast to increase significantly, and prices will also become more volatile. The price forecast
appears to be magnifying the price spike in December 1991, resulting in progressively larger
price fluctuations.

Figure 4.16: Frozen Bone In - PNG
Forecastfrom September 1992
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Summary
The Papua New Guinea market deals primarily in frozen cuts. Prices for Bone-in cuts and
carcasses are forecast to increase, while prices for boneless cuts will remain static. Demand
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for boneless and bone-in cuts is also forecast to increase. The forecast for total exports
mirrors that of frozen bone-in cuts. A comparison of Figures 14. 16 and 14. 17 reveals few
differences in the two forecasts, as frozen bone-in cuts dominate exports almost completely.

Figure 4.17: All NZ Lamb - PNG
Forecastfrom September 1992
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Saudi Arabia

4.1.5

Saudi Arabia imported 4 percent of New Zealand lamb exports by volume between 1988 and
1992 (3 percent by value). Saudi Arabia has become increasingly important as a market for
New Zealand lamb.

Table 4.9: NZ Lamb Exports to Saudi Arabia 1992
Volume
Value Price ($NZ/KgCE) %o[
(KgCE) ($NZfob)
Volume
Boneless Cuts Fr/Ch
6710
0
36153
5.39
Boneless Cuts Frozen
10280
7825
0
0.76
Carcasses Fr/Ch
219593 878286
4.00
1
Carcasses Frozen
14479774 39813244
2.75
96
Cuts With Bone-in Fr/Ch
131968 710819
1
5.39
Cuts With Bone-in Frozen
222930 858134
1
3.85
15071256 42304461
Total
100
2.81

Product

%o[
Value
0
0
2
94
2
2
100

Imports are predominantly frozen carcasses, with cuts only a small proportion of exports.
Demand for cuts has decreased since 1984 when exports of boneless cuts were 108 tonnes ce
and exports of bone-in cuts were 450 tonnes ceo
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Chilled Carcasses

Chilled carcasses are a small proportion of lamb exports to Saudi Arabia (2% of exports by
volume between 1988 and 1992, 3% by value). Prices have increased at a steady, but slow
rate over the estimation period, and now average around $4.00 per Kg.ce.

P3t=

2.6875-0.19695*i1WPt_4+0.069549*T
(31.32) (-1.62)
(10.86)
U=0.02

C3t=

555682-195682*P3t_2+15133 *T
(2.44) (-2.41)
(2.08)
U=0.41

The price equation has face validity, the r2 statistic is high, indicating a good fit between the
actual and estimated data series. The price transmission equation has prices moving countercyclically to the world price, i.e. when the world price falls the price of chilled carcasses
increases slightly. The positive time trend in the transmission equation indicates that prices are
rising over time. The simulation statistics are very good. The inequality coefficient is low,
and the bias and variance proportions are small.
There are some problems with the demand equation. The price coefficient in the demand
equation is of the correct sign, but the r2 value is relatively low. The demand equation
indicates that demand is likely to rise over time (positive coefficient on the time trend) and the
size of the quarterly increase is relatively large. The inequality coefficient is very high, but the
proportion of simulation error due to bias is close to zero. The source of the error is the large
demand peak in June 1991, which was not reproduced by the simulated data. Otherwise the
simulated demand series tracked the actual data very well.
The forecast is for· prices to continue their steady increase, to around $5 per Kg.ce by Jun
1995 (Figure 4.18). The slight fluctuations in forecast prices are being driven by changes in
the world price. Demand is also forecast to increase, though at a slow rate. The seasonal
pattern in historic demand for chilled carcasses is not apparent in the demand forecast shown
in Figure 4.18.
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Figure 4.18: Chilled Carcasses - Saudi Arabia
Forecast1i"om Seprember 1992
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Frozen Carcasses

Demand for frozen carcasses rose significantly over the estimation period, from 9523 tonnes
ce in 1988 to 14480 tonnes in 1992. However demand in 1988 was well below it's 1993 level.
Prices have increased from $1.77 per Kg.ce in March 88 to $3.04 in September 1992.

P4t=

2.5855-0.56233*~WPt_2

(37.39) (-1.88)
U=0.05
C4t=

63672577-0.99484*C4t_l +0.22028*C4t_2+0.56885*C4t_4-8937699*P4t-l
(15.52) (-14.08)
(3.03)
(8.32)
(-17.8)
-3719339*P4t-2 -14900482*P4t_3-13671837*P4t_4+3045217*T
(-5.67)
(-12.86)
(-11.5)
(16.67)
U=0.02

The price transmission equation does not fit the data at all well, but the simulated values
follow actual prices very closely. Surprisingly a time trend, which was initially incorporated,
was not found to be statistically significant, yet from Figure 4.19 prices seem to be strongly
correlated with time.
The demand equation has price coefficients which are all the theoretically correct sign, and the
r2 statistic is high. The simulation results are also very low with minimal error due to bias.
However the coefficient on the time trend is very large relative to the level of exports, and
would undoubtably result in very large growth in demand forecasts. In addition the coefficient

58

on the lagged value of demand is approximately equal to negative one. As a result there is
potential for demand to fluctuate wildly. When the initial demand forecasts were made both
of these problems were apparent in the forecasts. A number of alternative specifications were
estimated which produced similar results (i.e. forecasts which were explosive and had an
extremely high variance). In the end the above specification was used, with the offending
parameters set to zero.
Prices are forecast to drop slightly to an average of around $2.S0 per Kg.ce. The seasonal
pattern in forecast prices is being driven by the world price, rather than local conditions.
Demand is forecast to flatten out at around 48S0 tonnes ce per quarter.

Figure 4.19: Frozen Carcasses - Saudi Arabia
ForecastFrom September 1992
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Chilled Bone-in
Chilled bone-in cuts are a relatively new export product, and were only traded in small
volumes prior to 1992. Prices are well above the average for this market, having been in the
$S.OO to $S.SO per Kg.ce range since March 1990. Between 1988 and 1991 average exports
of chilled bone-in cuts per quarter were 10 tonnes ce ( 0.4 percent by volume 0.8 percent by
value) in 1992 this rose to 33 Kg.ce (9 percent by volume, 1.7 percent by value).

PS t =

S.986S-0.2732S*PS t _4 +0.SS474*i\WPt+0.547S4*i\WPt_3 + 0.034SS9*T
(2.11)
(1.89)
(1.98)
(IS.08) (-2.72)
U=0.02

i\CS t = -161S79-0.3051 *i\CSt_I-2.0372*i\CSt_2+28027*PSt+2101.6*T
(-S.73) (-1.73)
(-10.07)
(S.60)
(4.00)
U=O.IS
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There are a number of problems with the estimated equations. The price equation has a low r2
value, but the simulation results are very promising. The price coefficient in the demand
equation is positive. It is likely that this is the result of the relatively recent introduction of this
product into the market. Demand may be growing because of promotional effort, or increased
market penetration, and certainly not because of price increases. Some of these marketing
effects will be captured by the time trend, which does indicate a tendency for demand to grow.
Finally the coefficient on D C5t-2 is very large, and would be expected to make demand
forecasts increase in magnitude and become very volatile. For this reason the parameter was
dropped from the model's specification during forecasting.
The simulation results indicate that simulated values were heavily biased, though the inequality
coefficient is at an acceptable level. It appears that the high levels of demand in early 1992
have biased the demand estimates upward. The demand simulation picked turning points very
well, but tended to be at a higher level than actual demand.
Prices are forecast to remain stable, averaging just below $5.50 per Kg.ce (Figure 4.20). The
demand forecast is less reasonable, The removal of C5t-2 ,which was creating wild demand
fluctuations, from the forecasting equation has suppressed most of the growth in the demand
series. This is unlikely to affect the overall market outlook as chilled boneless is such a small
proportion of exports to Saudi Arabia. The historic trend has been for strong growth and as
this is a relatively new product in a large market this is expected to continue.

Figure 4.20: Chilled Bone in Cuts - Saudi Arabia
ForecastFrom September 1992
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Frozen Bone-in

Frozen bone-in cuts were 0.5 percent of exports by volume, 1 percent by value over the 1988
to 1992 period. Prices averaged $3.06 in 1988 and had increased to $4.81 per Kg.ce in 1991.
Prices since that time have been more unstable, falling to $3.54 in June 1992 and rising to
$6.55 in September 1992.
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P6t=

7.2159-0.65256*P6t_2-0.64721 *P6t_4-3.8008* i\WPt-1 +2.1217*i\WPt-2
(4.98) (-3.11)
(-3.18)
(-3.27)
(2.51)
-3.4723*i\WPt_3+0.19081 *T
(-2.81)
(3.52)
U=0.22

C6t= 61939-1. 7422*C6t_2-0. 77008*C6t_3-1.4132*C6t_4+22989*P6t+ 19490*P6t_2
(5.60)
(4.82)
(3.34) (-6.41)
(-4.96)
(-4.76)
+ 12518*P6t-4-7383.8*T
(2.50)
(-3.87)
U=O.13

The price coefficients in the demand equation are all of the wrong sign. However demand
growth resulting from price increases are limited in the medium term by the relatively large and
negative time trend. The price transmission equation indicates that prices are relatively high (a
large constant term), and that they have been increasing over time. Prices tend to move
counter to changes in the world price.
The simulation results for the price transmission equation are acceptable. The inequality
statistic is high, because the simulated data has a higher variance than the actual data. The
results for the demand equation are good, with simulation error being due to unsystematic
variation in the actual data.
Prices are forecast to increase to over $6 per Kg.ce in June 1995 (Figure 4.21). The simulation
results indicate that the actual price series may be much smoother than the forecast prices.
The demand forecast is not reasonable. Price forecast fluctuations produce a large decrease in
demand in March 1993, the effects of which are magnified by the large lagged demand
coefficients. Note that frozen bone-in cuts are a small proportion of overall exports. As a
result this forecast does not adversely affect the demand forecast for the entire market.

61

Figure 4.21: Frozen Bone In Cuts - Saudi Arabia
ForecastlTom Sep1ember 1992
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Summary
The outlook for the Saudi Arabian market is good, with stable prices for the most important
products and fairly constant demand. While this result seems reasonable this is because for
two key products the estimated equations had to be altered to prevent forecasts from
becoming explosive. Growth in this market has highlighted some of the weaknesses of the
simplified specification used in this model. However, as mentioned in Chapter 2, these
problems cannot be addressed without more data, both in terms of additional explanatory
variables, and in terms of more observations.

Figure 4.22: All NZ Lamb - Saudi Arabia
ForecastlTom September 199
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4.2

Aggregate Demand

Aggregate demand was calculated as the sum of the demands from all markets.
statistic was calculated using actual versus simulated values for aggregate demand.

The r2

V=O.07

The simulation results are very good. The VI statistic indicates that a relatively high
proportion of the error is due to bias, but the simulation error is relatively low.
Demand for lamb is expected to grow steadily over the next two to three years (Figure 4.23).
Exports to the EC are forecast to increase slightly, as are exports to most other major
markets, particularly Papua New Guinea, and the VSA. Exports to the Middle East are
forecast to decline slightly, while exports to Saudi Arabia and Iran are expected to remain
static.

Figure 4.23: Demand By Market
Forecastfrom Sep1ember 1992
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Production (Supply) Equation

Production is concentrated in the March and June quarters, with some production m
September and December to meet demand for the Christmas season and for chilled product.
Qt

= 204470000 - 63280000 * ~WPt-2 - 53953000 *~WPt-4 - 1.0528 * Qt-2
(-3.02)
(-2.53)
(-12.66)
(14.72)
- 0.13546 * Qt-3
(-1.36)

r2=O.95

U=O.14
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While the estimated equation fits the data well (the r2 is high) the signs of the world price
coefficients are negative, when theory suggests that the sign should be positive. During the
estimation period producers were engaged in reducing stock numbers, i.e. the size of the
national flock was shrinking at a time when the world price was rising. This would result in
the negative correlation produced in the estimation results.
Producers were reducing flock sizes in response to the entire return to the lamb, not just the
meat price. Falling returns for wool during the estimation period have had an impact on lamb
production. Likewise returns relative to other agricultural products, which have not been
included in the results, would affect the quantity of lamb produced. The production equation's
specification does not account for either of these influences, as the focus of the study is on
demand rather than supply response.
Simulation results appear to be good, with a low value for the inequality coefficient (U =0.14)
and with error primarily due to covariance (U3=0.88).
The medium term forecast for lamb production is for a gradual increase in the quantity
produced (Figure 4.24). One problem with the forecast is the gradual change evident in the
production cycle, with a shift in the low production point from the September to the
December quarter. The harsh winter of 1992 has meant that actual production for the
December 1992 and March 1993 quarters were well below the levels forecast in Figure 4.24.
This problem undoubtably stems from the simplified production specification used. The
supply side has been kept simple deliberately as the principal focus of this study is the
relationship between demand side variables, particularly on the relationships between markets.

Figure 4.24: NZ Production (Supply)
ForecastiTom Sep1ember 1992
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Forecast

I

4.4

Stock Change

The stock change series was not estimated directly, rather it is defined as the difference
between production and aggregate demand. The r2 statistic was calculated using the
difference between the actual and simulated stocks series.
U=0.33
The simulation results indicate a good fit between the actual and simulated data. However
Figure 4.25 contains a clear change in seasonality for the forecast period. The increasing
magnitude of the seasonal changes in stocks indicate that the series may be becoming
explosive. There are a number of reasons for these problems arising. Firstly because of the
position of the equation in the model structure, between the supply and demand sides,
forecasting error in either set of equations is likely to feed into the stock change equation.
It is likely that the problems raised in Section 4.4 are feeding into the stock change equation,
hence the change in the seasonal pattern. Secondly, implicitly included in the stock change
series is New Zealand domestic consumption of export quality lamb, which could not be
removed from the actual stock change series, because of a lack of data (see Section 3.1).
Thirdly the stock change series does not include stocks held offshore, which can be significant.
Either of these two variables could be having an impact on the data which has not been
modelled explicitly.

Figure 4.25: Change in Stocks
Forecastfrom Sep'Ember 1992
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4.5

World Prices

Between 1983 and 1988 prices for lamb remained relatively static, ranging from $NZ 2.00 to
$NZ 2.50 per Kg.ce (Figure 4.26). From the beginning of 1989 prices have risen steadily to
around $NZ 3.50 per Kg.ce in September 1992.
WPt = 1.4937 + 0.545 * WPt-l + 0.00000002
(2.29) (2.23)
(0.37)
- 0.00000002
(1.03)

* 8St -0.00000002 * Qt
(0.54)

* Qt-l + 0.0209 * T
(1.101)

U=0.05

The equation fits the data well, though the coefficients on stock change and production are not
significant. These were left in the specification because it was necessary for the world price to
adjust in response to current market conditions for the model to equilibrate. This specification
is vindicated, somewhat, by the simulation results obtained for this equation which shows a
relatively low level of error overall (Figure 4.26).

Figure 4.26: World Prices
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The simulated world price tracks the actual world price very well (U2 is close to zero), but the
level of bias is quite high. As noted in the results for the Ee and French Pacific the simulated
world price is biased upwards, and this causes price forecasts on the demand side to overstate
movements in prices. This bias is not substantial as the overall level of error is low, but it
should be considered in the examination of price forecasts as the level of bias appears to
increase over time.
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The world price is forecast to increase slowly over the 1993-1995 period, to a high of around
$4 per carcass equivalent kilogram (Figure 4.27). The forecast is less volatile than the historic
series, and follows a much clearer seasonal pattern.

Figure 4.27: Global Market Conditions
Forecastfrom Sep~mber 1992
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It should be noted though, that the world price is an aggregate, which does not reflect the

actual price of any product in the market, rather it represents a price component that all the
products have in common. While the world price does reflect an average price concept, it
would be extremely dangerous to draw conclusions about the lamb market outlook based on
this figure alone.
For instance the forecast increases in demand and the world price could be viewed as a
bonanza for lamb producers, however the world price is increasing in response to a change in
the product mix being demanded. The products being demanded are sophisticated, and of
high quality, and cannot be compared to an "average lamb product". In addition the increased
returns to more sophisticated cuts are offset, to an extent, by higher processing costs.

4.6

Summary

The estimation results are mixed. On the demand side the estimated equations tended to fit
the data well, in terms of having high values, but there were some problems with incorrectly
signed parameters. These appeared to stem from differing growth trends between countries in
a market, such as with chilled lamb in the EC, or from short run growth/decline effects due to
such things as the actions of competitors or promotional effort. These effects were not
included explicitly in the model's specification, principally because of the degrees of freedom
problem, and because of the desire to keep the model as simplified as possible. In spite of

r
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these problems the model generates good results. The simulation results are generally good
and the forecasts are, on aggregate, in line with expectations. Problems on the supply side of
the model stem directly from the simplified nature of the equations used. Once again the
simulation results are good, though the forecasts for production and stocks do not match with
expectations. However the objectives of this study are focused directly on demand side
relationships.
The outlook for lamb appears to be positive. Demand is forecast to increase in a number of
markets, and prices will tend to be rising. The outlook is best for more highly processed
products, and higher value specialty products.
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CHAPTERS
IMPLICATIONS

Implications of this study can be divided into three areas, implications for the lamb market,
implications related to the empirical model, and finally, implications related to the modelling
approach. Implications for the lamb market have been discussed generally in Chapter 4. The
first section of this chapter will summarise those findings. The second section will examine the
implications of the study for the model, and the third section will focus on two aspects of the
modelling process. Section 4 discusses some suggestions for further research.

5.1

Lamb Market Implications

The purpose of this study was to examine the outlook for the lamb market. From Chapter 4,
the aggregate outlook for lamb is promising. Demand is forecast to increase slowly over the
1993 to 1995 period, with the world price increasing steadily. However these increases are
driven by trends for a few key products, specifically bone in cuts and chilled products. These
products have relatively high unit cost, so that the impact on the return to producers is
uncertain. What is clear is that the value of lamb exports in total will rise steadily over the
medium term.
Results for the key markets examined are mixed. Prices in the EC are expected to increase as
consumers switch from lower value to higher value cuts. Frozen bone in cuts are already
beginning to dominate exports to the EC. Demand for chilled product is also forecast to
increase significantly. Frozen carcass exports will continue to diminish in importance as the
opportunity cost of exporting lamb in that form increases.
Results for Iran were disappointing. The on again off again nature of Iran's lamb purchasing
effectively prevented estimation of demand and price transmission equations within the
specified framework of the model. A logistic regression model would clearly be most
appropriate for modelling the behaviour of this market. This was attempted, but the results
were also unsatisfactory, indicating that a wider range of explanatory variables would be
required.
The outlook for the Middle East market is not good. Demand from most countries in this
market, with the exception of Jordan and the United Arab Emirates, has been declining,
principally in response to increasing prices for frozen carcasses. While prices for frozen
carcasses are forecast to drop demand will continue to fall as consumers switch to frozen
bone-in cuts of moderately low quality.
Papua New Guinea will continue its growth as an important market for lower quality cuts of
frozen lamb. Demand for frozen boneless and bone-in cuts will continue to grow, in spite of
forecast price increases which may be the result of scarcity.
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The outlook for Saudi Arabia is for stable demand and prices, though in a very real sense this
stability has been imposed on the forecasts, to reduce the impact of poor estimation results.

5.2

Implications for the Model

The second set of implications relate to the performance of the model and aspects of the
modelling process.
Two points about the performance of the model are quite clear from the analysis in Chapter 4.
There are some problems with the estimated parameters used in the model equations,
particularly in the number of estimated parameters with theoretically incorrect signs. These
problems stem directly from the degrees of freedom constraint, from the desire to keep the
model specification as simple and as internally consistent as possible, and from cross equation
effects being captured by the estimation technique. The problems can be remedied directly
only through the collection of more data, which will allow longer lags on key variables, and
relaxation of the degrees of freedom constraint.
The second point is that in spite of the problems encountered with estimated parameters the
simulation results are, in general, very good and the forecast results tend to be quite
reasonable. This indicates that the model's results are likely to be fairly robust.

5.3

Implications for Modelling

Two aspects of the modelling process require specific attention. The type of model used as a
framework for the empirical research, because this has implications for the type of analysis
which can take place using the model, and the method used to aggregate country level data
into regions, because in producing a set of markets for use in the model it provides additional
information about the nature of the market.
Use of a joint product modelling approach had two distinct advantages. It allowed explicitly
for differences in product attributes and product quality within a multi market framework,
which allowed detailed market inter-actions to be preserved, and it allowed analysis to take
place across several dimensions, at a number of different levels. For instance price and
demand forecasts could be examined at the global, market, or market segment level, for a
specific product or a combination of products.
The discussion in Section 3.2 examined the aggregation of individual country data into
markets, using cluster analysis to determine the composition of each group of countries. This
method of aggregation appears to have two major advantages over regional aggregation. It
provides insights into the structure of the international market which, due to the number of
countries and variables involved, could not be done by visual inspection, and it may assist with
the reduction of aggregation bias.
The use of behavioural variables as a basis for segmenting the countries provided a set of
markets quite different to that which would have resulted had the countries been grouped on a
regional basis. This is highlighted by the way in which Pacific island nations were grouped in
the cluster analysis. The countries were divided into four groups, namely the Pacific 1, Pacific
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2, French Pacific, and Papua New Guinea. Each of these markets has a distinct price and
demand structure. Papua New Guinea represented the lower end of the Pacific market,
importing low quality, low price cuts, with the Pacific 1, Pacific 2 and French Pacific
representing markets with increasing product quality and unit prices.
Because cluster analysis can be applied to a large number of variables to obtain a measure of
similarity it provides a more reliable basis for aggregation than approaches based on location
or on perceived similarity. Aggregation on a regional basis would likely have placed all of the
pacific islands into one group. Estimation results based upon such a group would directly
reflect the purchasing behaviour of none of the constituent countries. It is clear from the
results presented in Section 4.1 that estimates for the EC were affected by aggregation bias.
This may have been avoided if the EC nations could have been included in the cluster analysis
phase of estimation.

5.4

Suggestions for Further Research

It should be clear from the discussion in Chapter 4 that the supply side of the model provided

the most unsatisfactory results, and that this stemmed primarily from the deliberate
simplification of that side of the market. Efforts to improve the performance of the supply
side of the model should focus on two areas, either the expansion of the model so that it more
realistically portrays the production process within New Zealand, or the tailoring of the model
to fit directly into existing supply side models, such as the Laing and Zwart model, or its
derivative the pastoral model used by the Ministry of Agriculture and Fisheries. It seems likely
that if this second option were adopted that a large proportion of the detail would be lost from
the model, as this would almost certainly require annualising the data, and removing the
distinction between chilled and frozen product.
There are also areas for further research on the demand side of the model. The simulation and
forecast results were not good for Saudi Arabia, while the equations could not be estimated at
all for Iran. As mentioned above these problems stem from the simplification of the model,
problems related to degrees of freedom, and, for Iran, the inability to explain non-purchasing
behaviour within the model's framework. While many of these problems may be solved by the
passage of time they could also be addressed through the development of sub-models
containing a greater level of detail than used within the model presented here.
The use of cluster analysis to group countries into markets provided a basis for aggregation,
and some insights into the structure of the international market for New Zealand Lamb.
However the analysis included a limited number of variables, and for practical purposes the EC
had to be treated as one market. Extension of the analysis to include a \vider range of
variables, as well as other meat products would serve as a valuable guide to target marketing
activities, in addition to highlighting aspects of market structure.
Finally, theory suggests that cluster analysis should be able to reduce aggregation bias within
econometric estimates. Research is needed to assess the relative performance of the regional
and behaviour aggregation approaches.
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Appendix 1
Classification ofLamb Products Under the Harmonised System

Chapter 02 Meat and Edible Offal
Heading

04 Meat of Sheep or Goats, Fresh, Chilled, or Frozen

Subheading 10

Lamb Carcasses & Half Carcasses, Fresh or Chilled
00.02
A Grade
00.08
Beta Grade
00.12
PH Grade
00.18
PL Grade
00.22
PM Grade
00.28
PX Grade
00.32
YL Grade
00.3 8
YM Grade
00.42
YX Grade
00.48
Not Elsewhere Specified

Subheading 22

Meat of Sheep, Cuts With Bone In (Excluding Carcasses & Half
Carcasses), Fresh or Chilled
00.01
Lamb Cuts With Bone In

Subheading 23

Meat of Sheep, Boneless Cuts, Fresh or Chilled
00.01
Boneless Cuts of Lamb

Subheading 30

Lamb Carcasses & Half Carcasses, Frozen
00.02
A Grade
00.08
Beta Grade
00.12
PH Grade
00.18
PL Grade
00.22
PM Grade
00.28
PX Grade
00.32
YL Grade
00.38
YM Grade
00.42
YX Grade
00.48
Not Elsewhere Specified

Subheading 42

Meat of Sheep, Cuts With Bone In (Excluding Carcasses & Half
Carcasses), Frozen
00.01
Lamb Cuts With Bone In, Frozen

Subheading 43

Meat of Sheep, Boneless Cuts, Fresh or Chilled
00.01
Boneless Cuts of Lamb, Frozen
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Appendix 2
Country, Region, and Market Lists
Country
Algeria
American Samoa
Angola
Antigua
Argentina
Australia
Austria
Bahamas
Bahrain
Barbados
Belgium
Bermuda
Br Virgin Islands
Brazil
Brunei Darussalam
Bulgaria
Burma
Cameroon
Canada
Chile
Chinaz
Colombia
Congo
Cook Islands
Cyprus
Denmark
Dominica
EC Destination Unknown
Egypt
Ethiopia
Faeroe Islands
Fiji
Finland
French Guiana
French Polynesia
Gabon
Germany (E & W)
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam

Region
Africa
Pacific
Africa
Caribbean
South America
Australia
Western Europe
Caribbean
Middle East
Caribbean
EC
Caribbean
Caribbean
South America
Southern Asia
Eastern Europe
Southern Asia
Africa
Canada
South America
Northern Asia
South America
Africa
Pacific
Mediterranean
EC
Caribbean
EC
Middle East
Africa
EC
Pacific
Western Europe
South America
Pacific
Africa
EC
Africa
Mediterranean
EC
Western Europe
Caribbean
Caribbean
Pacific
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Market
Middle East
Island States
Middle East
American n.e.s.
American n.e.s.
Australia
Low Carcass
Island States
Island States
Intermitent
EC
Low Carcass
American n.e.s.
American n.e.s.
Asia n.e.s.
Europe n.e.s
Asia n.e.s.
Middle East
Canada
American n. e. s.
Asia n.e.s.
American n.e.s.
Middle East
Pacific 1
Intermitent
EC
American n.e.s.
EC
Middle East
Middle East
EC
Pacific 2
Europe n.e.s.
Intermitent
French Pacific
Middle East
EC
Middle East
Intermitent
EC
Europe n. e. s.
American n.e.s.
Intermitent
Island States

Country
Guyana
Haiti
Honduras
Hong Kong
Hungary
India
Indonesia
Iran
Iraq
Ireland
Italy
Ivory Coast
Jamaica
Japan
Jordan
Kenya
Kiribati
Kuwait
Lebanon
Libya
Luxembourg
Macau
Malaysia
Malta
Marshall Islands
Martinique
Mauritius
Mexico
Micronesia
Montserrat
Morocco
Mozambique
Nauru
Netherlands
Netherlands Antilles
New Caledonia
Niger
Nigeria
Niue
Norfolk Island
Norway
Oman
Pacific Island Trust
Pakistan
Panama
Papua New Guinea

Region
Africa
Caribbean
South America
Northern Asia
Eastern Europe
Southern Europe
Southern Asia
Middle East
Middle East
EC
EC
Africa
Caribbean
Japan
Middle East
Africa
Pacific
Middle East
Middle East
Middle East
EC
Northern Asia
Southern Asia
Mediterranean
Pacific
Caribbean
Africa
South America
Pacific
Caribbean
Africa
Africa
Pacific
EC
Caribbean
Pacific
Africa
Africa
Pacific
Pacific
Western Europe
Middle East
Pacific
Southern Asia
South America
Pacific
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Market
Middle East
American n.e.s.
American n.e.s.
Asia n.e.s.
Europe n.e.s.
Asia n.e.s.
Low Carcass
Iran
Middle East
EC
EC
Middle East
Intermitent
Japan
Middle East
Midlle East
Island States
Middle East
Middle East
Middle East
EC
Asia n.e.s.
Asia n.e.s.
Intermitent
Island States
Island States
Middle East
Pacific 1
Island States
American n.e.s.
Middle East
Middle East
Island States
EC
American n.e.s.
French Pacific
Intermitent
Middle East
Pacific 1
French Pacific
Europe n.e.s.
Middle East
Island States
Asia n.e.s.
American n. e. s.
Papua New Guinea

Country
Paraguay
Peru
Philippines
Pitcairn Island
Poland
Portugal
Puerto Rico
Qatar
Republic of Korea
Reunion
Samoa
Saudi Arabia
Singapore
Solomon Islands
South Africa
Spain
Sri Lanka
StKitts
St Lucia
St Pierre
St Vincent
Sudan
Suriname
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Thailand
Togo
Tonga
Trinidad & Tobago
Tunisia
Turkey
Tuvalu
UK
United Arab Emirates
US Virgin Islands
USA
USSR
Vanuatu
Venezuela
Wallis & Futuna
Yemen
Yugoslavia
Zaire

Region
South America
South America
Southern Asia
Pacific
Eastern Europe
EC
Caribbean
Middle East
Northern Asia
Caribbean
Pacific
Middle East
Southern Asia
Pacific
Africa
EC
Southern Asia
Caribbean
Caribbean
Canada
Caribbean
Africa
South America
Africa
Western Europe
Western Europe
Middle East
Northern Asia
Southern Asia
Africa
Pacific
Caribbean
Africa
Middle East
Pacific
UK
Middle East
Caribbean
USA
Eastern Europe
Pacific
South America
Pacific
Middle East
Eastern Europe
Africa
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Market
American n.e.s.
American n.e.s.
Asia n.e.s.
Island States
Europe n.e.s.
EC
American n.e.s.
Pacific 1
Middle East
Island States
Pacific 2
Saudi Arabia
Low Carcass
Intermitent
Middle East
EC
Asia n.e.s.
American n.e.s.
American n.e.s.
Canada
American n.e.s.
Middle East
American n.e.s.
Middle East
Low Carcass
Switzerland
Middle East
Asia n.e.s.
Low Carcass
Middle East
Pacific 2
American n.e.s.
Middle East
Middle East
Island States
EC
Middle East
American n.e.s.
USA
Europe n.e.s.
Intermitent
American n.e.s.
Low Carcass
Middle East
Europe n.e.s.
Middle East

Appendix 3
Products in Each Market
European Community

Japan

USA

Canada

Iran
Australia
Papua New Guinea

Europe noeoso
Switzerland

Saudi Arabia

Asia noeoso

American noeoso
Pacific 1

Chilled Boneless
Frozen Boneless
Chilled Carcasses
Frozen Carcasses
Chilled Bone In
Frozen Bone In
Boneless
Frozen Carcasses
Chilled Carcasses & Bone In Cuts
Frozen Bone In Cuts
Chilled Boneless
Frozen Boneless
Frozen Carcasses
Chilled Carcasses & Bone In Cuts
Frozen Bone In Cuts
Boneless
Chilled Carcasses
Frozen Carcasses
Chilled Bone In Cuts
Frozen Bone In Cuts
Frozen Carcasses
Boneless
Frozen Boneless
Frozen Carcasses
Frozen Bone In Cuts
Frozen Bone In Cuts
Chilled Boneless
Frozen Boneless
Chilled Carcasses & Bone In Cuts
Frozen Carcasses & Bone In Cuts
Boneless
Chilled Carcasses
Frozen Carcasses
Chilled Bone In Cuts
Frozen Bone In Cuts
Boneless
Chilled Carcasses & Bone In Cuts
Frozen Carcasses & Bone In Cuts
Frozen Bone In cuts
Boneless
Chilled Carcasses
Frozen Carcasses
Chilled Bone In Cuts
Frozen Bone In Cuts
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Pacific 2

French Pacific

Island States

Interrnitent Purchasers

Non-Carcass Market

Middle East

Boneless
Frozen Carcasses
Chilled Carcasses & Bone In Cuts
Frozen Bone In Cuts
Chilled Boneless
Frozen Boneless
Chilled Carcasses
Frozen Carcasses
Chilled Bone In
Frozen Bone In
Boneless
Chilled Carcasses & Bone In Cuts
Frozen Carcasses
Frozen Bone In
Boneless
Frozen Carcasses
Chilled Carcasses & Bone In Cuts
Frozen Bone In Cuts
Chilled Boneless
Frozen Boneless
Frozen Carcass
Chilled Carcasses & Bone In Cuts
Frozen Bone In Cuts
Bonel~ss

Chilled Carcasses & Bone In Cuts
Frozen Carcasses
Frozen Bone In Cuts
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Appendix 4

Identijication

This appendix is split into two sections. The first section examines the order condition for
each of the models generic equations, while the second section examines the rank condition
using a simplified version of the general model. Because the model used in the analysis is
generalised the findings should be directly applicable to the estimated model.

A4.1

The Order Condition

The order condition outlined in section 2.3.4 can be expressed numerically as;
K-k~m-

where K is the number of predetermined variables in the model, k is the number of
predetermined variables in a given equation and m is the number of endogenous variables in a
given equation.
The predetermined variables are lagged values of the price and volumes for each product in
each country, lagged values of production, stock change, and the world price, a time trend
variable, and a constant. If the number of regions being examined is X and the number of
products in each market is Y then the number of predetermined variables in the model K
=8*X*Y+14
Examining the demand, price, and supply equations first, there are two endogenous variables
in each of the demand, price, and supply equations (cijt & pijt,pijt & Wpt, and qt & Wpt
respectively) and ten predetermined variables (a constant, time trend, and eight lagged
endogenous variables).
The order condition holds if8*X*Y+14-1O >= 1 which holds for any non-negative values of X
andY.
The world price equation contains three endogenous variables (Dst, Wpt and Qt) and three
predetermined variables (a constant and two lagged endogenous variables).
The order condition holds for the world price equation if 8*X*Y+14-3>=2. Once again this
holds for any non-negative values of X or Y.
The stock change identity does not pose a problem because all its coefficients are known. It
does however contain X*Y+2 endogenous variables and no predetermined variables. Hence it
also be identified for any sensible values of X and Y.

87

A4.2

The Rank Condition

This section uses a one importer, one product version of the general model outlined in Chapter
2, to determine if the rank condition for identification is binding.
The rank condition is
"In a model containing M equations in M endogenous variables, an equation is identified if and
only if at least one non zero determinant of order (M-l )(M-I) can be constructed from the
coefficients of the variables (both endogenous and predetermined) excluded from that
particular equation, but included in the other equations of the model. "1
To begin with a table of the model coefficients is formed (Table A4.1). Note that the
estimated coefficients have not been named or signed, because the example is for illustrative
purposes only.

Table A4.1

Equa tTon
Variable Demand Price Supply
Constan
1
1
1
CT
CT-1
CT-2
CT-3
CT-4
PT
PT-1
PT-2
PT-3
PT-4
WPT
WPT-1
WPT-2
WPT-3
WPT-4
OT
OT-1
OT-2
OT-3
OT-4

1
1
1

Sock
hange

1
1

1
1
1
1

1
1
1
1

1
1
1
1
1
1

1
1

1

1
1

1
1
1
1

1

1
1
1

ST
Sf-1

llME

World
Price
1

1

1

Gujarati, pg 588.

88

Now taking each equation in tum, each row containing a non zero element for that equation is
removed from the matrix, and the column corresponding to the relevant equation is also
removed. The resultant matrix contains only those variables excluded from the equation of
interest.
If the rows of the matrix of excluded variables can be rearranged to form a four by four matrix
with a non zero determinant then the equation is identified.
For the demand equation the matrix of excluded variables is:

Table A4.2

Equa tion
Variable

Price

World
SJpply Price

1
1

WPT-3
WPT-4

&ock
Change

1
1

OT-2
OT-3
OT-4

1
1

1

And the shaded rows can be used to construct a matrix with a non zero determinant.
For the price equation the matrix of excluded variables is:

Table A4.3

Equa tJon

World

Variable Demand SJpply Price

CT-2
CT-3
CT-4

&ock
Change

1

1
1

1

1

OT-3
OT-4

1
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And the shaded rows can be used to construct a matrix with a non zero determinant.
For the supply equation the matrix of excluded variables is:

Table A4.4

EquatIon
Variable Demand Price
CT
1
1
CT-1
1
CT-2
CT-3
1
CT-4
1

PT-3
PT-4

1

1

1

1

World Sock
Price Change
1
1

And the shaded rows can be used to construct a matrix with a non zero determinant.
For the world price equation the matrix of excluded variables is:

Table A4.5

Equation
Variable Demand

CT-2
CT-3
CT-4
PT
PT-1
PT-2
PT-3

1
1
1
1

1
1

WPT-4

Price

1

1
1
1
1

1

1

1

1
1

QT-4

llME

1

SJpply

Sock
Change
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And the shaded rows can be used to construct a matrix with a non zero determinant.
For the stock change equation the matrix of excluded variables is:

Table A4.6

Equa tJon

World

Variable Demand Price SJpply

PT-1
PT-2
PT-3
PT-4

1

1
1

1
1

WPT-3
WPT-4

1
1

1
1

QT-3
QT-4

llME

Price

1

1

1

And the shaded rows can be used to construct a matrix with a non zero determinant.
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