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Abgtract

A logit model was developed to investigate the decision to eat
lamb away from home in the United States. Using data from the
1987-88 National Food Consumption Survey of the United States
Department of Agriculture, this study identified several socio-
demographic and economic characteristics of consumers who have
eaten lamb away from home. The information derived from this
study is useful for lamb processors and producers in New Zealand
who wish to anticipate future market changes and derived demands
for their products in the United States.

Introduction

Meat Consumption Trends

Between the 1970-72 and 1988-89 periods, red meat consumption in
the United States (US) declined almost 12 per cent, while poultry
and fish/shellfish consumption: rose 70 and 30 per cent,
respectively. Specifically, beef consumption declined about 16
per cent; veal consumption declined by almost 40 per cent; pork
consumption fell by nearly two per cent; and lamb consumption
fell by almost 50 per cent. On the other hand, chicken and
turkey consumption increased 64 per cent and 95 per cent,
respectively (Table 1).

These consumption trends clearly indicate a shift in consumer
demand in the US toward poultry products and away from red meat
products. Factors that could have caused this consumption shift
are changes in: tastes and preferences, relative prices of meat
products, and dietary and health standards.

Consumers are increasingly aware of and concerned about food,
nutrition, and health issues. Organisations representing meat
producer groups in the US also appear to be very conscious of
health and nutrition.concerns in the promotion of products (Capps
and Schmitz 1991). In fact, the US red meat industry has been
taking steps to foster the development of meat products that are
not only leaner and low in fat, but also quick, easy and
convenient to prepare.

Per capita lamb consumptioh in the US is far below that of all
other meat products, in recent vyears reaching only half a

"kilogram in retail weight equivalent (Table 1). In contrast, per

capita beef and pork consumption were roughly 30 kilograms and
22 kilograms, respectively, in 1988-89. Per capita chicken and
turkey consumption were about 21 kilograms and six kilograms,

respectively, and per capita fish and shellfish consumption was

about seven kilograms. These figures reflect the very small
share of lamb in the US meat market. The low level of US lamb
consumption 1is also apparent when compared to consumption
patterns in major lamb consuming countries like New Zealand and
Australia. For instance, per capita consumption (retail weight)
in New Zealand and Australia are about 18 kilograms and 10.5
kilograms, respectively (Table 2).

The Food Away From Home Market

Food expenditures are taking a declining share of disposable
income of US consumers. Based on some Census Bureau information,
the US Department of Agriculture (USDA) estimated that the
percentage of disposable income going to food decreased from 16.3
per cent in 1970 to 13.8 per cent in 1989 (Table 3). The
percentage of disposable income going to food at home (FAH) has
also declined from 10.8 per cent in 1970 to 7.6 per cent in 1989.
In contrast, the percentage of disposable income going to food
away from home (FAFH) has increased from 5.5 per cent in 1970 to

6.2 per cent a decade later. Since 1980, the proportion of
disposable income allocated to away-from-home spending has
fluctuated within a narrow range (6.0 to 6.4 per cent). Due to

the above trends, the proportion of total food expenditure spent
away from home has increased from 34 per cent in 1970 to 45 per
cent in 1989.

The FAFH market is composed of commercial foodservice
establishments (i.e. restaurants, fast food places, cafeteria)
and noncommercial outlets (i.e. school or military dining rooms,
child care centres). Although noncommercial outlets serve more
food to more people, they account for only 30 per cent of the
total retail value of FAFH. The majority of the FAFH sales from
the past came from conventional restaurants. However, fast food
eating establishments have more than tripled in number since the
early 1960s. The fast food industry has started placing outlets
in locations not previously served such as schools, military
bases, and international markets. In addition, menus are being
enlarged to include items such as salad bars, soups, baked
potatoes and whole grain buns. Franchised restaurants are now
also facing growing competition from within the industry, from
supermarkets and other food stores that prepare take-out food and
from hotels that offer dining room service and catering.

Most supermarkets now have a variety of on-site bakeries,
delicatessens with a wide array of freshly prepared and ready to
eat foods, expanded sections of frozen-prepared foods ready for
heating in the microwave oven, salad and juice bars and even
natural food centres. These developments forced many full-
service restaurants to experiment with lighter dishes and
emphasise freshness, quality, regional cooking and seasonality
to increase customer traffic. Some full-service establishments
are also launching gourmet take-out foods to boost volume. This
trend toward more variety, products and services will continue
in the future as long as consumers’ demand for speed and
convenience continue in the next few years (Nayga and Capps
1992). Also, customers’ use of self-service restaurants has
become more common in the last decade and a great deal of more
self-service type enterprises seems likely to surface throughout
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‘the food sérvice industry as labour costs and labour shortages

increase.

Demographics and Lifestyles

The demographic characteristics of the US population are
undergoing dramatic changes that have major implications for the
lamb industry. In particular, changes in consumer lifestyles are
prompting a significant move toward eating out. Some of the
socio-economic and demographic trends that have emerged are: a
growing number of women in the work force; increasing importance
of convenience in eating out; more families living on two
incomes; more advertising and promotion by large food service
chains; and more people in the age group of 25 to 44 who are
inclined to eat out often (Putnam and Van Dress 1984). Only
about seven per cent of all households now fit the old stereotype
family of a working husband, a wife who does not work for wages,
and two children (Kinsey 1990).

More women now are also in the labour force, increasing the
demands for convenience in home prepared food, for home delivered
food and for FAFH. In fact, over 70 per cent of women aged 25-44
are in the labour force, and notably about 75 per cent of these
women work full time. Moreover, the labour force participation
rate of women increased from 52 per cent in 1980 to 58 per cent
in 1990 (Waldrop and Exter 1991).

In addition to these changes, US per capita income has been
rising. In 1982 dollars, per capita income increased over 43 per
cent between 1970 and 1989, and by 6.6 per cent in 1989 (Kinsey
1990). In addition, more families now are living with two
incomes, although there is also a growing gap between the poor
and the rich. Uneducated and poor households (mostly nonwhites
and single women) with incomes under US$15,000 per year now
account for about a third of the households (Kinsey 1990). These
households have a budget share for food of about 50 per cent and
are mostly participants in food assistance programmes (e.g. food
stamp programme). In contrast, households with annual incomes
over US$35,000 spend less than eight per cent of their income on
food (Kinsey 1990). For this group, price will be less important
than food safety, quality, taste and experience.

Aging is another important demographic force affecting food
consumption. Due to the aging of the baby-boom population, the
median US age has increased from 30 in 1980 to 33 in 1990 (Noah
1991). By 2020, about half of the US population will be aged 50
or more (Noah 1991). Also, due to information about the linkages
between longevity and health and diet, older people are changing
their diets and the make-up of the foods they eat (e.g. less fat
and sodium, more grains, fruits and vegetables). A conseguence
of an aging population is the shrinking of a labour pool,
especially among young adults who provide much of the work force
in the fast food sector. The demand for labour is not expected

‘to ease in the near future. In fact, employment for food

preparation and service positions is expected to grow 37 per cent
between 1986 and 2000 (USDA 1989-90) .

The US population is more ethnically diverse than ever. As in

the 1980s, the growing ethnic diversity will create new
challenges for food marketers especially in the FAFH sector. In
the early 1980s, less than 20 per cent of Americans belonged to
a racial or ethnic group (Waldrop and Exter 1991). By 1990,
nearly 25 per cent belonged to a racial or ethnic minority.
Specifically, numbers of Americans of "other races" (e.g. not
white or black) grew seven times faster than the overall
population in the 1980s (Waldrop and Exter 1991). Between 1980
and 1990, the percentage change in numbers was greatest for
Asians/Pacific Islanders at 108 per cent followed by the
hispanics at 53 per cent. The white and black populations only
increased six and 13 per cent, respectively (Business Week 17
June 1991). By 2005 there will be an equal number of blacks and
hispanics in the US, and they will make up over one quarter of
the population (Business Week 17 June 1991). These trends will
mean that the overall make-up of consumer needs and preferences
are likely to change.

Objective of the Study

Lamb competes with a wide variety of meat and other food products
for a share of the US consumer‘s dollar. Lamb also faces a
rapidly changing marketplace within which consumers are spending
their food dollars. With over 70 billion food service meals
served each year in the US (TAMRC Lamb Study Team 1991),
excellent opportunities may be available for Australasian lamb
to command a larger share of the dollar in the FAFH sector.
Little is known, however, about the demographic and socio-
economic characteristics of individuals in the US who have eaten
lamb away from home. In fact, no studies as yet have analysed
the effect of socio-demographic and economic factors on the
decision to eat lamb away from home. Considering the potentially
important opportunity that the US food service industry presents
for lamb, the New Zealand lamb industry would benefit from a
study that analysed these consumers.

This research attempts to £ill this information void by using the
Individual Intake phase of the 1987-88 National Food Consumption
Survey (NFCS) of USDA. This study attempts to identify the
demographic and socio-economic characteristics of individuals in
the US who have eaten lamb away from home, with some implications
for the New Zealand lamb industry.

Model Development

To investigate the decision to eat lamb, logit analysis is used
to estimate a model in which the likelihood of eating lamb away
from home is a function of a set of socio-economic and
demographic variables.

Since the dependent variable is discrete (binary), the analysis
relies on the use of a qualitative choice model. The linear
probability model, the probit model, and the logit model are the
alternative specifications of qualitative choice models (Pindyck
and Rubinfeld 1991). The linear probability model is given by:
Y, = X,'B + E;
where Y; is 1 if the ith decision maker selects the first
alternative and 0 if the ith decision maker selects the second
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‘alternative; X;’ is the ith row of the nXp matrix of regressors,

i= 1, ..., n (n refers to the sample size and p refers to the
number of coefficients); B 1is a pXl vector of parameter
coefficients; and E; is the ith independently and identically
distributed random variable with zero expectation.

Logit and probit analyses, however, are preferred to the linear
probability model since the latter suffers . from a number of
deficiencies. The variance of the disturbance term of the model
is heteroscedastic and, therefore, the standard errors of the
ordinary least squares parameter estimates are biased. Further,
the disturbance term is not normally distributed. The classical
statistical tests are therefore not applicable. Another
deficiency of the linear probability model is that it allows the
predicted values (probabilities) to fall outside the interval
between 0 and 1, which is inconsistent with the interpretation
of the conditional expectation as a probability.

A logit or probit specification circumvents these difficulties
by the use of monotonic transformations to guarantee that
predictions lie in the unit interval. Logit models are employed
in the analyses reported here. These models are based on the
cumulative logistic probability function and are specified as
(Pindyck and Rubinfeld 1991):
P = F(Z) = F(X,'B) = 1/(1+e?) = 1/(l+e ®'P)

where Z is a theoretical index determined by a set of explanatory
variables X; F(2Z) is the cumulative logistic function; e
represents the base of natural logarithms (approximately equal
to 2.718); and P is the probability that an individual will make
a certain choice, given the knowledge of X;

The most suitable technique of estimation when using logit is
maximum likelihood. Although this technique requires the use of
an iterative algorithm, this procedure assumes the large-sample
properties of consistency and asymptotic normality of the
parameter estimates so that conventional tests of significance
are applicable.

The logit analysis centres on the hypothesis that a set of
variables influence the decision to eat lamb away from home. The
logit model is specified as follows:
PROB=b, + b,urbanl + b,urban2 + bsregionl + b,region2
b.regiond + berace2 + bjrace3 + bgraced + bshispl + byysexl
bjemployl + bjfstampl + b;,dietl + byhsize + bjslogage
bjslogincome + by,weekend + bjgquarterl+ byguarter3
byequartersd;
where PROB is equal to 1 if the individual consumed lamb away
from home and 0 otherwise. The independent variables refer to
the following:
urbanl = 1 if individual resides in a central city; 0 otherwise;
urban2 = 1 if individual resides in a suburban area; 0 otherwise;

+ + + +

regionl = 1 if individual is in the Northeast; 0 otherwise;
region2 = 1 if individual is in the Midwest; 0 otherwise;
_region4 = 1 if individual is in the West; 0 otherwise;

race2 = 1 if individual is black; 0 otherwise;

race3 ‘= ‘1 if individual is Asian or Pacific Islander; 0
otherwise;

raced = 1 if individual is of some other race; 0 otherwise;

hispl = 1 if individual is hispanic; 0 otherwise;
sexl = 1 if individual is male; 0 otherwise;

employl = 1 if individual is employed; 0 otherwise;

fstampl = 1 if individual is receiving food stamps; 0 otherwise;
dietl = 1 if individual is on a special diet; 0 otherwise;
hsize = household size;

logage = the logarithm of age;

logincome = the logarithm of income;

weekend = 1 if the three-day intake of the individual occurred
mostly during a weekend; 0 otherwise; and

quarterl, quartexr3, and quarterd = correspond to a set of binary
variables that measure seasonality, (quarterl=1l if January -
March; quarter3=1 if July-September; quarterd4=1 if October-
December) (reference category, April-June).

One classification is eliminated from each group of variables for
estimation purposes. The base group are individuals who satisfy
the following description: reside in a nonmetro area (urban3);
in the South (region3); white (racel); nonhispanic (hisp2);
female (sex2); not employed (employ2); not participating in the
food stamp program (fstamp2); not on a special diet (diet2); and
the three-day intake occurred mostly during a weekday (weekday).

The variable depicting the presence or absence of hispanics
(hispl) is separated from the race variables because hispanics
as a group is defined by USDA as an ethnic group rather than a
race. Therefore, a hispanic can be white, black or some other
race.

Several studies on FAFH (e.g. Redman 1980; Lee and Brown 1986;
Horton and Campbell 1991) included an employment status variable
in their analyses as a measure of the opportunity cost of time.
These studies based their analysis on household production
theory. Household production theory implies that household time
as well as market goods and services enter the assumed utility
maximisation process (Becker 1965; Lancaster 1966). This theory
also suggests that an individual’s employment could cause a shift
away from consumption of time-intensive toward goods intensive
commodities (Horton and Campbell 1991). Based on this theory and
due to the increased attention given to the value of time as a
determinant of away from home consumption, the employment status
of the individual is included in the analyses as a measure of the
opportunity cost of time. Certainly, the number of hours worked
per week or per year is an alternative to employment status as
a measure of the opportunity cost of time. However, because of
incomplete reporting of hours worked for by the sample of
individuals in this study, the employment status of the
individual is used.

Data Source and Description

The 1987-88 NFCS is the most recent of the national household
food consumption surveys conducted by USDA. As in any cross-
sectional study, several issues arise in handling the data set.
The original number of respondents in the survey is 11,045,
However, after deleting observations with missing individual
relevant socio-economic and demographic information, the data set
contained 6276 observations.
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‘There has been controversy about the validity of the 1987-88

NFCS. The US General Accounting Office (1991) has publicly
criticised these data on two grounds: (1) the data collected may
not be accurate because of quality control problems and (2) only
34 per cent of the households provided individual intake data.
However, the 1987-88 NFCS is the only current data set available
in the US on household and individual food consumption.

The descriptive statistics of the wvariables used in the
regression analyses are exhibited in Table 4. About 21 per cent
of the sample reside in central city areas; 49 per cent in
suburban areas; and 30 per cent in nonmetro areas. Most of the
individuals (35 per cent) included in the sample come from the
South. Eighty six per cent are white; 96 per cent are non-
hispanic; 45 per cent are male; 58 per cent are employed; 95 per
cent are non-rec¢ipients of the food stamp programme; 14 per cent
are on a special diet; and about 16 per cent ate food mostly on
a weekend during the three-day survey period. Moreover, the
average age of the individuals "is about 43 vyears while the
average household size is approximately three. Average household
annual income is close to US$30,000.

Based on the 1988 US population, this sample 1is probably
underrepresentative of individuals located in the northeast and
west and overrepresentative of individuals located in the south.
In addition, the sample is not  uniformly distributed across
seasons. The sample is probably underrepresentative of the
number of employed individuals. The average age of individuals
in the sample and the average household size are also above the
national average. However, the distribution of individuals by
urbanisation, race, origin, sex, food stamp participation,
special diet status and income seems representative of the US
population in 1988. .

Empirical Results

The maximum likelihood estimates for the logit analysis are
exhibited in Table 5. The significance level chosen for this
analysis was 0.05. Based on the statistically significant
coefficients and the changes in probabilities, the results
indicate that individuals of "other" races are more likely to
consume lamb away from home than either whites or blacks. A
significant positive association also exists between age and the
probability of consuming lamb away from home. The same is true
with income. Moreover, recipients of the food stamp programme
are less likely to consume lamb away from home than individuals
who are not recipients of the food stamp programme.

Although not statistically significant, some other trends are
apparent. Hispanics are surprisingly less likely to consume lamb
away from home than non-hispanics. The positive sign of the
variable dietl indicates that individuals who are on a special
diet are more likely to eat lamb away from home than individuals

-who are not on a special diet. This result is surprising

considering consumer perceptions about health and nutrition
qualities of red meats such as lamb. However, lamb may already
be gaining an image as more easily digestible and nutritious than

other red meats (TAMRC Lamb Study Team 1991). This image would

be appealing to the growing segment of the US population
interested in nutrition.

The probability of consuming lamb away from home, although not
statistically significant, is negatively related to household
size. Individuals from the northeast, midwest, and west regions
of the US are more likely to eat lamb away from home than those
from the south. Individuals from the northeast are more likely
to eat lamb away from home than those from other regions. On the
other hand, individuals from central cities and suburban areas
are more likely to eat lamb away from home than those from non-
urban areas. Sex of the individual, employment status of the
individual, urbanisation, seasonality and weekend intake are not
key determinants affecting the probability of consuming lamb
products away from home.

Thus, it can be implied from the results that the typical away
from home lamb consumer in the US is an older, high income,
relatively well-established ethnic individual who lives in urban
areas in the Northeast (e.g. Philadelphia, Boston, New York).

The McFadden R-squared (goodness of fit measure) shown in Table

5 is 0.0820. Although this wvalue is low, it is reasonable
considering the type of data (survey of individuals) used in the
analysis. Another measure of goodness-of-fit is the correct

classification of individuals as either consuming or not
consuming lamb away from home on the basis of the regression
results. With a 50-50 classification scheme, approximately 99.5
percent of the individuals in the sample were correctly
classified as either consuming or not consuming lamb away from
home using the logit specification.

Implications for the New Zealand Lamb Industry

Table 6 presents New Zealand lamb shipments to the U.S. from 1980
to 1991. Lamb shipments peaked in 1981 when New Zealand exported
close to 15,000 tonnes to the U.S.. Since 1981, however, lamb
shipments to the U.S. have been significantly lower each year
with the exception of the 1985 and 1986 shipments. In fact,
since 1986, the U.S. imported less than two percent of the total
New Zealand lamb exports each year.

Europe represents the largest market for New Zealand lamb. In
1991, a little more than half of the total lamb exports were
shipped to Europe (Table 7). The Middle East, which imported
about a fifth of New Zealand’s total lamb exports, is the second
largest market for New Zealand lamb. New Zealand shipped about
15,000 tonnes of lamb to North America in 1991, which comprised
only about five percent of its total lamb exports. Although the
outlook for New Zealand lamb during 1992 is for strenghthening
prices and consumption incredses in Britain, Continental Europe,
and the Middle East, the New Zealand lamb industry can not afford
to ignore the vast and untapped potential of the U.S. market.

Table 8 exhibits the percentage of lamb imports into the U.S.
coming from either New Zealand or Australia. In 1981, New
Zealand’'s share of the total lamb imports into the U.S. was 90
percent compared to only about 10 percent for Australia.
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Increased'ﬁ.s.'domestic production and strong competition from

Australian exporters, however, have displaced New Zealand lamb
(Sheep and Wool Review, 1991). Moreover, the New Zealand lamb
industry has for too long concentrated on a very limited product
range, namely frozen lamb (Wilkinson, 1985). Consequently, New
7ealand and Australia have switched places in their dominance of
lamb imports to the U.S.. By 1990, Australia was already
exporting more than half (56.6%) of the total lamb imports by the
U.Ss..

The U.S. food service sector presents a potentially important
market opportunity for New Zealand lamb due to the increased
consumer emphasis on meals eaten away from home. In fact, New
Zealand already occupies about 60 percent of the U.S. food
service market for lamb (American Sheep Industry Council, 1991).
Lamb in the U.S. is traditionally served only in full-service
restaurants. However, the New Zealand lamb industry should
encourage its processors and marketers to introduce more lamb
cuts that can be added to the menus of restaurants already
serving lamb as well as to menus of restaurants currently
offering no lamb.

The New Zealand lamb industry should also encourage a product
diversification strategy that should include chilled lamb,
products aimed at the fast food and ethnic restaurants as well
as products aimed at frozen entree markets. Wlth}n the food
service sector, the fast food segment is thg most rapidly growing
area. Although lamb is being served in U.S. full-service
restaurants (i.e. fine dining), it has not generally been
promoted to any extent to fast food restaurants iq any form
(TAMRC Lamb Study Team, 1991). Other red meats, chicken, and
fish commodity groups have been more aggressive in terms of their
fast food service marketing efforts and spending. The New
Zealand lamb industry should tap into this market by developing
lamb menu concepts for national fast food chains like McDonalds,
Wendy’s, Burger King, etc..

One of the results of this study indicates that ethnic
individuals, which comprise a small but growing portion of the
U.S. population, are more likely to eat lamb away from home than
either whites or blacks. The growing economic importance of
Muslim Americans, for instance, could stimulate the consumption
of lamb (Meat and Livestock Commission, 1991). New Zealand
lamb’'s promotional programmes, therefore, should be designgd not
only to encourage ethnic individuals to increase consgmptlon_of
lamb but also to persuade whites and blacks to experiment with
lamb. This initiative should not only help build consumer
awareness of New Zealand lamb, but also help obtain wider
exposure of the product to the general American publ%c.
Australian shipments, for instance, have already been heavily
supported by a $3-$4 million annual promotion fund, called the
Fresh Australian Range Lamb campaign, put up by the Australian

Meat and Livestock Corporation (Sheep and Wool Review, 1991).

The New Zealand lamb industry should promote and introduce leaner
lamb to the American public, given the emphasis by consumers on
healthier diets. One of the results of this study indicates that
individuals who are on a special diet are more likely to eat lamb

away from home than those not on a special diet. New Zealand
lamb is used to be perceived by many consumers as lacking
versatility, sometimes tough and as being excessively fatty with
an unattractive appearance compared to poultry and other red
meats (Ministry of Agriculture and Fisheries, 1983). A number
of measures have been adopted to increase lean lamb production.
These include the production of ram lambs, using lean sire
breeds, increasing stocking rates, and increasing lambing
percentages.

There should also be increased emphasis on branding New Zealand
lamb products. Australia has certainly improved its export
prospects for lamb in the U.S. market by putting more emphasis
on their Dbranded “"Fresh Australian Range Lamb" product
(Agribusiness and Economics Research Unit, 1992).

The results, therefore, generally suggest a two-pronged strategy
to lamb marketing in the US FAFH sector. First, marketing
efforts should be directed at individuals who have a higher
probability of consuming lamb away from home. These marketing
efforts should include targeting food service outlets that cater
for ethnic groups. Since the results indicate that the
probability of consuming lamb away from home is positively
related to income, lamb marketers in New Zealand should target
food outlets {(e.g. restaurants) that cater to higher income
groups. The second strategy would be to target those individuals
who have lower probabilities of eating lamb away from home to
increase exposure of the product as well as to broaden the
consumer base.

Concluding Remarks

A logit model was developed to investigate the decision to eat
lamb away from home in the US. This model provided a profile,
in terms of the socio-demographic characteristics, of consumers
who were more 1likely to eat lamb away from home. The
identification of these types of consumers is essential in
analysing consumer behaviour and in developing specific marketing
programmes. Moreover, a complete understanding of away from home
lamb consumption in the US is needed to keep up with the recent
trends in consumer demand. In particular, the information
derived from this study is useful for processors and producers
in New Zealand who want to anticipate future market changes and
derived demands for their lamb products.
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Table 1. Average, Annual U.S. Per Capita Consumption of Meat and Table 3. Percent of Digposable Personal Income (Total Food
Fish Products, 1970-89 (retail weight equivalent, kg/capita) ) Expenditure) Spent for All Food; Food at Home; Food Away from
Home: Selected Years, 1970-1989.

Meat 1970-72 1980-82 1988-89
. Year All Food Food at Home Food Away from Home
Red Meats 60.44 54.76 53.40 a a b a b
Beof 36.21 32.85 30,40 1970 16.3 10.8% (66.2) 5.5% (33.8)
Veal 0.82 0.59 0.50 1975 16.5 10.5 (63.8) 6.0 (36.2)
Pork 22.46 20.83 22.05
Lamb 0.95 0.45 0.50 1980 16.0 9.7 (60.6) 6.3 (39.4)
. 1981 15.5 9.3 (60.1) 6.2 (39.9)
Poultry 15.74 19.87 26.81
Chicken 12.71 16.06 : 20.87 1982 15.3 9.1 (59.4) 6.2 (40.6)
Turkey — 3.04 3.81 5.94 1983  15.2 8.9  (58.8) 6.3 (41.2)
Fish/Shellfish 5.40 5.67 7.03 1984 14.7 8.6 (58.3) 6.1 (41.7)
Source: Putnam 1990 1985 14.3 8.3 (57.9) 6.0 (42.1)
1986 14.2 8.1 (57.0) 6.1 (43.0)
1987 14.4 8.0 (55.5) 6.4 (44.5)
1988 14.0 7.7 (54.8) 6.3 (45.2)
1989 13.8 7.6 (55.0) 6.2 (45.0)

"Percent of disposable personal income.
: bpercent of total food expenditures.
Table 2. Per Capita Lamb Consumption in Selected Countrieg, ‘ Source: USDA 1991a

1975-89 (retail weight equivalent, kg/capita) :

Country 1975-79 1980-84 1985-89 Average
Greece 6.30 6.22 6.22 6.26
Ireland 4.35 3.40 3.13 3.63
U.X. 3.45 3.27 3.00 3.22
France 1.68 1.86 2.04 1.86
Spain 1.81 1.68 2.45 2.00
Mexico 0.36 0.36 0.45 0.41
Turkey 3.72 3.00 3.00 3.22
Japan 1.09 0.64 0.59 0.77
Australia 9.26 9.03 10.4 9.57
New Zealand 14.9 15.3 17.9 16.0
United States 0.5 0.45 0.45 0.45

Source: USDA 1991b
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Table 4. Descriptive Statistics of the Variables Used in Analysis Variable Mean Std. Dev. Range

Variable - Mean Std. Dev. Range ’ Week Variable
Urbanisation Weekend 0.16 0.3682 0-1
Central City 0.21 0.4044 0-1 Weekday?® 0.84 0.3682 0-1
Suburban Area 0.49 0.5000 0-1 Seasons
Non-metro Area? 0.30 0.4567 0-1 Quarterl 0.29 0.4554 0-1
Region Quarter2? 0.41 0.4899 0-1
Northeast 0.20 0.3997 0-1 ! Quarters3 0.14 0.3508 0-1
Midwest 0.27 0.4452 0-1 Quarter4 0.16 0.3689 0-1
South? 0.35 0.4762 0-1 Age 43.30 18.37 15-99
West 0.18 0.3843 0-1 Household Size 3.03 1.46 1-12
Race ' Income 29621.80 23927.8 3-300000
“Refers to the omitted category in the analysis.
White® 0.86 0.3380 0-1
Black 0.10 0.2970 0-1
Asian/Pacific 0.01 0.0906 0-1
Islander
Other race 0.03 0.1571 0-1
Origin
Hispanic 0.04 0.1855 0-1
Non-Hispanic? 0.96 0.1855 0-1
sex )
Male . 0.45 0.4968 0-1
Female? 0.55 0.4968 0-1
Employment Status
Employed 0.58 0.4935 0-1
Unemployed? 0.42 0.4935 0-1
Food Stamp
Participation
~Recipient 0.05 0.2219 0-1
Non-recipient? 0.95 0.2219 0-1

Special Diet
Yes 0.14 0.3495 0-1
No* 0.86 0.3495 0-1
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Table 6. New Zealand Exports to the U.S. by Volume, 1980-91

Table 5. Maximum Likelihood Estimates of the Logit Model

: __ Year Volume® Percentage of Total Exports
Variable Estimate Std. Error Changes in Probability?
: 1980 11,360 3.24
Intercept -17.710% 3.736 -0.039 1981 14,993 3.95
Urbanl 0.232 0.650 0.0005 1982 7,577 2.16
Urban2 0.530 0.540 0.001 1983 6,535 1.52
Regionl 0.598 0.490 0.001 1984 6,195 1.46
Region2 0.036 0.564 0.0001 1985 11,541 2.95
Regiond 0.027 0.589 0.0001 1986 14,636 3.62
Race2 0.100 0.805 0.0002 1987 3,260 0.84
Race3 -5.809 5.901 -0.013 1988 5,253 1.63
Raced 1.999* 1.092 0.004 1989 6,085 1.85
Hispl -7.135 22.770 -0.016 1990 4,950 1.82
Sexl 0.393 0.381 0.0008 1991 4,954P 1.69
Employl 0.527 0.475 0.001
Fstampl -1.952* 0.879 0.004 “In tonnes
Dietl 0.237 0.475 0.0005 ' : bprovisional
Hsize -0.263 0.167 -0.0006 C Source: New Zealand Meat Producers Board
Logage 1.084%* 0.576 0.00005
Logincome 0.735* 0.293 0.55-07
Weekend 0.557 0.427 0.001 Table 7. New Zealand Lamb Exports by Destination (1950-91)
Quarterl 0.376 0.441 0.0008
Quarter3 0.227 0.598 0.0005 Region Volume® % of Total Exports
Quarter4d 0.188 0.552 0.0004
Europe 153,550 52.5
% of Right Predictions 99.5 Middle East 63,901 21.8
R StatisticP 0.1880 Pacific 28,799 9.8
McFadden R2? 0.0820 North Asia 22,179 7.6
Likelihood Ratio Tests North America 15,240 5.2
Urbanisation 1.11 . All Others 9.082 3.1
Region 1.98
Race ) 2.39 Total 292,751 100
Season 0.73 .
Number Of Iterations 8 In tonnes

Source: New Zealand Meat Producers Board

* Indicates statistical significance at the 0.05 level
*Equal to the product of the parameter estimates times the value

of the logistic density function. At the sample means, the value Table 8. Percentage of the Total Lamb Imports by the U.S.: 1981-
of this density function (f£(z)) is 0.0022 while the value of z 90
is -6.1017.
PThe R statistic is similar to the multiple correlation Year New Zealand Australia
coefficient in the normal setting, after a correction is made to
penalise for the number of parameters estimated (SAS Institute 1981 90.3 9.7
Inc. 1983). 1982 83.3 16.7
1983 83.3 16.7
1984 88.9 S11.1
1985 81.2 18.8
1986 50.0 - 50.0
1987 27.6 72.4
1988 40.0 60.0
1989 41 .4 58.6
1990 43 .5 56.5

Source: New Zealand Meat Producers Board
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A FORECASTING MODEL FOR NEW ZEALAND
LAMB EXPORTS

G.F. Thomson & A.C. Zwan

Agribusiness and Economics Resecrch Unit, PO Box 84, Linceoin University

SUMMARY

New Zeclcnq exports lamb in a varety of different forms, from carcasses to boneless
cuts and as chiled or frozen product. Product differentiation provides new
marketing opportunities, but Increcses the complexity of forecasting. This paper wil
outline a model which forecasts demand for lamb cuts as a group of six close

- substitutes, rather than as a single homogeneous product. A brief discussion of the

specification of the theoretical model and quelling methodology will be followed
by an examinatlon of the models specici features and illusirative examples of the
empirical results.

Keywords: Lamb Exports, Forecasting, Heterogeneous Product Modelling.

INTRODUCTION
Background:

The past decade has seen significant changes in the sheepmeat industry. Change has been
forced upon the industry by deregulation, by economic neccessity, and through changes in
the nature and type of products sought by major export markets (Zwart & Martin). The
removal of incentive schemes and export controls has broadened the range of marketing
strategies available to sheepmeat producers, and allowed the transmission of market signals
directly from consumer to producer. A key change resuiting from this has been that of further
product processing.

In the mid eighties a number of industry commentators decried the sheepmeat industry’s
commodity focus and called for producers to follow a value added approach to meat
exporting (such as Pappas Carter et al, Morris & Hughs). While the Meat producers Board
had increased levels of further processing as a stated objective incentive structures
sometimes worked against companies engaging in further processing.

In the last decade there has been considerable growth in the export of further processed
sheepmeat. The percentage of lamb shipped in frozen carcass form has fallen from around
77% in 1982 t0 40% in 1991 {Hutching). The strongest growth has been in the export of bone
in and boneless cuts. These products accounted for only 20% of shipped lamb in 1984 but
now account for more than 50% (Storey).

While the majority of sheepmeat products are exported frozen there has been steady growth
in exports of chilled and fresh meat, now around 3% of lamb exports by weight (Storey). The
range of products being exported is becoming larger, and the processing is becoming more
sophisticated.

The broadening of the product range produces a number of benefits, such as the potential for
increased retums, a more responsive appreach to consumer preferences, and access to
niche markets. However the information requirements of the industry have increased also.
The prices and volumes of differentiated sheepmeat products differ dramatically across
international markets, making the task of forecasting market conditions more difficult than in
the past.

The objective of this paper is to present a synopsis of an econcmetric mode! for short to
medium term forecasting of demand for New Zealand export lamb products. The focus is on
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lamb for two reasons. Hrétly, because it makes up the bulk of exporied sheepmeat, and
secondly because lamb, more than mutton, is sold as a set of differentiated products. These
products have been separated into ‘six main product types. First the products are
differentiated acording to whether they are fresh/chilled or frozen, and then whether the
product is in carcass form, bone in cuts or boneless cuts.

The mode! has been used to simulate and forecast the importing behaviour and price
responsivensss of major markets. One of the key objectives in this was to preserve the
maximum level of detail possible for aiding analysis of individual market behaviour. Two
other variables of interest are the total quantity traded, and the prevailing world price.

The paper consists of four parts. The first section will outline the basic structure of the model
that we have developed. Second, the novel features of the model will be discussed. Given
the number of markets involved the analysis of resuits, which comprises the third section,'
does not go beyond general trends and global aggregates, but where possible specific
examples have been used for illustrative purposes. The final section contains some
conclusions, and suggestions for application of the model.

MODEL STRUCTURE

Specificat { the T1 tical Model:
The three basic building blocks of a trade model are consumption, production, and stocks
adjustment. A simple model based on these can be refined by the introduction of equations
modelling such things as price transmission, arbitraging, and intermediate consumption
(Abbott,1988).

The lamb export model was specified with a four part structure, modelling export demand
consumption in overseas markets), export quality production, stocks adjustment, and price
transmission effects. Given that trade flows were not a focus of the study it was felt that
investment of time in modelling arbitraging behaviour was unwarranted. Intermediate
consumption, ie use in further processing, was accounted for by converting shipped weights
into carcass equivalents.

Within each market we wished to preserve two variables of interest, the prevailing price and
quantity for each type of lamb product. The domestic price for each type of cut is Py, the
price in time t for the ith product in market j. This is a function of its historic value and the
current and historic values of WPt, the prevailing world price in time t. Prices for each
broduct_are allowed to vary across markets o account for differences in the quality and
sophistication of the product being exported to each market. )

This gives a set of price transmission equations

Py =0 + Byy Pjpy + Bay Py + Bag Pia + Bag P + Bsg WPy + By
WPy +B7y WPyp + Bgy WPy g + Bgy WPy + Uy

The quantity of the ith product exported to the jth market is Xy, - This is a function of its

historic value, and the current and historic values of Py

Xgr =8 + dgg Xjpg + doy Xjo + dag Xg + bag Xt + b5 Pie + P P
+07Pje2 + Ogy Pips + dog Pies + Vi

Aggregate Demand WX, is the sum of demand for all products across all markets, ie,
WXt = Xy,

On the supply side the quantity of export quality siaughter in time t is Q,. This is a function of

its historic value and the world price.

Que=9+% Qui +72 Qua + 5 Qua + ¥ Quy + 15 WP+ 15 WP
WP + Yg WP 3 + 9 WP + W,

The change in stocks is positively related to the level of slaughter and inversely related to the
world price. Stock change is also expected to be related to historic values of the change in
stocks. An increase in the world price would lead to destocking, and vice versa, while large
increases in stocks overtime should reduce the possibility of further large increases. The
inverse stock change function is thus,

WPy =1+ MWP{ + A48, + AgAS, 4 + A4 Qi+ AsQ4g + 2

Three general points about the specification of these equations. Firstly, in order to obtain
stationarity in some of the variables being examined it was neccessary to respecify an
equation with that variable and #'s lags in first differences. This was true for most price
variables, particularly the prevailing world price. Secondly, note that none of the equations
include seasonal dummies. They were excluded because of the degrees of freedom
constraint and because it was felt that the four quarter lags could account for most of the
seasonality in the data. Finally, the real focus of the model is on demand side variables.
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The supply side has been over simplified, and requires more work before a truely acceptable
spegcification can be arrived at. In spite of this simplification the supply side rather than the
demand side presented the most problems in later estimation, with key variables having
theoretically qnacceptable signs. It is anticipated that rather than use the supply side
specified here the model would be married to a more detailed supply side model, such as the
New Zealand Livestock Sector Modsl (Grundy et al.). .

Muiticoliinearity:

One of the major issues in modelling the market response of a group of close substitutes is
that the prices and quantities traded are highly correlated. When these correlations are exact
estimation techniques break down, making the problem easy to detect. However when the
intercorrelations are not exact the estimation techniques produce estimates that are highly
sensitive to changes in the data, have high variance and covariance, and insignificant t ratios

" even when 12 values are high (See Johnson, Guijarati, or Kennedy for a more indepth

analysis).

In order to avoid the problems associated with multicollinearity the demand equations were
specified as a function of current and historic prices, and historic levels of demand, for the
product of interest only. In essence this has resuited in a trade off between muiticollinearity
and specification error.  The frade off was neccessary for two reasons. Firstly, because
multicoliinearity was considered to be a serious problem within the data, and secondly,
because the number of data observations available was very small only a few explanatory
variables could be included.

Substitution Effects:

The degrees of freedom problem and the identification problem restricted the way in which
substitution between products could be modelled.  There was not enough data to include all
of the relevant prices as independent variables in the demand equations. In addition the
pattemns of substitution would vary across markets, with some of the substitute products not
being apparent. Substitution effects were instead handled through the world price
mechanism. i :

Income Effects:
Income effects have not been deatt with explicitly in the specified model. This has been

done to reduce the data requirements of the model. This simplification has been justified on
the grounds that the time period being dealt with is relatively small.

Data Sources:

For the demand and price transmission equations quarterly trade data from the Department
of Statistics was obtained for the period March 1988 to September 1982. The data gave $NZ
free on board (fob) values and volumes (kg) exported by destination.

Prior to 1988 trade data was compiled under a different classification system. The cument
system uses a more disaggregated classification, with the classifications not being entirely
comparable. This has limited the analysis to 19 usable observations.

On the supply side export quality slaughter was used as a proxy for production, with the
change in stocks being the difference between production and actual exports. This meant
that domestic consumption of export quality lamb was included in the stocks change figure.
However it is expected that both the change in stocks and the level of domestic consumption
are inversely related to the world price.

Estimation:

It is obvious from the specification given above that the system of equations we are dealing
with is simultaneous at the aggregate level. However the principal blocks of the system are
recursive, viz. the price transmission and demand equations within each market, so each
market could be estimated separately.

It was expected that an exogenous shock in a market would affect the prices or demand
levels of one or more of the products, and hence the error terms of the price transmission
and demand equations would be correlated. Because of this Zellner's Seemingly Unrelated
Regression was used to produce more efficient estimates.

The production equation was estimated using OLS because it was the only equation relating
specifically to the domestic situation. The world price equation was estimated using a
baysian technigue to constrain the parameter on stocks to be negative.

The model was constructed so that the three sets of equations estimated above related to
each other simultaneously. The effect of this is that changes in one market can produce
changes in conditions in other markets in the same period, by directly affecting the level of
stocks and hence the world price.
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NOVEL FEATURES

The estimated model which resulted from the specification in the previous section has two
interesting features. The first relates to the way in which countries have been aggregated
into markets, the second relates to the detail of the data which the model will generate.

Aggregation into Markets;

Aggregation of countires into markets presents some procedural problems. Aggregation
across countries will introduce aggregation bias o the extent that market behaviour differs
from one country to the next. However, without aggregation the size of the model becomes
unweildy. Also many countries could not be analysed because their purchasing behaviour is
too eratic. Without a reasonably continuous data series econometric analysis would not
produce a meaningful set of forecasts.

Unlike most trade modsls the countries being aggregated into markets are not necessarily
neighbours, or even within the same geographical region.  Differences in component
behaviour, and hence aggregation bias, was reduced using a market research technique,
cluster analysis, to create groups of countries which are similar in terms of purchasing
behaviour. Each segment, or market, is a group of countries which exhibit purchasing
behaviour different to that of other markets. This means that the estimated parameters and
associated forecasts will reflect the specific market more closely so that market level results
can be more readily applied to an individual country.

Key decisions to be made in clustering include the variables upon which to cluster countries
(the basis for segmentation), the similarity measure used to determine like behaviour, the
number of clusters to be obtained, the decision c.riteria used in choosing between alternative
solutions, and which countries, if any, to keep separate from the analysis.

The analysis began with over 100 countries in tﬁe dataset. About 50% of these were very
sporadic and low turnover clients, who were aggregated by geographical region, because it
was felt that the impact of this would be minimal. In addition some major trading partners
were kept separate because they are of a gréat deal of interest on their own. These
countries were the United States, Japan, Canada, Iran, and Australia. The EC was kept
separate for the same reason, and also to allow policy analyis in the later stages of the
project if so desired.

For the remaining 47 countries and small country groups average kg exported per quarter,
average market share (by volume), average unit price per kg, and simple growth rate

{movement between average of the first and last nine quarters) was calculated for each
product category. These were used to describe the behaviour of each country.

The number of clusters was limited to twenty because of a software constraint. With six
markets already set aside this meant a maximum of fourteen markets could be used o
summarise the 47 countries.

In clustering the countries a heirachical method was used so that each country would be a
member of only one market. Four different clustering algorithms were used to group the
countries, and the resulting solutions compared on the basis of relative cluster size, the
identities of single member clusters, and the composition of muki-member clusters. The final
clustering solution, shown in table 1, was based on Ward's methed for cluster analysis.

Table 1: Market Segments

1 European Community

2 Japan

3 USA

4 Canada

5 lran

6 Austrailia

7 Papua New Guinea

8 Europe n.e.s.

9 Switzerland

10  Saudi Arabia

11 Asianes.

12 American n.e.s.

13 Pacific 1 Cook islands, Nuie, Qatar, Mexico

14 Pacific2 Fiji Tonga Samoa

15 French Pacific French Polynesia New Caledonia Norfolk Island

16  Island States Pacific n.e.s. Bahrain Reunion Bahamas Martinique
17 Intermitent Purchasers  Gibraltar Malta Cyprus French Guiana Guadeloupe Solomon

Islands Vanuatu Niger Barbados Jamaica

18  Low Carcass Purchasers Austria Sweden Wallis & Futuna Indonesia Singapore
Thailand Bermuda

19 Middle East Jordan Kuwait Oman UAE Middle East n.e.s. Africa n.e.s.
South Korea
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Early analysis based on geographical regions grouped all of the pacific islands together as
one greup. Cluster analysis grouped the pacific countries into three solely pacific groups, the
Fiji, Tonga, and Samoa cluster, The French Pacific cluster, and Papua New Guinea as a
single member group. The French Pacific group purchases higher value cuts, and were
more regular purchasers than other pacific islands. Fiji, Tonga, énd Samoa purchased lower
quality cuts, except for the Christmas Tourist trade, while Papua New Guinea purchased low
quality, low value cuts. Other pacific islands were grouped in with countries from other
regions with which they were more similar.

Level of Disaggregation:

Being able to obtain detailed market information from the model was one of the key
objectives of the project, so the model solution was required to be as transparent as possible.
To facilitate this the model was built within a spreadsheet and solved iteratively, rather than
by an analytic method.

The second novel feature of this model is that the forecasts can be analyzed at several
levels at once, with spreadsheets capturing dynamic changes in each market for each
product. This allows a wide variety of reports, charts and diagnostics to be built directly into
the model.

Analysis can be conducted across preducts within one or more markets, or across markets
with respect to cne or more products. This is possible because the export volumes have
been converted into carcass equivalent kilograms, by scaling up the weights of cuts to reflect
wastage in the production process. Table 2 shows the relevant weights for each product
(Source MAF Situation and Outlook New Zealand).

Table 2:

Type of Cut _Conversion Weight
Carcass 1.00
Bone In Cuts ) 1.08
Boneless Cuts 2.00

To illustrate this, the French Pacific group regularly purchases a full range of lamb products
from New Zealand. Total demand in carcass equivalent kgs, is forecast to increase slightly
over the next two to three years.

Figure 1: French Pacific
Total Volums - All Products
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At a more disaggregated level it can be seen that in the forecast pericd demand for most
lamb products is static, with the increase in demand coming from growth in demand for
chilled and frozen carcasses (figure 2).

Figure 2: French Pacitic
Total Volume By Product Type
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Aggregating across the frozen carcass market the global demand for frozen carcasses is
forecast to decrease over the next two to three years (figure 3). This is of course driven by
the EC lamb market where the frozen carcass market has been declining for some time.
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Unfortunately this flexibility applies mostly to the quantity forecasts. prices are avaitable at
only two levels, At the world level, where the world price is a function of stocks, and at the
local level, where a product's price in a market is a function of the prevailing world price.
Rather than present a further example in this section charts of the simulated and forecast
world prices are presented in the next section.

RESULTS

This section is comprised of three parts. The first sub-section presents the aggregate
demand, world price and production and stock change forecasts. The second sub-section
examines various diagnostic statistics from the estimation and simulations phases of the

analysis. The final section compares the forecast values, and compares them with actual
values obtained since the time of estimation.

Aggregate Variables:

Demand for lamb is expected to grow steadily over the nex two to three years (figure 4). A

'strorig component of this growth will be for carcasses being processed into bone in and

boneless cuts. Prices are trending upwards over the same period, resuiting in an increased

return for prdducérs. This aggregate result is a little deceptive however. The prices being

received for further processed products have tended to improve over this period, offsetting

weak falls in carcass prices. This indicates that retumns are only improving for producers who
have persued a differentiation strategy sucessfully. This forecast is in line with forecasts

from other sources, which have world lamb prices increasing in the short to medium term
(SONZA 1993, and ABARE).

Figure 4: Global Market Conditions
Forecast from September 1992
160000000 4
140000000 " 435 o
120000000 3 9
100000000 25
& 80000000 » Nephn 2 2
% 60000000 1.5 &
40000000 12
20000000 05 ¥
o -0
B3B8 B BLed 8508830y
[ ) U I i ¢®¢)’ 1 L®o~' 1 g_q)o,
QEt 85 Q&5 QREBFATLEE B
833 g3 332 3332
Lamb Exports ~—#*—— World Price

Both the demand and the world price forecasts are less volatile than the actuals series. In
addition the price series follows a more apparent seasonal trend than in the past.

As mentioned earlier the production and stocks estimates proved to be the most difficult to
estimate. The forecast for production (figure 5) is acceptable, though the change in the

seasonal pattem is quite distinct. This undoubtably stems from the deliberate simplification
of the modet's supply side.

Figure 5: NZ Production of Lamb
Forecast from September 1992
200000000
180000000
160000000
140000000
8 120000000
@ 100000000
% 80000000
60000000
40000000
20000000
0 At —+ - oo ——+
28Tz ¥egrgesIda
5456555825855 855058
383385882838 +=




1A

The problems are even mbre evident in the derived stock change series (figure 6). Its likely
that the historic stocks series, which also includes domestic consumption, is partly to blame,
because the series does not inciude stocks held offshore, which can be significant.

Figure 6: Change In Stocks
Forecast from September 1992
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Di tic Statistics:

Two sets of diagnostic statistics have been reported in the appendix, the simple R2 from the
regression equations, and Theil's U statistic from the models simulation of the historic period.
High values of R2 are prefiered, while values of Theil's U greater than 0.3 indicate problems
in the simulation. Reported with Theil's U are three moments-representing the proportion of

‘the U statistic which.can be attributed to bias, differences in variance, and differences in

covariance. Proportions due to bias and variance should be low, while the proportion due to
covariance should be close to one (Pindyke and Rubinfeld).

Most of the equations have quite high R? statistics. Equations estimated in first differences
had much lower R? values, which was to be expected, while for some cthers it is apparent
that additional explanatory variables are required. For the simulations the Theil's U statistics
also tend to be small. Care should be taken when using forecasts for those variables which
have high bias or variance proportions.

Validating the model can only be done by comparing forecast values with actual values as

. they become available. Trade data for the December 1892 Quarter were received late in

June, and were not processed in time to be included in these results. It was apparent that
total exports were well down on the previous December quarter, while the mode! is
forecasting an increase. It is likely that the production forecast is overshooting, due to the

impact of last years harsh winter. The model forecasts an increase in prices for December
1992, and the actual figures seem to bear this out.

CONCLUSIONS

The results obtained indicate that the model forecasts market trends reasonably well in the
short term. However the diagnostic statistics indicate that there are still a few problem areas
that need to be resolved. In particular the specification of some of the demand equations
needs to be re-examined, as does the supply side. Many of the specification problems resuft
from the degrees of freedom constraint, and so can only be resolved by progress of time.

The model's special features allow it a wide range of applications. The segmentation
approach allows the simulation of market response to price and product mix within specified
market segments, aiding those following a target marketing strategy. The modei can also be
adjusted to examine the effects of exogenous shocks on global markets, and the impact of
protectionist policy on prices and volumes traded across and within markets.

Future research using this model will include both implications for individual markets, policy
simulations, and further verification of the model's parameters and forecasts.
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Appendix: Diagnostic Statistics
Demand Prices
Market Product Type R Squared Thells U Blas Varance  Covarlance R Squared  Thlels Y Blas Variance  Covarlance
European Community Chilled Boneless 052 033 * 060 * 002 0.38 °l 088 007 007 001 092
frozen Boneless 0.80 004 001 0.28 on 035 °* 0.06 000 0.05 095
Chilled Carcasses 0.94 on 0.05 0.00 095 045 * 0.12 000 0.00 1.00
Frozen Carcasses 0.85 0.05 0.06 005 0.89 0.88 0.03 0.00 009 091
Chilled Bone In 077 0.18 0.09 0.08 0.83 067 0.07 000 0.00 0.99
frozen Bone In 0.82 005 0.00 001 0.R 0.84 0.03 0.00 0.i0 0.89
Japan Boneless on * 023 0.06 0.27 0.67 0.85 0.03 0.01 0.1t 0.89
Frozen Carcasses 030 * 014 0.00 033 0.67 0.70 003 om 0.00 099
Chilled Carcasses & Bone InCuly  0.89 0.06 0.02 0.02 096 094 002 001 6.02 0.96
Frozen Bone In Cuts 0.83 0.08 039 * 002 0.59 049 * 007 0.00 033 * 066 *
USA Chilled Bonsless 098 006 0.06 0.03 09 0.66 on 0.00 0.02 0.98
Frozen Boneless 076 0.08 0.0} 0.01 0.98 082 005 0.01 0.00 099
Frozen Carcasses 0.87 0.13 0.00 0.02 098 075 0.05 0.1 004 094
Chilled Carcasses & Bone in Cuty  0.19 0.18 060 " 0.18 022 "{ 045 * 0.10 022 0.13 065"
frozen Bone In Cuis 092 004 0.03 0.07 090 0.75 004 002 0.00 0.98
Canada Boneless 077 0.06 0.02 0.06 092 0.65 0.05 001 008 0.9i
Chilled Carcasses 0460 0.21 063 * 0.00 0.37 ‘f 043 * 007 007 0.10 0.83
frozen Carcasses 0.11 . 031 021 0.02 077 055 0.07 0.03 0.0} 0.96
Chilled Bone In Cuts 0.78 009 0.00 002 098 0.74 0.05 0.05 0,02 093
Frozen Bone In Cuis 052 008 068 *° 015 0.17 ‘i 063 0.4 062 v 032 °* 0.07 *
ran Frozen Carcasses 0.27 M 031 0.25 0.8 057 (R 11— 0.21 0.25 0.1 0.64 *
Australia Boneless 091 0.13 0.00 0.00 1.00 (¢35 ] 036 * 0.14 002 0.84
Papua New Guinea  frozen Boneless 078 013 004 0.01 094 096 0058 an 004 0.84
Frozen Carcasses 0.82 0.16 0.01 0.03 097 02 * 0.23 000 0.16 0.84
Frozen Bone In Cuts 092 0.06 007 0.02 091 0.60 005 004 0.01 095
Chilled Bone in Cuts 0.98 0.06 001 0.00 099 0.01 070 * 044 * 023 033 °*
Europe n.e.s. frozen Bone In Cuts 092 0.13 0.06 0.05 050 012 * 010 0.00 0.00 1.00
Swilzerland Chilled Boneless 0.77 031 0.03 004 093 0.75 0.06 0.00 0.18 0.82
Frozen Boneless 048 0.12 0.9 005 0.86 045 ¢ on 001 0.07 093
Chilled Carcasses & 8one In Cut: 0.82 0.}4 000 0.26 0.74 0.89 009 000 .01 0.99
frozen Carcasses & Bone In Cuts 093 004 004 0.10 086 ofn 0.14 oM 000 099
Saudi Arabla Boneless 093 0.03 on 001 0.88 016 on 002 0.09 0.89
Chilled Carcasses 0.18 . 0.19 0.00 0.30 0.70 099 0.25 005 002 092
Frozen Carcasses 074 040 009 038 053 049 0.01 0.00 007 092
Chilled Bone In Cuts 0.86 0.13 002 005 093 0.96 0.04 006 031 * 063 °
Frozen Bone In Cuts 0.80 003 014 0.00 086 0.68 045 * 0.03 0.10 0.87
Asia n.es. Boneless 0.40 * 0.08 0.00 003 097 0.58 0.10 0.26 on 062°*
Chilled Carcasses & Bone InCuly  0.30 * 034 0.01 0.25 078 023 * 0.21 0.02 013 0.85
Frozon Carcasses & Bone In Culs 0.61 0.26 0.00 0.08 0.92 0.75 Q.04 00 004 0.9%
Amorlcan n.es. Frozen flono In culs 100 0.02 049 ° 00 046 ‘| 047 * 002 0.02 0.02 096
Paclfic 1 Bonoloss 090 013 0.00 0.00 099 0.52 0.23 000 0.02 098
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Demand Prices
Market Product Type . RSquared Thells U Blas Varlance  Covarlance R Squared  Thleis U Blas Varlance _ Covarance
: * Chilled Carcasses 0.62 0.3 0.03 001 0.96 059 0.10 0.09 0.07 0.84
frozen Carcasses 0.69 022 0.00 0.00 099 093 0.12 0.00 000 1.00
Chilled Bone In Cuts 1.00 0.14 0.00 0.00 1.00 0.87 0.02 0.00 0.00 1.00
. Frozen Bone In Cuts 057 0.12 001 004 094 002 * 0.09 0.00 002 .98
_{Pacific 2 Boneless 0.83 025 . 0.00 001 099 033 * 003 0.02 0.02 0.96
frozen Carcasses 0.66 013 0.00 0.14 086 022 * O 0.00 004 0.96
Chilled Carcasses & BoneInCuty 096 023 0.0} 0.00 099 637 * 027 0.00 0.02 . 0.98
Frozen Bone In Cuts 0.94 025 0.07 001 093 0.82 0.03 0.00 0.00 100
French Pacific Chilled Bonsless 036 * 002 om 0.10 0.89 024 *~ 007 . 0.05 o1 0.84
Fiozen Boneless 073 016 0.00 0.02 098 0.63 0.12 001 0.07 091
Chilled Carcasses 061 0.15 0.02 0.09 0.89 0.84 0.08 0.0} 005 093
frozen Carcosses 023 * 008 0.00 008 092 030 * 004 0.02 0.05 093
Chilled Bone In . 0.93 0.22 001 003 096 071 0.04 0.01 0.02 . 096
Frozen Bone In 052 0.04 003 0.01 0.96 0.64 008 0.00 ° 0.00 0.9
Island States Boneless 0.90 0.04 0.02 001 097 0.66 0.06 0.01 om 099
Chilled Carcasses & Bone InCuty 097 0.07 0.0} 009 09 0.63 0.07 0.00 002 0.98
Frozen Carcasses 0.78 co8 0.0 0.03 096 091 - 0.12 001 0.00 0.99
Frozen Bone In 074 0.02 0.00 0.00 1.00 030 * 038 * 000 0.08 092
Intermitent Purchasers  Boneless Q72 0.09 0.0t 0.13 0.86 0.63 006 001 0.28 0.70
Frozen Carcasses 0.86 0.21 0.0t 002 096 020 * on 066 * 010 024°
Chiled Carcasses & Bone InCuty - 027... * 005 .. .. 001 0.18 080 . . 019 * 010 0.06 0.05 0.89
Frozen Bone In Cuts 075 035 * 0046 009 0.86 038 * 005 0.00 001 099
Non-Carcass Market  Chilled Boneless 098 0.08 [sXo]] 0.00 0.99 055 0.04 0.00 0.01 0.99
frozen Boneless 0.88 0.06 0.02 009 090 073 0.18 0.00 0.02 098
Frozen Carcass 096 0.10 0.0} 000 098 (97 3 TR o K 4 6.00 0.03 097
Chilled Carcasses & Bone InCuf{ 098 006 oo 001 098 0.90 013 0.00 0.00 1.00
Frozen Bone In Culs 079 005 0.00 o0 099 060 6.10 002 0.02 0.96
Middle East Boneless 0.69 0.06 0.06 002 092 030 * 013 0.7 0.04 0.79
Chilled Carcasses & Bone In Cust 0.75 024 001 0.1 088 090 0.03 .06 003 091
Frozen Carcasses oN 018 0.00 0.00 1.00 091 0.02 005 0.03 092
Frozen Bone In Culs 0.79 006 0.00 0.05 095 0.90 0.02 0.07 oo 092
Total All Meat Types 0.68 0.06 026 008 0.66
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Abstract

Meat consumption patterns are changing in New Zealand. Due to health and nutrition
concerns, consumers are purchasing more lean meat products. The purpose of this paper is
to determine the sociodemographic factors affecting the selection of lean meat products.
Examined are degree of health concern, degree of price consciousness, sex, education, age,
marital status, ethnicity, income, household size and employment status.

Introduction

Meat consumption patterns are changing in New Zealand due partly to increasing health and
nutrition concerns. In fact, dietary animal fats are now considered one of the major sources
of saturated fats and cholesterol. Based on many continued medical and dietary studies, the
media, consumer education groups, physicians, and food manufacturers have increasingly
provided health information to consumers. Such information may induce structural changes
in the consumption of fats as a response to consumer’s health concern (Capps and Schmitz
1991). Not surprisingly, the medical profession, nutritionists and public health agencies have
recommended the reduction of fat consumption to the public. Likewise, the New Zealand
Government, through the Department of Health, has requested the meat industry to produce
leaner carcasses and explore further techniques for producing animals with less fat (New
Zealand Department of Health 1991).

To fulfill consumers’ demand for leaner meat, several experiments have been undertaken
either by the universities or by the meat industry (see Massey University 1985a, 1985b;
Ministry of Agriculture and Fisheries 1983). No studies as yet, however, have investigated
the effect of sociodemographic factors on the purchase and consumption of lean meat
products in New Zealand.

A few studies have been made in recent years related to meat consumption. Some of these
studies focused their attention on: (1) the willingness of consumers to pay for attributes of
lamb (Mullen and Wohlgenant 1991); and (2) the relationship between the various
socioeconomic characteristics of consumers and the types of meat purchased (Blaylock 1983).
Recently, several studies also evaluated consumers’ attitude toward leaner meat products

- (Massey University 1985a, Capps et al. 1988, and Skaggs et al. 1987).

Menkhaus et al. (1988) identified some factors affecting consumer purchase of lean meat

products. Although none of the demographic variables used in this study turned out to be

statistically significant in terms of purchasing decisions, the results indicated that some factors
directly affecting the probability of purchasing are related to health factors. Menkhaus et al.
(1988) acknowledged as well that concern for health is an essential factor to be considered
in meat demand modelling.

Skaggs et al. (1987) examined consumers attitude toward low fat, branded and fresh beef.
This study revealed different consumer attitudes toward purchasing lean meat products.
Results of this study also indicated that consumers with active lifestyles tend to consume
leaner beef products. Brayshaw et al. (1967) analyzed the opinions of butchers in the United
Kingdom regarding their consumers’ requirements surrounding leanness and tenderness. The
majority of butchers surveyed indicated that consumers desire to purchase leaner meat
products. In addition, more than 50 per cent of those butchers interviewed stated that
consumers considered leanness as the most important factor in their purchase decisions,
followed by tenderness and flavour.

In 1983, Blaylock analyzed various sociodemographic characteristics affecting the demand for
red meats, poultry and fish. The results of the study indicated that high income households
are more likely to eat beef than pork even though their expenditure for pork increased as
income increased. Metropolitan residents are more inclined to increase their consumption of
meat products, with the exception of pork, than suburban residents. Results also showed that
black consumers consumed more meat prepared at home than non-blacks. In addition,
household composition is a significant factor affecting meat consumption.

Capps et al. (1988) also conducted a similar study of supermarket shoppers in Houston,
Texas. This study indicated that consumers who had attended a college/university, consumers
with larger household size, and fat conscious consumers are more likely to try lean meat
products. However, no statistically significant relationship existed between income groups
and the likelihood of trying lean meat products.

Little is known, however, about the sociodemographic characteristics. of consumers in New
Zealand who have purchased lean meat products. This study, therefore, aims to investigate
the sociodemographic characteristics affecting the purchase of lean meat products. Fifty three
randomly selected shoppers at three supermarkets were interviewed in Palmerston North
during the period August-September 1992. The survey instrument, which included questions
regarding the purchase of lean meat products as well as sociodemographic information, was
administered through personal interviews. The three supermarkets selected were Food Town,
New World, and Wool Worth.

Model Development

Some of the studies conducted (e.g. Capps et al. 1988 and Goodwin and Koudele 1990)
related to meat consumption utilized qualitative choice models such as the linear probability
model, the probit model and the logit model in their analyses. Logit and Probit analyses,
however, are preferred to the linear probability model when qualitative choice models are to
be estimated since the latter suffers from a number of deficiencies. Among the deficiencies
of the linear probability model are :(a) non normality of the disturbance terms;(b)
heteroscedastic variances of the disturbances; and (c) non-fulfilment of 0 < E (Yi/x) < 1
(Gujarati 1988).
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Logit models are employed in the analyses to circumvent the inadequacies of the linear

probability model and because of the dichotomous nature of the dependent variables that are
used. :

Suppose Y is an experimental unit of an observation that can have one of two possible values:
Y is equal to 1 if the consumer purchased lean meat and O otherwise. Further, suppose X is
a vector of independent variables and p = Pr (y = 1/x) is a response probability. Hence the
logistic probability can, therefore, be specified as :

Logit (p) = log (o / (1-p)) = ot + Px
where a is an intercept and B’ is the vector of independent variables.

Maximum likelihood technique is used in the estimation of the models. This technique
requires the use of an iterative algorithm and assumes the large-sample properties of
consistency and asymptotic normality of the parameter estimates so that conventional tests of
significance are applicable.

The logit models are specified as:
Lean=0y, + ¢, Health + ¢, Price + 0; Sex + o, Marriage + 05 Education

+ o, Ethnicity + o, Age + 0 Income + o, Incomel + ¢, Size

+ o, Employment. '
where Lean is equal to 1 if the respondent purchased lean meat products and 0 otherwise
(referred to as Model 1). To augment the analyses, four more models (referred to as Models
2 to 5) are estimated for each type of meat product (beef, pork, lamb, chicken) using the same
set of independent variables.

The description of the independent variables is presented in Table 1.

Table 1. Data Description of Independent Variables

Variable Description
Health Extremely concern (5) - Not at all (0)
Price Extremely conscious (5) - Not at all (0)
Sex 1 if male, 0 otherwise
Education 1 if college, 0 otherwise
Age Absolute age
Marriage 1 if married, 0 otherwise
Ethnicity 1 if white, 0 otherwise
Income 1 if $ 27000 - $ 33000, 0 otherwise
Incomel 1if > $ 33000, 0 otherwise
Size Household size
Employment 1 if employed, O otherwise

This study focused on the hypotheses that several variables affect the decision to purchase
lean meat products :(1) health concerns; (2) price consciousness; (3) sex; (4) education level;
‘(5) age of consumer; (6) marital status; (7) ethnicity; (8) household income; (9) household

size; and (10) employment status.

It is hypothesized that consumers would purchase lean meat products due to health and
nutrition concerns. Consequently, the higher the degree of concern by consumers for health
and nutrition, the more likely they will try lean meat products. This hypothesis is supported
by Capps et al. (1988).

It is also expected that consumers who are price conscious are less likely to purchase lean
meat products because of the price premium usually commanded by lean meat products.
Consequently, differences in the probability of trying lean meat products may occur across
income groups as well. It is expected that income is positively related to the probability of
consuming lean meat products.

Consumers who have attended a college or university, due to their assumed exposure to health
information, are expected to be more likely to try lean meat products than consumers who
have not attended a college or a university. Redman (1980) found a positive correlation
between consumers who have attended college and nutrition-conscious consumers. It is also
hypothesized that age of consumer is positively related to the probability of consuming lean
meat products. Skaggs et al. (1987) revealed that older consumers are more likely to eat lean
meat products than younger consumers.

Household size is expected to be positively related to the probability of consuming lean meat
products. Capps et al. (1988) revealed a positive relationship between household size and the
likelihood of trying lean meat products in their study.

Empirical Results

Descriptive Statistics

The descriptive statistics of the independent variables utilized in the analyses are presented
in Table 2. The means of the binary variables represent the proportion of respondents that
fall into each category. In this sample, over 88 per cent of the respondents purchased lean
meat products. Most of the respondents are also concerned about health and nutrition, basing
from the average response of 3.44. Likewise, the majority of the respondents are price
conscious as reflected by the high average response of 3.78. Approximately 62 per cent of
the consumers are married. Average age of the respondents is 44 years old. Forty four per
cent of the respondents are male and 46 per cent have attended a college or university.

The survey was fairly well dispersed across consumer income groups. Approximately, 40 per
cent of the respondents have annual household income of less than $27000, 36 per cent have
annual household income between $27000 and $33000, and 24 per cent have annual
household income of more than $33000. .Roughly 80 per cent of the respondents are white,
and the average household size is about 2.60. Seventy per cent of the respondents are
employed.
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. Table 2. Descﬁpﬁve Statistics of the Independent Variables

Variable .~ Mean Standard Range
Deviation

Health Concérn - 3.440 0.951 1-5
Price Consciousness 3.780 0.764 2-5
Marriage 0.620 0.490 0-1
Sex 0.440 0.501 0-1
Education . 0.460 0.503 0-1
Ethnics 0.820 0.388 0-1
Income 0.360 0.495 0-1
Incomel ' 0.240 0.485 0-1
Household 2.620 1.524 1-7
Employment 0.700 - 0463 0-1
Age 44.200 15.439 19 - 83

Model 1 Results

The logit model was estimated using maximum likelihood technique. Parameter estimates and
the relevant statistics including the changes in probability are presented in Table 3. Although
statistically insignificant, consumers who are concemed about health are more likely to
purchase lean meat as indicated by the positive sign of the health variable. The relationship
between price consciousness and the likelihood of trying lean meat products is not statistically
significant, ceteris paribus.

Surprisingly, male consumers are more likely to try lean meat products than female
consumers. This variable is statistically significant at the 0.10 level of significance. In
accord with prior expectation, the older consumers are more likely to try lean meat products
than the younger consumers. With a unit increase in age, the probability of trying lean meat
products increases by 0.004. This variable is statistically significant at the 0.20 level of
significance.

Education is not a significant factor affecting the likelihood of trying lean meat products.
Interestingly, nonwhites are more likely to try lean meat products than whites. This finding
is generally consistent with the Adrian and Daniel (1976) study which revealed a positive
relationship between fat intake and being a white individual.

Income is not a significant factor affecting the probability of trying a lean meat product. This
result is not consistent with the finding of the Capps et al. (1988) study. The results of the
Capps et al. study indicated that a statistically significant relationship exists between income
groups and the likelihood of trying lean meat products.

" As expected, although not statistically significant, the likelihood of trying lean meat products
increases with increases in household size. On the other hand, employed individuals are more
likely to try lean meat products than unemployed individuals. The change in probability of
the employment variable is 0.134. This variable is statistically significant at the 0.20 level

of significance. This result is consistent with prior expectations.

Table 3. The Maximum Likelihood Estimates of Model 1

Variable Parameter Change in Probability

Health Concern 0.049 0.002
(0.659)

Price Consciousness 1.077 0.045
(0.796)

Marriage -0.143 -0.006
(1.386)

Sex 2.654” 0.112
(1.461)

Education -1.375 -0.058
(1.496)

Ethnics -2.707 -0.114
(1.706)

Income -1.703 -0.072
(1.434)

Incomel -2.689 -0.113
(2.005)

Household 0.253 0.011
(0.387)

Employment 3.190 0.134
(2.081)

Age 0.093™ 0.004
(0.066)

ercentage of right predictions = 80%

Standard errors are in parentheses.
“Significant at the 0.1 level
™*Significant at the 0.2 level

A measure of the goodness of fit of the logit model involves the correct classification of the
consumers into two categories: whether they were correctly classified as having purchased
lean meat products or not based on the maximum likelihood estimates. Using a 50-50
classification scheme, the logit model correctly classifies 80 per cent of all responses.

Models 2-5 Results

This section presents the consumers’ characteristics affecting the likelihood of purchasing
various types of lean meat products (beef, pork, lamb and chicken). Goodwin and Koudele
(1990), Wallendorf and Reilly (1983), and Blaylock (1983) have analyzed as well the effect
of sociodemographic characteristics of consumers in the United States on the likelihood of
purchasing various meat products,

As exhibited in Table 4, although no variable is statistically significant in the beef model
(model 2}, some signs in the independent variables like health, age and employment status



161

are consistent with prior expectations..

Table 4. Maximum Likelihood Estimates of Models 2-5

Variable © Beef Pork Lamb Chicken

Model 2 Model 3 Model- 4 Model 5
Health 0.242 0.334 0.358 -0.090
(0.451) 0.473) (0.455) (0.528)
Price - 0.169 0.516 -0.549 -1.687
(0.605) (0.669) ~ (0.666) (0.749)
Sex 0.208 0.717 -0.211 0.593
- (0.855) (0.879) (0.830) 0.976)
Age 0.022 -0.023 0.086™ 0.003
(0.038) (0.045) (0.048) (0.045)

Education -0.185 1.835™ 21077 0.383 |
(0.978) (1.130) (1.083) (1.060)

Ethnicity -0.826 0.515 -2.392™
(1.432) (1.272) (1.521)
Marriage -0.314 0.645 -1.768™ 0.251
(1.062) (1.046) (1.256) (1.080)

Income -0.390 -2.625" -0.643 -2.063™
(1.223) (1.304) (1.078) (1.335)

Incomel 0.521 -1.873™ -0.340 -1.819™
(1.320) (1.309) (1.217) (1.384)

Household -0.319 0.267 0.074 -0.765™"
(0.384) 0.334) (0.330) (0.409)
Employment 0.583 -0.756 -0.526 1.439
(1.255) (1.168) (1.142) (1.399)

Standard errors are in the parentheses
) Significant at the 0.05 level
Significant at the 0.1 level

= Significant at the 0.2 level

With respect to model 3, results indicate that consumers who have attended a college or a
university are more likely to purchase pork than those who have not attended a college or
university. Interestingly, consumers with annual household income of at least $27000 are less
likely to try pork than those with annual household income of less than $27000.

In terms of model 4, age is positively related to the probability of trying lamb. This variable

is statistically significant at the 0.1 level of significance. The education variable is also

statistically significant at the 0.1 level of significance. Consumers who have attended a

college or a university are more likely to purchase lamb than those who have not attended a

college or university. Results also indicate that married consumers are less likely to purchase
" lamb than the non-married consumers.

Findings frorﬁ model 5 indicate that a negative relationship exists between the degree of price
consciousness and the likelihood of trying chicken. This variable is statistically significant

at 0.05 level. Four other variables are statistically significant at the 0.2 level. For instance,
whites are less likely to try chicken than nonwhites. In addition, household size is negatively
related to the likelihood of trying chicken. As in the pork model, respondents with annual
household income of at least $27000 are less likely to purchase chicken than those with
annual household income of less than $27000.

Concluding Remarks

This study revealed some factors that significantly affect the purchase of lean meat products.
As mentioned earlier, there are indications that consumers are shifting their demand for meat
toward leaner products due to health and nutrition concerns. To meet consumers’ demand,
meat industries and meat retailers should take into account consumers’ characteristics which
affect the demand for their meat products. In fact, many firms in the food industry are
already moving away from a mass marketing type of approach toward target marketing
(Kotler 1983).

This study attempted to identify some sociodemographic factors affecting the purchase of lean
meat products. In light of increased concerns by consumers for health and nutrition, an
opportunity exists in marketing lean meat products to consumers. The models developed in
this study provided a profile, in terms of the sociodemographic characteristics, of consumers
who were more likely to purchase lean meat products. Although done as a pilot project, the
results of this study should appeal to meat producers and processors who want to anticipate
future market changes and derived demands for their products. Due to the sample considered
in this study, however, care should be used in generalizing results to regional or national
levels. Perhaps, a follow-up research using a national survey will shed more light on this
topic.
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PRICE DYNAMICS OF MEAT PRODUCTION 07
T.L. Gundry 250,04
N.Z. Meat & Woo! Boards' Economic Service . Mo
P.O. Box 5179, Wellington “3 . § is0.04
: 3 g F2cy 100,01 '
SUMMARY § d . U U ool ’
This paper has been presented to provide some understanding of the 0.04 E

price levels that drive changes in production and ultimately changes in
the national livestock base. Because the majority of New Zealand's
meat production is exported, production changes both within a livestock
type and between livestock types, reflect changes in international market
prices and exchange rates. Shifts in meat production in response to
price changes are evident from 'the analysis of gross margins and
examination of price signals and trends over time. . Figure 2
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World Sheepmeat Production & Trade
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THE INTERNATIONAL SITUATION

World Suppl

Contrary to common perception, the N.Z. meat industry is very small in
the context of global production. The total annual world meat and fish
protein supply is around 249 million tonnes. New Zealand's red meat
production contributes 1.1 million tonnes (0.4%) to this (Figure 1).

SR Sheepmeat MI11ton Tonnes

Of significance to the New Zealand meat industry is the high proportion

of production which is traded internationally. Around 90 per cent of

annual lamb production and 70 per cent of mutton production are

exported each year. Of the 7.0 million tonnes of the world sheep meat

produced, around 0.8 million tonnes (12%) is traded internationally. New .

Zealand sheep meat exports account for 45 per cent of this traded Figure 3
volume (Figure 2). Lamb is New Zealand's most diversified meat export 0.0
with the top 5 markets in 1991-92, (U.K, Germany, France, Iran and
Saudi Arabia), accounting for 53 per cent of exports. 0.0k

Worid Prodn
NZ Exports:

Traded Volume

Yorld Beef Production & Trade
(million tonnes)

Though around 80 per cent of New Zealand's annual beef production is
exported, the contribution from this to the international beef trade is of
a smaller magnitude than for sheep meat. For beef, of the 51.4 million
tonnes of annual world beef production, 4.4 million tonnes (8.5%) is
traded internationally. New Zealand's annual beef exports account for
around 5.5 per cent of this traded volume (Figure 3). Beef is New
Zealand's least diversified meat export with 76 per cent of shipments in
- 1991-92 going to the U.S. North America the largest beef producing
nation is also the largest beef consumer. In fact, North America is a
net importer of beef and is reliant on net exporting countries such as
" Australia and New Zealand to maintain their level of beef consumption.
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o

NZ Exporis
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¥
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Source: FAO Production Yearbook 1991
FAQ Trode Yearbook 1990
USDA FAS World Livestock Situotion October 1992
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The Realities of International Trade

Trade Barriers & Access:

There are potentially many gains to be made in the meat industry from
free trade. Currently, many markets are not free and are subject to
quotas, tariffs, and ceilings on access (Table 1). For example, the 1993
activation of the U.S. Voluntary Restraint Agreement (VRA) effectively
reduced New Zealand's access to the U.S. beef market by 10,000 tonnes
(5%) at a time when New Zealand's beef production is increasing.

Table 1: ~ Meat Market Conditions and Exports 1991-92
(September year)

Per Cent of
Market Exports Importing Country Conditions

Lamb and Mutton EC 49 N.Z. Export Ceiling 205,000

tonnes. .
Iran 14 Single buyer, Halal slaughter.
Japan 8’ No restrictions, development mkt.
Saudi Arabia 4 Halal slaughter, Arabic labelling.
Canada . 2 No restrictions.

Beef usAa 76 Meat Import Law annual ceiling.
Canada 5 Meat Import Act-scope for quota.

(25% tariff introduced June 1993).

Japan 2 Tariff 50% from 1 April 1993.
South Korea 5 Minimum global quota, tariff 20%.

Tender system.

1 Includes South Korea where imports are processed and re-exported,

mainly to Japan.

Source: N.Z. Meat & Wool Boards' Economic Service
N.Z. Meat Producers Board

Any change brought about from GATT to liberalise international trade is
likely to be beneficial to New Zealand in enabling us to further develop
our competitive advantage in primary production. However, there will
be no guarantee of long lasting benefits as any reforms that take place,
will apply to our competitors also.

The future therefore sees a clear need for continual development of

products and markets to ensure that the preference and premium for
New Zealand meat is maintained or increased.

Leverage & Domestic Prices:

‘The reliance of production on exports means that world prices and the

exchange rate determines farm gate prices. The change in domestic

- price though is frequently greater than the change in international price,

i.e., there is a leverage effect. In general, the higher the processing

- and handling charge component in the FOB value of an export product,

the greater the impact on farm gate price of a change in world price
(or exchange rate).

LIVESTOCK TRENDS

N.Z. agriculture is dominated by 3 types of livestock - sheep, beef
cattle, and dairy cattle. On a stock unit basis these livestock classes
represent 97 per cent of total livestock. Potentially each of these
livestock types will compete with the others for available grazing.

It is relatively easy for producers to alter their mix of sheep and cattle
to suit current economic conditions and preferences. Figure 4 shows the
trend in sheep and beef cattle numbers over the period 1971 - 1993 and
the substitution which has taken place between those two livestock
types. The main driving force behind this substitution is relative
profitability between sheep and cattle.

Following the severe oil shock in 1973-74 New Zealand faced a massive
increase in the cost of oil imports. To generate increased foreign
revenue the government embarked on policies to increase production in
the primary sector by making available development loans at
concessionary rates. Supplementary minimum prices were also introduced
at around this time but remained inactive up until 1981-82 for sheep
products. The expansion of the sheep flock and the decline in cattle
numbers through the late 1970s was driven by market prices favouring
sheep.

In 1980-81 on farm inflation reached 23 per cent. This placed the
export sector under pressure as world market prices were insufficient to
compensate for high domestic inflation. Though the exchange rate was
successively devalued over the following years the government guaranteed
supplementary minimum prices became the price paid to farmers for
wool, lamb and mutton through to 1984-85. Figure 4 includes bar graphs
showing the relative total amounts and timing of supplementary support
included in farm gate prices received. All price support ceased in
1984-85.

The increase in beef cattle numbers over the last 5 years was the result
of higher beef cattle profitability relative to sheep. The large falls in
both sheep and cattle numbers from June 1988 to June 1989 reflected
the severe drought conditions that affected much of the country during
the 1988-89 season.

Over recent years, the number of dairy cows in N.Z. have increased.
This in turn has led to the increased availability of dairy calves
available to rear for beef production which has been the trend in the
1980s. Figure 5 shows this with the ratio of beef cows in the herd
declining relative to the export cattle slaughter. i.e., the beef herd now
has a greater proportion of "trading”" stock.
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PRICE SIGNALS & PRODUCTION TRENDS
Sheep vs Cattle

Regional gross margins generated from Economic Service Sheep and Beef
Farm Survey data show the relative profitability between sheep and beef
cattle (Table 2). These gross margins presented in Table 2 sum up the
economic response from all sheep and beef farms in each region. While
gross margins for individual farms may lie above or below the regional
averages, the underlying price dynamic that drives changes in sheep and
cattle numbers can be observed from these gross margins.

It is not by chance that 43 per cent of the beef herd is located in
North/South Auckland, and 8 per cent of the beef herd in
Otago/Southland. There are sound economic and practical reasons for
this which the gross margin analysis sums up.

Table 2: Regional Sheep & Beef Cattle Gross Margins - 1991-92

Sheep? Cattle? GM
GM GM Difference

$ per SU $ per SU $ per SU
North/South Auckland 16.14 32.12 15.98
East Coast 17.13 28.84 11.71
Taranaki/Manawatu 17.48 25.92 8.44
North Island 16.98 30.26 13.28
Marlborough/Canterbury 23.28 27.35 4.07
Otago/Southland 23.22 22.45 -0.76
South Island 23.39 25.88 2.49
New Zealand 20.35 28.85 8.50
Source: Department of Statistics

N.Z. Meat & Wool Boards' Economic Service

The relative change in gross margins for sheep and cattle over time is
shown in Figures 6 and 7 where the graph line traces the ratio of beef
cattle to sheep gross margins. The effect of inflation is removed by
presenting the relationship as a ratio. While historically the relationship
has been similar in both islands, currently the gross margin in favour of
beef cattle is much higher in the North Island than in the South Island.

In particular, the gross margin advantage for beef cattle relative to
sheep in North-South Auckland saw sheep numbers decline 40 per cent
from June 1985 to 1993.
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North/South Auckland The traditional beef management system has a beef breeding herd
2.2 i ] producing calves. Bull calves are castrated and raised as steers for
2.04 slaughter. Heifer calves replace cows within the breeding herd. In
. recent years many of the bull calves have been left as bulls to achieve
1.8+ 7 higher growth rates. While this management system is still practised

around the country, another system relying on the dairy herd has come

1.6+ . . :
: into prominence.
14+ 0 /
1.24 This alternative systern purchases bobby calves from the dairy herd and

ks L raises these as bulls or steers for slaughter. The advantages of this are
1.0+ - two-fold. Firstly there is no capital overhead tied up in a beef breeding
SN ’ herd, so more capital can be used for direct income generation.

0.87 : ¥ Secondly, more grazing is available to slaughter animals as there is no
0.6+ - breeding herd to feed.
04T e ’

The number of bobby calf retentions for beef production have been
0.2+ ) increasing over recent years. For the 1992-93 season a number of dairy
calf retentions for beef production were estimated at 734,000 which was
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_ &2 around 40 per cent of the total calves entering the beef herd. This
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Year This increase in the input of dairy beef calves into the beef herd has
Source: N.Z. Meat & Wool Boards Economic Service helped drive up the gross margin trend for North-South Auckland cattle
Sheep & Beef Farm Survey ’ shown in Figure 6.
01 JUL 1993
Figure 8 shows that in 1970-71 there was little variation in cattle gross
margins among Class 4 North Island Hill Country Farms. In comparison,
Figure 7: Figure 9 shows that in 1990-91 there was a much greater variation in
. . cattle gross margin. The average proportion of beef breeding cows in
Cattle to Sheep Gross Margin Ratio the herd in 1970-71 was 40 per cent, and purchases as a per cent of
South Island cattle at open were 19 per cent. In 1990-91 the average number of
2.2 - cows in the herd had declined to 27 per cent while average purchases as
' ) a per cent of cattle at open had increased to 36 per cent i.e., the
207 amount of "trading" had increased and reflects increased base of dairy
1.8+ origin cattle in the beef herd.
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Heavy weight lambs vs light weight lambs

Increasing Margin Between Seasons:

The margin for producing medium to heavy weight lambs over light
weight lambs has been steadily improving over recent years (Table 3).
In 1979-80 the average differential between a 11.9 kg PL lamb and a
14.4 kg PM carcase was $2.74 (+19%) including skin and 1 kilogram wool
pull. By 1992-93 this margin had increased to average $9.26 {+30%) per
head. A similar analysis of PX over PM lambs shows that in 1979-80
the margin of a 17.3 kg PX lamb compared with a 14.4 kg PM lamb was
$1.48 (+9%) and compares with a $8.64 (+21%) margin in 1992-93.

The additional revenue from putting an extra 2.5 kg onto a light weight
lamb in 1979-80 was $1.18 per kg (carcase only). This increase at the
margin was in fact very high given that the average PL schedule in
1979-80 was $0.88 per kg and the average PM schedule was $0.93 per
kg. The additional revenue from putting on an extra 2.8 kg in 1892-93
equated to $3.14 per kg. This compared with the PL payment $2.03
per kg and PM payments of $2.24 per kg. Figure 10 illustrates these
trends.

In the earlier years, there was less difference in the total return
particularly between the PM and PX grades than today. Since 1985-86
the price differential between grades has been more distinct.

Increased Weight vs Leanness:

The increased margin from producing leaner lambs (i.e., YM vs PM) is
less significant than the increased margin from producing heavier lambs
(i.e., PM vs PL). Waldron et al (1992), compared carcase returns of
lambs at a constant feed cost, and showed that the relative economic
value of increasing carcase weight by 1 kg was 2.82 times the value of
decreasing GR (a measure of Leanness) by lmm.

Production change:

Lamb producers have responded to the increasing price differential
between grades by producing a greater proportion of heavy weight lambs.
In 1975-76, light (PL, YL, TL and FL grades) and medium (PM, YM, TM,
and FM grades) weight lambs contributed 85.4 per cent to total
production. The contribution from heavy weight lamb production (PX,
YX, PH, TH and FH grades) in the same season was 14.6 per cent. For
the first 6 months of 1992-93 the contribution from light weight lambs
had decreased to 72.1 per cent while the contribution from heavy weight
lambs had increased to more than a quarter (27.9%) of bone-in lamb
production (Table 4).
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Table 3: P Grade Lamb Margins - $ Per Head
Margin Margin Margin
" Year PM - PL PX - PM PX - PL
{$/head) ($/head) ($/head)
1979-80 2.74 1.48 4.22
1980-81 3.44 2.61 6.05
1981-82 5.53 5.43 10.96
1982-83 5.36 4.51 9.87
1983-84 4.98 3.24 8.22
1984-85 3.11 5.39 8.50
1985-86 4.44 -0.42 4.02
1986-87 7.02 3.35 10.37
1987-88 4.19 2.10 6.29
1988-89 7.47 3.87 11.34
1989-90 9.73 7.51 17.74
1990-91 6.13 8.97 15.10
1991-92 8.01 8.65 16.66
1992-93 9.26 8.64 17.90

Source: N.Z. Meat Producers Board

N.Z. Meat & Wool Boards' Economic Service
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Climate and Risk:

It must be recognised that in some regions the production of heavy
weight lamb may not always be possible. For example, climatic
variation may make it a non-viable option in some regions. In addition,
there is a certain amount of risk associated with carrying lambs to
heavier weights.

The margin between the different grades can vary within a season. The
risk in holding lambs to heavier weights is that the margin between
grades may close, or alternatively, the actual schedule may fall. In
either of these situations it might have been better to have quit stock
earlier, freeing up pasture as well as cash flow. The differential in per
head payments between PL and PM grades closed from 38 per cent in
1991-92 to 30 per cent in 1992-93. In part this closing gap reflected
strong competition for reduced supplies of lamb.

A further element of risk, is the over-fat grading of lambs. Referring
to Table 5 it can be noted that the proportion of lambs grading over-fat
has decreased in the last decade. In 1983-84, 33 per cent of heavy
weight carcases (PX, PH, YX, TH, and FH grades) were TH's and EFH's.
This compares to 12 per cent in 1992-93.

In general, it can be more profitable to produce heavier lamb grades
provided this can be achieved without slipping into the discounted heavy
"over-fat" TH and FH grades. As long as the market continues to
demand a high" proportion of processed product in the future, the
incentive paid for producing lambs of heavier grades will remain.

Table 4: Heavy & Light Weight Lamb Percentages
Year Heavy Light & Med
(% Tonnes) (% Tonnes)
1975-76 14.6 85.4
1980-81 8.6 91.4
1985-86 17.0 83.0
1986-87 13.4 86.6
1987-88 19.1 80.9
1988-89 13.1 86.9
1989-90 17.7 82.3
1990-91 20.3 79.7
1991-92 23.8 76.2
1992-93 27.9 72.1

Note: 1992-93 data = 6 months only

Source:

N.Z. Meat Producers Board

N.Z. Meat & Wool Boards' Economic Service




651

Table 5: Percenﬁage of Export Lamb Slaughter Graded Over-fat
1983-84 1985-86 1987-88 1989-90 1992-93

TH & FH as % all

heavy weight lambs 32.8 11.9 15.3 13.5 12.0
T™ & FM as % all .

medium weight lambs 8.3 3.3 3.8 2.9 2.0
TL & FL as % all

light weight lambs 0.7 0.3 0.3 0.2 0.1
Source: N.Z. Meat & Wool Boards' Economic Service

N.Z. Meat Producers Board

SUMMARY

The New Zealand meat supply is small on a world scale. Despite this
international markets and prices are important as the majority of New
Zealand meat production is exported. At the farm gate level there is
clear evidence that prices received dictate trends in livestock numbers
and mix of livestock types.

The examples used show that within and between livestock types there
have been production shifts in response to market signals. The evidence
presented shows that sheep and beef production has always been driven
by the. trend in prices received at the farm gate.
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- Appendix 1:

Lamb and mulon is classilied according to the maturily of the
carcase (lamb, hogget or mution), sex, fat content (GR measure},
X weight and in some cases muscling.
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Muscling ciass

Beta Lamb is a specialised class. A very young milkled lamb weighing less than 7.5 kg. Moderately to well muscled witn an even but not excessive

fat cover.

Excessively vellow coloured carcases are not eligible for expon.

! Devoid of fat A ppe carcases that are in the L weight range are classed as resmcted YL.

2 ~Legg\™ carcases from the PL and PM classes are classed as restricted PL and PM Producers receite the same payment for “legg " carcases and no separate
identification appears on the killing sheets.

3 See Muscling Class.
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RISK MANAGEMENT STRATEGIES APPLIED TO THE CHERRY INDUSTRY IN

MARLBOROUGH

M P Kearney and M D Neal
Agriculture New Zealand, Nelson and Blenheim.

SUMMARY

Rain damage is a serious problem for cherry orchards. Over the period 1942 to 1993
rain damaged crops in Marlborough in 3 out of 4 years. Susceptibility to damage from
rain varies by variety. The optimal variety mix was investigated taking risk into account
using target Motad. ‘Results suggest that a change in variety structure would benefit
growers by reducing risk for similar returns. Covering is another major way to reduce
the effect of rain damage. This was lnvestlgated for one variety but was found to be
highly uneconomic.

Keywords: risk, rain damage, cherries, target MOTAD.
INTRODUCTION

The cherry industry in New Zealand is a small industry. Marlborough grows 60% of
New Zealand cherries, with the remainder being produced in Central Otago. The
Marlborough cherry industry comprises some 26 growers and 150 hectares producing
a crop of around 500 tonnes per annum. Approximately 60% of the crop is exported
to a range of markets with Japan being important. The remainder is split between
fresh sales to local market and process/waste.

The distinctive feature of the cherry industry. is its susceptibility to rain damage. The
effect of rain close to harvest makes it perhaps the most risky horticultural industry in
New Zealand. One rain event can completely ruin over 4 to 10 days of crop ready for
harvest depending on the severity of rain and variety susceptibility to rain damage.

There are other sources of risk such as mafket returns, variation in yields, frost and
hail. There are also financial risks such as debt loading and failure to meet fixed
commitments. However the main risk to cherry growers is from rain damage.

The purpose of this paper is to provide information that will allow growers to better
manage risk on their individual properties. The paper will firstly quantify the level of
risk applicable to cherry growers from rain damage in Marlborough. Secondly it will
test strategies for reducing risk by changing variety mix and covering.

. The paper will firstly outline the probability of rain over the harvest period in

Marlborough. Secondly it will explain how rain effects cherries. It will discuss the
different susceptibility of varieties to rain damage and outline the mechanism for

-calculating the rain damage. The average damage affecting each variety will be shown

as well as some descriptive statistics showing the probability of occurrence over a
period surveyed.

Finally having identified the present level of risk that growers face, two alternative
strategies will be tested to see whether they can help growers reduce the amount of
risk they face from rain damage. Firstly the affect of changing varieties on overall risk
to the growers will be considered. Secondly the value of covering the cherries with
plastic will be analysed.

RAINFALL

Analysis of monthly data over the period 1942 to 1989 (Revfeim, Saville) shows that
December and January have the lowest total rainfall and lowest number of rainfall
events. However when it does rain each event is heavier than in other months of the
year.

The period of interest for cherries is around harvest. Although harvest in a normal
season goes from 28 November to 15 January, the appropriate period for assessing
rainfall affects extend forward from the start of the harvesting season. Therefors the
period to consider when assessing rainfall events is from 20 November to January 15.

Over this harvest period, there were no significant trends in number or severity of
rainfall events over this period based on analytical research (e.g. harmonic splicing)
and examination of the data. As figure 1 shows rainfall appears to be a random event.
There does not appear to be any trend in the average, nor does the standard
deviation appear to follow any significant trend over the season. Therefore it has been
assumed that there is no trend over the season, and that rainfall is equally likely to
occur on any day of the season, with random severity.

Rain in Blenheim over Cherry Harvest
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Figure 1

The rainfall data is shown as a table in appendix 1. All rainfall greater than 1mm for
the period from 15 November to 15 January is shown for the last 52 years i.e. from
1942 to 1993. Please note that the data is continuous. ie. it shows the picture over
one season. Therefore for the 1993 season the data shown as
November/December/January is actually November/December 1992 leading onto
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January 1993. Although the data is recorded on a calender basis, for this analysis we
are interested in converting it to a seasonal basis.

The data from 1842 to 1989 s based on New Zealand Meteorological Service records
from the Blenheim township. From January 1990 to 1993, the weather station based
at the Mariborough Research Centre is used as a source of the data. Although there
is approximately 1km between the two sites, it is not felt, from local knowledge, that
there is a significant difference in the incidence or severity.

The probability of rain occurring on any one day of the harvest season is quite low.
As Table 1 shows, 75% of the time there will be no rain event on any given day. In
fact damage does not occur until rainfall greater than 8 mm has occurred. Therefore
a rainfall event that can do some damage to cherries has a probability of under 6% of
occurring on any one given day.

Table 1: Probability of rain on any one day in harvest period

AVERAGE
Daily Rainfall (mm) Number %
0 39.3 75.4
0.001-8 8.9 19.0
8.001 - 15 1.5 2.9
15.001 - 50 1.3 ~ 25
50.001 + . 0.1 0.2
52.1 100.0

However the picture is different over a season. Over the past 52 seasons there have
been no years without any rain over this period. However some years are wetter than
others. For example 1992 and 1993 were wet seasons compared to 1990 being a dry
year. However, it is dangerous to consider averages or totals over a season when
analysing an event like rainfall damage to cherries. It enly needs one day with a
moderate rain event to cause significant damage to the crop.

DAMAGE MODEL

The rriair] reason that cherries split is water on the outside of the fruit. This water is
absorbed into the fruit due to osmotic differences between the inside and outside of

the fruit. This causes rapid expansion of the cherry beyond the elasticity of the skin.
Hence spiitting occurs. Therefore the major factors influencing the damage due to
a rainfall event is:

- the amount of rain
- duration of rain (leading to fruit being wet for 1 to 2 days)
- variety susceptibility

Temperature also affects the rate of uptake of water but it is felt that this a minor
influence on splitting so it was not considered further.

The major factor of influence is how much cherry split is the amount of rainfall that falls

within two days. The damage levels that we have used as a basis for assessing
damage in this paper are shown in Table 2:

Table 2: Rainfall causing damage by group

Amount of rain/2 days Class
0 -8mm 0 No damage
8.01 - 15mm E 1 Light
15.01 - 50mm : 2 Medium
50 + mm 3 Severe

Rainfall is grouped over 2 days partly due to the way data is recorded, and also to
reflect the length of time that cherries are damp. Rainfall is recorded for the day
ending at 9 am in the morning. Therefore two days records might show that the first
day has 1mm of rain and the second day having 8mm of rain. In fact it would be one
rain shower starting at 8 o’clock in the morning and finishing at 11 o’clock in the same
morning. As far as the cherries are concerned 9mm of rain fell on them, and there
would be some damage. Therefore, it was felt that it was more appropriate to use two
days to trigger damage classes.

The other factor influencing the decision to use two days rather than one day is that

-while weather records may show that rain has stopped, tree’s take a considerable time

to dry after rain has stopped.

There is considerable variability between varieties and their susceptibility to rain
damage. As figure 2 shows, varieties such as Sam and Stella (new improved strains),
are affected less by rain damage than varieties such as Bing and Rainier. These
damage curves are based on limited scientific work done by the Marlborough
Research Centre, with the main source being grower and consultant experience of
what happens in the district.
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Figure 2

To see how the damage curve works let us take Bing as an example. Say there was
a rainfall event of between 15 and 50 mm on day one. The damage curve implies that
this one rainfall event will affect fruit ready to be harvested in the following way.

The day of rain, 100% of the fruit ready to be harvested will be split and be unsaleable.
Two days after rain, fruit ready to be harvested will be 100% damaged.

Three 100% damage.
Four 100%
Five 83%
Six 66%

and so on it goes until 10 days after the rain there is no damage.

Cherries do not ripen all at the same stage.  Some are ready for harvest earlier than
others. The susceptibility to damage is related to ripeness of the fruit not to calender
date. Therefore one rain event will damage.that proportion of the crop that is ready
to harvest over the next 3 to 10 days. There may still be a significant quantity of fruit
from that variety which is not affected, because the fruit is not ripe enough.

SIMULATION OF DAMAGE

The damage models for each variety incorporating the above points were applied to
rainfall events for the previous 52 years. Actual weather data was used rather than
generated data from probability distributions such as is seen in literature. It was felt
in the case of rainfall, 50 years of data is a long period. Although history will not
repeat itself exactly, the previous 50 years should give some guideline as to what may
be faced in the future. While it would be possible to generate 50, 100, 250

years of rainfall data based on probability distributions and assuming sufficient
computer hardware, this would serve little extra purpose. In this case 50 samples

‘were believed to be adequate.

The overall d'amag'e due to rain over the period 1942 to 1993 is shown in Table 3. The
district average damage.level is 28.5%. This is an average of some years with no

damage compared to other years with higher levels of damage. It averages damage
ng to the current production from each variety over

occurred for each variety accordi
the district.

Table 3: Overall

damage due to rain 1942 - 1993

Variety % of crop
Rainier 39.2
Sam 10.8
Dawson 29.5
Lambert 28.7
Stella 11.4
Bing 33.0
Merton 10.8
District Average 28.5
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Figure 3 shows the rain damage for the whole district in more detail. Approximately
24% of the time there will be no damage. That is one year in four there will be no
damage due to rain. Of the other 3 out of 4 years damage trends downwards from 10
and 20% per annum to very low occurrence of 100% damage (0.4%).

There are significant differences between varieties. Sam and Stella at around 11% are
significantly lower than the major varieties at the moment of Bing and Dawson.
Dawson averages at 29.5% compared to Bing at 33%. These overall damage levels
relate very closely to the difference shown in the damage curve shown in Figure 2
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above.

Within each variety there are significant differences in how the damage occurs. For
example Bing has 21% probability of no damage i.e. one year in five there will be no
rain damage for Bing. Most of the damage is low except for a 30% probability that
damage will be between 40 and 50%. Therefore for Bing damage is either non-
existent or quite significant at 30 to 40%. ’

This is in comparison to Dawson Where damage is more evenly spread across the
range. The largest grouplng is 10 to 30% where 28% of damage occurs. (See Figures
4 and 5).
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Figure 4

Figure 6 shows the simulated damage that occurred for Bing over the data period.
There does appear to be some repeating pattern of good years (ie no damage)
followed by a period of severe damage followed by a period of good years.
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FINANCIAL RESULTS OF SIMULATION

Table 4 shows the gross margin of each variety ignoring the affect of rain damage.
With the exception of Stella, most of the high profit varieties are extensively planted in
the district. Stella is a relatively new variety which is being planted in greater numbers.
However production is still increasing. Absolute profitability seems to correlate more
with current plantings than the assessment of risk discussed below would seem to
indicate.



691

Table 4: Gross Margin by variety ignoring rain damage

Average . Std cov % years Max Min
Dev negative GM GM
Merton 9,312 3,181 34.2% 0 12,464 1,965
Dawson ‘1 0,439 8,892 85.2% - 25 20,378 (6,749)
Sam 14,091 3,203 22.7% - 0 17,266 6,693
Rainier 5,665 10,366 183.0% 42 19,587 (13,084)
Bing 12,722 11,291 88.7% 23 26,604 (9,154)
Lambert 15,352 11,832 77.1% 21 26,604 (8,752)
» Stella 24,943 6,231 25.0% 0 30,339 8,348

Variety Gross Margin Ranking % of
$/ha : : crop
Stella | 40,690 1 4.2%
Lambert 34,130 2 13.7%
Bing 34,130 3 187
Dawson 23,200 4 28.8
Rainier 23,100 5 20.7
Sam 17,700 6 4.6
Merton 12,500 7 9.1

Table 5 summarises the average gross margins and some summary statistics based
on the simulated data. For each variety, the damage model mentioned in the previous
section was run for each of the 52 years in the study period. The overall damage level
per year was then entered into a gross margin template and the resulting gross margin
was recorded. In affect there are 52 samples of performance after rain damage.

Table 5. Summary of Simulated Gross Margins/ha

Including rain damage levels changes the profit ranking quite significantly. Stella is still
the highest gross margin, but what is noticeable is that it has a very low damage level.
Both Sam and Stella, new varieties, had no years with negative income. In other
words although they did have some damage. the damage was not farge enough to
cause a loss.

At the other extreme Rainier has gone from fiith highest gross margin to the lowest
average gross margin. It has very high standard deviation which is approximately
183% greater than it's average. 42% of the years results were negative due to rain
damage for Rainier. Therefore Rainier does not look very attractive at all when rain
damage is considered.

Merton on the other hand has improved quite significantly. Although the gross margin
is low at $8,312 its standard deviation is very low. There appears to be some
potential of switch between low return, low risk varieties like Merton, compared to Bing
which is a higher return, but also higher risk.

STRATEGIES TO MINIMISE RISK

Two strategies that we considered in this paper were firstly to change variety mix, and
secondly to cover cherries:

CHANGING VARIETY MIX TO ALTER RISK PROFILE

CHOICE OF TECHNIQUE - THEORETICAL BACKGROUND
TECHNIQUE

The standard approach for considering risk and returns is the mean variance
approach developed in the 1950’s. There are some criticisms of this approach. Firstly
it gives more weight to larger variances both negative and positive. However when the
focus is on negative deviations i.e. bad aspects of risk, it is often largely relevant to
penalise larger deviations below the mean more than the smaller deviations (Parton
& Cumming).

Secondly positive risk is treated as equally as negative risk. There is research
suggesting that individuals perceive risk as negative deviations from an ideal outcome
(Boggess, Hanson & Ladd). Individuals are very happy to accept positive deviations
and are not adverse to these at all. However the mean variances approach treats
both positive and negative deviations as one and the same.

Mean variances problems can be solved using quadratic programming. However this
is a cumbersome technique to apply and the data requirements are very intensive
(Hazell, Boisvert & McCarl). Alternative methods have been developed by Hazell
called the MOTAD model. This is a proxy for the mean variances approach focusing
on minimising absolute deviations. It can be solved using linear programming code
and so is often easier to solve in practice. However the MOTAD approach still treats
positive and negative deviations the same.
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Table 6: Summary of points on Risk efficient frontier

Target Income = $46,500

Orchard area = 6 ha
Area Planted
Merton (ha) 0.7 0.7 0.7
Dawson 28 1.9 0.6
Rainier . '
Bing 0:2 1.1 3.2
Lambert 25 2.2 14
Expected Revenue 74,443 75,077 76,126
‘'Mean negative deviation 9,000 10,000 11,678
% negative deviation : 28.8% 28.8% 30.8%
Maximum negative deviations 60,220 70,793 82,286

NB: Merton constrained to maximum production of 8,000kg for marketing reasons.

The variety mix changed with decreasing aversion to risk. At the low tolerance of risk
3.1ha were planted in Dawson, with 1.8ha planted in Lambert. As risk tolerance

- increased there was a swing from Dawson to Lambert.

Referring to the data presented in Table 5, comparing the mean and standard
deviation would suggest that Lambert is a lower risk variety based on the Coefficient
of Variation. However when you consider the maximum and minimum gross margins
for each variety, it appears that Dawson has a smaller range.

Table 7: Variety Ranking

Present After considering Risk
Stella 1 1
Sam 6 2
Lambert 2 3
Bing 2 4
Merton 7 5
Dawson 4 6
Rainier 5 7

Therefore when the Target Motad is comparing the gross margins for a product mix
against its target income, Dawson would be seen as less riskier than Lambert. Here
again is an example of where in the case of cherries, it is more important to consider
the actual data than summary statistics such as the mean or standard deviation.

CHERRY COVERING

Some cherry blocks in the Marlborough district have a plastic covering installed over
the treés for the duration of the season.

The benefits from covering cherries is less damage from rain. Note that covering
reduces damage rather than eliminating it completely. The effect is to shift the damage
curves to the right. ie 15 to 50 mm would lead to the same amount of damage under
covers as 8 to 15 mm without covers.

The benefits of lower damage was analysed using Bing as an example variety.
Applying the lower damage curves lead to a significant reduction in overall damage.

- Average Annual Gross Marain
Damage (%) ($/ha)

No covering 33.0% 12,720
Covered - 14.18% 20,640

Net Benefit $7,920

The costs of covering are the initial setup costs plus ongoing maintenance. The initial
costs are:

Structure $65,000/ha
Cover 25,000
Labour 18,000

108,000
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' An alternative formulation was first proposed by Tauer which has been labelled Target

MOTAD. This approach focuses on minimising negative deviations and is inherently
more acceptable to most individuals. Both MOTAD and target MOTAD do not require
risk preferences to be elicited. The data is presented and the user can make his own
mind up. Therefore he or she can apply their own risk preferences to the data and
make their own decisions (Boisvert & McCarl). Target MOTAD has also been shown
to be more risk efficient than the previous two methods in that it is efficient in both first
and second order stochastic dominance (Watts, Boisvert & McCarl)

Target MOTAD was selected as the appropriate method to use in this situation from

‘both theoretical and practical points of view. Theoretically it seems at least as sound

as other methods available. In practical terms Target MOTAD models can be solved
using codes which are readily available. It also does not require individual user risk
preferences to be elicited. The data can be presented and users can make their own
assessment of which solution is the best for their own needs.

TARGET MOTAD MODEL FORMULATION

The Target MOTAD model formulation used in this analysis is copied from Parton and

-Cumming (see their article for more detail).

Maximise E(R) = R X

Subject to: AX<B
. R*X +d->T
Pd- <D
X, d->0
R = 1* n vector of expected gross margins for each activity
X = n* 1 vector of activity levels
E = expectation
A = k * n vector of resource requirements
B = k * 1 vector of resource constraints
R* = series of m 1 * n vectors of simulated gross margins
T = m * 1 vector with each element equal to the targst
d- = m * 1 vector of negative deviations from target
P = 1 * m vector of probabilities for each observation (i), Pi=1/m
D = a scalar parameterised from zero to a very large number
n = number of activities
m = number of observations, (simulated years)
k =

number of resource constraints

Activities were formulated as area planted by each variety. Subsidiary activities were
needed to allow harvest constraints to operate and to include negative deviations as
part of the Target Motad technique.

Constraints were total land area being less than 6 hectares, and minimum and
maximum throughput constraints over the harvest period. Like other products with

multiple varieties with overlapping harvest dates, if there is not some constraint on the
model to produce an even flow of fruit, the mode! will select one variety that has the
highest profit margin. In practise growers are not prepared to do this as it prevents
them from spreading capital costs of harvesting and packing equipment over a longer
period.

DATA

The variable costs and fixed overheads are based on typical levels in the Marlborough
Region. Yields, packouts and prices are based on average levels achieved in the
district. Note of prices, yields and packouts are assumed to be deterministic. No
allowance is made for risk due to variation in yield price or packout.

RESULTS OF MOTAD

Stella and Sam dominate the model outcomes because of their relatively high returns
compared to low risk. It is interesting to compare this with Table 5. Comparing the
average and standard deviation gives a low co-efficient of variation for both Sam and
Stella. However perhaps more importantly is the observation that over the 52 samples
for both these varieties there were no negative results.

Using averages is a little misleading with cherries. The severity of one event in terms
to damage to the crop can mean that averages are somewhat misleading.- A more
accurate picture of the risk/return trade-off can be established after considering the
actual data rather than the average and standard deviation.

Sam and Stella were prevented from coming into the final solution in order to study the
interaction in risk and return for the other varieties. Merton also has a low co-efficient
varigtion and no negative years. It would of been planted up to a large extent.
However this variety is suitable for the local market only. There are restrictions on the
size or volume that can be sold on the local market. Therefore the volume was
restricted to 8,000kg which is equivalent to 0.7 hectare.

The results of the Motad formulation are shown in Table 6 and in Figure 7. The risk
efficient production function slopes to the right as theory would suggest. In other
words higher returns are.associated with higher risk, in this case measured by a
higher mean negative deviation.
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"Ongoing maintenance costs are !

Labour $18,000/ha/yr
Cover replacement $25,000/ha/every 5 years

The benefits of covering cherries does not cover the additional annual labour cost for
maintaining the covers. Amortising the structure and initial cover and replacement over
20 years at 15%, gives a annuity cost of $19,300/ha to which must be added the
annual [abour costs.

There does not seem to be any direct financial benefits from covering cherries. As
some blocks are partially covered, this could be seen as a means of reducing risk
from a bad season. It could, therefore, be taken as a measure of how much growers
are prepared to pay for some certainty of return. In addition, for marketing reasons,
the Japanese market must have a reliable supply. if some cherries are not sent to
Japan every year, New Zealand will not get access to the market.

The above analysis has been done for Bing. Other varieties such as Rainier may
benefit more from covering than Bing. However, some varieties may benefit less.

Growers should consider restructuring their variety mix in preference to covering their
blocks.

SUMMARY AND CONCLUSION

Rain is a major risk problem for cherries. 76% of seasons will get some damage, with
the average damage level being 28.5% across all varieties. There is a significant range
in damage susceptibility and overall damage between varieties. Varieties like Sam and
Merton are at the lower end of the scale at 11%. Varieties such as Dawson and Bing
are at the high end at 30 to 33%, with Rainier the riskiest variety at 39%.

There would appear to be some value from growers reconsidering their variety mix in
the light of overall expected rain damage. There present orchard production does not
seem to be well aligned to the risk of rain damage. In particular Rainier is a significant
variety in the district. This analysis suggests that it should not be planted at all.

Target Motad was useful in helping to establish the trade-off between risk and return
for some varieties. It was particularly useful in that it considered the negative deviation
in each year and compared that tc a target income. This was felt to be more useful
for cherries than another approach of comparing the mean and standard deviation.
The variation in cherries can be quite extreme from one year to another, and from one
variety to another. The mean and standard deviation appears to smooth some of the
riskiness out of the picture.
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THE ROLE OF INFORMATION IN
THE EGG MARKET IN PALMERSTON NORTH

Miriam A. Janett

Department of Agricultural Economics and Business
School of Applied and International Economics
Massey University, Palmerston North

SUMMARY

Producers who supply goods with ethical standards above those stipulated by
law will need to use information markets to communicate their product’s existence
to consumers. Using a pro-competitive view of advertising, Davis, Kay and Star
(1991) hypothesise that there are four types of goods, each of which falls into a
certain advertising/sales (A/S) ratio and corresponds to a certain level of verifiable
information.

A case study of the egg market in Palmerston North was used to examine

research questions based on these hypotheses since deregulation of the egg industry
during 1986 to 1988 had led to the cessation of generic marketing and the
introduction of new egg types. In particular, free-range eggs and battery eggs became
differentiated, with free-range eggs perceived by some as ethical, and battery eggs as
unethical. v :
The research estimated the AS ratios for these two types of eggs in
Palmerston North, using estimates of advertising expenditure and sales by egg sellers
in the Manawatu (producers, wholesalers and producer cooperatives) and Palmerston
North retailers. The research also examined the verifiability of the information
presented to consumers when they purchased eggs.

KEY WORDS: Ethics, Information Markets, Advertising, Eggs

INTRODUCTION

Last year I presented a paper at the combined conference held at the
University of Waikato examining the literature on business ethics, consumer choice,
advertising and information markets. 1examined how these areas could be integrated
and proposed some ideas of what research could be carried out as a result of this

. work. The paper I am presenting to you today is the results of the research that was

ultimately .carried out.

A producer’s behaviour is constrained by profit-maximisation, the need to
obey the law, their own and their industry’s ethical standards. Whether or not a
producer is responding to consumer demand or innovating, by supplying a product
with an ethical content for the market place, consumers’ perceptions will be of
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interest to the producer, since these feed into consumers tastes, which influence their
demand curve. The production of a good with ethical content a producer believes
will be valued by consumers necessitates that consumers are informed of the good’s
existence if nothing else. This information is believed to reduce consumers search
costs, and given the assumption that a good’s ethical content is a desirable
characteristic, provides information on quality. Therefore, information markets are
a major key in understanding ethics and the producer.

The research posed two hypotheses/research questions:

Hypothesis One/Research Question One

As a generic good, eggs may be defined as a search good. A consumer can
ascertain at a glance that (i) the item in front of them is an egg and (ii) the price with
respect to quantity. (Nelson, 1974; Ward, Chang, Thompson, 1985; Davis et al,
1991). Although the latter may require walking to a counter, this information may
be considered immediate.

The literature postulates that over a period of time advertising for search goods will
have a low priority (Davis et al, 1991). Therefore, it is expected that between 1986-
1992 eggs as a generic product will have a low total expenditure on advertising with
respect to sales.

Hypothesis Two/Research Question Two

Differentiating eggs with respect to their animal husbandry practices requires
consumers to believe that there is a difference. A free-range egg may be considered
a credence good because sight and even experience of a free-range egg will not
necessarily confirm its production method to a consumer, and will require consumers
to individually decide whether the egg is different (King, 1992).

For this reason there are two parts to hypothesis two:

(a) Credence goods are generally expected to have low advertising-sales ratios.
Therefore free-range eggs are not expected to be more heavily advertised than battery
eggs, unless information can be made more verifiable to the consumer, that is, unless
the goods can be moved into the experience good category. This leads to (b):

(b) Based on observations in the marketplace prior to the research, free-range eggs
are usually more expensive than battery eggs. Since this allows an opportunity for
passing off battery eggs as free-range eggs in order to reap abnormal profits (Klein
and Leffler, 1981), it will be important to free-range egg producers to differentiate
their product in a verifiable way.

Therefore, it is expected that a survey of retail outlets in Palmerston North
will show that information on free-range eggs is verifiable, so as to reduce the
possibility of producers cheating. This information may be a farm address people
may visit, a Ministry of Agriculture and Fisheries (MAF) approval, an industry stamp
of approval, or legal proceedings.
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The limitations of the research. should be noted at the outset of this disucssion. The
research that has been conducted is a case study, and is therefore not generalisable
to egg markets outside of Palmerston North, nor to other products which may, by
definition, fit the categories devised by Davis et al (1991). The case study nature of
the research precluded the possibility of using inferential statistics to test the
hypotheses. The results are therefore discussed in terms of research questions. There
were limitations to the data collected. Retailers for instance were unable to provide
advertising information when eggs were advertised with other products, and were
vague about the precise quantities they had sold through their retail outlets.

~ The advertising literature defines three types of goods: search goods, experience

goods and credence goods. (Ward et al,1985; Nelson, 1974; Davis et al, 1990).

* Search goods are defined as items whose characteristics are easily ascertained by
viewed the product prior to purchase. Examples of these goods are jewellery, fruit,
pens.

* Experience goods are broken into two categories, short-term and long-term. A
short-term experience good is defined as a good that needs at least one try to
ascertain whether the qualities it is advertised to have exist. For example, cans of
fruit, a chocolate bar, a loaf of bread. Long-term experience goods need a longer
time to ascertain the validity of any claims. For example, an anti-dandruff shampoo
will need to be used over the course of time recommended for its benefit to be seen.

* Credence goods are items where consumers must trust the information provided
by the producer. For example, washing machines, dolphin-free tuna and products not
tested on animals. These items involve either a level of technology many consumers
will not possess, or some ethical component that is unable to be qualified or proven
by the producer.

Evidence for these criteria is based upon the advertising/ sales [AS] ratios
(Davis et al, 1991). The AS ratio is the ratio of money spent on advertising a
product with respect to the money value of total sales, expressed as a percentage.
Hence, say that the AS ratio was 0.86.- This means that for each one dollar of sales,
only 0.86 of a cent is spent on advertising. (This method was also used by Telser
(1964) who believed it was a good estimate of advertising intensity).

. Ethical aspects are brought into the equation via quality which is a subjective
term and is therefore problematic and open to interpretation. The literature in the
field provides little aid, as not all writers offer a definition of the term (see for

- example, Oxenfelt, 1950; Smallwood and Conlisk, 1979; Gabor and Granger, 1966;

Tull, Boring and Gonsior, 1964; Davis, 1990; Gerstner, 1985; Klein and Leffler,
1981). For the purposes of this research the notions of Oxenfelt (1950) and Klein
and ‘Leffler (1981) were adopted and the ethical content considered a factor of
quality, a characteristic the consumer desires in the product they purchase.

THE EGG INDUSTRY IN NEW ZEALAND

The egg industry was first regulated in 1933 by the Poultry Runs Registration
Act which established a Poultry Board funded by levies on producers with over
twenty-five birds. (Industries Development Commission, 1985). Price legislation
came in during World War Two, and marketing legislation came in during the 1950s
and was updated in 1980. (NZPB, 1980/1). Post-1980 the New Zealand Poultry
Board controlled the supply and selling of eggs, marketed them nationally, via radio,
television, magazines, schools and instore campaigns and was also responsible for
research and development in consumer areas (such as packaging) and production
matters (such as egg supply and quality). (NZPB, 1984; IDC, 1985).

In 1985 the IDC report commissioned by the National government in 1984
was presented to the Labour Minister of Trade and Development. In brief, the IDC
report recommended that all producer controls with regards to supply - price,
quantities, marketing regions and the likes - be lifted. The entitlement system which
dealt with stock numbers, was to be phased out by 1988, after which time producers
were free to hold any number they chose. (IDC, 1985). As a result the cost of
surplus production would be bome by the producers themselves, not consumers, as
was the situation under the producer board. (IDC, 1985). Distributors were to be free
to buy and sell eggs from and to whom ever they chose, "at prices determined by
them" (IDC, 1985, pii). Retailers could also buy from any source, and sell at prices
they wished in direct competition with other retailers. In addition, retailers would
have to meet any legal standards required in the selling of eggs. (IDC, 1985).

An underlying assumption of the report was that deregulation would result in
only efficient producers and distributors staying in business, which would
automatically benefit consumers. In addition, making producers responsible for
surplus production and transportation and the likes was seen as enabling the consumer
price to fall. (IDC, 1985).

It was recommended that the Poultry Board be maintained, since they had a
role "in the research, production and genetic efficiency, promotion and related areas
requiring an appropriate industry organisation.” (IDC, 1985, p11).

The IDC recommendations were adopted, and the egg industry in New
Zealand was partially deregulated in 1986, ending fifty-three years of complete
producer-board control in the egg market. The NZPB no longer controlled the supply
of eggs, collected producer levies or collated information on the industry nation wide.
From April 1986, the Board’s functions were limited to generic marketing, research,
and the handling of the phasing out of the entitlement scheme (NZPB, 1985/86; IDC,
1985). In September 1988 the entitlement scheme ended, along with all statutory
powers and functions of the Board. (NZPB, 1987/8).

The NZPB noted several developments in the egg markets post 1986. From
their point of view was the difficulty of obtaining information from egg floors and
merchants, which made their task of research and marketing difficult (NZPB, 1986/7;
1987/88). Different types of eggs which consumers specifically wanted were being
sold (NZPB, 1985/6), and eggs "were being marketed by more producers/marketers
since deregulation.” (NZPB, 1987/8).
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In the 1987/8 annual report it was reported that the deregulation post-1986 had
brought increased prices to the consumer, financial pressures to producers but
increased profit margins for the retailer. The report states the astonishment and
bitterness of the NZPB that the government fully deregulated the market, and
reiterated that "both egg producers and consumers of eggs throughout New Zealand
[were] going to be the major losers..." (NZPB, 1987/8, p6).

The Board was still to maintain its marketing position, and the 1987/8 annual
report outlines its development for an advertisement campaign, 1988/9. However,
without statutory backing to obtain funding and a lack of unanimous support from
producers, the Board could no longer continue, and ended in 1988.

THE EGG MARKET IN THE MANAWATU/PALMERSTON NORTH

Two methods were used to obtain information on advertising expenditure on
free-range and battery eggs in the Palmerston North area between 1986 and 1992.
First, all commercial producers and wholesalers in the Manawatu who could have
sold eggs to retailers or inhabitants of Palmerston North were interviewed in order
to obtain their estimates of advertising expenditures. Second, direct estimates of
advertising expenditure was made through a survey of the media, and through a
survey of point of sales information. It was assumed each method would provide a
check on the other. )

The survey was limited to the Manawatu producers and wholesalers because
while talking with members of the industry in this area, it became clear that they
considered eggs were not imported into the region from outside localities, on any
major scale. The Manawatu was considered that area defined by Telecom in their
Manawatu telephone directory, and the region outlined by the NZPB as per their 1988
producer list.

POPULATIONS":

Producers: .

The current producer population was not obtainable from any government or
private body who may have an interest in the industry. However, a list compiled by
the NZPB in 1988 before its demise was given to the researcher. The list contained
eighteen producers with addresses in the Manawatu. Of these, fifteen were traceable
through the white and yellow pages of the Manawatu 1992 telephone directory. From
this list, the producers were called, and it was discovered that eleven of the fifteen
traceable producers still produced eggs. Two producers raised and sold pullets
(young chicks) and did not have any egg production. Another two producers had left

the egg market.

One of the two producers who had left the industry had ended production in
1992, which from the point of view of this research made them a relevant population
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member. However, the producer was reluctant to participate which is a right that
must be respected (Kidder, 1981).

Using this method a sampling frame? of eleven was formed and all of these
producers were contacted. One producer, currently producing eggs, was reluctant to
participate in the research because of the competitive nature of the industry. Another
producer did not respond to messages and telephone calls during one week. These
two producers are not included in the data obtained. The remaining nine producers
were interviewed using a structured interview. All information on total expenditure
relates only to these nine producers for the period 1986-1992.

Eight of the nine producers interviewed had produced prior to 1986. There
was a new entrant in 1990 who had had prior experience on a poultry farm.
Therefore, all producers had experience, although minimal in one case, of farming
under the NZPB.

The Wholesaler/Producer Cooperative Population:

There is one commercial wholesaler and one producer cooperative in
Palmerston North. The latter was referred to as an egg floor by every producer
interviewed. Both of these businesses buy producers eggs and market them under
their own brands. The information about the two businesses, had it been published,
would have breached confidentiality since the aggregate figures could have been used
by each competitor to deduce the other firm’s sales. Both businesses were contacted
however and asked about advertising, and both gave sufficient information to make
a rough estimate of advertising expenditure they undertook in the period 1986-1992.

The Retailer Population:

The retailer sampling frame in Palmerston North was drawn from the Yellow
pages in the Manawatu 1992 telephone book. While it is recognised that this is not
the ideal place to obtain a sampling frame, it was felt that was consistent with the
way the producers sampling frame was obtained. Only outlets with ‘PN’ before their
phone number (denoting Palmerston North), were contacted, since that is the city on
which this part of the research focuses. The retail outlets were broken down into
four categories:

(i) Supermarkets/Grocers .

The sampling frame located was fourteen and eleven of these stores were
willing for the researcher to call in, discuss eggs, and examine their display.
It was deemed necessary by the researcher to contact all members of this group since
they were assumed to be the dominant retailers in Palmerston North.

There were some limitations to the data. For instance some stores being
unable to give volume information. Moreover, volume and price information,

* The sampling frame is defined as all valid population data points that were traceable
using any given method (Kidder, 1981).

! A population is defined as all people or businesses in the region defined who make up
_ the aggregated elements under study. (Babbie, 1986).
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especially with larger stores, was confidential. However, the medium sized stores
were cooperative when it came to sharing that information.

(ii) Service Stations

It was assumed that service stations were convenience outlets, where people
could pick up an item they found they needed, with or without purchasing petrol. It
was assumed that few people would go there to do a full week’s shopping. Therefore,
a random sample was selected. Service stations that sold only mechanical or
appliance parts for vehicles were not included in the sampling frame reducing it to
twenty-six. A sample of ten was chosen, all representing an oil company®.

(1ii) Dairies
A sample size of twelve was randomly selected from the sampling frame of
thirty-four.

(iv) Butchers and Fruit-Shops

During the process of the research it was indicated that many producers sold
to these retail outlets, so it was necessary to include a sample of them in the research.
The sampling frame for both the butchers and fruit-shops was nine respectively. Five
butchers were selected and contacted, but only four fruiterers were visited, because
the fifth one was “too busy" to participate.

All producers and retailers were interviewed using structured questionnaires
administered at the place of work at a time prearranged with the person concerned.

RESULTS

The basic objective of the research was to estimate the ratio of advertising
expenditure to sales for free-range and battery eggs in Palmerston North, in order to
see whether the ratios were consistent with the hypotheses generated by the literature.
It must be emphasised that the hypotheses could not be tested for statistical
significance since the data related to a single product in a single area. The research
was conducted in Palmerston North in 1992-1993, examining the period 1986-1992.

Two methods were used to estimate the ratio. First, expenditures by
producers, retailers and wholesalers on advertising were estimated directly by
surveying the various parties. Second, advertising media were surveyed to check
actual expenditure.

There were discrepancies between the two estimates and these are discussed
further on and possible explanations are presented. The two estimates, their

calculation and their relationship to the research questions are discussed below.

3 A sample is defined as a proportion of the sampling frame chosen by a
recognised sampling technique (Kidder, 1981).
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It should be noted that in estimating advertising expenditure, a definition had
to be given on what constinited advertising, since advertising material may take
several forms and be presented in several places. For the purposes of this research,
advertising was defined as the presentation of visual or aural information about
brands or products:

(1) at the point of sale
(ii) in the media

Expenditure on information via packaging was excluded from estimates of
advertising expenditure as all producers spoken to regarded this as part of general

_production costs.

Producers can sell eggs at their gate, direct to a retailer, to a wholesaler or to
a producer cooperative (commonly defined as an egg floor by the producers
interviewed). All four methods of sale are used in the Manawatu, although not by
every producer, and all four avenues can, in theory, provide a venue for advertising
the producer’s eggs. However, in practice, the producers confine their advertising to
outlets where they are in control of the sales. (The farm gate and direct to retailers).

Until 1990, eight of the surveyed poroducers produced only battery eggs. In
1990 there was a new market entrant weho produced solely free-range eggs. In the
same year a battery producer diversified production in to free-range eggs, joined by
another battery producer in 1991. All of these were on a small scale, from under 100
hens to 1,800 by the end of 1992.

The output for all battery farmers was ascertained by the research.. While no
figures on free-range egg production were given by the three free-range producers,
an estimate was made by multiplying free-range flock numbers by a modified output
per hen, based on battery hen production. Most battery producers estimated that
each hen laid twenty-two dozen eggs a year. Since free-range hens roam and may
lay their eggs where a producer can not find them, and since they are more accessible
to predators, and subject to bad weather and disease, the figure of twenty-two dozen
was modified to seventeen dozen every ten months. (Ten months allows for the
natural moult that battery eggs do not have because of their controlled environment.).

Before focusing on the advertising, the results of asking all participants in the
research for their definition of free-range egg production is worth noting. All
producers recognised that there was a difference between free-range and battery egg
production, and they were asked to define this in their own words. The answers
consistently fell into three areas.

First, three of the nine producers believed that free-range egg production
meant that "The chooks should not be in battery cages”.

Second, five of the nine producers said that the hens should be able to "run
outside", with one of the producers stipulating a period of more than eight hours, and
another adding that no time frame should exist.
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Finally, four of the nine producers believed that the hens should have "access
to fresh grass”, again with the two time stipulations recorded in the second response.

There were additional comments with this question. Two producers stated
that the area needed defining, citing instances where having the door of the hen house
open for half an hour may enable a producer to call their eggs free-range. Another
two commented in stronger terms. After being read the question the first words
spoken were: "A lot of rot - there’s no such thing as a real free-range egg. A lot of
cheating occurs, you know."; and "A lot of nonsense, there’s no such thing."

It was the retailers who were vague about the term, although butchers and
fruiterers were consitent in their definitions. Other interviewees defined the term as

"a brown egg", "a loose egg" or "farm fresh eggs”. While this is a brief comment,
the research clearly showed confusion in the information markets.

ADVERTISING EXPENDITURES

Producers

In the years 1986-1988 and 1990-1991, only three of the surveyed producers
advertised. In 1989 that number rose to four, and in 1992 it was five. All of these
producers advertised to increase gate sales; none gave specific advertising material
to retailers. Two of the producers supplied free-range eggs, but did not at any stage
emphasise this in their advertising; all eggs were advertised generically. All
producers who advertised said that they did so to inform consumers of the fact that
they sold eggs at the farm gate.

Table 1 shows the number of surveyed producers who said they advertised, and
their total expenditure on advertising other than packaging for each year under
discussion. Four of the producers used newspapers, either free, or the local papers.
Only one used leaflets ("junk mail"), and local magazines (which were not specified).
Five set up gate signs, although these were generally a one off cost and only renewed
if they became worn. Three also advertised in the yellow pages, while only one
advertised on the radio. Expenditure on packaging is omitted since it proved almost
impossible to get reliable estimates of costs.

The information presented enables advertising sales ratios to be calculated. (See
tables 2 & 3).

10
TABLE 1

TOTAL ADVERTISING EXPENDITURE BY
SURVEYED PRODUCERS 1986-1992

NUMBER OF NUMBER PRODUCER
PRODUCERS | ADVERTISING | EXPENDITURE
1986 8 3 $ 4140
1987 8 3 $ 4 140
1988 8 3 $ 4 140
1989 8 4 $ 4340
1990 9 3 $ 4 140
1991 9 3 $ 4 840
1992 9 5 $10 840
TABLE 2
ADVERTISING/SALES RATIOS FOR ALL EGGS
(FREE-RANGE AND BATTERY) FOR THE
SURVEYED PRODUCERS 1986-1992
YEAR | ADVERTISING VOL PRICE PER RATIO
EXPENDITURE | PRODUCED | DOZEN AD/SALES
* (dozen) (excLGST)** | (VolxPrice)
%
1986 $ 4 140 2 462 916 $2.00 0.084
1987 $ 4140 2 462 916 $2.07 0.081
1988 $ 4 140 2 462 916 $2.17 0.077
1989 $ 4340 2 554 166 $2.10 0.081
1990 $ 4140 2 581 791 '§ 2.80%** 0.057
1991 $ 4 840 2 606 016 $ 2.70%++ 0.069
1992 $10 840 3 085 361 § 2.65%++ 0.13

* This does not include the NZPB advertising estimate which is relevant to the
Manawatu. The figure only states what the producers said they spent.
**  Based on information in NZPB annual reports, and producer and retailer

interviews.

*** Prices are higher because of free-range eggs in the marketplace
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TABLE 3

ADVERTISING SALES RATIOS FOR
BATTERY EGGS 1986-1992
(ALL SURVEYED PRODUCERS)

YEAR ADVERTISING - VOL PRICE PER RATIO
- EXPENDTIURE | PRODUCED DOZEN AD/SALES
* (dozen) (excl.GST)** | (VolxPrice)
%
1986 $4 140 2 462 916 $2.00 0.084
1987 $4 140 2 462 916 $2.07 0.081
1983 $4 140 2 462 916 $2.17 0.077
1989 $ 4340 2 554 166 $2.10 0.081
1990 $4140 2 554 166 $2.00 0.084
1991 $ 4840 2 554 166 $1.80 0.10
1992 $10 840 3033 228 $1.70 0.21

* This does not include the NZPB advertising estimate which is relevant to the
Manawatu. The figure only states what the producers said they spent.

** Based on information in NZPB annual reports, and producer and retailer
interviews.

The advertising-sales ratios in the tables above are low. From table 2, for all eggs
and all surveyed producers, no more than 0.084 cents per dollar of sales was spent
on advertising. With the introduction of free-range eggs into the marketplace that
ratio fell to 0.057 cents per dollar of sales, although it rose in 1992 to 0.13 cents per
dollar. Removing the free-range egg sales and examining only battery sales (table
3) a maximum of 0.21 cents per dollar of egg sales was spent on advertising in 1992,
and was as low as 0.077 cents in 1988.

During 1986-1988 the NZPB was also advertising nationally. As they represent the
producers their expenditure should also be included, although only a rough estimate
for any specific region is possible. The NZPB advertised throughout New Zealand
on television, radios, in the Listener and the New Zealand Woman’s Weekly. The
local radio stations have no record of any advertising occurring here and neither do
the two magazines for 1986.

However, on the Listener, the NZPB spent $30,300 in 1987, and over $33,040 in
1988. The NZPB included a recipe insert in 1988 which increased the cost but no
estimate was available from the Listener. The NZWW estimated over $25,000 dollars
spent for both 1987 and 1988 respectively. Since the industry was spending a large
amount of money on generically advertising eggs in those three year this may account

in part for the low level of advertising that occurred in these years.
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To estimate how much money of this national budget could be apportioned to the
Manwatu area, the output (in dozens) of the surveyed Manawatu producers was
divided by the National Output (in dozens) as recorded by the NZPB. This ratio was
2 462 916 divided by 44 821 000, which equals a fraction of 5.5%. Since the NZPB
uses the 1986 figure for its 1986/87 and 1987/88 annual reports, this figure has been
used for all three years. With magazine, television and radio advertising, the NZPB
spent an estimated $70 000 to $80 000 in 1986/7 and 1987/8 on various media
campaigns. Therefore, multiplying $75 000 (a halfway point between the two figures
above), by 5.5% an estimated figure of $4 125 of the NZPB advertising budget is
apportional to the Manawatu area in the years 1986-1988.

The advertising/sales ratios for 1986-1988 calculated in tables 2 and 3 do not
include this estimated figure. However, once $4 125 is added to the producers’
reported advertising figure of $4 140, the total advertising by producers for each year
1986-1988 becomes $8 265. Maintaining the same sales values, the ratios change.
For all battery and free-range eggs (table 2), and battery egg production only (table
3), the advertising/sales ratio become: 1986: 0.17, 1987: 0.16, and 1988: 0.15
(In 1986-1988 there was no commercial free-range egg production by the surveyed
producers).

The free-range egg producers interviewed who advertised eggs, did not differentiate
their battery eggs and free-range eggs at any stage. They advertised eggs generically,
whether instore or in the media.

Wholesaler/Producer Cooperative
A total advertising cost of $2500 was reported, corresponding to only 1992. No
advertising was said to have occurred 1986-1991.

Retailers

Supermarkets and Grocers

There was no external advertising of eggs by the eleven retail outlets spoken with.
Two retailers added the comment that they felt there was no need to advertise eggs
as people always wanted them. They believed that any advertising would be a waste
of money, as additional sales would be unlikely to cover the advertising costs.

Dairies

One of the twelve dairies sampled, who sold only battery eggs, advertised their
eggs externally in 1991 for a period of three months at a cost of three hundred
dollars. This corresponds to a volume of 3 120 dozen sold at $2.85, giving an
advertising-sales ratio of 3.38. Therefore, in 1991, for each dollar sale of eggs, 3.37
cents was spent on the advertising of those eggs. In terms of the advertising theory
this figure falls into the short-term experience good category (Davis et al, 1991).
This advertising occurred for only a short period of time to inform consumers that
the outlet had cheap eggs for sale. Therefore, the change of category may be
explained by consumers having to find the eggs, see that they were cheaper than their
normal egg sellers, and trying them to ascertain their quality. It must be reiterated
that this advertising ceased after three months and eggs were once again only
advertised by a sign on the shelf.
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Service Stations
None of the service stations sampled advertised eggs. The volumes carried were
very low, with a maximum of five dozen a week delivered.

Butchers

One butcher did advertise externally using the newspaper and radio in 1991/2.
However, the advertisement was mixed with other lines so he was unwilling to
estimate a figure. However, given information from the radio stations, thirty seconds
would have cost approximately thirty dollars. The newspaper advertisement is more
difficult to estimate as it depends upon size, but given other butcher advertisements
it would have cost between sixty and eighty dollars.

Eggs were only included when there was a special deal on price and quantity,
otherwise they were not specified.

Fruiterers

Two of the fruiterers advertised, but neither could provide information on cost. In
one instance the eggs were advertised with other products on the radio, (where again,
thirty dollars for thirty seconds applies) whilst in the other it was run in a free-
newspaper when a special deal was available. (This can be estimated to be between
thirty and fifty dollars).

For both outlets eggs were advertised when there was a special, and they were
advertised only on this attribute.

Summary
Table 4 summarises what the producers, retailers, wholesaler and producer
cooperative interviewed, reported saying they spent on advertising:
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TABLE 4

WHAT SURVEYED PRODUCERS, WHOLESALERS AND
PRODUCER COOPERATIVE IN THE MANAWATU,
AND SURVEYED RETAILERS IN PALMERSTON NORTH
REPORTED THAT THEY SPENT ON ADVERTISING EGGS 1986-1992

YEAR | PRODUCERS | WHOLESALER/ | RETAILERS TOTAL
PROD. COOP

1986 $ 8 265* 0 0 $ 7 890
1987 $ 8 265* 0 0 $ 789
1988 $ 8 265* 0 0 $ 789
1989 $ 4340 0 0 $ 4340
1990 $4 140 0 0 $ 4 140
1991 $ 4 840 0 $ 300%* $ 5 140+*
1992 310 840 $ 2500 O** $13 340%*

*  Includes the estimated NZPB advertising expenditure of $4 125 and $4 140
specified by the surveyed producers.

** There were retailers who advertised but would not give a figure for reasons set
out above.

DIRECT ESTIMATE OF ADVERTISING EXPENDITURE (EXCLUDING
PACKAGING): INFORMATION CONTENT OF ADVERTISING

Producers

The retail outlet research brought six brands to light which are presented in cartons,
made of plastic, fibre, or cardboard, to the consumer. Two of these brands had
several packets for various quantities and sizes of eggs.

The researcher tried to obtain estimates for the expense of packaging and printing
labels on packaging from producers, with limited success. While producers could give
an estimate of the cost of packaging (see below), they had no figures for total costs
or total number of packets used, nor could they estimate the costs of printing
information on the packets. For this reason the costs of the informational content of
printing on packaging will be excluded from the final estimates.
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‘Wholesalers/Producers Cooperatives

Overall, five brand signs made of a plastic material advertising Little Red Hen eggs
were discovered in various retail outlets. There was a logo, packet of eggs and three
blocks ‘of colour on the sign. (These are discussed further in appendix five). A sign
writer in Palmerston North estimated that these would. have cost $60 to $100 to
make. This cost would have been incurred since 1988/9, when the NZPB ended. In
this case an estimate can be made for the signs that were found: they would have cost
between $300 to $500 in total.

Packaging costs that these firms face would assumedly be similar to those faced by
producers. However, since no volume information was released by these firms no
estimation is-possible on these costs. In addition, the same problem found with
producers also exists: there is no indication of how many eggs sold through the
wholesaler/producer cooperative were packaged or loose. This would affect the
packaging costs and advertising costs. :

Two outlets used hutches, one of which was provided by the local producer
cooperative, and the other by an Auckland producer.

The ‘local’ hutch was painted dark brown, stood 2.130 metres high and 0.985
metres square. It stood in a supermarket/grocer store beside the wire cages, and sold
loose eggs, with unbranded boxes provided for the customers. The signs associated
with the hutch were produced by the retail outlet, and gave the prices and quantities
of the loose eggs. The supplier was noted on a small sticker in the bottom left hand
corner of the larger signs. No claims about the type of eggs were made, other than
they were loose eggs.

The other hutch was unstained wood, 1.9 metres high and 1.4 metres square. It
was located away from the wire cages, by the dairy food (such as butter) and sold
only free range eggs, both pre-packed (branded), and loose eggs. Again, unbranded
boxes were available for the consumer to package the loose eggs. This hutch was
aimed at providing information about the producer’s free-range eggs.

A printed sign explaining the difference between ‘farm fresh’ and free range was
1.880 metres above the eggs; the prices and quantities had been written in by the
retailer. Pictures (310mm by 395mm) which showed healthy brown hens feeding in
lush green grass were displayed around the hutch also at 1.880 metres. These
emphasised the written information which provided information about the birds being
outside in a green environment as opposed to being in cages. The sign explained
why most farm eggs were not free range eggs, but battery eggs, and then emphasised
that their product was free-range.

It is not possible to compare the two hutches with regards to the image they want
to give to consumers. One hutch clearly states that free-range eggs are sold, and

- . gives a guarantee on its packaging. The other hutch has retail signs which note the

brand name but do not emphasis it. No claims are made about the eggs located there,
other than their size, prices, and that they are sold loose. In addition, the free-range
eggs sold by the same producer are sold in the retail outlet, but are located on the
wire rack, a metre away from the hutch. Therefore, drawing a comparison is not
possible.
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In terms of costs, the first hutch was given no estimated cost. A tradesperson said
that although it would be difficult to cost the hutch accurately, it would be a minor
expenditure. It should be noted that the second hutch is not a Manwatu producer’s
cost, nor a Palmerston North retailer’s cost. The:cost is incurred out of town, and
the eggs it stocks are not advertised by the retailer. Therefore, an estimate of its cost
has no valid part in this research, although its information content does.

Retailers

Not all retailers surveyed used in-store signs, and those that did valued them at a few
dollars. Branding signs were not common and were only found in supermarkets and

“grocers stores. In all but one instance they were unused (usually not fitting the shelf

where the eggs were). The retailer who used them did so in association with a hutch
supplied by the producer who was situated in Auckland.

Sign Summary
Although no summary of the costs of signs is possible, mainly because of the

" difficulties of verifying that all brand signs were included in the survey, it is clear

that total costs for signs are very low. It is estimated that the handmade instore signs
and the branding signs would total to approximately $2 000 at most across the period
under investigation. (This includes the display units of the local hutch and the
barrow).

THE MEDIA

A systematic random sample was taken for each year 1986-1992 across the
Manawatu Evening Standard, the Guardian, Tribune, More magazine, North and
South magazine, the Listener, and the New Zealand Woman’s Weekly.
Advertisements were found in the two former and two latter publications.

The Print Media

The NZPB used the Listener and NZWW to advertise eggs generically through-out
New Zealand. These costs were noted because they were aimed to increase egg sales
nationwide, and are therefore assumed to have benefited the producers, retailers,
wholesalers and producer cooperatives of Palmerston North. This advertising totalled
(for television, radic and magazines) between $70 000 to $80 000 for 1986-1988.

Advertising did occur in the Manawatu in the period 1986-1992, but was only
found in the Manawatu Evening Standard and the Guardian. The findings from the
systematic random sample are presented below in table 5. The costings are based
upon those given by the printers of the newspapers.

During this research, two advertisements for free-range eggs were found, one in
1990 and another in 1992. These were estimated to have a cost of $5.46 and $19.08
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respectively, and is the only media cost of advertising that was found for free-range
eggs. The eggs are not advertised by a commercial frec-range egg producer, and may
be backyard production. In addition, the larger advertisement was a regular feature
in the newspaper, and although it specified eggs were sold in other advertisements,
only once in the seven years under review were free-range eggs stipulated in the
advertisement. :

Although this production does not relate to a commercial producer, it is free-range
egg advertising and can be used, in conjunction with the estimates of the volumes of
free-range eggs and prices from retailers and producers interviewed, to formulate two
advertising-sales ratios. In 1990, $5.46 divided by 27 625 dozen eggs x $3.80/dozen
gives a ratio of (in percent) 0.0052. In 1992, $19.08 divided by 52 133 dozen eggs
x $3.80/dozen gives a ratio of (in percent) 0.0096. These ratios are considerably
lower than those found for the battery eggs.

TABLE 5

EGG ADVERTISING EXPENDITURE
IN PALMERSTON NORTH FROM THE SAMPLE ONLY

1986-1992
YEAR | GUARDIAN | GUARDIAN | EVENING | EVENING
No. ADS* COSTS** STD No STD

ADS* COSTS**

1986 1 $ 3456 3 $ 286.65
1987 0 11 $ 579.60
1988 0 $ 414.10
1989 0 0 $ 000.00
1990 1 $ 175.05 33 $ 965.68
1991 0 21 $ 871.08
1992 2 $ 456.05 24 $ 267.30

* Number of advertisements found in the newspaper
** Costs of those advertisements found

Therefore, the largest quantity of advertising in Palmerston North was done in the
Evening Standard. The advertissments were placed by fruit farms (1986-1991),
poultry farmers, (1990-1992) or by Massey University (1986-1988) who used to sell

‘eggs 1986-1988 with fruit and vegetables. A poultry farmer who advertised frequently

is still in business, but when interviewed gave a low advertising cost. This is likely

~ to have occurred because the main jtem being advertised is actually pullets (young
chickens), the eggs are a secondary item.
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These costs are based on random samples, so a scaling up of these figures to the
population results in the following total advertising expenditure for each year to be
estimated (See table 6). The scaling up was done by dividing one hundred percent
by the sample size (also in a percent), giving a weighting value. For example: in
1986, 100% - 22% gives 4.545455. Multiply this by $286.65 and the scaled up value
of advertising in the Manawatu Evening Standard is $1302.95.

TABLE 6

SCALED UP EXTERNAL ADVERTISING EXPENDITURE
FOR PALMERSTON NORTH 1986-1992

YEAR SCALING: | GUARDIAN | SCALING | E/STD TOT. EST

100% - n% | TOT. COST | 100% - n% | TOT. AD COST
COST

1986 3.571429 $12343 4.545455 $1302.95 $1426.38

1987 0 4.255319 $2466.38 $2466.38

1988 0 4.385965 $1816.23 $1816.23

1989 0 0 0

1990 3.125 $ 547.03 4.424779 $4272.92 $4819.95

1991 0 4.545455 $3959.45 $3959.45

1992 3.571429 $1628.75 4.716981 $1260.85 $2889.60

Radio

The radio stations which run advertisements in Palmerston North were contacted
and asked if they could furnish information on egg advertisements which had
occurred on their radio station 1986-1992. The four stations all stated that no
advertisements were on their records. However, one dairy owner said he ran radio
advertisements, and several fruiterers also used the radio. This usage was between
1990 and 1992. The radio stations provided cost information of approximately thirty
seconds for $30. Since a dairy, butcher and two fruiterers advertised in 1991 or
1992, a few hundred dollars would have been spent in this medium in those years.
However, no discussion of the information these advertisements may have provided
is available.
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RECONCILIATION

It was difficult to obtain a direct estimate of everything, but comments made by the
surveyed eggs sellers indicates that the final media figures of table 6 require Yellow
pages, radio, and sign costs to be added for each year. From the surveyed producers,
several indicated that they had placed advertisements in the Yellow pages at some
stage during the period under investigation, but did not record this as an advertising
expense. The placing of a company’s name, address and phone number in the
Yellow pages is free, but placing an advertisement is charged per height and column
width. From conversations with the various producers, it became clear that some of
them had placed advertisements, although not until the late 1980s. Therefore,
assuming that two producers placed one column wide, and six centimetre high
advertisements in the Yellow pages 1990 to 1991 at $680 (excluding GST) must be
added to those years. One producer who was interviewed placed a smaller
advertisement in the 1992 telephone directory, but did not record this when they were
surveyed, so $100 (excluding GST) must be added to that year. (Another who did
advertise did record it in the research).*

All instore signs were estimated to be worth approximately two thousand dollars.
Since instore signs were rarely changed, and the brand signs are understood to have
been placed in stores after the NZPB demise, this cost will be added to 1989.

Radio costs discussed above show that an estimated three hundred dollars should
be added to 1991 and 1992.

In addition, the NZPB advertising (estimated as $4 125 for 1986-1988) must be
included in this section.

Therefore a comparison of the two methods of estimating egg advertising is set out
in table 3. Due to data limitations, no advertising expenditure-sales ratio may be
formulated with this.

* These figures were obtained from Telecom Directories and are the prices

charged in those years.
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TABLE ¥
ADVERTISING EXPENDITURE RECONCILIATION
(FOR ALL TYPES OF EGGS)
1986-1992
YEAR METHOD ONE | METHOD TWO | DIFFERENCE
(WHAT WAS (WHAT WAS
SAID) ESTIMATED)

1986 $ 8 265* $ 5551* $2714
MI>M2)

1987 $ 8 265* $ 6 591* $1674
MI1>M2)

1988 $ 8 265* $ 5941% $2324
M1>M2)

1989 $ 4340 $ 2 000 $ 2340
(MI>M2)

1990 $ 4140 $ 5499 $ 1199
M1<M2)

1991 $ 5 140%+ $ 4 939 $ 201
M1>M2)

1992 $13 365%* $3292 $10 073
M1>M2)

* These figures include the NZPB advertising estimated for 1986-1988 (see page 86).

** There were retailers who advertised but would not give any figures because eggs
were not the focus of the advertisement.

This table shows that there is a discrepancy between the two findings. The figure
in 1992 found by using the second method has the most marked difference. This is
most likely explained by two commercial egg sellers who stated that they began
advertising in 1992. One stated that he advertised using displays in retail outlets, but
despite locating the brand in several shops, no evidence of display material was
found. The other portion of the discrepancy and those recorded during the other years
are likely to relate to producers advertising in other local free-to-the-home Manawatu
newspapers (in townships such as Fielding and Ashhurst) which were not under
examination in this research. (These newspapers are not delivered to Palmerston
North houses).

Despite this discrepancy, overall advertising expenditure in both estimates is still
low in comparison to the volumes of eggs that are produced in the region. In the
media, eggs were generically advertised in all cases except two in 1990 and 1992,
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when they were specified as free-range. (This information was verifiable if a
consumer chose to drive to the place advertising the eggs). In comparison to the
advertising of battery eggs however, free-range eggs had a low priority, as no local
producers advertised their free-range eggs. The trend shown by this research was for
retailers, producers and wholesaler and producer cooperative to advertise eggs
generically, if they were advertised at all.

Estimating the advertising expenditures of sellers of eggs, from packaging to
displays to external mediums proved more difficult than had been originally thought.
Battery eggs were advertised in-store and in the media more than free-range eggs
(only two fice-range egg advertisements to ninety battery egg or generic
advertisements). While there was some discrepancy between the estimates of
advertising expenditure, some advertising which occurred outside of Palmerston North
may account for the difference. The majority of the discrepancy however, relates to
advertising which the producers, wholesaler, or producer cooperative said they
supplied to retailers but which was not located by the researcher.

Free-range eggs were not advertised by any of the local producers, and retailers did
not do any external advertising either. The two free-range egg advertisements located
in the Manawatu Evening Standard were not advertised by any of these businesses.
Some retailers erected signs stating that eggs were free-range, but no verifiable
information was provided. Only free-range eggs imported from Auckland were found
to try to present verifiable information in-store, but the cost of this advertising with
relation to sales values was beyond the scope of this research.

The first research question anticipated "that between 1986 and 1992 eggs as a
generic good will have a low total expenditure on advertising with respect to sales.”
The advertising/sales ratios for all eggs (battery and free-range output, see table 2)
were low. Davis et al (1991) expected search goods to have an average ratio of 1.79,
although individual products included in their work show that some goods ratios are
as low as 0.19, while others were as high as 1.17. The generic findings for eggs in
the Manawatu were lower than this, although the inclusion of the NZPB advertising
expenditure achieved ratios of 0.15 to 0.17 for the years 1986 to 1988. Once the
NZPB left the marketplace after 1988, the ratios fell to a low of 0.057 in 1990, but
rose to 0.13 in 1992, when advertising increased.

When eggs were separated into battery and free-range eggs, a change was noted.
Examining only battery eggs (see table 3), the ratio was higher in 1990 and 1992.
In 1990 the ratio became 0.084, while it rose to 0.21 in 1992, a figure obtained by
Davis et al (1991) for search goods.

Therefore, the anticipated finding of research question one, that eggs as a generic
product would have low total expenditure on advertising with respect to sales was

" - obtained. The inclusion of the NZPB advertising 1986 to 1988 creates search good

like ratios, and while the ratio declined between 1989 and 1991, the increases in
advertising and sales in 1992 saw eggs move back into the search good regions laid
down by Davis et al (1991). These factors combined with the factual information
presented by all advertising found in the stores and on all but three packets, shows
these ratios to be consistent with Davis et al’s (1991) hypothesis on search goods.
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The second research question had two aspects to it. Part (a) stated that "free-range
eggs are not expected to be more heavily advertised than battery eggs, unless the
information can be made more verifiable to the consumer."

Free-range eggs were not advertised more heavily than battery eggs. Only two
newspaper advertisements were found for free-range eggs, giving two
advertising/sales ratios, one for 1990 (of 0.0052) and another for 1992 (of 0.0096).
Of the surveyed egg sellers, no attempt was made to differentiate free-range and
battery eggs in their external advertising. Packaging located in the retail outlets
related to free-range eggs in only two instances, one a local packet and one imported
from Auckland. The local packet gave a packing centre but no verifiable information
on how the eggs were raised. The imported packet atterpted to provide some
verification.

The ratios of free-range eggs are below the credence levels found by Davis et al
(1991). However, since these ratios are expected to be lower than search good ratios,
the free-range egg advertising appears to be consistent with the credence good
hypothesis put forward by Davis et al (1991).

This leads to part (b) of the second research question. The information presented
to consumers on free-range eggs was expected to be verifiable, whether via addresses,
MAF, industry standards, if the producer wished to move the product out of the
credence good category. No industry standard exists as yet and nor do any general
MAF guidelines. As was discussed above, the locally packaged free-range eggs
differentiated their product only by labelling it as free-range egg, but provided no
verification about the method of animal husbandry used in the raising of the eggs.
The Auckland packet however, has attempted to verify their product using a MAF
inspection guarantee, and locates the township where the farm is located. In addition,
the hutch used to display their eggs is clearly considered an investment in
verifiability with photographs and information for the consumers. Therefore, some
attempt appears to be being made to move the free-range eggs into a search good
category.

Overall, Davis et al (1991) ideas in relation to search and credence goods are
supported by this research. It appears that the Auckland free-range eggs are
attempting to move out of these categories and become an experience good by
investing in displays, photographs, informative packaging and the likes. The
imperfections that exist in this information market at the moment lead to the
conclusion that consurmers can not search up to the point where the marginal cost of
information equals the marginal benefit as they are not provided with relevant
information on the product they wish to purchase.
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M.K. Bruhn and J.C. Lockhart

Department of Agricultural and Horticultural Systems Management,
Massey University

SUMMARY

The average payout to pipfruit growers by the New Zealand Apple and Pear Marketing Board
(NZAPMB) is the only orchard level financial parameter reported annually. The NZAPMB,
growers and industry commentators appear to judge the success of the industry by annual
increases in this parameter. However, important factors influencing the payout to pipfruit
growers such as inflation, production increases, the production mix' and currency fluctuations
are ‘bundled’ in this parameter. The terms of exchange for the New Zealand pipfruit industry
were calculated using an input index based on the New Zealand Department of Statistics’
Horticuttural Inputs Price Index. The New Zealand Apple and Pear Marketing Board's average
payment to pipfruit growers was used as the industry’s output index. The Horticultural Inputs
Price Index was derived for the 22 year period 1971 to 1993, based on the same index as
reported by the New Zealand Department of Statistics from 1882. The terms of exchange
facing New Zealand’s pipfruit growers decreased from 1971 untit 1990. However, from 1980
to 1892 the terms of exchange increased markedly. This increase is a result of the increased
average payment to pipfruit growers, continued low inflation and declining debt servicing costs.
At current (1993) input costs the average payout to growers must decline to $11.64 per tray
carton equivalent to reduce the terms of exchange to 1971 levels. This increase explains, in
part, the recent increase in investment in the New Zealand pipfruit industry.

Keywords terms of exchange, pipfruit industry, New Zealand Apple and Pear Marketing
Board .

INTRODUCTION

AY
The merits and success of producer boards has been a widely discussed topic, particularly
in agricultural economics literature from New Zealand and Australia (Campbell, 1973; McCann
and Lattimore, 1990; Nicholson, 1990; Hussey, 1992). It is difficult to gauge the success of
producer boards with monopsony pewers as there are no immediate competitqrs to compare
their performance against. The issue of whether producer boards are performing in the most
efficient manner is unlikely to be fully resolved. Instead the success of the New Z_ealapd
pipfruit industry, dominated by the NZAFMB, is "measured” in terms of gfowerg' fmanc:gl
wellbeing at the orchard level. One measure of the financial success of a primary industry is

- its terms of exchange (Reynolds and Moore, 1990).

New Zealand's pipfruit growers have recently benefitted from the rewards of three consecutive
successiul years of exporting, (1990, 1991 and 1992). The Ministry of Agriculture and
Fisheries Policy Unit (MAF Policy) judge the success of the industry as the receipt by growers
of record returns from pipfruit sales (MAF Policy, 1992).

An analysis of the Board’s advance payments to growers for the 1993 season, suggests that
premium varieties such as Braeburn, Cox’s Orange Pippin and Gala are expected to retun}
similar final payments to those achieved in 1992. However, the advance payments for Fuji
and Royal Gala have been revised downwards from those paid in 1992'. ) The advance
‘payments for less preferred varieties, such as Granny Smith and Red Delicious have also

1

The production mix includes submissions from the range of export varieties and the size distribution of fruit
within each variety.

been heavily reduced (NZAPMB, 1992a; NZAPMB, 1983). in late May 1993 the Board
reduced prices for apples on the UK and European markets to stimulate demand ("Mixed
news”, 1993, 1). The cumuiative difficulties encountered by the Board resulted in the
gtg;r;spﬂr;iry] suspension of interim payments to producers (*Board suspends interim payments®,
The single financial parameter indicative of orchard financial performance reported by the
pipfruit industry is "the average annual payout to growers” (APPG) made by the New Zealand
Apple and Pear Marketing Board. The APPG has been reported annually for the last 44
years. Since 1970 this figure has increased from $1.71 per tce® to $12.94 per ice in 1991
and then declined to $12.60 per tce in 1992. MAF Policy (1993) estimate that the average
payment to pipfruit growers will decline to $3.00 per tce in 1993. However, the likelihood, and
amount of financial support drawn from the NZAPMB's ‘price stabilisation fund’ remains
unknown.

Indices can be used to compare the relative changes in the cost of factors affecting both
inputs and outputs. Reynolds and Moore {op. cit.) used indices when reporting changes in
the financial state of New Zealand's pastoral industries. inputs and outputs are weighted by
an indice based on changes from a base year {say, 1982 = 1000). Pastoral sectors appear
to attach importance to the collection and reporting of such industry standard data (Wright,
1589). This data is available publicly and reflects both relative and absolute changes within
each sector.

The Consumer's Price Index (CPY) is the most common measure of the 'cost of living' in New
Zealand (Dalziel and Lattimore, 1991). The CP! measures changes in the general level of
prices paid for goods and services that househoids purchase New Zealand Department of
Statistics (NZDS), 1990). However, this index is inappropriate to use when analysing inflation
within a specific primary industry. The main shortcoming of the CPl is due to the Goods and
Services Tax (GST). GST is paid by consumers and is not retained by firms. Therefore, the
cost of goods to firms is always less than the cost of goods to consumers. While the rate of
GST is constant (currently 12.5%) there will be no difference between absolute values in the
indices. However, when chariges in the rate occur, the relative difference between the GP!
and other industry related indices will alter.

The best measure of inflation in New Zealand is the percentage change in the Gross Domestic
Product Deflator (Dalziet and Lattimore, op. cit.). However, the GDP deflator ignores the cost
of imported goods and services,-it excludes the costs of producer's imported inputs.
Therefore, it is not an accurate measure of producers’ input inflation.

The NZDS calculates and reports a Horticultural Inputs Price Index (HIP) as one of the sub-
indices of the Agricultural Inputs Price Index (AIPl). The HIPI, reported since 1982,-is
calculated from a 'basket’ of goods and services that is commion to the AIP! sub-indices (for
example see NZDS, 1991). However, the individual weights attributed to each of the goods
and services are unique to the HIPIL.

OBJECTIVE

The real return to the factors of production depends on the price received for goods and the
costs involved in producing these goods. The ratio of output prices and input costs is the
producers’ 'terms of exchange’. The terms of exchange are a measure of competitiveness or

“the ability of one industry to attract a greater share of scarce resources from another with
which it is in competition (Robinson and Reynolds, 1989). The objective of the study was to
derive and discuss the terms of exchange of New Zealand's pipfruit industry.

2

A tee (ray carton equivalent) is a bushel equivalent of fruit that is sold to export, local and pracessing
marxets,
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METHOD

The APPG was used as a proxy for the output variable. The APPG is calculated by the
NZAPMB as follows. First, all costs incurred by the Board are deducted from the gross

.revenue received. Second, funds withdrawn from or paid into a "price stabilisation fund’ held

by the Board are then either added or deducted. Third, the resulting net revenue is then
divided by the total yield {tce) received by the Board from all submissions for either expor,
local or processing markets.

The HIPI is the most appropriate measure of horticultural producer's input inflation. GDP
inflation, the CPI, the HIPI reported by the NZDS and the HIP| calculated for this study for the
period 1971 to 1993 are presented in Table 1. The input index was calculated for the years
prior to 1982 using the same "basket’ of goods and services and their associated weights as
used in the HIPI. The calculated input index for the period 1971 to 1992 is presented in Table
2. :

Table 1: Reported measures of inflation indexed over the peried 1971-13993 (base year

1982=1000).

Year GDP? inflation (o] NZDS HIPI Calc HIPI
1971 261 250 251
1972 300 262 268
1973 330 289 284
1974 358 326 316
1975 378 378 353
1576 430 438 404
1977 519 504 470
1978 584 553 502
1979 660 645 562
1980 752 - 750 732
1881 . 867 867 . 869
1582 " 1000 1000 1000 1000
1983 1117 1035 1008 1048
1584 1200 - 1133 1047 1103
1585 1288 ) 1307 1236 1209
1586 1466 1544 1308 1304
1587 1727 1693 1370 1405
1088 1906 - 1773 1445 1479
1589 2094 1501 1495 1558
1590 2231 " 1993 1610 1629
1991 2358 2012 1596 1628
1902 2442 2021 ) 1551 1594
1993 2041 1551° 1594°

* GDP inflation = Gross Domestic Product deflator, CPi = Consumers Price index, NZDS HIP] = New Zealand
Department of Statistics Horticultural Input Price Index, Calc HIP! = Calculated Herticultural Inputs
Price Index.

_® Authors' estimate

. Source; Daiziel and Lattimore (1991).

New Zealand Department of Statistics {1984, 1987, 1989, 1991, 1991a, 1991b, 1991c,
' 1991d, 1992, 1993, 1993a).

The percentage weights assigned by the NZDS were compared to the actual percentage
weights on three pipfruit orchards and the MAF Farm Monitoring Report pipfruit model
(MAFTech, 1991). Few significant differences between the MAF Monitoring model, the case
study orchards and the NZDS model were observed. The input index used to calculate New
Zealand's pipfruit growers’ terms of exchange was a combination of the NZDS HIP! and the
calculated HIPIL. The calculated HIPI was used for the period 1971 to 1982, and the NZDS -
HIPI was used for the period 1982 to 1993 (Table 3).

RESULTS

The terms of exchange for New Zealand's pipfruit industry for the period 1971 to 1993, using
the HIPI, were calculated (Table 3, Fig. 1). The terms of exchange for New Zealand's pipfruit
industry declined from 1971 to 1989, measured with indices of 1.31 and 0.90 respectively.
The terms of exchange then increased markedly over the following three years, to the extent
that in 1991 it was the highest recorded during the period of study. The terms of exchange
were maintained in the 1992 financial year but are expected to decline markedly in 1993.

Table 3: The indexed terms of exchange of New Zealand's pipfruit industry
(1971-1993).
Year APPG Indexed APPG CPi HIPI ToE CPI ToE HIP!
1571 $1.81 328 250 251 1.31 1.31
1972 $1.85 336 262 268 1.28 1.25
1573 $2.18 396 289 284 1.37 1.39
1574 $2.20 399 326 316 1.22 1.26
1575 $2.28 414 378 353 1.10 1.17
1576 $2.49 452 436 404 1.04 1.12
1677 $3.23 586 504 470 1.16 1.25
1578 $3.70 872 553 502 1.22 T1.34
1678 $3.89 706 645 562 1.08 1.26
1580 $5.06 918 750 732 1.22 1.25
1531 $4.34 788 . 887 869 0.91 0.91
1882 $5.51 1000 1000 1000 1.00 1.00
1583 $5.55 1007 1035 1008 0.97 1.00
1584 $6.30 1143 1133 1047 1.01 1.09
1635 $6.82 1238 1207 1236 1.03 1.00
1886 $7.73 1403 1544 1308 0.91 1.07
1837 $7.96 1445 1603 1370 0.85 1.05
1588 $7.83 1421 1773 1445 0.80 0.98
1589 $7.40 1343 1801 1495 Jo71 0.90
1990 $0.44 1713 1993 1610 0.86 1.06
1591 $12.94 2348 2012 1596 1.17 1.47
1892 $12.60 2287 2021 1551 1.13 1.47
1993 $9.00* 1551* 20412 15512 0.81° 1.05°

Estimates based on MAF Policy expected payout.

Source; New Zealand Apple and Pear Marketing Board (1992), New Zealand Department of Statistics (op. cit.),

MAF Policy (op. cit).
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To equalthe 1971 terms of exchange (ToE = 1.31), the APPG needs to be $11.64 per tce at
current input costs. This is an increase of some $2.60 over the estimated payment to growers
for the 1993 season. The estimated payment to growers of $3.00 per tce, represents a 30%
decline from the previous year in nominal terms. The terms of exchange confronting pipfruit
growers are now similar to those during the period 1982 to 1987.

S h i W n

ury
I

(1982=1.00) —————

Indexed Terms of Exchange

PO o
D P

Trend
0.6

5 T T T L} T T T T T T T T T T
0 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993
Year

Figure 1. The térms of exchange of New Zealand's pipfruit industry (1971-1993).
CONCLUSIONS

Input costs are expected to increase only slowly over the next few years and, therefore, the

-sianificant factor affecting the industry’s terms of exchange will continue to remain the returns

obtzined by the NZAPMB. New Zealand's current economic policies have.removed the
destructive inflationary environment. Pipfruit growers would nqt haye benefftted .from the
marked increase in returns received in 1990, 1991 and 1992 had inflation remained in dquple
figures, i.e., the benefits of markedly improved returns would have been absorbed by rising
input costs.

The high returns in 1990 appeared to be attributable 10 the improved varietal mix, the ear!y
completion of sales and favourable exchange rates (NZAPMB, 1990). The record returns in
18¢1 and 1992 were reported to be attributable to consecutive low harvests of summeriruit
and pipfruit in European countries (NZAPMB), 1991; MAF Policy, 1992; NZAPMB, 1992). In

. the early part of the 1992 season ihe NZAPMB was able to sell ‘15 percent more fruit at

prices five to ten percent above 1991 levels' (NZAPMB, 1992). However, by the beginning
of the European summer New Zealand pipfruit prices were seve-.rely depressed: Depregsed
pipfruit prices were reported to be attributable to Iarge: ‘berry fruit and stone trurt' production,
lack of growth of consumer spending and the continuing oversupply of bananas’ (NZAPMB,
18¢2). The average payment to pipfruit growers (APPG) for 1992 was $12.60 per tce, down

34 cents (2.7%) from the record payout achieved by the NZAPMB in 1991 of $12.94 per tce.

Growers in the New Zealand pipfruit industry are confronted with declining terms of exchange.
This decline is similar to that found in most other land based industries in New Zealand
(Reynolds and Moore, op. cit.). They have recently benefitted from two outstanding revenue
years. However, the record returns received in 1990, 1991 and 1992 may prove to be
temporary exceptions to the trend. Market performance needs to be enhanced to maintain,
let alone improve the industries terms of exchange in the medium term.

The terms of exchange, however, are a gross industry level measure of orchard financial
performance. They should not be interpreted as being a fait accompli for individual growers.
The range of growers' management ability in the pipfruit industry is as diverse as that in other
land based industries. Furthermore, the resources at growers’ disposal {land, labour and
capital) are also varied. Thus, individual growers are likely to respond to the declining terms
of exchange in an orchard specific manner.

The production mix importantly influences the individual grower's average pipfruit price.
Growers have the opportunity, within the constraints of crop maturation times and capital, to
manipulate the production mix to their advantage. Varietal selection, fruit size, export packout
as well as crop load contribute to orchard production and income. Fruit size, packout and
crop load can be largely manipulated by tactical management in the form of pruning, thinning
and disease and pest control. Varietal selection is determined by strategic decision making
at either orchard establishment of subsequent renovation. Through time the difference
between the payout for preferred varieties and less preferred varieties is likely to increase.
Varietal selection will, therefore, remain a critical strategic decision for growers.
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RISK EFFICIENT PERENNIAL CROP SELECTION: A MOTAD APPROACH TO
' KIWIFRUIT DIVERSIFICATION

M Kearney
Agriculture New Zealand, Nelson

SUMMARY

The purpose of this paper is to develop a method for assessing changing perennial
crop enterprises while taking risk into account. Kiwifruit growers are interested in
diversifying into other crops due to the current poor profitability of kiwifruit. Citrus was
used as an example of a perennial crop that could be diversified into.

Gross margins were simulated based on historical information and analysed using a
two stage process. Firstly a Target MOTAD model was used to assess the relative
risk return associated with individual crops. In effect this was a partial analysis
concentrating on expected profit. Having reached a solution, this was used as a target
to aim for.

This two stage approach gave useful results that showed the trade off between risk

and return. While it is a compromise between an ideal model where all factors are

considered at the same time, it is felt that it gave useful results for the resource

available. More work is needed on what basis should be used to assess the optimal

position to aim for.

Keywords: risk, perennial crop replacement, kiwifruit, citrus, diversification,
simulation, Target MOTAD.

INTRODUCTION

The kiwifruit industry is currently experiencing the lowest prices they have ever
received at $3.85 atray. There is a lot of interest amongst kiwifruit growers to diversify
into other crops. Districts such as Nelson and Gisborne have alternative crops like
apples and grapes to diversify into.

However the major kiwifruit production zone is in Tauranga with approximately 10,000
hectares out of the national total of 16,000 hectares. There are fewer alternatives
available to growers in Tauranga.

- One group of options available is to diversify into citrus. However none of the

alternatives available to growers are risk free. All the alternative horticultural crops

have some element of business risk associated with varying incomes.

The purpose of this paper is to investigate an appropriate methodology for analysing
perennial crop replacement problems taking into account business risk, specifically
related to income variation. The nature of the problem facing growers is that they
have make decisions where the future outcomes are uncertain but considerable capital
expenditure is required and there is a long lead in time until they reach maturity.

This paper will firstly discuss the choice of techniques available to solve the problem
posed. It will then discuss the data sources and generation of expected incomes for
the relevant crops. The model framework will be outlined and important assumptions
highlighted. Finally results will be discussed and conclusions reached regarding the
suitability of the technique chosen for assessing perennial crop replacement taking risk
into account.

CHOICE OF TECHNIQUE - THEORETICAL BACKGROUND
TECHNIQUE

The standard approach for considering risk and returns is the mean variance
approach developed in the 1950’s. There are some criticisms of this approach. Firstly
it gives more weight to larger variances both negative and positive. However when the
focus is on negative deviations i.e. bad aspects of risk, it is often largely relevant to
penalise larger deviations below the mean more than the smaller deviations (Parton
& Cumming).

Secondly positive risk is treated as equally as negative risk. There is research
suggesting that individuals perceive risk as negative deviations from an ideal outcome
(Boggess, Hanson & Ladd). Individuals are very happy to accept positive deviations
and are not adverse to these at all. However the mean variances approach treats

‘both positive and negative deviations as one and the same.

Mean variances problems can be salved using quadratic programming. However this
is a cumbersome technique to apply and the data requirements are very intensive
(Hazell, Boisvert & McCarl). Alternative methods have been developed by Hazell
called the MOTAD model. This is a proxy for the mean variances approach focusing
on minimising absolute deviations. It can be solved using linear programming code
and so is often easier to solve in practice. However the MOTAD approach still treats
positive and negative deviations the same.

An alternative formulation was first proposed by Tauer which has been labelled Target
MOTAD. This approach focuses on minimising negative deviations and is inherently
more acceptable to most individuals. Both MOTAD and target MOTAD do not require
risk preferences to be elicited. The data is presented and the user can make his own
mind up. Therefore he or she can apply their own risk preferences to the data and
make their own decisions (Boisvert & McCarl). Target MOTAD has also been shown
to be more risk efficient than previous the two methods in that it is efficient in both first
and second order stochastic dominance (Watts, Boisvert & McCarl)

Target MOTAD was selected as the appropriate method to use in this situation from
both theoretical and practical points of view. Theoretically it seems at least as sound
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‘as other methods availabié. In practical terms Target MOTAD models can be solved

using codes which are readily available. It also does not require individual user risk
preferences to be elicited. The data can be presented and users can make their own
assessment of which solution is the best for their own needs.

TWO STAGE METHOD

Target MOTAD data requirements are too large to allow risk to'be incorporated directly
into a detailed Intertemporal Model such as used by Kearney. Instead a two stage
process was used as suggested by Rae. .

Firstly, Target MOTAD will be used to determine an.optimum crop mix to aim for
having regard to risk and return. This target will give a crop mix to aim for when the
model orchard is fully mature.

The second stage is to check to see if the target crop mix is feasible. A more detailed
intertemporal Linear Programming will be used to see if moving to the target mix is
feasible given the long lead in time and considerable development costs of perennial
crop systems. Detailed constraints can be applied as required.

Seperating the problem into the two stages of deciding where to go and then seeing
if it is feasible to get there is not as intuitively pleasing as a model that does all these
at one time. However, while there may need to be some cycling between the two
stages, the resulting solution should be satisfactory and able to be achieved with
reasonable use of resources.

DESCRIPTION OF MODEL ORCHARD

The analysis is based on a 6 hectare kiwifruit orchard in Tauranga. The orchard is
fully mature. There is $19,000 of orchard income earned. "It has no capacity to
borrow as lenders are unwilling to lend on kiwifruit orchards at the moment. Therefore
all development has to be out of existing cash flow.

The decision analysed in this paper is whether to replace all or part of the existing
kiwifruit orchard with one of three citrus crops. The citrus crops considered are Navel
Oranges, Standard Lemons and Encore Mandarins.

While it is possible for an individual to consider replacing kiwifruit with citrus, it is not
feasible over the whole industry for all kiwifruit growers to move out of kiwifruit into
citrus. There are approximately 10,000 hectares of kiwifruit in Tauranga alone. This
compares to a total national area of citrus of approximately 2,400 hectares. Obviously
a small change out of kiwifruit into citrus could easily swamp the citrus market.

N In particular Encore Mandarins are a high profit, high labour use crop. it is felt that

the market for this variety is limited. Therefore the maximum area that could be
planted in Encore Mandarins as a means of diversifying on a kiwifruit orchard has

- been set at 1 hectare. Lemons and Navels can be incorporated up to the remaining

5 hectares if that is profitable.

Kiwifruit Navel Lemon Encore
Price ($/tray) || (c/kg) (c/kg) (c/kg)
Average 5 60 70 97
Minimum 3 30 20 70
Most Common 5 50 60 90
Maximum ' 7 100 130 130
Yield trays/ha (t/ha) (t/ha) {t/ha)
| Average - 6,000 33 " 40 38
Minimum 20 30 25
Most Common 30 40 40
Maximum 50 50 50
Standard Deviation 765

TARGET INCOME
The target income level (see Table 1) is the amount required to meet minimum fixed

costs. ltis based on the typical levels shown in the MAF Farm Monitoring Report for
December 1992.

Table 1: Target Income

Fixed production Costs

Repairs and Maintenance 3,650

Administration 6.880

10,530

Drawing 18,500

Mortgage - interest 10,250

_ - principle 3.500
Total Target Income 42,780

SIMULATED GROSS MARGINS

The source of risk that was of interest in this analysis was income variation. Other
sources of Business risk and Financial risk have not been considered in this paper.

Table 2: Distributions used to simulate income

All distributions are triangular with the exception of kiwifruit which is assumed to be a
normal distribution. .
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“There are no forecasts for yield price or income available. Therefore the approach

taken was to generate estimates of income from triangular distributions in the main of
yield and price for each product. .The distributions used are shown in Table 2.
Graphs of each distribution is shown in appendix 1.

Kiwifruit yield estimates are based on subjective opinions from industry experts (Sale,
Underwood). National and regional historical data is not that useful as yield trends for
mature orchards are camouflaged by young vines maturing. Therefore it was felt more
reliable to use the judgement of experts who observe mature orchards.

Kiwifruit prices were set based on historical data adjusted for the stage of industry
development. The highest price since 1980 was $10.08 a tray in 1983. Since then
price has tended to trend downwards as New Zealand and world production has
increased. It is unlikely that prices will return to these levels. However it is also felt
that it is unlikely that prices will go much further than they are at the present. Therefore
the minimum price for kiwifruit is set at $3.00 a tray and a maximum of $7.00.

Citrus price and yield data was based on Gross Margin surveys done for MAF Farm
Monitoring Reports. Scientific trial results were used where available and expert
opinion from industry commentators was also used (Sale, Loudon).

The actual levels of prices and yields used will no doubt create much interest from
people in the industry. However for the purpose of developing a technique which is
the focus of this paper, it is felt that these prices are in the right order.

Costs are based on historical data from a range of sources primarily various farm
monitoring reports.

A

SAMPLE SIZE

With current computers power and software packages, it is possible to generate very
big sample sizes. However sample sizes and in the literature are often 50 or less
(Teague and Lee, Parton and Cumming). However graphs of 50 simulations showed
these distribution to be skewed and incomplete (see figures 1 and 2).

It was felt that small sample sizes such as 50 would lead to bias in the resuits.
Through the luck of the draw the expected gross margin might be higher or lower than
the population mean. Therefore the sample size was increased to 500 samples. Tests
were done on a sample size of 1000 but there seemed to be little increase in accuracy
for a considerable amount of extra effort.
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WHAT DATA TO GENERATE

There are very few studies done on perennial crop replacement incorporating risk.
Those that have been done have used annual gross margins at maturity as the focus

.of their simulation and analysis. However analysis such as that done by Teague and

Lee have been considering enterprises which all have the same starting point. In the
case of Teague and Lee they were comparing different grapefruit and citrus spacings.
However they all started at the same time and had an approximately similar
development period.

In the case of the model kiwifruit orchard based in Tauranga, the existing situation is
that there is 6 hectares of kiwifruit producing some income. I it is to be replaced then
there is a loss of income from the kiwifruit until the replacement citrus crop is into
production. There is also considerable extra expenditure involved in planting a new
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“crop. I the kiwifruit is allowed to remain in the ground there is no extra ekpenditure

but a continuing source of income.

The approach taken in this analysis was to use Equivalent Annual Returns as the end
point of the simulation. Developmient budgets were drawn up for each of the three
citrus crops. Yield and price distributions were applied to each age group. The
simulation programme was run. At the end of each simulation the net present value
for 20 years was calculated and then converted into an equal annual return i.e.
amortised to an annuity. This approach of using an equivalent annual return has been
used by Faris in comparing replacing an orchard with continuing the existing varieties.
The effect is to convert an uneven stream of income, starting with large negatives
progressing over 10 years to large positives, into ane figure which can be compared
to the annual gross margin of kiwifruit.

The outcome from the two different approaches is shown in Table 3. As can be seen
there is no difference in kiwifruit whether an annual gross margin or an equivalent
annual return is concerned. Note that kiwifruit has no development cost. The
difference comes with an item such as Navels. It has a high annual gross margin at
maturity of $14,383. This compares very favourably with kiwifruit.

Table 3: Comparison of annual gross margins with Discounted

($/ha
Gross Margin at Equivalent Development
Annual Return Cost
Maturity
Kiwifruit : 6,296 6,296 0
Navels 14,383 3,746 12,397
Lemons 22,010 7,523 5,162
Encore Mandarin 28,679 10,435 5,162
" piscount tactor used = 15%

In any subsequent analysis using Target MOTAD or linear programming Navels, would
dominate kiwifruit at all stages. However, when development costs and time to reach
maturity is taken into consideration Navels are much less profitable in this particular
scenario than kiwifruit. The margin between lemons and Encore is also considerably
reduced compared to kiwifruit.

.Growers considering planting a new crop do not consider only the annual gross

margin when the orchard is in full production. Other very important factors are the
development cost to get the crop into production and the time delay to reach full
praduction. These two" aspects are more than matters dealing with feasibility.

Growers incorporate these factors into their assessment of profitability of the
respective crops.

Inthe case of Navels the overall profitability of the variety is lower than the annual cash
flow would suggest because of the high development costs. Development costs for
Navels are $12,397 compared to $5,162 for the other two citrus varieties. Navels have
a much higher planting density than other citrus varieties.

Also in this particular case it must be remembered that continuing the kiwifruit orchard
in production has no development cost and no delay for income to come on stream.
Therefore it was felt that the most appropriate output from the simulation was the
equivalent annual return rather than an annual gross margin.

The output from the simulation is summarised in Table 4. Mandarins is the most
profitable crop at $10,383/ha. It has the lowest variation and therefore is likely to
dominate a solution. In fact if it is not constrained to one hectare it would be planted
in preference to all other crops.

Table 4: Qutput from Simulation

Sample size = 500
Method = Monte Carlo

(Equivalent Annual Return $/ha)
Kiwifruit Navel Lemon Mandarin
Average i 6,229 3,737 6,608 10,383
Standard Deviation 1,440 1,233 1,758 1,293
Coefficient of Variation 23.1% 33% 26.6% 12.5%
Maximum 10,227 8,203 11,832 14,106
Minimum 1,877 953 1,988 7,232

Navels have the lowest return per hectare, being approximately 50% less than kiwifruit

“and lemons. Therefore Navels are unlikely to come into the solution. Kiwifruit and

lemons have similar average returns although lemons are slightly higher. However
kiwifruit has lower returns but lower variation. It is possible that there may be some
situations where risk adverse individuals may prefer kiwifruit than lemons.

TJARGET MOTAD MODEL

The Target MOTAD model formulation used in this analysis is copied from Parton and
Cumming (see their article for more detail).
Maximise E(R) = R X
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- Subject to: - AX<B
' R*X+d->T

Pd- < D -

X, d->0

1 * n vector of expected gross margins for each activity
n * 1 vector of activity levels '
expectation

k * n vector of resource requirements

= k * 1 vector of resource constraints -

* = geries of m 1 *'n vectors of simulated gross margins

m * 1 vector with each element equal to the target

m * 1 vector of negative deviations from target

1 * m vector of probabilities for each observation (j), Pi=1/m
a scalar parameterised from zero to a very large number
number of activities

number of observations, (simulated years)

number of resource constraints

DWm>MXD
]

~3soUvQ -
R TR O O |

The activities in the model are kiwifruit and the three citrus crops. Dairy was
considered briefly but the gross margin was too low to come into the solution. The
mode! is constrained by total land availability of 6 hectares. There was also a
constraint that Encore Mandarins cannot be more than 1 hectare due to marketing
limitations. The main constraint affecting risk is the acceptable deviation from the
target. This is paramatised to provide the risk efficient frontier.

RESULTS

The results from the Target MOTAD model using the equivalent annual returns as the
measure of gross margin for each activity shown in Figure 3 and Table 5. The graph
is sloping to the left as would be expected. This implies that as an individual is more
risk adverse and will tolerate a lower mean negative deviation than the expected
revenue will decline with lower mean negative deviation.

Risk Efficient Frontier
Kiwifruit Divarsification

Expected Oross Margln (4)
(Thousonds)
& 5 . &

8

2800 - 2750 3000 3300

Figure 3

Table 5: Notes to Risk Ffficient Frontier

Target Income = $42,780

Orchard Area = 6ha
Area Planted
Kiwifruit 1.8 1.2 0.6
Navels 0 0 0
Lemons 3.2 3.8 4.4 5.0
Encore 1.0 1.0 1.0 1.0
Expected Gross Margin 42,741 42,953 43,188 43,421
Mean negative deviation 2,600 2,750 3,000 3,302
% negative deviations 52.6% 51.6% 51.2% 51%
Maximum negative deviation 15,846 17,131 19,355 23,319

Table 5 shows a considerable change in the optimal planted area as risk attitudes
change. Risk adverse individuals will choose a lower mean negative deviation. At this
point the best solution is to have 1.8ha of kiwifruit with 3.2ha of lemons and 1.0ha of
Encore. Encore remains in the target solution regardless the changing levels of risk
aversion.

However as an individual is prepared to accept a higher level of risk as measured by
a higher mean negative deviations, the proportion of kiwifruit decreases and the
proportion of lemons increases.

This reflects the output summarised in Table 4 which show kiwifruit to have a lower
average gross margin and also lower varigtion. Therefore as risk tolerance increases
the crop mix changes from a lower risk crop (kiwifruit) to a higher return but higher
variance crop (lemons).

.Sample Number

Relating back to the point made previously about what sample size should be used,
the Target MOTAD model was recalculated using only 50 samples instead of 500. The
results are shown in Table 6. In both cases the risk constraint is set very large so it
does not constrain the optimal crop mix.
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 Table 6: 50 vs 500 samples

Kiwifruit Navels Lemons Encore
500 Samples
Mean Gross Margin 6,229 |. 3,737 6,608 10,383
Standard Deviation - 1,440 1,233 1,758 1,293
Area planted (ha) 0 0 5.0 1.0
Objective function 43,421
Mean negative deviation 3,302
% negative deviation 51%
Max negative deviation 23,319
50 samples
Mean Gross Margin 6,689 3,555 6,628 10,803
Standard Deviation 1,246 1,256 1,708 1,339
Area planted (ha) 29 0 2.1 1.0
Objective function 44,119 N
Mean negative deviation 1,241 '
% negative deviations 38%
Max negative deviation 8,698

NB: Both the above examples are for unconstrained scenarios ie: M is very large.

The 50 sample analysis is not as accurate as the 500 samples. The mean gross
margin for kiwifruit is considerably higher under the 50 sample than the 500 sample,
while Navels is somewhat lower and Lemons remains unchanged.

This alters the relative risk return relationships. In the cases of the 50 sample, kiwifruit
has a higher mean gross margin and a lower standard deviation than lemons.

" Therefore there is 2.9ha of Kiwifruit coming into the target solution with 50 samples

whereas the 500 sample analysis had no kiwifruit in the target solution.

- Therefore although 50 is a common number reported in literature, it appears to be

adequate. only for research. For providing practical advice larger sample sizes are
needed. The sample size of 500 was picked from visual checking of the output
distribution. More efficient stopping rules are given by Naylor.

SUMMARY AND CONCLUSIONS

Using triangular distributions to simulate estimates of yield and price and hence
income was an effective method of assessing the streams of income likely to be faced
in the future. The Target MOTAD method works according to the theory and
assessing the trade-off between low return/low risk activities compared to high
return/high risk activities. Therefore using Target MOTAD to assess risk is a valuable
addition to the sum of information available on perennial crop replacement.

However more work may need to be done to assess the theoretical appropriateness
of using the equivalent annual returns in a Target MOTAD situation. Target MOTAD
madels are a safety-first approach. The focus is to allow the user to compare how well
their annual fixed cash costs are met by the optimal solution. In this paper equivalent
annual returns were used instead of annual -cash flows in order to get around the
problem posed by the case study where development costs and time were uneven
between activities. However there is a question as to whether it is appropriate

to compare the variability of equivalent annual returns against fixed annual costs.

The results of the Target MOTAD should be assessed for feasibility with an intemporai
model.
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KIWIFRUIT AREA CHANGES AND YIELD VARIABILITY BY
GROWING REGIONS!

Ram SriRamaratnam, Phil Hay, Beth Bailey, Carolyn Stevens
and Prakash Narayan
MAF Policy, Wellington

ABSTRACT

This paper examines the expansion in the kiwifruit area for the major growing
regions in New Zealand from 1975-1991. The regional yields derived from bearing
area and regional production are also studied.

The study aims to identify the factors that influenced the changes in area in the
different regions and estimate their level of impact through econometric relationships.

Also covered in the paper is the extent of yiéld variability and a comparison of
regional yields. An understanding of factors which influenced the kiwifruit area and

yields by growing regions will enable estimation of likely area and yield responses
in the future.

INTRODUCTION

The focus of this study is to model New Zealand kiwifruit production in the main
growing regions and nationally. It examines the expansion in kiwifruit area in the
main growing regions and investigates the changes in regional yields derived from
bearing areas and regional production estimates. These were analysed by developing
an econometric model of kiwifruit production based mainly on historical data.

The four separate regions studied are:

(a)  Northland & Auckland;

(b) ~ Bay of Plenty & Waikato;

(c)  rest of North Island; and

@ _ South Island.

Factors which influenced the expansion of the industry and yields are incorporated
into the model. This includes such factors as; prices, costs, government policies,

. relative profitability, crop management and climatic conditions. Also included is the

use of the chemical Hi-cane and its effect on yields and on lowering yield variability.

' The views expressed in this paper are those of the authors and do not necessarily reflect the
official view of the Ministry of Agriculture and Fisheries. The helpful suggestions and
comments of colleagues at MAF Policy and else where are acknowledged. Errors and
omissions remain the responsibility of the authors.

The emphasis is on regional econometric modelling by representing the dynamics of
perennial crop agriculture (French and Mathews, 1971; Rae and Carman, 1975 and
Knapp and Konyar, 1991) and also by recognising the regional diversity of
production.

OBJECTIVES

The specific objectives of this work are as follows:

(@)  to examine the expansion in the kiwifruit growing area by major growing
regions; :

(b) to investigate the level and variability of yields in these growing regions;

(c) to develop a model of area and yield responses to understand the nature and
the level of impacts of key factors responsible; and

(d) toemploy the model developed to make medium-term estimates of future area
responses as well as yield and production levels in the kiwifruit industry.

BACKGROUND INFORMATION

Over the period 1975 to 1991 the area planted in kiwifruit expanded dramatically.
In 1975 the total planted area of kiwifruit was 642 ha. However, by 1991 the total
area had increased by over 2000% to 15,086 ha, peaking at 15,895 ha in 1989. Area
is divided into two categories, total area and bearing area. Bearing area is the total
planted area less any area not yet in production.

The growth curve in figure 1 is a classic S-shaped growth curve typical of new
products. Up untl 1980 growth in area expanded steadily, but at a relatively low
rate. From 1981 to 1987 the area grew rapidly. The period from 1987 on represents
the maturation phase of the industry with the growth in area slowing down and
eventually becoming negative.

The growth curve in national area closely reflects that of the most significant growing
region - the Bay of Plenty (BOP) which represented about 65% of the national
bearing area in 1991. The bearing area in the other regions also grew rapidly, but
on a much smaller scale. Northland/Auckland represented 16% of the area in 1991,
the Rest of North Island 11%, and the South Island 7%.
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The rapid growth in plantings meant that the percentage of the total area in bearing
fell until 1981. As the new vines came into production the area in bearing rose and
by 1991 around 97% of the total area was in production.

Factors Contributing to Growth in Area -
:
Kiwifruit Returns and Relative Profitability 3}

Relative returns for kiwifruit in relation to other competing enterprises have
influenced the nature of growth in the New Zealand kiwifruit industry.

Figure 2: Kiwifruit Returns Relative to Other Enterprises
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Three enterprises that have had a major impact on total kiwifruit area in New Zealand
are apples, dairy and beef (figure 2). Until 1983, the returns from kiwifruit were
higher than the returns from these other enterprises. However, this situation has now
largely reversed. Since 1985 returns for apples have been higher than kiwifruit, while
milkfat returns have been about equal to kiwifruit. Only beef remained relatively less
profitable than kiwifruit in the period to 1991.

In the main Waikato and Bay of Plenty region, the two enterprises competing with
kiwifruit were dairy and beef farming. Kiwifruit, an intensive horticultural system
does not compete with dairy and beef for land. However, being highly capital
intensive, kiwifruit competes for capital funds. The big increase in kiwifruit area in
the late 1970s and the early 1980s was due to the higher levels of profitability
Kdwifruit was generating (figure 3). This was also the period when sheep and beef
farming received very favourable returns mainly as a result of the livestock incentive
schemes that were in place. During this period, farm advisors also encouraged on-
farm diversification, and kiwifruit looked the best of all options.

Figure 3: Gross Margins: Kiwifruit & Competing Enterprises
Waikato & Bay of Plenty
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In the Northland and Auckland region, deer and beef farming, and to a lesser extent
dairy farming, were alternatives to kiwifruit production. Deer farming being a new
farming enterprise like kiwifruit, during the late 1970s and early 1980s, was also
quite capital intensive, Kiwifruit area increased rapidly in this region during this
period (figure 4), once again because relative profitability (gross margins) favoured
kiwifruit production. In the mid-1980s, as the gap in relative profitability between
deer and kiwifruit declined, this resulted in a lack of expansion in kiwifruit.
However, in the late 1980s the kiwifruit area in this region expanded again as the
profitability (gross margin) of alternative enterprises to kiwifruit, such as deer
farming began to decline considerably, while beef profitability (gross margins) did
not increase substantially.
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Figure 4: Gross Margins: Kiwifruit and Competing Enterprises
Northland & Auckland Region
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The above trend was experienced in the rest of the North Island (figure 5) as well,
except for the fact that kiwifruit area declined since 1985. This was mainly attributed
to the relative profitability (gross margin) of kiwifruit production in relation to apple
production, which has declined substantially since mid to late 1980s. The
profitability of beef and especially deer farming activities also declined during the
late 1980s but not to the same extent as kiwifruit production.

Figure 5: Gross Margins: Kiwifruit & Competing Enterprises
Poverty Bay, Hawkes Bay & Rest of North Island
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In the South Island, there appear to have been two phases of area expansion. During
the late 1970s and early 1980s, kiwifruit area rose because of its higher reladve
profitability (gross margin) in comparison to competing alternative enterprises such
as deer and apples (figure 6). In the mid-1980s, there was some competition from
deer which led to an arrest in kiwifruit expansion in 1986, but deer profitability
declined by the same extent as kiwifruit, afterwards. In the second phase, ie since
1985, kiwifruit profitability (gross margins) dropped and so did the area under
kiwifruit, mainly due to very strong competition from apples (figure 5). Both being
capital intensive horticultural crops, apple profitability in recent years has been almost
as good as the best kiwifruit boom period of early 1980s.

Figure 6: Gross Margins: Kiwifruit & Competing Enterprises
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Cost of Financing

The amount of debt an orchard has is a major factor determining its profitability. In
the early 1980°s land prices in prime kiwifruit growing areas rose to very high levels
which led to high debt loadings by those buying properties. For example a five
hectare orchard in Te Puke had a capital value of $149,000 in 1976 but by 1981 this
had increased nearly 250% to $370,000.

A high debt loading was only sustainable in many cases if interest rates were low.
However, interest rates on mortgages rose dramatically from around 11% in 1980 to
over 20% in 1987. This increase meant that many orchards brought in the early
eighties were no longer profitable. At the same time grower prices for kiwifruit were
falling in both real and nominal terms.

As a result of these factors some growers started to leave the industry. Those who
brought orchards generally bought in at a lower cost and hence their debt loading was
less. This means that the orchard can be profitable with a much lower level of
grower Teturn.
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Government Policies

Government policies had a significant effect on the expansion of the area in kiwifruit.
Over the period 1975-1991 there was a range of incentives available to the
agricultural and horticultural sectors. Most of the incentives required that
development took place, and since kiwifruit production was in the development
phase, the incentives tended to encourage change from well established sectors, such
as dairy, to kiwifruit. The most significant incentives for kiwifruit producers were
delivered via the tax system and included the tax deductibility of development
expenditure, claw back provisions and export incentives.

(a) Development expenditure.  Under these incentives, certain items of
development expenditure, which would normally be regarded as capital
expenditure and therefore not deductible for taxation purposes, were fully tax
deductible in the year that they occurred. This incentive was subject to a
change in tax law in 1983. Before this, during 1979 - 1982, losses from one
taxable activity could be completely offset against other sources of income
with no limits. However from 1983 the offsetting of losses against income
from other sources was limited to $10,000. Further changes following the
1986 taxation reforms saw a system introduced where capital expenditure on

land improvements was capitalised and depreciated over time. These changes

were progressively introduced with full current year expenditure being phased
out as follows:

1987 100% deductibility - 1990 55% deductibility
1988 90%  deductibility 1991 30% deductibility
1989 75% = deductibility 1992 0% deductibility

(b) Claw back provisions. Until 1983, Kiwifruit land could be sold at profit after
five years with no claw back of tax deductions on development expenses and
debt servicing. This period was then increased to 10 years in 1983.

(¢)  Two different export incentive schemes operated during the period. Up until
1983 the Increased Exports Taxation Incentive increased the profitability of
kiwifruit by subsidising export sales. In 1983, this scheme was replaced by
the Export Performance Taxation Incentive (EPTI). Under this scheme,
assistance was given as a tax credit against tax payable. It was less lucrative
for producers but still increased their profitability above market returns. The
EPTI scheme was terminated in 1987.

The Level and Extent of Yield Variability

National and Regional Yields

While kiwifruit area and production in New Zealand has increased steadily for the
last two decades, total yields (ie production per bearing area) have fluctuated from
year'to year.

Figure 7: Kiwifruit (1975-91)
National Export Yields
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In 1986, favourable climatic conditions were experienced throughout the country,
resulting in a high national yield (figure 7). In 1989 there was a fall in national
yield, influenced largely by a poor harvest in the Bay of Plenty/Waikato region. This
region represented 65-70% of the total production, and therefore had a major impact
on national production. The national yield rose again in 1990, which proved to be
a bumper year for all regions. Again favourable climatic conditions was the major
factor but the use of Hi-cane was also important. Poor climatic conditions were
experienced again in 1991, and there was a significant fall in national production.

Table 1: Level and Variability of Regional Yields 1982-1991 (Trays per Hectare)

" Regions Mean Std Max | Min
Yield | Devn
Northland/Auckland 2,846 868| 4,646] 1,393
‘Waikato/Bay of Plenty 3,755 1,201| 5,593 2,257
Poverty Bay/hectarewkes Bay/Rest of North Island 34241 1,222 5,726} 1,367
South Island 3906] 12880 6,734 955
New Zealand 3628] 1,151} 5,583 1,977

The yield data for the ten year period from 1982-1991 is used to provide summary
measures for the four regions studied and for New Zealand (table 1). The mean fruit
yield per hectare for New Zealand was about 3,600 trays and ranged between a
maximum of 5,600 trays in 1990 and a minimum of about 2,000 trays in 1982, when
most orchards were still immature.

Northland/Auckland

Kiwifruit yields in the Northland/Auckland region are the lowest of the regions
studied and have increased only slowly over the past 10 years. Production of
kiwifruit has been somewhat limited in this region due to inadequate winter
temperatures. However, the use of Hi-cane has overcome this problem and lead to
an increase in yield since 1990.
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Rest of North .Island'

Yield in this region has risen slowly as plantings reached full production. This
region incorporates the small kiwifruit growing districts in the rest of .the North
Island. . '

The mean yield in this region was about 3,400 ways/hectare. The maximum yield of
approximately 5,700 trays in 1990 was higher than that in the BoP region (table 1).
Yields are most likely to range between 2000-4000 trays/hectare (figure 9).

Figure 8B: Regional Yields
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South Island

Kiwifruit yields have skyrocketed in the South Island since 1983 (figure 8b). The
key reason for this is the large increase in plantings which occurred from 1979 to
1983, The climate in this region is considered to be ideal for growing kiwifruit.
Early, cool winter temperatures tend to trigger bud break earlier than in other parts
of the country, and as a result higher yields are achieved.

The mean yields for the South Island growing districts is the highest amongst all the
four regions at approximately 3,900 trays/hectare. The maximum yield was more
than 6,700 trays/hectare in 1990 (table 1). Yields in this region were centred around
2,000 trays/hectare up to the mid 1980s, but have risen dramatically in recent years
to about 3,000 trays/hectare (figure 9).

Figure 9: Frequency Distribution of Total Yields
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Factors Affecting Yield

Since 1981 the production of kiwifruit has increased substantially, primarily as a
result of increased plantings since 1979. As kiwifruit production became more
widespread throughout New Zealand, yields between regions have varied as a result
of climatic variations and different crop management practices.



661

Table 2: Annual Growth Cycle of Kiwifruit

Season/Month Growth Stage Climatic Factor
Winter .
June - August - DORMANCY - Min. temperature
Late August - BUDSWELL { Winter chilling
| - Frost
Spring .
September/October : - BUDBREAK - Avg temperature
November/December - FLOWER BUDS OPEN { Sunshine hours
- POLLINATION ~ Rainfall

Summer
December - FRUITSET
January/February - RAPID FRUIT GROWTH { Sunshine
Autumn
March/April - FRUIT MATURATION
Early May - HARVESTING
June - LEAF FALL
Note: This calendar presents a general outline of the different stages of the growth and

production of kiwifruit. However, the actual stages and the climatic impacts vary from

year to year and are pronounced berween regions. -

Climate

As kiwifruit plantings have moved away from the Bay of Plenty region, kiwifruit is
now being grown in a range of quite different climatic conditions. Climate is one of
the most important factors which influences yield and, in particular, temperature
variations. The seasonal climatic variations and its role and impact on the growth
cycle are discussed below.

(2  Winter Chilling. Kiwifruit vines enter a rest or dormant phase in autumn with
the onset of cooler, shorter days. Winter chilling occurs during June, July and
August and is essential to overcome the dormancy phase and initiate budbreak.
Inadequate chilling can delay and reduce both budbreak and flower production.

Kiwifruit requires an estimated minimum of 950 - 1000 hours of chilling at
4°C to break dormancy (Brundell 1976; Lionakis and Schwabe 1984a).
Winter chill units in the main kiwifruit growing areas range from an estimated
1000 hours in Northland to 2000 hours in Nelson.

(b)  Average temperatures. While cool temperatures are required in winter,
warmer Spring temperatures are desirable to encourage shoot growth and
flower development. Low temperatures during this period can delay the

" opening of flowers, which will delay harvest. Very low temperatures at this

time can severely damage the tender new shoots and flowers.

(¢)  Frost.. Some regions in New Zealand may not be suitable to grow kiwifruit
because of the frequency and severity of frosts. In spring, young growing
shoots, developing flower buds and flowers are particularly susceptible to frost
‘and can be severely damaged by temperatures of -1.5°C. Severe frosts at this
stage in the growth cycle can damage fruit growth and cause poor yields.

(d)  Sunshine hours. Sunshine and light are essential for kiwifruit growth. The
amount of sunlight during different stages of the growth cycle can affect the
growth of kiwifruit by influencing the initiation and development of flower
buds and fruit growth. High sunshine hours will therefore influence fruit size
and number.

Crop Management

Crop management is the practices used by kiwifruit growers to create favourable
condidons for a kiwifruit vine to maximise production. Some important crop
management practices which affect yield include pruning, pollination and the use of
Hi-cane, a dormancy breaking chemical.

(a)  Pruning

Pruning plays a# major role in influencing both yield and fruit size. Pruning
removes unnecessary canes and foliage, which is particularly important in
summer to provide adequate light within the vines for fruit ripening and
maturation. Pruning also provides easier access for bees to pollinate the
flowers; increases penetration of sprays; increases air movement around the
vines, which reduces the conditions favoured by pests and fungi disease.

(b)  Pollination. Pollination is essential for a good yield. Up to 90% fruit set is
required for a good commercial crop. Without good pollination, fruit will be
small and not up to an exportable size. Warm, fine weather is desirable
during pollination to encourage bee activity. Rain fall during pollination will
reduce the number of sunshine hours, and will discourage the bees from
working. However, artificial pollination can be used to ensure adequate
pollination occurs. Pollination can also be influenced by using different vine
planting arrangements.

(c) Hydrogen Cvanamide (Hi-cane). Hi-cane is a dormancy breaking chemical
which is used to enhance normal bud break. By improving bud break,
flowering, fruit yield and profitability can be improved. Hi-cane became
available in 1989, and is currently used in regions which experience mild
winters such as Northland/Auckland and the Bay of Plenty.

Hi-cane is currently used by 95% of Northland growers, and over the last four
years has become an accepted management tool. The use of Hi-cane in the
Northland region has successfully increased total yield. Many orchards in
northern regions would not be viable if Hi-cane was not available to break
dormancy.

(d  Hi-cane’s influence on the national crop. The major areas where this product
is used are the Bay of Plenty, Northland and Auckland. These areas represent
75.5% of the total national crop (1991). Since the widespread use of Hi-cane
in 1990-91, the total national crop is significantly higher than previous years.

Kiwifruit Production and Marketing

The first commercial plantings of kiwifruit took place in the Bay of Plenty in the
1950’s. By the 1970’°s kiwifruit was being exported in small quantities to markets
in Europe and Japan. Exports grew rapidly from $4.3 million FOB in 1975 to reach
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$539 million in FOB in 1990. Kiwifruit is currently New Zealand’s fourth largest
€XPOrt earner.

Role of Government and the Marketing Structure

Throughout the early phase of getting kiwifruit accepted or world markets in the
early to mid 1970’s there was no government involvement in the structure of the
industry. Several exporters were involved in marketing kiwifruit on world markets.
It is these early exporters that are credited with establishing kiwifruit on world
markets. ’

Some co-operation between exporters did occur however through the Kiwifruit Export
Promotion Committee. This committee, formed in 1970, was funded by a levy on
producers and exporters. The committee’s major task was the development of
grading systems and storage and packaging methods.

The New Zealand Kiwifruit Authority was formed, under government regulation, in
1977. It had control over the licensing of exporters, the coordination of export
marketing, and control over packaging and coolstoring. The number of exporters
declined over the 1980’s and by 1987 there were only 7 licensed exporters.

The New Zealand Kiwifruit Marketing Board (NZKMB) was formed in 1988 after
a vote by growers. It was hoped that a marketing board would be able to arrest the
fall in fortunes by the industry. In 1988 retumns had fallen to $4.83 per tray from a
high of $8.38 per tray in 1984.

The NZKMB was given sole power to acquire and market the New Zealand kiwifruit
crop in all export markets excluding Australia. It also has the power to determine
grower payouts and set grade standards.

However, despite the creation of a marketing board, the position of growers has not
changed significantly. They still have litile real control over the marketing of their
fruit and grower prices. Both under private exporters and the NZKMB grower
returns are the residual monies that are left after meeting all shipping and marketing
costs. Growers have little ability to query the amount of the payout. This means that
much of the risk involved in the kiwifruit industry is borne by the growers and not
by the marketing organisation.

Export Standards

Export standards for kiwifruit have changed considerably over the last 10 years. The
Kiwifruit Authority set and enforced standards for all kiwifruit exports after
consultations with the industry. The NZKMB took over this role from 1988. Since
its formation grade standards have been increased each year to ry and maintain New
Zealand’s premium price in world markets.

International standards for kiwifruit were developed by the OECD in 1990. New

~ Zealand was the prime mover behind these standards in an attempt to improve the

overall quality of kiwifruit on the world market. This standard is now being used by
the EC. "The US has also developed standards for kiwifruit which are used by the
domestic industry and by exporters such as New Zealand.

CONCEPTUAL MODEL OF KIWIFRUIT PRODUCTION

In this study, kiwifruit area and yield responses are investigated for four growing
regions and for New Zealand as a whole. The boundaries for the four regions were
determined following discussions with the New Zealand Kiwifruit Marketing Board
(NZKMB) with the objective of identifying homogenous areas into single production
regions and also to keep the number of regions modelled to a manageable size. The
potential availability of important data on production and area were also additional
considerations. Due to the diversity of alternative enterprises to kiwifruit available
in the different parts of the country and the variability of climatic impacts on
kiwifruit yields necessitated a regional modelling approach.

The following is an outline of the conceptual model of kiwifruit production adopted
in this study to model kiwifruit area and yield responses. The 17 year data period
covered in this study is from 1975 to 1991. The latest data available on regional
kiwifruit areas was for the 1991 season, even though national production data is
available for the 1992 and to some extent the 1993 seasons. The study differentiates
bearing areas (BAREA) from total areas (TAREA) for each region and for New
Zealand. For each production season of the study period, the bearing area is derived
as total area less the non-bearing area, where the latter is defined as net increases
(positive changes) in total area for the last three production seasons, including the
current one. This derivation is based on the assumption that some bearing takes
place in the fourth year from planting.

Time periods - t = 17 (years/production seasons) 1975-1991
Regions -n=5

Region 1 - Northland/Auckland

Region 2 - Waikato/Bay of Plenty

Region 3 - Hawkes Bay/Poverty Bay and Rest of North Island

Region 4 - South Island
Region 5 - New Zealand (National)

Annual Area Adjusiments (Canopy Hectares)

(a) Total area - TAREA, n=1,2734,5) t=1973-91)

(b) Bearing area - BAREA,, (n=1,2,34,5) (t=1973-91) .

()  Changes in total area - CTAREA,_, = TAREA,, - TAREA, ),
(net new plantings) n = 1-5 and t = 1974-91

Bearing Area Derivation:
(d) Non-bearing area - NBAREA,, (n = 1-3); (t = 1975-91)
NBAREA,, = CTAREA,, + CTAREA, ., + CTAREA, .,

Bearing area - BAREA,, = TAREA,, - NBAREA,,
for all n = 1-5 and ¢ = 1975-91
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Determinants of Changes in Total Area:

CTAR'EAH»I = f( RPm(l-i) 4 RRn,(!-i) ’ GPx )

Where:
RP, . - Relative profitability of kiwifruit in relation to alternative
enterprises defined in terms of ratios of gross margins (GM).
Alternative enterprises Ratios
- Dairy (MFGM) KFGM/MFGM
- Deer (DRGM) KFGM/DRGM
- Beef (BFGM) KFGM/BFGM
- Apples (APGM) KFGM/APGM
i=1,2o0r3
RR ¢ - Relative returns (RETN) of kiwifruit in relation to alternative
enterprises defined in terms of ratios of prices.
Alternative Enterprises Ratios
- Dairy (MKRETN) KFRETN/MKRETN
- Beef (BFRETN) KFRETN/BFRETN
- Apples (APRETN) KFRETN/APRETN
i=1,20r3
GP, - Government policies in relation to:

(a)  tax concessions of development expenditure (DTC):

DTC =1 for 1975-1987;
DTC, =0 for 1988-1991;

(b)  offsetting of losses and clawback provisions (DLC):

DLC, =1 for 1979-1982;
DLC, =0 for 1975-1978 and 1983-91.

Yield Response Relationships (Trays per Canopy Hectare)

(a) Total yields - TYDS,, (n=1,2,3,4,5); = 1975-91)
Defined as TYDS,, = TPRODN,, / BAREA,,

Where TPRODN,,, is total kiwifruit production in region n during period t.

(b) Export yields - EXYDS,, (a=1,2,3,4,5); (t= 1975-91)
Defined as EXYDS,, = EXPRODN,, / BAREA

Where EXPRODN,, is export kiwifruit production in region n during period t

Determinants of Total Yield:

TYDS,, = g( TY82,, DHC, , WINTMIN, ,,, , SPRMEAN, ,, , SUMMEAN,, )

Where:

YT82, - A yield rend dummy variable representing yield increases with the
maturity of orchards/plantings made since late 1970s.
YT82,=0 for t = 1975-1981
YT82,=1,2,3,..,10 fort=1982-1991.

DHC, (5 - A dummy variable representing use of Hi-cane since 1989 in

certain regions for breaking dormancy of kiwifruit.
DHC, =1 for t = 1990-91
DHC, =0 for t = 1975-1989

WINTMIN, - Average monthly minimum termperatures for the winter months of
June, Julv and August during previous winter in each region.

SPRMEAN, ., - Average monthly mean temperatures for the spring months of
September, October and November during previous spring in each
region.

SUMMEAN, - Average monthly mean temperatures for the summer months of
December, January and February in each region.

Data Sources and Availability

The assembly of relevant data on kiwifruit production and particularly area of
production by regions for a sufficiently long enough historical period, as required for
this study, was a formidable task. This is the case evidently for all horticultural
enterprises, not just kiwifruit. But with kiwifruit, the data collection effort was made
further cumbersome due to the changes over the years in the management structure
of the industry itself. The agencies responsible for collecting and maintaining data
and the nature and extent of data gathered also differed for the sub-historical periods
under study. More importantly, current availability of some data collected in the
distant past was made difficult due to informal and some lack of reporting systems.
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In recent years, particularly since the mid 1980s, first the Kiwifruit Marketing
Authority (KMA) and subsequently the New Zealand Kiwifruit Marketing Board
(NZKMB) have been responsible for collecting and maintaining data on production
and area by growing districts. Before that, during the early period of the kiwifruit
development iri New Zealand, the Ministry of Agriculture and Fisheries (MAF)
carried out this task, especially during the 1973-1983 period. Some production and
area data is available from the Department of Statistics (DoS) as well, but they differ
from KMA and NZKMB as well as MAF figures due to definitional differences such
as total hectares vis a vis canopy hectares.

For the purposes of this study, MAF reports for the earlier period and NZKMB and
KMA reports and particularly direct personal communication (Peter Buil, NZKMB,
Tauranga) enabled the availability of more recent data. The production and area data
from more than one source for some periods were reconciled following consultations
and the data for missing periods of 2-3 years in the early 1980s were interpolated
using standard statistical techniques available on computer packages.

The data on explanatory variables such as gross margins, prices, Government policies
etc in the past, required to study area responses, were obtained from MAF and
NZKMB sources as well as some purchased from Agriculture New Zealand
consultants. Gross margins were not readily available for both kiwifruit as well as
alternative enterprises in the historical context. But to the extent possible, gross
margins on a pethectare basis were considered more preferable to the returns or prices,
as the latter are for variable units of production such as per tray for kiwifruit and per
kg for milkfat, beef etc. Co

The climatic data for regional yield response modelling was obtained from the
National Institute of Water and Atmosphere Research (NIWAR). Monthly average
minimum and mean temperatures were purchased for 3-4 weather stations located in
each of the four growing regions studied. The selection of weather stations were
based on the size of the kiwifruit area by districts within each of the four regions.
The individual station data was then aggregated by regions using the kiwifruit area
as weights. Monthly data was also aggregated into seasons and the average minimum
temperatures for the winter months (June, July and August) and the average mean
temperatures for the spring (September, October and November) and summer
(December, January and February) months were employed in the yield response
equations. For some regions, temperature data for individual months were employed
as they explained yield variations better.

Only temperature data (minimum and mean) is used in this study so far, to capture
climatic impacts on yield variability, as they were considered to be the most
important factors (Food and Horticulture CRI, Palmerston North, personal
communication) influencing yields. Subsequently, data on other climatic factors such
as rainfall, sunshine hours etc wit keused in this study depending on the degree of
explanatory power of temperature and other non-climatic variables such as the use

_of Hi-cane and the yield trend with the maturity of orchards.

Model Estimation

The estimated area response equations and yield response relationships are reported
in appendix table 1. The total area response was estimated in the change as opposed
to the level form as this provided better results. The yield response elationships

were estimated for total ylelds as opposed to the export yields, typically reported by
NZKMB, since climatic effects impact on total yields more in a physical context in
terms of the size of the crop, Modelling quality and standard specifications for
exports were considered too complex at this stage, due to changes that have taken
place in standards over time.

Area Response Equations

These are estimated for a 15 year period from 1977-1991, even though data on
kiwifruit area changes was available from 1975 onwards. Gross margins were able
to be derived starting from the production season of 1975 only, for kiwifruit and the
competing enterprises such as dairy, deer, beef and apples. As the estimations
suggested a two year lag period for the relative profitability to impact on area
changes, the Area Response Model was estimated from 1977 to 1991, the latest year
area data was available.

Different enterprises and some combinations of enterprises were found to be
important in the four regions modelled, and for New Zealand as a whole, in terms of
the impacts of their relative profitability (gross margins) in relation to kiwifruit, on
the changes (or increases) in the area under kiwifruit production. For New Zealand
as a whole, dairy, beef and apples appear to have been the competing enterprises in
the order of importance, in explaining changes in total area (CTAREAS).
Govermnment policies with respect to tax concessions used as a dummy variable
(DTC) also explained changes in total kiwifruit area in New Zealand. This equation
was statistically good overall with an R of 0.906 and an F value of 35. Individual
parameter estimates were also significant at least at the 10% level, based on t-
statistics reported (appendix table 1).

In the Northland/Auckland region (CTAREAL1), deer and beef farming appear to have
been the competing enterprises with tax concession dummy variable also playing a
role. This equation had an B value of 0.600 only and an F statistics of 8, with some
parameter values significant at the 10% level. The non-inclusion of some other
important enterprises for this region, such as citrus, in the model due to the lack of
data availability appear to have been a constraint.

In the main kiwifruit growing area of Waikato/Bay of Plenty (CTAREA2), dairy and
beef were the main alternative enterprises to kiwifruit and the tax concessions dummy
variable (DTC) appear to have been important here as well. The statistical properties
of this equation was much superior to the Northland/Auckland equation, but not as
good as the overall New Zealand equation, as the R value was 0.800 and the F
statistics about 20. Individual parameter estimates were also significant at the 10%
level or more (appendix table 1).

In the third region covering the Rest of the North Island (CTAREA3), including
Hawkes Bay and Poverty Bay, three enterprises - apples, beef and deer, appear to
have been the important competing enterprises and the tax concession dummy
variable (DTC) was also important. The overall fit of this equation was almost as
good as the New Zealand equation with an B value of 0.879 and an F value of about
37. Individual parameter estimates were also significant at the 5% level or higher.

In the South Island kiwifruit growing region (CTAREA4) of Nelson, Golden Bay,
Karamea etc, apples and deer were found to be the competing enterprises and the
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investment loss clawback dummy wvariable (DL.C) was more important than the tax
concession dummy variable (DTC), which was thus omitted in the final equation. The
overall fit of the equation was satisfactory with an R value of 0.743 and an F
statistics of 14.5,along with individual parameter estimates also significant at the 10%
level or higher. '

Yield Response Relationships

These relationships are also reported in appendix table 1 for New Zealand as a whole
and for the four regions modelled separately. In contrast to the area response
relationships,where the New Zealand equation was found to be statistically better than
the individual regional equations, the New Zealand wide yield response relationship
was not as good as the separate regional equations. This was consistent with prior
expectations of regional differences in climatic impacts which was the main reason
for the adoption of a regional modelling approach in this study.

In all the four regions studied, the yield trend variable representing the maturity of
orchards since 1982 (YT82) was important in explaining the general increase in the
yields throughout New Zealand. Along with this, minimum temperatures in the
previous year’s winter season and the mean temperature in the same summer season
were important in all the three North Island regions studied. Higher minimum
temperatures in previous winter months had a negative impact and higher mean
temperatures in summer months of the same year a positive impact on yields. These
temperature effects were not observed to have similar impacts on the South Island
yields, where an individual spring month’s mean temperature was somewhat
important along with YT82.

As anticipated, use of Hi-cane in the Northland/Auckland and Waikato/Bay of Plenty
regions since 1989 represented as a dummy variable (DHC) was found to be
important and statistically significant especially in the former region.

The overall fit of the yield response equation was particularly good in the
Waikato/Bay of Plenty region with an R value of 0.962 and an F value of 58 and the
parameter estimates were also statistically significant at the 1% level except for the
DHC dummy variable on Hi-cane use which was significant at the 10% level only.
Overall, New Zealand yield equation had an R value of 0.523 only and seasonal
climatic impacts were not as pronounced as the effects of individual winter, spring
and summer months as the climatic data from all four regions were aggregated.

Model Validation

Kiwifruit model validation results are reported in table 3. The statistical measures
reported in the table for model validation purposes are the correlation co-efficient
(CORR), regression co-efficient (REGR) of actuals on predicted, Theil’s inequality
co-efficient, error due to bias and the root mean square error (RMSE).

The CORR measures the degree of parallel changes in actual and predicted or

estimated values, while REGR measures the extent to which the two series coincide
together. In both cases, a value close to one is most preferred and the value for
REGR can be greater than one. As can be seen in table 3, all CORR and REGR
values for changes in total area, total yields and bearing areas for all four regions as
well as New Zealand are close to one. The lowest CORR values are for the

Northland/Auckland region at about 0.800 for area changes and 0.880 for total yield
estimations. Even then the CORR value for bearing area was very close to one for
this region.

Table 3: Validation of the Kiwifruit Production Model

Endogenous Correlation Regn Co-eff Theil’s Error Due | RMSE
Variables Co-Efficient | Act vs Pred Co-eff To Bias
1 CHANGES IN TOTAL AREA
(@)  Northland/ 0.805 0.976 0.379 0.001 95.6
Auckland
(b)  Waikato/Bay of 0.922 1.001 0.280 0.009 241.1
Plenty
(¢) Restof NI 0.899 1.002 0.387 0.012 97.6
(d)  South Isiand 0.904 1.047 0.368 0.014 59.3
() New Zealand 0.969 0.996 0.171 0.016 234.0
i TOTAL YIELDS
(a)  Northland/ 0.888 0.895 0.159 0.033 4476
Auckland
()  Waikato/Bay of 0.989 1.000 0.044 0.001 173.5
Plenty
(¢)  Restof NI 0.943 0.959 0.121 0.009 405.5
(d  South Island 0.959 1.095 0.159 0.042 6109
() New Zealand 0.902 1.107 0.134 0.013 509.8
|m  BEARING AREA ' '
(a)  Northland/ 0.991 1.051 0.083 0.002 1325
Auckland
(b)  Waikato/Bay of 0.997 0.967 0.042 0.035 2839
Plenty . :
(¢) Restof NI 0.988 0.895 0.121 0.192 1543
(d  South Island 0.961 0.939 0.159 0.076 1156
(¢) New Zealand
- rgns aggrgted 0.998 0.975 0.039 0.132 4043
- NZ - direct 0.998 0.956 0.047 0.214 4879
v TOTAL AREA -
New Zealand 0.998 0.961 0.024 0.125 312.7

The Theil’s co-efficient measures the degree of error in estimation and so does the
RMSE value, while the error due to bias indicates any systematic bias in the
estimation such as consistent over or under estimation. A low value is preferred in
all these measures. Waikato/Bay of Plenty region has the lowest Theil’s co-efficient
among all regions in the case of yields and area estimation.
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KIWIFRUIT AREA RESPONSE ELASTICITIES (KARES)

These elasticities are computed in order to evaluate within a standardised framework,
the impacts of relative profitability of enterprises and other factors on area changes
in the different regions. Average changes in areas over the historical period and the
average values of all exogenous variables in the equations are used along with the
estimated parameters for each variable to compute these elasticities. These elasticities
therefore, have to be considered as estimates to be evaluated at the mean.

In table 4, the standard formula for computing these elasticities and the individual
mean values for both endogenous and exogenous variables are reported along with
the computed Area Response Elasticities (KARE) for each region. For New Zealand
as a whole, relative profitability of kiwifruit in relation to dairy and beef had an
elastic KARE value of around 1.250, whereas the value for apples was very small
and thus inelastic. The KARE estimate for tax concessions dummy variable (DTC)
was higher than for apples, but still inelastic.

In the case of Northland/Auckland region KARE value for deer relative profitability
was elastic (1.216), while KARE for beef relatve profitability (0.921) and DTC
(0.959) were inelastic. But they were quire high and close to being unitary elastic.
The average change in total area for this region was about 145 hectares (table 4).

For the Waikato/Bay of Plenty region KARE estimate for dairy or milkfat relative
returns was quite elastic (1.324) and for beef (0.961) close to being unit elastic. The
KARE value for DTC (0.606) was inelastic. The average changes in total area for
this region was about 500 hectares (table 4).

In the third region representing the rest of North Island including Hawkes Bay and
Poverty Bay, the KARE estimate for deer relative profitability was very elastic
(2.279) as was that for beef (1.486) but to a lesser degree, while the apple relative
profitability value (0.446) was inelastic. In contrast to the other regions, the tax
concessions dummy variable (DTC) had an elastic KARE value (1.750) in this region
suggesting greater impacts of these policies on area expansion. The average change
in total area in this region was about 92 hectares.

In the South Island kiwifruit growing region, once again KARE estimates for deer
relative profitability was elastic (1.453) but was not as high as for region 3 above and
for apples (0.476) similar 1o region 3. The KARE estimate for the Investment loss
clawback variable (DLC) was inelastic (0.422) even though statistically significant
in the equation. The average change in area for this region was about 65 hectares
(table 4).

Table 4: Kiwifrunit Area Response Elasticities (KARE)

KARE, = (s CTAREA/ A EXOG,) x (EXOG,/CTAREA)

A CTAREA
A EXOG, CTAREA, EXOG, KARE,

I NEW ZEALAND (CTAREAS)

(a) Kiwifruit/Milkfat 402.0 803.2 2.482 1.242
Returns (KFMKRETN)

(b) Kiwifruit/Beef 382 803.2 26.7 1.270
Gross Margins (KFBFGM)

() Kiwifruit/Apple 29 803.2 7.843 0.058
Gross Margins (KFAPGM)

(d) Tax Concessions 3779 803.2 0.765 0.360
Dummy Variable (DTC)

|l NORTHLAND/AUCKLAND (CTAREAL)

(a) Kiwifruit/Deer 339 144.9 5.196 1.216
Gross Margins (KFDRGM)

) Kiwifruit/Beef 5.0 144.9 26.7 0.921
Gross Margins (KFBEGM)

(c) DTC 181.7 1449 0.765 0.959

I WAIKATO/BAY OF PLENTY (CTAREA2)

(a) KiwifruityMilk 2669 500.2 2482 1.324
Returns (KFMKRETN)

(b) Kiwifruit/Beef 18.0 00.2 26.7 0.961
Gross Margins (KFMFGM)

(¢) DIC 396.5 500.2 0.765 0.606

IV REST OF NORTH ISLAND (CTAREA3)

(a) Kiwifruit/Apple 5.23 91.9 7.843 0.446
Gross Margins (KFAPGM)

(b) Kiwifruit/Beef 24.9 919 5.483 1.486
Returns (KFBFRETN)

(¢) Kiwifruit/Deer 40.3 91.9 5.196 2.279
Gross Margins (KFDRGM)

d) DTC 2102 919 0.765 1.750

V SOUTH ISLAND (CTAREA4)

(a) Kiwifruit/Apple 3.95 65.1 7.843 0.476
Gross Margins (KFAPGM)

(b) Kiwifruit/Deer 18.2 65.1 5.196 1.453
Gross Margins (KFDRGM)

(¢) Loss Offset/ 116.8 65.1 0.235 0422
Claw Back Dummy Variable
(DLC)
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KIWIFRUIT YIELD RESPONSE ELASTICITIES (KYRES)

The Kiwifruit Yield Response elasticities (KYREs) are similar in concept to the
Kiwifruit Area Response Elasticities (KAREs). These are reported in table 5 for all
four regions and for New Zealand. The exogenous variables in this case are the yield
trend dummy variable (YT82), Hi-cane use dummy variable (DHC) and the climatic
factors related to minimum and maximum temperatures specific to individual regions.

Table 5: Kiwifruit Yield Response Elasticities (KYRE)

KYRE, = (s TYDS,/ 4 EXOG,) x (EXOG/TYDS,)

4TYDS, VDS, EX0G, RYRE,
A EXO0G,
I NEW ZEALAND (TYDS5)
DHC 1556 3,483 0.118 0.053
JUNMINS 607 3,483 52 0.906
SEPMEANS 358 3483 116 1192
JANMEANS 506 3483 187 2717
FEBMEANS5 265 3,483 18.5 1.408
0 NORTHLAND/AUCKLAND (TYDSI)
YT82 191 2278 . 0.882 0.074
DHC 779 2,278 0118 0.040
WINTMINI 2063 2278 22 2,010
SUMMEAN1 176.1 2278 562 I a34s
I WAIKATO/BAY OF PLENTY (TYDS2)
YT82 246 3,692 0.882 0.059
DHC 399 3,692 0.118 0.013
WINTMIN2 429 3,692 169 1.964
SUMMEAN2 462 3,692 54,8 6.857
IV REST OF NORTH ISLAND (TYDS3)
YT82 A 342 2,634 0.882 0.115
WINTMIN3 -138 2,634 162 0.849
SUMMEAN3 125 2,634 55.6 2.639
V  SOUTH ISLAND (TYDS4)
YT82 506 2,838 0.882 0.157
SEPMEAN4 299 2,838 10.1 1.064

The KYRE estimates for yield trend (YT82) and Hi-cane use (DHC) were inelastic.
The KYRE for YT82 was the highest in the South Island (TYDS4) at 0.157 and the
lowest for BOP/Waikato region (TYDS2) at 0.059. The KYRE for DHC was higher
for the Northlarid/Auckland region (TYDS1) at 0.040 in comparison to 0.013 in the
BOP/W alkato region (TYDS2).

The effects of winter minimum temperature measured through KYRE was the highest
for Northland/Auckland (2.010), followed by Bay of Plenty/Waikato (1.964) and then
rest of the North Island (0.849). This would be anticipated due to their relative
locations in the North Island.

The KYRE estimates for summer mean temperatures for these three North Island
regions are much higher than for winter minimum temperatures. The highest value
was for the BOP/Waikato region (6.857), followed by Northland/Auckland (4.345)
and then Rest of North Istand (2.639).

The KYRE estimates on temperature variables for South Island and the whole of New
Zealand follow a similar pattern, but are lower in value. They were also for
individual months as opposed to the seasons in the three separate North Island
regions.

FORECAST AREA AND YIELD RESPONSES

The Kiwifruit production or supply response model developed and outlined in this
paper was then used to make preliminary forecasts of kiwifruit area changes likely
by regions as well as to study yield responses.

Forecast levels of exogenous variables

In order to carry out this exercise, the exogenous variables in the model such as
relative gross margins, relative returns etc between kiwifruit and other enterprises
have to be forecast for the period of forecast. Nevertheless as the relative
profitability was found to impact on area changes with a lag of two periods, actual
gross margins and returns up to 1992 was sufficient to make forecasts up to 1994
(table 6).

In table 6, returns (prices) for kiwifruit, milkfat and beef as well as the gross margins
for kiwifruit, dairy, deer, beef and apples are reported from 1988 too 1994, the last
two years being forecast values. Based on these values the relative returns and
relative gross margins are computed and reported (table 6).

The ratios indicate a decline in kiwifruit relative to dairy profitability both in terms
of returns as well as gross margins from 1991 onwards, with the greatest decline in
1992. For beef, the decline between 1991 and 1992 does not continue as beef returns
also decline, but the tecovery in the ratios does not reach levels prevailing in 1990
or 1991.

In the case of deer farming, the sharp decline in gross margins after 1989 suggest that
the ratios in fact rise sharply, particularly in 1991, and then decline, but stay at about
the 1989 levels during the forecast period. With respect to apples, the decline in
relative profitability of kiwifruit is quite dramatic between 1991 and 1992 and there
is only a slight recovery afterwards, with ratios remaining at about a third of
profitability ratios in 1990.
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. Table 6: Recent and Forecast Exogenous Variables (1988-1994)

| 1985 | 1989 | 1990 | 1901 | 1992 | 1993¢ | 1004
I RETURNS : )
(@)  Kiwifruit (c/tray) 483 646 477| 591 385] 390 395
®  Milkfat (c/kg) .407| 570 40| 424{ 584|623 692
(c)  Beef (c/kg) 161| 2237 266 267 269 258 252
I  RATIO OF RETURNS
(a) KFMERETN 1.187| 1.133] 0745] 1394 0659| 0.626] 0571
() KFBFRETN 3.000| 2.897{ 1.793| 2221} 1431 1512 1.567
III  GROSS MARGINS (¥/hectare)
(8)  Kiwifruit 5597| 7,590| 4,061 8940! 2452 2,600| 2,700
®) Dairy 1,218] 1,696] 2,028 1,528 1,808 2,000f 2,300
(¢ Deer 1,232| 1,056 848  400| 304] 350 375
(@  Beef 1385] 1455| 1,530| 1,615 1570{ 1,500 1,450
(e)  Apples 10,644 9472( 8,098 13,762 19,875( 17,500 18,000
IV RATIO OF GROSS MARGINS
(@) KFMFGM 4593| 4475| 2.002| 5851 1.356f 1.300| 1174
®» KFDRGM 4541| 7.188| 4789| 22.350| 8067 7.429 7.200
(©) KFBFGM 4.039| 5217| 2.654| 5536| 1562 1.733| 1.862
(d KFAPGM 0.526| 0.801| 0.501| 0.650| 0.123] 0.149) 0.150

For the purposes of yield response estimation, the corresponding exogenous variables
were assumed as follows: the yield trend (YT82) variable was assumed to continue
as orchards are continuing to mature, the use of Hi-Cane (DHC) is assumed to
continue in the future and for the main scenario, the climatic factors are assumed to
be at their mean levels.

In addition, two alternative weather scenarios were also used to cover extreme
possibilities. For the favourable weather scenario the winter temperatures were set
at their lowest and the summer temperatures at their highest level realised during the
historical period. Alternatively, for the unfavourable weather scenario the winter
temperatures were set at the highest and the summer temperatures set at the lowest
level for the historical period:

FORECAST AREA CHANGES

Area changes forecast for 1992, 1993, and 1994 are reported in table 7. These are
provided along with actual area changes for the 1988-1991 period for each of the four
regions and for New Zealand. ‘The New Zealand results are provided from two
_methods, one is based on the New Zealand wide changes in total area equation

(CTAREAS) and the other by aggregating the results from the four separate regions.
(CTAREAL through CTAREA4).

Table 7: Recent and Forecast Area Changes (1988-1994)

[ 1988 | 1989 | 1990 | 1991 | 1992f | 1993t | 1994f
I NEW ZEALAND
@ Changes (CTAREAS) 56 30{ -151] -658 -654 -282 733
(CTAREA142+3+4) (-352) (291) (-307)
®) Total Area (TAREAS) | 15,865 15,896 15,745( 15,086{ 14,432 14,150 13417
(TAREA1+2+3+4) (14,534) (14,825)| (14,518)
© Bearing Area 14,151] 15251] 15,319] 14,637] 14432] 14,150] 13417
(BAREAS) 14,131)| (14,014)| (13,683)
_ (BAREA1+2+3+4)
u NORTHLAND/AUCKLAND
(@ Changes -14 65| 137 117 7 224 100
) Total Area 2472 2408 2,546 2,662 2,655 2,879 2979
(©) Bearing Area 2349 2310 2408 2408 2401 2,538 2,655
m WAIKATO/BAY OF PLENTY
@ Changes 147 -12] -131] 683 -486 261 -529
® Total 10,360 10,348] 10,216] 9,533} 9,047 8,786 8,257
©) Bearing Area 8933| 10,074; 10,070| 9,533| 9,047 8,786 8,257
v REST OF NORTH ISLAND
@) Changes -105 34| -164| -173 -120 150 2
®) Total Area 19991 2,033] 1,869 1,696 1,576 1,726 1,728
(© Bearing Area 1,885] 1,885 1.835] 1.662 1,576 1,576 1,576
A SOUTH ISLAND
(a) Changes 28 73 7 81 61 T 178 120
®) Total Area 1,034| 1,107| 1,114 1,195 1,256 1,434 1,554
© Bearing Area 984/ 982! 1,006 1,034 1,107 1,114 1,195

The national New Zealand equation suggests a decline in kiwifruit area throughout
the forecast period with the total area declining from around 15,000 hectares in 1991
down to 13,400 hectares in 1994. The results from aggregating the regional results
suggest that kiwifruit area declined in 1992 to about 14,500 hectares but then will
remain at that level up to 1994.

This is due to the decline in kiwifruit area in the Bay of Plenty and Waikato region
as well as the rest of North Island region occurring since 1989 and forecast to
continue to 1994, being offset to some extent by forecast small increases in the
kiwifruit area in the Northland/Auckland and South Island regions. Separate results
for individual regions are reported in table 7 for changes in total area, actual total
area as well as bearing area, where last 3 year’s positive changes in total area were
assumed to be non-bearing.
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FORECAST YIELD RESPONSES

The forecast yields for the 1992-1994 period using three weather scenarios are
provided in figure 10 for the four regions modelled in this study. Actual and
estimated yields for the historical period are also provided. Based on the average
weather scenario, yields are forecast to increase in all four regions due to the yield
trend variable representing maturity of orchards being operational.

Figure 10: Kiwifruit Yield Response Variations
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The results from the two extreme weather scenarios provide the band for this average
yield forecast. This yield band is the widest for the BOP/Waikato region, followed
by Northland/Auckland, rest of North Island and then South Island.

The plot of actual and estimated yield values for the historical period provide an
indication of the.extent of the yield response relationships to track actual outcomes.
It has to be recognised that of the many climatic factors impacting on kiwifruit
yields, only minimum and maximum temperatures have been used in this model.
Some of the unexplained variations could be addressed when the other climatic
variables such as rainfall and sunshine hours are also represented in this model.

SUMMARY AND CONCLUSIONS

In this paper, a kiwifruit supply response model developed on a regional basis using
historical production and area data is reported. In order to do this, a detail
background information on the changes in kiwifruit growing area and regional yields
and the factors influencing them were discussed. The objectives of this study was
to understand the nature and the extent to which these factors influenced the
development of the kiwifruit industy in New Zealand.

Some of the main features considered were the relatve profitability of Kiwifruit in
relation to alternative enterprises such as dairy, beef, deer and apples. The impacts
of Government policies with respect to Investment, taxation and export incentives are
also addressed. The influence of climatic factors such as temperatures and
management factors such as the use of Hi-cane on regional yields are also
investigated.

Overall, the results of this study look promising in terms of the ability of the model
developed to track past area changes and yield variability. There is still considerable
scope 1o enhance the forecasting ability of this model and make it more useful. This
will be addressed by considering additional enterprises and climatic factors as well
as through consultations with the industry sources.
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